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Heterocyclic analogues of 1192U90, 2-amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-
butyl)benzamide hydrochloride (1), were prepared and evaluated as potential antipsychotic
agents. These analogues were evaluated in vitro for their binding to the dopamine D2, serotonin
5-HT2, and serotonin 5-HT1a receptors and in vivo for their ability to antagonize the
apomorphine-induced climbing response in mice. Nine different types of heterocyclic carbox-
amides were studied in this investigation (i.e., pyridine-, thiophene-, benzothiophene-, quinoline-,
1,2,3,4-tetrahydroquinoline-, 2,3-dihydroindole-, indole-, benzimidazole-, and indazolecarbox-
amides). Two derivatives exhibited potent in vivo activities comparable to 1: 3-amino-N-(4-
(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)butyl)-2-pyridinecarboxamide (16) and 3-amino-N-(4-
(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)butyl)-2-thiophenecarboxamide (29). Furthermore,
these derivatives were found to be much less active in behavioral models predictive of
extrapyramidal side effects than in the mouse climbing assay, which predicts antipsychotic
activity. Carboxamides 16 and 29 were selected for further evaluation as potential backup
compounds to 1.

Introduction

We recently described the discovery of the potential
atypical antipsychotic 1192U90, 2-amino-N-(4-(4-(1,2-
benzisothiazol-3-yl)-1-piperazinyl)butyl)benzamide hy-
drochloride (1).1 This o-amino benzamide is a potent
and orally active dopamine D2 and serotonin 5-HT2
antagonist as well as a serotonin 5-HT1a agonist.2 The
combination of potent serotonin 5-HT2 antagonism with
moderate dopamine D2 antagonism is a profile that has
been suggested to give drugs like clozapine and risperi-
done their unique clinical profiles.3 We postulate that
the additional 5-HT1a agonist activity of 1192U90 (1)
would be beneficial in helping to relieve the anxiety that
can often trigger psychotic episodes. In behavioral
models4 and chronic electrophysiological tests,2 1 dem-
onstrated activities that indicate it would be efficacious
as an antipsychotic agent and have a low propensity to
cause extrapyramidal side effects. Due to its superior
pharmacological profile, 1 was selected for further
development and has recently been tested in phase I
clinical trials. We have continued our investigations by
expanding the structure-activity relationships of this
series to include heterocyclic carboxamides of the gen-
eral structure 2. Several heterocycles were prepared
and evaluated in this study including pyridine-,
thiophene-, benzothiophene-, quinoline-, 1,2,3,4-tetra-
hydroquinoline-, 2,3-dihydroindole-, indole-, benzimid-
azole-, and indazole-derived amides. Pyridine and

thiophene derivatives were identified with potentrecep-
tor binding affinities and excellent in vivo profiles in
behavioral models.

Chemistry

The two general synthetic routes employed to prepare
pyridinecarboxamides 13-19 are outlined in Scheme 1.
The first method involved the treatment of either
picolinoyl chloride (4), nicotinoyl chloride (5), or isonico-
tinoyl chloride (6) with 3-(4-(4-aminobutyl)-1-piperazi-
nyl)-1,2-benzisothiazole5 in dichloromethane to provide
pyridinecarboxamides 13-15, respectively. Picolinoyl
chloride (4) was obtained by the reaction of the potas-
sium salt of picolinic acid (3) with oxalyl chloride.6
Nicotinoyl chloride (5) and isonicotinoyl chloride (6)
were obtained from commercial suppliers. Pyridine
carboxamides 16-19, which contain an o-amino sub-
stituent, were prepared from the appropriate azaisatoic
anhydrides 9-12 by the second route shown in Scheme
1. Treatment of 2,3-pyridinecarboxylic anhydride (7)
with azidotrimethylsilane provided a 2:1 mixture of 3-
and 6- azaisatoic anhydrides 9 and 10, respectively.7,8
Analogously, when 3,4-pyridinecarboxylic anhydride (8)
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was used as the starting material in this nitrene
insertion reaction, a 1:l mixture of 4-azaisatoic anhy-
dride (11) and 5-azaisatoic anhydride (12) was obtained.
The azaisatoic anhydride mixtures were condensed with
3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole in
tetrahydrofuran at room temperature to give the cor-
responding target pyridinecarboxamides as isomeric
mixtures, 16/19 and 17/18. The isomeric carboxamides
were separated by flash chromatography, treated with
ethereal hydrogen chloride, and isolated as their hy-
drochloride salts.
The position of the nitrogen in each of the four

pyridine isomers was easily determined by correlating
the experimental 13C NMR chemical shift values of 16
with the theoretical 13C NMR chemical shifts, obtained
using the 13C NMR chemical shift prediction module
available with the ChemIntosh software program.9 The
experimental 13C NMR chemical shift values are indi-
cated next to the appropriate carbons in Figure 1, and
the corresponding theoretical 13C NMR chemical shifts
are shown in parentheses. In addition to these 13C
NMR correlations, further confirmation of the assign-
ments was obtained from heteronuclear multibond
correlation experiments conducted on the free amines.
For example, the amide carbonyl carbons in compounds
17 and 18 exhibited three-bond correlations to the ortho-
aromatic protons. This correlation is indicated by the
arrows illustrated in Figure 1. In compound 17, the
ortho-proton is adjacent to the pyridine nitrogen and
appears as a singlet at 8.60 ppm, while the correspond-
ing ortho-proton in compound 18 is coupled with the
adjacentmeta-proton resulting in a doublet at 7.15 ppm.

Thiophenecarboxamides 29-31 and benzothiophene-
carboxamide 32were prepared as summarized in Scheme
2. Condensation of methyl 3-amino-2-thiophenecar-
boxylate (20) with 3-(4-(4-aminobutyl)-1-piperazinyl)-
1,2-benzisothiazole using the trimethylaluminum pro-
cedure for aminolysis of esters reported by Weinreb et
al. provided 3-amino-2-thiophenecarboxamide 29.10,11
Attempts to employ the same coupling procedure using
the analogous thiophene ester 21 were unsuccessful.
Therefore, an alternative method was investigated to
prepare the targeted carboxamide 30. Methyl 4-amino-
thiophene-3-carboxamide (21) was treated with di-tert-
butyl dicarbonate to provide carbamate 22. Carboxam-
ate-carboxamide 24 was obtained by the hydrolysis of
ester 22 with sodium hydroxide to give acid 23 followed
by coupling 23 and 3-(4-(4-aminobutyl)-1-piperazinyl)-
1,2-benzisothiazole with 1,3-dicyclohexylcarbodiimide
(DCC) in dimethylformamide. Hydrolysis of carbamate
24with trifluoroacetic acid provided 4-amino-3-thiophene-
carboxamide 30. The final thiophene isomer, 2-amino-
3- thiophenecarboxamide 31, was prepared in two steps
from cyanoacetic acid (25). A DCC coupling of 25 with
3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole pro-
vided cyanoacetamide 26 in good yield. The thiophene
ring of 31 was constructed by the reaction of cyano-
acetamide 26 with 1,4-dithiane-2,5-diol and triethyl-
amine in ethanol.12 This thiophene isomer, wherein the
sulfur of the thiophene ring is adjacent to the aromatic
amino group, was unstable to acid and therefore was
isolated and evaluated as its free base. Due to the high
potency of the 3-amino-2-thiophenecarboxamide isomer
29 (vide infra), we prepared the corresponding 3-amino-
benzothiophene-2-carboxamide 32. Treatment of 2-
nitrobenzonitrile (27) with methyl thioglycolate in DMF
provided methyl 3-aminobenzo[b]thiophene-2-carbox-
ylate (28).13 Carboxamide 32 was prepared from 28 by
employing the trimethylaluminum-mediated coupling as
described previously for the preparation of thiophene-
carboxamide 29.
Scheme 3 outlines the synthesis of the seven remain-

ing heterocyclic carboxamides. The final step, common
to each derivative, involved the DCC coupling of an
appropriate heterocyclic acid with 3-(4-(4-aminobutyl)-
1-piperazinyl)-1,2-benzisothiazole. Quinolinecarboxylic
acid (34) and indole-3-carboxylic acid (48) were obtained
from commercial suppliers, while the remaining het-
erocyclic acids were prepared by a variety of methods.
Hydrogenation of 34 over platinum oxide provided

Scheme 1a

a Reagents: (a) KOH, H2O; (b) oxalyl chloride, benzene; (c) 3-(4-
(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole, CH2Cl2, Et3N,
O °C; (d) (CH3)3SiN3, CHCl3; (e) CH3CN, reflux; (f) 3-(4-(4-
aminobutyl)-1-piperazinyl)-1,2-benzisothiazole, THF, room tem-
perature.

Figure 1. 13C NMR chemical shift values of pyridinecarbox-
amides 16-19 correlated with theoretical 13C NMR values that
are shown in parentheses. Arrows indicate the key three-bond
heteronuclear correlations observed in the HMBC spectra of
compounds 17 and 18.
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1,2,3,4-tetrahydro-8-quinolinecarboxylic acid (38) in 99%
yield.14 The homologous derivative, indoline-7-carbox-
ylic acid (37), was prepared in three steps from indoline
(33) by modifications of the procedure reported by
Welstead et al.15 In this method, indoline (33) was
acylated with oxalyl chloride to provide 2-(2,3-dihydro-
1H-indol-1-yl)glyoxyloyl chloride (36). Employing the
procedure as previously reported, we found that an
unexpectedly high percentage of the bis-indole adduct
was obtained. Formation of this side product was
eliminated by increasing the ratio of oxalyl chloride to
indole and employing CH2Cl2 as the solvent.
Indolinecarboxylic acid 37was obtained by cyclization

of acid chloride 36 with aluminum chloride followed by
oxidation of the resulting product, 4,5-dihydropyrrolo-
[3,2,1-hi,l]indoline-1,2-dione, with sodium hydroxide and
hydrogen peroxide. In addition to being used in the
synthesis of the target dihydroindolecarboxamide 39,
acid 37 served as the precursor to the corresponding
unsaturated analogue 43. Indolecarboxylic acid 43 was
obtained by the oxidation of 37 with 10% palladium on
carbon in refluxing xylenes.16 Catalytic hydrogenation
of 3-nitroanthranilic acid (41) followed by treatment of
the resulting diamine with formic acid provided benz-
imidazole-7-carboxylic acid (42) in good yield.17 Ind-
azole-3-carboxylic acid (47), the final intermediate
required to prepare carboxamide 49, was obtained in
two steps from isatin (46) by the method of Synder and
co-workers.18

