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Figure 7. COSY spectra of (S,E/Z)-2j, E:Z ratio 30:70 (top left), and expansion (top right);
COSY spectra of (S,E/Z)-2Kk, E:Z ratio 30:70 (bottom left), and expansion (bottom right).
2.4 Isomerization of fluorinated alkenes
In most condensations that we performed with 1 and the aldehydes (Table 2), the choice of
reaction conditions gave either £ or Z-isomer as the major one. Ideally, our goal would be to obtain

a single isomer. We therefore decided to test if the predominance of one isomer in product (£/2)-
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mixtures could be increased by exposing the (£/Z)-mixtures to isomerization conditions. We first
attempted isomerizations of (£/Z)-mixtures under the conditions that are known to favor E-isomer,
which in the case of fluoroalkene would be Z-isomer (large groups trans, but fluorine has a priority).
Specifically, we chose (S,E/Z)-2a product mixture to test various isomerization conditions. A
Pd(II)-catalyzed isomerization of Z- to E-alkenes with tributyltin hydride and triethyl amine has
been reported.’® However, when we exposed fluoroalkene (S,E/Z)-2a to conditions reported,®! no
change in E/Z-ratio was observed. A known method for isomerization of cis to trans-alkenes is the
use of catalytic iodine.’>* Scheme 9 shows two examples of Ir-catalyzed isomerizations,*>3?

including successful isomerization of fluoro dienamides.*

Scheme 9. Examples of I>-catalyzed isomerizations.
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Since Pd(II)-catalyzed isomerization with BusSnH and triethylamine was unsuccessful (Table
3, entry 1), we tested Ir-catalyzed isomerization of (S,E/Z)-2a mixture (Table 3). Although
successful isomerization of monofluoro-substituted dienamides was reported when catalytic I in
CHCIl; was used,* no change in E/Z ratio of (S,E/Z)-2a was observed under these conditions (entry
2). We next tested the use of visible light, blue LED, and catalytic I, on isomerization of (S,£/2)-
2a in CHCl3 as solvent. Again, no change in (E/Z)-ratio was observed, even upon increase of mol%
of I> used (entries 3 and 4). Next, we tested if the change of solvent would have any effect on the
isomerization. Again, isomerization attempts were unsuccessful either in benzene as solvent (entry

5), or in CHCI3/THF 2:1 (entry 6). On the other hand, the change to acetone as solvent gave 99%
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of (S,2)-2a isomer (entry 7). The use of NMP instead did not have any effect on the (£/Z)-ratio
(entry 8). Finally, irradiation of (S,E/Z)-2a under blue LED, in acetonitrile, in the presence of
catalytic Iz, gave (S,Z)-2a as the only isomer (entry 9). Since similar result was obtained when
either acetone, or acetonitrile, were used as solvent, we decided to repeat both reactions on a larger
scale and assess the efficiency and the yield obtained (entries 10 and 11). In the case of acetone as
solvent, (E/Z)-ratio dropped to 6:94, and product was isolated in 79% yield (entry 10). Reaction in
MeCN, on the other hand, gave (E/Z)-ratio of <1/99, and a marginally lower 75% yield of isolated
product (entry 11). Both, the use of blue LED and catalytic I was necessary for successful
isomerization. When reaction was performed without the use of blue LED, no change in (£/2)-
ratio was observed (entry 12), nor was there any change in the absence of catalytic I (entry 13).
Complete isomerization, i.e. (E/Z)-ratio of <1/99, also proceeded when instead of blue LED,
compact fluorescent light bulb was used (entry 14), or when green LED (entry 15) was used. In all
isomerizations performed, we started with (S,E/Z)-2a mixture, where Z-isomer was the major one.
To test the effect of the starting (£/Z)-ratio of 2a on efficiency of isomerization, we performed
isomerization with (S,E/Z)-2a mixture where E-isomer was major (E:Z 75:25, entry 16). In this
case also, there was complete isomerization to Z-isomer (entry 16).

Table 3. Conditions tested for isomerization of (S,E/Z)-2a mixture to (S,Z)-2a isomer

>< F{eactlon >< l
condmons Boc

(S,El2)-2a (S,2)-2a (S,E)-2a
Desired Z-isomer E-isomer
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Entry Conditions*? Initial (E/Z)- Final (E/Z)-

Ratio Ratio

1 Pd(OAc)2, BusSnH, EtsN, CH2Cly, reflux, 24 h3° 23/77 25/75
2 I> 7 mol%, CHClIs, rt, overnight 23/76 22/78
3 I> 7 mol%, CHCIs, blue LED, rt, 24 h 23/77 22/78
4 I 15 mol%, CHCls, blue LED, rt, 24 h 28/72 32/68
5 I> 7 mol%, PhH, blue LED, rt, 24 h 28/72 30/70
6 I> 7 mol%, CHCI3/THF 2:1, blue LED, rt, 24 h 23/77 24/76
7 I> 7 mol%, acetone, blue LED, rt, 24 h 23/77 1/99
8 I, 7 mol%, NMP, blue LED, rt, 24 h 23/77 25/75
9 I> 7 mol%, MeCN, blue LED, rt, 24 h 23/77 <1/99
10¢ 1> 7 mol%, acetone, blue LED, rt, 24 h 23/77 6/94
11¢ I 7 mol%, MeCN, blue LED, rt, 24 h 23/77 <1/99
12 I 7mol%, MeCN, rt, 24 h 23/77 24/76
13 MeCN, blue LED, rt, 24 h 23/77 24/76
14 I, 7mol%, MeCN, CFL, rt, 24 h 23/77 <1/99
15 1> 7mol%, MeCN, green LED, rt, 24 h 23/77 <1/99
16 1> 7mol%, MeCN, blue LED, rt, 24 h 75/25 <1/99

¢(0.01 M concentration of (S,E/Z)-2a. ® For irradiation the following was used: blue LED, two 24
W bulbs; green LED, two 10 W bulbs; compact fluorescent light (CFL), two 23 W bulbs. ©
Reaction with 0.043 mmol of (S,E/Z)-2a; product yield 78%. / Reaction with 0.043 mmol of

(S,E/Z)-2a; product yield 75%.

