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PREPARATION OF (Z,E,E)-HUMULENE.
AN IMPORTANT INTERMEDIATE FOR BIOGENESIS OF POLYCYCLIC SESQUITERPENES

Haruhisa SHIRAHAMA,* Gurdial S. ARORA, and Takeshi MATSUMOTO
Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060

Summary: (Z,E,E)-Humulene was prepared from (E,E)-6,7-epoxyhumula-2,9-dien-12-
ol which was obtained from (E,E,E)-humulene 6,7-epoxide by oxidation with Se0,-
t-BuOOH.

Since Hendrickson’s pioneering work]) suggested stereochemical course of sesquiterpene bio-
genesis, several groups of sesquiterpenes such as himachalene, longifolene, longipinene and so on
have been considered to be derived from cis-farnesyl pyrophosphate through a protonated form of
(Z,E,E)-humulene (Scheme 1). However, no information about the (Z,E,E)-humulene Qg) has been
available since it has not been found in nature and not synthesized so far. We would like to de-
scribe the first synthesis of the biogenetically important compound 6. The procedure consists of
stereochemical inversion of Az-double bond of natural (E,E,E)-humulene caused by selenium dioxide-
t-butyl hydroperoxide oxidation of its allylic C-12 Me groupz) and reduction of the allylic
hydroxymethyl back to the original methyl group. This procedure must be generally usefu13) for
trans to cis inversion of double bonds bearing a methyl group in medium rings such as humulene,
germacrengzy and other similar compounds.

Humulene 6,7-epoxide (L)S) was oxidized (1.2 mmol l/1.2 mmo1 Se02/3 mmo1 t-BuOZH/CH2C12/rt/6
h)®) to give three compounds (2: 60.7%, 3: 5.3%, 4; mp 100 102 °C; 19.6%).7°8) Aldehyde 4 was
mostly isomerized to 3 on treatment with t-BuOK (DMSO/rt/30 min) and 3 was converted (LiALH4/THF)
to 2 quantitatively and thus yield of g was raised to 85% after all. Stereochemistry of Az-double
bond of 2 was inferred by the NMR spectrum. The signals due to C(2)-H of (E,E,E)-humulene and its
oxygenated derivatives at hand showed always a triplet or a double doublet whose two coupling con-
stants were fairly close while the corresponding signals of 2 showed a clearly separated double
doublet (J=12 and 4 Hz). Moreover the spectrum of 2 at 400 Mz showed existence of two conformers
(ca. 2:1) since two sets of signals inferring structure 2 were observed at r.t. and the two sets of
signals combined to a broad signal at elevated temperature and exhibited again the same spectrum as
original one after cooling. Such conformational separation was not observed in the spectra of
(E,E,E)-humulene series. Restricted ring inversion of the (Z,E,E)-humulene ring could be realized
by molecular model studies. Epoxide‘g was converted to olefinic alcohol g? (0.5 mmol 2/0.9 mmol
LiAlH4/0.19 mmo1 TiC]3/THF/0 °C/15 min/under Ar,g) 90% yield) which was further reduced to (Z,E,E)-
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humutene (6)8) (y-collidine/Lic1/0MF/MsC1/0 °¢/1.5 h,1%) and then LiATH,/THF/rt/overnight, 62.5%
yield). ]H and 13 C NMR spectra of 6 suited well to the assigned structure.
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were measured in CDC]3 Except those of 2 which were obtained in m’trobenzene-d5 at 23 °C.

2: a) 1.05; 1.09; 1.32 (each 3H, s), 2.79 (1H, dd, J=11, 3), 4.39; 4.25 (2H, ABq, J=13), 5.49
(2H, bs), 5.76 (1H, dd, J=12, 4). b) 1.03; 1.08; 1.25 (each 3H, s), 2.72 (1H, dd, J=11, 3),
4.10; 4.20 (2H, ABq, J=13), 5.28 (1H, ddd, J=16, 8, 4), 5.36 (1H, d, J=16), 5.58

(1H, dd, J=12, 4).

4: 1.20; 1.21; 1.23 (each 3H, s), 5.24 (1H, d, J=16), 5.40 (1H, ddd, J=16, 10, 6), 6.28 (IH, t,
J=8), 10.06 (1H, s).

5: 1.06; 1.09; 1.56 (each 3H, s), 3.96; 4.13 (2H, ABq, J=12), 5.02 (1H, bt, J=8), 5.30 (1H, d,
J=16), 5.48 (1H, dd, J=12, 4), 5.57 (14, bt, J=16, 8).

6: 1.03; 1.05; 1.67 (each 3H, s), 1.58 (3H, d, J=1.5), 1.68 (1H, bd, J=13), 1.79 (1H, dt,
J=12, 3), 1.90 (1H, t, J=13), 2.12 (1H, hidden), 2.22 (1H, tdd, J=13, 8, 2), 2.23 (1H, td, J=
12, 3), 2.50 (2H, d, J=7), 5.03 (1H, bt, J=8), 5.18 (1H, bd, J=13), 5.33 (1H, d, J=16), 5.57
(1H, dt, J=16, 7).
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123.70d, 124.89d, 133.57s, 138.59s, 141.58d.
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