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A series of aryl-monosubstituted arylacetamides (4-9) and arylethylenediamine (10-18)
compounds were synthesized based on the structure of the high-affinity sigma ligand N-[2-
(3,4-dichlorophenyl)ethyl]-N-methyl-2-(1-pyrrolidinyl)ethylamine (2). These compounds were
prepared to evaluate the effect of aromatic substitution patterns on sigma-1 and sigma-2
receptor binding affinity and selectivity. The data indicate that 10-18 possessed higher affinity
than 4-9 for both sigma sites, especially when substituted with an electron-withdrawing group.
The diamine compounds 10-18 were selective for sigma-1 binding sites, whereas the
arylacetamide compounds 4-9 generally exhibited an increased selectivity for sigma-2 sites
compared to sigma-1. No clear pattern between the orientation of aromatic substituents and
the sigma binding activity was observed.

Introduction

Sigma receptors have been the focus of extensive
studies because of their potentially important roles in
several biochemical, physiological, and behavioral pro-
cesses. Some of these include regulation of motor
behavior and postural tone,1-3 negative modulation of
the phosphoinositide response to muscarinic cholinergic
agonists,4,5 modulation of NMDA receptor responses,6
regulation of smooth muscle contraction,7,8 neuropro-
tective activity,9,10 and neurodegenerative effects.11-13

They also exhibit high affinity for several classes of
psychotropic drugs.14 Evidence has been presented for
at least two sigma receptor subtypes, designated as
sigma-1 and sigma-2, based upon the differential prop-
erties of structurally diverse ligands.15,16 Early studies
suggested that σ1 sites regulate gastrointestinal ef-
fects,17,18 inhibit both electrically and serotonin-induced
guinea pig ileum contractions,19 and mediate the inhibi-
tion by sigma ligands of the muscarinic acetylcholine
receptor phosphoinositide response.5 On the other
hand, the σ2 subtype has been shown to mediate the
motor effects of σ ligands,3,20 and σ2 sites may also
mediate the effects of certain sigma drugs on K+

channels.21 The ability of σ ligands to affect motor
systems has suggested a role in the regulation of motor
behavior and in mediation of motor side effects of
neuroleptics. Thus, sigma compounds, especially σ2-
specific agents, may be useful therapeutic agents for
treatment of drug-induced and idiotypic motor disorders
such as dystonia.
It has been shown that compounds of the arylethyl-

enediamine class (1) (Chart 1) have high affinity for σ
receptors.22 The ethylenediamine σ ligand 2 possesses
high affinity for both σ1 and σ2 receptors [Ki(σ1) ) 2.1
nM; Ki(σ2) ) 8.1 nM], although it shows higher potency
for the σ1 binding site. Previous studies have shown
that both σ1 binding and σ2 binding are greatly affected
by aromatic halogen substitution, and that the binding
affinity at the σ2 site varies considerably more with the

nature and orientation of the halogen.23 This finding
indicates that the substitution pattern on the aromatic
ring has a significant impact on the sigma receptor
subtype selectivity. However, aside from halogenation,
the effects of other aromatic substitution have not yet
been studied. Earlier work has shown that small
changes in aromatic substitution can have a dramatic
effect on biological activity as in the etonitazene series
of opioids24 and 1,4-benzodiazapines.25 Thus, the aim
of this research is to use the nonhalogenated 2 as a
template to study the relationship between the aromatic
substitution pattern of the ethylenediamine series of
ligands and the sigma binding activity, with particular
interest in finding compounds that selectively bind with
high affinity to the σ2 site.

