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A series of N-(1-benzylpiperidin-4-yl)phenylacetamide derivatives was synthesized and evalu-
ated for affinity at σ1 and σ2 receptors. Most of these compounds showed a high affinity for σ1
receptors and a low to moderate affinity for σ2 receptors. The unsubstituted compound N-(1-
benzylpiperidin-4-yl)phenylacetamide, 1, displayed a high affinity and selectivity for σ1 receptors
(Ki values of 3.90 nM for σ1 receptors and 240 nM for σ2 receptors). The influence of
substitutions on the phenylacetamide aromatic ring on binding at both the σ1 and σ2 receptor
has been examined through Hansch-type quantitative structure-activity relationship (QSAR)
studies. In general, all 3-substituted compounds, except for the OH group, had a higher affinity
for both σ1 and σ2 receptors when compared with the corresponding 2- and 4-substituted
analogues. The selectivity for σ1 receptors displayed a trend of 3 > 2 ≈ 4 for Cl, Br, F, NO2,
and OMe substituted analogues. Halogen substitution on the aromatic ring generally increased
the affinity for σ2 receptors while maintaining a similar affinity for σ1 receptors. Substitution
with electron-donating groups, such as OH, OMe, or NH2, resulted in weak or negligible affinity
for σ2 receptors and a moderate affinity for σ1 receptors. The 2-fluoro-substituted analogue,
11, exhibited the highest selectivity for σ1 receptors among all compounds tested, with a Ki
value of 3.56 nM for σ1 receptors and 667 nM for σ2 receptors. Compounds 1, 5, 9, 11, and 20
had no affinity for dopamine D2 (IC50 > 10 000 nM) and D3 (IC50 > 10 000 nM) receptors. The
nanomolar binding affinity and high selectivity for σ1 receptors suggest that these compounds
may be developed as potential radiotracers for positron emission tomography or single photon
emission computerized tomography imaging studies.

Introduction
σ receptors were once viewed as subtypes of the opioid

class of receptors.1 They were later believed to be part
of the phencyclidine (PCP) binding site2 and part of the
NMDA (N-methyl-D-aspartic acid) receptor complex.3
The development of σ-selective ligands, such as (+)-
pentazocine, DTG, and 3-PPP, allowed σ binding sites
to be distinguished as a separate receptor system.4
Specific σ ligands have facilitated tissue distribution
studies and the subclassification of σ receptors. It is
now generally agreed that there are at least two
subtypes of σ receptors, termed σ1 and σ2.4-6 σ1 sites
are enantioselective for the (+)-benzomorphans, whereas
the (-)-benzomorphans are mixed σ1/σ2 ligands with
moderate affinity. σ1 receptors are sensitive to G-
protein modifying reagents, whereas σ2 receptors are
not.7-9 Finally, σ1 receptors from guinea pig brain have
a molecular size of 25 kDa, whereas the σ2 receptors in
PC12 cells have an apparent molecular weight of 18-
21 kDa.4,10
Binding studies have revealed that both σ1 and σ2

receptors not only are found in the central nervous
system but also are widely distributed in many endo-
crine, immune, and peripheral organs and tissues, such
as heart, spleen, adrenal, kidney, ovary, testes, gas-
trointestinal tract, and liver (for a review, see ref 4).

The precise biochemical and physiological roles of σ
receptors are not yet completely understood. However,
evidence indicates that σ receptors have a number of
biological functions, including motor effects,11-14 regula-
tion of dopamine and acetylcholine release,15-18 modula-
tion of the NMDA-evoked norepinephrine release,19
antagonism of opioid analgesia,20-22 and mediation of
the functional activity of the immune cells.23 A potential
application of σ ligands is in the treatment of psychosis,
since a number of antipsychotic drugs have a much
higher affinity for σ receptors than for dopamine D2

receptors.24 It was postulated that σ ligands may be
used as antipsychotics without the extrapyramidal side
effects.25 σ receptors have also been suggested to play
a role in dystonia and in the regulation of motor
functions.26

A number of studies have revealed that many tumor
cell lines in vitro contain high concentrations of σ
receptors.27-31 σ receptor ligands have been shown to
inhibit cell proliferation in tumor cell lines under cell
culture conditions.32,33 These results suggest that σ
receptors may play a role in cell growth, or proliferation,
and development. The potential use of σ ligands as
external biomarkers and characterization of tumor
progression is encouraging, and σ ligands that possess
high affinity for either σ1 or σ2 receptors could poten-
tially be used to image primary tumor and metastatic
sites in conjunction with single photon emission com-
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puted tomography (SPECT) and positron emission to-
mography (PET).
Previous studies have shown that the benzamide

derivative 4-[125I](N-benzylpiperidin-4-yl)-4-iodobenza-
mide (4-IBP), a potential radiotracer for SPECT imaging
studies of breast tumors, and its 3-isomer (Chart 1) have
a high affinity for σ1 receptors and a moderate affinity
for σ2 and dopamine D2 receptors.34 In the current
study, a series of phenylacetamide analogues of 4-IBP
(Chart 1) were prepared and their affinity for σ1 and σ2
receptors measured in vitro. Since a benzamide moiety
is usually required for D2 receptor affinity for this class
of compounds,45 the addition of a methylene unit to give
the corresponding phenylacetamide is predicted to

generate compounds having a reduced affinity for
dopamine D2 receptors while retaining a high affinity
for σ receptors. A structure-activity relationship study
was conducted to explore the substituent effects on σ1
and σ2 receptor affinity in the phenylacetamide aromatic
ring of 1. The results of this study are reported below.

Chemistry

The preparation of the desired compounds is shown
in Scheme 1. Most of the compounds were synthesized
directly by using the coupling reagents DCC (1,3-
dicyclohexylcarbodiimide) (method A) or BOP (benzo-
triazol-1-yloxy)tris(dimethylamino)phosphonium hexaflu-
orophosphate) (method B).35 The amino group of the
phenylacetic acid precursor of 43 was protected as the
N-tert-butyloxycarbonyl group and deprotected after the
coupling process with trifluoroacetic acid. By using the
BOP reagent, hydroxy groups could be unprotected
during the coupling process. The ureas, 39 and 42, were
obtained by reacting the corresponding isocyanate with
the amine (method C). Compound 40 was synthesized
from 2,3-dimethoxybenzaldehyde which was treated
with trimethylsilyl cyanide in the presence of zinc iodide
to give 2-[(trimethylsilyl)oxy](2,3-dimethoxy)phenylac-
etonitrile. The subsequent product was reduced with
LiAlH4 to form 2-hydroxy-2-(2,3-dimethoxyphenyl)ethyl-
amine, which was then condensed with the N-benzyl-
4-piperidone in the presence of NaBH3CN to give the
N-benzyl and N-alkylated product (method D).

Results and Discussion

The goal of this study was to prepare a series ofN-(1-
benzylpiperidin-4-yl)phenylacetamide analogues of the
σ ligand,N-(1-benzylpiperidin-4-yl)-4-iodobenzamide (4-
IBP),34 and to measure their affinity at σ1 and σ2
receptors. The strategy of incorporating a methylene
unit into the structure of 4-IBP to form a phenylaceta-
mide analogue was expected to afford compounds with

Scheme 1a

a Reagents: (a) DCC/THF; (b) BOP/CH2Cl2; (c) dibutyltin diacetate/CH2Cl2; (d) trimethylsilyl cyanide/ZnI2/benzene; (e) LiAlH4/THF;
(f) 1-benzyl-4-piperidone/NaBH3CN/methanol.

