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Chrysanthemum monocarboxylic acid (CMA) (3a), and the related acid (25) 

occur as insecticidal esters [where (lb-d) constitute the alcohol moieties ] -- 

in Chrysanthemum cinerariaefolium. 2 The two acids represent the only examples 

of naturally occurring monocyclic monoterpenes containing cyclopropane ring 

structures. The carbon frameworks in these monoterpenes3 are derived bio- 

genetically by an unusual 'tail-to-middle' 
4 combination of iso-pentane units , 

and certain stereochemical and other features of this combination were dis- 

cussed in the preceding communication. CMA is structurally analogous to 

'presqualene', and several groups have suggested biogenetic pathways which 

link chrysanthemyl to the acyclic artemisyl and santolinyl monoterpenes. 3 We 

now report some results of feeding experiments with 
14 C-CMA in C. cinerariae- 

folium which link (32) and (2~) biogenetically, and show that (25) (and the 

natural esters from 2a)* can be derived from (35) (and the natural esters from 

3a)*, in Nature by an oxidative-esterification sequence at the vinyl methyl 

group of (2~). 

Dissected achenes from C. cinerariaefolium were incubated with the 

potassium salt of 1@),3@)-(+)-trans- 14 
c-CMA (35, labelled as indicated; 

5uCi., 13.5 mg per 10 g. achenes) 5 employing the vacuum infiltration technique. 

Separation and' saponification of the radioactive 'pyrethrin I's' and 'pyrethrin 

II's' from several feeding experiments (a total of 35pCi was fed) produced 

*The naturally occurring esters from (2~) and (la-c) are known collectively as -- 

the 'pyrethrin II's' whereas those from (3~) and (la-c) are known collectively -- 

as the 'pyrethrin 1's.' 
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14C-CMA (35) (activity 1.6 x 10' d.p.m. mmole., -' incorporation yield 18.5%) 

and l4 C-d.i-acia(42) (activity 0.93 x lQ4 a.p.m. nunole., -' incorporation yield 

0.08%) respectively, which were rigorously purified to constant activity by 

chromatography and crystallisatian (the CMA as the corresponding amide). 

Cleavage of the side chain in 14C-CMA (total activity 46.3 x lo3 d,p.m,) 

using 0s04-NaIO4, and separation and purification of the 2,4-dinitropheuyl 

hydrazones (2,4-DNP) of the carbonyl products, gave acetone 2,4-DNP, activity 

41.4 x lo3 &pm. and Inactive 2,4-DNP of cyclopropane aldehyde (Sk). Similarly, 

degradation of the l4 C-di-acid (42; total activity 3.29 x lo3 a.p.m.) produced 

methyl pyruvate 2,4-DNP, activity 3.4 x lo3 d.p.m. and inactive 2,4-DNP of 

(5b). These degradation data thus showed that no skeletal modifications had 

occurret in (32) either prior to or during its incorporation into the pyrethrin 

I's ana pyrethrin 11's. 

The side chain ester methyl group in the pyrethrin II's (21; R = 1) has 

been shown from previous studies to be derived from 2-methionine, 4 Toqether 

with this inforbmation, the present data indicate that the 'pyrethrin I$'$' 

can be derived from the 'pyrethrin 1'5' in Nature by an pxidative process 

at the vinyl methyl group of the CMA part of the esters leading to (4i R = 

lb-d)(presumably 9 the step-wise sequence CR3 * @R2CR + CHO -t CQ,H), __ 

followed by 'esterification' of the latter with the S-methyl group from 

&-methionine. The relatively low incorporation of 14C-CMA into the 'pyrethrin 

XI'S', when compared with that incorporated into the 'pyrethrin I's', is 

possibly due to the absence of the appropriate oxidative enzymes (to effect 

the conversiop CH3 + C02H) during the early flowering season when the present 

feeding experiments were carried out. Feeding later in the season could 

possibly result in iucreased incorporations into the 'pyrethrin 11's.' 

Recent investigations on the metabolism of pyrethrins6 have shown that 

the rethrin esters from (35) and (la,$ are metabolised in insects and 

mammals principally by oxidation at the vinyl methyl group of the CMA part 

of the ester, forming in succession the corresponding hydroxymethyi, aldehyde 

and carboxylic acid ( 4, R = la,d) compounds. -- It seems likely, therefore, 
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4 (7-I I 

aR=H; 2 R = Me; c R = Et; dR = CH:CH2 
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that the manner in which Nature converts the 'pyrethrin I's' to the 'pyrethrin 

II's' in the plant, closely parallels the detoxifying route of the 'pyrethrin 

I's' in insect and mammalian bodies. 

One of us (S.A.A.1 is indebted to the Arabian Republic of Egypt, and 

another (C.F.D.) to the Science Research Council, for maintenance awards. 
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