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Novel dopamine uptake inhibitors have proven to be
useful tools for investigating the role of the dopamine
transporter in the pharmacology of cocaine.l~1° Cocaine
(1) and structurally related analogs bind to the dopa-
mine transporter, and the behavioral effects related to
cocaine abuse appear to be mediated through these
sites, 11714

Systematic structure—activity relationships for a
large series of cocaine analogs have primarily been
provided by Carroll and colleagues.? Recently, attention
has been focused on the importance and functionality
of the 2-position on the tropane ring.%7151¢ The original
work by Lewin et all” suggested that a 28-ester or
equivalent was necessary for high-affinity binding to the
cocaine recognition site. Small alkyl ketones in the 24-
position resulted in highly potent and enzymatically
stable cocaine analogs.” Replacement of the 23-methyl
ester with a vinyl group resulted in potent cocaine
analogs and argued against the proposal that hydrogen
bonding at this place is important,® as previously
postulated.®!7 Recently, analysis of the cocaine receptor
site by three-dimensional Voronoi site modeling postu-
lated that the 2-substituent may not impart significant
activity to these compounds.18

Benztropine (2, 3a-(diphenylmethoxy)-1oH,50H-tro-
pane) is a dopamine uptake inhibitor,19-2! equipotent
to cocaine, that exhibits CNS stimulant activity in
animal models.22-2¢ The combination of a tropane ring,
as found in cocaine, with the diphenyl ether function,
as found in the potent series of aryl 1,4-dialkyl(en)-
ylpiperazine dopamine uptake inhibitors, i.e., GBR
12909 (8),%° suggested that the molecule 2 may be an
interesting template for the design of novel dopamine
uptake inhibitors. We were also intrigued by the fact
that this tropane analog, unlike cocaine and related
analogs, lacks a substituent in the 2-position and yet
blocks dopamine uptake.2

4’-Chloro-3a-(diphenylmethoxy)tropane (7a) has been
reported to be a more potent dopamine uptake inhibitor
than its unsubstituted parent drug, 2 (ICs, = 15 nM
versus 140 nM).20 In addition it is more potent at
inhibiting dopamine uptake than serotonin or norepi-
nephrine,? suggesting that the 4’-substituent on at least
one of the phenyl rings may be important for this
improved potency and selectivity. To further explore
whether this position is an appropriate target for
preparing novel dopamine uptake inhibitors, a series
of 4’-substituted analogs of 3a-(diphenylmethoxy)tro-
pane was synthesized and evaluated for (1) displace-
ment of [SBHIWIN 35,428 (23-carbomethoxy-33-(4-fluo-

t This paper was presented in part at the 22nd Annual Meeting of
the Society for Neuroscience, Washington, D.C., November 1993.
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rophenyl)tropane) binding in rat caudate-putamen, (2)
inhibition of [3Hldopamine uptake in rat caudate-
putamen, (3) stimulation of ambulatory acitivity in mice
which is a characteristic effect of psychomotor stimulant
drugs,?8 and (4) substitution for cocaine in rats trained
to discriminate 10 mg/kg of cocaine from saline.?”

The 3a-(diphenylmethoxy)tropane analogs (7a—e)
were prepared generally through either the commer-
cially available (5a—¢) or prepared (5d,e) para-substi-
tuted benzhydryl chlorides and tropine at 160 °C, as
depicted in Scheme 1. In Scheme 2, the 35-(diphenyl-
methoxy)tropane (10) was prepared in the same way
starting with pseudotropine (9), prepared by the
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Table 1. Physical Properties of Compounds 7a—e and 10

compd rec mp, %
no. solv °C MS formula yield
7a 2-PrOH 212-214 M + 341 C3H2sNOCle 74
T acetone 217—-219 M + 375 C2Ho(NOCls 70

7c acetone 198-199 M + 343 C3Ho4NOFCI0.75H20 83
7d EtOAc 115-117 M + 337 CgaH2sNO2Cl1-0.5H20 63
7e acetone 180-181 M + 367 Cg3H3NO;3Cl 64
10 acetone 124-126 M + 341 C5;H2sNOCI0.25H,0 31

Table 2, Affinities of Compounds for Binding to the Dopamine
Transporter and ICso Values for Blockade of [BH]Dopamine
Uptake in Rat Caudate-Putamen®

[*H]WIN 35,428 K;, [*H] DA uptake
compound nM (% error) 1Cs0, nM
1, cocaine 32(16), 388(57) 12, 3254

3. GBR 12909 11.6 (31) 5
c 11.8 (11) 71
b 20.0 (14) 75
a 30.0(12) 115
7d 78.4 (8) 468
2 118 (9) 403
10 854 (7) 3519
Te 2000 (7) 2876

@ Each value represents data from at least three independent
experiments, each performed in triplicate. > The binding and
uptake inhibition curves for cocaine were best fit by two-site
models (»p < 0.01) so both high- and low-affinity values are
reported. For all other compounds a single site model provided
the best fit to the data, and therefore a single value is reported.
¢ Data from ref 32.

stereoselective reduction of tropinone (8) with LiBHj,.
The products were isolated and purified as the HCl
salts. Tabulation of their physical properties can be
found in Table 1.

