Tetrahedron Letters No.39, pp. 3523-3528, 1965, Pergamon Press Ltd,
Printed in Great Britain,

THE STRUCTURES AND CONFIGURATIONS OF LARIXOL

AND LARIXYL, ACETATE

T, Norin
Department of Organic Chemistry, Royal Institute of Technology,
Stockholm 70, Sweden
G, Ohloff and B, Willhalm

Research Laboratories, Firmenich et Cie., Geneva,.Switzerland

(Received 7 Angust 1965}

From the oleoresin of European larch (Larix europaea D,C,)
H, Wienhaus et al, (1, 2) isolated a compound which they named larixyl
+
- a. a : .
acetate (022H3603‘ m.p. 82°; [a]D +67°) . On hydrolysis this

compound furnished a diterpenoid diol named larixol (C O m,p.

201134023
101°; [a]D +57°), Recently Shmidt et al, (3) reported that larixol and
not larixyl acetate was one of the main neutral constituents of the

oleoresin of Siberian larch (L, sibirica Ledb,).

In an abstract from a meeting Haeuser (4) briefly summarizes
some data concerning the structure of larixol, He proposes that larixol
should be the 6-hydroxy derivative of manool, On the bases of this

structure the mass spectrum of larixol has recently been discussed (5).
The NMR spectrumH of larixol provides clear indications for

All rotations are measured in chloroform solutions,

**The NMR spectra are recorded on a Varjan A60 instrument (60Mc/ s)
using carbon disulphide solutions, The chemical shifts are from tetra-
methylsilane (internal standard),
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the fact “hat it is a manool (or 13-epimanool) derivative possessing an
additionzl secondary hydroxyl group. The ABC-patterns due to the C(14)-
and C(15)-protons are very similar in the spectra of larixol and manool.
The two broad signals due to the protons of the C(20)-methylene group

at 4. 55 and 4. 79 ppm are shifted to lower field compared to manool

(4. 45 resp. 4.75 ppm),

The proton of the secondary carbinol atom ( =CH-OH) of larixol
has its resonance position at 3,67 ppm. In larixyl acetate the correspond-
ing signal appears at 4,88 ppm. Larixyl acetate is thus the monoacetate
of larixol in which the secondary hydroxyl group is acetylated. On treat-
ment with equimolecular amounts of acetyl chloride in pyridine larixol
gave larixyl acetate in an almost quantitative yield. Under similar
conditions the corresponding mono-p-nitrobenzoate (I, R = -COC_H NOZ;

64

. o, [+]
C27H3705N, m.p. 131-132°; [a]D+61 ) was formed, The correspond-
O

ing diacetate C m.p. 117°; [cz]D +36°) could be prepared from

2473804
larixol or larixyl acetate using acetyl chloride under conditions pre-

viously describes (6).

Since 13-epimanool (II) ('7) has been found to be one of the main
constituents of the oleoresin of L, europaea (8) it was believed that
larixol (la) is of the 13-epimanool type. The difference in molecular
rotations between manool/ 14, 15-dihydromanool (A[M]D -15°, 13-epi-
manool / 14, 15-dihydro-13-epimanool (A[M]D -55°) and larixol/14, 15~
dihydrolarixol (A[M]D -43°) provides indications for the 13-epi-

configuration of larixol (Ia),

On treatment with an equimolecular amount of p-toluenesulphonyl
chloride in pyridine larixol furnished a mono-p-toluenesulphonate which,
however, was not very stable, It was therefore treated with an excess
of lithium aluminium hydride in boiling ether without any preceeding
purification, The main product from this hydride reduction was separated
by chromatography on alumina and was identified as 13-epimanool (II)
(m.p. 35-38°; [a]D +48°) by a direct comparison (mixed m.p. and IR)

with an authentic sample. The identity was further confirmed by com-
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parisons of the corresponding 3, 5~dinitrobenzoates (7) and of the p-
nitrobenzoate (m,p, 141-142°, [o:]D +47°), This settles the structure
Ia of larixol except for the position and relative configuration of the

