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Relationship between linearly and angularly fused triquinanes
is elucidated by reductive rearrangements with hydride transfer of
tricyclo[6.3.0.02’6]undecan—1—ol, tricyclo[6.3.0.01’5]undecan—6-ols,
and tricyclo[S.3.1.01’5]undecan-11-01.

Recently much attention has been focused on the biogenesisl) of polyquinane
sesquiterpenesz) containing various tricycloundecane ring systems, each formally
derivable by cationic cyclization of humulene. While the mutual transformations
of tricycloundecanes (C11H18), i.e., "homoadamantane—land,"s) have been well-
documented by 5sawa,4) Inamoto, ) and their co-workers, little is known for the
rearrangements of triquinane type C11H18.6) On that point, we have recently
demonstrated7) the interesting relationship between the propellane and angular
type triquinanes 1 and 3 through the diquinane 2 in "homoadamantane-land," which
have the basic frameworksz) of natural polyquinanes, modhephene, isocomene, and
quadrone, respectively. In this connection, we describe herein the reductive
rearrangements with hydride transfer of Eig-transoid-gié-tricyclo[6.3.0.02’6]-
undecan-1-o0l Qil,8) having basic skeleton of linearly fused natural triquinanes

such as hirsutene, and angularly fused triquinane alcohols, tricyclo[6.3.0.01’5]~
undecan-6-ols (5, and 9),9) which could form the 6-yl cation 17 unlike the 5-yl

cation 18, to develop a new entry into the "land" from the linear triquinane.

1 2

The reductive rearrangement of the alcohols 4-6 were carried out using 97%
HZSO4-pentane as described previously7) and the time-conversion relationships
are listed in Table 1. Interestingly, treatments of them gave the same hydro-

carbons, cis-transoid-cis- and cis-cisoid-cis-tricyclo[6.3.0.02’6]undecanes (9 and
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hirsutene d-cedrene isocomene

Scheme 1.

10),%) tricyclofs.s.1.0% 1 Jundecane (11),%) tricyclo[s.3.1.0%8jundecane (12;,11)
tricyclo[5.2.2.0%2%undecane (13),1%) and tricyclo[5.4.0.0%8Jundecane (14),19) in

similar ratios.lz)
Since reaction of tricyclo[6.3.0.0l’s]undecan-S-ol Qél afforded the same

products 11-14 via the cation 18 except the linear triquinanes 9 and 10 in ratios
almost similar to those from i:g*(Table 1),7) the former hydrocarbons may be
produced through the same rearrangement route proposed previously.ls) Therefore
we consider the pathways from 4-6 to 9-14 as shown in Scheme 1, taking into account
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Table 1. Reductive rearrangement with hydride transfer of tricycloundecanols
Reac- Reactn o b)
tant time Yie1a?) Product/%
min (h) D 9 10+ 11+ 12 + 13 14 Others®)
4 2 19 6 40 46 8
- (4 : 5 : 28 : 3)
10 5 50 38 7
60 6 57 32 5
(24) 33 7 85 0 8
(7 : 10 : 61 : 7)
5 0.5 24 6 55 34 5
- (7 : 12 : 29 : 7)
5 6 59 30 5
60 6 79 10 5
360 37 7 85 4 4
(6 : 12 : 60 : 7)
6 2 5 61 29 5
- 120 36 5 73 17 5
(4 : 12 : 51 : 6)
a 2 7 69 19 5
60 30 5 84 7 4
(4 : 11 : 65 : 4)
gd) 3 27 29 64 7
e (8 : 11 : 10)
10 58 37 5
60 80 13 7
(24) 37 84 16
(10 : 69 : 5)
a) Isolated yield of total hydrocarbons. b) The products are arranged in
order of increasing retention time in GLC. The relative ratios of the products
were calculated from GLC peak areas. Ratios in parentheses were calculated from
13¢ NMR spectra because 10-13 were not separated in GLC. c) Some unidentified
products were obtained. ""d) Data from Ref. 7.