Chemistry

The precursor 3 was synthesized as described previ-
ously.22 Coupling of this compound with ortho-, meta-,
and para-substituted phenylacetic acids, using DCC
(1,3-dicyclohexylcarbodiimide) as a coupling agent, af-
forded the corresponding amides 4-9 in a yield of 75-
92% (Scheme 1). The methoxyphenylethylenediamine
compounds 10-12 were obtained directly from a reduc-
tion of amides 4-6 using 1 M alane in THF.22,30 Alane
(1 M in THF) reduction of the nitroaromatic amine
amides 7-9 for 10 min resulted in formation of the
corresponding aminophenylethylenediamine 16-18. The
preparation of the nitro diamines 13-15 required a
milder reducing medium, with 0.5 M alane in THF and
shorter reaction time (2 min). All of the compounds
were purified by appropriate salt formation followed by
recrystallization, or a combination of column chroma-
tography and appropriate salt formation. The structureX Abstract published in Advance ACS Abstracts, July 15, 1996.
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and purity of these compounds were confirmed by CI-
MS, 1H-NMR (300 MHz), and elemental analysis.

Results and Discussion
A series of aryl mono-substituted ethylenediamine

compounds and their corresponding arylacetamides
were synthesized based upon the structure of the high-
affinity sigma ligandN-[2-(3,4-dichlorophenyl)ethyl]-N-
methyl-2-(1-pyrrolidinyl)ethylamine 2.22 The study of
the effects of aromatic substitution on sigma binding
activities allows us to further delineate the structural

requirements for sigma affinity and separation of sig-
ma-1 and sigma-2 binding activities.
Inspection of Table 1 shows that, overall, the ethyl-

enediamine compounds 10-18 had higher affinity than
the arylacetamides 4-9 at both σ1 and σ2 binding sites.
This observation is consistent with the previous view
that a minimum of two amine functions with an ethyl-
ene spacer is required in the structure to achieve high
sigma binding affinity. The nitro-substituted com-
pounds among the series generally possessed higher
potency than the corresponding methoxy or aromatic
amino compounds, following the trend nitro > methoxy
> amino. This result indicates that an electron-
withdrawing group on the aromatic region may favor
sigma binding affinity.
The ethylenediamines 10-18 all showed higher af-

finity at σ1 sites compared to σ2. Among the ethylene-
diamine series, the o-, m-, and p-nitro-substituted
ethylenediamines showed the highest potency and
selectivity at the σ1 binding site [Ki(σ1) ) 4.26-7.74 nM].
Of the nitro derivatives, the o-nitro compound 13
showed the lowest affinity at σ2 sites, making it 40-fold
selective for σ1 sites. The p-nitro compound 15 was the
most potent for σ1 binding among the series. It also
exhibited the highest σ2 affinity of all compounds shown
in Table 2 [Ki(σ2) ) 62.7 nM]. For those compounds
with an amine function on the aromatic ring 16-18,
both σ1 and σ2 binding affinities decreased dramatically,

Scheme 1. Synthesis of Aryl-Substituted Acetamides
and Ethylenediamines

Table 1. Physical and Chemical Data

compd no. R salt method yield (%)a cryst solvent mp (°C) CI-MS m/z (MH+) analysisb

