
!L!etrahefLrcn Letters Vol. 21, pp Tl.33 - 3186 
OPergfmon Press Ltd. 1980. Printed in Great Britain 

accessible and 

A NOVEL SYNTHESIS OF (I)-TRANS-CHRYSANTHEMIC ACID 

J.P. Genet, F. Piau, J. Ficini* 

Laboratoire de Chimie Organiquc de Synthese 

Equipe de Recherche AssociCe au C.N.R.S. 

unlversitb Pierre et .Marie Curie 

8, rue Cuvier - 75005 Paris 

A novel approach to f tram cirrysanthemic acid, from comer- 

2, S-d&ethyl 3 hexyne 2-E dioL (30 X overa2l yic?d) ie described. 

As ('I-trans-chrysanthemic acid (&) is the most 
1 

effective component of the Pyrethroic? group of Insecticides , 
2 

its synthesis has been the subject of several investigations over the years . 
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a: R=H;b: R=Me a: R=H;b:R=Me 

We now describe a new strategy for obtaining (la) - 
from an easily available precursor, 2,5-dinethyl-3-hexyne-2,5-dial (3) which 

already possesses eight of the ten carbon atoms present in the chrysanthemlc 

acid molecule. Our strategy is based on two key steps : an alkylation which 

adds the two carbon atoms of the acetic acid moiety to complete the basic 

structure needed to form chrysanthemic acid and a cyclization which forms the 

C,-C3 linkage of the 3-membered ring. 
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The first step is the palladium-catalyzed alky- 

s,-) 5 which is carried out on the monoacetate 4b4r5 of the cis 

dlol e6" 
- 

obtalned by the selective reduction of the conmrercially available 

2 (75 % overall yield). 
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a: R=H;b:R=Ac 
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a: A = S02Ph ; b :.A = CODMe 

The success of the alkylation step 4b I 6b by - - 
esters 5 is dependent of the use of tetrakis (triphenylphosphine) palladium 

catalyZ3. The acetyl group would not otherwise be dksplaced by malonate deri- 

vatives and halides, which are better leaving groups than acetates,are known 

to undergo substitution followed by elimination reaction under similar con- 

ditions'. In the presence of a catalytic amcunt (10 %) of tetrakis (triphenyl- 

phosphine) palladium, alkylation with malonate derivatives occurs easily 

(60°c, 15 h) to afford regio-and stereoselectively esters 6a -1' (85 % yield) 

and 6b 1' - (80 % yield). 

The regto and stereoselectivitles of this alkylation 

are very high. On one hand, one observes a complete isomerization of the cis 

double bond of acetate 1 to a trans double bond in esters iJ,attrFbutable,to - 

the greater stablllty of complexes of type S comparedto those of type 1 which 

are formed initFally3b. 
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On the other hand, as could be expected, only the 

reactlon at acetate, a better leaving group than hydroxyl,is observed. A less 

expected result is the reglaselectlve alkylation of the most substituted end 

of complex g. It is plausible that in such case the secondary center of a 

neopentyl type may be, sterically more crowed than the tertiary position and 

therefore directs the reaction towards the end of the chain. 

The second key step of this synthesis involves a 

cyclization which was performed under several conditions in order to inves- 

tlgate the steric course of this intramolecular SN' reaction. 

One approach dealt with the cycllzation of sulfo- 

ester ,I2 after acetylatlon 
5 of the corresponding alcohol &; the other appro- 

13 
ach Involved cyclization of ester 12 , after decarbomethoxylatlon 

14 of 6b - - 

followed b!r fienzylat ion’ of the allvlic alcchol leading to 17. - 



The cyclization of sulfoester 9 with sodium hydride - 

is facile (1 eq NaH, THF, 65"C, 15 h) and affords a 1:l mixture of cis 10 
15 

-- 

and trans 11 
16 

-- substituted cyclopropanes in I35 % yield. 

OAc 

10 (SC %) - 11 (50 $1 - 

The presence of a catalytic amount (10 %) of tetrakt! 

(triphenylphosphine) palladium increases the rate of the reaction but does not 

modify appreciably the steric course of the reaction (g/c= 3/2). The reduc- 

tion (Na/Hg in ethanol, HNaPO4 according to reference ) of the sulfone groups 

of derlvatlves 10 and 11 affords quantitatively a 1:l mixture of cis (2b) and - - -_ 

trans (lb) methyl chrysanthematesfrom which trams-chrysanthemic acid (1,)l* is -- 
obtained quantitatively. 

Cyclizatlon of ester 12 requires a stronger base thal 

sodium hydride, and may be accomplished with lithium diisopropylamide (1.2 eq, 

THF, -78'C, 30 min. then 25"C, 4 h) tu afford a mixture of n:eihyl chrysanthc- 

mates (85 % yield) in a 3:2 ratio (cFs 2b : trans lb). It is remarkable and -- -- 

worth noting that the less stable cis cyclization prodcct is kinetically for- 

med In a considerable quantity. The exact reason for this surprising result 

is not clear at this time. Isomerization of this mixture according to the di- 

rections previously cited and hydrolysis to the (?) trans-chrysanthemic acid 

(la) were then carried out. 

85 % yield 
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The two routes to (+) trans-chrysanthemic acid we 

have described allow the preparatton of (la1 from a commercially available 

acetylenic diol (3) in 30 % overall yield- An addFtiona1 interest of this new 

strategy is its application in the synthesis of cis-chrysanthemic acid ; we 

are Investigating this possibility. 
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