This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

gﬁ!?{lj: and http://www.informaworld.com/smpp/title~content=t713618290

and the Related Elements

R SYNTHESIS OF PHENYL AND ESTER SUBSTITUTED VINYL FLUORIDES
S P L VIA REDUCTION AND OLEFINATION OF ESTERS

Hou-jen Tsai* Donald J. Burton®
* Department of Applied Chemistry, Chung Cheng Institute of Technology, Tao-yuan, Taiwan, R. O. C.
b Department of Chemistry, University of lowa, lowa City, USA

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Tsai, Hou-jen and Burton, Donald J.(1998) 'SYNTHESIS OF PHENYL AND ESTER SUBSTITUTED
VINYL FLUORIDES VIA REDUCTION AND OLEFINATION OF ESTERS', Phosphorus, Sulfur, and Silicon and the
Related Elements, 140: 1, 135 — 145

To link to this Article: DOI: 10.1080/10426509808035739
URL: http://dx.doi.org/10.1080/10426509808035739

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509808035739
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 10 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1998, Vol. 140, pp. 135-145 © 1998 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon & Breach Science Publishers imprint.

Printed in Malaysia

SYNTHESIS OF PHENYL AND ESTER
SUBSTITUTED VINYL FLUORIDES VIA
REDUCTION AND OLEFINATION
OF ESTERS

HOU-JEN TSAI? and DONALD J. BURTON®

8Department of Applied Chemistry, Chung Cheng Institute of Technology, Ta-hsi,
Tao-yuan, Taiwan, R.O.C. and bDeparlment of Chemistry, University of lowa,
lowa City, IA52242 USA
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A reduction-olefination sequence has been used to convert ethy! pentafluoropropanoate 6 to
1-fluoro-1-phenyl-2-pentafluoroethyl ethene 7 and ethyl 2,4,4,5,5,5-hexafluoro-2-pentenoate
8. Addition of lithium diethyl a-fluorobenzylphosphonate [(EtO),P(O)CFPh]™ Li* 4 or lith-
ium fluorocarboethoxymethylene dialkylphosphonate [(RO),P(O)CFCO,EL]” Li* 5 (R = Et,
i-Pr) to a THF solution of fluorinated aldehydes prepared in situ from 6 and diisobutylalumi-
num hydride (DIBAL) affords the vinyl fluorides C,FsCH=CFPh 7 and C,FsCH=CFCO,Et
8 in good yields. However, yields of the final products 7 and 8 are low when in situ reduction
of 6 to aldehyde was performed in the presence of lithium salts of 4 or 5.

Keywords: reduction-olefination; fluorinated ester; fluorophosphonate; vinyl fluoride

INTRODUCTION

Vinyl fluorides of defined stereochemistry are useful building blocks in
the preparation of biologically active 12-fluororetinal, !} fluorinated mim-
ics of insect sex pheromones,m and in the field of pyrethroids.m The
methods reported for the preparation of B-poly-fluoroalkyl phenyl or
ester-substituted viny! fluorides include the reaction of (bromodifluorome-
thyl)phenyl acetylene with tetrabutylammonium fluoride to obtain an E
and Z mixture of 1,3,3,3-tetrafluoro- l-phenylpropene.[4] Reaction of
1-phenylpentafluoropropene with lithium aluminum hydride in ethylene
glycol dimethyl ether gives 1,3,3,3-tetraﬂuoro—l-phenylpropene[S] in more
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than 93% E-selectivity. The Wittig reaction of fluorocarboethoxymethyl-
ene tri-n-butylphosphorane with per- and poly-fluoroalkyl-substituted car-
boxylic acid esters furnished the corresponding enol ethers
Rf(OEt)CzCFCOZEt.[GI Although many methods offer a convenient route
to introduce a fluorine atom at the o-position with concomitant elongation
of the chain by two carbon atoms,!”"8°! the generality of these methods
depends upon the availability of the carbonyl compounds. All of the
reported unsaturated esters were derived from fluorine-free aldehydes, and
the reaction of fluorinated aldehydes with lithium fluorocarboethoxymeth-
ylene diisopropylphosphonate [(i-PrO),P(O)CFCO,Et|'Li* has not been
reported.“oJ The lack of a general synthetic method to prepare fluorinated
aldehydes may be the main reason for this scarcity. Fluorine-substituted
aldehydes are usually protected either as an acetal or as a hemiacetal and
prior deprotection is required. This paper describes a general synthesis of 1
-fluoro-1-phenyl —2-pentafluoroethy! ethene C,FsCH=CFPh and of ethyl
2,4,4,5,5,5-hexafluoro-2-pentenoate C,FsCH=CFCO,Et via the reactions
of the anions generated from  o-fluorobenzylphosphonate
(Et0),P(O)CFHPh or fluorocarboethoxymethylene dialkylphosphonate
(RO),P(OYCFCO,Et with fluorinated aldehydes produced in situ from
fluorinated ester ethyl pentafluoropropanoate.

