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A series of substituted N-benzyl analogues of the dopamine transporter (DAT) specific
compound, 4-[2-(diphenylmethoxy)ethyl]-1-benzylpiperidine were synthesized and biologically
characterized. Different 4′-alkyl, 4′-alkenyl, and 4′-alkynyl substituents were introduced in
the phenyl ring of the benzyl moiety along with the replacement of the same phenyl ring by
the isomeric R- and â-naphthyl groups. Different polar substitutions at the 3′- and 4′-position
were also introduced. Novel compounds were tested for their binding affinity at the dopamine,
serotonin, and norepinephrine transporter systems in the brain by competing for [3H]WIN 35
428, [3H]citalopram, and [3H]nisoxetine, respectively. Selected compounds were also evaluated
for their activity in inhibiting the uptake of [3H]dopamine. Binding results demonstrated that
alkenyl and alkynyl substitutions at the 4′-position produced potent compounds in which
compound 6 with a vinyl substitution was the most potent. In vivo evaluation of three selected
compounds indicated that despite their high potency at the DAT, these compounds stimulated
locomotor activity (LMA) less than cocaine when tested across similar dose ranges. In a drug
discrimination study procedure, none of these three compounds generalized from cocaine in
mice trained to discriminate 10 mg/kg cocaine from vehicle. In a 4 h time course LMA
experiment, one of our previous lead piperidine derivatives (1a) showed considerable prolonged
action. Thus, in this report, we describe a structure-activity relationship study of novel
piperidine analogues assessed by both in vitro transporter assays and in vivo behavioral activity
measurements.

Introduction
Cocaine is a naturally occurring molecule that is well-

known for its strong reinforcing and abuse potential.1,2

The development of treatments for cocaine abuse is
urgently required. A number of approaches have been
taken to develop medications for cocaine addiction.3,4

Cocaine binds to all three monoamine neurotransporter
systems in the brain.5 It is now well-established that
binding of cocaine to the dopamine (DA) transporter
(DAT), resulting in decreased clearance of neuronally
released DA, is responsible for its strong reinforcing
effects.6,7 The DA hypothesis of cocaine addiction was
further supported by a series of in vivo experiments and
also from molecular biology studies involving a DAT
knockout (KO) mice model.8-10 Thus, binding potencies
of DA receptor agonist and DAT specific compounds
correlated very well with their relative reinforcing
effects in animal experiments.7,9 In a microdialysis
experiment, it was demonstrated that cocaine increases
DA preferentially in the nucleus accumbens and this

relates to its reinforcing effects.11 In another recent
study, the DA hypothesis for cocaine’s reinforcing effects
was further strengthened by the demonstration that in
DAT KO mice cocaine and amphetamine increase ex-
tracellular DA in the nucleus accumbens but not in the
caudate putamen.12 This observation perhaps explains
the results of a recent experiment showing self-
administration of cocaine by DAT KO mice13 as cocaine
will still block norepinephrine transporter (NET), which
is known to accumulate DA efficiently,14 in DAT KO
mice in nucleus accumbens and, thus, will increase the
extracellular concentration of DA.15 These results sup-
port a drug development approach targeting the dopa-
minergic system as a viable avenue to develop medica-
tions for cocaine addiction.16

Different classes of molecules have been developed for
the DAT with an aim to modulate the action of cocaine.
These molecules represent a wide variety of structurally
diverse ligands with selective affinity for the DAT.17,18

Our ongoing structure-activity relationship (SAR) stud-
ies with piperidine derivatives of modified GBR 12909
(1-[2-[bis(4-fluorophenyl)methoxy]ethyl]-4-(3-phenylpro-
pyl)piperazine, 2b) developed many potent and selective
compounds for the DAT.19-23 Many of these molecules
are more selective than GBR 12909 (2b) and 12935 (1-
[2-(diphenylmethoxy)ethyl]-4-(3-phenylpropyl)pipera-
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zine, 2a) (Chart 1).24 Most importantly, the selectivity
of these compounds was exhibited in a pharmacophoric
requirement that is different from the conventional GBR
molecules.25 This led us to speculate the involvement
of different binding modes for these novel piperidine
analogues as compared to the conventional GBR com-
pounds. This notion was further supported by our recent
experiment with a novel photoaffinity ligand that was
developed based on our piperidine analogue.26,27 This
novel DAT specific photoaffinity ligand was shown to
incorporate equally well into the two different domains
of the 12-transmembrane domain (Tms) DAT primary
sequence, an N-terminal site containing Tms 1-2 and
a second site containing Tms 4-6.27 This result is in
sharp contrast to the binding profiles of the other known
photoaffinity ligands belonging to either the tropane or
the GBR class of compounds, which showed specific
labeling preferentially to one of those above two sites.28,29

The dual hybrid binding profile of the piperidine-based
photoaffinity ligand with the DAT indicates the pres-
ence of an unique binding profile that is different from
the conventional GBR compound.

Our current photoaffinity ligand binding results are
also supportive of the ongoing contention that different
structural classes of DAT blockers possess nonidentical
overlapping binding domains.30,31 These nonidentical
binding interactions are also reflected in their dif-
ferential in vivo activity as overlapping or different
binding domains may lead to changes in transporter
function.32,33 This is evident in the case of some tropane
analogues and GBR derivatives that share somewhat
identical binding potencies but quite different in vivo
activity.34a-b Furthermore, cocaine and DA binding sites
were shown to involve different amino acid residues on
the DAT molecule as demonstrated in mutant DAT
molecular experiments.35,36 This raises the possibility
of developing agents selectively targeting the cocaine
binding site but sparing the DA reuptake site, which
can potentially give rise to a possible cocaine antagonist.
In another scenario, compounds that interact with both
cocaine and DA binding sites on the DAT, either par-
tially or completely, may potentially give rise to dif-
ferent degrees of indirect partial agonist or full agonist
properties.

