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A series of 4’-substituted and 4',4”-disubstituted 3a-(diphenylmethoxy)tropane analogs were
prepared as novel probes for the dopamine transporter. These compounds were evaluated in
radiolabeled binding assays for the dopamine, norepinephrine, and serotonin transporters. All
of these compounds monophasically displaced [PHIWIN 35,428 binding in rat caudate putamen
with K; values ranging from 11.8 to 2000 nM. The most potent compound in this series was
4’,4”-difluoro 3a-(diphenylmethoxy)tropane 7¢ with a K; = 11.8 nM. All of the compounds
inhibited dopamine uptake in rat caudate putamen (ICso = 24—4456 nM) which correlated
significantly (» = 0.907, p > 0.0001) with binding affinities at the dopamine transporter. None
of the compounds demonstrated high-affinity binding at the norepinephrine (X; > 4800 nM) or
serotonin (K; > 690 nM) transporters. Therefore, the most potent dopamine uptake inhibitors
in this series were highly selective for the dopamine transporter. Preliminary behavioral studies
of several of these analogs (7a—e) suggested that the compounds did not display a cocaine-like
behavioral profile, despite their ability to inhibit dopamine uptake. The present data coupled
with the observed differences from cocaine in structure—activity relationships suggested that
the 3a-(diphenylmethoxy)tropane analogs may be interacting at a different active site than
cocaine on the dopamine transporter and that an additional binding domain might be exploited
for the identification of potential therapeutics for the treatment of cocaine abuse.

Introduction were intriguing from a number of different standpoints.
First, to our knowledge, all of the potent dopamine
uptake inhibitors that have been evaluated behaviorally
demonstrate cocaine-like actions.}4'5 Thus, the distinc-
tion between the benztropine analogs and other dopam-
ine uptake inhibitors is certainly worth investigating.
Second, the structure—activity relationships for the
benztropine analogs differ considerably from those of

The significant public health and social problems
resulting from cocaine (1a) abuse has stimulated re-
search efforts directed toward elucidating the central
mechanisms by which cocaine exerts its behavioral
effects. The data from these studies suggest that the
primary mechanism of the behavioral effects of cocaine
appears to be related to the inhibition of dopamine
uptake!? that results in an elevated concentration of NCH,
dopamine in the synapse. As a consequence, consider-
able emphasis has been directed toward the dopamine
transporter as a target for pharmacological tools for
research and potential therapeutics for the treatment
of cocaine abuse.

The cocaine recognition site on the dopamine trans-
porter has been characterized with a large number of
cocaine analogs,®~12 and structure—activity relation-
ships within this series continue to evolve with the
synthesis of novel compounds. In a preliminary report,
we recently described a series of tropane analogs that
bind to the dopamine transporter and block dopamine
uptake.!® Several of these 4’-substituted and 4’,4”-
disubstituted analogs of benztropine (2, 3a-(diphenyl-
methoxy)-10H,5aH-tropane) bind with high affinity to
the dopamine transporter and inhibit dopamine up-
take.!3 However, the lead compound, 4’-chloro 3a-

1a, COCAINE, R=0COPh
1b, WIN 35,428, RePh
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\\/-/\\ F
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2, BENZTROPINE

(diphenylmethoxy)tropane, did not produce stimulation
of locomotor activity or cocaine-like subjective effects in
a drug discrimination model, in rodents.!? These results
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F

cocaine and another structural analog, GBR 12909 (3).
For example, none of the benztropine analogs have a
substituent in the 2-position, which has been deemed
necessary for high-affinity binding of the cocaine analogs
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to the dopamine transporter.341¢ In fact, Meltzer et al.
recently demonstrated that placing a 8-2-methyl ester
substituent on 4’,4”-difluoro 3a-(diphenylmethoxy)tro-
pane actually results in an inactive compound.l” Third,
when the 3-position aryl ether system of benztropine is
in the o- or axial stereochemistry, higher affinity
binding results, as compared to its -conformer.!® In
contrast, high-affinity binding of cocaine and the WIN
series of cocaine analogs (i.e., WIN 35,428, 1b) is only
achieved when the 3-aryl system is in the 8- or equato-
rial conformation.® Finally, from the small series of
compounds reported previously,'® substitution in the
para-position of one or both phenyl rings significantly
affected binding affinity at the dopamine transporter.
In contrast, generally, para-substitution in the phenyl
ring of either the cocaine or WIN series of analogs does
not change binding affinity as dramatically.?® The ap-
parent distinct structure—activity relationships and
behavioral profiles of this initial series of compounds
encouraged us to continue preparing benztropine ana-
logs with substitution in the para-position of one or both
phenyl rings. It was anticipated that the synthesis and
evaluation of these tropane analogs would result in the
expansion of structure—activity relationships at the
dopamine transporter, the determination of binding
selectivities at the other monoamine transporters, and,
further, the characterization of their behavioral phar-
macology as compared to that of cocaine.

