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A New Sesquiterpene Alcohol of the Copane Series from

Angelica Root Oil

JYRKI TASKINEN

Research Laboratories of the State Alcohol Monopoly (Alko), Box 350, SF-00101 Helsinki 10, Finland

A new sesquiterpene alcohol was isolated from
the volatile root oil of Angelica archangelica L.
On the basis of spectral and chemical evidence
structure 8, cis-a-copaene-8-ol, was assigned
to this compound.

The tricyclic sesquiterpene hydrocarbons, «-
copaene (I) and f-copaene are reported to be
present in a number of essential oils.** Two
oxygenated copane derivatives have been
identified, mustakone (2) from Cyperus ro-
tundus* and «-copaene-l1l-ol (3) from Para-
benzoin preacox.® Two sesquiterpenoid ketoalde-
hydes, called brachylaenalone A and B, have
been isolated from the heartwood of Brachylaena
hutchinsii.,” The compounds (4) are thought to
differ only in the configuration of the isopropyl
group, so that one of them would have the
configuration of copane.

In a recent study the root oil of Angelica
archangelica was found to contain a-copaene-
11-0l and an unknown alcohol (about 0.5 %, of
each) as the main sesquiterpene alcohol com-
ponents.® The present paper describes the
structure determination of this unknown, for

The mass spectrum of 8 displayed Mt at
mfe 220, which obviously corresponds to the
molecular formula C,;H;,O. A rearrangement
ion corresponding to loss of water appeared
at mfe 202. The IR spectrum revealed the pres-
ence of a primary or secondary hydroxyl (vpax
3420 and 1020 cm™), a gem-dimethyl group
(Vmax 1383 and 1370 cm™) and & trisubstituted
double bond (vy,, 3020 and 783 cm™). The 'H
NMR spectrum showed signals due to a methyl
at a quaternary carbon (J 0.83, 3 H, s), an
isopropyl group (two 3 H doublets centered
at ¢ 0.95 and 1.03, J 6.5 Hz), a methyl attached
to an olefinic carbon (4 1.66, 3 H, m), one
olefinic proton (4 5.19, 1 H, m) and a methine
proton adjacent to oxygen (J 4.21, 1 H, m).

Hydrogenation of 8 with PtO, in glacial acetic
acid yielded a saturated alcohol with s molec-
ular weight of 222 (MS, IR). This confirms that
alcohol 8 has a tricyclic structure. The only
tricyeclic skeleton present in the sesquiterpenoids
found in angelica root oil is that of copane.®
The structure derived from w«-copaene (I) with
hydroxyl at the 2-, 8- or 9-position would be
compatible with the spectral data including

which the structure and relative configuration g the unusual position of the C—H deformation

8, cis-a-copaene-8-ol, is proposed.
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(about 780 cm™) is typical for the strained
bieyclo[3,1,1]heptene system (e.g. «-pinene, «-
copaene).®

Dehydration of 8 with thionyl chloride in
pyridine afforded an unsaturated hydrocarbon,
the mass spectrum of which displayed the
molecular peak at mfe 202, The IR spectrum
of this hydrocarbon showed notable absorptions
only at 780 em™ in the region of C—H out-of
plane bending vibrations of double bonds. This
could be expected if the new double bond is
located at the 7,8-position as in 5.

On catalytic hydrogenation of the diene &,
two saturated hydrocarbons with molecular
weights of 206 were obtained in a ratio of 2:3.
The minor compound was identified as copane
(6) by comparing its IR and mass spectra with
those of the hydrogenation product of a-copaene
from angelica root oil. The other, with very
similar spectra, was evidently the isopropyl
epimer, ylangane. Formation of both is expected
if the diene has the structure 5.

This evidence suggests the structure 7 for
the unknown alcohol, leaving the stereochemical
details open. The four possible isomers differing
in their configuration at C-7 and C-8 can be
represented by the perspective figures §—11.
Structures 8 and 9 are favoured by the fact
that all the other cadalene-type sesquiterpenes
found in angelica root oil belong to the muuro-
lane group with related stereochemistry. Con-
sidering the smooth dehydration with thionyl
chloride in pyridine, structure 8 is preferred
as it has the C-7 hydrogen more favourably
located for E2 elimination.
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Further support for structure 8 was obtained
from the relative lanthanide induced chemical
shifts. 'H NMR spectra were recorded after
successive additions of Eu(dpm), to the alecohol
sample in CDCl;. The relative europium induced
shifts (DEu values) of signals that could be
correctly assigned were calculated as the slopes
of the lines when the shifts were plotted against
the Eu(dpm), addition. The shift effect on the
isopropyl methyl signals were found to be
2—3 times greater than on the other methyl
signals. This is in agreement with the assignment
of the hydroxyl at C-8. The average structure
for the complex of 8 —11 and the shift reagent
was determined by iterative computer fitting
of the relative shift effect values to the pseudo-
contact equation of McConnel and Robertson.®?1°
The observed shift values of the C-3, C-8, C-14,
C-15 and one of the C-9 proton signals were
used. The Eu—O distances and «—C—O—Eu
angles obtained were 2.4 A, 165° for the com-
plex of 8, 3.7 A, 128° for the complex of 9,
3.0 A, 129° for the complex of 10, and 3.9 A,
130° for the complex of 11. The corresponding
data reported for -cis-4-t-butylcyclohexanol,
involving an axial hydroxyl group, are 2.2 A,
160° and for trans-4-t-butylcyclohexanol, with
an equatorial hydroxyl group, 2.5 A, 139°.u
Only the values for 8 are in reasonable agree-
ment with the data for the 4-z-butyleyclo-
hexanol with the corresponding configuration.
Another conformation involving an axial iso-
propyl group is also possible for the compounds
represented by structures 8§ — 11. In this confor-
mation compound 711 would have given iden-
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tical results to those calculated for 8. This
conformation, however, seems to be unfavor-
able. Moreover, the large shift effect observed
in the signals due to the methyls of the iso-
propyl group seems to exclude this possibility.
Accordingly, the relative configuration 8 was
assigned to the sesquiterpene alcohol.

