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SKELETAL REARRANGEMENT IN DEHYDROGENATION OF THUJOPSENE AND ITS CONGENERS
Shs ITO, Mitsuyoshi YATAGAI, Katsuya ENDO, and Yasutsugu UEDA

Department of Chemistry, Tohoku University, Sendai 980

Dehydrogenation of thujopsene and widdrol revealed extensive skeletal rearrange-
ment. The reaction pathway was established by the isolation and dehydrogenation of

the stable intermediates.

Although dehydrogenation reaction has quite widely been applied for determining carbon skeleton of natural
products, concurrent skeletal rearrangement provides unnecessary complication for the structural sfudy]). In the
course of structural elucidation of thujopsene (I) and widdrol (I1), 1-isopropy!-4, 6-dimethy|-naphthalene (daucalene)
(1) was obfainedz) by this type of reaction. As the structures of thujopsene and widdrol are now firmly established
both by chemical degradcfions) and by synfheses4), the present study was undertaken in order to establish the mode
of the skeletal rearrangements from | and Il to liI.

I was heated under N2 atmosphere with either Se or 5% Pd~Charcoal under the conditions specified in the TABLE.
The reaction mixture was separated by column (A|2O3, Si02 and Si02 impregnated with AgNO3) chromatography to
afford the products shown in the TABLE5). Six known compounds, the tricyclic hydrocarbon l\/é), dihydro-ar-curcu-

mene V7), the tricyclic hydrocarbon VISO), B-chamigrene VII9), the bicyclic hydrocarbon VIIISO) and cuparene IX]O)

were identified along with Ill. The following four hydrocarbons hitherto unknown were chclrclcl'erized1 ]).

Hydrocarbon X.  Liquid, Amax 251 nm (¢ 11800), v 1610, 1450, 816 cm', [a]D=O, & 1.27 (6H, s), 2.08 (3H, br.s),
2.30 (3H,s), 5.80 (1H, m), 6.85 (1H, br.d, J=9.0), 6.93 (1H, br.s), 7.15 (1H, d, J=9.0), NMDR irr. at & 1.27—
NOE (16%) at & 7.15, MS m/e 200 (M+), 185 (M—CH3). Hydrocarbon XI. Liquid, Amax 270 (¢ 4000), 281
(7200), 293 (9700), 305 nm (7400), v 1645, 900-800 cm' , & 1.34, 1.39, 1.43, 2.31 (each 3H, s), 5.89 (d, J=9.0,

H6), 5.92 (d, J=10.0, H 6.06 (br.d, J=9.0, H7), 6.37 (br.d, J=10.0, H9), MS m/e 202 (M+), 187 (M-CHS),

107
159 (base peak, M-CH3-C2H4). Catalytic hydrogenation of Xl afforded liquid hexahydro compound which is different
(GLC and IR) from tetrahydro-VIIl.  Hydrocarbon XIl. Liquid, Amax 251 nm (¢ 10500), v 1600, 1450, 800 emt ,
[ct]D=0, §0.98 (6H, s), 2.13 (3H, d, J=1.2), 2.28 (3H, s), 5.87 (1H, br.s), 6.90, 7.10 (each 1H, d, J=8.0), 7.20
(1H, s). MS is almost superimposable with X.  Hydrocarbon XIll. Liquid, Amax 281 nm (¢ 6400), v 1600, 1560,

1450 cm' , 8 1.27 (6H, s), 2.33 (6H, br.s), 5.47 (1H, d, J=10.0), 5.83 (1H, q, J=10.0, 8.0), 6.30 (1H, br.d, J=
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TABLE  Dehydrogenation of Thujopsene and Widdrol 5

yield of products (%)

starting reaction

materials conditions I v \Y Vi Vit VI IX X Xl Xil Xl 1

I Se, 340° 20 37 8 7 8 4 4 t 1 1"
25 hrs

I Pd, 340° 21 t 6 8 25 19 7 6 t 3 5
25 hrs

| Pd, 220° 29 t 7 8 32 12 6 1 t t
5 hrs

I Pd, 220° 24 25 1 0 12
5 hrs

8.0), 7.13 (2H, br.s), 7.30 (1H, br.s), NMDR irr. at § 1.27— NOE (9%) at 7.13, MS m/e 198 (M+), 183 (base
peak, M-CH3). Derived from X by bromination with NBS followed by dehydrobromination with dimethylaniline.