Chart 1
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low affinity for dopamine D2 receptors while retaining
a high affinity for σ receptors. Substitutions were made
on the phenyl ring of the phenylacetamide moiety to
investigate the effect of different lipophilic and hydro-
philic substituents on σ receptor potency and selectivity.
Binding assays were performed on guinea pig brain
membranes for σ1 receptors with [3H]-(+)-pentazocine
as the radioligand and on rat liver membranes for σ2
receptors with [3H]DTG as the radioligand in the
presence of (+)-pentazocine to mask the σ1 sites. The
binding affinities (Ki values) for the new ligands, as well
as the reference compounds haloperidol and its corre-
sponding benzylic alcohol analogue (i.e., haloperidol
metabolite II, Chart 1), at the σ1 and σ2 receptors are
shown in Table 1. Substitution on the phenylacetamide
aromatic ring influences both σ1 and σ2 receptor affinity
as well as selectivity. The unsubstituted compound 1
had Ki values of 3.90 nM for σ1 receptors and 240 nM

for σ2 receptors and a σ1:σ2 selectivity ratio of 62.
Results show a spectrum of σ1 receptor affinities ranging
from 0.87 nM for compound 9 to >1000 nM for com-
pound 29, with σ2 receptor affinities ranging from 14.6
nM for compound 5 to >1000 nM for several compounds.
Hansch-type analyses were carried out on all N-(1-

benzylpiperidin-4-yl)phenylacetamides in the current
study (1-38, 41, and 43, n ) 40) to examine the
influence of substitutions on the phenylacetamide aro-
matic ring on binding at both the σ1 and σ2 receptors.
Models relating log(1/Ki) values for both the σ1 and σ2
receptor binding data were evaluated using both for-
ward stepwise and backward stepwise multiple regres-
sion calculations.36 Both stepwise in and stepwise out
gave very similar equations for set of data. Parameters
used in these analyses were taken from Hansch and
Leo37,38,45 and represent electronic, hydrophobic, and
steric bulk effects for the various substituents. Param-

Table 1. σ Receptor Binding Profiles of N-(1-Benzylpiperidin-4-yl)phenylacetamide Analogues in Cell Membranes

Ki (nM)a

no. R2 R3 R4 R5 R6 X Y σ1b σ2c σ2/σ1 ratiod

1 H H H H H CH2 CO 3.90 ( 0.82 240 ( 30 62
2 Cl H H H H CH2 CO 3.08 ( 0.25 174 ( 6 56
3 H Cl H H H CH2 CO 1.40 ( 0.66 36.9 ( 1.8 26
4 H H Cl H H CH2 CO 6.46 ( 0.59 80.7 ( 7.5 12
5 H Cl Cl H H CH2 CO 5.22 ( 0.84 14.6 ( 2.4 3
6 Cl H Cl H H CH2 CO 9.66 ( 2.21 24.5 ( 3.4 3
7 Cl H H H Cl CH2 CO 7.28 ( 2.99 70.8 ( 3.6 10
8 Br H H H H CH2 CO 2.89 ( 0.83 86.6 ( 8.3 28
9 H Br H H H CH2 CO 0.87 ( 0.02 15.2 ( 2.0 18
10 H H Br H H CH2 CO 3.97 ( 0.73 23.9 ( 1.3 6
11 F H H H H CH2 CO 3.56 ( 1.07 667 ( 98 187
12 H F H H H CH2 CO 2.45 ( 0.09 153 ( 6 62
13 H H F H H CH2 CO 3.43 ( 1.94 69.2 ( 0.5 20
14 F H F H H CH2 CO 3.87 ( 0.22 130 ( 31 33
15 F H H F H CH2 CO 4.21 ( 0.73 129.3 ( 4.9 31
16 F H H H F CH2 CO 5.80 ( 1.86 207 ( 9 36
17 H F F H H CH2 CO 3.17 ( 0.63 53.5 ( 3.8 17
18 H F H F H CH2 CO 7.63 ( 1.78 37.3 ( 6.8 5
19 CF3 H H H H CH2 CO 8.70 ( 2.41 61.9 ( 6.5 7
20 H CF3 H H H CH2 CO 3.92 ( 0.79 37.8 ( 3.8 10
21 H H CF3 H H CH2 CO 9.84 ( 1.42 53.4 ( 0.6 5
22 NO2 H H H H CH2 CO 26.9 ( 3.3 493 ( 115 18
23 H NO2 H H H CH2 CO 4.56 ( 1.52 79.2 ( 9.9 17
24 H H NO2 H H CH2 CO 18.0 ( 2.3 105.4 ( 3.6 6
25 NO2 H NO2 H H CH2 CO 14.2 ( 0.9 243 ( 69 17
26 OH H H H H CH2 CO 18.8 ( 1.3 343 ( 19 18
27 H OH H H H CH2 CO 110 ( 27 >1000 >9
28 H H OH H H CH2 CO 286.5 ( 7.9 >1000 >3
29 H OH OH H H CH2 CO >1000 >1000 0
30 H Cl OH H H CH2 CO 23.8 ( 4.6 757 ( 13 32
31 OMe H H H H CH2 CO 30.8 ( 2.6 >1000 33
32 H OMe H H H CH2 CO 10.5 ( 3.1 326 ( 40 31
33 H H OMe H H CH2 CO 66.4 ( 3.3 483 ( 12 7
34 OMe H H OMe H CH2 CO 43.4 ( 9.3 >1000 >23
35 H OMe OMe H H CH2 CO 352 ( 91 >1000 >3
36 H OMe H OMe H CH2 CO 121 ( 22 >1000 >8
37 H OMe OMe OMe H CH2 CO 80.0 ( 28.1 >1000 >12
38 H OCH2O H H CH2 CO 7.32 ( 0.65 290 ( 57 40
39 OMe H OMe H H NH CO 30.1 ( 7.4 227 ( 6 8
40 OMe OMe H H H CHOH CH2 32.1 ( 3.9 535 ( 27 17
41 H H SMe H H CH2 CO 27.1 ( 6.3 83.3 ( 10.0 3
42 H H SMe H H NH CO 63.9 ( 1.6 80.5 ( 5.8 1
43 H H NH2 H H CH2 CO 470 ( 36 >1000 >2
haloperidol 2.53 ( 0.25 28.5 ( 1.6 11
haloperidol metabolite II 14.34 ( 0.08 28.6 ( 4.2 2

a Mean ( SEM, Ki values were determined by at least three experiments. Each inhibition curve consisted of eight points from each
binding assay. b Ki values for σ1 receptors were measured on quinea pig brain membranes using [3H]-(+)-pentazocine as the radioligand.
c Ki values for σ2 receptors were measured on rat liver membranes using [3H]DTG as the radioligand in the presence of (+)-pentazocine.
d Ki for σ2 receptor/Ki for σ2 receptor.
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eters selected included: π values; Hammett σ values,
with the value used based on the position of the
substituent on the aromatic ring, that is, σo values used
for ortho substituents, σm values used for meta substit-
uents, and σp values used for para substituents; and MR
(molar refractivity, scaled by 0.1). Along with individual
descriptor variables for each compound (σ2, σ3, π4, etc.),
additional parameters examined were composites of the
effects at both the ortho and para positions (σ2+4, π2+4,
MR2+4), effects at the two possible meta positions (σ3+5,
π3+5, MR3+5), summation of all electronic (∑σ), hydro-
phobic (∑π) and steric (∑MR) constants, and MR4

2. The
correlation matrix for all parameters was examined to
assure that any components used in final equations
showed low cross-correlation. Analyses were carried out
separately, using both the individual and composite
descriptors as well as the combined set of parameters.
While a variety of regression equations were identi-

fied as significant, the regression equations shown below
represent those models which seem to best account for
the binding data variance. Along with each model is
provided the squared correlation coefficient (r2), the F
statistic, and the standard error of estimate (SE).
Confidence intervals for the coefficients are given in
parentheses. For all equations, individual variables
were significant at less than the 0.05 level, and P )
0.0001 for the overall equation. Equations 1-3 were
derived for σ1 binding data.