Another important aspect considered in medications
development is the duration and onset of action of
potential agonists or partial agonists. It is expected that
a medicating agent with a long duration of action and
slower onset will have less abuse liability as compared
to a powerful reinforcer like cocaine, which has a much
faster onset and shorter duration of action.37,38 The

validity of this approach was successfully tested in the
treatment of heroin addiction by longer-acting metha-
done.39 DAT selective GBR derivatives demonstrated a
longer duration of action, and recently, a longer-acting
decanoate ester of 2b was shown to decrease cocaine
self-administration in a sustained manner without
affecting food intake.40,41 In our own study, some of our
previous lead compounds showed considerable prolong
duration of action and were much longer than cocaine
in this respect. A detailed study on one of our com-
pounds is included here.

In our previous SAR studies, we have shown that the
presence of electronegative and electron-withdrawing
groups in the aromatic ring of the N-benzyl moiety had
a significant influence on binding to the DAT. This
indicated an important effect of the nature of N-benzyl
moiety substitution in activity and selectivity. In our
current study, we wanted to explore the effect of
different alkyl, alkene, and alkyne substitutions on the
phenyl ring of the N-benzyl group and also the replace-
ment of the phenyl moiety by isomeric naphthyl groups.
In addition, polar hydroxy groups and lipophilic iodine
substitutions were also introduced. Such structural
transformations resulted in the production of com-
pounds with varied lipophilicity, electronic characters,
and steric environments. Our objectives were to char-
acterize the effect of these physicochemical parameters
on binding activity with selected compounds on in vivo
activity.

Chemistry. The starting amine (3) intermediate was
converted into iodo compound 4 (see Scheme 1) by
reacting with benzyl iodide in the presence of a base.
Similarly, compounds 3a-d were produced in 80-95%
yield by an N-alkylation reaction involving compound
3 with appropriate halides in the presence of a base.
This synthetic avenue provided an easy access to our
final targets.

Next, compound 4 was used as a starting precursor
for the preparation of compounds 5-8 by reacting with
appropriate organometallic reagents in the presence of
a palladium catalyst as carried out by Blough et al.42

Thus, Stille-coupling of 4 with tributyl(ethynyl)tin or
tributyl(vinyl)tin in the presence of palladium(0) cata-
lyst in refluxing toluene yielded 5 or 6 in 80-90%
yield.43 The in situ prepared (isopropenyl)zinc chloride
was reacted with 4 in the presence of dichlorobis-
(triphenylphosphine) palladium(II) to provide 7 in 40%
yield. Last, compound 8 (see Scheme 2) was synthesized

Chart 1

Scheme 1
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by coupling 4 and 1-(trimethylsilyl)-1-propyne mediated
by fluoride ion and palladium catalyst. This was similar
to a previous method, although palladium(0) was used.44

Reductive amination of the intermediate 3 with the
appropriate hydroxy-benzaldehyde produced compounds
9 and 10 in good yield (see Scheme 3).

Results and Discussion

In our current SAR studies, we focused on structural
changes on the N-substituted benzyl moiety part of our
piperidine analogues. In this respect, we concentrated
on introducing different alkyl, alkenyl, and alkynyl
substitutions at the 4′-position of the phenyl ring along
with the introduction of polar substitutions such as
methoxy and hydroxy groups thereby altering lipophilic,
steric, and electronic environments in these novel
analogues. In addition, we also introduced in our series
of compounds isomeric naphthyl substitutions by re-
placing the phenyl ring of the benzyl moiety, which also
resulted in considerable changes of steric and lipophilic
environments.

The novel iodo analogue 4, which was used as a
precursor for the synthesis of alkene and alkyne deriva-
tives, was tested for its activity. The results demon-
strated very high potency and extreme selectivity of this

iodo derivative for the DAT (IC50, DAT ) 0.96 nM,
serotonin (SERT)/DAT ) 3041). In fact, compound 4
turned out to be among the few known compounds with
a high potency (IC50 of <1 nM) that is also highly
selective for the DAT (SERT/DAT > 2000).18 The activ-
ity of this compound is interesting considering the fact
that the activities of the other corresponding halides
from our previous studies, with the exception of a fluoro
derivative, were less active. This might be due to the
fact that the introduction of a large iodo atom can
potentially induce larger changes in steric and lipophilic
environments as compared to other halide analogues
resulting in favorable interaction.

In our next series of compounds, various 4′-alkyl-, 4′-
alkenyl-, and 4′-alkynyl-substituted phenyl derivatives
were synthesized. In these derivatives, we wanted to
explore the effects of steric, lipophilic, and electronic
environments arising from these substituents on activ-
ity. In this regard, similar studies were evaluated with
the tropane class of compounds, which yielded 3â-phenyl
derivatives where some of them exhibited high potencies
for both DAT and SERT.42 We wanted to compare the
activities of our derivatives with those of tropane
analogues. Our SAR studies demonstrated that moder-
ately bulky isopropyl substitution as in compound 3d
was tolerated well and was quite active. The introduc-
tion of unsaturated substituents in the forms of alkenyes
and alkynyes derivatives maintained a strong potency
and selectivity for the DAT in most part. Compounds 5
and 6 with acetylinic and vinylic groups were the most
active for the DAT (IC50 4.10 and 2.96 nM, respectively)
whereas isopropenyl analogue 7 was slightly less active
as compared to 6 (IC50 11.6 vs 2.96 nM). The activity
profile of these derivatives is somewhat different from
the corresponding tropane derivatives as some of the
tropane derivatives exhibited equipotencies for the DAT
and the SERT. In contrast, all of the present substituted

Scheme 2

Scheme 3
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analogues maintained high selectivity for the DAT.
Interestingly, it was observed that the terminal H-atom
in the acetylinic group of 5 is necessary for potent
activity as the replacement of it by a methyl group led
to a weaker congener (8, IC50 65 vs 4.10 nM). The
apparent loss of high potency may be due to the
presence of a methyl group imposing steric bulk in the
interaction or absence of a relatively acidic acetylinic
H-atom. In general, unsaturated alkenyl and alkynyl
substitutions were more potent than a simple alkyl
substitution.