Chemistry

The synthesis of compounds 7a—r is depicted in
Scheme 1. The 4'-substituted or 4’,4”-disubstituted
benzhydrols 4d—r were converted to the benzhydryl
chlorides 8d—r (5a—c were purchased from Lancaster
Chemical Co.) in refluxing thionyl chloride. The ben-
zhydryl chlorides were then added, neat or in a minimal
volume of anhydrous diethyl ether, to tropine (6) at 160
°C. The synthesis of compound 7r was accomplished
via the O-debenzylation of 4’-benzyloxy 3a-(diphenyl-
methoxy)tropane, which was prepared using the condi-
tions described above. The desired products were
isolated and purified as the hydrochloride salts, and in
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most cases the yields were good. Notable exceptions
were the compounds with strong electron-withdrawing
substituents, particularly the 4’-NO; group (7f), which
were obtained in lower yields than the other substituted
analogs. This appeared to be due to the relative in-
stability of the intermediate benzhydryl chloride 5f at
the melt temperature which resulted in decomposition
before reaction with tropine, as observed by TLC.
Physical properties of compounds 7f—r are in Table 1.
The physical properties of compounds 7a—e and 10 were
previously reported.}® To prepare the 3-stereoisomer of
4’-chlorobenztropine (10), pseudotropine (9) was pre-
pared stereoselectively from tropinone with lithium
borohydride. The melt reaction, as seen in Scheme 2,
was then used to prepare the desired product 10. The
yield (31%) of this reaction was slightly lower than in
the 3-a-series (74%)? which may be due to the increased
time that was necessary for the reaction to be completed
(60 min vs 2—10 min).

The configuration of 7¢ from the X-ray results is that
shown in Figure 1. The two phenyl groups were near
normal to one another with a dihedral angle between
least squares planes through the rings of 90.6°. This
configuration differed only slightly from that of the
X-ray structure of benztropine!® where the largest
differences were rotations of the phenyl groups as
measured by C—O—C—C torsion angles of 5.8° and 7.1°.
The nitrogen to phenyl ring centroid distances remained
unchanged with distances of 7.05 and 6.94, and 7.07 and
6.91 A for 7c and benztropine, respectively.

Results and Discussion

All of the 4’-substituted and 4’,4”-disubstituted 3a-
(diphenylmethoxy)tropane analogs 7a—r and 10 were
evaluated for displacement of radiolabeled ligand bind-
ing at the dopamine (DAT), serotonin (5HTT), and
norepinephrine (NET) transporters as well as muscar-
inic m; and mgy receptors, Table 2. All of the compounds
monophasically displaced [PHIWIN 35,428 binding at
the dopamine transporter with a wide range of affinities
(K; = 11.8—2000 nM). The most potent compound in
this series was the 4’,4”-difluoro analog 7¢ (K; = 11.8
nM). All of the 4’-halogen- and 4’,4”-dihalogen-substi-
tuted compounds bound with higher affinity at the
dopamine transporter than the unsubstituted parent
compound, benztropine, with F > Cl > Br.

In general, increasing steric bulk on one and espe-
cially on both phenyl rings significantly decreased
binding affinity at the dopamine transporter, i.e., 7Tn
(K; = 1918 nM) and 7e (K; = 2000 nM) vs 7d (K; = 78.4
nM). Further, both electronic and lipophilic properties
of these substituents appear to be playing a role since
the halogenated compounds were more potent than the
parent drug and the compounds with more strongly
electron-withdrawing substituents, such as a 4’-CF;
substituent in 7m (K; = 635 nM), were less potent than
the comparably sized 4’-CHjz-substituted analog 7p (K;
= 187 nM).

As noted previously, in the benztropine series, the 3a-
diphenyl ether was favored over the 38-configuration,
ie., 7a (K; = 30 nM) vs 10 (X; = 854 nM).13 This
configuration (a- or axial aryl) is opposite to the favored
B- or equatorial configuration of the aryl substituents
for the cocaine and WIN analogs.?

