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The increasing interest in chrysanthemic acid la, a constituent of natural pyrethrins 1b,2b
and cinerins lc, 2¢ 1s probably due to the fact that Chrysanthemium Cinerariifoliwm (from vhich
they are extracted) is not easily available now and also because of their growing use as domes-
tic insecticides. Several syntheses of trans chrysanthemic acid have appeared in the lité&ératu-

X \ 3
re 2 and some of them are already used on an industrial scale 7,
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From the application of the "synthetic methodology 4 principles” and their"disconnective
routes" 1t can be deduced that chrysanthemic acid can arise from two 1sopropylidene moieties

(Scheme II).
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We chose the readily avatlable (by ozonolysis of sorbic esters > 80% yield}5 methyl or

ethyl 4-oxobutenocate as the starting material and phosphorus ylids as their complementary power-
ful partner, because of their known propensity, to add in a 1-2 manner to a carbonyl group6 and
in a 1-4 fashion to some conjugated systems 7_, they then lead respectively to an olefin and a
eyelopropane ring (Scheme I1I).
In fact, we found that trans methyl chrysanthemate 1 is obtained stereospe01fically8a’9'10
in more than 60 % yield by simply mizing THF solutions of methyl trans 4-oxcbutencate (1 equiva-
lent) and isopropylidene triphenyl phosphorane (2.4 equivalents) (-78°C, 5 min; -10°C, 1lhr; 20°C,
Shrs) (stereospecificity > 98%) (Scheme III).
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In this case, the ylid reacts both on the carbonyl of the aldehyde and on the activated carbon-
carbon double bond. This 1s alsc the case for the cyclopentylidene triphenyl phosphorane which
gives rise to the chrysanthemic ester analog9 in 63% yreld under the same experimental conditions
other dialkylmethylene triphenyl pheosphoranes, including the closely related 3-pentylidene tri-
phenyl phosphorane or cyclohexylidene triphenyl phosphorane, failed to produce the corresponding
chrysanthemate analogs even under forced reaction conditions. Nevertheless, in the two last cases

the corresponding diencic esters9 are obtained in good yield (see 3a, 3b : Scheme IV).
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% refers to the percentage of 4Z isomer.
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The dienoic esters 3 are alsc obtained (see 3a + 3d Scheme IV) when methyl or ethyl 4-oxobutenoat
(E) is reacted with only omne equivalent of various dialkylmethylene triphenyl phosphoranes (THF,
0°C, 0.5 hr; 25°C, 2 hrs). This suggests that in the total synthesis of chrysanthemic ester pro-
posed in Scheme III, the ylid reacts first on the conjugated aldehyde in a 1-2 mode’?. when one
equivalent of moncalkylmethylene triphenyl phosphorane is reacted, a large proportion of 2E, 4%
1somer is then formed. By use of the appropriate ylid, ethyl 2(E), 4(Z) decadienocate 3h (a part of
the odoriferous principle of Bartlett pears) is obtained &b,9 1n 63 % purified yield (70% of the
2(E), 4(Z2) isomer).

On the other hand, by only a slight modification of our synthesis described in Scheme II, we
propose the first total and straightforward synthesis of methyl 2,2-dimethyl-3-formylcyclopropane-
carboxylate 6. Up to now, this compound has only been prepared by ozonolysis of the chrysanthemic
ester I. This compound could then be regarded as the key intermediate for the synthesis of pyre-
thrie acid 2a 2a and chrysanthemic acid as well as their diversely substituted analogs. Thus, we
found that isopropylidene triphenyl phosphorane as well as cyclopentylidene triphenyl phosphorane
react in a 1-4 manner with methyl trans 4-oxobutencate in which the aldehyde 1s blocked as an ace-
tal 5, giving rise to highly functionalized cyclopropane derivatives in high yield (Scheme V).

The hydrolysis of the acetal molety in 5 produce the desired aldehyde in quantitative yield (THF,

HClO4 3n aqueous solution, 0°C, 3 hrs)Ba'g.
Further reaction of the aldehyde with a phosphorus ylid leads to the formation of the chrysanthe-
mic esters or chrysanthemic ester analogs in good yield (Scheme V)Ba,9,10'
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An industrial synthesis of chrysanthemic acid (i.e. Scheme II) could take advantage of the
known reduction of triphenyl phosphine oxide (one of the by-products of the reaction) to triphe-

nyl phosphine. Work 1s actually in progress to induce asymmetric synthesis of the cyclopropane

ring.

