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ABSTRACT

Total Synthesis of Bioactive Marine Natural Products
&

Developments of New Haloalkylations via Soft Enolizations

by

Aaron Thomas Herrmann

Marine natural products have long served as promising compounds and scaffolds
for new therapeutic agents; however, their utilization is often extremely limited due
to poor availability from natural sources and their molecular complexity. Hence,
synthetic investigation of utilizing innovative techniques offers shortcuts in the
production of such agents and modification. Studies directed toward the synthesis of
marine natural products and their scaffolds inspire the development of new, efficient,
and economical methods that are useful for medicinal research and for the synthesis
of new pharmaceuticals and organic compounds.

The first part of this dissertation focuses on the synthetic studies directed toward
the synthesis of nuphar thiaspirane alkaloids. The main drive of this effort is to allow
access to each of the four classes of nuphar thiaspirane alkaloids. During these

studies, a new procedure for the generation of tetrasubstituted tetrahydrothiophenes



was developed. This method has been further applied for a late-stage Stevens
rearrangement to generate each class of nuphar thiaspirane alkaloids from common
intermediates.

The second part describes the total synthesis of the marine natural product (+)-
brevisamide. The art and science of natural product total synthesis has become
increasingly more associated with the various principles of the “economies” of
synthesis. Evaluation of protecting group use serves as one metric of synthetic
efficiency and can provide a framework for developing a synthesis plan. A new
protecting-group-free synthesis of, the marine cyclic ether alkaloid, brevisamide was
completed.

The third part describes the development of new and exciting chemical
transformations revolving around haloalkylations of N-acyl oxazolidinones via
Group IVVa metal enolates by both radical and electrophilic methods. These studies
include: mechanistic eludication of trichloromethylations, perfluoroalkylation and
trifluoromethylation methodology development, and a generic o-fluorination
method.

The final part describes a new procedure for the generation of syn-1,3-diols,
which addresses both stereo- and regiocontrol in the rhenium catalyzed transposition

of allylic alcohols.
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Chapter 1

Studies Towards the Total Synthesis of Nuphar Thiaspirane Alkaloids

1.1 Nuphar Thiaspirane Alkaloids Background

Nupharis Rhizoma was used as a tonic, diuretic, and treatment of blood stasis syndrome
in Chinese and Japanese traditional medicine. Various alkaloids have been isolated from
rhizome of Nuphar japonicum and Nuphar pumilum (T;um.) DC, including three types of
dimeric  sesquiterpene alkaloids in the thiobinupharidine, thionuphlutine, and
neothiobinupharidine series (Figure 1.1.1). In 1965, Birnbaum corrected the structure of
thiohemiaminal-type dimeric sesquiterpene neothiobinupharidine 1.3b,* which had first been
isolated by Achmatowicz a year earlier,? via X-ray crystallographic diffraction. In the 1970s,
LaLonde extensively studied the structural elucidation of these dimeric sesquiterpene
alkaloids, especially thiohemiaminal-type alkaloids, and also insightfully proposed their
biogenesis from monomeric sesquiterpene congeners.®

Figure 1.1.1 Nuphar Thiaspirane Alkaloids

thiobinupharidine series thionuphlutine series neothiobinupharidine series neothionuphlutine series
1.1a:R, = H, R, = OH 12a:R;=H,R,=OH 1.3a:R;=H, R, = OH 1.4a: R, = H, R, = OH
1.1b: R, =R, = OH 12b:R;=R,=OH  1.3b: R, =R, = OH 1.4b: Ry = R, = OH

1.4¢: Ry = OH, R, =H 1.2¢:R;=OH,R,=H 1.3¢: R, =OH, Ry =H 1.4c:R; = OH, Ry = H
1.1d: Ry =R, = H 12d: R, =R, =H 1.3d: Ry =R, =H 1.4d: R, = R, = H



1.2 Biological Activities of Nuphar Thiaspirane Alkaloids

In general, alkaloids of botanical origin display a wide variety of unique and potent
activities against disease targets; furthermore, they possess special promise as anticancer
agents.* A recent study found that 57% of the 155 antineoplastic agents marketed in Western
countries since the 1940s have been either unmodified natural products (25 compounds,

16%) or semi-synthetic derivatives of natural products (48 compounds, 41%).>

Despite the long history of these nuphar thiaspirane alkaloids, the remarkable biological
activities of these dimeric nuphar thiaspirane alkaloids were not detected until the 2000s.
These include antibacterial, antifungal, immunosuppressive, and potent in vitro cytotoxicity
against U937 human leukemia, B16F10 mouse melanoma, and HT1080 human fibroblast
cell lines.® Distinctive nuphar dimers 6-hydroxythiobinupharidine (1.1a), 6,6'-
dihydroxythiobiunpharidine (1.1b), and 6-hydroxythionuphlutine B (1.2a) have been shown
to inhibit invasion of B16 murine melanoma cells across collagen-coated filters in vitro with
ICs values of 29 nM, 87 nM, and 360 nM, respectively.” Recently, Gopas and co-workers
reported that methanolic extracts from Nuphar lutea inhibit nuclear factor kB (NFkB) and
exhibit synergistic effects with conventional chemotherapy.® NF«B signaling has been
implicated in oncogenesis and tumor progression, inhibition of which has enabled the search

for its specific target and applications against cancer and inflammation.
1.3 Previous Syntheses of Nuphar Thiaspirane Alkaloids

To date, only one synthesis of one member from this family of natural products has been
reported. In 2013, Shenvi and co-workers reported an eight-step synthesis of (-)-
neothiobinupharidine (1.4d), an isomer that has never been isolated from natural sources

(Scheme 1.3.1).° Quinolizidine monomer 1.10 was elegantly prepared from 3-
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methylcyclopentenone 1.5 through a conjugate reduction-allylation sequence to form
cyclopentane 1.7. Formation of the quinolizidine core 1.9 was completed by ring closing
metathesis (RCM) followed by protodesilylation. Dimerization of the quinolizidine
monomers 1.10 in the presence of sodium tetrasulfide produced 1.4d in 62% vyield
stereoselectively. Unfortunately, the authors did not report any biological activity of their

synthetic isomer.

Scheme 1.3.1 Shenvi’s Total Synthesis of (-)-Neothiobinupharidine

MelLi;
@ Ph,SiH, Pda(dba)s, LiCl 1. NaOH,
CuCl, NaO-tBu methy! allyl NH,OHeHCI
(R)-(p-tolyl),BINAP carbonate /= 2. TsCl, pyridine W\ A

o NH

L. 9% (3 steps)

o _SiPh,

1.5 1.7 1.8

1. LDA, HMPA, THF

ET""s:>:i e RRLTTTTTTT ;
SO Y 5 OO P(tolyl);
2. Grabbs II, PhH, 80 °C; 3-furyl-Li, E4,0, 78 °C; ; :
H : P(tolyl), !

TFA Na(AcO);BH, MeOH ! ' OO 2
> _— > v : :

N H
9 72% A :
82% (2 steps) I o @ L (R)(p-oly) BINAP
0 Y. |
1.9 1.10
(b) H
m-CPBA H (CF3C0),0 Na,S,eH,0
N CH,Clp CH,Cl, DMSO
—_— N=
H N +
94% 1\ o
(J i _ OZCCF3
le) (0]
1.10 1.11 1.12

H < 1 NaBH,, H
H#OH \ /OH MeO:I H W/
N N>\H > N N \H
i \ 3 62%, (10:1 dr) f \ S

There have been various syntheses of monomeric sesquiterpene alkaloids by various

groups shown in Figure 1.3.1 (vide infra).'



Figure 1.3.1 Monomeric Sesquiterpene Alkaloid Syntheses

Ry
N~ N, NH

H
N,

OH

R;= Ry= H; (-)-Deoxynupharidine (-)-Deoxynupharidine (-)-Nupharamine (-)-Nupharamine
R;= H; R,= OH; (-)-Castoramine Harrity and co-workers Shimizu and Yamazaki Barluenga and co-workers
R;= OH; Ry= H; (-)-Nupharolutine Davis and Santhanaraman

Harrity and co-workers

A new strategy is necessary to access other members of the family to provide the
significant quantities of the natural isomers, which would be necessary for studies towards
the elucidation of their biological targets and mechanism of action, both of which are absent

from current literature.
1.4 Initial Synthetic Plan

In devising an overall approach to synthesize the four classes of nuphar thiaspirane
alkaloids, we became interested in developing a general strategy of coupling a piperidine to
one of four tetrahyrdothiophene isomers, shown in Scheme 1.4.1. Initial coupling of our
tetrahydrothiophene 1.15 with piperidine 1.14 through reductive amination would deliver
1.16, followed by RCM to form the first quinolizidine core 1.17. To gain access to 1.18,
amide bond formation between 1.17 and piperidine 1.14 would be implemented. To form the
second quinolizidine core, a RCM followed by hydrogenation would yield 1.19. Finally,
reduction of 1.19 would deliver our desired nuphar thiaspirane alkaloid, 6-

hydroxythionuphlutine 1.2a.



Scheme 1.4.1 Synthetic Plan of Nuphar Thiaspirane Alkaloids

6-Hydroxythionuphlutine (1.2a)

amide
formation

Me

H | reductive
4 amination H | Y RCM
—
NH ol  c— L= =
i \[r "ot N "
£ & "co,Bu < .
7 o H g 'CO,'Bu
° )
o1
1.14 1.15 1.16 1.17 1.14

1.5 1° Generation Synthesis of Piperidine 1.14

In order to implement the final stages of our synthetic strategy, we conceived a strategy
to synthesize piperidine 1.14. We planned to use an asymmetric alkylation methodology,
devised in the Zakarian group, coupling allene iodide 1.22 with 3-furylacetic acid 1.23
forming carboxylic acid 1.24.™ Curtius rearrangement would deliver carbamate 1.25. A key

gold cyclization followed by protecting group removal would deliver 1.14.

Scheme 1.5.1 Synthetic Plan of Piperidine 1.14

Me Me Me
H ¥ H Y St
5 reduction J Au cyclization
: : TrocHN
N
\ (o]
1.14 1.26 1.25
Curtius
rearrangement
HO. Me asymmetric Me
\/j e 2 alkylation X, g
NN
HO
+ De— 122 + coH S—— hoc

CO,H

- é é
A N A
\J \ g \d

1.21 1.23 1.24



Scheme 1.5.2 Synthesis of Allene lodide 1.22

KOH, PMBCI, CrOs, aq. H,SO, HO _O Et;N, PivCl, THF; o o
”°\/j DMSO Ho acetone LiCl, 1.29., THF OJLN
\/
35% PMBO 3% 91% S % OPMB
PMBO”  i---sseemmenaaas Ph Me
1.20 1.27 1.28 E 1.30
OJ\NH
PR “We
1.29
NaHMDS, Mel; o o NaBH,; OH 1. Swern Ox.
THF JL THF:H,0 (3:1) 2. Corey-Fuchs A
" . 0" N )
92%, dr >15:1 Ptf\s\_“M Me OPMB 95% Me OPMB  91% (2 steps) Me OPMB
e
1.31 1.32 1.33
CuBr, 'PryNH oph ridasel
paraformaldehyde, Me DDQ, Me |3* 'g(':'azo e « Me
dioxane X H DCM:Buffer (pH 7) AN H 2, N H
e — B ——— B ——
V\L — V\L " v\t
67% OPMB OH !
1.34 135 1.22

The synthesis of the allene iodide 1.22, shown in Scheme 1.5.2, began from
commercially available 1,4-butanediol 1.20, which was mono-PMB protected to afford the
corresponding primary alcohol 1.27, in 85% yield.'? After protection, the resultant alcohol
was oxidized by means of a Jones oxidation yielding carboxylic acid 1.28, and then coupled
with oxazolidinones 1.29, in 85% yield over two steps.™® Methylation of N-acyl oxazolidione
1.30 formed 1.31 in high yield and diastereoselectivity. Reduction of 1.31 with NaBH,
delivered primary alcohol 1.32 in 95% and the oxazolidinone 1.29 was quantitatively
recovered. Swern oxidation followed by a Corey-Fuchs reaction provided alkyne 1.33 in
919% vield over two steps.'* Allene 1.34 was formed using paraformaldehyde in a one carbon
homologation reaction.”® Deprotection of PMB followed by an Appel reaction produced

allene iodide 1.22.1%16



Scheme 1.5.3 Synthesis of 3-Furylacetic Acid 1.23

o LéAlg4 o  MsCl, 246-utidine, o KOvaI H,0 o
t DMF; KCN reflux
|y Ty oy Ly
0, 730 0,
CO,H 7% OH o cn 8% CO,H
1.21 1.36 137 1.23

Formation of 3-furylacetic acid 1.23 was initiated via reduction of commercially
available 3-furanoic acid 1.21 with LiAlH4, which delivered primary alcohol 1.36 (Scheme
1.5.3). Alcohol 1.36 was first mesylated, followed by cyanide addition to form nitrile 1.37.
Treatment of nitrile 1.37 with potassium hydroxide under refluxing conditions produced 3-

furylacetic acid 1.23, in 47% yield over three steps.!’

Scheme 1.5.4 Asymmetric Alkylation & Curtius Rearrangement

Me
N g Me

n-BuIT_:_,”(:R,‘IRZ)-ZTe_Flr_?smine DPPA, Et;N, benzene; N I : HN/\/\';‘H :
o » e ’ HO.C 2,2, 2-trichloroethanol H )ﬁ ~ :
9 MeOH, THF . 2 > TrocHN : Ph \ N(\Ph :
0, . ]
72% N 81% : :

COH \ 4 ® :

o H

1.23 1.24 1.25

Utilizing chemistry developed in the Zakarian group, 3-furylacetic acid 1.23 was coupled
with allene iodide 1.22 through an asymmetric alkylation with (R,R)-tetraamine, delivering
carboxylic acid 1.24 in good yield and excellent selectivity.** Curtius rearrangement formed

carbamate 1.25 in 81% vyield.™

An initial screen of metals was performed to assess the ability to cyclize carbamate 1.25
to piperidine 1.26 (Table 1.5.1). Cyclization was not observed when using rhodium, iridium,
iron, silver, platinum, or palladium®® (entries 1-9) as our metal catalyst. When carbamate
1.25 was subjected to PPhsAuCI, with silver triflate as an additive, cyclization was observed

in good yield but with no stereoselectivity (entries 12-13).%



Table 1.5.1 Metal Screen: Piperidine 1.26 Cyclization

Me

SN e ~
TrocHN > + TrocN
» »
1.25 1.26 1.38
Entry Metal (mol %)  Additive (mol %) Solvent Yield
1 [Rh(COD)CI], (1.0) DPEphos (3.0) EtOH:DCE 0%°
2 [Ir(COD)CI], (1.0) DPEphos (3.0) THF 0%
3 FeCl;-6H,0 (10.0) CHCI, 0%
4 AgOTTf (50.0) toluene 0%
5 AgBF, (50.0) toluene 0%
6 AgCIO, (50.0) toluene 0%
7 PtCl, (10.0) CH,Cl, 0%
8 [Pd(allyl)CI], (10.0) dppf (20.0)  THF 0%"
9 PdCl,(dppf) (10.0) THF 0%
10 AuCl; (5.0) AgCIO, (10.0)  xylenes 0%
11 AuCl; (5.0) AgCIO, (10.0)  CH.Cl, 0%
12 PPhsAuCI (20.0) AgOTf (40.0)  toluene 68%, dr 1:1
13 PPhsAuCI (30.0) AgOTf(60.0)  CH,Cl, 50%, dr 1:1

(a) 1.1 was consumed, formation of an unknown product.

We sought to improve our conversion and diastereoselectivity by using ligands to assist
in our gold cyclization reaction. Phosphine ligands JohnPhos (L1), XPhos (L2), and (R)-
SegPhos (L5) were tested but no conversion to the cyclized piperidine was observed (Table
1.5.2, entries 1-2, 5). Chiral ligand MeOBIPHEP (L3) was used and led to full conversion
but only formed the non-cyclized methyl ketone 1.39 (entry 3). Among the phosphine
ligands, usage of (R)-BINAP led to full conversion, forming piperidine 1.26 and 1.38 as the

major products, along with a minor amount of methyl ketone 1.39 (entry 4). Unfortunately

there was no improvement of diastereoselectivity with the conditions used.



Table 1.5.2 Au-Ligand Screen®

I!Ie

N £ metal catalyst
additive, solvent, rt
TrocHN

Entry Au source (mol %)  Additive (mol %) Solvent Conversion  1.14:1.38:1.39

1 AUNTf,-L, (10.0)° AgOTf (10.0)  dioxane 0%
2 AUNTf,L, (10.0)° AgOTf (10.0) dioxane 0%
3 AuCl-Lg (5.0)° AgOTf (10.0) toluene 100% 0:0:1
4 AuCl'L, (25.0)° AgOTf (50.0)  CH.Cl, 100% 2:2:1
5 AuCl-Ls (25.0) AgOTf (50.0) toluene 0%

(a) Standard conditions: solvent (0.5 M) at room temp. (b) L1: Cyclohexyl JohnPhos (c) L2: XPhos (d) L3: (R)-
3,5-Xyl-MeOBIPHEP (e) L4: (R)-BINAP (f) L5: (R)-SegPhos

Further reaction optimization of the gold cyclization was completed in order to improve
the diastereoselectivity and minimize the methyl ketone 1.39 by-product. Under optimized
conditions, 20 mol % of AuCI[(R)-BINAP], 80 mol % of silver tetrafluoroborate (AgBF,)
and 4A molecular sieves, in a solvent mixture of toluene and dichloromethane are required
for affording the piperidine 1.26 albeit in modest yield and selectivity (Table 1.5.3, entry 9).
Variation of solvents, toluene:acetonitrile and dioxane, led to no product formation (entries
1, 4). Reduction of gold and silver loading led to reduced yields (entries 2-3). Using
dichloromethane as the only solvent led to good yield, but poor diastereoselectivity and large

amount of methyl ketone 1.39 formation (entry 5). In attempts to ensure dry reaction

I



conditions, 4A MS were added, which led to a reduction in the amount of methyl ketone

1.39? but low diastereoselectivity remained a problem (entries 6-7).

Table 1.5.3 Reaction Optimization

Me

SN o ~
TrocHN > 4+ TrocN +
L »
1.25 1.26 1.38 1.39
Entry  AuCI[(R)-BINAP] AgBF, Additive Solvent Yield 1.14:1.38:1.39

18 20 mol % 40 mol % toluene:CH;CN 0%
2 15 mol % 30 mol % CH,CI, 35% 1.7:1:1
3 15 mol % 30 mol % toluene:CH,Cl, 49% 2.8:1:1
4 15 mol % 30 mol % dioxane 0%
5 20 mol % 40 mol % CH,Cl, 85% 1:1:0.7
6 20 mol % 40 mol % 4A MS CH,Cl, 64% 1:1:0.4
7 20 mol % 40 mol % 4A MS toluene:CH,Cl, 89% 1:1:0.6
8 20 mol % 40 mol %  4AMS, LiCl  toluene:CH,Cl, 0%
9 20 mol % 80 mol % 4A MS toluene:CH,Cl, 71% 2.1:1:1.3

(a) Standard conditions: 1.25 is added to a mixture of AuCI[(R)-BINAP] and AgBF, in solvent at room

temperature. (b) reaction was heated to 45 °C.

Scheme 1.5.5 Formation of Piperidine 1.14

Zn powder, AcOH
Et,O

86%

Deprotection of carbamate 1.26 with zinc in acetic acid and diethyl ether provided
piperidine 1.14 in high yield (Scheme 1.5.5). Due to the high number of steps and lack of

selectivity in the key gold cyclization, this plan to synthesize piperidine 1.14 was revised.
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1.6 Revised Synthetic Plan

In revising our overall approach to synthesize the four classes of nuphar thiaspirane
alkaloids, we planned to use an iridium-catalyzed allylic cyclization as our key step to form
the quinolizidine cores, shown in Scheme 1.6.1. Initial coupling of our tetrahydrothiophene
1.15 with amine 1.40 through reductive amination would deliver 1.41. A key iridium-
catalyzed allylic cyclization followed by ring closing metathesis would form the first
quinolizidine core 1.17. To gain access to 1.18, amide bond formation between 1.17 and
piperidine 1.14 would be implemented. To form the second quinolizidine core, a RCM
followed by hydrogenation would yield 1.19. Finally, reduction of 1.19 would deliver the

desired thiaspirane, 6-hydroxythionuphlutine 1.1b.

Scheme 1.6.1 Synthetic Plan of Nuphar Thiaspirane Alkaloids

1.19 1.18

amide
formation

= Ir cyclization
.y RCM
\/[ é s COZ'Bu
3 COZ'Bu

1.40 1.15 1.4 117 1.14

reductive
amination

Ca :

& “co,Bu

1.7 2" Generation Synthesis of Piperidine 1.14

Due to the high step count and low overall yield for our initial synthesis of piperidine
1.14, a revision was proposed. In devising a new approach, we planned to form piperidine
1.14 in a similar manner to the first generation synthesis. We varied our plan by using an

11



iridium-catalyzed allylic cyclization of amine 1.40 to produce piperidine 1.14 (Scheme

1.7.1).2

Scheme 1.7.1 Revised Synthetic Plan of Piperidine 1.14

H Ve Ir asymmetric Ye Ye
H ¢ Y f  cross-metathesis £
3 cyclization ~MeO2CO. S deprotection X
HN — H,N ———> TrochN
AN AN
o \ (o] \ o
1.14 1.40 1.45
Curtius
rearrangement
Me asymmetric Me
o WI alkylation A
c|)l\/\ <: 143 + CO,H : HO,C
1.42 AN A
{} 1
(o]
1.23 1.44

Scheme 1.7.2 Synthesis of Alkyl lodide 1.43

vinyl MgBr,
o n-BuLi, THF, 0 °C; fo) fo) Me,S, CuBreMe,S o ) /
crotonyl chloride, rt THF. -15 °C H
OJ\NH - oJLNJ\/\ ’ OJ\NJ\/\
- —_—
Wy oh 89% Wy oh 87%, dr 95:5 e -
1.46 1.47 1.48
NaBHy, PPhs, imidazole,
THF:H,0, rt ct/{ I, CH,Cly, 1t Ik/f
— H » H
99% (90% ee) 94%
1.49 1.43

Acylation of oxazolidione 1.46 with crotonyl chloride delivered N-acyl oxazolidione
1.47 in high yield. A 1,4-addition of vinyl cuprate produced terminal alkene 1.48 in 87%
yield and high diastereoselectivity.?* Reduction with NaBH, followed by an Appel reaction
produced the alkene iodide 1.43. Thus, the synthesis of the iodide was completed in 5 steps,

an overall 81% yield in 90% enantiomeric excess.
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Scheme 1.7.3 Asymmetric Alkylation

(R,R)-Tetraamine, n-BuLi = = NP =
{)M lodide, THF, -78 °C, 20 h COH CO,H C:zzH CO,H
\ L H H
OH ] H H
80%, dr 10:1 @ // @ //
P [ (o] o o (o]

1.23 : |\/‘\ : 1.44 1.50 ent-1.50 ent-1.44

1.43

An asymmetric alkylation of iodide 1.43 with 3-furylacetic acid 1.23 using (R,R)-
tetraamine produced our desired addition producing 1.44 in high vyield with great
stereoselectivity in addition with the remaining three inseparable isomers. The reaction

increased the enantiomeric excess of our desired product 1.44 over its enantiomer ent-1.44.

Scheme 1.7.4 Synthesis of Primary Amine 1.40

DPPA, Hunig's base,
Grubbs Il, alkene 1.51

2,2,2-trichloroethanol, benzene
= 80 °C = benzene, 80 °C
—_—
CO,H NHTroc

H 93%, dr 10:1 78%

(} @ (99% brsm)
o [o] e .

1.44 145 MeOZCO—/_\—OCOZMe '

..............................

0CO,Me 0CO,Me
= 2% Zn, AcOH, Et,0, rt Z 2
NHTroc _— NH,
J

2 87% H
4 O
O e

1.52 1.40
The sterically bulky Hiinig’s base proved to be the key in the Curtius rearrangement of
acid 1.44 by completely eliminating epimerization during the formation of carbamate 1.45.

The sterically smaller triethylamine leads to a partion epimerization, reducing dr from 10:1

to 3:1. Cross-metathesis proved uneventful, providing carbonate 1.52 in good yield, with the

190



starting material making up the remaining mass balance.?® Removal of the Troc protecting

group with zinc powder led to key primary amine 1.40.

Scheme 1.7.5 Iridium-Catalyzed Allylic Cyclization

} [I(COD)CIl,
Me0,CO £ Phosphoramidite Ligand (1.53),
N TBD, THF, rt, 48 h
H,N >

60%

Cyclization of primary amine 1.40 via iridium catalysis under Helmchen conditions with
phosphoramidite ligand* 1.53 provided piperidine 1.14 in good yield and excellent

selectivity.?
1.8 Synthesis of Tetrahydrothiophene 1.15

Our synthetic strategy was guided by the decision to pursue all four types of dimeric
sesquiterpene alkaloids, assembled from one of four tetrasubstituted tetrahydrothiophene
isomers. Preparation of tetrahydrothiophene 1.15 will commence with a Stevens
rearrangement between thietane 1.54 and diazo 1.53 forming the initial tetrahydrothiophene
core 1.55.2° To access all four isomers, we plan to use enzymatic resolution followed by
multiple steps to achieve the desired coupling partner 1.15.

Scheme 1.8.1 Synthetic Plan of Tetrahydrothiophene 1.15

H7C3OC(|) OH enzymatic OH OH Stevens ><
0 resolution rearrangement Q7 ~O CO.'Bu
— — + Y
S CO,'Bu N,
Y S
1.15 1.56 1.55 1.54 1.53

(1 of 4 isomers) (1 of 4 isomers)



Scheme 1.8.2 Synthesis of Tetrahydrothiophene 1.55

(a) L (o)
1. 2,2-Dimethoxypropane, : 1. Et3N, p-ABSA, CH;CN

OH OH PTSA, acetone 2. NaBHy, CH,Cl,:MeOH
2. Na,Se9H,0, DMF, 100 °C 3. POCIj3, Et3N, CH,Cl,

°><° o CO,'Bu
A - Y
) H
S H

92% (2 steps 31% (3 steps) N,

Br Br

1.57 1.54 : 1.58 1.53
1. 2 mol% Rhy(OAc),
CH,Cl,, reflux, 47 h

>< 2. Dowex 50wx8 OH OH
[ o] CO,'Bu MeOH/H,0, rt, 20 h
. Y -
N, o, {{
60% S CO,'Bu
S
V4
1.54 1.53 1.55

Thietane 1.54 was prepared from diol 1.57 by diol protection followed by thio-
substitution with sodium sulfide, depicted in Scheme 1.8.2a.%” Commercially available tert-
butyl acetoacetate 1.58 was subjected to diazo formation with p-ABSA, followed by
reduction with NaBH,4, and elimination to deliver diazo 1.53 in three steps (Scheme
1.8.2b).% Diol 1.55 was prepared in two steps via Stevens rearrangement of 1.54 with 1.53

and subsequent removal of acetonide (Scheme 1.8.2c)

Scheme 1.8.3 Enzymatic Resolution of Tetrahydrothiophene 1.55

60% (w/w) Novozym 435
vinyl butyrate, H,C,0CO OH H,C;0CO  OH
benzene:Et,O (20:1), rt

R

> +
91%, dr 55:45 S < CO,'Bu
4
OH OH 1.59 1.60
76% ee 76% ee
s—{-co,Bu
y 100% (w/w) Lipase AK H.C.OCO H H.C.0CO  OH
vinyl butyrate, MTBE, 7C30 [ 0 73
1.55 40°C, 48 h “
- s—-co,Bu *
91%, dr 1:1 2
V4
1.61 1.56
72% ee 74% ee
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Desymmetrization is a powerful tool for the preparation of enatiomerically pure
substrates. Desymmetrization of one prochiral carbon center in a racemic substrate would
give two diastereomers with de facto enantiomeric purity. Although the copper-catalyzed
desymmetrization reaction gave no better than 40% ee,” enzyme-mediated reaction afforded
the desired diastereomers 1.59 and 1.60 after optimization. In presence of Novozym 435,
diastereomers 1.59 and 1.60 could be isolated in 91% combined yield with a nearly 1:1
diastereomeric ratio and 76% ee (Scheme 1.8.3). In addition, 1.61 and 1.56 could also be
efficiently prepared using enzyme lipase AK. Thus, four isomers of tetrahydrothiophenes

could be feasibly accessed by choice of enzyme (Scheme 1.8.3).

Scheme 1.8.4 Synthesis of Tetrahydrothiophenes — 4 Isomers

1. (COCl),, DMSO,
iPr,NEt, CH,Cl, 1. KoCO3, MeOH

H,C;0CO OH 2. PhzPMeBr, (separable) o o
o NaHMDS, THF 2. DMP, NaHCO, I 1|
o o
—_— >
s—L=co,Bu + t Z
/== 66-77% (4 steps) wmCO,Bu S—=CO0,'Bu
74 7
1.59 1.60 1.62 1.63
76% ee 76% ee 76% ee 76% ee
(b) 1. (COCl),, DMSO,
iPr,NEt, CH,Cl, 1. K2CO3, MeOH
H,C;0CO OH H,C,0CO OH 2. PhsPMeBr, (separable) o o
i, NaHMDS, THF ~ 2.DMP,NaHCO; || |
K% ',
s—-co,Bu * wCO,'Bu > > +
2 66-77% (4 steps) ~ S—E=CO,'Bu .mCO,'Bu
4 7
1.61 1.56 1.64 1.15
72% ee 74% ee 72% ee 74% ee

To prepare the final four tetrahydrothiophene isomers, the enzymatically resolved
tetrahydrothiophenes 1.56 and 1.59-1.61 were subjected to Swern oxidation followed by
Wittig olefination (Scheme 1.8.4-b). The tetrahydrothiophenes were subjected to

deprotection and at this point isomers were separated by column chromatography. Dess-
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Martin oxidation produced the desired tetrahydrothiophene isomers: 1.62, 1.63, 1.64, and

1.15 in a total of four steps, in good yield and enantiomeric excess.
1.9 Synthesis of Nuphar Thiaspirane Alkaloids

Obtaining key fragments, amine 1.5 and all tetrahydrothiophene isomers (1.15, 1.62-
1.64), permitted the total synthesis of nuphar thiaspirane alkaloids to proceed via coupling of

fragments.

Scheme 1.9.1 Formation of Quinolizidone Core

0co,Me 0CO,Me

[Ir(COD)Cl],,

NaB(OAc);H Phosphoramidite Ligand 1.65 7
2 HOAc, DCE g TBD, THF, 1t, 72 h 1 fa f
+ H\r - A —_— H W, - > H / CO,'Bu
ANz T L¢*coBu  ssv,ara N ¥ 60%, dr 4:1 ~ s 5
g & “co,Bu @
o

& looUuLW
1.40 1.15 1.41 5 o >..... 5 1.16

~P—N

CXY W

1(S,S,5)-phosphoramidite (1 .65);

.............................

Reductive amination of primary amine 1.40 with aldehyde 1.15 provided the coupled
fragment 1.41 in high yield and good diastereoselectivity (Scheme 1.9.1). Our first key
iridium allylic cyclization proved to be uneventful, delivering piperidine 1.16 in good yield
and complete stereoselectivity. At this point diastereomers could be separated and isomer

1.16 was subjected to RCM conditions.

A fast screen of metal catalysts revealed that Grubbs 2™ generation catalyst led to full
conversion (Table 1.9.1, entry 1). Hoveyda-Grubbs 2™ generation (HGII) and Schrock
catalysts were also screened but led to incomplete conversion (entries 2-3). Extended
reaction times led to a greater amount of Diels-Alder by-product 1.66 (entry 4). Lowering

reaction time to 6 hours led to full conversion with a 52% of desired quinolizidine 1.17
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(entry 5). Due to the high catalyst loading, it was proposed that the Gll catalyst was forming
a tightly bound intermediate with the substrate after one turnover of the catalyst. In an
attempt to achieve full conversion to the desired quinolizidine 1.17 and lower the catalyst
loading, ethylene was used to replace argon as the reaction atmosphere but this proved to be

unfruitful (entry 7).
Table 1.9.1 Ring-Closing Metathesis?

H I Vs Grubbs I, benzene
N\/[‘\f 80°C,3h N\ [
2, - = w7,
&’ “co,Bu £

1.16 1.17 1.66
Entry Catalyst (mol %)  Solvent Time (h) Conversion Yield 1.17:1.66
1 GII° (37.5) benzene 24 100% - 1:1
2 HGII® (37.5) benzene 24 84% - 1.3:1
3 Schrock (37.5)  benzene 12 50% - 0:1
4 GI1 (30.0) benzene 14 100% 74% 1.6:1
5 GII (50.0) benzene 6 100% 58% 10:1
6 GIl (50.0) benzene 3 100% 56% 10:1
7° Gll (25.0) benzene 8 55% 30% 5:1

(a) Standard conditions: 1.16 in degassed benzene (0.01 M) in a sealed flask at 80 °C. (b) GIl: Grubbs 2™
generation catalyst. (c) HGII: Hoveyda Grubbs 2" generation catalyst. (d) reaction run under ethylene

atmosphere.

Scheme 1.9.2 Amide Bond Formation

1.4 M HCl in dioxane H
2. (COCl),, DMF, CH,Cl, S H
3.1.14, Et;N, DCE N AN
H + N !
¢
)/
o 7 )
o
1.17 1.18 1.67




Advancing the synthesis, quinolizidine 1.17 was subjected to saponification in
quantitative yield (Scheme 1.9.2). A screen of peptide bond forming reactions was
conducted, including EDC/HOBt, DCC, EDC/DMAP, HATU, and HBTU, but no product
formation was observed. Treatment of the acid with oxalyl chloride proved successful in
preparing the acid chloride. Amide bond formation was examined with treatment of the acid
chloride, piperidine 1.17, and triethylamine inhigh concentration. The reaction was screened
at various temperatures and times, but led exclusively to the undesired Diels-Alder
byproduct 1.67 due to the Thorpe-Ingold effect. Unable to circumvent this unwanted side-

product, the synthetic route was abandoned.
1.10 Revised Synthetic Plan of Nuphar Thiaspirane Alkaloids

Revising our synthetic plan, formation of thietane 1.70 and diazo 1.69 could be formed
from a common quinolizondine 1.68 intermediate (Scheme 1.10.1b). These two
quinolizidines 1.69 and 1.70 could then be subjected to a Stevens rearrangement to deliver
the bis-amide thioalkaloid 1.711 (Scheme 1.10.1a). Simple reduction could afford the bis-

hemiaminal 1.2b or the fully reduced 1.2d.

To test the key Stevens rearrangement, a model reaction of thietane 1.72 and diazo
lactam 1.73 was attempted. In the presence of catalytic Rh,(OAC),, the reaction of thietane
1.72 with diazo 1.73 smoothly afforded the desired thiaspirane 1.74 in full conversion

(Scheme 1.10.2) as a single isomer.
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Scheme 1.10.1 Revised Synthetic Plan

(@)
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H H 5
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1.14 1.68
diazo
formation

Scheme 1.10.2 Stevens Rearrangement Model Reaction
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Scheme 1.10.3 Synthesis of Quinolizidine Core 1.68

H vinyl acetic acid, EDC Grubbs II, DCM, 45 °C; H
N DpwmaP, CH,Cly, -10 °C Pd/C, H2 EtOH, rt
NH N

95% s

¥ N
(o] 0 0 o
1.14 12% 81% 1.68

1.75 1.76

.1

KHMDS, DMPU, THF;
dimethyl malonate, HCI
75%

Synthesis of quinolizidine 1.68 was completed in two steps from piperidine 1.14
(Scheme 1.10.3). Amide bond formation took place upon treatment of piperidine 1.14 with

vinyl acetic acid, EDC, and DMAP in good yield. A small amount of isomerization to the
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o,B-unsaturated amide 1.75 was observed, but was easily transformed back to the desired
unconjugated product 1.76 upon treatment with KHMDS and quenching with dimethyl
malonate in 75% vyield.** RCM followed by hydrogenation proved uneventful, forming the

quinolizidine core 1.68 in 95% vyield.

Scheme 1.10.4 Synthesis of Thietane 1.70

1. PPhg, imidazole
I, toluene:CH,Cl,

H LDA, Et,Zn, CH,0 H H 2. Na,Sg-9H,0
THF, -40 °C LDA, CH,0, THF DMF, 130 °C
N N N OH
> < —_ = < —_ =
(} o] 91% (} O OH  25% (90% brsm) @ O OH 68% (2 steps)
o o o

1.68 1.77 1.78 1.70

The initial aldol reaction began with the treatment of quinolizidine 1.68 with LDA and
diethyl zinc, forming the zinc enolate. A solution of formaldehyde in THF was added,
providing alcohol 1.77 in high yield (Scheme 1.10.4). An additional aldol was performed,
but led to incomplete conversion, forming diol 1.78 in modest yield while retaining the
remaining mixture as starting material 1.77. Thietane formation proved to be successful with
treatment of diol 1.78 by iodination followed by thio-substitution supplying thietane 1.70 in

good yield over two steps.
Scheme 1.10.5 Synthesis of Diazo 1.69
H LDA, HMPA, CF3CO,CH,CF3, THF; H
! Et3N, p-ABSA, CH5CN, H,0 !
Y > p N,

= 90% -
(o]

1.68 1.69

Next the o-diazo amide 1.69 was prepared via diazo transfer with use of
para—-acetamidobenzenesulfonyl azide (p-ABSA) from quinolizidine 1.68 (Scheme

1.10.5).*
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Table 1.10.1 Stevens Rearrangement®

Rh(OAc),
solvent, temp
_—
1.70 1.69 1.71 1.79
Entry Rh(OAc), Solvent Temp Yield 34:1.8:1.7
1° 25 mol % CHCI, 45 °C 0% 1.5:0:1
2° 25 mol % CHCI, 45 °C 0% 1.5:0:0
3¢ 25 mol% DCE 90 °C 0% 1.5:0:0

(a) Standard conditions: 1.70 (1.5 equiv), 1.69 (1.0 equiv), in DCM (0.05 M). (b) addition of diazo 1.69 over

1.5 h. (c) addition of diazo 1.69 over 3.5 h. (d) addition of diazo 1.69 over 16 h.

The key Stevens rearrangement was tested next with thietane 1.70 and diazo 1.69. No
product formation was observed when diazo 1.69 was added over 1.5 h to a solution of
thietane 1.70 and Rhy(OAcC), in dichloromethane at reflux (Table 1.10.1, entry 1). Formation
of a,-conjugated lactam 1.79 was exclusively observed along with unreacted thietane 1.70.
Extending addition time from 1.5 h to 3.5 h of diazo 1.69 reduced B-hydride elimination but
no product formation was observed (entry 2). Increasing temperature to 90 °C and addition

time to 16 h did not produce product 1.71 (entry 3).

Due to lack of product formation from the Stevens rearrangement, a new late-stage
model was performed (Scheme 1.10.6). The model systems were to test reactivity of both
thietane 1.70 and diazo 1.69. Thietane 1.70 was reacted with model diazo 1.73 with
Rh2(OAC), in refluxing benzene (Scheme 1.10.6a). Formation of product 1.80 was observed
in 50% yield with 1 diastereomer observed. Next diazo 1.69 was reacted with model thietane
1.81 with Rhz(OAC), in refluxing benzene (Scheme 1.10.6b). Again, formation of product

1.82 was observed in high yield with a dr 2:1.
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Scheme 1.10.6 Stevens Rearrangement: Late Stage Model

(a)
H Rh(OAc), i
N benzene, 80 °C N o,
N N_Ph — o y
Y S N ~ H s N
o

(]o o 50% @O
o )

Rh(OAc),
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J—" .
84%, dr 2:1

With these results (vide supra), we hypothesized that both the thietane 1.70 and diazo
1.69 are reactive and can undergo the Stevens rearrangement; however, the steric bulk in
both compounds may lead to slow reactivity when coupling both together. We have
observed that different metal/ligand combinations during Stevens rearrangement lead to
different results be it higher and some times lower yields in the formation of thietanes. With
the absence of desired thietane formation currently with Rh,(OACc),, new studies will need to

be performed.
1-11 Future Studies

Future studies will concentrate on screening metal/ligand combinations to deliver the
desired Stevens rearrangement (Scheme 1.11.1). Metals such as rhodium, ruthenium, copper,

and iridium have been used in Stevens rearrangements successfully.

Scheme 1.11.1 Future Stevens Rearrangement Studies

= o

metal/ligand
solvent, temp N

z

o

1.70 1.69
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Additional studies will include selective reduction to obtain multiple nuphar alkaloids

(Scheme 1.11.2).
Scheme 1.11.2 Future Stevens Rearrangement Studies

reduction
(2-4 equiv)

1.71 1.2b X =H,0OH; Y = H,OH
1.2d X=HH;Y=HH
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Chapter 2

A Concise Asymmetric Total Synthesis of (+)-Brevisamide

2-1 Introduction

The art and science of natural product total synthesis has become increasingly more
associated with the various principles of the “economies” of synthesis.**** Evaluation of
protecting group use serves as one metric of synthetic efficiency and can provide a
framework for developing a synthesis plan. Among various classes of natural products
prepared by total synthesis without the use of protecting groups, examples featuring
polyketides or cyclic ethers are scarce.>** Herein, we report a concise, enantioselective,
protecting-group-free total synthesis of the diversely functionalized cyclic ether natural

product brevisamide.
2-2 Brevisamide Background

The “Red Tide” off of the Florida coast and in the Gulf of Mexico has led to the death of
a wide range of marine life and human food poisoning.® Dinoflagellates blooms have been
the root cause of this due to the secretion of brevetoxins by Ptychodiscu brevis.*® Another
species of dinoflagellates, Karenia brevis produces the metabolite, brevenal (2.1) (Figure
2.2.1), which has been shown to have antagonistic activity against the brevetoxins.®” In
2008, Wright and co-workers isolated another metabolite, brevisamide (2.2), from K. brevis.
This monocyclic ether contains very similar structural features to the A—ring and dienal

fragment of brevenal.®
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Figure 2.2.1. Brevenal 2.1 and Brevisamide 2.2

:
brevenal (2.1) brevisamide (2.2)

Brevisamide appears to be an important biosynthetic precursor to brevenal and possibly
other polycyclic ethers. Brevisamide is comprised of a complex functionalized
tetrahydropyran core containing a conjugated 3,4-dimethylhepta—2,4-dienal and acetylated
terminal amine subunits. The tetrahydropyran ring also contains methyl and hydroxyl
substituents. Since brevisamide has been reported as a biosynthetic precursor to brevenal, a
great deal of interest has been generated towards its total synthesis. Multiple groups have
synthesized brevisamide since its isolation in 2008, with the first four total syntheses being

reported in 2009.
2-3 Previous Syntheses
2-3-1 Satake’s Synthesis of Brevisamide

The Satake group completed the first total synthesis, outlined in Scheme 2.3.1.% The
tetrahydropyran-core (Scheme 2.3.1, part a) was synthesized by three key reactions: Brown
crotylation to generate 2.5, which led to lactone formation yielding 2.6, and finally
hydroboration was utilized to install the secondary alcohol 2.8.4%***? Curtius rearrangement
generated primary amine 2.10, a precursor to amide 2.11.** Suzuki-Miyaura cross coupling
(part ¢) of 2.12 and 2.16 installed the diene fragment, which was then followed by MnO,

oxidation, which completed the first total synthesis of brevisamide (2.2) in 21 steps and a
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2.0% overall yield. This synthesis also confirmed the absolute stereochemical structure of

brevisamide (2.2).

Scheme 2.3.1. Satake’s Synthesis of Brevisamide 2.2

(a) Synthesis of Tetrahydropyran-core
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2-3-2 Lindsley’s Synthesis of Brevisamide

Shortly after the achievement of the first total synthesis, Lindsley and Fadeyi completed
another total synthesis.** While their approach was similar to Satake’s synthesis in the
stepwise construction of the tetrahydropyran-core, they differed in the dienal construction.
The tetrahydropyran-core (Scheme 2.3.2, part a) was synthesized by two key reactions:
Brown crotylation to generate 2.18 and a samarium(ll) iodide reductive cyclization reaction
to create the key core 2.21.*° Curtius rearrangement was used to generate the primary amine
2.23 that led to amide 2.24.*° A Horner-Wadsworth-Emmons reaction (part c) of aldehyde
2.24 and phosphonate 2.27 installed the diene fragment, which was then followed by MnO,
oxidation, which completed the shortest total synthesis of brevisamide (2.2) in 18 steps and
6.3% overall yield.

2-3-3 Ghosh’s Synthesis of Brevisamide

Ghosh and Li completed the third total synthesis.*’ Their synthesis had an alternative
synthetic plan in construction of the tetrahydropyran-core from previous groups. They used
Jacobsen’s asymmetric Hetero-Diels-Alder reaction of diene 2.31 and aldehyde 2.32 using
Jacobsen’s chromium catalyst 2.33 to produce 2.34 (Scheme 2.3.3, part a) in high diastereo-
and enantioselectivity.” A Rubottom oxidation was used to install the secondary alcohol
2.35. % Amide 2.38 was produced from a Mitsunobu reaction followed by azide reduction
and amine acylation.® A Suzuki-Miyaura cross coupling (part c) of 2.39 and 2.44 installed
the diene fragment, which was then followed by TEMPO oxidation that delivered

brevisamide (2.2) in 19 steps and 1.5% overall yield.™*
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Scheme 2.3.2 Lindsley’s Synthesis of Brevisamide 2.2

(a) Synthesis of Tetrahydropyran-core
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Scheme 2.3.3 Ghosh’s Synthesis of Brevisamide 2.2

(a) Synthesis of Tetrahydropyran-
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2-3-4 Panek’s Synthesis of Brevisamide

Panek and Lee completed the fourth total synthesis of brevisamide (2.2).* Their
synthesis centered on Panek’s silicon directed [4+2]-annulation utilizing a Z-crotylsilane to

construct the tetrahydropyran-core 2.48 (Scheme 2.3.4, part a).>* Hydroboration was used to
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synthesize the equatorial secondary alcohol 2.50. A Negishi cross-coupling (part c) of 2.53
and 2.56 installed the diene fragment.>* The amide 2.58 was produced from a Mitsunobu
reaction followed by azide reduction and amine acylation, which was then followed by
MnO; oxidation, which constructed brevisamide (2.2) in 27 steps and 0.8% overall yield.>>*®

Scheme 2.3.4 Panek’s Synthesis of Brevisamide 2.2

(a) Synthesis of Tetrahydropyran-core

oTMS TMSOTY, 2.47
M M
— > T CHCl,, PhH N DBU, THF © i
///\OH " = CO,Me _ _—
16%, 10 steps . 70% BnO £~07£~COo,Me 86% BnO £~07 ~CO,Me
SiMe,Ph dr =101 H H H

2.45 2.46 2.48 2.49
1. LiAIH,, Et,0
2.TBSCI, ImH, DMF 1. TBSOTY, 2,6-lutidine
3. BHzeSMe;, THF; DCM 1. Tf,0, 2,6-lutidine, DCM

76%, 3 steps, dr > 11:1

Me OH Me OTBS
H20,, 1 N NaOH /\Ij:/ 2. Pd/C, H,, EtOAC /\J\/j:/ 2. 1-propynyllithium, THF
> No i OTBS > \__L_otBs >
BnO 072 HO 07
5

ﬁ ﬁ 98%, 2 steps H H 78%, 2 steps
2.50 2.51
BnO. (o]
Me LOTBS CpyZtHCI, THF; Me OTBS ~N
Ip/ THF Me u H
OTBS — 3 N OTBS 247
1 NoE .
88%, rr = 10:1 H H
2.52 2.53
(b) Synthesis of Phosphonate Fragment
Bu3Sn(Bu)CuCNLip, THF; 1. 15, Na,CO3, CH,Cl,
NH,CV/NH,OH 2. TBDPSCI, imidazole, DMF
_ 4 4 o HOL A SnBUs _ TBDPSO__~_!
HO =z o
1% 93%
2.54 2.55 2.56

(c) Completion of Total Synthesis
1. DIAD, PPh;, DPPA, THF
1. t-BuLi, ZnCly, THF; 2. PPh;, NH,OH,
2.53, Pd(PPh3), dioxane/MeOH

2. CSA, MeOH, CH,CI 3. Ac,0, DMAP, TEA, CH,CI
2.56 s H i e
58%, 2 steps TBDPSO Me 66%, 3 steps TBDPSO
2.57
Me WOH
1. TBAF, THF H
2. MnO,, CH,Cl, 0, N N
X £SO 2
—_—> H o H \ﬂ/
55%, 2 steps H o
(-)-brevisamide (2.2)
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2-3-5 Formal syntheses
Since this latest completed total synthesis, two formal syntheses have been accomplished
by the groups of Smith and Sabitha.>’

2-4 Synthetic Plan of Brevisamide

In devising our own approach, we became intrigued by the challenge of developing a
concise, enantioselective, and protecting-group-free construction of the diversely
functionalized tetrahydropyran ring in brevisamide. A synthesis plan based on the
combination of a catalytic asymmetric Henry reaction and an Achmatowicz
rearrangement,”® outlined in Scheme 1, proved to be successful in meeting this challenge.
The final operation in the synthesis was envisioned to employ a Stille-cross-coupling

reaction to install the conjugated (E,E)-dieneal.

Scheme 2.4.1 Synthetic Plan of Brevisamide 2.2

HO. SnBu
A 3
Me,, OHH \/Y
Me OH
o \ N ———> 259 ",
N +
oY

X
H o o Stille cross-coupiing 1 (0] \I(
(+)-brevisamide (2.2) lo)

e Achmatovicz
rearrangement
e Henry reaction

I\ & I/ \ / \
Etozc/\/Q M <: /\/Q\é_/\NHAc
o OH
2.63 2.62 2.61

2-5 Total Synthesis of Brevisamide

The synthesis of the aldehyde 2.62, shown in Scheme 2.5.1, began from commercially
available ethyl 3-(furan-2-yl)propionate 2.63, which was treated with LiAIH, to afford the
corresponding primary alcohol. After oxidation, the resultant aldehyde was immediately

submitted to the Corey—Fuchs reaction yielding dibromoalkene 2.64,>° which was treated
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with n-butyllithium and iodomethane to form the desired alkyne 2.65, along with a furan
methylation byproduct. Addition of DMPU prior to the addition of iodomethane resulted in
the isolation of only the desired methylated alkyne 2.65 in high yield. Aldehyde 2.62 was

prepared directly from 2.65 by a Vilsmeier—Haack reaction in 90% yield.®

Scheme 2.5.1 Synthesis of Aldehyde 2.62

1. LiAIH,, Et,0 n-BuLi, DMPU,
2. Swern Ox. Mel, THF,
/\/@ 3. CBry, PPhg, 0°C )\/\/O -78°C>0 °C POC DMP. M Y\
Et0,C 0 o
o
263 2.62

With aldehyde 2.62 in hand, the key enantioselective Henry reaction was investigated.
Although a variety of methods are available for this transformation, we focused on a
procedure developed by Wan and co-workers.®! This method has been reported to provide
products in high enantioselectivity, under practical reaction conditions at room temperature
and within reasonable reaction times. The method employs a catalytic system derived from
readily available Cu(OAc),-H,O and ligand 2.66 in ethanol as the solvent. Much to our
delight, when 2.62 was exposed to these conditions, the product 2.67 was isolated with a
99% ee. Extended reaction times resulted in accumulation of the nitroalkene 2.67a as a
byproduct resulting from dehydration of the initially formed nitro-alcohol 2.67 (Scheme
2.5.2). To minimize this problem, the reaction was terminated after 40 h at room temperature
and the products were separated to provide the requisite Henry addition product 2.67 (57%
yield, 99% ee), the starting material (33% yield), and the nitroalkene 2.67a (10% yield). The
starting material was then resubmitted to the reaction conditions to afford 2.67 in a 69%

combined yield and 99% ee after one recycle.
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Scheme 2.5.2 Asymmetric Henry Reaction

Cu(OAc),, 2.66, MeNO,
EtOH, rt _ I/ \
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After the development of the enantioselective Henry reaction, the synthesis was

advanced as illustrated in Scheme 2.5.3. The nitro group in 2.67 was reduced to the

corresponding amine with LiAIH, under carefully controlled reaction conditions. Lithium

aluminum hydride was preferred to other commonly used reagents for reduction of nitro

compounds such as H, and Pd/C, Raney-Nickel, and Sml,, due to incompatibility of these

reagents with the alkyne group present in the substrate.®*®? After assessment of a variety of

reaction conditions, it was determined that a dropwise addition of a solution of the nitro

compound 4 into a precooled solution of LiAlH4 in THF (=15 °C) limited the retro-Henry

process leading to the formation of an undesired primary alcohol. The reaction was then

heated to reflux, which delivered the primary amine in optimized yields. The primary amine

was then chemoselectively acetylated with acetic anhydride in ethyl acetate—methanol (4:1),

giving amide 2.61 in 67% yield over the two steps.

Scheme 2.5.3 Synthesis of the Tetrahydropyran Core
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According to our synthesis plan, acetamide 2.61 was now properly functionalized for the
ensuing key Achmatowicz rearrangement. Furan 2.61 underwent oxidative ring expansion in
the presence of NBS to form the cyclic hemiketal, which was then treated with BF3-OEt, and
Et;SiH to produce intermediate 2.68 in a satisfactory 54% yield.®® Installation of the methyl
group was achieved by conjugate addition of lithium dimethylcuprate directly to enone 2.68
(81% vield, 8:1 dr).**

Our next goal was reduction of 2.69 under thermodynamic conditions to generate the
more stable diastereomer 2.70 that has the desired configuration at the newly generated
stereocenter. Our initial attempts centered on various versions of the Meerwein—Pondorf-
Verley (MPV) reaction using Al(OPr-i); and Sm(OPr-i); reagents. With the aluminum-based
reagent, the desired diastereomer 2.70 was formed exclusively at high temperatures (100
°C), however, at low yields. An unidentified byproduct was formed in significant quantities
apparently resulting from reactivity of the acetamide. At lower temperatures (75 °C), an
equimolar mixture of diastereomeric alcohols was produced. A ligand-based reduction was
used in our next approach, employing (R)-CBS catalyst. This method led to a mixture of
diastereomeric alcohols, with poor selection. Similar outcomes were observed with the
samarium-based reagent. Reduction with sodium borohydride under standard conditions in
methanol produced the undesired axial alcohol exclusively. On the other hand, reduction
with NaBH, in aqueous THF substantially increased the fraction of the desired equatorial
alcohol, giving a 1:1 mixture of separable products in 85% isolated yield.®> The undersired
isomer could be separated and recycled through an additional oxidation—reduction sequence.

Installation of vinyl iodide proceeded in high regioselectivity and yield employing the
silylcupration-iododesylilation protocol.?®*®”  Silylcupration took place with complete

stereoselectivity and high regioselectivity (~13:1). Subsequent iododesilyation with N-
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iodosuccinimide (NIS) in hexafluoroisopropanol (HFIP) successfully delivered the (E)-

iodoalkene 2.60 in high yield and with complete retention of the double bond geometry.®®

Known vinyltin reagent 2.59 (prepared by hydrostannylation of 2-butyn-1-0l)*® was used
in a Stille cross-coupling reaction with 2.60 to forge the conjugated diene (Scheme 2.5.4).
Sasaki and co-workers previously reported a similar Stille coupling in the total synthesis of
brevenal.*® In our work, copper(l) thiophene-2-carboxylate was replaced with the copper(l)
bromide dimethylsulfide complex (CuBreDMS) without any detrimental effect on the
Pd,(dba)s/PhsAs-catalyzed cross-coupling process, furnishing 2.71 in 78% vyield.
Completion of the synthesis was achieved with a chemoselective oxidation of the allylic
alcohol using TEMPO in the presence of PhI(OAc), in CH,ClI, at room temperature, yielding

(+)-brevisamide (2.2) in 90% yield."

Scheme 2.5.4 Completetion of Brevisamide (2.2) Synthesis

2.59, Pd,(dba)s,

PhsAs, CuBr-DMS, Me,, OH TEMPO, Phi(OAc), Me,, OH
THF:DMSO (1:1), rt, Me H CH,Cly, rt H
2.60 » HO. X N S ) ™ N
L N A
78% [ \ﬂ/ 90% A9 H g
Me o H e}

SnBu;

_/=< 2.71 (+)-brevisamide (2.2)
HO

2.59

2-6 Conclusion

In summary, the total synthesis of (+)-brevisamide (2.2) has been completed in 16 steps
(longest linear sequence) and an overall yield of 2.5% starting from the commercially
available ethyl 3-(furan-2-yl)propionate 2.63. The strategy was developed based on a notion
of concise enantioselective assembly of the properly functionalized tetrahydropyran ring
without the use of protecting groups. A catalytic asymmetric Henry reaction and then an

Achmatowicz rearrangement were enlisted to successfully achieve this goal.
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2-7: Brevisamide Supporting Information

LiAIH,4, Et,O
A T e e A
Et0,C 0 o

89%

3-(Furan-2-yl)propan-1-ol (2.72). Lithium aluminum hydride (4.29 g, 113 mmol, 3.0
equiv.) in diethyl ether (160 mL) was cooled to -78 °C. Ethyl 3-(furan-2-yl)propionate (2.63)
(6.00 mL, 37.6 mmol) in diethyl ether (28 mL total with rinses) was added to the reaction
vessel. After 10 min of stirring at -78 °C, the reaction vessel was allowed to warm to 0 °C
and was stirred for 1 h. The reaction vessel was then warmed to rt and stirred for an
additional 1 h before cooling back to 0 °C and slowly quenching with diH,O (4.29 mL). The
reaction mixture was stirred for 5 min at 0 °C at which time a 15 wt% NaOH (4.29 mL)
solution and diH,O (12.9 mL) were added sequentially and stirred for 5 min. The reaction
vessel was then warmed to rt and stirred until a white precipitate and a clear organic solution
were formed. The precipitate was filtered off and washed with diethyl ether, and the organic
solution was collected and concentrated in vacuo. The residue was purified by column
chromatography (silica, 30% ethyl acetate — hexanes) delivering product 2.72 (4.21 g, 33.4
mmol, 89%). *H NMR (400 MHz, CDCls); 8(ppm): 7.31-7.30 (m, 1H); 6.28 (dd, J1=3.2 Hz,
J2=2.0 Hz, 1H); 6.01 (dd, J1=3.2 Hz, J2=1.2 Hz, 1H); 3.69 (dd, J1=J2=6.0 Hz, 2H); 2.74

(dd, J1=J2=7.2 Hz, 2H); 1.95-1.86 (m, 2H); 1.42 (br s, 1H).”

1. Swern Oxidation

2. CBry, PPhg, CH,Cl, Br
Ho\/\/ﬂ > x /Y
O Br O

87%

2-(4,4-Dibromobut-3-en-1-yl)furan (2.64). Dimethylsulfoxide (1.70 mL, 24.1 mmol, 3.0
equiv.) was added to oxalyl chloride (1.05 mL, 12.0 mmol, 1.5 equiv.) in dichloromethane

(30 mL) at -78 °C and was stirred for 15 min. Substrate 2.72 (1.00 g, 7.93 mmol) in

37



dichloromethane (22.8 mL total with rinses) was transferred to the reaction vessel and stirred
at -78 °C for 25 min. Triethylamine (5.00 mL, 35.9 mmol, 4.5 equiv.) was added to the
reaction vessel and stirred for 10 min at -78 °C. The solution was then warmed to rt and
stirred for an additional 10 min before 1.0 M HCI (30 mL); diH,O (30 mL); diethyl ether (75
mL) were added. The phases were separated, and the aqueous phase was extracted with
diethyl ether (3x50 mL). The combined organic phases were washed with a 1:1 v/v mixture
of brine and saturated aqueous sodium bicarbonate and dried over sodium sulfate. The
volatile crude aldehyde was concentrated by simple distillation at 60 °C to a volume of 5-10
mL remained at which point pentane (20 mL) was added and the distillation was continued
until 5-10 mL remained. The crude organic mixture was then purified rapidly by column
chromatography (silica, 30% diethyl ether — pentane) to avoid the decomposition of the
aldehyde. Fractions containing the aldehyde were collected and concentrated by simple
distillation at 60 °C until 5-10 mL remained, which was submitted to the Corey-Fuchs

reaction.

Triphenylphosphine (8.32 g, 31.7 mmol, 4.0 equiv.) was added to a solution of carbon
tetrabromide (5.27 g, 15.9 mmol, 2.0 equiv.) in dichloromethane (15.4 mL) at 0 °C and
stirred for 30 min. Then the diluted pure aldehyde (ca. 7.93 mmol) in dichloromethane (10.0
mL total with rinses) was added to the reaction vessel and stirred for 15 min at 0 °C. The
reaction mixture was quenched with the addition of diH,O (20 mL) and diethyl ether (40
mL). The phases were separated, and the aqueous layer was extracted with diethyl ether
(3x20 mL). The combined organic phases were washed with brine, dried over sodium
sulfate, and concentrated in vacuo. Removal of the triphenylphospine oxide was

accomplished by addition of a small amount of diethyl ether (5 mL) to the crude product
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followed by addition of pentane (60 mL) with agitation, which caused formation of a white
solid (triphenylphosphine oxide). Solids were filtered through a plug column and washed
with pentane. The collected organic phase was concentrated in vacuo. The residue was
purified by column chromatography (silica, 100% pentane) delivering product 2.64 (1.93 g,
6.90 mmol, 87% over 2 steps). *H NMR (400 MHz, CDCls); 8(ppm): 7.33-7.31 (m, 1H);
6.42 (dd, J1=3.2, J2=2.0 Hz, 1H); 6.29 (dd, J1=3.2 Hz, J2=2.0 Hz, 1H); 6.03 (dd, J1=3.2
Hz, J2=0.8 Hz, 1H); 2.76 (dd, J1=J2=7.2 Hz, 2H); 2.44 (ddd, J1=J2=J3=7.2 Hz, 2H). *C
NMR (125 MHz, CDCls); 8(ppm): 154.3, 1415, 137.4, 110.4, 105.8, 90.0, 31.8, 26.4.

LRMS (ESI) calcd for CgHgBr,O [M+H] 278.90, found 279.89.

n-BuLi, THF;
Br DMPU, Mel

Br o 95% FZ o

2-(Pent-3-yn-1-yhfuran (2.65). Substrate 2.64 (0.240 g, 0.857 mmol) in THF (1.10 mL)
was cooled to -78 °C. n-Butyllithium (2.47 M, 1.05 mL, 2.59 mmol, 3.0 equiv.) was added
to the reaction mixture and stirred for 1.25 h at -78 °C. DMPU (0.310 mL, 2.56 mmol, 3.0
equiv.) was added to the mixture at -78 °C and stirred for 5 min; followed by addition of
methyl iodide (1.00 mL, 16.1 mmol, 18.8 equiv.). The reaction mixture was stirred for 1 h at
-78°C and was then warmed to rt and stirred for an additional 1 h before adding saturated
aqueous ammonium chloride. The resulting phases were separated, and the aqueous phase
was extracted with diethyl ether (3x5 mL). The combined organic phases were washed with
diH,O (3x10 mL); brine (2x10 mL); dried over sodium sulfate, and concentrated in vacuo.
The residue was purified by column chromatography (silica, 100% pentane) delivering

product 2.65 (0.1094 g, 0.815 mmol, 95%). *H NMR (500 MHz, CDCls); 8(ppm): 7.31-7.30
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(m, 1H); 6.29-6.28 (m, 1H); 6.07-6.05 (m, 1H); 2.82 (dd, J1=J2=7.0 Hz, 2H); 2.48-2.43 (m,
2H); 1.77 (dd, J1=J2=2.5 Hz, 3H). *C NMR (125 MHz, CDCls); &(ppm): 154.8, 141.2,
110.3, 105.5, 78.2, 76.4, 28.2, 18.2, 3.8. LRMS (ESI) calcd for CgH100 [M] 134.07, found

134.07.

/ \ POCI3;, DMF ‘ / \

FZ o 90% FZ S

5-(Pent-3-yn-1-y)furan-2-carbaldehyde (2.62). Dimethylformamide (1.35 mL, 17.4
mmol, 1.3 equiv.) was added to pre-cooled (0 °C) phosphonyl trichloride (1.35 mL, 14.7
mmol, 1.1 equiv.). The reaction vessel was capped and heated to 85 °C for 1.5 h. The
reaction vessel was then cooled to 0 °C and substrate 8 (1.77 g, 13.2 mmol) in
dimethylformamide (6.60 mL total with rinses) was added and stirred for 5 min. The
reaction vessel was then capped, warmed to rt, and stirred for 24 h. The reaction mixture was
added slowly to saturated aqueous sodium bicarbonate (50 mL) to quench the reaction.
Additional saturated aqueous sodium bicarbonate was added until the reaction mixture had a
pH 8-9. The phases were separated and the aqueous phase was extracted with
dichloromethane (3x20 mL). The combined organic phases were then washed with a 1:1
mixture of brine and saturated aqueous sodium bicarbonate, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by column chromatography (silica, 20%
ethyl acetate - hexane) delivering product 2.62 (1.93 g, 11.9 mmol, 90%). *H NMR (500
MHz, CDCly); 8(ppm): 9.54 (s, 1H); 7.18 (d, J=4.0 Hz, 1H); 6.34 (d, J=4.0 Hz, 1H); 2.91

(dd, J1=J2=7.5 Hz, 2H); 2.55-2.50 (m, 2H): 1.75 (dd, J1=J2=2.5 Hz, 3H). 1*C NMR (125
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MHz, C¢Ds): S(ppm): 176.8, 161.4, 153.0, 121.8, 109.3, 77.8, 77.3, 28.6, 18.0, 3.7. LRMS

(ESI) calcd for C190H100, [M] 162.07, found 162.07.

Ph  Ph
Cu(OAc),, 2.66, &
i\ MeNO,, EtOH ]\ NH HN
A S 69%, 9% ce "y N [ l
o OH Ph" NH HN"“Ph
Ts Ts
2.66

(S)-2-Nitro-1-(5-(pent-3-yn-1-yl)furan-2-yl)ethanol (2.67).  Copper(ll)  acetate
monohydrate (30.9 mg, 0.155 mmol, 0.025 equiv.) and ligand 2.66™ (0.235 g, 0.310 mmol,
0.050 equiv.) were dissolved in freshly distilled ethanol (6.20 mL) and stirred at rt for 1 h.
Substrate 2.62 (1.00 g, 6.17 mmol) in freshly distilled ethanol (6.20 mL total with rinses)
was added to the reaction vessel, followed by addition of freshly distilled nitromethane (6.60
mL, 123 mmol, 20 equiv.) and stirred at rt for 40 h. The reaction mixture was concentrated
in vacuo and the residue was purified rapidly by column chromatography (silica, 10% diethyl
ether — pentane, 30 % diethyl ether — pentane). The recovered starting material was then
resubmitted to similar reaction conditions. Copper(ll) acetate monohydrate (9.4 mg, 47
umol, 0.025 equiv.) and ligand 2.66 (71.3 mg, 94 umol, 0.050 equiv.) were dissolved in
freshly distilled ethanol (1.90 mL) and stirred at rt for 1 h. Recovered substrate 2.62 (0.304
g, 1.87 mmol) in freshly distilled ethanol (1.90 mL total with rinses) was added to the
reaction vessel, followed by addition of freshly distilled nitromethane (2.00 mL, 37.4 mmol,
20 equiv.) and stirred at rt for 72 h. The reaction mixture was concentrated in vacuo and the
residue was purified rapidly by column chromatography (silica, 10% diethyl ether — pentane,
30 % diethyl ether — pentane) delivering the combined product 2.67 (0.955 g, 4.28 mmol,

69%); ee >99% by chiral HPLC analysis (Daicel Chiralcel OJ-H, 10% i-PrOH/hexanes,
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%=215 nm, r=1.0 ml/min, R=30.6 min). [o]%} -38.6 (¢ 10.0, CHCl;). *H NMR (500 MHz,

CDCls); 8(ppm): 6.29 (d, J1=4.0 Hz, 1H); 6.06 (d, J1=4.0 Hz, 1H); 5.45-5.40 (m, 1H); 4.78
(dd, J1=14.0 Hz, J2=9.5 Hz, 1H); 4.66 (dd, J1=14.0 Hz, J2=3.5 Hz, 1H); 2.79 (dd,
J1=J2=7.0 Hz, 2H); 2.66 (d, J1=5.5 Hz, 2H); 2.47-2.41 (m, 2H); 1.77 (dd, J1=J2=2.5 Hz,
3H). **C NMR (125 MHz, CDs;0D); &(ppm): 156.6, 152.3, 109.3, 107.5, 80.2, 78.7, 77.1,

65.9, 29.1, 18.7, 3.2. LRMS (ESI) calcd for C13H13NO4sNa [M+Na] 246.07, found 246.09.

1. LiAlH4, THF,
-15 °C—reflux
2. Ac,0, EtOAc:MeOH
J\ @), rt /\
—_—

= (o] Y NO, = (o] Y NHAc
=z £ ° =z H
67% (2 steps) OH

(S)-N-(2-Hydroxy-2-(5-(pent-3-yn-1-yl)furan-2-yl)ethyl)acetamide  (2.61). Lithium
aluminum hydride (0.681 g, 17.9 mmol, 3.0 equiv.) in THF (18.0 mL) was cooled to -15 °C.
Substrate 2.67 (0.802 g, 3.59 mmol) in THF (54 mL total with rinses) was slowly added to
the reaction vessel and stirred for 30 min at -15 °C. The reaction mixture was warmed to rt
and stirred for 30 min; then heated to reflux for 1.5 h before cooling back to 0 °C and slowly
quenching with diH,O (0.68 mL). The reaction mixture was stirred for 5 min at the same
temperature at which time 15 wt% NaOH (0.68 mL) and diH,O (2.05 mL) were added
sequentially and stirred for 5 min. The reaction mixture was warmed to rt and stirred for 4
hours (until an off-white precipitate formed). The precipitate was filtered off and washed
with diethyl ether. The collected organic phase was concentrated in vacuo and submitted to

the next reaction without further purification.

The crude substrate was suspended in ethyl acetate (11.5 mL) and methanol (2.90 mL).

Acetic anhydride (0.370 mL, 3.91 mmol, 1.1 equiv.) was added to the reaction vessel and
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stirred at rt for 12 h. An aqueous solution of 10 wt% K,CO3; (15 mL) was added to the
reaction vessel and stirred at rt for 10 min. The resulting phases were separated and the
aqueous phase was extracted with ethyl acetate (3x10 mL). The combined organic phases
were washed with brine, dried over sodium sulfate, and concentrated in vacuo. The residue
was purified by column chromatography (silica, 80% ethyl acetate — hexanes, 90% ethyl
acetate — hexanes, 100% ethyl acetate — hexanes, 95% ethyl acetate — methanol) delivering
product 2.61 (0.567 g, 2.41 mmol, 67% over 2 steps). [0(]12)3 -35.4 (c 10.0, CHCIl3). *H NMR
(500 MHz, CDCly); 8(ppm): 6.19 (d, J1=3.0 Hz, 1H); 6.01 (d, J1=3.0 Hz, 1H); 5.96 (br s,
1H); 4.79-4.75 (m, 1H); 3.75 (ddd, J1=14.0 Hz, J2=6.5 Hz, J3=3.5Hz, 1H); 3.51 (ddd,
J1=13.5 Hz, J2=7.5 Hz, J3=5.5 Hz, 1H); 3.12-3.10 (m, 1H); 2.78 (dd, J1=J2=7.0 Hz, 2H);
2.46-2.41 (m, 2H); 2.01 (s, 3H); 1.77 (dd, J1=J2=2.0 Hz, 3H). *C NMR (125 MHz,
CDCls); 8(ppm): 171.6, 154.8, 152.8, 107.7, 106.4, 78.1, 76.6, 67.7, 44.6, 28.1, 23.4, 18.1,

3.7. LRMS (ESI) calcd for C13H17NO3Na [M+Na] 258.11, found 258.12.

1. NBS, NaHCOj,, NaOAC,
THF:H,0 (10:1), 0 °C

2. EtSiH, BF3+OEty, 0
I\ \iag _CHeCl2 0°C Z H

Z O Y c >

Z & 54% (2 steps) Z oIy

N-(((2R,6S)-3-Ox0-6-(pent-3-yn-1-yl)-3,6-dihydro-2H-pyran-2-yl)methyl)acetamide
(2.68). N-bromo-succinimide (0.223 g, 1.25 mmol, 1.0 equiv.) was added to a mixture of
substrate 2.61 (0.293 g, 1.25 mmol), sodium bicarbonate (0.210 g, 2.50 mmol, 2.0 equiv.),
and sodium acetate (0.103 g, 1.25 mmol, 1.0 equiv.) in THF (7.90 mL) and diH,O (2.6 mL)
at 0 °C (the reaction vessel was open to air). The reaction vessel was stirred at 0 °C for 1.5 h

before addition of saturated aqueous ammonium chloride (10 mL). The phases were
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separated and the aqueous phase was extracted with ethyl acetate (3x10 mL). The combined
organic phases were washed with brine, dried over sodium sulfate, and concentrated in

vacuo. The crude product was submitted to the next reaction without further purification.

The crude substrate in dichloromethane (12.5 mL) was cooled to 0 °C. Triethylsilane (1.00
mL, 6.26 mmol, 5.0 equiv.) was added to the reaction vessel followed by addition of
BF3*Et,O (0.310 mL, 2.51 mmol, 2.0 equiv.) at 0 °C and stirring for 30 min. The reaction
was quenched by addition of saturated aqueous sodium bicarbonate (15 mL). The phases
were separated and the aqueous phase was extracted with ethyl acetate (3x10 mL). The
combined organic phases were washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by column chromatography (silica, 80%
ethyl acetate — hexanes) delivering product 2.68 (0.159 g, 0.676 mmol, 54% over 2 steps).
[ald’ 22.5 (¢ 10.0, CHCI3). *H NMR (400 MHz, CDCl3); 8(ppm): 6.95 (dd, J1=10.4 Hz,
J2=1.6 Hz, 1H); 6.09 (dd, J1=10.4 Hz, J2=2.4 Hz, 1H); 6.02 (br s, 1H); 4.55-4.49 (m, 1H);
4.04 (ddd, J1=J2=5.60 Hz, J3=1.6 Hz, 1H); 3.70-3.55 (m, 2H); 2.38-2.22 (m, 2H); 1.97 (s,
3H); 1.86-1.79 (m, 2H); 1.76 (dd, J1=J2=2.4 Hz, 3H). *C NMR (100 MHz, CDCly);
d(ppm): 195.9, 170.2, 151.8, 127.0, 78.1, 77.8, 77.0, 73.1, 39.4, 34.0, 23.5, 14.7, 3.7. LRMS

(ESI) calcd for C13H:7NO3sNa [M+Na] 258.11, found 258.11.

Z Me,CuLi

H
Et,0, -60 °C N
= 0 » o
Z oY 81%, 8:1 dr oY

AN

N-(((2R,5S,6S)-5-Methyl-3-0x0-6-(pent-3-yn-1-yl)tetrahydro-2H-pyran-2-

yl)methyl)acetamide (2.69). Methyl-lithium (1.64 M in diethyl ether, 1.19 mL, 1.95 mmol,
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3.3 equiv.) was added to a solution of copper(l) bromide-dimethyl sulfide complex (0.200 g,
0.973 mmol, 1.65 equiv.) in diethyl ether (1.35 mL) at -60 °C. The reaction vessel was
warmed to -30 °C and stirred for 20 min then cooled to -78 °C and substrate 2.68 (0.138 g,
0.587 mmol) in diethyl ether (4.50 mL total with rinses) was added dropwise. The reaction
vessel was stirred at -78 °C for 1 h and then warmed to 0 °C over 30 min before being
quenched with a 9:1 v/v solution of saturated aqueous ammonium chloride and ammonium
hydroxide (15 mL). The biphasic mixture was stirred for 3 h at rt (until a dark blue solution
formed). The phases were separated and the aqueous phase was extracted with diethyl ether
(3x10 mL). The combined organic phases were washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by column chromatography
(silica, 80% ethyl acetate — hexanes) delivering product 2.69 (0.120 g, 0.477 mmol, 81%, 8:1
dr). A sample of the diastereomers was separated using preparative HPLC. The separation
was conducted on a YMC-Pack Sil HPLC column (250x30mmID, S-10 um, 12 nm) with 2.0
mL injection (10% i-PrOH/hexanes as eluent at a rate of 20 mL/min, A=210 nm, R=48.0

min) afforded pure product 12 (80.4 mg, 0.320 mmol). [«]3} 52.3 (¢ 10.0, CHCI3). 'H NMR

(500 MHz, CDCls); 8(ppm): 5.86 (br s, 1H); 4.01 (ddd, J1=9.0 Hz, J2=4.5 Hz, J3=2.0 Hz,
1H); 3.92 (dd, J1=J2=6.0 Hz, 1H); 3.58 (ddd, J1=14.0 Hz, J2=J3=6.0 Hz, 1H); 3.49 (ddd,
J1=14.0 Hz, J2=J3=6.0 Hz, 1H); 2.71 (dd, J1=15.0 Hz, J2=6.0 Hz, 1H); 2.34 (dd, J1=15.0
Hz, J2=2.0 Hz, 1H); 2.32-2.25 (m, 3H); 1.97 (s, 3H); 1.80-1.73 (m, 3H); 1.79 (dd,
J1=J2=2.5 Hz, 3H); 1.60-1.54 (m, 1H); 0.94 (d, J1=6.5 Hz, 3H). *C NMR (125 MHz,
CDCl3); 8(ppm): 208.1, 170.1, 80.5, 78.4, 78.0, 76.4, 47.4, 39.1, 36.0, 31.9, 23.6, 15.9, 13.5,

3.8. LRMS (ESI) calcd for C14H2:NO3Na [M+Na] 274.14, found 274.15.
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NaBH,,
Me,,, o THF:HztO (10:1) Me,, OH
I

& ot \n/ 85%, 1:1dr Z ol \n/

ZI
/
ZI

N-(((2R,3S,5S,6S)-3-Hydroxy-5-methyl-6-(pent-3-yn-1-yl)tetrahydro-2H-pyran-2-
yl)methyl)acetamide (2.70). Sodium borohydride (21.8 mg, 0.576 mmol, 4.0 equiv.) in
diH,0 (0.26 mL) was added dropwise to substrate 2.69 (36.3 mg, 0.144 mmol) in THF (2.60
mL) at rt and stirred for 5 min before it was quenched with saturated aqueous ammonium
chloride (5 mL). The phases were separated and the aqueous phase was extracted with ethyl
acetate (3x5 mL). The combined organic phases were washed with brine, dried over sodium
sulfate, concentrated in vacuo. The residue was purified by column chromatography (silica,
70% ethyl acetate — hexanes to 100% ethyl acetate - hexanes) delivering product 2.70 (15.5
mg, 61.2 umol, 42.5%) as a single diastereomer. [«]3} 124.5 (¢ 10.0, CHCI3). *H NMR (500
MHz, CDCly); 8(ppm): 5.96 (br s, 1H); 3.99-3.93 (m, 2H); 3.54-3.50 (m, 1H); 3.46-3.40
(m, 1H); 3.14-3.07 (m, 2H); 2.27-2.12 (m, 2H); 2.05 (s, 3H); 1.94 (ddd, J1=12.5 Hz,
J2=4.5 Hz, J3=2.5 Hz, 1H); 1.90-1.83 (m, 1H); 1.78 (dd, J1=J2=2.5 Hz, 3H); 1.70-1.59
(m, 2H); 1.50-1.44 (m, 1H); 0.91 (d, J1=7.5 Hz, 3H). *C NMR (125 MHz, CDCly);
d(ppm): 172.3, 82.6, 79.1, 78.8, 76.0, 62.3, 41.2, 38.6, 32.8, 32.4, 23.2, 15.9, 13.1, 3.8.

LRMS (ESI) calcd for C14H23NOsNa [M+Na] 276.33, found 276.19.

Me,, OH CuCN, Me,PhSiLi, THF, 0 °C; Me,, OHH
H 2.70, Et,0, -78 °C
N 10, ERLO, N
o N > PhNeSi” X o N

92%, 13:1 dr H H o

N-(((2R,5S,6S)-6-((E)-4-(Dimethyl(phenyl)silyl)pent-3-en-1-yl)-5-methyl-3-

oxotetrahydro-2H-pyran-2-yl)methyl)acetamide (2.73). PhMe,SiLi (0.9 M solution in
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THF, 4.20 mL, 3.78 mmol, 20 equiv.) was added to a solution of copper cyanide (0.170 g,
1.90 mmol, 10 equiv.) in THF (4.80 mL) at 0 °C and stirred for 20 minutes. The reaction
vessel was cooled to -78 °C followed by addition of substrate 2.70 (47.9 mg, 0.189 mmol) in
ether (6.30 mL total with rinses) and then THF (0.30 mL). The reaction vessel was stirred at
-78 °C for 1 h and was warmed to 0 °C and stirred for 1 h before being quenched with a 9:1
v/v solution of saturated aqueous ammonium chloride and ammonium hydroxide (15 mL).
The biphasic mixture was stirred for 3 h at rt (until a dark blue aqueous solution formed).
The phases were separated and the aqueous layer was extracted with ethyl acetate (3x10
mL). The combined organic phases were washed with saturated aqueous sodium
bicarbonate, brine, dried over sodium sulfate, and concentrated in vacuo. The residue was
purified by column chromatography (silica, 60% ethyl acetate — hexanes to 80% ethyl acetate
- hexanes) delivering product 2.73 (68.2 mg, 0.175 mmol, 93%,) as a 13:1 inseparable
mixture of regioisomers. [o]3 62.1 (¢ 5.0, CHCI3). 'H NMR (500 MHz, CDCls); 3(ppm):
7.52-7.46 (m, 2H); 7.36-7.32 (m, 3H); 5.97 (br s, 1H); 5.78 (ddd, J1=J2=7.0 Hz, J3=1.5 Hz,
1H); 4.03-3.89 (m, 2H); 3.47-3.34 (m, 2H); 3.12-3.02 (m, 2H); 2.22-2.10 (m, 2H); 2.04 (s,
3H); 1.94 (ddd, J1=13.0 Hz, J2=4.5 Hz, J3=2.5 Hz, 1H); 1.90-1.82 (m, 1H); 1.66 (s, 3H);
1.65-1.51 (m, 2H); 1.41-1.32 (m, 1H); 0.92 (d, J1=6.5 Hz, 3H); 0.32 (s, 6H). *C NMR
(125 MHz, CDCls); 8(ppm): 172.3, 141.0, 138.9, 135.0, 134.1, 129.0, 127.9, 82.7, 80.0,
62.2, 41.2, 38.7, 32.8, 32.3, 25.3, 23.2, 149, 12,9, -3.2. LRMS (ESI) calcd for

C32H35NOzsiNa [M+Na] 41223, found 412.23.
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Me,, OH Me,, OH
« H NIS, HFIP, 0 °C « H
PhMe,Si noh \g/ 84%, 13:1 dr ! ) \g/

N-(((2R,5S,6S)-6-((E)-4-1odopent-3-en-1-yl)-5-methyl-3-oxotetrahydro-2H-pyran-2-
yl)methyl)acetamide (2.60). N-lodosuccinimide (74.7 mg, 0.332 mmol, 2.0 equiv.) was
added to a solution of substrate 2.73 (64.8 mg, 0.166 mmol) and 2,6-lutidine (15.5 uL, 0.133
mmol, 0.8 equiv.) in hexafluoroisopropanol (1.70 mL) at 0 °C and stirred for 5 min. Ethyl
acetate (3 mL) and diH,O (3 mL) were added to the reaction mixture. The phases were
separated and the aqueous phase was extracted with ethyl acetate (3x5 mL). The combined
organic phases were washed with saturated aqueous sodium thiosulfate (10 mL); 1 M HCI
(10 mL); diH,0O (10 mL); brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was purified by column chromatography (silica, 60% ethyl acetate — hexanes to 80%
ethyl acetate - hexanes) delivering product 2.60 (53.0 mg, 0.139 mmol, 84%) as a 13:1
inseparable mixture of regioisomers. [«]3} 104.1 (¢ 5.0, CHCl3). '"H NMR (500 MHz,
CDCly); 8(ppm): 6.15 (ddd, J1=J2=7.5 Hz, J3=1.5 Hz, 1H); 5.98 (br s, 1H); 4.05-3.96 (m,
2H); 3.46-3.35 (M, 2H); 3.11-3.04 (m, 2H); 2.37 (s, 3H); 2.12-2.04 (m, 2H); 2.06 (s, 3H);
1.94 (ddd, J1=12.5 Hz, J2=4.5 Hz, J3=2.5 Hz, 1H); 1.88-1.80 (m, 1H); 1.70-1.61 (m, 1H);
1.59-1.49 (m, 1H) 1.38-1.30 (m, 1H); 0.91 (d, J1=7.0 Hz, 3H). °C NMR (125 MHz,
CDCly); d(ppm): 172.4, 140.9, 94.1, 82.7, 79.6, 62.1, 41.1, 38.6, 33.0, 32.0, 27.64, 27.60,

23.2,13.0. LRMS (ESI) calcd for C14H24NO2INa [M+Na] 404.07, found 404.09.
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2.59, Pdy(dba)s,
Ph3As, CuBr-DMS, Me,,, OH

Me., OHH THF:DMSO (1:1), rt H
5 HO \ N
_n N - X
| o bl 78% oty

H H
o

SnBuj

HO
2.59

N-(((2R,3S,5S,6S)-3-Hydroxy-6-((3E,5E)-7-hydroxy-4,5-dimethylhepta—3,5-dien-1-
yl)-5-methyltetrahydro-2H-pyran-2-yl)methyl)acetamide (2.71). Vinyl stannane 2.59"
(56.0 mg, 0.155 mmol, 5.0 equiv.) in a 1:1 v/v solution of THF and dimethylsulfoxide (3.40
mL) was added to a solution of substrate 14 (14.1 mg, 37.0 pumol) in a 1:1 v/v solution of
THF and dimethylsulfoxide (1:1, 0.60 mL) at rt. Copper(l) bromide-dimethylsulfide
complex (81.0 mg, 0.394 mmol, 12.7 equiv.); triphenylarsenic (7.7 mg, 25.1 pmol, 0.8
equiv.); and Pd,(dba)s (2.8 mg, 3.1 umol, 0.8 equiv.) were added sequentially to the reaction
vessel at rt and stirred for 1 h. diH,O (4 mL) was added to the reaction vessel at rt and stirred
for 20 min. The reaction vessel was filtered through Celite and washed with ethyl acetate (30
mL total with rinses). The collected organic phases were washed with diH,O (20 mL); brine
(20 mL); dried over sodium sulfate, and concentrated in vacuo. The residue was purified by
column chromatography (silica, 60% ethyl acetate — hexanes to 80% ethyl acetate — hexanes
to 100% ethyl acetate to 5% methanol - ethyl acetate) and fractions containing product 2.71
were collected and concentrated in vacuo. The residue was purified again to remove traces of
the vinyl stannane 2 by column chromatography (silica, 60% ethyl acetate — hexanes to 80%

ethyl acetate — hexanes to 100% ethyl acetate to 5% methanol - ethyl acetate) delivering

product 14 (9.4 mg, 28.9 umol, 78%).[(1]12)3 92.4 (c 2.0, CHCIl3). *H NMR (500 MHz,

CD3OD); 8(ppm): 8.01 (br s, 1H); 5.65 (dd, J1=J2=6.5 Hz, 1H); 5.60 (dd, J1=J2=6.5 Hz,

1H): 4.22 (d, J1=6.5 Hz, 2H); 3.58-3.53 (m, 1H); 3.45-3.38 (m, 2H); 3.36-3.32 (m, 1H);

49



3.08 (ddd, J1=9.50 Hz, J2=6.50 Hz, J3=2.5 Hz, 1H); 2.34-2.16 (m, 2H); 1.97 (s, 3H); 1.92
(ddd, J1=12.5 Hz, J2=4.5 Hz, J3=2.5 Hz, 1H); 1.87-1.82 (m, 1H); 1.81 (s, 3H); 1.80 (s,
3H); 1.66-1.57 (m, 2H); 1.43-1.33 (m, 1H); 0.97 (d, J1=7 Hz, 3H). °C NMR (125 MHz,
CD30D); §(ppm): 173.9, 139.5, 137.7, 128.0, 125.8, 83.2, 80.5, 65.1, 60.2, 42.7, 41.0, 34.3,
33.9, 26.2, 22.6, 14.4, 14.3, 13.2. LRMS (ESI) calcd for CigH3NO4Na [M+Na] 348.22,

found 348.30.