RESULTS AND DISCUSSION

Sodium methoxide-catalyzed condensation of diethyl phosphite with ben-
zaldehyde at room temperature,[!! or thermal non-catalyzed addition of
diethylphosphite to benzaldehyde“zl at 110°C gives the diethyl a-hydrox-
yphosphonate (EtO),P(O)CH(OH)Ph 1 in 52% yield. The signal at 5.2
ppm in the 'H NMR spectrum disappeared after H-D exchange reaction
and could be attached to the aldehyde function. The 3p NMR spectrum of
diethyl o-hydroxybenzylphosphonate (EtO),P(O)CH(OH)Ph consists of a
doublet of pentets at 21.6 ppm (ZJPCH =10Hz, 3 pocH = 7 Hz). The con-
version of the a-hydroxy group into fluorine was achieved by the reaction
of 1 with diethylaminosulphur trifluoride (DAST) in dichloromethane
solution!"3! to give in 53% yield of diethyl o-fluorobenzylphosphonate
(EtO),P(O)CFHPh 2 (Equation (1)).
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100 — 110°C

(EtO),P(O)H+PhCHO — (Et0),P(O)CH(OH)Ph
or satd. CH3ONa, RT
1
1) (C;Hs)»NSF; /CH,Cl
) (C2Hs);NSFy /CHCla, (EtO),P(0)CFHPh (1)

2) EtOH/Py
2

The Michaelis-Arbuzov reaction of triethyl phosphite or triisopropyl phos-
phite with ethyl bromofluoroacetate, prepared from the hydrolysis of
1-ethoxy-1,2,2-trifluoro-2-bromoethane EtOCF,CFHBr with concentrated
sulfuric acid, gives diethyl (fluorocarbethoxymethyl) phosphonate
(EtO),P(O)CFHCO,Et 3a and diisopropyl(fluorocarbethoxymethyl)phos-
phonate (i-PrO),P(O)CFHCO,Et 3b in 75% and 71% isolated yields,
respectively (Equation (2)).[14]

EtONa/EtOH +
F,C = CFBr ——a/———) EtOCF,CFHBr —I—{(;%) CFHBrCO.Et
140 — 150°C
(RO)sP+CFHBrCO;Et ———— (RO);P(O)CFHCO,Et+EtBr

3
3a: R=Et 75%
3b: R=iPr 71% (2)

The deprotonation at the carbon atom in phosphonates (EtO),P(O)CFHPh
2, (EtO),P(O)CFHCO,Et 3a or (i-PrO),P(O)CFHCO,Et 3b was conven-
iently carried out at -78°C in THF with organolithium reagents such as
n-butyllithium (n-BuLi),!'3! t-butyllithium (t-BuLi), lithium bis(trimethyl-
silyl)amide (LiN(TMS),), and lithium diisopropylamide (LDA).['6! For
example, when n-butyllithium was employed as proton abstractor, depro-
tonation of (EtO),P(O)CFHCO,Et 3a to [(EtO),P(O)CFCO,Et]'Li* 5a
causes an upfield chemical shift from —211 to —230 ppm in the 19 NMR
spectrum, and a shift from 10.0 ppm to 24.5 ppm in the 3lp NMR spec-
trum (Equation (3)).
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THF/ — 78°C
L S

