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SYNTHETIC COMMUNICATIONS, 21(12&13), 1403-1408 (1991) 

A Novel One-pot Synthesis of Fluorinated 
a,P-unsaturated Esters 

* 
Yanchang Shen and Yuejun Xiang 

Shanghai Institute of Organic Chemistry, 
Academia Sinica, 

345 Linglinq Lu, Shanghai 200032, China 

Abstract: The reaction of pentafluorophenylmethylene- 
triphenylarsorane or p-chloro-tetrafluorophenylmethyl- 
enetriphenylarsorane , generated in situ from methylene- 
triphenylarsorane and hexafluorobenzene or chloropenta- 
fluorobenzene, with bromoacetates giving excellent 
yields of 3-pentafluorophenyl or 3-p-chloro-tetrafluoro- 
phenyl a,p-unsaturated esters with high steroselectivity 
is described. 

a,P-Unsaturated esters are important intermediates 
in synthetic organic chemistry, being essential com- 
pounds in the synthesis of some natural products and 
capable of undergoing many useful organic transfor- 
mations'. Therefore reactions leading to the formation 
of them, especially fluorinated compounds, have attract- 
ed much attention.' Asato et al. have reported Wittiq- 
Horner reactions to give trifluoromethylated a,P-unsa- 
turated esters which have been applied to the synthesis 
of some fluorinated natural  product^.^ However the 
methods for the preparation of pentafluorophenylated or 
p - c h l o r o - t e t r a f l u o r o p h e n y l a t e d  alp-unsaturated esters 
have not been appeared in the literature. 
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3 404 S H E N  A N D  X I A N G  

Recently we found a novel double elimination of 
~rsonium salts and its application to the preparation of 
4-trifluoromethyl-2,4-dienyl carbo~ylates~. In our con- 
tinuing investigation to exploit the synthetic utility 
of this reaction in organic synthesis, we now wish to 
roport a novel one-pot synthesis of 3-pentafluorophenyl 
OK 3-p-chloro-tetraf luorophenyl acrylates by the reac- 
tion of pentaflaorophenylmethylenetriphenylarsorane or 
p-chloro-tetrafluorophenyltriphenylarsorane with bromo- 
a’zetates. 

T h e  reaction sequence is shown as follows: 

The fluorinated arsoranes 3 generated from the 
me-hylenetriphenylarsorane with hexafluorobenzene or 
ch ,ore-pentafluoroben~ene,~ without isolation, reacted 
wii h bromoacetates to give fluorinated products 7 in 94- 
992 yields(3 steps). 

The reaction of 3 to 7 is initiated by nucleophilic 
attack of fluorinated arsorane 3 on the a-carbon atom of 
brcrnoacetate to give arsonium salt 4 .  4 reacted with 
a n c t h e r  molecule of 3 to give 5 which converted to 6 via 
hydrogen transfer, followed by elimination of triphenyl- 
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SYNTHESIS OF a ,P-UNSATURATED ESTERS 1405 

7a 
7b 
7c 
7d 
7 e  
7f 

7 9  
7h  

F 
F 

F 

F 

c1 
c1 
c1 
c1 

CH3 

2H5 
C4Hg-n 
C 4 H g - i  

C2H5 
C4Hg-n 
C 4 H g - i  

C” 3 

70 

76 

1 0 6  
96 

89 
9 6  

104  

98 

99 

97 

99 
95 

95  
94 

97 

99 

a r s i n e  t o  a f f o r d  p r o d u c t  7 .  I t  may be  e x p l a i n e d  t h a t  6 

is more s t a b l e  t h a n  5 due  t o  t h e  n e g a t i v e  c h a r g e  c a n  b e  

s t a b i l i z e d  by  C 0 2 R  g r o u p .  
T h i s  one-po t s y n t h e s i s  o f  f l u o r i n a t e d  a, P-unsa t u r a t e d  

esters i s  q u i t e  c o n v e n i e n t  i n  e x c e l l e n t  y i e l d s  w i t h  h i g h  

s t e r e o s e l e c t i v i t y  u n d e r  m i l d  c o n d i t i o n  g i v i n g  E-isomer 
e x c l u s i v e l y  a s  j u a g e d  o n  NMR s p e c t r a s c o p y  and  would be 
u s e f u l  i n  t h e  s y n t h e s i s  o f  f l u o r i n a t e d  b i o l o g i c a l l y  

a c t i v e  compounds. 