Me,, OH TEMPO, PhI(OAc), Me,, OH
H CH,Cly, 1t o H
HO. X N XY o
A () \g/ 90% b H H \g/

(+)-brevisamide (2.2)

(+)-Brevisamide (2.2). (Diacetoxyiodo)benzene (7.4 mg, 23.0 pumol, 1.5 equiv.) in
dichloromethane (0.600 mL) was added dropwise to a solution of substrate 2.71 (4.8 mg,
14.7 pmol) and TEMPO (1.2 mg, 7.7 pmol, 0.5 equiv.) in CH,Cl, (0.600 mL) at rt and was
stirred for 2 h. The reaction mixture was concentrated in vacuo. The residue was purified by
column chromatography (silica, 2.5% methanol - chloroform) delivering (+)-brevisamide 2.2
(4.3 mg, 13.3 umol, 90%). [01%} 15.5 (c 1.0, MeOH) *H NMR (500 MHz, CD30D); 3(ppm):
10.10 (d, J1=8.5 Hz, 1H); 6.24 (dd, J1=J2=7.5 Hz, 1H); 6.05 (d, J1=8.5 Hz, 1H); 3.55 (dd,
J1=14.5 Hz, J2=3.0 Hz, 1H); 3.46-3.38 (m, 2H); 3.37-3.33 (m, 1H); 3.09 (ddd, J1=9.5 Hz,
J2=7.0 Hz, J3=3.0 Hz, 1H); 2.40 — 2.32 (m, 1H); 2.34 (s, 3H); 1.97 (s, 3H); 1.92 (ddd,
J1=12.5 Hz, J2=5.0 Hz, J3=2.5 Hz, 1H); 1.88 (s, 3H); 1.87-1.82 (m, 1H); 1.71-1.58 (m,
2H); 1.50-1.42 (m, 1H); 0.98 (d, J1=7.0 Hz, 3H). *C NMR (125 MHz, CDs0D); &(ppm):
1945, 173.9, 161.1, 137.4, 137.0, 126.4, 83.2, 80.5, 65.1, 42.7, 41.0, 34.4, 33.3, 27.0, 22.6,

14.7,14.1, 13.2. LRMS (ESI) calcd for C1gH29NO4Na [M+Na] 346.20, found 346.23.
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Table 1. Synthetic Brevisamide Spectral Data Compared to Natural Brevisamide Data

brevisamide (1)

"H NMR (mult, J in Hz) BC NMR
Position
Synthetic Natural Synthetic Natural
1 10.10 (d, 8.5) 10.10 (d, 7.9) 194.5 194.4
2 6.05 (d, 8.5) 6.04 (d, 7.9) 126.4 126.3
3 161.1 160.9
4 137.4 137.2
5 6.24 (dd, 7.5) 6.23 (t,7.1) 137.0 136.8
6 2.36m 234 m 27.0 26.9
Ta 1.65m 1.65m 333 332
7b 1.46 m 1.44 m
8ax 342 m 3.39m 80.5 80.3
9eq 1.85m 1.85m 344 343
10eq 1.92 (d?g’sz)'s’ >0, 1.90 m 41.0 40.9
10ax 1.65m 1.65m
11ax 342 m 342 m 65.1 65.0

3.08 (ddd, 2.6, 7.0,

12a 3.09 (ddd, 3.0, 7.0, 9.5) 9.3) 83.2 83.1
13a 3.55(dd, 3.0, 14.5) 3.53(dd, 2.6, 14.0) 42.7 425
13b 3.35m 3.32(dd, 7.1, 14.0)

14 173.9 173.7
15 1.97 s 1.95s 22.6 22.5
16 2345 2.33s 14.7 14.6
17 1.88s 1.86s 14.1 14.0
18 0.98 (d, 7.0) 0.95 (d, 6.9 Hz) 13.2 13.1

'H NMR: Synthetic at 500 MHz; Natural at 500 MHz in CD;0D
13C NMR: Synthetic at 125 MHz; Natural at 125 MHz in CDsOD
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np 40012 math i
= BODZ. 4
fb not wsed werr
bs 3 wexp wit
™ 7.1 whs
I 7.1 t
tpwr 53 DISPLAY
d1 E.O00 sp 327.2
tof 0 wp 6146.4
nt a vs a7
ot 8 sc o
aleck n owe 250
gain not wsed hzmm 24.50
FLAGS is 2600.53
il n il 5134.4
in y cip 3020.0
dp ¥ th 10
hs mn ins 1.000
ai  ph
1 J Lahd
LIS I B I B B Y N D N D B O B B T LI I I O I O D O O B I N B N B B
12 11 10 7 [ 3 4 3 2 Ppm
w o W Wy v
1.00 1.05 2.20
1.08 2.28 3.32
ath-2-051-p-cli-benzene
sooMHz
SHE i\
7 °"
expl CARBON a
SAMPLE SPECIAL
date Nov 13 2010 temp not used
solvent CDCls gain a2
file fmmrsoo/Iakar~ spin not used
ian/herzma/ath-2-0~ hst 0008
51-p-cl3-benzene.f~ pwd0 0.200
id alfa 10,000
ACQUISITION FLAGS
s 30003.8 il n
at 1.300 dn n
np o3c:: dp ¥
fb 20000 hs nn
bs 2 PROCESSING
dL 0.200 1b 0.50
nt le+0s £n not used
ot 10600 DISPLAY
TRANSMITTER sp -637.5
tn Ci1z wp 20212.8
sfrg 125.702 rfl 21270.5
tof Ba5.4 rfp 16137.2
Epwr 56 Ip -165.0
v.200 1p -216.8
DECOUFLER PLOT
dn H1 we 50
dof o sc o
dn nmy vs 14592
decwave th 3
dpwr 38 ai  ph
dnf 10104
TT T T T I T T T T[T T T[T T T[T T T T T T T [T I T T T T T [ T T [T T T [T T T T T T T T[T T T[T T T T [ T T T T T T[T T T T T T [T T [T T[T T T T[T T 7T [TT
220 200 180 160 120 100 80 60 40 20 ppm
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ath-2-190-p-pure
SOOMHz
Smm IDP
expl  szpul
SRMPLE DEC. & VT
date Feb 17 2011 dm Cia
solvent cdcls  dof o
file fmmrsoo/Iakar~ dm mnn
ian/herrmafath-2-1~ dmm L]
86-p-pure.fid dmf 200
ACQUISITION PROCESSING
sfrg 400.850 1b 0.20
tn H1 fn 3z7as
at 2.500 math i
np 20012
= B00Z.% werr
b mot used wexp wit
bs %+ wbs
P 7.1 wmt
™ 7.1 DISPLAY
tpur 53 =p -288.7
di B.000 wp 5513.4
tof o ws 186
nt 8 sc o
ot 2 we 250
alock n  hzmm 22.05
gain mot mzed is 006.22
FLAGS rfl 513%.8
il n rip 3620.0
in n th 26
dp ¥ ims 1.000
hs mn ai  ph
i N y
T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T
10 9 a8 7 6 5 4 3 2 1 ppm
W o L iy it v
1.00 0.08 1.05 1.01 3.11
0.o8 1.06 2.08 2.08
ath-2-186-p-pure-c13
Me0D
200MHz
BBP Probe
Standard c13 ron using gqnp probe
expl stdl3e
SRAMFLE DEC. & VI
date Feb 17 2011 dfrg 399.952
solvent odicd dn H1
file /nmr200/zTakar~ dpwr 20
ian/herrma/ath-2-1~ deof o
86-p-pure-cli-MeoD~ dm ¥y
.£id  dwm w
ACQUISITION dmE 6700
sfrg 100.578 dseq
tn €13 dres 0.0
at 1.000 homo n
np 56080 PROCESSING
= 28020.7 1b 1.00
b not used wtfile
b %+ prac £
== s £n £5535
tpwr 58 math £
P 7.8
d1 1.300 werr
tof 525.7 wexp
nt 12800 wbs
et 128 wnr
alock n
gain 22
FLASS
il n
in n
dp ¥
hs nn
DISFLAY
sp -E59.6
wp 23318.7
vs 5821
= o
we 250
hzmm 93.27
is 500.00
rfl 8749.0
4942.9
%
00 000
L B B L B B B B L B L B I B I B B
220 200 180 160 140 120 100 80 60 40 20 ppm
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==== Gximadzu LCsolution LC Data Image ====

LY I

<Chromatogram>
C:\LabSolutions\Data\Project1\ces-sl-35-racemic-04.lcd
mV B . S
25+ Det.A Ch1
20
i\
# 0 NO;
15 OH
0 i
| |
| | 1
| |
5 | | \
|
.I l\".
0+ SE—— — e | S 4 N N i
e T e : T - ! ' —
0 10 20 30 40 50 60
min
Sample [nformation
Acquired by : Admin
Sample Name : 0es-sl-35-racemic
Sample ID : ces-sl-35-racemic
Vaild# i
Injection Volume :30ul.
Data Filename : ces-sl-35-racemic-04.1ed
Method Filename : ces-0J-H-analytical.lem
Batch Filename 4
Report Filename : Default.ler
Date Acquired : 8/18/2010 6:20:28 PM
Data Processed : 8/18/2010 7:24:02 PM
PeakTable
Detector A Ch1 2150m , R
Peak# | Ret Time | Area | Height | Area% Height % |
1 30.310,‘ 1271586 19959 50.121] 64.482 |
2| 41.773 1265471| 10994 49.879| 35518
Total | 2537057 30954 100.000 100.000
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- ==== Shimadzu LCsolution LC Data Image ====

matc
<Chromatogram>
C:\LabSolutions\Data\Project1\ces-sl-37-02.Icd
mV
Det.A Ch1
30
254 I\
FZ o ¢ Mo
] OH
15]
] i/ \
10 o NO>
5 om
5
o+ - ‘I‘ ]
— 77— —
0 10 20 30 40 50
min
Sample Information
Acquired by : Admin
Sample Name- : ces-sl-37
Sample ID : ces-sl-37
Vail# H
Injection Volume :50ul
Data Filename : ces-s1-37-02.1cd
Method Filename : ces-OJ-H-analytical.lem
Batch Filename 2
Report Filename : Default.ler
Date Acquired : 8/21/2010 12:49:10 PM
Data Processed : 872172010 2:49:12 PM
: PeakTable "
Detector A Chl 215nm ) '
Pealkét | Ret. Time Arca Height - Area % Height %
1 30.590 2437456 30916 . 99.154 98.914
2 45.631 20796 340]. 0.846 1.086
To 2458252 31256 100.000 100.000

58



ath-z-182-p

s00MHz
Smm IDP
expl sZpul v MNHAc
SAMPLE DEC. & VT OH
date  Jan 27 2011 dn C13
solvent cdcls dof o
file /mmrsoo/Iakar~ dm nnn
iam/hermmafath-2-1~ dmm e
e2-p.fid dmf 200
ACQUISITION PROCESSING
sfrg 200.850 1b 0.20
tn Hi £n azvee
at 2.500 math i
np 10012
sw BOOZ.2 werr
b not msed wexp wEt
bs 4 wbs
o 7.1 wmt
par 7.1 DISPLAY
tpwr 53 =p -276.0
d1 B.000 wp 5520.7
tof o ws 53
nt 8 sc o
ot 8 we 250
aleck n  hzmm 22.08
gain not wsed is 137.72
FLAGS rfl 5134.3
il n cfp 3020.0
in n th a4
dp y ins 1.000
hs nn ai  ph
J ]1 L_..uLJlL B
T T T T 1T [T T 1T 1T [ T 1T T 1T [ T T 1T 7T [ T T T T [ T T T T [ T T T T ] T T T T [ T T T T [ T T T T [ T1T
10 9 8 7 6 3 4 3 2 1 0 ppm
Y w I
1.0@.93 1.08 1.01 2.05 2.08
1.00 1.03 1.07 z.0% 2.00

ath-2-182-p

BBP ProbeStandard cl13 run using qnp prob

400MHz

-

expl  stdize
SAMPLE

date Jan 27 2011

solvent cdels

file fnmr2oo0/Eakar~
ian/herrmafath-2-1~

62-p. fid
ACQUISITION

sfrg 100.577
tn Ciz
at 1.000
np ssos0
= 28020.7
b mot used
bs

=5 2
tpwr sa
o] 7.8
dx 1.300
tof 525.7
nt 12800
ot 700
aleck n
gain 2%

DEC. & VT
dfrg 390,051
dn H1
dpwr 0
dof o
dm FYY
dmm W
dmf 6700
dseq
dres s0.0
hona

PROCESSING
1b 1.00
whfile
proc £t
£n assas
math £
werr
wexp
wbs
mt

220 200

180

160 140 120 100 80 60 40 20 ppm
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ath-z-220-b-6-10

200MHz
BEBF Probe
expl szpul
SAMPLE DEC. & VT
date Mar 12 2011 dn Caz
solvent edcl3s  dof -1235.0
file fnmrio0/Zakar~ dm nnn
ian/hermma/ath-2-2~ dmm a
20-b-6-10.fid dmf 200
RCOUISITION PROCESSING
sfrg 300.051 1b 0.20
tn H1 £n 05530
at z.500 math i
np 40012
=W BO02.% weIr
fb not used wexp
bs % whs
P 11.7 wmt
P 11.7 DISPLAY
tpwr 0 =p -213.3
d1 B.000 wp +822.2
tof o vs 27
nt 8 sc o
ct 8 we 250
alock n  hzem 17.70
gain not used is 533.75
FLAGS rfl 4808.4
il n cfp 2003.0
in n th 22
dp ¥y ins 1.000
hs mn ai  ph
LIRS Y N S S S S N B S B B N B B I I B Y S S S Y S D S B B BN BN N S I B B B N N I N S B B B B
10 9 8 7 6 bl 4 3 2 1 ppm
w et R L.
1.00 0.05 o.0% 2,00 1.07
o0.06 0.06 z.12 2.8@.32
ath-z-220-b-6-10-c13
200MHz
EBF Probe
Standard cl3 run using gnp probe
expl  stdlsc
SEMFLE DEC. & VT
date Mar 12 2011 dfrg 390,051
solvent cdels  dn H1
file /mmri00/Zakar~ dpwr a0
ian/herma/ath-2-2~ dof o
20-b-0-10-c-13.fid dm TYY
ACQUISITION dmm w
sfrg 100.577  dmf o700
tn C13 dseg
at 1.000 dres so.0
np 56080 homo n
= 28040.7 PROCESSING
fb not used 1b 1.00
bs 4+ wkfile
ss 4+ proc ft
tpwr 58 f£n 65536
e 7.8 math £
dx 1.300
tof 525.7 werr
nt 12800 wexp
ot 323 whbs
alock n  wmt
gain 12
FLAGS
il n
in n
dp ¥
hs nn
DISPLAY
=p -E00.3
wp 23247.2
s @302
sc o
wo 250
hzmm 96,99
is 500.00
rfl 11710.7
rfp 7766.8
th +

100.000

220

200

180

160 140 120 100 80 60 40 20 ppm
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ath-2-230-a-pure
43-53
s00MHz
SWP Probe
expl  szpul
SAMPLE DEC. & VT
date Mar 17 2011 dn
solvent edels dof ]
file /omrsoo/Zakar~ dm nnn
ian/herrma/ath-2-2~ dmm a
30-a-pure.fid dmf 200
RCQUISITION PROCESSING
sfrg 409,859 1b 0.20
tn H1 £n 32708
at z.500 math i
np 42518
W B503.% werr
b not used wexp
bs 4 wbs
P 7.7 wmt
P 7.7 DISPLAT
tpur 57 sp -221.0
d1 B.000 wp 5483.3
tof 0 ws 78
nt 8 sc o
ct 8 we 250
alock n  hzem 21.03
gain not used is 406.70
FLAGS rfl 5382.2
il n rip 3620.0
in n th £
dp ¥y dns 1.000
hs mn =i ph
e P M l_JMUL,LkJJM \
LI I A B N B N N S B NN B B N B B B Y B B B D B B B S B O Y N S B N B B N I N
10 9 8 7 6 3 4 3 2 1 pPpm
o oy W YL ¥
1.00 1.01 1.1% 1.33 2.08.97 z.88
.05 1.05 1.02 2.7 3.14.20
ath-2-230-a-pure-cl3
43-53
SDO0MHz
SHF Probe
expl CARBON
SEMPLE SPECIAL
date Mar 17 2011 temp not used
solvent CDCl: gainm 42
file /mmrsoo/Iakar~ spin not used
ian/hermmafath-2-2~ hst 0. 008
30-a-pure-c13.fid pwoo 0.200
RCOUISITION alfa 10,000
W 36003.6 FLAGS
at 1.3200 il n
np [ELIT T n
fb zo000 dp ¥
bs % hs nn
dir 0.z200 PROCESSING
nt letos b .50
ot 1o0z¢  fn not used
TRANSMITTER DISPLAY
tn Ciz sp -90%.7
sfrq 125.702 wp 20350.0
tof Bo5.# rfl 14006.1
tpur 56 rfp 2707.0
9.200 Ip -113.0
DECOUPLER 1p -245.0
dn H1 PLOT
dof o wo 250
dn nmy sc o
decwave vs o530
apwr 36 th 7
dmf i

220 200 180 160 140 120 100 80 60 40 20 ppm
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ath-z-232-a

S00MHz
SWF Probe
expl sipul
SAMPLE DEC. & VI
date Mar 10 2011 dn
solvent COCl: dof ]
file /omrsoo/Iakar~ dm nnn
ian/herrmafath-2-2~ dmm L
32-a.fid dmf zo00
ACQUISITION PROCESSING
sfrg s00.850 1b 0.20
tn H1 £n azves
at z.500 math i
np 42518
=W B503.2 werr
£b not msed wexp
bs % whs
- 7.7 wmt
o 7.7 DISPLAT
tpwr 57 sp -253.7
d1 E.000 wp 551%.4
tof 0 vs 130
nt 3 = o
ot 3 we 250
alock n  hzmm 21.08
gain not used is 528.85
FLAGS fl 538%.7
il n =rfp 3620.0
in n th 15
dp y ins 2.000
hs mn ai  ph
] ] - i M L_
LINNEL AN N N B B N B O N B B N O B B I S B S O S D B O I B B N B B B S N B B B |
10 9 8 7 6 bl 4 3 2 1 ppm
Lr' W Ly
1.00 1.00 z.00 I.m12.08 3.o1
1.03  1.02 2.181.82221.37
ath-2-232-a-c13
sooMHz
SHP Probe
expl CARBON
SRMPLE SPECIAL
date Mar 10 2011 temp not used
solvent CDC1: gain a2
file /omrsoo/Zakar~ spin not used
ian/hermma/ath-2-2~ hst 0.008
32-a2-c13.fid pwoo 2.200
ACQUISITION alfa 10.000
=W 36003.6 FLAGS
at 1.300 il n
np 93644 in n
b zooo00 dp ¥
bs 2 hs nn
d1 0.200 PROCESSING
nt le+06  1b o.50
ot s20 £n not used
TRANSMITTER DISPLAY
£n Ciz sp -1038.2
sfrg 135.702 wp 20001.1
tof 865.¢ rfl 14906.1
tpwr sa rfp 2707.0
9.200 Ip -68.2
DECOUPLER 1p -211.0
Hi PLOT
dof 0 we 250
dm mmy sc o
decwave vs 10701
dpwr 38 th 3

220 200

180

160 140 120 100 80 60 40 20 ppm
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ath-2-237-d

SWF Probe
sooMHz
expl szpul
SAMPLE DEC. & VI
date Mar 31 2011 dn
solvent cdel:  dof o
file /omrsoo/Iakar~ dm nnn
ian/herzma/ath-2-2~ dmm L]
27-d.fid dmf 200
ACQUISITION PROCESSING
sfrg +00.850 1lb 0.20
tn Hi £n azvee
at 2.500 math i
np 42518
W B503.% werr
b not wsed wexp
bz 3 whbz
™ 7.7 wmt
b 7.7 DISPLAY
tpwr 57 sp -248.5
d1 B.000 wp 5507.2
tof o vs s
mt 20 se o
ot 20 we 250
alock n  hzmm 22.03
gain not mwsed is 26,00
FLAGS rfl S3B3.7
il n rfp 3620.0
in n th 2
dp ¥ dins 1.000
hs mn ai ph
L ! ok PN | SOV
LI S N N s B S B B N B B B N N B By I NS B B N S S B Y N B B N B O B N N B B B B B
10 9 & 7 6 5 4 3 2 1 ppm
Wy W R L y
2.22 0.08 1.93 2.03 3.00.102.38 2.00
3.01 1.00 z.00 2.12.043.101.30 6.11

ath-2-247-d-c13
SWF Probe
S00MHz

expl Carbon

SAMPLE SPECIAL
date Mar 31 2011 temp not used
solvent cdels gain 46
file /mmrsoo/Iakar~ spin not uzed
ian/herrmafath-2-2~ hst T O0E
47-d-c13.fid pwoo 1%. 600
ACQUISITION alfa 6.600
W 30185.9 FLAGS
at 1.303 il n
np 78500 in L]
b mot used dp ¥
bs 2 hs nn
55 2 PROCESSING
d1 1.000 1b 0.50
nt 10000 o not used
ct 500 DISPLAY
TRAHSMITTER =p —-1455.0
tn C13 wp 30185.5
sfrg 135.702 il 1s55.5
tof 1285.5 zip L]
tpwr 57 Ip -179.1
7.000 lp -130.9
DECOUPLER FLOT
Hl we 250
dof o sc o
dn YEY Vs 2230
dnm w th 3
EL]

220 200 180 160 140 120 100 80 60 40 20 ppm
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ath-2-250-b
SHWP Probe
sooMHz
expl  szpul
SAMPLE DEC. & VI
date  Apr 1 2011 dn
solvent CDC13 dof o
file /mmrsoo0/Zakar~ dm nnm
iam/herrmafath-2-2~ dmm L
s0-b.fid dmf 200
ACQUISITION PROCESSING
sfrg 200.850 1b 0.20
tn Hi £n 32708
at 2.500 math i
np 42518
= BED3.4 werr
b not used wexp
bs + whs
™ 7.7 wmt
B 7.7 DISPLAY
tpwr 57 sp -240.0
d1 B.000 wp 5515.0
tof o vs 47
nt 18 sc o
ot 18 we 250
aleck n hzmm 22.08
gain not used is 210.15
FLAGS rfl 538%.7
il n rfp 3020.0
in n th 13
dp y ins 1.000
hs mn ai  ph
A bn A L
T T [ T T T T [ T T T T [ T T 11 T ] L L L L L L L L L L L
10 9 8 7 6 3 4 3 2 1 ppm
R oy Wod g e
0.00 1.03 1.00 1.86081.10 1.32
1.00 2.00 2.71 2.88.001.00 z.88
ath-z-250-b-c13
SWP Probe
sooMHz
expl Carbon
SAMPLE SPECIAL
date  Apr 1 2011 temp not used
solvent CDC1: gain 40
file /fomr500/Iakar~ spin not used
ian/herzma/ath-2-2~ hst 0.008
50-b-cl3.fid pwoo 12.600
ACQUISITION alfa 6.600
=W 30185.9 FLAGS
at 1.303 il n
np 78500 in n
b not used dp ¥
bs % hs nn
55 2 PROCESSING
d1 1.000 1b 0.50
nt 10000 £n not used
ot 1700 DISPLAY
TRRHSMIITER sp -843.0
tn Ciz 29060 .0
sfrg 125.702 rfl 11504.0
tof 1285.5 rfp 27070
tpwr 57 -p3.5
7.000 lp -145.0
DECOUFLER FLOT
dn H1 we 250
dof o sc o
dan ¥¥Y Vs 2032
dmm w th %
dpwr 38 ai  ph
dnf 10000 ‘
’ I . I iy ufll !
TT T T T T T T T T T[T I T T T T [T T T T T [T T T T T [T T[T T T[T T [T T T[T T T [T T T [T T T [T T T[T T T [T T T [ TT T T [T T T[T T T [T T 7T 17T
220 200 180 160 140 120 100 80 60 40 20 ppm
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ath-z-251-¢
SWF Probe
S00MHz

expl s2pul

SAMPLE DEC. & VT
date  BApr 2 2011 dnm
solvent cdiod dof o
file fnmrsoo/Zakar~ dm nnn
ian/hermma/ath-2-2~ dmm o
51-c.fid dmE zom
RCOUISITION PROCESSING
sfrg 200.861 1b 0.20
tn H1 £n azves
at z.500 math i
np 22518
sw B503.4 werr
b not used wexp
bs 4 wbs
o 7.7 wmt
™ 7.7 DISPLAT
tpwr 57 sp -271.0
d1 £.000 wp S5E6.0
tof 0 ws 74
mt 28 sc o
ot 28 wo 250
alock n  hzmm 22.38
gain not used is 440.20
FLAGS rfl 3807.8
il n rip 1052.5
in n th 11
dp y ins 2.000
hs mn ai  ph
A “ " Jl_ l_i'dL.J -U
LI B B N B S B B B B B B N | T T T T T T T T T T ] T T T T T ] T T
10 9 8 6 5 4 3 2 1 ppm
— o W Wil oYY W
0.80 l.08 1.10.99 2.33 1AED.24 3.17
1.0% 2.00 2.06 1.09 3 MEEES 0.95
ath-2-251-c-cl13
SWF Probe
S00MHz
expl Carbom
SAMPLE SPECIAL
date Bpr 2 2011 temp not used
solvent cdiod gain 28
file /mmrsoo/Zakar~ spin not used
ian/herrmafath-2-2~ hst 0.008
51-c-c13.fid pwoo 12.800
ACQUISITION alfa 6. 600
=W 30165.9 FLAGS
at 1.303 il n
np 78580 in n
b not used dp ¥
bs 2 hs nn
S5 2 PROCESSING
d1 1.000 1b ©.50
nt 30000 £n not used
ot 19320 DISPLAY
TRANSHITIER sp -871.8
tn Ci3 wp 29181.3
sfrg 125.703 rfl T805.1
tof 1285.5 rfp 6177.6
tpwr 5T 1p -2.8
7.000 lp -143.2
DECOUFLER PLOT
dn Hi we 250
dof 0 sc o
dn vEY vz
dmm w th
dpwr 38 ai h
dnf
LI L O I B L I B B R R R N RN R N NN R
220 200 180 160 140 120 100 80 60 40 20 ppm
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ath-2-252-a32
SHF Probe
sooMHz

expl  s2pul

SEMPLE DEC. & VI
date  Rpr 5 2011 dn i .
solvent cdied dof o (+)-brevisamide
file /omr500/Zakar~ dm nnm
iam/hermmafath-2-2~ dmm -]
52-22.fid dmf zo00
ACQUISITION PROCESSING
sfrg #00.861 1lb 0.20
tn H1 fn az7ee
at 2.500 math i
np 42518
=W B503.2 werr
£b not msed wexp
bs % whs
-4 7.7 wmt
" 7.7 DISPLAT
tpwr 57 sp -262.4
d1 B.000 wp 6016.8
tof 0 ws 112
nt 20 sc L]
ot 0 we 50
alock n  hzmm 2847
gain not uwsed is 1480.95
FLAGS rfl 1752.2
il n =fp o
in n th 1%
dp y ins 1.000
hs mn ai  ph
| . LW}
T T T [ T T T T [ T T T T[T 11T [T T T T [ T T T T [ T T T T [T T T T [T T T T [T T T T [ T T T T[T T T T[T
12 11 10 8 7 6 3 4 3 2 1 ppm
Y wy L bomwy oy
©.00 0.97 2.381.2% 3.17 11324 1.00
1.00 1.3m17 1.10 323828 3.23
ath-z-252-az-cl3
SHPF Probe
sooMHz
expl Carbon
SAMPLE SPECIAL
date Apr 5 2011 temp not used . i
solvent cdiod gain ] (+)-brevisamide
file /omrsoo/Zakar~ spin not used
iam/herzmafath-2-2~ hst 0,008
53-az-cli.fid pwoo 12,600
ACQUISITION alfa 6.600
W 30185.9 FLAGS
at 1.30% il n
np 78590 im n
£b not used dp ¥
bs % hs nn
55 z PROCESSING
d1 1.000 1b 0.50
nt 0000 £n not used
ot 17058 DISPLAY
TRANSHITIER sp -928.0
tn Ciz wp 20205.6
sfrg 135.70% rfl THOS.1
tof 1285.5 =fp 8177.6
tpwr 57 Ip -114.1
7.000 lp -10%.7
DECOUPLER PLOT
dn HL we 250
dof o sc o
YEY Vs 32140
w th 2
3@ ai
L L B L L L B L L L L L L L B L B B N
220 200 180 160 140 120 100 80 60 40 20 ppm
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Chapter 3

Haloalkylations of N-Acyl Oxazolidinones via Group IVVa Metal Enolates

3-1 Halogenated Natural Products

Recently there has been a mounting realization of the advantage in both the unique
physical and chemical properties of a wide variety of halogenated organic compounds. An
increasingly broad application of these compounds can in turn be used in many areas of
research: natural product synthesis, medicinal, materials sciences, and agrochemicals are a
few among the many. Due to this reason, new synthetic methods have been and must be
developed in order to introduce halogens into a variety of organic compounds. Our group
focused on the development of synthetic methods for stereoselective haloalkylations in order
to provide an overall practical, efficient, and operationally simple technique.

3-2 Trichloroalkylations via TiCl, Enolates

Titanium enolates have found widespread use in organic synthesis as a result of their
unique reactivity and ease of preparation from inexpensive and nontoxic titanium reagents
under mild conditions that are compatible with a range of functional groups.” The most
prevalent application of titanium enolates is in stereoselective aldol reactions.”* Several
examples of the alkylation of titanium enolates with strongly electrophilic reagents have also
been reported.” Valence tautomerism in titanium enolates provided the initial conceptual
foundation for the development of direct radical chloroalkylation. Using studies completed
by Moreira and co-workers allowed for the postulation that the unconventional biradical

character of titanium enolates could allow them to act as efficient radical acceptors.76
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Titanium enolates can be formed from inexpensive and nontoxic titanium reagents, under
mild conditions that are compatible with a range of functional groups. This strategy of soft-
enolate formation was coupled with the Kharasch-type reaction involving Ru(Il)-catalyzed
redox of trichloromethyl bromide. Upon initial studies this proved true, when N-acyl
oxazolidinone 3.1 was treated with TiCly and Hiinig’s base (i-Pr,NEt); Ti enolate 3.1A was
formed as evidenced by "H NMR (Scheme 3.2.1). Upon addition of BrCCl; in the presence
of [(PhsP);RuCl;], product 3.2 was obtained in nearly quantitative yield and excellent
stereocontrol.”’

Scheme 3.2.1 Trichloromethylation of N-Acyl Oxazolidinones

cl, ©

o o Ti o o
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..... Y - ccl,
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The scope of direct chloroalkylation using the new titanium enolate derived synthetic
method was carried out in which Table 3.2.1 demonstrates different Evans-type chiral
auxillaries and a wide variety of substituents on the N-acyl oxazolidinones. Aromatic,
heterocyclic, along with alkyl substituents proved to be very compatible with the reaction
conditions proceeding in high yields and high stereocontrol.

Application of trichloromethylation via titanium enolates was demonstrated by the
Zakarian group in multiple total syntheses: neodysidenin, barbamide, dysidenin, dysidin, and
sintokamides A, B, & E (Scheme 3.2.2)."""® The high yield and excellent stereocontrol

allowed for efficient use in each total synthesis.

68



Table 3.2.1 Radical Trichloromethylation: N-Acyl Oxazolidinone Scope

TiCly, i-ProNEt, CH,Cl,, 0 °C;
RBr (3 equiv
(3 equiv) o o

o o
[PhsP1;RUCI, (7 mol %), 45 °C
R R
o)LNJ\:’

3 $
PH K4
Ph
95% yield 89% yield 86% yield 99% yield
dr >98:2 dr >98:2 dr >98:2
s 8

5 6
o o O O o o IN
¢

B E
Hpdn~omn A JL% LA
- cel, N‘H cel, “..H cel, .u-}—$ 0
PH Ph

Ph Ph
87% yield 91% yield 61% yield 83% yield
dr >98:2 dr >98:2 dr>98:2

dr >98:2

(a) All yields are of isolated products; dr determined by 500 MHz *H NMR of the crude mixture of products.

Scheme 3.2.2 Total Syntheses Applying Trichloromethylation Methodology
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3-3 Dual Ti-Ru Catalysis in the Direct Radical Haloalkylation of N-Acyl

Oxazolidinones

We described a different mode of alkylation of titanium enolates in which they serve as
efficient radical acceptors for haloalkyl radicals generated by a ruthenium-catalyzed redox
process (vide supra). It has been postulated that the enolate serves as an electroactive ligand
for the titanium center,” whereby it facilitates the radical addition process and participates in
the ruthenium catalytic cycle. The utility of this method in the synthesis of a range of
chloroleucine-derived natural products has been illustrated.””® One intriguing aspect of the
reaction that emerged during our investigations is the possibility of the catalytic generation
and alkylation of the titanium enolate species. Herein, we describe the development of a
haloalkylation process that is catalytic in both ruthenium and titanium and thus constitutes
the first example of a catalytic enolate alkylation involving titanium enolates.

During an examination of the putative mechanism of the trichloromethylation process

1,”""® we directed our attention toward the function of titanium

outlined in Scheme 3.3.
tetrachloride. This mechanism suggests that TiCl, should be regenerated at the completion of
the reaction, which creates potential for the development of a catalytic process. According to
the seminal studies by Evans et. al., initial complexation of the substrate and titanium
tetrachloride is prerequisite to the addition of the amine base and the ensuing enolization.®*
If the order of the reagent addition is reversed, enolization is precluded by the apparently
irreversible formation of an unreactive TiCl,—amine adduct. Thus, the potential interception

of the regenerated TiCl, by the amine base would be a major challenge in the catalytic

recovery of the reagent.
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Scheme 3.3.1 Radical Trichloromethylation Mechanism

a) TiClg, CH,Cly, 0 °C, 5 min;
iPr,NEt, 0 °C, 40 min; BrCCls, o o
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/$il4 Ru'L,
R
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- Ru'lL,, 4+ Rs
PH *CCl, +Br- *L
valence /\
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Radical Trichloromethylation Based on Valence Tautomerism in Titanium Enolates: a) an initial overview of

the mechanism; b) potential sequestering of TiCl, by the amine.

Preliminary experimentation revealed that indeed the haloalkylation reaction could reach
completion withsubstoichiometric titanium tetrachloride under the original reaction
conditions with diisopropylethylamine (Hiinig’s base). On the other hand, the conversion
decreased precipitously when less than 0.3 equivalents of TiCl, were used (Table 3.3.1,
entries 1-4). We hypothesized that the decline in conversion at around 0.3-0.4 equivalents
of TiCl, could be attributed to one of the following factors: 1) the possible formation of
higher-order titanium enolates with a 2:1 or 3:1 ligand-to-metal ratio, in which case no
catalytic turnover of TiCl, would occur, or 2) inefficient catalytic recovery of the titanium

reagent and, possibly, a strong inhibitory effect by the amine.
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Table 3.3.1 Amine Influence on the Course of the Catalytic Trichloromethylation Reaction

TiCly, CH,ClIy, 0 °C, 5 min;
base, 0 °C, 40 min;

o o BrCCl; (3 equiv), [(PhsP)3RUCl,] o o
OJLNJ\/ 45°C,12h - OJLNJJ\_:/
\\“)_S HI-H (=:C|3
Ph Ph
3.1 3.2
Entry TiCl, (mol %) Amine (equiv) Conversion (%)
1 40 iProNet (1.1) > 95
2 30 iProNet (1.1) 75
3 20 iPr,Net (1.1) 50
4 10 iPr,Net (1.1) 14
5 30 iPr,Net (3.0) 47
6 30 iPr,Net (4.5) 28
7 30 EtsN (1.1) 76
8 30 Et;N (3.0) 100
9 10 Et;N (3.0) 75
10 10 Et;N (3.0) 74
11 10 Et;N (4.5) 76
12 30 PMP (1.1) 100
13 10 PMP (1:1) 100

(a) Conversion was determined by *H NMR spectroscopy of the crude mixture of products. (b) The reaction

time was 48 h. PMP = 1,2,2,6,6-pentamethylpiperidine.

Although it is well-known that titanium forms hexa— or octa-coordinated complexes,®

higher-order titanium enolates such as those depicted in Scheme 3.3.2 have not been
documented. We monitored the enolization reaction with the Hinig’s base (1.1 equiv) and
varying amounts of titanium tetrachloride by NMR spectroscopy and found no conclusive

support for the existence of higher-order titanium enolates; however, it was evident that the
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degree of enolization diminished proportionally with decreasing substoichiometric amounts
of TiCl,. Thus, whereas complete enolization was observed with 1.0 equivalent of TiCly, the
conversion was approximately 10% with 0.1 equivalents of TiCl, and about 30% with 0.3
equivalents of TiCl,. Notably, it could be clearly observed that more than one distinct
enolate species was generated, and the relative ratios changed substantially as the amount of
the titanium reagent was varied. Although the nature of the additional species is presently
unclear,®® we concluded that full conversion in the trichloromethylation reaction with a
substoichiometric amount of TiCls could not be rationalized through the implication of

higher-order titanium enolates.

Scheme 3.3.2 Hypothetical Formation of Higher-Order TiCl, Enolates
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W 0.3 ca. 30
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Higher-order enolates during the enolization of 3.1 with substoichiometric TiCl,. Bn=benzyl.

The next series of experiments was designed to probe the catalytic recovery of titanium
tetrachloride. Specifically, we aimed to establish whether titanium tetrachloride could be
efficiently transferred between different N-acyloxazolidinone species once enolization was
completed. The cross-over experiment in Scheme 3.3.33 was particularly illuminating and

revealed a number of notable factors. When the enolization of 3.1 was complete (TiCl, (0.5
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equiv), Hiinig’s base (1.1 equiv), 0 °C, 45 min), the N-acyloxazolidinone 3.6 (1.0 equiv) was
added along with additional Hinig’s base (1.1 equiv), and, after 40 min at 0°C, the
ruthenium-catalyzed radical trichnloromethylation was initiated under the standard conditions.
With the ultimate loading of titanium tetrachloride at 0.25 equivalents, products 3.2 and 3.7
resulting from the trichloromethylation of both substrates were produced in nearly equimolar
amounts, which provided conclusive support for a rapid transfer of TiCl, between different
N-acyloxazolidinone species in the presence of diisopropylethylamine. This experiment
corroborates the feasibility of the catalytic turnover of TiCl, and suggests inhibition by the
amine as a reason for its poor efficiency. It can be hypothesized that a fast equilibrium is
established between titanium enolates 3.3 and 3.8 (Scheme 3.3.3b). This process is
accompanied by a slow radical addition, and the distribution of products 3.2 and 3.7 is

determined by the Curtin-Hammett principle.

Scheme 3.3.3 Cross-over Experiment

a) TiCl, (0.5 equiv),
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t £ + H
“..H cel, \—s cel,
PH PH
3.2 3.7
conversion 74% conversion 70%
b) o o cl, @ cl, © o o
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OJLNJJ\i/ RUCI(PPhy); j\ j’\/ JOL )0\/ RUCI,(PPh); OJLNJI\{
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slow - fast slow
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3.2 Ph Ph 3.7
3.3 3.8

a) Cross-over experiment; b) product distribution is in accord with the Curtin—-Hammett principle.
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To ascertain the influence of the amine on the efficiency of the catalytic turnover of
titanium tetrachloride and to probe further the equilibrium in Scheme 3.3.1b, we carried out
the trichloromethylation reaction with various amounts of the Hiinig’s base as well as less-
hindered triethylamine and more-hindered 1,2,2,6,6-pentamethylpiperidine (PMP; Table
3.3.1). An increase in the concentration of the HUnig’s base consistently resulted in lower
conversion (Table 3.3.1, entries 5 and 6), which supports the proposed inhibitory effect of
the amine.

Remarkably, both less-hindered triethylamine and more-hindered PMP proved to be
superior to the Hinig base for the catalytic turnover of TiCl,. Complete conversion was
observed with 30 mol % of TiCl, with 3 equivalents of EtsN, whereas conversion was 76 %
with 1.1 equivalents of the amine (Table 3.3.1, entries 7 and 8). The same conversion (ca.
75 %) was observed with 10 mol % of TiCl, and Et3N (3 equiv). Interestingly, no inhibitory
effect was observed for triethylamine. With PMP (1.1 equiv), full conversion was observed
with either 10 or 30 mol % of TiCl, (Table3.3.1, entries 12 and 13). As with EtzN, no
inhibition of the trichloromethylation reaction was observed in the presence of excess PMP.
Thus, the inhibitory effect appears to be confined to the Hiinig’s base.

We compared the original catalyst, [RuCIl,(PPh3)s], with a more active catalyst,
[Cp*RuCI(PPhs),],% to ascertain whether the rate of trichloromethylation was limited by
low catalytic turnover frequency of TiCl, or other factors associated with the radical process
(Scheme 3.3.4). When the reaction was carried out at room temperature in the presence of
TiCls (20 mol %) and PMP (1.1 equiv), a substantial acceleration of the process was
observed with [Cp*RuCl(PPhs),] as the redox catalyst. This observation indicates that
radical generation is the rate-limiting step, and both the turnover frequency of TiCl, and the

addition of -CClj; to the titanium enolate are relatively fast (Scheme 3.3.3b).
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Scheme 3.3.4 Catalysis Comparison

TiCly (0.2 equiv), CH,Cl,, 0 °C, 5 min;
PMP (1.1 equiv), 0 °C, 40 min;
o BrCCls (3 equiv), catalyst (0.07 equiv) o o

(o}
OJLNJI\/ room temperature o OJLNJ]\/

> i
“..}—s “..)—s cel,

Ph
3

A 3.2

Catalyst t(h)  Conversion (%)

[RuCI,(PPhy)s 48 76

[Cp*RuCI(PPhs),] 3 93

Comparison between [RUCly(PPhs)s] and [Cp*RuCI(PPhs),] as the redox catalyst for radical generation.
Cp*=1,2,3,4,5-pentamethylcyclopentadienyl anion.

In the next series of experiments, the order of reagent addition during the formation of
the titanium enolate was changed to examine the irreversibility of the formation of TiCl,—
amine complexes under the trichloromethylation reaction conditions. The seminal studies by
Evans etal. emphasized the importance of the initial TiCl,—substrate complexation; no
enolate formation was observed if diisopropylethylamine or triethylamine were allowed to
react with uncomplexed titanium tetrachloride first.* Therefore, we were surprised to
discover substantial conversion in experiments in which TiCl, and the amine were mixed
prior to the addition of the substrate (Table 3.3.2). Although the conversion was lower than
that observed under the original enolization conditions, these results indicate notable, albeit

rather inefficient, reversibility in the formation of TiCl,—amine adducts.
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Table 3.3.2 Influence of the Inverse Addition of the Amines on Conversion.

3.1, CH,Cl,, 0 °C, 40 min;
0°C, CH,Cl, BrCCls, [RUCl,(PPhs)s]

o o
TiCly (1.0 equiv) 5 min TEC) th) L
+ —————» TiCl,*NR; . Q NJ\/

R;sN (1.1 equiv) m.}—s ccl,
2

Ph
3.

Entry Amine (equiv) T (°C) t(h) Conversion (%)

1 iPr,NEt 20 12 41
2 iPr,NEt 45 12 45
3 iProNEt 50 24 57
4 PMP 20 12 57
5 PMP 45 12 63
6 EtzN 45 12 35

(a) Conversion was determined by *H NMR spectroscopy of the crude mixture of products. (b) The reaction
time was 48 h. PMP = 1,2,2,6,6-pentamethylpiperidine.

On the basis of the experimental results of this study, we propose the catalytic cycle
depicted in Scheme 3.3.5 for the dual Ru-Ti catalysis in the direct trichloroalkylation of N-
acyl oxazolidinones. An initial complexation of TiCl, and substrate 1, followed by addition
of the amine, produces enolate 3.3 along with its biradical valence tautomer 3.3A.%% An
electron transfer from the Ru" catalyst to BrCCl; generates -CCl;, which adds to the
electron-rich titanium enolate to directly afford 3.9, rather than the carbon-centered radical
3.9A, along with the Ru"'counterpart.®® Intermediate 3.9, which is essentially the final

" center, regenerates the Ru" catalyst, by a slow, rate-limiting

product 3.2 complexed to a Ti
single-electron-transfer event, to give the Ti'" chelate 3.10. At this stage, TiCl, is transferred
directly and at a relatively high rate to another molecule of the substrate, potentially via an

octacoordinated species, such as 3.11. Alternatively, TiCl, can be intercepted by excess
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amine, which accounts for the inhibitory effect of the amine. It is highly unlikely that

uncoordinated TiCly is present at any time during the course of the reaction.®’

Scheme 3.3.5 Proposed Mechanism for Ti-Ru Catalysis in the Radical Haloalkylation of

Titanium Enolates.
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In summary, a direct radical trichloromethylation reaction that is catalytic in both the
titanium and ruthenium reagents has been developed as a result of a deeper mechanistic
investigation of the process. This reaction constitutes the first alkylation of titanium enolates
that is catalytic in titanium and provides a foundation for expanding the scope of catalytic
radical alkylation reactions of titanium enolates. Important findings include: 1) the discovery

that the complexation of trialkyl amines to TiCl, appears to be reversible, especially at
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elevated temperatures, although the decomplexation is of limited efficiency; and 2) the
observation that the turnover frequency for the catalytic transfer of TiCly is relatively high in
comparison with the rate of radical generation, even with the more reactive ruthenium

catalyst [Cp*RuCI(PPh3).].
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3-4 Asymmetric Trifluoromethylation of N-Acyl Oxazolidinones via Ru-Catalyzed

Radical Addition to Zirconium Enolates

3-4-1 Initial Trifluoroalkylation Studies

The growing appreciation of unique physical and chemical properties of fluorinated
organic compounds has resulted in their increasingly broad application in medicine,
materials sciences, agrochemicals, and many other areas of research.?® In order to enable
future advances in the discovery and application of fluorinated materials, practical methods
for efficient and selective fluorination are needed. Within this general context,?
stereoselective introduction of the trifluoromethyl and other perfluoroalkyl groups at the a-
position of carbonyl compounds has remained an ongoing challenge, with several notable
developments reported in the past few years. Following early studies in diastereoselective
radical trifluoromethylation of lithium enolates employing the iodotrifluoromethane—
Et;B/O, system for CF; radical generation,® a number of elegant alternatives based on

1,2 or photoredox organocatalytic strategies® have been developed.®

electrophilic,”* radica
These methods collectively constitute important advances toward highly selective a-
fluoroalkylation of a diverse range of carbonyl compounds and highlight novel patterns of
reactivity. On the other hand, issues of practicality related to experimental simplicity, cost of

reagents, and energy efficiency (use of cryogenic conditions or high temperatures) remain

persistent, stimulating continued progress in this area.

After, we demonstrated that an experimentally simple, high-yielding diastereoselective
a-trichloromethylation of titanium enolates can be achieved.*® The process is based on a Ru-

catalyzed redox formation of the trichloromethyl radical from BrCCl; followed by its
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addition to catalytically generated titanium enolates derived from chiral N-acyl
oxazolidinones. This type of radical addition may be facilitated by the putative biradical
character of titanium enolates.®® Overall, the process allows for a direct, one-step
chloroalkylation of N-acyl oxazolidinones, and its utility in the synthesis of natural products
with CCls-substituted stereogenic centers has been highlighted.™*%" Although direct
extension of this type of reactivity to fluoroalkylation reactions has proven to be highly
challenging, we have succeeded in reaching this goal by enlisting in situ generated zirconium
enolates (eq 1). The development of this protocol highlighting operational simplicity in the

direct a-fluoroalkylation of N-acyl oxazolidinones is described herein.*®

O O MCly, Et3N, RX3Br (or 1) O O
R RuCly(PPhs); (cat.) R
OJ\NJ\/ > OJLNJKE/ M=Ti, X=Cl (1)
ey e CX; M = Zr, Hf, X = F (this work)
PH Ph

Early attempts to extend the chloroalkylation reaction of titanium enolates to
fluoroalkylations concentrated on screening a range of transition metal catalysts, including
those that have been previously used in Kharasch-type additions of iodoperfluoroalkanes to
olefins. Typical examples include [PhsP]sRuCl,® Rus(CO)12,'® Fes(CO)p," and
Co,(CO)s:™ however, in no instance any amount of fluoroalkylation product was detected.
After exhausting our options with titanium enolates, we explored other metal halides
potentially capable of effecting soft enolizations (SmBrs, BiCls, InCls, Yb(OTf)3, VOCls,
V/Cls, VCl,, ZrCls, HfCl,).™® In contrast to our expectations, it was the group IVa metal
halides, ZrCl, and HfCl,,'% that proved to be uniquely competent in the fluoroalkylation

reactions.
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Table 3.4.1 Identification of Transition Metal Catalysts Suitable for Fluoroalkylation of

Zirconium and Hafnium Enolates?.

MCly (1.05 eq.), EtzN, C4Fgl
o O metal catalyst (5 mol%), o

0
o)LNJJ\/ CH,Clp, 240,45°C OJLNJ\/

" “..)—s C.Fo
PH PH
342 343

Entry MCIl,  metal catalyst (5-7mol %)  Conversion® (%)  3.13 (%)"

1 ZrCly Fes3(CO)1 17 0
2 C0,(CO)q 26 0
3 Ru3(CO);, 37 0
4 FeBr, 31 0
5 Cu(OEP)! 33 0
6 [Rh(cod)Cl], 30 0
7 [(p-cymene)RuCl,], 46 22
8 [(CsHg)RUCL,], 61 28
9 IndRu[PPh3],C1-CH,CI, 49 19
10 Cp*Ru[PPh],Cl 87 59°
11° RU[PPh]sCl,* 97 74¢
12° HfCl, RU[PPhs]5Cl,* >98 57

(a) Standard conditions: 1 (0.50 mmol), ZrCl, (1.05 equiv), EtsN (2.0 equiv), n-C4Fgl (5.0 equiv), CH,CI,
(~0.1 M), mixed and stirred at 45 °C for 24 h. (b) Determined by the 500 MHz NMR analysis of the crude
mixture of products. (c) In addition, 18% of o,B-unsaturated byproduct resulting from HF elimination has also
been observed. (d) In addition, 12% of a,B-unsaturated byproduct resulting from HF elimination has also been
observed. (e) n-CsF41 (5.0 equiv) was used. (f) OEP = 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphirine. (g) 7

mol % of the metal catalyst was used.
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Once these metal halides had been identified, a number of transition metal redox
catalysts for the generation of perfluoroalkyl radicals were examined (Table 3.4.1). Among
these, ruthenium catalysts emerged as the most promising (entries 7-11), with Ru[Ph3P]sCl,
the catalyst used in the original chloroalkylation of titanium enolates, being the most
effective. The ruthenium-catalyzed perfluoropropylation of N-acyl oxazolidinones 3.12,
which served as a benchmark reaction, was characterized by a clean transformation to 3.13
using only a moderate excess (5 equiv) of n-CsF;l (entry 11). The side products were
comprised of only the a,B-unsaturated imide as a result of HF elimination from 3.13 (12%)

and the cleaved oxazolidinone auxiliary (11%),'*

which together accounted for the majority
of the remaining mass balance. Similar outcomes were observed with hafnium enolates

derived in situ from hafnium tetrachloride and Et3N (entry 12).

The scope of perfluoroalkylating agent was investigated next (Table 3.4.2)."** No
byproduct resulting from a,fB-elimination of hydrogen fluoride was observed in any
trifluoromethylation reactions (entry 1; also see Table 3.4.3). We did observe partial (9—
17%) formation of an o,B-unsaturated byproduct (A) with primary perfluoroalkyl- and
perfluorobenzyl-substituted products (entries 2, 3, 5, and 6). As in the trifluoromethylation
reaction, no HF elimination was detected when the 2-perfluoropropyl group was introduced

(entry 4).
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Table 3.4.2 Scope of Perfluoroalkylating Agent?

ZrCly (1.05 eq.), Et;N, Rel

o o [PPhslsRUCl, (7 mol%), o o o o
CH,Cl,,45°C 16 h
LA o, - A A
ey u\‘}_s RF ey F RF
Ph Ph Ph
Ab
L j’\ o 2 o o 3 o o
““}—s CF; ““)_3 (-:3F7 ““)_3 (-:4F9
Ph Ph Ph
74% yield,® 74% yield (12%) 71% yield, (16%)
dr 9:1 dr 24:1 dr 24:1
4 5 6 O O
0 0 FCE o o X
OJLN CF, OJ\NJ\{ "N Y F
“"}_s ““H 65F13 \\\HH cm F
PH PH Ph F

75% yield, 91% brsm9
dr >98:2

63% yield, (17%)
dr >98:2

73% yield, (9%)
dr >98:2

(a) Yields of isolated products are reported. The numbers in parentheses are yields of the corresponding a,f3-
unsaturated byproduct A, when observed. Diastereomer ratios were determined by 500 MHz *H NMR analysis.
(b) observed for primary perfluoroalkyl groups only. (¢) 15 mol % of [PhsP]sRuCl, were used. (d) brsm =

based on recovered starting material.

A variety of N-acyl oxazolidinones can be successfully trifluoromethylated using the
simple protocol developed in the course of this investigation (Table 3.4.3). We found that
reagents can be mixed all at once in any order at room temperature with no influence on the
isolated yield of the desired product. Therefore, the reaction setup can be guided solely by
experimental convenience rather than by other factors intrinsic to the reaction. N-Acyl
oxazolidinones obtained from unfunctionalized alkanoic acids undergo efficient and
diastereoselective trifluoromethylations, with yields increasing for B-branched substrates
(entries 1-4). These are clean transformations, where unreacted starting material is the major

byproduct as indicated by yields based on recovered starting materials (entries 2—4), while
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auxiliary cleavage (25%) was observed for the reaction in entry 1. The presence of aryl and
benzyl ethers is well-tolerated (entries 5, 6), as is the presence of functionalized B-aryl
substitution, although the extent of chiral auxiliary detachment was higher (31-34% for
entries 7, 8). Substitution with a phenyl group at the a-position resulted in a clean reaction
(82% vyield brsm, entry 9), albeit at a reduced conversion under the standard conditions
(59%). Diastereoselective alkylations controlled by the oxazolidinone stereochemistry can be
performed with substrates that have a stereogenic center at the B-position in the N-acyl
substituent (entries 10, 11). More functionalized heterocyclic substituents such as
benzofurans and benzoxazoles are also compatible with the reaction conditions (entries 12,

13).

The proposed mechanism of the reaction based on the related Ru-catalyzed
trichloromethylation is depicted in Scheme 3.4.1.%*% NMR spectroscopic studies of the
enolate formation using N-propionyl oxazolidinones 3.12, zirconium tetrachloride,
triethylamine, and CDClsrevealed that a rapid, clean, and essentially complete enolization
producing enolate 3.15 occurs at room temperature. We succeeded in obtaining a single-
crystal X-ray structure of a complex between the substrate and ZrCl, revealing a nearly
perfectly planar arrangement of atoms in the six-membered cyclic chelate 3.17 which is in
all respects similar to the corresponding titanium complex (not shown). Therefore, we
surmise that the geometric structures of the zirconium (3.15) and titanium enolates are
similar, and it is the dissimilarities in their electronic structure that are responsible for
differences in their reactivity in the ruthenium-catalyzed fluoroalkylation reaction. Once 3.15

is formed, it undergoes an addition reaction with the trifluoromethyl radical generated by a
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Table 3.4.3 Scope of N-Acyl Oxazolidinones in the Trifluoromethylation Reaction®

ZrCly, EtzN, CH,Cl,

o o RuCl,(PPh3); (0.15 equiv.) o O
F4Cl (6.0 equiv.), 45 °C, 16 h R

A . A
“..H CF,

WY
Ph

1 2 3 4
o)LN/U\)\ JLN o)LN ¥
CF,

Om

)cj)\ j?\/\/\
0" N F i Q M
m-}—s CF3 Wy CF3 \\HH Fj u"}_s
Ph Ph Ph Ph
71% yield, dr 9.4:1 79% yield (89% brsm) 76% yield (96% brsm) 70% yield (100% brsm)
dr >98:2 dr >98:2 dr 98:2

\..|-H CF, a ) (}
PH PH
63% yield (69% brsm)

Ph
75% yield (84% brsm) 51% yield (59% brsm)
dr 9:1 dr 9:1

dr 9:1
)LN OJ\N :
w

8 )oj\ o
Q" N o i H
ey CF; OMe w}—g CF, )—$ CF,
OMe PH PH

]
49% yield (89% brsm)

=2

60% yield (66% brsm) 48% yield (82% brsm)
dr 9:1 dr 9:1 dr 6.4:1
" i JCJ)\/E\/\)\ ’ L "’ i
Al A~ P
wi—L  CFy \)—g CF, o@ ‘)—s CF,
Ph/ Ph Ph
53% yield (89% brsm) 34% yield (69% brsm) 49% yield (88% brsm)
dr 10:1 dr 9:1 dr 9:1

(@) Yields of isolated products are reported. At least two experiments were carried out to confirm
reproducibility. The numbers in parentheses are yields based on recovered starting material (brsm).

Diastereomer ratios were determined by 500 MHz *H NMR analysis of the crude mixture of products.

redox process from iodotrifluoromethane and the ruthenium(ll) catalyst. The addition
product is probably better represented by resonance form 3.16b rather than carbon-centered

form 3.16a, and a potential biradical character of 3.15 may facilitate the addition of the CF3
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radical. The ruthenium catalyst is recovered by a single electron transfer from intermediate

3.16b to Ru(lll) species.

Scheme 3.4.1 Proposed Mechanism of the Ru-Catalyzed Trifluoromethylation Reaction

ZrCly, Et3N, CFl
o

o o
RUCI,(PPhg); (cat.) o
OJ\NJ\/ CH,Cl,, 12h, 45 °C OJLNJJ\/
w CF,

o
v w

Ph PH
F
3.12 3.14
I—éF
ZrCly 4 (supported
Et;N by NMR)
Ru'L,
Cly o
T ] Ru(I)L
o n
OJI\N)\/ éF
ul‘}_s \
Ph
3.15
cl, cl, ©
V2N s
O o o

Additional insight into the course of the perfluoroalkylation was acquired from the
following experiments. First, when the catalyst loading in the perfluoropropylation of 3.12
was increased from 7 to 30 mol %, the rate of the process was notably enhanced. The
reaction was complete in 4 rather than 16 h, showing a substantially reduced level of side
reactions and giving the expected product in 86% isolated yield. Similar, albeit somewhat
lower efficiency was observed when the amount of n-CsF;l was increased from 5 to 15
equiv. Taken together, these observations suggest that the generation of the perfluoroalkyl
radical is the rate-limiting step of the process. Second, monitoring the course of the reaction
performed in CD,Cl, by *H and *°F NMR spectroscopy revealed that another major pathway
of reactivity for n-CsF—I is reduction to n-CsF;—H, which presumably occurs by oxidation of
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triethylamine. Overall, these key observations are expected to aid in developing more
efficient perfluoroalkylation processes based on radical additions to transition metal

enolates.

Scheme 3.4.2 Preparation of Versatile Enantioenriched Fluorinated Building Blocks by
Hydrolytic and Reductive Removal of the Chiral Auxiliary®

LiOH, ag. HyO, o
j\ JOI\/O THF,20°C,50
07NN > HO” Y
‘}—3 CF, 99% CF;3
PH LiAH,, THF /\/O
> HO Y
CF;

er 97:3

o )
3.18 -50 °C, 30 min

dr>98:2

er 99:1

81%

LiOH, aq. H,0, o
o o THF, 20 °C, 5h J\/\/\
JI\/\/\ “ HO 98:2
i er N
TN X 86% CF,CF,CF;
\)—$ CF,CF,CF,4
PH LiAlH,, THF
-50 °C, 30 min
3.19 > Ho/YV\ er 96:4
dr>98:2 90% CF,CF,CF,

(a) The chiral auxiliary is recovered in nearly quantitative yield in all reactions.

Conversion of the reaction products to broadly useful fluorinated building blocks for
organic synthesis is illustrated by examples in Scheme 3.4.2 that include hydrolytic and
reductive removal of the chiral auxiliary. Trifluoromethyl-substituted derivative 3.18 and

perfluoropropyl derivative 3.19'%

could be readily hydrolyzed with a LiOH-H,0, reagent
system to the corresponding carboxylic acids with a high level of retention of stereochemical
integrity. While reductions of these compounds with sodium borohydride in aqueous THF
were sluggish, removal of the oxazolidinone could be readily achieved by treatment with

lithium aluminum hydride. For substrate 3.19, virtually complete preservation of

stereochemistry was observed, while only a minor erosion of stereochemistry was noted for
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the perfluoropropyl-substituted substrate. Notably, these transformations are characterized

by very good yields and nearly quantitative recovery of the chiral auxiliary.

In closing, we report an experimentally simple asymmetric fluoroalkylation reaction of
N-acyl oxazolidinones based on the unique radical reactivity of group 1VVa metal enolates.
For titanium enolates, the biradical character has been supported by computational and
spectroscopic studies that provide an intriguing conceptual basis for reaction development.
From a practical perspective, the reaction requires inexpensive reagents, which can be mixed
in any order, and mild heating over the course of a few hours delivers fluoroalkylation
products directly in good yields and high diastereoselectivities. Ongoing studies are directed
at the development of a more active catalytic system, catalytic generation of the metal

enolate, and defining a more detailed picture for the mechanism of the reaction.
3-4-2: Continuing Trifluoroalkylation Studies

After the preliminary trifluoroalkylation studies, further investigates were conducted to
increase either yield or diastereoselectivity. An initial screen of oxazolidinones was
conducted to see the effect on diastereoselectivity as seen in Table 3.4.3. We found that if
there was a lack of quaternary substitution at the 5-position on the auxiliary; it led to low
yield and decomposition of the starting material (entries 1-3). Further screening indicated

that an isopropyl auxilixary led to improvement for yield and diastereoselectivity (entry 4).

After selecting 4-isopropyl-5,5-dimethyloxazolidin-2-one as the auxiliary, a small screen
of N-acyl oxazolidinones was conducted as shown in Table 3.4.4. For all substrates both
catalyst loading and reaction time was decreased by 50% or more. Drastic improvement in
both yield +19% and diastereoselectivity >98:2 was observed for the N-Acyl oxazolidinones

obtained from hexanoic acid (Table 3.4.4, entry 1). An astonishing increase in yield (+30%)
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and slight improvement in diastereoselectivity was observed for phenyl acetic acid derivative
(entry 2).

Table 3.4.3 Scope of N-Acyl Oxazolidinones in the Trifluoromethylation Reaction®

ZrCly, EtzN, CH,Cl,
RUCly(PPhs); (0.15 equiv.)

o o o O
F4Cl (6.0 equiv.), 45 °C, 16 h
OJLNJJ\/R 3Cl (6.0 equiv.) . oJLNJJ\é/R
\_\./ \_\J 6F3
R R
1 0 O 2 0 O 3 0 O 4 o o
Al Al Al Al
CF, /¢, “{ R - CF,
PR % Ph
PH
46% yield 40% yield 49% yield 90% yield
dr 9:1 dr 9:1 dr 3:1

dr 98:2

(a) Yields of isolated products are reported. Diastereomer ratios were determined by 500 MHz *H NMR
analysis.

Table 3.4.4 Scope of Trifluoromethylation of Isopropyl N-Acyl Oxazolidinone®

ZrCly, EtzN, CH,Cl,
RUCly(PPhs); (0.07 equiv.)

o o
o NJ\/R F4Cl (6.0 equiv.), 45 °C, 8 h o)LNJJ\/

R
H

“..}—& CF,

WY

g 0 N H
m)—& CF, |)—§; CF,
90% yield 78% yield 81% yield
dr > 98:2 dr 16:1 dr 97:3

(a) Yields of isolated products are reported. Diastereomer ratios were determined by 500 MHz ‘*H NMR
analysis.
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3.5 Stereoselective a-Fluorination of N-Acyl Oxazolidinones at Room Temperature

The importance of organofluorine compounds has been amply validated by broad
application in medicinal sciences, materials, and agrochemicals.'® Fluorine incorporation is
typically performed to acquire the unique physical and chemical properties that fluorine
substitution imparts on organic compounds. Although many methods for fluorination have
already been reported in the literature,06060:106m107 £i,4re advancements in the discovery
and application of fluorinated materials require the availability of new methods for
economical and selective fluorination. Despite the broad utility of fluorine-containing
organic compounds, stereoselective incorporation of the fluorine atom at the a-position of
the carbonyl group has remained an ongoing challenge; several notable recent developments
exploit reagent, catalyst, or substrate control in a-fluorination reactions.'®® Following early
work on diastereoselective electrophilic a-fluorination of lithium enolates with N-fluoro-o-

benzenedisulfonimide (NFOBS) as the fluorinating reagent,®

a number of elegant
alternatives describing the use of N-fluoropyridinium 2,8-diazobicyclo[2,2,2]octane and
sulfonamide reagents as the electrophilic source of fluorine were developed.’® In all, these
methods expanded the repertoire of selective a-monofluorination for a diverse range of
carbonyl compounds, at the same time highlighting their unique patterns of reactivity. On the
other hand, issues of practicality, limitations in substrate scope, high cost of reagents,
extended reaction time, and energy efficiency (use of cryogenic conditions or high
temperatures) remain persistent, stimulating continued progress in this area.

Demonstration of the efficacy of group IVa metal enolates generated by soft

1

enolization'*! in ruthenium-catalyzed radical trichloromethylation, trifluoromethylation, and

112

perfluoroalkylation reactions.” We applied this experimentally simple protocol, good to
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high vyields of various «a-haloalkylation products can be achieved with high
diastereoselectivity. Herein, we describe the utility of group 1Va metal enolates derived from
N-acyl oxazolidinones in rapid economical and operationally simple electrophilic a-
fluorination reactions that take place at room temperature and display high

diastereoselectivity.

Table 3.5.1 Identification of Optimal Fluorinating Reagent®

TiCly (1.5 equiv), Et3N (2 equiv)
o a-fluorination reagent o

o o
J\/\/\ CH,Clp, 23°C, 1h J\/\/\
0" N 0" N
3.2 3

-

““}—s* dr 98:2 \\\‘}_§; F

.20 .21

Entry Reagent Conversion® (%)  $/mmol
1 NFSI 99 $0.35°
2 Selectfluor 70° $0.82°
3 1-fluoro-2,4,6-trimethylpyridinium triflate <1 $3.67'
4 1-fluoro-2,4,6-trimethylpyridinium tetrafluoroborate <1 $4.09'

(a) Standard conditions: 3.20 (0.50 mmol), TiCl, (1.5 equiv), EtsN (2.0 equiv), CH,CI, (0.5 M), reagent (2.0
equiv), mixed and stirred at room temperature for 1 h. (b) Determined by the 600 MHz NMR analysis of the
crude mixture of products. (c) Oakwood Products. (d) Reaction solvent was a 1:1 mixture of

acetonitrile/CH,Cl,, dr 5:1. (e) Apollo Scientific. (f) TCI America.

The aim of initial experiments was to identify the optimal electrophilic source of
fluorine, with the chemical efficiency of the a-fluorination reaction and reagent cost being
the most important factors (Table 3.5.1). Examination of the most common commercial
sources of electrophilic fluorine, summarized in Table 3.5.1, revealed that N-

fluorobenzenesulfonimide (NFSI), the most inexpensive reagent tested, displayed superior
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performance by a substantial margin. Under standard conditions, complete conversion in the
a-fluorination of 3.20 was achieved with NFSI within 1 h at room temperature. The reaction
occurred with a diastereoselectivty of 98:2. Selectfluor, the second best reagent, provided
70% conversion with a decrease of diastereoselectivity to 5:1, whereas both 1-fluoro-2,4,6-
trimethylpyridinium triflate and 1-fluoro-2,4,6-trimethylpyridinium tetrafluoroborate were

not efficient sources of electrophilic fluorine due to lack of solubility in dichloromethane.

Early experimentation also revealed a rather high reactivity of titanium enolates in the a-
fluorination reaction. In contrast to other reported stereoselective a-fluorinations of carbonyl
compounds, the reaction reaches 90% conversion within 30 min at room temperature while
maintaining high diastereoselectivity (Table 3.5.2, entry 1). Full conversion requires 60 min
at 23 °C (Table 3.5.2, entry 2). Under optimized conditions, 1.5 equiv of TiCl, and 2 equiv
each of EtsN and NFSI are required for full conversion (Table 3.5.2, entry 5), and reduction
in the stoichiometry of any of these reagents erodes conversion (Table 3.5.2, entries 4 and 6—
9) with the strongest effect observed for NFSI (Table 3.5.2, entry 4).**® Similar results,
including high diastereoselectivity of 98:2, were noted when ZrCl, and HfCl, (Table 3.5.2,
entries 10 and 11) were used for enolate generation under identical conditions, although
conversions were lower by about 10%.'* All three common oxazolidinones surveyed 3-
propionyl-5,5-dimethyl-4-benzyl- (Table 3.5.2, entry 12), 3-propionyl-5,5-dimethyl-4-
isopropyl-, and 3-propionyl-4-benzyloxazolidin-2-ones (Table 3.5.2, entry 13) showed high
diastereoselectivity (>10:1), with the 5,5-dimethyl-4-isopropyl derivative related to 3.20
giving the highest stereoselectivity (dr 98:2). Therefore, further studies were carried out with
NFSI as the fluorinating reagent and the 5,5-dimethyl-4-isopropyl-substituted oxazolidinone

as the stereodirecting group.
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Table 3.5.2 Optimization of a—Fluorination Reaction®

TiCly, Et3N, NFSI o

o o [o}
CHZCIZ temp, time J]\/\/\
A h~~ A

\\“)_& dr 98:2

3.20

Entry  TiCl, (equiv) Et;N (equiv) NFSI (equiv)  Time (h) Conversionb(%)

1 2.0 3.0 2.0 0.5 90
2 2.0 3.0 2.0 1 99
3 2.0 2.0 2.0 1 99
4 2.0 3.0 1.25 1 50
5 15 2.0 2.0 1 99
6 1.25 2.0 2.0 1 93
7 15 15 15 1 77
8 0.5 3.0 2.0 12 40°
9 1.0 3.0 2.0 12 80°
10 1.5 (ZrCl,)° 2.0 2.0 1 87
11 1.5 (HfCl,)® 2.0 2.0 1 78
12 1.5 2.0 2.0 1 99'

(a) Standard conditions: 3.20 (0.50 mmol), CH,Cl, (0.5 M), mixed and stirred at room temperature. (b)
Determined by the 600 MHz *H NMR analysis of the crude mixture of products. (c) Reactions were performed
at 45 °C. (d) zrCl, was used in place of TiCl,. (e) HfCl, was used in place of TiCl,. (f) 3-propionyl-5,5-
dimethyl-4-benzyloxazolidin-2-one was used (dr 96:4).

Substrates derived from simple unfunctionalized alkanoic acids generally afford high
yields of a-fluorination products with high diastereoselectivity under standard conditions at
room temperature within 1 h (Table 3.5.3, entries 1-4). The derivative of isovaleric acid
(Table 3.5.3, entry 3) afforded a somewhat depressed yield of 77% due to competitive
formation of a-chlorination product (10% yield, >99:1 dr). 3-Phenylacetyl-5,5-dimethyl-4-
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isopropyloxazolidinone afforded the a-fluorination product in high vyield and
diastereoselectivity (Table 3.5.3, entry 5). A unique derivative of a-chloro-a-fluoroacetic
acid has been prepared by this procedure with high stereoselectivity (Table 3.5.3, entry 6).
An example, entry 4, illustrates that analogues in which the stereodirecting 4-isopropyl
substituent is replaced with a benzyl group provide comparable yields and diastereomeric
ratios of a-fluorination products. Aryl ether groups are well tolerated (Table 3.5.3, entry 7).
A number of compounds produced from hydrocinnamic acids are also good substrates for
the a-fluorination reaction (Table 3.5.3, entries 8-10), while benzyl ethers undergo partial
debenzylation, which can be mitigated by replacing TiCl, with ZrCl, (Table 3.5.3, entry 11).

a-Fluorination via titanium enolates of substrates containing unsaturation can be
accomplished efficiently in the presence of double bonds (Table 3.5.3, entries 12-13), yet
terminal alkynes can display notably lower yields (Table 3.5.3, entry 14). Although no
specific byproducts have presently been isolated, the lower efficiency can hypothetically be
ascribed to the competitive formation of alkynyltitanium species under the reaction
conditions. The protected form of a-fluoro-B-alanine can be prepared in 70% yield and 94:6
diastereomeric ratio (Table 3.5.3, entry 15). In most cases, the product can be isolated as the

isomerically pure diastereomer either by recrystallization or flash column chromatography.
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Table 3.5.3 Scope of N-Acyl Oxazolidinones in the a—Fluorination Reaction®®

TiCly (1.5 equiv), Et3N (2 equiv) o

(o] (o] [o]
NFSI (2 equiv), CHyCly, 23 °C, 1 h
AR Y NJ\:,R

-

1 2 3 4
L L SUGNES S Ue
B PN Al A A
PH
94% yield 91% yield 77% yield 92% yield
dr 98:2 dr 98:2 dr 98:2 96:4 dr
5 6 7 8
o) j\/@ j\ o] o o o o
OPh
Al A e At A
92% yield 67% yield 90% yield 88% yield
dr 96:4 dr 96:4 dr 98:2 dr 98:2
9 10 11 12
L A % &
O)LN ; 0" N ¥ o) NJI\E/\/\OBH O)LNJJ\‘/\
\u-)—$’ F ul‘)—$—_ F \\“)_y F \u-)—$’ F
CF,
78% yield 61% yield 68% yield® 46% yield?
dr 96:4 dr 98:2 dr 96:4 dr 98:2
13 14 15

[e}

o
(o) NJI\/\NPhth

Ojf\Nj)j\:/\j
Ty

80% vyield 56% yield
dr 98:2 dr 5:1

s

70% yield
dr 94:6

(a) Standard conditions: substrate (0.50 mmol), TiCl, (1.5 equiv), EtsN (2.0 equiv), NFSI (2.0 equiv), CH,CI,
(0.5 M), mixed and stirred at room temperature for 1 h. (b) Yields of isolated products are reported.
Diastereomer ratios were determined by 600 MHz *H NMR analysis of the crude mixture of products. (c) 1.5
equiv of ZrCl, was used in place of TiCl,. (d) (S)-3-(2-Butenoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one

was used as the starting material.
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Table 3.5.4 Optimization of a-Fluorination of 3-(4-Methoxyphenylacetyl)-5,5-dimethyl-4-

isopropyloxazolidin-2-one 3.22%°

reagent (1.75 equiv)
Et3N (2 equiv), NFSI (2 equiv)

X 2l 2376 iy X
0" "N > 0 NTYY 07 N7

3.22 3.23 3.24
Entry Reagent % 3.23 (dr)*¢ 9% 3.24 (dr)"®
1 TiCl, 0 82 (1:1)

2 Ti(OPr-i),Cl, 52 (93:7) 41 (1:1)

3 Ti(OPr-i),Cl,2EsNHCI 77 (93:7) 17 (1:2)

4 Ti(OPr-i)sCl,-3EsNHCI 17 (93:7) 0
5 Ti(OPr-i) Cl,EsNHCI 0 100 (1:1)
6 ZrCl, 0 100 (1:1)

(a) Standard conditions: 3.22 (0.50 mmol), Ti reagent (1.75 equiv), EtsN (2.0 equiv), NFSI (2.0 equiv), CH,CI,
(0.5 M), mixed and stirred at room temperature for 1 h. (b) Percent composition of the compound in the crude
mixture of products as determined by 600 ‘H NMR analysis. (c) Diastereomeric ratio (dr) was determined by

the 600 MHz *H NMR analysis of the crude mixture of products.

In contrast to the unfunctionalized phenylacetic acid derivative (cf. Table 3.5.4, 3.22),
substitution in the phenyl ring resulted in substantially different reactivity under the standard
conditions. In fact, the attempted a-fluorination of 4-methoxyphenyl analogue 3.22 resulted
in the exclusive formation of a-chlorination product 3.24 as a 1:1 mixture of diastereomers
(Table 3.5.4, entry 1). The hypothesis that replacing TiCl, with an alternative titanium(IV)
Lewis acid would minimize the competitive chlorination was put to the test next.
Delightfully, a significant improvement in a-fluorination was achieved when Ti(OPr-i),Cl,,

115

prepared by a reaction of equimolar amounts of TiCl, and Ti(OPr-i)4,”> was used for enolate
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generation (Table 3.5.4, entry 2). When diisopropoxytitanium dichloride was prepared by an
alternative procedure from TiCly, 2 equiv of 2-propanol, and 2 equiv of triethylamine, a
further improvement was achieved (Table 3.5.4, entry 3)."° The use of
triisopropoxytitanium chloride, isopropoxytitanium trichloride, or zirconium tetrachloride
led to either low reactivity or exclusive formation of the a-chlorination product (Table 3.5.4,
entries 4-6).

With the protocol utilizing the Ti(OPr-i),Cl,-2Et;NHCI reagent, a range of substituted
phenylacetic acid derivatives can be effectively a-fluorinated with very good
diastereocontrol (Table 3.5.5). Modification of the phenyl group with electron-donating or
mildly electron-withdrawing substituents in the ortho-, meto—, and paro—positions is
tolerated (Table 3.5.5, entries 1-7, 11). Diastereoselectivities are lower than with substrates
represented in Table 3.5.4 but still in the practically useful range of greater than 10:1, and in

most cases, the diastereomers are separable by column chromatography.

In addition, heteroaromatic substituents can effectively afford a-fluorination products
with high diastereoselectivity, as demonstrated with the derivatives of 3-furanacetic acid
(Table 3.5.5, entry 8) and 2-(benzo[d]oxazol-5-yl)acetic acid (Table 3.5.5, entry 10). On the
other hand, fluorination of oxazolidinone derived from 2-(benzo[d]oxazol-2-yl)acetic acid
(Table 3.5.5, entry 11) afforded a 2:1 mixture of diastereomers. The reduction in
diastereoselectivity may be attributed to increased C—H acidity of this compound resulting in
the enolization of products. Isolation of difluorination products observed for these examples

supports this hypothesis.
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Table 3.5.5 Scope of a-Fluorination of o-Aryl Acetic Acid N-Acyl Oxazolidinone

Derivatives®”*

Ti(OPr-1),Cly2EtNHCI (1.75 equiv)
o o Z EtsN (2 equiv), NFSI (2 equiv) o o
oAy IR CH,Cly, 23°C, 1 h Py R
212, ’
> o N
i
)_$’ “.-}—yF

JL,@ i’L J’\,@ Ji ISl X @
O” 'N T 0" 'N Y
63% yield 71% yield 61% yield 69% vyield
dr 937 dr91:9 dr91:9 dr 937

CF; 6
ey F i

Timw
T
o
=
3

65% yield 62% yield 80% yield 54% yield
dr91:9 dr 95:5 dr91:9 dr91:9
9 10
o o 0 o o 0 o)
A % X ) g
0" NTYY o 07 N7 N I
64% yield 87% yield? 63% yield
dr91:9 dr 92:8 dr 2:1

(@) Yields are of isolated pure major diastereomers unless indicated otherwise. Diastereomer ratios were
determined by 600 MHz *H NMR analysis of the crude mixture of products. (b) Standard conditions: substrate
(0.50 mmol), TiCl,(O'Pr),-2Et;NHCI (1.75 equiv), EtsN (2.0 equiv), NFSI (2.0 equiv), CH,Cl, (0.5 M), mixed
and stirred at room temperature for 1 h. (c) Less than 10% of chlorinated products were observed along with

products entries 2-11. (d) Ti(OPr-i),Cl, (1.75 equiv) was used; product isolated as a mixture of diastereomers.
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Scheme 3.5.1 Mechanistic Hypothesis for the a-Fluorination Reaction
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A plausible mechanism outlined in Scheme 3.4.1 accounts for the experimental
observations, including higher than expected reactivity of titanium enolates in the
electrophilic fluorination as well as the appearance of a-chlorination byproduct 3.24. Soft
enolization of 4-methoxyphenyl derivative 3.22 with TiCl, and Et;N affords affords the
expected Ti enolate. This newly formed Lewis acid could activate NFSI directly to form
3.26, or NFSI could be activated by excess TiCl, to form 3.27. The latter mode of activation
may explain the need for 1.5-1.75 equiv of the reagent required for complete conversion.
Activation of the NSFI by Lewis acid was documented to be essential for electrophilic
fluorination of enolates by others.’%'" Subsequent electrophilic fluorination typically
affords 3.23 as the major product. Concurrently, a group exchange between CI-TiL, reagent
(3.26, 3.27, or other) and NFSI may take place giving rise to chlorine(l) fluoride, which is an
electrophilic source of chloronium. When CIF reacts with the titanium enolate, o-
chlorination product 3.24 is formed.™® The kinetics of these processes is likely affected by

the identity of the Ti reagent among other reaction parameters.
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Scheme 3.5.2 Preparation of Enantioenriched Fluorinated Building Blocks via Hydrolytic

and Reductive Removal of the Chiral Auxiliary

NaBH,4, aq THF OH
rt,1h K/@
S OON N "

95% X
i

£
)_$(F 3.29
328 LiOH, aq H,0, o
, THF. 1, 1h
dr 99:1 ——> HO er 99:1

96%

Conversion of the reaction products to broadly useful fluorinated building blocks for
organic synthesis is illustrated by examples in Scheme 3.4.2. These include hydrolytic and
reductive removal of the chiral auxiliary. The monofluorinated derivative 3.28 could be
readily reduced using sodium borohydride in aqueous THF, delivering the corresponding
fluoroalcohol 3.29 in high yields and with a high level of retention of stereochemical
integrity. Compound 3.28 could also be hydrolyzed with a LiOH-H,0, reagent system to
yield the corresponding acid 3.30 in high yields and virtually complete preservation of
stereochemistry. Notably, these transformations are characterized by excellent yields and
nearly quantitative recovery of the chiral auxiliary.

We have reported an operationally simple asymmetric a-fluorination reaction of N-acyl
oxazolidinones based on the unique reactivity of group IVVa metal enolates. From a practical
perspective, the reaction requires inexpensive reagents, mild conditions, short reaction times
at ambient temperatures, and delivers a-fluorination products directly in good yields and
high diastereoselectivities.**** Ongoing studies are directed at defining a more detailed
picture of the mechanism for the fluorination of a-arylacetic acid derivatives and

determination of the structure and function of the TiCl,(OPr-i),-2EtsNHCI complex.
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Chapter 3: Supporting Information

3-6: Dual Ti-Ru Catalysis Supporting Information

TiCl4 (0.5 equiv), CH,Cl,, 0 °C, 5 min;
i-ProNEt (1.1 equiv), 0 °C, 40 min;

JOL 0 BrCCl; (12 equiv), RuCly(PPh); JOL o

o NJ\/ 45°C,20h . 0 NJ\/

m.}—s \..‘)—s cel,
PH PH

Titanium tetrachloride (1.0 M in CH,Cl,, 0.25 ml, 0.25 mmol, 0.50 eq) was added to a
solution of the substrate 3.1 (0.131 g, 0.50 mmol) in CH,Cl, (0.75 ml) in a vial at 0 °C and
the mixture was stirred for 5 min at the same temperature. Diisopropylethylamine (96 pl,
0.55 mmol, 1.1 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40
min. Bromotrichloromethane (0.60 ml, 6.0 mmol, 12 eq) was added, followed by
RuCl,(PPh3)s (34 mg, 0.035 mmol, 7 mol%) and the mixture was sealed and heated at 45 °C
for 20 h. After cooling to room temperature, the reaction was quenched by adding water and
extracted with CH,Cl,. The organic layer was washed with brine and dried over Na,SO,.
After filtration and concentration, the crude product was analyzed by *H NMR spectroscopy

indicating >97% conversion.

TiCly (0.1 equiv), CH,Cl,, 0 °C, 5 min;
PMP (1.1 equiv), 0 °C, 40 min;
O O BrCClj3 (3 equiv), RuCly(PPhg); (7 mol%) o O

45°C, 12h
S LA
w ) CCl.
" 100% conversion " ) '> 3
Ph Ph

Titanium tetrachloride (1.0 M in CH,Cl,, 0.10 ml, 0.10 mmol, 0.1 eq) was added to a
solution of 4-benzyl-5,5-dimethyl-N-propionyloxazolidin-2-one (0.261 g, 1.0 mmol) in
CH.CIl; (1.2 ml) in a vial at 0 °C and the mixture was stirred for 5 min at the same

temperature. 1,2,2,6,6-Pentamethylpiperidine (0.20 ml, 1.10 mmol, 1.1 eq) was added and
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the resulting deep red mixture was stirred at 0 °C for 40 min. Bromotrichloromathane (0.30
ml, 3.0 mmol, 3 eq) was added, followed by RuCl,(PPh3); (68 mg, 0.070 mmol, 7 mol%)
and the mixture was sealed and heated at 45 °C for 12 h. After cooling down, the reaction
was quenched by adding water and extracted with CH,Cl,. The organic layer was washed
with brine and dried over Na,SO,. After filtration and concentration, the residue was
analyzed by 'H NMR spectroscopy, which indicated a 100% conversion. Purification by
column chromatography on silica gel afforded the product (0.368 g, 0.97 mmol, 97%). 1H
NMR (400 MHz, CDCI3); &(ppm): 7.38-7.20 (m, 5H); 5.31 (q, J=6.4 Hz, 1H); 4.53(dd,
J1=2.8 Hz, J2=10.4 Hz, 1H); 3.27 (dd, J1=2.8 Hz, J2=14.4 Hz, 1H); 2.81(dd, J1=10.4 Hz,

J2=14.4 Hz, 1H); 1.60 (J=6.4 Hz, 3H); 1.34 (s, 3H); 1.30 (s, 3H).

The crossover experiment:

o o
OJ\NJ\/
\—s (1.0 equiv), 0 'C, 5 min
PH
TiCly (0.5 equiv), 0°C, 5 min;

o o CIHF?rC:jE(t) (:Ci,;:rvi)n; i-PerEtB(r1(.:1Celqu(i;/)2,eO:ifl:), 40 min; o o o o
OJ\NJ\/ 02°C, 40min [RuCIZ(PPhZ)3], 42 0(5, 20h oJ\NJ\/ OJLNJ\./
w - T ce, * cel

Ph PH PH

conversion 74% conversion 70%

Titanium tetrachloride (1.0 M in CH,Cl,, 0.25 ml, 0.25 mmol) was added to a solution of the
substrate 3.1 (0.131 g, 0.50 mmol, 1.0 eq) in CH,Cl, (0.75 mL) in a vial at 0 °C and the
mixture was stirred for 5 min at the same temperature. Diisopropylethylamine (96 ul, 0.55
mmol, 1.1 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40 min.
Oxazolidinone 3.6 (0.117 g, 0.50 mmol, 1.0 eq) in CH,Cl; (0.4 ml) was added to the above
reaction mixture and 5 min later i-Pr,NEt (96 ul, 0.55 mmol, 1.1 eq) was added. After
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stirring for additional 40 min at 0 °C, BrCCl3 (0.60 ml, 6.0 mmol, 12 eq) and RuCl,(PPhs)s
(34 mg, 0.035 mmol, 7 mol%) were added, and the mixture was sealed and heated at 45 °C
for 20 h. After cooling down, the reaction was quenched by adding water and extracted with

CH,Cl,. The organic layer was washed with brine and dried over Na,SO,4. After filtration
and concentration, the residue was analyzed by 'H NMR, which indicated a clean

transformation with a 74% conversion of 3.1 and 70% conversion of 3.6.

The effects of the order of addition of reagents:

o o
BN
Y (1.0 equiv), 0 °C, 40 min
PH
PMP (1.1 equiv) BrCCls, [RuCly(PPh)s] o o

CHyCl,, 0°C, 5min  25°C,12h OJLNJ\_/

TiCly (1.0 equiv) - -

) CCly

PH
1,2,2,6,6-Pentamethylpiperidine (0.10 ml, 0.55 mmol) was added to a solution of TiCl, (1.0
M in CH,Cl,, 0.50 ml, 0.50 mmol, 1.0 eq) at 0 °C and stirred for 5 min. A solution of 3.1
(0.131 g, 0.50 mmol, 1.0 eq) in CH,CI, (1.2 ml) was added. After stirring at the same
temperature for 40 min, BrCCls (0.15 ml, 1.50 mmol, 3 eq) and RuCl,(PPh3); (34 mg, 0.035
mmol, 7 mol%) were added, and the mixture was allowed to stir at room temperature for 12
h. After cooling down, the reaction was quenched by adding water and extracted with
CH.Cl,. The organic layer was washed with brine and dried over Na,SO,4. After filtration

and concentration, the residue was monitored by *H NMR with a conversion of 57%.
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The effect of Ru-catalyst:

TiCl4 (0.2 equiv), CH,Cl,, 0 °C, 5 min;
PMP (1.1 equiv), 0 °C, 40 min;

o o BrCClj; (3 equiv), Cp*RuCI(PPh3), (7 mol%) o o
rt, 3h
S Jo _ LI
“..)—s 93% conversion w-}—s CCl,
Ph Ph

Titanium tetrachloride (1.0 M in CH,Cl,, 0.10 ml, 0.10 mmol, 0.2 eq) was added to a
solution of the substrate 3.1 (0.131 g, 0.50 mmol, 1.0 eq) in CH,Cl, (1.2 ml) in a vial at 0 °C
and the mixture was stirred for 5 min at the same temperature. PMP (0.10 ml, 0.55 mmol,
1.1 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40 min.
Bromotrichloromathane (0.15 ml, 1.5 mmol, 3 eq) was added, followed by Cp*RuCI(PPhs3),
(28 mg, 0.035 mmol, 7 mol%) and the mixture was stirred at room temperature. The reaction
was monitored by TLC indicating around 90% conversion after 1.5 h, and the reaction was
quenched at 3 h by adding water. The mixture extracted with CH,Cl, and the organic layer
was washed with brine and dried over Na,SO,. The conversion was 93% measured by *H

NMR of the crude material.

