Tetrahedron Letters No. 43, pp 3915 - 3918, 1976. Pergamon Press. Printed in Great Britain,

A TOTAL STEREQOSPECIFIC SYNTHESIS
of d,1 CIS and d,1 TRANS CHRYSANTHEMIC ESTERS1

M. Sevrin, L. Hevesi and A. Krief

Facultés Universitaires Notre-Dame de la Paix
Department of Chemistry, 61, rue de Bruxelles
B-5000 - Namur (Belgium)

(Received in UK 21 June 1976; accepted for publication 9 September 1976)

In this paper we describe convenient stereospecific syntheses of both trans 2a and cis 2b
2,2-dimethyl=3-formyl cyclopropane carboxylic esters which are the key intermediates in the syn-
thesis of natural trans la and unnatural c¢ts 1b chrysanthemic acids and also their analogs, cons-
tituents of pyrethrins and cinerins 2,3a. Although the trans isomer is a powerful insecticide,
Ellz.ott3b suggested that the cis series exhibits even higher insecticidal activities.

The synthesis of cis pyrethric acid was achieved by Julia's group4 and the cig-2,2-dimethyl-3-
formyl cyclopropane carboxylic acid, which is an intermediate in the elegant 1somerisation of
the unnatural [ 1(5), 3(S)] chrysanthemic acid epimer to the natural one [ 1(R}, 3(R)], was alrea-

dy described by the Roussel Uclaf groups.

The methodology we applied is similar to that reported in the accompanying paperg; 1sopropy-
lidene dimethyl sulfurane is used as the cyclopropanation agent 2b on suitably activated carbon-—
carbon double bonds. May we point out that Corey6 has already described one synthesis of trans

ehrysanthemic acid from isopropylidene diphenyl sulfurane.

1) Cis _methyl 2,2-dimethyl 3-hydroxymethyl cyelopropane carboxylate & : finst s 2544

a-Butenolide 4 (readily available from butyrolactone)7, when reacted with isopropylidene di-~
phenyl sulfurane6 leads to the bicyclic lactone g? (1.3 equiv.,, DME, -78°C, 2hrs, 79%) whach
is 1n turn readily transformed into methyl 2,2-dimethyle3-hydroxymethyl cyclopropane car-
boxylate §_in 55% yield by the one pot transformation described below : {a. KOH/methanol, 2N,
1.5 eq., reflux 2hrs - b. removal of the methanol - ¢. acidification to pH 6:HCl/ethylacetate,

0°C - d. excess diazomethane until a persistent yellow colour).
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On reaction with isopropylidene diphenyl sulfurane, the methyl 4~(tetrahydropyranyl-2-ox)

2% butenoate 10 (easily available from propargyl alcohol)9 leads to the stereospecific for-
mation of the cis cyclopropane derivative 11 (DME, -78°C, 2hrs; 20°C, ilhr; 80 3% yield, rf.
0.59, 8102, ethyl acetate/benzene : 3/97). The tetrahydropyranyl blocking group in 11 1s re-
moved 1n a dilute acidic medium (perchloric acid 10_2N aqueous solution in THF, 25°C, BOhrs,
83% yield). care must be taken to neutralize the acid before work-up; use of a more concen-—
trated acidic solution leads to a mixture of the desired compound 12 and the bicylic lacto-
ne 5. The latter is recovered in 80% yield when a perchloric acid 2N agueous sclution in THF
is used (24 hrs, 25°C). This last transformation confirms the cis stereochemistry in compounds
10 and 11. The cis stereospecific addition of isopropylidene diphenyl sulfurane to cis and

trans activated olefins was already described by Corey 6
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Interestingly the desired c7g& aldehyde 1o 2b 1s formed in good yield from alcohol 12 by
use of the Collain's reagent 11 (CrOB/blpyrldlne, celite, CH2312 - 10°C : 45 mn, 20°C:15 mn;
73% yield) or by the Corey - Suggs reagent (Cr03/pyr1dine/HCl - CH2C12, 0°c, 10 mn; 20°C,
2hrs; 63% yleld)lz. No trace of the trans isomer 2a can be detected by NMR.

Finally, cis methyl chrysanthematelogg_is sterecspecifically formed using isopropylidene

triphenyl phosphorane in DME (0°C, 10 mn; 25°C, 0.5 hr; 50% yield).
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2a
Isopropylidene diphenyl sulfurane was also reacted with methyl 4,4-dimethoxy-2-butencate 13
and produced the corresponding trans methyl 2,2-dimethyl- 3~ (dimethoxy methylene) cyclopropane

2
carboxylate 14, in 82% yield, identical to an authentic sample
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As the transformation of compound 14 to trans chrysanthemic acid la, its analogs and
pyrethric methyl ester have already been described both by us2 and others3, the synthesis

we propose is thus a new total synthesis of these compounds.

Finally, this paper reports the first total stereospecific synthesis of cis chrysanthemic
esters as well as their trans analogs. We have also described the reaction of a sulfur ylid with

an o,B-unsaturated lactone and to our knowledge, this i1s the first example of such a reaction.

The authors are grateful to Dr, G. Nominé and Dr. J. Martel from Roussel Uclaf Co. (France)
for valuable discussions.
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