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Abstract—A series of aryltropane-based bivalent ligands was prepared and investigated for binding potency and for their ability to
inhibit reuptake of human dopamine, serotonin and norepinephrine transporters. The bivalent ligand 4, comprised of linking an
aryltropane by an octamethylene spacer showed high efficacy for the human dopamine transporter and had a discrimination ratio

of 130.
© 2003 Elsevier Science Ltd. All rights reserved.

Cocaine abuse is a significant medical problem in the
United States. The number of annual cocaine-related
emergency room visits is approximately 100,000.! Fatal
symptoms related to cocaine toxicity include cardiac
arrest, stroke, grand mal seizures and drug-induced
psychosis with elevated body temperatures.>* Cur-
rently, there is no medication available to treat cocaine
addiction. Significant progress with the development of
small molecules directed at antagonizing the pharmaco-
logical effects of cocaine have been reported.*?
Recently, piperidine-based bivalent ligands have been
synthesized and found to have significant affinity for the
S5-hydroxytryptamine transporter (SERT) and dop-
amine transporter (DAT).? For example, two (+)-trans-
piperidine units linked by a pentamethylene spacer
showed the greatest DAT and SERT potency and
decreased cocaine’s locomotor effects in mice. In
another study, a conformationally constrained tricyclic
tropane analogue showed very high affinity against the
SERT.!? In another study the synthesis of isomers of
ethylene glycol bis(tropane-3-carboxylate) was reported
but no biological data were available.!!

Using the structure of an aryltropane as a lead, we syn-
thesized bivalent ligands by varying the length of the
linking chain connecting the two aryltropane monomer
units through amide linkages. The goal of this work
was to identify the length of the spacer that provided
greatest binding potency and reuptake inhibition efficacy
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against the human DAT, human SERT or human nor-
epinephrine transporter (NET).

Results and Discussion

The aryltropane bivalent ligands were prepared by
combining 2B-carboxy-3B-(para-chlorophenyl) N-methyl
tropane'? in dichloromethane to a solution containing
1.3 equiv of benzotriazol-1-yloxy-tris(dimethylamino)-
phosphonium hexafluoro phosphate (BOP reagent), 1.1
equiv Et;N in CH,Cl, at 0°C.!? The reaction was stirred
for 30 min and 1.0 equiv of the appropriate diamino-
alkane hydrochloride was added and allowed to warm
to room temperature and stirred overnight (Fig. 1).

For the target compounds 1-4, all were formed in
quantitative yield. Compounds 1-4 gave a single appar-
ent product on the basis of NMR, MS, and silica gel
TLC.
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Figure 1. Synthesis of 1,n di-3B-(4’-chlorophenyl) tropane 2f-carbox-
amide linker molecules.
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Each compound was examined for potency of inhibition
of binding radiolabeled RTI-55 to the human DAT,
human SERT and human NET.!* As shown in Table 1,
compared with cocaine, compound 4 (comprised of two
aryltropane units linked by an octamethylene spacer),
possessed significant binding affinity for hDAT, hSERT
but not for the hNET. Except for compound 1, for
hDAT, hSERT and hNET, binding affinity generally
increased as the chain length separating the aryltropane
units increased to eight. It is possible that compound 1,
with a trimethylene unit afforded a compound that only
recognized one binding domain.

For inhibition of hDAT and hNET neurotransmitter
uptake, 1 was most efficacious (Table 2). For hSERT,
the most efficacious reuptake inhibitor was compound
4. From the data presented for 4, apparently a second-
ary site of the hSERT that is quite distinct from that of
the hDAT or hNET is located at least eight methylene
units away and may contribute to uptake inhibition
(Table 2).

For compound 4, the selectivity of either binding
potency or reuptake efficacy for hDAT, hSERT or
hNET was relatively low. Thus, the selectivity ratios,
K;(hDAT)/K;(hSERT), K;(hNET)/K;(hDAT) and K;(h-
NET)/K;(hSERT) for compound 4 were 0.85, 6.6, and
5.6, respectively. Likewise, the binding potency for
compound 3 was quite modest and the K;(hDAT)/

Table 1. Inhibition of radioligand binding in HEK-hDAT, HEK-
hSERT and HEK-hNET cells by Bis 2B3-carboxamido 3B-(p-chloro-
phenyl) N-methyl tropanes®

HEK hDAT HEK hSERT HEK hNET

Compd K;(nM) SEM K;(nM) SEM K;(nM) SEM
Cocaine 272 +58 601 +132 830 +147
RTI-31 1.1° +0.1 44.5 +1.3 37 +2.1

1 65.1 +8.1 357 +70.6 2970 +332
2 21.7 +6.8 31357 +945 2068 +580
3 18.4 +3.5 102.3 +16.9 330 +75.9
4 6.7 +1.4 7.9 +2.1 830 +147

aDrug inhibition of ['*’I]-RTI-55 binding in HEK-hDAT, HEK-
hSERT or HEK-hNET cell membranes. Values represent the mean-
+SEM for three to four experiments.

®Values from ref 12.

Table 2. Inhibition of radiolabelled neurotransmitter uptake in
HEK-hDAT, HEK-hSERT and HEK-hNET cells by Bis 2B-carbox-
amido 3B-(p-chlorophenyl) N-methyl tropanes®

Compd HEK hDAT HEK hSERT HEK hNET
ICso @M) SEM ICso (nM) SEM  ICso (nM) SEM
Cocaine 267 +47 318 +£57 385 +40
RTI-31 1.7 +0.1 19 +£2.7 82 +16
1 522 +29 441 +£54 266 +130
2 1667 184 176 +£23 2258 1383
3 1401 +240 225 £104 1846 +£377
4 871 +316 99 +£37 487 +131

Inhibition of [*H]-DA, [*H]-5HT or [?’H]-NE in the presence of HEK-
hDAT, HEK-hSERT or HEK-hNET cells, respectively. Values are the
mean+SEM for three to four experiments.

Table 3. Discrimination ratios of uptake inhibition to binding affi-
nity

Compd hDAT hSERT hNET

ICso/Ki? ICso/K; ICso/K;
Cocaine 1.0 0.53 0.46
RTI-31 1.5 0.43 0.22
1 0.80 1.17 0.09
2 76.8 0.06 1.09
3 76.3 2.20 5.59
4 130 12.53 10.99

4The ICs, value (Table 2) for uptake inhibition was divided by the K;
value (Table 1) for binding to obtain the discrimination ratio listed.

K,(hSERT), K;(hNET)/K;(hDAT) and K;(hNET)/K;(h-
SERT) were 0.18, 45.6, and 8.3, respectively.

Generally, compounds that showed low potency in
binding were also poorly efficacious in reuptake inhibi-
tion. However, there were some notable exceptions.
Compounds 2, 3, and 4 showed relatively weak hDAT
uptake inhibition activity and exhibited the highest
uptake-to-binding discrimination ratios against the
hDAT in the current series. Discrimination ratios are
calculated constants that indicate in a general sense if
the transporter binding site and uptake site overlap. A
large discrimination ratio suggests that the overlap of
sites is not complete. The discrimination ratio for com-
pound 4 (i.e., 130) is among the higher discrimination
ratios currently reported in the literature (Table 3).

In summary, synthesis of aryltropane-based bivalent
ligands has led to compounds with high discrimination
ratios. The results suggest that certain bivalent aryl-
tropane analogues bind to different domains on the
hDAT and this has previously been supported by evi-
dence from structural biology!>'® and recombinant
hDAT chimera studies.!”-'8
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