'H NMR Studies of enolization in CDCl5:

TiCl, (0.10 equiv), CDCly, 0 °C, 5 min VAN
OJ\NJ\/ i-Pr,NEt (1.05 equiv), 0 °C, 40 min o0 )\@B

N
s
T

Ph

Titanium tetrachloride (1.0 M in CDCls, 0.15 ml, 0.15 mmol, 0.1 eq) was added to a solution
of the substrate 3.1 (0.392 g, 1.50 mmol, 1.0 eq) in CDCl; (5.2 ml) in a vial at 0 °C and the
mixture was stirred for 5 min at the same temperature. Diisopropylethylamine (0.274 ml,

1.58 mmol, 1.05 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40
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min. The reaction mixture was transferred via cannula to a NMR tube which was pre-filled
with Ar.

c, —1°

. . ° . Ti

TiCly4 (0.33 equiv), CDCl3, 0 C, 5 min /N

OJ\NJ\/ i-Pr,NEt (1.05 equiv), 0 °C, 40 min o o )\@

“"}_S - C}ig)\/ {l H

w

Ph

Titanium tetrachloride (1.0 M in CDClI3, 0.17 ml, 0.17 mmol, 0.33 eq) was added to a
solution of the substrate 3.1 (0.136 g, 0.52 mmol, 1.0 eq) in CDCI3 (1.8 ml) in a vial at 0 °C
and the mixture was stirred for 5 min at the same temperature. Diisopropylethylamine (95 pnl,
0.55 mmol, 1.05 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40
min. The reaction mixture was transferred via cannula to a NMR tube which was pre-filled
with Ar.
o
LI mmememosan KT

- JLA

w }—S . )—S < H

Ph
Ph

Titanium tetrachloride (1.0 M in CDClj3, 0.58 ml, 0.58 mmol, 1.1 eq) was added to a solution
of the substrate 3.1 (0.138 g, 0.53 mmol, 1.0 eq) in CDCI; (1.8 ml) in a vial at 0 °C and the
mixture was stirred for 5 min at the same temperature. Diisopropylethylamine (0.10 ml, 0.58
mmol, 1.1 eq) was added and the resulting deep red mixture was stirred at 0 °C for 40 min.
The reaction mixture was transferred via cannula to a NMR tube which was pre-filled with

Ar.
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2g-4-238ceude sdp

Pile: racd00/takarisn/gushen/sg-4-238crude. 1dp. tia

T —

omsxRVE  m1, 3999486693 iz
PRocKSSING

ng 0.1 Mx

Line brossun:
T asze 63236
Total tine 1 min, 26 sec

TiCl; (0.5 €q), CH,Cly, 0°C. 5 min
PrNER (1.1 eq), 0 °C, 40 min

o o
then BrCCly (12 eq), RuCl(PPhy):
o)L,,J'\/ 45°C,20h st oJLNJk/

B H ccly
“T en >97% conversion T en

|5
]
— S —— T ——— —
7 6 s 4 s B
- 3
eg-e-227ccude. s0p
Pile: oncd00/Takacian/qushen/ag-i-23Tcrade. sdp. £l
Ralan. delay 8.000 sec
buiee 334
TiCI, (0.4 €q), CH,Cly, 0°C. 5 min
i o KPr,NEX (1.1 eq), 0 °C, 40 min o o
then BICCI, (12 eq), RuCh(PPha)s
O)LNJ’\/ 45°C. 20 h o)LNJk;/
H Hsn cchy
T Ven 919% conversion ¢
L
[t "
NJ‘JL} \ o
oAt —t—— T S .
8 s 7 L =3 5 4 2
% 33 3 Cl 88
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2g-4-233cruda. 300

Pile: nacs00/takasian/gushen/zg-4-233crade. 500, £1d

Felax. deiay §.000 sec
Pulse 73.0 degrees

§ cwpetitions
ORSERVE K1, 4998540447 seix
oatA =

Line broasening 0.2 iz
FT aze 32768

Totai tine 1 min, 26 ge TiCl, (0.3 eq), CH;Cly, 0°C, 5 min
#PrNEt (1.1 €9), 0 °C, 40 min

o o
then BrCCly (12 eq), RuCl(PPhs)
D)L"Jk/ 4s°c‘2nn‘ i ’ o)LNJKi/
) ccly

1381
=T

""l *Bn 73% conversion 1 en

! 4 b L/

UYL L ) N ,‘”_j.’ ‘Uw’ i
P B o . , , : : — : : : , : ——
] ) k] 6 s 4 oy 35 2 S 5 1 ppm
g g : £ 85 : g

2g-4-240cruda. 1dp

File: nacd00/Taxarian/gushen/zg-4-240crade sip £1d

Ralax. delay §.000 sec
degrees

8 rwpatations
onsavE W, 399.908678 sme o G
oama sRocksstu
e LA
7 aime 65336 UL Ttoea.occ,sm
Faln Ot v \{  (10eq),0°CSmin
Bn
s
Touese FPNEL(11€0). 0°C,40min O O o o
CH,Ch, 0°C, Smin +Fr2! 1000, 0 %oy n
X, LU i e g
o’N 0°C, 40 min s H écn,' \_(B éely
T en .
L) 4 ]
1 Conv.74%  Conv. 70%
’]’r' |
e I ,,w/, — i |
LY szl /LJ"J_,_L.JL_._,_J WA
s ] 6 s : 4 i w2 aat ppe
b b d i < S 5§ B e 8 i = -
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2g-4-246crude. 1dp

File: nacd00/Taxarian/gushen/zg-4-246erade. sip £1d

Line broadening 0.1 Mz
T asze 63336
Total time 1 min, 26 aec

TiCl4 (0.3 eq), CH;Cl, 0°C, 5 min
FPr;NEt (1.0 eq), 0 °C, 40 min
then BrCCly (3 eq), RuCh(PPha)s (7 mol%)
45°C. 12h o’u‘uj\/

672% conversion | Lg,, Ll

I e i —_— o
_waJ'bmfuf Lg ]*L m‘ﬂ M_ﬂ,ﬂgm‘___,‘ o

e; [, » & x S 4 b 3B 2 o . At PR
e s a & As 4 & & B & d

2g-4-231crude. 1dp
File: nacd00/taxarian/gushen/zg-4-231crade sip £1d
Solvest: cde13

Teap. 2.0 C / 298.1 K

Opesator: guzhen
File: sg-d-23lcrude.1dp
T —

Ralax. delay §.000 sec
degrees

0 swpetitions
onszRvE W1, 399940612 seix
oara v
Line brossaning 0.1 He
T aize 63336
Totai time 1 min, 26 e
TiCl (0.3 eq), CH;Cl, 0°C, 5 min
o o iPr;NEt (1.1 eq), 0 °C, 40 min o o
then BrCCl; (3 eq), RuCl;(PPhy); (7 mol%)
Al Dmats 1
] 75% conversion g O

8 7 o 7 6 5 4 o 3 2 PO L PR
563 88 & 3 EE] s g 2 H 53 3
Ada WA a 4 “e P - faa

109



2g-4-267cruda. 300

File: naes00/faxacian/gushen/zg-4-267crade. 500, 10

Puise Sequence: alpul

Opesatos: guzhen
Pile: 2g-4-267crude 300
INOVA-S00  "nrsesves”

Relax. delay §.000 sec
Pulse 73.0

§ ropetitions
oncxEvE K1, 499.6360473 vix
srocrzsing
TiCl (0.3 eq), CH,Cl, 0 °C, 5 min
J-PENEH (3.0 €q), 0 °C, 40 min
then BICCly (3 eq), RUCL(PPha)s (7 mol%)
45°C,12h

Line broasening 0.2 Mz
T asze 32768
Total time 1 min, 26 sec

47% conversion

—— —
—r . et — . e
s - + ? ¢ s [ 4 yd
s a a 4% &

2g-4-232crude 1dp

Pile: nacd00/Taxarian/gushen/zg-4-252crade sip £1d

Opasator:
File: xg-a-252crude.1dp
INOVA-300 “sacserver”

Ralax. delay §.000 sec
degrees

Line broasening 0.1 dx
T aize 63336

Totai time 1 min, 26 e
TiCls (0.3 eq), CH;Cl;, 0°C, 5 min
ELN (1.1 eq). 0 °C, 40 min

JUJ U' \ ! HL”; \.AUIL:'V

o o o o
then BICCly (3 ea), RUCH(PPhy)s (7 mol%)
o)l‘uj\/ 45°C, 12h o/u\n)k/
l A 76% conversion E H" Loy
.
i L) !
———— —————————— e
8 RS 7 6 5 A ) 3
S cd wa a b s #
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2g-s-236crude. 1dp

File: nacd00/Taxarian/gushen/zg-4-256erade sip £1d

Line broasening 0.1 Ms
T asze 63336
Total time 1 min, 26 aec

2g-4-269cruda. 1dp

Pile: nacd00/Taxarian/gushen/zg-4-260crade. sip £1a

Opesator: guzhen
File: 2g-4-269crude. 1dp
T —

Ralax. delay §.000 sec
degrees

Line broadening 0.1 Mz
T asze 63336
Toral time 1 min, 26 sec

-

i
WJ’U \Jl \\‘

TiCls (0.3 eq), CH;Cl, 0 °C, 5 min

EtsN (3.0 q), 0 °C, 40 min

then BICCl3 (3 eq). RUCh(PPhy)s (7 mols)
45°C,12h

o o

100% conversion

1IL I . JL,,‘L,
T T  — T T —T— T T
6 s N e 4 2 i 1 ppm
i : g q 1

TiCly (0.1 €q), CH,Cly, 0°C, 5 min
EtsN (3.0 eq), 0 °C, 40 min

o o o o
then BICCly (3 eq), RUCK(PPha) (7 mol%)
P N e N
T S g, Cen

f b ! (904 -
. — —— — — — e t——r r
) . 3 2 - ol PP
s i da @4 i e s
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2g-4-270cruda. 300
ahore silica ped

rite: -
Pulse Sequence: s2pul
Sotvent: cders
Sabieot tompecaisse
Opacatoe: guasen
Pile: 2g-4-270crude-siticapad. 300
THVA-300. “racsacvert
atay 3,000 sec
Puise 73.0 dagrees
Ao, tine 2,700 sec
wiawn 39932 B
§ copetitions
casxmE B, 4998560473 e
oaTh smockssivG
Line brosdening 0.2 s TiCk (0.1 €q), CH,Cl, 0°C, 5 min
T w3268 .
o g s 13
en BICCl; (3 eq), RuCk(PPha)s
o’lLNJ\/ 45°C.12h o)Ln’u\/
76% conversion -1 Lg,. h
)|
M |
m—— P = f
/ | "blf ]
D NP,V { flooae Milee
———r —_— e
8 s 7 €, - s by 4 o 3
25 8 ) # ) 5 g 8 3
- é " b é é &
sme2sterada. sop
Pile: omed0D/akacian/qushenagei-23dcrada. sip. £ld
Putee Sequence: adpu
sotvent: cae13
Sabiect tompecatare
Opacasors: gueden
File: ag-t-25dcede. idp
IoA-300 “rassacvesr
ax. detay 8.000 sec
Pt 334
hom. bime 250 sec
waaen 7196.8 e
§ copetitions
casxiE W1, 3999086626 vs
oam
Line broaening 0.1 s
7 aime 65336 .
Totad time 1 min, 26 sec TiCl (0.3 q). CH;Cl, 0°C, 5 min
. PMP (1.1 eq), 0°C, 40 min _—
then BICCls (3 eq). RuCl(PPha)s (7 mol%)
O)LNJK/ 459,121 oJLNJk/
'I “8n 100% conversion
ol ‘ s ‘
4
—aﬂd‘b L/ J|L h‘ 1
—————T—T——T——T——T————
s T 7 6 s 4 ; 3
G dc en b 1 s s 3
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2g-4-266cruda. 1dp

File: nacd00/Zaxarian/gushen/zg-4-266arade. sip £1a

Relax. delay §.000 sec
Pulse 334 degrees

stsone

OmsXRVE W1, 3999486680 six

DATA PROCRSSING.
Line broasening 0.1 Ms

T asze 63336

Total time 1 min, 26 aec

P |

WY

TiCl, (0.1 eq), CH;Cl, 0°C, § min
PMP (1.1 eq), 0°C. 40 min

0o o o o
then BICCls (3 eq), RUCK(PPhy)s (7 molt)
O)L"J'\/ a55C, 121 ’ o)LuJ\/

100% conversion l La,. 9

8 7
6 66 %

2g-4-273crude. 1dp

Pile: nerd00/takasian/gushen/zg-4-213crade. 1dp. 10

Belax. dalay §.000 sec
Pulse 334 degrees
Aoq. time 2.502 smc
Widen 71968 He

§ cwpetitions
CHSERVE K1, 399.9486672 smiz
DATA PROCRSSING.

Lane ng 0.1z

Total time 1 min, 26 asc

s & - N

- - : :

)OL o

Q NJ\/ (1.0 ¢a), 0°C, 40 min
H cey
b/ Bn
FPENER(11eQ)  BiCCly (3 eq), RuCh(PPhy); S %
Ticl, CHiCh.0°C.5min  4sec, 12 o)LNJ\/
1.0 equiv 45% conversion

8 g 7
Aea 4

| 1] My
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2g-4-278crude. 1dp

Pile: nard00/takasian/gushen/zg-4-278crade. 1dp. 10

INOVA-300 "narsecves®

8 copetst
ORSERVE K1, 3999486646 seix
oatA =

Total time 1 min, 26 asc

wea |

2g-4-27%cruda. 1dp

Pile: nerd00/takasian/gushen/zg-4-219crade. 1dp. £1d

B copetst
CBSERVE K1, 3999486636 smiz
oata =

Total time 1 min, 26 asc

o o

Jk/ (1.0 eq), 0°C, 40 min
ccly

OJLN
oy

EtN(11eq) BrCCly (3 eq), RuCK(PPhy)s S 9
Ticl, CHeCR0°C.Smin  450c, 12h o NJI\:/
1.0 equiv 35% conversion TN &
| ﬁ '
M . A
B 5 b 4 T 1
3 £ * a4 =
o o
Q" N (1.0eq), 0°C, 40 min
cel
=T en
PMP (1.1 eq) BICCl, (3 eq), RuCH(PPh); % 9
Ticl, | CHiCh0°C.Smin  450c, 12h O}L"J\:/
1.0 equiv 63% conversion < gn &8
I )d Tr !
- % — o
U]
y ‘ \"\___,_,_,_J i "“”k_/ "‘-
——r— L e e B Y
6 ) 5 4 B
- b= : =i 1 6
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2g-4-276crude. 1dp

Pile: mard00/taxacian/gushen/zg-4-276crade sdp €18

opezat
File: 2g-4-276crude.idp
INOVA-300 “ersecves®

Relax. dalay §.000 sec
Pulse 334 degrees
Aoq. time 2.502 smc

Widen 7196.8 Ke

12 repatitions
OBSERVE K1, 3999486653 smiz
DATA PROCRSSING.

Line broasening 0.1 Mz
FT asze 65336
Total time 2 min, § wec

I-PraNEt (1.1 eq)

CH,Cly, 0°C, 5 min

o o
N
Q "’U\{ku.o eq), 0°C. 40 min

‘NHBn S

BrCCls (3 eq), RuCl,(PPha)y
50°C,24h

o o
o}LuJK/

';z:" 57% conversion ‘Hs“ éc"
jr
Ve —_ .~ S
B VYA . fi oM

2g-4-284crude. 1dp

Pile: nard00/takasian/gushen/zg-4-284crade. 1dp. 10

Belax. dalay §.000 sec
Pulse 334 degrees
Aoq. time 2.502 smc
Widen 71968 He

§ cwpetitions

CBSERVE K1, 3999486662 smiz
DATA PROCESSE

Total time 1 min, 26 ase

Ticly
1.0 equiv

-PrNER (1.1 eq)

CH;Cl, 0°C,5min  250°C 12h

)LN

Q T (1.0e9),0°C, 40 min
T, 8
Bn

BrCCl, (3 q), RuCly(PPhs)s

o o
O)LNJ\/

"'Han et

41% conversion

2.9 |

J/PM ;\_}»’ - ALL
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2g-4-283crude. 1dp

Pile: mard00/taxacian/gushen/zg-4-283crade. sdp. 14

opezat
File: 2g-4-285crude.idp
INOVA-300 "orsecves®

Relax. dalay §.000 sec
Pulse 334 degrees

Aoq. time 2.502 smc

Widen 7196.8 He

§ swpetitions

CBSERVE K1, 399.9486631 smiz
DATA PROCRSSING.

Total time 1 min, 26 asc

PMP (1.1 eq)

o o

O)LNJK/

I (1.0eq), 0°C, 40 min
ccl

Bn
BrCCls (3 eq), RuCL(PPhy)s

Ticl CHaCL, 0°C.5min  250°C 12

1.0 equiv

57% conversion

2g-4-277crude. 1dp

Pile: nard00/Iakasian/gushen/zg-4-217crade sdp €18

Belax. dalay §.000 sec
Pulse 334 degrees
Aoq. time 2.502 smc

Widen 71968 He

8 copetstions

CHSERVE K1, 399.9486787 smiz
DATA PROCRSSING.

Total time 1 min, 26 ase

s s o

TiCly (0.2 eq), CH,Cly, 0 °C. 5 min

PMP (1.1 eq), 0 °C, 40 min

then BICCl, (3eq), RuCh(PPhy); (0.07 eq)
RT, 480

76% conversion

I Mjﬂ Juah

4
no -
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2g-4-273crude. 1dp

Pile: nard00/takacian/gushen/zg-4-215crade sdp. €14

TiCl (0.2 €q), CH:Cly, 0°C, 5 min

e PMP (1.1 eq), 0 °C, 40 min

Toeed vime 3 min, 26 000 then BICCls (3eq), Cp'RUCIPPhy), (0.07 eq)
OJLNJK/

RT.3h

i’ {B,, 3% conversion

/] )

K

Wt ! L (SO ——
———r——— e ————————— ———————— T e ————
] : L 6 = s 4 : 3 2 1

a b “ ] & o i v e

ath-2-064-c
311 (subsiTicld)
‘sooums

Sample: ath-2-064-c
Pile: mmrs00/Takarian/herrea/ath-2-064-c. 214

Pulse Sequence: s2pul
Solvent: Cocl3
Asbient tesperature
Operator: herrma
Pile: ath-2-064-c
INOVA-500 “mmrserver®

Relax. delay 8.000 sec

o 0.0 doprens. o o TiCly (0.33 eq), CDCl3, 0°C, 5 min
Acq. time 2.500 sec 0 '3 3
Width 5995.2 Mz i i
i s & )LN M PraNEL(1.05 eq), 0 °C, 40 min
e NI, 499,8560267 e
oATA PROCESSING
Line broadesing 0.2 ¥x Bn
7T size 32708 T Va0

Total time 2 mia, 48 sec

. a_ T ij:ﬂk

] s t 2 4 2 2 83° & 32 3 g3
338 § DA Sed w3
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Sample: ach-1-089-c
File: marS00/fakarian/herrma/ath-1-058-c.£1d

File: ath-2-053-c

Ralaz. delay 8.000 sec

L, 99.8560315 Wz

i
Line brosdesing 0.2 Nz
PE mize 32768

Total time 2 min, 48 sec

j.LO

Q" N

"“Hsn

TiCl; (0.10 g), €DCly, 0 °C, § min Ao°
-PrNEL (1.05 eq), 0 °C, 40 min 9" "o

2g-4-238.300

File: mars00/Zakarian/gusnen/ag-4-258-22degree. 500. £10

-2
INOVA-300  narserver™

Melax. delay §.000 sec

W ropotst
OBSERVE 1, 4998560513 Mz
oaTA NG

Line 0.2 M

o l
e V_IJL.
v l »' ‘ ‘ I 7

] 3 a4 3 2 1 ppm
% § 2 3 3 9 5%%2 g 8% 2r2 32
Cle
i Jol\/ TiCly (1.05 eq), CDCl, 0°C, 5 min 01“\0 i
PrNEX (1.05 eq), 0 °C. 40 min \
O e I W _,"’-ﬂ\
’ Bn “Tan
'HNMR at 22°C
/ & VIU A
. 1 e o 1 —r o T |
s X 3 2 " 1 PpR
r r '
5 8 5 ] §.& 2 EERE
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2g-4-238.300
30 oc

File: mars00/Zakarian/guinen/ag-4-258-30degree. 500. €10

o
i j‘l\/ TICk (1105 0a) COCls 0°C. Smin T |
FPr,NE (1.05 eq), 0 °C. 40 min >
o BRERSRIT FH Al
“T en e
TH NMR at 30 °C

106 cH
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2g-4-238.300
40 oc

File: mars00/Zakarian/gushen/ag-4-258-43degree. 500. £10

-8
INOVA-300  narserver™

Melax. delay §.000 sec
Pulse 73.0 degreas

4958560518 ¥z

0.2 H

o TiCly (1.05 eq), COCly, 0°C, 5 min

PENEL (1.05 eq), 0 °C, 40 min

-

Sl )
o’“‘o 1
Q ®
N N
Bn

. %

"H NMR at 40 °C

, 6 5
. v
2g-4-258.300
s00c
Fite 00,
cly o
,?L )ok/ TiCl (1.05 eq). CDCly. 0°C, 5 min o"“‘o 1
I-PrNEt (1.05 eq), 0 °C, 40 min 1
)
07N —_—> 5 NJ\/ "_J\
“T Ve ] —H
1 “Bn
"HNMR at 50 °C
- -
e . — . ; e .
8 7 6 s

0.1
0.08
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2g-4-238.300
35 oc

File: naxso0/Zakarian/gushen/ag-4-258-35degres. 500. €10

4958560514 Yz

0.2 H

o o TiCly (1.05 eq), CDCly, 0°C, 5 min
i-Pr;NEt (1,05 eq), 0 °C, 40 min
A P (1050, 0%C. 40min

z
2.48 ¢
3.2
s.a
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3-7: Perfluoroalkylations of N-Acyl Oxazolidinones Supporting Information

1. SOCl,, MeOH
2. Bocy0, Et3N, CH.Cl,
3. MeMgBr, THF o
4. KO'Bu, THF -
Bn OH - OJ‘LNH
NH,

Bn
S1

(S)-4-Benzyl-5,5-dimethyloxazolidin-2-one. Thionyl chloride (5.50 mL, 74.8 mmol)
was added dropwise to a solution of L-phenylalanine (6.17 g, 37.4 mmol) in methanol (104
mL) at O °C. The reaction was stirred for 30 min at 0 °C, and then heated to reflux for 4 h.
The solution was cooled to rt and methanol was removed in vacuo. The crude residue was
submitted to the next step without purification.

Di-tert-butyl dicarbonate (8.08 g, 37.0 mmol) was added to a mixture of the crude
substrate (37.4 mmol), triethylamine (5.70 mL, 41.4 mmol), and dichloromethane (83.0 mL)
at rt. The reaction was stirred at rt for 2 h and then quenched with HCI (1M). The layers
were separated. The aqueous layer was extracted with dichloromethane (3x30 mL). The
combined organic layers were dried with sodium sulfate and concentrated in vacuo to afford
a white solid. The crude residue was submitted to the next step without further purification.

Methylmagnesium bromide (3 M in Et,0, 49.9 mL, 150 mmol) was added dropwise to a
solution of the crude substrate (37.4 mmol) in THF (125 mL) at 0 °C. The reaction was
stirred at 0 °C for 10 min, then warmed to rt and stirred for 36 h. The solution was cooled to
0 °C and quenched with methanol. The solvent was removed in vacuo, and the solids were
re-dissolved in ethyl acetate and water. The layers were separated. The aqueous layer was
extracted with ethyl acetate (3x75 mL). The combined organic layers were dried with
sodium sulfate and concentrated in vacuo delivering a light yellow oil. The crude residue

was submitted to the next step without further purification.
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Potassium tert-butoxide (4.74 g, 42.2 mmol) was added to a solution of the crude
substrate (37.4 mmol) in THF (101 mL) at 0 °C. The reaction was warmed to rt and stirred
for 2.5 h. The reaction was then quenched with saturated aqueous ammonium chloride. The
layers were separated. The aqueous layer was extracted with ethyl acetate (3x40 mL). The
combined organic layers were washed with brine, dried with sodium sulfate, and
concentrated in vacuo. The crude product was purified by column chromatography (silica,
40% ethyl acetate — hexanes, 60% ethyl acetate - hexanes) to afford the white/yellow solid
oxazolidinone S1 (6.31 g, 30.7 mmol, 82% over 4 steps)*?*. *H NMR (400 MHz, CDCls);
8(ppm): 7.37-7.32 (m, 1H); 7.30-7.23 (m, 1H); 7.19-7.16 (m, 2H); 4.69 (brs, 1H); 3.68 (dd,
J1=10.8 Hz, J2=3.6 Hz, 1H); 2.84 (dd, J1=13.6 Hz, 3.6 Hz, 1H); 2.67 (dd, J1=13.6 Hz,

J2=10.8 Hz, 1H); 1.50 (s, 3H): 1.47 (s, 3H).

o} o O

)l\ n-Buli, propionyl chloride, THF )]\ ,lk/

O 'NH

Y
o)

Bn Bn
S1 1

(S)-4-Benzyl-5,5-dimethyl-3-propionyloxazolidin-2-one (3.12). n-Butyllithium (10.4
mL, mmol, 2.45 M in hexanes) was added to a solution of the oxazolidinones S1 (5.00 g,
24.4 mmol) in THF (81.3 mL) at -78 °C. After 30 min, propionyl chloride (2.16 mL, 24.9
mmol) was added and the reaction was stirred for an additional 30 min. The reaction was
warmed to 0 °C and stirred for 1.5 h. The reaction was quenched with saturated aqueous
ammonium chloride and the layers were separated. The aqueous layer was extracted with
ethyl acetate (3x100 mL). The combined organic layers were washed with brine, dried with

sodium sulfate, concentrated, and purified by column chromatography (silica, 30% ethyl
acetate - hexanes) to afford the desired product (5.93 g, 24.5 mmol, 93%). oc62 -29.3° (¢ 1.0,
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dichloromethane). *H NMR (600 MHz, CDCls); d(ppm): 7.32-7.25 (m, 4H); 7.25-7.20 (m,
1H); 4.50 (dd, J1=10.2 Hz, J2=4.2 Hz, 1H); 3.15 (dd, J1=15.0 Hz, J2=4.2 Hz, 1H); 2.98-
2.88 (m, 2H); 2.88 (dd, J1=4.2 Hz, J2=15.0 Hz, 1H); 1.37 (s, 3H); 1.36 (s, 3H); 1.14 (dd,
J1=J2=7.2 Hz, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 174.5, 152.9, 137.2, 129.3 (2C),
128.9 (2C), 127.0, 82.4, 63.7, 35.6, 29.6, 28.8, 22.5, 8.6. LRMS (ESI) calcd for

C15H19NO3Na [M+Na] 284.1263, found 284.14.

Standard procedure for the synthesis of N-acyl oxazolidinones:

Oxalyl chloride (0.96 mL, 11.0 mmol) was added to a solution of carboxylic acid (1.26
mL, 10.0 mmol), dimethylformamide (10 ul), and dichloromethane (3.30 mL) at 0 °C. After
10 min, the solution was warmed to rt and stirred for 1 h (until bubbling stops). The solution
was concentrated on a rotary evaporator. In a separate flask, n-butyllithium (2.48 M in
hexanes, 2.82 mL, 7.0 mmol), was added to a solution of oxazolidinone S1 (1.37 g, 6.67
mmol) in THF (18.2 mL) at -78 °C under argon. The solution was stirred for 30 min at -78
°C. A solution of the crude acyl chloride in THF (16.7 mL total with rinses) was added
dropwise at -78 °C. After stirring at -78 °C for 2 h, the reaction mixture was quenched with
saturated aqueous ammonium chloride. The aqueous layer was extracted with ethyl acetate
(3x20 mL). The combined organic layers were washed with brine, dried with sodium sulfate,
and concentrated on a rotary evaporator. The resultant oil or solid was purified by column

chromatography to give the corresponding N-acyl oxazolidinone.
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o (COCl),, cat. DMF, CH,Cly; o

o)
hen S2, THF M~~~

HOJJ\/\/\ - > OJLN

O

N s

O NLi

S3

Bn
S2

(S)-4-Benzyl-3-hexanoyl-5,5-dimethyloxazolidin-2-one (3.31). The title compound
was prepared from commercially available hexanoic acid (0.630 mL, 5.00 mmol) following
the standard procedure for the synthesis of N-acyl oxazolidinones and was obtained as a

colorless oil (1.17 g, 3.86 mmol, 77%) after purification by column chromatography (silica,
30% ethyl acetate - hexanes). a3 -28.8° (¢ 1.0, dichloromethane). *H NMR (400 MHz,

CDCls); 8(ppm): 7.34-7.20 (m, 5H); 4.51 (dd, J1=9.6 Hz, J2=4.0 Hz, 1H); 3.13 (dd, J1=14.4
Hz, J2=4.0 Hz, 1H); 2.98-2.82 (m, 3H); 1.68-1.60 (m, 2H); 1.37 (s, 3H); 1.35 (s, 3H); 1.40-
1.30 (m, 4H); 0.90 (dd, J=7.2 Hz, 3H); *C NMR (125 MHz, CDCl3); 8(ppm): 173.9, 152.9,
137.2, 129.3 (2C), 128.9 (2C), 127.0, 82.3, 63.7, 35.9, 35.6, 31.5, 28.8, 24.3, 22.7, 22.5,

14.2. LRMS (ESI) calcd for C1gH25sNOsNa [M+Na] 326.1732, found 326.18.

j\)\ (COCI),, cat. DMF, CH,Cly; j’\ j\)\
HO then S2 , THF > 0" N

o

X T

0" NLi s4

Bn
S2

(S)-4-Benzyl-5,5-dimethyl-3-(3-methylbutanoyl)oxazolidin-2-one (3.32). The title
compound was prepared from commercially available isovaleric acid (1.09 mL, 10.0 mmol)
following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a colorless oil (1.29 g, 4.46 mmol, 45%) after purification by column

chromatography (silica, 10% ethyl acetate - hexanes). oc64 -31.8° (c 1.0, dichloromethane).

125



'H NMR (600 MHz, CDCls); &(ppm): 7.32-7.26 (m, 4H); 7.24-7.20 (m, 1H); 4.52 (dd,
J1=9.6 Hz, J2=3.6 Hz, 1H); 3.14 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.88 (dd, J1=14.4 Hz,
J2=9.6 Hz, 1H); 2.85-2.78 (m, 2H); 2.19-2.12 (m, 1H); 1.36 (s, 3H); 1.35 (s, 3H); 0.97 (d,
J=7.2 Hz, 3H); 0.96 (d, J=7.2 Hz, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 173.1, 152.8,
137.2, 129.3 (2C), 128.9 (2C), 127.0, 82.2, 63.7, 44.3, 35.6, 28.7, 25.4, 22.7, 22.6, 22.5.

LRMS (ESI) calcd for C17H23NO3Na [M+Na] 312.1576, found 312.17.

o (COCl),, cat. DMF, CH,Cly; o o
then S2, THF - )L
HO - O N
o
)J\ i Bn

O 'NLi

S5

Bn
S2

(S)-4-Benzyl-3-(2-cyclohexylacetyl)-5,5-dimethyloxazolidin-2-one  (3.33). The title
compound was prepared from commercially available cyclohexaneacetic acid (0.710 g, 5.00
mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a white solid (1.00 g, 3.04 mmol, 61%) after purification by column
chromatography (silica, 10% ethyl acetate - hexanes). 0‘64 -31.5° (c 1.0, dichloromethane).

'H NMR (600 MHz, CDCl3); 8(ppm): 7.32-7.25 (m, 4H); 7.24-7.20 (m, 1H); 4.51 (dd,
J1=9.6 Hz, J2=3.6 Hz, 1H); 3.13 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.88 (dd, J1=14.4 Hz,
J2=9.6 Hz, 1H); 2.81 (ddd, J1=22.8 Hz, J2=15.6 Hz, J3=7.2 Hz, 2H); 1.88-1.79 (m, 1H);
1.73-1.62 (m, 5H); 1.36 (s, 3H); 1.35 (s, 3H); 1.32-1.22 (m, 2H); 1.19-1.10 (m, 1H); 1.05-
0.95 (m, 2H); *C NMR (150 MHz, CDCls); 8(ppm): 173.1, 152.9, 137.2, 129.3 (2C), 128.9
(2C), 127.0, 105.2, 82.2, 63.7, 42.9, 35.7, 34.7, 33.3, 33.2, 28.8, 26.4, 26.3, 22.5. LRMS

(ESI) calcd for CoH27NOsNa [M+Na] 352.1889, found 352.20.
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j’\/l< (COCI),, cat. DMF, CH,Cly; j’\ j’\k
HO then 82 , THF o N

-
ol

J?\ /}—‘Bn

O 'NLi S6

Bn
S2

(S)-4-Benzyl-3-(3,3-dimethylbutanoyl)-5,5-dimethyloxazolidin-2-one (3.34). The title
compound was prepared from commercially available 3,3-dimethylbutyric acid (1.27 mL,
10.0 mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones and

was obtained as a colorless oil (1.74 g, 5.74 mmol, 57%) after purification by column
chromatography (silica, 10% ethyl acetate - hexanes). 0L63 -28.8° (c 1.0, dichloromethane).

'H NMR (600 MHz, CDCls); &(ppm): 7.32-7.27 (m, 4H); 7.24-7.21 (m, 1H); 4.55 (dd,
J1=9.6 Hz, J2=3.6 Hz, 1H); 3.17 (dd, J1=13.8 Hz, J2=3.6 Hz, 1H); 2.96-2.83 (m, 3H); 1.35
(s, 6H); 1.05 (s, 9H); 3C NMR (150 MHz, CDCls); 8(ppm): 172.4, 152.9, 137.3, 129.2 (2C),
128.9 (2C), 127.0, 81.8, 63.8, 46.5, 35.6, 31.8, 29.9 (3C), 28.8, 22.6. LRMS (ESI) calcd for

Ci1sH2sNOsNa [M+Na] 326.1732, found 326.18.

(o) (COCI),, cat. DMF, CH,Cly; o

0
HOJ\/\/OPh then S2, THF o O/U\N/u\/\/o"h

0" "NLi s7

Bn
S2

(S)-4-Benzyl-5,5-dimethyl-3-(4-phenoxybutanoyl)oxazolidin-2-one (3.35). The title
compound was prepared from commercially available 4-phenoxybutanoic acid (1.80 g, 10.0
mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a yellowish oil (1.55 g, 4.22 mmol, 42%) after purification by column

chromatography (silica, 30% ethyl acetate - hexanes). 062 -27.0° (c 1.0, dichloromethane).
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'H NMR (600 MHz, CDCls); 8(ppm): 7.30-7.24 (m, 6H); 7.22-7.20 (m, 1H); 6.95-6.92 (m,
1H); 6.90-6.88 (m, 2H); 4.52 (dd, J1=9.6 Hz, J2=4.8, 1H); 4.04-3.95 (m, 2H); 3.16-3.10 (m,
3H); 2.88 (dd, J1=13.8 Hz, J2=9.0 Hz, 1H); 2.16-2.07 (m, 2H); 1.38 (s, 3H); 1.36 (s, 3H);
3C NMR (150 MHz, CDCls); 8(ppm): 173.1, 159.0, 152.9, 137.1, 129.6 (2C), 129.3 (2C),
128.9 (2C), 127.0, 120.9, 114.7 (2C), 82.5, 66.7, 63.7, 35.7, 32.6, 28.7, 24.2, 22.5. LRMS

(ESI) calcd for C2,H2sNO4Na [M+Na] 390.1681, found 390.17.

1. BnBr, NaH, THF
2. Jones reagent, /PrOH, acetone o

3. (COCI),, cat. DMF, CH,Cly; JOL /u\/\/\
HO/\/\/\OH then §2 , THF » 0 N OBn

I IR

O 'NLi

Bn
S2

(S)-4-Benzyl-3-(5-(benzyloxy)pentanoyl)-5,5-dimethyloxazolidin-2-one  (3.36). A
solution of 1,5-pentanediol (1.60 mL, 15.2 mmol) in THF (3.20 mL) was added to a slurry of
sodium hydride (60wt% in mineral oil, 0.104 g, 2.62 mmol) in THF (6.39 mL) over 30 min
at 0 °C. After stirring for an additional 30 min, a solution of benzyl bromide (0.260 mL, 2.18
mmol) in THF (3.21 mL) was added to the reaction mixture over 30 min. The reaction
mixture was then warmed to rt and stirred an additional 20 h. The reaction was quenched
with water, and THF was removed in vacuo. The aqueous layer was extracted with ethyl
acetate (3x20 mL). The combined organic layers were washed with water (6x20 mL), dried
with sodium sulfate, and concentrated in vacuo. The resulting oil was submitted to the next

reaction without further purification.

The crude mono-protected alcohol (0.517 g, 2.66 mmol) was dissolved in acetone (14.8

mL) and cooled to 0 °C. Jones reagent (3.35 M in water, 1.98 mL, 6.65 mmol) was added
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dropwise over 20 min. After 1 h at 0 °C, isopropanol (3.8 mL) was added to the reaction
mixture. After 30 min at 0 °C, solid sodium bicarbonate was added until the reaction mixture
was neutral (pH ~ 7). The reaction mixture was filtered through Celite and the solids were
washed with acetone and diethyl ether. The solution was concentrated in vacuo. Solid
sodium hydroxide was added to the resulting aqueous solution until basic (pH ~ 12). The
aqueous layer was extracted with diethyl ether (3x20 mL). Concentrated HCI (12 M) was
then added to the aqueous layer until acidic (pH ~ 1). The aqueous layer was extracted with
diethyl ether (3x20 mL). The combined organic layers were dried with sodium sulfate and
concentrated in vacuo. The resulting white solid was submitted to the next reaction without

further purification.

Oxalyl chloride (0.660 mL, 0.770 mmol) was added to a solution of the crude carboxylic
acid (0.146 g, 0.700 mmol), dimethylformamide (about 10 pl), and dichloromethane (0.470
mL) at O °C. After 10 min, the solution was warmed to rt and stirred an additional 15 min
(until all bubbling had stopped). The solution was concentrated in vacuo. In a separate flask,
n-butyllithium (2.43 M in hexanes, 0.200 mL, 0.490 mmol), was added to a solution of
oxazolidinone S1 (94.0 mg, 0.460 mmol) in THF (1.20 mL) at -78 °C under argon. The
solution was stirred for 30 min at -78 °C then the crude acid chloride in THF (1.30 mL total
with rinses) was added dropwise at -78 °C. After 2 h, the reaction mixture was warmed to 0
°C over 30 min and was quenched with saturated aqgueous ammonium chloride. The aqueous
layer was extracted with ethyl acetate (3x10 mL). The combined organic layers were washed
with brine, dried with sodium sulfate, and concentrated in vacuo. The desired compound S8

was obtained as a yellowish oil (0.123 g, 0.311 mmol, 44% over 3 steps) after purification
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by column chromatography (silica, 30% ethyl acetate — hexanes). 0L64 -20.8° (¢ 1.0,

dichloromethane). *H NMR (600 MHz, CDCls); S(ppm): 7.34-7.22 (m, 10H); 4.52-4.47 (m,
3H); 3.50 (dd, J1=J2=6.0 Hz, 2H); 3.13 (dd, J1=11.4 Hz, J2=3.6 Hz, 1H); 3.00-2.89 (m,
2H); 2.85 (dd, J1=13.8 Hz, J2=9.0 Hz, 1H); 1.77-1.71 (m, 2H); 1.70-1.64 (m, 2H); 1.36 (s,
3H); 1.34 (s, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 173.5, 152.9, 138.8, 137.2, 129.3
(2C), 128.7 (2C), 128.6 (2C), 127.9 (2C), 127.7, 127.0, 82.4, 73.1, 70.2, 63.7, 35.60, 35.59,
29.3, 28.8, 22.5, 21.3. LRMS (ESI) calcd for CyH29NO4Na [M+Na] 418.1994, found

418.21.

o (COCI),, cat. DMF, CH,Cly; o o
Ho)l\/\Ph then S2 , THF . OJLN/U\/\Ph
o A
Bn
0" "NLi s9

Bn
S2

(S)-4-Benzyl-5,5-dimethyl-3-(3-phenylpropanoyl)oxazolidin-2-one (3.37). The title
compound was prepared from commercially available hydrocinnamic acid (1.50 g, 10.0
mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a white solid (1.74 g, 5.16 mmol, 52%) after purification by column
chromatography (silica, 20% ethyl acetate - hexanes). 0‘64 -21.7° (c 1.0, dichloromethane).

'H NMR (600 MHz, CDCl3); 8(ppm): 7.32-7.18 (m, 10H); 4.50 (dd, J1=9.6 Hz, J2=4.2 Hz,
1H); 3.31-3.21 (m, 2H); 3.13 (dd, J1=14.4 Hz, J2=4.2 Hz, 1H); 3.01-2.92 (m, 2H); 2.86 (dd,
J1=14.4 Hz, J2=9.6 Hz, 1H); 1.36 (s, 3H); 1.32 (s, 3H); *C NMR (150 MHz, CDCls);
S(ppm): 172.8, 152.8, 140.6, 137.1, 129.3 (2C), 128.9 (2C), 128.70 (2C), 128.66 (2C),
127.0, 126.4, 82.4, 63.7, 37.4, 35.5, 30.7, 28.7, 22.5. LRMS (ESI) calcd for CpH,sNOsNa

[M+Na] 360.1576, found 360.16.
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(S)-4-Benzyl-3-(3-(3,4-dimethoxyphenyl)propanoyl)-5,5-dimethyloxazolidin-2-one
(3.38). The title compound was prepared from commercially available 3-(3,4-
dimethoxyphenyl)propanoic acid (2.10 g, 10.0 mol) following the standard procedure for the
synthesis of N-acyl oxazolidinones and was obtained as a yellowish solid (2.37 g, 5.96

mmol, 60%) after purification by column chromatography (silica, 40% ethyl acetate -
hexanes). a3 -17.3° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCl3); 8(ppm): 7.31-

7.20 (m, 5H); 6.80-6.76 (M, 3H); 4.49 (dd, J1=10.2 Hz, J2=4.2 Hz, 1H); 3.87 (s, 3H); 3.85
(s, 3H); 3.29-3.19 (m, 2H); 3.11 (dd, J1=14.4 Hz, J2=4.2 Hz, 1H); 2.94-2.87 (m, 2H); 2.85
(dd, J1=14.4 Hz, J2=10.2 Hz, 1H); 1.36 (s, 3H); 1.31 (s, 3H); *C NMR (150 MHz, CDCls);
S(ppm): 172.9, 152.8, 149.1, 147.7, 137.1, 133.2, 129.3 (2C), 128.9 (2C), 127.0, 120.6,
112.0, 114.5, 82.5, 63.7, 56.2, 56.0, 37.6, 35.5, 30.4, 28.7, 22.5. LRMS (ESI) calcd for

Ca3H27NOsNa [M+Na] 420.1787, found 420.18.

o (COCI),, cat. DMF, CH,Cly; 0 o
/U\/© then 52 , THF o J
HO 5
N en

O 'NLi

S11
Bn

S2

(S)-4-Benzyl-5,5-dimethyl-3-(2-phenylacetyl)oxazolidin-2-one  (3.39). The title

compound was prepared from commercially available phenylacetic acid (0.681 g, 5.00
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mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a white solid (0.788 g, 2.44 mmol, 49%) after purification by column
chromatography (silica, 20% ethyl acetate - hexanes). 0L64 -21.5° (c 1.0, dichloromethane).

'H NMR (600 MHz, CDCls); &(ppm): 7.35-7.31 (m, 2H); 7.31-7.19 (m, 8H); 4.50 (dd,
J1=9.6 Hz, J2=3.6 Hz, 1H); 4.28 (AB, JA=18.6 Hz, JB=15.6 Hz, 2H); 3.14 (dd, J1=13.8 Hz,
J2=3.6 Hz, 1H); 2.86 (dd, J1=13.8 Hz, J2=9.6 Hz, 1H); 1.36 (s, 3H); 1.32 (s, 3H); *C NMR
(150 MHz, CDCls); 8(ppm): 171.7, 152.8, 137.0, 133.9, 129.9 (2C), 129.3 (2C), 128.9 (2C),
128.8 (2C), 127.4, 127.0, 85.6, 64.0, 42.0, 35.4, 28.8, 22.5. LRMS (ESI) calcd for

CaoH2:NOsNa [M+Na] 346.1419, found 346.15.

o : (COCI),, cat. DMF, CH,Cly: o o =
J\/f\MJ\ then 52, THF N - #
HO o N

-
-

o B
s12 J,L Bn

O 'NLi S$13

(S)-4-Benzyl-3-((R)-3,7-dimethyloct-6-enoyl)-5,5-dimethyloxazolidin-2-one  (3.40).
The title compound was prepared from (R)-(+)-citronellic acid S14 (5.88 g, 16.5 mmol)
following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as a colorless oil (4.82 g, 13.5 mmol, 82%) after purification by column
chromatography (silica, 20% ethyl acetate - hexanes). a62 -21.4° (¢ 10.0, dichloromethane).

'H NMR (600 MHz, CDCl5); 8(ppm): 7.32-7.26 (m, 4H); 7.25-7.20 (m, 1H); 5.11-5.06 (m,
1H); 4.52 (dd, J1=9.0 Hz, J2=3.6 Hz, 1H); 3.15 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.93-2.84
(m, 2H); 2.79 (dd, J1=16.8 Hz, J2=7.8 Hz, 1H); 2.08-1.92 (m, 3H); 1.67 (s, 3H), 1.59 (s,
3H); 1.42-1.35 (m, 1H); 1.36 (s, 3H); 1.35 (s, 3H); 1.28-1.20 (m, 1H); 0.93 (d, J=6.6 Hz,

3H): 3C NMR (150 MHz, CDCls); 8(ppm): 173.2, 152.7, 137.2, 131.7, 129.3 (2C), 128.9
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(2C), 127.0, 124.6, 82.2, 63.7, 42.7, 37.0, 35.6, 29.7, 28.8, 25.9, 25.7, 22.5, 19.8, 17.9.

LRMS (ESI) calcd for Cy;H3:NOsNa [M+Na] 380.2202, found 380.24.

)()l\ /l?\EA/\)\ i i :
: > H,, Pd/C, MeOH W
o N > OJ\N

74%
Bn Bn
S$13 S14

(S)-4-Benzyl-3-((R)-3,7-dimethyloctanoyl)-5,5-dimethyloxazolidin-2-one (3.41). The
substrate 3.40 (0.441 g, 1.23 mmol) and palladium on carbon (30.4 mg) were dissolved in
methanol (6.83 mL). Hydrogen gas was bubbled through the reaction mixture for 2 min at
room temp. The reaction mixture flask was pressurized with hydrogen and the reaction was

stirred for 1 h at rt. The reaction mixture was filtered through Celite and the solvent was
removed in vacuo to afford the desired product (0.476 g, 1.33 mmol, 74%). a63 -21.5° (c

1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.32-7.25 (m, 4H); 7.25-7.20
(m, 1H); 4.52 (dd, J1=9.6 Hz, J2=4.2 Hz, 1H); 3.15 (dd, J1=14.4 Hz, J2=4.2 Hz, 1H); 2.94-
2.84 (m, 2H); 2.75 (dd, J1=15.6 Hz, J2=7.8 Hz, 1H); 2.06-1.98 (m, 1H); 1.57-1.50 (m, 1H);
1.36 (s, 3H); 1.35 (s, 3H); 1.35-1.12 (m, 6H); 0.92 (d, J=6.6 Hz, 3H); 0.862 (d, J=6.6 Hz,
3H): 0.859 (d, J=6.6 Hz, 3H); *C NMR (150 MHz, CDCl3); &(ppm): 173.3, 152.9, 137.2,
129.3 (2C), 128.9 (2C), 127.0, 82.2, 63.7, 42.8, 39.3, 37.2, 35.6, 30.0, 28.8, 28.2, 24.9, 22.9,

22.8,22.5,19.9. LRMS (ESI) calcd for Cy2H33NO3sNa [M+Na] 382.2358, found 382.23.

133
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(R)-4-Benzyl-3-((R)-3,7-dimethyloct-6-enoyl)-5,5-dimethyloxazolidin-2-one  (3.42).
Oxalyl chloride (0.200 mL, 2.20 mmol) was added to a solution of (R)-(+)-citronellic acid
(0.341 g, 2.00 mmol), dimethylformamide (10 pl), and dichloromethane (1.00 mL) at 0 °C.
After 10 min, the solution was warmed to rt and stirred an additional 15 min (until all
bubbling had stopped). The solution was concentrated in vacuo. In a separate flask, n-
butyllithium (2.39 M in hexanes, 0.880 mL, 2.10 mmol) was added to a solution of
oxazolidinone (0.411 g, 2.00 mmol) in THF (4.00 mL) at -78 °C under argon. The solution
was stirred for 30 min at -78 °C then the crude acyl chloride in THF (4.00 mL total with
rinses) was added dropwise at -78 °C. After 2 h, the reaction mixture was warmed to 0 °C
over 30 min and was quenched with saturated aqueous ammonium chloride. The aqueous
layer was extracted with ethyl acetate (3x20 mL). The combined organic layers were washed
with brine, dried with sodium sulfate, and concentrated in vacuo. The resultant oil was

submitted to the next reaction without further purification.

The crude substrate and palladium on carbon (48.0 mg) were dissolved in methanol (10.0
mL). Hydrogen gas was bubbled through the reaction mixture for 2 min at room temp. The
reaction mixture flask was pressurized with hydrogen and the reaction was stirred for 3h at
rt. The reaction mixture was filtered through Celite and the solvent was removed in vacuo.
The desired compound 3.42 was obtained as an oil (0.406 g, 1.12 mmol, 56%) after

purification by column chromatography (silica, 20% ethyl acetate - hexanes). oc63 22.1° (c
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1.0, CHCI3). 'H NMR (600 MHz, CDCls); 8(ppm): 7.32-7.26 (m, 4H); 7.25-7.20 (m, 1H);
4.52 (dd, J1=9.6 Hz, J2=3.6 Hz, 1H); 3.15 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.93-2.84 (m,
2H); 2.75 (dd, J1=15.6 Hz, J2=7.8 Hz, 1H); 2.07-1.97 (m, 1H); 1.56-1.48 (m, 1H); 1.36 (s,
3H); 1.35 (s, 3H); 1.35-1.11 (m, 6H); 0.93 (d, J=6.6 Hz, 3H); 0.87 (d, J=6.6 Hz, 3H); 0.86
(d, J=6.6 Hz, 3H): *C NMR (150 MHz, CDCls); 8(ppm): 173.4, 152.9, 137.2, 129.3 (2C),
128.9 (2C), 127.0, 82.2, 63.7, 42.9, 39.3, 37.3, 35.6, 30.0, 28.7, 28.2, 24.9, 22.9, 22.8, 22.5,

19.9. LRMS (ESI) calcd for C,,H33NO3Na [M+Na] 382.2358, found 382.22.

0 (COCl),, cat. DMF, CH,Cly; j’\ 0
HOJI\/\r/N then 82, THF lo) NJJ\/\(/N
o~ — A, oD
Bn
s17 s18
o)LNLi

Bn
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(S)-3-(3-(Benzo[d]oxazol-2-yl)propanoyl)-4-benzyl-5,5-dimethyloxazolidin-2-one
(3.44). The title compound was prepared from carboxylic acid 3.43 (0.471 g, 2.46 mmol)*??
following the standard procedure for the synthesis of N-acyl oxazolidinones and was

obtained as white solid (0.391 g, 1.03 mmol, 44%) after purification by column
chromatography (silica, 25% ethyl acetate — hexanes, 40% ethyl acetate — hexanes). oc63 -

11.9° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.65-7.58 (m, 1H);
7.48-7.42 (m, 1H); 7.31-7.15 (m, 7H); 4.50 (dd, J1=9.6 Hz, J2=3.6 Hz, 1H); 3.66-3.55 (m,
1H); 3.54-3.42 (m, 1H); 3.33-3.18 (m, 2H); 3.14 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.90 (dd,
J1=14.4 Hz, J2=9.6 Hz, 1H); 1.39 (s, 3H); 1.37 (s, 3H). **C NMR (150 MHz, CDCls);
8(ppm): 171.7, 165.8, 152.8, 151.0, 141.5, 137.0, 129.2 (2C), 128.8 (2C), 127.0, 124.7,
124.3, 119.8, 110.5, 82.8, 63.7, 35.5, 32.6, 28.7, 23.4, 22.5. LRMS (ESI) calcd for

C22H22N,04Na [M+Na] 401.1477, found 401.14.
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S$19 S20

Methyl 3-(benzofuran-2-yl)propanoate (3.46). Crude a,-unsaturated ester 3.45 (0.753

g, 3.42 mmol)**

and palladium on carbon (75.3 mg) were dissolved in methanol (23.0 mL).
Hydrogen was bubbled through the reaction mixture for 2 min at rt. The reaction mixture
flask was pressurized with Hydrogen gas and the reaction was stirred for 1.5 h at rt. The
reaction mixture was filtered through Celite and the solvent was removed in vacuo. The
desired compound 3.46 was obtained as an oil (0.379 g, 1.86 mmol, 54%) after purification
by column chromatography (silica, 5% ethyl acetate — hexanes, 10% ethyl acetate — hexanes,
15% ethyl acetate — hexanes). 'H NMR (600 MHz, CDCls); &(ppm): 7.50-7.46 (m, 1H);
7.43-7.39 (m, 1H); 7.24-7.16 (m, 2H); 6.43 (s, 1H); 3.71 (s, 3H); 3.12 (dd, J1=J2=7.8 Hz,
2H); 2.78 (dd, J1=J2=8.4 Hz, 2H); *C NMR (150 MHz, CDCls); [I(ppm): 172.9, 157.4,
154.9, 128.9, 123.7, 122.8, 120.6, 111.0, 102.7, 52.0, 32.3, 24.1. LRMS (ESI) calcd for

C1,H1,03Na [M+Na] 227.0786, found 227.08.

1. LiOH- H,0, THF
o 2. (COCI),, cat. DMF, CH,Cly; O o

then S2, THF
*AL@ i HOJLN -
pt Bn

S20 OJ\NLi S21

Bn
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(S)-3-(3-(Benzofuran-2-yl)propanoyl)-4-benzyl-5,5-dimethyloxazolidin-2-one (3.48).
LiOHeH,0 (3.00 mL, 7.2 mmol, 2.42 M in water) was added to methyl ester 3.47 (0.367 g,

1.80 mmol) in THF (9.00 mL) at 0 °C. After 10 min the reaction mixture was warmed to rt
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and stirred for 12 h. HCI (1 M) was then added until the reaction mixture was acidic (pH ~
4), and the layers were separated. The aqueous layer was extracted with ethyl acetate (3x20
mL). The combined organic layers were dried with sodium sulfate and concentrated. The
resultant solid was submitted to the next reaction without further purification.

Oxalyl chloride (0.172 mL, 1.97 mmol) was added to a solution of the crude carboxylic
acid (0.340 g, 1.79 mmol), dimethylformamide (10 ul), and dichloromethane (1.80 mL) at 0
°C. After 10 min, the solution was warmed to rt and stirred an additional 15 min (until all
bubbling had stopped). The solution was concentrated in vacuo. In a separate flask, n-
butyllithium (2.10 M in hexanes, 0.895 mL, 1.88 mmol), was added to a solution of
oxazolidinone (0.376 g, 1.83 mmol) in THF (3.60 mL) at -78 °C under argon. The solution
was stirred for 30 min at -78 °C then the crude acid chloride in THF (3.60 mL total with
rinses) was added dropwise at -78 °C. After 2 h, the reaction mixture was warmed to 0 °C
over 30 min and was quenched with saturated agueous ammonium chloride. The layers were
separated. The aqueous layer was extracted with ethyl acetate (3x20 mL). The combined
organic layers were washed with brine, dried with sodium sulfate, and concentrated. The
desired compound 3.48 was obtained as a white solid (0.538 g, 1.43 mmol, 79%) after

purification by column chromatography (silica, 15% ethyl acetate — hexanes, 30% ethyl
acetate — hexanes). oc63 -25.7° (¢ 1.63, CHCIl5). *H NMR (600 MHz, CDCls); 8(ppm): 7.50-
7.46 (m, 1H); 7.43-7.38 (m, 1H); 7.32-7.24 (m, 4H); 7.24-7.15 (m, 3H); 6.45 (s, 1H); 4.53
(dd, J1=9.6 Hz, J2=4.2 Hz, 1H); 3.45-3.34 (m, 2H); 3.19-3.09 (m, 3H); 2.88 (dd, J1=14.4
Hz, J2=9.6 Hz, 1H); 1.38 (s, 3H), 1.36 (s, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 172.0,
157.5, 154.8, 152.8, 137.0, 129.2 (2C), 129.0, 128.8 (2C), 127.0, 123.5, 122.7, 120.6, 111.0,

102.8, 82.6, 63.7, 35.5, 34.0, 28.7, 23.3, 22.5. LRMS (ESI) calcd for Cy3H,3NO,Na [M+Na]
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400.1525, found 400.11.

Standard procedure for perfluoralkylation of N-acyl oxazolidinones:

ZrCly, Et;N, DCM
RuCl,(PPh3); (0.07 equiv.)

O o O o O o
Rel (5.0 equiv.)
OJJ\NJ\/ F > OJJ\NJ\:/ + OJ\NJ\H/
B B S
Bn Bn Bn

by-product

An N-acyl oxazolidinone (63.5 mg, 0.250 mmol), zirconium(lV) chloride (61.3 mg,
0.263 mmol, 1.05 equiv), and RuCl,(PPh3); (16.8 mg, 0.0175 mmol, 0.07 equiv) were
weighed out and added to a oven-dried vial equipped with a magnetic stir bar. Each reaction
was capped with a black phenolic open-top screw cap lined with a white Silicone/TFE
septum. The reaction vial was then backfilled with argon followed by addition of dry
dichloromethane (2.50 mL) at rt. Triethylamine (0.122 mL, 0.875 mmol, 3.50 equiv) was
added to the reaction mixture and stirred for 5 min, followed by addition of perfluoroalkyl
iodide (1.25 mmol, 5.00 equiv). The vial cap was then replaced with a Teflon-lined cap. The
reaction mixture was stirred for 1 h at rt, then heated to 45 °C and stirred for an additional 16
h. The sealed reaction vial was slowly opened (reaction is under pressure), and then added to
HCI (1 M, 20 mL) in a separatory funnel. The layers were separated. The aqueous layer was
extracted with dichloromethane (3x10 mL). The combined organic layers were dried with
sodium sulfate, and concentrated on a rotary evaporator. The resulting compound was
purified by column chromatography to give the corresponding a-perfluoralkylated
oxazolidinone.

Alternative procedure for workup: The final reaction mixture can simply be filtered
through a 1.5 cm plug of silica gel with ~ 1.0 cm of Celite on top washing with ethyl acetate.

The filtrate is concentrated under reduced pressure to deliver the crude product.
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Standard procedure for trifluoromethylation of N-acyl oxazolidinones:

ZrCly, EtN, DCM
O o RUCI,(PPh3); (0.15 equiv.) O o

)l\ JJ\/R F4Cl (6.0 equiv.) . OJ\NJJ\_./R
CF,
Bn Bn

For solid substrates: The N-acyl oxazolidinone (0.500 mmol), zirconium(IV) chloride
(0.122 g, 0.525 mmol, 1.05 equiv), and RuCl,(PPh3); (71.9 mg, 0.075 mmol, 0.15 equiv)
were weighed out and added to a oven-dried vial equipped with a magnetic stir bar. Each
reaction was capped with a black phenolic open-top screw cap lined with a white
Silicone/TFE septum. The reaction vial was then backfilled with argon followed by addition
of dry dichloromethane (1.00 mL) at rt. The reaction was cooled to -78 °C, then
triethylamine (0.280 mL, 2.00 mmol, 4.00 equiv) was added and the reaction was stirred for
5 min. Trifluoroiodomethane (~0.230 mL, ~3.00 mmol, ~6.00 equiv) was then bubbled in
via needle at -78 °C. The vial cap was then replaced with a solid Teflon-lined cap. The
reaction was warmed to rt and stirred for 1 h, then heated to 45 °C and stirred for an
additional 16 h. The sealed reaction vial was slowly opened (reaction is under pressure) until
bubbling stopped, and then added to HCI (1 M, 20 mL) in a separatory funnel. The aqueous
layer was extracted with dichloromethane (3x10 mL). The combined organic layers were
dried with sodium sulfate, and concentrated on a rotary evaporator. The resulting compound
was purified by column chromatography to give the corresponding a-trifluoromethylated N-

acyl oxazolidinone.
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Alternative procedure for workup: The final reaction mixture can simply be filtered
through a 1.5 cm plug of silica gel with ~ 1.0 cm of Celite on top washing with ethyl acetate.
The filtrate is concentrated under reduced pressure to deliver the crude product.

For liquid or amorphous substrates: Zirconium(lV) chloride (0.122 g, 0.525 mmol,
1.05 equiv) and RuCl,(PPh3)s (71.9 mg, 0.075 mmol, 0.15 equiv) were weighed out and
added to a oven-dried vial equipped with a magnetic stir bar. Each reaction was capped with
a black phenolic open-top screw cap lined with a white Silicone/TFE septum. The reaction
vial was then backfilled with argon followed by addition of a solution of the N-acyl
oxazolidinone (0.500 mmol) in dichloromethane (3 rinses, total of 1.00 mL) at rt. The
reaction mixture was cooled to -78 °C, then triethylamine (0.280 mL, 2.00 mmol, 4.00
equiv) was added and the reaction was stirred for 5 min. Trifluoroiodomethane (~0.230 mL,
~3.00 mmol, ~6.00 eq.) was then bubbled in via needle at -78 °C. The vial cap was then
replaced with a solid Teflon-lined cap. The reaction was warmed to rt and stirred for 1 h,
then heated to 45 °C and stirred for an additional 16 h. The sealed reaction vial was slowly
opened (reaction is under pressure) until bubbling stopped, and then added to HCI (1 M, 20
mL) in a separatory funnel. The aqueous layer was extracted with dichloromethane (3x10
mL). The combined organic layers were dried with sodium sulfate, and concentrated on a
rotary evaporator. The resulting compound was purified by column chromatography to give
the corresponding a-trifluoromethylated N-acyl oxazolidinone.

Alternative procedure for workup: The final reaction mixture can simply be filtered
through a 1.5 cm plug of silica gel with ~ 1.0 cm of Celite on top washing with ethyl acetate.

The filtrate is concentrated under reduced pressure to deliver the crude product.
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Table 3.4.2, entry 1. The title compound was prepared from oxazolidinone 3.12 (0.131
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.122 g, 0.370 mmol, 74%, dr 9:1) after purification by column

chromatography (silica, 45% dichloromethane — hexanes, 15% ethyl acetate — hexanes, 20%
ethyl acetate — hexanes). oc65 14.5° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCl5);

d(ppm): 7.33-7.29 (m, 2H); 7.28-7.22 (m, 3H); 4.83 (app heptet, J=7.8 Hz, 1H); 4.53 (dd,
J1=9.6 Hz, J2=3.6 Hz, 1H); 3.19 (dd, J1=14.4 Hz, J2=3.0 Hz, 1H); 2.88 (dd, J1=14.4 Hz,
J2=9.6 Hz, 1H); 1.44 (d, J=7.2 Hz, 3H); 1.40 (s, 3H); 1.34 (s, 3H); **C NMR (150 MHz,
CDCls); 8(ppm): 168.6 (q, J=2.9 Hz), 152.3, 136.6, 129.2 (2C), 129.0 (2C), 127.2, 125.2 (q,
J=278.4 Hz), 82.9, 64.2, 42.5 (q, J=27.3 Hz), 35.1, 28.8, 22.6, 11.4 (g, J=2.9 Hz). °F NMR
(564.3 MHz, CDCls); &(ppm): -69.15 (d, J=7.9 Hz, 3F). LRMS (ESI) calcd for

C1eH1sF3NO3Na [M+Na] 352.1136, found 352.13.

o o
O)LNJ\:/
4_( CsF7
Bn
Table 3.4.2, entry 2. The title compound was prepared from oxazolidinone 3.12 (65.3
mg, 0.250 mmol) following the standard perfluoroalkylation procedure and was obtained as
a colorless oil (79.0 mg, 0.185 mmol, 74%, dr 24:1) after purification by column
chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
50% dichloromethane — hexanes). Analytically pure sample (white solid) was obtained using

HPLC by dissolving the mixture in 0.5% i-ProH/hexanes with the concentration of 10
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mg/ml. The separation was conducted on a YMC-Pack Sil HPLC column (250x30mmID, S-

10 um, 12 nm) with 4.5 mL injection (0.25% i-PrOH/hexanes as eluent at a rate of 20
mL/min, A=215 nm, R=14.55 min) afforded pure product. 0‘65 -32.7° (¢ 1.0,

dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.33-7.26 (m, 4H); 7.26-7.22 (m,
1H); 5.09 (app octet, J=7.2 Hz, 1H); 4.54 (dd, J1=10.8 Hz, J2=3.0 Hz, 1H); 3.25 (dd,
J1=14.4 Hz, J2=3.0 Hz, 1H); 2.82 (dd, J1=14.4 Hz, J2=10.8 Hz, 1H); 1.48 (d, J=7.2 Hz,
3H); 1.38 (s, 3H); 1.32 (s, 3H); **C NMR (125 MHz, CDCls); 8(ppm): 168.7 (t, J=3.3 Hz),
152.3, 136.8, 129.1 (2C), 129.0 (2C), 127.2, 121.8-105.0 (m, 3C), 82.8, 64.4, 39.3 (t, J=21.0
Hz), 34.7, 29.9, 28.9, 22.7, 11.4-11.2 (m, 1C). *F NMR (564.3 MHz, CDCls); &(ppm): -
80.59 (dd, J1=J2=10.2 Hz, 3F), -115.4 (m, 2F), -124.68 (m, 2F). LRMS (ESI) calcd for

Ci1gH1sF7NOsNa [M+Na] 452.1073, found 452.13.

O o
OJLNJ\./

C4Fo
Bn

Table 3.4.2, entry 3. The title compound was prepared from oxazolidinone 3.12 (65.3
mg, 0.250 mmol) following the standard perfluoroalkylation procedure and was obtained as
a colorless oil (85.4 mg, 0.178 mmol, 71%, dr 24:1) after purification by column
chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
50% dichloromethane — hexanes). Analytically pure sample (white solid) was obtained using
HPLC by dissolving the mixture in 0.5% i-ProH/hexanes with the concentration of 10
mg/ml. The separation was conducted on a YMC-Pack Sil HPLC column (250x30mmID, S-

10 pum, 12 nm) with 4.5 mL injection (0.25% i-PrOH/hexanes as eluent at a rate of 20

mL/min, A=215 nm, R=12.49 min) afforded pure product.a65 -24.3° (c 1.0,
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dichloromethane). *H NMR (600 MHz, CDCls); &(ppm): 7.34-7.26 (m, 4H), 7.26-7.22 (m,
1H), 5.11 (app octet, J=7.2 Hz, 1H), 4.54 (dd, J1=10.2 Hz, J2=3.0 Hz, 1H), 3.24 (dd,
J1=15.0 Hz, J2=3.0 Hz, 1H); 2.83 (dd, J1=15.0 Hz, J2=10.2 Hz, 1H); 1.48 (d, J=7.2 Hz,
3H); 1.38 (s, 3H): 1.33 (s, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 168.8-168.6 (m, 1C),
152.3, 136.8, 129.2 (2C), 129.0 (2C), 127.2, 121.0-106.4 (m, 4C), 82.6, 64.4, 39.4 (t, J=21.5
Hz), 34.7, 28.8, 22.6, 11.5-11.3 (m, 1C). *F NMR (564.3 MHz, CDCls); §(ppm): -80.91
(dd, J=9.6 Hz, 3F), -114.77 (m, 2F), -121.4 (m, 2F), -126.06 (m, 2F). LRMS (ESI) calcd for

Ci1oH15FsNO3Na [M+Na] 502.1041, found 502.13.
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Table 3.4.2, entry 4. The title compound was prepared from oxazolidinone 3.12 (0.131
mg, 0.500 mmol) following the standard perfluoroalkylation procedure and was obtained as
a colorless oil (0.161 g, 0.374 mmol, 75%, dr >98:2) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
50% dichloromethane — hexanes). oc63 -17.2° (c 1.0, dichloromethane). *H NMR (500 MHz,

CDCly); 8(ppm): 7.34-7.27 (m, 4H); 7.26-7.20 (m, 1H); 5.18 (dq, J¢=14.5 Hz, J;=7.5 Hz,
1H); 4.53 (dd, J1=11.0 Hz, J2=2.5 Hz, 1H); 3.29 (dd, J1=14.5 Hz, J2=2.5 Hz, 1H); 2.76 (dd,
J1=14.5 Hz, J2=11.0 Hz, 1H); 1.50 (d, J=7.0 Hz, 3H); 1.36 (s, 3H); 1.30 (s, 3H); *C NMR
(150 MHz, CDCls); 8(ppm): 169.2 (d, J=3.3 Hz), 152.3, 136.8, 129.1 (2C), 129.0 (2C),
127.1, 120.98 (dg, J=28.1 Hz, J=286.4 Hz), 120.96 (dq, J=28.1 Hz, 286.4 Hz), 92.4 (dh,
J=31.4 Hz, J=210.0 Hz), 82.6, 64.5, 37.5 (d, J=19.4 Hz), 34.1, 28.7, 22.3, 12.4. *°F NMR

(564.3 MHz, CDCl3); 8(ppm): -72.94 (dddd, J=9.6 Hz, 3F), -73.38 (dddd, J=9.6 Hz, 3F), -
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182.04 (m, 1F). LRMS (ESI) calcd for C1gH;8F7NOsNa [M+Na] 452.1073, found 452.09.
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Table 3.4.2, entry 5. The title compound was prepared from oxazolidinone 3.12 (65.3
mg, 0.250 mmol) following the standard perfluoroalkylation procedure and was obtained as
a white solid (93.0 mg, 0.159 mmol, 64%, dr >98:2) after purification by column
chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
50% dichloromethane — hexanes). Analytically pure sample (white solid) was obtained using
HPLC by dissolving the mixture in 0.5% i-ProH/hexanes with the concentration of 10

mg/ml. The separation was conducted on a YMC-Pack Sil HPLC column (250x30mmID, S-

10 pum, 12 nm) with 4.5 mL injection (0.25% i-PrOH/hexanes as eluent at a rate of 20
mL/min, A=215 nm, R=14.65 min) afforded pure product. ocB5 -19.1° (¢ 1.0,

dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.33-7.27 (m, 4H); 7.26-722 (m,
1H); 5.11 (app octet, J=7.2 Hz, 1H); 4.54 (dd, J1=10.2 Hz, J2=3.0 Hz, 1H); 3.25 (dd,
J1=14.4 Hz, J2=3.0 Hz, 1H); 2.82 (dd, J1=14.4 Hz, J2=10.2 Hz, 1H); 1.48 (d, J=7.2 Hz,
3H); 1.38 (s, 3H); 1.33 (s, 3H); *C NMR (150 MHz, CDCls); 3(ppm): 168.8-168.6 (m, 1C),
152.3, 136.8, 129.2 (2C), 129.0 (2C), 127.2, 120.5-106.4 (m, 6C), 82.7, 64.4, 39.4 (t, J=21.5
Hz), 34.7, 28.8, 22.6, 11.4. *°F NMR (564.3 MHz, CDCl5); &(ppm): -80.78 (dd, J1=J2=9.6
Hz, 3F), -114.52 (m, 2F), -120.36 (m, 2F), -121.91 (m, 2F), -122.72 (m, 2F), -126.09 (m,

2F). LRMS (ESI) calcd for CpiH1sF1sNOsNa [M+Na] 602.0977, found 602.08.
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Table 3.4.2, entry 6. The title compound was prepared from oxazolidinone 3.12 (65.3
mg, 0.250 mmol) following the standard perfluoroalkylation procedure and was obtained as
a white solid (87.4 mg, 0.183 mmol, 73%, dr >98:2) after purification by column
chromatography (silica, 12.5% ethyl acetate — hexanes, 15% ethyl acetate — hexanes, 20%
ethyl acetate — hexanes). Analytically pure sample (white solid) was obtained using HPLC
by dissolving the mixture in 0.5% i-ProH/hexanes with the concentration of 10 mg/ml. The

separation was conducted on a YMC-Pack Sil HPLC column (250x30mmID, S-10 um, 12

nm) with 4.5 mL injection (0.25% i-PrOH/hexanes as eluent at a rate of 20 mL/min, A=215
nm, R=13.44 min) afforded pure product. ‘163 -28.7° (c 1.0, dichloromethane). *H NMR

(600 MHz, CDCls); 8(ppm): 7.30-7.26 (m, 2H); 7.25-7.20 (m, 3H); 5.00 (app octet, J=6.6
Hz, 1H); 4.49 (dd, J1=10.2 Hz, J2=3.6 Hz, 1H); 3.14 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.81
(dd, J1=14.4 Hz, J2=10.2 Hz, 1H); 1.45 (d, J=6.6 Hz, 3H); 1.37 (s, 3H); 1.33 (s, 3H); °C
NMR (150 MHz, CDCls); 8(ppm): 169.9 (dd, J1=1.8 Hz, J2=6.2 Hz), 152.3, 146.0-144.0
(m, 2C), 143.6-141.6 (m, 1C), 139.0-137.0 (m, 2C), 136.7, 129.2 (2C), 128.9 (2C), 127.1,
119.5 (t, J=251.7 Hz), 110.3 (m, 1C), 82.9, 64.2, 45.8 (t, J=25.2 Hz), 34.8, 28.8, 22.5, 11.5
(t, 1=4.5 Hz). *°F NMR (564.3 MHz, CDCls); 8(ppm): -77.97 (dtd, Jg:=10.6 Hz, J=22.1 Hz,
J2=232 Hz, 1F), -80.68 (dtd, Jg=12.1 Hz, J=25.8 Hz, J2=232 Hz, 1F), -117.90 (m, 2F), -
127.67 (t, J=17.5 Hz, 1F), 136.77 (m, 2F). LRMS (ESI) calcd for Cz,H;sF7NOsNa [M+Na]

500.1073, found 500.09.
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Table 3.4.3, entry 1. The title compound was prepared from oxazolidinone 3.31 (0.152

g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (0.131 g, 0.353 mmol, 71%, dr ~9.4:1) after purification by column
chromatography (silica, 40% dichloromethane — hexanes, 15% ethyl acetate — hexanes). 0L63

6.8° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.33-7.25 (m, 4H);
7.25-7.21 (m, 1H); 4.99-4.89 (m, 1H); 4.56 (dd, J1=9.6 Hz, J2=3.6 Hz, 1H); 3.15 (dd,
J1=14.4 Hz, J2=3.6 Hz, 1H); 2.90 (dd, J1=14.4 Hz, J2=9.6 Hz, 1H); 2.04-1.95 (m, 1H);
1.87-1.79 (m, 1H); 1.39 (s, 3H); 1.42-1.25 (m, 4H); 1.35 (s, 3H); 0.90 (dd, J1=J2=6.6 Hz,
3H); *C NMR (150 MHz, CDCls); 8(ppm): 168.1 (g, J=3.5 Hz), 152.3, 136.7, 129.2 (2C),
128.9 (2C), 127.1, 125.0 (q, J=279 Hz), 82.7, 64.3, 47.0 (g, J=26.3 Hz), 35.2, 29.0, 28.7,
26.4 (g, J=1.7 Hz), 22.6, 22.4, 13.9. F NMR (564.3 MHz, CDCls); §(ppm): -67.11 (d,

J=7.9 Hz, 3F). LRMS (ESI) calcd for C19H24F3NO3sNa [M+Na] 394.1606, found 394.17.

o o
OJLNJ\._)\
4—( CF3
Bn
Table 3.4.3, entry 2. The title compound was prepared from oxazolidinone 3.32 (0.145
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (0.141 g, 0.395 mmol, 79%, dr >24:1) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
20% ethyl acetate — hexanes). 0‘64 5.4° (c 1.0, dichloromethane). *H NMR (600 MHz,

CDCls); 8(ppm): 7.33-7.27 (m, 4H); 7.25-7.21 (m, 1H), 4.82 (dg, J;=J;=8.4 Hz, 1H), 4.56
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(dd, J1=10.2 Hz, J2=3.6 Hz, 1H), 3.16 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H), 2.90 (dd, J1=14.4
Hz, J2=10.2 Hz, 1H), 2.47-2.37 (m, 1H), 1.37 (s, 3H), 1.36 (s, 3H), 1.14 (d, J=6.6 Hz, 3H),
1.03 (d, J=6.6 Hz, 3H): *C NMR (150 MHz, CDCls); 8(ppm): 168.1 (q, J=3.9 Hz), 152.4,
136.8, 129.2 (2C), 128.9 (2C), 127.1, 125.1 (q, J=280.1 Hz), 82.5, 64.3, 52.9 (q, J=25.7 Hz),
35.1, 28.8, 28.1, 22.4, 20.8, 20.4. *F NMR (564.3 MHz, CDCls); 8(ppm): -63.03 (d, J=9.0

Hz, 3F). LRMS (ESI) calcd for C1gH2,FsNOsNa [M+Na] 380.1449, found 380.15.

0 o
OJLN)I\:/O
4—( CF,
Bn
Table 3.4.3, entry 3. The title compound was prepared from oxazolidinone 3.33 (0.165
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (0.150 g, 0.378 mmol, 76%, dr >24:1) after purification by column

chromatography (silica, 25% dichloromethane — hexanes, 35% dichloromethane — hexanes,
20% ethyl acetate — hexanes). a3 19.3° (c 1.0, dichloromethane). *H NMR (600 MHz,

CDCly); 8(ppm): 7.34-7.27 (m, 4H); 7.25-7.21 (m, 1H); 4.88 (dq, J4=J,=9.0 Hz, 1H); 4.55
(dd, J1=10.2 Hz, J2=3.6 Hz, 1H); 3.16 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.90 (dd, J1=14.4
Hz, J2=10.2 Hz, 1H); 2.18-2.09 (m, 1H); 2.01-1.95 (m, 1H); 1.81-1.69 (m, 2H); 1.69-1.60
(m, 2H); 1.37 (s, 3H); 1.36 (s, 3H); 1.33-1.24 (m, 2H); 1.22-1.15 (m, 3H); *C NMR (150
MHz, CDCls); 8(ppm): 168.2 (g, J=3.9 Hz), 152.4, 136.9, 129.2 (2C), 128.9 (2C), 127.1,
125.1 (q, J=280.7 Hz), 82.5, 64.3, 52.3 (q, J=25.2 Hz), 37.2, 35.2, 30.7, 30.4, 28.8, 26.1,
25.9 (2C), 22.4. “°F NMR (564.3 MHz, CDCls); 8(ppm): -62.32 (d, J=7.9 Hz, 3F). LRMS

(ESI) calcd for C21H26F3sNO3Na [M+Na] 420.1762, found 420.18.
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Table 3.4.3, entry 4. The title compound was prepared from oxazolidinone 3.34 (0.153
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.129 g, 0.348 mmol, 70%, dr >98:2) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes).
oc65 90.9° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.33-7.29 (m,

4H); 7.26-7.21 (m, 1H); 5.10 (q, J=9.0 Hz, 1H); 4.57 (dd, J1=10.2 Hz, J2=3.0 Hz, 1H); 3.15
(dd, J1=14.4 Hz, J2=3.0 Hz, 1H); 2.90 (dd, J1=14.4 Hz, J2=10.2 Hz, 1H); 1.36 (s, 3H); 1.36
(s, 3H); 1.18 (s, 9H); °C NMR (150 MHz, CDCls); &(ppm): 167.3 (q, J=3.3 Hz), 152.6,
136.9, 129.2 (2C), 128.9 (2C), 127.1, 125.4 (q, J=281.3 Hz), 82.3, 64.3, 53.8 (q, J=24.6 Hz),
35.2, 34.2, 28.9, 28.7 (3C), 22.4. F NMR (564.3 MHz, CDCls); 8(ppm): -59.86 (d, J=9.0

Hz, 3F). LRMS (ESI) calcd for C19H24F3sNO3sNa [M+Na] 394.1606, found 394.17.
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Table 3.4.3, entry 5. The title compound was prepared from oxazolidinone 3.35 (0.184
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (0.146 g, 0.336 mmol, 75%, dr 9:1) after purification by column
chromatography (silica, 10% ethyl acetate — hexanes, 15% ethyl acetate — hexanes). 0(63
42.8° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.34-7.29 (m, 2H);
7.29-7.21 (m, 5H); 6.94 (t, J=7.2 Hz, 1H); 6.86 (m, J=8.4 Hz, 2H); 5.41-5.31 (m, 1H); 4.51
(dd, J1=9.6 Hz, J2=3.6 Hz, 1H); 4.19-4.13 (m, 1H); 3.98-3.81 (m, 1H); 3.16 (dd, J1=14.4
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Hz, J2=3.6 Hz, 1H); 2.88 (dd, J1=14.4 Hz, J2=9.6 Hz, 1H); 2.56-2.48 (m, 1H); 2.35-2.28
(m, 1H); 1.33 (s, 3H); 1.05 (s, 3H); **C NMR (150 MHz, CDCls); 8(ppm): 167.2 (q, J=3.3
Hz), 158.5, 152.2, 136.8, 129.7 (2C), 129.2 (2C), 128.9 (2C), 127.1, 125.1 (q, J=279.0 Hz),
121.6, 115.0 (2C), 82.6, 65.0, 64.3, 44.4 (q, J=27.3 Hz) 35.2, 28.3, 26.5-26.3 (M, 1C), 22.5.
YF NMR (564.3 MHz, CDCls); 8(ppm): -67.44 (d, J=7.9 Hz, 3F). LRMS (ESI) calcd for

Co3H24F3NO4Na [M+Na] 458.1555, found 458.18.
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Table 3.4.3, entry 6. The title compound was prepared from oxazolidinone 3.36 (0.198
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.119 g, 0.256 mmol, 51%, dr 9:1) after purification by column

chromatography (silica, 15% ethyl acetate — hexanes, 20% ethyl acetate — hexanes, 30%
ethyl acetate — hexanes). 0L63 10.3° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls);

8(ppm): 7.38-7.22 (m, 10H); 5.08-4.98 (m, 1H); 4.58-4.53 (m, 1H); 4.53-4.46 (m, 2H); 3.54-
3.43 (m, 2H); 3.17 (dd, J1=14.4 Hz, J2=3.6 Hz, 1H); 2.90 (dd, J1=14.4 Hz, J2=10.2 Hz,
1H); 2.17-2.08 (m, 1H); 2.01-1.92 (m, 1H); 1.72-1.62 (m, 2H); 1.39 (s, 3H); 1.33 (s, 3H);
13C NMR (150 MHz, CDCls); 8(ppm): 167.8 (q, J=2.9 Hz), 152.2, 138.4, 136.7, 129.2 (2C),
128.9 (2C), 128.6 (2C), 127.9 (2C), 127.8, 127.1, 125.0 (q, J=280.7 Hz), 82.7, 73.2, 69.4,
64.2, 46.8, (q, J=26.9 Hz), 35.1, 28.6, 26.9, 23.7, 22.4. ®F NMR (564.3 MHz, CDCls);
d(ppm): -66.99 (d, J=7.9 Hz, 3F). LRMS (ESI) calcd for CsH,sF3sNO4Na [M+Na] 486.1868,

found 486.17.

149



Table 3.4.3, entry 7. The title compound was prepared from oxazolidinone 3.37 (0.175
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.128 g, 0.315 mmol, 63%, dr 9.2:1) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
20% ethyl acetate — hexanes). oc65 96.0° (c 1.0, dichloromethane). *H NMR (600 MHz,

CDCly); 8(ppm): 7.31-7.25 (m, 4H); 7.25-7.18 (m, 6H); 5.45-5.36 (m, 1H); 4.25 (dd, J1=9.6
Hz, J2=4.8 Hz, 1H); 3.26-3.15 (m, 2H); 3.01 (dd, J1=15.0 Hz, J2=4.8 Hz, 1H); 2.85 (dd,
J1=15.0 Hz, J2=9.6 Hz, 1H); 1.26 (s, 3H); 0.74 (s, 3H); *C NMR (150 MHz, CDCls);
8(ppm): 166.8 (q, J=3.1 Hz), 152.1, 136.6, 136.0, 129.4 (2C), 129.2 (2C), 129.0 (2C), 128.9
(2C), 127.5, 127.1, 124.6 (q, J=279.6 Hz), 82.7, 64.0, 48.1 (q, J=26.3 Hz), 35.5, 32.9 (q,
J=2.2 Hz), 27.6, 22.2. °F NMR (564.3 MHz, CDCls); 8(ppm): -67.38 (d, J=7.9 Hz, 3F).

LRMS (ESI) calcd for Cp,H2,FsNOsNa [M+Na] 428.1449, found 428.16.

)l\ y OMe
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Table 3.4.3, entry 8. The title compound was prepared from oxazolidinone 3.38 (0.199
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (0.140 g, 0.300 mmol, 60%, dr 9:1) after purification by column
chromatography (silica, 15% ethyl acetate — hexanes, 25% ethyl acetate — hexanes). 0(65

90.9° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 7.31-7.26 (m, 2H);
7.26-7.21 (m, 3H); 6.78-6.73 (m, 3H); 5.44 (app sextet, J=7.2 Hz, 1H); 4.26 (dd, J1=9.0 Hz,
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J2=4.2 Hz, 1H); 3.87 (s, 3H); 3.81 (s, 3H); 3.15 (d, J=7.8 Hz, 2H); 3.02 (dd, J1=14.4 Hz,
J2=4.2 Hz, 1H); 2.87 (dd, J1=14.4 Hz, J2=9.0 Hz, 1H); 1.29 (s, 3H); 0.80 (s, 3H); *C NMR
(150 MHz, CDCly); 8(ppm): 166.8 (q, J=2.9 Hz), 152.2, 149.3, 148.4, 136.5, 129.2 (2C),
128.9 (2C), 128.2, 127.1, 124.6 (q, J=279.0 Hz), 121.4, 112.2, 111.6, 82.6, 64.0, 56.1 (2C),
47.9 (g, J=26.3 Hz), 35.5, 32.5 (q, J=2.3 Hz), 27.4, 22.1. **F NMR (564.3 MHz, CDCls);
8(ppm): -67.31 (d, J=7.9 Hz, 3F). LRMS (ESI) calcd for CpsH26FsNOsNa [M+Na] 488.1661,

found 488.19.
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Table 3.4.3, entry 9. The title compound was prepared from oxazolidinone 3.39 (0.162
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a

colorless oil (93.1 mg, 0.238 mmol, 48%, dr 8.4:1) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
20% ethyl acetate — hexanes). oc64 24.3° (c 1.0, dichloromethane). 'H NMR (600 MHz,

CDCly); 8(ppm): 7.50-7.46 (m, 2H); 7.40-7.36 (m, 3H); 7.34-7.27 (m, 4H); 7.27-7.23 (m,
1H); 5.90 (g, J=7.8 Hz, 1H); 4.44 (dd, J1=9.6 Hz, J2=3.6 Hz, 1H); 3.22 (dd, J1=14.4 Hz,
J2=3.6 Hz, 1H); 2.96 (dd, J1=14.4 Hz, J2=9.6 Hz, 1H); 1.34 (s, 3H); 1.04 (s, 3H); °C NMR
(150 MHz, CDCls); §(ppm): 166.0 (q, J=2.3 Hz), 152.0, 136.6 (2C), 130.4 (2C), 129.6,
129.3 (2C), 129.1 (2C), 129.0 (2C), 127.2, 124.0 (q, J=278.4 Hz), 83.1, 64.3, 53.1 (q, J=28.5
Hz), 35.5, 28.4, 22.2. F NMR (564.3 MHz, CDCls); 8(ppm): -66.71 (d, J=7.9 Hz, 3F).

LRMS (ESI) calcd for C1H20F3sNOsNa [M+Na] 414.1293, found 414.15.
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Table 3.4.3, entry 10. The title compound was prepared from oxazolidinone 3.41 (0.133
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.105 g, 0.245 mmol, 49%, dr 6.4:1) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
20% ethyl acetate — hexanes). af32 11.7° (c 0.46, dichloromethane). *H NMR (600 MHz,

CDCly); 8(ppm): 7.33-7.27 (m, 4H); 7.25-7.21 (m, 1H); 4.86 (dq, Jo=J,=8.4 Hz, 1H); 4.56
(dd, J1=9.6 Hz, J2=3.0 Hz, 1H); 3.16 (dd, J1=15.0 Hz, J2=3.0 Hz, 1H); 2.90 (dd, J1=15.0
Hz, J2=10.2 Hz, 1H); 2.33-2.23 (m, 1H); 1.55-1.46 (m, 1H); 1.37 (s, 3H); 1.36 (s, 3H); 1.43-
1.20 (m, 6H); 1.11 (d, J=6.0 Hz, 3H); 0.86 (d, J=2.4 Hz, 3H); 0.85 (d, J=2.4 Hz, 3H); °C
NMR (150 MHz, CDCls); 8(ppm): 168.30-168.25 (m, 1C), 152.4, 136.8, 129.2 (2C), 129.0
(2C), 127.1, 125.1 (g, J=280.8 Hz), 82.6, 64.3, 52.3 (q, J=26.3 Hz), 39.1, 35.2, 34.8, 32.8,
28.8, 28.1, 24.5, 22.9, 22.7, 22.4, 16.6. *°F NMR (564.3 MHz, CDCl3); 8(ppm): -62.35 (d,

J=7.9 Hz, 3F). LRMS (ESI) calcd for C3H3,FsNOsNa [M+Na] 450.2232, found 450.20.
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Table 3.4.3, entry 11. The title compound was prepared from oxazolidinone 3.42 (0.183
g, 0.500 mmol) following the standard trifluoromethylation procedure and was obtained as a
colorless oil (0.113 g, 0.265 mmol, 53%, dr 10:1) after purification by column

chromatography (silica, 35% dichloromethane — hexanes, 45% dichloromethane — hexanes,
20% ethyl acetate — hexanes). oc62 -7.2° (c 1.0, dichloromethane). *H NMR (600 MHz,
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CDCly); 8(ppm): 7.33-7.27 (m, 4H); 7.26-7.21 (m, 1H); 4.95 (dq, J;=J4=8.4 Hz, 1H); 4.55
(dd, J1=9.6 Hz, J2=3.0 Hz, 1H); 3.16 (dd, J1=15.0 Hz, J2=3.0 Hz, 1H); 2.91 (dd, J1=15.0
Hz, J2=9.6 Hz, 1H); 2.32-2.24 (m, 1H); 1.62-1.48 (m, 2H); 1.38 (s, 3H); 1.36 (s, 3H); 1.34-
1.20 (m, 3H); 1.20-1.12 (m, 2H); 1.02 (d, J=6.6 Hz, 3H); 0.87 (d, J=3.0 Hz, 3H); 0.86 (d,
J=3.0 Hz, 3H); **C NMR (150 MHz, CDCls); 8(ppm): 168.0 (q, J=3.5 Hz), 152.4, 136.8,
129.2 (2C), 129.0 (2C), 127.1, 125.1 (q, J=280.5 Hz), 82.3, 64.1, 51.4 (q, J=25.5 Hz), 39.1,
35.2, 33.8, 32.7, 28.8, 28.1, 24.2, 22.9, 22.7, 22.4, 17.1. **F NMR (564.3 MHz, CDCl5);
d(ppm): -62.73 (d, J=8.5 Hz, 3F). LRMS (ESI) calcd for C3H3,F3sNOsNa [M+Na] 450.2232,

found 450.24.

0O o
fony

Bn
Table 3.4.3, entry 12. The title compound was prepared from oxazolidinone 3.44 (97.5
mg, 0.250 mmol) following the standard trifluoromethylation procedure (shorter reaction
time: 4 h at 45 °C) with 0.20 equiv of RuCI,(PPh3)s (47.9 mg, 0.05 mmol) and was obtained
as a colorless oil (37.5 mg, 0.084 mmol, 34%, dr 8.3:1) after purification by column
chromatography (silica, 20% ethyl acetate — hexanes, 30% ethyl acetate — hexanes).
Isomerically pure sample was obtained using HPLC by dissolving the mixture in 0.5% i-

PrOH/hexanes with the concentration of 10 mg/ml. The separation was conducted on a
YMC-Pack Sil HPLC column (250x30mmID, S-10 pum, 12 nm) with 4.5 mL injection

(0.25% i-PrOH/hexanes as eluent at a rate of 20 mL/min, A=215 nm, R=13.37 min)
affording pure product. oc63 36.1° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls);
d(ppm): 7.50-7.45 (m, 2H); 7.32-7.20 (m, 7H); 5.74-5.66 (m, 1H); 4.57 (dd, J1=9.0 Hz,
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J2=5.4 Hz, 1H); 3.76 (dd, J1=17.4 Hz, J2=12.0 Hz, 1H); 3.31 (dd, J1=17.4 Hz, J2=3.0 Hz,
1H); 3.07 (dd, J1=14.4 Hz, J2=5.4 Hz, 1H); 2.99 (dd, J1=14.4 Hz, J2=9.0 Hz, 1H); 1.56 (s,
3H); 1.44 (s, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 166.3 (m, 1C), 162.9, 152.6,
151.3, 141.0, 136.6, 129.3 (2C), 128.9 (2C), 127.1, 125.3, 124.6, 124.2 (g, J=279.8 Hz),
119.7, 110.8, 83.3, 64.2, 43.8 (q, J=28.1 Hz), 36.0, 28.6, 25.6 (g, J=2.9 Hz), 22.3. F NMR
(564.3 MHz, CDCls); 8(ppm): -67.58 (d, J=7.9 Hz, 3F). LRMS (ESI) calcd for

C23H21F3N204Na [M+Na] 4691351, found 469.14.

