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Ethyl 2-benzyloxy-3,3-difluoropropenoate 3, prepared from the readily obtainable ethyl trifluoropyruvate, reacts with 
a variety of nucleophiles to give (J-fluoro-a-keto acid derivatives in high yield. 

In view of the prominent features that fluorine may confer to 
biologically active molecules' and the central importance of a- 
keto acid in the studies of various biological processes and in the 
development of enzyme inhibitors,2 the introduction of a 
fluorine atom into the (3-position of a-keto acid derivatives may 
bring about significant biological consequences. Moreover, 
from a synthetic point of view, P-fluoro-a-keto acids are 
particularly valuable precursors of the corresponding (3-fluoro- 
a-amino acids that are currently of great interest in the design of 
potential enzyme inhibitors and therapeutic agents. l k 3  

Only two methods are known for the synthesis of p-fluoro-a- 
keto acid derivatives. The first involves direct fluorination of 
enol-type a-keto esters with molecular fluorine, which is only 
applicable to a very limited number of substrates due to the 
extraordinarily high reactivity of molecular fluorine.4 The 
alternative method of preparing (3-fluoro-a-hydroxy esters by 
the ring opening of glycidic esters with HF-pyridine and their 
subsequent oxidation to (3-fluoro-a-keto esters has also been of 
limited utility because of the low regioselectivity of the ring 
opening reaction and the necessity to use a strong oxidant for the 
oxidation step.' In a search for a more efficient and convenient 
method for the synthesis of (3-fluoro-a-keto acid derivatives, we 
have sought to develop a building block approach involving the 
use of readily available fluorinated starting materials as a source 
of fluorine. Herein we report a convenient preparation of the 
title compound and demonstrate its utility as a novel synthon of 
P-fluoro-a-keto acid derivatives via its reactions with various 
nucleophiles. 

For the first time, we have found that treatment of the 
hemiketal formed between ethyl trifluoropyruvate6 1 and 
benzyl alcoholt with SOClz (1.5 equiv.) and pyridine (3.0 
equiv.) readily afforded the a-chloro ether 2 4  Owing to the 
strong electron-withdrawing property of the CF3 and ester 
groups, compound 2 was found to be fairly stable, capable of 
being isolated from aqueous workup and distilled under reduced 
pressure. Subsequent reductive dechlorofluorination of 2 with 
zinc powder (5.0 equiv.) in DMF proceeded smoothly to provide 
3 in 85% yield.§ 

Having established a convenient preparation of compound 3,  
we then explored the feasibility of using 3 as a synthon of p- 
fluoro-a-keto acid derivatives. Being rendered electron defi- 
cient by the substitution of two fluorine atoms as well as the 
carbonyl group, compound 3 was envisaged to be a quite 
reactive Michael acceptor which can react with nucleophiles in 
a 1,4-fashion followed by the elimination of a fluoride ion.8 
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Scheme 1 Rragents and conditions: i, benzyl alcohol (1 .0 equiv.), benzene; 
then SOCl-, (1.5 equiv.). pyridine (3.0 equiv.), 0 "C, 76% overall yield; ii, 
activated zinc dust (5.0 equiv.), DMF, 85% yield; iii, nucleophile 

Indeed, addition of a variety of nucleophiles to 3 proceeded very 
smoothly affording the expected enol ether of P-fluorinated a- 
keto acid derivative 4 in high yield (Table 1).1 

The results are summarized in Table 1. As can been seen from 
the table, organolithium and Grignard reagents reacted well 
with 3 in the presence of CuI to give overall substitution 
products. With 2-thiophenylmagnesium bromide as the nucleo- 
phile (entry 3), the reaction was best performed in the absence 
of the copper salt. Simple ketone and ester enolates also 
effectively underwent this type of nucleophilic substitution 
reaction to furnish highly functionalised products 4d and 4e. 
Heteroatom nucleophiles, such as sodium diethylphosphite 
(entry 6) and 1-indolyllithium (entry 7), also react with 3 to 
furnish the corresponding phophonic acid derivative 4f and 