4c o-OMe oxalate A 87 2-PrOH 151-315 277 C16H24N2O2
•C2H2O4

5c m-OMe oxalate A 75 acetone 91-92 277 C16H24N2O2
•C2H2O4
•0.25H2O

6c p-OMe oxalate A 84 2-PrOH 121-122 277 C16H24N2O2
•C2H2O4

7c o-NO2 oxalate A 91 EtOH 123-124 292 C15H21N3O3
•C2H2O4

8c m-NO2 oxalate A 92 acetone 111-112 292 C15H21N3O3
•C2H2O4

9c p-NO2 oxalate A 83 acetone 162-163 292 C15H21N3O3
•C2H2O4

10c o-OMe diHBr B 95 EtOH 221-222 263 C16H26N2O
•2HBr

11c m-OMe diHBr B 94 MeOH 227-229 263 C16H26N2O
•2HBr

12c p-OMe diHBr B 99 EtOH 239-240 263 C16H26N2O
•2HBr

13c o-NO2 difumarate C 70 EtOH 189-190 278 C15H23N3O2
•2C4H4O4

14c m-NO2 difumarate C 74 EtOH 198-199 278 C15H23N3O2
•2C4H4O4

15c p-NO2 difumarate C 86 EtOH 177-178 278 C15H23N3O2
•2C4H4O4

16c o-NH2 difumarate B 80 EtOH 182-183 248 C15H25N3
•2C4H4O4

17c m-NH2 difumarate B 86 EtOH 166-168 248 C15H25N3
•2C4H4O4

18c p-NH2 difumarate B 80 acetone 184-185 248 C15H25N3
•2C4H4O4

a All reported yields are nonoptimized. b Elemental compositions (%) were found to be within (0.4% of the theoretical values of C, H,
and N. c The 1H-NMR data for the free base of this compound are shown in ref 26.
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although they showed an improved trend toward selec-
tivity for the σ2 binding site among the ethylenediamine
series.
Comparing the aniline derivatives (16-18) with the

corresponding phenylmethoxy compounds (10-12) in
the ethylenediamine series, we found that 16-18 showed
a 10-25-fold decrease in sigma-1 affinity and a 4-10-
fold decrease in sigma-2 affinity, although both amino
and methoxy functions are considered as strong electron-
donating groups. This observation indicates that the
hydrophobicity at the aromatic region may also play an
important role in the binding affinity at σ1 and σ2 sites.
We are currently engaged in preparing compounds with
a more hydrophobic aromatic region such as naphtha-
lene or alkylphenyl derivatives, and compounds with a
more hydrophilic aromatic region such as phenolic or
phenylsulfonic acid derivatives.
Unlike the ethylenediamines, the arylacetamide com-

pounds with one exception exhibited higher affinity for
σ2 sites compared to σ1. Compound 8 had a σ1/σ2 ratio
of 3.4, and showed the highest selectivity as well as the
most potency for the σ2-subtype binding among the
compounds in the arylacetamide series 4-9. These
results suggest that introduction of structural rigidity
from an amide function may increase σ2 selectivity of
the acetamide compounds. Alternatively, the carbonyl
portion of the amide function may allow hydrogen
bonding to a group present in the σ2 receptor which does
not occur in the σ1 receptor.
No consistent relationship was observed between the

orientation of aromatic substituents and the sigma
binding activity in both arylacetamide 4-9 and aryl-
ethylenediamine 10-18 series. The same was observed
in the series of halogenated sigma ligands reported by
He et al.23 Furthermore, as observed in the study by
He et al.,23 among arylethylenediamines there was
generally a larger effect of substituent orientation on
sigma-2 binding compared to sigma-1 binding. This was
especially apparent in the nitro and amino series (13-

18). This is consistent with more stringent structural
requirements of the sigma-2 site, which is also indicated
by the greater difficulty in finding compounds with high
sigma-2 affinity. In the arylethylenediamine series, the
binding affinity of 13-15 presented a trend of p-nitro
higher than m-nitro and higher than o-nitro at both σ1
and σ2 sites. This seems to follow the same pattern as
the similar compounds with an iodo group in the
aromatic region.23 However, more compounds and
further studies will be needed in order to more precisely
define the structure-activity relationship (SAR) of both
σ1 and σ2 receptor subtypes.

Experimental Section
Chemical Materials and Methods. Melting points were

taken on a Mel-Temp II capillary apparatus and are reported
uncorrected. CI-MS (chemical ionization mass spectra) were
obtained using a Finnigan 1015 mass spectrometer. 1H-NMR
spectra were performed using CDCl3 solutions of free bases
on a Varian XL-300 spectrometer. Chemical shifts are ex-
pressed relative to a tetramethylsilane internal reference in
parts per million (ppm) on the δ scale. Elemental analyses
were obtained from Atlantic Microlabs, Atlanta, GA. Thin-
layer chromatography (TLC) was performed on Analtech
GHLF silica gel plates (250 µm) eluted with 90:9:1 CH2Cl2/
MeOH/concentrated aqueous NH4OH.
[3H](+)-Pentazocine (51.7 Ci/mmol) was synthesized as

described previously.27 [3H]DTG (39.1 Ci/mmol) was pur-
chased from DuPont/New England Nuclear (Boston, MA).
Haloperidol, Tris-HCl, and poly(ethylenimine) were purchased
from Sigma Chemicals (St. Louis, MO).
General Method A. To a stirred solution of DCC in CH2-

