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Abstract—3p-(5-Indolyl)-8-azabicyclo[3.2.1]octanes display potent binding affinity for both the dopamine and serotonin transpor-
ters, while certain 3p-(4-(2-pyrrolyl)phenyl)-8-azabicyclo[3.2.1]octanes selectively bind to the serotonin transporter. © 2001 Elsevier

Science Ltd. All rights reserved.

Introduction

Although the biological actions of cocaine (1) are
thought to occur primarily through inhibition of dopa-
mine (DA) uptake, cocaine also has moderately high
binding affinity to serotonin (5-HT) and norepinephrine
(NE) transporters.! It has been postulated that a long
acting agonist with appropriate binding selectivity for the
monoamine transporters may have therapeutic potential
for the treatment of cocaine addiction.>™* Consequently,
there has been considerable interest in the synthesis and
biological evaluation of related analogues with defined
selectivities at each of these three transport sites.>~’ A
class of compounds that have been actively studied are
the 3B-aryl-8-azabicyclo[3.2.1]octane-2-carboxylates (2),
which are prepared from cocaine. The early analogues
that were prepared were selective for binding to the
dopamine transporter or relatively unselective.®
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We have developed a new synthetic approach to tro-
panes®? that allows elaborate 3B-aryl functionality to be
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directly introduced onto the tropane.'®"'> This
approach has allowed us to prepare various 2p-acyl-33-
aryl-8-azabicyclo[3.2.1]octanes (3) and to explore their
structure—activity relationships with particular emphasis
on their binding affinities to both the DA and 5-HT
transport sites. The p-tolyl derivative 3a represents the
prototypical member of the class of tropanes that can be
derived from this chemistry and has undergone exten-
sive biological evaluation.'!*13-1% During the course of
these studies it was discovered that introduction of a 2-
naphthyl derivative at the 3p position as in 3b resulted
in one of the most potent tropane analogues.!'!-13-13
Furthermore, introduction of bulky aryl substituents as
seen with the 4-isopropyl phenyl derivative 3¢ resulted
in analogues that were quite selective for the 5-HT
transporter.!"!3 Another approach that leads to tro-
panes with increased 5-HT selectivity has been the use
of N-demethylated derivatives.!® Since then, more
selective compounds to the 5-HT transporter have been
prepared by incorporating 4-ispropenyl,'?2° 4-(4"-sub-
stituted biphenyl)?>! and 3.4-disubstitution®” onto the
3B-aryl ring, as well as by using conformationally
restricted tropanes.>>>* In this paper, the synthesis and
binding affinity is described of 3B-(4-(2-pyrrolyl)phenyl)
and 3B-(5-indolyl) tropanes, some of which display
excellent selectivity for the 5-HT transporter.
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0960-894X/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S0960-894X(00)00701-0



488 H. M. L. Davies et al. | Bioorg. Med. Chem. Lett. 11 (2001) 487489

Chemistry

The general strategy for the synthesis of tropane deri-
vatives is summarized in Scheme 1.8° The flexible
approach to the tropane skeleton that we have devel-
oped is based on the rhodium(Il) octanoate catalyzed
decomposition of the vinyldiazomethane 4 in the pre-
sence of N-BOC pyrrole (5).8 Selective hydrogenation
and deprotection of 6 resulted in the N-H derivative 7a,
which was readily methylated to produce 7b. The
synthesis of the aryl derivatives was achieved by a copper
catalyzed 1,4-addition of the appropriate Grignard
reagent to either 7a or 7b.!:25> A major advantage of
this approach is that elaborate aryl Grignard reagents
can be used for the 1,4-addition to the o,p-unsaturated
ketone in 7a and 7b, as this was not the case for the
synthesis of the ester derivatives 2 derived from cocaine.

Pharmacology

Binding of the tropane analogues 8-15 to DA transporters
in rat striatum, and to 5-HT transporters in rat frontal
cortex, was determined as previously described.!?2¢ The
results are summarized in Table 1. The indolyl derivatives
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Scheme 1. Synthesis of tropane analogues.

Table 1. ICsy and K; values of tropane analogues in displacing
['*I]RTI-55 binding in rat striatal membranes and [*H]paroxetine
binding in rat frontal cortex membranes

Compd Dopamine ICs, 5-HT K; SHT/DA potency
(nm) (nm) ratio
8a 273 £ 1.16 1.74 £ 0.63 1.57
8b 0.75 £ 0.10 2.84 +0.25 0.26
9a 2.37 £ 0.58 3.04 £ 1.36 0.78
9b 1.20 + 0.51 5.54 £ 1.79 0.22
10a 614 + 98 1.05 £ 0.18 585
10b 703 £ 222 25.6 + 4.08 27.4
11a >1000 15.7 £ 2.50 >63.7
11b >1000 337 £+ 82.6 >2.97
12a 32.2 +£ 5.65 6.36 + 1.01 5.06
12b 58.0 £+ 4.46 59.2 + 3.87 0.98
13a 1472 + 107 48.8 + 8.80 30.2
13b >1000 >1000 —
14a 825 + 53.6 49.1 £ 109 16.8
15a >1000 112 £ 18.2 >8.93

(8a, 8b, 9a and 9b) displayed high binding affinities to
both the DA and 5-HT transporters (0.7-5.5nM). Thus,
they have similar structure—activity characteristics to the
2-naphthyl analogues, which tend to be very potent but
unselective.!!

In contrast, some of the 4-(2-pyrrolyl)phenyl derivatives
displayed considerable selectivity for the 5-HT trans-
porter. Most notable is the N-demethylated derivative
10a with binding affinities of 1.05nM at the 5-HT
transporter and 614nM at the DA transporter. Com-
pound 10a also has very low binding affinity to the
norepinephrine transporter (K;>10,000nM),?” making
it highly selective for the 5-HT transporter. As pre-
viously observed with other tropanes, N-demethylation
generally results in increased 5-HT binding affinity but
has virtually no effect on the DA transporter binding
affinity. Increasing the size of the N-substituent on the
pyrrole from methyl to ethyl causes a decrease in binding
affinity to both transporters although the overall 5-HT
selectivity is retained. A similar effect occurs from
incorporating an alkyl functionality at C-3 or C-5 of the
pyrrole. Introduction of an aryl ring on the pyrrole,
either as an N-benzyl group or a C-5 phenyl group
results in diminished binding affinity and selectivity.

These results demonstrate that steric factors are impor-
tant in differentiating binding to the DA and 5-HT
transporters, and suggest that the 5-HT transporter has
a larger hydrophobic binding pocket than the DA
transporter. These results are in agreement with the
binding trends that were observed for 3B-(4-alkenyl)-
phenyl substituted tropanes.'??° Electronic factors,
however, may also have a role in transporter differ-
entiation, as was seen in the 3B-(biphenyl) substituted
tropanes.?!
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