Table 3.4.3, entry 13. The title compound was prepared from oxazolidinone 3.45 (83.0
mg, 0.220 mmol), zirconium(IV) chloride (61.3 mg, 0.263 mmol), and RuCl,(PPhs)s (47.9
mg, 0.05 mmol) following the standard trifluoromethylation procedure (shorter reaction
time: 4 h at 45 °C). The product was obtained as a colorless oil (48.0 mg, 0.108 mmol, 49%,

dr 9.1:1) after purification by column chromatography (silica, 15% ethyl acetate — hexanes,
20% ethyl acetate — hexanes). a3% 104.9° (¢ 1.0, CHCly). *H NMR (600 MHz, CDCly);

S(ppm): 7.48-7.44 (m, 1H); 7.40-7.35 (m, 1H); 7.32-7.27 (m, 2H); 7.26-7.14 (m, 5H), 6.51
(s, 1H); 5.60-5.50 (m, 1H); 4.43 (dd, J1=9.6 Hz, J2=4.2 Hz, 1H); 3.55 (dd, J1=15.0 Hz,
J2=11.4 Hz, 1H); 3.28 (dd, J1=15.0 Hz, J2=3.6 Hz, 1H); 3.09 (dd, J1=14.4 Hz, J2=4.2 Hz,
1H); 2.89 (dd, J1=14.4 Hz, J2=9.6 Hz, 1H), 1.31 (s, 3H); 0.97 (s, 3H); °C NMR (150 MHz,
CDCly); 8(ppm): 166.4 (q, J=2.7 Hz), 155.0, 153.2, 152.1, 136.5, 129.2 (2C), 128.9 (2C),
128.4, 127.1, 124.4 (q, J=279.6 Hz), 124.3, 123.1, 120.9, 111.2, 104.7, 82.9, 64.2, 45.7 (q,

J=26.9 Hz), 35.4, 27.9, 25.9-25.8 (m, 1C), 22.3. °F NMR (564.3 MHz, CDCl3); 8(ppm): -
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67.57 (d, J=8.5 Hz, 3F). LRMS (ESI) calcd for Cy4H2,FsNO4sNa [M+Na] 468.1399, found

468.10.

Ph

(S)-2-Cyclohexyl-3,3,3-trifluoropropanoic acid. Lithium hydroxide monohydrate (32
mg, 0.763 mmol) was added to a solution of the substrate (99.4 mg, 0.25 mmol), hydrogen
peroxide (30%, 0.24 mL), and water (0.24 mL) in THF (1.00 mL) at 0 °C. The reaction was
warmed to rt and stirred for 3 h, after which time H,O (0.15 mL), H,O; (0.15 mL), and
LiOH-H,0 (30.0 mg) were added at rt and stirred for 3 h. The reaction was quenched with
aqueous sodium sulfite (1.5 M) and HCI (1 M) and allowed to stir until two transparent
layers were visible (pH ~4). The layers were separated and the aqueous layer was extracted
with ethyl acetate (3x10 mL). The organic layer was then washed with brine, dried with
sodium sulfate, and concentrated in vacuo. The crude material was then dissolved in ethyl
acetate (5 mL) and extracted with aqueous sodium hydroxide (3 M, 3x5 mL) and water (2x5
mL). The aqueous extractions were combined and set aside. The organic layer was washed
with HCI (1 M), brine, dried with sodium sulfate, and concentrated in vacuo to afford the
oxazolidinone auxiliary (50.3 mg, 0.245 mmol, 98%). The previously saved aqueous layers
were acidified with HCI (1 M). The aqueous layer was extracted with ethyl acetate (3x30

mL). The combined organic layers were washed with brine, dried with sodium sulfate, and
concentrated to afford the desired pure carboxylic acid (51.9 mg, 0.247 mmol, 99%). oq%l

5.3° (c 1.0, dichloromethane). *H NMR (600 MHz, CDCls); 8(ppm): 10.22-8.63 (bs, 1H);

2.98 (apparent pentet, J=8.5 Hz, 1H); 2.06-1.97 (m, 1H); 1.93-1.86 (m, 1H); 1.82-1.73 (m,
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3H); 1.71-1.65 (m, 1H); 1.35-1.10 (m, 5H); *C NMR (150 MHz, CDCls); 8(ppm): 173.5
(m, 1C), 124.7 (q, J=279.8 Hz), 56.4 (q, J=25.8 Hz), 36.3, 31.0, 30.5, 26.1, 26.0, 25.9. °F
NMR (564.3 MHz, CDCls); 8(ppm): -64.28 (d, J=8.5 Hz, 3F). LRMS (-ESI) calcd for

CoH15F30, [M-H] 209.09, found 209.08.

Determination of er for the acid: A solution of the (S)-2-cyclohexyl-3,3,3-
trifluoropropanoic acid in diethyl ether (0.2 M) was added to a solution of lithium aluminum
hydride (4.0 equiv.) in diethyl ether (0.5 M) at -78 °C and stirred for 15 min. The reaction
mixture was warmed to rt over 1 h and then quenched using Feiser workup and allowed to
stir for 2 h. The reaction mixture was filtered and concentrated in vacuo. No further
purification was done.

2-Naphthoyl chloride (2.0 equiv.) was added to a solution of the crude alcohol,
triethylamine (2.0 equiv.), and 4-dimethylaminopyridine (0.1 equiv.) in dichloromethane
(0.2 M) at 0 °C. After 10 min, the reaction was warmed to rt and stirred for 30 min. The
mixture was quenched with aqueous ammonium chloride and the layers were separated. The
aqueous layer was extracted with ethyl acetate (3x10 mL). The combined organic layers
were washed with brine, dried with sodium sulfate, concentrated in vacuo, and purified by
column chromatography (silica, 100% hexanes, 5% ethyl acetate — hexanes) to afford the
desired naphthoyl ester derivative. HPLC analysis of the 2-naphthoyl ester derivative (OD-
H, 2% Pr'OH - hexanes, 1.0 mL/min, 254 nm) indicated er 97.2:2.8: Ry (major) = 6.8

minutes, Rt (minor) = 9.1 minutes.
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(S)-2-Cyclohexyl-3,3,3-trifluoropropan-1-ol. A solution of the substrate (0.128 g,
0.322 mmol) in THF (1.10 mL total with rinses) was added to a solution of lithium
aluminum hydride (22.1 mg, 0.582 mmol) in THF (0.58 mL) at -78 °C. After stirring 30 min,
the reaction mixture was warmed to -50 °C and stirred an additional 30 min. The reaction
mixture was quenched with water (23 pL) at -78 °C and stirred for 5 min. Then aqueous
sodium hydroxide (3 M, 23 pL) was added at -78 °C and stirred for 5 min and warmed to rt.
Then additional water (69 pulL) was added and the reaction was stirred 2 h. The reaction
mixture was filtered, concentrated in vacuo, and purified by column chromatography (silica,
15% EtOAc — Hexanes, 20% EtOAc — Hexanes, 40% EtOAc — Hexanes) to afford the

desired alcohol (50.9 mg, 0.260 mmol, 81%) and the purified oxazolidinone (65.7 mg, 0.320
mmol, 99%). oc61 -4.0° (¢ 1.0, CHCI3). *H NMR (600 MHz, CDCls); 8(ppm): 3.89 (dd,

J1=11.4 Hz, J2=5.4 Hz, 1H); 3.82 (dd, J1=11.4 Hz, J2=4.2 Hz, 1H); 2.17-2.09 (m, 1H);
1.82-1.71 (m, 5H); 1.69-1.65 (m, 1H); 1.59 (bs, 1H); 1.30-1.20 (m, 3H); 1.19-1.10 (m, 2H);
3C NMR (150 MHz, CDCls); 8(ppm): 128.5 (q, J=280.8 Hz), 59.0 (q, J=3.9 Hz), 51.2 (q,
J=21.6 Hz), 35.7, 31.2, 29.9, 26.9, 26.8, 26.3. °F NMR (564.3 MHz, CDCls); 5(ppm): -

65.04 (d, J=10.2 Hz, 3F). FI calcd for C9H15F30 [M] 196.11, found 196.11.

Determination of er for the alcohol: 2-Naphthoyl chloride (2.0 equiv.) was added to a
solution of the crude alcohol substrate, triethylamine (2.0 equiv.), and 4-
dimethylaminopyridine (0.1 equiv.) in dichloromethane (0.2 M) at 0 °C. After 10 min, the

reaction was warmed to rt and stirred for 30 min. The reaction was quenched with aqueous
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ammonium chloride and the layers were separated. The aqueous layer was extracted with
ethyl acetate (3x10 mL). The combined organic layers were washed with brine, dried with
sodium sulfate, concentrated in vacuo, and purified by column chromatography
chromatography (silica, 100% hexanes, 5% ethyl acetate — hexanes) to afford the desired
naphthoy! ester derivative. HPLC analysis of the 2-naphthoyl ester derivative (OD-H, 2%
Pr'OH - hexanes, 1.0 mL/min, 254 nm) indicated er 99.2:0.8: Ry (major) = 6.5 minutes, Rt

(minor) = 8.7 minutes.

CF3CF,CF,l, (PhsP)sRuCl
o o ZrCly, EtN, CH,Cly,

45°C,5h J\/\/\
AP~~~ B Ay ;
---------- CF,CF,CF4

P PH

Perfluoropropylation product 3.19: The title compound was prepared from
oxazolidinone 3.31 (0.740 g, 2.44 mmol), zirconium(I1V) chloride (0.597 g, 2.56 mmol), and
RuCl,(PPh3); (0.468 g, 0.488 mmol) following the standard perfluoroalkylation procedure
(shorter reaction time: 5 h at 45 °C). The product was obtained as a an oil (0.750 g, 1.59
mmol, 65%, dr >98:2) along with recovered starting material (0.154 g, 0.510 mmol, 21%)

after purification by column chromatography (silica, 15% ethyl acetate — hexanes, 20% ethyl
acetate — hexanes). a3 9.2° (¢ 1.0, CH,Cly). *H NMR (600 MHz, CDCls); 8(ppm): 7.33-

7.29 (m, 4H); 7.25-7.21 (m, 1H), 5.24-5.15 (m, 1H); 4.58 (dd, J1=10.8 Hz, J2=3.0 Hz, 1H);
3.22 (dd, J1=14.4 Hz, J2=3.0 Hz, 1H); 2.84 (dd, J1=14.4 Hz, J2=10.8 Hz, 1H), 2.12-2.05
(m, 1H); 1.93-1.84 (m, 1H); 1.42-1.24 (m, 4H); 1.36 (s, 3H); 1.34 (s, 3H); 0.91 (dd, J=7.2
Hz, 3H); *C NMR (150 MHz, CDCls); 8(ppm): 168.2 (d, J=5.7 Hz), 152.3, 136.9, 129.1
(2C), 129.0 (2C), 127.1, 119.1-107.3 (m, 3C), 82.5, 64.5, 43.9 (m, 1C), 34.8, 28.9, 28.8,

26.0 (m, 1C), 22.6, 22.5, 13.9. *F NMR (564.3 MHz, CDCls); 8(ppm): -80.55 (d, J=10.2
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Hz, 3F); -113.99 (m, 2F); -127.70 (m, 2F). LRMS (ESI) calcd for CasHzFsNO4Na [M+Na]

494.06, found 494.06.
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(S)-2-(Perfluoropropyl)hexanoic acid. Lithium hydroxide monohydrate (33.9 mg,
0.804 mmol) was added to a solution of the substrate (0.127 g, 0.269 mmol), hydrogen
peroxide (30% in water, 0.40 mL), and water (0.40 mL) in THF (1.60 mL) at 0 °C and
stirred for 10 min. The reaction was then warmed to rt and stirred for 3 h, after which
additional H,O (0.20 mL), H,0, (0.20 mL), and LiOH-H,0 (30.0 mg) were added at rt and
stirred for 2 h. The reaction was quenched with aqueous sodium sulfite (1.5 M) and HCI (1
M) and allowed to stir until two transparent layers were visible (pH ~4). The layers were
separated and the aqueous layer was extracted with ethyl acetate (3x10 mL). The organic
layer was then washed with brine, dried with sodium sulfate, and concentrated in vacuo. The
crude material was then dissolved in ethyl acetate (5 mL) and extracted with aqueous sodium
hydroxide (3 M, 3x5 mL) and water (2x5 mL). The aqueous extractions were combined and
set aside. The organic layer was washed with HCI (1 M), brine, dried with sodium sulfate,
and concentrated in vacuo to afford the oxazolidinone auxiliary (54.1 mg, 0.263 mmol,
98%). The previously saved aqueous layers were acidified with HCI (1 M). The aqueous
layer was extracted with ethyl acetate (3x30 mL). The combined organic layers were washed

with brine, dried with sodium sulfate, and concentrated in vacuo to afford the desired
carboxylic acid (65.4 mg, 0.230 mmol, 86%). a3l 9.5° (¢ 1.0, CHCI). *H NMR (600 MHz,
CDCly3); d(ppm): 10.48 (bs, 1H); 3.22-2.13 (m, 1H); 2.01-1.93 (m, 1H); 1.92-1.84 (m, 1H);
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1.45-1.32 (m, 4H); 0.93 (dd, J1=J2=6.6 Hz, 3H); *C NMR (150 MHz, CDCls); &(ppm):
174.0 (d, J=8.0 Hz), 121.0-107.2 (m, 3C), 48.1 (t, J=20.7 Hz), 29.1, 25.0, 22.4, 13.8. °F
NMR (564.3 MHz, CDCls); 8(ppm): -80.59 (dd, J=11.3 Hz, 3F), -115.52 (m, 2F), -125.45

(m, 2F). FI calcd for CgH11F70, [M] 284.06, found 284.06.

Determination of er for the acid: A solution of the substrate in diethyl ether (0.2 M)
was added to a solution of lithium aluminum hydride (4.0 equiv.) in diethyl ether (0.5 M) at -
78 °C and stirred for 15 min. The reaction was warmed to rt over 1 h then the reaction was
quenched using Feiser workup and allowed to stir for 2 h. The reaction mixture was filtered

and concentrated in vacuo. No further purification was done.

2-Naphthoyl chloride (2.0 equiv.) was added to a solution of the crude alcohol substrate,
triethylamine (2.0 equiv.), and 4-dimethylaminopyridine (0.1 equiv.) in dichloromethane
(0.2 M) at 0 °C. After 10 min, the reaction was warmed to rt and stirred for 30 min. The
reaction was quenched with aqueous ammonium chloride and the layers were separated. The
aqueous layer was extracted with ethyl acetate (3x10 mL). The combined organic layers
were washed with brine, dried with sodium sulfate, concentrated in vacuo, and purified by
column chromatography (silica, 100% hexanes, 5% ethyl acetate — hexanes) to afford the
desired naphthoyl ester derivative. HPLC analysis of the 2-naphthoyl ester derivative (OD-
H, 0.5% Pr'OH - hexanes, 1.0 mL/min, 254 nm) indicated er 98.1:1.9: Ry (major) = 7.6

minutes, Rt (minor) = 11.2 minutes.
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(S)-2-(Perfluoropropyl)hexan-1-ol. A solution of the substrate (0.150 g, 0.318 mmol)
in diethyl ether (1.60 mL total with rinses) was added to a solution of lithium aluminum
hydride (24.3 mg, 0.640 mmol) in Et,O (1.28 mL) at -78 °C and stirred for 30 min. Feiser
workup: The reaction was quenched with water (24 uL) at -78 °C and stirred for 5 min. Then
aqueous sodium hydroxide (3 M, 24 uL) was added at -78 °C and stirred for 5 min and
warmed to rt. Then additional water (72 pL) was added and the reaction was stirred 2h. The
reaction mixture was filtered, concentrated in vacuo, and purified by column
chromatography (silica, 15% Et,O — Pentane, 25% Et,0 — Pentane, 50% Et,O — Pentane) to

afford a mixture of the alcohol and allylic alcohol (76.9 mg, 0.286 mmol, 90%, containing
6% allylic alcohol) and the purified auxiliary (65.0 mg, 0.317 mmol, 99%). oc61 3.8° (c 1.0,

CHCls). *H NMR (600 MHz, CDCl3); 8(ppm): 3.93-3.84 (m, 2H); 2.34-2.24 (m, 1H); 1.74-
1.67 (m, 1H); 1.67-1.57 (m, 2H); 1.52-1.45 (m, 1H); 1.40-1.31 (m, 3H); 0.93 (dd, J=7.2 Hz,
3H); C NMR (150 MHz, CDCls); 8(ppm): 121.2-107.7 (m, 3C), 59.2 (dd, J=5.9 Hz), 43.9
(dd, J=18.5 Hz), 29.4, 23.8-23.7 (m), 22.8, 14.0. *°F NMR (564.3 MHz, CDCls); 8(ppm): -
80.76 (m, 3F), -114.74 (m, 2F), -125.36 (m, 2F). FI calcd for CoHi4F,O [M+H] 271.09,

found 271.10.

Determination of er for the alcohol: 2-Naphthoyl chloride (2.0 equiv.) was added to a
solution of the crude alcohol substrate, triethylamine (2.0 equiv.), and 4-
dimethylaminopyridine 0.1 equiv.) in dichloromethane (0.2 M) at 0 °C. After 10 min, the

reaction was warmed to rt and stirred for 30 min. The reaction was quenched with aqueous
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ammonium chloride and the layers were separated. The aqueous layer was extracted with
ethyl acetate (3x10 mL). The combined organic layers were washed with brine, dried with
sodium sulfate, concentrated in vacuo, and purified by column chromatography
chromatography (silica, 100% hexanes, 5% ethyl acetate — hexanes) to afford the desired
naphthoy! ester derivative. HPLC analysis of the 2-naphthoyl ester derivative (OD-H, 0.5%
Pr'OH - hexanes, 1.0 mL/min, 254 nm) indicated er 96.6:3.4: Ry (major) = 7.5 minutes, Rt

(minor) = 11.0 minutes.
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1s-1-180-2

File: nmr400/Zakarian/lsmith/vnmrsys/data/ls-I-180-2.fid

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 25.0 C / 298.1 K
Operator: lsmith
File: 1s-1-180-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 75.0 degraes
Acq. time 2.500 sec
Width 8002.4 Hz

8 ropetitions
OBSERVE  H1, 399.9486720 Miz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 65536

Total time 1 min, 0 sec

/)'_(Bn

m——

18 _

1s-1-180-2-carbon

File: nmr500/Zakarian/lsmith/vnmrsys/data/ls-I-180-2-carhbg

Pulse Sequence: s2pul

Solvent: cdel3
Ambient temperature
Operator: lsmith

File: 1
INOVA-500 “nmrserver”

Relax. delay 1.000 sec
Pulse 43.2 degrees
Acq. time 1.303 sec
Width 30165.9 Hz
520 repetitions
OBSERVE C13, 125.6888755 Miz
DECOUPLE H1, 499.8585468 MHz
Power 38 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 6 hr, 25 min, 20 sec

on.fid

Aol
/}—(Bn
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1s-1-250-2-2

File: nmr600/Zakarian/lsmith/vnmrsys/data/1s-I-250-2-2.fid JOL )Ok)\
0" N

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 25.0 C / 298.1 K ] Bn

Operator: lsmith
File: 18-I-250-2-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acqg. time 2.500 sec

Width 10000.0 Hz

8 repetitions

OBSERVE H1, 599.6321124 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768
Total time 0 min, 58 sec

19-1-280-3~2-oarbon o j’\)\
Sample: 1_Indanone DJ'I\N
File: nocE0d/Sakarian/lsmich/vemrays/data/la=1=250=2=2pcarbon_fid

Fulse Saquence; sZpul - I LBI'I

Salvent: edell

Tamp. I5.0 € / 298.1 B
Oparates: Lamith

Fila: la-I-250-2-2-carbon
INOVA-500  "rabi . abam. uesb . edu®

Belax. delay 1.000 ssc
Pulas 10,0 uses

Aog. time 1,280 sec

Width 16199.1 Hs

B3 respetitions

CESERVE €13, 150.T775835 MEx
DECOUPLE M1, 509.6351203 Mus
Powar 14 21

centinuaunly =n

WALTZ-16 modulated
DATA FROCESSING

Line brosdening 0.5 Ne

FT mize 131072

Total tima & br, 25 man, 13 maa

200 180 160 140 120 100 B0 &0 40 20 0 ppm
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1s-1-193-2
File: nmr600/Zakarian/lsmith/vnmrsys/data/ls-I-193-2. fid

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 25.0 C / 298.1 K
Operator: lsmith
File: 1s-I-193-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees
Acq. time 2.500 sec
Width 10000.0 Hz

8 repetitions
OBSERVE  H1, 5996321125 Mz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768
Total time 0 min, 58 sec

JOL (o]

0" N

"

Sample: 1_Indanone
File: nmr600/Zakarian/lsmith/vnmrsys/data/1s-I-193-2-carix

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 25.0 C / 298.1 K
Operator: lsmith
File: 1s-I-193-2-carbon
INOVA-500 “nmrserver"

Relax. delay 1.000 sec

Pulse 10.0 usec

Acq. time 1.298 sec

Width 36231.9 Hz

146 repetitions

OBSERVE C13, 150.7775830 Miz
DECOUPLE H1, 599.6351203 MHz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072
Total time 6 hr, 25 min, 1 sec

on. £1d
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1s-1-277-2

File: nmr600/Zakarian/lsmith/vnmrsys/data/1s-I-277-2.£id

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 25.0 C / 298.1 K
Operator: lsmith
File: 18-I-277-2
INOVA-500 “nmrserver"

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acq. time 2.500 sec

Width 10000.0 Hz

8 repetitions
OBSERVE  H1, 599.6321119 Mz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time 0 min, 58 sec

5.68

Lp=1-277-2-garban

Sampla! 1_Indanons

Fila: nme&00 Zakarian/lamith/vemeays,/davs/la-1-2T7-2-carhan £id

Fulse Saquenca: sipul

Eolvent: odolld
Tamp. 25.0 ¢ / 298.1 K
Opssatze: Lamith

Fila: la=I-277-2-carbon
IWOVA-500  "rabi.chem.uosb. edu”

Relax. delay 1.000 sas
Pulas 10.0 usss

RAeg. tinm 1.290 sme

Wideh 361991 Hx

166 repatitions
CBEENVE €13, 150.TTTSE08 MH:
DECOUPLE H1, 5396351203 MHr
Powar 34 dn

continuously on

WALTZ-16 modulated

DATR FROCESSING

Line brosdening 0.5 He

FT aize 131072

Total tine § hr, 25 min, 13 ses

1
w @
~ 8
¢ o

200 180 160 140

120

100 80
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1s-1-271-2
File: nmr600/2zakarian/lsmith/vnmrsys/data/1s-I-271-2.£id

Pulse Sequence: s2pul lo}

Solvent: cdcl3
Temp. 25.0 C / 298.1 K Bn

Operator: lsmith
File: 18-I-271-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acq. time 2.500 sec

Width 10000.0 Hz

8 repetitions

OBSERVE  H1, 599.6321119 Mz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time 0 min, 58 sec

La=I=271-2=carhen

Sumple: 1_Tndancnm
File nnrfdd/Takarian/lsnith/vonrsys/data/le-1-371-2-oarbon. fid

Pulse Sequence: sEpul

Solvent: cdell
Temp. 23.0C / 290.1 K
Oparator: lsmith
Fila: la=-I-2Tl-Z-carbon
INOVA-500 “omesecvar”

Falax. dalsy 1.000 ssa
Fulss 10.0 usac

Rog. time 1299 soo

Width 36198 1 Hs

198 repetitions

CBSERVE C13, 130.7775848 MEz
DEGOUPLE HL, 5%9.6331&03 MEs
Fower 34 dB

eontinseusly on

WALTE-16 modulated

DATA FROCESSING

Line breadening 0.5 Hz

ET size 131072

Toral bime & ke, 25 min, 13 sas

200 180 160 140 120

'S
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1s-I-cmpd9
o

File: nmr600/2Zakarian/lsmith/vnmrsys/data/ls-I-cmpd9.£fid o
N A ~~on

Pulse Sequence: s2pul o)
Solvent: cdel3

Temp. 25.0 C / 298.1 K Bn
Operator: lsmith

File: 1s-I-cmpd9
INOVA-500 “nmrserver"

Relax. delay 4.800 sec
Pulse 74.9 degrees
Acq. time 2.500 sec
Width 10000.0 Hz

8 repetitions
OBSERVE  H1, 599.6321119 MHz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768

Total time 0 min, 58 sec

I W

3.89
10.90

Lw=T=20f=Z=carbon Jcl" ﬂ\M
o N Dfn

Sampla: 1_Indanons
Fila: nme600/Zakarionlsmivh/vemesys, dees/1s-T-286-2-earbon £id /\—{
BEn

Pulus Sequance: s2pul

Solvent: edeld
Temp. 25.0 € / 298.1 K
Opecatos: lamith

File: la=T=286=2=carbon
HoVA-500  rabi . abem.ucsb. edu

Relax. delay 1.000 sas
Pulse 10.0 uses

Aoy time 1,290 sec

Width I16188.1 Hz

378 repstitions
CBEERVE €13, 1507775328 MEs
DECOUPLE Bl 5995351203 ME:
Powaz 34 dB

sentinuausly sn

WALTE-16 modulated

DATA FROCESSING

Line brosdening 0.5 Hz

FT size 131072

Total time § hr, 25 min, 13 sea

80 60 40 20

140 120 100

Z00 180 160
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1s-1-295-2

[o]

File: nmr600/Zakarian/lsmith/vnmrsys/data/ls-I-265-2.f£id JOL )l\/\
Pulse Sequence: s2pul 0O N Ph

Solvent: cdel3 /}—(
Temp. 25.0 C / 298.1 K Bn

Operator: lsmith
File: 18-I-265-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acq. time 2.500 sec

Width 10000.0 Hz

8 repetitions

OBSERVE H1, 599.6321234 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time 0 min, 58 sec

/U il
T I ! | ! I
8 7 6 5 4 3 2 2 @ 0 ppm
" sarw
8 8 38 &8 an
] R

Sample: 1_Indanone

[0}
File: nmr600/Zakarian/lsmith, ys/data/ .fid )L /u\/\
N Ph

Pulse Sequence: s2pul

Solvent: cdcl3 /)'_(Bn
Temp. 25.0 C / 298.1 K

Operator: lsmith 1

File: 13-I-265-2-carbon
INOVA-500 “nmrserver”

Relax. delay 1.000 sec
Pulse 10.0 usec

Acq. time 1.299 sec
Width 36199.1 Hz

47 repetitions
OBSERVE C13, 150.7775901 Miz
DECOUPLE H1, 599.6351203 MHz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 6 hr, 25 min, 13
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1s-1-269-2
File: nmr600/Zakarian/lsmith/vnmrsys/data/ls-I-269-2.fid

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 25.0 C / 298.1 K
Operator: lsmith
File: 1s-I-269-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees
Acq. time 2.500 sec
Width 10000.0 Hz

8 ropetitions

OBSERVE  H1, 599.6321119 Miz
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768

Total time 0 min, 58 sec

OMe

OMe

1s-1-269-2-carbon

Sample: 1_Indanone
File: nmr600/Zakarian/lsmith/vnmrsys/data/1s-I-269-2-carbon.£id

Pulse Sequenc

s2pul
Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: 1s-I-269-2-carbon
INOVA-500 ‘“nmrserver"

Relax. delay 1.000 sec
Pulse 10.0 usec

Acq. time 1.299 sec

Width 36199.1 Hz

412 repetitions
OBSERVE C13, 150.7775817 Mz
DECOUPLE H1, 599.6351203 MHz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 6 hr, 25 min, 13 sec

220 200 180 160 140 120
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1s-1-188-2-2
File: nmr600/2zakarian/lsmith/vnmrsys/data/1s-I-188-2-2.fid

Pulse Sequence: s2pul

Solvent: cdel3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: 1s-I-188-2-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acq. time 2.500 sec

Width 10000.0 Hz

8 repetitions

OBSERVE  H1, 599.6321460 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time 0 min, 58 sec

-

I
| N
B0 o | A ) o
\ ™ T — R I ‘ T
8 T 6 4 3 2 1 ppm
& 8 8 8§ 3 83

1s-1-188-2-carbon

Sample: 1_Indanone
File: nmr600/Zakarian/lsmith/vnmrsys/data/1s-I-188-2-carbon.fid

Pulse Sequenc

s2pul
Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: 1s-I-188-2-carbon
INOVA-500 “nmrserver"

Pulse 10.0 usec
Acq. time 1.298 sec
Width 36231.9 Hz l
762 repetitions I
OBSERVE C13, 150.7775824 MHz
DECOUPLE H1, 599.6351203 Muz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 6 hr, 25 min, 1 s

Relax. delay 1.000 sec I
I
I

L 2 T

LI
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1s-1-191-1 o o :
N

File: nmr600/Zakarian/lsmith/vnmrays/data/ls-I-191-1.fid o

Pulse Sequance: s2pul 4_(
Solvent: cdcl3 Bn
Temp. 25.0 € / 298.1 K

Operator: lsmith

File: 1ls-I-191-1
INOVA-500 "rabi.chem.udsb.edu"

Relax. delay 4.800 s
Pulse 74.9 degrees
Acq. time 2.500 sec
Width 10000.0 Hz

8 repetitions
OBSERVE  H1, 599.6321125 Mz
DATA PROCESSING
Line broadening 0.2 Hz
FT size 32768
Total time O min, 58 seq

LN R S S S B S S S B S S S S N S S S Sy S S B S S S S S B SO S S S S N S S S S S S S S S S
8 : 7 6 5 " 4 3 2 1 -0 Ppm
5 ol i i s il o5 Tl 5, B 21 oA
0 o o N o ° ve @m @
- a ° S o3 S c0 oM ®
~ o - - N " NN me oo
Lw=T=191=1-zarkon i i
Sample: 1_Indanona
File: nmes00/Eakarian/lamich/vemeays/daea/ls-I-191~1-chrben . £id n
Pulss Ssgquencs: sipul
Bolvent: cdeld
Tamp. 25.0 € / 298.1 K
Operatoc: lamith
File: la-2-1%1-1-carkan
wova-§08  mabi. ahem. wesh. edu
Halae. dalay 1.000 sas
Fulse 10.0 usee
Reg. tims 1,398 sse
Width 162319 Hz
207 rapatitions
GESERVE £13, 150.TTISE01 WHe
BECOUPLE H1, 509 £351201 WHs
Pewar 34 dn
centinugusly on
WALTZ-16 modulatad
DATA FROCESSING
Line brosdaning 0.5 He
FT size 131072
Total tinae & hr, 25 min, 1 ses
L O B L 0 L R L B
80 &0 40 20 ppm
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1s-1-273-2-2
File: nmr600/Zakarian/lsmith/vnmrsys/data/ls-I-273-2-2.£id

Pulse Sequence: s2pul

Solvent: cdel3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: 1s-I-273-2-2
INOVA-500 “nmrserver”

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acq. time 2.500 sec

Width 10000.0 Hz

8 ropetitions

OBSERVE  H1, 599.6321119 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time 0 min, 58 sec

=0
g

1s-1-273-2-2~-carbon

Sample: 1_Indanone
File: nmré600/Zakarian/lsmith/vnmrsys/data/1s-I-273-2-2-carbon.£id

Pulse Sequenc

s2pul
Solvent: cdcl3

Tomp. 25.0 € / 298.1 K
lsmith
~273-2-2-carbon
INOVA-300 “nmrserver”

Relax. delay 1.000 sec
Pulse 10.0 usec

Acq. time 1.299 sec

Width 36199.1 Hz

113 repetitions

OBSERVE C13, 150.7775818 Mz
DECOUPLE H1, 599.6351203 Miz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 6 hr, 25 min, 13 sec

173
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ath-3-201-a-purified

Sample: ath-3-201-a

File: nmr600/Zakarian/h 1 fied. fid

Pulse Sequence: s2pul
Solvent: cdcl3
Temp. 25.0 C / 298.1 K
Operator: herrma
File: £1
INOVA-500 "rabi.chem.ucsh.aedu"

Relax. delay 8.000 sec
Pulse 74.9 dagrees

Acq. time 2.500 sec
width 10000.0 Hz

8 repatitions

OBSERVE  H1, 599.6318168
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768

Total time 1 min, 24 sec

ath=3-20i-a-cl3

Sample: ath-3-201-a-cld
Fila: nees00/Zakarian/herrma/arh-3-201-a=a13 Fid

Fulas Ssquence: s2pul
Bolvent: cdeld

Temp. 25.0 € / 298.1 K
Opecatas:

File: ath-3-201-a-cl3
THOVA-500  "rabi . chem. ucsh. edu”

Relax. delay 1.000 see
rulse 10.0 uses

RAeg. tims 1,290 see

Width 36180.1 Hx

BO0 repatitions
CBSERVE €13, 150 TT75070 MHs
DECOUFLE  HL, 509 6348246 MHs
Pewsr 34 dn

cencinuously on

WALTZ-16 modulated

DATA FROCESSTNG

Lina breadening 0.5 He

FT size 131072

Total tima & hr, 25 min, 13 mea

1.97
0.95
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ath-3-252-a-AB

Sample: ath-3-252-b-AB
File: nmr600/Zakarian/he .£id

Pulse Sequence: s2pul

Solvent: cdecl3

Temp. 25.0 C / 298.1 K
Operator: herrma

File: ath-3-252-a-AB

INOVA-500 "rabi.chem.ucsb.adu"

Relax. delay 8.000 sec
Pulse 74.9 degrees

Acq. time 2.500 sec
width 10000.0 Hz

16 repetitions
OBSERVE  H1, 599.6318168
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768
Total time 2 min, 48 sec

ath=3=282-keAR=13
Fila: nme&0d/Iakarian/berems)/sth—1-283-h-AB—old fid

Pulss Ssquence: slpul

Solvent: edolld

Temp. 5.0 ¢ f 298.1 K
Oparatsr: harrma

rile: ath-3-253-h-AB-el}
INOVA=500 “rabi.chem.scsb. edu

Relax, dalay 1.900 sss
Pulsa 10.0 usas

Aeg. tims 1.299 sss

wideh 36199.1 Nz

400 rapatitians
CBSERVE C13, 180.7775160 MEx
DECOUPLE H1, 599.6348246 MHE
Pewar 34 4B

centinueasly en

WALTZ-16 madulatad
DATA FROCESSING

Lins brosdaning 0.5 Hx
FT aize 131072

Total time & he, 25 min, 13 s

200 180 160 140

120

100

175
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ath-3-249-a

/data/ .£id

File: nmr600/Zak /1amith/

Pulse Sequence: s2pul
Solvent: cdcl3
Temp. 25.0 € / 298.1 K
Operator: lsmith

File: ath-3-249-a
INOVA-500 "rabi.chem.ucsb.edu"

Relax. delay 4.800 sec
Pulse 74.9 degrees

Acqg. time 2.500 sec

Width 10000.0 Hz

8 repatitions
OBSERVE  H1, 599.6318168 Mz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768

Total time O min, 58 sec

MeO'

0.92
0.88

-carbon

ath-3-24

File: nmr600/Zakarian/lsmith/

Pulse Sequence: s2pul
Solvent: cdcl3

Temp. 25.0 € / 298.1 K
Operator: lsmith

File: ath-3-249-a-carbon
INOVA-500 "rabi.chem.ucsb.edu"

Relax. delay 1.000 s
Pulse 10.0 usec
Acq. time 1.299 sec
Width 36199.1 Hx
197 repetitions
OBSERVE €13, 150.7775076 Mz
DECOUPLE H1, 599.6348246 Mz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 6 hr, 25 min, 13 sec

MeO

220 200 180 160

140
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ath-3-235-b

File: nmr600/Zakari

/lamith/ /data/

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: ath-3-235-b

INOVA-500 "rabi.chem.ucsb.edu"

Relax. delay 4.800 sec
Pulse 74.9 degrees
Acq. time 2.500 sec
Width 10000.0 Hz
8 repetitions

OBSERVE  H1, 599.6318254 pauz

DATA PROCESSING
Line broadening 0.2 Hz

FT size 32768

Total time O min, 58 sec

35-b. fid

Q

[o]

o
PN

%

N/u\/\ro

N

ath-3-238-b-casban
File: nme60d/ZakarianLlsmich/vemrsys/data/ath—3-23

Pulse Ssguence: s2pul

Selvent: edald

Temp. 25.0 & / 298.1 K
Oparator: lamith
File: ath-3-235-b-cachen
IHOVA-500  “zabi.chem.scsb, edu”

Relax. delay 1.000 seo
Fulse 10.0 uses

Reg. time 1.399 ses

wideh 36199.1 nx

168 repetiticns
OBSERVE C13, 150.7773131 MEs
DECGUFLE Hl, 559.6348246 MEE
Towar 34 4B

continuously on

WALTE=16 modulated
DATA FROCEESTNG

Line broadening 0.5 He
FT aize 131072

Total time & he, 25 min, 13 aec

E—b—carbon. fid

oo
R
-

2.06
1.02
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ath-3-176-a
E00 MHE

Sample Hame:
cmpd12
Archive directory:

Sample directory:
FidFile: H1_cmpdlz 01

Pulse Sequence: Protom (s2pul)
Solvent: cdcl3
Data collected on: Oct 22 2001

Temp. 26.0 C / 285.1 K
Sample #5. Operator: aherrmapn
VEMRS-600 “wariamproco®

Relax. delay 1.000 sec
Fulse 45.0 degrees

Rcg. time 2.049 sec

width 9615.2 He

& repetitions

OBSERVE KL, 595.7526081 MM
DATA FROCESSING

Resol. enhancement -0.0 Hz
FT size 655316

Total time 0 min 30 sec

eieve
Brm

e

13¢

Sample Hame:
cmpd13
archive directory:

Sample directory:
FidFile: C13_cmpdl3 o1

Pulse Sequemce: Carbom (s2pul)
Solvent: cdcld
Data collected om: Oct 28 2011

Temp. 26.0 C / 295.1 K
Sample #5. Operator: aherrmamn
VEMRS-£00 “varianproco”

Relax. delay 1.000 sec
Fulse 45.0 degrees

Rcg. time 1.300 sec

width 36762.7 Hz

256 repetitions

OBSERVE €13, 150.8078775 MHz
DECOUFLE HL. 595.7SS6085 MHZ

continuously on
WALTZI-16 modulated
DATA FROCESSING

Line broadening 0.5 Hz
FT size 131072

Total time % min 45 sec

o.92
1.00

1.06
109

220 200 is0
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ath-3-176-a

600 MHz
LA
Sample Hame! JJV
cmpd12 Q N =
archive directory: 4—( CF,
Bn

Sample directory:

FidFile: F19_cmpdl2? 01

Pulse Sequemce: Flworime (sZpul)

Solvent: cdcl3

Data collected on: Oct 22 2011

Temp. 26.0 C / 295.1 K

Sample #5. Operator! aherrmamn

VHMRS-E00 "Vari.:npruco'

Relax., delay 1.000 sec

Fulse 30.0 degrees

Acg. time 1.000 sec

wWidth 113.6 kHz

16 repetitions
OBSERVE F19%. 564.3312865 MHz
DATA FROCESSIBG

Line broadening 0.5 Hz
FT sise 262144
Total time O min 36 sec

LI S e B B B e e B 1L I ey ) e B e B e I B B B B B s e B LI L

—40 -50 -60 —\‘70 -80 -90 -100 -110 -120 -120 -140 -150 Ppm
g
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Sample Hame:

o]
cmpdls OJLNJL\./’
Archiwe directory:

Sample directory:
FidFile! H1_cmpdls 01

Pulse Sequence: Protom (s2pul)
Solvent: cdcl3
Data collected om: Oct 22 2011

Temp. 26.0 C / 29%.1 K
Sample #10. Operator: aherrmanm
VEMRS-§00 “warianproco®

Relax. delay 1.000 sec
Fulse 45.0 degrees
Rcog. time 2.049 sec
width 5615.4 Hs

& repetitions

OBSERVE KL, 535.7526084% MH
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536
Total time 0 min 30 sec

180

ra
. A p—
T T T T [ T T T T ] T T T T [ T T T T [ T T T T | T T T T [T T L e e LB
9 8 7 6 5 4 3 2 1 ppm
= v v T I3
I g g 395
a - - - " me
Std carbon
i o
) R . . [ NJK;”
File: mmrsop/Zakarian/lsmith/cmpd1s. £id i
,)| ! aFr
Pulse Sequence: s2pul Bn
Solvent: cpCl:
anbient temperature
Operator: lsmith
File: cmpdld
IBOVA-500 “rabi.chem.ucsh.edu”
Relax. delay 1.000 zec
Pulse 43.% degrees
Zcg. time 1.303 sec
width 30165.9 Kz
33000 repetitions
OBSERVE €13, 125.6EB8755 MMz
DECOUPLE M1, 458 BEBSLEE Mz
Fower 38 dB
contimucusly on
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 51 hr, 22 min, 8 sec
| ‘ Py TN - I T | |
L L B L L L B B B I e i I B L B L B e
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iar
o oz

SIMpla Mama:

ompdva

Archive directory:

sampla diroctery-

rifrils: ris_cspais o1

Pulso saquonce: rimering (sapuly

solvent: odcly
Data collectsd on: oCt 23 2011

TEMp. 3.0 C / 299.1 K
sample #10, oparator: aherrmanm

UNBMS-800 “varianproco”

malaz. dalay 1.000 sec
Folse 30.0 degrocs

Acq. time 1.0 sec

Width 113.8 =z

18 rapetitions

DESENVE 19, 5683312885 MHI
DATA PRCCISIING

zime broadening o.% HI

rT size 26zl
Total tima o min 38 sac

P T T T T [ T [ T [ T T
—40 —-60 —80 -100 —-120 —120 -160 -180 —200 FPEM

¥ L

g 5 3

: i b

181



Sample Hame:

[+
chr:sdimtnq: DJLN JL‘/

H CeF
sample directory: an e

FidFile: H1_cmpdls 01

Pulse Sequemce: Protom (sZpufl)
Solvent: cdel3d
Data collected om: Oct 22 2001

.20 C /2991 K
sample $11, Operator: aherrmpnm
VHMRS-500 'w:z.iamprnr:cl'

Relax. delay 1.000 sec
Palse 45.0 degrees
Reg. time 2.049 sec
width 5615.4 Hz

8 repetitions

OBSERVE  H1, 535.7526037 MHR
DATA FROCESSING

Rescl. enhancement -0.0 Ha
FT size 65536
Total time 0 min 30 sec

P
1,03
108
3135
12
13F

.94
1.02

Date of experiment: Jan 2 2012
ath-3-107-purifiedc13

600 MHz
HCBoold Probe o o
Sample: ath-3-107-purified-cl3 DJ'L'NJ'k/

File: xp i_( E F,
iFa
Pulse Seguence: s2pul Bn

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Operator: herma

INOVA-600 “nmr&00_chen. ucsh._edu®

Relax. delay 1.000 sec

Pulse 10.0 usec

Zog. time 1.239 sec

width 36185.1 Kz

23500 repetitions

OBSERVE Cl13, 150.T775059 MMz
DECOUPLE M1, 5996348246 MHz
Power 34 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Ha

FT size 131072

Total time 32 hr, 3 min, 38 sec

. — [

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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500 MHz
Sample Bame:
o j}L i
archive directory: J-k/
o NT Y
Sample directory- %—( CaFy
Bn
Fidrile: F15_cupdlS_01
Pulse Sequence: Fluorine (s2Zpul)
Solvent: cdel3
Data collected om: Oct 22 2001
Temp. 26.0 C / 299.1 K
sample #11, Operator: aherrmanm
VHMRS-600  “varianproct”
Relax. delay 1.000 sec
Pulse 30.0 degrees
heg. time 1.000 sec
Width 113.6 kiz
16 repetitions
OBSERVE F13, 564.3312865 MHz
DATA PROCESSIHG
Line broadening 0.3 Ha
FT size 262144
Total time 0 min 36 sec
n
LI L L L B L B L R R
-40 -60 - -100 -1 -140 -160 -180 -200 FEM
b g 1
= e @ e
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M

Sample Bame:
cmpd16
archive directory:

sample directory:
FidFile: H1_cwpdlé_D1

Pulse Sequence: Protom (s2pul)
Solvent: cdell
Data collected on: Oct 28 2011

Temp. 26.0 C / 2331 K
Sample #10, Operator: aherrmanm
VHMRS-600  “varianproco”

Relax. delay 1.000 sec
Pulse 45.0 degrees

heg. time 2.049 sec

Width S615.4 Hz

B repetitions

OBSERVE M1, 595.7526075 MHz
DATA PROCESSING

Resol. enhancement —0.0 Hz
FT size 65536
Total time 0 min 30 sec

0 o0

o N

e

o~
Bn el

9 8 7 6 5 L 2 ppm
= b b b ¥R
- - 2 - w e
a3 & 2 2 2 383
L E A - - A e
Std carbom
i3
File: mmré00/zakarian/lsmith/vnmrsys/data/1s_2_cmpdl6-carbor) fid ‘YLL“
FTcr,
Fulse Sequemce: s2pul Bn " CFy
Solwvent: edcl3
Temp. 25.0 C / 298.1 K
operator: lsmith
File: ls-z-cmpdl&-carbon
IBOVA-E00 “rabi.chem.ucsh.edu”
Relax. delay 1.000 sec
Fulse 10.0 usec
Acg. time 1.235 sec
Width 36195.1 Kz
2301 repetitions
OBSERVE €13, 150.7775058 MMz
DECOUPLE ML, 599.634B246 MMz
Power 34 dB
contirucusly on
WALTZI-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time & hr, 25 min, 13 sec
Nl ry |
L e e o B B I B B B i B L B B e
220 200 180 160 140 120 100 80 60 40 20 0  ppm
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Sample Bame:

cmpd16 0 o
Archive directory-

o N
Sample directory:

=
e

F°_ CF3
FidFile: F19_cmpdls_01 En  CF;
Pulse Sequemce: Fluorine {s2pul
Solvent: cdel3d
Data collected om: Oct 28 2011

Temp. 26.0 C / 299.1 K
sanple #10, Operator: aherrmann
VHMRS-S00 'w:z.iamprnr.ﬂ'

Relax. delay 1.000 sec
Pulse 30.0 degrees

Reg. time 1.000 sec

wWidth 113.6 kHz

16 repetitions

OBSERVE F13, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT size 262144
Total time O min 36 sec

L L L L L L L L B L L B R B
-40 —60 h—SO -100 -120 -140 -160

—13? -200 ppm
ooy 2
=
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600 MHz
Sample Hame: 0 o
cmpd1g
archive directory: D}L N Jk/
Sample directory- /*_Q CeFyz
BEn

Fidrile: H1_cmpdls 01

Pulse Sequence: Protom {s2pul)
Sollvent: cdel3
Data collected o= Oct 22 2041

Temp. 26.0 C / 2931 K
Sample #12, Operator: aherrmgrm
VEMRS-600 "warianprocd”

Relax. delay 1.000 sec
Palze 45.0 degrees

Rog. time 2.049 sec

width 5615.4 Hz

8 repetitions
OBSERVE M1, 535.7526087 M.
DATA PROCESSING

Rescl. enhamcement —0.0 Hz
FT size 65536
Total time 0 mim 30 sec

S——,
—
—

9 8 7 [ 4 3 2 1
o - e v 31 e

Date of experiment: Jam 3 2012
ath-3-255-22-Ac13

600 MHZ
HeHoold Frobe o o
std carbon
At

/1 ( E"EFB
Eabplexpath-3-255-a2-A-c13 Bn
File: xp

Pulse Sequence: s2pul

Pulze s : szpul
Solvent i cdels "7

Temp. 25.0 C [ 298.1 K
Operator: herrma

IBOVA-600  “nmre0d.chen.ucsb_edu”

Relax. delay 1.04090 see
Fulse 10.0 usec

Acg. time 1.29% sec

Width 36135.1 Kz

21900 l'!peti.tim!l

OBSERVE C13, 150.7775053 MHz
DECOUPLE M1, 599.6348246 MHz
Power 34 dB

continuously on

MALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 32 hr, 3 min, 38 sec

| ) | |

220 200 180 160 130 120 100 80 60 20 20 0  ppm
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19F
600 MHZ

Sample Bame:
cmpd18

archive directory:

Sample directory:

FidFile: F15_cupd1s_01

Pulse Sequemce: Fluorine (s2pul}
Solvent: cdel3
Data collected om: Oct 22 2011

Temp. 26.0 C / 299.1 K
Sample #12, Operator: aherrmanm
VHMRS-500  “varianprocd®

Relax. delay 1.000 sec
Pulse 30.0 degrees

leg. time 1.000 sec

Width 113.6 kiz

16 repetitions

OBSERVE F13, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hs

FT size 262144

Total time O min 36 sec

-40 —60 - —-100 -120 -140 -160 -180 -200 ppm
b iR
I e na
g 5 oR8 3
3 e
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C12 mE®

Sample Bame:
ath-3-238-a-B
archive directory:

Sample directory:
FidFile: H1_ath-3-338-a-B_01

Fulse Sequence: Protom (s2pul)
Solvent: cdel3
Data collected om: Dec 14 2011

Temp. 26.0 € / 299.1 K
Sample #1. Operatcr: aherzmann
VEMRS-500  “warianproco”

Relax. delay 1.000 sec
Pulse 45.0 degrees
heg. time 2043 sec
Width 5515.4 Hz

15 repetitions
OBSERVE ~ H1, 555.7526087 MHz
DATA PROCESSIHG

Resol. enhancement —0.0 Ha
FT size 65536
Total time 0 min 55 zec

H Fab.
an - CoFs

ath-3-238-3-B-rl3
600 MHZ
HCHcold Probe

Sample: ath-3-238-3-B-cl3
File: mmré00/Zakarian/herrmafath-3-238-3-B-c13.fid

Pulse Sequemce: sZpul

Solvent: cdel3

Temp. 25.0 C / 298.1 K
Operator: herma

File: ath-3-233-a-B_cl3
IBOVA-E00  “rabi.chem.uosh.edu”

Relax. delay 1.000 sec
Pulse 10.0 usec

Ang. time 1.295 sec

Width 316135.1 Kz

SEO0 repetitions

OHSERVE €13, 150.7775065 MMz
DECOUPLE M1, 559.6338245 MMz
Power 34 dB

contiruously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time & hr, 25 mi

. 13 ser

a.90 i
100

H Fit.
B CaFs

108

1.08

B

220 200 180 160

140

120

100
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€13 W

o

Sample Eame:

ath-3-238-2-B OJ'LNJK_/
Archive directory- Eb

. an - CaFs

Sample directory:
FidFile: F13_ath-3-238-a-B_01
Pulse Sequemce: Fluorine (s2pul)

Solvent: edels

Data collected om: Dec 14 2011

Temp. 26.0 C / 299.1 K
Sample #1. Operator: aherrmamn
VHMRS-500  “varianprocd®

Relax. delay 1.000 sec
Pulse 30.0 degrees

Nog. time 0.734 sec

wideh 357.1 kHz

32 repetitions

CBSERVE F19, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Ha

FT size 524288

Total time 0 min 58 sec

-40 -60 = -100 T.I}ZD 140 -160 -180 —-200 Ppm
s
2

1.08
1.75-[)
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empdl
ath-3-143-3
600 MHZ

o o
expl Proton Efﬂ\n‘l\rimxﬁlﬁ\
AR
SAMPLE SPECIAL Bn
date  Oct 22 2011 temp 26.0
solvent edcls  gain not used
file /home_60OMHz/~ =pin not used
aherzmarm/conpdl_o1~ hst 0.008
fH1_empdl_01.fid  pws0 11.300
ACQUISITION alfa 10.000
= 9615.4 FLAGS
at 2.048 il n
np 39396 in n
b so00 dp T
bs 3z hs nn
5= 2 PROCESSIBG
a1 1.000 fn 65536
nt 8 DISPLAY
ot 8 sp -208.5
TRANSMITTER wp 5677.7
tn W1 rfl EEEL.E
sfrg £99.756 rip 4358.2
tof 535.7 rp 465
tpur 62 Ip 4.1
™ 5.650 FLOT
DECOUPLER we 250
dn €13 sc ]
dof o ws 180
dn non th 5
dnm = ai ph
dpur L
dnf EELTH]
T T T T T T T T T T T T T T T T T T
2] 8 7 3 2 1 ppm
o e T
R i e i
cnpdl
130
ath-3-143-3
600 MHZ
1 a
o NJLy"\/H\
expl Carbon H
Al &r
SAMPLE SPECIAL Ba
date Oct 22 2011 temp 26.0
solvent cdels  gain 30
file /home_60OMHz/~ spin not used
aherrmarm/onpdl_03~ hot o008
/c13_cmpdl_01.£id  pwso £.300
ACQUISITION alfa 10.000
W 26764.7 FLAGS
at 1.300 il n
np ssgza  in n
fb 17000 dp ¥
bs [ nn
d1 1.000 FROCESSING
nt 256 1b 0.0
et 256 fn not used
TRENSMITTER DISPLAY
tn c1z sp -1539.6
sfrg 150,824 wp 347351
tof 1542.3 rfl 14160.5
tpwr 57 rip 11646.5
™ a.150 Ip -17.0
DECOUPLER 1p o
dn HL PLOT
dof o wc 250
dn ¥Iv = o
dm w v 13477
dpur 46 th 3
dnf 15291 ai  ph
ML
IR B o B O L B L L e e B L R |
200 180 160 1120 120 100 80 G0 40 20 ppm
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Sample Bame:
ath_ewpdl
archive directory:

Sample directory:
FidFile: F15_ath_cmpdl_D1

Pulse Sequence: Floorine (s2pul)
Solvent: cdel3
Data collected om: Oct 19 2011

Temp. 26.0 C / 299.1 K
Sample #3. Operator: aherzmann
VEMRS-500  “variamproct”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Rog. time 1.000 sec

Width 113.6 kiHz

15 repetitions
OBSERVE F19, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hs
FT size 262144
Total time O min 36 zec

3.00 =

191

-110

-120

-130

-140
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expl Proton

SAMFLE SPECIAL
date Oct 1% 2011 temp 26.0
solvent odcl3 gain not used
file /home_60MHa/~ spin not used
aherzmann/ath_cmpd~ hst 0.008
3_02/HL_ath_cmpdd_~ pws0 11.300
01.fid alfa 10.000
ACQUISITION FLAGS
oW 96154 il n
at 2.04% in n
np 39396 dp ¥
fb 4000 hs nn
bs az FROCESSING
55 2 fn E5536
di 1.000 DISPLAY
nt 8 sp —178.8
ot 8 wp 5Ed5.8
TRANSMITTER rfl 5562.7
tn K1 rip 4354.2
sfrg 599.756 Ip 50.8
tof 535.7 ].P 4.0
tpur &2 FroT
e 5.650 wc 250
DECOUFLER sC o
dn €13 s 126
dof 0 th 3
an mn o ai gh
dmm c
dpwr 38
dnf 3S0BB
ra 4
R L |
L S e o e o e e e e e e e e L e e e e e e B e L e e s s s s
9 8 7 6 5 1 2 1 ppm
b aian T T
i ]  we
expl Carbon
SAMFLE SPECIAL o o
date Oct 19 2011 temp 26.0
file /home_SDOMEz/~ spin not used o N Y
aherrmamn/ath_cupd~ hst 0008 4—( CFy
3_o2/c13_ath_cpdd~ pwso 8.300 Bn
_Dl.fl.d alfa 10.000
ACQUISITION FLAGS
i1 36764.7 il n
at 1.300 in n
np sss24  dp ¥
fb 17000 hs nn
b 64 PROCESSING
di 1.000 1b o.50
nt 256 fn not used
ot 192 DISPLAY
TRANSMITTER sp -1541.3
tn Cl3 wp 34775.5
sfrq 150.824 rfl 14162.6
tof 1542.3 rfp 11686.5
tpur 57 Ip -15.3
i 4.150 lp [
DECOUFLER PLOT
dn H1 wc 250
dof o s o
dm T¥Y ¥S B155
dom w th &
apur e ai  ph
Amf 15291
R B L B B A A B e IR B A B A R
200 180 160 140 120 100 80 60 10 20 ppm
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Sample Bame:
ath_cmpd3
Archive directory:

Sample directory:
FidFile: F19_ath_cmpda 01

Pulse Sequence: Fluorine (sZpul)
Solvent: cdcl3
Data collected om= Oct 15 2011

Temp. 26.0 C / 299.1 K
Sample 35, Operator: sherrmamn
VHMRS-600 "warianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Aog. time 1.000 seo

wWidth 213.6 kHz

16 repetitions

OBSERVE F19, 564 3312865 MHz
DATA PROCESSING

Line broademing 0.3 Hz

FT size 262134

Total time 0 min 3§ zec

300 —=

193

=120

=130

=140



expl Protom

SAMPLE SPECIAL o
date Oct 19 2011 temp 26.0 JJ\
solvent cdcls  gain not used o N
file /home_S00MHZ/~ spin not used i
aherrmann/ath_cmpd~ hst o.008 4_{. CFa
2_02/H1_ath_cwpdz_~ pwso 11.300 En
01_fid alfa 10000
ACQUISITION FLAGS
W 96154 il n
at 2.049 in n
np 39396 dp ¥
fb 2000 hs m
bs 3z PROCESSING
sz 2 fn €553
d1 1.000 DISPLAY
nt B osp -178.8
ot 8 wp 5635.2
TRANSMITTER rfl 55627
tn Wl rfp 4358.2
sfrg 589.756 Ip 0.3
‘tof 535.7 lp o
tpur 62 PLOT
o 5650 wo 250
DECOUPLER sc o
dn c13 ws 130
dof o th 7
dm mn ad h
drm [
dpur 38
dnf ELLH]
s _/
T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T LI B S
9 8 T 6 5 4 3
s e e
expl Carbom
SAMPLE SPECTAL o o
date  Oct 19 2011 temp 6.0 JJ\
solvent odels  gain 30 o N H
file /home_S0OMEz/~ spin not used /]—( CFy
aherzmanm/ath_cmpd~ hst o008 Bn
2_02/C13_ath_cepdz~ pwso 2.300
_o1.fid alfa 10.000
ACQUISITION FLAGS
e 3ETEL.T Al n
at 1.300 in n
np 95624 dp ¥
fb 17000 hs mn
bs 3z FROCESSING
a1 1000 Ib
nt 256 £n not used
ot 160 DISPLAY
TRANSMITTER =p -1a99.8
tn c13 wp 26941
sfrg 150.828 Tl 14161.5
tof 1542.3 rfp 11646.5
tpur 57 Ip -28.5
i a.150 Ip o
DECOUPLER PLOT
dn Hl wc 250
dof o sc ]
dn FIY Vs 13871
dmm w th 4
dgwr 4 =i ph
dnf 15291
L il -
LI N L o B O L L L L L L L LI L
200 180 160 140 120 100 20 (] 40 20 ppm
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FidFile: F19_ath_cmpd? D1

Pulse Sequence: Floorine {s2pul}
Solvent: cdel3
Data collected om: Oct 19 2041

Temp. 26.0 C / 299.1 K
Sample #4. Operator: aherzmann
VEMRS-00  “warianprocd”

Relax. delay 1.000 sec
Palse 30.0 degrees

hog. time 1.000 see

Width 113.6 kHz

16 repetitions
OBSERVE F13, 564.3312855 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT siae 262144
Total time 0 mim 36 zec

-40 -30

T
-60

.00+

T
=70

-80

-820
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expl Protom

0 o
SAMPLE SPECIAL J,L jvk
date Oct 19 2011 temp 26.0 o N -
solvent edels  gain not used H
file /home_60OMHZ/~ spin not used /1_{ CFy
ahersmarm/ath_cmpd~ hst o008 Bn
7_02/H1_ath_cwpd?_~ pwsn 11.300
o1.fid alfa 10.000
ACQUISITION FLAGS
5w 9615.4 il n
at 2.043 in n
np 39396 dp ¥
ib 4000 hs nn
bs 32 FPROCESSING
55 2 fn E5536
d1 1.000 DISFLAY
nt 8 =p -200.5
ot 8 wp 5677.7
TRANSMITTER rfl S563.0
tn H1 rfp 4354.2
sfrg 593.756 Ip a0
tof 595.7 lp EN]
towr 62 FLOT
hd 5_650 wc 250
DECOUPLER s o
dn Cl3 ws T2
dof o th 3
dn mn ai  gh
dnm e
dpur 38
dnf 3Isoes
{ J
A l Al
LI Sy B S s B B s By B S B B By B S B B S N B R T T T T T T T T T T
9 8 7 6 1 2 1 ppm
e
Sample Bame:
ath_cmpd7
archive directory: 0 o
Sample directory: DllN/u\X
FidFile: £13_ath_cmpd?_p1 4—{ CFy
Bn
Pulse Sequemce: Carbom {s2pul)
Solvent: cdels
Data collected om: Oct 19 2011
. 26.0C/ 2991 K
Sample #8, Operator: sherrmann
VHMRS-600 “varianprocd”
Relax. delay 1.000 sec
Pulse 45.0 degrees
Keg. time 1.300 see
width 36764.7 Hz
128 repetitions
OBSERVE C13, 150.8078785 MHz
DECOUPLE H1, 539.TS56085 MHz
Power 46 dB
continucusly on
WALTZI-15 modulated
DATA PROCESSING
Line broadening 0.5 Ha
FT size 131072
Total time 3 min 49 sec
| A,
L LA B o o s m e o o L o T B e o o o
220 200 180 160 140 120 100 80 &0 40 20 o ppm
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Sample Bame:
ath_cupdT
archive directory:

Sample directory:
FidFile: F19_ath_capd?_o1

Pulse Sequence: Floorine {s2pul)
Solvent: cdel3
Data collected om: Oet 19 2011

Temp. 26.0 C / 299.1 K
sample #8, Operator: aherrmann
VHMRS-§00 “varianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Rog. time 1.000 sec

wWidth 113.6 kHz

16 repetitions

OBSERVE F15, 564.3312865 MHz
DATA FROCESSTHG

Line broadening 0.3 Ha

FT size 262144

Total time O min 36 sec

o o
A K
/1—{&1 CFy
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ath-3-166-a
600 MHz

= H

Archive directory:

Sample directory:
FidFile: Hl_cmpd10_01

Pulse Sequence: Proton (s2pul)
Solvent: cdell
Data collected om: Oct 22 2011

Temp. 26.0 C / 28351 K
sample $8, Operator: sherrmamm
VHMRS -500 'v::iam]:rnr.‘ﬂ'

Relax. delay 1.000 sec
Pulse 45.0 degrees

heg. time 2.049 sec

Width 5615.4 Hz

8 repetitions
OBSERVE M1, 599.7526151 MHz
DATA PROCESSING

Resol. enhancement —0.0 Ha
FT size 65536
Total time 0 min 30 sec

e

~
foete

o
o 98{

w
0.95
Loo-T
o.99 PR
o.99

™
100
108
l.ﬂﬂ—[

L]
2.96 C
2990, _|

o
£

FET
ath-3-166-3
00 MHz

Sample Hame:
cupd10
archive directory: Bn

Sample directory:
Fidrile: €12_empdlo_01

Pulse Sequence: Carbon (sZpul)
Solvent: cdel3
Dats collected om: Oot 22 2041

Temp. 26.0 C / 299.1 K
Sample #8. Operatcr: aherzmann
VEMRS-600 “varianprocd”

Relax. delay 1.000 sec
Palse 45.0 degrees

hog. time 1300 sec

Width 36764.7 Hz

256 repetitioms

OBSERVE C13, 150.8078807 MHz
DECOUFLE M1, 555.TS56085 MHz
Power 45 da

continuously on

WALTI-15 modulated

DATA PROCESSIEG

Line broadening 0.5 Ha
FT size 131072
Total time 3 min 49 zec

Al

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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19F
ath-3-166-a
600 MHz

Sample Bame:
cmpd10

Archive directory:

Sample directory:

Fidrile: F19_capdlo_01

Pulse Sequence: Fluorine (s2Zpul)

Solvent: cdel3
Data collected om: Ot 22 2011

Temp. 26.0 C / 299.1 K
Sample #8. Operatcr: aherzmann
VEMRS-600 “varianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Rog. time 1.000 sec

wWidth 113.6 kiz

15 repetitions

OBSERVE F19, 564.3312865 MHz
DATA PROCESSIHG

Line broadening 0.3 Ha

FT size 262144

Total time 0 min 36 sec

-40 =30

-60

3.00 —

T
=70

T
-80

=100

199
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1H
Sample Hame:

cmpds
archive directory:
Sample directory:
FidFile: Hl_cmpds_01

Pulse Sequence: Protom {s2pul)
Solvent: cdel3

Data collected om: Oct 28 2011

. 2E.0C/ 2991 K
Sample #8, Operatcr: sherzmann
VHMRS-£00  “varianproco”

Relax. delay 1.000 sec
Pulse 45.0 degrees

hog. time 2.049 sec

Width 5615.4 Hz

8 repetitions

OBSERVE M1, 595.7516072 MHZ
DATA PROCESSING

Resol. enhancement -0.0 Ha
FT size £5536
Total time 0 min 30 sec

“

13c

Sample Hame:
cmpds
Archive directory:

Sample directorys
FidFile: C13_cmpdy_o1

Fulse Sequence: Carbon (s2pul)
Solvent: cdel3
Data collected om: Oct 28 2011

Temp. 26.0 C / 299.1 K
Sample #8, Operator: aherrmann
VHMRS-500  "varianprocd”

Relaz. delay 1.000 sec

Pulse 45.0 degrees

heg. time 1.300 sec

width 36764.7 Hz

256 repetitions

OBSERVE €13, 150.8078886 MHZ
DECOUFLE M1, 595.7S56085 MHZ
Power 46 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Lime broadening 0.5 Hz
FT size 131072
Total time ¥ min 49 sec

_.Il“

216
1.00-C

W

1.06 [

Loz-f

103 M —

2.33 T

3.0
3.0

|

220 200 180

160 140

120 100

200

20

60

40
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19F

Sample Bame:

:lzr:hir: directory:
Sample directory:
FidFile: F19_cmpds_o1

Fulse Sequence: Fluorine (s2pul}
Solvent: cdel3

Data collected om: Oct 28 2011

Temp. 26.0 C / 2899.1 K
Sample #8, Operator: sherzmann
VEMRS-500  “wariamproco®

Relax. delay 1.000 sec
Fulse 30.0 degrees
hog. time 1.000 sec
wWidth 213.6 kHz
16 repetitions
OBSERVE F15, 564.3312865 MHz
DATA FROCESSTHG
Line broademing 0.3 Ha
FT size 262144
Total time O mim 36 sec

3.00—«

201



cnpds
ath-3-1159-a

600 MHz
expl FProtom
SAMPLE SPECIAL
date  Oct 22 2011 temp 26.0
solvent odel3  gain not used
file /homs_S0OMEz/~ spin nat used
aherrmann/capds_o1~ hst o008
fH1_cmpds_o1.fid pwso 11.300
ACQUISITION alfa 10000
e 96154 FLAGS
at 2.049 il n
np 39396  in n
fb s000 dp ¥
bs 3z hs mn
s ] PROFESSING
d1 1.000 fn E553E
nt ] DISFLAY
ot 8 sp -178.4
TRENSMITTER 56d5.8
tn W1 rfl 5563.3
sfrg 599.756 xip 4358.2
tof 535.7 Ip (LN
tpur 62 Ip o
™ 5.650 FLOT
DECOUPLER e 250
dn c13 s o
dof o ws 143
Am mnn th 15
dmm e ai g
dpwr 38
dnf EELLE]
A JJ
T T T ] T T T T [ T T T T [ T T T T | T T T T | T T L e . L B S B B B
8 T [ 5 4 2 1 ppm

empds
130
ath-3-159-3
600 MHZ
expl Ccarbon
SAMPLE SPECIAL
date  Oct 22 2011 temp 26.0
solvent odel3  gain 30
file /home S0OMHZ/~ spin not used
aherzmann/capds_o3~ hst o008
f13_cmpds_o1_fid  pwdo 2300
ACQUISITION alfa 10000
e 267647 FLAGS
at 1300 il n
np 95624 in n
b 17000 dp ¥
bs 64 hs mn
di 1000 PROCESSING
nt 256 1b o.s0
et 156 fn not used
TRANSMITTER DISPLAY
tn c13 sp -1a57.7
sfrg 150.828 wp 3a613.3
tof 1542.3 rfl 141858
tpur 57 zfp 11646.5
i 4150 rp —az.s
DECOUPLER ip o
dn H1 PLOT
dof 0 we 250
dm TIY s o
dnm W ws 29135
dpur a6 th 7
dmf 15291 2i  ph

IREREE T
200 180 160 140 120 100 B0 60 40 20 ppm

202



19F
ath-3-159-3
600 MHz

Sample Hame:
cupds

archive directory:

Sample directory:

Fidrile: F19_cmpds_01

Pulze Sequence: Fluorine {s2pul)
Solwent: cdel3
Data collected om: Oct 22 2011

Temp. 26.0 C / 2931 K
Sample #6, Operator: aherzmanm
VEMRS-600 “varianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

hog. time 1.000 see

width 113.6 kHz

15 repetitions

OBSERVE F13, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 262144

Total time 0 min 36 zec

-40 -50

T
—60

3.00

T
-70

T
—80
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cnpds

ath-3-187-b
600 MMz
expl Proton
SAMPLE SPECTAL
date  Oct 22 2011 temp 26.0
solvent edels  gain nat used
file /home_S0OMHz/~ spin mot used
aherrmann/cmpds_01~ hst 0.008
/HL_cmpds_01.fid  pw30 11.300
ACQUISITION alfa 10.000
= 96154 FLAGS
at z.088 il n
np 33396 in n
fb 1000 dp T
bs 3z hs nn
s ] PROCESSING
d1 1.000 fn 65536
nt ] DISPLAY
ot 5 sp -178.6
TRANSMITTER 5635.2
tn Wl rfl 24232
sfrg 593756 rfp 12285
tof 595.7 Ip 4.1
tpur 62 1lp 1
i 5.550 PLOT
DECOUPLER we 50
dn c13 s o
dof 0 vs 38
dm rmn th 5
dmm c ai ph
dpur EL]
dnf asoes
1 ra
! f .
T T T T [ T T T T T T T T T T T T [ T T T T | T T T T T T T T [ T T T T T
9 8 7 6 5 1 2 1 ppm
T T g ¥ 1
B 2 ne a 3
cmpdé
130
ath-3-167-b
600 MHz
expl Carbonm
SAMPLE SPECIAL
date  Oct 22 2011 temp 26.0
solvent cdels  gain 30
file /home §O0OMHz/~ spin not used
aherrmann/capds_o3~ hst o008
fC13_cmpds_o1.£id  pwso £.300
ACQUISITION alfa 10000
e I6T64.7 FLAGS
at 1.300 il n
np ssezd  in n
fb 17000 dp ¥
bs 64 hs mn
di 1.000 PROCESSING
nt 256 b 0.50
ot 256 n not used
TRENSMITTER DISPLAY
tn c13 sp -1545.2
sfrg 150824 wp 327755
tof 1542.3 rfl 14166.6
tpur 57 ofp 11646.5
W 4.150 -a3.2
TDECOUPLER 1p ]
dn H1 PLOT
dof 0w 250
an Y =0
dnm wows 13633
dpur 4% th
dnf 15291 23i  ph
L B L L B L L L L L L L L B L R R R A R R R RN R R
200 180 160 140 120 100 80 60 40 20 ppm
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19F
ath-3-167-b
500 MHz

Sample Bame:
cmpds
Archive directory:

Sample directory:
FidFile: F19_cmpdé 01

Pulse Sequence: Fluorine (s2pul)
Solvent: cdell
Data collected om: Oct 22 2011

Temp. 26.0 C / 2991 K
Sample #7, Operator: sherrmann
VHMRS-§00 “varianprocod”

Relax. delay 1.000 sec
Pulse 30.0 degrees

heg. time 1.000 sec

Width 113.6 kHz

16 repetitions

OBSERVE F13, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT size 262144
Total time 0 min 36 sec

-40 -50

-60
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enpda
ath-3-132-3

600 MMz
=xpl Proten
SAMPLE SPECIAL
date  Oct 22 2011 temp 260
solvent edell  gain not used
file /home_60OMHz/~ spin net used
aherzmann/cmpda_o1~ hst o008
fH1_cmpds_01.fid pwso 11.300
ACQUISITION alfa 10.000
= 96154 FLAGS
at 2.m49 il n
np 39396 in n
fb 2000 dp ¥
bs 3z hs nn
== 2 PROCESSING
d1 1000 fn 65536
nt ] DISPLAY
ot 5 sp —205.2
TRANSMITTER wp 5667.2
tn W1 rfl 43823
sfrg 593.756 rfp 3178.7
tof 595.7 Ip as.8
tpur 62 1Ip o
w 5.650 [PLoT
DECOUPLER e 20
dn C13 se ]
dof o ws 108
dn mnn th 4
dmm e ai gk
dpwr 38
dnf 35068
ok
T T T [ T T T T [ T T T T [ T T T T T T T T [ T T T T T T T T [ T T T T T T T T T
9 8 7 6 5 1 3 2 1 Ppm
o o i o
mam 2 ] e & - =
i < S S = non
kg - - ] L
empda
130
ath-3-132-3
600 MHZ

9 o ( ]
expl Carbon OJ'LN )
)I—{ CFy
SAMPLE SPECIAL B

date  Oct 22 2011 temp 26.0
solvent cdels gain 30
file /home_60OMHz/~ spin not used
aherzmann/cmpds_o3~ hst o.008
fC13_cmpda_o1.£id  pwso 8.300
ACQUISITION alfa 10.000
= I6764.7 FLAGS
at 1300 il n
np IsE2d  in n
b 17000 dp ¥
bs 64 hs nn
d1 1.000 FROCESSIBG
nt 256 1b o.s0
ot 256 fn not used
TRANSMITTER DISPLAY
tn c13 sp -1a87.5
sfrg 150.828 wp 347351
tof 1542.3 il 14159.3
tpur 57 rfp 118865
™ 4.150 rp -86.7
DECOUPLER 1p o

200 180 160 110 120 100 80 60 140 20 ppm
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19F
ath-3-132-a
00 MHz

Sample Eame:

cmpda
Archive directory:
Sample directory:
Fidrile: F19_cmpda_p1

Pulse Sequemce: Fluorine {s2pul)
Solvent: edcly
Data collected om: OCt 22 2011

Temp. 26.0 C / 299.1 K
Sample 45, Operator: aherrmamn
VHMRS-500  “varianprocd®

Relax. delay 1.000 sec
Pulse 30.0 degrees

Neg. time 1.000 sec

width 113.5 kiz

16 repetitions

OBSERVE F19, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hs
FT size 262144
Total time 0 min 36 sec

-80

T T
-90

207

T
-100

-110

T
-120

-130

-140



m

Sample Name:
lz\:hir: directory:
Sample directory:
FidFile: Ml_cmpds_o1

Pulse Sequence: Protom (s2pul)
Solvent: cdcl3
Data collected on: Oct 2B 2011

Temp. 26.0 C / 2899.1 K
Sample #7, Operator: sherzmafin
VEMRE-500  “wariamprocd®

Relax. delay 1.000 sec
Palse 45.0 degrees
Rog. time 2049 sec
Width $615.4 Hz

8 repetitioms
OBSERVE M1, 595.7526035 MH]
DATA PROCESSING

Rescl. enhamcement -0.0 Hz
FT size 65536
Total time 0 min 30 sec

Date of experiment: Jam § 2012
cmpd 3-c13

600 Mz

HeBeold Probe

5td carbom

File: xp

Pulse Sequence: s2pul

Solvent: edels

Temp. 25.0 C / 298.1 K
Operator: herrma

INOVA-S00  “ners0d. chem.ucsh.eda”

Relax. delay 1.000 sec
Pulse 10.0 usec

Acg. time 1.295 sec

width 36195.1 Kz

22256 repetitions

QBSERVE €13, 150.7775053 MHz
DECOUPLE ML, 5996348246 MMz
Power 34 dB

continuously om

WALTI-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 32 hr, ¥ min, 38 sec

LR
1.00~[

104~
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19F

Sample Bame:

mh:u-: directory:
Sample directory:
FidFile: F13_capda_o1

Pulse Sequence: Floorine (s2pul)
Solvent: cdell
Data collected om: Oct 28 2011

Temp. 26.0 C / 299.1 K
sample 47, Operater: aherrmamn
VHMRS-500 'v::.iamprnr.'n'

Relax. delay 1.000 sec
Pulse 30.0 degrees

heg. time 1.000 sec

width 113.6 kHz

16 repetitions
OBSERVE F13, 564.3312865 MHz
DATA FROCESSTHG

Line broadening 0.3 Ha
FT size 262144
Total time 0 min 36 sec

[

PG SUN

A,

—40 -50

—60

3.00-C

-T0

-80

-90
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Pulse Sequemce: sZpul
Solvent: odel3

Temp. 25.0 € / 298.1 K
operator: lsmith

File: ath-3-203-p

INOVA-500 “rabi.chem.ucsh.edu”

Relax. delay 4.800 sec
Fulse 74.3 degrees
Zcg. time 2.500 sec
wWidth 10000.0 Hz

8 repetitions

OBSERVE ~ H1, 553.5318168 MG

DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768

Total time 0 min, 58 sec

1smith/wmrsy

3-203-p.£id

std carbon

Sample: 1_Tndanome
File:

ian/1smith/

Tho]

Fulse Sequemce: sZpul
Solvent: edcl:

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: ath-3-203-p-carbon

INOVA-500 “rabi.chem.ucshb.edu”

Relax. delay 1.000 sec

Pulse 10.0 usec

Aog. time 1.239 sec
Width 36185.1 Kz

185 repetitions
OBSERVE €13, 150.7775065 MHz
DECOUPLE M1, 5996348146 Mz
Power 34 dB
continuously on
WALTZ-16 modulated
DATA FROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time & hr, 25 min,

13 zec

P
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FidFile: F19_ath-3-203-p_01

Pulse Sequemce: Fluorine (s2pul)
Solvent: cdel3d
Data collected om: Bov 7 2011

Temp. 26.0 C / 299.1 K
sample #10, Operator: aherrmarm
VHMRS-500  "warianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Neg. time 1.000 sec

wideh 113.6 kHz

16 repetitions

CBSERVE F19, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hz

FT size 262144

Tatal time O min 36 sec

3,00 —

211
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-]
Sample Bame:
ath-3-240-2-2 "—‘)\."JL\;/\‘?"
Archive directory: ,),—g ey o },
n —

FidFile: H1_ath-3-20-3-&_o1

Fulse Sequence: Proton (s2pdl)
Solvent: cdcl3
Data collected

: Dec 5 2011

.26.00C /2991 K
sample #4, Operator: aherrmam
VHMRS-600 “varianproco”

Relax. delay 1.000 sec
Pulse 45.0 degrees
heg. time 2043 sec
Width SE15.4 Hz

B repetitioms

OBSERVE ~ H1, 595.7526034 MHz
DATA FROCESSTHG

Resol. emhancement -0.0 Ha
FT size 65536
Total time 0 min 30 sec

T
9 8 T [ 3 4 2 1
P v - o oy Ey pem
R 3R 2 g g 3% "8
o o
::':.—:;Zln—:—l—l:ll OJ\NJK__,\_Y;».

.1—\' &fy 0
HCH Probe a1 "‘f_
Sample: ath-1-240-3-A-c13

File: i 3-240-3-A-c13_fid

Pulse Sequemce: sZpul

Solvent: edcl:

Temp. 25.0 € / 298.1 K
Operator: herrma

File: ath-3-2d0-a-A-cl3
INOVA-500 “rabi.chem.ucsh.edu”

Relax. delay 1.000 sec
Pulse 10.0 usec

Zog. time 1.239 sec

wWidth 36135.1 Hz

1560 repetitions

QBSERVE ©13, 150.7775050 MMz
DECOUPLE M1, 599 6348246 Mz
Power 34 dB

contimuously o

MALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Mz
FT size 131072

Total time € hr, 25 min, 13 sec

220 200 180 160 140 120 100 20 60 40 20 0 ppm

212



Sample Bame:
ath-3-340-3-2
Archive directory:

Sample directory:
FidFile: F19_ath-3-2d0-a-&_01

Pulse Sequence: Fluorine (s2pul)
Solvent: edel3
Data collected on: Dec 5 2011

Temp. 26.0 C / 2991 K
Sample #4, Operatcr: sherzmann
VHMRS-£00  “varianproco”

Relax. delay 1.000 sec
Pulse 30.0 degrees

heg. time 1.000 sec

width 113.6 kuz

16 repetitions

OBSERVE F13, 564.3312865 MHz
DATA PROCESSING

Line broadening 0.3 Hz
FT size 262144
Total time 0 min 36 sec

-50

-60

2,00 —=
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T
-80

-90

213

—-100

-110

-120

L
-130



ath-3-253-4
600 MHz
HrScold Probe

Sample: ath-3-253- 4
File: maré0D i 3 953 2 fid

Pulsc Scquemce: 32pul

Solvent: cdcl3

Temp. 35.0C f 298.1 K
Operator: hermma

File: ath-3-253-&

INOVA-500 “rabi.chem.wesh.edu™

Relax. delay 8.000 sec

Pulse 74.5 degrees

Acg. time 2.500 sec

width 10000.0 Hz

® repetitions

OBSERVE ~ Hl, 593.6318168 Mz

Py lr o -

Date of experimemt: Jam & 2012
ath-3-253-A-c13

600 MHz

HCEeold Probe

Std carbon

File: =p

Pulse Sequence: s2pul

Sclvent: cdcld

Temp. 25.0 C / 298.1 K
Operator: herrma

ISOVA-600  “nmre00.chen.ucsh.edu®

Relax. delay 1.000 sec
Fulse 10.0 usec

Acg. time 1.295 sec

width 36135.1 Hz

1500 repetitions

OBSERVE Cl13, 150.7775081 MMz
DECOUFLE M1, 599.6348246 MHz
Power 38 dB

contiruously om

WALTZI-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time & hr, 25 min, 13 sec

L .

