Matrahadran Lattan
~eLTral

e No. ). nn DAKT — D8N AN A amen im0 Ioeram g smadna e I
1ieQren Letvers 80s 3vVy PP Z00Y CU Ve JQI=40 35/ O/U ZL~200( Z.W/U
© Pergamon Press Ltd. 1998. Printed in Great Britain.

THE REACTION OF l—METHYLTRICYCLO[4.4.0.02’6]DECAN—3—0NE
AND RELATED COMPOUNDS WITH HYDROGEN BROMIDE IN ACETIC ACID

Drury Caine,* Anibal A, Boucugnani, Chia-Yeh Chu,
Samuel L. Graham, and Troy L. Smith, Jr.

1

School of Chemistry, Georgia Institute of Technology
Atlanta, Georgia 30332
(Received in USA 2 February 1978; received in UK for publication 29 May 1978)

In recent years there has been considerable interest in the mode of cleavage of conjugated
cyclopropyl ketones with electrophilic reagents.2 1—Methyltricyclo[4.4.0.02’6]decan-3—one(gg)
and derivatives which have both B carbons of the cyclopropane ring fully substituted in principle
can give spiro or fused-ring halo ketones upon reaction with electrophilic reagents such as halogen
acids. However, ketones ] and 2 which have a tricyclo[4.4.0.02’6]decan-2—one moiety fused to the
C ring of a steroid system have been found to yield only fused-ring products 23 and QA upon

reaction with hydrogen chloride or hydrogen bromide in acetic acid.5 In order to learn more about
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the factors which determine the mode of cleavage of l-methyltricyclo|4.4.0.0 ’6]decan~3-ones by
halogen acids, we have investigated the reactions of ketones ég;g6 and Qﬁ&k6 with hydrogen bromide
in acetic acid. The results show that in these tricyclic systems both possible modes of cleavage
may be involved and that the location and stereochemistry of substituents can have a profound

influence upon the course of the reaction.
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The cyclopropyl ketones were reacted with excess hydrogen bromide in acetic acid at 17° for
30 min and the products were isolated in the usual way. The structures of the bromo ketone
products, except for the configurations at the carbons bearing bromine, were readily assigned
from the ir and nmr spectral properties. Previous work2’3 indicates that in general the ring
opening reaction involves inversion of configuration at the B carbon of the cyclopropane ring.
This was confirmed in the case of the bicyclic ketone ba by a single crystal x-ray structure.
The assignments of the configurations of the other bicyclic and spirocyclic bromo ketones are
by analogy. The percentages of each bromo ketone in the mixtures are given beneath the structures.
Total yields were in the 80-90% range in each case. Compounds éﬁs[mp 104-105°; 1r(CCl4) 1720 cm_l;
mmr (CC1,) § 1.10 (d, J=6Hz, 3H) and 1.17 ppm (d, J=rlHz, 38)], ?8[1@ 89-90°; 1r (cCl,) 1744 em L
mmr (CCl,) 6 0.85 (4, J=6.5Hz, 3H) and 1.79 ppm (s, 3H)], and 2% [mp 81.5-83.0°; ir (CCl4)
1714 em ~; nmr (CC14) § 0.93 (d, J=6Hz, 6H) and 1.13 ppm (s, 3H)] were purified by recrystalliza-
tion. Spiro ketone %Qk [ir (CCla) 1745 cm_l; nmr (CC14) § 0.95 (d, J=6Hz, 6H) and 1.80 ppm (s,
3H)] was subjected to distillation but a sample sufficiently pure for elemental analysis could
not be obtained. Therefore the product was subjected to dehydrobromination with tetra-n-butyl-
ammonium bromide in acetone containing 2,6—1utidine9 to yleld the pure spiro enone %&8 [bp 95-105°
(bath temperature)/0.1 mm; ir (CCl,) 1747  and 1692 cw '; nmr (CCl,) § 0.8 (d, J=5.6Hz, 6H),
1.68 (bs, 3H), and 5.44 ppm (mult., 1H)]. Bromo ketone {k was dehydrobrominated in a similar
manner to give the known spiro enone k%k.lo
Attempted isolation of the pure bromo ketones 12, Qﬁ, and J¢ by chromatographic methods
failed. The ratios of the products derived from cleavages of 2% and ég were estimated from the
nmr and ir spectra of the crude mixtures and were confirmed by GLC analysis of the spiro and
fused-ring enone mixtures produced by dehydrobromination.9 Thus the mixture of 22 and Zﬁ obtained
from 3a produced a 17:83 mixture of the known enones %%312 and k%ls a;d the mixture of f¢ and J¢
obtained from é£ gave a ca. 65:35 mixture of k%ﬁ lir (CClA) 1737 em ~, nmr (0014) § 1.67 (bs,
3H) and 5.48 (m, 1H)]and L4a® [ir (cc1,) 1724 P — (cC1,) & 1.03 (s, 3H), 2.73 (m, 2H), and
5.27 ppm (m, 1H)]. Enone k&ﬁ was readily isomerized into a conjugated enone which had ir and nmr
spectral properties which were consistent with structure k&k upon treatment with potassium hydroxide
in methanol. Spectroscopic analysis on the crude products derived from gg and %R indicated that
small amounts (5-10%) of the spiro bromo ketone %2% and the bieyclic bromo ketone 2&, respectively,
were produced along with the major products. However, these compounds were not produced in