(RO),P(O)CFHR' + Base [(RO)zP(O)CFR,'] “Lit

2 or 3a. 3b 4 or ba, 5b
Base = n—BulLi. t—BuLi, LIN(TMS);, LDA
R = Et. i-Pr and R’ = Ph. CO;E¢ (3)

Addition of lithium diethyl o-fluorobenzylphosphonate
[(EtO),P(O)CFPhI'Li* 4 or lithium fluorocarboethoxymethylene dialkyl-
phosphonate [(RO)zP(O)CFCOZEt]‘Li+ 5 (R = Et, i-Pr) to a THF solution
of fluorinated aldehydes prepared in situ from ethyl pentafluoropropanoate
6 and diisobutylaluminum hydride (DIBAL) achieve the vinyl fluoride
compounds C,FsCH=CFPh 7 and C,FsCH=CFCO,Et 8 in good yields
(Method A, Equation (4)).[10"6] For example, for the preparation of
(C,F5)CH=CFPh 7, the lithium salt [(EtO)ZP(O)CFPh]'Li+ 4 was gener-
ated independently from the phosphonate (EtO),P(O)CFHPh 2 and
n-BuLi in THF at —78°C. In another flask, ethyl pentafluoropropanoate 6
was allowed to react with DIBAL in THF at —-78°C, followed by dropwise
addition of the lithium salt 4 which was generated in the first flask. The
resultant mixture was then allowed to warm to room temperature to give
the product (C,Fs)CH=CFPh 7.
1) DIBAL/CH;Cl,, THF, -78°C

CoFsCOLES y (CoF5)CH=CFR’ Method A)
2)[(RO1,P(O)CFR’] "Li* 4 or 5a. 5b
6 7or8
—78°C to RT
R = Et. i—Pr and R’ = Ph, CO®Et (4)

In contrast, when in situ reduction of ethyl pentafluoropropanoate
C,FsCO,Et 6 to the aldehyde was performed in the presence of lithium
diethyl o-fluorobenzylphosphonate [(EtO)2P(O)CFPh]'Li+ 4 or lithium
fluorocarboethoxymethylene dialkylphosphonate [(RO),P
(O)CFCO,Et]'Li* 5 (R =Et, i-Pr), only 31-38% of the ester 6 was con-
verted to C,FsCH=CFPh 7 and C,FsCH=CFCO,Et 8 according to the 19p
NMR spectrum of the reaction mixture (Method B, Equation (5)). Excess
DIBAL and prolonged stirring of the reaction mixture at room temperature
did not improve the yield. The reason for the low yield is not clear.
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1) C;F5CO,Et 8, THF,—78°C
—
2) DIBAL/CH,Cl,

[(RO),P(O)CFR'] Lit

4 or Ba, 5b
(C2F5)CH = CFR/ (Method B)
7or8
R = Et, i-Pr and R’ = Ph, CO,Et (5)

The results for the preparation of 1 -fluoro-1-phenyl —2-pentafluoroethyl
ethene C,FsCH=CFPh 7, and ethyl 2,4,4,5,5,5-hexafluoro —2-pentenoate
C,FsCH=CFCO,Et 8 from ethyl pentafluoropropanoate C,FsCO,Et 6 and
[(RO),P(O)CFR’TLi* (R =Et, i-Pr and R’ = Ph, CO,Et) using different
methods are summarized in Table I.