E x p e r i m e n t a l  

A l l  b o i l i n g  p o i n t s  were u n c o r r e c t e d .  I R  s p e c t r a  of 
l i q u i d  p r o d u c t s  were o b t a i n e d  a s  f i l m  on a Shimadzu IR- 
440 spectrometer. ’H NMR and 19F NMR spectra were 
r e c o r d e d  on  a V a r i a n  EM-360 ( 6 0  MHz) or  XL-200 ( 2 0 0  MHz) 

s p e c t r a m e t e r  w i t h  SiMe4 and CF3C02H ( p o s i t i v e  f o r  up- 
f i e l d  s h i f t s )  as e x t e r n a l  r e f e r e n c e s ,  r e s p e c t i v e l y .  Mass 
s p e c t r a  were measured  o n  a GC-MS-4021 s p e c t r a m e t e r .  
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1 L  06 S H E N  AND X I A N G  

Gfneral Procedure: Phenyllithium (4 mmol) in absolute 
diethyl ether (6 ml) was added dropwise to a stirred 
s~spension of methyltriphenylarsonium iodide (4 mmol) in 
aksolute diethyl ether (25 ml) at 2OoC under nitrogen. 
Tke mixture was stirred for lh and cooled to OOC, the 
hcxafluorobenzene or chloro-pentafluorobenzene (2 mmol) 
was slowly added over 5 min. After stirring for 15 min 
at O O C ,  the mixture was warmed to 2OoC and stirred fo r  

further 30 min. Then bromoacetate (1 mmol) was added 
an3 stirred for lh at 2OOC. The product 7 was isolated 
by column chromatography on silica gel with light 
perroleum ( b.p. 60-90°C)-ethyl acetate (9:l) as eluent. 

Methyl 3-pentafluorophenyl acrylate (7a) 
99; yield; b.p. 70°C/2mmHg; IR(fi1m): 1728s, 1650s, 
12110s cm-', 'H NMR(CC14/TMS):63.73(3H,s), 6.58(1H, d,J= 
1611~) , 7.42 (1H ,d ,J=16Hz) ; 19F NMR(CC14/TFA): 662.0-64.0 
(21 ,m), 74.0-75.5(1F,m), 84.0-85.3(2F,m)ppm; MS m/z: 252 
(Mi ,38%), 221(M+-OMe,100%), 193(M+-C02Me,56%) (Found: C, 
47.52; H, 1.91; C10H5F502 requires C, 47.64; H, 1.98%) 

Ethyl 3-pentafluorophenyl acrylate (7b) 
97% yield; b.p. 78OC/2mmHg; IR(fi1m): 1730s, 1650s, 
1260s cm-'; 'H NMR(CC14/TMS): 61.32(38, t,J=6Hz), 4.25 
(2H,q, J=6Hz), 6.66(1H,d,J=16Hz), 7.60(1H,d,J=16Hz); 19F 
NMR(CC14/TFA): 861.3-63.0(2F, m), 73.3-74.7(1F,m), 83.7- 
85.1(2F,m)ppm; MS m/z: 266(M+,42%) ,221(M+-OEt,100%), 193 
(Mt-C02Et, 27%) (Found: C, 49.16; H, 2.53; C11H7F502 
reqiires C, 49.65; H, 2.63%) 

n-Butyl 3-pentafluorophenyl acrylate (7c) 
99% yield: b.p. 106°C/2mmHg; IR(fi1m): 1730s, 1650s, 
1261)s cm-'; 'H NMR(CC14/TMS): 60.93(3H, t,J=6Hz), 1.10- 
1.80(4H,m), 4.08(2H,t,J=6Hz), 6.54(1H, d, J=16Hz), 7.46 
(1H d,J=16Hz); 19F NMR(CC14/TFA): 662.0-63.3(2F,m), 74.0- 
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SYNTHESIS OF d ,b-UNSATURATED ESTERS 1407 

75.3(1F,m), 83.6-85.3(2Ffm)ppm; MS 
221(M+-OBu,100%), 193(M+-C02Bu, 53%) 
3.73; C13H11F502 requires C, 53.08: 

m/z: 294 
Found: C, 
H, 3.74% 

M+, ll%), 
52.69; H, 

i-Butyl 3-pentafluorophenyl acrylate (7d)  

