Tetrahedron Letters No.31, pp. 2997-3001, 1967. Pergamon Press Ltd. Printed in Great Britain,

THE CONVERSION OF FRIEDELIN INTO METHYL TETRANORSHIONANOATE

Takeyoshi Takahashi, Takahiko Tsuyuki, Tokiko Hoshino and Masatoki Ito
Department of Chemistry, Faculty of Science,

The University of Tokyo, Bunkyo-ku, Tokyo, Japan

(Received 19 April 1967)

SHIONONE is one of the constituents of Aster tataricus L. The struc-

ture 1 has been proposedl) for shionone on the basis of chemical degradations,
as well as by means of biogenetic considerations. In the preceding communica-
tionZ), the nature of rings C and D has been clarified, and evidence leading to
the structure 1 for shionone has been presented.

We now describe the conversion of friedelin (2) into methyl tetranor-
shionanocate (13).

Friedelin (2) was transformed into the known 18(19)-friedelene (2)3),
which could be oxidized to the epoxy derivative (&}b’B). Reduction of 188,
19g-epoxyfriedelane (&)h) with Li-EtNH,-t-BuOH gave 19p-hydroxyfriedelane (5)5),

C30Hs20%), m.p. 208.5 - 209.5%, Yoy 3450 cn™l, MWR:d'= 3.70 (1H, doublet, J = 6

Hz, C-(- g.gn-c, in CDClB), [0\]578 + 11° (¢ = 1.9, in CHC13). Dehydration with
phosphorus pentachloride afforded 18(19)~friedelene (3) in good yield7), confirm-
ing that no skeletal rearrangement had occurred in the reduction of L to give 5.
The location of the hydroxyl group at C19 (not at Cl8) of 5 is deduced from the
NMR data. The oxidation of 5 with Jones' reagent yielded 19-oxofriedelane (9)8),
C30H500, M* 426, m.p. 235°, Vo o 1685 em™L ), NMR: & = 2.20 (1H, singlet, in
CDClB), ORD and CD: positive Cotton curves. This ketone (6), when treated with °
lithium aluminum hydride, furnished 19«-hydroxyfriedelane (7)i°, C30H5,0s m.p.

233-234°, Yoy 3750 cu™, MMR: &= 3,78 (1H, doublet, J = 8 Hz, in CDCl,), (&1,
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+.17° (¢ = 1.0, in CHClBI. Ketone 6, however, was recovered unchanged from the
following reactions: Baeyer-Villiger and Schmidt reactions, oximation, enol-ace-
tylation, enol-benzoylation and alkaline oxidation with potassium permanganate.
19-Oxofriedelare (6), in AcOH~H,0 (9 : 1), was heated under reflux and
was irradiated under a nitrogen atmosphere using a 100 W mercury lamp. The mix-
ture, after separation by column chromatography (SiO2 and then SiOz-AgNOB), gave
an unsaturated hydrocarbcn (§)ll), m,p. 115 - 117°, Mt 398, NMR: § = 5.18 (1H,
broad singlet, in CDClB), and an unidentified carboxylic acid. The hydrocarbon
(8) was identical (IR, NMR, GLC, TLC and mass spectrometry) with norshionene (11),
Cogllsgs M' 398, m.p. 120 - 121°, IR: 835 cm~l, NMR: &= 5.18 (1H, broad singlet,
in CDC13), synthesized from shionone (1) via methyl trinorshionanoate (2)1).
The presence of iso-norshionene (12) (IR: 885 cm‘l) together with norshionene
(11) was noted in the hydrocarbon mixture (10) obtained by Grignard reaction on
9, followed by dehydration. The separation of 11 from the mixture (1Q0) was
ca?ried out by chromatography on SiOz-AgNOB.
Furthermore, the unsaturated hydrocarbon (8) was oxidized (CrOB-AcOH-
HZO) to give after methylation methyl tetranorshionanocate (13), 027Hk602’ Mt 402,
m.p. 123.5 - 124°, (&l
m.pP., [d]578, IR, NMR, GIC, TLC and mass spectrometry) with the authentic sample

obtained from methyl trinorshionanocate (9) by the Barbier-Wieland procedurel).

+ 3% (¢ = 1.4, in CHCl;), identical (m.p. and mixed

The same ester (13) was also formed on methylation of an acidic fraction obtained
-by oxidation of hydrocarbon mixture (10).
Photochemical cleavage of cycloalkanones yields a ketene or an unsatu-
rated aldehyde, following mechanism " A " 12). In the presence of water, this

12). Irradiation of steroids with an

ketene gives a saturated carboxylic acid
angular aldehyde group results in decarbonylation, to yield the corresponding
norsteroidslB). The formation of norshionene (1l1l) from 6 could be interpreted
by the mechanism ™ A' ", An acyl radical formed by irradiation of & abstracts

a hydrogen at 021 to yield an unsaturated aldehyde, Subsequent decarbonylation
would lead to 11, An alternative explanation which involves the direct decar-
bonylation accompanied by migration of a hydrogen to form 11 would also be appli-

cable.
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The transformation of friedelin (2) into methyl tetranorshionancate {(13)
was thus achieved. Together with evidence described in the preceding communica-
tion, the above correlation now established between friedelin and shionone leads
unambiguously to the structure and stereochemistry of shionone (1). The struc-
ture 1 of shionone is entirely in agreement with the modern biogenetical theorylh)

of higher terpencids, which was in fact used to derive it initiallyl).

COOH

Mechanism A

Mechanism A’
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The stereochemistry of the epoxy ring should be Bg. The o« configuration may
be excluded because of the bowsprit-flagpole interactions due to 1.p, 178
and 208 methyl groups.

The configuration at C,g of 5 would be the same (18p-H) as in 6.
Satisfactory microanalyses were obtained for all new compounds,

The corresponding dehydration of the 190-OH isomer (7) gave 18(19)-friedel-
ene (3) (in ca. 3% yield), together with other unidentified compounds

formed probably by skeletal transformations,

The ketone 6 is stable to an alkaline treatment; this favors a 18f-H config-

uration (ring junctures C/D/E: trans-anti-cis) for 6. The 18«-H isomer

(trans-syn-trans) is considered to be much less stable than the 18g-H

isomer., Cf. E., L, Eliel, Stereochemistry of Carbon Compounds, p. 282,

McGraw-Hill, New York (1962).

The low wave number observed could be interpreted by steric environments
which cause a deformation of the carbonyl group to diminish the C=0 double
bond character,

The formation of 7 may be well illustrated by attack of the reagent from

the less hindered B side to give the 19¢-0OH isomer; this furnishes a further
evidence which supports the 18p-H configuration for 6.

No iso-norshionene (12) was found (GLC and TLC). Other unidentified hydro-
carbons were also isolated.
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