Equation 1, based on parameters at single positions
on the aromatic ring, indicates that hydrophobic sub-
stituents at both the 3- and 4-positions increase binding,
while steric bulk at the 4-position, and 5-position in
disubstituted compounds, decreases potency. Equation
2, derived from composite parameters, is similar to eq
1, showing a general increase in binding affinity for
hydrophobic groups and a decrease in potency for bulky
groups. Additionally, the inclusion of the ∑σ term
indicates that electron-withdrawing substituents in-
crease activity, even though the aromatic ring is isolated
from the active nitrogen in these compounds. Equation
3, which shows the highest correlation of the three
equations (r2 ) 0.68), is similar to eq 2 but includes
parameters that reflect both general trends as well as
specific interactions with the receptors. Electron-
withdrawing substituents in the 4-position and hydro-
phobic groups at all positions increase binding affinity,

while steric bulk has in general a negative effect on
potency. Unlike eq 2, the additional MR3 term may
indicate some tolerance for steric bulk at the 3-position,
with substituents in that position interacting with a
polar region of the receptor.
In accord with eq 3, substitution at the 3-position with

electron-withdrawing, hydrophobic groups increases
activity relative to the unsubstituted compound 1. It
is of note that compound 9, whose 3-bromo substituent
is both hydrophobic and has a relatively large molar
refractivity term, shows the highest activity at the σ1
receptor of all compounds studied. Conversely, eq 1
indicates that electron-donating groups at the 4-position
should not be well tolerated, particularly if these sub-
stituents have low hydrophobicity. Compounds 28 (4-
OH) and 43 (4-NH2) both have these characteristics and
show binding affinities at the σ1 receptor of 287 and 470
nM, respectively. In fact, for monohydroxylated deriva-
tives, only the 2-substituted analogue (26) retained
significant σ1 receptor affinity, with a Ki value of 18.8
nM.
log(1/Ki) values for σ2 binding data were predicted well

by somewhat different equations:

Equation 4 shows a general increase in binding affinity
for hydrophobic substituents at the 2-, 3-, and 4-posi-
tions, as well as an increase in potency for electron
withdrawing substituents at the 3- and 4-positions. For
disubstituted compounds, steric bulk at the 5-position
decreases affinity, as was the case for σ1 receptor affinity
(eq 1). Equation 5, derived using composite parameters,
indicates an increase in affinity for electron-withdraw-
ing and hydrophobic substituents but a small decrease
in potency correlated with bulky substituents. This
latter effect is counterbalanced by a weak positive effect
on affinity by bulky substituents at the 4-position.
A slightly better equation than 5 was derived using

both individual and composite parameters and is shown
in eq 6. As was the case for eq 3 for σ1 receptor affinity,
eq 6 predicts an increase in binding for electron-
withdrawing substituents in the 4-position, as well as
for electron-withdrawing groups at the 3-position and
the 3- and 5-positions for disubstituted compounds. This
latter effect is counterbalanced by a sensitivity to steric

1og(1/Ki) ) -0.77((0.12) + 0.89((0.23)π3 + 0.96((
0.19)π4 - 0.86((0.23)MR4 - 1.01((0.40)MR5

n ) 40, r2 ) 0.64, SE ) 0.46, F4,35 ) 15.7 (1)

log(1/Ki) ) -0.82((0.18) + 0.36((0.17)∑σ + 0.68

((0.12)∑π - 0.48((0.14)∑MR

n ) 40, r2 ) 0.61, SE ) 0.47, F3,36 ) 19.1 (2)

log(1/Ki) ) -0.70((0.16) + 0.85((0.29)σ4 + 0.74((

0.29)MR3 +0.67((0.11)∑π - 0.70((0.16)∑MR

n ) 40, r2 ) 0.68, SE ) 0.43, F4,35 ) 18.3 (3)

log(1/Ki) ) -2.29((0.07) + 0.54((0.16)π2 + 0.57((
0.17)π3 + 0.59((0.14)π4 + 0.82((0.30)σ3 + 0.54((

0.21)σ4 - 0.90((0.26)MR5

n ) 40, r2 ) 0.79, SE ) 0.29, F6,33 ) 20.1 (4)

log(1/Ki) ) -2.17((0.12) + 0.27((0.12)σ2+4 + 0.49

((0.16)MR4
2 + 0.97((0.26)σ3+5 + 0.61((0.08)∑π -

0.41((0.11)∑MR

n ) 40, r2 ) 0.77, SE ) 0.30, F5,34 ) 22.4 (5)

log(1/Ki) ) -2.32((0.06) + 0.59((0.18)σ4 - 0.98((

0.24)MR5 +0.85((0.22)σ3+5 + 0.54((0.07)∑π

n ) 40, r2 ) 0.80, SE ) 0.27, F4,35 ) 34.8 (6)
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size at 5-position, as reflected by the relatively large
(and negative) MR5 term in eq 6. Equation 6 predicts
a small increase in binding affinity with substitution
of hydrophobic groups at all positions.
These influences on σ2 binding predicted by eq 6 may

be illustrated by examination of the monosubstituted
compounds 3, 4, 9, 10, 12, 13, 20, and 21. These
compounds all show higher activity at the σ2 receptor
than did the unsubstituted compound 1 and all have
groups that are both hydrophobic and electron-with-
drawing at either the 3- or 4-position. As was noted
earlier for σ1 binding affinity, σ2 binding appears to be
enhanced to a larger extent by electron-withdrawing
substituents at the 3-position than it is for substitutions
made at the 2- or 4-positions. This is the case for 3 (3-
Cl), 9 (3-Br), 20 (3-CF3), and for 23 (3-NO2). Equation
6 may reflect this sensitivity through the larger coef-
ficient for the σ3+5 term compared to that of the σ4 term
(see also eq 5). One exception to this trend appears to
be for 12 (3-F) and 13 (4-F), where 13 shows ap-
proximately a 2-fold greater affinity to the σ2 receptor
than does compound 12.
It is of note that all three bromo-substituted ana-

logues, compounds 8-10, show a 2-3-fold higher σ2
receptor affinity than the corresponding chloro-substi-
tuted analogues, perhaps due to the greater hydropho-
bicity of the bromo substituent (eq 6). One outcome of
this effect is that the bromo-substituted analogues have
a reduced σ1:σ2 selectivity ratio relative to the corre-
sponding chloro-substituted analogues. In general, 2-
and 3-substitution with Cl, Br, and F led to the following
relative order of potency at both the σ1 and σ2 receptor:
Br > Cl > F.
An interesting contrast between the effects of mono-

substitution on binding at σ1 and σ2 receptors is found
for 2-substitution with fluorine. While 2-substitution
with either Cl, Br, or F had a minimal effect on σ1
receptor affinity, and showed a slight increase in affinity
at the σ2 receptor for bromo and chloro derivatives,
2-substitution of a fluoro group dramatically reduced
the affinity at σ2 receptors (Ki ) 667 nm), thereby
resulting in the compound (11) with the highest for σ1:
σ2 selectivity ratio (∼187) among all of the new ligands
tested in this study. None of the QSAR equations above
appear to account for this selectivity. For σ2 binding,
substitution by fluorine at the 3- and 5-positions appears
to be favored over the 3- and 4-positions for the two
disubstituted compounds 17 and 18, in agreement with
the larger coefficient for the σ3+5 term compared to the
σ4 term in eq 6. In this case, the MR5 term should play
a small part since the molar refractivity for fluorine is
slightly smaller than that of hydrogen.
A difference between eqs 3 and 6 is the lack of an

overall negative effect on activity for steric bulk as
shown by the absence of the ∑MR term in eq 6.
However, the inclusion of the MR5 term in eq 6 does
indicate some sensitivity to steric bulk specifically at
the 5-position in polysubstituted compounds. For ex-
ample, compounds 34, 36, and 37 all show essentially
no affinity (Ki > 1000 nM) at the σ2 receptor and all
contain the 5-OCH3 moiety.
As was the case for σ1 binding, substituents that are

electron donating and those with low hydrophobicity
cause a substantial decrease in binding affinity. While

the 2-hydroxy-substituted analogue 26 had measurable
affinity for σ2 receptors (Ki value of 343 nM), both the
3-hydroxy-substituted (27) and 4-hydroxy-substituted
(28) analogues had no affinity. A similar result was
observed with the 4-NH2-substituted analogue, 43,
which had no measurable affinity for σ2 receptors.
Dihydroxy substitution had a further detrimental

effect on both σ1 and σ2 receptor affinity, with the 3,4-
dihydroxy-substituted analogue (29) having no measur-
able affinity for either receptor. When the dimethoxy
substitution pattern of 35 was replaced with a methyl-
enedioxy moiety, the resultant compound, 38, had a 48-
fold increase in σ1 receptor affinity from 352 nM for 35
to 7.32 nM for 38. This change in substitution also
resulted in a significant increase in σ2 receptor affinity,
from >1000 nM for 35 to 290 nM for 38. These results
may indicate a sensitivity of both receptors to steric bulk
outside the plane of the aromatic ring.
An unexpected observation was the relatively high σ1