230 200 180 160 140 120 100 B0 60 40 20 0 ppm
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19F

Sample Hame:
ath-3-753-a
archive directory:

Sample directory:

FidFile: F19_ath-3-253-a 01

Pulse Sequence: Fluorine (sZpul}

Solvent: cdcl3
Data collected on: Jam 2 2012

Temp. 26.0 C / 2899.1 K
Sample #6, Operator: sherzmann
VEMRE-500  “wariamprocd®

Relax. delay 1.000 sec
Pulse 30.0 degrees

Rog. time 1.000 sec

wWidth 213.6 kHz

16 repetitions

OBSERVE F19, 564.3312865 MHz
DATA PROCESSING

Line broademing 0.3 Hz
FT size 262144
Total time 0 min 35 sec

-80

-90

215
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1ls-2-31-3-2

CF;

File: mmre00/Zakarian/lsmith/vimrsys/data/ls-2-31-3-2.£id

Pulse Sequence: sZpul
Solvent: odol3

Temp. 25.0 C / 298.1 K
Operator: lsmith

File: 1s_3-81-3-2
500 “rabi.chem.wosh.eduo”

Relax. delay 2.800 z=c
Pulse 74.5 degrees

Acg. time 2.500 sao

wWidth 10000.0 Kz

B repetitions

OESERWE  H1. 533.6318171 Mz
DATA PROCESSING

Line broadening 0.2 Hz

FT size 55538

Total time O min. 58 sec

15-2-91-3-2_carbon

File! mmre0o0/Zakarian/lzmith/vrmrsys/data/ls-2-91-3-2-carbon. £id

Pulse Sequence: sapul

Solvent: cdcl3
Temp. 25.0 € / 298.1 K
operator: lsmith
File: ls-2-51-3-2-carbon
IBOVA-500 “rabi.chem.oc:

Relax. delay 1.000 sec
Pulse 10.0 usec

Aog. time 1,299 sec
width 36199.1 Hz

1547 repetitions

OBSERVE ©13. 150.7775042 MHz
Hl. 553.5348246 MHa

DECOUPLE
Fower 31 dB
continnously on
WALTZ-1§ modulated

DATA FROCESSING
Line brosdening 0.5 Kz
FT zize 131072
Total time & hr. 25 min

e

Cam
m
™

sb.edu”

- 13 sec

2 1 -0
8 o . ppm
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19F
SOOMHE

Sample Hame:
1s3251-3-3
Archive directory®
Fhiome f aheer Tmomm
Sample directory:
13-2-91-3-2_20120217_01
FidFile: F13_s2pul 1s-2-91-3-2 01

Pulse Sequence! FLUGRIEE {sZpul}
Solvent! odel3
Data collected om: Feb 17 2002

[:18
ul
@

Temp. 26.0 C / 299.1 K
Sample #2. Operator: aherrmann

VEMRS-600 "varianprocd”

Relax. delay 1.000 sec
Pulse 30.0 degrees

Acg. time 0,395 sec

width 131.6 kiHz

16 repetitions

OBESERVE F15. 554.330725% MMz
DATA PROCESSING

FT size 282144

Total time 0 min 32 sec

217



#howe f sher rwamm
HOY

—3-295_3_20120218_01
FidFile! H1 sZpul ath-3-295 a3 01

Fulse Sequence! FROTON {sZpul)
Solvent: odcl3
Data collected om: Feb 18 2012

il
i
i

Temp. 26.0 C / 298.1 K
Sample #3. Operator: aherrmas

WEMRS-£00 “varianproco”

Relax. delay 2.000 zec
Pulse 25.0 degrees
Acg. time 1.70% sec
Width 3615.%4 Hz

16 repetitions
OESERVE  Hl. 589.7520145 M
DATA PROCESSING

FT size 32788

Total time O minm 59 sec

ath-3-295-3_20120218 01
Fidrile: €13_s2pul ath-3-295-a 01

Pulse Sequence! CARBON (=2pul)
Solwent: odell
Data collected om: Feb 18 2012

Temp. 26.0 € / 289.1 K
Sample #2. Operator: aherrmanm

WEMRS-600 "varianproco”

Relax. delay 1.000 sec
Fulse 45.0 degress

Acg. time 0,786 sec

width 21666.7 Ez

512 repetitions
OBSERVE Cl3. 150.807727% Mz
DECOUPLE H1. 553.7550163 MHz
Fower 46 dB

contimously om

WALTZ-16 modulated

DATA FPROCESSING

Line broadening 0.5 Mz

FT size €553

Total time 15 min

P e it

40

L L B B L B L B L B B L B B R N R R N R RN RN
20 ppm

200 180 160 140 120 100
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E00MMz (MEL}

sample directory?
ath-3-395_a 30120218_01
FidFile: F15_sopul_ath 3 2953 01

Pulse Sequence! FLUORIEE (s2pul}
Solvent: odel3
Data collected om: Feb 1B 2013

Temp. 26.0 C / 295.1 K
Sample #2. Operator! aherrmanm

VEMRS-500 “varianproco”

Relax. delay 2.000 sec
Pulse 30.0 degrees

Acg. time 1.153 sec

width 227.3 kHz

32 repetitions

UBSERVE F19. 564.330729% MMz
DATA FROCESSING

FT size 524288

Total time 1 min 21 sec

219



ath-$-023-al
Archive directory: [+] [+]
/howe /ahexrmamm JL W
Sample directory: o N ~
ath-4-023-al_20120307_01 2
Fidrile: M1 szpul ath-3023-a1 o1 4_{3 CsF;
n

Pulse Sequence! PROTON {sjpul)
Salvent! cdcl3
Data collect=d om: Mar 7 (2002

Temp. 26.0 C f 299.1 K
Sample #7. Operator: ahergmann
VEMRS-600 “variamproco®

Relax. delay 1.000 sec
Fulse 45.0 degrees
Rog. time 1.70% sec
width 5615.% Hz

16 repetitions
OBSERVE ~ Hl. 538.7520160 [MHz
DATA FROCESSING

FT size 32768

Total time 0 minm 23 sec

S
e
o

o
=]
=]

(-1
o907
L
1.00 -
e
103
d
1031

wy

2

ne

1.08
1.08
.08 L

Sample directocy: Q
ath-4-023-21_20120307_02 .JL AM

Fidrile: €13 szpul ath-3-023-a1 01 £
CyF:
Fulse Sequence! CARBON (s2pul) /)_(En

Solwent: odel3
Data collected om: Mar 7 2012

Temp. 26.0 C f 299.1 K
Sample #7. Operator: aherrmann
VEMRS-_600 “varianproco”

Relaz. delay 1.000 sec
Fulse 45.0 degrees

RAog. time 0.865 sec

width 37678.8 Hz

512 repetitions

OBSERVE C13. 150.8077303 MHz
DECOUPLE H1. 599.7S50163 MHz
Power 35 dB

contimsously om

WALTZ-16 modulated

DATA PROCESSING

Line brosdening 0.5 Mz

FT size E5538

Total time 15 min

l uJ; il L

100 80 60 10 20 0 ppm

200 ig0 160 140 120

220



sample directory:
ath_4_023-31_20120307_032

FidFile: F15_s2pul_ath-& 033-31_01

Fulsc Scquence: FLUORINE (s2pul)
Solvent: odel3
Data collected om! Mar 7 2012

Temp. 26.0 C £ 299.1 K
Sample #7. Operator: aherrmann

VEMRS-S00 "varianproco”

Relax. delay 1.000 zec
Pulze 30.0 degress
Rog. time 0.996 ser
Width 131.6 kHz

32 repetitions
OBSERVE F19. 564.330723% MHz
DATA PROCESSING

FT size 262144

Total time 1 min 4 s=o

I SN

A, o
En

221
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Sample Hame: (s}
ath-2-028-acid W
Archive directory: HO'
{Thome [ slver Twcmm 2
CaFy

sample directory:
ath-2-028-acid 20120312 01
Fidrile: H1 sZpul ath-4-028-acid o1

Pulss Sequence! PROTON (=2pul)
Solvent: cdcll
Data collected om: Mar 12 2002

Temp. 26,0 C / 299.1 K
Sample #10. Operstor! aherrmamm

VEMRS-600 "variamprocd”

Relax. delay 1.000 sec
Pulse 45.0 degrees
Rog. time 1.70% ser
width 615.4 Hz

&% repetitions
OBSERVE  H1. 555.7520150 MHz
DATA PROCESSING

FT size 32768

Total time 2 mim 53 sec

Sample Hame:
ath—4_028 acid
Archive directory: H
heme / aherrmamn C.F
- a7
Sample directory:
ath-4-026-acid_20120312_01
FidFile: €13_szpul_ath-i-028-acid 01

Pulse Sequence! CARBON (=2pul)
Solvent! cdcl3
Data collected om: Mar 12 2002

Temp. 26.0 C / 298.1 K
Sample #10. Operator: aherrmann

VEMRE-S00 “variamproc”

Relax. delay 1.000 sec
Pulse $5.0 degrees
Rog. time 0.865 ser
width 37678.8 Hz
2000 repetitions
OESERVE ©13. 150.B8077222 MHs
DECOUFLE H1. 585.7550163 MHz
Power &6 4B
continsously on
WALTZ-15 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size £5535
Total time 1 hr. 2 min

i u“ N

llw{u
?
s.28-]
ERT T
i

80 60

L B L L B B I O B L I B B I L I B L L B L I B
40 20 0 ppm

160 130 120 100

220 200 180

222



Sample Hame:
ath-4-028-acid

Archive directory:
FThome / alver Tacmm

Sample directory?
ath-4-028-acid_20120312_01

FidFile: F15_szpul ath-2-028-acid 01

Pulse Sequence! FLUORIEE (s2pul)
Solvent: odel3
Data rollected omi Mar 12 2012

Temp. 26.0 © / 258.1 K
Sample $10. Operator: sherrmamm

VEMRS-500 “varianproco”

Relax. delay 1.000 zec
Pulse 30.0 degrees

Rog. time 1.153 sec

wWidth 227.3 kHz

128 repetitions

OBSERVE F18. 564.3307253 Miz
DATA FROCESSING

FT size 524288

Total time % min 36 sec
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Sample Bame:
ath--024-a3

Archive directory:
Fhome / abver Tacmm

sample directory:
ath_4_024-33_20120309_01

FidFi

i H1_szpul_ath-$-02%-33_01
Pulse Sequence! FROTON (sZpul)

Solvent! odel3
Data collected om: Mar 9 2002

Temp. 26.0 C / 299.1 K
Sample #4. Operator! aherrmann

VEMRE-S00 “variamproc”

Relax. delay 1.000 sec
Fulse $5.0 degrees
Rog. time 1.704 sec
Width 5£15.4 Hz

12 repetitions
OBSERVE  H1. 559.7520160 MHz
DATA FROCESSING

FT size 32768

Total time 1 min 27 sec

sample directory:
ath_4_024-33_20120309_01
FidFile: €13_s?pul_ath-$-02%-a3 01

Fulse Sequence: CARBON {sZpul)
Solvent! odel3
Data collected om: Mar 9 2012

Temp. 26,0 C / 299.1 K
Sample #%. Operator! aherrmann

VEMRS-600 "variamprocd”

Relax. delay 1.000 sec
Fulse 45.0 degrees
Rog. time 0.865 sec
width 17878.8 Hz
1200 repetitioms
OBSERVE C13. 150.B07T245 MHz
DECOUFLE H1. 593.7550163 MHz
Power 46 4B
contimously om
WALTZ-1& modulated
DATA FROCESSING
Line broadening 0.5 Hz
FT size 65536
Total time 37 min

HO™ ™™

CaF7

TR

40
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atj-!-mi.-:!
HO™ S

#home / ahex raamn
Sample directory:

ath-4-028-23_20170305_01 CaFr
FidFile! F15_s3pul_ath 3 _024-a3_01

Pulse Scquence: FLUORIEE (s2pul)
solvent; odel3
Data collected on: Mar 3 2002

Temp. 26.0 € / 299.1 K
Sample 4. Operator: aherrmann

VEMRS-600 “varianproco”

Relax. delay 1.000 sec
Fulse 310.0 degrees

Acg. time 1.153 sec

wWidth 227.3 kHz

€4 repetitions

OBSERVE F19. 564.330729% MHz
DATA PROCESSING

FT size 524288

Total time 2 min 18 sec
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Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Project 1\ls-2-99-2-A04 Icd

Acquired by - Admin
Sample Name - 1s-2-99-2-A
Sample ID - 15-2-99-2-A
Vail # - from
Injection Volume -850 uL
Data File Name - 15-2-99-2-A04 Icd (o]
Method File Name : ath-OD-H-analytical 0.46cm x 25cm.lem
Batch File Name : HO -
Report File Name - Default ler éF
Data Acquired - 314/2012 12:33:48 AM 3
Data Processed - 31472012 12:50:44 AM
<Chromatogram>
C:\LabSolutions\Data\Project 1\Is-2-99-2-A04.Icd
mV
30 2 Det A Ch1
o
7 O o’\;/O"'—""—"
201 O CF3 It /\(O
T (¢}
10+
8
. o
I ' F/-\._‘
0-0. — .2,_5. — ISfOI — .7_,5. — I10|.D' T .12._5.. .1!_.)_0. —
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254om
Peak# Ret. Time Area Height Area % Height %
1 6.768 668339 28968 97.217 97.207
2 9.128 19130 832 2.783 2793
Total 687468 29800 100.000| 100.000
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Shimadzu LCsolution Analysis Report =

CALabSolutions\Data\ATH\ath-3-300-a02.lcd

Acquired by - Admin
Sample Name : ath-3-300-a
Sample ID - ath-3-300-a
Vail # : from
Injection Volume :50uL
Data File Name - ath-3-300-a02 lcd
Method File Name - ath-OD-H-analytical 0.46cm x 25cm.lem
Batch File Name : HO™
Report File Name : Default.lcr CF
Data Acquired : 212712012 3:59:07 PM 3
Data Processed : 212772012 4:24:06 PM
<Chromatogram>
C:\LabSolutions\Data\ATH\ath-3-300-a02 led
mvV
- = Det A Ch1
20] °
1 0 ( j
157 ! 0
] o
i
10
5
T (=3
1 2
0 ¥ —
] T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# | Ret Tme Area Heizht Area% Heisht %
1 6.488 491241 21496 99.200 99.165
2 8.690 3960 181 0.800 0.835
Total 405202 21677 100.000 100.000
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Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Project1\ls-2-99-04 Icd

Acquired by - Admin
Sample Name : ath-4-011-al
Sample ID - ath-4-011-al
Vail # :
Injection Volume -850 uL from racemic
Data File Name - I1s-2-99-04 lcd
Method File Name : ath-OD-H-analytical 0.46cm x 25¢cm lem
Batch File Name : HO
Report File Name - Default ler
Data Acquired : 21292012 1:59:39 PM CFy
Data Processed 121292012 2:44:14 PM
<Chromatogram>
C:\LabSolutions\Data\Project1\ls-2-99-04.Icd
mV
] ] Det A Chi
] e . .)L ’\/O
7.5+
5.0
: i ’\(O
. B —— o
25
0.0
Tr rrprrrr|r | rrrr| rrr [ rrr1r [ 111 T 1 [ T 1171
10 15 25 40
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Pealk Ret. Time Area Height Area % Height %
1 6.626 216113 9135 50.485 53.946
2 8978 211957 7798 49515 46.054
Total 428070 16933 100.000 100.000
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==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Project 1\ath-4-032-a02.lcd

Acquired by : Admin
Sample Name : ath-4-032-a
Sample ID - ath-4-032-a
Vail # :
Injection Volume :20uL
Data File Name - ath-4-032-a02 lcd
Method File Name : ath-OD-H-analytical 0.46cm x 25cm.lcm
Batch File Name :
Report File Name - Default lcr =
Data Acquired - V152012 1:45:41 AM CFaCFCFy
Data Processed 1 3152012 2:02:14 AM
<Chromatogram>
C:\LabSolutions\Data\Project 1\ath-4-032-a02 led
mV
i f\% Det ACh1
504
| ) 2
7 Ol\/v\ OO ?\/\/\
254 CF,CF,CF4 CF,CF,CFy
0.0 .
LU S S S S B S B S S B B B B B SR . T T T T [ T T T T T T T
00 25 50 75 100 125 150
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254om
Peak? | Ret Time Area Height Area % Height %
1 7.597) 166730 5591 08.124 97.667
2 11211 3188 134 1.876 2333
Total 169918 5724 100.000 100.000
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Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\ATH\ath-4-027-a-A03.lcd

Acquired by - Admin
Sample : ath-4-027-a-A
Sample ID : ath-4-027-a-A
Vail # :
Injection Volume :5uL
Data File Name : ath-4-027-a-A03.lcd
Method File Name : ath-OD-H-analytical 0.46cm x 25cm.lem from
Batch File Name . H 0/\/\/\
Report File Name - Defauit lcr H
Data Acquired 1311372012 2:220:14 PM CF,CF,CFy
Data Processed 131372012 2:44:43 PM
<Chromatogram>
C:\LabSolutions\Data\ATH\ath-4-027-a-A03 lcd
mV
R 2 Det ACh
] 0 S
15 0
] '\_/\/\ o
R CF,CF,CF
: e g:
1‘Dj '\./\/\
] CF,CF,CF4
0.5
0‘0- /g ' .F/\_.I.
0....é....1b....1,5....2,0..
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peal Ret. Time Area Height Area % Heaght %
1 7.548 47647 1859 96.625 96.392
2 11.011 1664 70 3.375 3.608
Total 49311 1929 100.000 100.000
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Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Project 1\Is-2-109-04.Icd

Acquired by - Admin
Sample Name :Is-2-109-3
Sample ID < Is-2-109-3
Vail # :
Injection Volume 10wl
Data File Name - Is-2-109-04 led -
Method File Name : ath-OD-H-analytical 0.46cm x 25¢cm.lem from racemic
Batch File Name : HDW
Report File Name : Default lcr
Data Acquired 31572012 12:32:24 AM CF,CF,CF,
Data Processed 1 3/15/2012 1:00:32 AM
<Chromatogram>
C:\LabSolutions\Data\Project 1\ls-2-109-04.Icd
mV
1 a Det A Ch1
o
, " i
0.75+
oo oo
| ! '\/\/\
0.50- P CRCR CF,CF,CF,
1 (o]
0.25+
| CF,CF,CF,
0. N
e I B e e e e B e e e L S e e e e e e e N B
0 5 10 15 20 25
min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 7.183 9631 452 18.533 22731
2 7.669 176353 677 33972 34.035
3 11.233 24680 860 47.495 43234
To 51964 1989 100.000] 100.000
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3-8: a-Fluorination of N-Acyl Oxazolidinones Supporting Information

1. SOCl,, MeOH

2. NaHCOg3, Boc,0,
THF:MeOH

3. MeMgBr, THF

1% 4. K'BUO, THF 1
HO 0~ “NH
NH, ﬂ’

S1

(S)-4-1sopropyl-5,5-dimethyloxazolidin-2-one (S2). Thionyl chloride (31.1 mL, 427

Y

mmol) was added dropwise to a solution of L-valine (25.0 g, 213 mmol) in methanol (430
mL) at 0 °C. The reaction was stirred for 10 min at 0 °C, and then heated to reflux for 4 h.
The solution was cooled to rt and methanol was removed in vacuo. The crude residue was

submitted to the next step without purification.

Sodium hydrogen carbonate (53.7 g, 640 mmol) was added to a solution of crude
substrate (213 mmol) in a 4:1 mixture of THF:MeOH (560 mL) at 0 °C and stirred for 5
min. Di-tert-butyl dicarbonate (47.0 g, 215 mmol) was added to the mixture at 0 °C. The
reaction was warmed to rt and stirred for 2 h and then quenched with water. The layers were
separated. The aqueous layer was extracted with diethyl ether (3 x 100 mL). The combined
organic layers were washed with saturated sodium bicarbonate, brine, and dried with sodium
sulfate and concentrated in vacuo to afford a yellow oil. The crude residue was submitted to

the next step without further purification.

Methylmagnesium bromide (3.0 M in Et,0, 250 mL, 750 mmol) was added dropwise to
a solution of the crude substrate (213 mmol) in THF (500 mL) at 0 °C. The reaction mixture
was stirred at 0 °C for 10 min, then warmed to rt and stirred for 48 h. The solution was
cooled to 0 °C and quenched with saturated ammonium chloride. The layers were separated.

The aqueous layer was extracted with ethyl acetate (3 x 100 mL). The combined organic
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layers were washed with brine and dried with sodium sulfate and concentrated in vacuo
delivering a light yellow oil. The crude residue was submitted to the next step without

further purification.

Potassium tert-butoxide (26.8 g, 239 mmol) was added to a solution of the crude
substrate (213 mmol) in THF (575 mL) at 0 °C. The reaction was warmed to rt and stirred
for 2.5 h. The reaction was then quenched with saturated aqueous ammonium chloride. The
layers were separated. The aqueous layer was extracted with ethyl acetate (3 x 100 mL). The
combined organic layers were washed with brine, dried with sodium sulfate, and
concentrated in vacuo. The crude product was purified by column chromatography (silica,
40% ethyl acetate in hexanes, 75% ethyl acetate in hexanes) to afford the white/yellow solid

oxazolidinone S2 (28.1 g, 179 mmol, 84%).

Standard procedure 1: Synthesis of N-acyl oxazolidinones via acyl chloride

n-Buli,
o acyl chloride, Ie) o)

/lL THF O)LN)]\/R

07 "NH -

s1

n-Butyllithium (2.48 M in hexanes, 2.88 ml, 7.14 mmol, 1.1 equiv) was added to a
solution of S2 (1.02 g, 6.49 mmol, 1.0 equiv) in tetrahydrofuran (22.0 ml, 0.30 M) at —-78 C
and stirred at room temperature for 30 minutes. The solution was cooled to —78 'C and the
corresponding acyl chloride (7.78 mmol, 1.2 equiv) was added to the reaction mixture and
stirred for 15 min at -78 °C. The reaction solution was warmed to rt and stirred for 2 h. The
reaction was quenced with saturated ammonium chloride and the layers were seperated. The

ageuous layer was extracted with ethyl acetate (3 x 20 ml). The combined organic layers
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were washed with brine, dried over sodium sulfate, concentrated in vacuo, and purified by

column chromatography to give the corresponding N-acyl oxazolidinone.

n-Buli,

0 hexanoyl chloride, o o
/O){L_gH/ l /O})_Lgf

(S)-3-Hexanoyl-4-isopropyl-5,5-dimethyloxazolidin-2-one (3.49). The title compound
was prepared from commercially available hexanoyl chloride (1.08 ml, 7.78 mmol)
following standard procedure 1 for the synthesis of N-acyl oxazolidinones via acyl chloride

and was obtained as a yellow oil (1.36 g, 5.32 mmol, 82%) after purification by column

chromatography (silica, 6% ethyl acetate in hexanes — 12% ethyl acetate in hexanes). 0L67 +

31.21 (c 1.0, CHCI3); *H NMR (500 MHz, CDCl3); 8(ppm): 4.11 (d, J = 3.3 Hz, 1H), 3.01 —
2.92 (m, 1H), 2.87 — 2.79 (m, 1H), 2.15 — 2.06 (m, 1H), 1.69 — 1.59 (m, 2H), 1.47 (s, 3H),
1.34 (s, 3H), 1.33 — 1.29 (m, 4H), 0.99 (dd, J = 7.0, 3.5 Hz, 3H), 0.91 (dd, J = 6.8, 3.5 Hz,
3H), 0.88 — 0.84 (m, 3H); *C NMR (126 MHz, CDCls); 5(ppm): 173.84 (s), 153.46 (s),
82.56 (s), 66.12 (s), 35.34 (s), 31.23 (s), 29.46 (S), 28.72 (s), 24.34 (s), 22.31 (S), 21.41 (5),
21.30 (s), 16.97 (s), 13.83 (s); HRMS-ESI (m/z): [M+Na]® calcd for Cy4H,sNOsNa,

278.1732; found, 278.1728.
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n-Buli,
o propionoyl chloride,

(¢]
THF
O)LNH - O)LNJ\/

s -

S1

(S)-4-1sopropyl-5,5-dimethyl-3-propionyloxazolidin-2-one (3.50). The title compound
was prepared from commercially available propionoyl chloride (0.68 mL, 7.78 mmol)
following standard procedure 1 for the synthesis of N-acyl oxazolidinones via acyl chloride

and was obtained as a white solid (1.22 g, 5.72 mmol, 88%) after purification by column

chromatography (silica, 10 ethyl acetate in hexanes - 15% ethyl acetate in hexanes). 0L65 +

38.28 (¢ 1.0, CHCls); *H NMR (500 MHz, CDCls); §(ppm): 4.13 (d, J = 3.3 Hz, 1H), 2.99
(dddd, J = 17.4, 7.4 Hz, 1H), 2.89 (dddd, J = 17.4, 7.3 Hz, 1H), 2.13 (ddd, J = 13.8, 6.9, 3.4
Hz, 1H), 1.49 (s, 3H), 1.36 (s, 3H), 1.17 (dd, J = 9.6, 5.2 Hz, 3H), 1.01 (d, J = 7.0 Hz, 3H),
0.93 (d, J = 6.8 Hz, 3H).; *C NMR (126 MHz, CDCls); 8(ppm): 174.59 (s), 153.56 (s),
82.71 (s), 66.24 (s), 29.51 (s), 29.07 (s), 28.80 (s), 21.43 (s), 21.37 (s), 17.02 (s), 8.72 (s);

HRMS-ESI (m/z): [M+Na]" calcd for C11H19NOsNa, 236.1263; found, 236.1268.

n-Buli,

o chloroacetylochloride, o o
Et,
Cl
/O))—LgH’ ] ;)i\g:lj\/
S1 sS4

(S)-3-(2-Chloroacetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one (3.51). The title
compound was prepared from commercially available chloroacetyl chloride (0.62 ml, 7.78
mmol) following standard procedure 1 for the synthesis of N-acyl oxazolidinones via acyl

chloride using diethyl ether (22.0 mL, 0.30 M) and was obtained as a yellow oil (1.25 g, 5.38
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mmol, 83%) after purification by column chromatography (silica, 10 ethyl acetate in hexanes
- 15% ethyl acetate in hexanes). 0L67 +39.55 (¢ 1.0, CHCIls); *H NMR (600 MHz, CDCly);

Ci(ppm): 4.75 (ddd, J = 15.3 Hz, 2H), 4.16 (d, J = 3.2 Hz, 1H), 2.22 — 2.14 (m, 1H), 1.54 (s,
3H), 1.42 (s, 3H), 1.06 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H); **C NMR (126 MHz,
CDCly); O(ppm): 166.44 (s), 152.97 (), 83.96 (S), 66.77 (s), 43.38 (5), 29.37 (s), 28.63 (9),
21.29 (s), 21.18 (s), 16.67 (s); HRMS-ESI (m/z): [M+Na]" calcd for CyoH1sCINOsNa,

256.0716; found, 256.0700.

n-Buli,
o hydrocinnamoyl chloride,

)]\ THF )OL i
S1 S5

(S)-4-1sopropyl-5,5-dimethyl-3-(3-phenylpropanoyl)oxazolidin-2-one  (3.52). The
title compound was prepared from commercially available hydrocinnamoyl chloride (1.16
mL, 7.78 mmol) following standard procedure 1 for the synthesis of N-acyl oxazolidinones
via acyl chloride and was obtained as a yellow oil (1.41 g, 4.87 mmol, 74%) after

purification by column chromatography (silica, 10 ethyl acetate in hexanes - 18% ethyl
acetate in hexanes). af’ + 36.16 (c 1.0, CHCls); *H NMR (600 MHz, CDCls); 8(ppm): 7.30
—7.26 (m, 3H), 7.25 (s, 1H), 7.21 — 7.17 (m, 1H), 4.13 (d, J = 3.3 Hz, 1H), 3.34 (ddd, J =
16.5, 9.0, 6.3 Hz, 1H), 3.29 — 3.22 (m, 1H), 3.08 — 2.93 (m, 2H), 2.12 (dddd, J = 13.8, 6.9,
3.5 Hz, 1H), 1.50 (s, 3H), 1.32 (s, 3H), 0.99 (d, J = 7.0 Hz, 3H), 0.91 (d, J = 6.8 Hz, 3H); **C

NMR (126 MHz, CDCls); 8(ppm): 172.89 (s), 153.48 (s), 140.41 (s), 128.46 (s), 128.39 (5),
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126.15 (), 82.77 (s), 66.27 (s), 36.82 (5), 30.68 (), 29.47 (s), 28.70 (s), 21.35 (5), 16.99 (s);

HRMS-ESI (m/z): [M+Na]" calcd for C17H,3NOsNa, 312.1576; found, 312.1559.

n-Buli,

Ie) 4-methoxyphenylacetyl chloride, o o SN
X THF N
N

O NH - (@)

' o

= -

S1 S6

(S)-4-1sopropyl-3-(2-(4-methoxyphenyl)acetyl)-5,5-dimethyloxazolidin-2-one (3.53).
The title compound was prepared from commercially available 4-methoxyphenylacetyl
chloride (1.19 mL, 7.78 mmol) following standard procedure 1 for the synthesis of N-acyl

oxazolidinones via acyl chloride and was obtained as a yellow oil (1.02 g, 3.34 mmol, 52%)

after purification by column chromatography (silica, 15 - 22% ethyl acetate in hexanes. 066

70.63 (c 1.0, CHCI3); *H NMR (600 MHz, CDCls); 8(ppm): 7.27 (s, 1H), 7.26 — 7.25 (m,
1H), 6.85 (d, J = 8.6 Hz, 2H), 4.30 (d, J = 15.0 Hz, 1H), 4.19 (d, J = 15.0 Hz, 1H), 4.12 (d, J
= 3.1 Hz, 1H), 3.79 (s, 3H), 2.10 (ddd, J = 10.5, 6.8, 3.4 Hz, 1H), 1.49 (s, 3H), 1.31 (s, 3H),
0.95 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); &(ppm):
172.05 (s), 158.62 (s), 153.48 (s), 130.60 (s), 125.97 (s), 113.86 (s), 82.77 (s), 66.39 (5),
55.14 (s), 40.58 (s), 29.53 (5), 28.69 (5), 21.38 (s), 21.29 (s), 16.79 (s); HRMS-EI (m/2):

[M]" calcd for C17H23N0Qy, 305.1627, found, 305.1637.
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n-BulLi,

o 4-fluorophenylacetyl chloride, O O F
X A
N

0" NH

?L,,

st s7

(S)-3-(2-(4-Fluorophenyl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.54).
The title compound was prepared from commercially available 4-fluorophenylacetyl
chloride, (1.07 mL, 7.78 mmol) following standard procedure 1 for the synthesis of N-acyl
oxazolidinones via acyl chloride and was obtained as a colorless oil (1.06 g, 3.61 mmol,

56%) after purification by column chromatography (silica, 9 ethyl acetate in hexanes - 13%
ethyl acetate in hexanes). ‘167 +45.86 (c 1.0, CHCI3); *H NMR (600 MHz, CDCl3); 8(ppm):
7.32 (dd, J = 8.1, 5.7 Hz, 2H), 7.01 (dd, J = 8.7 Hz, 2H), 4.35 (d, J = 15.1 Hz, 1H), 4.20 (d, J
= 15.1 Hz, 1H), 4.13 (d, J = 3.1 Hz, 1H), 2.14 — 2.06 (m, 1H), 1.50 (s, 3H), 1.32 (s, 3H),
0.95 (d, J = 7.0 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H); 3C NMR (126 MHz, CDCls); &(ppm):
171.52 (s), 162.90 (s), 160.95 (s), 153.41 (s), 131.15 (d, J = 8.0 Hz), 129.63 (d, J = 3.2 Hz),

115.25 (d, J = 21.4 Hz), 82.87 (s), 66.39 (s), 40.61 (S), 29.50 (5), 28.65 (s), 21.36 (5), 21.23

(s), 16.74 (s); HRMS-ESI (m/z): [M]" calcd for C15H20NO3, 293.1427; found, 293.1435.
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Standard procedure 2: Synthesis of N-acyl oxazolidinones via carboxylic acid

o PIVCI, EtsN, THF; o o

o
hen S8,
HOJ\/R fhen S8, THF o)I\N/lk/R O/U\NLi

Solution A: Trimethylacetic acid chloroanhydride (1.45 equiv) was added to a solution
of carboxylic acid (1.20 equiv) and triethylamine (4.80 equiv) in tetrahydrofuran (0.15 M) at

—20°C. The solution was allowed to stir at -20 °C for 2 h.

Solution B: In a separate flame-dried flask, n-butyllithium (1.10 equiv) was added to a
solution of oxazolidione S2 (1.00 equiv) in tetrahydrofuran (0.30 M) at -78 °C and the

mixture was allowed to warm to room temperature and stir for 30 min.

Both flasks were then chilled to —78 C. The flask containg the lithianted oxazolidione S3
(solution B), was cannulated to the flask containing the mixed anhydride (solution A). After
the addition was complete, the reaction mixture was warmed to room temperature and stirred
for 3 h. The reaction was quenced with saturated ammonium chloride and the layers were
seperated. The aqgeuous layer was extracted with ethyl acetate (3 x 25 ml). The combined
organic layers were washed with brine, dried over sodium sulfate, concentrated in vacuo, and

purified by column chromatography to give the corresponding N-acyl oxazolidinone.
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PivCl, Et3N, THF;

0 o o
,U\)\ then S8, THF L /u\)\
HO > 0" N

(S)-4-1sopropyl-5,5-dimethyl-3-(3-methylbutanoyl)oxazolidin-2-one (3.55). The title
compound was prepared from commercially available 3-methylbutanoic acid (0.84 mL, 7.63
mmol) following standard procedure 2 for the synthesis of N-acyl oxazolidinones via
carboxylic acid and was obtained as a colorless oil (1.34 g, 3.64 mmol, 88%) after

purification by column chromatography (silica, 10 ethyl acetate in hexanes - 15% ethyl
acetate in hexanes). o3® + 30.87 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCl); 5(ppm): 4.16

(d, J = 3.2 Hz, 1H), 2.91 (dd, J = 15.6, 6.7 Hz, 1H), 2.76 (dd, J = 15.6, 7.1 Hz, 1H), 2.25 —
2.16 (m, 1H), 2.14 (ddd, J = 16.9, 8.5, 5.2 Hz, 1H), 1.50 (s, 3H), 1.37 (s, 3H), 1.06 — 0.96
(m, 9H), 0.95 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); §(ppm): 173.10 (s), 153.51
(s), 82.53 (s), 66.16 (s), 43.87 (s), 29.50 (s), 28.76 (5), 25.30 (s), 22.50 (s), 22.34 (s), 21.46
(s), 21.34 (s); HRMS-ESI (m/z): [M+Na]" calcd for Ci3H,3sNOsNa, 264.1576; found,

264.1561.

PivCl, Et3N, THF; o 0

then S8, THF /U\/\/\/
) P>
HOJW O)LN

H

S10

(S)-3-(Hept-6-enoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.56). The title
compound was prepared from commercially available 6-heptenoic acid (0.63 mL, 7.63
mmol) following standard procedure 2 for the synthesis of N-acyl oxazolidinones via
carboxylic acid and was obtained as a colorless oil (1.53 g, 3.38 mmol, 90%) after
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purification by column chromatography (silica, 9% ethyl acetate in hexanes). 066 +32.15 (c

1.0, CHCI3); *H NMR (500 MHz, CDCls); 8(ppm): 5.78 (dddd, J = 16.9, 10.2, 6.7 Hz, 1H),
5.02 — 4.91 (m, 2H), 4.13 (d, J = 3.3 Hz, 1H), 2.99 (ddd, J = 16.1, 8.5, 6.4 Hz, 1H), 2.90 —
2.82 (m, 1H), 2.16 — 2.04 (m, 3H), 1.75 — 1.60 (m, 2H), 1.49 (s, 3H), 1.48 — 1.42 (m, 2H),
1.36 (s, 3H), 1.00 (d, J = 7.0 Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H.); *C NMR (126 MHz,
CDCls); o(ppm): 173.69 (s), 153.50 (s), 138.39 (s), 114.59 (s), 82.65 (s), 66.19 (s), 35.25 (S),
33.40 (S), 29.49 (s), 28.77 (s), 28.31 (S), 24.12 (s), 21.44 (S), 21.35 (s), 17.02 (S); HRMS-ESI

(m/z): [M+Na]" calcd for C15H,5NOsNa, 290.1732; found, 290.1720.

o PivCl, Et3N, THF; o o

Jl\/\/\ then S8, THF /U\ J\/\/\
HO OBn P - (@) N OBn

o

S11

(S)-3-(5-(Benzyloxy)pentanoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one (3.57).
The title compound was prepared from 6-heptenoic acid™** (2.08 g, 10.0 mmol) following
the standard procedure for the synthesis of N-acyl oxazolidinones via carboxylic acid and

was obtained as a white solid (2.71 g, 7.81 mmol, 78%) after purification by column

chromatography (silica, 15% ethyl acetate — hexanes). ocBG +24.09 (c 1.0, CHCls); *H NMR

(500 MHz, CDCls); 8(ppm): 7.33 (d, J = 4.4 Hz, 4H), 7.28 (dd, J = 8.3, 4.1 Hz, 1H), 7.25 (s,
1H), 4.50 (s, 2H), 4.14 (d, J = 3.3 Hz, 1H), 3.51 (t, J = 6.2 Hz, 2H), 3.03 (ddd, J = 16.8, 8.1,
6.5 Hz, 1H), 2.91 (ddd, J = 16.8, 8.2, 6.3 Hz, 1H), 2.13 (dddd, J = 13.8, 6.9, 3.4 Hz, 1H),
1.82 — 1.74 (m, 2H), 1.73 — 1.66 (m, 2H), 1.50 (s, 3H), 1.37 (s, 3H), 1.02 (d, J = 7.0 Hz, 3H),

0.93 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); 8(ppm): 173.58 (s), 153.54 (s),
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138.55 (s), 128.31 (s), 127.60 (s), 127.45 (s), 82.71 (s), 72.86 (S), 69.91 (s), 66.23 (s), 35.19
(s), 29.52 (s), 29.13 (s), 28.81 (s), 21.48 (s), 21.42 (s), 21.39 (s), 17.07 (s); HRMS-ESI (m/2):

[M+Na]" calcd for CoH2NO4Na, 370.1994; found, 370.2002.

PivCl, EtgN, THF;

Q then S8, THF 1
HOJ\/\/\\\ . N)J\/\/\\\

\j

(S)-3-(Hept-6-ynoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.58). The title
compound was prepared from commercially available 6-heptynoic acid (0.69 g, 5.42 mmol)
following standard procedure 2 for the synthesis of N-acyl oxazolidinones via carboxylic

acid and was obtained as a clear oil (1.41 g, 2.15 mmol, 75%) after purification by column

chromatography (silica, 10 ethyl acetate in hexanes — 18% ethyl acetate in hexanes). a66 +

33.58 (¢ 1.0, CHCl3); *H NMR (600 MHz, CDCls); 8(ppm): 4.15 (d, J = 3.3 Hz, 1H), 3.03
(ddd, J = 16.6, 8.4, 6.5 Hz, 1H), 2.91 (ddd, J = 16.7, 8.3, 6.6 Hz, 1H), 2.24 (ddd, J =7.1, 2.6
Hz, 2H), 2.14 (dtd, J = 13.8, 6.9, 3.4 Hz, 1H), 1.95 (dd, J = 2.6 Hz, 1H), 1.86 — 1.74 (m,
2H), 1.66 — 1.59 (m, 2H), 1.51 (s, 3H), 1.38 (s, 3H), 1.02 (d, J = 7.0 Hz, 3H), 0.94 (d, J = 6.8
Hz, 3H); *C NMR (126 MHz, CDCls); §(ppm): 173.37 (s), 153.51 (s), 83.96 (s), 82.73 (s),
68.51 (s), 66.22 (s), 34.92 (s), 29.49 (s), 28.80 (s), 27.86 (s), 23.69 (s), 21.45 (s), 21.36 (S),
18.21 (s), 17.04 (s); HRMS-ESI (m/z): [M+Na]" calcd for C15H,3NOsNa, 288.1576; found,

288.1571
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PivCl, Et3N, THF;

o o then S8, THF o
HOJK/\N - o)LNJ\/\N
o ﬁ—y o

(S)-2-(3-(4-1sopropyl-5,5-dimethyl-2-oxooxazolidin-3-yl)-3-oxopropyl)isoindoline-

1,3-dione (3.59). The title compound was prepared from commercially available 3-(1,3-
Dioxo-1,3-dihydro-2H-isoindol-2-yl)-propanoic acid (8.69 g, 39.7 mmol) following standard
procedure 2 for the synthesis of N-acyl oxazolidinones via carboxylic acid and was obtained

as a white solid (6.78 g, 18.9 mmol, 48%) after purification by column chromatography

(silica, 20 ethyl acetate in hexanes - 25% ethyl acetate in hexanes); 066 + 18.79 (c 1.0,

CHCls); 'H NMR (600 MHz, CDCls); 8(ppm): 7.86 — 7.83 (m, 2H), 7.73 — 7.69 (m, 2H),
4.13 (d, J = 3.2 Hz, 1H), 4.09 — 4.05 (m, 2H), 3.43 — 3.35 (m, 1H), 3.29 (ddd, J = 17.1, 7.5
Hz, 1H), 2.14 (ddd, J = 13.9, 6.9, 3.2 Hz, 1H), 1.51 (s, 3H), 1.44 (s, 3H), 1.02 (d, J = 7.0 Hz,
3H), 0.96 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCl3); 8(ppm): 170.79 (s), 167.96 (5),
153.43 (s), 133.91 (s), 132.00 (s), 123.21 (s), 83.15 (5), 66.30 (5), 34.24 (s), 33.44 (s), 29.48
(s), 28.78 (s), 21.41 (s), 21.21 (s), 16.95 (s); HRMS-ESI (m/z): [M+Na]" calcd for

C19H22N205Na, 381.1426; fOUI’]d, 381.1427.

1. PivCl, Et3N, THF;

o then S8, THF o o

2. Pd/C, Hy, MeOH
CF CF
HOJV\@/ 3 > M 3

S14

(S)-4-1sopropyl-5,5-dimethyl-3-(3-(3-(trifluoromethyl)phenyl)propanoyl)oxazolidin-
2-one (3.60). The title compound was prepared starting from commercially available 3-

trifluoromethylcinnamic acid (1.65 g, 7.63 mmol) following standard procedure 2 for the
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synthesis of N-acyl oxazolidinones via carboxylic acid without purification. The resultant oil

was then submitted to the next reaction.

The crude substrate and palladium on carbon (0.20 g) were mixed in ethanol (28.0 mL,
0.2 M). Hydrogen gas was then bubbled through the reaction mixture for 15 min at rt. The
reaction mixture flask was pressurized with hydrogen gas and the reaction was stirred for 3h
at rt. The reaction mixture was filtered through Celite and the solvent was removed in vacuo.

The title compound was obtained as a clear oil (1.98 g, 5.54 mmol, 88%) after purification

by column chromatography (silica, 15% ethyl acetate in hexanes). a66 + 25.37 (¢ 1.0,

CHCls); *H NMR (500 MHz, CDCl3); 8(ppm): 7.50 (s, 1H), 7.45 (d, J = 7.7 Hz, 2H), 7.41 —
7.37 (m, 1H), 4.13 (d, J = 3.4 Hz, 1H), 3.37 (ddd, J = 16.9, 8.6, 6.6 Hz, 1H), 3.24 (ddd, J =
16.9, 8.2, 6.7 Hz, 1H), 3.14 — 2.99 (m, 2H), 2.11 (dddd, J = 13.8, 6.9, 3.4 Hz, 1H), 1.49 (s,
3H), 1.32 (s, 3H), 0.96 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H); °C NMR (126 MHz,
CDCls); 8(ppm): 172.39 (s), 153.50 (s), 141.40 (s), 131.99 (d, J = 1.3 Hz), 130.69 (q, J =
32.0 Hz), 128.84 (s), 125.22 (q, J = 3.8 Hz), 123.23 — 122.77 (m), 82.94 (s), 66.34 (s), 36.58
(s), 30.34 (s), 29.46 (s), 28.70 (s), 21.35 (s), 21.33 (s), 16.96 (s); HRMS-ESI (m/z): [M+Na]*

calcd for C1gH»,FsNO3Na, 380.1449; found, 380.1450.

PivCl, Et3N, THF;
o 3

(o]
HOJ\/\ then S8, THF O)LN)J\A

Ty

S15

(S,E)-3-(But-2-enoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.61). The title
compound was prepared from commercially available crotonoic acid (0.517 g, 6.00 mmol)
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following standard procedure 2 for the synthesis of N-acyl oxazolidinones via carboxylic
acid and was obtained as a white soild (0.770 g, 3.42 mmol, 68%) after purification by

column chromatography (silica, 10 ethyl acetate in hexanes - 30% ethyl acetate in hexanes).
a8 +52.90 (c 1.0, CHCI3). *H NMR (500 MHz, CDCl3); 8(ppm): 7.29 (ddd, J = 15.2, 3.2,
1.5 Hz, 1H), 7.12 (dddd, J = 15.1, 6.9 Hz, 1H), 4.19 (d, J = 3.4 Hz, 1H), 2.13 (dddd, J =
13.8, 6.9, 3.5 Hz, 1H), 1.93 (dd, J = 6.9, 1.6 Hz, 3H), 1.49 (s, 3H), 1.36 (s, 3H), 1.01 (d, J =
7.0 Hz, 3H), 0.93 (d, J = 6.8 Hz, 3H); **C NMR (126 MHz, CDCls); 8(ppm): 165.54 (s),
153.48 (s), 146.44 (s), 121.88 (s), 82.63 (s), 66.23 (s), 29.60 (5), 28.73 (s), 21.37 (s), 21.33

(s), 18.40 (s), 17.03 (s); HRMS-ESI (m/z): [M+Na]" calcd for C;,H;oNOsNa, 248.1263;

found, 248.1255.

o PivCl, Et3N, THF; o o
then S8, THF )j\
HO Q N

(S)-4-1sopropyl-5,5-dimethyl-3-(2-phenylacetyl)oxazolidin-2-one (3.62). The title
compound was prepared from commercially available phenyl acetic acid (1.51 g, 11.1 mmol)
following standard procedure 2 for the synthesis of N-acyl oxazolidinones via carboxylic

acid and was obtained as yellow oil (2.24 g, 8.1 mmol, 81%) after purification by column

chromatography (silica, 15% ethyl acetate — hexanes. a66 + 36.65 (¢ 0.7, CHCI3); *H NMR

(500 MHz, CDCls); 8(ppm): 7.36 — 7.30 (m, 4H), 7.27 (dd, J = 1.9 Hz, 1H), 7.26 — 7.24 (m,
1H), 4.37 (d, J = 15.0 Hz, 1H), 4.26 (d, J = 15.0 Hz, 1H), 4.13 (d, J = 3.3 Hz, 1H), 2.11
(dddd, J = 13.8, 6.9, 3.3 Hz, 1H), 1.49 (s, 3H), 1.31 (s, 3H), 0.96 (d, J = 7.0 Hz, 3H), 0.87

(d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCl3); O(ppm): 171.77 (s), 153.53 (s), 133.99
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(s), 129.64 (s), 128.50 (s), 127.12 (s), 82.86 (s), 66.51 (s), 41.56 (S), 29.60 (s), 28.76 (s),
21.43 (s), 21.37 (s), 16.86 (s); HRMS-ESI (m/z): [M+Na]® calcd for CisH2NO3Na

298.1419; found, 298.1414.

i . Cl
o Cl PivCl, EtzN, THF; o o
then S8, THF )L
HO Q N

(S)-3-(2-(4-Chlorophenyl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.63).
The title compound was prepared from commercially available 2-(4-chlorophenyl)acetic acid
(2.30 g, 7.63 mmol) following standard procedure 2 for the synthesis of N-acyl

oxazolidinones via carboxylic acid and was obtained as green solid (0.54 g, 1.7 mmol, 28%)

after purification by column chromatography (silica, 20 - 25% ethyl acetate in hexanes). 0L67

+37.17 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCls); 8(ppm): 7.29 (d, J = 2.0 Hz, 4H), 4.35
(d, J = 15.1 Hz, 1H), 4.20 (d, J = 15.1 Hz, 1H), 4.13 (d, J = 3.2 Hz, 1H), 2.14 — 2.06 (m,
1H), 1.50 (s, 3H), 1.33 (s, 3H), 0.96 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H); °C NMR
(126 MHz, CDCly); 8(ppm): 171.05 (s), 153.28 (s), 132.83 (s), 132.34 (), 130.87 (s), 128.44
(s), 82.81 (s), 66.30 (), 40.70 (s), 29.41 (s), 28.57 (), 21.31 (s), 21.14 (s), 16.69 (5); HRMS-

El (m/z): [M]" calcd for C1H20CINO3, 309.1132; found, 309.1132.

o o) PivCl, EtsN, THF; o o O
> then S8, THF /[L >
HO o) o7 °N (@)
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(S)-3-(2-(Benzo[d][1,3]dioxol-5-yl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one
(3.64). The title compound was prepared from commercially available 2-(benzo[1,3]dioxol-
5-yl)acetic acid (1.65 g, 7.63 mmol) following standard procedure 2 for the synthesis of N-
acyl oxazolidinones via carboxylic acid and was obtained as white solid (1.43 g, 4.45 mmol,

71%) after purification by column chromatography (silica, 11% ethyl acetate in hexanes).
0‘63 + 39.58 (c 1.0, CHCIy); 'H NMR (600 MHz, CDCl3); 8(ppm): 6.84 (d, J = 1.3 Hz, 1H),
6.81 — 6.78 (m, 1H), 6.75 (d, J = 7.9 Hz, 1H), 5.93 (s, 2H), 4.27 (d, J = 15.1 Hz, 1H), 4.17
(s, 1H), 4.13 (d, J = 3.2 Hz, 1H), 2.15 — 2.07 (m, 1H), 1.50 (s, 3H), 1.33 (s, 3H), 0.97 (d, J =
7.0 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H); **C NMR (126 MHz, CDCls); 8(ppm): 171.81 (s),
153.47 (s), 147.62 (s), 146.64 (s), 127.50 (s), 122.75 (s), 110.09 (s), 108.20 (s), 100.91 (s),
82.85 (s), 66.45 (S), 41.06 (S), 29.55 (s), 28.75 (s), 21.42 (s), 21.32 (s), 16.85 (s); HRMS-ESI

(m/z): [M+Na]" calcd for C17H,;NOsNa, 342.1317; found, 342.1306.

o PivCl, Et3N, THF; o o
then S8, THF /U\
HO OPh 0" N OPh

(S)-4-1sopropyl-5,5-dimethyl-3-(2-(3-phenoxyphenyl)acetyl)oxazolidin-2-one (3.65).
The title compound was prepared from commercially available 2-(3-phenoxyphenyl)acetic
acid (0.326 g, 1.43 mmol) following standard procedure 2 for the synthesis of N-acyl

oxazolidinones via carboxylic acid and was obtained as yellow oil (0.36 g, 0.98 mmol, 76%)
after purification by column chromatography (silica, 12% ethyl acetate in hexanes). 0(62 +

52.08 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCl3); 8(ppm): 7.34 — 7.26 (m, 3H), 7.09 (dd, J

= 7.4 Hz, 2H), 7.02 — 6.97 (m, 3H), 6.91 (dd, J = 8.1, 1.9 Hz, 1H), 4.36 (d, J = 15.1 Hz, 1H),
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4.22 (d, J = 15.1 Hz, 1H), 4.14 (d, J = 3.2 Hz, 1H), 2.11 (dddd, J = 13.8, 6.9, 3.3 Hz, 1H),
1.49 (s, 3H), 1.33 (s, 3H), 0.97 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H); *C NMR (126
MHz, CDCls); §(ppm): 171.28 (s), 157.21 (s), 157.08 (s), 153.40 (s), 129.67 (s), 129.64 (s),
124.55 (s), 123.14 (s), 120.14 (s), 118.79 (s), 117.55 (s), 82.85 (s), 66.42 (s), 41.37 (s), 29.55
(s), 28.74 (s), 21.40 (s), 21.31 (s), 16.85 (s); HRMS-ESI (m/z): [M+Na]® calcd for

C22H2sNO4Na, 390.1681; found, 390.1698.

then S8, THF
HO F /U\N F

(S)-3-(2-(3-Fluorophenyl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one ~ (3.66)
The title compound was prepared from commercially available 2-(3-fluorophenyl)acetic acid
(2.17 g, 7.60 mmol) following standard procedure 2 for the synthesis of N-acyl

oxazolidinones via carboxylic acid and was obtained as yellow oil (1.46 g, 4.97 mmol, 79%)

after purification by column chromatography (silica, 12% ethyl acetate in hexanes). 0L63 +

48.61 (c 1.0, CHCls); *H NMR (500 MHz, CDCls); &(ppm): 7.30 — 7.26 (m, 1H), 7.25 (s,
1H), 7.11 (dd, J = 7.7, 0.4 Hz, 1H), 7.08 — 7.04 (m, 1H), 6.98 — 6.93 (m, 1H), 4.37 (d, J =
15.1 Hz, 1H), 4.23 (d, J = 15.1 Hz, 1H), 4.13 (d, J = 3.3 Hz, 1H), 2.11 (dddd, J = 13.8, 6.9,
3.3 Hz, 1H), 1.49 (s, 3H), 1.33 (s, 3H), 0.96 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H);
3C NMR (126 MHz, CDCl3); 8(ppm): 171.07 (s), 162.71 (d, J = 245.8 Hz), 153.44 (s),
136.24 (d, J = 7.9 Hz), 129.86 (d, J = 8.4 Hz), 125.33 (d, J = 3.1 Hz), 116.62 (d, J = 21.8

Hz), 114.08 (d, J = 21.0 Hz), 82.97 (s), 66.49 (s), 41.20 (d, J = 2.0 Hz), 29.55 (s), 28.74 (5),
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21.41 (s), 21.31 (s), 16.83 (s); HRMS-ESI (m/z): [M+Na]® calcd for CisHFNOsNa,

316.1325; found, 316.1324.

PivCl, EtsN, THF;

w hen S8, THF T 1 | 5
/ hen 5 Iy
HO > )LN 7

(S)-3-(2-(Furan-3-yl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one  (3.67) The
title compound was prepared from commercially available 3-furylacetic acid (0.191 g, 1.51
mmol) following standard procedure 2 for the synthesis of N-acyl oxazolidinones via

carboxylic acid and was obtained after purification by column chromatography (silica, 20%

ethyl acetate in hexanes) as a clear oil (0.266 g, 1.00 mmol, 66%). 0L61 + 39.04 (c 1.0,

CHCls); *H NMR (500 MHz, CDCls); 8(ppm): 7.41 (d, J = 0.5 Hz, 1H), 7.34 (t, J = 1.6 Hz,
1H), 6.37 (d, J = 1.1 Hz, 1H), 4.13 (d, J = 16.0 Hz, 1H), 4.10 (d, J = 3.2 Hz, 1H), 4.04 (d, J
= 16.0 Hz, 1H), 2.09 (dtd, J = 13.8, 6.9, 3.3 Hz, 1H), 1.46 (s, 3H), 1.30 (s, 3H), 0.95 (d, J =
7.0 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H). **C NMR (126 MHz, CDCls) &(ppm): 171.04 (s),
153.34 (s), 142.69 (s), 140.89 (s), 117.09 (s), 111.33 (s), 82.82 (s), 66.28 (5), 31.63 (S), 29.45
(s), 28.59 (s), 21.31 (s), 21.19 (s), 16.71 (s). LRMS (m/z): [M+Na]" calcd for C15H23sNO3Na,

288.12; found, 288.15.
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Standard procedure 3: Synthesis of N-acyl oxazolidinones via acyl chloride from
carboxylic acid

(COCl),, cat DMF, CH,Cly; o o

HOJ\/R then S8, THF O)LNJ\/R

-

Oxalyl chloride (1.65 equiv) was added to a solution of carboxylic acid (1.50 equiv),

dimethylformamide (10 pl), and dichloromethane (2.0 M) at 0 °C. After 10 min, the solution
was warmed to rt and stirred for 45 min (or until bubbling stops). The solution was
concentrated on a rotary evaporator.

In a separate flask, n-butyllithium (1.05 equiv), was added to a solution of oxazolidinone
S2 (1.00 equiv) in THF (0.35 M) at -78 °C under argon. The solution was stirred for 30 min
at -78 °C. A solution of the crude acyl chloride in THF (0.6 M total, 3 rinses) was added
dropwise at -78 °C. After stirring at -78 °C for 2 h, the reaction mixture was warmed to rt
and stirred for 2 h. The reaction mixture was quenched with saturated agueous ammonium
chloride. The layers were separated. The aqueous layer was extracted with ethyl acetate (3 x
20 mL). The combined organic layers were washed with brine, dried with sodium sulfate,
and concentrated in vacuo. The resultant oil or solid was purified by column chromatography

to give the corresponding N-acyl oxazolidinone.

o al (COCl),, cat DMF, CH,Cly;

(0]
then S8, THF

(S)-3-(3-(2-Chlorophenyl)propanoyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one
(3.68). The title compound was prepared from commercially available 3-(2-
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Chlorophenyl)propanoic acid (1.29 g, 7.00 mmol) following the standard procedure for the
synthesis of N-acyl oxazolidinones via acyl chloride from carboxylic acid and was obtained

as a yellow oil (1.77 g, 5.46 mmol, 74%) after purification by column chromatography

(silica, 15% ethyl acetate in hexanes). a8 + 30.14 (c 1.0, CHCl3); *H NMR (500 MHz,

CDCls) 8(ppm): 7.36 — 7.27 (m, 2H), 7.16 (ddd, J = 13.5, 10.5, 6.2 Hz, 2H), 4.15 (d, J = 3.1
Hz, 1H), 3.38 — 3.20 (m, 2H), 3.12 (dt, J = 9.0, 6.0 Hz, 2H), 2.14 (ddd, J = 10.3, 8.3, 5.1 Hz,
1H), 1.50 (s, 3H), 1.36 (s, 3H), 1.02 (d, J = 7.0 Hz, 3H), 0.94 (s, 3H); **C NMR (126 MHz,
CDCls) 8(ppm): 172.66 (s), 153.47 (s), 138.05 (s), 134.00 (s), 130.50 (s), 129.48 (s), 127.71
(s), 126.80 (s), 82.85 (), 66.36 (s), 35.15 (S), 29.49 (5), 28.83 (s), 28.34 (s), 21.40 (s), 17.07

(s). HRMS-ESI (m/z): [M+Na]" calcd for C;7H2,CINOsNa, 346.1186; found, 346.1189.

o (COCI),, cat DMF, CH,Cly; o o

h '
HOJ\/\/OPh then S8, THF O)LN)I\/\/oph

s23

(S)-4-1sopropyl-5,5-dimethyl-3-(4-phenoxybutanoyl)oxazolidin-2-one  (3.69). The
title compound was prepared from commercially available 4-phenoxybutanoic acid (2.70 g,
15.0 mmol) following the standard procedure for the synthesis of N-acyl oxazolidinones via
acyl chloride from carboxylic acid and was obtained as a white solid (2.95 g, 0.92 mmol,

92%) after purification by column chromatography (silica, 5 -25% ethyl acetate in hexanes).
ocBG +29.90 (c 1.0, CHCIl3); *H NMR (500 MHz, CDCls); §(ppm): 7.29 — 7.27 (m, 1H),
7.25 (dd, J = 4.7, 2.6 Hz, 1H), 6.95 — 6.88 (m, 3H), 4.15 (d, J = 3.4 Hz, 1H), 4.04 (dd, J =

6.2 Hz, 2H), 3.16 (ddddd, J = 17.5, 7.8, 6.8 Hz, 2H), 2.22 — 2.11 (m, 3H), 1.50 (s, 3H), 1.37

(s, 3H), 1.02 (d, J = 7.0 Hz, 3H), 0.94 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls);
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S(ppm): 173.16 (s), 158.80 (s), 153.51 (s), 129.35 (s), 120.61 (s), 114.50 (s), 82.82 (s), 66.58
(s), 66.31 (s), 32.11 (s), 29.51 (s), 28.81 (s), 28.81 (s), 24.22 (s), 21.44 (s), 21.37 (s), 17.05

(s); HRMS-ESI (m/z): [M+Na]" calcd for C1gH2sNO4Na, 342.1681; found, 342.1679.

o (COCI),, cat DMF, CH,Cly; o o
then S8, THF /U\
HO > 0" °N
N /)—$' 0oL

(S)-4-1sopropyl-3-(2-(2-methoxyphenyl)acetyl)-5,5-dimethyloxazolidin-2-one (3.70).
The title compound was prepared from commercially available 2-(2-methoxyphenyl)acetic
acid (0.73 g, 4.00 mmol) following standard procedure 3 for the synthesis of N-acyl
oxazolidinones via acyl chloride from carboxylic acid and was obtained as white solid (0.51

g g, 1.67 mmol, 42%) after purification by column chromatography (silica, 15% ethyl acetate
in hexanes). aB® + 25.03 (c 1.0, CHCI3); *H NMR (600 MHz, CDCl3); 8(ppm): 7.28 (d, J =
1.5 Hz, 1H), 7.25 (d, J = 1.7 Hz, 1H), 7.17 (d, J = 7.3 Hz, 1H), 6.92 (dd, J = 7.1 Hz, 1H),
6.87 (d, J = 8.2 Hz, 1H), 4.25 (ddd, J = 17.3 Hz, 2H), 4.17 (d, J = 3.2 Hz, 1H), 3.78 (s, 3H),
2.18 — 2.12 (m, 1H), 1.53 (s, 3H), 1.42 (s, 3H), 1.02 (d, J = 7.0 Hz, 3H), 0.99 (d, J = 6.8 Hz,
3H); 3C NMR (126 MHz, CDCl3); 8(ppm): 171.74 (s), 157.36 (s), 153.77 (s), 131.16 (),
128.50 (s), 123.31 (s), 120.46 (s), 110.26 — 109.82 (m), 82.80 (s), 66.50 (s), 55.26 (), 37.19
(s), 29.57 (s), 28.69 (s), 21.51 (s), 21.31 (d, J = 6.5 Hz), 16.89 (s); HRMS-ESI (m/2):

[M+Na]" calcd for C17H,3NO,4Na, 328.1525; found, 328.1522.
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o (COCl),, cat DMF, CH,Cly; o /ﬁ\/@\
l | then S8, THF
HO CF )LN CF

3

Y
o

(S)-4-1sopropyl-5,5-dimethyl-3-(2-(3-(trifluoromethyl)phenyl)acetyl)oxazolidin-2-
one (3.71). The title compound was prepared from commercially available 2-(3-
trifluoromethyl)acetic acid (1.71 g, 8.40 mmol) following standard procedure 3 for the
synthesis of N-acyl oxazolidinones via acyl chloride from carboxylic acid and was obtained

as yellow oil (1.01 g, 2.94 mmol, 35%) after purification by column chromatography (silica,

30% ethyl acetate — hexanes). afg® + 33.10 (c 0.1, CHCIls); *H NMR (600 MHz, CDCly);

S(ppm): 7.59 (s, 1H), 7.53 (d, J = 7.8 Hz, 2H), 7.44 (dd, J = 7.7 Hz, 1H), 4.44 (d, J = 15.4
Hz, 1H), 4.29 (d, J = 15.4 Hz, 1H), 4.15 (d, J = 3.2 Hz, 1H), 2.15 — 2.09 (m, 1H), 1.50 (s,
3H), 1.50 (s, 3H), 1.34 (s, 3H), 1.34 (s, 3H), 0.96 (d, J = 7.0 Hz, 3H), 0.96 (d, J = 7.0 Hz,
3H), 0.87 (d, J = 6.8 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls);
S(ppm): 170.90 (s), 153.44 (s), 134.90 (s), 133.25 (d, J = 1.2 Hz), 131.31 — 130.18 (m),
128.88 (d, J = 7.3 Hz), 126.29 (g, J = 3.8 Hz), 124.00 (g, J = 3.8 Hz), 124.00 (d, J =272.2
Hz), 83.07, (), 66.52 (s), 41.34 (s), 29.57 (s), 28.75 (s), 21.38 (s), 21.31 (s), 16.81 (3);

HRMS-ESI (m/z): [M+Na]" calcd for C17H,0FsNO3Na, 366.1293; found, 366.1292.
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1. Pd/C, H,, EtOH:EtOAC
2. Triethylorthoformate

3. NaOH, H,0 N:\o
o OH 4. PivCl, EzN, THF; o] w
- J\/@i then S8, THF )LN
o NO, > M

S26 S27

(S)-3-(2-(benzo[d]oxazol-5-yl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one
(3.73) The title compound was prepared starting from known methyl ester 3.72'?° using the

following procedure.

Pd/C (20 mol %) was added to a solution of 3.72 (1.37 g, 6.48 mmol) in a 1:1 mixture of
EtOH/EtOAc (0.16 M). The reaction mixture was placed under an atmosphere of H, and
stirred for 14 h. The reaction mixture was then filtered through a pad of celite and the
remaining residue was washed using a solvent system of 1:1 EtOH and EtOAc. The filtrate
was concentrated in vacuo providing a dark brown solid (1.08 g, 99%). The crude product

was used without further purification

Triethylorthoformate (13.3 mL, 0.8 M) was added to the crude substrate (10.6 mmol) and
the mixture was heated at reflux for 18 h. The reaction mixture was then transferred to a
separatory funnel containing water (90 mL) and extracted with ethyl acetate (3 x 15 ml). The
organic layer was dried over Na,SO4 and concentrated in vacuo providing a light brown oil
(1.75 g, 10.5 mmol, 99%). The crude product was used without further purification.

An aqueous solution of NaOH was added (0.4 M, 11.36 mmol, 1.2 equiv) to a solution
of crude substrate (1.81 g, 9.47 mmol) in methanol (0.37 M) and the mixture was stirred for
12 h. The reaction mixture was diluted with H,O to a concentration of 0.035 M.

Concentrated aqueous HCI was added until a pH of ~4 was achieved. The solution was
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allowed to stir for 1 h and the solids were collected by filtration and washed with cold water
providing the product as a crude tan solid (0.673 g, 3.52 mmol, 41%).

The title compound was prepared from the solid collected (0.375 g, 2.11 mmol)
following standard procedure 2 for the synthesis of N-acyl oxazolidinones via carboxylic

acid and was obtained as white solid (0.433 g, 1.37 mmol, 65%) after purification by column

chromatography (silica, 24% ethyl acetate to 30% ethyl acetate in hexanes). (161 +29.80 (c

1.0, CHCI3). *H NMR (600 MHz, CDCl3) 8(ppm): 8.05 (s, 1H), 7.73 (s, 1H), 7.49 (d, J = 8.4
Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 4.47 (d, J = 15.4 Hz, 1H), 4.33 (d, J = 15.4 Hz, 1H), 4.11
(d, J = 3.1 Hz, 1H), 2.11 — 2.03 (m, 1H), 1.45 (s, 3H), 1.29 (s, 3H), 0.92 (d, J = 7.0 Hz, 3H),
0.83 (d, J = 6.8 Hz, 3H). *C NMR (126 MHz, CDCls) &(ppm): 171.51 (s), 153.38 (s),
152.77 (s), 149.04 (s), 140.20 (s), 130.55 (s), 127.25 (s), 121.47 (s), 110.62 (s), 82.86 (s),
66.37 (S), 41.27 (s), 29.44 (s), 28.67 (s), 21.35 (S), 21.21 (s), 16.77 (s). HRMS-ESI (m/z):

[M+Na]" calcd for C;17H20N20,4Na, 339.1321; found, 339.1314.

1. n-BulLi, ccetyl chloride,

THF

(e} 2. 2-chlorobenzoxazole, (0] O O/Q
NaHMDS, toluene S

N A s

(S)-3-(2-(benzo[d]oxazol-2-yl)acetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one
(3.74) The title compound was prepared starting from oxazolidone S2 using the following

procedure.

To a solution of S2 (1.5 g, 9.54 mmol) in THF (0.3 M) at —78 °C, n-BuLi (4.5 mL, 2.33

M in hexanes, 10.5 mmol, 1.1 equiv) was added dropwise. After the addition was complete,
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the reaction mixture was warmed to room temperature and stirred for 30 min. The reaction
mixture was chilled to -78 °C and acetyl chloride (0.82 mL, 11.45 mmol, 1.2 equiv) was
added. After the addition was complete, the reaction mixture was warmed to room
temperature and stirred for 12 h. The reaction was quenced with saturated ammonium
chloride and the layers were seperated. The ageuous layer was extracted with ethyl acetate (3
x 25 ml). The combined organic layers were washed with brine, dried over sodium sulfate,
concentrated in vacuo. (S)-3-acetyl-4-isopropyl-5,5-dimethyloxazolidin-2-one was obtained
after purification by column chromatography (silica, 12% ethyl acetate to 14% ethyl acetate
in hexanes) as a colorless oil (1.4 g, 7.03 mmol, 74%).

To a solution of (S)-3-acetyl-4-isopropyl-5,5-dimethyloxazolidin-2-one (0.500 g, 2.50
mmol) and 2-chlorobenzoxazole (0.385 g, 2.50 mmol) in toluene (11 mL) at 0 °C, NaHMDS
(0.6 M in toluene, 8.3 mL, 5 mmol, 2 equiv) was added dropwise. After the addition was
complete, the reaction mixture was allowed to stir at 0 °C for 2 h and then warmed to room
temperature and stirred 12 h. The reaction was quenched with 1N NH4CI solution (38 mL,
15.3 equiv). The organic layer was separated and collected. The aqueous layer was extracted
with EtOAc (3 x 15 mL), the combined organic layers were dried over Na,SO, and
concentrated in vacuo. The title compound was obtained after purification by column

chromatography (silica, 21% ethyl acetate to 25% ethyl acetate in hexanes as a green solid
(0.510 g, 1.61 mmol, 65%). a0 + 49.79 (c 1.0, CHCl5). 'H NMR (600 MHz, CDCls)
8(ppm): 7.68 — 7.64 (m, 1H), 7.48 (d, J = 5.0 Hz, 1H), 7.32 — 7.27 (m, 2H), 4.73 (d, J = 17.1
Hz, 1H), 4.55 (d, J = 17.1 Hz, 1H), 4.20 (d, J = 2.5 Hz, 1H), 2.21 — 2.15 (m, 1H), 1.52 (d, J
= 6.3 Hz, 3H), 1.47 (s, 3H), 1.06 (d, J = 7.0 Hz, 3H), 0.99 (d, J = 6.8 Hz, 3H). *C NMR

(126 MHz, CDCls) 8(ppm): 166.63 (), 159.96 (d, J = 0.9 Hz), 153.40 (s), 151.02 (),
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141.07 (s), 124.88 (s), 124.21 (s), 119.85 (s), 110.48 (s), 83.63 (S), 66.76 (s), 36.75 (S), 29.56
(s), 28.74 (s), 21.42 (s), 21.30 (s), 16.85 (s). HRMS-ESI (m/z): [M+Na]® calcd for

C17H20N204Na, 339.1321; found, 339.1331.

o (COCl),, cat DMF, CH,Cly; o o )Oj\
then S29, THF N Q" “NLi
HO Q N

-
o

(S)- B 0

Ph Ph
S30 S29

3-(2-Cyclohexylacetyl)-4-isopropyl-5,5-dimethyloxazolidin-2-one (3.75). The title
compound was prepared from commerically available 2-cyclohexylacetic acid following
known literature protocols by Herrmann et al. *H NMR (500 MHz, CDCls); &(ppm): 7.32 —
7.26 (M, 4H), 7.26 — 7.25 (m, 1H), 7.22 (ddd, J = 8.5, 3.8, 1.8 Hz, 1H), 4.51 (dd, J = 9.6, 3.9
Hz, 1H), 3.13 (dd, J = 14.4, 3.8 Hz, 1H), 2.91 — 2.75 (m, 3H), 1.88 — 1.78 (m, 1H), 1.74 —
1.60 (m, 5H), 1.36 (s, 3H), 1.34 (s, 3H), 1.31 — 1.21 (m, 2H), 1.18 — 1.10 (m, 1H), 1.04 —
0.95 (m, 2H). *C NMR (126 MHz, CDCls); &(ppm): 172.78 (s), 152.58 (s), 136.96 (s),
129.02 (s), 128.59 (s), 126.71 (s), 81.92 (s), 77.25 (s), 77.00 (s), 76.75 (s), 63.46 (s), 42.68

(s), 35.39 (s), 34.44 (s), 33.01 (d, J = 10.0 Hz), 28.50 (s), 26.11 (d, J = 10.4 Hz), 22.24 (s).

Standard procedure for a-monofluorination of N-acyl oxazolidinones:

1.5 eq TiCly, 2 eq Et3N,
o 2 eq NFSI, o o

o)LNJ\/R CH,CIl,(.5M), r.t.,1 h o’lLNJ\fR

The substrate (0.50 mmol, 1.00 equiv) was charged to a flame dried 10 ml round bottom

flask or 1 dram vial. The reaction vessel was then backfilled with argon 3 times. Next,
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dichloromethane (0.50 M) was added and the solution was then cooled to 0 °C. A solution of
TiCly (1.00 M in CH,Cl,, 0.75 mL, 0.75 mmol, 1.50 equiv) was added dropwise to the
reaction mixture at 0 °C and the mixture was stirred for 5 min. Triethylamine (0.14 mL, 1.00
mmol, 2.00 equiv) was added and the reaction mixture was stirred at 0 °C for 30 min. N-
Fluorobenzenesulfonimide (NFSI, 0.315 g, 2.00 mmol, 2.00 equiv) was then added to the
reaction mixture in one portion at 0 °C (CAUTION: reaction may bubble vigourously upon
addition). The reaction was then warmed to rt and stirred for 1 h. The reaction mixture was
filtered through a 1.5 cm silica gel plug, and the silica plug was washed with
dichloromethane (5 mL) and ethyl acetate (40 mL). The combined filtrate was concentrated
in vacuo and the residue purified by flash column chromatography to give the corresponding

a—monofluorinated N-acyl oxazolidinone.

0]
OJ\NJ\:/\/\
A
Table 3.5.3, entry 1. The title compound was prepared from oxazolidinone 3.49 (0.128
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 15% ethyl acetate in hexanes) to

afford product as a colorless oil (0.128 g, 0.47 mmol, 94%, single diastereomer). oc64 +

13.60 (c 1.0, CHCls); *H NMR (600 MHz, CDCl3); 8(ppm): 5.99 (d, J = 51.4 Hz, 1H), 4.10
(d, J = 3.0 Hz, 1H), 2.20 (dddd, J = 13.8, 6.9, 3.1 Hz, 1H), 1.87 — 1.76 (m, 2H), 1.53 (s, 3H),
1.52 — 1.45 (m, 1H), 1.41 (dd, J = 13.2, 7.8 Hz, 1H), 1.39 (s, 3H), 1.38 — 1.30 (m, 1H), 1.07

(d, J =7.0 Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H), 0.91 (dd, J = 7.3 Hz, 3H); *C NMR (151 MHz,
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CDCls); 8(ppm): 170.50 (d, J = 22.7 Hz), 153.08 (s), 89.14 (d, J = 178.5 Hz), 84.01 (s),
66.87 (s), 32.04 (d, J = 22.1 Hz), 29.47 (s), 28.95 (s), 26.90 (d, J = 1.9 Hz), 22.13 (s), 21.40
(s), 21.31 (s), 16.98 (s), 13.82 (s); “*F NMR (564 MHz, CDCls); 8(ppm): -192.24 — -192.48

(m, 1F); HRMS-ESI (m/z): [M+Na]" calcd for C14H24FNOsNa, 296.1638; found, 296.1633.

o
oW
=

Table 3.5.3, entry 2. The title compound was prepared form oxazolidinone 3.50 (0.107
g, 050 mmol) following the standard a-monofluorination procedure. The

diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 11% ethyl acetate in hexanes) to

afford product as a white solid (0.105 g, 0.46 mmol, 91%, single diastereomer. aBG +14.78

(c 0.42, CHCI5); *H NMR (600 MHz, CDCl3); 8(ppm): 6.08 (dddd, J = 49.2, 6.5 Hz, 1H),
4.11 (d, J = 3.2 Hz, 1H), 2.19 (dddd, J = 13.9, 7.0, 3.2 Hz, 1H), 1.57 (dd, J = 23.8, 6.5 Hz,
3H), 1.53 (s, 3H), 1.39 (s, 3H), 1.06 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H); *C NMR
(201 MHz, CDCls); 8(ppm): 172.79 (d, J = 22.4 Hz), 154.80 (s), 87.58 (d, J = 176.6 Hz),
85.87 (s), 68.62 (s), 31.27 (s), 30.74 (s), 23.16 (s), 23.11 (s), 19.90 (d, J = 23.6 Hz), 18.73
(s); °F NMR (564 MHz, CDCls); 8(ppm): -183.56 - -183.80 (m, 1F). HRMS-ESI (m/2):

[M+Na]" calcd for C1;H1sFNO3Na, 254.1168; found, 254.1164.
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Table 3.5.3, entry 3. The title compound was prepared form oxazolidinone 3.55 (0.121
g, 050 mmol) following the standard o-—monofluorination procedure. The
diastereoselectivity (dr >98:2) was determined by ‘H NMR of the crude reaction mixture.

The residue was purified by column chromatography (silica, 6% ethyl acetate in hexanes) to

afford product as a colorless oil (0.100 g, 0.39 mmol, 77%, single diastereomer). oc66 +

42.22 (¢ 1.0, CHCls); *H NMR (600 MHz, CDCls); 8(ppm): 5.89 (dd, J = 49.6, 3.2 Hz, 1H),
4.11 (d, J = 3.0 Hz, 1H), 2.23 — 2.11 (m, 2H), 1.53 (s, 3H), 1.38 (s, 3H), 1.11 (d, J = 6.9 Hz,
3H), 1.08 (d, J = 7.0 Hz, 3H), 0.97 (dd, J = 6.6 Hz, 6H); *C NMR (151 MHz, CDCls);
S(ppm): 169.73 (d, J = 23.0 Hz), 153.12 (s), 92.31 (dd, J = 181.2, 19.7 Hz), 83.86 (s), 67.03
(d, 3 =19.1 Hz), 30.63 (t, J = 20.2 Hz), 29.49 (d, J = 19.9 Hz), 28.86 (d, J = 11.6 Hz), 21.40
(d, J = 6.6 Hz), 21.24 (s), 18.85 (d, J = 18.9 Hz), 16.98 (d, J = 17.4 Hz), 15.26 (d, J = 16.3
Hz); *°F NMR (564 MHz, CDCls); §(ppm): -204.40 (dd, J = 50.2, 28.3 Hz, 1F). HRMS-ESI

(m/z): [M+Na]" calcd for C13H2,FNO3Na, 282.1481; found, 282.1489.

/}—S F

Ph

Table 3.5.3, entry 4. The title compound was prepared from oxazolidinone 3.75 (0.165
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 96:4) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 20% ethyl acetate in hexanes - 25%
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ethyl acetate in hexanes) to afford product as a white soild (0.160 g, 0.46 mmol, 92%, single
diastereomer). oc66 +19.05 (c 0.42, CHCIls); *H NMR (600 MHz, CDCls); 8(ppm): 7.33 —

7.27 (m, 4H), 7.24 (dd, J = 7.1 Hz, 1H), 5.83 (dd, J = 49.6, 3.6 Hz, 1H), 4.46 (dd, J = 9.9,
3.0 Hz, 1H), 3.25 (dd, J = 14.5, 2.8 Hz, 1H), 2.93 (dd, J = 14.5, 9.9 Hz, 1H), 1.84 (dddd, J =
58.1, 34.1, 16.5, 8.1 Hz, 4H), 1.65 (dd, J = 21.0, 12.8 Hz, 2H), 1.44 — 1.35 (m, 7H), 1.35 —
1.27 (m, 2H), 1.23 — 1.11 (m, 2H); *C NMR (201 MHz, CDCls); 8(ppm): 169.54 (d, J =
23.5 Hz), 152.13 (s), 136.63 (s), 129.04 (s), 128.75 (s), 126.93 (s), 92.10 (d, J = 180.8 Hz),
83.50 (s), 64.05 (s), 40.34 (d, J = 20.8 Hz), 35.02 (s), 28.63 (d, J = 3.3 Hz), 28.53 (s), 26.07
(d, J = 4.3 Hz), 26.01 (), 25.81 (s), 25.76 (s), 22.15 (5); *°F NMR (564 MHz, CDCls);
S(ppm): -201.83 (dd, J = 50.1, 26.9 Hz, 1F); HRMS-ESI (m/z): [M+Na]® calcd for

CooH26FNO3Na, 370.1794; found, 370.1800.

O O
)uu@
A
Table 3.5.3, entry 5. The title compound was prepared from oxazolidinone 3.62 (0.138
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 96:4) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 3% diethyl ether in toluene - 5%

diethyl ether in toluene) to afford product as a yellow solid (0.135 g, 0.46 mmol, 92%, single
diastereomer). a80 + 132.53 (¢ 1.0, CHCl5); *H NMR (600 MHz, CDCl3); §(ppm): 7.52 (d,
J=49Hz, 2H), 7.38 (d, J = 5.4 Hz, 3H), 6.98 (d, J = 48.8 Hz, 1H), 3.99 (d, J = 3.1 Hz, 1H),

2.18 (dddd, J = 13.8, 6.9, 3.2 Hz, 1H), 1.44 (s, 3H), 1.12 (d, J = 7.0 Hz, 3H), 1.00 (d, J = 6.8
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Hz, 3H), 0.94 (s, 3H); *C NMR (126 MHz, CDCls); 8(ppm): 168.89 (d, J = 26.9 Hz),
152.96 (s), 133.44 (d, J = 20.2 Hz), 130.10 (d, J = 3.1 Hz), 128.77 (s), 128.76 (s), 128.49 (s),
128.46 (s), 88.87 (d, J = 180.2 Hz), 84.20 (), 67.54 (s), 29.47 (s), 28.35 (5), 21.43 (s), 21.25
(s), 16.98 (s); °F NMR (564 MHz, CDCls); 8(ppm): -172.63 (d, J = 48.8 Hz, 1F); HRMS-

ESI (m/z): [M+Na]" calcd for C16H20FNOsNa, 316.1325; found, 316.1324.

Table 3.5.3, entry 6. The title compound was prepared from oxazolidinone 3.51 (0.117
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The
residue was purified by column chromatography (silica, 15% ethyl acetate in hexanes - 25%

ethyl acetate in hexanes) to afford product as a white solid (84 mg, 0.34 mmol, 67%, single
diastereomer). o380 + 38.40 (c 0.7, CHCI3); *H NMR (600 MHz, CDCly); 8(ppm): 7.45 (d, J

= 51.6 Hz, 1H), 4.08 (d, J = 3.0 Hz, 1H), 2.24 — 2.18 (m, 1H), 1.56 (s, 3H), 1.45 (s, 3H),
1.09 (d, J = 7.0 Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); 5(ppm):
163.97 (d, J = 26.3 Hz), 152.59 (s), 90.25 (d, J = 248.8 Hz), 85.16 (s), 67.67 (s), 29.47 (),
28.91 (s), 21.46 (s), 21.31 (s), 16.87 (s); *°F NMR (564 MHz, CDCls); 8(ppm): -149.72 (dd,
J = 51.6, 3.6 Hz, 1F);. HRMS-ESI (m/z): [M+Na]" calcd for CioH:1sFCINOsNa, 274.0622;

found, 274.0610.
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Table 3.5.3, entry 7. The title compound was prepared from oxazolidinone 3.69 (0.160
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 1.5% diethyl ether in toluene) to

afford product as a white soild (0.155 g, 0.46 mmol, 92%, single diastereomer). aBG +31.81

(c 1.0, CHCls); *H NMR (600 MHz, CDCls); 8(ppm): 7.27 (d, J = 7.6 Hz, 1H), 7.25 (s, 1H),
6.95 (dd, J = 7.3 Hz, 1H), 6.89 (d, J = 8.3 Hz, 2H), 6.21 (ddd, J = 49.0, 5.3 Hz, 1H), 4.22 —
4.14 (m, 2H), 4.13 (d, J = 3.0 Hz, 1H), 2.41 (ddd, J = 5.9 Hz, 1H), 2.37 (ddd, J = 5.9 Hz,
1H), 2.21 (ddd, J = 13.8, 8.4, 5.0 Hz, 1H), 1.53 (s, 3H), 1.41 (s, 3H), 1.08 (d, J = 7.0 Hz,
3H), 0.99 (d, J = 6.8 Hz, 3H); 3C NMR (126 MHz, CDCls); 8(ppm): 169.52 (d, J = 22.6
Hz), 158.44 (s), 153.03 (s), 129.39 (s), 121.07 (s), 114.81 (d, J = 0.7 Hz), 86.32 (d, J = 178.7
Hz), 84.16 (s), 66.92 (s), 62.85 (d, J = 3.3 Hz), 32.01 (d, J = 21.8 Hz), 29.44 (s), 28.94 (s),
21.39 (s), 21.25 (s), 16.95 (); *°F NMR (564 MHz, CDCls); 8(ppm): -192.47 — -192.69 (m,

1F); HRMS-ESI (m/z): [M+Na]" calcd for C1gH,2sFNO,Na, 360.1587; found, 360.1594.

Table 3.5.3, entry 8. The title compound was prepared from oxazolidinone 3.52 (0.145
g, 050 mmol) following the standard a-monofluorination procedure. The

diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The
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residue was purified by column chromatography (silica, 12% ethyl acetate in hexanes - 15%

ethyl acetate in hexanes) to afford product as a colorless oil after purification (0.136 g, 0.44

mmol, 88%, single diastereomer). a3® + 37.73 (c 1.0, CHCls); *H NMR (600 MHz, CDCls);

8(ppm): 7.34 — 7.29 (m, 4H), 7.25 (dd, J = 8.4, 2.4 Hz, 1H), 6.22 (ddd, J = 49.5, 8.6, 3.3 Hz,
1H), 4.10 (d, J = 3.0 Hz, 1H), 3.14 (dddd, J = 22.9, 19.4, 14.3, 6.0 Hz, 2H), 2.19 (dddd, J =
13.7, 6.9, 3.2 Hz, 1H), 1.51 (s, 3H), 1.30 (s, 3H), 1.07 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 6.8
Hz, 3H); 3C NMR (126 MHz, CDCl3); 8(ppm): 169.50 (d, J = 22.5 Hz), 152.95 (s), 135.05
(d, J = 1.9 Hz), 129.43 (), 128.45 (s), 127.07 (s), 89.17 (d, J = 181.1 Hz), 84.00 (s), 66.73
(s), 38.47 (d, J = 22.5 Hz), 29.37 (s), 28.72 (s), 21.29 (s), 21.20 (s), 16.87 (5); *°F NMR (564
MHz, CDCls); &(ppm): -188.75 (ddd, J = 49.6, 33.6, 19.4 Hz, 1F); HRMS-ESI (m/z):

[M+Na]" calcd for C;7H2,FNOsNa, 330.1481; found, 330.1485.

Table 3.5.3, entry 9. The title compound was prepared from oxazolidinone 3.68 (0.162
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 96:4) was determined by *H NMR of the crude reaction mixture. The
residue was purified by column chromatography (silica, 12% diethyl ether in toluene - 15%

diethyl ether in toluene) to afford product as a colorless oil (0.133 g, 0.39 mmol, 78%, single
diastereomer). (x65 +26.92 (c 0.1, CHCIs3); *H NMR (600 MHz, CDCls); 8(ppm): 7.43 (d, J
= 7.3 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 5.8 Hz, 1H), 7.25 — 7.18 (m, 2H), 6.32

(ddd, J = 48.7, 8.2, 4.2 Hz, 1H), 4.13 (d, J = 3.1 Hz, 1H), 3.46 (ddd, J = 18.6, 14.7, 8.1 Hz,

1H), 3.30 (ddd, J = 30.1, 14.6, 4.1 Hz, 1H), 2.21 (dddd, J = 13.8, 5.1 Hz, 1H), 1.53 (s, 3H),
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1.35 (s, 3H), 1.07 (d, J = 7.0 Hz, 3H), 0.99 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz,
CDCls); 8(ppm): 169.34 (d, J = 22.6 Hz), 152.78 (s), 134.54 (s), 132.75 (d, J = 2.9 Hz),
131.58 (d, J = 1.3 Hz), 129.55 (s), 128.61 (s), 126.93 (s), 87.69 (d, J = 181.0 Hz), 83.95 (s),
66.88 (s), 35.20 (d, J = 22.7 Hz), 29.52 (s), 28.90 (s), 21.49 (s), 21.33 (s), 16.96 (5). *°F
NMR (564 MHz, CDCls); &(ppm): -187.68, -187.87 (m, 1F); HRMS-ESI (m/z): [M+Na]"

calcd for C17H,1FCINO3sNa, 364.109; found, 364.1102.

Table 3.5.3, entry 10. The title compound was prepared from oxazolidinone 3.60 (0.179
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 1.5% diethyl ether in toluene) to

afford product as a white solid (0.115 g, 0.31 mmol, 61%, 98:2 dr. 066 + 25.27 (c 1.0,

CHCls); *H NMR (600 MHz, CDCls); 8(ppm): 7.57 (s, 1H), 7.56 — 7.51 (m, 2H), 7.45 (dd, J
= 7.7 Hz, 1H), 6.18 (ddd, J = 49.4, 8.7, 2.5 Hz, 1H), 4.12 (d, J = 2.9 Hz, 1H), 3.19 (dddd, J
= 34.6,23.1, 14.5, 5.7 Hz, 2H), 2.21 (dddd, J = 13.7, 6.9, 3.2 Hz, 1H), 1.54 (s, 3H), 1.35 (s,
3H), 1.07 (d, J = 7.0 Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls);
8(ppm): 169.15 (d, J = 22.5 Hz), 153.11 (s), 136.24 (d, J = 1.0 Hz), 133.00 (s), 130.88 (q, J
= 32.2 Hz), 129.03 (s), 126.26 (q, J = 3.7 Hz), 124.12 (q, J = 3.8 Hz), 124.01 (d, J = 273.42
Hz), 89.08 (d, J = 181.9 Hz), 84.29 (s), 66.87 (s), 38.23 (d, J = 22.5 Hz), 29.48 (s), 28.91 (5),

21.38 (s), 21.27 (s), 16.95 (5); *°F NMR (564 MHz, CDCls); 8(ppm): -62.65 (s, 3F), -189.13
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(ddd, J = 49.5, 34.0, 20.1 Hz, 1F); HRMS-ESI (m/z): [M+Na]" calcd for C1gH»1F4sNO3Na,

398.1355; found, 398.1356.

Table 3.5.3, entry 11. The title compound was prepared from oxazolidinone 3.57 (0.174
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The
residue was purified by column chromatography (silica, 15% ethyl acetate in hexanes

hexanes — 25% ethyl acetate in hexanes) to afford product as a colorless oil (0.124 g, 0.34

mmol, 68%, single diastereomer). 0L65 +30.86 (c 1.0, CHCIl5); *H NMR (600 MHz, CDCls);

8(ppm): 7.35 — 7.30 (m, 4H), 7.29 — 7.26 (m, 1H), 6.10 — 5.99 (m, 1H), 4.49 (d, J = 2.8 Hz,
2H), 4.10 (d, J = 3.0 Hz, 1H), 3.57 — 3.49 (m, 2H), 2.20 (dddd, J = 13.9, 7.0, 3.2 Hz, 1H),
2.02 - 1.91 (m, 2H), 1.90 — 1.79 (m, 2H), 1.53 (s, 3H), 1.36 (s, 3H), 1.07 (d, J = 7.0 Hz, 3H),
0.98 (d, J = 6.8 Hz, 3H); *C NMR (201 MHz, CDCls); &(ppm): 171.99 (d, J = 22.7 Hz),
154.85 (s), 140.20 (s), 130.11 (s), 129.43 (s), 129.29 (s), 90.71 (d, J = 178.8 Hz), 85.87 (s),
74.58 (s), 70.99 (s), 68.68 (s), 31.26 (s), 31.01 (d, J = 22.1 Hz), 30.71 (s), 26.80 (d, J = 2.0
Hz), 23.18 (s), 23.10 (s), 18.76 (s); *°F NMR (564 MHz, CDCls); 8(ppm): -192.32 (ddd, J =
50.1, 30.1, 24.4 Hz, 1F). HRMS-ESI (m/z): [M+Na]" calcd for CyoH2sFNO4Na, 388.1900;

found, 388.1901.
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Table 3.5.3, entry 12. The title compound was prepared from oxazolidinone 3.61 (0.113
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr >98:2) was determined by ‘H NMR of the crude reaction mixture.
The residue was purified by column chromatography (silica, 15% ethyl acetate in hexanes -

25% ethyl acetate in hexanes) to afford product as a clear oil (56 mg, 0.23 mmol, 46%,
single diastereomer). ‘165 +36.44 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCls); dppm): 6.46

(dd, J = 48.7, 6.2 Hz, 1H), 6.07 — 5.97 (m, 1H), 5.65 (dd, J = 17.3, 3.2 Hz, 1H), 5.46 (d, J =
10.7 Hz, 1H), 4.07 (d, J = 2.9 Hz, 1H), 2.19 (dddd, J = 13.7, 6.9, 3.1 Hz, 1H), 2.19 (dddd, J
=13.7, 6.9, 3.1 Hz, 1H), 1.52 (s, 3H), 1.34 (s, 3H), 1.08 (d, J = 7.0 Hz, 3H), 0.98 (d, J = 6.8
Hz, 3H); *C NMR (126 MHz, CDCls); dppm): 168.36 (d, J = 24.7 Hz), 153.03 (s), 129.94
(d, J = 19.8 Hz), 121.75 (d, J = 10.9 Hz), 87.69 (d, J = 179.0 Hz), 84.32 (s), 67.19 (s), 29.46
(s), 28.96 (s), 21.33 (s), 16.94 (s); °F NMR (564 MHz, CDCls); 8(ppm): -186.01 (ddd, J =
49.0, 14.3, 3.6 Hz, 1F); HRMS-ESI (m/z): [M+Na]" calcd for Ci,H1sFNOsNa, 266.1168;

Found, 266.1158.

Table 3.5.3, entry 13. The title compound was prepared from oxazolidinone 3.56 (0.134
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 98:2) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 9% ethyl acetate in hexanes - 11%
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ethyl acetate in hexanes) to afford product as a colorless oil (0.114 g, 0.40 mmol, 80%,
single diastereomer). a@d + 31.46 (¢ 1.0, CHCIls); *H NMR (600 MHz, CDCls); 8(ppm):

6.05 — 5.94 (m, 1H), 5.78 (dddd, J = 16.9, 10.2, 6.6 Hz, 1H), 4.99 (dd, J = 32.4, 13.7 Hz,
2H), 4.10 (d, J = 2.9 Hz, 1H), 2.19 (dddd, J = 10.3, 7.2, 3.3 Hz, 1H), 2.16 — 2.05 (m, 2H),
1.88 - 1.77 (m, 2H), 1.70 — 1.60 (m, 2H), 1.53 (s, 3H), 1.38 (s, 3H), 1.07 (d, J = 7.0 Hz, 3H),
0.97 (d, J = 6.9 Hz, 3H); *C NMR (126 MHz, CDCls); &(ppm): 170.32 (d, J = 22.6 Hz),
153.05 (s), 137.78 (s), 115.14 (s), 89.00 (d, J = 178.7 Hz), 84.04 (s), 66.86 (s), 32.95 (5),
31.72 (d, J = 22.1 Hz), 29.45 (s), 28.94 (s), 24.01 (d, J = 1.9 Hz), 21.37 (s), 21.29 (s), 16.95
(s); *F NMR (564 MHz, CDCls); §(ppm): -192.17 — -192.40 (m, 1F); HRMS-ESI (m/2):

[M+Na]" calcd for C15H24FNOsNa, 308.1638; found, 308.1642.

Table 3.5.3, entry 3.58. The title compound was prepared from oxazolidinone S12
(0.132 g, 0.50 mmol) following the standard a—monofluorination procedure. The
diastereoselectivity (dr 5:1) was determined by *H NMR of the crude reaction mixture. The

residue was purified by column chromatography (silica, 12% ethyl acetate in hexanes) to

afford product as a colorless oil (79 mg, 0.28 mmol, 56%, single diastereomer). oc66 +30.73

(c 0.316, CHCIs); 'H NMR (600 MHz, CDCls) &(ppm): 6.02 (ddd, J = 50.1, 7.4, 3.6 Hz,
1H), 4.11 (d, J = 2.8 Hz, 1H), 2.28 (dt, J = 16.7, 8.0 Hz, 2H), 2.24 — 2.18 (m, 1H), 2.06 —
1.89 (m, 3H), 1.78 (ddd, J = 22.5, 14.4, 7.0 Hz, 2H), 1.54 (s, 3H), 1.40 (s, 3H), 1.08 (d, J =
7.0 Hz, 3H), 0.98 (d, J = 6.8 Hz, 2H); **C NMR (201 MHz, CDCls) &(ppm): 170.04 (d, J =

22.6 Hz), 153.06 (s), 88.76 (d, J = 179.1 Hz), 84.12 (s), 83.36 (s), 69.02 (), 66.91 (s), 31.27
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(d, J = 22.1 Hz), 29.48 (s), 29.02 (s), 23.77 (d, J = 2.0 Hz), 21.41 (s), 21.31 (s), 17.99 (5),
16.98 (s). *F NMR (564 MHz, CDCls); 8(ppm): -192.21 (ddd, J = 50.0, 31.2, 23.3 Hz).

HRMS-ESI (m/z): [M+Na]" calcd for Cy5H,,FNO3Na, 306.1481; found, 306.1476.

Table 3.5.3, entry 15. The title compound was prepared from oxazolidinone 3.59 (0.179
g, 050 mmol) following the standard a-monofluorination procedure. The
diastereoselectivity (dr 94:6) was determined by *H NMR of the crude reaction mixture. The
residue was purified by column chromatography (silica, 5% diethyl ether in toluene - 10%

diethyl ether in toluene) to afford product as a white solid (0.132 g, 0.35 mmol, 70%, single
diastereomer). a2 + 13.20 (¢ 1.0, CHCI3); *H NMR (600 MHz, CDCl5); 8(ppm): 7.75 (ddd,

J=72.2,5.3, 3.1 Hz, 4H), 6.22 (ddd, J = 46.7, 4.4, 1.9 Hz, 1H), 4.38 (ddd, J = 15.3, 10.7,
4.7 Hz, 1H), 4.26 (ddd, J = 31.6, 15.2, 1.6 Hz, 1H), 4.16 (d, J = 2.8 Hz, 1H), 2.19 (dddd, J =
6.8, 3.9 Hz, 1H), 1.69 (s, 3H), 1.55 (s, 3H), 1.01 (d, J = 7.0 Hz, 3H), 0.95 (d, J = 6.8 Hz,
3H): *C NMR (126 MHz, CDCl5); 8(ppm): 167.74 (s), 167.51 (d, J = 23.2 Hz), 153.48 (s),
134.07 (s), 131.73 (s), 123.47 (s), 85.87 (d, J = 183.8 Hz), 84.73 (s), 66.68 (s), 38.08 (d, J =
21.7 Hz), 29.43 (s), 28.83 (s), 21.84 (s), 21.16 (s), 17.01 (s); *°F NMR (564 MHz, CDCl5);
S(ppm): -194.15 (ddd, J = 44.1, 32.2, 11.3 Hz, 1F); HRMS-ESI (m/z): [M+Na]" calcd for

C19H21FN,0OsNa, 399.1332; found, 399.1339.
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Standard procedure for a—monofluorination of N-(arylacetyl)oxazolidinones:

1.75 eq TiCl(i-PrO)(2 EtNHCI

2 equiv Et3N,
)OL 2 [ R CHZCTq(gl\éMI\;FrStl,lh )OL ¢
2-12\V. , by,
o "N S o7 "N X

Preparation of TiCl,(iPrO),-2 EtsNHCI: In a flame dried flask, i-PrOH (2 equiv) was
added to TiCl, (1 equiv, 1.0 M in CH,CI,) dropwise over 5 min at rt under an argon. The
mixture was stirred for an additional 10 min (HCI gas evolution was observed). EtsN (2
equiv) was then added dropwise over 10 min at rt. The mixture was stirred for an additional
30 min (most of the initially formed white precipitate eventually redissolves).

a-Monofluorination reaction: In a separate flame-dried flask, TiCl,(iPrO),e2Et;NHCI
(1.75 equiv) was added dropwise to the solution of N-acyl oxazolidinone (0.50 mmol, 1.00
equiv) in CH,CI, (0.5 M) at 0 °C under argon, and the resultant mixture was stirred for 5
min (solution becomes a deep red upon complete addition). EtsN (2.0 equiv) was added
dropwise at 0 °C and the reaction mixture was stirred for 30 min. NFSI (2.0 equiv) was
added in one portion to the reaction at 0 °C (CAUTION: reaction mixture may bubble
vigorously upon addition of NFSI). The reaction mixture was warmed to rt and stirred for 1
h. The reaction was filtered through a 1.5 cm silica gel plug and washed with
dichloromethane (10 mL) and ethyl acetate (50 mL). The filtrate was then concentrated and

the residue was purified by flash column chromatography to give the product.
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Table 3.5.5, entry 1. The title compound was prepared from oxazolidinone 3.53 (0.153
g, 0.50 mmol) following the standard a—monofluorination of N-(arylacetyl)oxazolidinones.
The diastereoselectivity (dr 93:7) was determined by *H NMR of the crude reaction mixture.

