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SYNTHESIS APPLICATIONS OF AZA-COPE REARRANGEMENTS.

STEREOCONTROLLED SYNTHESIS OF CYCLOHEPTA[b]PYRROLIDINES1

Larry E. Overman* and E. Jon Jacobsen
Department of Chemistry, University of California

Irvine, California 92717

Summary: Both c1s- and trans-3a-aryl-4-oxo-decahydrocyclohepta[b]pyrroles can
be prepared in stereocontrolled fashions by the reaction of 2-amino-1-(l-phenyl-
vinyl)cyclohexanols with formaldehyde and acad.

Recent papers from our laboratory have described the use of "Mannich-direc-
ted" cationic aza-Cope rearrangements for the preparation of octahydroindolones

1e2 In

by an unusual ring-enlarging pyrrolidine annulation reaction (eq 1, n=1).
this Letter, we report that the analogous rearrangement of cyclohexanols pro-
vides a convenient entry to cycloheptalb]lpyrrolidines (eq 1, n=2). This ring
system,3 although not common, 1s found 1n several natural products, for example,
the antihypertensive alkaloid gelsemme.4 We moreover report that the ring-

fusion stereochemistry of the 3a-aryl-4-oxo-decahydrocyclohepta{b]lpyrroles
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prepared 1in this fashion can be rationally controlled by substituent and solvent
effects.

The annulation reactlion was 1nitially explored with cyclohexanols 2 and 3,
which were prepared as summarized 1n the Scheme. Addition of (1-phenylvinyl) -
5 (—78°C, THF), followed by reduction of this
crude product with NaCNBH3 in acidic methanol gave an 8:1 mixture of 2 and 3

lithium? to iminocyclohexanone 1

(70% yield). Chromatography on silica gel gave pure samples of the crystalline

major 1isomer 37 (50% yield; mp 78°C; 1H NMR §2.67 broad s, CZ-H) and the o1ly
minor 1lsomer 37 (2-10% yield; lH NMR § 2.69, dd, J=10.7 and 4.4 Hz, C2-H).
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Stereochemical assignments followed from the clean axial nature of the C2—H of
3, and by analogy with the cyclopentanol senes2 where preferential addition of
lithium reagents from the side of the imine substituent had been established
crystallographlcally.8 Reaction of 3 with paraformaldehyde (1.0 equiv) and d-
10~camphorsul fonic acid (0.9 equiv) 1n refluxing benzene for 22 h gave the
crystalline cis-cycloheptapyrrolidine £7 (mp 122°C; IR 1706 cm_l; 1H NMR § 4.78,
s, Cgth; 3.56, d, J=10.3 BHz, C8a-H)9 1n >95% yield. The structure and stereo-
chemistry of 4 were confirmed by single-crystal x-ray ana1y51s.10 Under 1i1den-
tical conditions, cyclohexanol 2 rearranged to give a 3.5:1 mixture (94%) of
trans-cycloheptapyrrolidine 211 (1solated 1n 41% yield after two recrystalliza-
tions, mp 135°C; IR 1696 cm '; B NMR s 5.28, s, CHPh,; 2.80, dd, J = 3.8 and
10.4 bz, Cea-H) and 4 respectively. The ratio of c1s and trans cycloheptapyrro-
lidines formed from 2 at 80°C varied greatly with solvent:12 4:5 (solvent) -
1:1 (THF), 13:1 (CH3N02), 24:1 (DMF), >30:1 (DMSO). Control experiments 1in
benzene and DMSO established that the 1somer ratios produced 1i1n these solvents
reflected kinetic control in the rearrangement step. Rearrangement of 2 in DMSO
at 80°C afforded crystalline cis-cycloheptapyrrolidine 4 in 75% yield.

The rearrangement was also examined with cyclohexanols 6 and 7, which were
prepared (6:1 ratio and 65% yield) by sequential treatment of 1 with (l-phenyl-
v1ny1)11th1um2 and aqueous oxalic acid. Separation on silica gel gave pure
samples of 6/ (36% yield; mp 103°C; 'H NMR s 2.9, m, Cgn~H) and 77 (7% yield; mp
120°C; lH NMR & 2.94, dd, J = 4.9 and 10.5 Hz, C8a
amines 2 and 3, both 6 and 7 rearranged cleanly 1n refluxing benzene (>90%
yield; 1.0 equiv paraformaldehyde, 0.9 equiv RSO3H) to the cis-fused bicyclic 8.

-H). 1In contrast to secondary

Cycloheptapyrrolidine 87 showed a characteristic doublet at § 3.89 (J = 9.9 Bz,

C8a—H) in the 250 MBz TH NMR spectrum and could be prepared from c1s-4 by hydro-
genolysis (Pd/C, cyclohexene).
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Cope rearrangements of both cis- and trans-1,2-divinylcyclohexanes are known
to occur preferentially via chair transition states.13'14 The formation of only
the cis-fused cycloheptapyrrolidine from the reaction of both 3 and 7 with
formaldehyde and acid is consistent15 with a chair pericyclic process (eq 2) and

the intermediacy of the trans,trans-1,5-azacyclodecadiene 9. The rearrangement
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of 1iminium 10ns derived from cyclohexanols 2 and 6, which have cis-oriented
amine and vinyl groups, is more complex, since two chair pericyclic transition
states are possible (eq 3). The formation of only the cis-cycloheptapyrrolidine

8 from reaction of 6 is con51stent15

with the intermediacy of the cis,trans-1,5-
azacyclodecadiene 10. This event 1s reasonable, since rearrangement 1n the
alternate chair sense thrusts the bulky phenyl group under the cyclohexane ring.
When the nitrogen substituent is the diphenylmethyl group, the two chalr proces-
ses are more nearly balanced 1n energy, since destabilizing steric interactions
with the Ph or CHPh2 group are expected 1n either transition state. The prefer-
ential formation of the cis product from the rearrangement of 2 in DMSO may be
rationalized by an effective increase 1n size of the OH group 1n DMSO,16 and a
resulting 1ncrease i1n the quasi 1,3-diaxial interaction of this group with the
bulky R-substituent 1n the transition state leading to 11l.
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