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 METHYL CHLORODIFLUOROACETATE
A CONVENIENT TRIFLUOROMETHYLATING AGENT
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Summary: Treatment of methyl chlorodifluoroacetate with organic halides in the presence of KF and Cul at
100-120°C for 7 -8 h in DMF gave the corresponding trifluoromethylated derivatives in moderate to high yiclds.

In the past years, considerable effort has been devoted to develop novel methods for introducing trifluoro-
methyl group into organic compounds because of its effect on physicochemical properties and biological
activities]. Recently, the following trifluoromethylating approaches were proposed: CF2XY/M(XY=Cl, Br;
M=Zn, Cd/Cul)2, ICF2SO2F/Cu32 and FSO2CF2C02Me/Cul,3b all of which involved the formation of CF3
from :CF2 and F-. We envisaged the use of methyl chlorodifluoroacetate (1) for the purpose. The compound 1
is readily available?, and has been employed cither as a precursor of difluorocarbene or as a source of chlorodi-
fluoromethide ion., We report here the preliminary account of 1 with halogen compounds.

Heating 1 with organic halides 2 in the presence of KF and Cul in DMF gave the corresponding trifluoro-
methyl compounds 3 in moderate to high yields with simultaneous elimination of CO2 and methyl halides. The
results with various organic halides are listed in Table.

KF

CICF2CO2Me + RX — RCF3 + CH3X + CO2 + KF
i 2 3

RX:a CgHsI, b CgHsBr, ¢ CH2=CH-CHBr, 4 CH2=CH-CH2I, e CgH5CH=CHBr,
f CgH5CH2Br, g CgH5CH2CL h 1-Todonaphthalene, i p-CICEHA4L J p-NO2CgH4I,
k CH2=CHBr, 1 CICH2CO2Et

Typical procedure: Copper(l) iodide (2.0g, 10mmotl), dry KF (0.58g, 10mmol), 2a (2.04g, 10mmol), and 1
(2.90g, 20mmol) in DMF (20mL) were heated with stirring to 120°C for 8 h under nitrogen atmosphere.
After the reaction mixture was treated as described before3, 3a was obtained in 88% yield (1.28g).

The presence of Cul is essential to the reaction; in its absence, 2a did not react with 1 in DMF at 120°C.
CuCl instead of Cul did not decompose 1 which was recovered completely. An equivalent of KF is necessary,
otherwise the yield was quite low. Gascs cvolved from the reaction were identified by GC-MS to be CH3Cl or a
mixture of CH3Cl and CH3Br, and a trace of C2F4, CF3l and CHF3. No CH3F, HCF2(l and chlorodifluoro-
methylated products were detected. Addition of 2,3-dimethylbut-2-ene, a trapping agent for :CF2, to the reaction
mixture of 1 and 2a in the presence of Cul and KF gave no cyclopropane derivative; only 3a was obtained. As
expected, the chloride 21 gave only a poor yield of 316,

The resulis can be rationalized by the sequence shown below. The first formation of Cu salt from 1 (or
complex)3 followed by its decarboxylation produces :CF2, which with added F- is in equilibrium with CF3". In
the presence of Cul, the equilibrium readily shifts to CF3Cul", which reacts with organic halide to give the
rifluoromethylated products.
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Table. Reactions of 1 with 2 in the presence of KF and Cul (1:2:KF:Cul=2:1:1:1)2

Entry RX Temperature Period Yield of 3b

CC) (h) (%)
1 2a 100-120 8 88
2 2a 100 8 80
3 2b 110-120 8 60
4 2¢ 110-120 8 82
5 2d 110-120 8 85
6 2e 110-120 8 81
7 2f 110-120 8 84
8 2g 110-120 8 46
9 2h 100-120 8 94
10 2i 100 8 g1d
11 2j 100 8 89
12 2k 100 10 56
13 21 110-120 8

a: In DMF unless noted otherwise. b: Isolated yields based on 2, all the products are known and their

physical constants (!H, 19F NMR, MS) are consistent with those of the authentic samples. ¢: In HMPA.
d: No p-CF3CgH4CF3 was detected.

CICF2C02Me + Cul —=CICF2C02Cu + CH3l
-CQOa, -CuCl F- Cul RX

CICF2C02Cuy — = CFp: ~&—— (F3 -«—— CF3Cul- — RCF3 + Cul+X-

Because HCF2Cl and the compound with CICF2 group are absent in the products, the CF2C1- seems to be
absent in the reaction in contrary to the case of the decomposition of 1 by LiC19. Therefore the decomposition of
the salt is a concerted rather than a stepwise process.  As 1 is inert to CuCl, and CH3Cl and/or CH3Br are
present in the reaction mixture, it implies that CH3I reacted with Cul to give CH3Cl and regenerated Cul during
the reaction, Control experiment has proved the possibility. The trace of CF2=CF7 and CHF3 observed may be
ascribed to the following reaction,

CF3Cul" + :CFp — CF3CF2Cul- — CF2=CF3 + F- + Cul
CF3~ + HpO(trace) — CF3H + OH-
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