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Several analogs of the potent and selective dopamine transporter (DAT) ligand 4-[2-
(diphenylmethoxy)ethyl]-1-benzylpiperidine, 1a, were prepared and biologically evaluated at
the dopamine and serotonin transporter (SERT) sites. Several substituents were introduced
in the aromatic rings to evaluate the influences of electronic and steric interactions in their
binding to the DAT. All the novel analogs showed preferential interaction at the DAT compared
with the SERT. Different aromatic substitutions in the phenyl ring of the N-benzyl part of
the molecule played a key role in the selectivity. In general, compounds with strong electron-
withdrawing substituents were most active and selective at the DAT. Thus, compounds 5a (R
) F) and 11b (R ) NO2) were among the most potent (IC50 ) 17.2 and 16.4 nM, respectively)
and most selective (SERT/DAT ) 112 and 108, respectively) and were far more selective than
GBR 12909 (SERT/DAT ) 6). Bioisosteric replacement of one of the phenyl rings of the
diphenylmethoxy moiety by a thiophene ring was tolerated well and produced the most potent
compound 13b (IC50 ) 13.8 nM) in the series. Our current structure-activity studies of these
piperidine analogs resulted in the generation of second generation of GBR-type compounds,
and all of these new compounds reported here were more selective than GBR 12909 in
interacting with the DAT over the SERT.

Introduction

Cocaine is a strong reinforcer1-3 in humans, and its
great abuse potential causes an economic burden to the
society. The role of the dopamine transporter (DAT) has
been implicated in the central mechanism of cocaine
addiction4-6 and has been studied intensely to under-
stand the neurochemical actions of cocaine associated
with this transporter.7-9 DAT is a presynaptically
located macromolecule which regulates the concentra-
tion of dopamine in the synaptic junction by translo-
cating it into the presynaptic neurons.10 Furthermore,
in recent experiments involving knockout mice without
the DAT, cocaine had no stimulating effect in these
mice, consonant with a crucial role of the DAT in cocaine
action.11 Studies aimed at developing drugs targeted
at this transporter produced wide varieties of com-
pounds including some very potent cocaine deriva-
tives.12-15 Similarly, several DAT-specific radioligands
have been developed to characterize the cocaine binding
sites and to act as probes for the transporter.16-18

GBR compounds, which were originally discovered by
Van der Zee et al.,19 have been shown to have high
affinity and selectivity for the DAT. Some of the well-
known compounds in this class are GBR 12909 and
12935 (Figure 1),20,21 and they have been used widely
to study many neurochemical actions in the central
nervous system (CNS). GBR compounds have been
described to have a high affinity for the DAT and slow
dissociation from the transporter, resulting in long

duration of action.22 It has been shown that GBR 12909
can attenuate the increase in extracellular concentra-
tion of dopamine level (ECDA) induced by cocaine in
microdialysis experiments in the rat brain, which might
indicate its possible partial agonist properties against
cocaine action.22,23 A recent study showed that GBR
12909 in low doses is not self-administered, while
another study demonstrated that GBR 12909 has much
less reinforcing potential when compared to cocaine.24,25
Furthermore, GBR 12909 was shown to be effective in
suppressing cocaine self-administration in monkey ex-
periments and was nonstimulant in human studies.26,27
Taken together, these experimental lines of evidence
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suggest that a suitable GBR-type compound might have
the potential to act as a pharmacotherapeutic agent in
the treatment of cocaine addiction.
Our ongoing study to design and develop suitable

GBR-type compounds to investigate the macromolecular
DAT structure led to the development of a series of
compounds described earlier.28,29 In our structure-
activity relationship (SAR) studies it was shown that
piperidine analogs of GBR compounds retain the po-
tency and selectivity for the DAT, and some of these
novel compounds were more selective than GBR
12909.29,30 Furthermore, our SAR studies showed that
the fluorinated and unsubstituted versions of these
analogs had interesting opposite effects in terms of their
selectivity and potency for the DAT. Thus our lead
compound from this study, 4-[2-(diphenylmethoxy)-
ethyl]-1-benzylpiperidine, 1a (Figure 1), was shown to
have the highest selectivity for the DAT while the
fluorinated version 1b was more potent but less selec-
tive than 1a. Both 1a and 1b were more selective than
GBR 12909. Other workers have demonstrated that
alternating the piperazine ring to homopiperazine or
into substituted chiral piperazine structures retains the
potency and specificity in these compounds for the
DAT.31,32 Recently 2-carbomethoxybenztropine analogs
of tropane compounds bearing GBR-like diphenyl-
methoxy moieties were predicted to more closely re-
semble GBR compounds in their mode of binding with
the DAT.33
Extensive SAR studies have been done on different

analogs of 3â-phenyltropane-2â-carboxylic acid methyl
ester, WIN 35,428, a cocaine analog originally reported
by Clarke and co-workers.34 These resulted in the

generation of a wealth of structural information about
the binding of these compounds to the DAT.12-15,35-37

In comparison, even though there are SAR data avail-
able from the original GBR series and from recent
reports,19,38 GBR-type compounds have not been stud-
ied in great detail with respect to the influences of
different stereoelectronic effects and other aspects of
their binding to the DAT. In our objective to gain
further insight into the pharmacophore for binding of
these compounds with the DAT, several analogs were
designed and synthesized. In this report we describe
the syntheses of analogs of our lead compound 1a and
their biological activity at the DAT and the SERT.

Chemistry

The synthesis of compounds 5a-h is described in
Scheme 1. In this synthetic scheme, the common inter-
mediate amino ester 2 was prepared by hydrogenation
of commercially available ethyl 4-pyridylacetate in the
presence of 5% Pt/C as catalyst. This amine was
N-alkylated with the appropriate benzyl halide under
standard conditions to produce compounds 3a-f, which
on reduction with lithium aluminum hydride (LAH)
gave the corresponding alcohols 4a-f. Final compounds
5a-h were synthesized by reacting alcohols 4a-f with
the appropriate benzhydrol in a manner described
earlier.29,39

The synthesis of 8a-c is described in Scheme 2.
Reaction of amine 2 with the appropriate acid chloride
produced amides 6a-c, which on reduction with excess
LAH yielded 7a-c. Similarly the reaction of 7a-c with
the benzhydrol produced 8a-c.

Scheme 1

X = Cl,Br

Scheme 2

b
b

b
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Synthesis of compounds 11a-c was accomplished in
a manner as shown in Scheme 3. Reaction of amine 2
with suitable aldehydes, in a reductive amination reac-
tion procedure, produced 9a,b.40 The reduction of 9b
was carried out in the presence of NaBH4/AlCl3 to
ensure selective reduction of the ester group only, while
avoiding the reduction of the nitro functionality.41 Alco-
hols 10a,b were then converted into final compounds
11a,b in a similar way. Compound 11cwas synthesized
from 11b via the reduction of the nitro group in the
presence of SnCl2 in ethanol.
Compounds 13a-c were synthesized in a slightly dif-

ferent manner as shown in Scheme 4 where intermedi-
ate chloride Iwas treated with already synthesized alco-
hols 12a,29 4a, and 7a to produce the final products
13a-c.

Biochemistry
Biological studies of the newly synthesized compounds

were carried out with rat brain striatal membrane
tissue as described earlier.29 Binding analyses were
performed to determine their activity at the DAT and
SERT in the brain tissues. The DAT in the rat striatal
tissue was labeled with a tritiated potent analog of
cocaine, [3H]WIN 35,428, and the SERT was labeled
with [3H]citalopram.