None of the 4"-substituted or 4’,4”-disubstituted 3a-
(diphenylmethoxy)tropane analogs bound with high
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Table 1. Physical Properties of Compounds 7f-r
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compd recryst solv mp, °C MS m/z formula yield, %
7t acetone 145-151 M + 352 Cs1Ha5N203C1:0.75H20 21
g 2-PrOH 106—108 M + 332 CaoHasN2OCIL0.75H,0 40
7h acetone 210-211 M + 386 Cy,HasNOBrCl 70
M+ 2388
7i acetone 199-200 NA¢ C9H2uNOBr:Cl 65
7 acetone 175 M + 325 Co1HosNOFC10.25H20 62
7k 2-PrOH/ether 219-221 M + 375 C2,H24NOClg 58
71 EtOAc 205-206 M + 393 C2,HasNOCIsF 63
Tm EtOAc 180-182 M + 375 CosHosNOF3CI:0.5H20 50
n acetone 243—-245 M + 363 CosH34sNOCI 52
70 acetone 220-222 M + 335 Ca3H3NOCI 63
P EtOAc 197-199 M + 321 C22H2sNOCI 60
7q EtOAc 150-153 M + 335 Ca3H3NOCI 45
r MeOH 240—-241 NA« Cs1HosNOsCl 38

2 Molecular ion peak not observable.
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affinity to either norepinephrine or serotonin transport-
ers. At the norepinephrine transporter, none of the
compounds displaced >60% of [PH]desmethylimipramine
binding at a concentration of 10 uM. For example,
compound 7¢ was >700-fold more potent at the dopam-
ine transporter as compared to the norepinephrine
transporter. Further this compound was >200-fold
selective for the dopamine vs serotonin transporter.
Hence, these are some of the most selective compounds
for the dopamine transporter over the other monoamine
transporters reported to date.

All of these analogs bound with high affinity (K; =
0.95—70.8 nM) to muscarinic m; receptors. In all cases,
substitution at the 4’- and/or 4”-position(s) served to
decrease affinity at this site, with the 4’,4”-dibromo
analog 7i having >70-fold lower affinity for these
receptors than the parent benztropine. Interestingly,
though affinities at m; and my sites were correlated (r
= 0.954; p < 0.0011), some of these compounds were
remarkably selective for the m; over m; sites, such as
compound 7m which was nearly 300-fold selective for
m; sites.

The parent drug benztropine demonstrated a >100-
fold higher affinity for m; receptors compared to the
dopamine transporter. In contrast, the compounds that
were most potent at the dopamine transporter, 7¢,1,b k,
had similar binding affinities at muscarinic m; recep-
tors, suggesting that chemical modification that in-
creased binding affinities at the dopamine transporter
did not concomitantly increase binding affinities at the
muscarinic receptors, and therefore, a separation of
these actions appears to be achievable. In fact, affinity
at the dopamine transporter was correlated with affinity
at neither m; (r = 0.323; p = 0.1653) nor my (r = 0.353;
p = 0.1267) sites, likewise suggesting that dopamine
uptake inhibition and antimuscarinic actions will be
separable within the 3a-(diphenylmethoxy)tropane se-
ries of compounds.

All of the 4’-substituted or 4’,4”-disubstituted 3a-
(diphenylmethoxy)tropane analogs were evaluated for
inhibition of [*H]dopamine uptake in rat caudate puta-
men, Table 3. Compounds 7a—c have been previously
reported as dopamine uptake inhibitors.1%2° All of the
compounds that bound with high affinity to the dopam-
ine transporter were potent inhibitors of dopamine
uptake. This was evidenced by the high, significant
correlation (r = 0.907; p < 0.0001) between log K; values
for binding and log ICsq values for inhibiting dopamine
uptake, Figure 2. These results correspond with the
recently reported data of Carroll et al.* and Bennett et
al.2! who have demonstrated that for hundreds of
cocaine analogs, with a variety of chemical modifica-
tions, dopamine uptake inhibition was well correlated
with binding affinity at the dopamine transporter.

However, in contrast to the cocaine analogs,?? behav-
ioral studies on compounds 7a—e demonstrated that
several of the present dopamine uptake inhibitors were
not efficacious locomotor stimulants.!3?® Further, also
in contrast to the cocaine analogs,!* the present com-
pounds did not produce a cocaine-like discriminative
stimulus as demonstrated by their lack of generalization
to the cocaine cue in rats trained to discriminate 10 mg/
kg cocaine from saline.!®2® The observation that these
tropane analogs are neurochemically similar and yet
behaviorally distinct from cocaine is very intriguing, and
at this time, the reasons for this dichotomy are unclear.
There are several potential explanations which warrant
further investigation. For example, all of the benz-
tropine analogs bind with high affinity to muscarinic
sites, and those actions may have interfered with the
expression of a cocaine-like psychomotor stimulant
effect. In the series that has been behaviorally tested,
to date, there is not a large difference in binding
affinities at the muscarinic m; sites (K range = 3.6—
39.6), and the separation of binding affinities for the
dopamine transporter and muscarinic m; sites is neg-
ligible. Therefore, at this time, we cannot fully assess
the role of the muscarinic antagonist properties of these
compounds in their behavioral effects. Compounds that
retain high affinity at the dopamine transporter but
have significantly lower affinities for the muscarinic m;
sites are necessary to fully determine whether this
receptor system is playing a role in the pharmacology
of these compounds.