Pharmacology

The target heterocyclic carboxamides were examined
in vitro for their binding affinities to dopamine D2,
serotonin 5-HT2, and serotonin 5-HT1a receptors. Af-
finities for the dopamine site were measured by the
ability of the compounds to displace [3H]raclopride from

the D2 receptor isolated from the striata of male Spra-
gue-Dawley rats.5,19 Serotonergic 5-HT1a and 5-HT2
binding affinities were determined by displacement of
[3H]-8-hydroxy-2-(di-n-propylamino)tetralin ([3H]-8-OH-
DPAT) and [3H]ketanserin, respectively.5,20,21 Since it
has been postulated that compounds that bind to 5-HT2
receptors more potently than to D2 receptors are likely
to be atypical neuroleptics,22 the D2/5-HT2 receptor
binding ratios (IC50’s) were calculated. In addition to
examining their in vitro binding profiles, the compounds
were also evaluated in vivo for their ability to antago-
nize the apomorphine-induced climbing response in
mice.5,23 Antagonism of this response indicates dop-
amine antagonism in the mesolimbic dopamine system,
which is believed to be dysfunctional in schizophrenic
patients. As a second phase of the biological evaluation,
the most potent derivatives were tested in two assays
designed to assess potential extrapyramidal side effect
liability: antagonism of apomorphine-induced stereo-
typy and induction of catalepsy.5

Results and Discussion

The compounds have been divided into three general
classes, and the biological results are shown in Table 1
(pyridines), Table 2 (thiophenes), and Table 3 (fused
bicyclic heterocycles). The corresponding biological data
obtained for risperidone, clozapine, and 1192U90 (1) are
also included in Table 1 for comparison.
In general, the receptor binding activities of pyridine-

carboxamides 13-19 were similar to that of 1192U90
(1). Binding affinities (IC50) remained high (1.5-47 nM)
at all three receptors with only slight variations being
noted (e.g., D2 affinities increased for compounds 17 and
19). All of the pyridine analogues displayed D2/5-HT2
ratios > 1; however, the highest D2/5-HT2 ratios were
obtained with the 2- and 3-pyridinecarboxamides 13 and

Scheme 2a

a Reagents: (a) Al(CH3)3, 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole, CHCl3, 50 °C; (b) Boc anhydride, dioxane, Na2CO3,
room temperature; (c) NaOH, EtOH, 45 °C; (d) 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole, DCC, DMF, HOBT; (e) TFA, anisole,
CHCl3; (f) 1,4-dithiane-2,5-diol, EtOH, Et3N, 60-65 °C; (g) methyl thioglycolate, KOH, DMF, room temperature.
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14, respectively. Compounds 13 and 14 also retained
good oral activity in the mouse climbing assay, while
the corresponding 4-pyridinecarboxamide 15 was less
active. Mixed results were obtained when the o-amino
substituent was introduced to the pyridine nucleus. The
2-amino-6-aza analogue 16 was approximately 2 times
as active as 1 in the mouse climbing assay when
administered orally (5.7 vs 10.1 mg/kg, respectively);
however, in vivo activity diminished with the 5-, 4-, and
3-aza analogues 17-19.
Biological activities of thiophenecarboxamides 29-32

are shown in Table 2. The most potent compound in
this series was the 3-amino-2-thiophenecarboxamide
analogue 29, which was equipotent to 1192U90 (1) in
the mouse climbing assay. As in the pyridinecarbox-
amide series, the derivative containing the heteroatom
adjacent to the amide carbonyl provided optimum
activity (i.e., thiophenecarboxamide 29). Increased sero-

tonin 5-HT2 binding affinity was observed with the
corresponding benzothiophene derivative 32; however,
oral in vivo potency was diminished with this derivative.
Table 3 shows the results of the final seven bicyclic

heterocycles examined in the study. Compounds 35, 39,
40, 44, and 45 were designed to investigate the effect
of altering the nature of the o-amino substituent of 1.
This set of compounds consisted of analogues where the
o-amino group of 1 was incorporated into a ring that
was connected to the 3-position of the benzamide
nucleus. As observed in the pyridine- and thiophene-
carboxamide series, potent receptor binding affinities
at all of the target receptors were maintained and good
D2/5-HT2 ratios were observed. Unfortunately, incor-
poration of the o-amino group into a fused heterocyclic
ring resulted in decreased in vivo activities. There was
surprisingly little difference in the activities of quino-
linecarboxamide 35 and indolecarboxamide 45 with
their corresponding saturated counterparts, tetra-
hydroquinolinecarboxamide 40 and dihydroindole-
carboxamide 39, respectively. Introduction of the sec-
ond nitrogen into the fused ring was also detrimental
to in vivo activity (e.g., benzimidazole 44). The last two
derivatives, indazolecarboxamide 49 and indolecarbox-
amide 50, contain heterocycles common to compounds
studied as serotonin 5-HT3 receptor antagonists.24 While
these compounds showed potent affinities to the sero-
tonin receptors, they were not very active in vivo. As
before, however, the derivative containing the hetero-
atom adjacent to the amide carbonyl gave the best in
vivo activity (i.e., indazolecarboxamide 49 vs indolecar-
boxamide 50).
The most potent derivatives in the mouse climbing

assay, pyridinecarboxamide 16 and thiophenecarbox-
amide 29, were tested for their abilities to antagonize
apomorphine-induced stereotypy and to induce cata-
lepsy in mice. The results obtained for compounds 16
and 29 as well as the reference standards are reported
in Table 4. The side effect to desired effect ratios were
calculated as a measure of the compounds' potential
selectivity. Although less selective than 1192U90 (1),
the heterocyclic analogues 16 and 29 showed excellent
selectivity ratios that were equal or superior to those
of risperidone and clozapine. These results suggest that
compounds 16 and 29 may be useful for the treatment
of schizophrenia and may have a low propensity to
induce extrapyramidal side effects. Further evaluations
will be necessary to determine the potential of this
series.

Conclusion

Several heterocyclic analogues of 2-amino-N-(4-(4-
(1,2-benzisothiazol-3-yl)-1-piperazinyl)butyl)benz-
amide hydrochloride (1) were prepared and evaluated
for their potential antipsychotic activity. These hetero-
cyclic derivatives retained potent receptor binding af-
finities at dopamine D2 and serotonin 5-HT2 and 5-HT1a
receptors and possessed D2/5-HT2 ratios > 1. Com-
pounds in the pyridine- and thiophenecarboxamide
series were, in general, more active in vivo than the
fused bicyclic heterocyclic analogues. A preference was
observed for derivatives containing a heteroatom ortho
to the amide carbonyl (i.e., compounds 16, 29, and 49).
Two analogues, pyridinecarboxamide 16 and thiophene-

Scheme 3a

a Reagents: (a) 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benziso-
thiazole, DCC, DMF, HOBT; (b) oxalyl chloride, CH2Cl2, room
temperature; (c) PtO2‚xH2O, EtOH, H2; (d) AlCl3, 100-120 °C; (e)
NaOH, H2O2, room temperature; (f) Pd-C, xylenes, reflux; (g) H2,
Pd-C, NaOH; (h) HCl, HCO2H, reflux; (i) NaOH, H2O, NaNO2,
50-60 °C; (j) H2SO4, SnCl2‚2H2O, HCl.
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carboxamide 29, were identified with potent activities
in the apomorphine-induced mouse climbing assay
(ED50’s ) 5.7 and 9.7 mg/kg, po, respectively). Signifi-

cantly higher doses of these compounds were required
to induce catalepsy or inhibit apomorphine-induced
stereotypies, thereby indicating a low extrapyramidal

Table 1. In Vitro and in Vivo Biological Activities of Reference Standards and Pyridinecarboxamides 13-19

receptor bindingb IC50 (nM)
antagonism of apomorphine-induced

mouse climbing ED50 (mg/kg)d

compd no.a W X Y Z R D2 5-HT2 5-HT1a D2/5-HT2c ip po

risperidone 23 1.5 430 15 0.3 0.9
clozapine 290 28 2000 10 26.2e 22.5f
1 CH CH CH CH NH2 32 3.3 3.8 10 1.5g 10.1h
13 N CH CH CH H 24 1.5 2.8 16 <25 16.6
14 CH N CH CH H 47 2.9 4.9 16 5.2 15.5
15 CH CH N CH H 25 2.3 6.6 11 4.6 34.0
16 N CH CH CH NH2 24 8.3 3.8 3 1.1 5.7
17 CH N CH CH NH2 4.7 3.1 5.1 2 >25
18 CH CH N CH NH2 16 1.5 7.0 11 <25 19.5
19 CH CH CH N NH2 7.8 1.5 3.3 5 6.4 17.1
a Hydrochloride salts. b D2, [3H]raclopride binding; 5-HT1a, [3H]-8-OH-DPAT binding; 5-HT2, [3H]ketanserin binding. c Ratio of dopamine

D2 (IC50) to serotonin 5-HT2 (IC50) receptor binding. d For experimental protocol, see ref 5. e 95% confidence limits ) 9.4-73.2 mg/kg.
f 95% confidence limits ) 12.8-39.8 mg/kg. g 95% confidence limits ) 0.7-4.2 mg/kg. h 95% confidence limits ) 5.2-19.3 mg/kg.

Table 2. In Vitro and in Vivo Biological Activities of Reference Standards and Thiophenecarboxamides 29-32

receptor bindingb IC50 (nM)
antagonism of apomorphine-induced

mouse climbing ED50 (mg/kg)d

compd no.a X Y Z D2 5-HT2 5-HT1a D2/5-HT2c ip po

29 S CH CH 9.6 1.3 1.3 7.4 0.9 9.7
30 CH S CH 6.0 2.5 3.5 2.4 1.7 12.6
31 CH CH S 11 2.3 2.0 4.8 >25
32 S 5.8 0.85 5.8 6.8 2.2 51.6

a Hydrochloride salts. b D2, [3H]raclopride binding; 5-HT1a, [3H]-8-OH-DPAT binding; 5-HT2, [3H]ketanserin binding. c Ratio of dopamine
D2 (IC50) to serotonin 5-HT2 (IC50) receptor binding. d For experimental protocol, see ref 5.