We also wanted to test isomerization conditions that would lead to major E-isomer of
fluoroalkene (large groups cis, E-isomer because F has higher priority). Several methods for trans-
alkene to cis-alkene isomerization have been reported.®>*! UV irradiation of cis-1,2-
difluorostilbenes at 254 nm gave a mixture with cis-isomer as a major one.>*> Recently, research
has focused on photochemical isomerization of trans-alkenes to cis-alkenes using visible light in

36-39

the presence of triplet sensitizers, while near UV light, i.e. 400 nm, has also been used.*

Among these, isomerization of fluoroalkenes has also been reported, specifically monfluoro-

41

substituted alkenes.*” Upon photoisomerization using blue LED and Ir(IIl) photocatalyst,
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monofluoro-derived Z-stilbenes (aromatic groups trans) were reported to give (E/Z)-mixtures with
major E-isomer (aromatic groups cis).*! Isomerization of trans-enoates to cis-enoates, catalyzed
by riboflavin, has also been reported.’® It was reported that stereoselectivity was lower when
fluorine was installed in position 3 of the enoate.*® Efficient Ir(Ill)-catalyzed photoisomerization
of E-styrenyl organoborons to Z-isomer has been reported, but stereoselectivity became lower
when fluorine was attached at a double bond.*® On the other hand, isomerization of a styrene-like
monofluoroalkene under Ir(IT) catalysis was achieved under UV-light.*> Some of the examples of
trans to cis (large groups cis) photoisomerizations are shown in Scheme 10.

Scheme 10. Examples of trans to cis (large groups cis) photoisomerizations

254 nm R F
—— — Ref. 35
1h, CDCly
OO
—0 (0]
E-isomer E-isomer Z-isomer
ElZ=1:29
photocatalyst
*PFg
A
photocataylst tBu
(1 mol%) N
A _ Ref. 39
18 W blue LEDs
MeCN, air, rt, 10 h A
Z-isomer E-isomer Z-isomer A ~tBu
ElIZ=78:22
photocatalyst
riboflavin
H
HO.,,
" hotocatalyst T " or
otocatalys
~__CN p y N 4 x _CN OH Ref. 40
MeCN, rt, 402 nm CN N /N\[&o
Z-isomer E-isomer Z-isomer I:[N;Q(NH
E/Z = 55/45
Ph
Ph Ir(ppy)3 (1 mol%) Ph )\ Ref. 41
. P FTX .
F)\/BP'” MeCN, rt, 450 nm, 16 h F)\/BP'” Lo
E-isomer E-isomer Z-isomer
ElZ=31:69

196



In order to get the E-isomer (large groups cis) as the major one, we then tested isomerization
of (S,E/Z)-2a using visible light and different photocatalysts (Table 4).

Table 4. Screening of conditions to isomerize (S,E/Z)-2a to major E-isomer.

OMe
0 0]
>< ]Y,_‘ ©\ Heactlon ><N _ +><5\l
oMo condmons Bo é £ Boc F OMe
(S,E/2)-2a (S.B)-2a (S.2)-2a
Desired E-isomer
Entry Conditions Initial (E/Z)- Final (E/Z)-
Ratio* Ratio”
1¢  Ir(ppy)s, EtNiPrz, dry MeCN, blue LED, 24 28/72 36/64
h, N, atmosphere37?
29 Tr(ppy)s, EtNiPr2, dry MeCN, blue LED, 24 75/25 36/64
h, N> atmosphere’7
3¢ Riboflavin, dry MeCN, blue LED, 24 h 28/72 33/67
4/ Riboflavin, dry MeCN, black LED, 24 h 22/78 35/65
5¢"  Eosin Y, dry MeCN, green LED, 24 h 23/77 40/60

 Determined by '"F NMR of purified olefination product. ? Determined by 'F NMR of the
crude mixture. ¢ Two blue LED bulbs, 24 W each. ¢ Two blue LED bulbs, 24 W each. ¢ Two LED
bulbs, 24 W each./Two black LED bulbs, 24 W each. € Two green LED bulbs, 10 W each. ” Side
products were formed.

Exposure of (S,E/Z)-2a, (E/Z)-ratio 28:72, to blue LED and Ir(III) photocatalyst gave (S,E/Z)-
2a mixture with (£/Z)-ratio of 36:64 (Table 4, entry 1). Interestingly, a similar (£/Z)-ratio of 33:67
was obtained when (S,E/Z)-2a mixture with £ isomer as the major one, (£/Z)-ratio 75:25 (entry 2),
was used. Similar (£/Z)-ratio was obtained also when riboflavin was used as photocatalyst, with
blue LED or black LED, or if Eosin Y was use as a catalyst (entries 3-5). So none of the

experiments gave us E-fluoroalkene as the major isomer.
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Table 5. Results of successful isomerizations to (S,2)-2.

>< I27mol°/ MeCN >< ]\ﬁ
]\/‘ blue LED, rt
Boc

(E/Z)-Mixture Z-isomer major
or the only product

Entry Substrate, R = Initial (E/Z)-Ratio,* Final (E/Z)-Ratio,’
Reaction Time Yield®

1 \©\ 75/25,24 h <1/99, 75%
O/
2a
0
2 84/16,48 h <1/99, 64%
2¢
3 \m 59/41,24 h 6/94, 80%
N

4 \% 64/36,2 h 2/98, 57%
0
5 \< /E N—('s?”o 66/34,24 h <1/99, 76%

2i

 Determined by '°F NMR of purified olefination product. * E/Z Ratio was determined by '°F NMR

of the crude reaction mixture. ¢ Yield of purified product.

Since we were able to isomerize p-methoxyphenyl-derived fluoroalkene 2a in iodine-

catalyzed reaction (Table 3, entry 16), we tested these reaction conditions with all (S,E/Z)-2
mixtures that we synthesized. Isomerization to Z-isomer was not successful for all alkenes. It
worked well with olefins with electron-rich aromatic (2a, 2¢) and heteroaromatic substituents (2d—
2f) (Table 5). Isomerization did not occur when substituent was sterically-hinedred o-

methoxyphenyl (2b), or weakly electron-donating p-tolyl (2d), or electron-neutral phenyl (2e), or
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electron-poor p-cyano (2f), or alkyl (2j, 2k). With these fluoroalkenes either no change of E£/Z ratio
was observed, or the compounds decomposed under the reaction conditions. Results of successful
isomerizations are shown in Table 5
2.5 Conversion to amino alcohols

Fluoroalkene products 2 were converted to N-Boc protected amino alcohols. Oxazolidine was
hydrolyzed under conditions that we have previously successfully used (please see Scheme 9 in
Chapter 2).! In this case also, oxazolidine acid hydrolysis was followed by N-Boc reprotection
(Scheme 11).