Alternatively, it has been reported previously that
[BHIWIN 35,428 exhibits two binding components on the
dopamine transporter.?+?®> Further, a two-site model for
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Figure 1. Thermal ellipsoid plot drawn from experimental coordinates of 7e.
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Table 2. Results of Radiolabeled Binding Experiments on 4’-Substituted and 4’,4”-Disubstituted 3a-(Diphenylmethoxytropane

Analogs
DATK,, G I at 10 uMbe K, nM*©

compd substitution nM (% error¥ NET 5HTT my mg
Te 4’ 4"-diF 11.8(11F 30 (= 85000 62 (2440 6.1 48.8
7 3',4'-diCl, 4”-F 18.9(14) 57.8 (=9000 80.3 (691 )¢ 33 369
b 4’ 4”-diC1 20.0 (14 43 (=6000) 54 (29607 35 1490
Tk 3",4'-diCl1 21.1(19) 56.5 (4870 66.2 (1790 12.5 141
Ta 4'-C1 30,0012 32 34 3.6 36.6
7j 4-F 32.2 (10) 37.9 35.2 1.1 15.0
7h 4’-Br 37.9(7) 37 39 3.7 39.1
7d 4"-OMe 78.4 (8 30.9 30.5 4.2 18.9
T7i 4’ 4”-diBr 91.6(13) 41.1 41 70.8 665
2 118 (9F 18.3 172 0.95 2.6
P 4'-CHj 187 (5) 31.8 354 2.7 375
g 4'-CN 196 (9) 16 40 7.1 74.0
7t 4'-NOg 197 (8) 29 54 (3570 71 41.9
r 4-0H 207 (13) 273 233 2.1 17.7
To 4’ 4"-diCHy 420 (7) 356.1 355 47.2 716
7q 4"-CHsCHg 520 (8) 32.7 42.7 12.6 703
Tm 4'-CFy 6351010} 34.6 49.1 5.4 1510
10 3p-4'-Cl 854 (Tr 27.9 37.2 4.1 874
n 4-C(CHgzy 1918 (7) 37.6 24.7 148 5455
Te 4’ 4"-.diOMe 2000 (7r 34 31 39.6 1000
cocaine 32 (16)/388 (57)
GBR 12909 11.6(31)

¢ Each Kj value represents data from at least three independent experiments, each performed in triplicate. © Percent inhibition of
radiolabeled ligand binding at a concentration of 10 ¢M. ¢ Data provided by NOVASCREEN. ¢ K; value in nanomolar. © Data from ref 13.

fData from ref 24.

the binding of cocaine and several other dopamine
uptake inhibitors is preferred over a one-site model
when assays are conducted with either [*H]cocaine?® or
["HIWIN 35,428.24 In addition, locomotor activity is well
correlated with the binding affinities of the compounds
at the high-affinity site, whereas no correlation exists
between this behavior and binding at the low affinity
component.?* Since benztropine and the analogs re-
ported herein monophasically displace [*H|WIN 35,428
and do not produce locomotor stimulant activity, it may
be speculated that these compounds are interacting at
a low-affinity component on the dopamine transporter,
which may not be associated with psychomotor stimu-
lant actions. Of course, further characterization of

compounds that interact exclusively at one component
or the other is necessary before any conclusions can be

drawn.

Summary

A series of 4'-substituted and 4’,4”-disubstituted 3o~
(diphenylmethoxy)tropane analogs have been prepared
that bind with high affinity to the dopamine transporter
and inhibit dopamine uptake. None of these compounds
bind with high affinity to the other monoamine trans-
porters and therefore are selective dopamine uptake
inhibitors.

