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THE FISCHER INDOLIZATION OF 2-AZABICYCLO[3.3.1]NONAN-7-ONES.
A NEW ENTRY TO THE DASYCARPIDAN RING SYSTEM!1

Josep Bonjoch*, Niria Casamitjana, Jordi Gracia, M.-Carmen Ubeda, and Joan Bosch*
Laboratory of Organic Chemistry, Faculty of Pharmacy, University of Barcelona, 08028-Barcelona, Spain

Abstract: The regioselectivity of the Fischer indole synthesis from 2-azabicyclo[3.3.1]nonan-
7-ones 4b-d using three different acid catalysts is studied, an ethyl substituent at the 9-posi-
tion promoting indolization upon the C-8 carbon.

A common strategy for the synthesis of indole alkaloids consists in the use of non-indolic starting materials,
with construction of the indole ring in a late synthetic stage from azapolycyclic intermediates having the
appropriate functionality and stereochemistry. In this context, the Fischer indolization? has constituted a useful
tool3 despite the fact that the control of the regioselectivity of this reaction is difficult as a variety of factors can
determine the regiochemistry of the process.

Recently, we have reported? that the Fischer indolization from the tricyclic ketone 1 (R1=H), which has
rings CDE of Strychnos indole alkaloids,S leads to the unnatural regioisomer 2 coming from cyclization upon
the methylene carbon. The desired indolenine 3, having the pentacyclic ring system of Strychnos alkaloids was
not detected (Scheme 1). The greater stability of the intermediate enehydrazine that leads to the indole 2, as
compared with that of the bridgehead double bond isomer required for the cyclization to 3, could account for
this result.6

In fact, we felt that hydrazone Ia, derived from the tricyclic B-amino ketone 1 (R1=H), would lead, at
least to some extent, to the desired Strychnos-type indolenine 3 through an alternative mechanism (Scheme 2)
involving an initial ring-opening by way of a retro-Mannich type fragmentation,’ further regioselective Fischer
indolization of the generated enchydrazine Ila, and finally cyclization3 of the resulting stemmadenine-type
intermediate IVa.

1.CgHsNHNH,
2. AcOH or HCOOH
when R, =H

but not

Scheme 1

It does not seem unreasonable to assume that the presence of an ethyl substituent at the bridge carbon
(R| = Et; the same position as in the pentacyclic Strychnos alkaloids having the Aspidospermatan skeleton)
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increases the stability of the enamine ITL® which is in equilibrium with the iminium cation II, thus favoring the
operation of this hypothetical mechanism.
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Scheme 2

In order to assess the effect of this ethyl substituent on the regioselectivity of the Fischer indolization, we
decided to study this reaction from the related, more accessible bicyclic ketones 4b10 (lacking the substituent),
4c! (Strychnan-type; in which the substituent is at the 4-position), and 4d! (Aspidospermatan-type; having the
ethyl substituent at the bridge carbon).

The results, using three different acid catalysts, are summarized in Scheme 3 and Table 1. In all series,
mixtures of the tetracyclic Strychnos-type systems 511 and the unnatural regioisomers 612 were obtained.
However, significantly, only in the Aspidospermatan series (series d) the yield of the Strychnos-type
regioisomer was higher than the yield of the unnatural one, irrespectively of the acid catalyst used. Furthermore,
it is worth commenting upon the formation of 5d as the only product when the indolization was promoted by
acetic acid.

Taking into account the structural similarity of f-amino ketones 4b-d, the observed regioselectivity in
the Fischer indolization of 4d can be indicative of the operation, to some extent in this case, of the mechanism
depicted in Scheme 2 and, consequently, of the favorable effect upon the regioselectivity exerted by the ethyl
substituent!3 located at the bridge carbon of the morphan nucleus.

It is well known that, when the Fischer indolization is performed at low acidities, the product coming
from the most stable enchydrazine is preferentially formed.15 According to this fact, the different result of the
indolization with AcOH in series b and ¢ could simply reflect the different stability of the intermediate
enchydrazines: in the series ¢, due to the presence of an equatorial C-4 cthyl substituent, the enchydrazine that
possesses a Cg-C7 double bond would have less steric interactions than the C7-Cg double bond regioisomer

(see Dreiding stereomodels).
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Scheme 3 and Table 1. Fischer Indolization of 2-Azabicyclo[3.3.1]nonan-7-ones 4b-d
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(a) i : AcOH, 100°C, 50 min; ii : HCI-EtOH (2.5 N), rfx, 3 h; iii : PPA, 95°C, 30 min. (b) Reported yields are for purified
materials isolated by column chromatography. (c) Trace by TLC. (d) A similar regioselectivity was observed from the N-
methyl anaiogue: reference 10. (e) A similar regioselectivity was observed from N-alkyl-2-azabicyclo[3.3.1]nonan-3,7-
diones: reference 16.

From a synthetic standpoint, the Fischer indolization of 4d establishes a new entry to tetracyclic
dasycarpidan-type compounds. Tetracycle 5d can be considered a synthetic precursor of both the alkaloids of

the uleine group and the pentacyclic Strychnos alkaloids having the Aspidospermatan skeleton. The synthesis of
the tricyclic ketone 1 (R} = Et) is in progress in our laboratory.
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The Fischer indolization of the tricyclic B-amino ketones 8a142 and N

8b 140 nas also been reported to occur with different regioselectivity, the 8

ethyl substituent promoting indolization upon the methine carbon. aR=H
R b.R=Et
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