Finally, A. Krief wishes to acknowledge a) Dr. G. Nominé from Roussel Uclaf Co. (France) to
valuable and stimulating discussions; b) The Roussel Uclaf Co. for a fellowship offered to P.Bayet
and ¢} I.R.S5.I.A. (Institut pour l'Encouragement de la Recherche Scientifique dans l'Industrie et

l'Agriculture) (Belgium) for the funding of a doctoral fellowship to M.J. Devos.



391k No. 43

References

1) Preliminary reports of this work have already appeared

- L. Heves1 and A. Krief, Nouveau Procédé de Préparation d'esters d'acide chrysanthemique,
Brevet d'invention Belge n® 155.168 ~ 7 avril 1975

- L. Hevesi and A. Krief, Nouveau Procédé de Préparation d'esters d'alcoyle inférieur de
1'aldéhyde hemicarbonique, Brevet d'invention Belge n® 155.169 - 7 avril 1975

- M.J. Devos, Mémoire de Licence (Facultés N.D. de la Paix, Namur) - juin 1975

2) a) J. ApSimon, The Total Synthesis of Natural Products, John Wiley and Sons, N.Y., vol.2

(1973)

b) L. Crombie and M. Elliott, Progress in the Chemistry of natural products : “Chemistry
of Natural Pyrethrins", Springer Verlag, Vienna (1961) p. 120

c) I.G. Campbell and S5.H. Harper, J. Chem. Soc., 283 (1945)

d) M. Julia, 5. Julia, C. Jeanmart and M. Langlois, Bull. Soc. Chim. Fr., 2243 (1962) and
1007 (1965)

e} §. Julia, M. Julia and G. Linstrumelle, Bull. Soc. Chim. Fr., 3499 (1966)

f) J. Martel and C. Huynh, Bull. Soc. Chim. Fr., 985 (1967)

g) E.J. Corey and M. Jautelat, J. Amer. Chem. Soc., B9, 3913 (1967)

h) R.W. Mills, R.D.H. Murray and R.A. Raphael, J. Chem. Soc. D, ilf 555 (1971)

J. Chem. Soc. Perkin Trans.I, 133 (1973)
1) J.M. Babler and A. Tortorello, J. Org. Chem., 41, 885 (1976)
j) J. Ficini and J. d'Angelo, Tet. Letters, 2441 (1976)

3) For the basic principles of the methods used : see references lc, for Sumitomo Chemical
Japan Co. Ltd, and ref. le, for Roussel Uclaf Co. (France)

4) E.J. Corey, Pure and Applied Chemistry, 14, 19 (1967)
5) P.L. Stotter and J.B. Eppner, Tet. Lett, 2417 (1973)

6) a) A.W. Johnson, Ylid Chemistry, Academic Press, N.Y. (1966}
b) A, Maercker, Organic Reactions, J. Wiley (1965) vol, 14

7) a) H.J. Bestman and $. Seng, Angew. Chem., 74, 154 (1966)
b) J.P. Freeman, J. Org. Chem., 31, 538 (1986)
¢) P.A. Grieco and R.S. Finkelhor, Tet. Lett., éé, 3781 (1972)
The authors suggest the use of phosphorus ylid for the chrysanthemic acid synthesis but
did not propose the substrate to be used.
d) W.G. Dauben and A.P. Kozikowskil, Tet., Lett., 3711 (1973) and references cited herein

8) Compared with an authentic sample kindly provided by
a) Dr. Martel, Roussel Uclaf {France)
b) Dr. Pawlak, Firmenich {(Switzerland) - M.Pawlak and G.Ohloff, Helv.chlm.Acta,§§,1176(1973)

9) Refers to the yield of the purified compound IR, UV, NMR, Mass Spectra and exact mass data
agree with the proposed structures.

10) Hydrolysis (KOH/methanol of the crude mixture) permits the easy separation of the phospho-
rus residue from the potassium chrysanthemate.

11} Surprisingly, methyl 5-methylhexadiencate does not produce any methyl chrysanthemate in
reactions with isopropylidene triphenyl phosphorane, suggesting that, during the reaction
described in Scheme II, the second equivalent of isopropylidene triphenyl phosphorane reacts
on the betaine: COOCH

CH3 3

CH3
¢3P+ 0_



