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STEREOCONTROLLED SYNTHESIS OF 4- AND 9-ETHYL-2-AZABICYCLO[3.3.1]NONAN-7-ONES
VIA 2—CYANOPIPERIDINESl
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Josep Bonjoch , Nuria Casamitjana, Jordi Gracia, and Joan Bosch

Laboratory of Organic Chemistry, Faculty of Pharmacy,
University of Barcelona, 08028-Barcelona, Spain

A stereoselective synthesis of 4- and 9-ethyl substituted morphans
from 4-acetonyl-3-ethylpiperidines, involving the acidic cycliza-
tion of the corresponding 2-cyancpiperidines, is reported.

The intramclecular reactions of 2,3,4,5-tetrahydropyridinium intermediates
have proven to be particularly useful for the synthesis of 2-azabicyclo-
[3.3.1]lnonanes (morphans) when a suitable side chain containing a properly
located nucleophilic carbon is attached at C-4 of the piperidine ring. In
this context the required iminium salts have generally been obtained by mer-
curic acetate oxidation of amines2 or by protonation of enamines,3 although
in the last few years we have most efficiently employed4 2-cyanopiperidines
for this purpose.s’6 '

Our interest in functionalized morphans lies in the fact that this bicy-
clic unit is present in the Strycinos indole alkaloids.’ However, these alka-
loids bear a two-carbon appendage (usually ethyl, cis with respect to the
substituent at C-4 of the piperidine ring) either at the 4- (Strychnan type)
or at the 9-position (Agpidospermatan type).

In order to obtain both 4- and 9-ethyl substituted morphans that would
allow further access to the above-mentioned alkaloids,8 we planned to study
the preparation and the cyclization of the 2-cyanopiperidines derived from
the cis-3,4-disubstituted piperidine la, a compound for which we had pre-

viously developed a stereoselective synthesis.9

0

cis-Piperidine la was converted in a 79% overall yieldl inte a mixture

(5:3 ratio) of the cyanopiperidines 2 and 311’12

by a one-pot, three step
reaction sequence consisting of A-oxide formation, modified Polonovski reac-
tion,13 and trapping of the two possible regioisomeric Iiminium salts A and B
with potassium cyanide14 (Scheme 1). Not wvery surprisingly, cyanopiperidine
3 showed a trans-relationship between the substituents at the 3- and 4-posi-
tions, thus indicating that an epimerization at carbon 3 had occurred.15
This epimerization can be rationalized by considering that, at the pH 4-5
required in the cyanation process, the iminium salt B is in equilibrium with
the corresponding enamine and that the more stable trans 3,4-dieqguatorial

disposition is reached.
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Scheme 1. Reagents: (i) m-CPBA, CH2C1 , 0°C, 1 h; (ii) TFAA, -15°C, 1 h; (ii1) aq KCN,
NaOAc, pH 4-5,730"min; (iv) 12N ag HC1-MeOH (1:9), 40 h, rfx.

As could be expected, treatment of cyanopiperidine 2 with hydrogen chlo-
ride in refluxing methanol afforded the Strychnan-type morphan 6 in 69%
yield. A similar cyclization from cyanoplperidine 3, having a wrong trans-
relationship between the substituents at the 3 and 4 positions, gave bicyclo

7 in 68% yield. This compound possesses the correct Aspldospermatan-type

Table I. 13C—NMR Data of 2-Cyanopiperidines 2-5%
Compound (-2 c-3 c-4 C-5 -6 CHZ-CDACH3 CN CHZ)CH3 CHZArb
2 52.6 29.9 31.9 38.5 50.9 46.5 207.6 30.2 116.7 17.4 12.1 60.2
3 56.2 44.0 33.8 31.3 48.7 47.0 207.8 30.5 115.0 22.4 11.0 60.4
4 53.8 42.8 31.7 26.9 49.8 47.2 207.5 30.2 116.5 17.3 11.6 60.1
5 51.5 34.1 32.9  41.3 54.1 46.8 207.4 30.3 116.2 23.4 10.8 60.4

8Chemical shifts in ppm relative to TMS. Measured in CDClz solution at 50.3 MHz.b Phenyl
ring carbons were found (average values) at 137.0 (ipso-C), 128.8 (o-C), 128.5 (m-C), and
127.6 (p-C> ppm,
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Scheme 2. Stereochemical Control in the Cyclization Step
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relative stereochemistry at the bridge carbon, thus pointing out that a
further epimerization has taken place during the cyclization step.

This unexpected, but desirable epimerization can be rationalized as shown
in Scheme 2; cyclization of the trans-iminium salt € should necessarily oc-
cur through a conformation in which both piperidine substituents adept an
axial disposition. This cyclization would lead to bicyclo 8, in which the
bridge carbon 9 has a relative configuration opposite to that of natural
products. However, this cyclization not only probably requires a high acti-
vation energy but also is reversible because the resulting product is a B-
amino ketone that can undergo a retro-Mannich reaction. This fact was exper-
imentally proved as a pure sample of 8, which had been obtained as a minor
by-product in the cyclization, was almost completely converted into its more
stable epimer 7 under acidic conditions. The iminium salt C epimerizes,
through the corresponding enamine, to B, which cyclizes to the isolated
bicyclic amino ketone 7.

Operating as in the ci4 series, cyanation of #zais-piperidine 1b (Scheme 1)
gave a mixture of the above 3,4-#4zans 2-cyanopiperidine 3 and its regioisomer

5 (3:5 ratio, 71% overall yield), whose cyclization afforded (61% yield) a

separable mixture of morphans 7 and 9.16
Table IT. 13C—NMR Data of 2-Azabicyclol3.3.1)nonan-7-ones 6-9°
Compound 1-C  3-C 4L 5C 6C 7-C 8L 9-C  CHyCH, CHAr®

6 3.9 51.2 40.9 32.2 41.9 211.5 40.5 34.2 23.9 11.3 59.1
7 58.0 44.3 32.7 31.8 42.4 211.7 35.9 42.6 23.9 11.7 59.4
8 55.9 44.6 26.4 32.2 48.4 211.8 40.4 43.1 23.3 12.2 59.5
9 54.6 47.3 41.9 33.1 48.5 211.6 40.1 28.7 25.4 12.4 59.5

Chemical shifts in ppm relative to TMS, Measured in CDClzsolution at 50.3 MHz. BPhenyl
ring carbons were found (average values) at 139.2 (ipso-C), 128.5 (o0-C), 128.2 (m-C), and
126.9 (p-C) ppm.
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The epimeric cyanopiperdine 4, with retention of the relative
configuration at C-3, was formed in a yield lower than 5%.
~— N=CHyCeHs

(a) The structure assigned to each new compounds is in

accord with its infrared, 200-MHz lH-, and 50-MHz 13c-

NMR spectra. (b) In addition, an analytical sample of o CN
the new compounds (2, 3, 6-9) gave satisfactory C, H,

and N combustion analyses.
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