Results and Discussion
The selective lead compound 1a for the DAT devel-

oped from our earlier SAR studies was the starting point

for investigating different novel analogs as to their
activity at the DAT and SERT. Specifically, we wanted
to explore the influence of different steric and electronic
effects on their interaction with the DAT. It was evident
from our previous SAR studies that substitutions, with
the exception of fluoro, on the aromatic rings of the
diphenylmethoxy part of the molecule resulted in lower
binding affinity and selectivity.29 The same SAR study
also revealed that the introduction of a N-benzyl sub-
stitution in the molecule, as in 1a, was responsible for
a marked decrease in its potency for the SERT without
affecting its affinity for the DAT. In our current study,
we wanted to extend and explore these findings by
particularly incorporating different electron-withdraw-
ing, electron-donating, and hydrophobic substituents
into the phenyl ring of the N-benzyl group of the lead
molecule 1a. It is noteworthy that subtitutions on the
3â-phenyl ring of the tropane compound, WIN 35,428
(Figure 1), had a profound effect on its activity, and in
this context, it will also be interesting to observe
whether a similar trend exists for the current series of
compounds.13 We also wanted to observe the effect on
the biological activitiy of replacing the aromatic phenyl
rings with bioisosteric heterocyclic rings.
In our first series of compounds, 5a-h, 8c, and 11b,c,

different electron-withdrawing (NO2, F, Cl, Br), electron-
donating (NH2, OCH3), and neutral (CH3) groups were
introduced (Table 1). The results indicated no signifi-
cant direct correlation between the activities and the

Scheme 3

Scheme 4
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nature of the substitutions in these compounds even
though the compounds with the two strongest electro-
negative and electron-withdrawing substituents (NO2,
F) were among the most potent and selective for the
DAT. The compounds 5a (R ) F) and 11b (R ) NO2)
showed maximum preferential interaction at the DAT
by exhibiting IC50 values of 17.2 and 16.4 nM for the
DAT vs 1919 and 1774 nM for the SERT. Thus,
compared to GBR 12909, compounds 5a and 11b were
almost equipotent in interacting with the DAT but they
were about 19-fold more selective for the DAT (SERT/
DAT, 112 and 108 for 5a and 11b vs 6 for GBR 12909,
Table 1). The selectivity of compound 5a was the
highest in this series of compounds and is also, to our
knowledge, the most selective GBR-type compound
known to date when tested under similar assay condi-
tions. Compounds with chloro and bromo substituents,
as in 5b and 5c, were slightly less potent than 5a but
were still very selective for the DAT. The reduction in
potency may be attributed to the presence of unfavor-
able steric and electronic interactions as observed
previously.29 The 3,4-dichloro analog 5d was relatively
less potent compared to other analogs. This is in con-
trast to the results found in the tropane series of com-
pounds where 3,4-dichloro substitutions in 3â-phenyl
ring of WIN 35,428 produced one of the most potent
tropane analogs.13 This suggests different sites of
interaction of the phenyl rings with the DAT for these
two different classes of compounds. Interestingly the
3-chloro-4-fluoro-substituted compound 8c (IC50 ) 28.2
nM) was more potent than the dichloro compound 5d
(IC50 ) 85.7 nM), which indicates an unfavorable
interaction originating from the presence of 3-chloro
substitution in 5d which is also supported by relative

higher potency of 4-chloro substitution in 5b (IC50 ) 24.7
nM). In compounds 5f and 5g, substitutions in one of
the aromatic rings of the diphenylmethoxy moiety of the
molecule resulted in one of the most potent and selective
compounds, fluoro-substituted 5g (IC50 ) 14.0 nM,
SERT/DAT ) 89), and a relatively weaker compound,
chloro-substituted 5f (IC50 ) 52.4 nM, SERT/DAT )
34.4). These observations are in agreement with our
previous findings which demonstrated that a fluoro-
substituted diphenylmethoxy moiety always increases
the potency at the DAT in this class of compounds
whereas other halogen substitutions generally lead to
a decrease.28,29

The introduction of an electron-donating methoxy
group, as in 5e, did not influence the overall activity to
a significant extent, whereas the amino derivative 11c
turned out to be relatively weak and less selective. The
analog bearing a methyl group, 5h, was more potent
and selective than 5e and 11c.
The next series of compounds, 8a,b, 11a, and 13a-

c, present structural modifications where one of the
aromatic rings is replaced by a bioisosteric equivalent
thienyl or pyridyl ring (Table 2). Our objectives behind
introducing polar bioisosteric moieties were the follow-
ing: (a) to examine the effect on activity since it is a
valuable tool in elucidating SAR studies42 and (b) to
decrease the lipophilicity in these molecules without
compromising activity since the high lipophilicity in
GBR molecules requires great caution in carrying out
biological assays due to the tendency of adsorption to
the walls of the tubes used for incubation. Compound
8a, in which the phenyl ring of the N-benzyl group is
replaced by a pyridine ring, exhibited reduced potency
and selectivity (Table 2) compared to other analogs 5a-
h, whereas 8b and 11a replaced with benzo[b]thiophene
and thiophene groups were quite inactive at the DAT.
These results indicated that the exchange of phenyl ring
in the N-benzyl part of the molecule by the above
aromatic heterocyclic rings did not result in a good
bioisosteric replacement. They were not tolerated very
well in terms of DAT activity.
In contrast, compounds 13a-c exhibited interesting

activity. The most potent and one of the most selective
compounds generated from this series was 13b (IC50 )
13.8 nM for the DAT, SERT/DAT) 100.5), which was
17-fold more selective compared to GBR 12909. The
potency and selectivity of compounds 13a and 13c were
moderate compared to 13b. These results demonstrate
that the replacement of the phenyl ring in the diphen-
ylmethoxy part of the molecule by a thiophene ring does
not impede interaction with the DAT and does not
impact negatively on the DAT selectivity. It is also
important to note that compounds 5f,g and 13a-c were
synthesized and biologically evaluated in their racemic
forms. It will be interesting to observe any differences
in binding activities among the pure enantiomeric forms
of these racemic compounds as it was observed previ-
ously in this class of compound.32

Conclusion

In this report we have demonstrated the development
of some very potent and highly selective ligands for the
DAT. The current results have provided us with some
additional information about the pharmacophore of
selective binding of these compounds with the DAT.

Table 1. Affinity and Selectivity of Drugs at the Dopamine
and Serotonin Transporters in Rat Striatum

IC50 (nM)b

compound R R′ R′′

DAT,
[3H]WIN
35,428

SERT,
[3H]citalopram SERT/DA

GBR 12909 14.0 ( 0.6 82 ( 4a 6
1aa H H H 15.2 ( 2.8 743 ( 6 49
5a H H F 17.2 ( 4.7 1920 ( 233 112
5b H H Cl 24.7 ( 5.5 1610 ( 119 65.1
5c H H Br 31.1 ( 2.9 1490 ( 319 48
5d H Cl Cl 85.7 ( 4.7 2880 ( 281 33.6
5e H H OCH3 27.8 ( 6.8 1240 ( 342 45
5f Cl H F 52.4 ( 7.8 1810 ( 107 34.4
5g F H F 14.0 ( 3.3 1260 ( 72 89
5h H H CH3 23.0 ( 3.7 1390 ( 240 60.4
8c H Cl F 28.2 ( 3.1 2530 ( 50 90
11b H H NO2 16.4 ( 3.0 1770 ( 305 108
11c H H NH2 101 ( 13 1570 ( 201 15.6

a See ref 28. b The DAT was labeled with [3H]WIN 35,428, and
the SERT was labeled with [3H]citalopram. Results are average
( SEM of three independent experiments assayed in triplicate.
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Practically all of the compounds were more selective
than GBR 12909, whereas some were as potent as GBR
12909 itself. Compounds 5a, 11b, and 13b were found
to be equipotent with GBR 12909 and had the highest
selectivity for the DAT (SERT/DAT ) 112, 108, and
100.5). The influence of electronic factors was indicated
to some extent by these results since the compounds
containing the most electronegative atom 5a (R ) F)
and electron-withdrawing group 11b (R ) NO2) showed
maximal preferential interaction at the DAT. Further-
more, these results also may indicate the possible
existence of complimentary electropositive/electron ac-
cepting sites on the DAT to favor the observed interac-
tion and vice versa on SERT.
Replacement of the phenyl ring of theN-benzyl group

of 1a by a bioisosteric moiety was not tolerated very
well, which might indicate an unfavorable electronic
interaction. However, higher activity was achieved
when the bioisosteric thiophene ring replaced one of the
phenyl rings of the diphenylmethoxy part of the mol-
ecule, thus indicating a positive interaction with the
transporter. The current work has resulted in the
development of a number of highly DAT-selective GBR-
type piperidine analogs and with selectivities many
times greater than that of the conventional GBR
compounds. Finally, substitution at the N atom of the
piperidine ring with different derivatives of the benzyl
group resulted in the generation of optimum potency
and high selectivity in the current series, whereas
3-phenylpropyl substitution as in GBR 12909 and 12935
conferred the maximum potency in the GBR series of
compounds.19 These structural dissimilarities coupled
with differences in the pKa values of the N atoms
between the piperidine and piperazine rings may sug-
gest a different mode of binding between these two
classes of compounds with the DAT.