EXPERIMENTAL

Gas chromatography was performed on a
Hewlett-Packard 7620 A instrument with
6 mmx3 m stainless steel columns packed
with 10 9% FFAP or 5 9% SE-30 on Chromo-
sorb W AW, IR spectra were recorded on a
Perkin-Elmer 521 instrument. Mass spectra
were run on JMS-D 100 mass spectrometer
at the Technical Research Centre of Finland.
1H NMR spectra were determined in CDCl,
on a JEOL JMM PFT 100 spectrometer in
the Department of Organic Chemistry, Uni-
versity of Helsinki. The average structures of
the Eu-complexes were computed in the De-
partment of Chemistry, University of Jyvésky-
14. The isolation of angelica root oil and separa-
tion of the fraction containing the oxygenated
compounds have been described before.®

cis-«-Copaene-8-ol was separated from the
fraction of oxygen containing compounds by
preparative GLC first on the FFAP column.
After rechromatography on SE-30 column
about 10 mg of pure 8 was collected. MS:
mfe (%) 220 (M+, 1), 202 (10), 187 (6), 177 (5),
160 (45), 159 (85), 146 (12), 145 (59), 134 (14),
133 (31), 132 (36), 121 (15), 120 (25), 119 (100),
117 (18), 109 (15), 107 (19), 106 (14), 105 (50),
93 (23), 92 (13), 91 (33), 81 (10), 79 (15), 77
(16), 55 (14), 43 (12), 41 (22). IR: vya, 3420,
3020, 1383, 1370, 1020, 783 cm™. NMR: ¢
(CDCl,) 0.83 (3 H, s), 0.95 (3 H, d, J 6.5 Hz),
1.03 (3 H, d, J 6.5 Hz), 1.66 (3 H, m), 4.21
(1 H, m), 5.19 (1 H, m). DEu values (9, from
the value of a-proton): 100.0 (observed)/100.22
(calculated) (C-8 H); 65.5/65.0 (C-9 Heq);
9.9/11.2 (C-14 3 H); 9.9/5.7 (C-3 H); 7.5/10.0
(C-156 3 H).

Hydrogenation of 8. 1 mg of 8 in glacial
acetic acid (5 ml) containing PtO, (5 mg)
was shaken in a 20 ml ampule filled with hydro-
gen for 2 h at room temperature. The catalyst
was filtered off and the filtrate neutralized
with NaOH solution. The product was extrac-
ted into pentane and a saturated alcohol was
isolated by GLC. MS: mfe (%) 222 (1), 204
(35), 189 (33), 161 (100), 149(28), 133 (24),
119 (30), 105 (70), 95 (48), 93 (42), 81 (54),
69 (40), 55 (45), 43 (40), 41 (65). IR: vy
3420, 1380, 1370, 1360, 1015 cm™.,

Dehydration of 8. 10 ul of thionyl chloride
in 200 ul of pyridine was added to 2 mg of
8 in 200 ul of pyridine at 0 °C. The solution
was allowed to warm up to room temperature,
neutralized and extracted with ether. Diene
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§ was isolated as the main product by GLC.
MS: mfe (%) 202 (38), 187 (23), 1569 (100),
145 (36), 131 (31), 119 (43), 106 (21), 105 (22),
91 (28), 77 (14), 41 (20). IR: vy, 3020, 1377,
1369, 780 cm™1.

Hydrogenation of diene 5. 0.5 mg of 5§ was
hydrogenated in glacial acetic acid with PtO,
as above. The product consisted of two satu-
rated hydrocarbons (3:2), which were separat-
ed by GLC. The mass spectra of both were
almost identical with that published for co-
pane. 1 The minor component was identified
as the hydrogenation product of «-copaene
by comparing the IR spectra.

Copane from a-copaene. 2 mg of a-copaene
was isolated from angelica root oil ® and hydro-
genated as above. The saturated hydrocarbon
was identified as copane (6) by its mass spec-
trum.2
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