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Georgetown Uniersity Medical Center (b) n-BusSnH, AIBN, toluene; (c) DIBAL, CHCIy; (d) 6% Na(Hg),
Washington, D.C. 20007-2197  NaHPQ,, MeOH; (e)n-BuLi, THF then PhOC(S)CI.
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P University of TexasgBI/vledicaI Brancﬁy The precise details of the binding interactions between these

Galveston, Texas 77555-1031 compounds and the monoamine uptake transporters are still a
Laboratory for the Structure of Matter ~ matter of much discussidfi. All of these compounds possess
Naval Research Laboratory, Washington, D.C. 20375 common structural features, i.e., a phenyl group and a basic amine.
A pharmacophore model for the DAT based on conformational
Receied April 27, 1998 analysis of cocaine and methylphenidate has been propbsed.
Little is known experimentally about the spatial requirements of
The specific reuptake of the monoamine neurotransmitters, the nitrogen lone pair of these cocaine analogues. The direc-
dopamine (DA), serotonin (5-HT), and norepinephrine (NE), from tionality of the nitrogen lone pair is, however, likely to be of
the synaptic cleft is the primary physiological mechanism for the some consequence to binding affinity. We have recently
termination of monoaminergic neurotransmission. Blocking the reported the synthesis of a series of rigid cocaine analogues in
uptake increases synaptic availability of the neurotransmitters, which the conformation of the nitrogen lone pair is fixed by means
thereby potentiating the sign&l.This has been exploited to  of a tether to either the 3- or 2-carbon bridge of the tropane moiety
develop treatments for a large number of neurological disorders.

The selective dopamine transporter (DAT) antagonist, benztropine, Me-y N NG B N Bu

is used clinically for the treatment of Parkinson’s diseaaad Lo wph(we)
methylphenidate (Ritalin) is used for attention deficit hyperactivity 5 Ph(oMe)

disorder? Norepinephrine transporter (NET) reuptake inhibitors  posaine * wontbriggeat o 2 *backbrdged®

such as desipramifieexhibit effective antidepressant activity;

however, they also exhibit a high incidence of adverse side (1—3).16 We now describe the synthesis of additional bridged

effects? The selective serotonin transporter (5-HTT) antagonists, cocaine analogues, and report on the spatial preferences of the

fluoxetine (Prozacy paroxeting,and related agerftare used for DAT, 5-HTT, and NET for the nitrogen lone pair.

the treatment of depression and related psychological disorders The tricyclic analogue6, bearing a benzo-tether to the

with significantly reduced adverse side effects. 2B-position of the tropane moiety (front-bridged), was readily
While a number of compounds showing high selectivity have available by the versatile 1,3-dipolar cycloaddition of 3-oxido-

been reported, little is known about factors influencing the pyridinium betaines with electron-deficient olefins (Scheme 1).

selectivity for these agents at the specific monoamine transporter.N-Alkylation of 3-hydroxy-4-p-tolyl)pyridine’” with 2-bromo-

To explore these factors, we have chosen co€aisea starting  benzyl bromide in THF afforded pyridinium bromide Using

point. Cocaine is known to have multiple effects on the central the tandem cycloaddition/radical cyclization methodology, the

nervous system, including potent inhibition of all three of the tricyclic ketone5 was obtained, as a single isomer, in 40% vyield

monoamine transporters. A growing body of evidence points to for the three steps. The structureSfvas assigned on the basis

the ability of cocaine to bind to the DAT and to inhibit the of NMR analysis. This intermediate was further converted to

reuptake of DA as being responsible for the reinforcing properties the desired bridged tropare by a modification of the route

of this drug’® However, evidence suggests 5-HTT inhibition also  previously reported for the synthesis bf

plays a modulatory role in cocaine’s reinforcing properties. Tricycle 1 was prepared as described previotfsind resolved

number of highly potent cocaine analogues that exhibit varying py crystallization with (8)-(+)-10-camphorsulfonic acid. The

degrees of selectivity for the DAT and information concerning absolute configuration was unequivocally determined by crystal-

their structure-activity relationships (SAR) have been reportéd.  |ography®
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much more complicated. The most active compouidL is
about 100-fold more active whil0aandl1laare 4.0- and 5.2-
fold less active than cocaine, respectively.