Experimental Details

Analytical silica gel coated TLC plates (Si 250F) were
purchased from Baker, Inc and were visualized with UV light
or by treatment with phosphomolybdic acid (PMA). Flash
chromatography was carried out on Baker silica gel 40 µM.
1H NMR spectra were routinely obtained at 100 MHz on a
Brucker WP-100-SY. The NMR solvent used was CDCl3 as
indicated. TMS was used as an internal standard. Elemental

analyses were performed by Atlantic Microlab, Inc. and were
within (0.4% of the theoretical value.
[3H]CFT (83.5 Ci/mmol) and [3H]citalopram (85.7 Ci/mmol)

were obtained from Dupont-New England Nuclear (Boston,
MA). Cocaine hydrochloride was purchased fromMallinckrodt
Chemical Corp. (St. Louis, MO). CFT naphthalenesulfonate
was purchased from Research Biochemicals, Inc. (Natick, MA).
Procedure A: Synthesis of 1-[(4-Fluorophenyl)methyl]-

4-[(ethoxycarbonyl)methyl]piperidine (3a). Amine salt 2
(0.4 g, 1.9 mmol) and 4-fluorobenzyl chloride (0.41 g, 2.8 mmol)
were dissolved in 15 mL of dry N,N-dimethylformamide
(DMF). Finely ground anhydrous potassium carbonate (1.9
g) was added into the solution, and the mixture was warmed
to 65 °C overnight under nitrogen. The reaction mixture was
cooled, diluted with water, extracted with ether, and dried over
Na2SO4. The crude product was isolated and then purified
by flash column chromatography (silica gel). Elution with
EtOAc/hexane (1:3) provided the desired compound as a
colorless oil: 0.3 g (57% yield); 1H NMR (CDCl3) 1.17-1.31
(3H, t, J ) 7.1 Hz, CH3CH2), 1.47-2.09 (7H, m), 2.19-2.25
(2H, d, J ) 6.6 Hz, CH2CH), 2.77-2.89 (2H, m), 3.44 (2H, s,
NCH2), 4.01-4.22 (2H, q, J ) 7.1 Hz, CH2CH3), 6.88-7.33 (4H,
m, PhF). Anal. (C16H22FNO2) C, H, N.
Procedure B: Synthesis of 1-[(4-Fluorophenyl)methyl]-

4-(2-hydroxyethyl)piperidine (4a). Lithium aluminum hy-
dride (0.18 g, 4.8 mmol) was suspended in 30 mL of dry THF,
and the solution was cooled in an ice bath. Ester 3a (0.27 g,
0.96 mmol), dissolved in 10 mL of tetrahydrofuran (THF), was
added dropwise into the cold solution. The solution was
refluxed for 2 h, and after cooling (ice bath), unreacted lithium
aluminum hydride was quenched by careful addition of an
excess amount of 10% NaOH solution. The solution was
filtered, and the residue was repeatedly washed with an excess
amount of ethyl acetate (EtOAc). The combined extract was
dried over Na2SO4, and the product was collected, 0.23 g (91%
yield), as a colorless liquid. This product was used in the next
reaction without any further purification: 1H NMR (CDCl3)
1.25-2.18 (9H, m), 2.77-2.89 (2H, m), 3.43 (2H, s, NCH2),
3.60-3.72 (2H, t, J ) 6.3 Hz, CH2CH2O), 6.88-7.33 (4H, m,
PhF); CI-MS m/e 238.13 (M + H)+.
Procedure C: Synthesis of 4-[2-(Diphenylmethoxy)-

ethyl]-1-[(4-fluorophenyl)methyl]piperidine (5a). Ben-
zhydrol (0.5 g, 2.7 mmol), 1-[(4′-fluorophenyl)methyl]-4-(2-
hydroxyethyl)piperidine (4a) (0.2 g, 0.84 mmol) and p-tolu-
enesulfonic acid (0.20 g, 1.0 mmol) were mixed together in 60
mL of benzene, and the solution was heated to reflux under
azeotropic distillation conditions overnight under nitrogen.
Benzene was removed in vacuo, and the residue was parti-
tioned between EtOAc and saturated NaHCO3 solution. The
organic layer was dried over Na2SO4, and the crude material
was flash chromatographed (silica gel). 5a was eluted with

Table 2. Affinity and Selectivity of Drugs at the Dopamine and Serotonin Transporters in Rat Striatum

IC50 (nM)a

compound R′ R′′ DAT, [3H]WIN 35,428 SERT, [3H]citalopram SERT/DA

8a Ph 3-pyridyl 48.6 ( 8.4 680.0 ( 12.0 13.9
8b Ph 2-benzo[b]thiophenyl 172.1 ( 16.4 1540 ( 251 8.9
11a Ph 2-thienyl 59.3 ( 5.8 1250 ( 87 21
13a 2-thienyl Ph 27.2 ( 0.1 741 ( 108 27
13b 2-thienyl 4-fluorophenyl 13.8 ( 3.4 1390 ( 243 100
13c 2-thienyl 3-pyridyl 58.3 ( 5.7 927 ( 34 15.9

a The DAT was labeled with [3H]WIN 35,428, and the SERT was labeled with [3H]citalopram. Results are average ( SEM of three
independent experiments assayed in triplicate.
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EtOAc/hexane (1:4) mixture, 0.2 g (60%, yield); 1H NMR
(CDCl3) 1.19-2.01 (9H, m), 2.75-2.86 (2H, bd), 3.41-3.51 (4H,
m, NCH2 and OCH2CH2), 5.30 (1H, s, Ph2CHO), 6.88-7.60
(14H, m, 2Ph + PhF). Free base was converted into its oxa-
late salt, mp 168.8-169.9 °C. Anal. [C27H30FNO‚(COOH)2]
C, H, N.
Procedure D: Synthesis of 1-Nicotinoyl-4-[(ethoxy-

carbonyl)methyl]piperidine (6a). Hydrochloride salt of
amine ester 2 (0.47 g, 2.3 mmol) was added into 15 mL of
dry methylene chloride solution with triethylamine (1.3 g).
Nicotinoyl chloride (0.83 g, 4.6 mmol) was then added into
the solution in a portionwise manner. The solution was
stirred under nitrogen overnight. The crude product was col-
lected by removing methylene chloride and was chromato-
graphed over a silica gel column. Pure product was eluted
with EtOAc/MeOH (1%) solvent mixture, 0.55 g (87% yield),
as a colorless viscous liquid: 1H NMR (CDCl3) 1.18-1.32 (3H,
t, J ) 7.1 Hz, CH3CH2), 1.43-2.31 (7H, m), 2.74-3.18 (2H,
m), 4.03-4.24 (2H, q, J ) 7.0 Hz, CH2CH3), 4.59-4.76 (2H,
m), 7.28-8.66 (4H, m, aromatic-CH). Anal. (C15H20N2O3‚
0.2H2O) C, H, N.
Procedure E: Synthesis of 1-[(2-Thienyl)methyl]-4-