affinity of the urea compound, 39, and the hydroxyethyl-
amino analogue, 40. Compound 39 had higher affinity
for σ1 and σ2 receptors than the dimethoxy-substituted
phenylacetamide analogues 34, 35, and 36. Although
no 2,4-dimethoxy-substituted phenylacetamide analogue
was made to compare in this study, we anticipate that
the 2,4-dimethoxy-substituted phenylacetamide ana-
logue would have σ1 and σ2 receptor affinities lower than
those of the urea analogue, 39. The 4-methythio-
substituted analogue 41 had an affinity for both recep-
tors higher than that of the corresponding 4-methoxy-
substituted analogue, 33. This may be attributed to the
higher lipophilicity of the SMe than that of OMe.
In order to confirm that the phenylacetamide ana-

logues do not bind to dopamine D2 class of receptors, in
vitro binding assays were conducted with genetically
engineered Sf9 cells containing either the rat dopamine
D2-long or rat D3 receptor.39 The dopamine receptor
binding assays were conducted on analogues 1, 5, 9, 11,
and 20 and revealed that these compounds do not bind
(IC50 > 10 000 nM) to D2 or D3 receptors (data not
shown).
In conclusion, the present study investigated a series

of N-(1-benzylpiperidin-4-yl)phenylacetamide deriva-
tives for their binding affinities for σ1 and σ2 receptors.
Substituents were introduced into various positions on
the phenyl ring of the phenylacetamide moiety. Lipo-
philic substituents, such as Cl, Br, and CF3 groups, gave
either higher or similar affinities for σ1 receptors and a
higher σ2 receptor affinity in comparison to compound
1. All 3-substitutions afforded the highest affinities for
both σ1 and σ2 receptors. The bromo-substituted ana-
logues gave the highest increase in affinity for both
receptors. All N-(1-benzylpiperidin-4-yl)phenylaceta-
mide analogues evaluated in this study have higher
affinities for σ1 receptors than for σ2 receptors. The 2-F
analogue, 11, was the most selective σ1 ligand (σ1:σ2
ratio of 187); compounds 1, 2, and 12 also showed high
σ1:σ2 selectivity ratios of 62, 56, and 62, respectively.
Compounds with hydrophilic substituents (NO2, OH,
OMe, and NH2) had decreased affinities for σ1 receptors
and a low affinity for σ2 receptors when compared to
that of compound 1. These results are in agreement
with the generally accepted model of the σ receptor
binding site, suggesting that the binding site is com-
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posed of a primary lipophilic site, a basic nitrogen
binding site, and a secondary lipophilic site.40 Com-
pounds 1, 11, and 12 may be developed as potential
radiotracers for PET or SPECT imaging of σ1 receptors
in vivo.

Experimental Section

Chemistry. Melting points were measured on a Fisher-
Johns melting point apparatus and are uncorrected. Elemen-
tal analyses were performed at Atlantic Microlabs, Atlanta,
GA; where molecular formulae were indicated, analyses were
found to be within (0.4% of the theoretical values for these
elements. 1H NMR spectra were recorded at 300 MHz on a
Bruker ASPECT3000 spectrometer. All 1H NMR spectra were
obtained in either CDCl3 or DMSO-d6, and results are recorded
as parts per million (ppm) downfield to tetramethylsilane
(TMS). The following abbreviations are used for multiplicity
of NMR signals: s ) singlet, d ) doublet, t ) triplet, q )
quartet, m ) multiplet, dd ) double doublet, dt ) double
triplet, dq ) double quartet, br ) broad. All starting materials
and solvents were purchased from either Aldrich or Fisher and
were used without further purification.
General Method A. Preparation of N-(1-Benzylpip-

eridin-4-yl)phenylacetamide (1). To an ice-cold solution of
phenylacetic acid (1.36 g, 10 mmol) in dry THF (35 mL) was
added DCC (2.06 g, 10 mmol). After 30 min of stirring,
1-benzyl-4-aminopiperidine (1.90 g, 10 mmol) was added. The
reaction was continued at room temperature overnight. The
solid was removed by filtration, the solvent was removed, and
the residue was partitioned between CH2Cl2 and water. The
combined organic layer was washed with 1 N NaOH and
saturated aqueous NaCl, dried over Na2SO4, and concentrated
in vacuo. The residue was chromatographed on silica gel
column using CHCl3 and then CHCl3-EtOH (9.5:0.5) as the
eluents. The product was then recrystallized from ethyl
acetate/hexane to give 0.87 g of free amine, mp 136-137 °C.
The mother liquid was concentrated and converted into the
HCl salt by treatment with HCl gas in ethyl acetate. After
removal of the solvent, the HCl salt was recrystallized from
ethyl acetate-ethanol to give 0.96 g (56% overall yield): mp
204-206 °C; 1H NMR (free amine in CDCl3) δ 7.21-7.37 (m,
10H, aromatic), 5.17-5.20 (d, 1H, NH), 3.73-3.85 (m, 1H,
NHCH), 3.55 (s, 2H, CH2CO), 3.44 (s, 2H, CH2-phenyl), 2.68-
2.72 (d, 2H 2R-Heq of piperidine), 2.03-2.12 (dt, 2H, 2R-Hax of
piperidine), 1.80-1.86 (m, 2H, 2â-Heq of piperidine), 1.24-1.37
(dq, 2H, 2â-Hax of piperidine). Anal. (C20H24N2OHCl) C, H,
N.
N-(1-Benzylpiperidin-4-yl)-2-chlorophenylacetamide

(2): yield 74%; mp 138-139 °C (free amine), 215-217 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 7.23-7.41 (m, 9H),
5.25-5.28 (d, 1H), 3.79-3.82 (m, 1H), 3.66 (s, 2H), 3.45 (s, 2H),
2.69-2.73 (d, 2H), 2.05-2.13 (dt, 2H), 1.83-1.88 (m, 2H),
1.28-1.41 (dq, 2H). Anal. (C20H23N2OCl‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-chlorophenylacetamide

(3): yield 64%; mp 115-116 °C (free amine), 170-172 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 7.13-7.30 (m, 9H),
5.22-5.24 (d, 1H), 3.74-3.84 (m, 1H), 3.50 (s, 2H), 3.46 (s, 2H),
2.72-2.76 (d, 2H), 2.05-2.13 (dt, 2H), 1.83-1.88 (m, 2H),
1.29-1.42 (dq, 2H). Anal. (C20H23N2OCl‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-chlorophenylacetamide

(4): yield 44%; mp 139-140 °C (free amine), 200-202 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 7.16-7.33 (m, 9H),
5.21-5.23 (d, 1H), 3.72-3.85 (m, 1H), 3.50 (s, 2H), 3.45 (s, 2H),
2.71-2.75 (d, 2H), 2.04-2.12 (dt, 2H), 1.82-1.87 (m, 2H),
1.26-1.40 (dq, 2H). Anal. (C20H23N2OCl‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4-dichlorophenylaceta-

mide (5): yield 46%; mp 197-199 °C (HCl salt); 1H NMR (HCl
salt in DMSO-d6) δ 8.43-8.46 (d, 1H), 7.44-7.64 (m, 7H),
7.21-7.25 (m, 1H), 4.21-4.23 (d, 2H), 3.71-3.73 (m, 1H), 3.43
(s, 2H), 3.25-3.35 (m, 2H), 2.92-3.02 (m, 2H), 1.77-1.97 (m,
4H). Anal. (C20H22N2OCl2‚HCl‚H2O) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2,4-dichlorophenylaceta-

mide (6): yield 59%; mp 148-150 °C (free amine), 228-230

°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.41-7.42 (d,
1H), 7.21-7.33 (m, 7H), 5.27-5.30 (d, 1H), 3.68-3.86 (m, 1H),
3.60 (s, 2H), 3.46 (s, 2H), 2.72-2.76 (d, 2H), 2.05-2.17 (dt,
2H), 1.84-1.89 (m, 2H), 1.31-1.44 (dq, 2H). Anal. (C20H22N2-
OCl2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2,6-dichlorophenylaceta-

mide (7): yield 39%; mp 167-169 °C (free amine), 203-205
°C (HCl salt). 1H NMR (free amine in CDCl3) δ 7.16-7.36 (m,
8H), 5.16-5.19 (d, 1H), 3.90 (s, 2H), 3.76-3.87 (m, 1H), 3 45
(s, 2H), 2.70-2.74 (d, 2H), 2.05-2.13 (dt, 2H), 1.85-1.95 (m,
2H), 1.30-1.42 (dq, 2H). Anal. (C20H22N2OCl2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2-bromophenylacetamide