The residue was purified by column chromatography (silica, 4% diethyl ether in toluene) to

afford product as a colorless oil (0.102 g, 0.31 mmol, 63%, single diastereomer). 066 +

141.92 (c 0.3, CHCI3); *H NMR (600 MHz, CDCls); §(ppm): 7.45 (d, J = 8.3 Hz, 2H), 6.91
(d, J = 48 Hz, 1 H), 6.89 (d, J = 8.5 Hz, 2H), 4.01 (d, J = 3.0 Hz, 1H), 3.81 (s, 3H), 2.18
(dddd, J = 13.8, 6.9, 3.2 Hz, 1H), 1.57 (s, 3H), 1.45 (s, 3H), 1.12 (d, J = 7.1 Hz, 3H), 1.00
(d, J = 6.8 Hz, 3H), 0.98 (s, 3H); **C NMR (126 MHz, CDCls); 8(ppm): 169.14 (d, J = 27.8
Hz), 160.89 (d, J = 2.9 Hz), 152.94 (s), 130.25 (s), 130.22 (s), 125.55 (d, J = 21.0 Hz),
114.15 (s), 114.14 (s), 88.60 (d, J = 179.9 Hz), 84.14 (s), 67.45 (s), 55.29 (s), 29.50 (s),
28.49 (s), 21.45 (s), 21.28 (s), 17.01 (s); *°F NMR (564 MHz, CDCls); §(ppm): -169.50 (d, J
= 49.4 Hz, 1F). HRMS-ESI (m/z): [M+Na]" calcd for C37H,,FNO4Na, 346.1431; found,

346.1439.

Table 3.5.5, entry 2. The title compound was prepared from oxazolidinone 3.54 (0.146
g, 0.50 mmol) following the standard procedure for a—monofluorination of N-

(arylacetyl)oxazolidinones. The diastereoselectivity (dr 10:1) was determined by *H NMR of
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the crude reaction mixture. The residue was purified by column chromatography (silica, 1%

diethyl ether in toluene) to afford product as a white soild (0.110 g, 0.36 mmol, 71%, single
diastereomer). oc65 +141.77 (c 1.0, CHCIl5); *H NMR (600 MHz, CDCls); 8(ppm): 7.53 —

7.49 (m, 1H), 7.06 (dd, J = 8.4 Hz, 1H), 6.94 (d, J = 48.6 Hz, 1H), 3.99 (d, J = 2.9 Hz, 1H),
2.17 (ddd, J = 10.5, 6.8, 3.3 Hz, 1H), 1.44 (s, 2H), 1.10 (d, J = 7.0 Hz, 2H), 0.98 (d, J = 6.8
Hz, 1H), 0.97 (s, 1H); *C NMR (126 MHz, CDCls); 8(ppm): 168.66 (d, J = 27.2 Hz),
163.58 (dd, J = 250.0, 3.2 Hz), 152.90 (s), 130.65 (d, J = 4.3 Hz), 130.59 (d, J = 4.3 Hz),
129.45 (dd, J = 20.9, 3.3 Hz), 115.91 (d, J = 1.7 Hz), 115.73 (d, J = 1.7 Hz), 88.00 (d, J =
180.5 Hz), 84.26 (s), 67.44 (s), 29.43 (s), 28.40 (s), 21.39 (), 21.16 (), 16.90 (s); *°F NMR
(564 MHz, CDCls); 8(ppm): -110.25 — -110.31 (m, 1F), -171.32 (dd, J = 48.6, 5.4 Hz, 1F);

HRMS-ESI (m/z): [M+Na]" calcd for C16H10F.NO3Na, 334.1234; found, 334.1240.

Table 3.5.5, entry 3. The title compound was prepared from oxazolidinone 3.63 (0.155
g, 0.50 mmol) following the standard procedure for a-monofluorination of N-
(arylacetyl)oxazolidinones. The diastereoselectivity (dr 10:1) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica, 3%

diethyl ether in toluene — 5% diethyl ether in toluene) to afford product as green crystals

(0.100 g, 0.31 mmol, 61%, 10:1 dr, single diastereomer). 0c56 +125.38 (¢ 1.0, CHCI); *H

NMR (600 MHz, CDCls); 8(ppm): 7.47 (d, J = 7.6 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 6.95

(d, J = 48.5 Hz, 1H), 4.00 (d, J = 2.7 Hz, 1H), 2.21 — 2.15 (m, 1H), 1.45 (s, 3H), 1.11 (d, J =
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7.0 Hz, 3H), 1.00 (s, 4H), 0.99 (s, 1H); *C NMR (151 MHz, CDCls); 8(ppm): 168.46 (d, J =
26.9 Hz), 152.91 (s), 136.21 (d, J = 3.5 Hz), 131.95 (d, J = 20.6 Hz), 129.89 (s), 129.86 (s),
129.05 (s), 129.04 (s), 88.02 (d, J = 180.6 Hz), 84.33 (s), 67.45 (s), 29.46 (s), 28.54 (s),
21.42 (s), 21.22 (s), 16.94 (s); °F NMR (564 MHz, CDCls); &(ppm): -172.51 (d, J = 48.5

Hz, 1F); HRMS-ESI (m/z): [M+Na]" calcd for C1H19FNO3Na, 350.0935; found, 350.0928.

Table 3.5.5, entry 4. The title compound was prepared from oxazolidinone 3.66 (0.147
g, 0.50 mmol) following the standard procedure for a—monofluorination of N-
(arylacetyl)oxazolidinones. The diastereoselectivity (dr 93:7) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica, 1%

diethyl ether in toluene) to afford product as a white soild (0.107 g, 0.35 mmol, 69%, single
diastereomer). oc66 +126.11 (c 1.0, CHCIl3); *H NMR (500 MHz, CDCls); 8(ppm): 7.38 —
7.29 (m, 2H), 7.26 — 7.22 (m, 1H), 7.08 (ddddd, J = 9.6, 5.6, 1.4 Hz, 1H), 6.98 (d, J = 48.5
Hz, 1H), 3.99 (d, J = 3.2 Hz, 1H), 2.18 (dddd, J = 13.9, 6.9, 3.2 Hz, 1H), 1.45 (s, 3H), 1.10
(d, J = 7.0 Hz, 3H), 1.02 — 0.97 (m, 6H); **C NMR (126 MHz, CDCls); §(ppm): 168.34 (d, J
= 26.6 Hz), 162.64 (dd, J = 247.8, 1.5 Hz), 152.97 (s), 135.72 (dd, J = 20.6, 7.4 Hz), 130.44
(dd, J = 8.1, 1.4 Hz), 124.13 (dd, J = 4.8, 3.2 Hz), 117.17 (dd, J = 21.1, 2.8 Hz), 115.34 (dd,
J =227, 4.8 Hz), 87.95 (dd, J = 181.1, 1.8 Hz), 84.37 (s), 67.54 (s), 29.48 (s), 28.46 (5),

21.43 (s), 21.24 (s), 16.95 (s); *°F NMR (564 MHz, CDCls); &(ppm): -111.55 (td, J = 9.6, 6.0
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Hz, 1F), -173.59 (d, J = 48.9 Hz); HRMS-ESI (m/z): [M+Na]" calcd for CigH1oF-NO3Na;

334.1231; found, 334.1241.

Table 3.5.5, entry 5. The title compound was prepared from oxazolidinone 3.71 (0.172
g, 0.50 mmol) following the standard procedure for a-monofluorination of N-
(arylacetyl)oxazolidinones. The diastereoselectivity (dr 10:1) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica, 1%

diethyl ether in toluene) to afford product as a white solid (0.117 g, 0.33 mmol, 65%, 10:1

dr, single diastereomer). ch6 + 140.82 (c 0.8, CHCl3); 'H NMR (500 MHz, CDCls);

8(ppm): 7.79 — 7.72 (m, 2H), 7.67 (d, J = 7.4 Hz, 1H), 7.54 (dd, J = 7.8 Hz, 1H), 7.04 (d, J =
48.5 Hz, 1H), 4.03 (d, J = 3.2 Hz, 1H), 2.20 (dddd, J = 13.9, 6.9, 3.2 Hz, 1H), 1.46 (s, 3H),
1.12 (d, J = 7.0 Hz, 3H), 1.01 (d, J = 7.7 Hz, 6H); 3C NMR (126 MHz, CDCls); 8(ppm):
168.17 (d, J = 26.4 Hz), 152.93 (s), 134.56 (d, J = 20.6 Hz), 132.21 (dd, J = 4.5, 1.1 Hz),
131.80 — 130.88 (m), 129.40 (d, J = 1.2 Hz), 126.96 — 126.64 (m), 125.02 — 124.76 (m),
123.60 (d, J = 272.5 Hz), 88.06 (d, J = 181.2 Hz), 84.45 (s), 67.50 (s), 29.50 (s), 28.43 (s),
21.43 (s), 21.25 (s), 16.97 (s); *°F NMR (564 MHz, CDCl3); 8(ppm): -62.85 (s, 3F), -173.31
(d, J = 48.5 Hz, 1F); HRMS-ESI (m/z): [M+Na]* calcd for Ci7H;oFsNO3Na, 384.1199;

found, 384.1196.
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Table 3.5.5, entry 6. The title compound was prepared from oxazolidinone 3.70 (0.153
g, 0.50 mmol) following the standard procedure for a-monofluorination of N-
(arylacetyl)oxazolidinones. The diastereoselectivity (dr 10:1) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica,

1.5% diethyl ether in toluene — 3% diethyl ether in toluene) to afford product as a colorless

oil (0.129 g, 0.40 mmol, 80%, single diastereomer. a8 + 158.73 (c 1.0, CHCIs); *H NMR

(600 MHz, CDCl5); 8(ppm): 7.35 (dd, J = 7.8 Hz, 1H), 7.28 (d, J = 7.5 Hz, 1H), 7.22 (d, J =
485 Hz, 1H), 6.94 (dd, J = 14.7, 7.7 Hz, 2H), 4.11 (d, J = 3.0 Hz, 1H), 3.86 (s, 3H), 2.20
(dddd, J = 13.7, 6.9, 2.9 Hz, 1H), 1.46 (s, 3H), 1.21 (s, 3H), 1.11 (d, J = 7.0 Hz, 3H), 0.99
(d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); 8(ppm): 168.90 (d, J = 25.6 Hz), 157.66
(d, J = 3.7 Hz), 152.55 (s), 131.39 (d, J = 3.4 Hz), 128.11 (d, J = 5.0 Hz), 122.39 (d, J = 19.1
Hz), 120.54 (d, J = 1.2 Hz), 111.38 (s), 84.82 (d, J = 177.7 Hz), 83.84 (s), 67.14 (s), 55.80
(s), 29.51 (s), 28.57 (s), 21.40 (s), 21.32 (s), 16.88 (s); °F NMR (564 MHz, CDCly);
S(ppm): -177.76 (d, J = 48.4 Hz, 1F); HRMS-ESI (m/z): [M+Na]" calcd for C17H2,FNO4Na,

346.1431; found, 346.1436.

Table 3.5.5, entry 7. The title compound was prepared from oxazolidinone 3.64 (0.160

g, 0.50 mmol) following the standard procedure for a-monofluorination of N-

275



(arylacetyl)oxazolidinones. The diastereoselectivity (dr 10:1) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica,

1.5% diethyl ether in toluene — 2% diethyl ether in toluene) to afford product as a white solid

(0.107 g, 0.32 mmol, 64%, single diastereomer). a3® + 138.76 (c 0.83, CHCly); *H NMR

(600 MHz, CDCls); 8(ppm): 7.01 (d, J = 9.2 Hz, 2H), 6.88 (d, J = 48.7 Hz, 1H), 6.80 (d, J =
7.8 Hz, 1H), 5.98 (s, 2H), 4.01 (d, J = 3.1 Hz, 1H), 2.21 — 2.15 (m, 1H), 1.47 (s, 3H), 1.12
(d, J = 7.0 Hz, 3H), 1.05 (s, 3H), 1.00 (d, J = 6.8 Hz, 3H); *C NMR (201 MHz, CDCly);
8(ppm): 206.97 (s), 168.90 (d, J = 27.8 Hz), 152.94 (s), 148.52 (dd, J = 224.9, 2.4 Hz),
127.10 (d, J = 20.9 Hz), 123.07 (d, J = 5.2 Hz), 108.63 (dd, J = 89.3, 2.9 Hz), 101.46 (s),
88.54 (d, J = 180.6 Hz), 84.21 (s), 67.47 (s), 30.92 (s), 29.50 (s), 28.59 (), 21.45 (5), 21.29
(s), 17.00 (s); °F NMR (564 MHz, CDCls); 8(ppm): -169.32 — -169.84 (m, 1F). HRMS-ESI

(m/z): [M+Na]" calcd for C17H20FNOsNa 360.1223; found, 360.1226

Table 3.5.5, entry 8. The title compound was prepared from oxazolidinone 3.65 (0.184
g, 0.50 mmol) following the standard procedure for a-monofluorination of N-
(arylacetyl)oxazolidinones. The diastereoselectivity (dr 95:5) was determined by *H NMR of
the crude reaction mixture. The residue was purified by column chromatography (silica, 1%

diethyl ether in toluene) to afford product as a white solid (0.119 g, 0.31 mmol, 62%, single
diastereomer). a3® + 148.96 (c 1.0, CHCls); *H NMR (500 MHz, CDCls); &(ppm): 7.31 —

7.26 (m, 3H), 7.19 (d, J = 7.9 Hz, 1H), 7.13 (s, 1H), 7.05 (dd, J = 7.4 Hz, 1H), 6.97 (d, J =
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8.1 Hz, 1H), 6.93 (s, 1H), 6.91 (d, J = 7.9 Hz, 2H), 6.83 (s, 1H), 3.94 (d, J = 3.0 Hz, 1H),
2.13 (dddd, J = 13.8, 6.9, 3.1 Hz, 1H), 1.40 (s, 3H), 1.05 (d, J = 7.0 Hz, 3H), 0.97 (s, 3H),
0.94 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz, CDCls); 8(ppm): 168.53 (d, J = 26.7 Hz),
157.57 (d, J = 1.6 Hz), 156.66 (s), 152.91 (s), 135.24 (d, J = 20.3 Hz), 130.17 (d, J = 1.6
Hz), 129.83 (s), 123.65 (s), 123.16 (d, J = 4.6 Hz), 120.38 (d, J = 3.0 Hz), 118.96 (s), 118.79
(d, J = 4.6 Hz), 88.50 (d, J = 180.8 Hz), 84.28 (s), 67.51 (5), 29.50 (s), 28.54 (s), 21.43 (s),
21.28 (), 16.99 (s); *°F NMR (564 MHz, CDCls); 8(ppm): -172.83 (d, J = 48.8 Hz, 1F).

HRMS-ESI (m/z): [M+Na]" calcd for C,,H,4FNO,4Na, 408.1587; found, 408.1600

Table 3.5.5, entry 9

Preparation of TiCl,(iPrO),-2 EtsNHCI: In a flame dried flask under argon, iPrOH (2
equiv) was added dropwise to TiCl, (1 equiv, 1.0 M in CH,CI,) over 5 min at rt . The
mixture was stirred for an additional 10 min (HCI gas evolution was observed). EtsN (2
equiv) was then added dropwise over 10 min at rt. The mixture was stirred for an additional
30 min (white precipitate initially forms but majority eventually redissolves into solution).

a-Monofluorination reaction: In a separate flame dried flask under argon
TiCl,(iPrO),e2EtsNHCI (0.33 mL, ca. 1.0 M solution in CH,Cl,, 1.75 equiv) was added
dropwise to the solution of N-acyl oxazolidinone 3.73 (0.10 g, 0.31 mmol, 1.00 equiv) in
CH.Cl; (0.38 mL) at 0 °C and stirred for 3 min (solution should become a deep red upon

complete addition). EtsN (86 pL, 0.62 mmol, 2.0 equiv) was added dropwise to the reaction
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mixture at 0 °C and stirred for 3 min. NFSI (0.195 g, 062 mmol, 2.0 equiv) was added in one
portion to the reaction at 0 °C. The reaction mixture was warmed to room temperature and
stirred for 1 h. The reaction was filtered through a 1.5 cm silica gel plug and washed with
dichloromethane (10 mL) and ethyl acetate (60 mL). The filtrate was then concentrated in
vacuo. The diastereoselectivity (dr 92:8) was determined by *H NMR of the crude reaction
mixture. The residue was purified by column chromatography (silica, 4% diethyl ether in

toluene) to afford product as a white solid (0.119 g, 0.31 mmol, 87%, mixture of
diastereomers). oc%l + 115.77 (¢ 1.0, CHCI3);"H NMR (600 MHz, CDCl3) &(ppm): 8.13 (s,
1H), 7.98 (s, 1H), 7.61 (s, 2H), 7.10 (d, J = 48.6 Hz, 1H), 4.03 (d, J = 2.9 Hz, 1H), 2.25 —
2.15 (m, 1H), 1.44 (s, 3H), 1.13 (d, J = 7.0 Hz, 3H), 1.01 (d, J = 6.8 Hz, 3H), 0.95 (s, 3H)
3C NMR (126 MHz, CDCl3) 8(ppm): 168.69 (d, J = 27.1 Hz), 153.42 (s), 152.87 (s), 150.88
—150.72 (m), 140.35 (s), 130.35 (d, J = 20.8 Hz), 126.45 (d, J = 4.2 Hz), 121.22 (d, J = 4.6
Hz), 111.40 (d, J = 1.5 Hz), 88.62 (d, J = 180.9 Hz), 84.25 (s), 67.42 (s), 29.50 (s), 28.59 (s),
21.44 (s), 21.24 (s), 16.98 (s).”°F NMR (564 MHz, CDCls) &(ppm): -169.22 (s), -169.31 (5).

HRMS-ESI (m/z): [M+Na]" calcd for C17H10FN,O4Na, 357.1227; found, 357.1224.

Table 3.5.5, entry 10.

Preparation of TiCl,(OPr-i),: In a flame-dried flask, Ti(OPr-i)4 (1.0 equiv) was added
dropwise to TiCl, (1.0 equiv, 1.0 M in CH,CI,) over 5 min at rt under argon. The mixture

was stirred for an additional 10 min.
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a-Monofluorination reaction: In a separate flame-dried flask, TiCl,(OPr-i), (0.44 mL,
ca. 2.0 M solution in CH,Cl,, 1.75 equiv) was added dropwise to the solution of N-acyl
oxazolidinone 3.74 (0.158 g, 0.50 mmol, 1.00 equiv) in CH,CI, (0.38 mL) at 0 °C and
stirred for 2 min under argon. EtsN (0.14 mL, 1.0 mmol, 2.0 equiv) was added dropwise at 0
°C and the reaction mixture was stirred for 2 min. NFSI (0.315 g, 1.0 mmol, 2.0 equiv) was
added in one portion to the reaction at 0 °C. The reaction mixture was warmed to rt and
stirred for 30 min. The reaction was filtered through a 1.5 cm silica gel plug and washed
with dichloromethane (10 mL) and ethyl acetate (60 mL). The filtrate was then concentrated
in vacuo. The diastereoselectivity (dr 2:1) was determined by *H NMR analysis of the crude
product. The residue was purified by column chromatography (silica, 4% diethyl ether in

toluene) to afford product as a white solid (0.105 g, 0.32 mmol, 63%, single diastereomer.
oc61 +77.97 (c 1.0, CHCI3); *H NMR (600 MHz, CDCls) 8(ppm): 7.68 (d, J = 7.9 Hz, 1H),

7.60 (d, J = 8.2 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.06 (d, J = 50.4
Hz, 1H), 4.30 (d, J = 3.0 Hz, 1H), 2.24 (dq, J = 6.8, 3.8 Hz, 1H), 1.59 (s, 3H), 1.53 (s, 3H),
1.15 (d, J = 7.0 Hz, 3H), 1.02 (d, J = 6.8 Hz, 3H). **C NMR (126 MHz, CDCls) §(ppm):
164.15 (d, J = 23.3 Hz), 158.11 (d, J = 21.8 Hz), 153.66 (s), 151.09 (s), 126.53 (d, J = 1.2
Hz), 124.96 (s), 120.82 (d, J = 0.9 Hz), 111.34 (d, J = 0.9 Hz), 85.65 (s), 82.90 (d, J = 183.5
Hz), 67.34 (s), 29.56 (s), 28.81 (s), 21.59 (s), 21.43 (s), 16.99 (s). *°F NMR (564 MHz,
CDCls) &(ppm): -185.48 (s), -185.57 (s). HRMS-ESI (m/z): [M+Na]® calcd for

C17H19FN204Na, 3571227, found, 357.1216.

279



Table 3.5.5, entry 8.

Preparation of TiCly(OPr-i),-2 EtsNHCI: In a flame dried-flask, i-PrOH (2 equiv) was
added dropwise to TiCl, (1 equiv, 1.0 M in CH,CI,) over 5 min at rt under argon. The
mixture was stirred for an additional 10 min (HCI gas evolution was observed). EtsN (2
equiv) was then added dropwise over 10 min at rt. The mixture was stirred for an additional
30 min (white precipitate initially forms but eventually redissolves).

a-Monofluorination reaction: In a separate flame-dried flask, TiCl,(OPr-i),02Et;NHCI
(0.33 mL, ca. 1.0 M solution in CH,Cl,, 1.75 equiv) was added dropwise to the solution of
N-acyl oxazolidinone 3.67 (50 mg, 0.19 mmol, 1.00 equiv) in CH,Cl, (0.38 mL) at 0 °C
under argon, and the resulting mixture was stirred for 2 min (solution should become a deep
red upon complete addition). EtsN (53 uL, 0.38 mmol, 2.0 equiv) was added dropwise at 0
°C and the reaction mixture was stirred for 2 min. NFSI (0.12 g, 0.38 mmol, 2.0 equiv) was
added in one portion to the reaction at 0 °C. The reaction mixture was warmed to rt and
stirred for 30 min. The reaction was filtered through a 1.5 cm silica gel plug and washed
with dichloromethane (10 mL) and ethyl acetate (60 mL). The filtrate was then concentrated
in vacuo. The diastereoselectivity (10:1) was determined by *H NMR analysis of the crude
mixture of products. The residue was purified by column chromatography (silica, 4% diethyl
ether in toluene) to afford product as a white solid (29 mg, 0.103 mmol, 54%, single

diastereomer). (x60 +61.94 (c 1.0, CHCI3); *H NMR (600 MHz, CDCls) 8(ppm): 7.65 (d, J

= 4.0 Hz, 1H), 7.41 (d, J = 1.1 Hz, 1H), 6.99 (d, J = 48.6 Hz, 1H), 6.52 (s, 1H), 4.02 (d, J =
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2.5 Hz, 1H), 2.22 — 2.13 (m, 1H), 1.48 (s, 3H), 1.10 (d, J = 5.8 Hz, 6H), 1.00 (d, J = 6.6 Hz,
3H). *C NMR (126 MHz, CDCls) &(ppm): 168.55 (d, J = 27.2 Hz), 153.03 (s), 143.80 (d, J
= 7.4 Hz), 143.29 (d, J = 8.7 Hz), 118.94 (d, J = 24.2 Hz), 108.79 (s), 84.31 (s), 82.04 (dd, J
= 177.6, 10.1 Hz), 67.30 (d, J = 12.0 Hz), 29.50 (s), 28.58 (s), 21.44 (s), 21.26 (d, J = 2.7
Hz), 16.96 (d, J = 4.1 Hz)."®F NMR (564 MHz, CDCl3) &(ppm): -176.65 (d, J = 4.8 Hz), -
176.73 (d, J = 4.8 Hz). HRMS-ESI (m/z): [M+Na]" calcd for Ci4H4sFNO4Na, 306.1118;

found, 306.1122.

Y

0
M a2 T w . Rz
0 AR
95%

(S)-2-Fluoro-2-phenylethanol. Sodium borohydride (63.7 mg, 1.68 mmol) was added to
a solution of the substrate (0.175 g, 0.561 mmol) in a 3:1 mixture of THF:H,0 (8.50 mL) at
0 °C and the reaction mixture was stirred for 10 min. The reaction mixture was warmed to rt
and stirred an additional 1 h. The reaction mixture was quenched with aqueous 1 M HCI (5
mL). The layers were separated. The aqueous layer was extracted with diethyl ether (3 x 5
mL). The organic layers were combined and washed with brine, dried with sodium sulfate,
concentrated in vacuo, and the residue purified by column chromatography (silica, 50%

diethyl ether in pentane - 80% diethyl ether in pentane) to afford the desired alcohol (72.2

mg, 0.52 mmol, 93%) and the purified oxazolidinone (83 mg, 0.53 mmol, 95%). oc63 +

51.03 (¢ 1.0, CHCI3). *H NMR (600 MHz, CDCls) 8(ppm): 7.38 (dt, J = 17.5, 7.3 Hz, 5H),
5.57 (ddd, J = 48.7, 7.8, 2.8 Hz, 1H), 3.98 — 3.89 (m, 1H), 3.83 (dd, J = 30.1, 12.5 Hz, 1H),

2.38 (s, IH™®C NMR (126 MHz, CDCl3) 8(ppm): 136.34 (d, J = 19.6 Hz), 128.74 (d, J = 1.7
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Hz), 128.54 (s), 125.68 (d, J = 7.0 Hz), 94.80 (d, J = 171.9 Hz), 66.48 (d, J = 24.7 Hz). °F
NMR (564 MHz, CDCls) 8(ppm): -186.89 (ddd, J = 49.5, 30.6, 19.1 Hz). HRMS-EI (m/z):

[M]" calcd for CgHgFO, 140.0637; found, 140.0634.

Determination of er for the product: 2-Naphthoyl chloride (3.0 equiv.) was added to a
solution of the purified alcohol, triethylamine (3.0 equiv.), and 4-dimethylaminopyridine
(0.5 equiv.) in dichloromethane (0.1 M) at 0 °C. After 10 min, the reaction was warmed to rt
and stirred for 30 min. The reaction was quenched with aqueous ammonium chloride and the
layers were separated. The aqueous layer was extracted with ethyl acetate (3 x 10 mL). The
combined organic layers were washed with brine, dried with sodium sulfate, concentrated in
vacuo, and purified by column chromatography chromatography (silica, 15% ethyl acetate in
hexanes) to afford the desired naphthoyl ester derivative. HPLC analysis of the 2-naphthoyl
ester derivative (OJ-H, 2.5% 'PrOH - hexanes, 1.0 mL/min, 254 nm) indicated er of 0.8:99.2:

Rt (minor) = 37.5 minutes, Rt (major) = 45.5 minutes.

,lOL j\/@ LiOH, aq H,O5, o 1
07 N7 H,0, THF r.t, 1 h /U\/© o “NH
F_: o HO H +

F
96%

(S)-2-Fluoro-2-phenyacetic acid. Lithium hydroxide monohydrate (32.1 mg, 0.765

mmol) was added to a solution of the substrate (0.117 g, 0.373 mmol), hydrogen peroxide
(30%, 0.40 mL), and water (0.40 mL) in THF (1.50 mL) at 0 °C, and the mixture was stirred
for 5 min. The reaction was warmed to room temperature and stirred for 1 h. The reaction
was quenched with aqueous sodium sulfite (1.5 M, 3.0 mL) and HCI (1 M, 3.0 mL) and

allowed to stir for 5 min until two transparent layers were visible. The layers were separated
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and the aqueous layer was extracted with diethyl ether (3 x 10 mL). The organic layer was
extracted with aqueous sodium hydroxide (3 M, 3 x 3 mL) and water (3 x 5 mL). The
aqueous extractions were combined and set aside. The organic layer was washed with HCI (1
M), brine, dried with sodium sulfate, and concentrated in vacuo to recover the oxazolidinone
auxiliary (56.6 mg, 0.36 mmol, 97%). The previously saved aqueous layers were acidified
with aqueous HCI (1 M). The aqueous layer was extracted with diethyl ether (3 x 30 mL).
The combined organic layers were washed with brine, dried with sodium sulfate, and

concentrated in vacuo to afford the desired pure carboxylic acid (55.2 mg, 0.358 mmol,
96%). a51 + 116.06 (c 0.843, CHCIl3); *H NMR (600 MHz, CDCls) &(ppm): 9.23 (s, 1H),

7.46 (d, J = 34.7 Hz, 5H), 5.83 (d, J = 47.4 Hz, 1H). *C NMR (151 MHz, CDCls) &(ppm):
174.06 (d, J = 28.0 Hz), 133.42 (d, J = 20.5 Hz), 129.90 (d, J = 30.1 Hz), 128.87 (d, J = 31.6
Hz), 126.65 (d, J = 33.8 Hz), 88.78 (dd, J = 186.7, 15.5 Hz). *°F NMR (564 MHz, CDCl5)
S(ppm): -180.78 (d, J = 47.8 Hz). HRMS-EI (m/z): [M]" calcd for CgH;FO,, 154.0430;

found, 154.0434.

Determination of er for the acid: A solution of the (S)-2-fluoro-2-phenyacetic acid (1.0
equiv) in diethyl ether (0.2 M) was added to a solution of lithium aluminum hydride (4.0
equiv) in diethyl ether (0.5 M) at 0 °C and the mixture was stirred for 10 min. The reaction
mixture was warmed to room temperature and stirred for 10 min and quenched using the
Feiser workup: the reaction was cooled to 0 °C; H,O (1:1 volume/weight to LiAIH4) was
added dropwise to the reaction (CAUTION: highly exothermic) and stirred for 5 min. A
solution (1:1 by volume/weight to LiAlH,) of aqueous NaOH (15 wt% NaOH in H,0) was

added dropwise and stirred for 5 min. Finally H,O (3:1 by volume/weight to LiAlIH,) was
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added dropwise. The solution was warmed to room temperature and allowed to stir for 1 h,
until a white precipitate forms. The reaction mixture was filtered and concentrated in vacuo.
No further purification was done.

2-Naphthoyl chloride (5.0 equiv.) was added to a solution of the crude alcohol,
triethylamine (5.0 equiv.), and 4-dimethylaminopyridine (1.0 equiv.) in dichloromethane
(0.1 M) at 0 °C. After 10 min, the reaction was warmed to room temperature and stirred for
30 min. The mixture was quenched with aqueous ammonium chloride and the layers were
separated. The aqueous layer was extracted with ethyl acetate (3 x 10 mL). The combined
organic layers were washed with brine, dried with sodium sulfate, concentrated in vacuo,
and purified by column chromatography (silica, 12.5% ethyl acetate in hexanes) to afford the
desired naphthoyl ester derivative. HPLC analysis of the 2-naphthoyl ester derivative (OJ-H,
2.5% 'PrOH - hexanes, 1.0 mL/min, 254 nm) indicated er 1.1:98.9: Rt (minor) = 35.9

minutes, Rt (major) = 46.4 minutes.
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4 Solvent coci3
5 Temperature 220
6 Number of Scans 512
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-08-28721:04:09
9 Spectrometer Frequency 125.70
|
|
| 1
|
|
|
I |
| i |
LI
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%](?( 14)30 90 80 70 60 50 40 30 20 10 ) -10
ppm,
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Parameter Value 0 o F
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-3-166-AA-alpha(para-fluoro)phenyl. fid/ fid )k )j\/@I
2Tite Ja-3-166-AA-slpha(para-fucro)pheny! g
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-06-17T17:32:36
9 Spectrometer Frequency 599.64

" Tosy i 1 3
& 3 35% 8 3 3 2|5
=3 ~ —-—=a - P oo
T T T T T T T T T T T T T T T T T T
9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 10 0.5 0.
f1 (ppm)
& 28 = 2T ] pugw 2 = 2w sm@oT
= 88 & smag 2% SNEs 3 S g3 Z43
g 58 = oooo polie} SRER 2 &8 FE=
V7] NPV = T ;P .
Parameter Value i w
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alpha-para-fluoro-sm-c13.fid/ fid 0" N
2 Title jra-alpha-para-fluoro-sm-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 744
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-24T16:02:31
9 Spectrometer Frequency 125.70

T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0( 1()]0 90 80 70 60 50 40 30 20 10 1) -10
1 (ppm
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—226
4.17
4.16
293
2.92
2.90
28
2.78
277
275
274
221
2.20
2.19
2.15
2.14
2.14
2.13
143

—137
104
1.02
1.01
1.00
1.00
0.98
0.5
0.94

p4 TSN N | e
Parameter Value o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-3-147-B-isopropyl. fid fid O)L N/ﬁvk
2Title Jjra-3-147-B-isopropyl
3 Spectrometer inova /*_5-—
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-05-16T21:08:11
9 Spectrometer Frequency 539.64
A M
iy o iy X ]
& g8 as 88 23
s s s ss SR @
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 o
f1 (ppm)
p 2 ggse @ & FERATENY
o E SRR 3 R4 SRRSNSRT
1 | N | N \'\///o g
oAl L
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-isopropyl-c13.fid/ fid /*_5——
2 Title Jjra-isopropylc13
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 25.0
6 Number of Scans 448
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-23T21:20:47
| 9 Spectrometer Frequency 125.70
[
1
!
|
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 & (100 ) 90 80 70 60 50 40 30 20 10 0
ppm,
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Parameter Value 0 5
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-alkene-sm. fid/ fid OJLN
2 Title Jjra-alkene-sm
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 220
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-08-22T20:57:52
9 Spectrometer Frequency 499.86
1 M Ak
o f L i) bt 7 s
2 38 3 g8 g
2 == = - = =
T T T T T T T T T T T T T T T
1.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
f1 (ppm)
3 2 A & @ - o @ N
[ { T 7 WNACET B g
Parameter Value N
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alkene-sm-c13.fid/ fid
2Title jra-alkene-sm-c13
3 Spectrometer inova
4 Solvent coci3 |
5 Temperature 22.0
6 Number of Scans 436
7 Relaxation Delay 1,0000 i
8 Acquisition Date 2013-08-22720:58:33
9 Spectrometer Frequency 125.70
|
|
!
|
|
1
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%{]( 1?0 90 80 60 50 40 30 20 ) -10
ppm,
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Parameter Value o
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ ath-6-0Bn-1H, fid/ fid OJ'LN
2 Title ath-6-0Bn-1H
3 Spectrometer inova OBn
4 Solvent cdd3
5 Temperature 80.0
6 Number of Scans 16
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-08-29721:09:19
9 Spectrometer Frequency 499.86
j A
A ! ¥ T 214 4 by T 'y
833 2 g & 23 3 S88¢a a8
moo = = b 232 2 e o
T T T T T T T T T T T T T T T T
0 8.5 8.0 75 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 .0 15 1.0 05
f1 (ppm)
4 : % oas Tesiaan R
5 o = e SRRENEE RARBISSD
| | I A VST |5 Ny
Parameter Value JL
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ ath-6-0Bn-C13.fid/ fid QN
2 Title ath-6-0B0-C13 /}_y oBn
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 80.0
6 Number of Scans 420
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-29T21:09:37
|9 Spectrometer Frequency 125,70
|
!
l |
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0 ( 130 90 80 70 60 50 40 30 20 10 -10
1 (ppm,
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Parameter

1 Data File Name

2 Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

9 Spectrometer Frequency 599.64

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting materialf jra-3-145-C-hept-akyne. fid/ fid
jra-3-145-C-hept-alkyne

inova

cdd3

25.0

8

8.0000

2013-05-16T20:55:26

i i L K 74
8 g3 S838888 58
2 23 N oN=N® g
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
B a aness @R
1} o SERRR B3
| I S e
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alkyne-sm-c13.fid/ fid
2 Title jra-akkyne-sm-c13
3 Spectrometer inova
4 Solvent CDCl3
5 Temperature 25.0
6 Number of Scans 368
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-08-24T14:58:27
9 Spectrometer Frequency 125.70
1
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%]1.3( 1[)]0 90 80 70 60 50 40 30 20 10 o -10
ppm,
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Value o] o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-3-51-beta-pthalimide. fid/ fid C)L N»J‘I\/\N
2 Title jra-3-51-beta-pthalimide
3 Spectrometer inova o
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-03-21T11:32:18
9 Spectrometer Frequency 599.64
U Ul 1} A |
L " ™ M " )
3 88 33 g 33 83
-~ - - = - ™ oo
T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 535 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0
f1 (ppm)
2 : B 2gsy B gres
58 o b SRRER 8 nRER
[ | { e N
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starfting matedial/ Carbon/ jra-beta-pthalimide-sm-c13.fid/ fid
2 Title Jjra-beta-pthalimide-sm-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 580
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-08-24T15:33:41
9 Spectrometer Frequency 125.70
T L1
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 l%f( lgﬂ 90 80 70 60 50 40 30 20 10 1) -10
ppm
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Parameter Value o o
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-beta: yl-phenyl-sm. fid/ fid OJLN CFg
2 Title Jjra-beta-meta-trifluoromethyl-phenyl-sm
3 Spectrometer inova /}—$—‘
4 Solvent [erlelk]
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-08-24T14:18:38
9 Spectrometer Frequency 499.86
m ‘ 1 L,A S ) R
A Y it kg A | 'y
83 & g 832 g 28 &
o - - - a o ™
T T T T T T T T T T T T T T T T T T
3.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 % 2.0 1.5 1.0
f1 (ppm)
a 2 SERBULAIRAVNRANEEIY  gupow 2 22 aas
5 §  SAAsRRRARANANARARA% SNAs 4 2 2a3 ooa
T | [ e == I8 NV
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-beta-meta-trifiuoro-phenyl-sm-c13.fid/ fid o (o]
2 Title jra-beta-meta-trifluoro-phenyl-sm-c13 OJLN CFy
3 Spectrometer inova
4 Solvent coci3 %_5_‘
5 Temperature 25.0
6 Number of Scans 828
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-08-24T14:19:41
9 Spectrometer Frequency 125.70
b
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%13( lgll] 90 80 70 60 50 40 30 20 10 o -10
ppm
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Parameter Value

1 Data File Name

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ ath-060-c-sm.fid/ fid

2 Title ath-060-c-sm

3 Spectrometer inova

4 Solvent [ese]

5 Temperature 22,0

6 Number of Scans 8

7 Relaxation Delay 8.0000

8 Acquisition Date 2013-08-22T21:27:55

9 Spectrometer Frequency 499.86

1k L

T 4 T ¥ 8 '
28 g 5 =2 38 28
s - - - = o e oo
T T T T T T T T T T T T T T T T T T T
1.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)
T T T T2 7 WY,
0 o
Parameter Value OJL NJ'K%\
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ ath-060-c-sm-c13.fid/ fid
2Title ath-060-c-sm-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 220
6 Number of Scans 304
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-22T21:29:04
9 Spectrometer Frequency 125.70

T

T T T T T T T
170 160 150 140 130 120 110 100

90 70 60 50 40 30 20 10 0
f1 (ppm)
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Parameter Value
0° N

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ ath-6-phenyl-H1.fid/ fid

2 Title ath-6-phenyl-H1 /’_y
3 Spectrometer inova

4 Solvent coci3

5 Temperature 30.0

6 Number of Scans 16

7 Relaxation Delay 8.0000

8 Acquisition Date 2013-08-29722:59:35

9 Spectrometer Frequency 499.86

_
—_
e
-

& 7 iy foy 1y
nes3 238 8 5 &8 =5
258 Lk 3 -, -
T : T T T - T T T - T T T - T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0
f1 (ppm)
2 4 RREa gg8L & b g8 T8E
g 8 BEER gess & = el SEe
T Y W T YA

: o o
Parameter Value J\
0" °N

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ ath-6-phenyl-C13.fid/ fid

2Title ath-6-phenyl-C13 ﬁ_y
3 Spectrometer inova

4 Solvent coci3

5 Temperature 80.0

6 Number of Scans 280

7 Relaxation Delay 1.0000

8 Acquisition Date 2013-08-29722:59:57

9 Spectrometer Frequency 125.70

. il

T T T T T T T T T T T T T T T T

T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value o o o}
1 Data File Name C:/Users/ JRAJ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-3-153-B-alpha-(para-chloro)phenyl.fid/ fid JJ\ JKQ/
2 Title Jjra-3-153-B-alpha-(para-chloro)phenyl S
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-06-07T14:58:47
9 Spectrometer Frequency 599.64
Ly b A
! iy T ) o) ™
3 438 o 8 5 e
b= ZZ23 - o m oo
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 70 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
8 & s 8882 8 =
g 8 8RR = E
| | | N |
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alpha-para-chloro-phenylacetic-add. fidf fid
2 Title jra-alpha-para-chloro-phenylacetic-acid
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 672
7 Relaxation Delay 1.0000
8 Acquisition Date: 2013-08-23T21:48:51
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10
f1 (ppm)
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Parameter Value i o 0o
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-3-211-D-alpha([ 1, 3]ldioxolyl)phenyl.fid/ fid o N JKQ:())
2 Title jra-3-211-D-alpha([1, 3]dioxolyl)phenyl
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-07-08T15:25:33
9 Spectrometer Frequency 599.64
“ I‘ A AL
S ' P iy poE oy
g8 2 888 & 2 8 2Z
oo - —sa = oo aoa
T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 .0 05
f1 (ppm)
g B2 g8 g8 = sg38 % 5 85 ¥Rs
= R k¢ A 28 B8 aNrs = = c@ ==
5 a2 23 o = -2 = SRRR $ I &8 S&52
| Y4 I Vo i S \ ‘/o’ o
e e L3 Q0
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alpha-diacetoxymethylene-c13.fidf fid o"'N °
2 Title jra-alpha-diacetoxymethylene-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 428
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-23T20:48:51
9 Spectrometer Frequency 125.70
A
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 ]&E{ 1)00 90 80 70 60 50 40 30 20 10 0 -10
ppm
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Parameter

1 Data File Name

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-3-274-aa.fid/ fid

OPh

2 Title Jra-3-274-aa
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-08-28T10:39:41
9 Spectrometer Frequency 599.64
U
N L T Yy (o
z88g 88 g 85 4%
mamS s et = - om o
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3:5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
g age B 3TARIILR w 0 o ~ 0w —
1 v/ NNV T T
Parameter : Value )L Joj\/©\
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra Starting material/ Carbon/ jra-alpha-meta-phenoxy-sm. fid/ fid o N OPh
2 Title jra-alpha-meta-phenoxy-sm
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 220
6 Number of Scans 732
7 Relaxation Delay 1.0000
8 Acquisition Date: 2013-08-28T19:59:49
9 Spectrometer Frequency 125.70
|
8
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 llff( lgll] 90 80 70 60 50 40 30 20 10 o -10
ppm,
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Parameter Value o f‘\/@
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-alpha-metafiuoro-phenyl-sm.fid/ fid QJ‘LN F
2 Title jra-alpha-metafiuoro-phenyl-sm
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-09-05T22:22:27
9 Spectrometer Frequency 499.86
l_n.ﬁ lI ll I A 1 LJ
B Wiy s i ey
EHEE3I 888 3 - ug
coo-=— = - oo om
T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
=4 R T RASE8N RR28 s - LT m—wom
I W T VYV NP P T MR
Parameter Value JL

1 Data File Name:

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alpha-metafiroro-phenyl-sm-c13.fid/ id

2Title jra-glpha-metafiroro-phenyl-sm-c13

3 Spectrometer inova

4 Solvent coci3

5 Temperature 25.0

6 Number of Scans 700

7 Relaxation Delay 1.0000

8 Acquisition Date 2013-09-05T22:24:05
| 9 Spectrometer Frequency 125.70

L 1 1 ‘ } .

T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 160 150 140 130 120 léﬁ( 300 90 80 70 30 20 10 0 -10
ppm,
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

7.41
7.41
734
7.34
7.33
7.26
637
6.37

£
¢
%

Value
C:/ Users/ JRAJ Desktop/ ath-7-045-a-1H.fid fid |
ath-7-045-a-1H
inova
cocl3
20
8
18,0000
2013-12-18T09:35:19

9 Spectrometer Frequency 499.86

4.12
4.1
4.10
4,06
4.02

-

b ! A { o Y
28 & I8 g 33
ss s —-so - B
T T T T T T T T T T T T T T T T
8.5 8.0 75 70 6.5 6.0 5.5 45 0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)
3 = 23 g 8 g g0 8 7
5 B gs El ERRE 3 Ebr
| | \/ (- I VA
Parameter Value
1 Data File Name C:/ Users/ JRA/ Desktop/ ath-7-045-a-13C.fid/ fid
2 Title ath-7-045-a-13C
3 Spectrometer inova
4 Solvent cocl3
S Temperature 22.0
6 Number of Scans 80
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-12-18T09:40:19
3 Spectrometer Frequency 125,70
T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value o o cl
1 Data File Name. C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-orthod-sm.fid/ fid OJLN
2 Title jra-orthod-sm
3 Spectrometer inova
4 Solvent coal3
5 Temperature 250
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-09-25T20:28:48
9 Spectrometer Frequency 499.86
A I\ A x
e i o ou i oy
B g g & L} 28 2B
N - o= - ™ o~ N
T T T T T T T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
. B Felbas gasg & 2€8% 5
N ] REREAAR RS s B omm = o~
3 & fuftufuafala] SRRR 3 EHR ]
NS N\~ | [l |
Parameter Value o o cl
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-orthoCl-sm-c13.fid/ fid O)LN
2Title jra-orthoCl-sm-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 348
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-09-25720:29:51
9 Spectrometer Frequency 125.70
L ' L. ||.“
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%0( lgﬂ 90 80 70 60 50 40 30 20 10 1) -10
1 (ppm
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Parameter Value 0 o
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-gamma-phenyl-ether-sm. fid/ fid OJLNM
2 Title jra-gamma-phenyl-ether-sm
3 Spectrometer inova ﬁ_$_ OPh
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-08-24T17:31:49
9 Spectrometer Frequency 499.86
Ao L
o SO yun sy 5 3 r
gg 8 28 B 2 28 22
R - - o o oo o
T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5
f1 (ppm)
S g8 @ a z B Sugw @
i 2 3 & 8 = SNR3  sa
by s 8 ] = = SRR 83
[ | I Y=V W
Parameter Value
1 Data File Name C:/ Users/ JRAJ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-gamma-phenylether-sm-c13.fid/ fid
2Title jra-gamma-phenylether-sm-c13
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 39
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-08-24T17:32:46
9 Spectrometer Frequency 125.70

“ Il

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%0( 11)]!] 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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Parameter Value o
o
1 Data File Name C:/Users/ JRIA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ jra-alpha(orthomethoxy)phenyl.fid/ fid O)L

2 Title jra-alpha(orthomethoxy)phenyl
3 Spectrometer inova 0\
4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 8

7 Relaxation Delay 8.0000

8 Acquisition Date 2013-08-07T|6:32:03

9 Spectrometer Frequency 599.64

i

AL ™ ! m ()
BRRE8 83 58 o 3 a5
o= == - - - oo
T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
g 25 o8 2 8 g 287 8 a s 3% A8
= G R =8 88 2 PR 5 i I cw  ——o
5 a9 oS =3 = S RRR 7 5 S8 =32
I I [ I i T [ VAR =
% o
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-alpha-orthomethoxy. fid/ fid
12 Title Jra-slpha-orthomethoxy
3 Spectrometer inova
4 Solvent coci3
5 Temperature 25.0
6 Number of Scans 220
7 Relaxation Delay 8,0000
8 Acquisition Date 2013-08-23T20:04:32
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 C
f1 (ppm)
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Parameter Value 0 o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ jra-meta-CF3.fid/ fid oJ\N CF
2Title jra-meta-CF3 s
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-09-23T11:07:16
9 Spectrometer Frequency 599.64
II ]l l A A X
% w s '
558 5 2882 SRARKRR
223 = mmmem mmme
T T T T T T T T T T T T T T T T T T
1.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 5 1.0 0.5
f1 (ppm)
g 5438 o &
S SRER B 3
| i S |
Parameter
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Carbon/ jra-metatrifiuoro-phenyl-sm. fid/ fid
2 Title Jjra-metatrifiuoro-phenyl-sm
3 Spectrometer inova
4 Solvent cDci3
5 Temperature 24.0
6 Number of Scans 856
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-09-23T21:16:30
9 Spectrometer Frequency 125.70
| 1 | I } 1 | |
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%0 lgﬂ 90 80 70 60 50 40 30 20 10 o -10
1 (ppm
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Parameter Value [} Fo) N
1 Data File Name C:/ Users/ JRA/ Desktop/ ath-7-a-5M_20131210_01/H1_s2pul_ath-7-3-5M_01.fid/ fid O)L NM
2 Title H1_s2pul_ath-7-a-SM_01 (o]
3 Spectrometer ynmrs %’y
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-12-10T19:31:43
; 9 Spectrometer Frequency 599.76
Ve (T )
b il Y Iy g " '
853 8 3 8 3 g8 g8
e - = - - oo oo
T T T T T T T T T T T T T T T T T
0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
2 #% 88 3 gs8 g 3 588 = £ 8% 9¢Ra
g BR Ra g SE3 = g ore = g mE goe
A | T T [
Parameter Value i 9 N ,@
1 Data File Name C:/ Users/ JRA/ Desktop/ ath-7-A-C13.fid/ fid | o Nuo
2 Title ath-7-A-C13
3 Spectrometer inova /}—5"
4 Solvent cocl3
5 Temperature 25.0
6 Number of Scans 164
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-12-10T21:20:27
9 Spectrometer Frequency 125.70
| i I J
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value N—\o
1 Data File Name C:/Users/ JRA/ Desktop/ ath-7-b-5M_20131210_01/H1_s2pul_ath-7-b-SM_01.fid/ fid o [o)
2 Title H1_s2pul_ath-7-b-5M_01 )L
3 Spectrometer vamrs Q"N
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-12-10T19:36:00
9 Spectrometer Frequency 599.76
1 l A L)
| . iN T ¥y L
g8 8 58 = 28 a5
S & 28 = ™ o ™ m
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
5 BES 8 0 4e & 2 8588 B 5 $3 #BaR
£ gis = A8 8 8 SRRE 2 S g8 =ak
1 e U OTT T 1 = 7 VT N
=\
Parameter Value o]
1 Data File Name C:/ Users/ JRA/ Desktop/ ath-7-8-C13.fd/ fid
2 Title ath-7-8-C13
3 Spectrometer inova
4 Solvent coci3
S Temperature 25.0
6 Number of Scans 104
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-12-10T21:29:35
9 Spectrometer Frequency 125.70
J
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%](?( 1()!0 90 80 70 60 50 40 30 20 10 0 -10
ppm,
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Parameter Value o o

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ Proton/ jra-benzyl-cydohexyl-sm.fid/ fid J.L JJ\D
2 Title Jjra-benzyl-cyclohexyl-sm o" N

3 Spectrometer inova

4 Solvent [erlelk]

5 Temperature 25.0 eh

6 Number of Scans 8

7 Relaxation Delay 8.0000

8 Acquisition Date 2013-08-24T16:45:31

9 Spectrometer Frequency 499.86

X
7

83¢ g8
moo 3
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 25 2.0 1.5 10 0.5
f1 (ppm)
2 2 8 988 2rse 2 2 8ILHR2LY
8 E] LAE iRRE 2 € sEmmas o
| l LN NS ] | NP/ &~
Parameter Value 0O o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra) Starting material/ Carbon) ra-benzyl-cyclohexyl-sm-c13.fid/ fid OJLN ,U\/O
2 Title jra-benzyl-cydohexyl-sm-c13
3 Spectrometer inova M
4 Solvent cocl3 PH
5 Temperature 25.0
6 Number of Scans 372
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-24T16:46:53
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10

f1 (ppm)
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Parameter

1 Data Fie Name
2 Ttle

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-008-hexyl/ H1_s2pul_ath-6-008_01.fid/ fid

HI_s2pul_ath-6-008_01
vnnrs

cdl3

25.0

16

5.0000
2013-08-21T14:33:04

9 Spectrometer Frequency 599.76

1) N W
T 1 by T s P
g g g ERATLLEL Y
= = = IS ERERR= = R ]

T T T T T T T T T T T T T T T T T T |
1.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0
f1 (ppm)

i 3 2%z 588 & SRR dERG g
RR a SET NKw 38 N-odcd@swnid—agm
35 5 &§8% RRR 2 ARARAZNSRET
v | i e SN A o
Parameter Value JJ\ 2
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ ath-6-008-hexyl-c13.fid/ fid Q9 N e
27Title ath-6-008-hexyl-<13 F
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 1340
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-21T20:04:24
9 Spectrometer Frequency 150.79
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0( 1())0 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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Parameter

1 Data File Name

2 Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-008-hexyl/ F19_s2pul_ath-6-008_01.fid/ fid
F19_s2pul_ath-6-008_01

vamrs

cdd3

25.0

32

2.0000

2013-08-21T14:36:46

9 Spectrometer Frequency 564.27

1.00

-105

T T T T T T T T T T T T T T T T
-115 -125 -135 -145 -155 -165 -175 -185
f1 (ppm)
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Parameter Value
1 Data File Name. C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ jra-3-162-A.fid/ fid
2 Title jra-3-162-A
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 8
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-05-23T14:38:45
| 9 Spectrometer Frequency 599.64
¥ l A .
o [l T ™Y i
8 ) 3 888 o
2 s = SIS &
T T T T T T T T T T T
75 7.0 6.5 6.0 55 45 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
o3 2 EELE S
aga) = SEERRR 2
A | AP 2
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Joe/ 3/ fid
2 Title Joe
3 Spectrometer spect
4 Solvent cpcl3
5 Temperature 298.1
6 Number of Scans 163
7 Receiver Gain 228
8 Relaxation Delay 1.0000
9 Acquisition Date 2013-09-20T12:06:53
10 Spectrometer Frequency 201.22
() L HI J L " L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
80 70 60 50 40 30 20 10 0 -0 -20

250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)
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Parameter Value o

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-propyl-F_20130913_01/ F13_s2pul_ath-propylF_01.fid/ fid )k J?\/
2 Title F19_s2pul_ath-propylF_01 Q" °N ~
3 Spectrometer vnmrs g
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-09-13T15:03:51
9 Spectrometer Frequency 564,28

i

2

T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 “40  -50 -60 70 -80 -90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20

f1 (ppm)
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

9 Spectrometer Frequency 599.76

Value
C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ jra-isovaleric-F_20130913_01/H1_s2pul_jra-isovaleric-F_01.fid/ fid
H1_s2pul_jra-sovalericF_01
vnmrs
cdd3
25.0
16
5.0000
2013-09-13T14:32:13

8 Acquisition Date

I 1 T 1 S 5
s @ = g5 maemn
2 & ) 2a 238
=4 = ~ oo mmo
T T T T T T T T T T T T T T
9.0 85 75 7.0 65 6.0 5.5 5.0 4.5 4.0 35 3.0 25 1.
f1 (ppm)
=2 = 822 B RRR 5% 2
¥ | il e il )
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ jra-isovaleric-p-c13/ C13_s2pul_ath-isovalericF_01.fid/ fid
2 Title C13_s2pul_ath-isovalericF_01
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 1000
7 Relaxation Delay 1.0000

2013-09-14T13:40:08

9 Spectrometer Frequency 150.82

230 220 210

200 190 180 170 160 150 140 130 120

110
f1 (ppm)
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Parameter Value )k /U\/k
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ jra-isovaleric-F_20130913_01/ F19_s2pul_jra-isovaleric-F_01.fid/ fid =
2 Title F19_s2pul_jra-isovalericF_01 F
3 Spectrometer vnmrs.
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-09-13T14:36:14
9 Spectrometer Frequency 564.27
g
T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter

1 Data File Name

2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date
9 Spectrometer Frequency 599.76

Value

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-217-c-gamma-aryl-ether/ H1_s2pul_jra-3-217-c_01.fid/ fid
H1_s2pul_jra-3-217_01

vnmrs

cdd3

25.0

16

5.0000

2013-08-21T14:58:29

o

1.09
1.08
1.00
0.98

L
he

U
Ao o 0 74 "™y 00 1y
g% 38 3 g3 538 sz =23
Se S =4 ] 238 -
T T T T T T T T T T T T T T T T T T
3.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
32 33 s 5 3a oSS SRR
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Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ ra-3-217-c-gamma-arylether-c13.fid/ fid OJL NJ\‘/E
2 Title jra-3-217-c-gamma-arylether-c13 F OPh
3 Spectrometer inova /)_%
4 Solvent coci3
S Temperature 22.0
6 Number of Scans 884
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-21T20:06:07
9 Spectrometer Frequency 125.70
L m l
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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Parameter

Value

(o]
1 Data File Name C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-217-c-gamma-aryl-ether/ F19_s2pul_jra-3-217-c_01.fid/ fid JK/E
2 Title F19_s2pul_jra-3-217-¢_01 é Ph
3 Spectrometer vnmrs.
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-21T15:02:11
9 Spectrometer Frequency 564.28
!
2
T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 -10 -20 -30 “40  -50 -60 70 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -201

80 -90
f1 (ppm)
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Parameter Value 0 o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-6-035-a_20130913_01/ H1_s2pul_ath-6-035-a_01.fid/ fid )LN
2Title H1_s2pul_ath-6-035-5_01 é
3 Spectrometer vnmrs BnO'
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-09-13T14:23:26
9 Spectrometer Frequency 599.76
L 1] ‘ A LAA__J o
te) 1 " Y o i S A A 8,
g8 3 g 8 = 3 8= g8 =23
<o - ~ - ~ - A o oa mm
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 0 35 3.0 25 2.0 1.5 1.0 0.5 0.
f1 (ppm)
g8 g § =%’ ZREATIRES
O Zggsdszss
% T W V1P o
Parameter Value )L 2
1 DataFile Name C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated sublftrates/ Joe/ 4/ fid N Y
2 Title Joe F
3 Spectrometer spect BnO
4 Solvent Coci3
5 Temperature 298.1
6 Number of Scans 85
7 Receiver Gain 228
8 Relaxation Delay 1.0000
9 Acquisition Date 2013-09-20T12:14:18
10 Spectrometer Frequency 201.22
. |
T T T T T T T T T T T T T T T T T T T T T T T T T T
250 240 230 220 210 200 190 180 170 160 150 140 130 IZCIfl (110) 100 90 80 70 60 50 40 30 20 10 0 -0 -20
ppm,
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

F19_s2pul_ath-6-035-3_01
vnmrs

cdd3

25.0

32

2.0000
2013-09-13T14:27:20

9 Spectrometer Frequency 564.27

Value

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-6-035-a_20130913_01/ F19_s2pul_ath-6-035-a_01.fid/ fid

1.00—

20 10 0

T T T

T
10: <20: =30 =40

-50

T
-60
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T
-80 -90

T T T T T T
-110 -130 -150 -170 -190
f1 (ppm)
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Parameter Value

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-182-3_20130830_01/H1_s2pul_jra-3-182-3_01.fid/ fid

2Title H1_s2pul_jra-3-182-3_01

3 Spectrometer vnmrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date

2013-08-30T12:46:00

9 Spectrometer Frequency 599.76

c

.5 Pl T !
g 3 8 8 =
- 2 & = o
T T T T T T T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.0 1.5 .0 0.5 0.
f1 (ppm)
jra-alkene-p-c13 4 = E3 3 LEriraair @
Std arbon g8 7 5 8 SsSnnms 2
L5723 ] g = SSRRRR 3
N t | l A
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ jra-alkene-p-c13.fd/ fid
2 Title jra-alkene-pc13
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 25.0
6 Number of Scans 1524
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-09-10T21:13:40
9 Spectrometer Frequency 125.70
'
!
1 i
T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

220 210 200

f1 (ppm)
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F19_s2pul_jra-3-182-3_01

jra-3-182-3
600MHz
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fiuorinated substrates/ jra-3-182-3_20130830_01/ F19_s2pul_jra-3-182-3_01.fid/ fid
2Title F19_s2pul_jra-3-182-3.01
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2,0000
8 Acquisition Date 2013-08-30T12:49:19
9 Spectrometer Frequency 564.27

1.00 —

T T T T T T
-0 -20 30 -40 -50 -60 70 ~-80 -90 -110
f1 (ppm)
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Value
C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-6-223-b_20131003_01/ H1_s2pul_ath-6-223-b_01.fid/ fid

Parameter

1 Data File Name

2 Title H1_s2pul_ath-6-223-b_01
3 Spectrometer vnmrs.

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date 2013-10-03T10:21:35
9 Spectrometer Frequency 599.76

e—

AA
o Y o ol don T () %
g 5 88 3 & &4 88
= s -= A = ao~ o
T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
28 3 SREB2E3EE
. gEzanfess
Y I [P 7
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents{ Alpha Fluor/ Spectra/ Aaron/ 1/ fid
2 Title Aaron
3 Spectrometer spect
4 Solvent coci3
5 Temperature 298.1
6 Number of Scans 27
7 Receiver Gain 228
8 Relaxation Delay 1.0000
9 Acquisition Date 2013-10-02T15:21:59
10 Spectrometer Frequency 201.22
L] H | “
T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 0 70 60 50 40 30 20 10 -10 -20 -30 -40 -50

90 8
f1 (ppm)
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Parameter Value
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-6-223-b_20131003_01/ F19_s2pul_ath-6-223-b_01.fid/ fid
2 Title F19_s2pul_ath-6-223-b_01
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-10-03T10:25:03
9 Spectrometer Frequency 564.27
!
8
T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter Value [ oY
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-054-a-alpha-chloro/ H1_s2pul_ath-6-054-a_01.fid/ fid OJLN JJ\/CI
2 Title H1_s2pul_ath-6-054-3_01
3 Spectrometer vamrs F
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-20T14:56:34
9 Spectrometer Frequency 599.76
I I A L
T Y T 1y $y
2 g g ae 28
= = B oo mo
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.C
f1 (ppm)
ath-6-054sA5alpha-chlogp-c13 e g s s
Std carbap 3 g ig 8 RRE 3 22
[ 77 "2 N
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ ath-6-054-A-alpha-chloro-c13.fid/ fid
2 Title ath-6-054-A-alpha-chloro-c13
3 Spectrometer inova
4 Solvent coci3
S Temperature 22.0
6 Number of Scans 2412
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-20T19:23:22
9 Spectrometer Frequency 125.70
1
|
|
|
(]
' H ‘
1 N
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 C

90
f1 (ppm)
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Parameter Valu L i
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o A
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor / Spectra/ Fluorinated substrates/ ath-6-054-a-alpha-chloro/ F19_s2pul_ath-6-054-a_01.fid/ fid
2Title F19_s2pul_ath-6-054-a_01 F
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2,0000
8 Acquisition Date 2013-08-20T14:59:55
9 Spectrometer Frequency 564.28
|
2
T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 0 -0 -20 -30 “40  -50 -60 70 ~Bf0 ( -?0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -201
1 (ppm
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fiuorinated substrates/ ath-6-nd-055-a_20130830_01/ H1_s2pul_ath-6-nd-055-a_01.fid/ fid
H1_s2pul_ath-6-nd-055-a_01

vnmrs

cdd3

25.0

16

5.0000

2013-08-30T12:30:13

9 Spectrometer Frequency 599.76

—1i52
—1.34

ason
8388
—-\—Icn

o>:° N
=

i:o

/

g

J 1 A A
o gy f = R SR
] 2 2 2 g a3 g8 5 =&
& s g 8 a 25 a N oAn
T 7 T T T T T T T T T T T T T T T
8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
bl g g8 /5 gERM el = ¥ g%
23 g R N gegnpe g g8 = =
Y | v VY NSNS b S | &
Parameter Value L o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ ath-6-nd-055-a-C13.fid/ fid o NJ\_/\
2 Title ath-6-nd-055-3-C13 F
3 Spectrometer inova
4 Solvent cocl3
S Temperature 80.0
6 Number of Scans 280
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-29T21:33:31
9 Spectrometer Frequency 125.70
|
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 -10
f1 (ppm)
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Parameter value % g

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-064-a-crotonoic/ F19_s2pul_ath-6-064-3_01.fid/ fid o)L NJK/\
2 Title F19_s2pul_ath-6-064-3_01 /)_§’ ;.
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-21T15:19:03
9 Spectrometer Frequency 564.28

!

8

T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 “40  -50 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

f1 (ppm)
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Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ JRA-3-150-c-beta-phenyl/ H1_s2pul_JRA-3-150-c_01.fid/ fid :l)]\ Q
2 Title H1_s2pul_JRA-3-150-c_01 07NN
3 Spectrometer vnmrs H
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-20T14:33:30
9 Spectrometer Frequency 533.76
u j EtY A L
& 2 & & 3 TR
=2 =l 2 = = s 2 83
‘o - - o - NN mm
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
Bz 2 gaeey gesgRsy % E8 Ry
g3 E BEEEE SE3RffE 2 ER
v | Vv SI7 771827 1 Y
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated Carbon/ jra-3-150-C-C 13-beta-phenyl. fid/ fid
2 Title jra-3-150-C-C13-beta-phenyl
3 Spectrometer inova
4 Solvent cocl3
S Temperature 22.0
6 Number of Scans 516
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-20T19:02:01
9 Spectrometer Frequency 125.70

T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ JRA-3-150-c-beta-phenyl/ F19_s2pul_JRA-3-150-c_01.fid/ fid
F19_s2pul_JRA-3-150-c_01

vnmrs
cdd3
25.0
32
2,0000

2013-08-20T14:36:46

9 Spectrometer Frequency 564.28

100~

T
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T
-20

T
-30

40

T
-50

T
-60

70

T T
-80  -90
f1 (ppm)
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—1.35

iy

Parameter

1 Data File Name

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated

Value

RA-3-225-b-beta-(met

vI/ H1_s2pul_JRA-3-225b_01.fid/ fid

107
1.06
0.99
0.98

Yo

2 Title H1_s2pul_JRA-3-225_01
3 Spectrometer vnmrs F3
4 Solvent cdd3
5 Temperature 25,0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-20T14:40:32
9 Spectrometer Frequency 599.76
I m T
fo) s 1 = T S S |
283 3 8 g 8 g8 3 82
Saz 2 2 b & o om oo
T T T T T T T T T T T T T T T T T
9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5
f1 (ppm)
83 SHISRGHASRARISERTII8Y sus szw 5 2% =z @na
£3 BRARSFRRARARANIIIIN g2s nRE = g8 g8 ngs
N [ Vi 77T T VAR
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated / Carbon ra-3-225-B-beta-(meta yl)phenyl-C13.fid fid
2 Title jra-3-225-8-beta-(meta-trifiuoromethyl)phenyl-C 13 Fa
3 Spectrometer inova
4 Solvent cocl3
S Temperature 22.0
6 Number of Scans 1056
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-20T20:59:40
9 Spectrometer Frequency 125.70
"
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 1%{3( 1()30 90 80 70 60 50 40 30 20 10 -10
ppm.
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ f

62.65

Value

F19_s2pul_JRA-3-225_01
vnmrs

cdd3

25.0

32

2.0000
2013-08-20T14:43:55

9 Spectrometer Frequency 564.28

IRA-3-225b-beta-{

/F19_s2pul_IRA-3-225-b_01.fd fid

j’L o

2.94

1.00—

T T T
0 -10 -20 -30 -40 -50

T
-60

T
-70

T T
-80  -90
f1 (ppm)
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Parameter Value a cl
1 Data File Name. C:f Users/ JRA/ Desktop/ jra-3-216-b_20130830_01/ H1_s2pul_jra-3-216-b_01.fid/ fid o N
2 Title H1_s2pul_jra-3-216-b_01 /)_% é
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-30T12:53:27
9 Spectrometer Frequency 599.76
AL I. LW L
A k3 B 1 b3 1 b 3 L
889 = g a8 & &8 &R
i bt = =3 m o mm
T T T T T T T T T T T T T T T T T T
2.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 05 0.
f1 (ppm)
&5 8 sx283% 8 szug 2R
g2 E s2Zfni 3 gggs Zoa
v » 7iNp T VAR
Parameter Value o cl
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ jra-orthoCl-c13.fid/ fid o)LN
2Title jra-orthoCl-c13 &
3 Spectrometer inova /?—%— h
4 Solvent cod3
5 Temperature 240
6 Number of Scans 252
7 Relaxation Delay 8.0000
8 Acquisition Date 2013-09-23T20:01:28
9 Spectrometer Frequency 125.70
! | | I
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}13( 1()]0 90 80 70 60 50 40 30 20 10 0 -10
ppm,
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Parameter Value )L
1 Data File Name C:/ Users/ JRA/ Desktop/ jra-3-216-b_20130830_01/ F13_s2pul_jra-3-216-_01.fid/ fid fe} <
2 Title F19_s2pul_jra-3-216-_01 F
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-30T12:56:55
9 Spectrometer Frequency 564,27
|
8
T T T T T T T T T T T T T T T T T T T T T
20 10 -10 -20 30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter o o
1Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-208-b_20130919_01/H1_s2pul_ath-6-208-b_01.fid/ fid J PN 9
2 Title H1_s2pul_ath-6-208-_01 o N r
3 Spectrometer vnmrs 4—5’ F &
4 Solvent cdd3
5 Temperature 250
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-09-19T716:37:59
| 9 Spectrometer Frequency 599.76
- o Wy P o s "
& 5 aeg g B g EF]
- - S ¢ - ~Nom ™o
T T : T T T T T r T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 40 35 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)
i S8 3 zizuzn 8 58 23 323
g in 8 EEZomE 2 BRI BE mas
| Y I NV ST Y
O
o o~y
Y
F
o
|
|
]
|
| o
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10 0 -0
f1 (ppm)
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Parameter Value

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-208-b_20130913_01/ F19_s2pul_ath-6-208-b_01.fid/ fid
2 Title F19_s2pul_ath-6-208-b_01

3 Spectrometer vnmrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 32

7 Relaxation Delay 2.0000

8 Acquisition Date 2013-09-19T16:42:21

9 Spectrometer Frequency 564.27

1.00—

T T T T T T T T T

T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90

T T T T T T T T T T
-110 -130 -150 -170 -190 210 -230
f1 (ppm)
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-152-b-alpha-phenyl/ H1_s2pul_ath-6-152-b_01.fid/ fid

H1_s2pul_ath-6-152-b_01
vamrs

cdd3

25.0

16

5.0000
2013-08-21T14:50:03

9 Spectrometer Frequency 599.76

A
y B T 1 Hil 1 r o
z 8 3 8 b s 332
e 2 a b a maa
T T T T T T T T T T T T T T T T T -
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
s 2 BRASRRITE B48 w88 3 sR ZRE
22 & RRRRERAERE SEY NRw o~ PRI
s 8 EoERSSaNs e 28 Has
v [ e 77T 0 WO
Parameter Value s w
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Specira/ Fluorinated substrates/ Carbon/ ath-6-152-b-alpha-phenyl-c13.fid/ fid QN
2Title ath-6-152-b-alpha-phenyl-<13 F
3 Spectrometer inova
4 Solvent cocl3
S Temperature 22.0
6 Number of Scans 1016
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-21T21:16: 1%
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 0 -0
f1 (ppm)
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

9 Spectrometer Frequency 564.28

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-6-152-b-alpha-phenyl/ F19_s2pul_ath-6-152-b_01.fid/ fid
F19_s2pul_ath-6-152-b_01

vamrs

cdd3

25.0

32

2.0000

2013-08-21T14:53:39

100 —

T T T T T T T T T T T T T
-0 20 -30 40 50 -60 70 -80 -90 -100 -110 -120 -130 -140
f1 (ppm)
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Parameter Value j’\ m
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor Spectra jra-cycohexane-F_20130913_01/ H1_s2pul_jra-cydohexane-F_01.fid/ fid 0” N
2Title H1_s2pul_jra-cyclohexane-F_01 /}—S H
3 Spectrometer vnmrs
4 Solvent cddl3 Ph
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-09-13T14:51:20

9 Spectrometer Frequency 599.76

—

—
—
=
-

™ - " W b
3% g = g & i A%
T T T T T T T T T T T T T T T T T ]
0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 - (4.5 ; 4.0 35 3.0 25 2.0 15 1.0 0.5 0.
ppm!
2% 2 g apge 28853385 8 gRETaRaEIsey
ix 5 & &Es SoeEngEs ¥ e e nns
¥ | R TR e
Parameter value o %
1 Data Fie Name C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fuorinated suffstrates/ Joe/ 2/ fid o)LN JI\/O
2 Tite Joe i
3 Spectrometer spect %_S F
4 Solvent [es]alk} PH
5 Temperature 298.1
6 Number of Scans 113
7 Receiver Gain 228
8 Relaxation Delay 1,0000
9 Acquisition Date 2013-09-20T11:56:21
10 Spectrometer Frequency 201.22

_— L

T T T T T T T T T T T T T T T T T T T T T T T T

T T T T T
50 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -0 -20 30
f1 (ppm)
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Parameter Value 9 o
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ jra-cyclohexaneF_20130913_01/ F19_s2pul_jra-cyclohexane-F_01.fid/ fid QJ\N ’U\/O
2 Title F19_s2pul_jra-cydohexaneF_01 /}_S é
3 Spectrometer vnmrs
4 Solvent cdd3 Ph
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-09-13T14:55:14
9 Spectrometer Frequency 564.27
!
8
T T T T T T T T T T T T T T T T T T T
-105 -115 -125 -135 -145 -155 -165 -175 -185 -195 -205 215 -225 =235
f1 (ppm)
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Parameter Value

1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Starting material/ ath-6-147-c2_20130830_01/H1_s2pul_ath-6-147-c2_01.fid/ fid

2 Title H1_s2pul_ath-6-147-c2_01

3 Spectrometer vamrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date 2013-08-30T12:38:33

9 Spectrometer Frequency 599.76

—
7 p—
e
>
—

iy s % i | O
3 238 g8 = 2 38 838
~ Sno - ™ - o N
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 () 0.0
f1 (ppm)
g 28 3§ Ly3e NgT wgw @ & sge @z
28 233 o 2guy mEZ 88 4 & SRS €83
23 33 B RR8A e " Coe ==~
R jfga g &§33% RRR 3 A SRR FFT
¥ & ] Ny [ | | N o
~
Parameter Value w
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Carbon/ ath-6-147-c2-paramethoky-C13.fid/ fid Q" N
2 Title ath-6-147-c2-paramethoxy-C13
3 Spectrometer inova
4 Solvent cocl3
5 Temperature 80.0
6 Number of Scans 1612
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-29T21:50:48

9 Spectrometer Frequency 125.70

T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0( 1()!0 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

fe}

PN

Q

3 ™
N rY
i

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ ath-6-147-c2_20130830_01-paramethoxy/ F19_s2pul_ath-6-147-c2_01.fid/ fid

F19_s2pul_ath-6-147-2_01

vamrs
cdd3
25.0
32
2.0000

2013-08-30T12:41:42

9 Spectrometer Frequency 564.27

1.00—
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Parameter Value

1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ jra-3-257-alpha(para-fluoro)phenyl/ H1_s2pul_jra-3-257_01.fid/ fid

2 Title H1_s2pul_jra-3-257_01

3 Spectrometer vamrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date 2013-08-21T14:41:39

9 Spectrometer Frequency 599.76

——
—
—
—
S—
>

T R T g s s A
8 za 2 @ & 8¢
2 —-o = = - e 07
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
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gasaaa B EREAKRAngaa2 EEERRER 3 28 Rad
[N T ST V7827 T YA
Parameter Value o 4 F
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated Carbon/ j -257-alphi 13.fid/ fid OJKN w
2 Title jra-3-257-alpha-(parafiuoro)phenyl-c13 %_‘s—’ E
3 Spectrometer inova
4 Solvent coci3
5 Temperature 220
6 Number of Scans 832
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-21T20:42:53
9 Spectrometer Frequency 125,70

Wl “|||

T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0 100 90 80 70 60 50 40 30 20 10 o
1 (ppm)

343



Parameter
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated jra-3-257- F19_s2pul_jra-3-257_01.fid/ fid
2 Title F19_s2pul_jra-3-257_01
3 Spectrometer vnmrs.
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-21T14:45:18
9 Spectrometer Frequency 564.27

8 8
T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter Value
1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated ath-6-138-alpha(p: H1_s2pul_ath-6-138_01.fid/ fid
2 Title H1_s2pul_ath-6-138_01
3 Spectrometer vamrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-20T14:48:31
9 Spectrometer Frequency 599.76
11T | : |
o8 T Y Al ! AN
g8 3 g 3 5 85%
<3 3 = - ~ m -
T T T T T T T T T T T T T T T T T T
2.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3:5: 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
a5 @ SRS88883 398 8T @ 2% $RE
22 i b 253 RRz 3 28  =ad
Y NV AN Vo P
o o Cl
Parameter Value o] JJ\N ,U\/©/
1 Data File Name C:/ Users/ JRA/ Documents Alpha Fluor/ Spectra/ Fluorinated Carbon/ ath-6-138 13.6d/ fid t
2 Title ath-6-138-alpha(parachloro)phenyic13
3 Spectrometer inova
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 876
7 Relaxation Delay 10000
8 Acquisition Date 2013-08-20T21:01:02
9 Spectrometer Frequency 150.79
|
\
1
|
P
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

345



Value

Parameter
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated ath-6-138-alpha(p: F19_s2pul_ath-6-138_01.fid/ fid
2 Title F19_s2pul_sth-6-138_01
3 Spectrometer vnmrs
4 Solvent cddl3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-20T14:51:50
9 Spectrometer Frequency 564.28
|
g
T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 -10 -20 -30 “40  -50 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20/

f1 (ppm)
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Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ jra-alpha-metafiuoro-phenyi-p.fid/ fid
jra-alpha-metafluoro-phenyl-p

inova

coci3

23.0

8

8.0000

2013-09-15T20:07:46

9 Spectrometer Frequency 499.86

|
(

i i B ¥ iy
8828 8 g & 88
noo— - - ~ e
T T T T T T T T T T T T T T T T T T d
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3:5: 3.0 25 20 1.5 1.0 0.5 0.
f1 (ppm)
TRB8833 Z TNSLILR/R 2 A83¥RAR Mmoo @ o
SNE [ PNt SNVE N hY A ]
Parameter Value 9 L@

1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated Carbon/ jra-alph: -phenyl-p1-13.fid/ fid OJLN e F

2Title jra-alpha-metafiuoro-phenyl-p1<13 H

3 Spectrometer inova

4 Solvent cDci3

5 Temperature 23.0

6 Number of Scans 820

7 Relaxation Delay 1.0000

8 Acquisition Date 2013-09-15T22:21:41

9 Spectrometer Frequency 125.70

I | l \ H

T T T T T T T T T T T T T T T T T T T T T T T T

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

347



-173 54
-173.63
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Parameter Value ﬁ\ i/@\

1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-m-F-F_20130913_01/ F19_s2pul_ath-m-F-F_01.fid/ fid Q"N Y F
2 Title F19_s2pul_ath-m-F-F_01 F
3 Spectrometer vamrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-09-13T15:12:23
9 Spectrometer Frequency 564.27

| |

g 2

T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ jra-alpha-metatrifiuoromethyl-phenyl-p. fid/ fid

Jjra-alpha-metatrifiuoromethyl-phenyl-p
inova

coci3

23.0

8

8.0000

2013-09-15T20:11:24

9 Spectrometer Frequency 499.86

Value

oL

349

A .
o s 74 T s T T
859 = 8 s 4 =2
3323 3 = - o @
T T T T T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
83 2 wow o 22 og
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Parameter o 5
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated Carbon/ jra-alpha-meta-trifi phenyl-p-c13.fid/ id ,Lk I
27ite Jra-alpha-meta-ti phenyl-pc13 BN CF3
3 Spectrometer inova F
4 Solvent cocl3
S Temperature 23.0
6 Number of Scans 2424
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-09-15720:18:21
9 Spectrometer Frequency 125.70
(I ||| H‘ l i
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}13( 1()]0 90 80 70 60 50 40 30 20 10 0 -10
ppm,



—62.85
~173.27
173.35

A
Parameter Value [o]
o

1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ ath-m-CF3-F_20130913_01/ F19_s2pul_ath-m-CF3-F_01.fid/ fid O)kN Jk/@
2Title F19_s2pul_ath-m-CF3F_01 H
3 Spectrometer vnmrs 4_&7 F
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2,0000
8 Acquisition Date 2013-09-13T14:44:51
9 Spectrometer Frequency 564.27

| |

= g

~ =

T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter Value

1 Data File Name C:/Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ jra-3-261-c-alpha-{orthomethoxy)-phenyl/ H1_s2pul_jra-3-261-c_01.fid/ fid

2 Title H1_s2pul_jra-3-261<_01

3 Spectrometer vamrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date 2013-08-21T15:07:00

9 Spectrometer Frequency 599.76

:._
>

p oy I foryy
2 8 5 ® 538
S e a N Ame
- T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.
f1 (ppm)
S8 2% 8 sa28¢qsq 8 3828888 = 3 anl ¥4 8
&8 B L S SIZRREEE B a gam 238
v Nl VVYNEP T W T | VSV
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Specira/ Fluorinated substrates/ Carbon/ jra-3-26 1-c-alpha(ortho-methoxy)phenyl-c13.fid/ fid
2 Title jra-3-261-c-alpha(ortho-methoxy)phenyl-c13
3 Spectrometer inova
4 Solvent cocl3
S Temperature 22.0
6 Number of Scans 860
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-08-21T19:31:48
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T - : ; -
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-26 1-c-alpha-{orthomethoxy)-phenyl/ F 19_s2pul_jra-3-261-c_01.fid/ fid 0 o
2 Title F19_s2pul_jra-3-261-c_01 )k J\/Q
3 Spectrometer vnmrs
4 Solvent cdd3 oL
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-08-21T15:10:47
9 Spectrometer Frequency 564.27

1.00—=

T T T T T T T

T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90

T T T
-130 -150 -170 -190 -210 -230

7
-110
f1 (ppm)
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Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-248_20130830_01/ H1_s2pul_jra-3-248_01.fid/ fid
2Title Hi_s2pul_jra-3-248_01
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-08-30T13:01:05
19 Spectrometer Frequpncy 599.76
| A
Rary T g T s L)
888 3 g 5 3 Rg=2
233 = = B = m oo
T T T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
8 28 ‘Iaasse RA8Y AHFEE  g2d hem REE
g 82 HEE3:  RRER 88883 ges [im sgszas
VR NV =<1 VT T NI
0 g 0
Parameter Value )k /“\/@ >
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Joe/ 1/ fid Q N X o
2 Title Joe F
3 Spectrometer spect
4 Solvent coci3
5 Temperature 298.1
6 Number of Scans 2710
7 Receiver Gain 228
8 Relaxation Delay 1.0000
9 Acquisition Date 2013-09-20T11:43:34
| 10 Spectrometer Frequency 201.22
\ bl | l ‘ “ |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 240 230 220 210 200 190 180 170 160 150 140 130 120 5 %10 )100 90 80 70 60 50 40 30 20 10 0 -0 -20 -3(
ppm,
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Parameter

1 Data File Name
2 Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ jra-3-248_20130830_01/ F19_s2pul_jra-3-248_01.fid/ fid
F19_s2pul_jra-3-248_01

vnmrs
cddl3
25.0
32
2.0000

2013-08-30T13:04:33

9 Spectrometer Frequency 564.28

value

T
-10

T
-20

T
-30

40

T
-50

T
-60

f1 (ppm)

354
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-180 -190 -200
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Parameter

1 Data File Name
2 Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

Value

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ Proton and Flourine/ jra-3-295-B.fid/ fid

jra-3-2958
inova

[ese]

23.0

8

8.0000
2013-09-15T18:53:58

9 Spectrometer Frequency 499.86

355

l I A
IS ¥ T
R2253%8¢ 8 3
N-mo-—o-a = 2
T T T T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 05
f1 (ppm)
28 5395 2% 888 & 28 288
22 o g53 888 3 2% Ta=
Yo NA Vel NS X i
Parameter Val
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated Carbon/ jra-alph phenyl-p-c13.fid/ id
2 Title jra-alpha-metaphenoxy-phenyl-p-c13 o
3 Spectrometer inova A j\/@\
4 Solvent cocl3 o7 N OPh
S Temperature 23.0
6 Number of Scans 708 %&'
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-09-15T21:53:08
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}13( 1()]0 90 80 70 60 50 40 30 20 10 0 -10
ppm,



-172.78
-172.87

&

Parameter

1 Data File Name
2Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ Fluorinated substrates/ ath-phenyi-o-phenoxy-F_20130919_01/ F19_s2pul_sth-phenyl-o-phenoxy-F_01.fid/ fid

F19_s2pul_ath-phenyl-o-phenoxy-F_01

vamrs
cdd3
25.0
32

2.0000

2013-09-19T17:00:25

9 Spectrometer Frequency 564.27

Value

g{kgii/@oﬁl
i

1.00 —

20 10 0

-10

-20

T

-30

T T
40  -50

T
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T T
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7
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f1 (ppm)
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Parameter Value
1 Data File Name C:/ Users/ JRA/ Désktop/ JRA-4-057-b_20131210_01/ H1_s2pul_JRA-4-057-b_02.fid/ fid
2Title H1_s2pul_JRA-4-057-b_02
3 Spectrometer vomrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-12-10T19:24:17
9 Spectrometer Frequency 539.76
b S Y T ) Yy
2888 & 2 8 I& g8
s-s- = s - S ~Nom
T T T T T T T T T T T T T T T T T T
10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
I8 2838 508288 589 gumNwgy % 2z zogo
IE 3343 SEEELEEE gEasas e
YV VI N N SNNS s e
Parameter value O o N
1 Data File Name C:/ Users/ JRA/ Desktop/ jra-4-057-b-C13.fid/ fid OJ\NM
2 Title jra-4-057b-C13 H
3 Spectrometer inova
4 Solvent cocl3
S Temperature 25.0
6 Number of Scans 200
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-12-10T21:10:22
9 Spectrometer Frequency 125.70
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1%]‘?( 1()!0 90 80 70 60 50 40 30 20 10 0 -10
ppm,
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~-185.48
--185 57

Parameter Value o o N
1 Data File Name C:/ Users/ JRA/ Desktop/ JRA-4-057-b_20131210_01/ F19_s2pul_JRA-4-057-b_02.fid/ fid )j\ M
2Title F19_s2pul_JRA-4-057-b_02 N Y
3 Spectrometer vnmrs. F
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-12-10T19:27:30
9 Spectrometer Frequency 564.27
T T T T T T T T T T T T T T T T T T T T T T T T T T T
<70 75 -80 -85 -90 -95 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
f1 (ppm)
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Parameter value N=\
1 Data File Name C:/ Users/ JRA/ Desktop/ JRA-isomeroxazole-F_20131210_01/ H1_s2pul_JRA-isomeroxazole-F_01.Ad/ fid o o
2Title H1_s2pul_JRA-isomeroxazole-F_01 o)L
3 Spectrometer vnmrs N Y
4 Solvent cdd3 F
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-12-10719:10:21
9 Spectrometer Frequency 539.76
l I l I ‘ A I} -
o ¥ 3] ¥ T Y e ]
28 3 ] 8 é g 283
33 N = 2 - o smm
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
23 8- 25 SERlEE S S e
Parameter 22 whe BHE ¢ =5 g5z RE2 x5 Fzs
1 Data File Name. C:/Users/ JRA/ Desl}ép/ 3ra—4—1sor>!r&am!e-f—t13.ﬁd a4 Vol s | \4 Vil N
2 Title Jjra-4-isomeroxazole-f-C13 A
3 Spectrometer inova [o] 0
4 Solvent coclz D)L
5 Temperature 25.0 N 3
& Number of Scans 520 b
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-12-10T21:35:58
9 Spectrometer Frequency 125.70
|
|
|
I
I
H
|
J A J l ]
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

359



169,22
169,31

Y
Parameter Value N=y
1 Data File Name C:/ Users/ JRA/ Desktop/ JRA-isomeroxazole-F_20131210_01/F19_s2pul_JRA-isomeroxazole-F_01.fid/ fid o
2 Title F19_s2pul_JRA-isomeroxazole+_01
3 Spectrometer vnmrs Q)L v
4 Solvent cdd3 H
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-12-10T19:13:36
9 Spectrometer Frequency 564.27
T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter Value

1 Data File Name C:/Users/ JRA/ Desktop/ ath-6-289-b_20131210_01/ data_s2pul_001.fid/ fid

2 Title data_s2pul_001

3 Spectrometer vnmrs

4 Solvent cdd3

5 Temperature 25.0

6 Number of Scans 16

7 Relaxation Delay 5.0000

8 Acquisition Date 2013-12-10T15:36:07

9 Spectrometer Frequency 599.76

—
—

P | 105-= L
>

Yy ! LI 1 I ¥ A8
2 8 5 8 g8 o
s S 3 b4 a - Gm
T T T T T T 7 T T T T T T T T T T
0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 .0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
23 8 akasg aa =B aeeardsong 2RIRNES
23 B g3es S0 2 rTagaafrans Sannaax
Y | S v | Vv Vv NN -
o © O
Parameter Value )\ w
1 Data File Name C:/ Users/ JRA/ Desktop/ ath-6-289-b-C 13.6d fid o N
2Title ath-6-289-5-C13 F
3 Spectrometer inova
4 solvent cocl3
S Temperature 22.0
6 Number of Scans 1500
7 Relaxation Delay 1,0000
8 Acquisition Date 2013-11-06T21:38:07

9 Spectrometer Frequency 125.70

T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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176 64
-176 65
176.73
176,74
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Parameter Value
1 Data File Name C:/fUsers/ JRA/ Desktop/ ath-6-289-b_20131210_01/ data_s2pul_002.fid/ fid
2 Title data_s2pul_002
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-12-10T15:39:33
9 Spectrometer Frequency 564.27
T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230
f1 (ppm)
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Parameter Value
OH

1 Data File Name. C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ 100113/ ath-6-205-a_20130919_01/H1_s2pul_ath-6-205-a_01.fid/ fid
2 Title H1_s2pul_ath-6-205-a_01 F
3 Spectrometer vnmrs F
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 16
7 Relaxation Delay 5.0000
8 Acquisition Date 2013-09-19T716:28:26

9 Spectrometer Frequency 599.76

=
F
=
S

}-

8 5 b G i
2 8 83 &
- ] - s
T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 30 25 2.0 15 1.0 0.5
f1 (ppm)
YRERSIRY 5 g8k =8
RABERRAR w NEw ss
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Parameter Value
1 Data File Name C:f Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ 100113/ ath-6-205-3-13C. fid/ fid
2 Title ath-6-205-a-13C
3 Spectrometer inova
4 Solvent cociz
5 Temperature 24.0
6 Number of Scans 164
7 Relaxation Delay 1.0000
8 Acquisition Date 2013-09-19T20:45:18

9 Spectrometer Frequency 125.70

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 1}0( 1()!0 90 80 70 60 50 40 30 20 10 0
1 (ppm,
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S
Parameter Value
1 Data File Name C:/ Users/ JRA/ Documents/ Alpha Fluor/ Spectra/ 100113/ ath-6-205-a_20130919_01/F19_s2pul_ath-6-205-a_01.fid/ fid
2 Title F19_s2pul_ath-6-205-3_01
3 Spectrometer vnmrs
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 32
7 Relaxation Delay 2.0000
8 Acquisition Date 2013-09-19T16:32:49
9 Spectrometer Frequency 564.27
|
g
T T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210 -230

f1 (ppm)
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—9.23

Parameter

1 Data File Name

2 Title

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Relaxation Delay
8 Acquisition Date

—7.49
743

—7.26
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2 Title C13_s2pul_ath-6-204-acd_01 F
3 Spectrometer vnmrs.
4 Solvent cdd3
5 Temperature 25.0
6 Number of Scans 256
7 Relaxation Delay 1.0000
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= Shimadzu LCsolution Analysis Report ====

Chromatogram
OR ath-6-201-a C:'\LabSolutions'Data\ Project1 \ath-6-201-a3 led
OR
| ¥ H
‘ F
] | (o]
25000+
| | ‘.l R= | X
J | ! 7
o - - N 1
1 IPDA Multi 1
325 350 375 40.0 425 43.0 47.5 50.0 525 55.0
min
1 PDA Mult1 1/ 254nm 4nm
PeakTable
PDA Chl 254nm 4nm .
Peak# Ret. Time Area Height Area % Height %
1 37.229 3382273| 61707 49.812 56.156
2 46.493 3407826 48178 50.188 43.844
Total 6790099 | 109886 100.000 100.000
[o]
w Napthoylchloride CL(@
—_—
F F
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==== Shimadzu LCsolution Analysis Report ====

Chromatogram
ath-6-200-a C:\LabSolutions'Data'Project] ‘ath-6-200-a2 lcd
uv
] o
100000 . OR
] OR f Y
75000+ | F
i F |
J |
50000~ |
] | (o]
] | R =
235000+
[ E— - B — L N -
1 IPDA Multi 1
e e A e e B N I A e e e e e e e |
325 35.0 37.5 40.0 425 45.0 475 50.0 525 55.0
min
1 PDA Multi 1 /254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 37.507 79489 1751 0.890 1.604
2] 45.507 8851735 107379 99.110 98.396 |
Total 8931224 109130 100.000 100.000

o
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Shimadzu LCsolution Analysis Report

Chromatogram
ath-6-207-a C:'LabSolutions'Data'Project]'\ath-6-207-al led

10/2/2013 10:58:451/2

uv
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30000 F | F
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20000~ |
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i
L = - - _ N — —
" IPDA Multi |
T
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PeakTable
PDA Chl 254nm 4nm
Peaks# Ret. Time Area Height Area % Height %
1 35.942 31627 661 1.093 1.546
2 46.445 2801244 42080 98.907 98.454
Tota 2892870 42747 100.000 100.000
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Chapter 4

Regio- and Stereocontrol in Rhenium-Catalyzed Transposition of Allylic Alcohols

4-1: Introduction

Direct catalytic transposition of allylic alcohols is a powerful approach to the synthesis

of complex hydroxylated organic compounds.'?® Several transition metal catalysts have been

7 7

developed for this purpose, including vanadium,**” molybdenum,**” and rhenium
reagents.'?® Among these, rhenium(V11) oxide and triphenylsilyl perrhenate have been found
to be superior in terms of reactivity and chemoselectivity, displaying high activity at low
temperatures with no competitive oxidation observed with some of the other catalysts. One
drawback of the reversible process (eq 1) is a general lack of regioselectivity;*°

stereoselectivity in the transposition of primary allylic alcohols is also low.