[(ethoxycarbonyl)methyl]piperidine (9a). Amine hydro-
chloride 2 (0.2 g, 0.96 mmol) and 1-thiophenecarbomethoxal-
dehyde (0.15 g, 1.3 mmol) were dissolved in 25 mL of dry
MeOHwith 0.4 g of triethylamine. Into the solution was added
4A molecular sieves (4 g), and the reaction mixture was stirred
at room temperature for 1.5 h. Sodium cyanoborohydride (0.15
gm, 2.38 mmol) was added into the solution, and the reaction
was continued for an additional 12 h. The reaction mixture
was filtered through Celite, and the filtrate was collected.
Crude material was chromatographed over a silica gel column.
Pure compound was eluted with 30% EtOAc/hexane mixture,
0.17 g (68% yield), as a colorless liquid: 1H NMR (CDCl3) 1.16-
1.31 (3H, t, J ) 7.0 Hz, CH3CH2), 1.36-2.25 (7H, m), 2.84-
2.95 (2H, m), 3.70 (2H, s, NCH2), 4.00-4.22 (2H, q, J ) 7.1
Hz, CH3CH2), 6.89-7.25 (3H, m, aromatic-CH). Anal. (C14H21-
NO2S) C, H, N.
Procedure F: Synthesis of 4-[2-[(2-Thienyl)phenyl-

methoxy]ethyl]-1-(phenylmethyl)piperidine (13a). Phen-
yl(2-thienyl)methanol (0.39 g, 2 mmol) was dissolved in 25 mL
of dry benzene, and into it was added thionyl chloride (0.39 g,
2 mmol). The solution was refluxed for 1 h, and benzene along
with excess thionyl chloride was removed in vacuo. The
residue was dried in the pump. Crude chloride was dissolved
in toluene, and into it was added 1-benzyl-4-(2-hydroxyethyl)-
piperidine (12a) (0.15 g, 0.68 mmol). The solution was refluxed
under nitrogen for 1.5 h, and thin layer chromatography
showed the formation of a new product. Solvent was removed
in vacuo, and the crude compound was taken in saturated
NaHCO3 solution. Crude product was extracted into ethyl
acetate layer and was dried over Na2SO4. Crude product was
chromatographed over a silica gel column, and the pure
product was eluted with (1:1) EtOAc/hexane mixture to give
13a, 0.2 g (77% yield), as a viscous liquid: 1H NMR (CDCl3)
1.10-1.75 (7H, m), 1.82-2.05 (2H, t, J ) 10.8 Hz, NCH2CH2),
2.75-2.95 (2H, m), 3.40-3.60 (4H, m), 5.52 (1H, s, Ph(2-
thiophene)CH), 6.75-7.50 (13H, m, aromatic-CH). Free base
was converted into its oxalate salt, mp 171.9-173 °C. Anal.
[C25H29NOS‚(COOH)2‚0.3H2O] C, H, N.
Synthesis of 1-[(4-Chlorophenyl)methyl]-4-[(ethoxy-

carbonyl)methyl]piperidine (3b). 4-Chlorobenzyl chloride
(0.27 g, 1.7 mmol) was reacted with amine hydrochloride 2
(0.3 g, 1.4 mmol) in the presence of K2CO3 to furnish 3b, 0.3
g (73%), as a colorless oil (procedure A): 1H NMR (CDCl3)
1.17-1.31 (3H, t, J ) 7.1 Hz, CH3CH2), 1.43-2.09 (5H, m),
2.18-2.25 (2H, d, J ) 6.7 Hz, CH2CH), 2.75-2.87 (2H, m),
3.42 (2H, s, NCH2), 4.01-4.22 (2H, q, J ) 7.0 Hz, CH2CH3),
7.24-7.31 (4H, m, PhCl). Anal. (C16H22NO2Cl) C, H, N.
Synthesis of 1-[(4-Bromophenyl)methyl]-4-[(ethoxy-

carbonyl)methyl]piperidine (3c). 4-Bromobenzyl bromide
(0.9 g, 3.6 mmol) was reacted with amine hydrochloride 2 (0.3
g, 1.4 mmol) in the presence of K2CO3 to furnish 3c, 0.38 g
(88% yield), as a colorless oil (procedure A): 1H NMR (CDCl3)
1.17-1.31 (3H, t, J ) 7.1 Hz, CH3CH2), 1.61-2.09 (5H, m),
2.18-2.25 (2H, d, J ) 6.6 Hz, CH2CH), 2.75-2.87 (2H, m),

3.41 (2H, s, NCH2), 4.01-4.22 (2H, q, J ) 7.0 Hz, CH2CH3),
7.13-7.46 (4H, m, PhBr). Anal. (C16H22NO2Br) C, H, N.
Synthesis of 1-[(3,4-Dichlorophenyl)methyl]-4-[(eth-

oxycarbonyl)methyl]piperidine (3d). R,3,4-Trichlorotolu-
ene (0.96 g, 4.9 mmol) was reacted with amine hydrochloride
2 (0.6 g, 2.8 mmol) in the presence of K2CO3 to furnish 3d,
0.72 g (78% yield), as a colorless oil (procedure A): 1H NMR
(CDCl3) 1.17-1.31 (3H, t, J ) 7.1 Hz, CH3CH2), 1.45-2.11
(5H, m), 2.19-2.26 (2H, d, J ) 6.6 Hz, CH2CH), 2.75-2.86
(2H, m), 3.41 (2H, s, NCH2), 4.01-4.23 (2H, q, J ) 7.0
Hz, CH2CH3), 7.17-7.42 (3H, m, PhCl2). Anal. (C16H21NO2-
Cl2) C, H, N.
Synthesis of 1-[(4-Methoxyphenyl)methyl]-4-[(ethoxy-

carbonyl)methyl]piperidine (3e). Amine hydrochloride 2
(0.15 g, 0.72 mmol) was reacted with p-methoxy-R-chlorotolu-
ene (0.15 g, 0.95 mmol) to give 3e, 0.09 g (45% yield), as a
colorless oil (procedure A): 1H NMR (CDCl3) 1.17-1.31 (3H,
t, J ) 7.1 Hz, CH3CH2), 1.63-2.07 (5H, m), 2.18-2.25 (2H, d,
J ) 6.6 Hz, CH2CH), 2.78-2.90 (2H, m), 3.42 (2H, s, NCH2),
3.79 (3H, s, CH3O), 4.00-4.22 (2H, q, J ) 7.0 Hz, CH2CH3),
6.79-7.26 (4H, m, PhOCH3). Anal. (C17H25NO3) C, H, N.
Synthesis of 1-[(4-Methylphenyl)methyl]-4-[(ethoxy-

carbonyl)methyl]piperidine (3f). Amine hydrochloride 2
(0.3 g, 1.44 mmol) was reacted with 4-methylbenzyl chloride
(0.32 g, 2.3 mmol) to give 3f, 0.28 g (72% yield), as a colorless
oil (procedure A): 1H NMR (CDCl3) 1.16-1.34 (3H, t, J ) 7.1
Hz, CH3CH2), 1.61-2.06 (5H, m), 2.18-2.24 (2H, d, J ) 6.6
Hz, CH2CH), 2.32 (3H, s, CH3Ph), 2.79-2.90 (2H, m), 3.44 (2H,
s, NCH2), 4.00-4.22 (2H, q, J ) 7.0 Hz, CH2CH3), 7.13-7.25
(4H, m, PhCH3). Anal. (C17H25NO2) C, H, N.
Synthesis of 1-[(4-Chlorophenyl)methyl]-4-(2-hydroxy-

ethyl)piperidine (4b). Ester 3b (0.46 g, 1.5 mmol) was
converted into product 4b, 0.36 g (92% yield), as a colorless
oil (procedure B): 1H NMR (CDCl3) 1.25-2.03 (9H, m), 2.75-
2.86 (2H, m), 3.41 (2H, s, NCH2), 3.56-3.68 (2H, t, J ) 6.3
Hz, CHCH2O), 7.23-7.27 (4H, m, PhCl); MS (CI) m/e 253.59
(M + H)+.
Synthesis of 1-[(4-Bromophenyl)methyl]-4-(2-hydroxy-

ethyl)piperidine (4c). Ester 3c (0.3 g, 0.92 mmol) was
converted into product 4c, 0.22 g (82% yield), as a colorless
viscous oil (procedure B): 1H NMR (CDCl3) 1.10-2.08 (9H, m),
2.75-2.95 (2H, m), 3.45 (2H, s, NCH2), 3.60-3.75 (2H, t, J )
6.3 Hz, CHCH2O), 7.15-7.52 (4H, m, PhBr); MS (CI) m/e
299.04 (M + H)+.
Synthesis of 1-[(3,4-Dichlorophenyl)methyl]-4-(2-hy-

droxyethyl)piperidine (4d). Ester 3d (0.43 g, 1.3 mmol)
was converted into product 4d, 0.3 g (81% yield), as a colorless
oil (procedure B): 1H NMR (CDCl3) 1.10-2.05 (9H, m), 2.74-
2.86 (2H, m), 3.58-3.70 (2H, t, J ) 6.3 Hz, CHCH2O), 4.62-
(2H, s, NCH2), 7.19-7.44 (3H, m, PhCl2); MS (CI) m/e 289.03
(M + H)+.
Synthesis of 1-[(4-Methoxyphenyl)methyl]-4-(2-hy-