sufficient quantities to permit isolation.
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These results are consistent with a mechanism which involves a kinetically controlled concerted
cleavage of the protonated cyclopropyl ketone by the halide ion,Ze and indicate that the major
pathway involves opening of the cyclopropane ring in a diaxial manner with respect to the most
stable conformation of the six-membered ring. In ketone é& a rather strong esclipsed interaction
exists between the 7a-methyl group and the 5-methylene group in the conformation with the methyl
group equatorial. This interaction is relieved when the methyl group is axial. However, in
transition state %Qﬁ there is a 1,3-diaxial interaction between the axial methyl group and the
approaching bromide ion. Thus transition state ké& leading to the bicyclic product is preferred
by about 4:1. In the cleavage of sk, transition state kgk, in which the 78-methyl is equatorial,
is clearly favored over ARk and ring opening occurs to give a spiro product essentially exclusively.
In the cleavage of 5¢, transition state 16¢ is slightly preferred, although the non-bonded inter-
actions presentin ]5¢ and kﬁﬁ appear to be about the same. Perhaps the slight preference for
cleavage of the external cyclopropyl bond results from the fact that orbital overlap between the
carbonyl group m-bond and the o-bonds of the cyclopropane ring is much more favorable for the
external than the internal bond.5 In the cleavage81>f§g and 8p transition states 17 and %Q which
have the 8-isopropyl groups equatorial to the six-membered rings and lead to bicyclic and spire
bromo ketones, respectively, are strongly favored over the alternative transition states which
would have the isopropyl groups axial. This accounts for the fact that each of these isomers
glves essentially a single product. Product studies for certain cyclopropyl ketone openings have
indicated that the reaction may be partially subject to thermodynamic control However, this
does not appear to be the case for the cleavages of the tricyclodecanones described above. For
example, analysis of non-bonded interactions in compounds of the the type g and kg provide no
indication that thermodynamic factors would significantly favor a fused-ring ketone in one case
and a spiro product in the other.
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In the steroidal ketone i ring B is rigidly held in a conformation analogous to Az or 17 and
diaxial opening of the internal (1,5) bond results. In the case of the steroidal ketone g
diaxial ring opening would be expected to lead to a splro product, yet the fused-ring ketone é was
actually 1solated.4 From examination of models of % it appears that B attack of bromide ion at
C-10 at an angle of 180° with respect to the 1,10-bond would encounter steric interference
involving C-11. This may possibly account for the preference for B attach of bromide ion at C-5
and diequatorial opening of the 1,5-bond.
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