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Abstract: A series of meperidine analogues was synthesized and the binding affinities for the dopamine and
serotonin transporters were determined. The substituents on the phenyl ring greatly influenced the potency and
selectivity of these compounds for the transporter binding sites. In general, meperidine (3) and its analogues
were more selective for serotonin transporter binding sites and the esters 9 were more potent than the
corresponding nitriles 8. The 3,4-dichloro derivative 9e was the most potent ligand of the series for dopamine
transporter binding sites while the 2-naphthyl derivative 9g exhibited the most potent binding affinity and was
highly selective for serotonin transporter binding sites. © 1999 Elsevier Science Ltd. All rights reserved.

It has been reported that the binding of cocaine (1) and WIN 35,428 (2) to the dopamine transporter
(DAT) is better described by a two-site model that consists of high- and low-affinity components. -3
there are no known dopamine uptake inhibitors that discriminate between high- and low-affinity binding to the

Currently

DAT. In a recent report, meperidine (3, an atypical opioid agonist with some stimulant effects) was described as
exhibiting monophasic binding (K; > 1 uM) at dopamine transporters labeled with [3H]WIN 35,428 ([3H]-2).‘
Furthermore, the meperidine mediated (*Hldopamine uptake inhibition resembled the high affinity component of
the cocaine dopamine uptake inhibition curve. The maximal inhibition of dopamine uptake by meperidine (20%)
was also consistent with the high affinity component of cocaine dopamine uptake inhibition (~18%).* In addition,
when the opioid effects of 3 were antagonized in vivo by the p-opioid receptor antagonist, naltrexone, meperidine
(3) completely substituted for cocaine in squirrel monkeys trained to discriminate cocaine from saline.* This
effect was not observed for the p-opioid receptor ligand, morphine.

From the in vitro data described above, it may be suggested that meperidine (3) mediates its activity via
the high-affinity cocaine binding site on the DAT. The in vivo studies further suggest that the discriminative
stimulus effects of meperidine (3) and therefore cocaine (1) are mediated by occupation of the high affinity
cocaine binding component on the DAT.>” It has been noted that the "high" and "low" affinity components of
dopamine uptake are so named based on the affinity of cocaine (1). Therefore, it may be possible for different
compounds to exhibit high affinity for the "low" affinity binding site or as in the case with meperidine (3) may be
selective for the "high" affinity component, albeit with low binding affmity.“5
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It was recently reported that the piperidine derivative 4 was a potent dopamine uptake inhibitor but did not
exhibit heterogeneous binding at DAT.® Based upon the similarity in structure between meperidine (3), cocaine
(1), WIN 35,428 (2), and 4 it was of interest to develop high affinity analogues of 3 for phammacological
comparison. It was envisaged that high affinity analogues of 3 could be prepared to further elucidate the
heterogeneous binding sites on the DAT and provide a greater understanding of the stimulant and behavioral
effects mediated by cocaine binding to the DAT. Herein we wish to describe recent progress directed toward the
development of potent meperidine-based DAT ligands.7
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Chemical Synthesis

There are scveral methods available for the synthesis of meperidine (3).} However, it was of interest to
develop a general approach that was amenable to the future incorporation of a variety of substituents and
functional groups as well as to avoid highly toxic starting materials and intermediates. To this end, a synthetic
sequence was designed which could be easily adapted to explore a broad SAR of 3. As illustrated in Scheme 1,
the dialkylation of the 2-aryl acetonitriles 5§ with bromoacetaldehyde dimethyl acetal (6) afforded the diacetals 7 in
good yields (75-90%). Hydrolysis of the acetals and concomitant reductive amination gave the N-methyl-4-aryl-
4-cyanopiperidines 8 in moderate overall yields (30-50%). The nitriles were then converted into the
corresponding ethyl esters via a two-step sequence. First, the nitriles were hydrolyzed into the corresponding
carboxylic acids; then without isolation of the carboxylic acid, excess ethanol was added to the reaction mixture.
Removal of water by azeotropic distillation then furnished the ethyl esters 9 in good overall yields (50-80%).
Surprisingly, the nitrile 8f was resistant to conversion into the carboxylic acid and only the corresponding amide
10 was obtained.
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Pharmacology

The in vitro binding affinities of the meperidine analogues 8 and 9 are summarized in Table 1. Binding
affinities for the DAT were measured by competition against bound [PHJWIN 35,428 ([3H]-2).9 In addition, the
binding affinities of the meperidine analogues for serotonin transporter (SERT) sites were determined by
competition against [SH]paroxet.ine.10