We observed differential activities in the isomeric (R
and â) naphthalene derivatives (3b and c), which might
reflect an important contribution of electrostatic inter-
action differently contributed by these two isomeric
compounds. â-Naphthalene substitution was found to
be more active for the DAT as compared to R-naphtha-
lene (IC50 26.9 vs 113 nM). In our final molecular design,
the introduction of polar groups as in compounds 3e, 9,
and 10 produced a mixture of activities in these mol-
ecules. Compound 3e and its demethylated analogue 10
were active, but interestingly, the 4-hydroxy analogue
9 was not active.

Potent selected compounds were next tested for their
activity in inhibiting the DA reuptake process. Overall
uptake and binding correlated quite well, with uptake
and binding values being less than 4-fold different. The
general tendency for higher uptake than binding activity
could be a reflection of assay conditions that were not

identical in the uptake and binding measurements.
Compounds 5, 7, and 10 were chosen for further
evaluation in in vivo studies. As a part of our goal to
develop long-acting molecules for the treatment of
cocaine addiction, we additionally evaluated one of our
previous lead compounds, 1a, in extended 4 h locomotor
tests and compared it to cocaine.23

As shown in Figure 1, cocaine and GBR 12909 (2b)
produced dose-dependent increases in total distance
travelled with significant increases relative to the
vehicle control obtained at doses of 10 and 30 mg/kg.23

These data are presented for comparison purposes and
were taken from a previous study.23 Across the dose
range tested, compound 10 failed to alter locomotor
activity (LMA) relative to the vehicle controls (F3,28 )
1.50, P > 0.05). The overall analysis of variance
(ANOVA) for compound 5 was significant (F4,35 ) 3.92,
P < 0.05); however, Dunnett’s post-hoc tests indicated
that doses of this compound were not significantly
different from the vehicle control. The overall ANOVA
for compound 7 was significant (F3,28 ) 4.00, P < 0.05),
with doses of 10 and 30 mg/kg significantly increasing
total distance traveled relative to the vehicle control.
The maximal increase in activity produced by compound
7 was approximately 170% of the vehicle control,
whereas cocaine (30 mg/kg) produced maximal increases
of approximately 450% of the vehicle control.

Figure 2 shows the 4 h time course LMA experiment.
A repeated measures ANOVA indicated a main effect
for dose (F2,20 ) 8.56, P < 0.05) and a dose by time
interaction (F46,460 ) 19.23, P < 0.05). Examination of
the effect of dose within each 10 min interval indicated
that cocaine produced stimulant effects greater than the
vehicle during intervals 1-7 (P < 0.05). Compound 1a
also produced stimulant effects greater than the vehicle
during intervals 6 and 7 (P < 0.05). Stimulant effects
(relative to vehicle) were observed with compound 1a
during intervals 9-24 (P < 0.05), whereas cocaine
produced effects similar to the vehicle (P > 0.05). In our
earlier report, this compound was described as exhibit-
ing a locomotor depressant effect when studied within
a 1 h time period.23 The depressant effect was more
pronounced at a higher dose (100 mg/kg). Because a
longer duration LMA effect for this compound was not
evaluated previously, we now wanted to observe this
effect at a single dose.

Table 1. Affinity of Drugs at the DAT, SERT, and NET in Rat Striatum and in Inhibition of DA Reuptake

compd
DAT, IC50, nM,

[3H]WIN 35, 428a
SERT, IC50, nM,
[3H]citaloprama

NET, IC50, nM,
[3H]nisoxetinea

[3H]DA uptake
inhibition,IC50, nMa

cocaine 266 ( 37 737 ( 160 3,530 ( 554
GBR 12909 (2b) 10.6 ( 1.9 132 ( 0 496 ( 22 6.63 ( 0.43
1a 4.50 ( 0.64b 1560 ( 210 2620 ( 170 20.6 ( 2.5
3a 8.23 ( 5.49 924 ( 100 1.94 ( 0.31
3b 113 ( 5 4160 ( 900 1490 ( 60
3c 26.9 ( 3.0 856 ( 210 393 ( 66
3d 63.1 ( 11.2 1540 ( 240 1060 ( 240
3e 19.6 ( 2.6 1080 ( 260 472 ( 94 6.68 ( 1.14
4 0.96 ( 0.16 2920 ( 430 1150 ( 120 2.01 ( 0.64
5 4.10 ( 1.30 1040 ( 160 760 ( 212 4.81 ( 1.16
6 2.96 ( 0.61 1470 ( 350 715 ( 37 1.08 ( 0.28
7 11.6 ( 1.8 1030 ( 90 832 ( 28 3.10 ( 1.12
8 65.1 ( 15.0 2410 ( 510 1170 ( 120
9 240 ( 15 4330 ( 750 3340 ( 760
10 14.3 ( 3.7 984 ( 94 678 ( 37 10.4 ( 2.2

a The DAT was labeled with [3H]WIN 35, 428, the SERT with [3H]citalopram, and the NET with [3H]nisoxetine. Results are the average
( SEM of three independent experiments assayed in triplicates. b See ref 23.

