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FACILE SYNTHESIS OF DIALKYL FLUOROMALONATES AND THEIR DERIVATIVES
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Dimethyl and diethyl fluoromalonates were prepared by the stepwise basic
alcoholysis of hexafluoropropene in a total yield of 50 - 55%. These dialkyl
fluoromalonates were alkylated with alkyl halides, and the resulting dialkyl

a-fluoroalkylmalonates were cyclized with urea affording 5-fluorobarbituric acid

derivatives.

Some sorts of monofluoro organic compounds have recently been attracting attentions owing to
their biological activities]) and some practical methods for monofluorination of organic molecules
have been developed in these days.z) However, practical methods to introduce one fluorine atom into
a desired position of organic molecules are not common so far. On the other hand, the preparation of
versatile monofluoro intermediates such as o-fluoro-g-diketones, g-diesters, and B-ketoesters from
common organofluorine compounds such as fluorinated alkenes seem to be promising and useful. We
have already revealed the preparation of o-fluoro-g-ketoesters from trifluoroethene or from hexafluoro-

3) We now wish to report a simple preparative method for methyl and ethyl

propene very recently.
fluoromalonate, a typical o-fluoro-g-diester, from hexafluoropropene.

Dialkyl fluoromalonates have been prepared by 1) the condensation of ethyl fluoroacetate and
ethyl chloroformate under basic conditions,a) 2) the thermal decomposition of diethyl fluorooxalo-
acetate derived from ethyl fluoroacetate and diethy]l oxalate,4) 3) the halogen exchange reaction of
diethyl chloromalonate with KF or KHF2 at a high temperature,5'7) 4) the fluorination of diethyl

8)

malonate with perchloryl fluoride (C103F), and 5) the Michael addition of a methoxide ion to tri-

9) The starting materials for these methods, however, are rather expensive or

fluoroacrylic acid.
toxic, and the procedures are tedious and give only poor yields. The present method, in contrast,
uses a commercial perfluoroalkene of low toxicity as a starting material and the process is composed

of only two step alcoholysis, with a total yield of 50 - 55%. The reaction proceeds as follows:



108 Chemistry Letters, 1981

+
H'/H,0
CF,<CFCF; + ROT/ROH ——> [RO-CFZCHFCF3] 2 > RO-G-CHFCF,
0
1 2
~v ~
, -F~ - , RO”
— Ro-lcl-cr=CF2] 4 RO-G-CFCF3 | &
0 b
- +/
RO™/ROH H'/H,0
D - - - - - - -
—> | RO-C-CHF-C(OR), > RO-C-CHF-C-OR
0
3 4
~~ ~

The nucleophilic reaction of hexafluoropropene with an alkoxide ion to give alkyl tetrafluoro-
propionate g%) was carried out in a similar way reported by Knunyants' group.]o) The second step,
the dehydrofluorination of glfollowed by the alcoholysis of the terminal difluoromethylene group to
give an orthoester gg) was achieved by using sodium alkoxide in an alcohol. The orthoesterlglwas
treated with an acid, affording dialkyl fluoromalonate (ﬁ).

For example, into a solution of sodium methoxide (94 g, 1.74 mole) in methanol (500 m1), hexa-
fluoropropene gas (255 g, 1.70 mole) was introduced below 10 Oc.  The gas was completely absorbed
in a course of ~3 h., After several hours of stirring at room temperature, the reaction mixture
was thrown into ice water, and an oily layer was separated to give a crude product (400 ml1) of
1,1,2,3,3,3-hexafluoropropyl methyl ether (lﬁ R = Me).

The product was placed in a polyethylene vessel and concentrated sulfuric acid (400 ml) was
added dropwise keeping the temperature below 30 OC.  The mixture was stirred for 1 h at room
temperature and then was thrown into ice water,and an oily layer was separated. After being washed
with aq. NaHCO3 solution then with water, it was dried over MgSO4. Distillation gave methyl 2,3,3,3-
tetrafluoropropionate Qg) R = Me) (203 g, 74%), bp 94 - 96 °C (Litlo): bp 95 °C). In a similar
manner using sodium ethoxide in ethanol, ethyl 2,3,3,3-tetrafluoropropionate (g, R = Et), bp 108 -

109 % (Lit'"): bp 108 - 109 °C) was obtained in an 82% yield.

The methyl ester, g/(R = Me), (203 g) was added gradually into a solution of sodium methoxide
(205 g, 3.8 mole) in methanol (800 m1) keeping the temperature at 0 °C, and the mixture was stirred
for 30 min at room temperature. The reaction mixture was acidified with conc. HC1, and after methanol

was evaporated, an oily layer was extracted with diethyl ether. The ethereal extract was washed with
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aq.NaHCO3 solution, and then with water, and was dried over MgSOA. Distillation under reduced
pressure gave dimethyl fluoromalonate (4, R = Me) (107 g, 71%), bp 111 - 112 °¢/ 45 mmhg (Lit!?):
bp 80 - 83 °C/ 13 mnHg).  Diethyl fluoromalonate (4, R = Et), bp 110 - 111 °C/ 20 mmHg (Lit'%):
bp 82 - 83 °¢/ 1 mmHg), was obtained similarly in a 63% yield.

The hydrogen atom of the fluoromethylene group of 4 was removed by an alkoxide ion as in the
case of a normal active methylene group, and was replaced by an alkyl group by treating with alkyl
halides. Further, the alkylated fluoromalonic esters thus obtained could be cyclized by the
reaction with urea affording a series of 5-alkyl derivatives of 5-fluorobarbituric acid.

For example, ﬁ,(R = Me) was butylated with butyl bromide in methanol containing sodium methoxide,

12) 44 a 72% yield. When 5 vas

giving dimethyl a-fluorobutylmalonate Qg), bp 98 - 99 0C/ 3 mmHg,
allowed to react with urea using sodium methoxide in methanol, 5-butyl-5-fluorobarbituric acid (g),13)

mp »260 °C, was obtained in a 71% yield.
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