droxyethyl)piperidine (4e). Ester 3e (0.08 g, 0.27 mmol)
was converted into product 4e, 0.065 g (95% yield), as a viscous
liquid (procedure B): 1H NMR (CDCl3) 1.23-2.00 (9H, m),
2.80-2.91 (2H, m), 3.42 (2H, s, CH2N), 3.61-3.74 (2H, t, J )
6 Hz, CH2CH2O), 3.79 (3H, s, CH3O), 6.79-7.26 (4H, m,
PhOCH3); MS (CI) m/e 250.15 (M + H)+.
Synthesis of 1-[(4-Methylphenyl)methyl]-4-(2-hydroxy-

ethyl)piperidine (4f). Ester 3f (0.2 g, 0.72 mmol) was
converted into product 4f, 0.13 g (81%, yield), as a colorless
oil (procedure B): 1H NMR (CDCl3) 1.10-2.08 (9H, m), 2.35
(3H, s, CH3Ph), 2.85-2.95 (2H, m), 3.45 (2H, s, NCH2), 3.60-
3.80 (2H, t, J ) 6.3 Hz, CHCH2O), 7.00-7.28 (4H, m, PhCH3);
MS (CI) m/e 234.16 (M + H)+.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-chlo-

rophenyl)methyl]piperidine (5b). Compound 4b (0.3 g,
1.18 mmol) was reacted with benzhydrol (0.71 g, 3.9 mmol) to
give 5b, 0.3 g (62% yield), as a viscous liquid (procedure C):
1H NMR (CDCl3) 1.12-2.01 (9H, m), 2.73-2.84 (2H, m), 3.39-
3.51 (4H, m, CH2CH2O + NCH2), 5.30 (1H, s, Ph2CH), 7.22-
7.59 (14H, m, 2Ph + PhCl). Free base was converted into its
oxalate salt, mp 179.6-181.6 °C. Anal. [C27H30NOCl‚
(COOH)2] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-bro-

mophenyl)methyl]piperidine (5c). Compound 4c (0.2 g,
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0.67 mmol) was reacted with benzhydrol (0.43 g, 2.3 mmol) to
give 5c, 0.19 g (61% yield), as a viscous liquid (procedure C):
1H NMR (CDCl3) 1.22-2.03 (9H, m), 2.74-2.86 (2H, bd), 3.40-
3.53 (4H, m, CH2CH2O + NCH2), 5.31 (1H, s, Ph2CH), 7.22-
7.59 (14H, m, 2Ph + PhBr). Free base was converted into its
oxalate salt, mp 180.5-181.9 °C. Anal. [C27H30NOBr‚
(COOH)2] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(3,4-

dichlorophenyl)methyl]piperidine (5d). Compound 4d
(0.26 g, 0.9 mmol) was reacted with benzhydrol (0.5 g, 2.8
mmol) to give 5d, 0.11 g (28% yield), as a viscous liquid
(procedure C): 1H NMR (CDCl3) 1.22-2.03 (9H, m), 2.73-2.84
(2H, bd), 3.39-3.53 (4H, m, CH2CH2O + NCH2), 5.30 (1H, s,
Ph2CH), 7.09-7.40 (13H, m, 2Ph + PhCl2). Free base was
converted into its oxalate salt, mp 171.8-172.8 °C. Anal.
[C27H29NOCl2‚(COOH)2] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-meth-

oxyphenyl)methyl]piperidine (5e). Compound 4e (0.3 g,
1.2 mmol) was reacted with benzhydrol (0.71 g, 3.8 mmol) to
give 5e, 0.31 g (63% yield), as a viscous liquid (procedure C):
1H NMR (CDCl3) 1.16-2.01 (9H, m), 2.76-2.87 (2H, bd), 3.39-
3.51 (4H, m, CH2CH2O + NCH2), 3.75 (3H, s, CH3O), 5.29 (1H,
s, Ph2CH), 6.78-7.34 (14H, m, 2Ph + PhOCH3). Free base
was converted into its oxalate salt, mp 151.9-153.4 °C. Anal.
[C28H33NO2‚(COOH)2‚0.3 H2O] C, H, N.
Synthesis of 4-[2-[(4-Chlorophenyl)phenylmethoxy]-

ethyl]-1-[(4-fluorophenyl)methyl]piperidine (5f). 4-Chlo-
robenzhydrol (0.38 g, 1.7 mmol) was reacted with compound
4a (0.12 g, 0.5 mmol) to give 5f, 0.11 g (52% yield), as a viscous
liquid (procedure C): 1H NMR (CDCl3) 1.24-2.04 (9H, m),
2.75-2.87 (2H, m), 3.38-3.51 (4H, m, CH2CH2O + NCH2), 5.27
(1H, s, Ph2CH), 6.88-7.28 (13H, m, Ph + PhF + PhCl). Free
base was converted into its oxalate salt, mp 164.5-165.8 °C.
Anal. [C27H29NOFCl‚(COOH)2] C, H, N.
Synthesis of 4-[2-[(4-Fluorophenyl)phenylmethoxy]-

ethyl]-1-[(4-fluorophenyl)methyl]piperidine (5g). 4-Fluo-
robenzhydrol (0.42 g, 2 mmol) was reacted with compound 4a
(0.15 g, 0.63 mmol) to give 5g, 0.17 g (65% yield), as a viscous
liquid (procedure C): 1H NMR (CDCl3) 1.19-2.02 (9H, m),
2.75-2.87 (2H, m), 3.39-3.51 (4H, m, CH2CH2O + NCH2), 5.28
(1H, s, Ph2CH), 6.89-7.36 (13H, m, Ph + PhF + PhF). Free
base was converted into its oxalate salt, mp 153.9-155.8 °C.
Anal. [C27H29NF2O‚(COOH)2] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-meth-

ylphenyl)methyl]piperidine (5h). Compound 4f (0.1 g, 0.42
mmol) was reacted with benzhydrol (0.23 g, 1.2 mmol) to
produce 5h, 0.11 g (69% yield), as a viscous liquid (procedure
C): 1H NMR (CDCl3) 1.25-2.02 (9H, m), 2.32 (3H, s, CH3Ph),
2.77-2.90 (2H, m), 3.43-3.52 (4H, m, CH2CH2O + NCH2), 5.30
(1H, s, Ph2CH), 7.05-7.35 (14H, m, 2Ph + PhCH3). Free base
was converted into its oxalate salt. Anal. [C28H33NO‚
(COOH)2] C, H, N.
Synthesis of 1-(2-Benzo[b]thiopheneyl)-4-[(ethoxycar-

bonyl)methyl]piperidine (6b). Amine hydrochloride 2 (0.22
g, 1.1 mmol) was reacted with acid chloride of benzo[b]-
thiophene-2-carboxylic acid (1.1 mmol) to give product 6b, 0.31
g (86% yield), as a viscous liquid (procedure D): 1H NMR
(CDCl3) 1.17-1.31 (3H, t, J ) 7.1 Hz, CH3CH2), 1.55-2.40 (7H,
m), 2.75-3.20 (2H, t, J ) 8 Hz, CH2CH2NCO), 4.05-4.26 (2H,
q, J ) 7.0 Hz, CH2CH3), 4.35-4.60 (2H, bd, CH2NCO), 7.25-
7.95 (5H, m, aromatic-CH). Anal. (C18H21NO3S) C, H, N.
Synthesis of 1-(3-Chloro-4-fluorobenzoyl)-4-[(ethoxy-

carbonyl)methyl]piperidine (6c). Amine hydrochloride 2
(0.3 g, 1.4 mmol) was reacted with 3-chloro-4-fluorobenzoyl
chloride (1.7 mmol) to give product 6c, 0.5 g (91% yield), as
an oil (procedure D): 1H NMR (CDCl3) 1.17-1.31 (3H, t, J )
7.1 Hz, CH3CH2), 1.55-2.36 (7H, m), 2.65-3.20 (2H, m), 4.02-
4.26 (2H, q, J ) 7.0 Hz, CH2CH3), 4.40-4.60 (2H, m), 7.05-
7.55 (3H, m, PhClF). Anal. (C16H19NO3ClF) C, H, N.
Synthesis of 1-[(3-Pyridyl)methyl]-4-(2-hydroxyethyl)-

piperidine (7a). Ester 6a (0.45 g, 1.6 mmol) was converted
into product 7a, 0.32 g (91% yield), as a viscous liquid
(procedure B): 1H NMR (CDCl3) 1.00-2.15 (9H, m), 2.50-3.05
(2H, m), 3.50 (2H, s, NCH2), 3.55-3.80 (2H, t, J ) 6 Hz,
CH2CH2O), 7.15-8.55 (3H, m, aromatic-CH); MS (CI) m/e
221.14 (M + H)+.