Table 2. Selectivity of Various Ligands for Their Activity at
Monoamine Transporters

compd

SERT
binding/DAT

binding

NET
binding/DAT

binding

[3H]DA
uptake/DAT

binding

GBR 12909 (2b) 12 47 0.62
3a 110 0.23
3b 37 13
3c 32 15
3d 24 17
3e 55 24 0.34
4 3040 1200 2.1
5 250 180 1.2
6 500 240 0.36
7 88 72 0.26
8 37 18
9 18 14
10 69 47 0.72
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Test compounds were administered prior to the start
of the discrimination test sessions coinciding with times
of obvious activity indicated during LMA tests. Ad-
ditionally, we tested all compounds with doses in which
at least one dose decreased response rates suggesting
that the tested dose ranges included behaviorally active
doses. As shown in Figure 3, cocaine produced dose-
dependent increases in cocaine lever responding. The
rate of responding was decreased by approximately 50%
relative to saline control levels at the highest dose of
cocaine tested (30 mg/kg). Both compounds 10 and 5
maximally produced 30% cocaine lever responding. At
a dose of 75 mg/kg of compound 10, two mice responded
40 and 56% on the cocaine lever, whereas in one mouse
87% cocaine lever responding was obtained. In the
remaining three mice, cocaine lever responding was less
than 3%. At a dose of 100 mg/kg of compound 5, two
mice responded greater than 90% on the cocaine lever,
whereas the remaining four mice responded less than
2% on the cocaine lever. Across the doses tested, 7
produced mainly saline lever responding. With com-
pounds 10, 5, and 7, the rate of responding was slightly
depressed at the highest dose tested. Thus, our in vivo
results indicated that the relatively nonpolar alkenyl-
and alkynyl-substituted compounds 5 and 7 were more
active in locomotor stimulation than the relatively polar
hydroxy-substituted compound 10. In this regard, previ-
ous studies indicated that certain structurally related
benztropine analogues exhibited much less locomotor
stimulant properties and did not generalize in a drug
discrimination paradigm while exhibiting high potency
for the DAT.45 However, 2a and 2b were reported to
reproduce a discriminative stimulus effect of cocaine.46

Conclusion

In our current study, we have demonstrated that
alkyl, alkenyl, and alkynyl substitutions at the 4-posi-
tion in the phenyl ring of the benzyl group were
tolerated well. Among those derivatives, compounds 5
and 6 were the most potent for the DAT. The iodo
analogue 4 turned out to be among the few compounds
known to date that combine very high potency and
selectivity for the DAT, and it will therefore be impor-
tant to behaviorally characterize it in future experi-
ments. In in vivo studies, compound 7 exhibited more
stimulant effects than the other two compounds but was
much less stimulating than cocaine at identical doses.
In drug discrimination tests, compound 7 did not
generalize with the cocaine discriminative stimulus. In
an extended 4 h time course LMA study, compound 1a
showed a prolonged stimulant action that was signifi-
cantly different from cocaine.

Experimental Section

Analytical silica gel-coated thin-layer chromatography (TLC)
plates (Si 250F) were purchased from Baker, Inc. and were
visualized with UV light or by treatment with phosphomolyb-
dic acid. Flash chromatography was carried out on Baker Silica
Gel 40 mM. 1H nuclear magnetic resonance (NMR) spectra
were routinely obtained at GE-300 MHz Fourier transform
NMR. The NMR solvent used was CDCl3 as indicated. Tet-
ramethylsilane was used as an internal standard. Elemental
analyses were performed by Atlantic Microlab, Inc. and were
within (0.4% of the theoretical value.

[3H]WIN 35 428 (86.0 Ci/mmol), [3H]nisoxetine (80.0 Ci/
mmol), and [3H]dopamine ([3H]DA, 48.2 Ci/mmol) were ob-
tained from Dupont-New England Nuclear (Boston, MA).
[3H]citalopram (85.0 Ci/mmol) was from Amersham Pharmacia

Figure 1. Effects of cocaine, GBR 12909 (2b), and compounds
10 (n ) 8), 5 (n ) 8), and 7 (n ) 8) on total distance traveled
(cm) in mice during a 60 min test session expressed as a
percentage of each individual drug’s vehicle control. Brackets
indicate SEM; where not indicated, the SEM fell within the
data point. * ) P e 0.05 relative to saline control. LMA data
for cocaine were taken from Dutta et al. (2001) and are
presented for comparison.

Figure 2. Locomotor time-course effects for vehicle, 30 mg/
kg cocaine, and 30 mg/kg compound 1a over the 240 min (4 h)
test session.

Figure 3. Top frames: effects of cocaine (n ) 12) and com-
pounds 10 (n ) 6), 5 (n ) 6), and 7 (n ) 7) on the percentage
of lever presses emitted upon the cocaine-associated lever and
rate of responding in mice trained to discriminate 10 mg/kg
cocaine from saline. Brackets indicate SEM; where not indi-
cated, the SEM fell within the data point. Bottom frames:
response rate expressed as mean lever presses per second.
Each symbol represents the mean number of lever presses
emitted during the 15 min test session. Brackets indicate SEM.
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Biotech Inc. (Piscataway, NJ). Cocaine hydrochloride was
purchased from Mallinckrodt Chemical Corp. (St. Louis, MO).
WIN 35 428 naphthalene sulfonate was purchased from
Research Biochemicals, Inc. (Natick, MA). (-)-Cocaine HCl
was obtained from the National Institute on Drug Abuse. GBR
12909 dihydrochloride (1-[2-[bis(4-fluorophenyl)methoxy]ethyl]-
4-[3-phenylpropyl]piperazine) was purchased from SIGMA-
Aldrich (#D-052; St. Louis, MO).