Cl2 (5 mmol of DCC to 20 mL of CH2Cl2) was added a solution
of carboxylic acid in CH2Cl2 (5 mmol of acid to 20 mL of CH2-
Cl2). The mixture was stirred at room temperature for 10 min
before a solution of N-methyl-2-(1-pyrrolidinyl)ethylamine 3
in CH2Cl2 (5 mmol of 3 to 10 mL of CH2Cl2) was added. The
reaction mixture was stirred at room temperature until TLC
indicated the completion of the reaction. The molar ratio of
DCC/carboxylic acid/diamine 3 was 2:1.5:1. The white pre-
cipitate of DCU was filtered off, and the filter cake was washed
with CH2Cl2. The filtrate was extracted 3 times with 15%
aqueous citric acid solution. The combined aqueous layer was

Table 2. Sigma Binding of Aryl Mono-Substituted σ Ligands 4-18a

compd no. R X
Ki′([3H](+)-pent) in
guinea pig (σ1) (nM)

Ki([3H]DTG + dextrallorphan) in
rat liver (σ2) (nM) σ1/σ2

4 o-OMe CdO 5460 ( 690 3170 ( 140 1.7
5 m-OMe CdO 3100 ( 20 1110 ( 55 2.8
6 p-OMe CdO 2220 ( 61 1220 ( 95 1.8
7 o-NO2 CdO 736 ( 120 1490 ( 130 0.49
8 m-NO2 CdO 1850 ( 180 539 ( 1 3.4
9 p-NO2 CdO 869 ( 4 596 ( 37 1.5
10 o-OMe CH2 15.7 ( 2.0 144 ( 1 0.11
11 m-OMe CH2 23.8 ( 1.7 209 ( 22 0.11
12 p-OMe CH2 30.3 ( 1.4 256 ( 2 0.12
13 o-NO2 CH2 7.7 ( 0.9 311 ( 4 0.02
14 m-NO2 CH2 6.4 ( 1.6 95.2 ( 0.7 0.07
15 p-NO2 CH2 4.3 ( 0.9 62.7 ( 0.1 0.07
16 o-NH2 CH2 291 ( 38 640 ( 25 0.45
17 m-NH2 CH2 579 ( 35 2240 ( 260 0.26
18 p-NH2 CH2 276 ( 13 974 ( 77 0.28

a Assays were carried out under the conditions described under Experimental Section. Twelve concentrations of unlabeled test ligand
ranging from 0.05 nM to 10 000 nM or from 0.5 nM to 100 000 nM were incubated with guinea pig brain membranes and 3 nM [3H](+)-
pentazocine (σ1 receptors) or with rat liver membranes and 5 nM [3H]DTG in the presence of 1 µM dextrallorphan (σ2 receptors). IC50
values were determined using the iterative curve-fitting program GraphPAD InPlot (San Diego, CA). IC50 values were then converted to
apparent Ki values using the Cheng-Prusoff equation and radioligand Kd values determined previously.28,29 Values are the averages of
2-3 experiments, (SEM. Each experiment was carried out in duplicate.
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washed with diethyl ether, and then basified with concentrated
aqueous NH4OH to pH 10-11. The obtained aqueous layer
was then extracted with CH2Cl2 3 times, and the combined
organic layer was washed with water and a saturated aqueous
NaCl solution, dried over MgSO4, and evaporated to give the
corresponding amine amides, which were further purified
through their appropriate salts (see Table 1).
Method B. A solution of amine amide in THF was added