the mechanism of "homoadamantane-land'" elucidated by Osawa et al. using molecular
mechanics.4) The rearrangement of A'proceeds via (i) the migration of C(2)-C(3)
bond (path a) in the cation 15 derived from 4, (ii) 1,2-alkyl shift of C(7)-C(8)
bond (path b) in the resulting cation 16 to give the cation 17, and (iii) 1,2-
hydride shift (path c) to yield the cation 18. On the other hand, the cation 15
accepts a hydride to give 9 and the cisoid compound 10 although 10 can not be
formed directly from 15. 147 From the results that reactions of 5 and 6 gave the
linear triquinanes 9 and 10 even in the earlier stage, it can be seen that the
"backward" pathways which involve the 1,2-alkyl shift of C(4)-C(5) bond in 17
(path -b) and the subsequent migration of C(10) in 16 to 15 (path -a) exists. In
order to ascertain the route, similar reaction of trlcyclo[S 3.1.0% 5]undecan 11-01
(7)9) from which the cation 16 could be derived was undertaken (Table 1). Since
the same set of hydrocarbons was obtained in ratios similar to those from 4-6, 12)
we propose an interesting mechanism; that is a formation in vitro of linearly and

angularly fused triquinanes from the common intermediate diquinyl cation which is
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2)

Not surprisingly, in the biogenesis like conversion of humulene well-studied by

also the basic skeleton of natural cedrenoid sesquiterpenes such as a-cedrene.

Matsumoto et al., these rearrangement pathways such as path a + b have been also
inferred.l5)

References

1) W. B. Turner and P. C. Aldridge, "Fungal Metabolites II," Academic Press, New
York (1983), pp. 242-265, 520-524; J. S. Roberts, Terpenoids and Steroids, 10,
38-50, 101-105 (1981); D. E. Cane, "Biosynthesis of Isoprenoids,'" ed by J. W.
Porter and S. L. Spurgeon, J. W. Wiley, New York (1981), Chap. 6.

2) For recent synthetic reviews, see: L. A. Paquette, Top. Curr. Chem., 119, 1
(1984); E. Yoshii and K. Takeda, Yuki Gosei Kagaku Kyokai Shi, 41, 348 (1983).

3) "Homoadamantane-land" refers to tricyclic CllH18 isomers in analogy with
"adamantane-land.”7)

4) E. Osawa, K. Aigami, N. Takaishi, Y. Inamoto, Y. Fujikura, Z. Majerski, P. v.
R. Schleyer, E. M. Engler, and M. Farcasiu, J. Am. Chem. Soc., 99, 5361 (1977).

5) Y. Inamoto, Yuki Gosei Kagaku Kyokai Shi, 35, 550 (1977), and references cited
therein.

6) Only one example is the A1Br3-catalyzed rearrangement of the unnatural cis-
cisoid-cis triquinane ig, see: N. S. Vorob’eva, 0. A. Aref’ev, T. I. Pehk,

Yu. V. Denisov, and Al. A. Petrov, Neftekhimiya, 15, 659 (1975).

7) K. Kakiuchi, M. Ue, I. Wakaki, Y. Tobe, Y. Odaira, M. Yasuda, and K. Shima,
J. Org. Chem. 51, 281 (1986).

8) K. Kakiuchi, H. Takeuchi, Y. Tobe, and Y. Odaira, Bull. Chem. Soc. Jpn., 58,
1613 (1985).

9) K. Kakiuchi, S. Kumanoya, M. Ue, Y. Tobe, and Y. Odaira, Chem. Lett., 1985, 989.

10) Y. Inamoto, K. Aigami, N. Takaishi, Y. Fujikura, K. Tsuchihashi, and H. Ikeda,
J. Org. Chem., 42, 3833 (1977).

11) N. Takaishi, Y. Inamoto, and K. Aigami, J. Org. Chem., 40, 276 (1975).

12) Neither reaction of 4 in 50% HZSO4-THF nor acetolyses of the tosylates derived
from the corresponding alcohols 5-7 gave the rearrangement products.

13) In each earlier stage of the reactions of 4-7, a larger quantity of 12 with a
smaller amount of 14 were formed compared with the case of 8. Therefore, an

alternate route to 12, for example via the cation &g,4) may also operate as a
by-path.

14) Probably, 10 may be formed via the corresponding
cis-cisoid-cis cation derived by protonation of
the olefin i which is produced by deprotonation
of 15. i*

15) S. Misumi, T. Ohtsuka, Y. Ohfune, K. Sugita, H. Shirahama, and T. Matsumoto,
Tetrahedron Lett., 1979, 31.

(Received June 19, 1986)