Procedure A. Synthesis of 4-[2-(Diphenylmethoxy)-
ethyl]-1-[(4-methoxycarbonylphenyl)-methyl]piperi-
dine (3a). A mixture of 4-[2-(diphenylmethoxy)ethyl]piperi-
dine(0.23g,0.76mmol),175mgofmethyl4-(bromomethyl)benzoate
(0.17 g, 0.76 mmol), and powdered K2CO3 (0.15 g, 1.1 mmol,
1.5 equiv) in 3 mL of EtOH was refluxed for 1 h. The solvent
was evaporated, and the residue was chromatographed (SiO2;
CH2Cl2/MeOH) to yield the free base (0.23 g, 80%) as an oil
that slowly crystallized (mp 91-3 °C; hexane/Et2O). 1H NMR
(300 MHz, CDCl3): δ 1.2-2.0 (9H, m), 2.83 (2H, bd, J ) 11.1
Hz), 3.4-3.6 (4H, m), 3.91 (3H, s), 5.31 (1H, s), 7.07 (2H, d, J
) 7.8 Hz), 7.2-7.39 (10H, m), 7.39 (2H, d, J ) 7.8 Hz), 7.97
(2H, d, J ) 7.8 Hz). The free base was converted into its oxalate
salt; mp 129-133 °C; Anal. C31H35NO7.

4-[(2-Diphenylmethoxy)ethyl]-1-(1-naphthylmethyl)pi-
peridine (3b). 4-[(2-Diphenylmethoxy)ethyl]piperidine (0.18
g, 0.61 mmol) was reacted with 2-bromo methylnaphthalene
(0.21 g, 0.95 mmol) and K2CO3 (0.85 g, 0.61 mmol) in EtOH
(10 mL) to give a thick oil, 0.25 g (96%), procedure A. 1H NMR
(300 MHz, CDCl3): δ 1.22-1.33 (2H, m), 1.48-1.53 (1H, m),
1.58-1.66 (4H, m), 1.66-2.02 (2H, dt, J ) 1.6, 11.2 Hz,
N(CH)2), 2.89-2.92 (2H, bd, J ) 11.2 Hz, N(CH)2), 3.47-3.50
(2H, t, J ) 6.4 Hz, OCH2), 3.65 (2H, s, NCH2Ar), 5.32 (1H, s,
Ph2CHO), 7.22-7.35 (10H, m, ArH), 7.43-7.51 (3H, m, ArH),
7.74 (1H, s, ArH), 7.81 (2H, m, ArH). Free base was converted
into its oxalate salt; mp ) 194-195 °C; Anal. C31H33NO,
(COOH)2.

4-[(2-Diphenylmethoxy)ethyl]-1-(2-naphthylmethyl)pi-
peridine (3c). 4-[(2-Diphenylmethoxy)ethyl]piperidine (0.11
g, 0.37 mmol) was reacted with 1-chloro methylnaphthalene
(0.12 g, 0.68 mmol) and K2CO3 (0.52 g, 3.77 mmol) in EtOH
(10 mL) to give a thick oil, 0.14 g (86%), procedure A. 1H NMR
(300 MHz, CDCl3): δ 1.20-1.29 (2H, m), 1.51-1.54 (1H, m),
1.55-1.63 (4H, m), 2.01-2.07 (2H, t, J ) 12 Hz, N(CH)2),
2.91-2.95 (2H, bd, J ) 12 Hz, (NCH)2), 3.88 (2H, s, NCH2Ar),
5.33 (1H, s, Ph2CHO), 7.23-7.55 (13H, m, ArH), 7.76-7.78
(1H, d, J ) 8.0 Hz, ArH), 7.84-7.87 (1H, d, J ) 9.6 Hz, ArH),
8.31-8.33 (1H, d, J ) 8.0 Hz, ArH). Free base was converted
into its oxalate salt; mp ) 158-160 °C; Anal. C31H33NO,
(COOH)2.

4-[(2-Diphenylmethoxy)ethyl]-1-[((4-isopropyl)phenyl-
)methyl]piperidine (3d). A mixture of 4-[(2-diphenylmethoxy)-
ethyl]piperidine (0.18 g, 0.61 mmol), 4-isopropylbenzyl chloride
(0.19 g, 1.13 mmol), and K2CO3 (0.85 g, 6.16 mmol) in EtOH
(10 mL) was stirred at 50 °C for 6 h. The mixture was filtered,
and the organic phase was evaporated to give the crude
product, which was purified by flash chromatography (EtOAc/
Hexane ) 1/5) to give a thick oil, 0.21 g (80%), procedure A.
1H NMR (300 MHz, CDCl3): δ 1.21-1.28 (2H, m), 1.23-1.25
(6H, d, J ) 6.4 Hz, (CH3)2CH), 1.42-1.50 (1H, m), 1.56-1.61
(4H, m), 1.87-1.93 (2H, t, J ) 11.2 Hz, N(CH)2), 2.83-2.90
(3H, m, N(CH)2, PhCH(CH3)2), 3.44 (2H, s, NCH2Ar), 3.45-
3.48 (2H, t, J ) 6.4 Hz, -OCH2 ), 5.31 (1H, s, Ph2CHO), 7.15-
7.34 (14H, m, ArH). Free base was converted into its oxalate
salt; mp ) 118-120 °C; Anal. C30H37NO, (COOH)2‚0.2H2O.