TABLE I Preparation of the phenyl- and ester-substituted vinyl fluorides 7 and 8 from 6 and
[(RO),P(O)CFRTLi*

Products R R E/7b Method Isolated yields (%)*
7 Et Ph 1/99 A 719
7 Et Ph 1/99 B 38°¢
8 Et CO,Et 80/20 A 42¢
8 Et CO,Et 78/22 B 31¢
8 i-Pr CO,Et 82/18 A 50
8 i-Pr CO,Et 81/19 B 35¢

*The isolated yields are based on ethyl pentafluoropropanoate C,FsCO,Et.

® The E/Z ratio was determined by '°F NMR integration of the vinyl fluorine signals.
¢ The !°F NMR yields vs C;HsCF; as an internal standard.

d See reference 16.

¢ See reference 10.

A high degree of Z-stereoselectivity of C;FsCH=CFPh 7 was observed
in the reaction of 4 with ethyl pentafluoropropanoate 6. However, the
E-isomer was the major product in the preparation of C,FsCH=CFCO,Et
8 from the reaction of 3 with ethyl pentafluoropropanoate. Change of the
lithium  diethyl(carboethoxyfluoromethyl) phosphonate [(EtO),P(O)
CFCO,EtI'Li* 5a to the lithium diisopropyl(carboethoxyfluoromethyl)
phosphonate [(i-PrO),P (O)CFCO,Et J'Li* 5b did not alter the E/Z ratio of
the product C,FsCH=CFCO,Et 8. The formation of the intermediate 9
from 4 or 5 with ethyl pentafluoropropanoate is reversible[!%17] and the
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intermediate can exist in two diastereoisomeric forms 9A and 9B
(Scheme 1). The irreversible decomposition of 9A and 9B isomers gives
the specific E and Z isomers. The relative rates of formation and decompo-
sition of the intermediates will determine the E/Z ratio. The greater steric
hindrance between the phenyl and the C,F5 group in 9A compared to 9B
leads to the Z isomer as the major product.

[(RO),PO)CFRTLi* + C,FsCHO

4 and § ‘\\
"‘F -‘F
(RO),P(O)C \HR. (RO):»P(O)T\R,
00— C\ 0—C;"C2Fs
oa CoFs 9B 1
o ot
F | oF
(RO)P —C"_ ., (RO),P —C
T | IR
O——C. O—cC
C,F
A\. /F N\ F
C=C C=C
cFY g ' g
(E)-7 @)1

R=Et, i-Pr and R'=Ph, CO,Et

SCHEME 1

In conclusion, in the presence of diisobutyl aluminum hydride, ethyl
2,4,4,5.5,5-hexafluoro-2-pentenoate is reduced to the aldehydes that react
in situ with [(EtO),P(O)CFPh]'Li* or [(RO),P(O)CFCO,Et] Li* to form
the vinyl fluoride compounds C,FsC=CFPh and C,F;C=CFCO,Et in good
yields. In this work, readily available esters are used as substrates in the
olefination reaction. It is very useful in fluorocarbon chemistry, because
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the stable and easily distillable fluorine-substituted esters can be employed
as synthons for fluorinated aldehydes in organic synthesis.

EXPERIMENTAL

19 NMR spectra were recorded on a Bruker MSL-300 multinuclear spec-
trometer and were referenced against internal CFCls. 31p NMR spectra
were recorded on a Bruker AM-300WB multinuclear spectrometer, and
are referenced against external 85% H;PO,. 'H and BC NMR spectra
were recorded on a Bruker WM360X spectrometer, and were referenced
against internal (CH3)4Si. The mass spectral analyses were performed on a
FININGAN MAT TSQ-46C instrument. GLPC analyses were performed
on a 5% OV-101 column with a thermal conductivity detector. FT-IR spec-
tra were recorded on a Bomen DA instrument in CCl, solutions, using a
solution cell with 0.1 cm path length. Triethyl phosphite, triisopropyl
phosphite and diethyl phosphite were distilled from sodium metal at
reduced pressure. Ethyl bromofluoroacetate was prepared similar to the
reported preparation of ethyl chlorofluoroacetate. '8! Diethyl(carboethox-
yfluoromethyl)phosphonate (EtO),P(O)CFHCO,Et and diisopropyl (car-
boethoxyfluoromethyl)phosphonate (i-PrO),P(O)CFHCO,Et  were
prepared by the reaction of ethy] chlorofluoroacetate with triethyl phos-
phite and triisopropyl phosphite, respectively.[”] The normality of a 2.5 M
n-hexane solution of n-butyllithium was determined by the method of
Duhamel.[1°] Tetrahydrofuran, absolute ethanol, diethyl ether, dichlo-
romethane, ethyl pentafluoropropanoate and benzaldehyde were distilled
prior to use.[20] Ethyl acetate, n-hexane, pyridine, t-Butyllithium (t-BuLi),
lithium diisopropylamide (LDA), lithium bis(tri-methylsilyl)amide
(LiN(TMS),), diisopropyl aluminum hydride (DIBAL, 1.0 M dichlo-
romethane solution) and diethylaminosulphur trifluoride (DAST) were
used without further purification.