(8): yield 42%; mp 170-172 °C (free amine), 228-231 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 7.54-7.60 (m, 1H),
7.13-7.36 (m, 8H), 5.27-5.30 (d, 1H), 3.75-3.86 (m, 1H), 3.67
(s, 2H), 3.45 (s, 2H), 2.69-2.73 (d, 2H), 2.05-2.13 (dt, 2H),
1.83-1.96 (m, 2H), 1.29-1.42 (dq, 2H). Anal. (C20H23N2OBr‚
HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-bromophenylacetamide

(9): yield 40%; mp 115-116 °C (free amine), 180-182 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 7.16-7.47 (m, 9H), 5.26
(br, 1H), 3.70-3.85 (m, 1H), 3.49 (s, 2H), 3.46 (s, 2H), 2.72-
2.76 (d, 2H), 2.04-2.13 (dt, 2H), 1.83-1.88 (m, 2H), 1.26-1.42
(dq, 2H). Anal. (C20H23N2OBr‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-bromophenylacetamide

(10): yield 26%; mp 142-144 °C (free amine), 197-200 °C (HCl
salt). tH-NMR (free amine in CDCl3) δ 7.44-7.49 (m, 2H),
7.21-7.33 (m, 5H), 7.10-7.14 (m, 2H), 5.19-5.22 (d, 1H),
3.72-3.84 (m, 1H), 3.48 (s, 2H), 3.46 (s, 2H), 2.71-2.75 (d, 2H),
2.04-2.12 (dt, 2H), 1.82-1.95 (m, 2H), 1.28-1.40 (dq, 2H).
Anal. (C20H23N2OBr‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2-fluorophenylacetamide

(11): yield 78%; mp 131-132 °C (free amine); 1H NMR (free
amine in CDCl3) δ 7.21-7.34 (m, 6H), 6.95-7.04 (m, 3H),
5.25-5.28 (d, 1H), 3.76-3.82 (m, 1H), 3.52 (s, 2H), 3.48 (s, 2H),
2.71-2.75 (d, 2H), 2.04-2.12 (dt, 2H), 1.82-1.88 (m, 2H),
1.28-1.41 (dq, 2H). Anal. (C20H23N2OF) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-fluorophenylacetamide

(12): yield 95%; mp 115-116 °C (free amine); lH NMR (free
amine in CDCl3) δ 7.21-7.33 (m, 7H), 7.03-7.15 (m, 2H),
5.34-5.37 (d, 1H), 3.74-3.82 (m, 1H), 3.55 (s, 2H), 3.45 (s, 2H),
2.71-2.75 (d, 2H), 2.04-2.13 (dt, 2H), 1.83-1.88 (m, 2H),
1.29-1.42 (dq, 2H). Anal. (C20H23N2OF) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-fluorophenylacetamide

(13): yield 43%; mp 124-126 °C (free amine), 192-194 °C (HCl
salt); 1H NMR (free amine in CDCl3) δ 6.97-7.33 (m, 9H),
5.19-5.22 (d, 1H), 3.72-3.85 (m, 1H), 3.50 (s, 2H), 3.45 (s, 2H),
2.70-2.74 (d, 2H), 2.04-2.13 (dt, 2H), 1.82-1.87 (m, 2H),
1.27-1.40 (dq, 2H). Anal. (C20H23N2OF‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2,4-difluorophenylaceta-

mide (14): yield 59%; mp 137-138 °C (free amine), 189-191
°C (HCl salt). 1H NMR (free amine in CDCl3) δ 7.21-7.33 (m,
6H), 6.79-6.90 (m, 2H), 5.33-5.35 (d, 1H), 3.72-3.85 (m, 1H),
3.49 (s, 2H), 3.46 (s, 2H), 2.73-2.77 (d, 2H), 2.05-2.13 (dt,
2H), 1.84-1.89 (m, 2H), 1.32-1.45 (dq, 2H). Anal. (C20H22N2-
OF2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2,5-difluorophenylaceta-

mide (15): yield 52%; mp 122 123 °C (free amine), 185-187
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.21-7.36 (m,
5H), 6.91-7.06 (m, 3H), 5.36-5.38 (d, 1H), 3.73-3.86 (m, 1H),
3.51 (s, 2H), 3.47 (s, 2H), 2.74-2.78 (d, 2H), 2.05-2.14 (dt,
2H), 1.85-1.95 (m, 2H), 1.292-1.42 (dq, 2H). Anal. (C20H22N2-
OF2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2,6-difluorophenylaceta-

mide (16): yield 40%; mp 148-149 °C (free amine). 1H NMR
(free amine in CDCl3) δ 7.20-7.33 (m, 6H), 6.87-6.95 (m, 2H),
5.33-5.35 (d, 1H), 3.74-3.85 (m, 1H), 3.58 (s, 2H), 3.46 (s, 2H),
2.73-2.77 (d, 2H), 2.05-2.14 (dt, 2H), 1.85-1.95 (m, 2H),
1.33-1.46 (dq, 2H). Anal. (C20H22N2OF2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4-difluorophenylaceta-

mide (17): yield 55%; mp 125-126 °C (free amine), 173-175
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.21-7.33 (m,
5H), 7.06-7.14 (m, 2H), 6.94-6.99 (m, 1H), 5.25-5.28 (d, 1H),
3.72-3.85 (m, 1H), 3.46 (s, 4H), 2.73-2.77 (d, 2H), 2.05-2.13
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(dt, 2H), 1.85-1.96 (m, 2H), 1.31-1.44 (dq, 2H). Anal.
(C20H22N2OF2) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,5-difluorophenylaceta-

mide (18): yield 32%; mp 117-118 °C (free amine), 180-182
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.22-7.36 (m,
5H), 6.70-6.83 (m, 3H), 5.26-5.29 (d, 1H), 3.73-3.86 (m, 1H),
3.49 (s, 2H), 3.47 (s, 2H), 2.74-2.78 (d, 2H), 2.05-2.14 (dt,
2H),1.86-1.90 (m, 2H), 1.32-1.45 (dq, 2H). Anal. (C20H22N2-
OF2) C, H, N.
N-(1-Benzylpiperidin-4-yl-2-(trifluoromethyl)phen-

ylacetamide (19): yield 64%; mp 128-129 °C (free amine),
239-241 °C (HCl salt). 1H NMR (free amine in CDCl3) δ 7.66-
7.69 (m, 1H), 7.52-7.57 (m, 1H),7.37-7.47 (m, 2H), 7.21-7.32
(m, 5H), 5.13-5.16 (d, 1H), 3.73-3.84 (m, 1H), 3.73 (s, 2H),
3.46 (s, 2H), 2.71-2.75 (d, 2H), 2.04-2.12 (dt, 2H), 1.83-1.87
(m, 2H), 1.27-1.40 (dq, 2H). Anal. (C21H23N2OF3‚HCl) C, H,
N.
N-(1-Benzylpiperidin-4-yl)-3-(trifluoromethyl)phen-

ylacetamide (20): yield 48%; mp 110-111 °C (free amine),
184-186 °C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.43-
7.61 (m, 4H), 7.22-7.33 (m, 5H), 5.22-5.24 (d, 1H), 3.74-3.87
(m, 1H), 3.58 (s, 2H), 3.46 (s, 2H), 2.72-2.76 (d, 2H), 2.05-
2.14 (dt, 2H), 1.84-1.88 (m, 2H), 1.31-1.44 (dq, 2H). Anal.
(C21H23N2OF3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-(trifluoromethyl)phen-

ylacetamide (21): yield 28%; mp 124-125 °C (free amine),
209-211 °C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.58-
7.61 (d, 2H), 7.36-7.39 (d, 2H), 7.21-7.32 (m, 5H), 5.20-5.22
(d, 1H), 3.73-3.86 (m, 1H), 3.58 (s, 2H), 3.46 (s, 2H), 2.72-
2.76 (d, 2H), 2.04-2.13 (dt, 2H), 1.84-1.87 (m, 2H), 1.30-1.42
(dq, 2H). Anal. (C21H23N2OF3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2-nitrophenylacetamide (22):

