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FORMATION OF A REASONABLY STABILIZED TRICHLOROMETHYL ANION
BY THE REACTION OF CHLOROFORM WITH ELECTROGENERATED BASE,
AND ITS 1,4-ADDITION TO o, 8-UNSATURATED CARBONYL COMPOUNDS!
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A reasonably stabilized trichloromethyl anion (TCMA) was formed by the reaction of chloroform with an
electrogenerated base prepared by the electroreduction of 2-pyrrolidone, and the addition of this TCMA to o,B-
unsaturated esters gave the corresponding B-trichloromethyl esters in good yields.

1,4-Addition of trichloromethyl anion (TCMA) to o,B-unsaturated carbonyl compounds is usually hardly
applicable to the synthesis of B-trichloromethylcarbonyl compounds since TCMA is unstable and shows a strong
tendency toward formation of dichlorocarbene through the elimination of chloride ion. Although a number of
methods have already been exploited for the formation of TCMA,2'3 this TCMA is not stable enough to use for the
1,4-addition. For example, it has been reported that the addition of TCMA to methyl acrylate (1a) gave methyl B-
trichloromethylpropionate (2a) in only 10-18% yield.4'7 Although it was recently reported that rather stable TCMA
was formed in liq.NH3, the yield of 2a formed through its addition to 1a was still only 22%.3
On the other hand, we have previously reported9’l° that the electroreduction of 2-pyrrolidone (3) in DMF
(Scheme 1) using tetraalkylammonium salts (R4NX) as supporting electrolytes yielded the corresponding anionic
species 4 (4a; R=Et, 4b; R= n-Bu) possessing interesting reactivities as bases.
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Scheme 1

In this paper, we wish to report that a reasonably stabilized TCMA!® was formed by the reaction of
chloroform with 4a (Scheme 2), and the 1,4-addition of this TCMA to o,B-unsaturated esters and nitriles
proceeded in excellent yields with affording B-trichloromethyl substituted compounds.

For example, it was found that the addition of a solution of a catalytic amount of 4a into DMF solution of
methyl acrylate (1a) and chloroform gave methyl $-trichloromethylpropionate (2a) in 87% yield.
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As the other examples summarized in Table 1 show, using 4a as the base is effective to the 1,4- addition of
TCMA to «,B-unsaturated ester (1b, run 1) and nitriles (runs 4-6), whereas it is not effective to the reaction of
methyl hexenoate (1c, run 2). Since it has already been reported in our previous study9 that the activity of 4 as a
base was largely influenced by the type of counter cation (R4N ), the base 4b instead of 4a was utilized for the
reaction of 1¢ with chioroform, and a reasonable increase in the yield of 2c was observed (run 3).

Table 1.  1,4-Addition of TCMA.

run Ester Product Yield (%)2 | run Nitrile Product Yield (%)?
1 Me - COMe Me NNCOMe 78 4 ZA~CON Cl:;C\/xail 67
" 2 5 Mooy Myon 70
2 GHy COMe C3H7\C/C\1C02Me 18 ) e C13CMe b 8
1c 3 Cl3C 2
3 1c 2¢c * 35b )\CN 3 \)\Clgc

a) Isolated yields based on o, f—unsaturated esters and nitriles. b) 4b was used as the base.

A typical procedure for the preparation of 2a is as follows: A solution of 4a or 4b in DMF was prepared by
the electroreduction of 2-pyrrolidone in DMF. 210 Into a solution of methyl acrylate (1a) (15 mmol) and chloroform
(45 mmol) in 5 mL of DMF was added a solution of 4a (5 mmol) at -70°C, and the mixture was stirred for 1 hr at
the same temperature and for the additional 4 hr at room temperature. The reaction mixture was then poured into an
aqueous solution of NH4Cl (100 ml) and extracted with ether. The product 2a was obtained in 87% yield after
distillation. The structures of the products shown in Table 1 were determined by the comparison of spectroscopic
data with authentic samples (2a and 5a)11 and/or elemental analysis (2b,2¢,5b, and 5c¢).

Interestingly, the reaction of chloroform with methyl methacrylate (1d) carried out under the same typical
reaction conditions (4a : chloroform = 1 : 9) gave considerably different results from the other o,B-unsaturated
esters (1a and 1b). Namely, the reaction gave a mixture of B-trichloromethyl ester (2d) and dichlorocyclopropane
type compound (7) (Scheme 3). Furthermore, when much amount of 4a was used (4a : chloroform =1.5:1),7
was obtained as the main product. Under the typical reaction conditions, the anion intermediate 6 is easily
protonated by the excess amount of chloroform before 7 is formed through the intramolecular substitution , while
using 4a in excess will retard the protonation of 6 since pyrrolidone formed from 4a by proton abstraction is a
much poor proton donor than chloroform. The presence of a methyl group at the carbon atom bearing the negative
charge seems to be an additional essential factor to favor the formation of 7 since the methyl group will increase the
reactivity of the anion.
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Scheme 3
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Although the reaction of methyl crotonate (1b) and chloroform with excess 4a did not give the
corresponding dichlorocyclopropane type product but yielded B-trichloromethyl ester 2b,3we have found that
treatment of 2b with LDA (Scheme 4) led to the formation of a single stereoisomer of dichloro-
cyclopropanecarboxylic acid derivative 8. 14

B-Trichloromethyl esters 2 are important materials to flame retardants of cotton,'! and also 7 and 8 are key
intermediates for the synthesis of insecticides.!316 The new method shown in this Teport certainly provides a
convenient tool to the synthesis of these important compounds.

Scheme 4
o] H,
ClhC OMe LDA . _OMe
W THE/-6°C O i
Me (0] Me 0

78 %
2b 8

Methyl dichloroacetate also showed a similar reactivity to chloroform in the reaction with unsaturated esters
(1a, 1b, and 1d) in the presence of 4a (Scheme 5). The reaction carried out in DMF gave the addition products 9
(92,17 9b,'8 and 94!%) with yields remarkably higher than those obtained in the similar type of reactions using
usual bases.20

Scheme 5
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9a; R'=H, R2=H 61 only 9a-trans
9h; R!=Me, R?=H 59 9b-cis : 9b-trans =5 : 3
9d; R!=H, R2?=Me 97 9d-cis : 9d-trans =1: 1

Reaction conditions ; 4a (20 mmol), 1 (50 mmol), HCCL,CO,Me (10 mmol)
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