Table 3. In Vitro and in Vivo Biological Activities of Heterocyclic Amides 35, 39, 40, 44, 45, 49, and 50

receptor bindingb IC50 (nM)
antagonism of apomorphine-induced

mouse climbing ED50 (mg/kg)d

compd no.a structure X D2 5-HT2 5-HT1a D2/5-HT2c ip po

35 A -CH)CH-CHdN- 14 2.4 4.3 6 <25 54.4
39 A -CH2CH2NH- 34 3.4 4.3 10 2.6 18.6
40 A -CH2CH2CH2NH- 28 2.4 1.9 12 <25e
44 A -NdCHNH- 7.6 0.29 4.2 26 >25
45 A -CHdCHNH- 28 1.2 2.7 23 <25f
49 B -N- 2.2 0.35 3.6 6 <25 31.8
50 B -CH- 14 1.3 5.8 11 >25

a Hydrochloride salts. b D2, [3H]raclopride binding; 5-HT1a, [3H]-8-OH-DPAT binding; 5-HT2, [3H]ketanserin binding. c Ratio of dopamine
D2 (IC50) to serotonin 5-HT2 (IC50) receptor binding. d For experimental protocol, see ref 5. e 75% inhibition at 25 mg/kg. f 62% inhibition
at 25 mg/kg.
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side effect liability. Based on these preliminary results,
compounds 16 and 29 were selected for further phar-
macological studies to evaluate them as potential backup
compounds to o-amino benzamide 1, which has recently
been tested in phase I clinical trials.

Experimental Section

Pharmacology. Both in vitro (receptor binding affinities)
and in vivo (antagonism of apomorphine-induced mouse climb-
ing, antagonism of apomorphine-induced stereotypy, and
induction of catalepsy) activities of test compounds were
determined by methods previously reported.5

Chemistry. General. Unless otherwise noted, all materi-
als were obtained from commercial suppliers and used without
further purification. 3-(4-(4-Aminobutyl)-1-piperazinyl)-1,2-
benzisothiazole was prepared as previously reported.5 Inda-
zole-3-carboxylic acid (47) was prepared from commercially
available isatin (46) as reported by Snyder.18 Anhydrous
solvents such as dimethylformamide (DMF), tetrahydrofuran
(THF), dichloromethane, and toluene were obtained from
Aldrich Chemical Co. in Sure/Seal bottles. All reactions
involving air- or moisture-sensitive compounds were performed
under an N2 atmosphere. Flash chromatography and flush
chromatography were performed using EM Science silica gel
60 (230-400-mesh ASTM). The term flush chromatography
refers to column chromatography when suction is applied to
the bottom of the column to increase the flow rate of the eluant.
Thin-layer chromatography (TLC) was performed with Anal-
tech silica gel GF TLC plates (250 µm). 1H NMR spectra were
determined with superconducting FT NMR spectrometers
operating at 200 and 300 MHz. 13C NMR spectra were
measured at 50.29, 75.43, or 125.706 MHz. Chemical shifts
are expressed in ppm downfield from internal tetramethyl-
silane. Significant 1H NMR data are reported in the following
order: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet;
m, multiplet), number of protons, and coupling constants in
Hz. Elemental analyses were performed by either Atlantic
Microlab, Inc., Norcross, GA, or Galbraith Laboratories, Inc.,
Knoxville, TN. Melting points were determined with a Tho-
mas Hoover capillary melting point apparatus and are uncor-
rected.
3-Azaisatoic Anhydride (9) and 6-Azaisatoic Anhy-

dride (10). A 2:1 mixture of 3- and 6-azaisatoic anhydride (9
and 10, respectively) was obtained from 2,3-pyridinedicar-
boxylic anhydride (7) (11.4 g, 76 mmol), azidotrimethylsilane
(11.4 mL, 86 mmol, 1.1 equiv), and CHCl3 (50.0 mL) according
to the method described by Le Count and Dewsbury.8a The
precipitate obtained from the reaction mixture was filtered and
dried to give 6.10 g (48%) of a 2:1 mixture of the title
compounds as a white solid.8b Mp: 207-210 °C dec 1H NMR
data observed for the minor isomer (6-azaisatoic anhydride
(10)) are given in square brackets. 1H NMR (DMSO-d6): δ
7.29 (dd, 1, J ) 4.9, 7.8), [7.53 (dd, 1, J )1.5, 8.6)], [7.69 (dd,
1, J ) 4.5, 8.6)], 8.29 (dd, 1, J ) 1.8, 7.8), [8.49 (dd, 1, J ) 1.5,
4.5)], 8.64 (dd, 1, J ) 1.8, 4.9), [11.53 (br s, 1)], 12.53 (br s, 1).
4-Azaisatoic Anhydride (11) and 5-Azaisatoic Anhy-

dride (12). Anhydrous CHCl3 (50.0 mL), 3,4-pyridinedicar-
boxylic anhydride (8) (11.5 g, 77.1 mmol), and azidotrimeth-

ylsilane (10.1 g, 88.0 mmol, 1.14 equiv) were added to a 250-
mL, round-bottomed flask and placed under N2. The resulting
creamy suspension was gently warmed to initiate the reaction.
The reaction was exothermic, and nitrogen gas was evolved.
After 10 min, the gas evolution subsided, and the solution was
heated at reflux for 0.75 h. As the reaction proceeded, the
solids dissolved to give a clear, pale yellow solution. The
reaction mixture was allowed to cool to room temperature, and
EtOH (4.5 mL, 77.1 mmol, 1.0 equiv) was added in one portion.
Solids immediately precipitated out of solution upon this
addition. The mixture was allowed to stir at room temperature
for 15 min, and the solids were filtered, washed with CHCl3,
and dried in a vacuum oven at room temperature to give 12.6
g of a light yellow powder. This material was stirred with
acetonitrile (100 mL), and the undissolved solids were filtered.
The filtrate was heated at reflux for 0.5 h. The solution was
allowed to cool to room temperature and cooled further in an
ice bath. The solids that formed were filtered, and the filtrate
was concentrated with a rotary evaporator to give 1.80 g of a
yellow powder. A second crop of product was obtained by
triturating all of the undissolved solids in boiling acetonitrile
(100 mL) for 1.5 h. The mixture was filtered hot, and the
filtrate was concentrated to provide an additional 3.35 g (41%
total) of the title compounds as yellow solids. The crude
product was a 1:1 mixture of 4- and 5-azaisatoic anhydride as
indicated by integration of the corresponding signals in the
1H NMR. 1H NMR (DMSO-d6, 300 MHz): δ 7.08 (d, 1, J )
5.6), 7.80 (dd, 1, J ) 4.8, 0.7), 8.45 (d, 1, J ) 4.8), 8.54 (s, 1),
8.66 (d, 1, J ) 5.6), 8.96 (s, 1), 12.08 (br s, 2). This material
was used without further purification.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

2-pyridinecarboxamideHydrochloride (13). Picolinic acid
(3) (1.2 g, 9.7 mmol) and potassium hydroxide (0.56 g, 10.0
mmol) were dissolved in distilled H2O (25.0 mL). The H2O
was removed with a rotary evaporator, and the resulting white
solid residue was treated with benzene (25.0 mL). The solution
was concentrated and dried under high vacuum. The resulting
potassium salt was suspended in benzene (15.0 mL) and cooled
in an ice-water bath. Oxalyl chloride (1.0 mL, 11.5 mmol)
was added dropwise to this cooled solution. The reaction
mixture was allowed to warm to room temperature and slowly
heated to a gentle reflux. The resulting wine-red/black solu-
tion was cooled and added dropwise to a cooled solution (ice-
water bath) of 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benz-
isothiazole (3.0 g, 10.0 mmol) and triethylamine (2.5 mL, 17.9
mmol) in CH2Cl2 (10.0 mL). The reaction mixture was allowed
to warm to room temperature and stir overnight. The dark
suspension was concentrated with a rotary evaporator to give
a black oil. The residue was dissolved in CH2Cl2 and washed
with saturated aqueous NaHCO3. The organic phase was
dried over Na2SO4, filtered, and concentrated in vacuo to give
5.01 g of a dark oil. The crude material was purified by flash
chromatography on silica gel with a gradient eluant of CHCl3
(100%)/CHCl3-acetone-MeOH (28:2:1)/CHCl3-acetone-MeOH
(14:2:1) to give 1.80 g of the free amine. The product was taken
up in CH2Cl2, treated with HCl (4.6 mL of a 1 N solution in
Et2O), and diluted with EtOAc. A dark precipitate was filtered
from the solution, and the filtrate was allowed to stand for 3
days. The crystals that formed upon standing were filtered

Table 4. Secondary Pharmacological Activities of Substituted Benzamide Derivatives and Reference Standards in Assays Indicating
EPS Liability Potential

antagonism of apomorphine-induced
stereotypyc catalepsyd

compd no.a
mouse climbingb
ED50 (mg/kg, po)

stereotypy (mouse)b
ED50 (mg/kg, po)

induction of catalepsy
(mouse)b ED50 (mg/kg, po) climbing climbing

risperidone 0.9 3.2 1.4 4 2
clozapine 22.5 78.8e 161f 4 7
1 10.1 91.1g 192h 9 19
16 5.7 27.3 45.1 5 8
29 9.7 57.9 69.3 6 7
a Hydrochloride salts. b For experimental protocol, see ref 5. c Ratio of ED50 for antagonism of apomorphine-induced stereotypy to ED50

for antagonism of apomorphine-induced climbing. d Ratio of ED50 for induction of catalepsy to ED50 for antagonism of apomorphine-
induced climbing. e 95% confidence limits ) 56.1-111 mg/kg. f 95% confidenence limits ) 98.7-263 mg/kg. g 95% confidence limits )
17.6-472 mg/kg. h 95% confidence limits ) 98.4-376 mg/kg.
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and dried to give 1.15 g (27%) of the title compound as off-
white crystals. Mp: 231-234 °C. 1H NMR (DMSO-d6): δ 1.61
(m, 2), 1.76 (m, 2), 3.18-3.38 (m, 8), 3.57 (m, 2), 4.10 (m, 2),
7.47 (tm, 1, J ) 7.6), 7.61 (m, 2), 8.02 (m, 2), 8.12 (t, 2, J )
8.1), 8.65 (dt, 1, J ) 4.7, 1.2), 8.92 (t, 1, J ) 6.2), 10.30 (br s,
1). 13C NMR (DMSO-d6): δ 21.79, 27.54, 39.31, 47.51, 51.61,
56.32, 122.36, 123.02, 125.15, 125.78, 127.61, 128.10, 129.28,
138.94, 149.50, 151.16, 153.24, 163.37, 165.04. MS (CI/CH4,
50 mA/s): M + 1, base (396). Anal. (C21H25N5OS‚HCl) C, H,
N, S, Cl.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