yield 59%; mp 124-125 °C (free amine), 209-211 °C (HCl salt);
1H NMR (free amine in CDCl3) δ 8.01-8.04 (m, 1H), 7.57-
7.62 (m, 1H), 7.42-7.49 (m, 2H), 7.24-7.31 (m, 5H), 5.66-
5.68 (d, 1H), 3.73-3.84 (m, 1H), 3.80 (s, 2H), 3.47 (s, 2H), 2.74-
2.78 (d, 2H), 2.06-2.14 (dt, 2H), 1.85-1.91 (m, 2H), 1.38-1.50
(dq, 2H). Anal. (C20H23N3O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-nitrophenylacetamide (23):

yield 58%; mp 170-173 °C (HCl salt); 1H NMR (HCl salt in
DMSO-d6) δ 8.47-8.50 (m, 1H, CONH), 8.09-8.18 (m, 2H),
7.69-7.76 (m, 1H), 7.57-7.62 (m, 3H), 7.28-7.46 (m, 3H),
4.22-4.24 (d, 2H), 3.71-3.76 (m, 1H), 3.59 (s, 2H), 3.21-3.35
(m, 2H), 2.96-3.03 (m, 2H), 1.76-2.01 (m, 4H). Anal.
(C20H23N3O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-nitrophenylacetamide (24):

yield 43%; mp 162-164 °C (free amine), 213-215 °C (HCl salt);
1H NMR(free amine in CDCl3) δ 8.18-8.26 (d, 2H), 7.43-7.46
(d, 2H), 7.22-7.33 (m, 5H), 5.30-5.33 (d, 1H), 3.73-3.86 (m,
1H), 3.61 (s, 2H), 3.47 (s, 2H), 2.75-2.79 (d, 2H), 2.05-2.14
(dt, 2H), 1.86-1.90 (m, 2H), 1.33-1.46 (dq, 2H). Anal.
(C20H23N3O3) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2-methoxyphenylaceta-

mide (31): yield 48%; mp 211-213 °C (HCl salt); 1H NMR
(HCl salt in DMSO-d6) δ 8.13-8.16 (d, 1H, CONH), 7.58-7.61
(m, 2H), 7.44-7.47 (m, 3H), 7.11-7.23 (m, 2H), 6.83-6.96 (m,
2H), 4.22-4.24 (d, 2H), 3.73-3.80 (m, 1H), 3.73 (s, 3H), 3.20-
3.36 (m, 2H), 2.97-3.01 (m, 2H), 1.73-1.99 (m, 4H). Anal.
(C21H26N2O2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-methoxyphenylaceta-

mide (32): yield 60%; mp 117-118 °C (free amine), 165-167
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.21-7.32 (m,
6H), 6.77-6.85 (m, 3H), 5.22-5.24 (d, 1H), 3.73-3.84 (m, 1H),
3.81 (s, 3H), 3.52 (s, 2H), 3.44 (s, 2H), 2.69-2.74 (d, 2H), 2.03-
2.11 (dt, 2H), 1.81-1.91 (m, 2H), 1.23-1.37 (dq, 2H). Anal.
(C21H26N2O2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-methoxyphenylaceta-

mide (33): yield 87%; mp 151-152 °C (free amine), 177-180
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.21-7.32 (m,
5H), 7.12-7.16 (d, 2H), 6.85-6.90 (d, 2H), 5.17-5.20 (d, 1H),
3.73-3.85 (m, 1H), 3.81 (s, 3H), 3.48 (s, 2H), 3.36 (s, 2H), 2.68-
2.73 (d, 2H), 2.03-2.11 (dt, 2H), 1.81-1.84 (m, 2H), 1.23-1.36
(dq, 2H). Anal. (C21H26N2O2) C, H, N.

N-(1-Benzylpiperidin-4-yl)-2,5-dimethoxyphenylaceta-
mide (34): yield 71%; mp 113-114 °C (free amine), 187-190
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.21-7.32 (m,
5H), 6.75-6.80 (m, 3H), 5.68-5.71 (d, 1H), 3.72-3.83 (m, 1H),
3.79 (s, 3H), 3.76 (s, 3H), 3.49 (s, 2H), 3.45 (s, 2H), 2.67-2.72
(d, 2H), 2.05-2.12 (dt, 2H), 1.79-1.85 (m, 2H), 1.25-1.38 (dq,
2H). Anal. (C22H28N2O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4-dimethoxyphenylaceta-

mide (35): yield 50%; mp 190-192 °C (HCl salt); 1H NMR
(HCl salt in DMSO-d6) δ 8.26-8.29 (d, 1H, CONH), 7.59-7.62
(m, 2H), 7.44-7.46 (m, 3H), 6.83-6.86 (m, 2H), 6.72-6.78 (m,
1H), 4.21-4.23 (d, 2H), 3.73-3.80 (m, 1H), 3.72 (s, 3H), 3.71
(s, 3H), 3.36-3.46 (m, 2H), 3.30 (s, 2H), 2.92-3.03 (m, 2H),
1.74-7.92 (m, 4H). Anal. (C22H28N2O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,5-dimethoxyphenylaceta-

mide (36): yield 56%; mp 129-130 °C (free amine), 185-187
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.20-7.32 (m,
5H), 6.38 (m, 3H), 5.29-5.32 (d, 1H), 3.72-3.86 (m, 1H), 3.78
(s ,6H), 3.48 (s, 2H), 3.44 (s, 2H), 2.71-2.74 (d, 2H), 2.03-
2.12 (dt, 2H), 1.82-1.85 (m, 2H), 1.26-1.39 (dq, 2H). Anal.
(C22H28N2O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4,5-trimethoxyphenylac-

etamide (37): yield 79%; mp 111-112 °C (free amine), 198-
200 °C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.20-7.32
(m, 5H), 6.45 (s, 2H), 5.31-5.34 (d, 1H), 3.73-3.86 (m, 1H),
3.85 (s, 9H), 3.48 (s, 2H), 3.45 (s, 2H), 2.72-2.76 (d, 2H), 2.04-
2.13 (dt, 2H), 1.74-1.84 (m, 2H), 1.29-1.42 (dq, 2H). Anal.
(C23H30N2O4‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4-(methylenedioxy)phe-

nylacetamide (38): yield 30%; mp 144-145 °C (free amine),
210-212 °C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.20-
7.32 (m, 5H), 6.76-6.79 (d, 12H), 6.71-6.72 (d, 1H), 6.65-
6.68 (dd, 1H), 5.97 (s, 2H, OCH2O), 5.22-5.25 (d, 1H), 3.73-
3.83 (m, 1H), 3.45 (s, 4H), 2.71-2.75 (d, 2H), 2.04-2.11 (dt,
2H), 1.82-1.86 (m, 2H), 1.26-1.39 (dq, 2H). Anal.
(C21H24N2O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-(methylthio)phenylaceta-

mide (41): yield 73%; mp 188-190 °C (HCl salt); 1H NMR
(HCl salt in DMSO-d6) δ 8.33-8.36 (d, 1H, CONH), 7.60-7.62
(m, 2H), 7.44-7.46 (m, 3H), 7.18-7.24 (m, 4H), 4.21-4.23 (d,
2H), 3.69-3.74 (m, 1H), 3.35 (s, 2H), 3.19-3.35 (m, 2H), 2.95-
2.99 (m, 2H), 2.45 (s, 3H, SCH3), 1.87-2.00 (m, 4H). Anal.
(C21H26N2OS‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-aminophenylacetamide

