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The stability of the compounds haying a bridge head double bond has recently received attention,
and many of these compounds have been synthesized (1). During the course of chemical transformation
directed to the partial synthesis of hexacyclic diterpene alkaloid, napelline l (2), we found an interesting
rearrangement in which highly strained ring system was produced. The rearrangement might have some
significance in the biogenesis of aconane skeleton.

Starting mesylate 2 was prepared from lucidusculine 3@ by the following sequence of reactions:
i, H2/PfO2 in AcOH; ii, CrO3/py; iii, KOH in MeOH; iv, MsCl/py (3). When mesylate 2 was
heated in dry DMSO at 115° for 3.5 hr., two olefinic products 4 and 5 were formed in 68% yield.
Since direct separation of 4 and 5 was difficult, the mixture was reduced with ca. 1 equivalent of
NuBH4 and separated by silica-gel chromatography to give the keto alcohols 6 and 7 (ca. 1:1). The
keto alcohol 6 [m.p. 219-2220, M+ 355 (base peak), v (KBr) 3420, 1698, 1621 cm', & (CDC|3) 1.10
(3H, s), 1.18(3H, t, J=7.0), 1.72 (3H, d, J=1.5), 5.78 (1H, br.s)] afforded by acetylation the keto
acetate 8 [amorph., v (CHC|3) 1737, 1707, 1625 cm', & (CDCls) 1.12 (3H, s), 1.19 (3H, t, J=7.0),
1.72 (3H, d, J=1.5), 2.04 (OAc), 5.02 (1H, br.t, J=8), 5.79 (1H, br.s)]. The NMR spectrum displayed
the presence of a vinyl methyl group and a viny! proton coupled each other. Thus, 4 was shown to be
normal 1,2-elimination product (4). The isomeric keto alcohol 7 [m.p. 195.5-200°, M+ 355 (base peak),
v (CHCIS) 3350, 1697, 1621 cm', & (CDC|3) 1.15 (3H, t, J=7.0), 1.19 (3H, s)] contained a secondary

methyl group (6 0.98, d, J=7.5) and a vinyl proton (8 5.31, d, J=2) as well as B, Y-unsaturated 6-
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6 : R=a-OH, B-H
8 : R=a-OAc, B-H
~ O

2: R=0O
7 : R=a-OH, B-H
2 : R=a-OAc, B-H

membered ketone chromophor [Amax 298 nm (¢ 520)]. The comparison of the NMR spectrum with those
of appropriate napelline derivatives disclosed that structural change had taken place only on the rings
C and D of the napelline carbon skeleton. Decoupling experiments on the corresponding keto acetate
2 Lamorph., v (CHC|3) 1735, 1705, 1635 cm', & (CDCIS) 0.98 (3H, d, J=7.0), 1.17 (3H, t, J=7.0),
1.20 (3H, s), 2.05 (OAc), 5.04 (1H, br.t, J=8), 5.36 (1H, d, J=2)] established the arrangement of
Me—QeH:g;H-C.J-FCi 1316 Jl3l4=2 Hz). The NaBH4 reduction of 2 afforded the corre-
sponding hydroxy acetate 10 [m.p. 99.5-101.5° M+ 357, v (KBr) 3360, 1729, 1620 cm', & (CDCI

J =4 Hz,

3
1.17 (3H, t, J=7.0), 1.21 (3H, s), 1.24 (3H, d, J=7.0), 5.05 (1H, br.t, J=8), 5.30 (1H, d, J=2.0)1,
while catalytic (Pt) reduction of 7 yielded the corresponding dihydro keto alcohol 11 [amorph., v

(CHCIa) 3350, 1699, 1618 cm’, & (CDCI3) 0.93 (3H, d, J=7.0), 1.17 (3H, t, J=7.0), 1.20 (3H, s)].
The following changes in NMR were observed with the aid of NMDR on going from 9 to 10: i) The
muitiplicity change in the Cla-ti signal from double doublets to a multiplet (J]2]3=4 Hz), and ii) a
large down-field shift (A6=0.26 ppm) of the secondary methyl signal. On the other hand, on going
from 7 to 11, practically no change has occurred to the latter (up-field shift by 0.05 ppm), while a

large up-field shift (A8 0.37 ppm) was observed for Cw-ﬂ. Furthermore, it was found that the contri-
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bution of C8=C|4 double bond to the CD spectrum of 7 [A[6]= [9]7- [9]] ]=—58900 (304) - (+600 (280))=
-59500] is strongly negative and opposite to that of C15=C]6 bond in QT[G]Q- [9]|-|2__§.=+37400 (301) -
(-7900 (304))=+453001. All of these observations combined established the stereochemistry of the compound
7 as shown.

In contrast to the rearrangement known in the related ring systems (5) in which antiparallel bond
migrates to the less~strained bicyclol4.4.1]undec-1-ene system, conversion of 2 to § has some significance
in that it involves the migration of unfavorable cis C8~-C9 bond to the leaving group and that the product
5 contains highly strained ring system, a bicyclo[4.3.1] dec-1-ene with an one-carbon and a two-carbon
bridges. Both points may be rationalized by the ground state strain in the starting 2 caused by the fusion
of a bicyclo[2.2.1lheptane and a bicyclo{3.2.1]loctane. Thus, when the carbonium ion A (possibly
stabilized by solvent) which is also the precursor of 4, is formed, C8—C9 bond migrates via the bridged
ion B in non-concerted fashion in order to release the strain of the bicyclo[2.2.1] heptane system and

gain the overall stabilization.
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The rearrangement is also interesting in connection with the biogenesis of aconane type alkaloids.
In the proposed mechanism (6), C7-C20 bridge is formed after the rearrangement in C and D rings has
been completed. However, natural occurrence of bridged alkaloids such as napelline 1 and denudatine
(7), a 7,20-bridged alkaloid of atisine type, suggests that the bridging between C-7 and C-20 is inde-
pendent to the skeletal rearrangement (8). On the basis of the facile rearrangement discussed here in

the 7,20-bridged veatchine system, the pathway depicted below might also have to be considered for the

formation of aconane skeleton.
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