3-pyridinecarboxamide Hydrochloride (14). Nicotinoyl
chloride hydrochloride (5) (1.1 g, 6.1 mmol) was added por-
tionwise to an ice-cold, stirred solution of 3-(4-(4-aminobutyl)-
1-piperazinyl)-1,2-benzisothiazole (1.8 g, 6.0 mmol) and tri-
ethylamine (2.5 mL, 17.9 mmol, 3.0 equiv) in CH2Cl2 (25.0 mL).
The resulting suspension was allowed to stir at 0 °C for 0.5 h
and at room temperature for 2 h. The cloudy reaction mixture
was diluted with CH2Cl2 (25.0 mL) and washed with saturated
aqueous NaHCO3 (2 × 50 mL). The organic layer was
separated, dried over Na2SO4, filtered, and concentrated with
a rotary evaporator to give an off-white foam. The crude
material was dissolved in 2-propanol (20.0 mL), chilled with
an ice-water bath, and treated dropwise with HCl (6.0 mL of
a 1 N solution in Et2O) with swirling. The mixture was diluted
with Et2O (40.0 mL), and the resulting off-white solid was
filtered and washed with Et2O (3 × 10 mL). The salt was
recrystallized from 95% EtOH to give 1.47 g (57%) of the title
compound as off-white crystals. Mp: 229-231 °C. 1H NMR
(DMSO-d6): δ 1.64 (m, 2), 1.81 (m, 2), 3.27 (m, 4), 3.47 (m, 2),
3.62 (br d, 2, J ) 11.5), 4.10 (br d, 2, J ) 13.1), 7.56 (m, 2),
7.62 (t, 1, J ) 7.6), 8.14 (t, 2, J ) 6.8), 8.23 (d, 1, J ) 6.2), 8.73
(d, 1, J ) 4.5), 8.81 (br t, 1, J ) 6.2), 9.05 (s, 1), 10.82 (br s, 1).
13C NMR (DMSO-d6): δ 21.76, 27.33, 39.58, 47.53, 51.61, 56.25,
122.35, 124.57, 125.16, 125.78, 128.11, 129.28, 131.10, 136.15,
149.55, 152.88, 153.26, 163.39, 165.92. MS (CI/CH4, 50 mA/
s): M + 1 (396). Anal. (C21H25N5OS‚HCl) C, H, N, S, Cl.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

4-pyridinecarboxamide Hydrochloride (15). This com-
pound was prepared according to the method described for
compound 14, by employing isonicotinoyl chloride hydrochlo-
ride (6) (1.1 g, 6.1 mmol), 3-(4-(4-aminobutyl)-1-piperazinyl)-
1,2-benzisothiazole (1.8 g, 6.0 mmol), and triethylamine (2.5
mL, 17.9 mmol, 3.0 equiv) in CH2Cl2 (25.0 mL). The crude
hydrochloride salt was recrystallized from 95% EtOH to give
1.20 g (46%) of the title compound as off-white crystals. Mp:
238-240 °C. 1H NMR (DMSO-d6): δ 1.64 (m, 2), 1.80 (m, 2),
3.29 (m, 4), 3.46 (m, 2), 3.61 (br d, 2, J ) 10.5), 4.10 (br d, 2,
J ) 10.5), 7.49 (t, 1, J ) 7.6), 7.62 (t, 1, J ) 7.6), 7.80 (d, 2, J
) 5.8), 8.15 (t, 2, J ) 6.7), 8.75 (d, 2, J ) 5.8), 8.90 (br t, 1, J
) 5.5), 10.80 (br s, 1). 13C NMR (DMSO-d6): δ 21.76, 27.24,
39.68, 47.53, 51.61, 56.24, 122.36, 122.45, 125.17, 125.78,
128.11, 129.28, 142.56, 151.30, 153.26, 163.39, 165.78. MS (CI/
CH4, 50 mA/s): M + 1 (396). Anal. (C21H25N5OS‚HCl) C, H,
N, S, Cl.
2-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-3-pyridinecarboxamide Hydrochloride (19) and
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-
butyl)-2-pyridinecarboxamide Hydrochloride (16). A 2:1
mixture of 3-azaisatoic anhydride (9) and 6-azaisatoic anhy-
dride (10) (1.0 g, 6.1 mmol) was added to a stirred solution of
3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole (1.8 g,
6.0 mmol) in THF (20.0 mL). The reaction mixture was
allowed to stir under nitrogen at room temperature for 0.5 h.
The solvent was removed with a rotary evaporator, and the
resulting crude residue was purified by flash chromatography
on silica gel with a gradient eluant of CH2Cl2 (100%)/CH2Cl2-
MeOH (98.5:1.5)/CH2Cl2-MeOH (97:3)/CH2Cl2-MeOH (93:7)
to give 1.48 g (91%) of 2-amino-N-(4-(4-(1,2-benzisothiazol-3-
yl)-1-piperazinyl)butyl)-3-pyridinecarboxamide (19) as a foam
and 0.54 g (66%) of 3-amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-
1-piperazinyl)butyl)-2-pyridinecarboxamide (16) as a foam. The
hydrochloride salts of each isomer were prepared independ-
ently by dissolving the free amine in CH2Cl2 (20.0 mL),
filtering, and treating the filtrate with 1 N ethereal HCl (1
equiv). The solutions were diluted with EtOAc and allowed

to stir at room temperature for 1 h. The resulting white
crystals were collected by filtration and dried in a vacuum oven
to give the corresponding hydrochloride salts.
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-2-pyridinecarboxamide Hydrochloride (16).
TLC: silica gel, MeOH/CHCl3 (1:9), Rf ) 0.47. Mp: 238-240
°C. 1H NMR (DMSO-d6): δ 1.59 (m, 2), 1.74 (m, 2), 3.30 (m,
8), 3.58 (m, 2), 4.08 (m, 2), 6.84 (br s, 2), 7.15 (dd, 1, J ) 1.4,
8.4), 7.24 (dd, 1, J ) 4.2, 8.4), 7.47 (tm, 1, J ) 8.0), 7.60 (tm,
1, J ) 8.0), 7.79 (dd, 1, J ) 1.4, 4.2), 8.12 (t, 2, J ) 8.2), 8.69
(br t, 1, J ) 6.2), 10.40 (br s, 1). 13C NMR (DMSO-d6): δ 20.77,
26.55, 37.68, 46.47, 50.56, 55.29, 121.27, 124.07, 124.53,
124.70, 127.02, 127.24, 128.19, 128.91, 135.49, 146.32, 152.17,
162.28, 167.56. MS (CI/CH4, 50 mA/s): m/zM + 1 (411). Anal.
(C21H26N6OS‚HCl) C, H, N, S, Cl.
2-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-3-pyridinecarboxamide Hydrochloride (19).
TLC: silica gel, MeOH/CHCl3 (1:9), Rf ) 0.25. Mp: 220-222
°C. 1H NMR (DMSO-d6): δ 1.59 (m, 2), 1.75 (m, 2), 3.32 (m,
8), 3.57 (m, 2), 4.08 (m, 2), 6.60 (dd, 1, J ) 4.8, 7.7), 7.10 (s, 2),
7.47 (t, 1, J ) 7.6), 7.60 (t, 1, J ) 7.5), 7.93 (dd, 1, J ) 0.8,
7.6), 8.07 (dd, 1, J ) 1.3, 4.7), 8.12 (t, 2, J ) 8.0), 8.54 (br t, 1,
J ) 5.5), 10.55 (br s, 1). 13C NMR (DMSO-d6): δ 20.84, 26.30,
38.45, 46.62, 50.71, 55.38, 110.97, 111.59, 121.51, 124.32,
124.94, 127.28, 128.45, 138.10, 149.18, 152.47, 158.05, 162.58,
167.33. MS (CI/CH4, 50 mA/s): M + 1 (411). Anal. (C21H26N6-
OS‚HCl) C, H, N, S, Cl.
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-4-pyridinecarboxamide Dihydrochloride Hydrate
(18) and 4-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-pip-
erazinyl)butyl)-3-pyridinecarboxamide Dihydrochloride
(17). A 1:1 mixture of 4-azaisatoic anhydride (11) and 5-aza-
isatoic anhydride (12) (4.71 g, 28.7 mmol) was added to a
stirred solution of 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benz-
isothiazole (8.33 g, 28.7 mmol, 1.0 equiv) in anhydrous THF
(40 mL). The reaction mixture was allowed to stir under N2

at room temperature for 1 h. The solvent was removed with
a rotary evaporator, and the resulting crude residue was
purified by flash chromatography (2×) on silica gel, once with
5:95 MeOH-CH2Cl2 and 0.1% triethylamine as eluant and
once with 3:97 MeOH-CH2Cl2 and 0.1% triethylamine as
eluant, to give 3.11 g (26%) of 3-amino-N-(4-(4-(1,2-benz-
isothiazol-3-yl)-1-piperazinyl)butyl)-4-pyridinecarboxamide as
a tan powder (TLC: silica gel, MeOH/CH2Cl2 (5:95), Rf ) 0.44)
and 2.99 g (24%) of 4-amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-
1-piperazinyl)butyl)-3-pyridinecarboxamide as an orange solid
(TLC: silica gel, MeOH/CH2Cl2 (5:95), Rf ) 0.32). The
hydrochloride salts of each isomer were prepared independ-
ently by treatment with 1 N ethereal HCl. The salts were
recrystallized from either EtOH/Et2O or 95% EtOH/Et2O/
hexanes and dried in a vacuum oven.
4-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-3-pyridinecarboxamide Dihydrochloride (17).
Mp: 122-130 °C (effervesces). 1H NMR (DMSO-d6): δ 1.64
(m, 2), 1.79 (m, 2), 3.07 (m, 2), 3.30 (m, 8), 3.74 (br s, 2), 6.93
(d, 1, J ) 6.6), 7.48 (t, 1, J ) 7.5), 7.61 (t, 1, J ) 8.7), 8.12 (m,
1), 8.44 (br d, J ) 2), 8.74 (s, 1), 8.97 (br t, 1, J ) 5.6), 12.40
(br s, 1). 13C NMR (DMSO-d6): δ 21.12, 26.07, 38.30, 46.95,
50.83, 55.51, 111.05, 111.14, 121.22, 124.07, 124.64, 127.06,
128.13, 141.52, 142.36, 152.11, 157.68, 162.50, 165.22. Anal.
(C21H26N6OS‚2HCl) C, H, N.
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-4-pyridinecarboxamide Dihydrochloride Hydrate
(18). Mp: 229-231 °C. 1H NMR (DMSO-d6): δ 1.61 (m, 2),
1.83 (m, 2), 3.25 (m, 6), 3.55 (m, 4), 4.06 (br d, 2, J ) 13.2),
7.46 (t, 1, J ) 7.6), 7.59 (dt, 1, J ) 8.1, 0.8), 8.04 (s, 2), 8.12 (t,
1, J ) 8.1), 8.31 (s, 1), 9.24 (br t, 1, J ) 4.4), 11.45 (br s, 1).
13C NMR (DMSO-d6): δ 20.73, 26.05, 38.47, 46.54, 50.64, 55.26,
121.51, 124.32, 124.93, 126.48, 126.40, 127.02, 127.28, 128.44,
130.62, 146.83, 152.46, 162.59, 165.43. Anal. (C21H26N6OS‚
2HCl‚0.5H2O) C, H, N, Cl, H2O.
Methyl 4-((tert-Butoxycarbonyl)amino)-3-thiophene-