Scheme 11. Oxazolidine hydrolysis and N-Boc reprotection
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Figure 8. N-Boc protected amino alcohols
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For fluoroalkene products where isomerization did not work, (S,£/Z)-mixtures were converted
to N-Boc protected amino alcohols. For substrates that were successfully isomerized, (S,Z)-isomers
were subjected to oxazolidine hydrolysis and N-Boc reprotection (Figure 8). In the case of p-
cyanophenyl-substituted fluoroalkene, (£/Z)-mixture 2f was separated by column chromatography
and each isomer was separately converted to amino alcohol (S,2)-3f and (S,E)-3f (Figure 8). N-
Boc protected amino alcohols were generally obtained in good yields. In the case of phenyl 3e and
octyl 3j derivative, the yield was moderate (Figure 8).

2.6 Oxidation of select substrates to amino acids

H
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R
0 Y o, j \/
o (0]
N N N\n/o\ NH O \-NH
z H 'OH H 0 H N N H
OH N b
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Treatment of trypanosomiasis Treatment of diarrhea associated
with carcinoid syndrome

Figure 9. Examples of pharmaceuticals derived from a-amino acids (top), and of fluorinated a.-
amino acids that are FDA approved drugs (bottom).

Amino acids play an important role in cosmetic, agricultural and especially in medicinal

chemistry due to their unique structures and diverse functions.**** Because of the enantiospecific

interaction between receptor and drugs*

chiral amino acids, especially a-amino acids are used
as an important intermediate for the synthesis of many pharmaceuticals such as protease inhibitors

(Figure 9, top).*® A unique nature of fluorinated compounds, combined with importance of amino
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acids, prompted interest in fluorinated amino acids that have found applications in several fields.
Fluorinated a-amino acids are important as pharmaceuticals, they have applications in protein
engineering, in medicinal chemistry, and bioorganic chemistry.*>>* Figure 9 (bottom) shows
examples of fluorinated amino acids that are FDA approved drugs.

Due to a multitude of applications of fluorinated amino acids, a lot of research has been
directed towards their synthesis.’!-*? Despite this, methods developed for synthesis of fluorovinyl
amino acids are less common.>? Examples of synthetic approaches to fluorovinyl substituted amino
acids are shown in Scheme 12.

Scheme 12. Examples of synthetic approaches to fluorovinyl amino acids
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Scheme 12 (top) shows Horner-Wadsworth-Emmons olefination of Garner’s aldehyde with
[PhSO,CFPO(OEt):]- (McCarthy’s reagent) generated in situ, to give fluorovinyl sulfone
derivatives that were further converted to stannanes. A mixture of £/Z stannanes was separated by
chromatography and each isomer was separately converted to fluorovinyl amino acids, with
fluorine atom at the terminal vinyl carbon (Scheme 12, top).>* In a similar approach, Horner-
Wadsworth-Emmons olefination of a series of protected a-formyl amino acids was reacted with
McCarthy’s reagent to give fluorovinyl sulfone derivatives, in each case with high
diastereoselectivity, as a single stereoisomer (Scheme 12, middle).>* Conversion of sulfone to
stannane followed by protiodestannylation and deprotection gave the amino acids (Scheme 12,
middle).>* In a recent approach, a B,B-difluorovinyl phenyl sulfone was used as a fluorovinyl
cation equivalent, that was reacted with enolates of protected amino acids. Unlike the former two
methods, where fluorovinyl substituent had fluorine at a 2’ position, the latter gave fluorovinyl
substituent with fluorine at 1’ position.>> Conversion of sulfone to stannane, and removal of
stannane by acid hydrolysis gave the final amino acid (Scheme 12, bottom).>

We were curious if our method can also be used for synthesis of fluorovinyl amino acids, so
we decided to test if amino alcohol (S,72)-3a can be oxidized to amino acid. Table 6 shows the
methods that were tested for oxidation of (S,2)-3a. First, we tried oxidation with catalytic
RuCl3-3H>0O/NalOs. We have previously used RuCls3-3H>O/NalOs for the oxidation of two
stereoisomers of 2-amino-3-(benzylsulfonyl)-3-fluoropropan-1-ol (please see Scheme 16 in
Chapter 2). In the present case, no acid formation was observed (Table 6, entry 1).!5¢ The use of
NMO and TPAP under various conditions showed formation of small amounts of acid along with

).57—59

side products (entries 2—4 Our next attempt was to oxidize the amino alcohol (S,7)-3a to

aldehyde first, with PCC or DMP as the oxidation reagents. Oxidation with PCC®*-! showed
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formation of some aldehyde, but also a lot of side products (entry 5), while DMP®? oxidation gave
aldehyde as the major product, but subsequent Pinnick oxidation of the aldehyde to acid showed a
lot of side products (entry 6). A one-pot oxidation with cat. TEMPO/cat. NaOCI/NaClO; in
CH3CN and buffer was incomplete, and along with the acid, side products were formed (Table 6,
entry 7).9%6% In oxidation reaction with one equivalent of Bobbitt’s salt AcCNH-TEMPOBF4
mostly starting alcohol was recovered (entry 8).5°-6° Reaction mixture resulting in oxidation with
cat. TEMPO/PIDA in CHxCl, as solvent, showed no alcohol, aldehyde, or acid (entry 9),57-°8 while
TEMPO/PIDA reaction in CH3CN/H20 was incomplete, and showed formation of acid and some
side products (entry 10).678 Variation of CH3CN/H,O ratio and reaction time changed the ratio of
starting alcohol, acid, and side products, but in all cases reactions were incomplete. When 2-
azaadamantane N-oxyl (AZADO)/cat. NaOCIl/NaClO; in THF/buffer was used, reaction mixture
did not show any starting alcohol, or the desired acid, only unidentified products (entry 11).5%70 A
complete conversion of starting alcohol was achieved with a combination of oxoammonium salt
AZADO'BF4 /NaClO; in CH3CN/buffer, but the ratio of acid to side products was ~1:2 (entry 12).
Since the most promising result was obtained with a combination of cat. TEMPO/cat.
NaOCl1/NaClO: in CH3;CN/buffer (entry 7), we decided to test oxidation of (S,Z)-3a using this
combination, but in alternate solvents (entries 13—15). The use of DMF/buffer gave incomplete
conversion, along with the acid and side products. When THF/CH3CN/buffer was used instead, a
complete conversion was observed, but very little acid, and mostly side products were formed
(entry 14). Finally, the choice of THF/buffer as solvent showed a complete conversion of (S,2)-3a

to acid, which was the major product, but side products were also formed (entry 15).
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Table 6. Conditions tested for oxidation of amino alcohol ($,Z)-3a to amino acid.”