Synthesis of 1-[(2-Benzo[b]thiopheneyl)methyl]-4-(2-
hydroxyethyl)piperidine (7b). Ester 6b (0.09 g, 0.27 mmol)
was converted into product 7a, 0.085 g (93% yield), as a viscous
liquid (procedure B): 1H NMR (CDCl3) 1.00-2.20 (9H, m),
2.85-3.10 (2H, m), 3.60-3.85 (4H, m, NCH2 + CH2CH2O),
7.12-7.85 (5H, m, aromatic-CH); MS m/e (CI) 276.12 (M +
H)+.
Synthesis of 1-[(3-Chloro-4-fluorophenyl)methyl]-4-(2-

hydroxyethyl)piperidine (7c). Ester 6c (0.45 g, 1.3 mmol)
was converted into product 7c, 0.3 g (86% yield), as an oil
(procedure B): 1H NMR (CDCl3) 1.08-2.08 (9H, m), 2.75-2.90
(2H, m), 3.45 (2H, s, NCH2), 3.60-3.78 (2H, t, J ) 6 Hz,
CH2CH2O), 6.98-7.45 (3H, m, PhClF); MS (CI)m/e 272.57 (M
+ H)+.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-(3-py-

ridylmethyl)piperidine (8a). Compound 7a (0.17 g, 0.77
mmol) was reacted with benzhydrol (0.5 g, 2.6 mmol) to give
product 8a, 0.12 g (42% yield), as a viscous liquid (procedure
C): 1H NMR (CDCl3) 1.22-1.66 (7H, m), 1.83-2.05 (2H, t, J
) 11.2 Hz, NCH2CH2), 2.74-2.85 (2H, m), 3.40-3.51 (4H, m,
NCH2 + CH2CH2O), 5.29 (1H, s, Ph2CHO), 7.20-8.51 (14H,
m, 2Ph + aromatic-CH). Free base was converted into its
oxalate salt, mp 150.5-151.6 °C. Anal. [C26H30N2O‚
2(COOH)2‚0.6H2O] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(2-ben-

zo[b]thiopheneyl)methyl]piperidine (8b). Compound 7b
(0.085 g, 0.3 mmol) was reacted with benzhydrol (0.17 g, 0.92
mmol) to give product 8b, 0.05 g (39% yield), as a viscous liquid
(procedure C): 1H NMR (CDCl3) 1.15-1.67 (7H, m), 1.90-2.11
(2H, t, J ) 11.2 Hz, NCH2CH2), 2.86-2.98 (2H, m), 3.40-3.52
(2H, t, J ) 6 Hz, CH2CH2O), 3.74 (2H, s, NCH2), 5.30 (1H, s,
Ph2CHO), 7.11-7.88 (15H, m, 2Ph + aromatic-CH). Free base
was converted into its oxalate salt, mp 171.8-172.8 °C. Anal.
[C29H31NOS‚(COOH)2‚0.25 H2O] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-fluoro-

3-chlorophenyl)methyl]piperidine (8c). Compound 7c
(0.23 g, 0.84 mmol) was reacted with benzhydrol (0.72 g, 3.9
mmol) to give product 8c, 0.25 g (68%, yield), as a viscous
liquid (procedure C): 1H NMR (CDCl3) 1.24-2.03 (9H, m),
2.73-2.84 (2H, m), 3.38-3.53 (4H, m, NCH2 + CH2CH2O), 5.30
(1H, Ph2CHO), 7.02-7.38 (13H, m, 2Ph + PhClF). Free base
was converted into its oxalate salt, mp 201.9-203 °C. Anal.
[C27H29FNOCl‚(COOH)2] Anal. C, H, N.
Synthesis of 1-[(4-Nitrophenyl)methyl]-4-[(ethoxycar-

bonyl)methyl]piperidine (9b). Amine hydrochloride 2 (0.5
g, 2.4 mmol) was reacted with p-nitrobenzaldehyde (0.6 g, 3.9
mmol) to give product 9b, 0.23 g (33% yield), as a reddish oil
(procedure E): 1H NMR (CDCl3): 1.18-1.32 (3H, t, J ) 7.0
Hz, CH3CH2), 1.36-2.27 (7H, m), 2.74-2.87 (2H, m), 3.56 (2H,
s, NCH2), 4.02-4.84 (2H, q, J ) 7.1 Hz, CH2CH3), 7.45-8.21
(4H, m, PhNO2). Anal. (C16H22N2O4‚0.1H2O) C, H, N.
Synthesis of 1-(2-Thienylmethyl)-4-(2-hydroxyethyl)-

piperidine (10a). Ester 9a (0.2 g, 0.79 mmol) was converted
into product 10a, 0.16 g (94% yield), as a viscous liquid
(procedure B): 1H NMR (CDCl3) 1.10-2.26 (9H, m), 2.80-3.02
(2H, m), 3.55-3.75 (4H, m, NCH2 + CH2CH2O), 6.90-7.25 (3H,
m, aromatic-CH); MS (CI) m/e 226.13 (M + H)+.
Synthesis of 1-[(4-Nitrophenyl)methyl]-4-(2-hydroxy-

ethyl)piperidine (10b). Ester 9b (0.1 g, 0.3 mmol) was
dissolved in 10 mL of the dimethyl ether of glycol, and NaBH4

(20 mg, 0.4 mmol) was added. The solution was warmed to
45 °C, and AlCl3 (20 mg, 0.14 mmol) was added next. The
reaction was then continued at 55 °C for 1 h and was brought
back to room temperature. The reaction was quenched with
ice cold 1 N HCl solution, and the acidic solution was
neutralized by NaOH solution. The product was extracted into
EtOAc layer and was dried over Na2SO4. The amount of
alcohol 10b isolated was 0.065 g (82% yield) as a viscous
liquid: 1H NMR (CDCl3) 1.10-3.20 (11H, m), 3.65-4.15 (4H,
m, NCH2 + CH2CH2O), 7.55-8.30 (4H, m, PhNO2); MS (CI)
m/e 265.12 (M + H)+.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-(2-thie-

nylmethyl)piperidine (11a). Compound 10a (0.15 g, 0.66
mmol) was reacted with benzhydrol (0.51 g, 2.8 mmol) to give
8b, 0.15 g (60% yield), as a viscous liquid (procedure C): 1H
NMR (CDCl3) 1.25-1.68 (7H, m), 1.86-2.04 (2H, t, J ) 10.8
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Hz, NCH2CH2), 2.83-2.94 (2H, m), 3.40-3.52 (2H, t, J ) 6.1
Hz, CH2CH2O), 3.69 (2H, s, NCH2), 5.30 (1H, s, Ph2CH), 6.89-
7.42 (13H, m, 2Ph + aromatic-CH). Free base was converted
into its oxalate salt, mp 145.9-149 °C. Anal. [C25H29NSO‚
(COOH)2] C, H, N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-nitro-

phenyl)methyl]piperidine (11b). Compound 10b (0.09 g,
0.34 mmol) was reacted with benzhydrol (0.18 g, 1 mmol) to
give 11b, 0.08 g (57% yield), as a viscous liquid (procedure C):
1H NMR (CDCl3) 1.11-1.72 (7H, m), 1.86-2.10 (2H, t, J )
10.9 Hz, NCH2CH2), 2.74-2.88 (2H, m), 3.41-3.55 (4H, m,
CH2CH2O + NCH2), 5.32 (1H, s, Ph2CH), 7.20-8.24 (14H, m,
2Ph + PhNO2). Free base was converted into its oxalate salt,
mp 95.2-96.5 °C. Anal. [C27H30N2O3‚(COOH)2‚0.6H2O] C, H,
N.
Synthesis of 4-[2-(Diphenylmethoxy)ethyl]-1-[(4-ami-

nophenyl)methyl]piperidine (11c). Compound 11b (0.08
g, 0.18 mmol) was dissolved in 10 mL of ethanol, and to it was
added a solution of 200 mg of SnCl2 dissolved in a minimum
volume of ethanol. The solution was stirred at room temper-
ature for 3 h, and TLC revealed completion of the reaction.
Ethanol was removed in vacuo, and the residue was parti-
tioned between EtOAc and water. The organic layer was
dried over Na2SO4, and crude product collected was chro-
matographed over a silica gel column. Pure product 11c
came out with EtOAc (0.5% Et3N), 0.04 g (57% yield), as a
viscous liquid: 1H NMR (CDCl3) 1.25-2.00 (9H, m), 2.78-2.90
(2H, m), 3.37-3.59 (6H, m), 5.31 (1H, s, Ph2CH), 6.59-7.35
(14H, m, 2Ph + PhNH2). Free base was converted into its
oxalate salt, mp 160.8-163.4 °C. Anal. [C27H32N2O‚
2(COOH)2] C, H, N.
Synthesis of 4-[2-[(2-Thienyl)phenylmethoxy]ethyl]-1-

