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Abstract

Reaction of a variety of trans-1-trimethylsilyl-1,2-difluoroalkenes with ethyl chloroformate in the
presence of potassium fluoride gave the corresponding ethyl 3-substituted-trans-2,3-difluoro-2-acrylates in
good yields, which reacted with a variety of nucleophiles such as hydrazine hydrate, amidines and
thiourea etc. in the presence of bases to afford the corresponding 4-fluoropyrazole, 5-fluoropyrimidine and
5-fluoro-2-uracil derivatives in good yields. © 2000 Elsevier Science Ltd. All rights reserved.

Much attention has been given to fluorinated organic compounds both in a theoretical and in
a practical sense owing to the characteristic features of fluorine.1 The introduction of fluorine
into organic compounds often leads to enhanced biological activity. The preparation of alkenes
fluorinated at selected positions is an important synthetic objective in this area.2,3 Recently,
stereoselective incorporation of a vinylic fluorine into bioactive organic molecules has been
shown to increase biological potency compared with their non-fluorinated parent compounds.4–7

However, methodology for introducing the 1,2-difluoroethylene unit (�CF�CF�) stereoselec-
tively into organic compounds has not received much attention,8–12 Recently, Burton described
the preparation and palladium/CuI catalyzed stereospecific cross-coupling reaction of 1,2-
difluorovinylstannanes with aryl iodides and vinyl halides.13 We now report a novel synthetic
route to a variety of ethyl 3-substituted-trans-2,3-difluoro-2-acrylates and their reactions with
nucleophiles.

A modified literature procedure11 was utilized to prepare trans-(2-alkyl- or 2-aryl-1,2-
difluoroethenyl)trimethylsilanes. Trifluorovinyltrimethylsilane, prepared from trimethylsilyl
chloride, chlorotrifluoroethylene and n-butyl lithium in THF, reacted with a variety of lithium
reagents to afford the corresponding addition–elimination products (trans>98%) (Scheme 1).
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Scheme 1. R=n-Bu, sec-Bu, n-C5H11, n-C6H13, n-C8H17, Ph, p-MeOPh

Hiyama reported the fluoride ion-catalyzed generation and carbonyl addition of trans-2-sub-
stituted 1,2-difluoroethenyl carbanions from the corresponding trans-(2-substituted 1,2-
difluoroethenyl)silanes.14 In place of aldehydes, ethyl chloroformate reacted with trans-(2-alkyl-
or 2-aryl-1,2-difluoroethenyl)trimethylsilanes in the presence of dry potassium fluoride (1.5–2.0
equiv.) in DMF at 80°C to afford the corresponding esters stereospecifically in good yields.
Table 1 summarizes our preliminary results.

Table 1
Preparation of ethyl 3-substituted-trans-2,3-difluoro-2-acrylates

R Yield(%)aEntry

1 62sec-Bu
n-Bu2 66

72Ph3
4 81p-MeOPh
5 67n-C5H11

n-C6H136 76
7 71n-C8H17

a Isolated yields based on the corresponding silanes.

As a,b-unsaturated esters, ethyl 3-substituted-trans-2,3-difluoro-2-acrylates can undergo
Michael addition reactions with nucleophiles such as thiophenol, sodium azide etc. followed by
elimination of the b-fluorine to give addition–elimination products.15 Consequently, a new
synthetic route to monofluorinated heterocyclic compounds could be envisaged if reagents with
two nucleophilic centers were employed.

Hydrazine monohydrate was selected first to react with ethyl 3-substituted-trans-2,3-difluoro-
2-acrylates. In the presence of triethylamine, ethyl trans-2,3-difluoro-2-heptenoate reacted with
a small excess of hydrazine monohydrate in ethanol at room temperature. The reaction was
monitored by TLC and 19F NMR. After the starting material disappeared, the reaction mixture
was worked up and purified on a silica gel column to give the corresponding 3-hydroxy-4-fluoro-
5-pentylpyrazole in a yield of 80%. The structure was confirmed by 1H NMR, 19F NMR, IR and
HRMS. Table 2 summarizes the preliminary results.

Similarly, treatment of ethyl 3-substituted-trans-2,3-difluoro-2-acrylates with acetamidine
hydrochloride and benzamidine hydrochloride, respectively, in the presence of potassium
carbonate in 1,4-dioxane afforded the corresponding 5-fluoropyrimidine derivatives in good
yield. The preliminary results are listed in Table 3.
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Table 2
Preparation of 4-fluoropyrazole derivatives

Entry R Yield(%)a

sec-Bu1 76
2 n-Bu 75

80n-C5H113
4 n-C8H17 78

a Isolated yield based on ethyl 3-substituted-trans-2,3-difluoro-2-acrylates.

Table 3
Synthesis of 5-fluoropyrimidine derivatives

Entry R% Yield(%)aR

CH3sec-Bu 871
85CH3n-C5H112

CH3n-C6H13 763
4 CH3 71Ph

92CH3p-MeOPh5
896 n-C8H17 CH3

84CH37 sec-Bu
Phn-Bu 898

91Phn-C5H119
Phn-C6H13 8310

11 Ph 88Ph
81Ph12 p-MeOPh

Phn-C8H17 8913
14 93sec-Bu Ph

a Isolated yields based on ethyl 3-substituted-trans-2,3-difluoro-2-acrylates.

When thiourea was employed in the above reaction, the corresponding 6-n-butyl-5-fluoro-2-
thiouracil was obtained in 68% yield (Scheme 2).
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Scheme 2.

In conclusion, we have developed a new and convenient method for the synthesis of ethyl
3-substituted-trans-2,3-difluoro-2-acrylates, which can further react with a variety of nucleo-
philes such as hydrazine hydrate, amidines and thiourea etc. to afford the corresponding
4-fluoropyrazole, 5-fluoropyrimidine and 5-fluoro-2-uracil derivatives in good yield.
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