A comparison of the ratio of the reuptake inhibition at the
5-HTT and at the DAT for the rigidified analogues reveals a
dramatic difference between the front-bridgéd(d6) and back-
bridged structures2@, 3ab, 10a and 118 with the former
exhibiting up to 77-fold greater activity at the 5-HTT while the
latter show up to 44-fold higher activity at the DAT. While the
front-bridged analogues showed up to 25-fold selectivity for the
NET over the DAT, the back-bridged analogues did not show
such a dramatic reversal in NET/DAT selectivity as seen for the
5-HTT/DAT selectivity. An examination of the crystal structures
for (—)-1, 3a and1lashows a strikingly good overlap of the

Table 1. Activity at Monoamine Transporters; + SE ("My C(1), N(8), C(5)%° and the centroid of the phenyl substituent with
CTRET a nitrogen-to-centroid distance of 5:55.62 A. This is in close
y A agreement with the value of 5.64 A for the recently reportéd 2
Q 0’"0 KN carbomethoxy-8-(3,4-dichlorophenyl)tropan®. These data
N g strongly suggest that the differences found in the binding are
h unlikely to be due to the slight changes in the conformation of
Ar the tropane skeleton arising from the introduction of the tether.
The noted selectivity is presumably the result of the stereo-
[BHMazindol [3H]DA  [H]5-HT  pHNE  S-HT chemistry of the nitrogen lone pair, with the 5-HTT exhibiting a
binding uptake uptake uptake DA strong preference for analogues with the nitrogen lone pair
cocaine 375t 68 423+ 147 155440 833+ 15 037 localized over the 2-carbon bridge of the tropane (front-bridged
(-1 543+102 60.3:0.4 1.76+0.23 5.24+007 0.029 analogues). The DAT exhibits a slightly smaller preference for
(H)-1  79+19 114428  1.48+0.07 4.62+0.31 0.013 compounds with the lone pair located over the 3-carbon bridge
(£)-1 617485 60.3:04 2.32+0.23 2.69-0.12 0.038 (back-bridged analogues). Interestingly, the NET was signifi-
6 6.86+0.43 24.0+13 1.77+£0.04 1.06+£0.03 0.074 cantly less influenced by the orientation of the nitrogen lone pair.
3a 4.00+0.07 2.23+0.12 14.0:0.6 2.99+0.17 6.3 On the basis of previous reports, it is quite surprising that the
2a 17.2+113 102£14 789+£09 15.0£04 7.8 back-bridged analogues exhibit affinity for the DAT. All tropane
itl’a ifglf 60'43 11293::21 1 gf(']f;ds 3'1431 2'201 gg analogues with substituents on the 2-carbon bridge reported
10a 137408 142101 618L87 384+035 44 previously exhibit substantially reduced activity at the DAT,

@ All compounds exhibit spectral data in agreement with the assigned

presumably due to adverse steric interactions in this refjion.
Thus, the stereochemical preference of the DAT for an orientation

structures (see Supporting Data) and were tested and characterized agf the lone pair over the 3-carbon bridge is likely to be

the toluenesulfonate salts. Data are the meatandard error of three
experiments as described in ref 24, except an identical Krebs-Ringer-
HEPES buffer was used for all assays (ref 25).

An intramolecular 1,3-dipolar cycloaddition was utilized to

underestimated by using the data for the back-bridged compounds
of the present studies. From binding studies at the DAT, e (
enantiomer of cocaine has been found to be 150-fold more potent
than the correspondin@fenantiomef? In contrast, the binding

afford rigid cocaine analogues with the nitrogen tethered to either Potencies of £)-1 and (+)-1 are only slightly decreased from
the 6- or 7-carbon of the 2-carbon bridge (back-bridged, Schemethat of the ¢)-1 (R—cocame_—llke) enantiomer. This has recently
2). Toward this end, the previously reported 7-bridged analogue P€en noted for other cocaine analogéfes. .
9awas subjected to hydrogenation in the presence of acid to afford ~ 1he present results have important implications for design of

a mixture of the chair- and boatlike isomé@aandl1la(1:2 by
GC/IMS)!® The structure oflla was confirmed by X-ray
crystallography® The corresponding cocaine analogligb
containing a pB-ethyl substitutent was also prepared from the
previously reported allylic acetat® to allow for a more direct
comparison ofl, with an analogue containing a similar carbon
count. Hydrogenation of8b afforded the boatlike cocaine
analogue3b, with only a trace of2b (97:3 ratio of3b to 2b by
GC/MS). This structure was readily confirmed by comparison
of its NMR spectral data with those previously reported 3ar

The rigidified compounds prepared in the present study as well
as those reported previously were assayed for binding at the DAT
as well as for the inhibition of monoamine reuptake at the DA,
5-HT, and NE transporters. The biological data for the rigid
cocaine analogues are shown in Table 1. All of the compounds
tested showed high binding affinity at the dopamine transporter
with about 2.5- to 104-fold greater potency than cocaine. In the
inhibition of monoamine reuptake, these rigid cocaine analogues

selective agents for treatment of a wide range of neurological
disorders, as well as for design of PET and SPECT imaging agents
for use in diagnosis of neurodegenerative diseases.
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