Structure—activity relationships have been derived
and demonstrate that para-substitution at one or both
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Table 8. [*H]Dopamine Uptake Inhibition by 4’-Substituted
and 4’,4”-Disubstituted 3a-(Diphenylmethoxy)tropane Analogs®

[*HIDA uptake
compd substitution inhibition ICs, nM
7 3’,4’-diCl, 4”-F 24
7h 4’-Br 29
7i 4’,4”-diBr 34
7k 3’,4"-diCl 47
7 4".F 48
Tc 4’ 4”-diF 71
7b 4’,4”-diCl 75
7a 4'-Cl 115
7t 4’-NO, 219
g 4.CN 222
2 403
7d 4’-OMe 468
p 4-CH, 512
7r 4’-OH 677
7q 4'-CH,CHs 984
Tm 4'-CF3 2155
70 4’,4”-diCHgs 2536
Te 4’,4”-diOMe 2876
10 38-4'-Cl 3519
n 4’-C(CHa)s 4456

@ Each value represents data from at least three independent
experiments, each performed in triplicate.
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8.0 : : : :
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Displacement of [3H]WIN 35,428 (log Kj, nM)

Figure 2. Correlation of K; values for displacement of [*H]-
WIN 35,428 and ICs; values for inhibition of dopamine uptake
in tissue from rat caudate putamen.

of the phenyl rings of benztropine significantly changes
the binding characteristics of these compounds as
compared to the unsubstituted parent drug. Further,
these modifications serve to decrease binding affinities
at muscarinic receptors and do not significantly increase
the binding affinities for the other monoamine trans-
porters. Comparable para-substitutions in the analo-
gous phenyl rings of the structurally similar WIN series
of cocaine analogs do not similarly affect binding affini-
ties at the dopamine transporter suggesting that there
may be a difference in the way that these compounds
interact at the active site. The novel aspects of this
series of 4’-substituted or 4’,4”-disubstituted 3a-(diphe-
nylmethoxy)tropane analogs are further supported by
findings that they did not demonstrate cocaine-like
behavioral effects.

On the basis of the neurochemical and behavioral
results, these novel benztropine analogs may have
potential as therapeutics for the treatment of cocaine
abuse. These compounds inhibit dopamine uptake and
thus would provide elevated levels of extracellular
dopamine that may alleviate some of the symptoms of
cocaine abstinence,?’ in a manner similar to the way in
which the nicotine patch or nicotine chewing gum
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protects against withdrawal symptoms. Further, due
to their lack of cocaine-like behavioral effects, these
compounds may not be subject to abuse themselves.
Thus a compound from or related to this series could
serve to keep drug abusers from seeking cocaine but not
become a substitute addictive drug.

Future studies are being directed toward exploiting
the differences in the structure—activity relationships
at the dopamine transporter and the muscarinic sites.
Highly selective and potent dopamine uptake inhibitors
will undoubtedly be very useful in further defining the
role of the dopamine transporter in the pharmacology
of cocaine.

Experimental Section

All melting points were determined on a Thomas-Hoover
melting point apparatus and are uncorrected. The 'H and 3C
NMR data were recorded on a Bruker (Billerica, Mass) AC-
300 instrument. Samples were dissolved in an appropriate
deuterated solvent. Proton chemical shifts (&) are reported
as parts per million (ppm) relative to tetramethylsilane (Meg-
Si; 0.00 ppm) which was used as an internal standard. Carbon
chemical shift values (8) are reported in parts per million
relative to deuterated chloroform (CDCls; 77.0 ppm). Mass
spectra were recorded on a Hewlett Packard (Palo Alto, CA)
5971A mass selective ion detector in the electron-impact mode
with sample introduction via a HP-5890 series II gas chro-
matograph fitted with an HP-1 column (cross-linked methyl
silicone gum), 25 m x 0.2 mm id., 50 um film thickness.
Ultrapure grade helium was used as the carrier gas at a flow
rate of 1.2 mL/min. The injection port and transfer line
temperatures were 250 and 280 °C, respectively. The initial
oven temperature was 100 °C, held for 3.0 min, programmed
to 295 °C at 15.0 °C/min, and maintained at 295 °C for 10.0
min. Infrared spectra were recorded in KBr with a Perkin-
Elmer 1600 Series FTIR. Microanalyses were performed by
Atlantic Microlab, Inc. (Norcross, GA) and agree within 0.4%
of calculated values. TLC solvent used was CHCly/MeOH/NH,-
OH, 90:10:1, unless otherwise indicated. All chemicals and
reagents were purchased from Aldrich Chemical Co. or Lan-
caster Synthesis, Inc.