4-[(2-Diphenylmethoxy)ethyl]-1-[((3-methoxyl)phenyl)-
methyl]piperidine(3e). 4-[(2-Diphenylmethoxy)ethyl]piperi-
dine (0.15 g, 0.50 mmol) was reacted with 3-methoxy benzyl
bromide (0.13 g, 0.65 mol) and K2CO3 (0.52 g, 3.77 mmol) in
EtOH (10 mL) to give a thick oil, 0.18 g (86%), procedure A.
1H NMR (300 MHz, CDCl3): δ 1.20-1.30 (2H, m), 1.46-1.50
(1H, m), 1.51-1.64 (4H, m), 1.87-1.93 (2H, t, J ) 12 Hz,
N(CH)2), 2.84-2.87 (2H, bd, J ) 12 Hz, N(CH)2), 3.46-3.50
(4H, m, OCH2, NCH2Ph), 3.81 (3H, s, OCH3), 5.33 (1H, s, Ph2-
CHO), 6.79-6.81 (1H, d, J ) 8.0 Hz, ArH), 6.90-6.92 (1H, d,
J ) 8.0 Hz, ArH), 7.21-7.36 (12H, m, ArH). Free base was

converted into its oxalate salt; mp ) 163-165 °C; Anal. C28H33-
NO2, (COOH)2.

Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-io-
dophenyl)methyl]piperidine (4). 4-[(2-Diphenylmethoxy)-
ethyl]piperidine (0.23 g, 0.77 mmol) was reacted with 4-iodo
benzyl bromide (0.76 g, 2.5 mmol) and K2CO3 (1.00 g, 7 mmol)
in EtOH (10 mL) to give a thick oil, 0.17 g (46%). 1H NMR
(300 MHz, CDCl3): δ 1.21-1.63 (7H, m), 1.87-1.93 (t, J ) 11
Hz, 2H, N(CH2)-), 2.79-2.83 (bd, J ) 12 Hz, 2H, N(CH2)-),
3.41-3.49 (4H, m), 5.31 (s, 1H, Ph2CHO-), 7.05-7.63 (14H,
m, ArH). Free base was converted into its oxalate salt; mp )
160-161 °C; Anal. C27H30INO, (COOH)2.

Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-ethy-
nylphenyl)methyl]piperidine (5). To a solution of 4-[2-
(diphenylmethoxy)ethyl]-1-[(4-iodophenyl)methyl]piperidine
(0.23 g, 0.496 mmol) in toluene (10 mL) under an N2 atmo-
sphere were added tetrakis(triphenylphosphine)palladium(0)
(30 mg, 0.026 mmol) and tributyl(ethynyl)tin (0.17 g, 0.546
mmol, 1.1 equiv), and the mixture was refluxed. After 3 h, the
color was very dark, and the reaction was completed by TLC
(4:1; hex:acetone). The solvent was evaporated, and the residue
was chromatographed to yield 0.162 g (90%) of the free base
as a yellow oil. 1H NMR (CDCl3, 400 MHz): δ 1.2-1.3 (2H,
m), 1.4-1.65 (5H, m), 1.9-2.0 (2H, m), 2.84 (2H, bd, J ) 11.2
Hz), 3.06 (1H, s), 3.4-3.5 (4H, m), 5.32 (1H, s), 7.2-7.35 (12H,
m), 7.44 (2H, d, J ) 8 Hz). The free base was converted into
its oxalate salt; mp 166-170 °C; Anal. C31H33NO5‚H2O.

Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-vi-
nylphenyl)methyl]piperidine (6). To a solution of 4-[2-
(diphenylmethoxy)ethyl]-1-[(4-iodophenyl)methyl]piperidine (0.2
g, 0.384 mmol) in toluene (10 mL) under a nitrogen atmosphere
were added tetrakis(triphenylphosphine)palladium(0) (30 mg,
0.026 mmol) and tributyl(vinyl)tin (0.12 g, 0.38 mmol, 1 equiv),
and the mixture was refluxed. After 4 h, the color was very
dark, and the reaction was completed by TLC (4:1; hexane:
acetone). The mixture was filtered through Celite, then the
solvent was evaporated, and the residue was chromatographed
to yield 0.14 g (86%) of the free base as a pale yellow oil. 1H
NMR (CDCl3, 400 MHz): δ 1.2-2.1 (9H, m), 2.93 (2H, bs), 3.46
(2H, t, J ) 6.4 Hz), 3.59 (2H, bs), 5.23 (1H, d, J ) 11.6 Hz),
5.29 (1H, s), 5.74 (1H, d, J ) 17.6 Hz), 6.7 (1H, dd, J ) 11.2
and 16 Hz), 7.19-7.4 (14H, m). The free base was converted
into its oxalate salt; mp 136-141 °C; Anal. C31H35NO5‚3/4H2O.

Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-(2-
propenyl)phenyl)methyl]piperidine (7). To a stirred solu-
tion of 2-bromopropene (0.69 g, 5.76 mmol, 3 equiv) in 4 mL
of tetrahydrofuran (THF) at -78 °C was added dropwise 2.88
mL of 2 M n-BuLi in pentane (17.28 mmol, 3 equiv). After the
solution was stirred for 15 min, 3.84 mL of 0.5 M ZnCl in THF
(17.28 mmol, 3 equiv) was added and the solution remained
stirring at -78 °C for a further 30 min. Then, 4-[2-(diphenyl-
methoxy)ethyl]-1-[(4-iodophenyl)methyl]piperidine (1 g, 1.92
mmol) dissolved in 2 mL of THF was added dropwise to the
solution followed by dichlorobis(triphenylphosphine) palla-
dium(II) (100 mg, 0.14 mmol). The mixture was stirred at -78
°C for 2 h, and then, the cooling bath was removed and allowed
to warm and stir at room temperature for 12 h. The solvent
was evaporated, and the residue was chromatographed (SiO2;
hexane:acetone) to furnish the free base (0.33 g, 40%) as a pale
yellow oil. 1H NMR (CDCl3, 400 MHz): δ 1.2-2.0 (9H, m), 2.8-
2.9 (2H, bs), 3.46 (2H, t, J ) 6.8 Hz), 3.55 (2H, bs), 5.07 (1H,
s), 5.30 (1H, s), 5.36 (1H, s), 7.2-7.35 (13H, m), 7.42 (1H, d, J
) 8.4 Hz). The free base was converted into oxalate salt; mp
128-132 °C; Anal. C32H35NO5‚1.5 H2O.

Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-pro-
pynylphenyl)methyl]piperidine (8). A mixture of 4-[2-
(diphenylmethoxy)ethyl]-1-[(4-iodophenyl)methyl]piperidine (0.5
g, 0.96 mmol), 1-(trimethylsilyl)-1-propyne (0.12 g, 1.15 mmol,
1.2 equiv), tetrakis(triphenylphosphine)palladium(0) (110 mg,
10 mol %), tetrabutylammonium fluoride (0.25 g, 1.2 equiv),
and 52 mg of ethanol (1.2 equiv) in 10 mL of THF was heated
to 50 °C for 2 h. Saturated K2CO3 was added, and the mixture
was extracted thrice with CH2Cl2. These were collected, dried
(MgSO4), and evaporated to a brown oil. The oil was chro-

Structure-Activity Studies of Piperidine Analogues Journal of Medicinal Chemistry, 2002, Vol. 45, No. 3 659



matographed (SiO2) eluting with CH2Cl2 to remove a dark-
colored material and changing (hexane/EtOAc/MeOH) to elute
the title compound (140 mg, 41%) as a light brown oil. 1H NMR
(CDCl3, 400 MHz): δ 1.2-1.3 (2H, m, H-3ax), 1.4-1.5 (1H,
m, H-4), 1.56-1.65 (4H, m, CH2CH2O, H-3eq), 1.92 (2H, t, J
) 9.6 Hz, H-2ax), 2.05 (3H, s, CH3), 2.82 (2H, d, J ) 11.2 Hz,
H-2eq), 3.4-3.5 (4H, m, CH2O, NCH2Ar), 5.32 (1H, s,
CH(C6H5)2), 7.2-7.35 (14H, m, ArH). The compound was
precipitated with oxalic acid dihydrate; mp 80-120 °C; Anal.
C32H35NO5‚1.75 H2O.

4-[(2-Diphenylmethoxy)ethyl]-1-[((4-hydroxy)phenyl)-
methyl]piperidine (9). A mixture of 4-[(2-diphenylmethoxy)-
ethyl]piperidine (0.22 g, 0.74 mmol), 4-hydroxybenzaldehyde
(0.10 g, 0.82 mmol), and sodium triacetoxyborohydride (0.31
g, 1.47 mmol) in ClCH2CH2Cl (10 mL) was stirred at room
temperature overnight. After the solvent was removed, the
residue was diluted with EtOAc (100 mL) and washed with
saturated NaHCO3 and brine. The solution was dried over
Na2SO4 and evaporated under vacuo to give the crude product,
which was purified with flash chromatography (EtOAc/MeOH
) 1/1) to give a solid, 0.26 g (86%). 1H NMR (300 MHz,
CDCl3): δ 1.20-1.28 (m, 2H), 1.43-1.66 (m, 5H), 1.93-2.00
(t, J ) 11 Hz, 2H, N(CH)2), 2.90-2.94 (d, J ) 11 Hz, 2H,
N(CH)2), 3.41 (s, 2H, NCH2Ph), 3.44-3.48 (t, J ) 6.6 Hz, 2H,
OCH2), 5.30 (s, 1H, Ph2CHO), 6.63-6.65 (d, J ) 7.8 Hz, 2H,
Ar-H), 7.08-7.11 (d, J ) 7.8 Hz, 2H, Ar-H), 7.23-7.34 (m,
10H, Ar-H). Free base was converted into its oxalate salt; mp
220-222 °C; Anal. [C27H31NO2‚0.5(CO2H)2‚0.31H2O].

4-[(2-Diphenylmethoxy)ethyl]-1-[((3-hydroxy)phenyl)-
methyl]piperidine (10). 4-[(2-Diphenylmethoxy)ethyl]pip-
eridine was reacted with 3-hydroxybenzaldehyde and sodium-
triacetoxyborohydride in ClCH2CH2Cl to give 0.18 g (83%). 1H
NMR (300 MHz, CDCl3): δ 1.22-1.28 (m, 2H), 1.43-1.65 (m,
5H), 1.99-2.11 (t, J ) 11 Hz, 2H, N(CH)2), 2.95-2.98 (d, J )
11 Hz, N(CH)2), 3.42-3.46 (t, J ) 5.7 Hz, 2H, OCH2), 3.48 (s,
2H, NCH2Ph), 5.29 (s, 1H, Ph2CHO), 6.68-6.76 (m, 2H,
Ar-H), 7.07-7.12 (d, J ) 7.5 Hz, 1H, AR-H), 7.22-7.31 (m,
10H, ArH). Free base was converted into its oxalate salt; mp
161-161 °C; Anal.C27H31NO2‚(CO2H)2.

Transporter Binding Assays. The affinity of test com-
pounds for the rat DAT, SERT, and NET was assessed by the
inhibition of binding of [3H]WIN 35 428, [3H]citalopram, and
[3H]nisoxetine, respectively, exactly as described by us previ-
ously.23 Briefly, rat striatum was the source for DAT, and
cerebral cortex was the source for SERT and NET (see Table
1). The final [Na+] was 30 mM for DAT and SERT assays and
was 225 mM for NET assays. All binding assays were
conducted at 0-4 °C, for a period of 2 h for [3H]WIN 35 428
and [3H]citalopram binding and 3 h for [3H]nisoxetine binding.
Nonspecific binding of [3H]WIN 35 428 and [3H]citalopram
binding was defined with 100 µM cocaine and that of [3H]-
nisoxetine binding with 1 µM desipramine. Test compounds
were dissolved in dimethyl sulfoxide (DMSO) and diluted out
in 10% (v/v) DMSO. Additions from the latter stocks resulted
in a final concentration of DMSO of 0.5%, which by itself did
not interfere with radioligand binding. At least five triplicate
concentrations of each test compound were studied, spaced
evenly around the IC50 value.

