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Studies on the Biogenesis of
Non-Head-to-Tail Monoterpenes. The Isolation of
(1R,3R)-Chrysanthemol from Artemesia ludoviciana'

Summary: The isolation of optically pure (1R,3R)-chrysan-
themol from the leaves of Artemesia ludoviciana supports
the hypothetical involvement of the corresponding pyro-
phosphate as a cruical intermediate in the biosynthesis of
non-head-to-tail monoterpenes.

Sir: As part of a continuing study of the biosynthesis of the
biologically important triterpene, squalene, we have been
investigating the simpler but presumably analogous non-
head-to-tail monoterpenes. Although there has been little
experimental verification of any biosynthetic pathway, the
available data? coupled with biogenetic analogies to pres-
qualene alcohol and the known chemical® interconversions
of the chrysanthemyl! carbon skeleton with other non-head-
to-tail monoterpene carbon skeletons have led to a unified
hypothesis for the biosynthesis of these compounds.* This
hypothesis requires (1R,3R)-chrysanthemyl pyrophosphate
(1, R = pyrophosphate) as a key intermediate in the forma-
tion of the chrysanthemyl (2), artemesyl (3), and santolinyl
(4) types of irregular monoterpenes. With the ubiguitous
occurrence of phosphatases in plants, it might be expected
that any plants producing 1 (R = pyrophosphate) would
also have the corresponding alcohol, (1R,3R)-chrysanthem-
ol (1, R = H), present.
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In support of the proposed biosynthetic scheme, we wish
to report the isolation of 1 (R = H) from the leaves of the
sage brush, Artemesia ludoviciana, and further in accord
with the hypothesis the natural chrysanthemol is optically
pure possessing the 1R,3R absolute configuration,

The essential oils from 4 kg of fresh leaves of A. ludovici-
ana collected near Salt Lake City® were obtained by ex-
traction of the plant material with pentane. Removal of the
solvent and vacuum, bulb-to-bulb distillation of the re-
maining volatiles gave 12.5 m! of a mixture containing ap-
proximately 2% chrysanthemol as evidenced by VPC com-
parison to known 1 (R = H) on a 500-ft capillary column.
The mixture was subjected to a vacuum distillation on a
60-cm annular spinning band column and the fractions en-
riched in 1 (R = H) were combined and further separated
by a succession of high-pressure liquid chromatographies
on a 170-200 mesh Florisil column using 1:10 ethyl acetate—
hexane as the eluting solvent system. VPC analysis indicat-
ed an increase from 70 to 90 to 98% purity in the successive
runs. The final purification was accomplished by prepara-
tive VPC on a 20 ft X 3 in. Carbowax 20M column to give
25 mg of 100% pure chrysanthemol. Spectral comparisons
(NMR and ir) with authentic material as well as VPC coin-
jections confirmed the structure. Synthetic 1 (R = H) pre-
pared by reduction of 97% (LR,3R)-chrysanthemic acid via
its methyl ester® possessed an [«]D of +46.9° (¢ 1.7, meth-
yleyclohexane) while the isolated material had [a]D +49.7°
(¢ = 1.1, methylcyclohexane), indicating that the natural
chrysanthemol is essentially 100% 1R,3R.

Evidence that the isolated 1 (R = H) could have been de-
rived in vivo from the corresponding pyrophosphate was
provided by allied studies in which we have clearly demon-
strated enzymatic including phosphatase activity in leaf
preparations of A. {udoviciana. In particular we have ob-
served the facile conversion of known 1 (R = pyrophos-
phate) to 1 (R = HJ in vitro by these leaf preparations.
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