Synthesis of 3a-(Diphenylmethoxy)tropanes 7a—q.
General Method. The benzhydrol 4d—q (11 mmol) was
dissolved in 10 mL of SOCls, at 0 °C, under an atmosphere of
argon. The reaction mixture was warmed to reflux and
allowed to stir at this temperature for 2—18 h. The reaction
flask was cooled in an ice bath, and the volatiles were removed
in vacuo. Addition of dry toluene (2 x 5 mL) and removal in
vacuo ensured the complete removal of SOCl,. The resulting
viscous oil was determined spectroscopically to be the desired
alkyl chloride. The benzhydryl chloride (crude 5d—q or
commercially available 5a—c¢) was directly added dropwise to
a tropine (1.41 g, 10 mmol) melt (160 °C oil bath) over 2 min.
Evolution of HCI gas over 3—30 min resulted in a bronze oil
which solidified to a glass upon cooling. The crude product
was dissolved in 25 mL of CHCl; and transferred to a
separatory funnel. Ion pairing of the desired product was
achieved by extraction with 2.8 N HCI (2 x 25 mL, to remove
residual tropine) followed by washing the aqueous fraction
with CHCls (2 x 10 mL). The combined organic fractions were
evaporated to an off-white foam which was recrystallized to
give the pure product as the HCI salt (21—-83% yield).

3a-[(4-Hydroxyphenyl)phenylmethoxyltropane (7r).
30-{(4’-Benzyloxy)(diphenylmethoxy)ltropane hydrochloride (syn-
thesized via the General Method reported above in 41% yield)
(1.0 g, 2.22 mmol) was dissolved in absolute methanol (100
mL) and reduced (Hs, 30 psi) over 10% palladium on activated
carbon for 3.5 h. After removal of the catalyst via filtration
through Celite, the solvent was evaporated in vacuo leaving
0.74 g (95% yield) of a white solid residue which was recrystal-
lized from methanol. Anal. (CsH2sNOsHCI) C, H, N.

Pseudotropine (9). Tropinone (3.0 g, 21.6 mmol) was
placed in a dry 250 mL round bottom flask, purged with argon.
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Anhydrous THF (75 mL, without stabilizer) was added, and
the solution was cooled in a dry ice/acetone bath to —78 °C. In
another dry, argon-purged flask, LiBH, (1.41 g, 64.6 mmol)
was dissolved in anhydrous THF (50 mL) and cooled to —78
°C. The contents of this flask were transferred to the first
flask via cannula, under argon. This flask was rinsed once
with additional THF (25 mL). The reaction was allowed to
proceed for 6 h at —78 °C and then the mixture warmed
gradually to room temperature overnight. The reaction mix-
ture was cooled in an ice water bath, and the reaction was
carefully quenched with H2O (10 mL) followed by neutraliza-
tion with 2.8 N HCl. The volatiles were removed in vacuo,
and the residue was taken up in 1 N HCI (100 mL) and heated
to reflux for 60 min to dissociate the pseudotropine—boron
complex formed. The acidic solution was adjusted to pH =
10—11 with 15% NaOH and extracted with CHCly/2-propanol
(3:1, 10 x 50 mL). The organic fractions were combined, dried
over anhydrous Na,SQy, filtered, and concentrated in vacuo
resulting in 2.58 g (85% yield) of a white solid product.
Recrystallization from toluene/petroleum ether gave small
white needles, mp 106—109 °C (lit.28 mp 109 °C).

3p-[(4’-Chlorophenyl)phenylmethoxyltropane (10).
2-Chlorobenzhydryl chloride (8.5 mmol) was added to a
pseudotropine (8.5 mmol, free base) melt as described for
compounds 7a—q (160 °C oil bath) and allowed to stir at this
temperature for 1 h. The crude product was worked up in the
same way as described above resulting in an off-white foam
which was recrystallized from acetone to give pure 10 as the
HCI salt (31% yield), mp 124-126 °C. Anal. (CgqHos-
NOCI1»0.25H,0) C, H, N.

Representative spectral data of 7a: 'H NMR (300 MHz,
CDCl3) 6 1.82~1.89 (m, 4H, H-2,440,eq), 1.94-1.97 (m, 2H,
H-6,7ex0), 2.08—2.12 (m, 2H, H-6,7cn40), 2.24 (s, 3H, N-CHjy),
3.07 (br t, 2H, H-1,5), 3.54 (t, J = 4.6 Hz, 1H, H-3.y), 5.37 (s,
1H, Ph-CH-Ph), 7.20—7.31 (m, 9H, H-aromatics); *C-NMR (75
MHz, CDCls) 6 25.79 (t, C-6,7), 36.17 (t, C-2,4), 40.89 (q, CHa-
N), 60.13 (d, C-1,5), 69.25 (d, C-3), 79.89 (d, C-9), 127.42,
128.16, 128.43, 128.48, 128.80 (d, C-protonated aromatic),
132.74,141.58, 142.43 (s, C-nonprotonated aromatic); IR (KBr)
697, 735 (aro-H out of plane), 826, 1043, 1079 (R-O-R), 1320,
1401, 1449, 1484, 1590 (aro-db stretch) 2525 (tertiary amine
HCl) em~!; EIMS 341 m/z (parent ion, 1, with isotopic abs for
Cl at 343), 235 (10), 201 (15), 165 (20), 140 (100, base), 124
(40), 83 (82), 82 (50).