seconda:ry hydroxyl group,

Tke Jones oxidation of Ia under standardized conditions (9)
furnished mainly two products, The broad singlet at 2,66 ppm in the
NMR spectrum belongs to two protons within a homoconjugated system,
which proves the arrangement of the C~atoms 6, 7 and 8 as indicated
in the molecul lII, Based on the intensity of the absorption in the vinyl
region the ketoalcohol III is the minor part of the oxidation products,
The main product exhibits a @, B~unsaturated aldehyd grouping
(doublet at 9, 9 ppm) in the side chain (sharp singlet at 2,1 according
to a methyl group (C 16) on conjugated system) and represents the
structure IV, The IR absorption bands at 1720 and 1673 agrees with the
carbonyl group in 6 and 15 position, respectively, A strong absorption
at 890 crn"'1 ( )=CH2) and weaker ones at 912 and 990 cm_1 ()

indicates likewise the proportion of IIf and IV,

Hydrogenation of larixol (Ia) using a Raney-nickel catalyst
furnished 14, 15-dihydrolarixol {V, C20H3602' m,p. 110-111°, [a]D
+43°), Jenes oxidation of V yielded a crude mixture from which an
oily @, B~unsaturated hydroxy-ketone VI could be separated by chroma-
tography on alumina, The IR spectrum of the product exhibits bands at
3 500 (broad, ~OH), 1 670 and 1 625 ( I=C-QO) cm—l, but no bands
characteristic of an exocyclic methylene group ( x=CH2, 3100 and
890 cm ™!

Thus the 8, 20-double bond isomerizes during the oxidation or isolation

). The UV spectrum of the product has a maximum at 240 mp,

procedures in 7, 8-position, This experiment shows that larixol can be
either the 6~ or 1l-hydroxy derivative of 13~epimanool, the former
alternative being more consistent with the ultraviolet data of the

hydroxy-~ketone VI,

Nuclear magnetic spectral data provide evidence for a 6a-hydrox-

yl grouping in larixol, The signal at 3,67 ppm is assigned to the axial
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6B-proton and reveals couplings to the axial 5a- and 7a-protons (J 10
cps) and to the equatorial 78-proton (J 5 cps). Due to the deshielding
of the C(8)-C(20) double bond and the 6a-hydroxyl group the equatorial
1B-proton signal appears at a low field (2, 51 ppm). This proton is
coupled to the axial 68-proton (J 5 cps) and to the 7Ta-proton (J 12 cps).
The signals due to the 18- and 19-methyl groups of larixol (0. 92 and
1,09 ppm respectively) appear at lower field than those of the cor-
responding groups of 13-epimanool (0. 78 and 0, 86 ppm, respectively),
Particularly the 19-methyl signal is shifted downfield, This must be
due to the deshielding effect of the 6a-hydroxyl group.

The configuration of the 6-hydroxyl group of larixol is confirmed
by the following chemical experiments (cf, also Ref, 4). Hydrogeneation
of larixol {Ia) using a platinum catalyst yielded tetrahydrolarixol (VII,
Cootl3g02s

o o
(9) of VII gave the ketone (VIII, CZOHSGOZ“ m,.p. 67-68°, [ch]D +46°)
which on reduction with lithium aluminium hydride gave the alcohol
) o 3 i_
(IX, CZOHSBOZ’ m.p. 89-90°, [a]D +26°), This alcohol could be oxi

dized back to the ketone VIII, Alcohol IX must therefore be the 6-epi-

m,p. 123-124°, [oz]D +53°). A mild chromic acid oxidation

mer of tetrahydrolarixol (VI), Hydride attack from the less hindered
a-side of the ketone VIII leads to the alcohol IX which thus must have
the 68-configuration. Accordingly tetrahydrolarixol (VII) has the 6a-

configuration,

The results presented above settle the relative and absolute

configuration of larixol (Ia) and larixyl acetate (Ib),
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