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The monoterpene chrysanthemum monocarboxylic acid (CMA) (1), which occurs

as esters in Chrysanthemum cinerariaefolium, is a member of a group of mono-

terpenes, whose carbon frameworks are not derived biogenetically by the more
usual 'head-to-tail' combination of iso-pentane unitsz. With the isolation of
a C3o—cyclopropyl alcohol ('presqualene alcohol') structurally analogous to (1)
as a probable intermediate in the biosynthesis of squalene from farnesylpyro-
phosphate,3 much consideration has been given to the pivotal rBle that the
chrysanthemyl skeleton present in (1), might or might not play in the biosyn-
thesis of other non ‘head-to-tailt monoterpenes.4

Available data5 on the incorporation of mevalonic acids (MVA) into CMA
appear consistent with the operation of a biosynthetic scheme to (1) involving
a 'tail~to-middle' combination of two dimethylallyl pyrophosphate (DMAPP)
molecules, as illustrated. Although proposals have been made,s'6 no details of
the mechanism for this very unusual and novel combination of C5—units have so
far been determined. As a contribution to this problem, we report a stereo-
chemical feature of the incorporation of MVA into (1), and some data pertaining
to the ‘'symmetry' of combination of the two C5-units leading to the éhrysanthemyl
skeleton in (1).

The potassium salts of 3R,4R [§—3HJ—MVA and 3R, 48 [4—3H]-MVA were separately

fed (total activity 0.25mC each., vacuum infiltration method) to dissected achenes

from C. cinerariaefolium. Elaboration of the plant material followed by separa-

tion and saponification of the esters of (1), gave radiocactive CMA. Rigorous
purification of the CMA's from the two feedings, and preparation of solid amide

derivatives [m.p. 1210, v 3400, 3190, 1643, 1623 cm.—l, T 4.25 bd (NHZ)'

max.
5.12d4(J3 7.5, :CH), 7.96 dd (J6 and 7.5, :CH.CH), 8.3 (:CMez), 8.7 (Me), 8.9(Me)]'
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showed that only 3R, 4R [?—3H] -MVA was incorporated into (1) (total activity

6 d.p.m. mmole.-l, incorporation yield of 0.4%); negligible radioactivity

1.6 x 10
was detected in the CMA isolated from the 3R, 4§[}—3Q]MVA feeding. This con-
clusion was verified in separate feeding experiments using doubly labelled 3R,
4R [2-14c]-[¢-3a]-wva Cu/ % 3.63) ana 3gr, 45 [2-*4c]-[4-3u]-wva Cu/tc s.82);
the isotope ratios in the amide derivatives of the CMA's isolated were found

to be 3.64 and 0.14 respectively. These data thus showed that the 4S-hydrogen
of MVA is lost during the biosynthesis of (1) from MVA. 1In the absence of ad-
ditional data it seems clear that this hydrogen is lost, as the 2-pro-R-hydrogen
(Hz) of (2), during the isomerisation 2+3 leading to DMAPP. Specific loss of
the 2-pro-R-hydrogen in (2) has been observed previously in terpene biosynthesis
8,9

in yeast and mammalian tissues7 and some higher plants.

Cleavage (0sO -NaIO4) of the side-chain in[3H]-(l) from the 45'}—3H]MVA

4
feeding, followed by separation and purification of the resulting carbonyl pro-
ducts (as their 2,4-dinitrophenylhydrazones) established that "99% of the 3H-
label in (1) was located in the cyclopropane ring portion (5). Ozonisation of
[3H]-(1) produced [BH]-(-)—ggggg-caronic acid (6) containing only 5% of the
original radioactivity, which suggested that the bulk of the [3H]—label in (4)
from the 43]}-3H]-MVA feeding was located in the side chain portion of the
molecule., In separate degradation experiments, using C-2-deuterated ester (7)lo
(>98% 2H), no exchange 6f deuterium was observed (n.m.r. and mass spectra moni-
toring) during conversion to (1, and amide), or to (6).

In contrast with previous studies, the present data on the incorporation
of MVA into CMA show that activity from MVA is not equally distributed between
the two Cs-iso—pentane units in (1) for which MVA is thought to be precursor.
Unequal distribution of activity from MVA during monoterpene biosynthesis has
been observed in several plants systems recently, and a number of factors have
been considered to account for these observations. In the specific case of (1),
one réason could be that the Cs-iso-pentane unit leading to the cyclopropane
part of the molecule is not derived directly from MVA. An attractive alternative
precursor might be 3,3-dimethylacrylate (8)ll which could be involved in the

biosynthesis of (1) according to Scheme 2; there is considerable in vitro analogy
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for such a scheme.12 In a preliminary investigation of this proposal, the

13

incorporation of the K-salt of [1—14CJ-3,3—dimethylacrylic acid into C.

cinerariaefolium was examined; data on the radioactive amide of CMA from this

feeding showed an incorporation yield of 3.5 x 10_2%, when MVA was incorporated
to the extent of 5 x 10-2% (same plants fed at the same time during same season
etc.,), and now further experiments are in progress to examine the precursor
role of (8,R'= H)} in the biosynthesis of (1) in greater detail.
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