95% yield; b.p. 96OC/2mrnHg; IR(fi1m): 1720s, 1650s, 
1260s cm-l; 'H NMR (CC14/TMS ) : 60.87 ( 3H , t , J=6Hz , 1.18 ( 3H, 
d,J=6Hz) ,1.20-1.70(2Hfm), 4.78(1Hfm), 6.48(1H,d,J=16Hz), 

19F NMR(CC14/TFA) : 862 .O-63.3 (2F ,m) , 
74.0-75.2 (1F ,m ) , 83.6-85.3 (2F , m )ppm; Ms m/z : 294 (M+ , 1 % 1 , 
221(M+-OBu,100%), 193(M+-C02Bu,41%) (Found: C, 52.94; H, 
3.75; Cl3Hl1F5O2 requires C, 53.08; H, 3.74%) 

7.40 (1H,d ,J=16Hz) ; 

Methyl 3-p-chloro- te t ra f luorophenyl  acrylate ( 7 e )  

95% yield: b.p. 89°C/2mmHg; IR(fi1m): 1720s, 1640s, 
1240s cm-'; 'H NMR(CC14/TMS): 6 3.85(3Hfs), 6.73(1H,d,J= 
16Hz) , 7.58(1H ,d, J=16Hz) 19F NMR(CC14/TFA): 6 61.7-62.7 
(2F,m), 62.7-63.7(2Ffm)ppm; MS m/z: 268(M+,67%), 237(M+ 
-OMe, l o o % ) ,  209(M+-C02Me, 35%), 174(M+-C02Me-C1, 53%) 
(Found: C, 44.66; H, 1.83; C10H5C1F402 requires C, 
44.72; H, 1.86%) 

Ethyl 3-p-chlorotetrafluorophenyl acrylate (7f) 
94% yield; b.p. 96OC/2mmHg; IR(fi1m): 1730s, 1640s, 
1250s cm-'; 'H NMR(CC14/TMS): 81.33(3H,t,J=6Hz) , 4.24(2Hf 
q,J=16Hz), 6.70(1Hfd,J=16Hz), 7.64(1H,d,J=16hz); 19F NMR 
(CCl4/TFA):862.0-63.O(2F,m), 63.0-64.0(2F,m)ppm; MS m/z: 

C02Et-C1,100%) (Found: C, 46.36; H, 2.33; C11H7C1F402 
requires C, 46.76; H, 2.48%) 

282(M+,16%), 237(M+-OEt ,52%), 209(M+-C02Et,58%), 174(MS- 

n-Butyl 3-p-chloro-tetrafluorophenyl acrylate (79) 

97% yield; b.p. 98'C/2mmHg; IR(f ilm): 1730s, 1642s, 
1268s cm-l; 'H NMR(CC14/TMS): 60.94(3Bf t,J=6Hz), 1.14- 
1.90(4H,m), 4.10(2H,t, J=6Hz), 6.60(1Hf d ,  J=16Hz), 7.52 
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1408 SHEN AND XIANG 

( LH,dIJ=16Hz); 19F NMR(CC14/TFA): 661.6-62.6(2FIm) , 62.6- 
61.0(2Fr m)ppm; MS m/z: 310(M+,15%), 237(M+-OBu,100%), 
209(M+-C02Bu,38%) , 174(M+-C02Bu-C1,55%) (Found: C, 50.21; 
H. 3.51; C13H11C1F402 requires C, 50.27; H I  3.54%) 

i-Butyl 3-p-chloro-tetraphenyl acrylate (7h) 
99% yield; b.p. 98OC/2mmHg; IR(fi1m): 1720s, 1 6 4 0 ~ ~  
1; 55s cm-'; 'H NMR(CC14/TMS) : 60.87 (3H ,t ,J=6Hz) , 1.18 (3H , 
d,J=6Hz),1.20-1.75(2HIm), 4.74(1Hrm), 6.48(1H,d,J=16HZ), 
7.48 ( 1H ,d , J=16Hz ) ; l9F NMR (CC14/TFA) : 6 61 .4-62.4 ( 2F , m) , 
6; .4-64.0(2Frm)ppm; MS m/z: 310(M+,l%) , 237(M+-OBuI29%) , 
2C9(M+-C02Bur 7 % ) r  174(M+-C02Bu-C1,12%)(Found: C, 50.24; 
H, 3.49; C13HilClF402 requires C, 50.27; H, 3.54%) 
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