Entry Conditions Results
116 NalOs, RuCl;-3H,0, CH3CN, HO, rt, 2h Only impurities
25739 NMO, TPAP, CH3CN, rt, 1h, 3h, and 5h A lot of impurities
3579 NMO*H,0, TPAP, CH3CN, rt, 6 days A lot of impurities
43759 NMO, TPAP, silica gel, CH3CN, rt, 3h, and A lot of impurities
6h
56061 Via a 2-step procedure, Step 1: PCC, silica Aldehyde and a lot of impurities
gel, dry DCM, rt, 1h
62 2-Step procedures: Step 1. DMP, CH3CN, 0 Step 1: aldehyde; Step 2 a lot of
°C,20 h impurities
Step 2. KH,PO4, NaClO,, -BuOH, 2-
methyl-2-butene, THF, H>O, rt, 14 h
763,64 TEMPO, NaClO,, NaOCl, CH;CN, buffer Alcohol, acid, and impurities
(pH=6.7),35°C, 24 h
g63-66 AcNH-TEMPO'BF4, silica gel, DCM, rt, 4 Major component is alcohol,
days incomplete conversion
967.68 TEMPO, PIDA, DCM, tt, 7h Only impurities
1067-68 TEMPO, PIDA, CH3CN, H:O, rt, 3days Alcohol, acid and side products
116970 AZADO, NaClO,, NaOCl, THF, buffer (pH Only impurities
=6.7),25°C, 5 h
1271 AZADO'BF4, NaClO,, CH3CN, buffer (pH A lot of impurities
=6.7),25°C,3h
136364 TEMPO, NaClO», NaOCl, DMF, buffer (pH Alcohol, acid and side products
=6.7),35°C,48 h
1463.64 TEMPO, NaClO,, NaOCl, THF, CH;CN, A lot of impurities
buffer (pH = 6.7),35°C, 7h
156364 TEMPO, NaClO», NaOCl, THF, buffer (pH Major product is acid

=6.7),25°C,5h

¢ In the F NMR of the crude reaction mixture, resonances at & =—117.14 ppm (br s) and § = —

120.10 ppm (dd, J = 37.9, 24.5 Hz) correspond to the amino acid, and resonances at 6 =—-118.04

ppm (br d, J=28.9 Hz) and 6 =—-118.82 ppm (dd, J = 40.1, 15.0 Hz) correspond to (S,2)-3a.

Oxidation of amino alcohol (S,Z2)-3a was performed on 0.32mmol scale. The crude reaction

mixture showed ratio of amino acid to side products 79:21, as determined by 'F NMR. To
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facilitate purification, the crude amino acid was converted into a methyl ester using
(trimethylsilyl)diazomethane ((CH3)3SiCHN2»), and pure (S,Z)-4a was isolated in 34% yield over
two steps (Scheme 13).

Scheme 13. Oxidation-protection of amino alcohol (S,2)-3a

(CH3)3SiCHN, |

HO TEMPO, NaCIO HO O MeOH, 0 °C 0._0
NaClO,, THF s 30 min
Boc\N = > Boc\N = - . Boc\N S _
H E buffer (pH = 6.7) H E 34% over H
o~ 25 °C, 5h o~  two steps F o~
(S,2)-3a acid:side products 79:21 (S,2)-4a

We also performed the oxidation-protection conversion with the FE-isomer of the p-
cyanophenyl derivative (S,E)-3f. In this case as well, the formation of the amino acid was
accompanied by the formation of side products (ratio of acid to side products 81:19, determined
by F NMR). The crude amino acid was converted to methyl ester prior to isolation, and pure
(S,E)-4f was isolated in 39% yield over two steps. (Scheme 14).

Scheme 14. Synthesis of (S,E)-4f by oxidation-protection sequence.

N
N N (CH3)3SiCHN, ¢
TEMPO, NaClO MeOH, 0 °C
NaClO,, THF 30 min \
HO — > HO _— 0] °
buffer (pH = 6.7) 39% over S
BOC\N S 25 °C, 5h BOC\N S~ two steps BOC\N =
H L H L H L
(S,E)-3f (S,E)-4f

acid:side products 81:19

2.7 Synthesis of the amino acid (R,Z)-4a, the enantiomer of (5,2)-4a
In order to determine if there was any loss of enantiomeric purity in the synthetic steps, i.e.
olefination, isomerization, oxazolidine hydrolysis, and oxidation/esterification, we undertook
synthesis of (R,Z)-4a, the enantiomer of (S,Z)-4a.. In Chapter 2 we also described synthesis of 2-
tert-butyl (R)-4-((R)-(benzo[d]thiazol-2-ylsulfonyl)fluoromethyl)-2,2-dimethyloxazolidine-3-
carboxylate (R,R)-1, the enantiomer of Julia reagent (S,S)-1. Briefly, reaction of (R,R)-1 with p-

methoxybenzaldehyde using Method A (LHMDS, DMF/DMPU) was Z-selective, and fluorovinyl
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(E/Z)-product mixture (R,E/Z)-2a was obtained in a 71% yield and a 20/80 ratio of E- and Z-
isomers (Scheme 15). Iodine catalyzed isomerization of (R,E/Z)-2a in MeCN under blue LED
resulted in a change of E/Z ratio from 20/80 to <1/99, and (R,Z)-2a was isolated in 73% yield.
Next, (R,Z)-2a was subjected to oxazolidine hydrolysis using pTsOH*H>O in MeOH, followed by
N-Boc reprotection, and resulting amino alcohol was isolated in 63% yield over two steps.
Oxidation of amino alcohol (R,Z)-3a using TEMPO/NaOCI1/NaClO; gave the desired amino acid
along with side products, with acid/side products ratio 73:27. The crude amino acid was converted
to methyl ester prior to purification, and (R,Z)-4a was obtained in 31% yield over two steps
(Scheme 15).

Scheme 15. Synthesis of amino acid (R,Z)-4a.

I, blue o
>< \H/ o \\\/% D X s
N NF
Bod LHMDS, DMF/DMPU ©\ TVeoN ,

789 B
(R,R)-1 (R,El2)-2a (R,2)-2a
E/Z 20/80
HO HO
pTsOH+-H,0 R Na,COs3, (Boc),0O R
——— g A Boc. =
MeOH, 60 °C 2 63% over two steps H
F -
(0]
TEMPO, NaCIO HO. _O (CH3)3SiCHN,
NaClO,, THF ) MeOH, 0 °C 30 min
- Boc\N\‘~ Z Boc. .
buffer (pH = 6.7) H 31% over
25°C, 5h F o~ two steps
acid:side products 73:27 (R,2)-4a

With both enantiomers of amino alcohol 3a as also the amino acids 4a available, we first
determined the optical rotations (Figure 10). From specific rotations shown in Figure 10 it is

evident that racemization at the stereogenic center did not occur in the conversions.