carboxylate (22). Methyl 4-aminothiophene-3-carboxylate
hydrochloride (21) (6.57 g, 33.9 mmol), 1,4-dioxane (25 mL),
and 5% aqueous Na2CO3 (25 mL) were combined in a 500 mL,
round-bottomed flask, and the mixture was cooled in an ice-
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water bath. A solution of di-tert-butyl dicarbonate (18.6 g, 85.2
mmol, 2.51 equiv) in 1,4-dioxane (25 mL) was slowly added to
the reaction mixture. The ice-water bath was removed, and
the reaction mixture was allowed to stir at room temperature
for 18 h. An additional portion of di-tert-butyl dicarbonate
(3.86 g, 17.7 mmol, 0.52 equiv) in 1,4-dioxane (10 mL) was
added, and the reaction mixture was stirred at room temper-
ature for 26 h. The reaction mixture was transferred to a
separatory funnel. Water and EtOAc were added to the
reaction mixture, and the organic layer was separated. The
aqueous layer was extracted with EtOAc. The organic layers
were combined, washed twice with H2O, dried over MgSO4,
filtered, and concentrated to give a red-brown liquid. The
crude product was partially purified by flush chromatography
with a gradient eluant of hexanes (100-95%):EtOAc (0-5%)
to give a colorless liquid. The title compound precipitated upon
standing to give 2.09 g (24%) of the desired product. Mp: 100-
102 °C. 1H NMR (DMSO-d6, 60 °C): δ 1.48 (s, 9), 3.84 (s, 3),
7.53 (d, 1, J ) 3.5), 8.32 (d, 1, J ) 3.5), 9.01 (br s, 1). 13C
NMR (CDCl3): δ 28.69, 52.27, 80.94, 107.74, 121.74, 132.96,
137.74, 153.49, 164.78. Anal. (C11H15NO4S) C, H, N.
4-((tert-Butoxycarbonyl)amino)-3-thiophenecarbox-

ylic Acid (23). Methyl 4-((tert-butoxycarbonyl)amino)-3-
thiophenecarboxylate (22) (2.08 g, 8.08 mmol), 95% EtOH (40
mL), and 50% sodium hydroxide (10 mL) were added to a 500-
mL, round-bottomed flask and heated at 45 °C for 1 h. The
reaction mixture was allowed to cool to room temperature, and
the pH was adjusted to pH ) 2 by the addition of 1 N HCl.
The reaction mixture was transferred to a separatory funnel
and extracted with CH2Cl2. The organic layer was separated,
and the aqueous layer was extracted with CH2Cl2. The organic
layers were combined, dried over MgSO4, filtered, and con-
centrated to give a white solid. The product was dried a second
time, as described above, and dried in a vacuum oven to give
1.83 g (93%) of the title compound as a white solid. Mp: 167-
168 °C (effervesces). 1H NMR (DMSO-d6): δ 1.50 (s, 9), 7.54
(br d, 1, J ) 3.3), 8.32 (d, 1, J ) 3.5), 9.31 (br s, 1). 13C NMR
(DMSO-d6): δ 28.85, 81.07, 108.30, 122.83, 134.94, 137.35,
152.89, 166.20. Anal. (C10H13NO4S) C, H, N.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

4-((tert-butoxycarbonyl)amino)-3-thiophenecarbox-
amide Hydrochloride Hydrate (24). 4-((tert-Butoxycar-
bonyl)amino)-3-thiophenecarboxylic acid (23) (1.49 g, 6.12
mmol), 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole
(2.09 g, 7.20 mmol, 1.18 equiv), and anhydrous DMF (20 mL)
were combined in a 500-mL, round-bottomed flask. A solution
of 1,3-dicyclohexylcarbodiimide (1.60 g, 7.75 mmol, 1.27 equiv)
in anhydrous DMF (5 mL) was added dropwise to the reaction
mixture, and the solution was stirred under N2 for 0.25 h.
1-Hydroxybenzotriazole hydrate (1.0 g, 7.40 mmol, 1.21 equiv)
was added to the solution, and the reaction mixture was stirred
under N2 at room temperature for 2.75 days. The suspension
was filtered, and the filtrate was concentrated to give an
orange oil. The crude free base was dissolved in CH2Cl2, and
the solution was transferred to a separatory funnel. The
organic phase was washed with saturated aqueous NaHCO3.
The organic layer was separated, and the aqueous layer was
extracted with CH2Cl2. The organic layers were combined,
washed with saturated NaCl, dried over MgSO4, filtered, and
concentrated to give an orange oil. The free base was partially
purified by flash chromatography with CH2Cl2 followed by
CH2Cl2-MeOH (96:4) as eluant to give a cloudy orange oil.
The oil was dissolved in CH2Cl2, filtered, and concentrated to
give a less cloudy orange oil. The crude free base was dissolved
in EtOAc, filtered, and concentrated to give 2.73 g (86%) of
the free base as a clear orange oil. A portion of the free base
was converted to its hydrochloride salt and recrystallized from
EtOH to give a pale beige solid. Mp: 116-119 °C. 1H NMR
(DMSO-d6): δ 1.44 (s, 9), 1.60 (m, 2), 1.78 (m, 2), 3.29 (m, 6),
3.44 (tm, 2, J ) 12.1), 3.57 (d, 2, J ) 11.9), 4.05 (d, 2, J )
13.4), 7.45 (t, 1, J ) 7.6), 7.49 (br s, 1), 7.58 (t, 1, J ) 7.5),
8.09 (d, 1, J ) 8.2), 8.12 (d, 1, J ) 8.4), 8.35 (d, 1, J ) 3.4),
8.82 (br t, 1, J ) 5.6), 10.17 (s, 1), 10.63 (br s, 1). 13C NMR
(DMSO-d6): δ 21.58, 27.02, 28.89, 38.89, 47.36, 51.47, 56.06,
80.62, 107.69, 122.16, 124.85, 124.97, 125.59, 127.93, 129.09,

129.35, 137.81, 153.01, 153.09, 163.18, 164.89. Anal.
(C25H33N5O3S‚HCl‚H2O) C, H, N, H2O.
2-Cyano-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)acetamide (26). 3-(4-(4-Aminobutyl)-1-piperazinyl)-
1,2-benzisothiazole (2.23 g, 7.69 mmol), cyanoacetic acid (25)
(0.76 g, 8.93 mmol, 1.16 equiv), and DMF (20 mL) were added
to a 250-mL, round-bottomed flask and stirred under N2. A
solution of 1,3-dicyclohexylcarbodiimide (1.86 g, 9.01 mmol,
1.17 equiv) in DMF (5 mL) was added dropwise to the reaction
mixture. 1-Hydroxybenzotriazole hydrate (1.24 g, 9.18 mmol,
1.19 equiv) was added, and the reaction mixture was allowed
to stir at room temperature under N2 for 23 h. The suspension
was filtered, and the solid was washed with DMF. The filtrate
was concentrated to give an orange oil. The crude free base
was dissolved in EtOAc and filtered. The filtrate was applied
directly to a silica gel column and partially purified by flash
chromatography with a gradient eluant of EtOAc (90-80%):
MeOH (10-20%) to give 2.92 g of the crude product as an
orange oil. The crude free base was dissolved in CH2Cl2 and
washed with saturated K2CO3. The organic layer was sepa-
rated, and the aqueous layer was extracted with CH2Cl2. The
organic layers were combined, dried over MgSO4, filtered, and
concentrated to give 1.93 g (70%) of the title compound as a
pale beige solid. 1H NMR (CDCl3): δ 1.63 (br t, 4, J ) 3.3),
2.47 (br t, 2, J ) 6.7), 2.69 (br t, 4, J ) 4.9), 3.36 (m, 2), 3.37
(s, 2), 3.57 (br t, 4, J ) 4.9), 6.66 (br s, 1), 7.36 (ddd, 1, J )
1.2, 7.0, 8.1), 7.47 (ddd, 1, J ) 1.2, 6.9, 8.2), 7.82 (dt, 1, J )
7.8, 1.1), 7.91 (dm, 1, J ) 8.0).
Methyl 3-Aminobenzo[b]thiophene-2-carboxylate (28).

