Tetrahedron Letters No. 1, pp 77 ~— 80, 1978.  Pergamon Press. Printed in Great Britain.

ELECTROPHILIC ADDITION REACTIONS IN TERPENOID SYNTHESIS. VI.T) (+)-CHRYSANTHEMIC
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Apart from the well established industrial pathways to chrysanthemic acid (1),3 new approaches

C.F. Garbersx, Martha S. Beukes, Christine Ehlers, ' and Margaret J. McKenzie

to its preparation are actively investigated.h> We herewith report an alternative synthesis

of chrysanthemic acid (1) and analogues thereof from readily available starting materials. The
method is based on the electrophilic addition of u—halo—ethersB) to methyl 4-methyl-pent-3-
enoate (5) and subsequent cyclisation with base of the condensation product to the corresponding

cyclopropane carboxylates.6)

The ester (5), obtained from isoprene (2) via the nitrile (3) and acid (4), on treatment
with an o~chloromethyl ether (6) in the presence of a Lewis acid gave a mixture of the y-chloro-
ester (7), the Y-lactone (8), and the hydrochloric acid addition product (9) of the starting
ester (5). The ratio of these products varied with the Lewis acid employed and with the nature
of the chloromethyl ether. A%?hough not exhaustively investigated, SnClh proved to be superior

to other Lewis acids employed. Utilisation of bromomethyl ethers and extended reaction times
favoured lactone (8) formation at the expense of some initially formed ester (7). Consequently
this approach also constitutes an effective lactone (8) synthesis.s) Although the yields for
the individual condensations were not optimised, it was observed that e.g. the reaction of the
chloro-ether (6b) with ester (5) at -25° in CH,C1, with SnCl) as catalyst gave predominantly

(> 60 %, nmr analysis) the required ester (7b) (631.61) with some of lactone (8b) ( 29 R
5a1.33 and 6b1.h5).9) Generally the mixture of ester (7) and the corresponding lactone (8) from
the condensation, was converted into a mixture of the cyclopropane carboxylate (10) and the lac-
tone (8) by treatment with base (e.g. tBuOK/THF) prior to separation. Formation of the cis-

cyclopropane carboxylates (11) was not observed.1o)

Lactone formation could be avoided by the
Lewis acid catalysed reaction of nitrile (3) with the chloro-ether e.g. the condensation of the
nitrile (3) with ether (6a) gave the chloro-nitrile (12) (66% isolated yield; SnClh/CH2Clg).
which on treatment with base (tBuOK/THF), saponification and acidification, yielded the trans-
cyclopropane carboxylic acid (13) (5a1.18,s; 5b1.26,s; 6c1.35,d,ch5.5; 5f3.31,s; 5e13.33,dd,

Je1e213.5; J61d7; 6623.51,dd,J92d6).

Whereas utilisation of ether (6) gave 2,2-dimethylcyclopropane carboxylates (10) and lac-
tones (8) with a C-0-C side chain, the underlying reactions were successfully employed in the
synthesis of 2,2-dimethyleyclopropane carboxylates and L-methylpentan-L-olides with a C-C-C side
chain. This was effected by utilisation of e.g. the allylic halides (14) - (16) and the chloro-
ethers (17) - (20). These halogen derivatives, except crotyl bromide, introduced an additional
chiral centre in the final products, leading to the formation of diastereo-isomers, illustrated

by the compounds (21), (22) (m.p. 94-98°; 6a1.hh,s; 6b1.62,s; Gc&éd ca. 2.32-2.96,m; 6f3.10,s,
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3.1k Geh.ﬂ,d,Jedh.S; 6g7.31), which were isolated, after cyclisation by base, from the conden-
sation product of chloro-ether (20) with ester (5).

Since the allyloxymethyl group may be converted into the hydroxymethyl group,ﬂ) we inves-
tigated whether the cyclopropane carboxylate (10b) could serve as an intermediate in the prepara-

tion of either ester (25) or the hydroxymethyl ester (33). On oxidation the latter compound

vields the corresponding aldehyde (34), which has been converted into chrysenthemic acid (1).hb)
The aldehyde (34) also serves as starting material for the preparation of chrysanthemic acid
13)

analogues,12) from which pyrethroids are obtainable of much greater insecticidal activity com-

pared to the naturally occurring pyrethrins.