Preparation of diethyl-o-hydroxybenzylphosphonate
(EtO),P(O)CH(OH)Ph 1, non-catalyzed

A 250 mL two-necked flask equipped with a septum port, a Teflon-coated
magnetic stirring bar, and a water condenser topped with a nitrogen T tube,
leading to a source of nitrogen and a mineral oil bubbler, was charged
sequentially with 0.2 mol (27.6g, 26 mlL) of diethyl phosphite and
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0.25 mol (26.6 g, 26 mL) of freshly distilled benzaldehyde. The contents
of the flask were heated at 100-110°C (oil bath temperature) for 10 hours,
then filtered through a funnel to give 16g (52%) of
(Et0),P(O)CH(OH)Ph. mp = 82-84°C. 3lp NMR: 21.6 (d, d, Jpou=
10 Hz, Jpgcp =7 Hz); 'H NMR : 7.49 (m, 2H), 7.35 (m, 3H), 5.23 (1H),
5.03 (d, 1H, J = 10 Hz), 4.16 (g, 4H, J = 7 Hz), 1.32 (1, 6H, J = 7 Hz); °>C
NMR : 128.2-127.0, 70.7 (d, Jcp= 158 Hz), 63.4, 63.1, 16.3, 16.2; GC-MS
m/z (relative intensity): 245(M*+1, 0.17), 244(M*, 1.83), 215(M*-Et,
0.81), 199(M*-OEt, 0.64), 138(M*-PhCOH or (EtO),P(O)+H, 23.33),
111(41.43), 106(29.52), 105(34.72), 82(24.64), 79(13.93), 77(C¢Hs+);
FT-IR spectrum (CCl, solution): 3300(broad, OH), 3065(m), 3033(m,
Ar-H), 2983(m), 2930(m), 2909(m, C-H), 1392(s, C-F), 1255(m), 1235(m,
P=0), 1221(m), 1081(m), 1049(m), 1040(s), 1034(m, P-O-C) cm™!.

Preparation of (EtO),P(O)CH(OH)Ph 1 catalyzed by sodium
methoxide

Diethyl phosphite (0.2 mol, 27.6 g, 26 mL) and freshly distilled benzalde-
hyde (0.2 mol, 21.2 g, 21 mL) were placed into a 250 mL two-necked
flask under nitrogen. To the solution, a few drops of a saturated solution of
CH30Na in methanol were added to this mixture. The contents of the flask
were stirred at room temperature for 3 hours, then filtered through a funnel
to give 16 g of (EtO),P(O)CH(OH)Ph.