Table 1. In Vitro Binding Affinities of Meperidine Analogues 8 and 9 for Dopamine Transporters (DAT)

and Serotonin Transporters (SERT).
[3H]WIN 35,428 Binding [3H]Paroxetine Binding

Compound® Ar (DAT), K; (uM)° (SERT), K; (uM)° DAT/SERT

meperidine C.H, 17.8 + 267 0.412 + 0.043 433
8a 4-FCH, 45% @ 100 uM° 101 % 043
8b 4CICH, 220 * 10.1° 511 % 053 4.31
8¢ 4-ICH, 8.34 £ 0.67 0.43 £ 0.034 19.4
84  4-CH;CH, 418 + 6.10° 137+ 036 3.06
8¢  34-CLLCH, 267 £+ 0.24 0.805 + 0.12 3.32
8t 1-naphthyl 160 + 1.60 102 # 0.17 16.7
8g 2-naphthyl 236 £ 0.6 0.125 + 0.022 18.9
9a 4-FCH, 107 £ 2.25 0.308 + 0.026 347
9b 4-CICH, 410 + 1.27° 0.277 £ 0.040 14.8
9c 4ICH, 325 £ 0.195 0.021 + 0.0024 155
9d 4-CH{CH, 124 + 521° 1.61 + 0.106 7.69
9¢  34-CLCH, 0.125¢ 0015 0.019 + 0.0026 6.68
9g 2-naphthyl 114 + 038 0.0072+ 0.00053 158

*All compounds were tested as the hydrochloride salts. "All values are the mean + SEM of three experiments performed in
triplicate using protocols previously established in references 9 and 10. “45% inhibition of ’H]-2 @ 100 uM. *79% inhibition
of CH]-2 @ 100 pM. “68% inhibition of ['H]-2 @ 100 pM.

In general, the esters 9 were more potent than the nitriles 8 at both the DAT and SERT. However, like
meperidine (3) all of the meperidine analogues exhibited a greater affinity for the SERT than the DAT. The
DAT/SERT ratios illustrate that the meperidine analogues had 3- to 158-times greater affinity for SERT than for
DAT. The increased affinities of the 4-iodo derivative 9¢ (K; = 21 nM, 20-fold) and the 2-naphthyl congener 9g
(K; =7 nM, 60-fold) relative to 3 for the SERT were not surprising based on previous SAR described in other
tropane systems.“’l2 However, the high selectivity of 9¢ and 9g for the SERT over the DAT was extraordinary
(>150-fold) and these compounds are among some of the most selective agents for the SERT reported to date.

At the DAT, the nitrile derivatives, 8a, 8b, and 8d as well as the ester derivatives, 9b and 9d did not
completely inhibit the binding of [3H]-2 at the highest concentration tested (100 uM). However, it is noteworthy
that although the meperidine analogues were less potent, their SAR was similar to that which has been reported
for the 28-carbomethoxy-3p-phenyltropanes (WIN series) and related bicyclo[3.2.1]octane congeners.'"™  The
substituent on the phenyl ring significantly influenced the binding affinities of the analogues 8 and 9 for the DAT
(K; for DAT: 3,4-Cl,<< 4-1 < 4-Cl <4-CH, = 4-F < H). The 3,4-dichloro derivative 9e (K; = 125 nM) was
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found to be the most potent ligand of the series for DAT and was 142-fold more potent than meperidine (3).
Moreover, 9e was the least selective of the ester analogues for the SERT. From the SAR of the meperidine
derivatives 9 and the WIN analogues, it is clear the 3,4-dichlorophenyl group is an important moiety for
molecular recognition at the DAT. Although, the 3,4-dichlorophenyl group also increased the binding affinity of
9e for SERT, the overall effect was only 15% of that observed for the DAT. Alternatively, the 2-naphthyl group
increased the binding affinity of 9g relative to 3, at both DAT and SERT but was much more selective for SERT.

To our knowledge, there are no previous reports of the binding of meperidine to the serotonin transporter.
However, there are multiple reports of a serotonin syndrome observed in patients treated with meperidine.‘s’l6 A
serotonin syndrome, which is characterized by rigidity, confusion, nausea, diarrhea and coma, is caused by
compounds that act as serotonin agonists and has been described in both humans'® and animals.'” It has been
shown that meperidine inhibits serotonin uptake,ls a finding consistent with our data showing that meperidine
binds to the SERT, and this could explain the reports of a serotonin syndrome following meperidine
administration.

In summary, we have demonstrated that the binding affinity of meperidine can be increased for the DAT
or the SERT by incorporation of appropriate substituents on the phenyl ring. These new potent meperidine
analogues, 9¢, 9¢ and 9g, should prove to be useful pharmacological probes for exploring the high- and low-
affinity binding sites on the DAT. Dopamine and serotonin uptake inhibition and the corresponding behavioral
effects of the potent meperidine analogues are currently under investigation and will be reported in due course.

Acknowledgment: We are grateful to the National Institute on Drug Abuse (NIDA) for the financial support of
this research.
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