206



mO\ wO\
R S R
S . HO : X X -0 : S

_NH _NH

(S,2)-3a (R,2)-3a (S,2)-4a (R,2)-4a
[a]3'= -54.8 (¢ 1.0, CHCl5) [a]3'= +56.2 (c 1.0, CHCly) [0]3'=-164.3 (c 1.0, CHCly) [afy = +164.1 (c 1.0, CHCl3)

Figure 10. Optical rotations of N-Boc-protected (S,Z)- and (R,Z)-stereoisomers of fluorovinyl
amino alcohols and methyl esters of amino acids
We also wanted to assess the enantiomeric purity of the products. Determination of the
enantiomeric purity was performed with enantioselective HPLC. Separation of enantiomers of
2a, 3a, and 4a was achieved on Chiralcel OJ-3 column. Table 7 shows the enantiomer ratio after
each step of the synthesis. As can be seen from Table 7, the enantiomer ratio throughout the
synthetic steps was > 96:4

Table 7. Determination of enantiomeric purity by enantioselective HPLC?

From L-serine From D-serine

After olefination: mixture of £ and Z isomers, major Z-isomer”

o)
E P ><o
= N
Boc ]Y\©\ Boc F o Bod E
(S,2)-2a isomer (S,E)-Za isomer (R,Z)-2a isomer (R,E)-2a isomer
(5,2):(R,Z2)97.4:2.6 (S,E):(R,E) 98.0:2.0 (S,2):(R,2) 2.9:97.1 (R,E) only
(S,Z/S,E): (R,ZIR,E): 97.5:2.5 (S,Z/S,E): (R,ZIR,E): 2.5:97.5
Ret time: (S,2) 21.1 min, (S,E) 14.1 min Ret time: (S,2) 21.2 min, (S,E) not detected
(R,Z) 12.8 min, (R,E) 17.4 min (R,Z) 12.5 min, (R,E) 17.0 min
After olefin isomerization: Z-isomer only”
0 0
XA .
Boc F o~ Boc F o~
(S,2)-3a isomer (R,Z)-2a isomer
(5,2):(R,2)97.1:2.9 (5,2):(R,Z) 2.8:97.2
Ret time: (S,2) 20.5 min, (R,Z) 12.9 min Ret time: (S,2) 21.3 min, (R,Z) 12.5 min

After oxazolidine deprotection: Z-isomer only”
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HO HO

H H
F F
o~ o~

(S,2)-3a isomer (R,Z)-3a isomer
(5,2):(R,2) 97.0:3.0 (5,2):(R,Z) 3.7:96.3
Ret time: (S,2) 28.6 min, (R,Z) 33.5 min Ret time: (S,2) 27.6 min, (R,Z) 30.7 min
After oxidation and esterification: Z-isomer only“
o oo
Boc\Ni(\@ Boc\N%
Ho o o Ho L o
(S,2)-4a isomer (R,Z)-4a isomer
(5,2):(R,2) 96.7:3.3 (5,2):(R,2) 2.3:97.7
Ret time: (S,2) 37.1 min, (R,Z) 35.0 min Ret time: (S,2) 35.5 min, (R,Z) 33.1 min

@ Chiralcel OJ-3 column 0.46x15 c¢m, flow rate 0.5 mL/min, T = 25 °C. » Mobile phase: isocratic
iPrOH/n-hexane 1:9 (v:v). ¢ Mobile phase: gradient from n-hexane to iPrOH/n-hexane 2:8 (v:v) in

30 min, iPrOH/n-hexane 2:8 (v:v) 15 min, from iPrOH/n-hexane 2:8 (v:v) to n-hexane in 5 min.

3. Conclusion

In conclusion, we have shown that tert-butyl derivatives of (S)-4-((S)-(benzo[d]thiazol-2-
ylsulfonyl)fluoromethyl)-2,2-dimethyloxazolidine-3-carboxylate ~ (S,5)-1 and  (R)-4-((R)-
(benzo[d]thiazol-2-ylsulfonyl)fluoromethyl)-2,2-dimethyloxazolidine-3-carboxylate (R,R)-1 can
serve as Julia olefination reagents. Condensations of (S,S)-1 proceeded with electron-rich and
electron-poor aromatic aldehydes, with heteroaromatic aldehydes, and with alkanals, to give
fluoroalkenes in good to moderate yields. In most cases, we were able to modulate olefinations
towards E- or Z-selectivity: a combination of LHMDS, DMF/DMPU gave Z-olefin as the major
isomer, and KHMDS, DME gave E-olefin as the major isomer. We were not able to modulate
stereoselectivity in olefinations with o-methoxybenzaldehyde, p-cyanobenzaldehyde, and octanal.

Using iodine catalysis in combination with blue LED, the (S,E/Z)-mixtures of fluoroalkenes
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bearing electron-rich aryl or heteroaryl substituent were isomerized to (S,Z)-isomer as the major
(Z/E ratio > 94:6), or the exclusive one.

To demonstrate that the (E/Z)-mixtures of fluorovinyl derivatives of oxazolidine can be
separated chromatographically, p-cyanophenyl derivative was separated into individual isomers.
Upon oxazolidine deprotection, amino alcohols were obtained in good yields, with exception of
phenyl and octyl derivatives, where the yield was moderate. Suitability of the method for synthesis
of fluorovinyl amino acids was demonstrated by oxidation of p-methoxyphenyl and p-cyanophenyl
derivatives to amino acids. Notably, there is scarce availability of methods for the synthesis of
fluorovinyl amino acids with fluorine installed at the proximate, alpha vinylic carbon of the
fluorovinyl amino acid. To determine enantiomeric purity after each step of the synthesis, the R-
isomers of p-methoxyphenyl derivatives were synthesized as well, using (R)-4-((R)-
(benzo[d]thiazol-2-ylsulfonyl)fluoromethyl)-2,2-dimethyloxazolidine-3-carboxylate (R,R)-1 as
the Julia reagent. By use of chiral HPLC, we determined that high enantiomeric purity was

maintained through the synthetic sequence, with enantiomer ratio > 96:4.
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4. Experimental Section
4.1 Materials and Methods