Preparation of diethyl-c-fluorobenzylphosphonate
(EtO),P(O)CFHPh 2

A solution of 19.2 mmol (3.12 g, 2.4 mL) of diethylaminosulphur trifluo-
ride (DAST) in 20 mL of dichloromethane was cooled to —78°C via a dry
ice/isopropyl alcohol slush bath under nitrogen. To the cooled solution,
16.4 mmol (4.0 g) of diethyl a-hydroxybenzylphosphonate in 40 mL of
dichlonomethane was added dropwise via a syringe over 1 hour. The mix-
ture was allowed to warm to room temperature and stirred for a further 2
hours, then the reaction was quenched by pouring the reaction mixture into
a solution of pyridine (5 mL) in ethanol (120 mL). After 1 hour, this mix-
ture was poured into ice water (400 mL) and extracted with dichlorometh-
ane (3 x 150 mL). The combined extracts were washed with dilute
hydrochloric acid (2 x 80 mL) and water (2 x 60 mL), dried with anhy-
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drous MgSQ,, filtered, and evaporated under reduced pressure to obtain
the crude product (4.0 g) as a mobile yellow oil. This crude product was
distilled under reduced pressure at 100-102°C and 0.3 mmHg to give 2.2 g
(53%) of the pure compound. GLPC purity : 99%. 'F NMR : ~200.4 (d,
d, Jpcp=84 Hz, Jgcy =45 Hz) ; 3lp NMR: 164 (d, d, Jpcr = 84 Hz,
Jpey = 8 Hz, Jpgey = 7 Hz); 'H NMR : 7.48 (m, 2H), 7.36 (m, 3H), 5.68
(d, d, 1H, Jycp =45 Hz, Jycp =8 Hz), 4.07 (m, 4H), 1.25 (1, 3H, J =7
Hz), 1.24 (1, 3H, J=7 Hz); 13C NMR: 133.1-126.8, 89.4 (d, d,
Jcp =183 Hz, Jop= 169 Hz), 63.7, 63.6, 16.4, 16.3; GC-MS m/z (relative
intensity): 248(M*+2, 0.01), 247(M*+1, 0.10), 246(M*, 0.86),
218(M*-CH,=CH,, 3.35), 217(M*-Et, 5.19), 169(M*-(EtO),P(0), 100),
110(9.36), 109(100.00), 81(15.90), 77(C¢Hs*, 2.04); FI-IR spectrum
{CCly solution): 3092(m), 3067(m), 3051(w), 3035(m, Ar-H), 2983(m),
2931(m), 2910(m, C-H), 2868(m), 2785(w), 1454(m), 1392(s, C-F),
1264(m, P=0), 1190(w), 1029(m, P-O-C) cm™ .

Preparation of (Z)-(C,F5)CH=CFPh 7 and of C,F;CH=CFCO,Et 8
from ethyl pentafluoropropanoate C,F;CO,KEt 6 and
[(RO),P(O)CFRTLi*

Method A

A solution of 16.0 mmot (3.9 g) of (EtO},P(O)CFHPh in 30 mL of dry
THF was cooled and stirred at —~78°C, as 16.0 mmol (6.4 mL) of a 2.5 M
solution of n-butyllithium in n-hexane was added dropwise via a syringe.
In another flask, a solution of 16.0 mmol (3.0 g) of C,FsCO,Et in 20 mL
of dry THF was stirred and cooled to —78°C while 16 mmol (16 mL) of a
1.0 M dichtoromethane solution of DIBAL-H was added dropwise via a
syringe. The resultant mixture was stirred at ~78°C, for 30 min, and then
the cold solution in the first flask was added dropwise via a syringe to the
aldehyde. The resulting mixture was stirred at —78°C for 1 h, and was
allowed to warm to room temperature over 4 h. The reaction mixture was
poured into water (40 mL), the organic layer was separated, washed suc-
cessively with brine (30 mL) and water (30 mL), and was subjected to
steam distillation. The water layer of the steam distillate was extracted
with diethyl ether (2 x 25 mL), and the combined organic layers were
dried over anhydrous MgSO,4. Removal of the solvents via distillation at
atmospheric pressure gave a yellow residue that was redistilled through a
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six-inch Vigreaux column at 58-60°C and 3.8 mmHg to obtain 2.95 g
(71%) of the pure compound. GLPC purity : 94%. '9F NMR: -86.4(d,
JFF— 3.5 Hz), —100.8 (dt JFH((,anS) =33.5 Hz, JFF— 22.8 Hz), — 110.8
(dd.q, JFF— 22.8 Hz, JFH— 13.9 Hz, JFF— 3.5 Hz); 'H NMR: 7.60-7.49
(m, 2H), 7.48-7.41 (m, 3H), 554 (dt 1H, JH F([rans)-33 5 Hz,
3Jyp=13.9 Hz), '°C NMR: 164.6 (d.t, JCF- 272 Hz, JCF- 6 Hz),
131.6, 128.9. 1254(d JCF—SHZ) 118.8 (d.t, JCF—285 Hz, JCF— 38
Hz), 93. (d.t. JCF =25Haz, JCF 10 Hz) ; GC-MS mv/z (relative inten-
sity): 240 (M*, 36.30), 221 (4.43), 171 (93.15), 152 (9.59), 151(100.00),
102 (9.85). 69 (8.99). FT-IR 3095 (m), 3067 (m), 2982 (m), 2934 (m),
1683 (m), 1341 (m), 1287 (m), 1216 (s), 1206 (s), 1119 (m) cm™".