dropwise to a stirred, freshly prepared solution of 1 M AlH3

in THF.22,30 The molar ratio of amide to AlH3 was about 1:5.
The reaction mixture was stirred at room temperature until
TLC showed the disappearance of the amine amide. The
reaction was then quenched by slowly pouring it into an
aqueous NaOH solution (10%) in the ice/water bath. The
mixture was extracted with CH2Cl2 3 times, and the combined
organic layer was washed with water once and with saturated
aqueous NaCl once, dried over MgSO4, and evaporated to give
the corresponding free base diamine compounds. These crude
diamines were purified through crystallization or recrystalli-
zation of the denoted salt (see Table 1).
Method C. To a stirred, freshly prepared 0.5 M solution

of AlH3 in THF22,30 was added dropwise a solution of amine
amide in THF at room temperature. The molar ratio of amide
to AlH3 was approximately 1:5. The reaction was found to be
complete within 2 min, and was quenched by pouring into an
aqueous NaOH (10%) solution in an ice/water bath. The
reaction was worked up according to method B, and the crude
product was purified on a silica gel column with a mixed
solvent of 200:10:1 CH2Cl2/MeOH/concentrated aqueous NH4-
OH. The obtained diamines were further purified by the
appropriate salt formation (see Table 1).
Biological Materials and Methods. (A) Ligand Bind-

ing Assay (σ1 Receptors). σ1 receptors were labeled as
described previously, using the σ1-selective probe [3H](+)-
pentazocine and guinea pig brain membranes.28 Guinea pig
brain membranes (350-500 µg of membrane protein) were
incubated with 3 nM [3H](+)-pentazocine in a total volume of
0.5 mL of 50 mM Tris-HCl, pH 8.0. Incubations were carried
out for 120 min at 25 °C. Nonspecific binding was determined
in the presence of 10 µM unlabeled haloperidol. Assays were
terminated by dilution with 5 mL of ice-cold 10 mM Tris-HCl,
pH 8.0, and vacuum filtration through glass fiber filters using
a Brandel cell harvester (Gaithersburg, MD). Filters were
then washed twice with 5 mL of ice-cold 10 mM Tris-HCl, pH
8.0. Filters were soaked in 0.5% poly(ethylenimine) for at least
30 min at 25 °C prior to use. Filters were counted in CytoScint
cocktail (ICN, Costa Mesa, CA) after an overnight extraction
of counts. Membranes were prepared from frozen guinea pig
brains (minus cerebella) as previously described.28

(B) Ligand Binding Assays (σ2 Receptors). σ2 receptors
were labeled as previously described using rat liver mem-
branes, a rich source of σ2 sites, and [3H]DTG in the presence
of 1 µM dextrallorphan to mask σ1 receptors.29 Assays were
performed in 50 mM Tris-HCl, pH 8.0, for 120 min at 25 °C in
a volume of 0.5 mL with 160 µg of membrane protein and 5
nM radioligand. Assays included 1 µMdextrallorphan to mask
σ1 binding. Nonspecific binding was determined in the pres-
ence of 10 µM haloperidol. All other manipulations were as
described above for the σ1 receptor assay. Rat liver mem-
branes were prepared from the livers of male Sprague-Dawley
rats as previously described.29
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benzylic CH2), 3.54 (m, 2H, NCH2), 3.17 (60%), 2.98 (40%) (s,
3H, NCH3), 2.77 (40%), 2.65 (60%) (t, J ) 7.5 Hz, 2H), 2.56 (m,
4H), 1.76 (m, 4H, pyrrolidinyl CH2). 8: 7.47-8.13 (m, 4H, ArH),
3.86 (44%), 3.81 (56%) (s, 2H, benzylic CH2), 3.56 (56%), 3.52
(44%) (t, J ) 7.1 Hz, 2H, NCH2), 3.50 (56%), 3.47 (44%) (s, 3H,
NCH3), 2.62-3.10 (m, 6H), 1.77 (m, 4H, pyrrolidinyl CH2). 9:
8.18 (d, J ) 8.6 Hz, 2H, ArH3, ArH5), 7.44 (d, J ) 8.5 Hz, 2H,
ArH2, ArH6), 3.86 (42%), 3.81 (58%) (s, 2H, benzylic CH2), 3.56
(58%), 3.46 (42%) (t, J ) 7.2 Hz, 2H, NCH2), 3.06 (58%), 2.99
(42%) (s, 3H, NCH3), 2.54-2.66 (m, 6H), 1.79 (m, 4H, pyrrolidinyl
CH2). 10: 6.82-7.20 (m, 4H, ArH), 3.81 (s, 3H, OCH3), 2.54-
2.83 (m, 10H, NCH2), 2.35 (s, 3H, NCH3), 1.77 (m, 4H, pyrro-