The binding and dopamine uptake data for this series
of benztropine analogs are presented in Table 2. All of
these compounds monophasically displaced [SHJWIN
35,428 binding in rat caudate-putamen with K; values
ranging from 11.8 to 2000 nM. With the exception of
the 4’,4”-dimethoxy analog 7e and the 35-analog, 10,
all of the analogs were more potent than the parent
compound 2, with the most potent analog being the
4’,4”-difluoro analog 7¢. The rank order of potency for
binding was 7¢ > 7b > 7a > 7d > 2 > 10 > 7e. This
rank order of potency was generally the same for
inhibition of [3H]ldopamine uptake. Interestingly, when
the diphenylmethoxy substituent was in the 3§-position
(10), as is the 33-benzoyl group of cocaine, potencies for
binding and inhibition of [*Hldopamine uptake were
decreased by approximately 30-fold (as compared to 7a).

Recently, attention has been directed toward design-
ing compounds that show a high affinity for binding to
the dopamine transporter and a low potency for inhibi-
tion of dopamine uptake.1%28 The suggestion is that a
compound can be designed that blocks cocaine from
binding to the transporter but does not concomitantly
prevent dopamine from being transported. If the dif-
ference between binding affinity and potency for inhibi-
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Figure 1. Dose-dependent effects of 1 and 7a on locomotor
activity in mice. Ordinates: horizontal activity counts after
drug administration. Abscissae: dose of drug in mg/kg, log
scale. Unfilled points above C represent the effects of saline
vehicle controls. Each point represents the average effect
determined in eight mice. The data are from the first 30-min
period after drug administration, in which the greatest
stimulant effects were obtained. The asterisks represent points
that are significantly different from vehicle controls.

tion of dopamine uptake is sufficiently large, a func-
tional cocaine antagonist will theoretically result. When
the differences between these effects are displayed as
ratios of K (or ICss) values for binding to ICs values
for inhibition of dopamine uptake, they must be inter-
preted with caution. First, the ratio for a given com-
pound can depend on the experimental conditions of the
assays.?®30 Further, these ratios are often presented
without statistical indications of variability. Finally,
until a compound with a high ratio can be unambigu-
ously distinguished from one with a low ratio, the
implication that this ratio is indicative of antagonist
activity is not warranted. Therefore, although in this
first series of benztropine analogs, the ratios of K; to
ICs0 values are >1 and in the case of compound 7e, the
ratio is 6, the more compelling observation in our series
of compounds comes from the behavioral evaluation of
one of the analogs, 7a, which demonstrated a marked
difference in its activity from that of cocaine, despite
its higher affinity for the cocaine recognition site.

Cocaine, and various dopamine uptake inhibitors,
typically increase locomotor activity in rodents. Com-
pound 7a displayed locomotor stimulant activity in mice
but was found to be much less efficacious than cocaine
(Figure 1). Further, this compound did not substitute
for cocaine in rats trained to discriminate 10 mg/kg of
cocaine from saline across the range of doses (0.3—10
mg/kg) having behavioral activity (Figure 2). At the
highest dose, responding was virtually eliminated, and
therefore discriminative effects of 7a could not be
assessed.

It is well documented that a variety of cocaine
analogs, as well as other structurally diverse dopamine
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Figure 2. Effects of 1 and 7a in rats trained to discriminate
injections of 1 from saline. Ordinates: percentage of responses
on the cocaine-appropriate lever. Abscissae: drug dose in mg/
kg (log scale). Top panel: percentage of responses emitted on
the lever on which rats were trained to respond after injections
of 1. Bottom panel: rates at which responses were emitted as
a percentage of response rate after saline administration. Each
point represents the effect in four or six rats.

uptake inhibitors, substitute for the cocaine cue in drug
discrimination studies31431 and in fact these data have
supported the important role of this transporter in the
pharmacology of cocaine. While the previously studied
compounds have provided an immense amount of in-
formation regarding the pharmacology and neurochem-
istry of cocaine, they have differed primarily in potency
with all showing a cocaine-like behavioral profile.13.14:31
Compound 7a is the first compound to be described that
binds with relatively high affinity to the transporter (X;
= 30 nM) but is less efficacious as a locomotor stimulant
than cocaine and is not recognized as being cocaine-like
in a rat drug discrimination model. Therefore, the
unique behavioral profile of compound 7a in this report
may lead to the development of a potential cocaine
antagonist.

A comparison of the structure—activity relationships
in this series of compounds and the cocaine analogs
point to several interesting differences. First, these
compounds are not substituted in the 2-position as are
all of the potent cocaine analogs reported to date.367%16-17
Second, the benzhydryl ether moiety prefers the axial
(a) stereochemistry which opposes that of cocaine and
its active analogs.? Third, large differences in potency
result from para-substitution on the phenyl ring(s)
which is also not observed in the cocaine analogs.3®
Finally, these compounds displace [PHJWIN 35,428
binding monophasically as opposed to the biphasic
displacement seen with cocaine, suggesting that these
compounds bind to only one site, whereas cocaine
recognizes more than one binding domain on the
dopamine transporter. The significant differences in
structural requirements for this series of compounds
compared to cocaine suggest that there may be different
binding domains accessed by these tropane analogs that
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may be exploited for future novel probes of the dopamine
transporter.

In summary, compound 7a is the first tropane analog
to be described that is structurally similar to cocaine
and GBR 12909, binds with high affinity to the dopa-
mine transporter, blocks the reuptake of dopamine, and
yet is behaviorally distinct from all other compounds
that share this structural and/or neurochemical profile.
Preliminary locomotor activity and drug discrimination
data show that all of the compounds in this series
appear to demonstrate the same behavioral profile as
7a. The possibility that this compound and others in
this series may be potential cocaine antagonists is
currently being investigated.
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