Method B

A solution of 16.0 mmol (3.9 g) of (EtO),P(O)CFHPh in 30 mL of dry
THF was cooled and stirred at —78°C, as 16.0 mmol (6.4 mL)ofa 2.5 M
n-hexane solution of n-butyllithium were added dropwise via a syringe.
The resultant bright yellow solution was stirred at —78°C for 20 minutes
and then 16.0 mmol (3.0 g) of ethyl pyruvate were added dropwise via a
syringe. After the bath temperature was equilibrated to —78°C, 16 mmol
(16 mL) of a 1.0 M dichloromethane solution of DIBAL-H were added
dropwise via a syringe. The resultant mixture was stirred at —78°C for one
hour, allowed to warm to room temperature over 5 hours, and then
quenched with 25 mL. of 6M HCl. The organic layer was separated,
washed successively with brine (30 mL) and water (30 mL), dried over
anhydrous MgSQO, to give the pure compound in 38% yield. (*°F NMR ;
CgHsCF3 as internal standard) 'F NMR of the product: —-86.4 (d,
SJgp=35 Hz) -100.8 (dt, JFH(M,,S)_ 33.5 Hz, “Jgp= 22.8 Hz) and
-110.8 (d,d.q. JFF 22.8 Hz, JFH 13.9 Hz, 3JFF- 3.5 Hz).

Preparation of (E, Z)-(C,F;)CH=CFCO,Et 8

Yield: 3. 1g (42%). '°F NMR : E/Z = 80/20, (E) isomer : — 110.6 (d,
3Jgy = 13.8 Hz), -99.5 d, t, 3JFH(C,S)_ 17.8 Hz, )= 4.5 Hz), -86.1 (s);
(Z) isomer: —113.5 (d q, JFH 14.5 Hz, JF'F-23 Hz), -109.0 (4, t,
JpHmam)_279Hz 4Jgp= 22.7 Hz), -85.5 (s); '"H NMR : 5.84 (d, t, 1H,
3Feisy= 17-6 Hz, 3y p= 13.7 Hz), 437 (g, 2H, Iy = 7.14 Hz), 1.36
(t, 3H, JHH-714HZ) 13C NMR : 1585(d JCF—34Hz) 155.9 d, t,
Uep=272Hz, e p=5Hz), 120.1 (1, d, T g = 286 Hz, Y g = 36 Ha),
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104.5 (d, t, U p= 29 Hz, U p =25 Hz), 63.2 (s), 13.7(s); GC-MS m/z
(relative intensity): 237 (M*+1, 0.1), 235 (M*-1, 0.1), 191 (53,4), 163
(36.6), 113 (53.8), 94 (46.9), 69 (100.0); FT-IR spectrum (CCly solution):
1758 (s, C=0), 1695 (m, C=C), 1337 (s), 1211 (s), 1184 (s, C-F) cm ™,
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