lidinyl CH2). 11: 6.73-7.23 (m, 4H, ArH), 3.80 (s, 3H, OCH3),
2.55-2.79 (m, 12H, benzylic CH2, NCH2), 2.34 (s, 3H, NCH3),
1.78 (m, 4H, pyrrolidinyl CH2). 12: 7.10 (d, J ) 8.7 Hz, 2H,
ArH2, ArH6), 6.82 (d, J ) 8.7 Hz, 2H, ArH3, ArH5), 3.78 (s, 3H,
OCH3), 2.50-2.75 (m, 12H, benzylic CH2, NCH2), 2.33 (s, 3H,
NCH3), 1.76 (m, 4H, pyrrolidinyl CH2). 13: 7.90 (d, J ) 7.5 Hz,
1H, ArH3), 7.52 (t, J ) 8.0 Hz, 1H, ArH5), 7.36 (m, 2H, ArH4,
ArH6), 3.07 (m, 2H, benzylic CH2), 2.50-2.74 (m, 12H, benzylic
CH2, NCH2), 2.36 (s, 3H, NCH3), 1.77 (m, 4H, pyrrolidinyl CH2).
14: 8.07 (d, J ) 8.4 Hz, 1H, ArH4, 1H, ArH2), 7.55 (d, J ) 6.8
Hz, 1H, ArH6), 7.45 (t, J ) 7.7, 1H, ArH5), 2.89 (m, 2H, benzylic
CH2), 2.69 (m, 2H, NCH2), 2.60 (m, 4H, pyrrolidinyl NCH2), 2.52
(m, 4H, NCH2), 2.34 (s, 3H, NCH3), 1.77 (m, 4H, pyrrolidinyl
CH2). 15: 8.14 (d, J ) 8.6 Hz, 2H, ArH3, ArH5), 7.36 (d, J ) 8.5
Hz, 2H, ArH2, ArH6), 2.89 (m, 2H, benzylic CH2), 2.68 (m, 2H,
NCH2), 2.60 (s, 4H, pyrrolidinyl NCH2), 2.53 (m, 4H, NCH2), 2.33
(s, 3H, NCH3), 1.77 (m, 4H, pyrrolidinyl CH2). 16: 7.01 (d, J )
7.5 Hz, 2H, ArH4, ArH6), 6.65-6.72 (m, 2H, ArH3, ArH5), 2.63-
2.72 (m, 4H, benzylic CH2), NCH2), 2.60 (s, 4H, pyrrolidinyl
NCH2), 2.51 (m, 4H, NCH2), 2.34 (s, 3H, NCH3) 1.76 (m, 4H,
pyrrolidinyl CH2). 17: 7.07 (t, J ) 8.3 Hz, 1H, ArH5), 6.60 (d,
J ) 7.8 Hz, 1H, ArH4), 6.53 (d, J ) 6.9 Hz, 1H, s, 1H, ArH2,
ArH6), 3.61 (s, 2H, NH2), 2.51-2.73 (m, 12H, benzylic CH2,
NCH2), 2.33 (s, 3H, NCH3), 1.77 (m, 4H, pyrrolidinyl CH2). 18:
6.99 (d, J ) 8.1 Hz, 2H, ArH2, ArH6), 6.62 (d, J ) 8.0 Hz, 2H,
ArH3, ArH5), 3.55 (s, 2H, NH2), 2.53-2.70 (m, 12H, benzylic CH2,
NCH2), 2.32 (s, 3H, NCH3), 1.76 (m, 4H, pyrrolidinyl CH2).
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