(43). To a solution of 4-aminophenylacetic acid (4.54 g, 0.03
mol) in aqueous NaOH (0.2 N, 35 mL) was added di-tert-butyl
dicarbonate (6.55 g, 0.03 mol). The mixture was stirred at
room temperature overnight, adjusted to pH ) 2 using 1 N
HCl, extracted with ethyl acetate (3 × 30 mL), and dried over
Na2SO4. After removal of the solvent, the product was
recrystallized from ethanol/pentane to give 7.43 g (98.5%) of
4-[(tert-butoxycarbonyl)amino]phenylacetic acid: 1H NMR
(CDCl3) δ 7.30-7.33 (d, 2H), 7.18-7.21 (d, 2H), 3.59 (s, 2H),
1.51 (s, 9H).
The 4-[(tert-butoxycarbonyl)amino]phenylacetic acid was

condensed with 1-benzyl-4-aminopiperidine according to method
A to give N-(1-benzylpiperidin-4-yl)-4-[(tert-butoxycarbonyl)-
amino]phenylacetamide: 1H NMR (CDCl3) δ 7.33-7.36 (d, 2H),
7.21-7.29 (m, 5H), 7.13-7.16 (d, 2H), 6.53 (s, 1H, CONH-
phenyl), 5.19-5.22 (d, 1H), 3.76-3.82 (m, 1H), 3.45 (s, 2H),
3.49 (s, 2H), 2.69-2.73 (d, 2H), 2.04-2.11 (dt, 2H), 1.80-1.83
(m, 2H), 1.53 (s, 9H), 1.28-1.42 (dq, 2H).
N-(1-Benzylpiperidin-4-yl)-4-[(tert-butoxycarbonyl)amino]-

phenylacetamide (1.0 g) was treated with trifluoroacetic acid
to giveN-(1-benzylpiperidin-4-yl)-4-aminophenylacetamide (0.74
g, 97%): mp 171-172 °C (free amine), 230-232 °C (HCl salt);
1H NMR (free amine in CDCl3) δ 7.21-7.32 (m, 5H), 6.98-
7.01 (d, 2H), 6.64-6.67 (d, 2H)), 5.21-5.24 (d, 1H), 3.72-3.82
(m, 1H), 3.68 (s, 2H, NH2), 3.44 (s, 2H), 3.43 (s, 2H), 2.68-
2.73 (d, 2H), 2.03-2.11 (dt, 2H), 1.80-1.83 (m, 2H), 1.23-1.36
(dq, 2H). Anal. (C20H25N3O‚2HCl) C, H, N.
General Method B. Preparation of N-(1-Benzylpip-

eridin-4-yl)-2,4-dinitrophenylacetamide (25). To a solu-
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tion of 2,4-dinitrophenylacetic acid (2.26 g, 10 mmol) in dry
CH2Cl2 (50 mL) was added BOP (4.42 g, 10 mmol). 1-Benzyl-
4-aminopiperidine (1.90 g, 10 mmol) was added with stirring.
After 2 h of stirring at room temperature, the mixture was
partitioned between CH2Cl2 and aqueous NaHCO3, washed
with saturated aqueous NaCl, and dried over Na2SO4. The
product was purified by silica gel column chromatography,
eluting with CHCl3-EtOH (9.5:0.5). Recrystallization from
ethanol/pentane gave 0.98 g of free amine, mp 212-214 °C.
The rest was converted into HCl salt by treatment with
ethanol-HCl and recrystallized from ethanol/ethyl acetate to
give 2.96 g (93% overall yield): mp 207-210 °C; 1H NMR (free
amine in DMSO-d6) δ 8.50 (m, 1H), 8.36 (m, 1H), 7.81 (m, 1H),
7.49-7.52 (m, 5H), 4.26-4.28 (br, 2H), 4.07 (s, 2H), 3.71-3.85
(m, 1H), 2.95-3.16 (m, 2H), 1.88-1.99 (m, 4H), 1.55-1.67 (m,
2H). Anal. (C20H22N4O5‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-2-hydroxyphenylaceta-

mide (26): yield 40%; mp 196-198 °C (HCl salt); 1H NMR
(HCl salt in DMSO-d6) δ 9.62 (s, 1H, OH), 8.28-8.31 (d, 1H,
CONH), 7.58-7.62 (m, 2H), 7.41-7.47 (m, 3H), 7.00-7.08 (m,
2H), 6.68-6.82 (m, 2H), 4.22-4.24 (d, 2H), 3.72-3.77 (m, 1H),
2.94-3.04 (m, 2H), 1.78-1.99 (m, 4H), CH2CO peak and the
2R-Heq peaks overlapped with DMSO-d6 peaks at around 3.36
ppm. Anal. (C20H24N2O2‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-hydroxyphenylaceta-

mide (27): yield 57%; mp 218-220 °C (free amine), 212-214
°C (HCl salt); 1H NMR (free amine in DMSO-d6) δ 9.30 (s, 1H,
OH), 8.16-8.18 (d, 1H, CONH), 7.48-7.51 (m, 5H), 7.03-7.11
(m, 1H), 6.59-6.67 (m, 3H), 4.26-4.28 (d, 2H), 3.68-3.75 (m,
1H), 3.28 (s, 2H), 2.99-3.10 (m, 2H), 1.87-1.99 (m, 2H), 1.51-
1.63 (m, 2H). Anal. (C20H24N2O2‚HCl‚H2O) C, H, N.
N-(1-Benzylpiperidin-4-yl)-4-hydroxyphenylaceta-

mide (28): yield 98%; mp 215-217 °C (free amine), 214-216
°C (HCl salt); 1H NMR (free amine in DMSO-d6) δ 9.23 (s, 1H,
OH), 8.10-8.12 (d, 1H, CONH), 7.48-7.51 (m, 5H), 7.00-7.03
(d, 2H), 6.66-6.69 (d, 2H), 4.26-4.28 (d, 2H), 3.70-3.73 (m,
1H), 3.25 (s, 2H), 2.98-3.09 (m, 2H), 1.86-1.99 (m, 2H), 1.51-
1.62 (m, 2H). Anal. (C20H24N2O2‚HCl + 1/2H2O) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3,4-dihydroxyphenylaceta-

mide (29): yield 21%; mp 203-205 °C (HCl salt); 1H NMR
(HCl salt in DMSO-d6) δ 10.84 (br, 1H), 8.79 (br, 1H), 8.17-
8.20 (d, 1H), 7.58-7.60 (m, 2H), 7.44-7.46 (m; 3H), 6.60-6.63
(m, 2H), 6.44-6.50 (m, 1H), 4.22-4.24 (d, 2H), 3.68-3.72 (m,
1H), 3.17 (s, 2H), 2.92-3.64 (m, 2H), 1.71-1.92 (m, 4H). Anal.
(C20H24N2O3‚HCl) C, H, N.
N-(1-Benzylpiperidin-4-yl)-3-chloro-4-hydroxyphen-

ylacetamide (30): yield 99%; mp 85-87 °C (free amine); 1H
NMR (free amine in CDCl3) δ 7.23-7.30 (m, 5H), 7.21-7.22
(m, 1H), 7.01-7.05 (m, 1H), 6.92-6.95 (m, 1H), 5.21-5.24 (d,
1H), 3.71-3.81 (m, 1H), 3.47 (s, 2H), 3.44 (s, 2H), 2.74-2.78
(d, 2H), 2.05-2.13 (dt, 2H), 1.84-1.87 (m, 2H), 1.28-1.42 (dq,
2H). Anal. (C20H23N2O2Cl) C, H, N.
General Method C. Preparation of 1-(2,4-Dimeth-

oxyphenyl)-3-(1-benzylpiperidin-4-yl)urea (39). A mix-
ture of 2,4-dimethoxyphenyl isocyanate (1.79 g, 10 mmol),
1-benzyl-4-aminopiperidine (1.90 g, 10 mmol), and dibutyltin
diacetate (0.35 g, 1 mmol) in 40 mL of CH2Cl2 was stirred at
room temperature for 60 min. The mixture was partitioned
between CH2Cl2 and water, and the organic layer was washed
with saturated aqueous NaCl and dried over Na2SO4. The
solvent was concentrated in vacuo, and the resulting residue
was purified by silica gel column chromatography using
CHCl3-EtOH (9.5:0.5) as the eluent. The product was recrys-
tallized from ethanol/ethyl acetate to give 1.04 g of free amine,
mp 155-156 °C. The rest was converted into HCl salt using
ethanolic hydrogen chloride and recrystallized from ethanol-
water to give 1.99 g (77% overall yield): mp 245-247 °C; 1H
NMR (free amine in CDCl3) δ 7.63-7.66 (d, 1H), 7.21-7.34
(m, 5H), 6.43-6.47 (m, 2H), 6.26 (s, 1H, phenyl-NHCO), 4.45-
4.48 (d, 1H, CONH-piperidinyl), 3.81 (s, 3H, OCH3), 3.79 (s,
3H, OCH3), 3.63-3.73 (m, 1H), 3.48 (s, 2H, CH2-phenyl), 2.77-
2.81 (d, 2H, 2R-Heq of piperidine), 2.08-2.17 (dt, 2H, 2R-Hax

of piperidine), 1.93-1.96 (dd, 2H, 2â-Heq of piperidine), 1.36-
1.49 (dq, 2H, 2â-Hax of piperidine). Anal. (C21H27N3O3‚HCl)
C, H, N.
1-(4-Methylthiophenyl)-3-(1-benzylpiperidin-4-yl)-

urea (42): yield 74%; mp 165-166 °C (free amine), 238-240
°C (HCl salt); 1H NMR (free amine in CDCl3) δ 7.18-7.34 (m,
9H), 6.07 (s, 1H, phenyl-NHCO), 4.58-4.61 (d, 1H, CONH-
piperidinyl), 3.65-3.75 (m, 1H), 3.48 (s, 2H, CH2-phenyl),
2.77-2.81 (d, 2H), 2.46 (s, 3H, SCH3), 2.08-2.15 (dt, 2H),
1.92-1.95 (m, 2H), 1.36-1.49 (dq, 2H). Anal. (C20H25N3OS‚
HCl) C, H, N.
Method D. Preparation of 1-Benzyl-4-[[2-hydroxy-2-