10: 'H NMR (300 MHz, CDCl3) 4 1.31-1.38 (m, 2H,
H-6,7enso), 1.72—1.80 (m, 4H, H-2 441,00, 1.87-1.94 (m, 2H,
H-6,7.x), 2.23 (s, 3H, N-CHy), 3.15 (brs, 2H, H-1,5), 3.62
(pentet, J = 7 Hz, 1H, H-3.,), 5.44 (s, 1H, Ph-CH-Ph), 7.20—
7.33 (m, 9H, H-aromatics); 3 C-NMR (75 MHz, CDCls) 6 26.70
(t, C-6,7), 36.18 (t, C-2,4), 38.17 (q, CHs-N), 59.94 (d, C-1,5),
69.25 (d, C-3), 79.40 (d, C-9), 126.80, 127.87, 128.23, 128.57,
128.77 (d, C-protonated aromatic), 133.26, 140.77, 141.60 (s,
C-nonprotonated aromatic); IR (KBr) 697, 735 (aro-H out of
plane), 1008, 1055, 1079, 1085 (R-O-R), 1402, 1448, 1484, 1590
(aro-db stretch) 2543 (tertiary amine HCl) em™!; EIMS 341
m/z (parent ion, 1, with isotopic abs for Cl at 343), 235 (5),
201 (15), 165 (20), 140 (9), 125 (100, base), 96 (20), 83 (90), 82
(50).

Single-Crystal X-ray Analysis of 7c. A clear plate 0.15
x 0.50 x 0.60 mm? crystal was selected for data collection,
C2,H240 N*ICIIH,0, fw = 397.88. Data were collected on a
computer-controlled diffractometer with an incident beam
graphite monochromator (Nicolet R3m/V with Mo Ka radia-
tion, 4 = 0.71073 A, T = 293 K). A least-squares refinement
using 25 centered reflections within 21 < 26 < 30° gave the
monoclinic P2)/c cell, a = 22.062(4), b = 9.712(2), and ¢ =
9.493(2) A, 5 =91.93(2)°, V = 2032.9(7) A3, Z = 4, and deaied =
1.300 gm/cm3. A total of 2864 reflections were measured in
the 6/20 mode to 20m.x = 45°, of which there were 2664
independent reflections. Corrections were applied for Lorentz
and polarization effects. A face-indexed numerical absorption
correction was applied, 4 = 0.22 mm™!, and maximum and
minimum transmission were 0.97 and 0.89, respectively. The
structure was solved by direct methods and refined on F? with
a full matrix least-squares SHELXL93 program.?® The 250
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parameters refined include the coordinates and anisotropic
thermal parameters for all non-hydrogen atoms. Carbon
hydrogens used a riding model in which the coordinate shifts
of the carbons were applied to the attached hydrogens, C—H
= 0.96 A, H angles idealized, and Ui,(H) = 1.1:Uc(C). The
final R values for the 2122 observed reflections with F, > 4¢-
(|F,|) were R = 0.041, and R,? = 0.128 for all data. The
goodness of fit parameter was 0.88, and final difference Fourier
excursions were 0.15 and —0.16 eA=3. Tables of coordinates,
bond distances, and bond angles have been deposited with the
Crystallographic Data Centre, Cambridge CB2 1EW, England.

Pharmacology. Dopamine Transporter Binding As-
say. Male Sprague—Dawley rats (200-250 g; Taconic, Ger-
mantown, NY) were decapitated and their brains removed to
an ice-cooled dish for dissection of the caudate putamen. The
tissue was homogenized in 30 vol of ice-cold modified Krebs-
HEPES buffer (15 mM HEPES, 127 mM NaCl, 5§ mM KCl,
1.2 mM MgSO,, 2.5 mM CaCl,, 1.3 mM NaH,PO,, and 10 mM
D-glucose, pH adjusted to 7.4) using a Brinkman polytron and
centrifuged at 20000g for 10 min at 4 °C. The resulting pellet
was then washed two more times by resuspension in ice-cold
buffer and centrifugation at 20000g for 10 min at 4 °C. Fresh
homogenates were used in all experiments.