[(4′-fluorophenyl)methyl]piperidine (13b). Phenyl(2-thi-
enyl)methanol (0.51 g, 2.7 mmol) was reacted with alcohol 4a
(0.2 g, 0.84 mmol) to give product 13b, 0.11 g (33% yield), as
a viscous liquid (procedure F): 1H NMR (CDCl3) 1.21-1.79
(7H, m), 1.80-2.03 (2H, t, J ) 10.8 Hz, NCH2CH2), 2.76-2.88
(2H, m), 3.42-3.56 (4H, m), 5.52 (1H, s, Ph(2-thienyl)CH),
6.77-7.43 (12H, m, Ph + aromatic-CH + PhF). Free base was
converted into its oxalate salt, mp 187.1-188.2 °C.
Anal. [C25H28NSOF‚(COOH)2‚H2O] C, H, N.
Synthesis of 4-[2-[(2-Thienyl)phenylmethoxy]ethyl]-1-

(3-pyridylmethyl)piperidine (13c). Phenyl(2-thienyl)meth-
anol (0.9 g, 4.0 mmol) was reacted with alcohol 7a (0.28 g, 1.2
mmol) to give product 13b, 0.05 g (11% yield), as a viscous
liquid (procedure F): 1H NMR (CDCl3) 1.10-1.75 (7H, m),
1.85-2.10 (2H, t, J ) 10.8 Hz, NCH2CH2), 2.75-2.94 (2H, m),
3.36-3.56 (4H, m), 5.40 (1H, s, Ph(2-thiophene)CH), 6.75-
8.55 (12H, m, Ph + aromatic-CH). Free base was converted
into its oxalate salt, mp 135.9-137.8 °C. Anal. [C24H26N2-
OS‚2(COOH)2‚0.5H2O] C, H, N.
Biological Methods. Binding of [3H]WIN 35,428 to the

DAT and [3H]citalopram to the SERT was measured exactly
as described by us previously.29 Rat striatal tissue was the
source of transporters, and both assays were carried out under
the same conditions. All compounds were dissolved in 10%
dimethyl sulfoxide, and IC50 values were determined as
described in our previous report.29 The only difference was
that the binding assays were terminated by filtration with
MACH3-96 Tomtee harvester (Wallac Inc., Gaithersburg,
MO), and the filter mats (glan fibre, Wallac Inc.) were assayed
for radioactivity with Betaplate Scint liquid scintillation
cocktail (Wallac Inc.) in a Microbeta Plus liquid scintillation
counter (Wallac Inc.), at an efficiency for 3H of approximately
35%.

Acknowledgment. This work was supported by the
National Institute on Drug Abuse, Grant No. DA08647.
We thank Drs. Raj K. Razdan and Peter Crocker for
their helpful comments.

References
(1) Musto, D. F. Opium, Cocaine and Marijuana in American

History. Sci. Am. 1991, 256, 40-47.

(2) Clouet, D., Ashgar, K., Brown, R., Eds. Mechanism of Cocaine
Abuse and Toxicity. NIDA Res. Monogr. 1988, 88.

(3) Johanson, C. E.; Fischman, M. W. The Pharmacology of Cocaine
Related to its Abuse. Pharmacol. Rev. 1989, 41 (1), 3-52.

(4) Kuhar, M. J.; Ritz, M. C.; Boja, J. W. The dopamine hypothesis
of the reinforcing properties of cocaine. Trends Neurosci. 1991,
14, 299-302.

(5) Robinson, T.; Barridge, K. C. The neural basis of drug craving:
An incentive-sensitization theory of addiction. Brain Res. Rev.
1993, 18, 249-291.

(6) Ritz, M. C.; Lamb, R. J.; Goldberg, R.; Kuhar, M. J. Cocaine
receptors on dopamine transporters are related to self-admin-
stration of cocaine. Science 1987, 237, 1219-1223.

(7) Volkow, N. D.; Ding, Y.-S.; Fowler, J. S.; Wang, G.-J.; Logan, J.;
Gatley, J. S.; Dewy, S.; Ashby, C.; Lieberman, J.; Hitzemann,
R.; Wolf, A. P. Is methylphenidate like cocaine? Arch. Gen.
Psychiatry 1995, 52, 456-463.

(8) Madras, B. K.; Fahey, M. A.; Bergman, J.; Canfield, D. R.;
Spealman, R. D. Effects of cocaine and related drugs in nonhu-
man primates.I. [3H]cocaine binding sites in caudate-putamen.
J. Pharmacol. Exp. Ther. 1989, 251, 131-141.

(9) Reith, M. E. A.; Meisler, B. E.; Sershen, H.; Lajtha, A. Structural
requirements for cocaine congeners to interact with dopamine
and serotonin uptake sites in mouse brain and to induce
stereotyped behavior. Biochem. Pharmacol. 1986, 35, 1123-
1129.

(10) Kuhar, M. J. Neurotransmitter Uptake: A tool in identifying
neurotransmitter-specific pathways. Life Sci. 1973, 13, 1623-
1634.

(11) Giros, B.; Jaber, M.; Jones, S. R.; Wightman, R. M.; Caron, M.
G. Hyperlocomotion and indifference to cocaine and amphet-
amine in mice lacking the dopamine transporter. Nature 1996,
379, 606-612.

(12) Kotian, P.; Mascarella, S. W.; Abraham, P.; Lewin, A. H.; Boja,
J. W.; Kuhar, M. J.; Carroll, F. I. Synthesis, Ligand Binding,
and Quantitative Structure-Activity Relationship Study of 3â-
(4′-Substituted phenyl)-2â-heterocyclic Tropanes: Evidence for
an Electrostatic Interaction at the 2b-Position. J. Med. Chem.
1996, 39, 2753-2763.

(13) Carroll, F. I.; Mascarella, S. W.; Kuzemko, M. A.; Gao, Y.;
Abraham, P.; Lewin, A. H.; Boja, J. W.; Kuhar, M. J. Synthesis,
Ligand Binding, and QSAR (CoMFA and Classical) Study of 3â-
(3′-Substituted phenyl)-, 3â-(4′-Substituted phenyl)-, and 3â-(3′,
4′-Disubstituted phenyl)tropane-2â-carboxylic Acid Methyl Es-
ters. J. Med. Chem. 1994, 37, 2865-2873.

(14) Meltzer, P. C.; Liang, A. Y.; Brownell, A.-L.; Elmaleh, D. R.;
Madras, B. K. Substituted 3-phenyltropane analogs of cocaine:
Synthesis, inhibition of binding at cocaine recognition sites, and
positron emission tomography imaging. J. Med. Chem. 1993, 36,
855-862.

(15) Carroll, F. I.; Kotian, P.; Dehghani, A.; Gray, J. L.; Kuzemko,
M. A.; Parham, K. A.; Abraham, P.; Lewin, A. H.; Boja, J. W.;
Kuhar, M. J. Cocaine and 3â-(4′-substituted phenyl)tropane-2â-
carboxylic acid ester and amide analogues. New high-affinity
and selective compounds for the dopamine transporter. J. Med.
Chem. 1995, 38, 379-388.