Dimethoxyethane (DME) and tetrahydorfuran (THF) were distilled over LiAlH4 and then over
sodium before use. Acetonitrile (MeCN) was dried over LC Technology Solutions INC solvent
purification system. All other reagents and solvents were obtained from commercial sources and
were used without further purification. For reactions performed in a nitrogen atmosphere,
glassware was dried with heat gun under vacuum. LHMDS (1.0 M in THF), KHDMS (0.5 M in
toluene), and MDA (0.7 M solution in THF) were obtained from commercial sources. Silica gel
for column chromatographic purifications was 100-200 mesh, and 230-400 mesh (specified under
each compound heading). Thin layer chromatography (TLC) was performed on aluminum-backed
200 microns silica gel TLC plates. 'H NMR spectra were recorded at 500 MHz (unless stated
otherwise) and were referenced to residual protonated solvent. '*C NMR spectra were recorded at
125 MHz and were referenced to the carbon resonance of the deuterated solvent. '°F NMR spectra
were recorded at 470 MHz (on 500 MHz instrument) and were referenced to internal standard
CFCls. Chemical shifts (0) are reported in parts per million, and coupling constants (J) are in hertz
(Hz). 2D NMR spectra were obtained on a 500 MHz instrument, except for HOESY that was
obtained on a 300 MHz instrument.
4.2 General procedure for condensation of sulfone zerz-butyl (5)-4-((S)-(benzo[d]thiazol-2-

ylsulfonyl)fluoromethyl)-2,2-dimethyloxazolidine-3-carboxylate (S,S)-1 with aldehydes

Base, Solvent

>< ]V CHO CHO .-CHO ><
/Y\a/ /Poﬁ/ ~ " Het/Ar/R
Boc

(S)-2a—k
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Method A: LHMDS-mediated condensations

A solution of aldehyde (1.50 equiv) and (S,5)-1 (1.00 equiv) in dry DMF/DMPU (1:1 v/v)
was cooled to — 78 °C under a nitrogen atmosphere. A solution of LHMDS (1.0 M, 2.5 equiv (3.5
equiv for (S, E/Z)-f)) was added dropwise. The reaction mixture was stirred at —78 °C for 1 h and
warmed to rt over 2 h. The reaction was quenched with saturated aq NH4Cl, and extracted with
EtOAc three times. The combined organic layer was washed with H>O three times and brine, dried
over anhydrous Na;SOj4, and the solvent was evaporated under reduced pressure.
Method B: KHMDS-mediated condensations

A solution of aldehyde (1.5 equiv) and (S,S)-1 in dry DME was cooled to —78 °C under a
nitrogen atmosphere. A solution of KHMDS (0.5 M, 2.5 equiv) was added dropwise. The reaction
mixture was stirred at —78 °C for 1 h and warmed to —20 °C slowly in 40 min. The reaction was
quenched with saturated aq NH4Cl, and extracted with EtOAc three times. The combined organic
layer was washed with H>O three times and brine, dried over anhydrous Na;SOs, and the solvent
was evaporated under reduced pressure.

Compound (S,E/Z)-2i was synthesized using a different procedure, please see below under a
compound heading.
4.2.1 tert-Butyl (S,E/Z)-4-(1-fluoro-2-(4-methoxyphenyl)vinyl)-2,2-dimethyloxazolidine-3-
carboxylate (S,E/Z)-2a
Hode

O

- (sF,E/z>-2a o”
Method A.

Prepared from a solution of 4-methoxybenzaldehyde (91.2 pL, 102.1 mg, 0.75 mmol, 1.50

equiv), (S,9)-1(215.3 mg, 0.50 mmol, 1.00 equiv) in dry 1:1 DMF/DMPU (8.4 mL), and a solution
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of LHMDS (1.0 M, 1.25 mL, 1.25 mmol, 2.50 equiv). '°F NMR of the crude reaction mixture
showed the E:Z ratio of isomers to be 20:80. Purification by column chromatography on 230—400
mesh silica gel (gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 128.7 mg (73%)
of (S,E/Z)-2a as a white solid. 'H NMR (500 MHz, CDCls), partial listing: & 6.29 (d, J=20.4 Hz,
1H, E isomer, both rotamers), 5.64 (d, /= 38.6 Hz, 1H, Z isomer, minor rotamer), 5.57 (d, /= 38.6
Hz, 1H, Z isomer, major rotamer), 4.92 (d, J = 26.8 Hz, 1H, E isomer, minor rotamer), 4.84 (d, J
=26.1 Hz, 1H, E isomer, major rotamer), 4.58 (d, /= 15.3 Hz, 1H, Z isomer, minor rotamer), 4.42
(d, J = 14.7 Hz, 1H, Z isomer, major rotamer). °’F NMR (470 MHz, CDCl3): § —118.62 (t,J =
23.8 Hz, 1F, E isomer, minor rotamer), —119.09 (t, J = 23.3 Hz, 1F, E isomer, major rotamer), —
120.84 (dd, J=38.5, 16.5 Hz, 1F, Z isomer, major rotamer), —120.90 (dd, J=35.4, 18.4 Hz, 1F, Z
isomer, minor rotamer).

Method B.

Prepared from a solution of 4-methoxybenzaldehyde (0.18 mL, 204.4 mg, 1.50 mmol, 1.50
equiv), (S,5)-1 (430.4 mg, 1.00 mmol 1.00 equiv) in dry DME (16.8 mL), and a solution of
KHMDS (0.5 M, 5.00 mL, 2.50 mmol, 2.50 equiv). '’F NMR of the crude reaction mixture showed
the E:Z ratio of isomers to be 75:25. Purification by column chromatography on 230—400 mesh
silica gel (gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 271.1 mg (77%) (S,E/Z)-
2a as a white solid. '"H NMR (500 MHz, CDCls), partial listing: 5 6.28 (d, J = 20.6 Hz, 1H, E
isomer, both rotamers), 5.64 (d, J = 38.5 Hz, 1H, Z isomer, minor rotamer), 5.56 (d, J = 38.7 Hz,
1H, Z isomer, major rotamer), 4.92 (d, J = 27.2 Hz, 1H, E isomer, minor rotamer), 4.83 (dt, J =
26.1, 5.5 Hz, 1H, E isomer, major rotamer), 4.57 (d, J = 20.4 Hz, 1H, Z isomer, minor rotamer),
4.42 (d, J = 15.3 Hz, 1H, Z isomer, major rotamer). °’F NMR (470 MHz, CDCl3): § —118.60 (t, J

=23.5 Hz, 1F, E isomer, minor rotamer), —119.00 (t, /= 23.2 Hz, 1F, E isomer, major rotamer), —
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120.87 (dd, J=38.8, 17.1 Hz, 1F, both rotamers). HRMS (ESI) m/z calcd. for Ci9H26FNNaO4 [M
+ Na]" 374.1738, found 374.1733.
4.2.2 tert-Butyl (S,E/Z)-4-(1-fluoro-2-(2-methoxyphenyl)vinyl)-2,2-dimethyloxazolidine-3-
carboxylate (S,E/Z)-2b

%wjg/““@

Bo¢ F

(S,EI2-2b
Method A.