&
—Rel, OH
RPNy ——= [R 7.2y ] = Ao (1)

We describe a practical method that allows for control of the regio- and stereoselectivity
in the rhenium-catalyzed transposition of allylic alcohols, expanding the scope of the

reaction for the stereoselective synthesis of complex molecules.*®
4-2: Initial Screen and Reaction Optimization

In our initial experiments, rearrangement of substrate 4.1 in the presence of Re;O; (2.5
mol %) occurred with low regio- and stereoselectivity as expected, delivering 4.2 with 60%

conversion as a 3:2 mixture of diastereomers (Scheme 4.2.1). We hypothesized that the
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reaction medium must be slightly acidic due to formation of a catalytic amount of perrhenic
acid (pK.= 1.25)"*! upon interaction of rhenium(VIIl) oxide with the substrate and/or
adventitious water.’® In the presence of a catalytic acid the rearranged product can in
principle be trapped as an acetal or ketal, and then the 1,3-syn diastereomer should be
favored on thermodynamic grounds. Remarkably, upon exposure of 4.1 to benzaldehyde
dimethyl acetal and Re;0O7 (2.5 mol %), essentially a single product was formed in 94% yield
after 20 h at room temperature. Thus, the rhenium catalyst performs a dual catalytic function
as a transition metal catalyst for the hydroxyl group transposition and as an acid catalyst for

acetal formation.

Scheme 4.2.1 Re-Catalyzed Transposition of 4.1

OH OH Re,0; (2.5 mmol%) OH OH
X CH,Cl,, rt, 2 or 20 h =
80% conversion, ds 3:2
41 4.2
Re,0; (2.5 mmol%) Ph
OH OH PhCH(OMe)2 [o} 0 :
A CH,Cl,, rt, 20 h P
94%, ds >98%
4.1 4.3

ecomplete regio- and stereocontrol

Screening of the reaction parameters demonstrated that although a number of solvents
can be used (toluene, Et,0, THF, CH,Cl,),"* dichloromethane provides the best results in
terms of reaction rate. Typically, reactions are characterized by a rapid formation of a
diastereomeric mixture of rearranged diol acetals (within ~20 min at room temperature)

followed by slow equilibration of the acetals to the 1,3-syn product (4.3).

The influence of reaction time with alternative rhenium catalysts is summarized in Table

4.2.1. With all three catalysts studied, methyltrioxorhenium (MTQO), Ph3SiOReOs;, and
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Re,O-, the rearrangement/acetalization was complete within 3 h at room temperature. As
expected, MTO is the least reactive catalyst."’“!** Notably, with all of the three rhenium
catalysts the initial acetal formation was followed by equilibration to 4.3. The highest rate of
equilibration was observed with Re;O;, generating 4.3 with >98% selectivity after 20 h.
With Ph3SiOReOs, a high level of selectivity (96:4) was also reached after 20 h at room

temperature.

Table 4.2.1 Influence of the Catalyst and Reaction Time

catalyst Ph Ph
OH OH Pgﬁ':g)z"w:)z ) o o
O)\A) _— O/'\/'\/ + W
41 4.2 4.3

Entry Catalyst (mol %) Time Conversion® (%) 4.2:4.3%
1 MeReO; (5) 40 min 45 36:64
2 MeReO; (5) 3h 100 40:60
3 MeReO; (5) 20 h 100 63:37
4 Ph,SiOReO; (5) 40 min 100 65:35
5 Ph;SiOReO; (5) 3h 100 87:13
6 Ph;SiOReO; (5) 20 h 100 96:4
7 Re,0; (2.5) 40 min 100 80:20
8 Re,0; (2.5) 3h 100 91:9
9 Re,0; (2.5) 20 h 100 >08:2

(a) Measured by 500 MHz NMR spectroscopy using a crude mixture of products.

As illustrated in Scheme 4.1.2, the highly stereo- and regioselective transposition can be
achieved with other commonly employed diol masking groups. Acetonide formation
occurred in an 81% vyield (96% ds), and the p-methoxyphenyl (PMP) acetal 4.6 was isolated

in a 95% yield with greater than 98% diastereoselectivity.
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Scheme 4.2.2 Formation of the Acetonide and PMP-Acetals

Re,05 (5 mol%) Re,05 (5 mol%) PMP
(CH3),CH(OMe), 4.7

CHZCIZ 40°C, 20 h OH OH ey, 40°C, 20 h o” "o
N D ————— =
81%, ds 96% 95%, ds >98%
OMe
OMe

4-3: Substrate Scope

The reaction scope with a range of substrates of higher complexity was explored next
(Table 4.3.1). Migration of the resident benzylidene group accompanying the transposition
was possible as illustrated in entry 1 (Table 4.3.1). Desilylation can be accomplished
simultaneously without a need for an additional step (Table 4.3.1, entry 2). A Chz-protected
primary amine is compatible with the reaction conditions, and the relative stereochemistry of
the amino alcohol has no influence on the stereoselectivity of the reaction (Table 4.3.1,
entries 3, 4). Upon prolonged exposure (20 h), a complete removal of acid sensitive PMB
and TBDPS groups was observed, which were replaced with the benzylidene acetal (Table
4.3.1, entries 5, 6). A more oxidized p-methoxybenzoyl (MBz) group and shorter reaction
times (4 h) resulted in a much improved conservation of the original protecting groups
(Table 4.3.2, entries 1, 2). Functionalized tetrahydropyran substrates underwent the
transposition reaction with the generally observed high regiocontrol and high
stereoselectivity (Table 4.3.2, entries 3, 4). Thermodynamically disfavored 1,1-disubstituted

alkenes can be readily prepared in high yield (Table 4.3.2, entry 5).
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Table 4.3.1 Scope

of the Re-Catalyzed

Transposition/Acetalization with

a
Substrates
Entry Substrates Product yield, dr
Ph Ph
1 0}\ it o/'\o 80%, 96:4
\WOH Ho\)\/‘\/
PMP
OTBS H
(o) .
2 NNoH T 84%, 85:15
PMP
OH £
- PN o ™o
3 OH P 65%, >98:2
NHCBz
NHCBz
PMP
on X
N o~ o
4 OH P 71%, >98:2
NHCBz
NHCBz
PMB? ?H
5 TBDPSO/Y\:/\/\/\OH 79%, >98:2
Ph Ph
PMB(g) OH 0o o/'\o
6 TBDPSO NNoH T 84%, >98:2

Complex

(a) Reactions were performed in CH,Cl, (~0.2 M) with 2.5 mol % of Re,0; and 2.0 equiv of PhCH(OMe), or

4-MeOPhCH(OMe),; dr is determined by 500 MHz *H NMR.
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Table 4.3.2

Substrates?

Scope

Entry

of the Re-Catalyzed Transposition/Acetalization with

Substrates

Product

yield, dr

MBzO OH

TBDPso/\(\:/W\OH

TBDPSO OH

Ph
H
oH 0o
HOW
Ph
9H O)\O
HO Y Z
H H
BnO oj #Ph
BnO. n : (o]
N0
Meo H H
A
BnO. OR
B 2 2
nO. o i N
Me H(!) 6
Y
Ph

76%, >98:2

84%,0 >98:2

81%, 96:4

82%,°>98:2

97%, >98:2

Complex

(a) Reactions were performed in CH,Cl, (~0.2 M) with 2.5 mol % of Re,0O; and 2.0 equiv of PhCH(OMe), or

4-MeOPhCH(OMe),; dr is determined by 500 MHz *H NMR. (b) Overall yield after treatment with TBAF. (c)

R=H/R=TBS 5.3:1.

An intriguing aspect of the reaction is that the transposition and acetalization are

typically complete in an initially nonstereoselective manner within minutes (less than 30

min), followed by relatively slow isomerization to the preferred stereoisomer. In a control

experiment, when a 6:3:1 diastereomeric mixture of benzylidene acetals 4.4 was subjected to

the standard reaction conditions (dry CH,Cl,, argon atmosphere, 2.5 mol % Re,Oy, rt, 20 h),

a single stereoisomer (4.3) was isolated in 90% vyield. In contrast, treatment of the same
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mixture with p-TsOH (5 mol %, dry CH,Cl,, argon atmosphere, rt, 21 h) resulted in no

change.

As was also noted by Grubbs and Rychnovsky, 223! addition of 0.2 equiv of 2,6-di-tert-
butyl-4-methylpyridine (DTMP) completely suppressed the transposition and acetalization
with either Re,O; or Ph3SiOReO3. Addition of BusNOAC or a proton sponge also suppressed
the reaction. These results may be explained either by increasing the pH of the medium or by
a modification of the catalyst through irreversible complexation.’?”*3! To conclusively
establish reactivity in the absence of acid or alternative ligands, we prepared the catalyst in
situ using an excess of strongly basic Me3;SiOK (0.35 equiv) and Re,O7 (0.20 equiv) in
THF.** As shown in Scheme 4.3.1, the system maintained full catalytic activity, indicating a
possibility where the acetal formation is likely due to the Lewis acidic character of

trimethylsilyl perrhenate.

Scheme 4.3.1 Reactivity in the Absence of a Bragnsted Acid

: : Ph
H 4.1 H /'\
i
Re;07 PhCH(OMe), o~ "o
THF, rt =
N #» Me;SiORe0; —— ' 3o
Me;SiOK e no acid 4.3
(excess) KOReO, « complete after 15 min, rt

e dr >10:1 after 20 h, rt

In summary, we developed a method that allows the control of regio- and
stereoselectivity by a neighboring hydroxyl group in the Re-catalyzed transposition of allylic

alcohols with accompanying formation of acetals.
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4-4: Rhenium-Catalyzed Transposition of Allylic Alcohols Supporting Information

Grubbs Il catalyst (0.7 mol%)

/—\_ 10
oH AcO OAc (10 eq) OH

CH,CI

Typical procedure for cross metathesis: (E)-5-Cyclohexyl-5-hydroxypent-2-enyl acetate.

Grubbs I catalyst (0.116 g, 0.136 mmol) was added to a solution of the substrate'*® (3.00 g, 19.4
mmol) and cis-1,4-diacetoxy-2-butene (33.5 g, 0.19 mol) in degassed dichloromethane (280 ml).
The reaction vessel was sealed and heated at 40 °C. After 4 h, the reaction vessel was removed
from the oil bath and continued to stir at room temperature for 12 h. The reaction was
concentrated on a rotary evaporator, and cis-1,4-diacetoxy-2-butene was distilled off. The 500
MHZ 'H NMR of the crude mixture indicated a 5:1 selectivity favoring the E-isomer. The
residue was purified by column chromatography (silica, 15% (500 ml) to 20% (500 ml) to 30%
EtOAc — hexanes) delivering the product (3.51 g, 15.5 mmol, 80%). ‘H NMR (500 MHz,
CDCl3); 8(ppm): 5.81 (ddd, J1=15.0 Hz, J2=J3=6.5 Hz, 1H); 5.67 (ddd, J1=15.0 Hz, J2=J3=6.0
Hz, 1H); 4.54 (d, J=6.0 Hz, 2H); 3.40 (bs, 1H); 2.34-2.28 (m, 1H); 2.19-2.11 (m, 1H); 2.06 (m,
3H); 1.84 (d, J=12.0 Hz, 1H); 1.80-1.72 (m, 2H); 1.68-1.61 (m, 2H); 1.51 (bs, 1H); 1.38-1.31 (m,
1H); 1.28-0.97 (m, 5H). *C NMR (125 MHz, CDCls); 8(ppm): 171.1, 132.9, 127.3, 75.2, 65.2,
43.4, 37.4, 29.3, 28.2, 26.7, 26.5, 26.3, 21.2. HRMS (ESI) calcd for Cy3H,,03Na [M+Na]

249.1467, found 249.1474.
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K,CO3 (1.5 eq)
OH OH

MeOH
NS
OWOAC e — . O)\/\/\OH

Typical procedure for deacetylation: (E)-5-Cyclohexylpent-2-ene-1,5-diol. Potassium

carbonate (3.22 g, 23.3 mmol) was added to a solution of the substrate (3.51 g, 15.5 mmol) in
methanol (78 ml) at 0 °C. After 10 min, the reaction was warmed to rt and continued to stir for 1
h 20 min. Dilute with water and ethyl acetate. The mixture was extracted with ethyl acetate
(4x30 ml), and the organic layers were washed with brine, dried with sodium sulfate,
concentrated, and the residue was purified by column chromatography (silica, 60% to 80% to
100% EtOAc — hexanes) delivering the product (2.52 g, 13.7 mmol, 88%). IR (cm™) 3306.4,
2925.5, 1668.1, 1095.4; *H NMR (500 MHz, CDCls); 8(ppm): 5.79-5.70 (m, 2H); 4.16-4.10 (m,
2H); 3.42-3.37 (m, 1H); 2.34-2.29 (m, 1H); 2.17-2.11 (m, 1H); 1.87-1.82 (m, 1H); 1.79-1.74 (m,
2H); 1.70-1.64 (m, 2H); 1.53 (bs, 1H); 1.45-1.40 (m, 1H); 1.39-1.32 (m, 1H); 1.29-0.97 (m, 5H).
3C NMR (125 MHz, CDCls); &(ppm): 132.3, 129.6, 75.4, 63.4, 43.4, 37.2, 29.2, 28.4, 26.7,

26.4, 26.3. HRMS (ESI) calcd for C;1H200,Na [M+Na] 207.1361, found 207.1356.

OH OH OH

O/k/\/\ Re;07 (2.5 mol%), CHyCly, rt, 3 h O/'\)\%
OH -

1-Cyclohexylpent-4-ene-1,3-diol, mixture of diastereomers. Rhenium(VIl) oxide (6 mg,

0.013 mmol) was quickly weighed out into a flame-dried flask. The flask was evacuated and
backfilled with argon (x3). Dichloromethane (2 ml) was added to the flask. The substrate (92
mg, 0.50 mmol) in dichloromethane (3 ml total with rinses) was added to the reaction vessel.
After 3 h of stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic

mixture was stirred vigorously for 10 min. The aqueous layer was extracted with
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dichloromethane (3x10 ml). The combined organic layers were dried with sodium sulfate,
concentrated, and the residue was purified by column chromatography (silica, 40% EtOAc —
hexanes) delivering the product (55.3 mg, 0.300 mmol, 60%). The remaining starting material
was not collected. *H NMR (500 MHz, CDCls); 8(ppm): 5.94 (ddd, J1=17.0 Hz, J2=10.5 Hz,
J3=5.5 Hz, 0.4H); 5.89 (ddd, J1=17.5 Hz, J2=10.5 Hz, J3=6.5 Hz, 0.6H); 5.30 (ddd, J=17.0 Hz,
J2=J3=1.5 Hz, 0.4H); 5.26 (ddd, J1=17.5 Hz, J2=J3=1.5 Hz, 0.6H); 5.14 (ddd, J1=11.0 Hz,
J2=J3=1.5 Hz, 0.4H); 5.10 (ddd, J1=10.5 Hz, J2=1.5 Hz, 0.6H); 4.47 (bs, 0.4H); 4.36 (bs, 0.6H);
3.72-3.64 (m, 1H); 2.95 (s, 0.6H); 2.63 (s, 0.6H); 2.50 (d, J=4.5 Hz, 0.4H); 2.11 (d, J=3.5 Hz,
0.4H); 1.86-1.53 (m, 7H); 1.39-1.31 (m, 1H); 1.28-0.95 (m, 5H). LRMS (ESI) calcd for

C11H2005Na [M+Na] 207, found 207.

OH OH o” O

O/K/l\/ TSOH (5 mol%), PhCH(OMe), (3 eq), CH,Cly, rt, 20 h O/'\/‘\/

4-Cyclohexyl-2-phenyl-6-vinyl-1,3-dioxane, mixture of diastereomers. p-Toluenesulfonic

acid (3 mg, 0.015 mmol) was added to a solution of the substrate (55 mg, 0.300 mmol), and
benzaldehyde dimethyl acetal (0.14 ml, 0.90 mmol) in dichloromethane (3.0 ml). After 20 h of
stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred
vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x20 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 5% EtOAc — hexanes) delivering the product (65.5
mg, 0.240 mmol, 80%) as a 6:3:1 mixture of three diastereomers as determined by 500 MHz *H

NMR.
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Ph Ph

A

o” o o” O

OW Re;07 (2.5 mol%), CH,Cly, 1t, 21 h O/'\/k/

cis,cis-4-Cyclohexyl-2-phenyl-6-vinyl-1,3-dioxane. Rhenium(VII) oxide (6.7 mg, 13.7

[Imol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). Dichloromethane (2.5 ml) was added to the flask. The substrate (0.150 g, 0.551
mmol) in dichloromethane (3 ml total with rinses) was added to the reaction vessel. After 21 h of
stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred
vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x10 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 5% EtOAc — hexanes) delivering the product (0.136
mg, 0.498 mmol, 90%). IR (cm™) 3423.0, 3035.4, 2926.5, 1451.17, 1273.6; *H NMR (500 MHz,
CDCly); 8(ppm): 7.55-7.53 (m, 2H); 7.38-7.30 (m, 3H); 5.95 (ddd, J1=17.0 Hz, J2=10.5 Hz,
J3=5.5 Hz, 1H); 5.57 (s, 1H); 5.35 (ddd, J1=17.5 Hz, J2=J3=1.5 Hz, 1H); 5.17 (ddd, J1=11.0 Hz,
J2=J3=1.5 Hz, 1H); 4.33 (dddd, J1=10.0 Hz, J2=5.5 Hz, J3=3.0 Hz, J4=1.5 Hz, 1H); 3.59 (ddd,
J1=11.0 Hz, J2=7.0 Hz, J3=2.5 Hz, 1H); 2.04-2.02 (m, 1H); 1.78-1.75 (m, 3H); 1.70-1.67 (m,
2H); 1.57-1.50 (m, 2H); 1.30-1.13 (m, 3H); 1.11-1.01 (m, 2H). *C NMR (125 MHz, CDCly);
d(ppm): 139.2, 138.4, 128.7, 128.3, 126.4, 115.5, 100.7, 81.2, 77.7, 42.8, 34.2, 29.1, 28.4, 26.8,

26.3, 26.2. HRMS (ESI) calcd for C1gH240,Na [M+Na] 295.1674, found 295.1674.

O/K/v oy Re207 (2.5 mol%), PRCH(OMe), (2 ea), CH;Cly, rt, 20h OW

Typical procedure for the stereoselective Re-catalyzed transposition/ acetalization:

cis,cis-4-Cyclohexyl-2-phenyl-6-vinyl-1,3-dioxane. Rheni-um(VII) oxide (12 mg, 0.025 mmol)
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was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled with
argon (x3), and dichloromethane (5 ml) was added. The substrate (0.184 g, 1.00 mmol) in
dichloromethane (5 ml total with rinses) was added to the reaction vessel followed by addition of
benzaldehyde dimethyl acetal (0.30 ml, 2.00 mmol). After 20 h of stirring at rt, saturated aqueous
sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min. The
aqueous layer was extracted with dichloromethane (3x20 ml). The combined organic layers were
dried with sodium sulfate, concentrated, and the residue was purified by column chromatography
(silica, 5% EtOAc — hexanes) delivering the product (0.255 g, 0.936 mmol, 94%). IR (cm™)
3423.0, 3035.4, 2926.5, 1451.17, 1273.6; *H NMR (500 MHz, CDCls); 8(ppm): 7.55-7.53 (m,
2H); 7.38-7.30 (m, 3H); 5.95 (ddd, J1=17.0 Hz, J2=10.5 Hz, J3=5.5 Hz, 1H); 5.57 (s, 1H); 5.35
(ddd, J1=17.5 Hz, J2=J3=1.5 Hz, 1H); 5.17 (ddd, J1=11.0 Hz, J2=J3=1.5 Hz, 1H); 4.33 (dddd,
J1=10.0 Hz, J2=5.5 Hz, J3=3.0 Hz, J4=1.5 Hz, 1H); 3.59 (ddd, J1=11.0 Hz, J2=7.0 Hz, J3=2.5
Hz, 1H); 2.04-2.02 (m, 1H); 1.78-1.75 (m, 3H); 1.70-1.67 (m, 2H); 1.57-1.50 (m, 2H); 1.30-1.13
(m, 3H); 1.11-1.01 (m, 2H). *C NMR (125 MHz, CDCls); 8(ppm): 139.2, 138.4, 128.7, 128.3,
126.4, 115.5, 100.7, 81.2, 77.7, 42.8, 34.2, 29.1, 28.4, 26.8, 26.3, 26.2. HRMS (ESI) calcd for

Ci1sH240,Na [M+Na] 295.1674, found 295.1674.

Re,07 (2.5 Mol%), CH,Cl,, 1t, 20 h PMP

o OMe o o
MeO-< >—( 2e
O/k/\/\OH OMe @ O/‘\/k/

cis,cis-4-Cyclohexyl-2-(4-methoxyphenyl)-6-vinyl-1,3-dioxane. Rhenium(VII) oxide (12

mg, 0.025 mmol) was quickly weighed out into a flame-dried flask. The flask was evacuated and
backfilled with argon (x3). To the flask was added dichloromethane (5 ml). The substrate

(0.184 g, 1.00 mmol) in dichloromethane (5 ml total with rinses) was added to the reaction vessel
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followed by addition of anisaldehyde dimethyl acetal (0.34 ml, 2.00 mmol). After 20 h of stirring
at rt, saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred
vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x20 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 5% EtOAc — hexanes) delivering the product (0.285
g, 0.942 mmol, 94%). IR (cm™) 2926.5, 1615.1, 1517.7, 1248.7; *H NMR (500 MHz, CDCls);
8(ppm): 7.47-7.43 (m, 2H); 6.89-6.87 (m, 2H); 5.94 (ddd, J1=17.5 Hz, J2=10.5 Hz, J3=5.5 Hz,
1H); 5.52 (s, 1H); 5.33 (ddd, J1=17.5 Hz, J2=J3=1.5 Hz, 1H) 5.15 (ddd, J1=10.5 Hz, J2=J3=1.5
Hz, 1H); 4.30 (dddd, J1=9.5 Hz, J2=5.5 Hz, J3=2.5 Hz, J4=1.0 Hz, 1H); 3.80 (s, 3H); 3.57 (ddd,
J1=11.5 Hz, J2=7.0 Hz, J3=2.5 Hz, 1H); 2.0 (bd, J=13.0 Hz, 1H); 1.77-1.71 (m, 3H); 1.70-1.64
(m, 2H); 1.55-1.48 (m, 2H); 1.30-1.12 (m, 3H); 1.10-0.98 (m, 2H). **C NMR (125 MHz,
CDCls); &(ppm): 159.9, 138.4, 131.8, 127.6, 115.5, 113.7, 100.6, 81.1, 77.6, 55.5, 42.8, 34.1,
29.0, 28.4, 26.8, 26.3, 26.2. HRMS (ESI) calcd for CigHps0sNa [M+Na] 325.1780, found

325.1791.

OH Re,05 (5 mol%), 2,2-dimethoxypropane (4 eq) o o

OAA/\OH CH,Cl,, 40°C, 20 h _ W

cis-4-Cyclohexyl-2,2-dimethyl-6-vinyl-1,3-dioxane. Rhenium(VIIl) oxide (24 mg, 0.050

mmol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). Dichloromethane (5 ml) was added to the flask. The substrate (0.184 g, 1.00
mmol) in dichloromethane (5 ml total with rinses) was added to the reaction vessel followed by
addition of 2,2-dimethoxypropane (0.60 ml, 4.00 mmol). The reaction vessel was sealed and
heated at 40 °C. After 20 h, the reaction vessel was allowed to cool to room temperature, and

saturated agqueous sodium bicarbonate was added. The biphasic mixture stirred vigorously for 10
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min. The aqueous layer was extracted with dichloromethane (3x20 ml). The combined organic
layers were dried with sodium sulfate, concentrated, and the residue was purified by column
chromatography (silica, 5% EtOAc — hexanes) delivering the product (0.182 g, 0.811 mmol,
81%). IR (cm™) 2924.5, 1645.0, 1026.9;'"H NMR (500 MHz, CDCls); &(ppm): 5.83 (ddd,
J1=16.5 Hz, J2=10.0 Hz, J3=5.5 Hz, 1H); 5.25 (ddd, J1=17.0 Hz, J2=J3=1.0 Hz, 1H); 5.11 (ddd,
J1=10.5 Hz, J2=J3=1.0 Hz, 1H); 4.31 (dddd, J1=10.0 Hz, J2=6.0 Hz, J3=2.5 Hz, J4=1.5 Hz, 1H);
3.57 (ddd, J1=11.5 Hz, J2=7.0 Hz, J3=2.5 Hz, 1H); 1.94-1.88 (m, 1H); 1.75-1.64 (m, 4H); 1.53
(ddd, J1=13.0 Hz, J2=J3=3.0 Hz, 1H); 1.45 (s, 3H); 1.41 (s, 3H); 1.37-1.09 (m, 5H); 0.99-0.88
(m, 2H). *C NMR (125 MHz, CDCls); &(ppm): 139.3, 115.4, 98.7, 73.2, 70.7, 43.0, 34.1, 30.5,

29.1, 28.2, 26.9, 26.3, 26.2, 20.0. LRMS (CI) calcd for C14H240,Na [M+H] 225, found 225,

Ph
OH O PhCH(OMe), (2 eq), TSOH (5 mol%), CH,Cl, %0 O
o

HO\)\/U\OEt > \)\)LOEt

Ethyl 2-(2-phenyl-1,3-dioxolan-4-yl)acetate. p-Toluenesulfonic acid (0.118 g, 12.4 mmol)
was added to a solution of the substrate™®’ (1.84 g, 12.4 mmol) and benzaldehyde dimethyl acetal
(5.60 ml, 37.2 mmol) in dichloromethane (41 ml) at rt. After 30 min, saturated aqueous sodium
bicarbonate was added. The aqueous layer was extracted with dichloromethane (2x30 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 10% -> 20% EtOAc — hexanes) delivering the
product (1.80 g, 7.62 mmol, 61%). IR (cm™) 3064.3, 2935.1, 1717.3, 1654.6, 1602.6, 1273.8; *H
NMR (500 MHz, CDCls); 8(ppm): 7.49-7.45 (m, 2H); 7.41-7.35 (m, 3H); 5.95 (s, 0.5H); 5.81 (s,
0.5H); 4.66-4.60 (m, 1H); 4.37 (dd, J1=8.0 Hz, J2=5.5 Hz, 0.5H); 4.222 (dd, J1=8.5 Hz, J2=6.5
Hz, 0.5H); 4.20-4.13 (m, 2H); 3.87 (dd, J1=8.0 Hz, J2=5.5 Hz, 0.5H); 3.75 (dd, J1=8.5 Hz,

J2=6.5 Hz, 0.5H); 2.85 (dd, J1=16.0 Hz, J2=6.0 Hz, 1H); 2.63 (ddd, J1=16.0 Hz, J2=J3=8.0 Hz,
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1H); 1.28 (dd, J1=J2=6.5 Hz, 1.5H); 1.27 (dd, J1=J2=7.0 Hz, 1.5H). LRMS (ESI) calcd for

C13H1604Na [M+Na] 259.1, found 259.1.

1.i-Bu,AlH (1.05 eq), CH,Cl,
Ph Ph
%0 o 2. NaH, (EtO),P(0)CH,CO,Et, THF %0 o
o

O\)\)LO Et > \)\/vj\o Et

(E)-Ethyl 4-(2-phenyl-1,3-dioxolan-4-yl)but-2-enoate. Diisobutylaluminum hydride (1 M

in toluene, 6.45 ml, 6.44 mmol) was added to a solution of the substrate (1.45 g, 6.13 mmol) in
dichloromethane (30.6 ml) at -78 °C over 30 min. The reaction was allowed to stir at -78 °C for
an additional 30 min before being quenched with a solution of Rochelle’s salt at -78 °C. The
mixture was stirred vigorously at rt for 2 h, the layers were separated, and the aqueous layer was
extracted with dichloromethane (2x30 ml). The organic layers were dried with sodium sulfate
and concentrated, and the residue was submitted to the next reaction without further purification.

To a suspension of sodium hydride (60% suspension in oil, 0.295 g, 7.36 mmol) and
dry THF (20.6 ml) was added triethyl phosphonoacetate (1.85 ml, 9.19 mmol) at -10 °C, and the
mixture was stirred for 30 min. A solution of the residue in THF (10 ml total with rinses) was
added to the solution at -10 °C. The mixture was allowed to stir for 30 min before being
quenched with saturated aqueous ammonium chloride. The mixture was extracted with ethyl
acetate (3x30 ml), and the combined organic layers were washed with water and brine, dried with
sodium sulfate, concentrated, and the residue was purified by column chromatography (silica,
20% EtOAc — hexanes) delivering the product (1.28 g, 4.88 mmol, 80% over 2 steps). IR (cm™)
3064.3, 2935.1, 1717.3, 1654.6, 1602.6, 1273.8; *H NMR (500 MHz, CDCls); 8(ppm): 7.50-7.45
(m, 2H); 7.40-7.36 (m, 3H); 7.01-6.94 (m, 1H); 5.97-5.92 (m, 1H); 5.96 (s, 0.4H); 5.81 (s, 0.6H);
4.42-4.34 (m, 1H); 4.27 (dd, J1=8.0 Hz, J2=6.0 Hz, 0.4 H); 4.22-4.17 (m, 2H); 4.13 (dd, J1=8.0

Hz, J2=7.0 Hz, 0.6H); 3.79 (dd, J1=8.0 Hz, J2=6.0 Hz, 0.6H); 3.69 (dd, J1=8.0 Hz, J2=7.0 Hz,
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0.4H); 2.68-2.61 (m, 1H); 2.58-2.49 (m, 1H); 1.30-1.26 (m, 3H). LRMS (ESI) calcd for

Ci5H1504Na [M+Na] 285.1, found 285.1.

(E)-4-(2-phenyl-1,3-dioxolan-4-yl)but-2-en-1-ol. Diisobutylaluminum hydride (1 M in
toluene, 14.5 ml, 14.5 mmol) was added to a solution of the substrate (1.27 g, 4.84 mmol) in
dichloromethane (24.2 ml) at -78 °C. The reaction was allowed to warm from -78 °C to -20 °C
over 1 h before being quenched with a solution of Rochelle’s salt at 0 °C. The mixture was
stirred vigorously for 2 h, the layers were separated, and the aqueous layer was extracted with
dichloromethane (2x30 ml). The combined organic layers were dried with sodium sulfate and
concentrated, and the residue was purified by column chromatography (silica, 60% — 80% ethyl
acetate — hexanes) to give the desired product (0.571 g, 2.59 mmol, 54%). *H NMR (500 MHz,
CDCls); &(ppm): 7.52-7.45 (m, 2H); 7.40-7.33 (m, 3H); 5.95 (s, 1H); 5.82-5.71 (m, 2H); 4.30
(dd, J1=8.0 Hz, J2=6.5 Hz, 1H); 4.25-4.22 (m, 1H); 4.14-4.11 (m, 2H); 3.68 (dd, J1=8.0 Hz,
J2=7.0 Hz, 1H); 2.52 (ddd, J1=13.5 Hz, J2=J3=6.5 Hz, 1H); 2.38 (ddd, J1=13.5 Hz, J2=J3=7.0

Hz, 1H); 1.36-1.30 (m, 1H). LRMS (ESI) calcd for C13H1603Na [M+Na] 243.1, found 243.1.

Ph
}-o Re,07 (2.5 mol%), PhCH(OMe), (0.3 eq), CH,Cl,, rt, 20 h [ )Xo

O\)\A/\OH > HO\)\)\/

cis,cis-2-Phenyl-6-vinyl-1,3-dioxan-4-yl)methanol. The typical procedure was followed:
rhenium(V1I) oxide (12 mg, 0.025 mmol) was quickly weighed out into a flame-dried flask. The
flask was evacuated and backfilled with argon (x3). Dichloromethane (2.5 ml) was added. The
substrate (0.220 g, 1.00 mmol) in dichloromethane (2.5 ml total with rinses) was added to the
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reaction vessel followed by addition of benzaldehyde dimethyl acetal (45 (1, 0.30 mmol). After
20 h of stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic mixture
stirred vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x20 ml).
The combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 35% EtOAc — hexanes) delivering the product (0.175
g, 0.795 mmol, 80%). IR (cm™) 3420.1, 3067.2, 2921.6, 1647.9, 1601.59, 1275.7; *H NMR (500
MHz, CDCls); 8(ppm): 7.54-7.52 (m, 2H); 7.40-7.34 (m, 3H); 5.95 (ddd, J1=17.5 Hz, J2=11.0
Hz, J3=5.5 Hz, 1H); 5.63 (s, 1H); 5.36 (ddd, J1=17.0 Hz, J2=J3=1.5 Hz, 1H); 5.20 (ddd, J1=11.0
Hz, J2=J3=1.5 Hz, 1H); 4.40-4.36 (s, 1H); 4.05-4.00 (m, 1H); 3.74-3.68 (m, 1H); 3.65 (dd,
J1=11.5 Hz, J2=6.5 Hz, 1H); 2.23 (bs, 1H); 1.69-1.59 (m, 2H). *C NMR (125 MHz, CDCls);
d(ppm): 138.4, 137.7, 129.5, 128.5, 126.5, 116.1, 100.9, 77.3, 77.1, 65.8, 32.4. HRMS (ESI)

calcd for C13H1603Na [M+Na] 243.0997, found 243.0993.

Re,07 (2.5 mol%), CH,Cl,, rt, 20 h

OMe
Meo-L )~ (2 :
oTBS o v 26D oo o/Lo

ds5:1

(2S,4R,5S)-2-(4-Methoxyphenyl)-5-methyl-4-vinyl-1,3-dioxane. Following the typical
procedure, rhenium(V1I) oxide (7.9 mg, 0.016 mmol) was quickly weighed out into a flame-dried
flask. The flask was evacuated and backfilled with argon (x3). To the flask was added
dichloromethane (1.25 ml). The substrate*® (0.150 g, 0.651 mmol) in dichloromethane (2.5 ml
total with rinses) was added to the reaction vessel followed by addition of anisaldehyde dimethyl
acetal (0.220 ml, 1.30 mmol). After 20 h of stirring at rt, saturated aqueous sodium bicarbonate

was added and the biphasic mixture stirred vigorously for 10 min. The aqueous layer was
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extracted with dichloromethane (3x20 ml). The combined organic layers were dried with sodium
sulfate, concentrated, and the residue was purified by column chromatography (silica, 5% EtOAc
— hexanes) delivering the product (0.128 g, 0.546 mmol, 84%) as a 5:1 inseparable mixture
diastereomers. IR (cm™) 2958.3, 1615.1, 1518.7, 1249.7; *H NMR (500 MHz, CDCls); 8(ppm):
(major diastereomer) 7.46-7.43 (m, 2H); 6.90-6.87 (m, 2H); 5.89 (ddd, J1=17.5 Hz, J2=10.5 Hz,
J3=7.4 Hz, 1H); 5.50 (s, 1H); 5.35 (ddd, J1=17.5 Hz, J2=J3=2.0 Hz, 1H); 5.25 (ddd, J1=10.5 Hz,
J2=1.5 Hz, J3=0.5 Hz, 1H); 4.15 (dd, J1=11.5 Hz, J2=5.0 Hz, 1H); 3.87 (dd, J1=10.0 Hz, J2=7.0
Hz, 1H); 3.80 (s, 3H); 3.54 (dd, J1=J2=11.0 Hz, 1H); 1.94-1.86 (m, 1H); 0.79 (d, J=7.0 Hz, 3H).
B3C NMR (125 MHz, CDCl3); &(ppm): 160.1, 136.2, 131.2, 127.7, 118.1, 113.8, 101.1, 84.9,

73.1, 55.5, 34.0, 12.5. HRMS (ESI) calcd for C14H130sNa [M+Na] 257.1154, found 257.1147.

OTBS OH
: TBAF (3 eq), THF :

N"Non T N"oH
NHCBz NHCBz

anti-Benzyl 3,7-dihydroxy-1-phenylhept-5-en-2-ylcarbamate. Tetro—n-butyl-ammonium
fluoride (1M in THF, 0.385 ml, 0.385 mmol) was added to a solution of the substrate** (60 mg,
0.128 mmol) in THF (0.25 ml) at room temperature. The solution was stirred at room
temperature for 2 h and was quenched with a saturated solution of ammonium chloride. The
aqueous layer was extracted with ethyl acetate (3x10 ml), dried with sodium sulfate,
concentrated, and the residue was purified by column chromatography (silica, 5% methanol -
dichloromethane) to give the desired diol (43.1 mg, 0.121 mmol, 95%). IR (cm™) 3394.1, 3029.6,
2930.2, 1696.1, 1516.7, 1254.5; *H NMR (500 MHz, CDCls); &(ppm): 7.37-7.16 (m, 10H); 5.69
(ddd, J1=16.0 Hz, J2=J3=5.5 Hz, 1H); 5.60 (ddd, J1=15.0 Hz, J2=J3=6.5 Hz, 1H); 5.17 (bd,
J=8.5 Hz, 1H); 5.08 (AB, JA=16.0 Hz, JB=12.5 Hz, 2H); 4.07 (d, J=5.0 Hz, 2H); 3.85 (dd,

J1=15.0 Hz, J2=7.0 Hz, 1H); 3.63 (dd, J1=J2=6.5 Hz, 1H); 2.95-2.82 (m, 2H); 2.23 (dd,
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J1=J2=75 Hz, 2H). °C NMR (125 MHz, CDCls); 8(ppm): 156.8, 138.3, 136.7, 133.0,
129.5(2C), 128.7(2C), 128.3, 128.1, 126.7, 70.4, 66.9, 63.4, 56.0, 39.0, 37.9. HRMS (ES]I) calcd

for C;1H2sNO4Na [M+Na] 378.1681, found 378.1667.

Hoveyda-Grubbs Il catalyst (1 mol%), CH,Cl,
OH OH

Aco~ " \-0Ac (10eq)
X - X OAc
NHCbz o NHCbz

syn-6-(Benzyloxycarbonylamino)-5-hydroxy-7-phenylhept-2-enyl acetate. The typical

procedure for cross-metathesis was followed using Hoveyda—Grubbs Il catalyst (17 mg, 27.9
umol), cis-1,4-diacetoxy-2-butene (0.480 g, 2.79 mmol) in degassed dichloromethane (4.2 ml).
The crude product (E-selectivity 10:1) was purified by column chromatography (silica, 30% (350
ml) to 45% (250 ml) to 50% EtOAc — hexanes) delivering the product (57.5 mg, 0.145 mmol,
52%). 'H NMR (500 MHz, CDCls); 8(ppm):7.36-7.18 (m, 10H); 5.86-5.77 (ddd, J1=13.5 Hz,
J2=J3=6.5 Hz, 1H); 5.73-5.67 (ddd, J1=12.5 Hz, J2=J3=6.0 Hz, 1H); 5.03 (s, 2H); 4.92-4.86 (m,
1H); 4.55-4.54 (d, J=6.0 Hz, 2H); 3.96-3.86 (m, 1H); 3.81-3.72 (m, 1H); 2.96 (dd, J1=14.0 Hz,
J2=4.5 Hz, 1H); 2.84-2.78 (m, 1H); 2.64-2.58 (m, 1H); 2.39-2.33 (m, 1H); 2.32-2.24 (m, 1H);
2.07 (s, 3H). *C NMR (125 MHz, CDCls); 8(ppm): 171.1, 156.6, 137.9, 136.5, 131.6, 129.5,
128.8, 128.7, 128.3, 128.1, 127.9, 126.8, 72.8, 67.0, 65.0, 56.7, 37.0, 35.5, 21.2. HRMS (ESI)

calcd for Cy3H,7NOsNa [M+Na] 378.1681, found 378.1667.

OH OH

K,CO3 (0.4 eq), MeOH X
N"ope (2C0s ( q) OH
—_—
NHCBz NHCBz

syn-Benzyl 3,7-dihydroxy-1-phenylhept-5-en-2-ylcarbamate. The typical procedure for

deacetylation was followed with potassium carbonate (15.1 mg, 0.109 mmol), the substrate (57.5
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mg, 0.145 mmol) in methanol (2.9 ml) at rt. The crude product was crystallized in a mixture of
EtOAc and hexanes, delivering the product (43.1 mg, 0.121 mmol, 84%). IR (cm™) 3031.6,
2940.0, 1694.2, 1603.5, 1548.6; *H NMR (500 MHz, CDCls); 8(ppm): 7.36-7.17 (m, 10H); 5.79-
5.70 (m, 2H); 5.02 (s, 2H); 4.83 (bd, J=8.0 Hz, 1H); 4.13 (bs, 2H); 3.95-3.86 (m, 1H); 3.78-3.71
(m, 1H); 2.96 (dd, J1=14.0 Hz, J2=4.5 Hz, 1H); 2.81 (dd, J1=13.5 Hz, J2=9.5 Hz, 1H); 2.48 (bs,
1H); 2.35 (ddd, J1=13.5 Hz, J2=J3=4.5 Hz, 1H); 2.29-2.23 (m, 1H); 1.60-1.50 (m, 1H). *C
NMR (125 MHz, CD3;0D); &(ppm): 158.6, 140.5, 138.7, 133.2, 130.6, 129.66, 129.54, 129.36,
128.9, 128.6, 127.4, 74.7, 67.2, 63.8, 58.6, 38.0, 37.3. HRMS (ESI) calcd for C,;H;sNO;4Na

[M+Na] 378.1681, found 378.1692.

Re,07 (2.5 mol%), CH,Cl,, rt, 20 h PMP

OH OMe O (o]
MeO 2e
A -©_(OM9 (2 eq) 4
OH o
NHCbz - NHCbz

Benzyl  2-(4-methoxyphenyl)-6-vinyl-1,3-dioxan-4-yl)-2-phenylethylcarbamate.  The

typical procedure was followed: rhenium(VII) oxide (1.2 mg, 2.5 [Imol) was quickly weighed
out into a flame-dried flask. The flask was evacuated and backfilled with argon (x3). To the
flask was added dichloromethane (0.2 ml). The substrate (35.5 mg, 0.10 mmol) in
dichloromethane (0.8 ml total with rinses) was added to the reaction vessel followed by addition
of anisaldehyde dimethyl acetal (35 [J1, 0.20 mmol). After 20 h of stirring at rt, saturated aqueous
sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min. The
aqueous layer was extracted with dichloromethane (3x10 ml). The combined organic layers were
dried with sodium sulfate, concentrated, and the residue was purified by column chromatography
(silica, dichloromethane (to remove anisaldehyde) then 5% ethyl acetate — dichloromethane)

delivering the product (33.6 mg, 71 Cmol, 71%). IR (cm™) 3324.7, 3028.7, 2957.3, 1698.0,
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1615.1, 1517.7; *H NMR (500 MHz, CDCls); 8(ppm): 7.47 (m, 2H); 7.35-7.18 (m, 10H); 6.92
(m, 2H); 5.92 (ddd, J1=16.5 Hz, J2=10.5 Hz, J3=5.5 Hz, 1H); 5.54 (s, 1H): 5.31 (d, J=17.0 Hz,
1H); 5.17 (d, J=10.5 Hz, 1H); 5.03 (s, 2H); 4.83 (d, J=9.5 Hz, 1H); 4.32-4.26 (m, 1H); 4.08-4.01
(m, 1H); 3.90-3.84 (m, 1H); 3.82 (s, 3H); 3.05 (dd, J1=14.0 Hz, J2=3.5 Hz, 1H); 2.93 (dd,
J1=14.5 Hz, J2=8.5 Hz, 1H); 1.74-1.64 (m, 2H). **C NMR (125 MHz, CDCls); 8(ppm): 160.2,
156.1, 137.7, 136.7, 131.1, 129.7, 128.7(2C), 128.3, 128.1, 127.8, 126.7, 116.0, 113.8, 100.8,
77.8,77.4, 66.8, 55.5, 55.3, 35.7, 33.6. HRMS (ESI) calcd for CaeHs;NOsNa [M+Na] 496.2100,

found 496.2093.

Re,05 (2.5 Mol%), CH,Cly, rt, 1.5 h PMP

OH OMe A

: MeO~C )~ © (2eq) ¢ 9
OMe

NXoH _ Z
NHCbz o NHCbz

Benzyl  2-(4-methoxyphenyl)-6-vinyl-1,3-dioxan-4-yl)-2-phenylethylcarbamate.  The

typical procedure was followed: rhenium(VII) oxide (1.2 mg, 2.5 [Imol) was quickly weighed
out into a flame-dried flask. The flask was evacuated and backfilled with argon (x3). To the
flask was added dichloromethane (0.2 ml). The substrate (35.5 mg, 0.10 mmol) in
dichloromethane (0.8 ml total with rinses) was added to the reaction vessel followed by addition
of anisaldehyde dimethyl acetal (35 (11, 0.20 mmol). After 1 h 30 min of stirring at rt, saturated
aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min.
The aqueous layer was extracted with dichloromethane (3x10 ml). The combined organic layers
were dried with sodium sulfate, concentrated, and the residue was purified by column
chromatography (silica, dichloromethane (to remove anisaldehyde) then 5% ethyl acetate —
dichloromethane) delivering the product (30.6 mg, 65 [Jmol, 65%). IR (cm™) 3430.7, 3331.4,

3028.7, 1717.3, 1648.8, 1516.7, 1248.7; "H NMR (500 MHz, CDCls); §(ppm): 7.47-7.45 (m,

390



2H); 7.38-7.23 (m, 10H); 6.93-6.91 (m, 2H); 5.87 (ddd, J1=17.0 Hz, J2=10.5 Hz, J3=5.5 Hz,
1H): 5.48 (s, 1H); 5.28 (d, J=17.5 Hz, 1H); 5.21 (d, J=9.5 Hz, 1H); 5.15 (d, J=11.0 Hz, 1H); 5.12
(d, J=13.0 Hz, 1H); 5.06 (d, J=12.5 Hz, 1H); 4.30-4.25 (m, 1H); 3.93 (dd, J1=16.5 Hz, J2=8.0
Hz, 1H); 3.83 (s, 3H); 3.83-3.81 (m, 1H); 3.00-2.92 (m, 2H); 1.76 (dd, J1=24.5 Hz, J2=12.0 Hz,
1H); 1.46 (d, J=13.5 Hz, 1H). *C NMR (125 MHz, CDCls); 8(ppm): 160.2, 156.5, 138.2, 137.6,
136.7, 131.1, 129.6, 128.8, 128.7, 128.3, 128.2, 127.6, 126.7, 115.9, 113.8, 100.6, 77.1, 74.8,

67.0, 55.8, 55.5, 38.5, 33.2. HRMS (ESI) calcd for Cz9H31NOsNa [M+Na] 496.2100, found

496.2090.
1. Swern Ox.
PMBO  OH . _mgBr PMBQ  OH PMBO  OH
TBDPSO/\(\:) _— TBDPso/\r\:/k/\ + TBDPSO/Y\M
A B

Compounds A and B. Dimethylsulfoxide (0.17 ml, 2.4 mmol) was added to a solution of
oxalyl chloride (0.105 ml, 1.18 mmol) in dry dichloromethane (1.9 ml) at -78 °C. After 15 min, a
solution of the alcohol** (0.300 g, 0.592 mmol) in dichloromethane (4 ml total with rinses) was
added. The mixture was stirred for 20 min, and then triethylamine (0.50 ml, 3.55 mmol) was
added dropwise. After 15 min the mixture was warmed to 0 °C and stirred for 10 min. The
reaction was quenched with 1 M aqueous HCI. The mixture was extracted with ethyl acetate
(3x10 ml), and the combined organic layers were washed with water and brine, dried with
sodium sulfate, concentrated, and the residue was submitted to the next reaction without further
purification.

Allyl magnesium bromide (1M in ether, 0.71 ml, 0.71 mmol), was added to a solution
of the crude aldehyde in ether (5.9 ml) at -78 °C. After 30 min of stirring, the reaction was

warmed to -15 °C where it continued to stir for an additional 30 min before being quenched with
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saturated aqueous ammonium chloride. The mixture was extracted with ethyl acetate (3x10 ml).
The combined organic layers were washed with water and brine, dried with sodium sulfate,
concentrated, and the residue was purified by column chromatography (silica, 10% EtOAc —

hexanes) to give product A (88 mg, 0.160 mmol, 27%) and product B (0.175 g, 0.320 mmol,

54% over 2 steps). Data for Product A. [(1]62 +11.9 (c 1.0, CH,Cl,). IR (cm™) 3466.4, 3048.9,

2930.3, 1613.2, 1513.9, 1247.7; *H NMR (500 MHz, CDCls); 8(ppm): 7.67-7.64 (m, 4H); 7.43-
7.40 (m, 2H); 7.38-7.33 (m, 4H); 7.05-7.02 (m, 2H); 6.78-6.75 (m, 2H); 5.89-5.81 (m, 1H); 5.17
(d, J=3.5 Hz, 1H); 5.15 (s, 1H); 4.52 (d, J=10.5 Hz, 1H); 4.39 (d, J=10.5 Hz, 1H); 3.83 (dd,
J1=9.0 Hz, J2=1.0 Hz, 1H); 3.80-3.73 (m, 2H); 3.78 (s, 3H); 3.60-3.55 (m, 1H); 2.48-2.42 (m,
1H); 2.23 (d, J=4.0 Hz, 1H); 2.14 (ddd, J1=15.5 Hz, J2=J3=8.0 Hz, 1H); 1.96-1.88 (m, 1H);
1.74-1.68 (m, 1H); 1.09 (s, 9H): 0.96 (d, J=7.0 Hz, 3H); 0.88 (d, J=7.0 Hz, 3H). *C NMR (125
MHz, CDCls); 8(ppm): 159.2, 136.00, 135.9, 135.3, 134.1, 134.0, 131.2, 129.8, 129.4, 127.83,
127.78, 118.4, 113.9, 79.7, 73.7, 72.58, 66.2, 55.5, 40.2, 39.8, 38.9, 27.2, 19.5, 14.8, 10.7.

HRMS (ESI) calcd for C34H4604SiNa [M+Na] 569.3063, found 569.3062. Data for Product B.

[0 32 +21.7 (¢ 1.0, CH,Cly). IR (cm™) 3466.4, 3048.9, 2930.3, 1613.2, 1513.9, 1247.7; *H NMR

(500 MHz, CDCls); 8(ppm): 7.67-7.63 (m, 4H); 7.44-7.40 (m, 2H); 7.39-7.33 (m, 4H); 7.03-7.01
(m, 2H); 6.79-6.76 (m, 2H); 5.82 (dddd, J1=18.0 Hz, J2=11.0 Hz, J3=J4=7.5 Hz, 1H); 5.12 (dd,
J1=17.5 Hz, J2=1.5 Hz, 1H); 5.09 (dd, J1=12.5 Hz, J2=1.5 Hz, 1H); 4.49 (d, J=10.5 Hz, 1H);
4.43 (d, J=11.0 Hz, 1H); 3.87 (dd, J1=J2=7.0 Hz, 1H); 3.79 (dd, J1=10.0 Hz, J2=5.5 Hz, 1H);
3.78 (s, 3H); 3.73 (dd, J1=9.5 Hz, J2=4.0 Hz, 1H); 3.65 (dd, J1=8.5 Hz, J2=3.0 Hz, 1H); 3.05 (s,
1H); 2.31 (ddd, J1=13.5 Hz, J2=J3=7.0 Hz, 1H); 2.24-2.17 (m, 1H); 2.02-1.97 (m, 1H); 1.81-
1.75 (m, 1H); 1.09 (s, 9H); 0.97 (d, J=7.0 Hz, 3H); 0.91 (d, J=7.5 Hz, 3H). *C NMR (125 MHz,

CDCly); 5(ppm): 159.4, 136.0, 135.9, 135.7, 133.85, 133.79, 130.3, 129.9, 129.7, 127.9, 127.8,
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117.3, 114.0, 85.0, 75.2, 73.8, 65.6, 55.5, 39.9, 38.7, 38.0, 27.2, 19.5, 14.4, 6.7. HRMS (ESI)

calcd for C34H460,4SiNa [M+Na] 569.3063, found 569.3055.

Determination of stereochemistry for Products A and B for the above reaction:

PMP

PMBO  OH DDQ, 4A MS oo

TBDpsoq/\é/'v\ o TBDPSOM
DDQ (9.3 mg, 41.1 umol) was added to the substrate (15 mg, 27.4 umol) 4A molecular
sieves in dichloromethane (0.5 ml) at 0 °C. After 10 min the reaction flask was warmed to rt
where it continued to stir for 20 min before being quenched with saturated aqueous sodium
bicarbonate. The mixture was extracted with dichloromethane (3x5 ml). The combined organic
layers were dried with sodium sulfate, concentrated, and the residue was purified by column

chromatography (silica, 7% EtOAc — hexanes) to give desired product (6 mg, 11 umol, 40%).
[oc]62 -14.2 (c 0.60, CH,Cl,). IR (cm™) 3071.1, 2931.3, 1615.1, 1516.7, 1248.7; 'H NMR (500

MHz, CDCls); 8(ppm): 7.67-7.62 (m, 4H); 7.42-7.30 (m, 6H); 7.24-7.20 (m, 2H); 6.88-6.85 (m,
2H); 5.86 (dddd, J1=17.0 Hz, J2=10.0 Hz, J3=J4=7.5 Hz, 1H); 5.68 (s, 1H); 5.14 (dd, J1=17.0
Hz, J2=2.0 Hz, 1H); 5.12 (d, J=9.5 Hz, 1H); 4.15 (dd, J1=10.5 Hz, J2=2.0 Hz, 1H); 3.99-3.94
(m, 2H); 3.81 (s, 3H); 3.65 (dd, J1=9.5 Hz, J2=2.0 Hz, 1H); 2.88-2.82 (m, 1H); 2.57-2.51 (m,
1H); 1.86-1.81 (m, 1H); 1.61 (dddd, J1=J2=J3=7.0 Hz, J4=1.0 Hz, 1H); 1.20 (d, J=7.0 Hz, 3H);
1.07 (s, 9H); 1.02 (d, J=7.0 Hz, 3H). *C NMR (125 MHz, CDCls); 8(ppm): 159.9, 135.8, 135.7,
135.0, 134.1, 132.1, 129.72, 129.65, 127.81, 127.77, 127.57, 117.3, 113.7, 94.9, 79.7, 74.4, 64.9,
55.6, 36.9, 35.4, 31.1, 27.1, 19.7, 13.1, 12.7. HRMS (ESI) calcd for CssH4404SiNa [M+Na]

567.2907, found 567.2896.
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PMP

0o

—_— : :
TBDPSO/Y\E/\/\ CH2C|2 TBDPSOM

PMBO  OH DDQ, 4A MS

DDQ (8.5 mg, 37.6 umol) was added to the substrate (13.7 mg, 25.1 umol) 4A molecular
sieves in dichloromethane (0.5 ml) at 0 °C. After 10 min the reaction flask was warmed to rt
where it continued to stir for 20 min before being quenched with saturated aqueous sodium
bicarbonate. The mixture was extracted with dichloromethane (3x5 ml). The combined organic
layers were dried with sodium sulfate, concentrated, and the residue was purified by column

chromatography (silica, 7% EtOAc — hexanes) to give desired product (7 mg, 12.8 umol, 51%).
[oc]62 +9.8 (¢ 0.70, CH.Cl,). IR (cm™) 3071.1, 2930.3, 1616.1, 1517.7, 1248.7; *H NMR (500

MHz, CDCls); 8(ppm): 7.67-7.65 (m, 2H); 7.63-7.61 (m, 2H); 7.42-7.38 (m, 1H); 7.36-7.33 (m,
5H); 7.22-7.19 (m, 2H); 6.88-6.85 (m, 2H); 5.91-5.83 (m, 1H); 5.47 (s, 1H); 5.16 (dd, J1=17.0
Hz, J2=1.5 Hz, 1H); 5.10 (d, J=10.5 Hz, 1H); 3.96 (dd, J1=9.5 Hz, J2=4.0 Hz, 1H); 3.90 (ddd,
J1=J2=7.0 Hz, J3=2.0 Hz, 1H); 3.86 (dd, J1=10.5 Hz, J2=1.5 Hz, 1H); 3.82 (s, 3H); 3.64 (dd,
J1=9.5 Hz, J2=2.5 Hz, 1H); 2.52-2.46 (m, 1H); 2.29-2.23 (m, 1H); 1.90-1.86 (m, 1H); 1.64-1.60
(m, 1H); 1.05 (s, 9H); 1.04 (d, J=7.0 Hz, 3H); 0.96 (d, J=7.0 Hz, 3H). *C NMR (125 MHz,
CDCls); §(ppm): 159.9, 135.81, 135.76, 134.7, 134.1, 134.0, 131.9, 129.7, 129.6, 127.8, 127.75,
127.6, 117.3, 113.7, 101.4, 81.0, 64.9, 55.6, 37.5, 36.9, 32.1, 27.1, 19.7, 12.6, 5.7. HRMS (ESI)

calcd for C34H440,4SiNa [M+Na] 567.2907, found 567.2894.

Hoveyda-Grubbs Il catalyst (1 mol%), CH,Cl,

PMBO  OH aco~ " \0Ac (10 eq) PMBO  OH

TBDPSO/Y\M - TBDPSO/YYWOAc

(5R,6S,7S,8S,E)-9-(tert-Butyldiphenylsilyloxy)-5-hydroxy-7-(4-methoxybenzyl-oxy)-6,8-

dimethylnon-2-enyl acetate. Prepared following the typical procedure for cross-metathesis with
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the Hoveyda—Grubbs 1 catalyst (1.6 mg, 2.51 umol) and the substrate (0.137 g, 0.251 mmol). E-

selectivity >90%. Purified by column chromatography (silica, 20% - 30% EtOAc — hexanes)

delivering the product (0.138 g, 0.223 mmol, 89%). [0L]62 +24.8 (c 1.0, CH,Cl,). *H NMR (500

MHz, CDCls); 8(ppm): 7.67-7.63 (m, 4H); 7.45-7.42 (m, 2H); 7.39-7.35 (m, 4H); 7.02-7.00 (m,
2H); 6.79-6.76 (m, 2H); 5.80 (ddd, J1=15.0 Hz, J2=J3=6.5 Hz, 1H); 5.66 (ddd, J1=15.5 Hz,
J2=J3=6.0 Hz, 1H); 4.53 (dd, J1=6.5 Hz, J2=1.5 Hz, 2H); 4.68 (d, J=10.5 Hz, 1H); 4.42 (d,
J=10.5 Hz, 1H); 3.88 (ddd, J1=7.5 Hz, J2=5.5 Hz, J3=2.0 Hz, 1H); 3.80 (dd, J1=10.0 Hz, J2=5.0
Hz, 1H); 3.78 (s, 3H); 3.73 (dd, J1=10.0 Hz, J2=4.0 Hz, 1H); 3.64 (dd, J1=8.0 Hz, J2=2.5 Hz,
1H); 3.20-3.04 (bs, 1H); 2.33 (ddd, J1=14.0 Hz, J2=J3=7.0 Hz, 1H); 2.21-2.15 (m, 1H); 2.06 (s,
3H); 2.02-1.93 (m, 1H); 1.76-1.72 (m, 1H); 1.09 (s, 9H); 0.97 (d, J=7.0 Hz, 3H); 0.90 (d, J=7.5
Hz, 3H). *C NMR (125 MHz, CDCls); §(ppm): 171.0, 159.4, 136.0, 135.9, 133.8, 133.7, 133.0,
130.2, 129.9, 129.7, 127.9, 127.8, 126.5, 114.0, 84.9, 75.2, 73.8, 65.6, 65.3, 55.4, 38.6, 38.4,
38.2, 27.2, 21.2, 19.5, 14.4, 6.7. HRMS (ESI) calcd for C3;Hs006SiNa [M+Na] 641.3274, found

641.3255.

PMBQ  OH K,COj3 (0.4 eq), MeOH PMBQ  OH

TBDPSO/Y\E/'\/\/\OAC - TBDPSOWOH
(5R,6S,7S,8S,E)-9-(tert-Butyldiphenylsilyloxy)-7-(4-methoxybenzyloxy)-6,8-
dimethylnon-2-ene-1,5-diol. The typical procedure for deacetylation was followed with 0.138 g

(0.223 mmol) of the substrate. Purified by column chromatography (silica, 50% to 60% to 80%
EtOAc — hexanes) delivering the product (0.115 g, 0.199 mmol, 89%). [oc]62 +24.1 (c 1.0,
CH.Cl,). IR (cm™) 3398.0, 3071.1, 2931.3, 1514.8, 1248.7; 'H NMR (500 MHz, CDCls);

S(ppm): 7.70-7.63 (m, 4H); 7.45-7.42 (m, 2H); 7.39-7.35 (m, 4H); 7.02-7.00 (m, 2H); 6.79-6.76
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(m, 2H); 5.75 (dd, J1=15.5 Hz, J2=4.5 Hz, 1H); 5.70 (dd, J1=15.0 Hz, J2=5.0 Hz, 1H); 4.50 (d,
J=11.0 Hz, 1H); 4.42 (d, J=10.5 Hz, 1H); 4.11 (bs, 1H); 3.86 (dd, J1=J2=6.0 Hz, 1H); 3.80 (dd,
J1=10.5 Hz, J2=5.5 Hz, 1H); 3.78 (s, 3H); 3.73 (dd, J1=10.0 Hz, J2=4.5 Hz, 1H); 3.65 (dd,
J1=8.5 Hz, J2=3.0 Hz, 1H); 3.14 (bs, 1H); 2.34-2.28 (m, 1H); 2.19-2.15 (m, 1H); 2.02-1.95 (m,
1H); 1.78-1.71 (m, 1H); 1.44-1.35 (bs, 1H); 1.09 (s, 9H); 0.97 (d, J=7.0 Hz, 3H); 0.90 (d, J=7.0
Hz, 3H). *C NMR (125 MHz, CDCls); 8(ppm): 159.4, 135.99, 135.95, 133.82, 133.78, 131.8,
130.3, 129.90, 129.72, 127.94, 127.86, 114.1, 85.0, 75.4, 73.8, 65.6, 63.8, 55.5, 38.6, 38.4, 38.3,

27.2,19.5,14.4,6.7. HRMS (ESI) calcd for C35H4s05SiNa [M+Na] 599.3169, found 599.3158.

PMBO  OH Re,0; (2.5 mol%), PhCH(OMe), (2 eq)

TBDPSOWOH >

(2S,4S,5S)-5-methyl-2-phenyl-4-((S)-1-((2R,4R,6S)-2-phenyl-6-vinyl-1,3-dioxan-4-

ylethyl)-1,3-dioxane. The typical procedure was followed: rhenium(VII) oxide (1.2 mg, 2.5
umol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). To the flask was added dichloromethane (0.2 ml). The substrate (57.7 mg, 0.10
mmol) in dichloromethane (0.8 ml total with rinses) was added to the reaction vessel followed by
addition of benzaldehyde dimethyl acetal (30 ul, 0.200 mmol). After 20 h of stirring at rt,
saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for
10 min. The aqueous layer was extracted with dichloromethane (3x10 ml). The combined
organic layers were dried with sodium sulfate, concentrated, and the residue was purified by

column chromatography (silica, 50% to 80% dichloromethane — hexane) delivering the product
(31.1 mg, 79 umol, 79%). [0(]62 +39.0 (¢ 1.0, CHyCl). IR (cm™) 3033.5, 2938.0, 1647.9,

1460.8, 1214.0; *H NMR (500 MHz, CDCls): 8(ppm): 7.55-7.53 (m, 2H); 7.49-7.47 (m, 2H);
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7.42-7.31 (m, 6H); 5.96 (ddd, J1=17.0 Hz, J2=11.0 Hz, J3=5.5 Hz, 1H); 5.61 (s, 1H); 5.47 (s,
1H); 5.36 (ddd, J1=17.5 Hz, J2=J3=1.5 Hz, 1H); 5.18 (d, J=11.0 Hz, 1H); 4.35-4.33 (m, 1H);
4.14 (dd, J1=11.0 Hz, J2=4.5 Hz, 1H); 3.92 (ddd, J1=11.0 Hz, J2=8.5 Hz, J3=2.5 Hz, 1H); 3.65
(dd, J1=10.5 Hz, J2=2.0 Hz, 1H); 3.54 (dd, J1=J2=11.0 Hz, 1H); 2.18-2.11 (m, 1H); 2.03-1.97
(m, 1H); 1.83 (ddd, J1=12.5 Hz, J2=J3=2.0 Hz, 1H); 1.61-1.55 (m, 1H); 1.19 (d, J=7.0 Hz, 3H);
0.76 (d, J=6.5 Hz, 3H). *C NMR (125 MHz, CDCls); &(ppm): 139.04, 139.02, 138.2, 128.94,
128.75, 128.44, 128.34, 126.28, 126.25, 115.8, 101.0, 100.6, 81.8, 78.9, 77.4, 73.5, 39.5, 34.6,

30.6, 12.2, 10.1. HRMS (ESI) calcd for CzsH3004Na [M+Na] 417.2042, found 417.2046.

Hoveyda-Grubbs Il catalyst (1 mol%), CH,Cl,

PMBQ  OH Aco~"\-0Ac (10 eq) PMBO  OH

TBDPSO : X > TBDPSO Y OAc

(5S,6S,7S,8S,E)-9-(tert-Butyldiphenylsilyloxy)-5-hydroxy-7-(4-methoxybenzyl-oxy)-6,8-
dimethylnon-2-enyl acetate. The typical procedure for cross-metathesis was followed with the
Hoveydo—Grubbs 1l catalyst (1.7 mg, 2.74 umol) and the substrate (0.150 g, 0.274 mmol). E-

selectivity >90%. Purified by column chromatography (silica, 20% to 30% EtOAc — hexanes)

delivering the product (0.140 g, 0.226 mmol, 83%). [(1]62 +15.5 (¢ 1.0, CH,Cl,). *H NMR (500

MHz, CDCls); 8(ppm): 7.66-7.34 (m, 4H); 7.43-7.40 (m, 2H); 7.38-7.33 (m, 4H); 7.05-7.02 (m,
2H); 6.78-6.76 (m, 2H); 5.81 (ddd, J1=14.0 Hz, J2=J3=6.5 Hz, 1H); 5.69 (ddd, J1=15.5 Hz,
J2=J3=6.0 Hz, 1H); 4.55 (d, J=6.0 Hz, 2H); 4.51 (d, J=11.5 Hz, 1H); 4.40 (d, J=11.0 Hz, 1H);
3.81 (dd, J1=9.0 Hz, J2=1.5 Hz, 1H); 3.78 (s, 3H); 3.78-3.74 (m, 2H); 3.60-3.56 (m, 1H); 2.44-
2.39 (m, 1H); 2.31 (d, J=4.5 Hz, 1H); 2.19-2.13 (m, 1H); 2.06 (s, 3H); 1.95-1.90 (m, 1H); 1.73-
1.68 (m, 1H): 1.09 (s, 9H); 0.96 (d, J=7.0 Hz, 3H); 0.88 (d, J=7.5 Hz, 3H). *C NMR (125 MHz,
CDCls); 8(ppm): 171.0, 159.2, 136.0, 135.9, 134.0, 133.9, 132.4, 131.1, 129.8, 129.4, 127.81,
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127.76, 127.46, 113.8, 79.8, 73.5, 72.9, 66.1, 65.1, 55.4, 39.8, 38.8, 38.6, 27.2, 21.2, 19.5, 14.8,

11.0. HRMS (ESI) calcd for C37Hs5006SiNa [M+Na] 641.3274, found 641.3262.

PMBO  OH K,CO; (0.4 eq), MeOH PMBO  OH

TBDPSO : N-"oac — > TBDPSO : OH

(5S,6S,7S,8S,E)-9-(tert-butyldiphenylsilyloxy)-7-(4-methoxybenzyloxy)-6,8-
dimethylnon-2-ene-1,5-diol. The typical procedure for deacetylation was followed with 0.140 g

(0.226 mmol) of the substrate. Purified by column chromatography (silica, 50% to 60% to 80%
EtOAc — hexanes) delivering the product (0.110 g, 0.191 mmol, 84%). [oc]B2 +18.6 (c 1.0,

CHyCly). IR (cm™) 3366.1, 3070.1, 2930.3, 1513.9, 1247.7; *H NMR (500 MHz, CDCls);
8(ppm): 7.68-7.63 (m, 4H); 7.44-7.40 (m, 2H); 7.40-7.33 (m, 4H); 7.04-7.02 (m, 2H); 6.78-6.76
(m, 2H); 5.772 (dd, J1=15.5 Hz, J2=5.0 Hz, 1H); 5.72 (dd, J1=15.0 Hz, J2=5.5 Hz, 1H); 4.50 (d,
J=10.5 Hz, 1H); 4.40 (d, J=11.0 Hz, 1H); 4.15-4.11 (m, 2H); 3.82 (d, J=9.5 Hz, 1H); 3.78 (s,
3H); 3.78-3.74 (m, 1H); 3.59-3.53 (m, 1H); 2.45-2.39 (m, 1H); 2.39-2.28 (m, 1H); 2.17 (s, 1H);
2.17-2.11 (m, 1H); 1.97-1.88 (m, 1H); 1.75-1.67 (m, 1H); 1.09 (s, 9H); 0.966 (d, J=7.0 Hz, 3H);
0.886 (d, J=7.0 Hz, 3H). *C NMR (125 MHz, CDCls); &(ppm): 159.9, 135.98, 135.94, 134.03,
133.98, 132.7, 131.1, 129.76, 129.44, 129.10, 127.83, 127.78, 113.9, 79.8, 73.6, 73.0, 66.1, 63.6,
55.4, 39.9, 38.8, 38.5, 27.2, 19.5, 14.8, 11.0. HRMS (ESI) calcd for CssHss0sSiNa [M+Na]

599.3169, found 599.3147.

PMBO  OH Re,0; (2.5 mol%), PhCH(OMe), 2eq) O~ >0 0 0

TBDPSOWOH » W

398



(2S,4S,55)-5-Methyl-2-phenyl-4-((S)-1-((2R,4S,6R)-2-phenyl-6-vinyl-1,3-dioxan-4-
yl)ethyl)-1,3-dioxane. The typical procedure was followed: rhenium(VIl) oxide (1.2 mg, 2.5
umol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). To the flask was added dichloromethane (0.2 ml). The substrate (57.7 mg, 0.10
mmol) in dichloromethane (0.8 ml total with rinses) was added to the reaction vessel followed by
addition of benzaldehyde dimethyl acetal (30 ul, 0.200 mmol). After 20 h of stirring at rt,
saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for
10 min. The aqueous layer was extracted with dichloromethane (3x10 ml). The combined
organic layers were dried with sodium sulfate, concentrated, and the residue was purified by

column chromatography (silica, 50% to 80% dichloromethane — hexane) delivering the product

(33.1 mg, 84 [Imol, 84%). [a]B2 +76.8 (¢ 1.0, CH.Cly). IR (cm™) 3034.4, 2928.4, 1647.9,

1585.2, 1274.7; *H NMR (500 MHz, CDCls): §(ppm): 7.54-7.50 (m, 2H); 7.50-7.47 (m, 2H);
7.43-7.33 (m, 6H); 5.96 (ddd, J1=17.0 Hz, J2=10.5 Hz, J3=5.5 Hz, 1H); 5.60 (s, 1H); 5.52 (s,
1H): 5.35 (ddd, J1=17.5 Hz, J2=J3=15 Hz, 1H); 5.17 (ddd, J1=10.5 Hz, J2=J3=15 Hz, 1H);
4.38-4.35 (m, 1H); 4.14 (dd, J1=11.0 Hz, J2=4.5 Hz, 1H); 4.00-3.96 (m, 2H): 3.56 (dd,
J1=J2=11.0 Hz, 1H); 2.13-2.06 (m, 1H); 2.01-1.95 (m, 1H); 1.84 (ddd, J1=13.0 Hz, J2=J3=2.0
Hz, 1H); 1.53-1.46 (m, 1H); 1.00 (d, J=7.5 Hz, 3H); 0.75 (d, J=6.5 Hz, 3H). *C NMR (125
MHz, CDCly); 8(ppm): 139.3, 139.0, 138.2, 128.83, 128.75, 128.38, 128.35, 126.28, 126.25,
115.7, 101.2, 100.4, 81.0, 77.6, 76.9, 73.5, 39.2, 35.4, 30.4, 12.2, 8.7. HRMS (ESI) calcd for

CasH3004Na [M+Na] 417.2042, found 417.2050.

PMBO  OH 1. DDQ, H,O-CH,Cl, MBzO  OH
T 2. K,CO3, MeOH T

TBDPSO/\‘/\:/W\OAC > TBDPSO/YYWOH
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(2S,3S,4S,5R,E)-1-(tert-Butyldiphenylsilyloxy)-5,9-dihydroxy-2,4-dimethylnon-7-en-3-yl
benzoate. DDQ (0.180 g, 0.795 mmol) was added to a solution of the substrate (0.164 g, 0.265
mmol) in dichloromethane (5.3 ml) and water (4.8 ul) at rt. After stirring for 4 h the reaction
mixture was quenched with saturated aqueous sodium bicarbonate. The mixture was extracted
with dichloromethane (3x5 ml). The combined organic layers were dried with sodium sulfate,
concentrated, and the residue was submitted to the next reaction without further purification.

Potassium carbonate (14.7 mg, 0.106 mmol) was added to a solution of the crude substrate in
methanol (2.7 ml) at 0 C. After 10 min the reaction was warmed to rt and continued to stir for 1
h. Dilute with water and ethyl acetate. The mixture was extracted with ethyl acetate (4x30 ml),
and the organic layers were washed with brine, dried with sodium sulfate, concentrated, and the

residue was purified by column chromatography (silica, 20% - 40% —> 60% EtOAc — hexanes)
delivering the product (83.4 mg, 0.141 mmol, 53% over 2 steps). [0L]62 -4.9 (c 1.0, CH,CL,). IR

(cm™) 3388.3, 3048.9, 2931.3, 1709.6, 1605.5, 1510.0, 1257.4; *H NMR (500 MHz, CDCls);
8(ppm): 7.91-7.89 (m, 2H); 7.64-7.62 (m, 2H); 7.57-7.55 (m, 2H); 7.41-7.31 (m, 4H); 7.26-7.23
(m, 2H); 6.09-6.87 (m, 2H); 5.73 (ddd, J1=15.0 Hz, J2=J3=10.0 Hz, 1H); 5.68 (ddd, J1=16.0 Hz,
J2=J3=9.5 Hz, 1H); 5.23 (dd, J1=8.0 Hz, J2=4.0 Hz, 1H); 4.08 (d, J=4.5 Hz, 2H); 3.87 (s, 3H);
3.73-3.68 (s, 1H); 3.64 (dd, J1=10.0 Hz, J2=4.5 Hz, 1H); 3.57 (dd, J1=10.0 Hz, J2=6.0 Hz, 1H);
2.33 (ddd, J1=14.5 Hz, J2=J3=5.5 Hz, 1H); 2.27-2.21 (m, 2H); 2.19-2.12 (m, 1H); 2.01-1.95 (m,
1H); 1.46-1.32 (m, 1H); 1.04 (d, J=7.0 Hz, 3H); 1.02 (s, 9H); 0.98 (d, J=7.0 Hz, 3H). *C NMR
(125 MHz, CDCls); 8(ppm): 166.6, 163.6, 135.80, 135.76, 133.8, 133.6, 132.5, 131.9, 129.76,
129.69, 129.3, 127.8, 127.7, 122.8, 113.8, 76.9, 73.2, 65.3, 63.7, 55.7, 39.6, 38.5, 38.0, 27.0,

19.4, 14.6, 8.6. HRMS (ESI) calcd for CasHas0sSiNa [M+Na] 613.2961, found 613.2939.
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PMBO OH 1. DDQ, H,O-CH,Cl, MBzO  OH
H ~ 2. K,CO3, MeOH H

TBDPSO Y OAc > TBDPSO Y OH

(2S,35,4S,5S,E)-1-(tert-Butyldiphenylsilyloxy)-5,9-dihydroxy-2,4-dimethylnon-7-en-3-yl
benzoate. DDQ (86.5 mg, 0.381 mmol) was added to a solution of the substrate (78.5 mg, 0.127
mmol) in dichloromethane (2.5 ml) and water (4.8 ul) at rt. After stirring for 5 h the reaction
mixture was quenched with saturated aqueous sodium bicarbonate. The mixture was extracted
with dichloromethane (3x5 ml). The combined organic layers were dried with sodium sulfate,
concentrated, and the residue was submitted to the next reaction without further purification.

Potassium carbonate (7.1 mg, 51 umol) was added to a solution of the crude substrate in
methanol (1.3 ml) at 0 C. After 10 min the reaction was warmed to rt and continued to stir for 1
h 20 min. Dilute with water and ethyl acetate. The mixture was extracted with ethyl acetate
(4x30 ml), and the organic layers were washed with brine, dried with sodium sulfate,

concentrated, and the residue was purified by column chromatography (silica, 20% - 40% ->
60% EtOAcC — hexanes) delivering the product (44.7 mg, 75.7 umol, 60% over 2 steps). [oc]62 -

11.1(c 1.0, CH,Cl,). IR (cm™) 3428.8, 3048.9, 2930.3, 1687.4, 1605.5, 1511.0, 1258.3; *H NMR
(500 MHz, CDCls); 8(ppm): 7.92-7.89 (m, 2H); 7.61-7.59 (m, 2H); 7.47-7.46 (m, 2H); 7.39-7.36
(m, 1H); 7.32-7.22 (m, 3H); 7.13-7.10 (m, 2H); 6.91-6.88 (m, 2H); 5.85 (ddd, J1=15.5 Hz,
J2=J3=7.0 Hz, 1H); 5.71 (ddd, J1=15.0 Hz, J2=J3=5.5 Hz, 1H); 5.66 (d, J=10.0 Hz, 1H); 4.33 (d,
J=3.5 Hz, 1H); 4.13-4.08 (m, 2H); 3.89 (s, 3H); 3.61 (dd, J1=9.5 Hz, J2=5.0 Hz, 1H); 3.55 (dd,
J1=10.0 Hz, J2=2.5 Hz, 1H); 3.22-3.14 (m, 1H); 2.45-2.38 (m, 1H); 2.20-2.06 (M, 2H); 1.84-1.77
(m, 1H); 1.83 (d, J=7.0 Hz, 3H); 1.0 (s, 9H); 0.89 (d, J=7.0 Hz, 3H). *C NMR (125 MHz,

CDCls); 8(ppm): 167.6, 163.8, 135.8, 135.7, 133.7, 133.5, 132.1, 131.4, 130.0, 129.7, 129.6,
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127.7, 127.6, 122.2, 113.9, 74.7, 71.6, 65.5, 63.9, 55.7, 40.5, 37.5, 37.1, 27.0, 19.4, 14.4, 9.7.

HRMS (ESI) calcd for CssHas0sSiNa [M+Na] 613.2961, found 613.2964.

Ph
MBZO OH Re,0; (2.5 mol%), PhCH(OMe), (2 eq)

a CH,Cl,, rt, 4 h
TBDPSO Y OH > RO

MBzO 07 O
. =

A :R=TBDPS
B:R=H

(2S,35,4S)-1-Hydroxy-2-methyl-4-((2S,4S,6R)-2-phenyl-6-vinyl-1,3-dioxan-4-yl)pentan-
3-yl 4-methoxybenzoate. According to the typical procedure, rhenium(VII) oxide (0.8 mg, 1.7
umol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). To the flask was added dichloromethane (0.1 ml). The substrate (39 mg, 66
umol) in dichloromethane (0.6 ml total with rinses) was added to the reaction vessel followed by
addition of benzaldehyde dimethyl acetal (20 ul, 0.13 mmol). After 4 h of stirring at rt, saturated
aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min.
The aqueous layer was extracted with dichloromethane (3x5 ml). The combined organic layers
were dried with sodium sulfate, concentrated, and the residue was purified by column

chromatography (silica, 10% to 20% to 30% EtOAc — hexane) delivering compound A (11.0 mg,

16.2 umol, 25%) and compound B (16.3 mg, 38.4 umol, 58%). Data for compound A: [0c]62

+48.3 (¢ 0.82, CH,Cl,). *H NMR (500 MHz, CDCls): 8(ppm): 7.94-7.91 (m, 2H); 7.73-7.71 (m,
1H); 7.65-7.61 (m, 4H); 7.57-7.55 (m, 2H); 7.42-7.27 (m, 6H); 7.22-7.15 (m, 2H); 6.92-6.89 (m,
2H); 5.93 (ddd, J1=17.5 Hz, J2=10.5 Hz, J3=5.5 Hz, 1H); 5.67 (dd, J1=9.5 Hz, J2=2.0 Hz, 1H);
5.53 (s, 1H); 5.33 (ddd, J1=17.5 Hz, J2=J3=1.0 Hz, 1H); 5.16 (ddd, J1=11.0 Hz, J2=J3=1.5 Hz,
1H); 4.29-4.26 (m, 1H); 3.88 (s, 3H); 3.67 (ddd, J1=11.0 Hz, J2=9.0 Hz, J3=2.0 Hz, 1H); 3.63-
3.60 (M, 2H); 2.14-2.02 (m, 2H); 1.68 (ddd, J1=13.0 Hz, J2=J3=2.0 Hz, 1H); 1.51-1.44 (m, 1H);
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1.07 (d, J=7.0 Hz, 3H); 1.02 (s, 9H); 0.972 (d, J=7.0 Hz, 3H). *C NMR (125 MHz, CDCls);
8(ppm): 165.6, 163.4, 138.9, 138.2, 135.9, 135.8, 133.9, 133.8, 131.8, 129.64, 129.58, 128.5,
128.2, 127.73, 127.67, 126.4, 123.2, 115.5, 113.8, 100.2, 77.6, 73.6, 65.6, 55.7, 39.9, 38.2, 34.9,

29.9, 27.0, 19.4, 14.6, 8.9. HRMS (ESI) calcd for C4,Hs5006SiNa [M+Na] 701.3274, found

701.3261. Data for compound B: [oc]B2 +112.2 (¢ 1.00, CH,Cl,). *H NMR (500 MHz, CDCls);

8(ppm): 8.03-7.98 (m, 2H); 7.52-7.51 (m, 2H); 7.37-7.28 (m, 3H); 6.95-6.91 (m, 2H); 5.93 (ddd,
J1=17.0 Hz, J2=10.5 Hz, J3=5.5 Hz, 1H); 5.58 (dd, J1=10.0 Hz, J2=1.5 Hz, 1H); 5.35 (s, 1H);
5.33 (ddd, J1=17.0 Hz, J2=J3=1.5 Hz, 1H) 5.17 (ddd, J1=10.5 Hz, J2=J3=1.5 Hz, 1H); 4.28-4.25
(m, 1H); 3.87 (s, 3H); 3.67 (ddd, J1=11.0 Hz, J2=9.0, J3=2.0 Hz, 1H); 3.60-3.56 (m, 1H); 3.49-
3.44 (m, 1H); 2.90-2.82 (bs, 1H); 2.10-2.04 (m, 1H); 1.98-1.91 (m, 1H); 1.79 (ddd, J1=13.0 Hz,
J2=J3=2.5 Hz, 1H); 1.53-1.46 (m, 1H); 1.09 (d, J=7.0 Hz, 3H); 1.06 (d, J=7.0 Hz, 3H). *C NMR
(125 MHz, CDCls); 8(ppm): 167.3, 163.9, 138.5, 138.0, 132.0, 128.7, 128.3, 126.2, 122.4, 115.7,
114.0, 100.2, 77.9, 77.3, 73.3, 64.2, 55.7, 39.4, 37.3, 35.3, 14.0, 9.0. HRMS (ESI) calcd for

CasH3:06SiNa [M+Na] 463.2097, found 463.2090.

MBzO  OH Re,07 (2.5 mol%)l, PhCH(hOMe)2 (2eq) MBZzO O O
H i CH,Cl,, rt, 4 H H H
TBDPSO/YM\OH > ROW
A:R=TBDPS
B:R=H

(2S,35,4S)-1-Hydroxy-2-methyl-4-((2R,4R,6S)-2-phenyl-6-vinyl-1,3-dioxan-4-yl)pentan-
3-yl 4-methoxybenzoate. In accord with the typical procedure, rhenium(VII) oxide (0.9 mg, 1.9
umol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3). To the flask was added dichloromethane (0.1 ml). The substrate (44 mg, 75
umol) in dichloromethane (0.7 ml total with rinses) was added to the reaction vessel followed by
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addition of benzaldehyde dimethyl acetal (22 ul, 0.15 mmol). After 4 h of stirring at rt, saturated
aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min.
The aqueous layer was extracted with dichloromethane (3x5 ml). The combined organic layers
were dried with sodium sulfate, concentrated, and the residue was purified by column

chromatography (silica, 10% - 30% EtOAc — hexane) delivering product A (24.2 mg, 35.6
umol, 48%) and product B (12.5 mg, 28.4 umol, 38%). Data for compound A: [oc]62 +0.2 (c

1.00, CH,Cl,). IR (cm™) 3048.9, 2930.3, 1709.6, 1605.5, 1510.0, 1257.4; *H NMR (500 MHz,
CDCls); 8(ppm): 7.87-7.84 (m, 2H); 7.26-7.61 (m, 2H); 7.56-7.55 (m, 2H); 7.42-7.21 (m, 11H);
6.87-6.84 (m, 2H); 5.94 (ddd, J1=17.5 Hz, J2=10.5, J3=5.5 Hz, 1H); 5.47 (s, 1H); 5.35 (d, J=17.5
Hz, 1H); 5.31 (dd, J1=9.0 Hz, J2=3.0 Hz, 1H); 5.16 (d, J=10.5 Hz, 1H); 4.32-4.29 (m, 1H); 3.87
(s, 3H); 3.78 (ddd, J1=11.0 Hz, J2=7.0 Hz, J3=2.0 Hz, 1H); 3.62 (dd, J1=10.5 Hz, J2-4.0 Hz,
1H); 3.56 (dd, J1=10.5 Hz, J2=6.5 Hz, 1H); 2.17 (m, 1H); 2.05-1.99 (m, 2H); 1.57-1.50 (m, 1H);
1.13 (d, J=6.5 Hz, 3H); 1.06, (d, J=6.5 Hz, 3H); 1.02 (s, 9H). *C NMR (125 MHz, CDCls);
8(ppm): 166.0, 163.4, 138.9, 138.1, 135.8, 133.9, 133.7, 131.9, 129.71, 129.66, 128.5, 128.1,
127.8, 127.7, 126.3, 123.0, 115.5, 113.7, 100.5, 78.6, 77.2, 74.9, 65.4, 55.7, 40.3, 38.0, 35.1,

27.0, 19.4, 14.7, 9.3. HRMS (ESI) calcd for C4,H5006SiNa [M+Na] 701.3274, found 701.3267.