(16) Berger, P.; Janowsky, A.; Vocci, F.; Skolnick, P.; Schweri, M.
M.; Paul, S. M. [3H]GBR 12935: A specific high affinity ligand
for labelling the dopamine transport complex. Eur. J. Pharmacol.
1985, 107, 289-290.

(17) Boja, J. W.; Patel, A.; Carroll, F. I.; Rahman, M. A.; Philip, A.;
Lewin, A. H.; Kopajtic, T. A.; Kuhar, M. J. [125I]RTI-55: A potent
ligand for dopamine transporters. Eur. J. Pharmacol. 1991, 194,
133-134.

(18) Reith, M. E. A.; Sershen, H.; Lajtha, A. Saturable [3H]Cocaine
Binding in Central Nervous System of Mouse. Life Sci. 1980,
27, 1055-1062.

(19) Van der Zee, P.; Koger, H. S.; Gootjes, J.; Hespe, W. Aryl 1,4-
dialk(en)ylpiperazines as selective and very potent inhibitors of
dopamine uptake. Eur. J. Med. Chem. 1980, 15, 363-370.

(20) Anderson, P. H. Biochemical and pharmacological characteriza-
tion of [3H]GBR 12935 binding in vitro to rat striatal mem-
branes: labelling of the dopamine uptake complex. J. Neuro-
chem. 1987, 48, 1887-1896.

(21) Anderson, P. H. The dopamine uptake inhibitor GBR 12909:
selectivity and molecular mechanism of action. Eur. J. Phar-
macol. 1989, 166, 493-504.

(22) Rothman, R. B.; Mele, A.; Reid, A. A.; Akunne, H. C.; Greig, N.;
Thurkauf, A.; de Costa, B. R.; Rice, K. C.; Pert, A. GBR 12909
antagonizes the ability of cocaine to elevate extracellular levels
of dopamine. Pharmacol. Biochem. Behav. 1991, 40, 387-397.

(23) Bauman, M. H.; Char, G. U.; De Costa, B. R.; Rice, K. C.;
Rothman, R. B. GBR 12909 Attenuates Cocaine-Induced Activa-
tion of Mesolimbic Dopamine Neurons in the Rat. J. Pharmacol.
Exp. Ther. 1994, 271, 1216-1222.

(24) Wojnicki, F. H. E.; Glowa, J. R. Effects of Drug History on the
Acquisition of Responding Maintained by GBR 12909 in Rhesus
Monkeys. Psychopharmacology 1996. 123, 34-41.

42 Journal of Medicinal Chemistry, 1997, Vol. 40, No. 1 Dutta et al.



(25) Howell, L. L.; Byrd, L. D. Characterization of the effects of
cocaine and GBR 12909, a dopamine uptake inhibitor, on
behavior in the squirrel monkey. J. Pharmacol. Exp. Ther. 1991,
258, 178-185.

(26) Glowa, J. R.; Wojnicki, F. H.; De Costa, B. R.; Matecka, D.; Rice,
K. C.; Rothman, R. B. The effects of GBR 12909 on responding
of rhesus monkeys maintained under schedules of cocaine- and
food-delivery. NIDA Res. Monogr. 1994, 141, 12.

(27) Sogaard, U.; Michalow, J.; Butler, B.; Lund Laursen, A.; In-
gersen, S. H.; Skrumsager, B. K.; Rafaelsen, O. J. A tolerance
study of single and multiple dosing of the selective dopamine
uptake inhibitor GBR 12909 in healthy subjects. Int. Clin.
Psychopharmacol. 1990, 5, 237-251.

(28) Dutta, A. K.; Meltzer, P. C.; Madras, B. K. Positional importance
of the nitrogen atom in novel piperidine analogs of GBR 12909:
Affinity and selectivity for the dopamine transporter. Med.
Chem. Res. 1993, 3, 209-222.

(29) Dutta, A. K.; Xu, C.; Reith, M. E. A. Structure-Activity Relation-
ship Studies of Novel 4-[2-[Bis(4-fluorophenyl)methoxy]ethyl]-
1-(3-phenylpropyl)piperidine Analogs: Synthesis and Biological
Evaluation at the Dopamine and Serotonin Transporter Sites.
J. Med. Chem. 1996, 39, 749-756.

(30) Madras, B. K.; Reith, M. E. A.; Meltzer, P. C.; Dutta, A. K. O-526,
a piperidine analog of GBR 12909, retains high affinity for the
dopamine transporter in monkey caudate-putamen. Eur. J.
Pharmacol. 1994, 267, 167-173.

(31) Rothman, R.; Lewis, B.; Dersch, C.; Xu, H.; Radesca, L.; de Costa,
B. R.; Rice, K. R.; Kilburn, R. B.; Akunne, H. C.; Pert, A.
Identification of a GBR 12935 homolog, LR 111, which is over
4,000-fold selective for the dopamine transporter, relative to
serotonin and norepinephrine transporters. Synapse 1993, 14,
34-39.

(32) Matecka, D.; Rice, K. C.; Rothman, R. B.; De Costa, B.; Glowa,
J. R.; Wojnicki, F. H.; Pert, A.; George, C.; Carroll, F. I.;
Silverthorn, M. L.; Dersch, C. M.; Becketts, K. M.; Partilla, J.
S. Synthesis and Absolute Configuration of Chiral Piperazines
Related to GBR 12909 as Dopamine Reuptake Inhibitors. Med.
Chem. Res. 1994, 5, 43-53.

(33) Meltzer, P. C.; Liang, A. Y.; Madras, B. K. 2-Carbomethoxy-3-
(diarylmethoxy)-1RH, 5RH-tropane Analogs: Synthesis and
Inhibition of Binding at the Dopamine Transporter and Com-
parison with Piperazines of the GBR Series. J. Med. Chem. 1996,
39, 371-379.

(34) Clarke, R. L.; Daum, S. J.; Gambino, A. J.; Aceto, M. D.; Pearl,
J.; Levitt, M.; Cumiskey, W. R.; Bogado, E. F. Compounds affect-
ing the central nervous system. 4. 3â-phenyltropane-2-carboxylic
esters and analogues. J. Med. Chem. 1973, 16, 1260-1267.

(35) Carroll, F. I.; Lewin, A. H.; Boja, J. W.; Kuhar, M. J. Cocaine
receptor: Biochemical characterization and structure-activity
relationship of cocaine analogues at the dopamine transporter.
J. Med. Chem. 1992, 35, 969-981.

(36) Kozikowski, A. P.; Eddine Saiah, M. K.; Johnson, K. M.;
Bergmann, J. S. Chemistry and biology of the 2â-alkyl-3â-phenyl
analogues of cocaine: subnanomolar affinity ligands that suggest
a new pharmacophore model at the C-2 position. J. Med. Chem.
1995, 38, 3086-3093.

(37) Srivastava, S.; Crippen, G. M. Analysis of cocaine receptor site
ligand binding by three-dimensional Voronoi site modeling
approach. J. Med. Chem. 1993, 36, 3572-3579.

(38) Deutsch, H. M.; Schweri, M. M.; Culbertson, C. T.; Zalkow, L.
H. Synthesis and pharmacology of irreversible affinity labels as
potential cocaine antagonists: aryl 1,4-dialkylpiperazines related
to GBR-12783. Eur. J. Pharmacol. 1992, 220, 173-180.

(39) Curtin, D. Y.; Leskowitz, S. Cleavage and rearrangement of
ethers with base. II. reaction of the benzhydryl and trityl ethers
of benzoin with potassium hydroxide. J. Am. Chem. Soc. 1951,
73, 2633-2636.

(40) Borch, R. F.; Bernstein, M. D.; Durst, H. D. The cyanohydrido-
borate anion as a selective reducing agent. J. Am. Chem. Soc.
1972, 94, 2897-2904.

(41) Brown, H. C.; Rao Subba, B. C. A new powerful reducing agent-
sodium borohydride in the presence of aluminum chloride and
other polyvalent metal halides. J. Am. Chem. Soc. 1956, 78,
2582-2588.

(42) Burger, A. Isosterism and bioisosterism in drug design. Prog.
Drug Res. 1991, 37, 287-371.

JM960638E

Analogs of 4-Substituted 1-Benzylpiperidine Journal of Medicinal Chemistry, 1997, Vol. 40, No. 1 43