Table 1 Reaction of' nucleophiles with ethyl 2-benzyloxy-3,3-difluoro- 
propenoate 3a 
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0 All reactions were performed in THF at -78 "C using 1 .l-1.2 equiv. of the 
nucleophile for 1.0 equiv. of3.  h All products were characterized by IH and 
*9F NMR, MS and elemental analysis. Yield of isolated product. Numbers 
in parentheses indicate the ratio of two isomers determined by I9F and/or 'H 
NMR. The configuration was tentatively assigned by 19F NMR measure- 
ment. See footnote /I. 
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Scheme 2 Reagents and conditions: i, H2 (1 atm.), 10% Pd on charcoal 
(cat.), EtOH, 1 h, 95% yield; ii, NaHC03 (3.0 equiv.), 50% (viv) aqueous 
isopropanol, 25 "C, 24 h; iii, conc. aqueous NH3, 35 OC, 4 h, then NaBH4 (5 
equiv.), 10-25 "C 1 h, 43% yield 

1 -alkylated indole compound 4g in high yields. In all cases, the 
products were obtained as a mixture of Z- and E-isomers11 which 
can equally serve as precursors of p-fluoro-a-keto acid 
derivatives (vide infra). 

It is worth noting that, unlike simple p,p-difluoro-a,p- 
unsaturated carbonyl compounds whose reactions with nucleo- 
philes are generally complicated by the consecutive addition of 
2 equiv. of the nucleophile to give a fluorine free product and 
therefore are not of great synthetic value,* compound 3 shows 
the capacity to react with only one equivalent of nucleophile 
even though the latter was employed in excess. This property, 
which ensured a high yield of the desired monosubstituted 
product, is apparently imparted by the synthetically desirable 
benzyloxy group at the a-position which rendered the initially 
formed product unreactive towards further nucleophilic reac- 
tions. 

Finally, the feasibility of converting 4 to unprotected p- 
fluoro-a-keto esters and the use of the latter as procursors of p- 
fluoro-a-amino acid has been examined using 4a as the 
representative compound. Thus, removal of the benzyl group 
from 4a (mixture of two isomers) was readily achieved by 
hydrogenation on Pd-C to give (3-fluoro-a-keto ester 5 in nearly 
quantitative yield. Following a protocol described by Tsushima, 
compound 5 was stereoselectively converted to the known p- 
fluorophenylalanine 6 (Scheme 2).4h 
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Footnotes 
t A few other primary alcohols have also been found to undergo similar 
transformations. 
$ This reaction was believed to proceed through a mechanism similar to that 
commonly proposed for the reaction of an ordinary alcohol with S0Cl2- 
pyridine, i.e a SN2 displacement of OSON+C5HS by the weak chloride 

nucleophile. A similar transformation starting from a hemiketal derived 
from dimethyl oxomalonate has been reported, see ref. 7. 
3 Procedure and selected data for 3: A mixture of compound 2 (14.8 g, 50 
mmol) and freshly activated zinc dust (12.8 g) in dry DMF (100 ml) was 
vigorously stirred at room temp. until heat evolution ceased. After removal 
of the precipitate by filtration, the reaction mixture was diluted with diethyl 
ether (200 ml), washed with water (2 X 100 ml) and dried over Na2S04. 
Distillation through a Vigreux column afforded 3 (10.3 g, 85%). Bp 85 "C 
(0.1 mmHg); 'H NMR (CDC13, 300 MHz) 6 7.21 (s, 5 H), 4.82 (s, 2 H), 4.25 

4.1 (d, J 9.0 Hz), 9.4 (d, J 9.0 Hz); MS (EI) miz 242 ( 5 ,  M+), 197 (8), 169 

fl Typical procedure: compound 3 (0.24 g, 1 .0 mmol) was added to a solution 
of a nucleophile (1.2 mmol) in THF ( 5  ml) at -78 "C. After being stirred for 
1 h at -78 "C, the reaction mixture was warmed to 0 "C during 1 h and 
quenched with saturated aqueous NH4CI solution. The product was isolated 
by flash column chromatography. 
11  In all cases, the two 2- and E-isomers showed a relatively large difference 
of I9F NMR chemical shifts (A ppm b 13). The configuration was assigned 
by assuming a downfield shift of the fluorine cis to the ester group.8eJ 

(q, J 7.1 Hz, 2 H), 1.30 (t, .I 7.1 Hz, 3 H); '9F NMR (CDC13,60 MHz TFA) 

(15). 
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