DAT Uptake Assays. Uptake of [3H]DA into rat striatal
synaptosomes was measured exactly as described by us
previously.23 Briefly, rat striatal P2 membrane fractions were
incubated with the test drug for 8 min in uptake buffer (for
composition see ref 47) followed by the additional presence of
[3H]DA for 4 min at 25 °C. Nonspecific uptake was defined
with 100 µM cocaine. Construction of inhibition curves and
dissolvement of test compounds were as described above.

LMA. Subjects. Adult male Swiss Webster mice (Harlan
Sprague Dawley, Inc., Indianapolis, IN) weighing 30-35 g
were used. Mice were housed five per cage, had continuous
access to food and water, and were allowed to acclimate to the
vivarium environment 1 week prior to the start of any ex-
periment. The mice were housed in an AALAC-accredited
animal facility with a controlled temperature (22-24 °C) on a

12 h light-dark cycle, and all testing occurred during the light
component.

Apparatus and Procedure. The LMA chambers and
procedure have been described in detail elsewhere.23 Briefly,
four automated activity monitoring chambers were used that
permitted the simultaneous recording of two mice. Mice were
injected with the vehicle or test compound and placed im-
mediately into the test chambers where their activity was
recorded for 60 or 240 min. The total distance traveled (cm)
during the experiment session was recorded for each mouse.
The raw data at each test dose were converted to a percentage
of the vehicle control total distance traveled (60 min session
only). A one-factor (dose) ANOVA was conducted on each drug,
and its respective vehicle was followed by Dunnett’s post-hoc
tests when the overall ANOVA was significant (60 min
session). A repeated measures ANOVA was conducted on a
drug dose (between subjects factor) and 10 min interval (within
subjects factor) followed by Dunnett’s post-hoc tests when the
overall ANOVA was significant (240 min session). Next, simple
effects analyses were conducted at each 10 min interval to
examine the effect of drug dose. The R-level for all comparisons
was set at 0.05.

Drugs. Cocaine (National Institute of Drug Abuse) was
dissolved in 0.05% sterile saline. Compounds 5, 7, and 10 were
dissolved in Alkamuls EL-620:ethanol:water in a 1:1:18 ratio.
All drugs were administered by the intraperitoneal (ip) route
in a volume of 10 mL/kg.

Drug Discrimination. Subjects. Adult male Swiss Web-
ster mice (Harlan Sprague Dawley, Inc., Indianapolis, IN) were
used. Mice were individually housed, maintained on a 12 h
light-dark cycle, and provided with continuous access to
water. Training and testing occurred during the light compo-
nent. Mice were maintained at 35 ( 5 g by supplemental
postsession feedings.

Apparatus and Procedure. The drug discrimination
chambers and procedure have been described in detail else-
where.23 Briefly, experimental sessions were conducted in
light- and sound-attenuated chambers equipped with two
response levers separated by a trough into which a 0.01 mL
dipper cup could be presented. Each chamber was equipped
with a house light.

Mice were initially trained to press one of the two levers
under a fixed ratio 1 FR1 schedule of sweetened condensed
milk. The response requirement was gradually increased to
FR20. Subsequently, the mice were reinforced for pressing the
opposite lever until reliable responding was obtained under
FR20 conditions. Discrimination training occurred daily (Mon-
day-Friday) in 15 min experimental sessions. Mice were
injected with cocaine (10 mg/kg) or saline ip 10 min prior to
the start of the session. The cocaine- and saline-associated
levers were counterbalanced across the mice. Responses on the
injection appropriate lever resulted in delivery of the sweet-
ened milk solution. Responses on the injection inappropriate
lever resulted in resetting the response requirement on the
correct lever. A pseudo-random schedule was used to deter-
mine which injection was administered, with the restriction
that the same injection was not given on more than two
consecutive sessions and over 30 training sessions the number
of saline and cocaine injections were approximately equal.

Testing commenced when (i) a mouse completed the first
fixed ratio (FFR) on the correct lever on at least 8 or 10
consecutive days and (ii) at least 80% of the total responses
were made on the correct lever during those eight sessions.
Tests were conducted on Tuesdays and Fridays, provided that
the mouse completed the FFR on the correct lever during the
most recent cocaine and saline training sessions; otherwise, a
training session was administered. During test days, respond-
ing on either lever was reinforced with milk.

Analyses. The percentage of responses on the cocaine lever
was calculated for each mouse during training and test
sessions by dividing the number of lever presses emitted upon
the cocaine lever by the total number of lever presses emitted
on both levers, and then, this quotient was multiplied by 100.
Additionally, the rate of responding was calculated for each
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mouse by dividing the total number of responses emitted on
both levers by 900 s. Individual cocaine lever responding
percentages and responses per second were then averaged ((
the standard error of the mean (SEM)). If a mouse failed to
complete a FFR, then its data was excluded from calculations
of mean cocaine lever responding but were included for mean
response rate calculations.

Drugs. Cocaine HCl (National Institute of Drug Abuse) was
dissolved in 0.05% sterile saline. Compounds 5, 7, and 10 were
dissolved in Alkamuls EL-620:ethanol:water in a 1:1:18 ratio.
All drugs were administered by the ip route in a volume of 10
mL/kg at a time prior to the start of the test sessions coinciding
with a time of obvious activity indicated during LMA tests.
Both 5 and 7 were administered 20 min prior to the session
start, and 10 was administered 30 min prior to the session
start.
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