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During a recent gas-liquid chromatographic (g.l.c.) survey of gymno-
sperms for diterpene hydrocarbons (1) it was shown that & sample of
"cupressene”, m.p. 74-75°, originally isolated from Cupressus macrocsrps
Hartweg (2), was a mixture of iscphyllocladene (32%), phyllocladene (trace),
and a major diterpene hydrocarbon (67%) for which the name cupressens was
retained. This survey revealed that cupressene occurred in the oils of a
nunber of speciea from one of which, Podocarpug ferrugineus G. Benn., it
oould be cbtained as a liquid in 8GR purity (g.l.0.) after fractional
crystallisation at low temperatures., Crystalline "oupressene", m.p.
74.5-75.5°, bas again been isolated from C. macrcoarps but in all cases
g.1.0. examination has shown it to be a mixture, probably a eutectic (3),
of cupressene and isophyllocladene in the ratio of 2:4.

Although cupressene has yet to be isolated in a pure state further
physical and chemical evidence of enriched material (85% from g.l.s.),
L[]y - 10°, from P. ferrugineus has led to its formulation as (I), and
thus 4t is identical with hibaene, [a 7, - 50°, (4) and emantiomeric with
stachene, ["a_Jp + 33° (5).
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Oxidation of cupressene with osmium tetroxide gave a ohromato-
graphically pure diol, czon“oz, n.p. 168.5-169°, lacking pesks due to
unsaturation in the infrared spectrus, while treatmsat with perbensoic
s0id gave mn epoxide, 02&20, R.Po 125-125.5°, homogenecus by g.l.0.
end satursted acoording to the infrared spectrum. Both derivatives
have melting points considersbly different from those of the correspond-
ing derivatives from isophyllocladene (6). They are thus true derivatives
of oupressene whioch must therefore possess only one double bond and be
tetracyolio.

The infrared speotra of enriched cupressene fractions show ne
diminution of the 751 om.”! band, previcusly assigned to a gis-disub-
stitated double bond (7), but virtual absence of the 823 ca.”™ band,
typiocal of isophyllocladene, which is a Imown impurity of "oupressene”
from C. macrooarpg. Consideratiom of the n.m.r. spectrum of enriched
ocupressene and its epoxide and a oomparison with those of phyllocladens,
isophyllocladene, kaurens, isokaurene, 15 ,16-¢paqphynoohdm, and
15,16-epoxykaurans leaves little doubt that ocupressens may be represented
by (I). In the olefinic region the spectrum of cupressene sxhidbits sn
4B quartet (doublets at 5.41, 5.678, J = 5.5 o/sec.) of a gis-disub-
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stituted double bond attached to guatermary carbon atoms, Three sharp
signals assigned to quaternmary C-methyl groups appear at 0.7, 0.83, and
0.865, at almost the same positicns as those shown by isophyllocledene,
snd can be assigned to methyl groups with similer euvircuments, ylg. the
c,’-g.- dimethyl and c‘o-uthyl groups. A signal at gcg. 2.68 in the spectra
of phyllocladens and ksurene, typical of an allylic bridgehead proton (8)
at 615, is absent in the speotrum of cupressene end is replaced by that of
a further quaternary methyl group at 0.998.

From the above evidence and the close similarity of bands of s gis-
disubstituted double bond in the infrared spectra of stachenone (9)(II)and
beyerol (10) (III) at 749 and 750 om.”", respectively, and the presence of

(1x) ' (111)

two doublet peaks at 5.43 and 5.675 (J = 6 o./sec.) in the m.m.r. spectrum
of atachenone, it appeared probsble that cupressene possessed the sane
oarbon skeleton, represented by (I) or a stersoisomer.

Assuming a trang A/B ring fusion, there are four possible structures
(exoluding ensntiomers) with this skeleton. Those with a trgna-gati-tesns
or trgng-gnti-ois backbone would be most likely (11) and from the following
evidence a decision in favour of the former can be made. If cupresseme
possessed a trans-anti-ols backbone,acid trestsent would be expected teo
effect & Wegner-leorwein resrrangesent to isophyllooladens analegous to
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the steviol-isosteviol (12) and allogibberic-gibberic acid (13) rearrange-
ments. [n oonfirmation of the original observations (2) cupressene was
recoverei unchanged (g.1.c.) after heating with p-toluene sulphonic aocid
in bensene solution. The infrared spectra of 17-norksur-15-ene (14) and
17-norphylloclad~15-ene (15) with trans-anti-cis and trans-anti-trans
backbones, respeotively, exhibit peaks due to gis double bonds at 721 and
ThS cl.dl respectively. The higher wave-number of the double bond of
cupressene {754 on.“) suggests that it also has a similar environment to
that of 17-norphylloclsd-15-ene, stachenone, and beyerol.

Further, as oan be seen from the Table, the diamagnetio shielding of

TABLE

Bffect of C 15(4 6)-Deub10 Bond on the 61 o—lothyl Resonance

Chemical shift in p.p.m.

Compound c k-sen-dilefhyl [ 4 o-nthgl
Isophyllocladene 0.83 0.8 0.75%
Phyllocladene 0.82 0.87 0.92
45,16-Epoxyphyllocladane 0.8, 0.87 0.92
Isokaurene 0.82 0.87 1.03
Ksurene 0.82 0.87 1.03
15,16-Bpoxykaurane 0.82 o0.88 1.02
Cupressene 0.83 0.86 0. 7%
15,16-Epoxycupressane 0.83 0.87 1.04

the C, -sethyl group of isophyllocladene (10,16) is removed by epoxidation.
In the isokasurene series, in which the olefinic centre is remote from the
angular methyl group, no such shielding ocours. Since the signal of the

Cy0~methyl group in oupressene shows a oonsidersble downfield shift on
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epoxidation, cupressene must also have its D-rimg in close preximity te
the cm—ntw:l group and thus possess the irang-gnti-trans oonfigmratiem
as in (1).

In recent comwunications enantiomeric diterpenes of structure (I)
have been reported: the (-)-isomer, hibaeme, from Tyuionsis dolabrats
Sieb. et Zucc. (&) and the (+)-isomer, stachene, from Brythexylem
mopogynun Roxb, (5) of proved sbsolute configaratiom (17). I additiocs,
oxygensted derivatives of stachens have been reported from the latter
species (5,18). Through the courtesy of Professor Kitahara and Dr Nurray
we have been able to compare the infrared and n.m.r. speoctrs of hibaene
and stachene with those of cupressene and, as expected, they are virtually
identical. Morecver, cupressene and stachens have the same retentiom
valuss ou g.1.0. Since cupressene from P. ferruzineus possesses a
negative rotation its structure and absolute configuratien is represented
by (I).
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