This compound was prepared according to the method of Beck13
by employing 2-nitrobenzonitrile (27) (50.0 g, 0.338 mol),
methyl thioglycolate (33.2 mL, 36.4 g, 0.343 mmol, 1.11 equiv),
DMF (400 mL), and aqueous KOH (37.4 g of KOH/187 mL of
H2O) to give 36.1 g (52%) of the title compound as a pale beige
solid. Mp: 109-111 °C. (lit.13 mp: 110-111 °C). 1H NMR
(CDCl3): δ 3.90 (s, 3), 5.92 (br s, 2), 7.37 (ddd, 1, J ) 1.3, 7.0,
8.2), 7.48 (ddd, 1, J ) 1.5, 7.0, 8.2), 7.64 (ddd, 1, J ) 0.8, 1.5,
8.0), 7.74 (ddd, 1, J ) 0.8, 1.2, 8.0). 13C NMR (DMSO-d6): δ
51.52, 98.21, 121.82, 123.30, 123.90, 128.29, 131.50, 139.90,
148.96, 165.87.
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-2-thiophenecarboxamide Hydrochloride (29). 3-(4-
(4-Aminobutyl)-1-piperazinyl)-1,2-benzisothiazole (2.83 g, 9.75
mmol) and anhydrous CHCl3 (50 mL) were added to a 250-
mL, round-bottomed flask and stirred under N2. Trimethyl-
aluminum (2.0 M in toluene) (9.8 mL, 19.6 mmol, 2.01 equiv)
was added slowly, and the solution was stirred at room
temperature for 0.5 h. A solution of methyl 3-amino-2-
thiophenecarboxylate (20) (1.66 g, 10.56 mmol, 1.08 equiv) in
anhydrous CHCl3 (25 mL) was added, and the reaction mixture
was heated at 45-50 °C for 5 days. The reaction mixture was
slowly added to cold aqueous 1 N HCl (100 mL). The pH of
the mixture was adjusted to pH ) 10 with saturated aqueous
K2CO3, and the mixture was transferred to a separatory
funnel. Chloroform was added to the separatory funnel, and
the layers were separated. The organic layer was washed with
H2O (2 × 200 mL). The aqueous layers were combined and
extracted with CHCl3. The organic layers were combined,
washed with saturated NaCl, dried over MgSO4, filtered and
concentrated to give 6.53 g of the crude product as a thin dark
brown-orange oil. The free base was purified by flash chro-
matography with CH2Cl2 followed by CH2Cl2-MeOH (95:5) to
give 1.32 g of a tan solid. The free base (1.23 g, 3.06 mmol)
was dissolved in CH2Cl2, and 1 N ethereal HCl (3.06 mL, 1.0
equiv) was added. The hydrochloride salt was recrystallized
from EtOH/H2O to give 0.93 g (21%) of the title compound as
a tan solid. Mp: 230-232 °C. 1H NMR (DMSO-d6): δ 1.54
(m, 2), 1.75 (m, 2), 3.26 (m, 6), 3.48 (m, 2), 3.61 (br d, 2, J )
11.1), 4.10 (br d, 2, J ) 12.5), 6.42 (br s, 1), 6.60 (d, 1, J )
5.3), 7.40 (d, 1, J ) 5.3), 7.55 (m, 2), 8.15 (br t, 2, J ) 6.9),
10.51 (br s, 1). 13C NMR (DMSO-d6): δ 21.65, 27.61, 38.86,
47.40, 51.48, 56.24, 102.19, 121.90, 122.16, 124.97, 125.62,
127.92, 128.59, 129.12, 153.06, 154.08, 163.18, 165.53. Anal.
(C20H25N5OS2‚HCl) C, H, N.
4-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-3-thiophenecarboxamide Hydrochloride (30). N-(4-
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(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-4-((tert-
butoxycarbonyl)amino)-3-thiophenecarboxamide (24) (3.13 g,
6.07 mmol), trifluoroacetic acid (24 mL), anhydrous anisole (6.4
mL), and anhydrous CHCl3 (50 mL) were combined in a 250-
mL, round-bottomed flask and stirred under N2 at room
temperature for 20 min. Thin layer chromatography indicated
that the reaction was complete. The reaction mixture was
concentrated to give an orange liquid. The crude product was
dissolved in CH2Cl2 and transferred to a separatory funnel.
The organic phase was washed with saturated NaHCO3 and
separated. The aqueous layer was extracted with CH2Cl2. The
organic layers were combined, dried over MgSO4, filtered, and
concentrated to give an orange liquid. The crude free base
was purified by flash chromatography with CH2Cl2 followed
by CH2Cl2-MeOH (96:4) as eluant to give 1.57 g of the free
base as a pale orange oil. The free base 1.40 g (3.37 mmol)
was dissolved in EtOAc, and 3.4 mL of 1 N ethereal HCl (1.0
equiv) was added. The hydrochloride salt was filtered and
dried to give 1.01 g (37%) of the title compound as an off-white
solid. Mp: 204-206 °C. 1H NMR (DMSO-d6): δ 1.58 (m, 2),
1.79 (m, 2), 3.00-3.80 (m, 10), 4.04 (m, 2), 5.80 (br s, 2), 6.10
(d, 1, J ) 3.3), 7.49 (ddd, 1, J ) 1.0, 7.0, 8.1), 7.62 (ddd, 1, J
) 1.0, 7.0, 8.1), 8.03 (d, 1, J ) 3.5), 8.15 (br t, 2, J ) 6.8), 8.40
(br t, 1, J ) 5.5). 13C NMR (DMSO-d6): δ 21.70, 27.29, 38.70,
47.46, 51.51, 56.16, 97.85, 122.18, 124.98, 125.59, 125.87,
127.93, 128.16, 129.09, 148.60, 153.06, 163.24, 165.04. Anal.
(C20H25N5OS2‚HCl) C, H, N.
2-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)-3-thiophenecarboxamide (31). 2-Cyano-N-(4-(4-
(1,2-benzisothiazol-3-yl)-1-piperazinyl)butyl)acetamide (26) (1.83
g, 5.12 mmol), 1,4-dithiane-2,5-diol (1.79 g, 11.8 mmol, 2.30
equiv), triethylamine (1.70 mL, 1.23 g, 12.2 mmol, 2.38 equiv),
and EtOH (30 mL) were added to a 500-mL, round-bottomed
flask and heated at 60-65 °C under a nitrogen atmosphere
for 3 h. The oil bath was removed, and the reaction mixture
was allowed to cool. Water and CH2Cl2 were added, and the
reaction mixture was transferred to a separatory funnel. The
organic layer was separated, and the aqueous layer was
extracted with CH2Cl2. The organic layers were combined,
dried over MgSO4, filtered, and concentrated to give a red-
brown residue. The crude free base was partially purified by
flash chromatography with a gradient eluant of EtOAc (100-
98%):MeOH (0-2%) to give a partially solidified orange oil.
The free base was dissolved in EtOAc and filtered. The filtrate
was partially concentrated to give a suspension. The pale tan
solid was filtered and dried to give 0.239 g (11%) of the title
compound. Mp: 155-159 °C dec 1H NMR (CDCl3): δ 1.68 (br
s, 4), 2.48 (br s, 2), 2.68 (br s, 4), 3.42 (m, 2), 3.58 (br s, 4),
5.84 (br s, 1), 6.07 (br s, 2), 6.23 (d, 1, J ) 5.8), 6.71 (br d, 1,
J ) 5.8), 7.35 (ddd, 1, J ) 1.1, 7.0, 8.1), 7.46 (ddd, 1, J ) 1.1,
7.0, 8.1), 7.81 (d, 1, J ) 8.2), 7.90 (d, 1, J ) 8.2). 13C NMR
(DMSO-d6): δ 23.80, 27.47, 38.26, 49.61, 52.53, 57.61, 105.69,
107.55, 121.09, 124.18, 124.22, 124.43, 127.40, 127.89, 152.06,
161.05, 163.52, 165.45. Anal. (C20H25N5OS2‚0.15C4H8O2) C,
H, N.
3-Amino-N-(4-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)-

butyl)benzo[b]thiophene-2-carboxamide Hydrochloride
(32). 3-(4-(4-Aminobutyl)-1-piperazinyl)-1,2-benzisothiazole
(2.6 g, 8.96 mmol) and anhydrous CHCl3 (20 mL) were added
to a 100-mL, round-bottomed flask and stirred under N2. A
solution of 2.0 M trimethylaluminum in toluene (4.6 mL, 9.2
mmol, 1.03 equiv) was slowly added to the reaction mixture,
and the pale yellow solution was stirred under N2 for 20 min.
Another portion of trimethylaluminum (4.6 mL, 9.2 mmol, 1.03
equiv) was added to the reaction mixture. A solution of methyl
3-aminobenzo[b]thiophene-2-carboxylate (28) (1.86 g, 8.98
mmol, 1.0 equiv) in anhydrous CHCl3 (10 mL) was added to
the reaction mixture, and the mixture was stirred under N2

at room temperature for 0.5 h. The golden yellow solution was
heated at 40 °C for 4 days. The oil bath was removed, and
the dark orange solution was allowed cool. To the slightly
warm reaction mixture was slowly added 1 N HCl (50 mL).
The acidic reaction mixture was heated at 40 °C for 0.5 h. The
reaction mixture was allowed to cool, and saturated K2CO3

was added. The reaction mixture was transferred to a sepa-
ratory funnel and extracted with CH2Cl2. The organic phase

was dried over MgSO4, filtered, and concentrated to give the
crude product as an orange liquid. The free base was purified
by flash chromatography with a gradient eluant of CH2Cl2
(100-95%): MeOH (0-5%) to give 1.14 g (27%) of the free base
as an orange oil. The free base (1.05 g, 2.25 mmol) was
dissolved in EtOAc, and 2.25 mL of 1 N ethereal HCl (1.0
equiv) was added. The hydrochloride salt was recrystallized
from EtOH/H2O to give 0.82 g (18%) of the title compound as
a beige solid. Mp: 242-244 °C. 1H NMR (DMSO-d6): δ 1.58
(m, 2), 1.76 (m, 2), 3.10-3.50 (m, 8), 3.59 (br d, 2, J ) 11.2),
4.08 (br d, 2, J ) 13.4), 7.07 (br s, 2), 7.38 (ddd, 1, J ) 1.1, 7.1,
8.1), 7.47 (tm, 2, J ) 7.6), 7.60 (ddd, 1, J ) 1.1, 7.1, 8.2), 7.68
(br t, 1, J ) 5.6), 7.83 (d, 1, J ) 7.7), 8.03 (d, 1, J ) 7.9), 8.12
(t, 2, J ) 8.3), 10.39 (br s, 1). 13C NMR (DMSO-d6): δ 21.61,
27.61, 39.10, 47.33, 51.40, 56.16, 99.33, 122.16, 123.48, 123.94,
124.75, 124.98, 125.59, 127.93, 128.49, 129.08, 133.38, 137.89,
148.29, 153.09, 163.20, 166.12. Anal. (C24H27N5OS2‚HCl) C,
H, N.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