Treatment of the ester (10b) (6 1.18,s; 6 1.23,s; 6 1.38,4,J cad 2 6 ca. 1.71,ddd, 3, 7.5,

eq
Jde "{,J 526336dee105,5 369dd G3655,5398dde SOJ J 6516

tddzJ g9 h WED 5, 8. ;5.21,tad J 17, 8 5 93,tdd) Wlth BF /Ac 0 reagent, gave compounds (2&) (6
1.43,85 6 1. 87 s; 8 23 61 s; §.3. 79 d,d, 9, 6,86, ca. b. 95 5. 25,m, 645-90,ddd,d 4,185 J4 9) and

(25) (6 1. 20 »85 6 1. 35 d,J, 5 3; 8, ca. 1.h5—1.85,m; 6:1.99,83 5@3.60; 6d3.88,dd,Jde12, Tgc7-83
(Seh.ﬂ dd Jec 7) in an a,pprox:Lma.te ratio of 7:1 (gle). A similar opening of the cyclopropane



79

Nos 1
He OMe
a Ha OAc!
0\_\ BF3/Ac20, b Hy
b H,
C02Me' He C02Me COxMe
(10b) (24) (25)
()2hAe H C()2hAe H OAc
H
" (2 OH (29)
(28)
OAc
W _ BF3/Ac0 | >_<: 'BuOK/THF
COgoMe COoMe
(7b) (30)
RS H
3 s Br 2 4 )—OH o)
tss,%((/) A/ zn/MeoH\ Me ¢
b Hy Hg v Hq
COyMe CO,Me COyMe" COo2Me
(52 froc) (33) a4

b)

ring1 was also observed with other cyclopropane derivatives with an oxygen function in the side
chain e.g. ester (21) gave with BF3/Ac20 reagent the (E)-olefinic acetate (26) (5a1.56,s; 6b1.9h,
s3 6g3.68,s; Gch.OQ,d,chB; 6d6.2h,dd,Jde15.6; 686.51,d; 8; ca. 7.31,m) in excellent yield (97%).
The corresponding diastereo~isomeric alcohols (28) reacted similarly to give the (E)-olefinic
acetate (29) [nmr identical to that of compound (26)]. The alcohols {28) were prepared by se-
lective rea:;%on with PhLi of the aldehyde (27), obtained from methyl (1R,3R)-chrysanthemate by

ozonolysis. It is interesting to note, that these conversions constitute a method for the

construction of part of the 25-hydroxy-ergosterol side chain.

The opening of the cyclopropane ring during the ether cleavage reaction, was circumvented

by cleavage of the allyl ether moiety in chloro-ether (Tb), prior to conversion into the cyclo-
propane carboxylate with base. However, treatment of the chloro-ester (30) with base (tBuOK/THF)
gave the Ei_s_—y—lactonem) (31) (6a1.17,s-, 6b1.91,ddd,ch7.h,de~1,Jbe~1; dce.os,ddd,ch 1.6,Jce L.6;
Gdh.o9,ddd,Jde9.8; 6eh.37,br.dd.) Synthesis of the required compound (33) (6a1.23,s; 8, 1.25,
83 8,1.140,d,9 5.5 §,1.69,ddd,d, 7.3,7,4,7.2; 6,3.55,dd; §,3.78,4d, T p11.65 8,1.72; & 3.66) was
successfully achieved by refluxing the cyclopropane carboxylate (10c) with Zn/MeOH.W The al-
ternative to hydrolyse the vinyl ether (32) (cS 1.19,8; 5 1.25,s; 6 1.44,4,5 g3 a 1.78,d4d,

78Jd 65,6 358de162105 62385dd 6hOOdef”{OJ 2.0; 61;15de w 6
6. h6 ,dd; 8. 3 67), obtalned by dehydrobromination of the cyclopropane carboxylate (10c) proved

less effectlve.
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