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SYNTHESIS APPLICATIONS OF AZA-COPE REARRANGEMENTS. STEREOSELECTIVE SYNTHESIS

OF TRANS—2—ALKYL-CIS-3a—ARYLOCTAHYDROINDOLONES.la

Larry E. Overman*, Leah T. Mendelson, and Lee A, Fllppinlb

Department of Chemistry, University of California
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Summary: The reaction of both cis- and trans-2-amino-l-{l-phenylvinyl)-
cyclopentanols with aldehydes affords trans-2-alkyl-cis-3a-aryl-4-oxo-octahydro
indoles stereoselectively.

The cis-3a-aryloctahydroindole ring system 1s found 1n a variety of natural
products and pharmaceutical agents.2 We recently reported the facile reaction
of aminocyclopentanols 1 with formaldehyde and acid to give cis-3a-aryl-4-oxo-
octahydroindoles stereoselectively and 1n good yield via a "Mannich-directed"
cationic aza-Cope rearrangement3’4 (eq 1, R2=H, R3=Ar). In this Letter, we
report that 1f an aldehyde 1s employed 1in this reaction, trans-2-alkyl-cis-3a-
aryloctahydroindolones 2 are produced with high (>95%) stereoselectivity.
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Reactlon4 of aminoalcohol 33 with acetaldehyde(2 equiv) and d~10-camphor-
sulfonic aci1d(0.95 equiv) for 5 h 1n refluxing ethanol afforded a single product
is (>98% pure by capillary GC analysis) 1n 81% yield after purification on
silica gel. Octahydroindolone 4 showed characteristic cyclohexanone carbonyl

absorption at 1710 cm_l in the IR spectrum, a narrow multiplet at § 3.19 for H?a
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(half-height width = 5 Hz; consistent only with a cis ring—fu51on3'6), and com-
plex absorption at §2.36 for H2 (collapses to a dd, J = 5.5 and 10 Hz when the
C2-Me is 1rradiated). The reaction of 3 with heptanal proceeded similarly and
gave cis-octahydroindolone §5 (IR: 1710 cm_l; 1H NMR: & 3.16, broad s, half-
height width = 5 Hz) in 77% yield. In this case, GC analysis of the crude
reaction mixture showed the presence of a minor product of similar retention
time (~ 5%, assumed to be an 1i1somer). The reaction of aminoalcohol §,5 which
has cis-oriented amine and vinyl groups (prepared as summarized 1in eq 2), with

acetaldehyde (4 equiv, 0.9 equiv RSO_,H, ethanol, reflux, 4 h) proceeded with

similar selectivity to give a single pioduct 15 in 66% yield. Octahydroindolone
7 showed a narrow multiplet in the 1H NMR spectrum at § 4.10 for H7a (half-
height width = 6 Hz)3'6 and complex absorption at § 3.30 for H2 (dd, J = 5.9 and
9.6 Hz when the Cz-Me 1s 1rradiated). Methylation of 7 (NaH, MeI, rt) gave 4 1n
92% yield.

The stereochemistry at C-2 for 4 and 7 follows from the unusual upfield
positions of EHa and H2 in the lH NMR spectrum of 4. In particular, N-methyla-
tion of 7 resulted in 1dentical upfield shifts for H7a (0.91 ppm) and H2 (0.94
ppm).7 cis-Octahydroindolone 4 should exist preferentially in a conformation
with the N-Me group on the B-face (trans to C7 agd the C2—Me) and, thus, the C7a
and 02 hydrogens should be 1identically shielded™ by thf syn N-Me group and the
antl electron pair. Large stereochemistry-dependent “H NMR shielding effects
for hydrogens alpha to nitrogen have been observed for many N-alkylpyrroli-

d1nes.8'9
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Preferential formation of the less stable trans-2-substituted-cis-octahy-
droindolone isomers must reflect kinetic control 1in the ring-enlarging pyrroli-
dine annulation reaction. If iminium ion formation is readily reversible, it is
reasonable that cyclopentanol 3, which has trans-oriented amine and vinyl
groups, should give 4 and 5. This prediction follows from an expected kinetic
preference for pericyclic rearrangement of the E-iminium ion isomer (via a chair

transition state3'10 with R2 quasi equatorial, see eq. 3). A cis-octahydroin-

dolone could be formed from cyclopentanol 6 (cis-oriented amine and vinyl
groups) via two topologically different pericyclic transition states (8 and
lg).lo Preferential rearrangement of the E-iminium ion 1somer 1n this case
would lead10 to the observed product 7, only if rearrangement occurred via tran-
sition state 8. This conclusion 1s somewhat surprising since cis,trans-1,5-
cyclononadiene (the carbocyclic analog of intermediate 9) is less stable11 than
the ci1s,cis-1somer. Nonetheless, rearrangement of 6 by the sequence described

1in eq 4 best rationalizes the experimental results obtained to date.12
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