Prepared from a solution of 2-methoxybenzaldehyde (45.3 pL, 51.1 mg, 0.38 mmol, 1.50
equiv), (S,9)-1 (107.6 mg, 0.25 mmol, 1.00 equiv) in dry 1:1 DMF/DMPU (4.2 mL), and a solution
of LHMDS (1.0 M, 0.62 mL, 0.62 mmol, 2.50 equiv). '°F NMR of the crude reaction mixture
showed the E:Z ratio of isomers to be 61:39. Purification by column chromatography on 230—400
mesh silica gel (gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 57.0 mg (65%) of
(S,E/Z)-2b as a colorless oil. 'H NMR (500 MHz, CDCls), partial listing: 5 6.37 (d, J = 20.8 Hz,
1H, E isomer, both rotamers), 6.18 (d, /= 34.3 Hz, 1H, Z isomer, minor rotamer), 6.10 (d, /=39.5
Hz, 1H, Z isomer, major rotamer), 4.87 (d, /= 26.1 Hz, 1H, E isomer, minor rotamer), 4.75 (br d,
J=26.4 Hz, 1H, E isomer, major rotamer), 4.62 (d, J = 11.4 Hz, 1H, Z isomer, minor rotamer),
4.48 (d, J=15.1 Hz, 1H, Z isomer, major rotamer). °F NMR (470 MHz, CDCl3): § —116.54 (t,J
=23.7 Hz, 1F, E isomer, minor rotamer), —117.03 (t, /= 23.6 Hz, 1F, E isomer, major rotamer), —
119.11 (dd, J=40.3, 13.9 Hz, 1F, Z isomer, minor rotamer), —120.11 (dd, J = 39.7, 16.1 Hz, 1F,
Z isomer, major rotamer).

Method B.
Prepared from a solution of 2-methoxybenzaldehyde (45.3 pL, 51.1 mg, 0.38 mmol, 1.50

equiv), (S,5)-1 (107.6 mg, 0.25 mmol 1.00 equiv) in dry DME (4.2 mL), and a solution of KHMDS
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(0.5M, 1.25 mL, 0.62 mmol, 2.50 equiv). '’F NMR of the crude reaction mixture showed the E:Z
ratio of isomers to be 77:23. Purification by column chromatography on 230—400 mesh silica gel
(gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 55.4 mg (63%) (S,E/Z)-2b as a
colorless oil. "TH NMR (500 MHz, CDCls), partial listing: & 6.37 (d, J = 20.9 Hz, 1H, E isomer,
both rotamer), 6.18 (d, J = 34.8 Hz, 1H, Z isomer, minor rotamer), 6.10 (d, /= 39.6 Hz, 1H, Z
isomer, major rotamer), 4.87 (d, J=27.4 Hz, 1H, E isomer, minor rotamer), 4.74 (dt, J=26.4, 5.5
Hz, 1H, E isomer, major rotamer), 4.62 (d, J = 10.9 Hz, 1H, Z isomer, minor rotamer), 4.48 (d, J
= 15.6 Hz, 1H, Z isomer, major rotamer). '°F NMR (470 MHz, CDCl3): § —116.53 (t, J = 23.4 Hz,
1F, E isomer, minor rotamer), —117.03 (t, J= 23.5 Hz, 1F, E isomer, major rotamer), —119.10 (dd,
J=139.9, 12.8 Hz, 1F, Z isomer, minor rotamer), —120.11 (dd, J = 39.7, 15.9 Hz, 1F, Z isomer,
major rotamer). HRMS (ESI) m/z calcd. for CioH26FNO4 [M + Na]* 374.1738, found 374.1732.
4.2.3 tert-Butyl (S,E/Z)-4-(1-fluoro-2-(naphthalen-2-yl)vinyl)-2,2-dimethyloxazolidine-3-
carboxylate (S,E/Z)-2¢

Koo

Bo¢

(S,E/2)-2¢

Method A.

Prepared from a solution of 2-naphthaldehyde (58.6 mg, 0.375 mmol, 1.50 equiv), (S,S)-1
(107.6 mg, 0.25 mmol, 1.00 equiv) in dry 1:1 DMF/DMPU (4.2 mL), and a solution of LHMDS
(1.0 M, 0.625 mL, 0.625 mmol, 2.50 equiv). °’F NMR of the crude reaction mixture showed the
E:Z ratio of isomers to be 36:64. Purification by column chromatography on 230—400 mesh silica
gel (gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 66.7 mg (72%) of (S,E/Z)-2¢
as a white solid. '"H NMR (500 MHz, CDCl;), partial listing: & 6.49 (d, J=20.3 Hz, 1H, E isomer,

both rotamer), 5.88 (d, J = 37.9 Hz, 1H, Z isomer, minor rotamer), 5.80 (d, /= 38.3 Hz, 1H, Z
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isomer, major rotamer), 5.00 (d, /= 26.9 Hz, 1H, E isomer, minor rotamer), 4.95 (dt, /=25.9, 6.0
Hz, 1H, E isomer, major rotamer), 4.66 (d, J = 12.9 Hz, 1H, Z isomer, minor rotamer), 4.50 (d, J
=15.1 Hz, 1H, Z isomer , major rotamer). '’F NMR (470 MHz, CDCls): § —116.32 (dd, J = 25.8,
21.0 Hz, 1F, E isomer, both rotamers),—117.12 (dd, /= 38.7, 16.2 Hz, 1F, Z isomer, major rotamer),
—117.24 (dd, J=38.8, 16.9 Hz, 1F, Z isomer, minor rotamer).
Method B.

Prepared from a solution of 2-naphthaldhyde (58.6 mg, 0.38 mmol, 1.50 equiv), (S,S)-1 (107.6
mg, 0.25 mmol 1.00 equiv) in dry DME (4.2 mL), and a solution of KHMDS (0.5 M, 1.25 mL,
0.62 mmol, 2.50 equiv). '’F NMR of the crude reaction mixture showed the E:Z ratio of isomers
to be 76:24. Purification by column chromatography on 230-400 mesh silica gel (gradient elution,
100% hexanes to 3% EtOAc in hexanes) gave 79.3 mg (85%) (S,E/Z)-2¢ as a white solid. 'H NMR
(500 MHz, CDCly), partial listing: 6 6.52 (d, J=21.3 Hz, 1H, E isomer, minor rotamer), 6.50 (d,
J=20.4 Hz, 1H, E isomer, major rotamer), 5.88 (d, J = 38.3 Hz, 1H, Z isomer, minor rotamer),
5.80 (d, J = 38.3 Hz, 1H, Z isomer, major rotamer), 5.04 (d, J = 27.2 Hz, 1H, E isomer, minor
rotamer), 4.96 (dt, J = 25.9, 5.8 Hz, 1H, E isomer, major rotamer), 4.66 (d, J = 16.0 Hz, 1H, Z
isomer, minor rotamer), 4.50 (d, J = 15.4 Hz, 1H, Z isomer , major rotamer). '’F NMR (470 MHz,
CDCh): 6 —-116.33 (t, J=23.2 Hz, 1F, E isomer, both rotamers), —117.14 (dd, J = 38.5, 16.0 Hz,
1F, Z isomer, major rotamer), —117.25 (dd, J=40.0, 16.9 Hz, 1F, Z isomer, minor rotamer). HRMS
(ESI) m/z calcd. for C22H2FNNaOs [M + Na]*™ 394.1789, found 394.1789.
4.2.4 tert-Butyl (S,E/Z)-4-(1-fluoro-2-(p-tolyl)vinyl)-2,2-dimethyloxazolidine-3-carboxylate