As shown in the TABLE, the reactions with both catalysts proceeded similarly ot 340°, but the dehydrogenation
with Se yielded more of Ill than that with Pd, and the major product is V in the former reaction and VIII in the
latter. Under the milder conditions, the dehydrogenation went to the lesser extent and both 1 and Il afforded the
same products in the similar rate implying the general pathway is the same for the two compounds.

In order fo establish the reaction sequence, the product obtained was further dehydrogenated. When Xl was
heated with 5% Pd-C at 220° for 5 hrs, the reaction mixture contains XI (70%), X (29%) and XlIl (trace), and
from X, the mixture of X (44%) and X!l (56%) was obtained under the same condition. XllI is stable under the
condition, buf( when heated at 320° for 6 hrs in the presence of 5% Pd-C, XIIl (26%) and Il (63%) were obtained.
The fore-going experiments clearly demonstrate the sequence | (I)—> XI—=X—=Xl1l—=IIl. All the steps can be
rationalized as follows: The first steps, |—>XI and 1l—>XI, as the allylic hydrogen abstraction followed by the
cyclopropane cleavage (arrows in 1) and thermal dehydration and dehydrogenation of II; Xl—X as the thermal
disrotatory electrocyclic reaction of a cycloheptatriene to a norcaradiene (B) followed by the dehydrogenation at
a-position to cyclopropyl group, and XIll—>lIl again as the electrocyclic reaction (to C) which is followed by
sigmatropic [1, 7]1-hydrogen shift or allylic hydrogen abstraction and subsequent C-C bond cleavage. The last step

12)

No product expected from [1,5] sigmatropic reaction of C was detected contrary to the thermal

2b)

has precedences
reaction of l,2—benzofropy|idene]
The formation of VII and VIII requires no hydrogen abstraction, but hydrogen transfer or rather addition of hydrogen
on the double bond of I. As the processes were observed in the acid-catalyzed isomerization of 16), it may be catio-
noid species to cause the rearrangement in the present reaction. VIl obtained still retains 86% of its optical activity,
revealing ~7% of allylic hydrogen shift in VII during the reaction. The allylic rearrangement occurred to the

greater extent compared with the value (3%) observed during the acid-catalyzed isomerization of I6). When VII was
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0~ CX

dehydrogenated (Pd-C, 2200, 5 hrs), the product consisted of VI (65%), VIl (14%), IX (11%) and X (frace)13’]4),

disclosing another pathway to lll. Again the addition of hydrogen was observed here at the tri-substituted double

bond (to VI) as the major course. X and XIV.I 4

may be formed through D and B (or XI and B). 1X was formed pre-
sumably through D but intervention of B is not likely because Xl failed to afford IX. The intervention of D also
explains the formation of V and XlI. In fact, VIl yielded V (Se, 3400, 24 hrs), while I1X and XII give no V.

The similar hydrogen transfer reaction was revealed when IV (12%) was found besides VIII (41%) from the
reaction of VIl (Pd-C, 2200, 5 hrs). The other product was IX (37%), which can be understood by intervention of
F. Thus the two paths to IX were uncovered. [X obtained by the reaction of | has 86% of the optical activity
refﬁined. It is rather surprising that, whereas optical activity of 1X is only 25% in the acid processé), the both
processes, VII—>IX and VIIl—I X proceeded practically 100% stereochemically controlled, considering the optical
purity of the intervening VII. Such stereochemical control can be achieved if the crucial steps occur in concerted
fashion on the surface of catalyst.

Thus although the actual oxidation status of leaving hydrogen is now well known]), the dehydrogenation of | and
Il revealed a variety of reactions involved.

We are indebted to Drs. W. Nagata and Y. Morita, Shionogi Research Laboratory, for their suggestions on the

dehydrogenation technique.
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