PREPARATION OF SUBSTITUTED
gem~DIMETHYLCYCLOPROPANECARBOXYLIC ACIDS
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Some esters of gem-dimethylcyclopropanecarboxylic acids, for example, of chrysanthemic
acid, exhibit a high insecticidal activity. In natural chrysanthemic acid (2,2-dimethyl-3-
isobutenylcyclopropanecarboxylic acid) the isobutenyl group is found in the trans position.
The cis position of this group does not decrease the insecticidal activity. Certain sub-
stituents on the C® atom can even increase the activity [1].

In the present paper, on the basis of adding Grignard reagents to cyclopropene hydro-
carbons [2], a method was developed for the synthesis of gem-dimethyl-substituted cyclopro-
panecarboxylic acids. This method makes it easy to vary the substituent on the C® atom.

Cyclopropene hydrocarbons with a geminal dimethyl grouping, and specifically 3,3-
dimethylecyclopropene (I) and 1,3,3-trimethylcyclopropene (II), were reacted with alkyl,
vinyl, and phenyl Grignard reagents in either abs. ether or THF. The course of adding the
Grignard reagent was judged by the change in the composition (GLC) of samples of the reac-
tion mixture after their decomposition with water (disappearance of the peak of the starting
cyclopropene and formation of the peak of the corresponding cyclopropane hydrocarbon).
Carboxylation of the reaction mixture gave acids of the cyclopropane series with a geminal
dimethyl grouping, which differed in the substituents on C® (yield ranged from 30 to 83%).
cis~Chrysanthemic acid was obtained in 70% yield.
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The PMR spectra were taken on RS-60 and Varian DA-60IL (60 MHz), and Tesla BS-497 (100
MHz), spectrometers using HMDS as the internal standard. The chemical signals of the

TABLE 1. Preparation Conditions and Yields of Substituted
gem-Dimethylcyclopropanecarboxylic Acids
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protons (&, ppm) are given relative to TMS. The GLC analyses were run on a Pye-104 instru-
ment, and here we used a column packed with 20% PEGS, treated with HsPO,, to separate the
acids and their esters, and a column packed with 25% 3,3'-oxydipropionitrile to separate

the hydrocarbons. All of the synthesis operations were run in a dry argon atmosphere. 3,3-
Dimethylcyclopropene (I) was obtained as described in [3], while 1,3,3-trimethylcyclopropene
(II) was obtained as described in [4]. The Grignard reagents were obtained from equimolar
amounts of Mg and the halide in either abs. ether or THF, and their concentration was deter—
mined by titration [5].

The cyclopropanecarboxylic acids were prepared by a standard procedure. Compound (I)
was distilled into a solution of the Grignard reagent at 0-10°, while (II) was added in
drops. The holding time and reaction temperature for each case are indicated in Table 1.
The end of reaction was established by GLC analysis of samples of the reaction mixture
after their decomposition with water. The carboxylation of the cyclopropyl Grignard reagent
was run at —78°, The formed acid was extracted with ether and after the standard workup it
was dried over anhydrous MgSO,. After distilling off the solvent the liquid acids were puri-
fied by distillation, while the solid acids were purified by vacuum-sublimation. gem-
Dimethylvinylecyclopropanecarboxylic acid (VII) was not isolated, and instead its ether solu-
tion was methylated at —10° using a threefold excess of CH,N,. The obtained ester of acid
(VII) was purified by vacuum-distillation. Methyl ester (VIa) was obtained in a similar
manner for acid (VI). The results of all of the experiments are summarized in Table 1.

PMR spectra (S, ppm). Compound (III) (30% benzene solution): 0.82 s (6H, trans—CHs
relative to COOH, 1.17 s (6H, cis—-CHs relative to COOH), 1.50 s (1H, cyclopropane proton),
11.97 s (1H, COOH); (IV) (30% CHCls solutiom): 0.91 t (3H, CHs), 1.18 s, 1.20 s (6H, trans—
CHy relative to COOH), 1.28 s (3H, cis-CHs; relative to COOH), 1.50-1.85 m (2H, CH.), 11.90 s
(1H, COOH); (V) (30% CCl, solutiomn): 0.60-1.65 m (2H, ring protoms), 0.95 s, 1.22 s (9H,
CHs), 12.12 s (1H, COOH); (VI) (30% CCl, solution): two singlets of two CHs groups at 1.23
and 1.25 (6H, CHs), 1.68-2.00 m, 2.32-2.48 m (2H, ring protoms), 7.05 m (5H, CeHs), 11.84 s
(iH, CooH); (VIa) (30% CCl, solutiom): 1.22 s and 1.25 s (6H, CHs), 1.25-2.37 m (2H, cyclo-
propane protons), 3.47 s (3H, OCHs), 7.18 m (5H, CeHs); (VII) (30% benzene solution): 1.03
s (3H, cis—CHs relative to CO0), 1.33 s (3H, trans—-CHs relative to CO0), 1.60-1.85 m (2H,
ring protons), 3.45 s (3H, OCHs), 4.85-5.80 m (3H, CH,=CH—); (VIII) (30% solution in CeHe/
CCl,): 1.00 s (3H, cis-CHs; relative to C00), 1.23 s (3H, trans-CH; relative to Co0), 1.52
d (1H, HC—CO00, J=5.5Hz), 1.61 d (6H, (CHs),C=, J=6Hz), 1.84 d (1H, HC—C=C/ , J=8 Hz),
5.37 d. m (1H, —HC=C , J=8 Hz), 11.63 broad signal (1H, COOH).

CONCLUSIONS

A method, based on the addition of Grignard reagent to cyclopropene hydrocarbons, was
proposed for the synthesis of alkyl-, phenyl-, and alkenylcyclopropanecarboxylic acids that
bear a geminal dimethyl grouping in the ring.

LITERATURE CITED
1. M. Elliott, Bull. World Health Organ., 44, 315 (1971).

2. M. Yu. Lukina, T. Yu. Rudashevskaya, and 0. A. Nesmeyanova, Dokl. Akad. Nauk SSSR, 190,
1109 (1970). T

3. P. Binger, Synthesis, 1974, 190.

4, G. L. Closs, L. E. Closs, and W. A. Bsll, J. Am. Chem. Soc., 85, 3796 (1963).

5. J. Meisenheimer, Ber., 61, 708 (1928).

6. P. S. Warton and T. J. Bair, J. Org. Chem., 30, 1681 (1965).

7. J. Roberts, J. Am. Chem. Soc., 85, 3218 (1963).

8. A. Bramwell, L. Crombie, P. Hemesley, G. Pattenden, M. Elliott, and N. Janes, Tetra-

hedron, 25, 1727 (1969).
9. A. P. Meshcheryakov and I. E. Dolgii, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1960, 931.

625