8-quinolinecarboxamide Hydrochloride (35). Anhydrous
DMF (20 mL), 8-quinolinecarboxylic acid (34) (1.04 g, 6.01
mmol), 1-hydroxybenzotriazole hydrate (0.898 g, 6.65 mmol,
1.11 equiv), and 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benz-
isothiazole (1.75 g, 6.03 mmol, 1.0 equiv) were combined in a
250-mL, round-bottomed flask. The reaction mixture was
cooled in an ice-water bath and stirred under N2. A solution
of 1,3-dicyclohexylcarbodiimide (1.37 g, 6.64 mmol, 1.10 equiv)
in anhydrous DMF (12 mL) was added dropwise to the reaction
mixture. The ice-water bath was removed, and the reaction
mixture was stirred at room temperature for 20 h. The
suspension was concentrated in vacuo, and the crude product
was partitioned between EtOAc and saturated NaHCO3. The
layers were separated, and the aqueous layer was extracted
with EtOAc. The organic layers were combined, dried over
MgSO4, filtered, and concentrated to give a mixture of finely
dispersed solids in an orange oil. EtOAc was added to the
mixture, and the suspension was filtered. The filtrate was
concentrated to give 2.98 g of the crude product as an orange
oil. The crude product was purified by flash chromatography
with CH2Cl2, CH2Cl2-MeOH (99:1), and CH2Cl2-MeOH (97:
3) as eluant. The appropriate fractions were combined,
concentrated, redissolved in CH2Cl2, filtered, and concentrated
to give 1.46 g of the free base as a yellow oil. The free base
was dissolved in CH2Cl2, and 1 N ethereal HCl (3.28 mL, 1.0
equiv) was added. The solvent was removed in vacuo. The
resulting hydrochloride salt was dissolved in MeOH, and the
solution was filtered through fluted filter paper directly into
rapidly stirred EtOAc. The suspension was filtered to give
0.265 g of the title compound as a pale beige solid. The filtrate
was concentrated and recrystallized from MeOH to give a
second crop (0.447 g) for a total yield of 0.712 g (25%). Mp:
187-189 °C. 1H NMR (DMSO-d6): δ 1.68 (m, 2), 1.91 (m, 2),
3.10-3.42 (m, 4), 3.56 (m, 6), 4.03 (br d, 2, J ) 11.8), 7.43 (t,
l, J ) 7.5), 7.56 (t, l, J ) 7.6), 7.65 (dd, 1, J ) 4.3, 8.3), 7.72 (t,
l, J ) 7.7), 8.09 (t, 2, J ) 7.7), 8.17 (d, 1, J ) 8.1), 8.54 (dm, 2,
J ) 7.6), 9.09 (dd, 1, J ) 1.4, 4.1), 10.87 (br t, l, J ) 5.5), 11.55
(br s, 1). 13C NMR (DMSO-d6): δ 21.24, 26.95, 38.85, 46.72,
50.82, 55.59, 121.52, 121.90, 124.35, 124.94, 126.66, 127.31,
128.44, 128.56, 129.67, 132.38, 132.72, 138.30, 144.99, 150.82,
152.43, 162.60, 165.41. Anal. (C25H27N5OS‚HCl) C, H, N.
2-(2,3-Dihydro-1H-indol-1-yl)glyoxyloyl Chloride (36).

This compound was prepared according to the procedure
described by Welstead et al.15 with modifications. Oxalyl
chloride (102.1 g, 0.804 mol) and anhydrous CH2Cl2 (400 mL)
were added to a 2-L, 3-necked, round-bottomed flask. The
flask was equipped with a mechanical stirrer, addition funnel,
and N2 inlet. A solution of indoline (33) (48.0 g, 0.403 mol) in
anhydrous CH2Cl2 (350 mL) was added dropwise to the stirred
reaction mixture over a 2-h period. The reaction mixture was
stirred at room temperature for 3 h and then allowed to stand
overnight. The resulting red-brown solution was concentrated,
and Et2O was added to the residue. The suspension was
filtered, and the filtrate was concentrated to give 56.75 g (68%)
of the acid chloride as a yellow-green solid. The crude acid
chloride was used without further purification. 1H NMR
(DMSO-d6): δ 3.19 (t, 2, J ) 8.3), 4.17 (t, 2, J ) 8.3), 7.12 (t,
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1, J ) 6.9), 7.24 (t, 1, J ) 7.1), 7.33 (d, 1, J ) 7.0), 8.01 (d, 1,
J ) 7.6). Anal. (C10H7NO2) C, H, N.
Indoline-7-carboxylic Acid (37). Aluminum chloride

(12.7 g, 95.2 mmol, 5.0 equiv) and 2-(2,3-dihydro-1H-indol-1-
yl)glyoxyloyl chloride (36) (4.00 g, 19.1 mmol) were added to a
300-mL, round-bottomed flask equipped with a magnetic stir
bar and N2 inlet. The mixture was quickly heated to 100-
120 °C and allowed to stir for 20 min. The oil bath was
removed, and the mixture was allowed to cool to room
temperature. The resulting solid was broken up with a spatula
and added to ice-water (600 mL). The aqueous mixture was
stirred for 1 h and extracted with CHCl3. The organic layer
was dried over MgSO4, filtered, and concentrated to give an
oily red residue. The residue was triturated with acetone and
filtered to give 0.71 g (22%) of 4,5-dihydropyrrolo[3,2,1-hi,l]-
indoline-1,2-dione as a red solid. Mp: 203-207 °C (lit.15 mp:
206-208 °C). 1H NMR (DMSO-d6): δ 3.36 (t, 2, J ) 7.9), 4.06
(t, 2, J ) 7.9), 6.95 (t, 1, J ) 7.5), 7.24 (d, 1, J ) 7.6), 7.46 (d,
1, J ) 7.1). 13C NMR (DMSO-d6): δ 31.35, 46.88, 113.03,
122.72, 124.74, 126.22, 134.16, 156.45, 160.67, 184.71. Anal.
(C10H7NO2) C, H, N, S, Cl.
A solution of sodium hydroxide (1.82 g in 20.2 mL of H2O)

and 4,5-dihydropyrrolo[3,2,1-hi,l]indoline-1,2-dione (1.0 g, 5.8
mmol) were combined in a 100-mL, round-bottomed flask and
stirred at room temperature for 30 min. A solution of hydrogen
peroxide (1.82 mL of 30% H2O2 in 18.2 mL of H2O) was added
dropwise, and the reaction mixture was allowed to stir for 3.5
h. The reaction mixture was transferred to a separatory
funnel and washed with benzene. The aqueous layer was
separated, the pH was adjusted to 6-7 by the addition of 1 N
HCl, and the solution was extracted with CHCl3. The pH of
the aqueous layer was adjusted to 4-5 by the addition of 1 N
HCl and the mixture extracted with an additional portion of
CHCl3. The organic layers were combined, dried over MgSO4,
filtered, and concentrated to give a gold-tan solid. The crude
product was triturated with benzene:isooctane (3:1) to give 0.54
g (57%) of the title compound as a tan solid. Mp: 164-166
°C (lit.15 mp: 164-168 °C). 1H NMR (DMSO-d6): δ 2.93 (t, 2,
J ) 8.6), 3.55 (t, 2, J ) 8.6), 6.44 (t, 1, J ) 7.0), 7.13 (d, 1, J
) 6.9), 7.36 (d, 1, J ) 7.5). 13C NMR (DMSO-d6): δ 28.19,
46.70, 107.95, 115.49, 128.14, 128.43, 131.26, 154.48, 168.73.
Anal. (C9H9NO2) C, H, N.
1,2,3,4-Tetrahydro-8-quinolinecarboxylic Acid (38). This

compound was prepared according to the method described by
Coppola,14 by employing 8-quinolinecarboxylic acid (34) (1.73
g, 9.99 mmol), platinum oxide hydrate (0.182 g), and EtOH
(30 mL). The mixture was hydrogenated on a Parr hydrogen-
ator at 50 psi for 2 h. The reaction mixture was filtered
through a pad of Celite, and the filtrate was concentrated to
give 1.76 g (99%) of the title compound as a pale yellow solid.
Mp: 158-160 °C (lit.14 mp: 165-167 °C). 1H NMR (DMSO-
d6): δ 1.77 (quin, 2, J ) 5.9), 2.69 (t, 2, J ) 6.2), 3.33 (t, 2, J
) 5.5), 6.36 (t, 1, J ) 7.5), 7.00 (d, 1, J ) 7.0), 7.54 (d, 1, J )
8.0). 13C NMR (DMSO-d6): δ 21.46, 28.33, 41.68, 109.59,
114.17, 122.73, 130.58, 134.54, 149.13, 171.24. Anal. (C10H11-
NO2) C, H, N.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

2,3-dihydro-1H-indole-7-carboxamide Hydrochloride (39).
This compound was prepared according to the method de-
scribed for compound 35 by employing indoline-7-carboxylic
acid (37) (0.86 g, 5.27 mmol), 3-(4-(4-aminobutyl)-1-pipera-
zinyl)-1,2-benzisothiazole (1.60 g, 5.51 mmol, 1.05 equiv),
1-hydroxybenzotriazole hydrate (0.78 g, 5.77 mmol, 1.10 equiv),
1,3-dicyclohexylcarbodiimide (1.35 g, 6.54 mmol, 1.24 equiv),
and anhydrous DMF. The reaction mixture was allowed to
stir at room temperature for 24 h, and the solvent was removed
in vacuo. EtOAc was added to the residue, and the mixture
was filtered to remove the insoluble material. The filtrate was
washed with saturated NaHCO3. The organic layer was dried
over MgSO4, filtered, and concentrated to give 3.12 g of the
crude product as an orange oil. The crude material was
purified by flash chromatography with EtOAc-MeOH (99:1)
followed by EtOAc-MeOH (97:3) as eluant. The appropriate
fractions were combined, concentrated, redissolved in CH2Cl2,
filtered, and concentrated to give 0.96 g of the free base as an
orange oil. The free base was dissolved in CH2Cl2, and 1.0 N

ethereal HCl (2.2 mL, 1.0 equiv) was added. The solution was
concentrated, and the hydrochloride salt was dissolved in
MeOH. The solution was filtered, and the filtrate was slowly
added to ethyl acetate. The resulting beige solid was filtered
and dried to give 0.37 g (15%) of the title compound. Mp:
190-193 oC. 1H NMR (DMSO-d6): δ 1.57 (m, 2), 1.77 (m, 2),
2.93 (t, 2, J ) 8.4), 3.24 (m, 8), 3.51 (m, 4), 4.06 (br d, 2, J )
13.3), 6.56 (t, 1, J ) 7.5), 7.14 (d, 1, J ) 7.1), 7.45 (m, 2), 7.58
(t, 1, J ) 7.5), 8.11 (t, 2, J ) 8.1), 8.29 (br t, 1, J ) 5.4), 10.75
(br s, 1). 13C NMR (DMSO-d6): δ 20.99, 26.76, 28.48, 38.31,
46.51, 46.74, 50.83, 55.53, 113.82 (br), 117.26 (br), 121.55,
124.35, 124.97, 125.42, 127.16, 127.30, 128.48, 131.94, 151.29
(br), 152.45, 162.56, 167.44. Anal. (C24H29N5OS‚1.2HCl) C,
H, N, Cl.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