(S, E/Z)-2d
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Method A.

Prepared from a solution of p-tolualdehyde (44.3 puL, 45.1 mg, 0.38 mmol, 1.50 equiv), (S,S)-
1 (107.6 mg, 0.25 mmol, 1.00 equiv) in dry 1:1 DMF/DMPU (4.2 mL), and a solution of LHMDS
(1.0 M, 0.62 mL, 0.62 mmol, 2.50 equiv). '°F NMR of the crude reaction mixture showed the E:Z
ratio of isomers to be 16:84. Purification by column chromatography on 230—400 mesh silica gel
(gradient elution, 100% hexanes to 2% EtOAc in hexanes) gave 75.8 mg (81%) of (S,E/Z)-2d as
a colorless oil. "H NMR (500 MHz, CDCls), partial listing: & 6.32 (d, J = 20.5 Hz, 1H, E isomer,
both rotamers), 5.68 (d, J = 36.9 Hz, 1H, Z isomer, minor rotamer), 5.68 (d, J = 38.1 Hz, 1H, Z
isomer, major rotamer), 4.91 (d, /= 25.2 Hz, 1H, E isomer, minor rotamer), 4.80 (d, J = 24.7 Hz,
1H, E isomer, major rotamer), 4.58 (d, J = 13.9 Hz, 1H, Z isomer, minor rotamer), 4.44 (d, J =
13.7 Hz, 1H, Z isomer , major rotamer). ’F NMR (470 MHz, CDCl3): § —117.70 (t, J = 23.4 Hz,
1F, E isomer, minor rotamer), —118.09 (t, / = 23.2 Hz, 1F, E isomer, major rotamer), —118.74—(—
118.95) (m, 1F, Z isomer, both rotamers).
Method B.

Prepared from a solution of p-tolualdehyde (44.3 puL, 45.1 mg, 0.38 mmol, 1.50 equiv), (S,S)-
1 (107.6 mg, 0.25 mmol 1.00 equiv) in dry DME (4.2 mL), and a solution of KHMDS (0.5 M, 1.25
mL, 0.62 mmol, 2.50 equiv). ’F NMR of the crude reaction mixture showed the E:Z ratio of
isomers to be 78:22. Purification by column chromatography on 230—400 mesh silica gel (gradient
elution, 100% hexanes to 2% EtOAc in hexanes) gave 74.9 mg (90%) (S,E/Z)-2d as a colorless
oil. 'H NMR (500 MHz, CDCls), partial listing: & 6.31 (d, J = 20.6 Hz, 1H, E isomer, both
rotamers), 5.68 (d, J=37.2 Hz, 1H, Z isomer, minor rotamer), 5.60 (d, /= 38.5 Hz, 1H, Z isomer,
major rotamer), 4.92 (d, J = 23.4 Hz, 1H, E isomer, minor rotamer), 4.84 (br d, J = 25.8 Hz, 1H,

E isomer, major rotamer), 4.58 (d, J = 15.8 Hz, 1H, Z isomer, minor rotamer), 4.44 (d, J = 15.9
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Hz, 1H, Z isomer , major rotamer). °’F NMR (470 MHz, CDCl3): § —117.70 (t,J=23.3 Hz, 1F, E
isomer, minor rotamer), —118.09 (t, /= 23.2 Hz, 1F, E isomer, major rotamer), —118.74—(—118.95)
(m, 1F, Z isomer, both rotamers). HRMS (ESI) m/z calcd. for Ci9H26FNNaOs3; [M + Na]" 358.1789,
found 358.1798.

4.2.5 tert-Butyl (S,E/Z)-4-(1-fluoro-2-phenylvinyl)-2,2-dimethyloxazolidine-3-carboxylate (S,

E/Z)-2e
Ao,

NTNF
Boc F

(S,E/2)-2e
Method A.

Prepared from a solution of benzaldehyde (76.5 pL, 79.5 mg, 0.75 mmol, 1.50 equiv), (S,5)-
1(215.2 mg, 0.50 mmol, 1.00 equiv) in dry 1:1 DMF/DMPU (8.4 mL), and a solution of LHMDS
(1.0M, 1.25 mL, 1.25 mmol, 2.50 equiv). "’F NMR of the crude reaction mixture showed the E:Z
ratio of isomers to be 19:81. Purification by column chromatography on 230—400 mesh silica gel
(gradient elution, 100% hexanes to 3% EtOAc in hexanes) gave 144.2 mg (90%) of (S,E/Z)-2e as
a white solid. '"H NMR (500 MHz, CDCls), partial listing: § 6.35 (d, J = 20.5 Hz, 1H, E isomer,
both rotamer), 5.72 (d, J = 36.0 Hz, 1H, Z isomer, minor rotamer), 5.64 (d, J = 38.1 Hz, 1H, Z
isomer, major rotamer), 4.94 (d, /= 26.6 Hz, 1H, E isomer, minor rotamer), 4.86 (dt, /=26.1, 5.4
Hz, 1H, E isomer, major rotamer), 4.60 (d, J = 15.5 Hz, 1H, Z isomer, minor rotamer), 4.45 (d, J
= 13.2 Hz, 1H, Z isomer , major rotamer). '°’F NMR (470 MHz, CDCl3): § —116.81 (t, J = 23.6
Hz, 1F, E isomer, minor rotamer), —117.01 (t, /= 23.2 Hz, 1F, E isomer, major rotamer), —117.59
(dd, J=38.5, 15.8 Hz, 1F, Z isomer, major rotamer), —117.73 (dd, /= 39.3, 16.8 Hz, 1F, Z isomer,

minor rotamer).

Method B.
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