(2,3-dimethoxyphenyl)ethyl]amino]piperidine (40). A
suspension of 2,3-dimethoxybenzaldehyde (16.62 g, 0.1 mol),
TMSCN (11.0 g, 0.11 mol), and ZnI2 (0.01 g) in benzene (100
mL) was stirred at room temperature for 4 h. The mixture
was concentrated in vacuo to give a residue which was
dissolved in 100 mL of dry THF, to which was added LiAlH4

(4.0 g, 0.12 mol) in THF (50 mL) dropwise. After 1 h of
refluxing, H2O (6 mL) and NaOH (15%, 6 mL) were added to
consume the excess LiAlH4. The solvent was removed in vacuo
to yield a residue which was extracted with ether (3 × 30 mL),
washed with aqueous NaCl, and dried over Na2SO4. After
removal of the Na2SO4, HCl gas was added to the ether
solution to give the HCl salt as a white solid, which was
recrystallized from ethanol to give 7.66 g (33%): mp 156-158
°C; 1H NMR (HCl salt in DMSO-d6) δ 6.99-7.13 (m, 3H), 5.96-
5.98 (d, 1H, OH), 5.08-5.12 (m, 1H, CH-OH), 3.08 (s, 3H,
OCH3), 3.76 (s, 3H, OCH3), 2.90-2.94 (m, 2H, CH2), 2.71-
2.78 (t, 2H, NH2).
The above HCl salt (2.34 g, 10 mmol) was added to

N-benzylpiperid-4-one (1.89 g, 10 mol) in 30 mL of methanol.
The mixture was stirred at room temperature for 2 h, NaBH3-
CN (0.63 g, 10 mol) was added into the solution, and the
mixture was stirred at room temperature overnight. Solvent
was removed in vacuo, and the residue was dissolved in 1 N
HCl (30 mL) and extracted with ether (3 × 30 mL). The
aqueous layer was basified with aqueous 2 N NaOH to pH
>10 and then extracted with CH2Cl2 (3× 30 mL), washed with
saturated aqueous NaCl, and dried over Na2SO4. The solvent
was removed in vacuo, and the residue was dissolved in
ethanol (10 mL) and converted into HCl salt by treatment with
HCl gas. Recrystallization from ethanol gave 3.32 g (82%):
mp 224-226 °C; 1H NMR (HCl salt in DMSO-d6) δ 7.45-7.62
(m, 5H), 7.00-7.14 (m, 3H), 6.05 (br, 1H, OH), 5.21-5.24 (m,
1H, CHOH), 4.24-4.26 (m, 2H, CH2NH), 3.80 (s, 3H, OCH3),
3.77 (s, 3H, OCH3), 2.93-2.96 (m, 4H), 2.24-2.30 (m, 2H),
2.03-2.15 (m, 2H), 2.36-2.56 (br). Anal. (C21H30N2O3‚2HCl)
C, H, N.
Pharmacology. Tissue Source and Radioligands. σ1

binding sites were labeled with the σ1-selective radioligand,
[3H]-(+)-pentazocine (DuPont-NEN, Billerica, MA) in guinea
pig brain membranes (Rockland Biological, Gilbertsville, PA)
according to published procedures.4,41 σ2 sites were assayed
in rat liver membranes with [3H]DTG (DuPont-NEN, Boston,
MA) in the presence of (+)-pentazocine (100 nM) to mask σ1

sites.4,41

Membrane Preparation. Crude synaptosomal (P2) mem-
brane homogenates were prepared from frozen guinea pig
brains without cerebellum.41,42 Brains were allowed to thaw
slowly on ice before homogenization. Crude P2 membranes
were also prepared from the livers of male Sprague-Dawley
rats (300-350 g). Animals were sacrificed by decapitation,
and the livers were removed and minced before homogeniza-
tion. Tissue homogenization was carried out at 4 °C in 10
mL/g tissue weight of 10 mM Tris-HCl/0.32 M sucrose, pH 7.4,
using a Potter-Elvehjem tissue grinder. The crude homoge-
nate was centrifuged for 10 min at 1000g and the supernatant
saved on ice. The pellet was resuspended in 2 mL/g tissue
weight of ice-cold 10 nM Tris-HCl/0.32 M sucrose, pH 7.4 by
vortexing. After being centrifuged at 1000g for 10 min, the
pellet was discarded and the supernatants were combined and
centrifuged at 31000g for 15 min. The pellet was resuspended
in 3 mL/g 10 mM Tris-HCl, pH 7.4, by vortexing, and the
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suspension was allowed to incubate at 25 °C for 15 min.
Following centrifugation at 31000g for 15 min, the aliquots
were stored at -80 °C until used. The protein concentration
of the suspension was determined by the method of Bradford43
and generally ranged from 6 to 11 mg of protein/mL.

σ1 Binding Assay. Guinea pig brain membrane homoge-
nates (100 µg of protein) were incubated with 3 nM [3H]-(+)-
pentazocine (31.6 Ci/mmol) in 50 mM Tris-HCl (pH 8.0) at 25
°C for either 120 or 240 min. Test compounds were dissolved
in ethanol and then diluted in buffer for a total incubation
volume of 0.5 mL. Test compounds were added in concentra-
tions ranging from 0.005 to 1000 nM. Assays were terminated
by the addition of ice-cold 10 mM Tris-HCl (pH 8.0) followed
by rapid filtration through Whatman GF/B glass fiber filters
(presoaked in 0.5% polyethylenimine) using a Brandel cell
harvester (Gaithersburg, MD). Filters were washed twice with
5 mL of ice cold buffer. Nonspecific binding was determined
in the presence of 10 µM (+)-pentazocine. Liquid scintillation
counting was carried out in EcoLite(+) (ICN Radiochemicals,
Costa Mesa, CA) using a Beckman LS 6000IC spectrometer
with a counting efficiency of 50%.

σ2 Binding Assay. Rat liver membrane homogenates (35
µg of protein) were incubated with 3 nM [3H]DTG (38.3 Ci/
mmol) in the presence of 100 nM (+)-pentazocine to block σ1

sites. Incubations were carried out in 50 mM Tris-HCl (pH
8.0) for 120 min at 25 °C in a total incubation volume of 0.5
mL. Test compounds were added in concentrations ranging
from 0.005 to 1000 nM. Assays were terminated by the
addition of ice-cold 10 mM Tris-HCl (pH 8.0) followed by rapid
filtration throughWhatman GF/B glass fiber filters (presoaked
in 0.5% polyethylenimine) using a Brandel cell harvester
(Gaithersburg, MD). Filters were washed twice with 5 mL of
ice-cold buffer. Nonspecific binding was determined in the
presence of 5 µM DTG. Liquid scintillation counting was
carried out in EcoLite(+) (ICN Radiochemicals, Costa Mesa,
CA) using a Beckman LS 6000IC spectrometer with a counting
efficiency of 50%.
Data Analysis. The IC50 values at σ sites were generally

determined in triplicate from nonlinear regression of binding
data as analyzed by JMP (SAS Institute; Cary, NC), using
eight concentrations of each compound. Ki values were
calculated using the method of Cheng-Prusoff44 and represent
mean values (SEM. The Kd value used for [3H]DTG in rat
liver was 17.9 nM and was 4.8 nM for [3H]-(+)-pentazocine in
guinea pig brain.4,41
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