Binding assays were conducted in modified Krebs-HEPES
buffer on ice. The total volume in each tube was 0.5 mL, and
the final concentration of membrane after all additions was
0.5% (w/v) corresponding to 200—300 mg of protein/sample.
Triplicate samples of membrane suspension were preincubated
for 5 min in the presence or absence of the compound being
tested. [PHIWIN 35,428 (2-3-carbomethoxy-3-3-(4-fluorophe-
nyl)tropane 1,5-naphthalene disulfonate; specific activity 82.4
Ci/mmol, final concentration 1.5 nM; New England Nuclear,
Boston, MA) was added, and the incubation was continued for
1 h on ice. The incubation was terminated by the addition of
3 mL of ice-cold buffer and rapid filtration through Whatman
GF/B glass fiber filter paper (presoaked in 0.1% BSA in water
to reduce nonspecific binding) using a Brandel cell harvester
(Gaithersburg, MD). The filters were washed with three
additional 3 mL washes and transferred to scintillation vials.
Absolute ethanol (0.5 mL) and Beckman Ready Value scintil-
lation cocktail (2.75 mL) were added to the vials which were
counted the next day at an efficiency of ca. 36%. Under these
assay conditions, an average experiment yielded approximately
6000 dpm total binding/sample and ca. 250 dpm nonspecific
binding, defined as binding in the presence of 100 4M cocaine.
Each compound was tested with concentrations ranging from
0.01 nM to 100 «M for competition against binding of FHIWIN
35,428 in three independent experiments, each performed in
triplicate.

[3H]Dopamine Uptake Assay. Rats were sacrificed by
decapitation and their brains removed to an ice-cooled dish
for dissection of the caudate putamen. [*H]Dopamine uptake
was measured in a chopped tissue preparation as described
previously.®® Briefly, the tissue was chopped into 225 ym slices
on a Mclllwain tissue slicer with two successive cuts at an
angle of 90°. The strips of tissue were suspended in oxygen-
ated modified Krebs-HEPES buffer (see above), which was
pregassed with 95% Oy/5% CO, and warmed to 37 °C. After
rinsing, aliquots of tissue slice suspensions were incubated in
buffer in glass test tubes at 37 °C to which either the drug
being tested or no drug was added, as appropriate. After a 5
min incubation period in the presence of drug, [*Hldopamine
(final concentration 15 nM, specific activity 50 Ci/mmol;
Amersham Corp., Arlington Heights, IL) was added to each
tube. After 5 min the incubation was terminated by the
addition of 2 mL of ice-cold buffer to each tube and filtration
under reduced pressure over glass fiber filters (presoaked in
0.1% poly(ethylenimine) in water). The filters were rinsed and
placed in scintillation vials to which 1 mL of methanol and 2
mL of 0.2 M HCl were added to extract the accumulated [3HI-
dopamine. Radioactivity was determined by liquid scintilla-
tion spectrometry at an efficiency of ca. 30%. The reported
values represent specific uptake from which nonspecific bind-
ing to filters was subtracted.

Analysis of Data. Saturation and displacement data were
analyzed by the use of the nonlinear least-squares curve-fitting
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computer program LIGAND.’! Data from replicate experi-
ments were modeled together to produce a set of parameter
estimates and the associated standard errors of these esti-
mates. In each case, the model reported fit significantly better
than all others according to the F test at p < 0.05. The K|
values reported are the dissociation constants derived for the
unlabeled ligands. Uptake data were analyzed using standard
analysis of variance and linear regression techniques.?? ICso
values were calculated using the linear portion of the concen-
tration—response curve (linear regression p < 0.05).

In both saturation and competition experiments, two com-
ponents of [PHIWIN 35,428 binding were apparent. Analysis
of the data utilizing the LIGAND program revealed a high-
affinity component with a Kp of 7 = 5 nM and a Brax 0f 445 £
338 fmol/mg of protein and a low-affinity component with a
Kp of 126 + 115 nM and a Buax of 1995 £ 559 fmol/mg of
protein. Competition of [FHIWIN 35,428 binding by cocaine
also revealed two binding sites (Table 2).

Serotonin (5HTT) and norepinephrine transporter (NET)
and muscarinic m, and ms receptor binding data were provided
by NOVASCREEN. The radiolabeled ligands used and the
methods were from the following published procedures: 5HTT,
[®*H]citalopram (specific activity 70—87 Ci/mmol, final ligand
concentration 0.7 nM);33 NET, [*H]desmethylimipramine (spe-
cific activity 40—70 Ci/mmol, final ligand concentration 3.0
nM);3* muscarinic m, receptors, [*H]pirenzepine (specific activ-
ity 70—87 Ci/mmol, final ligand concentration 1.0 nM);* and
muscarinic m; receptors, [PHJAF DX 384 (specific activity 70—
120 Ci/mmol, final ligand concentration 5.0 nM).%¢
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