Data for compound B: [o¢]62 +11.1 (c 1.00, CH,Cl,). IR (cm™) 3493.4, 3035.4, 2925.5, 1708.6,

1605.5, 1511.0, 1258.3; *H NMR (500 MHz, CDCls); 8(ppm): 7.99-7.96 (m, 2H); 7.44-7.42 (m,
2H); 7.31-7.27 (m, 3H); 6.92-6.89 (m, 2H); 5.91 (ddd, J1=17.0 Hz, J2=10.5 Hz, J3=5.0 Hz, 1H);
5.49 (s, 1H); 5.32 (dd, J1=17.5 Hz, J2=J3=1.5 Hz, 1H); 5.22 (dd, J1=10.5 Hz, J2=2.5 Hz, 1H);
5.16 (ddd, J1=10.5 Hz, J2=J3=1.5 Hz, 1H); 4.26-4.22 (m, 1H); 3.87 (s, 3H); 3.72 (ddd, J1=11.0
Hz, J2=7.5 Hz, J3=2.0 Hz, 1H); 3.56 (dd, J1=11.5 Hz, J2=2.5 Hz, 1H); 3.48 (bd, J=11.5 Hz, 1H);

2.58-2.48 (bs, 1H); 2.09-1.96 (m, 2H); 1.82 (ddd, J1=13.0 Hz, J2=J3=2.5 Hz, 1H); 1.58-1.51 (m,
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1H); 1.25 (d, J=7.0 Hz, 3H); 1.07 (d, J=7.0 Hz, 3H). *C NMR (125 MHz, CDCls); &(ppm):
167.4, 164.0, 138.8, 137.8, 132.2, 128.7, 128.2, 126.3, 122.1, 115.8, 114.0, 100.7, 79.1, 77.1,
745, 64.0, 55.7, 39.9, 37.4, 35.0, 14.2, 9.4. HRMS (ESI) calcd for CysH3,0sNa [M+Na]

463.2097, found 463.2090.

1. Re,07 (2.5 mol%), PhCH(OMe), (2 eq) Ph

MBzO  OH CHoClp, 1t, 4 h MBzO 00
P 2. TBAF, THF T%

TBDPSO/YWOH - HO/Y\:W

(2S,3S,4S)-1-Hydroxy-2-methyl-4-((2R,4R,6S)-2-phenyl-6-vinyl-1,3-dioxan-4-yl)pentan-

3-yl 4-methoxybenzoate (procedure for two steps). According to the typical procedure,
rhenium(VI1I) oxide (0.8 mg, 1.7 umol) was quickly weighed out into a flame-dried flask. The
flask was evacuated and backfilled with argon (x3). Dichloromethane (0.1 ml) was added to the
flask. The substrate (34 mg, 58 umol) in dichloromethane (0.7 ml total with rinses) was added to
the reaction vessel followed by addition of benzaldehyde dimethyl acetal (18 ul, 0.12 mmol).
After 4 h of stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic
mixture stirred vigorously for 10 min. The aqueous layer was extracted with dichloromethane
(3x5 ml). The combined organic layers were dried with sodium sulfate, concentrated, and the
residue was submitted to the next reaction without further purification.

Tetro—n-butylammonium fluoride (1M in THF, 0.18 ml, 0.18 mmol) was added to a solution
of the crude residue in THF (0.8 ml). After 1 h 30 min the reaction was quenched with saturated
aqueous ammonium chloride. The mixture was extracted with dichloromethane (3x10 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 10% to 20% to 30% EtOAc — hexane) delivering the

product (19 mg, 44 umol, 76% over two steps).
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1. Re,07 (2.5 mol%), PhCH(OMe), (2 eq) Ph

MBzO  OH CHoClp, 1t, 4 h MBzO 0”0
: ~ 2. TBAF, THF :

TBDPSO Y OH »  HO Z

(2S,35,4S)-1-Hydroxy-2-methyl-4-((2S,4S,6R)-2-phenyl-6-vinyl-1,3-dioxan-4-yl)pentan-
3-yl 4-methoxybenzoate (procedure for two steps). According to the typical procedure,
rhenium(VII) oxide (0.4 mg, 0.9 umol) was quickly weighed out into a flame-dried flask. The
flask was evacuated and backfilled with argon (x3). Dichloromethane (0.1 ml) was added to the
flask. The substrate (16 mg, 27 umol) in dichloromethane (0.4 ml total with rinses) was added to
the reaction vessel followed by addition of benzaldehyde dimethyl acetal (10 ul, 54 umol). After
4 h of stirring at rt, saturated aqueous sodium bicarbonate was added and the biphasic mixture
stirred vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x5 ml).
The combined organic layers were dried with sodium sulfate, concentrated, and the residue was
submitted to the next reaction without further purification.

Tetra—n-butylammonium fluoride (1M in THF, 0.10 ml, 0.10 mmol) was added to a solution
of the crude residue in THF (0.5 ml). After 1 h the reaction was quenched with saturated
aqueous ammonium chloride. The mixture was extracted with dichloromethane (3x10 ml) The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was
purified by column chromatography (silica, 10% to 20% to 30% EtOAc — hexane) delivering the

product (10 mg, 23 umol, 84% over two steps).

1. i-Bu,AlH

H H H
BnO OTBS 2. TBAF, THF BnO. ) OH
——
BnO Nt 4 OEt BnO\IO\/l/!\/\/OH
Me H Me  H

(0]
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(2R,3S,5R,6S)-5-(Benzyloxy)-6-(benzyloxymethyl)-2-((E)-3-hydroxyprop-1-enyl)-6-
methyltetrahydro-2H-pyran-3-ol. Diisobutylaluminum hydride (1 M in toluene, 1.7 ml, 1.7
mmol) was added to a solution of the substrate** (0.473 g, 0.788 mmol) in dichloromethane (8
ml) at -78 °C. After stirring at the same temperature for 1 h, i-PrOH, H,0, SiO,, Celite and
dichloromethane were added and the mixture was warmed to rt. The mixture was stirred at rt for
1 h. MgSO, was added. The mixture was filtered through a pad of Celite and the filtrate was
concentrated in vacuo. The residue was passed through a short column (silica, n-hexane:EtOAc =
3:1).

Tetro—n-butylammonium fluoride (1M in THF, 1.18 ml, 1.18 mmol) was added to a solution
of the crude substrate at room temperature. The solution was stirred at room temperature for 1 h.
Water was added and the mixture was extracted with EtOAc. The organic layer was washed with
brine, dried over magnesium sulfate, and concentrated in vacuo. The residue was purified by

flash column chromatography (silica, n-hexane:EtOAc = 3:1 to 2:1) to give the diol (0.307 g,
0.770 mmol, 98% over 2 steps). [oc]B2 -9.0 (c 1.0, CH,Cly). IR (cm™) 3367.2, 2987.2, 2940.9,

1605.5, 1496.5, 1455, 1370.2, 1207.2, 1089.6, 904.5, 736.7, 698.1; *H NMR (500 MHz, CDCls)
§ 7.31-7.22 (m, 10H), 6.00 (ddd, J = 16.0, 5.0, 5.0 Hz, 1H), 5.75 (dd, J = 16.0, 7.5 Hz, 1H), 4.63
(d, J = 12.5 Hz, 1H), 4.57 (d, J = 11.5 Hz, 1H), 4.52 (d, J = 12.5 Hz, 1H), 4.41 (d, J = 11.5 Hz,
1H), 4.19 (d, J = 4.5 Hz, 2H), 3.81 (m, 1H), 3.78 (dd, J = 12.0, 5.0 Hz, 1H), 3.55 (d, J = 10.5 Hz,
1H), 3.45 (d, J = 10.5 Hz, 1H), 3.35 (ddd, J = 11.5, 9.5, 5.0 Hz, 1H), 2.39 (ddd, J = 12.0, 4.5, 4.5
Hz, 1H), 1.85 (bs, 1H), 1.63 (ddd, J = 12.0, 12.0, 12.0 Hz, 1H), 1.20 (s, 3H); *C NMR (125
MHz, CDCls) & 138.7 (2C), 134.0, 129.7, 128.51 (2C), 128.50 (2C), 127.9 (2C), 127.73 (2C),
127.71 (2C), 77.6, 76.1, 74.7, 73.84, 73.79, 71.5, 69.5, 63.0, 32.9, 13.8; HRMS (ESI) calcd for

Ca4H300sNa [(M + Na*)] 421.1991, found 421.1982.
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H

Bno}_~_j_oH Re,05 (2.5 mol%), PhCH(OMe), (2 eq), CH,Cl,, 20 h Bno_t o\l.\Ph
Bno\)\l\/iy\/OH BnO. N\ ~_O
Heo Heo
Me H H

Me H
A

(25,4R,4aS,6S,7R,8aS)-7-(Benzyloxy)-6-(benzyloxymethyl)-6-methyl-2-phenyl-4-
vinylhexahydropyrano[3,2-d][1,3]dioxine. Following the typical procedure, rhenium(VII)
oxide (4.0 mg, 8.16 umol) was quickly weighed out into a flame-dried flask. The flask was
evacuated and backfilled with argon (x3). To the flask was added dichloromethane (1.25 ml).
The substrate (0.130 g, 0.326 mmol) in dichloromethane (2.0 ml total with rinses) was added to
the reaction vessel followed by addition of benzaldehyde dimethyl acetal (0.10 ml, 0.65 mmol).
The reaction vessel was sealed and heated at 40 °C. After 20 h the reaction was allowed to cool
to rt and saturated aqueous sodium bicarbonate was added and the biphasic mixture stirred
vigorously for 10 min. The aqueous layer was extracted with dichloromethane (3x10 ml). The
combined organic layers were dried with sodium sulfate, concentrated, and the residue was

purified by column chromatography (silica, 10% EtOAc — hexane) delivering the product (0.128
g, 0.263 mmol, 81%). [oc]62 +5.2 (¢ 1.0, CH,Cly). IR (cm™) 3088, 3063.4, 3030.6, 2987.2,

2944.8, 2859, 1496.5, 1454.1, 1365.4, 1292.1, 1207.2, 1097.3, 1027.9, 926.6; *H NMR (500
MHz, CDCl3) & 7.54-7.52 (m, 2H), 7.39-7.24 (m, 13H), 6.02 (ddd, J= 17.5, 10.5, 5.5 Hz, 1H),
5.66 (s, 1H), 5.47 (ddd, J = 17.5, 1.5, 1.5 Hz, 1H), 5.27 (ddd, J = 10.5, 1.5, 1.5 Hz, 1H), 4.64—
4.56 (m, 3H), 4.44 (d, J = 11.5 Hz, 1H), 4.19 (dd, J = 9.0, 5.0 Hz, 1H), 3.88 (ddd, J = 11.5, 4.5
Hz, 1H), 3.57 (m, 1H), 3.57 (d, J = 10.5 Hz, 1H), 3.48 (d, J = 10.5 Hz, 1H), 3.31 (dd, J = 9.0, 9.0
Hz, 1H), 2.46 (ddd, J = 11.5, 4.0, 4.0 Hz, 1H), 1.78 (ddd, J = 11.5, 11.5, 11.5 Hz, 1H), 1.20 (s,
3H): °C NMR (125 MHz, CDCl3) & 138.8, 138.5, 137.8, 134.7, 129.1, 128.5 (3C), 128.4 (2C),

127.74 (3C), 127.67 (2C), 127.6 (2C), 126.4 (2C), 117.2, 101.2, 79.7, 79.0, 76.6, 74.4, 74.1,
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73.7, 71.43, 71.41, 30.6, 14.2; HRMS (ESI) calcd for CsHgsOsNa [M+Na] 509.2304, found

509.2296.

Grubbs Il catalyst (5 mol%), CH,Cl,

= H H
Bnoy ~oTBS AcO~/"\-0Ac (10eq) BnO oTBS
Bno\;t;!/\/\% = BnO_ o ~_OAC
Ve~ H : Me H i
Me  H oH OH

(S,E)-5-((2R,3S,5R,6S)-5-(Benzyloxy)-6-(benzyloxymethyl)-3-(tert-butyldime-
thylsilyloxy)-6-methyltetrahydro-2H-pyran-2-yl)-5-hydroxypent-2-enyl acetate. Prepared
according to the typical procedure for cross-metathesis using Grubbs Il catalyst (6.8 mg, 8.1
umol) and 85 mg (0.161 mmol) of the substrate. E-selectivity >90%. Purified by column

chromatography (silica, 25% EtOAc - hexanes) delivering the product (92 mg, 0.154 mmol,
96%). [a] 42 +13 (¢ 1.0, CH,Cly). *H NMR (500 MHz, CDCl3); [(ppm): 7.35-7.26 (m, 10H);

5.78 (ddd, J1=14.5 Hz, J2=7.5 Hz, J3=6.5 Hz, 1H); 5.64 (ddd, J1=15.0 Hz, J2=J3=6.5 Hz, 1H);
454 (d, J=12.0 Hz, 1H); 4.56-4.50 (m, 3H); 4.45 (d, J=11.5 Hz, 1H); 3.78 (bs, 1H); 3.70-3.65
(m, 2H); 3.54 (d, J=10.5 Hz, 1H); 3.42 (d, J=10.0 Hz, 1H); 3.18 (dd, J1=9.5 Hz, J2=1.0 Hz, 1H);
2.41-2.34 (m, 1H); 2.31-2.25 (m, 1H); 2.20-2.16 (m, 2H); 2.05 (s, 3H); 1.82 (bs, 1H); 1.57 (dd,
J1=24.0 Hz, J2=11.5 Hz, 1H); 1.13 (s, 3H); 0.87 (s, 9H); 0.08 (s, 3H); 0.06 (s, 3H). *C NMR
(125 MHz, CDCly) § 171.0, 138.8, 138.6, 132.7, 128.58, 128.56, 128.14, 127.79, 127.78, 127.77,
126.5, 77.3, 75.2, 74.8, 73.60, 73.55, 71.7, 68.5, 66.3, 65.3, 37.9, 34.6, 26.0 (3C), 21.2, 18.1,

13.8, -4.0, -4.6. HRMS (ESI) calcd for C34H5007SiNa [M+Na] 621.3224, found 621.3217.

H H H H
BnO. OTBS K,COj3 (0.4 eq), MeOH BnO 0oTBS
_—_—
N A BnO _\_ A4 OH
BnO o7 = OAc o7t =

H M H :
Me H on © "o

409



(S,E)-5-((2R,3S,5R,6S)-5-(Benzyloxy)-6-(benzyloxymethyl)-3-(tert-butyldime-
thylsilyloxy)-6-methyltetrahydro-2H-pyran-2-yl)pent-2-ene-1,5-diol. Prepared according to
the typical procedure for deacetylation from 92 mg (0.154 mmol) of the substrate. Purified by

column chromatography (silica, 65% to 80% EtOAc — hexanes) delivering the product (80 mg,
0.144 mmol, 93%). [0(]62 —6.7 (c 1.0, CHyCly); IR (cm™) 3426.9, 3064.2, 3030.6, 2926.5,

2855.1, 1496.5, 1455, 1362.5, 1252.5, 1208.2, 1088.6, 864, 837; *H NMR (500 MHz, CDCl3) &
7.33-7.24 (m, 10H), 5.70 (m, 2H), 4.56— 4.50 (m, 3H), 4.43 (d, J = 11.5 Hz, 1H), 4.08 (d, J = 3.0
Hz, 2H), 3.77 (dd, J = 7.0, 7.0 Hz, 1H), 3.67 (ddd, J = 10.5, 4.5, 4.5 Hz, 1H), 3.62 (dd, J = 12.0,
5.0 Hz, 1H), 3.51 (d, J = 11.0 Hz, 1H), 3.42 (d, J = 11.0 Hz, 1H), 3.19 (d, J = 9.0 Hz, 1H), 2.35
(m, 1H), 2.27 (m, 1H), 2.17 (ddd, J = 12.0, 5.0, 5.0 Hz, 1H), 1.60 (bs, 1H), 1.56 (ddd, J = 11.5,
11.5, 11.5 Hz, 1H), 1.14 (s, 3H) 0.89 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H); **C NMR (125 MHz,
CDCl3) 8 138.8 , 138.6, 131.7, 129.4, 128.6 (2C), 128.5 (2C), 127.82 (2C), 127.81 (2C), 127.79
(2C), 77.3, 75.4, 74.9, 73.7, 73.6, 71.7, 68.6, 66.3, 63.9, 38.0, 34.6, 26.0 (3C), 18.2, 13.8, 4.0, —

4.6; HRMS (ESI) calcd for C3,H4306SiNa [M+Na] 579.3118, found 579.3103.

H H H H
BnO oTBS Re,0- (2.5 mol%), PhCH(OMe), (2 eq), CH,Cl,, rt, 20 h Bn\.j\/ici\/\
. > Bno A
PO Y I DN
e = H H
OH A:R=TBS 0 "©
B:R=H Ph

Compounds A and B. The typical procedure was followed: rhenium(VI1I) oxide (1.7 mg, 3.6
umol) was quickly weighed out into a flame-dried flask. The flask was evacuated and backfilled
with argon (x3), and dichloromethane (0.4 ml) was added. The substrate (80 mg, 0.144 mmol) in
dichloromethane (1.0 ml total with rinses) was added to the reaction vessel followed by addition
of benzaldehyde dimethyl acetal (45 pl, 0.288 mmol). After 20 h of stirring at rt, saturated

aqueous sodium bicarbonate was added and the biphasic mixture stirred vigorously for 10 min.
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The aqueous layer was extracted with dichloromethane (3x5 ml). The combined organic layers
were dried with sodium sulfate, concentrated, and the residue was purified by column

chromatography (silica, 10% to 20% to 50% EtOAc — hexanes) delivering the product A (11.8
mg, 18.3 umol, 13%) and product B (52.6 mg, 99.1 umol, 69%). Data for Product A: [oc]B2 -5.7

(c 1.0, CH2Cly); IR (cm™) 3064.3, 031.6, 2927.4, 2856.1, 1496.5, 1455, 1250.6, 1177.3, 1145.5,
1012.5, 924.7, 862, 837; *H NMR (500 MHz, CDCl3) & 7.48 (dd, J = 8.0, 2.0 Hz, 2H), 7.36 (d, J
= 7.0 Hz, 2H), 7.31-7.23 (m, 11H), 5.97 (ddd, J= 17.5, 10.5, 5.0 Hz, 1H), 5.52 (s, 1H), 5.35 (d, J
= 17.5 Hz, 1H), 5.18 (d, J = 10.0 Hz, 1H), 4.78 (d, J = 12.5 Hz, 1H), 4.67 (d, J = 12.5 Hz, 1H),
457 (d, J = 11.5 Hz, 1H), 4.52 (d, J = 11.5 Hz, 1H), 4.39 (dd, J = 10.5, 5.0 Hz, 1H), 4.17 (d, J =
11.5 Hz, 1H), 3.86 (ddd, J = 11.0, 9.5, 5.0 Hz, 1H), 3.77 (dd, J = 12.0, 4.5 Hz, 1H), 3.64 (d, J =
11.0 Hz, 1H), 3.44 (d, J = 11.0 Hz, 1H), 3.24 (dd, J = 14.0, 1.0 Hz, 1H), 2.20-2.13 (m, 2H), 1.59
(ddd, J = 12.0, 12.0, 12.0 Hz, 1H), 1.41 (ddd, J = 13.0, 2.0, 2.0 Hz, 1H), 1.12 (s, 3H) 0.89 (s,
9H), 0.02 (s, 6H); **C NMR (125 MHz, CDCls) & 139.3, 139.1, 139.0, 138.3, 128.8 (2C), 128.46,
128.44, 128.2 (2C), 128.0 (2C), 127.7 (2C), 127.6, 127.3 (2C), 126.8 (2C), 115.8, 101.6, 78.3,
78.0, 76.3, 74.0, 73.65, 73.61, 73.5, 71.9, 65.4, 35.1, 32.5, 26.0 (3C), 18.1, 13.4, 4.0, —4.6;
HRMS (ESI) calcd for C3gHs5,06SiNa [M+Na] 667.3431, found 667.3409. Data for Product B:
000p? =356 (¢ 1.0, CH,Cl); IR (cm™) 3443.3, 3031.6, 2925.5, 2868.6, 1496.5, 1454.1,
1342.2, 1309.4, 1211.1, 1143.6, 1090.6, 1027.9, 926.6, 839.8; 'H NMR (500 MHz, CDCls) &
7.48-7.46 (m, 2H), 7.33-7.24 (m, 13H), 5.95 (ddd, J= 17.0, 10.5, 5.0 Hz, 1H), 5.59 (s, 1H), 5.35
(ddd, J = 17.0, 1.5, 1.5 Hz, 1H), 5.20 (ddd, J = 10.5, 1.0, 1.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H),
459 (d, J = 12.0 Hz, 1H), 4.55 (d, J = 12.5 Hz, 1H), 4.43 (d, J = 12.0 Hz, 1H), 4.40 (m, 1H),
4.32 (ddd, J = 11.0, 3.0, 2.5 Hz, 1H), 3.85 (ddd, J = 11.0, 11.0, 5.0 Hz, 1H), 3.65 (ddd, J = 11.5,

11.5, 4.5 Hz, 1H), 3.55 (d, J = 11.0 Hz, 1H), 3.45 (d, J = 11.0 Hz, 1H), 3.05 (bs, 1H), 2.37 (ddd,
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J=12.0, 4.5, 45 Hz, 1H), 1.86 (ddd, J = 11.5, 11.5, 11.5 Hz, 1H), 1.74 (ddd, J = 13.5, 2.5, 2.5
Hz, 1H), 1.62 (ddd, J = 12.0, 12.0, 12.0 Hz, 1H), 1.20 (s, 3H); **C NMR (125 MHz, CDCl5) &
139.0, 138.7, 138.2, 137.7, 129.2, 128.52 (2C), 128.51 (2C), 128.49 (2C), 127.8 (2C), 127.74
(2C), 127.71 (2C), 127.6, 126.3, 116.0, 101.6, 77.9 (2C), 77.6, 74.7, 73.6 (2C), 73.4, 71.4, 65.9,

32.9, 31.1, 13.5; HRMS (ESI) calcd for C33H330¢Na [M+Na] 553.2566, found 553.2560.

Os_.OEt

SOEt  (5.0eq),
CO,Et
BnO.., ~OTBS NaH (4.5 eq), THF
BnO o7t .0 >

Me H

(2)-Ethyl 2-(((2R,3S,5R,6S)-5-(benzyloxy)-6-(benzyloxymethyl)-3-(tert-butyldi-
methylsilyloxy)-6-methyltetrahydro-2H-pyran-2-yl)methylene)-3-methylbutanoate. To a
stirred solution of triethyl 2-phosphono-isopentyrate (0.466 g, 1.75 mmol) in THF (10 mL) was
added NaH (63 mg, 1.58 mmol) at 0 °C. After stirring for 10 min, a solution of aldehyde (0.170
g, 0.351 mmol) in THF (25 mL) was added dropwise at 0 °C under argon atmosphere. After
stirring at rt for 14 h, saturated aqueous NH,4Cl was added at 0 °C, and the mixture was extracted
with EtOAc. The organic layer was washed with brine, dried over MgSQO,, and concentrated in

vacuo. The residue was purified by flash column chromatography (n-hexane:EtOAc = 5:1—3:1)
to give ester (0.111 g, 53% vyield). [o]32 +29.3 (¢ 1.0, CH,Cl,); IR (cm™) 3087.5, 3063.4,
3030.6, 2959.2, 1948.7, 1721.2, 1659.5, 1604.5, 1496.5, 1462.7, 1363.4, 1221.7, 1094.4, 939.2,
906.4, 837; *HNMR (500 MHz, CDCl3) § 7.35-7.23 (m, 10H), 5.54 (dd, J= 8.5, 1.5 Hz, 1H),
4.63 (d, J = 12.5 Hz, 1H), 4.53 (d, J = 11.5 Hz, 1H), 4.52 (d, J = 12.5 Hz, 1H), 4.44 (dd, J = 8.5,
8.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.24-4.13 (m, 2H), 3.75 (dd, J = 12.0, 5.0 Hz, 1H), 3.53
(d, J = 10.0 Hz, 1H), 3.43 (d, J = 10.0 Hz, 1H), 3.36 (ddd, J = 11.0, 9.5, 5.0 Hz, 1H), 2.70
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(dquin, J = 7.0, 7.0, 7.0, 7.0, 1.5 Hz, 1H), 2.16 (ddd, J = 12.0, 4.5, 4.5 Hz, 1H), 1.59 (ddd, J =
12.5, 12.5, 12.5 Hz, 1H), 1.28 (dd, J = 7.0, 7.0 Hz, 1H), 1.17 (s, 3H), 1.06 (dd, J = 7.0, 4.5 Hz,
6H), 0.83 (s, 9H), 0.00 (s, 3H), -0.02 (s, 3H); **C NMR (125 MHz, CDCl3) & 168.9, 143.4, 138.9,
138.8, 130.8, 128.7 (2C), 128.1 (2C), 127.8 (2C), 127.71 (2C), 127.67 (2C), 77.4, 74.6, 73.8,
73.6, 72.1, 71.6, 70.7, 60.4, 35.2, 32.0, 25.9 (3C), 21.5, 21.0, 18.1, 14.4, 13.9, -4.1, -4.4; HRMS

(ESI) calcd for C3sHs206SiNa [M+Na] 619.3424, found 619.3425.

TBS 1. i-Bu,AlH

BnoO,, 2. TBAF, THF BnO,,, wOH _OH

o)
“ CO,Et

BnO BnO

(2R,3S,5R,6S)-5-(benzyloxy)-6-(benzyloxymethyl)-2-((Z2)-2-(hydroxymethyl)-3-
methylbut-1-enyl)-6-methyltetrahydro-2H-pyran-3-ol. To a solution of a,B-unsaturated ester
(46.0 mg, 77 pumol) in CH,Cl, (0.8 mL) was added DIBALH (1.0 M in toluene, 0.23 mL, 0.23
mmol) at —78 °C under argon atmosphere. After stirring at the same temperature for 1 h, i-PrOH,
H.0, SiO,, Celite and CH,Cl, were added, and the mixture was warmed to rt. The mixture was
stirred at rt for 1 h and magnesium sulfate was added. The mixture was filtered through Celite
pad and the filtrate was concentrated in vacuo, and the residue was submitted to the next reaction
without further purification.

To a solution of the crude was added TBAF (1.0 M in THF, 0.16 mL, 0.16 mmol) at room
temperture. After stirring for 1 h, water was added and the mixture was extracted with EtOAc.
The organic layer was washed with brine, dried over magnesium sulfate, and concentrated in

vacuo. The residue was purified by flash column chromatography (silica, hexane:EtOAc = 2:1) to
give diol (30.0 mg, 88% vyield, 2 steps). [oc]B2 +7.6 (c 1.0, CH,Cl,); IR (cm™) 3348.8, 3063.4,
3029.6, 3958.3, 2870.5, 1496.5, 1454.1, 1365.4, 1234.2, 1207.2, 1104.1, 1027.9, 903.5; *HNMR
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(500 MHz, CDCls) & 7.33-7.22 (m, 10H), 5.38 (d, J= 7.5 Hz, 1H), 4.61 (d, J = 12.5 Hz, 1H),
4.57 (d, J = 12.0 Hz, 1H), 4.52 (d, J = 12.5 Hz, 1H), 4.41 (d, J = 12.0 Hz, 1H), 4.18 (dd, J = 9.5,
8.0 Hz, 1H), 4.02 (d, J = 12.0 Hz, 1H), 3.74 (dd, J = 11.5, 4.5 Hz, 1H), 3.51 (d, J = 10.0 Hz, 1H),
3.45 (d, J = 10.0 Hz, 1H), 3.38 (ddd, J = 11.0, 9.5, 4.5 Hz, 1H), 2.41 (dquin, J = 7.0, 7.0, 7.0, 7.0,
1.0 Hz, 1H), 2.38 (ddd, J = 12.0, 4.5, 4.5 Hz, 1H), 1.66 (ddd, J = 12.0, 12.0, 12.0 Hz, 1H), 1.24
(s, 3H), 1.08 (dd, J = 7.0, 1.5 Hz, 6H); **C NMR (125 MHz, CDCls) & 151.2, 138.64, 138.58,
128.5 (2C), 128.0 (2C), 127.8 (2C), 127.7 (2C), 125.3, 77.6, 74.7, 73.9, 73.7, 71.7, 71.5, 69.3,
59.8, 35.0, 33.7, 21.7, 13.7; HRMS (ESI) calcd for Cy7H30sNa [M+Na] 463.2460, found

463.2448.

BnO,,,

BnO

(2S,4R,4aS,6S,7R,8aS)-7-(benzyloxy)-6-(benzyloxymethyl)-6-methyl-4-(3-methyl-but-1-
en-2-yl)-2-phenylhexahydropyrano[3,2-d][1,3]dioxine. Following the typical procedure, to a
solution of diol (15.0 mg, 0.034 mmol) and benzaldehyde dimethyl acetal (10 pL, 0.068 mmol)
in CH,ClI; (0.35 mL) was added rhenium(VII) oxide (0.8 mg, 1.7 pmol) under argon atmosphere.
After stirring at the same temperature for 20 h, saturated aqueous NaHCO3 was added at 0 °C,
and the mixture was extracted with EtOAc. The organic layer was washed with brine, dried over

MgSO,, and concentrated in vacuo. The residue was purified by flash column chromatography
(silica, hexane:EtOAc = 10:1—5:1) to give the product (17.4 mg, 97% vyield). [oc]B2 -1.9 (c 1.0,
CHyCly); IR (cm™) 2923.6, 1496.5, 1457.9, 1369.2, 1284.4, 1207.2, 1095.4, 1025.9, 910.2,

806.1; 'H NMR (500 MHz, CDCly) & 7.52-7.50 (m, 2H), 7.36-7.27 (m, 13H), 5.64 (s, 1H), 5.23

(s, 1H), 5.08 (s, 1H), 4.61 (d, J = 11.5 Hz, 1H), 4.58 (s, 1H), 4.46 (d, J = 11.5 Hz, 1H), 4.14 (d, J
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= 9.0 Hz, 1H), 3.86 (dd, J = 12.0, 5.0 Hz, 1H), 3.58 (ddd, J = 12.0, 9.5, 4.5 Hz, 1H), 3.54 (d, J =
10.5 Hz, 1H), 3.46 (dd, J = 9.0, 9.0 Hz, 1H), 3.45 (d, J = 11.0 Hz, 1H), 2.52 (quin, J = 7.0 Hz,
1H), 2.45 (ddd, J = 11.0, 4.0, 4.0 Hz, 1H), 1.79 (ddd, J = 11.5, 11.5, 11.5 Hz, 1H), 1.19 (s, 3H),
1.10 (d, J = 7.0 Hz, 6H); *C NMR (125 MHz, CDCls) & 153.2, 139.0, 138.6, 138.0, 129.1,
128,53 (2C), 128.49 (2C), 128.45 (2C), 127.81 (2C), 127.77 (2C), 127.7 (2C), 127.6, 126.5,
111.1, 1015, 82.2, 79.0, 76.9, 74.6, 74.1, 73.7, 71.5, 71.2, 30.80, 30.78, 23.0, 22.8, 14.0; HRMS

(ESI) calcd for C34H400sNa [M+Na] 551.2768, found 551.2775.
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Jxe-1-88
File: nme300/Eakacian/ton/ K-1-66 avb. £id

Puise Sequence: sipul

® epetitions
CRSERVE H1, 499 8563625 Mz

OH

S E

OAc

Jhk-1-66-c13

File: nesde/Zaxarian/tom/jKt-1-66e13 avp. tia

Fulse Sequence: sipul
Solvent.

9536 Mix
B, 4998388375 wiw

Fower 36 aB

on during scquisition

Ef during deley

WALTZ-16 modulated

eata pRocessING

Line brosdening 0.3 Hx

FT size 131072

Totai time 419 ne, i6 nan, 30 sac

OH

OAc

11
3.00

2.20
2.30
olEs
0.08

123
2.0
139
2.28
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con-s-138-2
OH OH
File: nara00Zakasian/oeivais/con-3-189-2 avp. £1d
.

Pudse Sequence: sZpal

he

Total time 1 min, 36 sdc

——

ces-5-159-c13

File: nmr500/zakarian/stivala/ces-5-159-c13.fid

Pulse Sequence: sZpul
Solvent: CDC13 1

Temp. 22.0 C / 295.1 K
opesator: stivala
File: o 5-159-c13
INOVA-500 “nmrserver"

Relax. delay 0.200 see
Pulse 50.0 degrees

Acq. time 1.300 sec

Width 36003.6 Hz

384 repetitions

OBSERVE €13, 125.6889531 iz
DECOUPLE H1, 499.8588575 Mz

on auring acquisition
off during delay

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Bz

FT size 131072

Total time 419 hr, 16 min, 30 sec

LI e B T
110 100 920 80 70 60 50

150 140 130 120
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can-5-185-40min

Fite: ria

Puise Sequence: s2pui
soivent: cdeld

remp. 22.0 ¢ / 2951 %
Cpazator: stivals

File: ces-5-185-4buin.avp
e ——

Rslax. delsy 8.000 sec
Pulse #1.1 degrees
Req. tine 2.732 mee

Wigth 5997.0 Hr

8 t10ns

CESERVE H1, 499 8563618 MHx
DATA PROCESIING

Live broadening 0.2 Hx

T aize 32768

Total tine 1 min, 26 sec

MTO (5 mol%) o o’L
PhCH(OMe), (2 eq) +
—_—
— O)\)v O)\Ay
1, 40 min a2 .

conversion ~45% 36:64

- . s - ,/‘f

can-8-175-3010 min

Puise Sequende: s2pui
soivant: cadia

Tesp. 2.0 / 2951 &
Cpazator: stivals

File: ces-5-178-3h10min. awp
MOVA-300  “rmrserver

Req. tine 2[732 mee
wageh 59974 nr

® cepetitiods
CESERVE H1,| 4998563621 MHz
DATA PROCESIING

Line broadeding 0.2 Hz

T nize 32760

Total eine 1 [ain, 26 sec

12.13

X X
MTO (5 mol%)
Pncn(tu"u"-),gz-q) o e + e
—_—
— OJ\)\; O)vv
1 "-ﬂ' 3 4
conversion 100% 40 : 60

3.0

T T T T T T T
10 s 7 s 4 3 2 1
3 #E R 4 338 8 38R I 353 3 T 2 8 » 3
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con-5-179-200

CESERVE H1, 495 §563618 MHx
Lice broadening 02 Hx

Total eine 1 min, 6 sec

MTO (5 mol*) oo
PhCH(OMe); (2 eq) +
—_—
e O)\/‘\ﬁ
1 n, 20n

‘conversion 100%

Ph

4

can-5-186-40min

Puise shquence: s2pui
Solvent: cdeld
remp. p2.0C [ 2951 %

® cepetitions
CESERVE| H1, 4998563618 MHx
DATA PROCESIING

Line bfoadening 0.2 Hz

T wizel 32768

Total thae 1 min, 26 sec

y 3

0.50
1.2
0.44
014

OH OH IORe0; (5 mol%)

Ph,Si
PhCH{OMe); (2 2q)

CH,Cl,
1 , 40 min

conversion 100%

- ey

2 B 1 -0 Ppm

2.3
a2
18

it
2
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cen-5-180-3n10min ™ ™ pn&s'?mgw) o)\o R 0*
. 1 i, 3h a a
: conversion 100% 87:13

ope:
File: ces-5-180-3h10min. awp
INOVA-300  “rmrssrver”

Rslax. delsy 8.000 sec
Fulse 81.1
Req. tine 2.732 mee
ek 17,4 B
8 sepetition
e 90.8303618 e
DATA PROCESIING
Live broadening 0.2 Hx
T aize 32768
Total eine 1 min, 26 sec

T T
s s 3 2 1 PPm

£ iz L]

o
0.1 ¢
o
o
1
o
3.m ]
2.2

OH OH

ces-5-180-200 Ph Ph
nss A
T * OW %ucou»,euu °J\° + o
Dulse Seqeence: sipud T— OW
 gon .

iORe0; (5 mol%)

soivent: cdord 1 3

Temp. 22,00/ 2951 K

Cperator; stivala :

File: ces-5-150-20h.awp ‘conversion 100% 96:4
e ———

Rslax. delsy 8.000 sec
Fulse 81.1
Req. tine 2.732 mee
ek 17,4 B
8 sepetition
e 90.8303618 e

3.4
0.08 ]
oo (@
0.08

420



soivent: cdeld
remp. 22.0 ¢ / 2951 %

® epytitions
CRSERVE H1, 499 8563618 MHx

Ph Ph
. OH OH (2.5 mol%) A A
[ o0 28 mor) oo . o
rite: a —_— O)\N
Puiss sdyusnce: sapu g R .
R
rep. 2.0 { 2951 % conversion 100% 80:20
Opmratod stivals
File: cas-i-15d-domin. mep
ooy i
Batax. [datay 8000 sec
Fute 111
R, e 2,792 mas
e 1937.0 ne
e pepaditisns
casnv | m1, 4988563618 ese
[rp—
Lime brosdaning 0.2 52
Pr ive 2760
Total t4ue 1 min, 26 sec
L
- - - - e -
_— N \ L P T I
T T T T T
10 9 8 ] s a 1
L * o @ ¥ o i i L,
Ph
oH oH 25 A
seraie st O)\A) PRCH(OMe); (2 €q) ey
Fite
e e ey O)\/v
Puise Sequence: s2pai 1 i, 3h 3

_J o VARY w0
T T T T T
o 9 8 [ 5 4 2 1
] 2 8% TR E- R ) LY 5 L 5

421




File: des-5-183-20havp
[ e ——

Relax| delsy 8.000 sec
Fulse 82.1

Aeq. Mine 2.732 mee

Wagth 5997.0 Hr

8 t10ns

CESERVE H1, 499 8563614 MHx
DATA PHOCESIING

Line Broadening 0.2 Hz

T miza 32768

Total fine 1 min, 26 sec

19 ® L 2 . ? e ® — 4 3 i N L1, PPR
i ! ! ! r r r i ;
a 8 8 H 8 H H T a8 3 2
Ph Ph
OH oH Re,0; (2.5 mal%) DJ"‘n oJ‘
con-s-163-21830min PhCH(OMe), (2 eq) .
—_—
Fite e )
1 1, 21h 30 min s M
Puiss Saquence: sdpui
R drait
Temp. 22.00C / 2951 &

Sperator: stivals
File: ces-5-165-21h30min. avp
IHOVA-300  “rmrssrver”

Rslax. delsy 8.000 sec
Fulse 81.1

Req. tine 2.732 mee

Wigth 5997.0 Hr

8 t10ns

CESERVE Hl, 4998563614 MHx
DATA PROCESIING

Live broadening 0.2 Hx

T aize 32768

Total eine 1 min, 26 sec

Ly ¢ g 7 . . . L 4
N o T L ¥ T T
] S ] g3 5 3 z
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Ph Ph

OH OH Re,0, (2.5 mol A A
can-5-166-21030min PhCH(OMe); (2 eq) 0" o . o "o
rie: e1a EEEr— O/!\/'\f O)\/\/
[ 1 ,21h 30 min 3 .

soivent: cdeld
remp. 22.0 ¢ / 2951 %
Cpazator: stivals

File: ces-5-166-21n30min. aup
R ——

dr.56:1

Rslax. delsy 8.000 sec
Fulse 81.1

Req. tine 2.732 mee
Wigth 5997.0 Hr

® epetitions
CESERVE H1, 499 §563610 MHx
oara

FRocRSIING
Lice broadening 02 Ez

Total eine 1 min, §6 sec

10 9 B 7 6 5 4 3

= T o, P e o -

2 ] 1A%t 8 28 3 %3

Ph j:
oH OH Re,0; (2.5 mol%)
con-8-187-21hdlmin PhCH(OMe), (2 eq) OJ\O . ]
rite: e — O/k/'v O/Ivv
1 t, 21h 40 min 3 .

Puiss Sequence: sdpul
Saivant: cdeid §
Temp. 22.0C / 295.1 K dr.9:1

® epetitions
CESERVE H1, 499 8563618 MHx
oara

b - _ [ |
ML LM 1;LAMUJ|UL__~_JLUU |

10 9 8 7 3 5 4 3 2 Ppm.
a9 (R P e - . - s [ P ——
2 E 2 LR EE] % 3 383 8 73 38 -1 3 a2z 32 5 838 8 : R
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cen-s-167
File: rme300/Takarian/ptivala/ces-3-167 svp. fid

Puiss Sequence: sdpul
Saivant: cdeid

Fila: coa-5-167.awp
HOVA-300  “rmrssrver-|

Rslax. dalsy 8.000 e
Pulse #1.1 degrees
Req. tine 2.732 mee
Wigth 5997.0 Hr

® epetitions
CESERVE Hl, 4998563614 MHx
DATA PROCESIING
Line broadening 0.2 &
T aize 32768
Total eine 1 min, 26 see

OH OH

d.r. 3:2

{

o~

e

|UU1 L

can-5-168-20bi0min

Puise fequence: s2pui
soivepe: caeid

remp_[22.0 ¢ / 2951 &
Cpazatyr: stivals

File: fea-5-168-20hi0min. aup
MoNA-§00  “rmrserver

Rslax| delsy 8.000 sec
Pulse|81.1 degrees
Req. fine 2.732 mee
wagth|5997.0 nr

® eppritions

CESERVE H1, 499 8563618 MHx
DATA PROCESIING

Live broadening 0.2 Hz

T aizg 32748

Total fine 1 min, 26 sec

PhCH(OMe); (2 eq)
TSOH (5 mol%)
—_—
CH,Cly
20 h 10 min

dr. 3:2

u' MW«

U Pem

o
0.59
168
12
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can-s-175-220

Fite:

Puise Sequence: s2pui
seivent: eded

remp. 22.0 ¢ / 2951 %
Cpazator: stivals
File: ces-5-175-22h.avp
A ——

Rslax. delsy 8.000 sec
Fulse 81.1

Req. tine 2.732 mee

Wigth 5997.0 Hr

8 t10ns

CESERVE Hl, 4998563614 MHx
DATA PROCESIING

Live broadening 0.2 Hx

T aize 32768

Total tine 1 min, 26 sec

Rez07 (2.5 mol®)

CHLCly
n22h

0.06

cen-s-183
File: nme300/Eakacisn/stivala/ces-3-103 avp. £id
Puise Sequence: sdpul

soivent: edeld
remp. 22.0 ¢/ 2951 &

1088
CRSERVE H1, 499 8563618 e

ra J v

{//

LA

{
| |
()

4 e, 3 £ P pPpm

1.0
104

425



ces-5-183-cl3
File: nmr500/Zakarian/stivala/ces-5-183-c13.swp.fid

Pulse Sequence: s2pul P
Solvent: €DC13 3
Temp. 22.0 C / 295.1 K

Operator: stivala

File: ces-3-183-cl3.swp

INOVA-500 ‘“nmrserver”

Relax. delay 0.200 sec
Pulse 90.0 degrees
Acq. time 1.300 see
Width 36003.6 Hz

2227 repetitions
OBSERVE C13, 125 6889553 MHz
DECOUPLE H1, 499 8588575 MHz
Power 36 dB

on during acquisition
off during dela;
WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 H:
FT size 131072

Total time 419 hr, 16 min, 30 sac

140 130 120 110 100 920 80 70 60 50 40 30 20 Ppm

con-3-234-noe NOE 6.6% NOE 9.4%
File: nmes00/Eaxarian/stivals/ces-3-234-noe. svp. fid

Pulse Sequence: cyclence
Sodvent: cdeld

Temp. 32.0C / 2351 K
oparator: stivala

File: ces-3-234-nce. avp
INOVA-300 "mmsserves”

malax. delay 10.800 sec

Pulse 61.1 degress

Mixing 9.000 mec

Acq. tine 3.732 mes

Wigen 5997.0 Hr

16 repotitions

CBSERVE Hl, 4998563610 Mie
PROCESSING

4 B ctie. P
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NOE 2.4%

cn-s-34noe
NOE 8.7%
rite: Tew
e ol
P o
Temp 2200C /2951 K \
NOE32%
NOE 2.9%
16 sepatitions
cnceam i, 499.8565610 ke
e
Line nrossening 0.2 e
1 eire 3768
Dot cimm 3 ain, 43 s
e — -
i il _Jﬁ
Y Al = |
T T T
" 6 | 4 3
een-5-234-noe PRNFIRON:
File: NOE 11.5%
Puise saquance: epeianse
P
Temp. 22.00C / 2951 &
NOE 27%
16 sepatitions
cnceam i, 499.8565610 ke
e
Line nrossening 0.2 e
1 eire 3768
Dot cimm 3 ain, 43 s
- W o
ek J I e
ML AL e Vi |
1
—
3 % 3 R
d ¥ g &
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196-a

File: rme300/Zakarian/stivala/ces-3-196-a. mwp. fid

Pulss Sequence: s2pul

Relax. delay §.080 wes
Pulss 81.1 degress
Aoq. tine 2.732 mes
widtn 5997.0 ms

3681wz

Total tine 1 min,| 26 see

ces-5-1%6-a-cl13

File: nmr500/Zakarian/stivala/ces-5-196-a-cl3.swp.fid

Pulse Sequence: s2pul

Solvent: CDC13
Temp. 22.0 C / 295.1 K
Operator: stivala

File: ces-5-196-a-cl3.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees

Acq. time 1.300 sec

Width 36003.6 Hz

1277 repetitions
OBSERVE C13, 125.6889493 MHz
DECOUPLE H1, 499.8588575 Miz
Power 36 dB

on during acquisition

off during delay

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 419 hr, 16 min, 30 sec

150 140 130 120 110

428




NOE 4.3%

NOE 3.6%
16 sopot st fons
onsmrve ], 4999363621 oie
enoces{ru
sng 8.2 be
o7 aize 327de
Total tine 42 ain, 20 sec
— g
=
| l A l
y | T
L ‘ T \P
7 6 ‘_ 3 1 ppm.

can-5-1%6-noe
File: nmed00/EaXacian/stivale/ces-3-196-n08. swp. £1d

Puise Sequence: sycience
Solvent: cdeld

remp. 22,00 / 2951 %
Cpazator: srivals

File: cos-

aowA-300

Total tine[22 min, 20 sec

A

NOE 2.8%

429




can-s-200

File: rme300/Zakarian/stivala/ces-3-200. svp. fid

Pulss Sequence: s2pul

Sodvent: caeid
Tesp. 22.0C / 2951 K
Cperator: stivala

INOVA-300  “nmrservest

Relax. delay §.080 wes
Pulss 81.1 degress
tine 2.732 mes

B R a |l

ces-5-200-c13
File: nmr500/Zakarian/stivala/ces-5-200-c13.swp.fid

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala
File: ces-5-200-e13.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees

Req. time 1.300 sec

Width 36003.6 Hz

491 repetitions

OBSERVE C13, 125.6889532 MHz
DECOUPLE H1, 499.8588575 Mz
Power 36 dB

on during acquisition

off during delay

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 131072

Total time 419 hr, 16 min, 30 sec
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can-5-200-noe

rite

Puise Sequence: sycience
Solvent: cdeld

remp. 22.0 ¢ / 2951 %
Cpazator: stivals

File: ces-5-300-nce. avp
e ———

16 repetitions
COSERVE M1, 4999363619 Wiz
DATA FROCESSING

NOE 11.4%

" 1 I poan
o e Wyt v
8 7 [ 4
NOE 2.7%
S

Puise Sequence: sycience
Solvent: cdeld

remp. 22.0 ¢ / 2951 %
Cpazator: stivals

File: ces-5-300-nce. avp
e ———

16 repetitions
COSERVE M1, 4999363619 Wiz
DATA FROCESSING

" ™

NOE 2.5%

431




NOE 28%

4 \
NOE124% "
H

432

[UR—
rize:
PMP o
H \
NOE 2.6%
16 repatitians
cnsEam 3, 4999363610 ste
oarh FRocesaie:
Line beoadening 3.3 e
Hagerfiprere
Totai tine 32 ain, 20 sec
] e v
MMWMWLWWWMD r ; J-"*_M*—
‘ | ! [l
8 7 4 3 2 1 ppm.
con-s-a022
Ph,
File: rme300/Takarian/stivala/ces-3-302-2 swp fid }_o o
R — d \/\\)L
sotvent: sdets
Temp. 22.0 0 / 2951 K OEt
1Tr \ -
. v U | u_.L.-_“ b
T T T T T
B A i : 5 6 5 P i 4 " i 2 1 PPm
" . — ey . ——
R N T 5 3 8 g 12 %



con-g-22-22-2
File: rmrs00/Takarian/stivalelces-6-22

Puise Sequence: s2pui
soivent: edeld

remp. 22.0 ¢/ 2951 &
Cpazator: stivals
File: cos-6-32-12-2.0vp
MONA-300  “mmrserver

1088
CRSERVE  H1, 499 8563621 Mux

Fe2-2.oep. £1a

-~

L

O}:j\/\j\oa

T T T T T
’ . k. t i & 3 2 1 Ppm
T b T T T - $ = T T
© 2 ] g g8 E g =z 5
R
Fiie: mea00/Eaxac| ot tvaiacus-3-200 o 15

Pulse Sequence: sdgui
soivent; cderd
Temp. 2.0/ 2941 K

Fila: cos-5-204.swp
HOVA-300  “rmrssrfurt

563614 MEe
25

WML

vl

T
: ; ’ S T 3 i 2 ; ppm
s 9 F s 3¢ 3 3w g :
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can-s-208

File: rme300/Zakarian/stivala/ces-3-208. svp. fid

Puise Sequence: szpa1 0" "o

pr—— o L L~
T wxoe s

Cperator: stivala

Relax. delay §.080 wes
Pulss 81.1 degress
Aoq. tine 2.732 mes
widtn 59970 ns
repatitions

ces-5-208-c13
File: nmr500/Zakarian/stivala/ces-5-208-c13.swp.fid

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala
File: ces-5-208-e13.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees
Req. time 1.300 sec
Width 36003.6 Hz
1432 repetitions

OBSERVE C13, 125.6889600 MHz

DECOUPLE H1, 499.8588575 Miz
Power 36 dB
on during acquisition
off during delay
WALTZ-16 modulated

DATA PROCESSING
Line broadening 0.5 Hz

FT size 131072

Total time 419 hr, 16 min, 30 sec

150 140 130 120 110 100 90 80 70 60 50 40 30 20
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NOE 8.2%
con-s-213-00m \
Fite: WoAH
S — )
P—— o H
Temp. 22.0C / 295.1 K
N Il w

16 repetitions
COSERVE M1, 4999363619 Wiz
FROCESSING

_

NS LB :

NOE 1.8%

190,90

can-5-213-noe

Fite:

Puise Sequence: sycience
Solvent: cdeld
remp. 22.0 ¢ / 2951 %

16 repetitions
COSERVE M1, 4999363619 Wiz
FROCESSING

435



NOE 1.8%

cas-8-213-nn
NOE 7.8%
Fite:
16 repotitions
CHSKRVE 1, 499, 9363618 Make
oaTa PROCESSING
Line brosdening 0.2 ke
T aize 32768
Total tine 26 min, 48 sec
4 - = ——
ﬂ-......\‘ ,,_JM-\— -
T T T ‘ T T
8 7 6 s 4 3 2
-
cen-$-204-2 PMP
i o
Puise Sequence: s2pdl +
=
= 85:15 ratio

3618 M

~0.0 B2

e

i % £ . ol . . 2 2
] s B 1 18 338 g E %
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ces-5-244-c13

File: nmr500/Zakarian/stivala/ces-5-244-cl13.swp.fid

Pulse Sequence: s2pul
Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala
File: ces-5-244-cl3.swp

INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees
Acq. time 1.300 sec
Width 36003.6 Hz
417 repetitions
OBSERVE Cl3, 125.6889602 MHz
DECOUPLE H1, 499.8588575 MHz
Power 36 dB
on during acquisition
off during delay
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072

Total time 419 hr, 16 min, 30 sec

PMP

85:15 ratio

con-3-244-noe

File: nmes00/saxarisn/stivais/ces-5-24

row. swp. £13

Pulse Sequence: cyclence
Sodvent: cdeld
Temp. 32.0C / 2951 K

INOVA-300 "mmrserves

malax. delay 10.800 sec
Pulse 61.1 degress
Mixing 9.000 mec

=
7
2
.

NOE 8.2%
NOE 5.6%

£
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can-5-244-noe
File: nme00/Eakbeisn/stivalelces-3-244-n0w. swp. £1d

Puise sequence: fycience
Solvent: cdeld
Tesp. 22.0C / 951 K

Aoy vine 2.732|mee
wigtn 5997.0 Ms

COSERVE M1, 4999363619 Wiz
FROCESSING

Rasoi. snhancemsnt ~0.0 Hz
PT atze 32768
Total tine 33 mih, 43 sec

I

NOE 2.5%

NOE 10.4% \
T H

can-5-244-noe
File: nme00/Eakbeisn/stivalelces-3-244-n0w. swp. £1d

Puise sequence: fycience
Solvent: cdeld
Tesp. 22.0C / 951 K

Aoy vine 2.732|mee
wigtn 5997.0 Ms

COSERVE M1, 4999363619 Wiz
FROCESSING

Rasoi. snhancemsnt ~0.0 Hz
PT atze 32768
Total tine 33 mih, 43 sec

103

E

H
PMPTN O Me
LI \
NOE 4.0%
"
il
T
4 3
H
NOE 5.4%
NOE 21.4%
"'v";xl o .
1 T
4 I 3

n.4
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can-5-244-noe

remp. 22.0 ¢ / $35.1 %

Fila: coa-5-24d-bow.avp
IHOVA-300  “rmrasrver:

Rslax. delsy 10600 sec

COSERVE M1, 4999363619 Wiz
Rasoi. snhancemsnt ~0.0 Hz

Total tine 33 mif, 43 sec

S

NOE 3.7% NOE 2.7%

MMM

A o o fresti} Ay ot
T T T
7 It 3 z 1 ppm
can-8-300-2
File: nm300/Eaxacien/stfvale/ces-3-300-a. mup. £id OH

Puise sequence: s2pul
Selvent: cdeil

File: cos-5-300-a.awp
IHOVA-300  “rmrssrver”

CRSERVE  H1, 499 8563610 Mux

1.5
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ces-5-300-a-cl13

File: nmr500/Zakarian/stivala/ces-5-300-a-c13.swp.fid
Pulse Sequence: s2pul

Solvent: CDC13 OH
Temp. 22.0 C / 295.1 K NHCBz

Operator: stivala

File: ces-5-300-a-c13.swp
INOVA-500 "nmrserve:

Relax. delay 0.200 sec
Pulse 90.0 degrees

Acq. time 1.300 sec

Width 36003.6 Hz

1771 repetitions

OBSERVE C13, 125.6889569 MHz
DECOUPLE H1, 499.8588575 MHz
Power 36 dB

on during acquisition

Off during delay

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time 419 hr, 16 min, 30 sec

con-6-16-2

PMP

File: nmes00/Eaxbrian/stivais/ces—6-16-2 svp. £ia

Pulse Sequence: papul
Sodvent: cdeld

9563610 Wiz

6.2 82

Total tine 1 min| 26 see

7 6 2 5 4 3 2
ER- 1 2 g a8 7 H 2 3 L] H 2
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ces-6-16-cl3
File: nmr500/Zakarian/stivala/ces-6-16-c13.swp.fid

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala
File: ces-6-16-cl13.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees

Acq. time 1.300 sec

Width 36003.6 Hz

358 repetitions

OBSERVE C13, 125.6889564 MHz
DECOUPLE H1, 499.8588575 MHz
Power 36 dB

on during acquisition

off during delay

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time 419 hr, 16 min, 30 sec

ath-1-034-Tepurified-10

Fuie:

Pulse Sequence: sZpul

Solvent: odeld
Temp. 2.0 C / 2951 K

or: Berma
File: ath-1-034-repurified-10
INOVA-300  "nmrserver

Ralax. delay 2.000 sec
& "

Line broadening 0.2 Br
¥T sise 32760
Total tine 1 min, 3% see

OH

OAc
NHCBz

5 4
LI 5 gz
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ath-1-034-repuritiss

Fide: f1a

Pulsa Saquanca: s2pul

Soivant: cocad

File: ath-l-034-repurifisd
INOVA-500 “mmrsarvar®

Felax. dslay 0.200 sec
Pulse 50.0
tina 1.300 sec

DECOUPLE K1, 4958388575 MRz
Fowar 36 4B

on during asquisition

aff auring dalay

WALTZ-16 modulated

DATA PROCESSING

Line Brosdening 0.8 Hr

T s1ze 131072

Total tine 413 hr, 16 min, 30 sec

OH

OAc
NHCBz

cas-s-208-2
File: nmr300/Zakagian/stivale/oes-3-200-2 swp. £id

Pulss saquanca: sdpul
Soivant: camid
Tesp. 22.0 € / 2951 K

operator: stis

File: cas-g-21
movA-300 "

Felax. dslay 8,000 sec

cnsERvE  m1, 4958363610 Mz
Line brosdening 4.3 Hx

Total vina 1 min, 6 sec

140

OH

OH

NHCBz

I rr

|
A n

60 40

A S

N g'w-"‘uu{"‘pg _—

S
I\

R T R W SIS, o e AVANE
T T
7 6 5 a 3 2
. — A — . 5 5
S 2 g 3 5 3 3 2z 3 2 2 F

442




ces-5-288-cl3-mech
File: nmr500/Zakarian/stivala/ces-5-288-cl3-mech.swp.fid

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala

File: ces-5-288-cl3-mech.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees

Acq. time 1.300 sec

Width 36003.6 Hz

2283 repetitions

OBSERVE C13, 125.6892796 MHz
DECOUPLE H1, 499.8588575 MHz
Power 36 dB

on during acquisition

off during delay

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 131072
Total time 419 hr, 16 min, 30 sec

OH

NHCBz

OH

cen-5-292-3
File: nmrs00/Zakarian/stivala/ces-3-292-3. avp. 16

Pulse Sequence: sZpul
Solvent | odo1d
2.0/ 251K
Operator: stivala

File: ces-5-292-3 . awp
IHOVA-300

Relax. delay 1.000 sec
Pulse 81.1 degrees
Acq. tine 2.732 sec
width 59970 nx

Total tine 0 min, 4 sec

10.43

443

PMP
0o
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ces-5-292-c13-2
File: nmr500/2Zakarian/stivala/ces—5-292-cl3-2.swp.£fid

Pulse Sequence: s2pul

Solvent: CDC13

Temp. 22.0 C / 295.1 K
Operator: stivala

File: ces-5-292-c13-2.swp
INOVA-500 "nmrserver"

Relax. delay 0.200 sec
Pulse 90.0 degrees
Acq. time 1.300 sec
Width 36003.6 Hz
1327 repetitions
OBSERVE C13, 125.6889564 MHz
DECOUPLE H1, 499.8588575 MHz
Power 36 dB
on during acquisition
off during delay
WALTZ-16 modulated
DATA PROCESSING
Line broadening 0.5 Hz
FT size 131072
Total time 419 hr, 16 min, 30 sec

PMP
[ ]

NHCBz

=

160 140 120

cas-5-292-non

File: nmrso0/Iakarian/stivala/ce

2W3-noe. swp. £1d
Pulse Sequance: cyslence

Solvent: edeld

Temp. 2.0 C / 2951 K

oparator: stivala

5-292-n0m. #np.
INOVA-300 "mmrserves

metax. deiay 10.080 ses
Palse 81.1 degress

——ip000

444




NOE 0.7%

cua-5-292-noe

NOE1.1%

File: nard00/Zakarian/stivale/oes-3-292-noe. sp. £id

Pulse Sequeance: cyclsnce PNF :

Solvent: edeid
Temp. 2.0 C / 295.1 K

NOE 3.0%

Total tine 1 br, 20 min, 23 sec

7 ” [ I
8 7 6 s ‘I‘ a 3 2 ppm
|
LA - :
|
NOE 2.2%
NOE 15.2%
cwa-5-282-n0e

File: nard00/Zakarian/stivale/oes-3-292-noe. sp. £id

PMP
[——

Solvent: edeid
Temp. 2.0 C / 295.1 K

NOE 3.5%

Total tine 1 br, 20 min, 23 sec

1329
3
B

445



cua-8-203-b-2

File: nars00/Zakarian/stivale/ode-3-202-b-2. sp. fid

TBDPSO’Y\/\/\
Puise saquance: s2psi

Y S

—_— ] (. s s JJ\J JML 'LJJU\ | A M

T
8 i i 7 [ 5 3 2
T 3 t = H H r T8 & 5 2s
it
Tide: pmrs00/2akarian/stivaia/oen-3-202-b-c13. evp. 114 PMBO OH
Pulse Sequence: s2pul :
TBDPso’\r\/\/\
Docoowia i1, AP, Fama3Td e
il
= aciay sapustiion
e i
et
=
pyadectorsre TN
s s
R s vk
|
L J\ i i L
T T T T T
160 140 120 100 80 60 40
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cun-8-294

File: rars00/Zakarian/stivale/ces-p-294. mp. fid

Puise Sequance: s2pul

Solvent: edeid
Temp. 2.0 C / 2951 K

Totsl vine 1 in, 26 sec

Tsnpso’\r\/\/\

AL .
B8 7 6 4 3
8 85 3 3 2 2 313 85 3
PMP
cns-s-234-e13

File: nar300/Zakarian/stivale/oes-3-204-c13. sp. £id

Pulse Saquence: sipul
solvent: coc13

Temp. 2.0 C / 2951 K
oparator: sta

i1

Ralsx. aslay 0.200 sec
Fulee 50.0 degress

tine 1.300 see
widtn 360036 He
1083 repetitions
1256885531 M
DECOUPLE W1, 493.8388373 Miix

Total tine 413 he, 16 min, 30 see

~~

TaDPso’\I/W\

447

P JJ"

A
|
|
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cas-3-294-noe.
File: nars00/zaxarian/stivala/ces-3-294-n0e. swp. £id
Pulse Sequence: cyclados

Solvant: cdeld
Temp. 22.0C / 295.1 K

File: ces-5-294-nce.swp

Relax. delay 10.000 gec
Pulse 81.1 degrees

Mixing 0.000 see
Acq. time 2,732 sec

tione
ORSERVE W1, 499.8363610 Mz
G

NOE 9.2%

NOE 8.9%

=
Il m " o1
vy . Ny Y i
T T
q ] | 6 ‘. 3 2 l[
b
-
PMBO OH

con-3-291

File: rmcs00/Zaxarian/ativala/ces-3-291 swp. tid

Pulse Sequence: s2pul
sovent: ederd

File: ces-5-291.avp
INOVA-300 “nmrserver”

Pulse 81.1
Req. tine 2.732 sec

width 5997.0 Bx

5 repetitions
OBSERVE M1, 4998563614 sz
DATA PROCRSSING

Line broadening 0.2 Hx
FT wize 32768
Total tine 1 min, 26 sec

Relax. delay 8.000 sec
degrees

TBDPSO/Y\/\/\/\OAC

) JMT
AR

J A L

p — - T T
8 7 6 4 1
: 2a £ g ¥ 3 g2 sR38 2 2¢L 5§ EdE
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cua-s-291-e13

File: nard00/Zakarian/stivale/oes-3-291-c13 swp. £id

| 125 6889586 M
. 499.0380573 s
on during acquisition

ot auring dslsy

WALTZ-16 modulated
DATA PROCESSING

Line Brosdaning 0.5 hr

T s1ze 132072

Total tine 413 he, 16 min, 30 sec

140

cua-s-298

File: nass00/Zakarian/stivale/oes-3-293. swp. £1d

y
J
Jf fjff Fy srr)r

|y | ‘

1.96
9

3 2
NP i PR PR
g2 2 8353 z g 3 2§ 2
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cua-5-295-213
File: nar300/Zakarian/stivale/oes-3-293-c13 sp. £id

uise saquence: szpsi
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-5-235-cl3.wp
IHOVA-500  “nmrwarver®

Ralsx. aslay 0.200 sec
Fulee 50.0 degress

OBSERVE C13, 1256889547 MHx
DECOUPLE W1, 4998388373 Mz

Line Brosdaning 0.5 hr
T s1ze 132072
Total tine 413 he, 16 min, 30 see

TBDPSD/\‘/\/V\/\OH

)

cun-g-i-2
File: nass00/Zakarian/stipale/oen-6-1-2. swp. £1d

uise saquence: szpsi
Solvent: edeid

Temp. 2.0 C / 2951 K
operator: stivals

File: ces-g-1-2.awp
IHOVA-500  “nmrmarver~

Ralsx. aslay 6.000 sec
Pulse 81.1

heq. tine 2.732 see
widtn 5997.0 #e

p
o VA
[ I]{TRT
. _— ‘ .
8 " 5 b 7 .‘ {5
A ;l :‘ a =. & 8 8

100 80

i SIL 5

450
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o St

File: nass00/Zakarian/stivale/oes-6-1-c13 swp. €44

uise saquance: aZpsl
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-g-1-cl3.awp

IHOVA-500  “nmrmarver®

Ralsx. aslay 0.200 sec
Ful

tine 1.300 see
Widtn 36003.6 He

1425 repetitions
OBSERVE C13, 1256889547 MHz
DECOUPLE W1, 4998388373 Mz

Total tine 413 he, 16 min, 30 see

NOE 11.3% NOE 10.3%
cus-6-1-now

File: nars00/Zakarian/stivale/oes-6-1-noe £1d

uise sequance: cyciense
Solvent: edeid
Temp. 2.0 C / 2951 K

Total tine 1 bx, 2 min[33 ses

&

0.3
1.30

451



cus-i-l-now
File: rars00/Zakarian/stivale/ces-6-1-noe fid
Puise Sequance: cycience

Selvant: cdsi3
2.0 ¢/ 2851 K

Aeq. time 2.732 sec
wiatn 5997.0 s
16 repetitions
ONSERVE M1, 4998363614 Mz
DATA PROCESSING

Total tine 1 bx, T min, 33 ses

1
s

—_—

452

)
Y ekl - s e — il
s e s . Ay A Ao g sl o 2 e o
T T T it T r
7 6 ” s a 3 ppm
L
NOE 4.9%
NOE 14.6% \
e N
H " NOE 7.8%
File: pmrs00/akarianlativala/con-6-1-noe. £id 1 Py
POV
ot canis
e e O

w520 memacrac]
i, antay 16080 oo
reio 61
Miming 800
o vime 3753 sac
Ay dfod
1 mpttuion
ONSERVE M1, 499 8363614 Mz
hn eaccaatine
i Seosdaning .2 1
g
ot tina 1 b, 2 aidy 33 0

e - Vs e

1
il - — - i\ i
il ol F ,‘ | e ol /P r
T i T
s ppm



INOE 3.2%
NOE 14.1%
cwa-t-1-now
File: nmrs00/Zakarian/stivais/ces-6-1-nos. tid
Puise Sequance: cysiense

Solvent: edeid
Temp. 2.0 C / 295.1 K

NOE 2.7%

Ralsx. aslay 10.000 sse

Fulee #1.1 degrees

Mixing 0.000 see

Aeq. time 2.732 sac NOE 3.0%

wiatn 5997.0 s

16 repetitions

ONSERVE M1, 4998363614 Mz
FROCESSING

Total tine 1 bx, T min, 33 ses

— ——

bl TR
e i) e} ey

14.30
2

PMB OH

cus-s-203-a

TBDPSO

File: nass00/Zakarian/stivale/oes-3-qF3-s swp. €34

uise saquence: szpsi

Solvent: edeid

Temp. 2.0 C / 2951 K
rator: stivala

File: cas-5-283-a.avp

IHOVA-500  “nmrmarver®

Ralsx. aslay 6.000 sec
Pulse 81.1

heq. tine 2.732 see

widtn 5997.0 #e

8 repetitions

OBSERVE K1, 4958363610 MHz

IE S Sl S o

|

) [ _ S e v

3z 2 H ] H H] H 3 =3
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cua-5-282-a-c13

OBSERVE C13, 1256889575 MHx
99.0580573 Mk

Total tine 413 he, 16 min, 30 see

160 140 120 100 80 60 a0 20 PPm

PMP

cua-5-293

File: nass00/Zakarian/stivalefoes-5-293. swp. £1d

Puise Saquance: s2pui

s [a— 7 € o L 3 |‘ PR 3 . n 2
— : : e o T
] a3 -] 8 8 5 2 2 3 3 3 ] 2z

454



cus-8-283-213

File: nars00/Zakarian/stivale/oes-3-293-c13 swp. £id

uise saquance: aZpsl
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-5-233-cl3.ewp
I S ——

Ralsx. aslay 0.200 sec
Ful

tine 1.300 see
Widtn 36003.6 He
1154 repetitions
1256885531 M I
DECOUPLE W1, 493.8388373 Miix

Total tine 413 he, 16 min, 30 see

NOE 3.9%, 1.9%
ces-3-293-noe

NOE 9.0%
File: nmrs00/Zakarian/stivala/ces-3-293-noe. swp. £id

Pulse Sequence: eyclence)

Total tine 1 hr, 29 min, |22 sec
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con-3-293-noe
File: rmrs00/zZararian/stivala/ces-3-293-noe. swp. f1d

Pulse Sequence: cyclemse
Solvent: oderd
Temp. 22.0 C / 295.1 K

Operator: stivala

File: ces-3-291-noe.swp

INOVA-300  “mmcserverd

Ralax. dalay 10.000 sec
Pulse 411 degrees
Mixing 0.000 sec
Acq. time 2.732 sec
wiatn 3997.0 ux
32 repatations

CMSERVE M1, 4990363610 wix

oama
Line brostening 0.2

T size 32768

Total tine 1 hr, 29w, 22 see

NOE 4.1%, 3.8%

NOE 14.1%

cua-3-290
Fide: nmrs00/Zaxarian/etivaie/cen-5-200. sp. £id

Pulse Sequence: s2pul
sotvast:

caca3.
Temp. 23.0 C / 2851 K

14.08

k] ® 2 g B
q{ F é i a

TBDPSO OAc
s ra
T
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cua-8-290-13
File: nar300/Zakarian/stivale/oes-3-290-c13 sp. £id

uise saquence: szpsi
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-5-230-c13.awp
IHOVA-500  “nmrmarver®

Ralsx. aslay 0.200 sec
Fulee 50.0 degress

OBSERVE C13, 1256889619 MHx
DECOUPLE W1, 4998388373 Mz

Line Brosdaning 0.5 hr
T s1ze 132072
Total tine 413 he, 16 min, 30 see

|

160 140 120 100 80 40 20 ppm
ceaans PMBO OH
File nms300/Zakarian/stivala/ces-3-29 swp fid =
Tsnrso’\l/\/\/\/“on
Pulse Sequence: sIpsi
S
Temp. 22.0 C / 295.1 K
e thal i
Kol
Lot B
Sian,sdsias i oo
e
Pyl e oy
s St
ppsdiotlid
e
i
e et
i
by
P
‘l( ( / f J
_ S NS SL S S
‘ ,l fl I
B ) \. A AN~ NN SR
8 " a1 i 8 . 2, . f ppm
8 22 2 2 H g : 5 8§ z 533
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cua-5-299-13
File: nars00/Zakarian/stivale/oes-3-299-c13 swp. £id

Puise Saquance: s2pui
Seivent: coci3

OBSERVE C13, 1256889557 MHx
99.0580573 Mok

Total tine 413 he, 16 min, 30 see

PMBO OH

TBDPSO OH

I” d |

180 140

cua-i-2

File: rars00/Zakarian/stivale/ces-6-2.swp fid

Puise Saquance: s2pui

S

LWL

-/

100 80 &0 a0 20

C N
——t
i
(CL

A

0.68
5
¥

1.00
o

T
L \u‘ . 3 IAz 1

T o T T
T 2t H t s H - z
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cua-g-2-e13
File: nas300/Zakarian/stivale/oen-6-2-c13 swp. €44

uise saquence: szpsi
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-g-2-cl3.awp
IHOVA-500  “nmrwarver®

Ralsx. aslay 0.200 sec
Pulse 50.0

OBSERVE C13, 1256889569 MHx
DECOUPLE W1, 4998388373 Mz

Total tine 413 he, 16 min, 30 see

459

|
. ——t — : - y ' it i
150 140 130 120 110 100 90 80 70 &0 50 a0 30 20 10
conbet0-2
Pike smeo00/taracion/ st ivala/ens--10-23. ovp. 414
Pulse Sequence: s2pul
gz
N300 maceervec
widen 39970 B
* opetition
cosmve  B1, 499.8563610 sme
Dara paccesan
Line brosdaning 0.3 s
7 aine 32768
Total Sime 3 min, 26 sec
A
| /
(r . / B ; i
[ [ ’ r f I
4 JJ J v S/ SIS S §
R MW M 1 FY.v WY VY, G S | W
J R s — i 2 1
2 g2 F- 2 1 2 2 2 833 afra 2 S &5



cua-g-geid-2
File: rars00/Zakarian/stivale/ces-6-9-c13-2. sp. fid

uise saquance: aZpsl
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-g-3-cl3-2.awp
e S ——

Ralsx. aslay 0.200 sec

OBSERVE C13, 1256889569 MHx
DECOUPLE W1, 4998388373 Mz

Total tine 413 he, 16 min, 30 see

MBzO OH

TBDPSO/Y\/\/\/\U H

cua-i-34
File: rars00/Zakarian/stivale/ces-f-30 swp.Fid

Puise Sequance: s2pul

Solvent: edeid
Temp. 2.0 C / 2951 K

T

L, L, G, (R— T |
8 7 6

60 a0

Ph

Al 3 2
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cua-g-34-e13

Fide

Puise Sequance: sdpsi TEDPSO/j/W\/
Salvant: cocas

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-g-34-cl3.awp
IHOVA-500  “nmrmarver-

Ralsx. aslay 0.200 sec

OBSERVE C13, 1256889547 MHx
DECOUPLE W1, 4998388373 Mz

Total tine 413 he, 16 min, 30 see

160 140 120 100 80 &0 40 20
NOE 9.4% NOE 8.3%
cnn-b-34-a-non
Tile: nmeS00/2akarian/ptivaia/ces-6-3i-a-nou. svp. £48 omBz
Puise sequence: cycisnbe R= —

Selvant: cdsi3

610 s

Total tine 4% min, 3 sho

N
\

-100.00,

461



NOE 12.2% NOE 2.7%

cun-G-34-a-nom
File: emrs00/Eakarian/ftivala/cen-6-3i-amno. sp. £4d
Fuise sequance: cysients
Soivent: edeid L OTBDPS
22.0 ¢/ 2951
NOE 7.2%
Aeq. tine 2.132 sac
Wit 39370 ue
16 rapatitions
oNSKRVE W1, 4958363018 sks
oKTA PROCESSING
Line Broatening 0.2 iy
T size 32168
Total tine 48 min, 3 s
- W o
FPPTTRT] Y. TPy ™ "
| PR P
I J L T
5 { a 3 pPpm
] 32 b 5 H
NOE 11.0% NOE 3.4 %
cun-G-34-a-nom
File: nmrs00/zatarian/stivala/ces-6-i-a-nou sup, £id
OMBz
Fuise saquence: cysience - \J\/\
PR——— A oteoes
zmoc/aes1K s
Aeq. tine 2.132 sac
Wit 39370 ue
16 rapatitions
CNSKRVE W1, 4958363618 bks
oKTA PROCESSING
Line Broasening 0.2 s
T size 32168
Total tine 48 min, 9 sec
i —
T T "I\ T
3 2 1 pPpm
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cua-g-34-n

File: nas00/Zakarian/stivale/oes-6-Di-b awp £1d

Pulse Saquence: sipul
Solvent: edeid
Temp. 2.0 C / 2951 K

e ]
File: nas300/Zakarian/stivale/oen-6-34-b-cl3 swp.£44

uise saquance: aZpsl
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cos-g-34-b-cl3.awp
IHOVA-500  “nmrwarver®

Ralsx. aslay 0.200 sec

OBSERVE C13, 1256889813 MHz
DECOUPLE W1, 4998388573 Mz

Total tine 413 he, 16 min, 30 see

,/

I

4 47

N

o
"
1.3
117
0.28

|

g g = 2 ) 3
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ath-1-031

File: nass00/Zakarian/stivale/athe1-037 svp. £1d

Puise Sequence: sZpul

Solvent: edeid
Temp. 2.0 C / 295.1 K

9 8 7 6 5 4 3 2 1 ppm
H & BRER ® 2 a2 s 21 a ags = 1 A a E 2 =2g=x

ath-1-031-e13

File: rar300/Zakarian/herraa/ath-1-037-c11, Fid

Pulse Sequence: sipul

solvant: coci3

Temp. 2.0 C / 2951 K
tor: herma

Ralsx. aslay 0.200 sec
Pulse 50.0

tine 1.300 see
Wigtn 36003.6 He
892 zepetitions
OBSERVE C13, 1256889538 MHz
DECOUPLE M1, 4998388373 Mz

Total tine 413 he, 16 min, 30 see

464



cua-1-13-puritfied-a
File: nas300/Zakarian/bescns/ces-1-19-puritied-a €44

uise saquence: szpsi
Solvent: edeid

Temp. 2.0 C / 2951 K
operator: berme

File: cas-l-13-purifisd-a
IHOVA-500  “nmrmarver®

Ralsx. aslay 2.000 sec
Fulee #1.1 degrees
heq. tine 2.732 see
widtn 5997.0 #e

OBSERVE K1, 495 8363614 MHx

Totsl tine 3 min, 10 sec

cus-g-18-a-eid
File: rars00/Zakarian/herraa/ces-6-19-a-cid. tid

uise saquence: szpsi
solvant: coci3

Temp. 2.0 C / 2951 K
operator: berma

File: ces-g-13-a-ci3
IHOVA-500  “nmrmarver~

Ralsx. aslay 0.200 sec
Fulee 50.0 degress

OBSERVE C13, 1256889536 MHz
DECOUPLE M1, 4998388373 Mz

on during acquisition
ot auring dslsy

WALTZ-16 modulated

DATA PROCESSING

Line Brosdaning 0.5 hr

T s1ze 132072

Total tine 413 he, 16 min, 30 see

180 160 140

465
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P T
File: nars00/Zakarianfstivale/cen-6-19-a-noe swp. €44
Puise Sequance: cyciemse

Selvant: cdsi3
2.0 ¢ /2851 K
wala

Total tine 30 min, 16 sec

NOE 8.0%

NOE 9.4%

'OTBDPS

T T n | 1
7 6 I s a 3 2 PPm
|
NOE 2.9%
cua-g-19-a-noe

File: rars00/Zakarian/ftivale/ces-6-19-a-noe swp.£id

Puise Sequance: cycients

Selvant: cdsi3
22.00c /2851
10

Aeq. time 2.732 sec
wiatn 5997.0 s

12 repetitions
OBSERVE M1, 4998363410 Mz
DATA PROCESSING

Total tine 30 min, 16 fec

NOE 11.0% ——”‘;

OMBz
OTBOPS

10.96 |
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P
File: nars00/Zakarian/stivale/ces-6-19-a-noe swp. €44
Puise Sequance: cycience

Solvent: edeid
Temp. 2.0 C / 295.1 K

ONSERVE M1, 4990363610 Mz
EssING
Line Brosdaning 0.2 #a

Total tine 30 min, 1 fsec

NOE 3.2%
NOE 10.4%

Plljlvo '

OMBz
" R= —'\J\/‘omons

cua-6-13-puritied-b

File: nas300/Zakarian/besces/ces-6-19-puritied-b feia

uise saquence: szpsi
Solvent: edeid

Temp. 2.0 C / 2951 K
operator: bermme

File: cas-g-13-purifisd-h
IHOVA-500  “nmrmarver®

Ralsx. aslay 2.000 sec
Pulse 81.1

10.38

s sSS e LSS S

Jo ) MJIJ‘IL,'\ N IUU\L\JMJ_ JLUI e

0.03

5 4 3 2 1 ppm
R g8 282 H Es 8 rR2 2 ar
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e ]
File: rars00/Zakarian/herraa/ces-6-19-b-ci3. fid

Puise Sequance: s2pui

OBSERVE C13, 1256889547 MHx
DECOUPLE M1, 4998388373 Mz

on during acquisition
ot auring dslsy

WALTZ-16 modulated

DATA PROCESSING

Line Brosdaning 0.5 hr

T s1ze 132072

Total tine 413 he, 16 min, 30 see

a1

File: nass00/ssito/ts1-13T. svp. £id

Puise Sequance: alpul

Toesl vine 5 min, 0 3qe

40

20 PP

13.70
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ta-2-107D-13¢

File: nmrsdo/Gaxarian/stivalafts-2-157-13C swp. £id

Fulse Sequence: s2pul
Solvent: COC13
Tamp. 22.0C / 2351 K

omsEavE €13, 135.6ASH4Z Mz
DECOUPLE m1, 499 85EEsTS e
Fower 36 dB

on during acquisition

oft during delsy

Toral time 413 ne, 16 nsn, 30 sac

140 130

ta-2-170amm
Fide: nmrs00/sasto/ta-d-i10asa svp. id
Pulse Sequence: s2pul

Sotvant: csa

6
Temp. 23.0 C / 2851 )%

Oparator: st
File: va-2-170ama.ap
IHOVA-300 “nmrserver]

Relax. dalay 16.000 see

omr

FT size 32768
Total tine 5 min, 0 s4e

2
1584

80

469

40

30 2

1.08



te-d-170aaa-13
File: nmrsdo/Gaxarian/stivalafts-2-170aaa-13C avp. £1a

Ful.

Sequence: s2pul
Solvent: COC13

Tamp. 22.0C / 2351 K
operator: stivala

Pile: ta-2-170asa-13C.awp
THOVA-300  “nozserves”

Felax. delay 8.200 see
Pu)

Aeq.
idth 36003.6 Nz

325 repetitions

omsmavE €13, 1356049970 Mtz
DECOUPLE m1, 499 85EEsTS e
Fower 36 dB

on during acquisition

oft during delsy

Toral time 413 ne, 16 nsn, 30 sac

140 130 120 110

cua-5-239-n0e
Fide: nmrs00/Zaxarian/stivais/ces-5-239-noe. svp. £id

Pulse Sequence: cyclence

T —
Temp. 23.0 C / 2851 K
Oparator: stivala

00 90 80 70 60 50 a0 30

E 11.2%

/ o NOETLA%
H H

20

1.9
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cua-8-230-noe
File: nars00/Zakarian/stivale/oes-3-239-n0e. sp. £id

Puise saquance: cysience
Solvent: edeid

Temp. 2.0 C / 295.1 K
operator: stivals

File: cas-5-239-noe.awp
[ S —

Ralsx. aslay 10.000 sse
Fulee #1.1 degrees
Mixing 0.000 see

Aeq. time 2.732 sac

wiatn 5997.0 s

16 repetitions

ONSERVE M1, 4998363610 Mz
DATA PROCESSING

N

NOE 39%

o

NDEH.G%/:: H

'0Bn

uil

cua-s-241

File: nars00/Zakarian/stivale/oes-3-247. swp. £1d

Temp. 2.0 C / 2951 K
operator: stivals
File: ces-5-247.awp
IHOVA-500  “nmrmarver®

Ralsx. aslay 6.000 sec
Pulse 81.1

5.9

10.89

s,

a5 |

10

[E—— ‘\\\uu 3
&5 t22 s 3

471

3.8

: SE—
r

4



cua-8-247-13

File: na300/Zakarian/stivale/oes-3-207-c13 sp. £id

uise saquence: szpsi
solvent: coc13

Temp. 2.0 C / 2951 K
operator: stivals

File: cas-5-247-cl3.owp
IHOVA-500  “nmrmarver®

Ralsx. aslay 0.200 sec
Pulse 50.0

tine 1.300 see
widtn 36003.6 He
1811 repetitions
OBSERVE C13, 1256889558 MHz
DECOUPLE W1, 4998388373 Mz

Line Brosdaning 0.5 hr
T s1ze 132072
Total tine 413 he, 16 min, 30 see

ta-2-130dan
File: nars00/ssito/ts-2-130dan swp. £1d

uise saquence: szpsi

Solvent: chas

Temp. 2.0 C / 2951 x
rator: saito

File: ta-2-133dsa.avp

HOVA-500  “nmrwarvar]

OBSERVE K1, 4958361552 Mux
esol. sshancessnt .0 Hz

Totsl tine 5 ain, 0 sqe

L L - L

-
-
o
-
w

! . H s 2 . gg, &Ly PP™
3 g 3 LER i85 : i3 7

472



ta-2-1304a-13C
File: rarsn0/zakarian/stivala/ts

Puise saquence: aZpsl
solvant: coci3

Temp. 2.0 C / 2951 K
operator: saito

File: ta-2-138da-13C. s
e —

Ralsx. aslay 0.200 sec

OBSERVE C13, 1256889514 MHz
DECOUPLE M1, 4998388573 Mz

Total tine 413 he, 16 min, 30 see

ta-2-1410
File: nas00/asito/tsl2-141b. wp

Pulse Sequence: szpul
Selvent: c6df

e
Fulee #1.1 degrees

OBSERVE  H1, 495 8561621 MHx

Total tine 10 min, 0O gec

-19944-19€ awp. £40

£1a

100
[
(1
e U

473

50

30

20




[P
File: ome3on/Takarian/stivala/te-2-17450-10C, svp. £id

Fulse Sequence: sZpul

Tabb-138. s
IHOVA-300 "rmraerver”

Ralax. sslsy 0.200 e
Pulss 90.0 degres

. 30 sec

i 4 )
130 120 100 80 60 a0 20 pm
R
H H
File: omrs00/ssito/ts-3-171as. svp. fid BnO. 0TBS
oy P! N
max Me H G &
- g
Ph
-
plhscioy
vame 798 o
i9s.4363021 e
sasine
g A
17 viae 68
Tetal tine 3 ain, 0 ses
:
- ‘ P * i- P oy ’ P
\ "
[ LJ.IJI LUJJLE_'L_.J-J' 44”74 I
— . i
7 € L] 4 3 2 1
2 2 2 2 2 2 222 2 L] 23 2 2 2 2 S 2 2 2
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17mam130
File: mmcion/takarian/stivala/te-2-171aa-13¢. swp. £1d

Pulse Sequence: aZpul
Soteent: crers

Tewp. 22.0C /2951 K
operator: saito

File: te-i-171aa-13C.swp
INOVA-500 emrserver”

Toas time 410 ke, 36 min, 30 mec

I ke

140 130 120 110 100 80 80 70 60 50 a0 30 20 10

NOE 8.7%
[U—
Fie: pmrs00/anito/ta-d-31 e oK. wvp. £5d
Pulse Sequence: cyclence H
Sotvant: ceas
Temp. 220/ 250K
operator: asits Ph o
[t ——
P —
Ralan. dalay 10.000 see
Tocai ine 46 min, 41 ssc
] i s
7 6 3 2
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ta-2-174bbb-HOEY
File: nard00/asito/ts-2-174E00-NOR sup £1d

Puise Sequance: sysiense
Solvent: chas

Temp. 2.0 C / 2951 K
oparator: saite

File: ta-2-174bbb-HOE . avp
e S —

Mixing 0.000 see
Aeq. time 2.732 sac
wiatn 5997.0 s
16 repetitions

ONSERVE M1, 4998363621 Mz

DATA PROCESSING
Rasal. anhancesant 0.0 Hz

#T s1ze 32768

Total tine 44 min, 41 sec

NOE 15.6%

|

H

ta-3-096a
File: nmcs00/saito/ta-3-096aa. avp. £id
Pulse Sequence: sZpul

Solvent: c6ds
Temp. 22.0C / 295.1 K

Pulse 81.1
Acq. tine 2.732 sec

Wigth 5997.0 He

16 repetitions

CBSERVE M1, 499.9563520 sz
DATA PROCESSING

Resol. anhancessnt ~0.0 Hx
T size 32768

Total tine S min, 0 sec

Melax. delay 16.000 sec
degrees

18,88 _

~105 00

na

476

"
RSP ¢
s
3

\“
K/
i JLwW

a - v
] ] B2y

|

4

WL I

1
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ta-3-096aa-13C
File: nars00/saito/ts-3-096aa-13c. svp. £1d

Pulse Sequence: s2pul
Solvent: cOC13

Temp. 22.0 C / 295.1 K
Oparator: saito

File: ta-3-096aa-13c.avp
INOVA-300  “rmrserver”

Relax. delay 0.200 sec
Pulse 90.0 degrees
tine 1.300 sec
Width 36003.6 Ke
1712 repetitions
omsERvE €13, 125,681

Line broadening 0.5 Hx
T size 131072
Total tine 419 he, 16 min, 30 sec

L | |

ta-3-0

File: nacs00/aaito/ts-3-098as svp. £id

Puise Saquence: alpul
Selvent: e6df
Temp. 22.0 C / 295.1 K

heq. time 3.732 see
Wadth §997.0 He
16 rapatstions

HI, 4959363606 Mz

Toeal tine S min, 0[sec

10.60
o

477

60 40 20

3 2

1




ta-3-0

13¢

File: nacs00/aaito/ts-3-098aa-13C. swp. £1d

Puise Saquence: slpul
Selvent: €oci3
Temp. 22.0 C / 295.1 K

038aa-13C. mvp

Relsx. sslay 0.200 sae
Fulee 90.0 degrees

Line brosdaning 0.3 He
T s1ze 131072
Total tine 419 hr, 15 min, 30 see

150 140 130 120 110 100 so 80 70 60 50 40 30 20 10 PP™

£a-3-100a
File: nars00/asito/tst3-100a-re. swp. £1d

Pulse Sequence: s2pul
Selvent: c6df

6617 M

T niae 32768
Totsl tine 5 ain, 0[she

. 7 6 s a o 3 2 1 ppm
2 3 23 2 & L 3 H 2 1 33 5 Tz
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ta-3-100a-13C
File: nmesd0/saite/ta-3-100a-13C awp £4d

Puls Sequence: apul

soavant: 13
/

oc/amax

Total time 418 ne, 16 min, 30 see

£a-3-100a-HOE-7

Fide: narsno/sast

£ 8=3-1008-HOE #wp. £1d

Puise saquance: cydience
Solvent: chas
Temp. 2.0 C / 2991 K
operator: saite

File: ta-3-100a-HOR.awp
[ ——

Ralsx. aslay 6.000 sec
Fulea #1.1 degree:

16 repetitions
oSERVE W1, 4934363621 iz
DATA PROCESSING
Rasal. anhancenant 0.0 Hz
#T s1ze 32768
Total tine 1 br, Z|min, 37 mec

80 70

H
NOEG.1% — . _JH
Ph

o]

479

60

NOE 2.8%

30

20
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