1,2,3,4-tetrahydro-8-quinolinecarboxamide Hydrochlo-
ride Hydrate (40). This compound was prepared according
to the method described for compound 35 by employing 1,2,3,4-
tetrahydro-8-quinolinecarboxylic acid (38) (1.06 g, 5.98 mmol),
1-hydroxybenzotriazole hydrate (0.90 g, 6.66 mmol, 1.1 equiv),
1,3-dicyclohexylcarbodiimide (1.47 g, 7.12 mmol, 1.2 equiv),
3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole (1.82 g,
6.27 mmol, 1.05 equiv), and anhydrous DMF. The reaction
mixture was allowed to stir at room temperature for 18 h and
concentrated in vacuo, and the crude product was partitioned
between CH2Cl2 and saturated NaHCO3. The finely dispersed
solids were filtered, and the filtrate was concentrated to give
the crude free base. This material was purified by flash
chromatography as described for compound 35. The purified
free base (2.28 g, 5.07 mmol) was dissolved in CH2Cl2, and 1
N ethereal HCl (5.07 mL, 1.0 equiv) was added. The solvent
was removed in vacuo, and the resulting hydrochloride salt
was dissolved in MeOH. The solution was filtered through a
fluted filter paper directly into rapidly stirred EtOAc. The
suspension was filtered to give 0.28 g (9%) of the title
compound as an orange-beige solid. Mp: 138-142 °C. 1H
NMR (DMSO-d6): δ 1.55 (m, 2), 1.77 (m, 4), 2.69 (t, 2, J )
6.0), 3.21 (m, 8), 3.47 (t, 2, J ) 12.9), 3.56 (d, 2, J ) 11.6), 4.05
(d, 2, J ) 13.4), 4.46 (br s, 1), 6.44 (t, 1, J ) 7.5), 6.96 (d, 1, J
) 7.0), 7.37 (d, 1, J ) 7.8), 7.46 (t, 1, J ) 7.5), 7.58 (t, 1, J )
7.5), 8.11 (t, 2, J ) 8.2), 8.32 (br t, 1, J ) 5.3), 10.91 (br s, 1).
13C NMR (DMSO-d6): δ 21.54, 21.86, 27.43, 28.27, 39.11, 41.75,
47.56, 51.64, 56.34, 115.14, 115.19, 122.37, 123.35, 125.15,
125,78, 127.35, 128.10, 129.29, 132.84, 146.19, 153.26, 163.35,
170.20. Anal. (C25H31N5OS‚1.5HCl‚0.35H2O) C, H, N, Cl, H2O.
Benzimidazole-7-carboxylic Acid (42). This compound

was prepared according to the method described by Moyer et
al.17 with modifications. 3-Nitroanthranilic acid (41) (1.3 g,
7.14 mmol) was dissolved in 0.1 N aqueous NaOH (80 mL)
and reduced on a Parr hydrogenator over 10% Pd-C at 15
psi. After 4 h, the reaction mixture was filtered through a
pad of Celite, and the pad was washed with distilled water.
The pale yellow filtrate was acidified to pH ≈ 1 (pH paper)
with concentrated HCl. The acidic filtrate was allowed to
stand in the refrigerator overnight. Formic acid (96%, 1 mL)
was added to the acidic filtrate, and the solution was heated
at reflux for 2 h. Thin-layer chromatography (CH2Cl2-
MeOH-HOAc, 90:9:1) indicated the reaction was incomplete.
Formic acid (96%, 1 mL) was added to the reaction mixture,
and the solution was heated at reflux for 1 h. The reaction
mixture was allowed to cool to room temperature, and the
suspension was filtered to give 0.553 g of a beige solid. The
filtrate was concentrated, and the solid residue was triturated
with warm water to give another 0.19 g of the desired product
as a red-beige solid for a total crude yield of 0.743 g (64%). 1H
NMR and mass spectral data are consistent with those
previously reported.17 This material was used without further
purification.
1H-Indole-7-carboxylic Acid (43). This compound was

prepared according to the method described by Ikan and
Rapaport16 by employing indoline-7-carboxylic acid (37) (3.0
g, 18.4 mmol), 10% Pd on carbon (0.75 g), and xylenes (150
mL). The reaction mixture was heated for 4 h. The hot
solution was filtered through a pad of Celite, and the filtrate
was concentrated to give 1.55 g (52%) of the title compound
as a red-beige solid. Mp: 202-204 °C (lit.16 mp: 202 °C). 1H
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NMR (DMSO-d6): δ 6.52 (dd, 1, J ) 2.0, 3.0), 7.08 (t, 1, J )
7.7), 7.35 (t, 1, J ) 2.8), 7.74 (dd, 1, J ) 1.2, 7.5), 7.81 (d, 1, J
) 7.9), 11.05 (s, 1), 12.98 (br s, 1). 13C NMR (DMSO-d6): δ
101.80, 113.83, 118.70, 124.13, 125.97, 127.16, 129.61, 134.90,
168.31.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

1H-benzimidazole-4-carboxamide Hydrochloride Hy-
drate (44). This compound was prepared according to the
procedure described for compound 35 by employing benz-
imidazole-7-carboxylic acid (42) (0.66 g, 4.07 mmol), 1-hy-
droxybenzotriazole hydrate (0.619 g, 4.58 mmol, 1.13 equiv),
1,3-dicyclohexylcarbodiimide (1.02 g, 4.94 mmol, 1.21 equiv),
and 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-benzisothiazole (1.26
g, 4.34 mmol, 1.07 equiv). After 4 h, the reaction mixture was
filtered, and the filtrate was concentrated to give an orange
residue. The crude product was dissolved in EtOAc and
CH2Cl2, and the solution was washed with saturated NaHCO3

(2×). The aqueous layers were combined and extracted with
CH2Cl2. The organic layers were combined, dried over MgSO4,
filtered, and concentrated to give 2.47 g of an orange oil. The
crude product was purified by flash chromatography with
CH2Cl2-MeOH (93:7) as eluant to give 0.41 g of an off-white
foam. The free base (0.39 g) was dissolved in CH2Cl2, and 0.90
mL of 1 N ethereal HCl (1.0 equiv) was added. The solvent
was removed in vacuo, and the hydrochloride salt was dis-
solved in EtOH. The solution was filtered through fluted
paper, and the filtrate was slowly added to Et2O. The
hydrochloride salt precipitated as a pale beige solid to give
0.230 g (12%) of the title compound. Mp: 125-128 °C (softens
and shrinks). 1H NMR (DMSO-d6): δ 1.66 (m, 2), 1.81 (m, 2),
3.31 (m, 6), 3.48 (m, 2), 3.57 (m, 2), 4.06 (br d, 2, J ) 12.3),
7.33 (t, 1, J ) 7.9), 7.45 (tm, 1, J ) 7.6), 7.58 (tm, 1, J ) 7.6),
7.75 (d, 1, J ) 7.9), 7.86 (d, 1, J ) 7.6), 8.10 (t, 2, J ) 8.3),
8.46 (s, 1), 9.91 (br s, 1), 10.20 (br s, 1), 13.05 (br s, 1). 13C
NMR (DMSO-d6): δ 20.74, 26.64, 38.19, 46.31, 50.45, 55.18
116.40 (br), 121.12, 121.70 (br), 121.99, 122.10, 123.95, 124.56,
126.91, 128.06, 134.70 (br), 138.70 (br), 142.81, 152.06, 162.17,
164.83. (+)APCIMS: M + 1, base (435). Anal. (C23H26N6-
OS‚HCl‚0.40H2O) C, H, N, Cl, H2O.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

1H-indole-7-carboxamide Hydrochloride (45). This com-
pound was prepared according to the method described for
compound 35 by employing 1H-indole-7-carboxylic acid (43)
(1.32 g, 8.19 mmol), 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-
benzisothiazole (2.47 g, 8.51 mmol, 1.04 equiv), 1-hydroxy-
benzotriazole hydrate (1.20 g, 8.88 mmol, 1.08 equiv), 1,3-
dicyclohexylcarbodiimide (1.87 g, 9.06 mmol, 1.1 equiv), and
anhydrous DMF. The reaction mixture was allowed to stir at
room temperature for 16 h, and the solvent was removed in
vacuo. EtOAc was added to the residue, and the suspension
was filtered. The filtrate was washed with saturated NaHCO3,
and the layers were separated. The organic layer was dried
over MgSO4, filtered, and concentrated to give the crude
product as an orange oil. The crude free base was purified by
flash chromatography with EtOAc, EtOAc-MeOH (99:1), and
EtOAc-MeOH (97:3) as eluant to give 3.27 g of the free base
as a yellow oil. The hydrochloride salt was prepared and
recrystallized from EtOH to give 1.66 g (43%) of the title
compound as an off-white solid. Mp: 210-212 oC. 1H NMR
(DMSO-d6): δ 1.63 (m, 2), 1.83 (m, 2), 3.21 (m, 4), 3.37 (m, 2),
3.53 (m, 4), 4.04 (br d, 2, J ) 13.4), 6.46 (t, 1, J ) 2.7), 7.04 (t,
1, J ) 7.6), 7.33 (t, 1, J ) 2.7), 7.45 (t, 1, J ) 7.6), 7.57 (t, 1,
J ) 7.7), 7.69 (t, 2, J ) 7.1), 8.10 (t, 2, J ) 7.7), 8.66 (t, 1, J )
5.5), 11.13 (s, 1), 11.18 (br s, 1). 13C NMR (DMSO-d6): δ 21.05,
26.81, 38.47, 46.75, 50.82, 55.55, 101.28, 117.32, 118.39,
120.14, 121.54, 123.97, 124.35, 124.97, 126.90, 127.31, 128.47,
129.45, 134.53, 152.45, 162.57, 167.39. Anal. (C24H27N5OS‚
HCl) C, H, N.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

1H-indazole-3-carboxamide Hydrochloride (49). This
compound was prepared according to the method described for
compound 35 by employing indazole-3-carboxylic acid18 (47)
(0.84 g, 5.18 mmol), 1-hydroxybenzotriazole hydrate (0.77 g,
5.70 mmol, 1.1 equiv), 1,3-dicyclohexylcarbodiimide (1.19 g,
5.77 mmol, 1.11 equiv), and 3-(4-(4-aminobutyl)-1-piperazinyl)-
1,2-benzisothiazole (1.44 g, 4.96 mmol, 0.96 equiv). The

concentrated reaction mixture was partitioned between CH2Cl2
and saturated NaHCO3. The layers were separated, and the
aqueous layer was extracted with CH2Cl2. The organic layers
were combined, dried over MgSO4, filtered, and concentrated
to give a gold-yellow solid. The crude product was purified
by flash chromatography with CH2Cl2 followed by CH2Cl2-
MeOH (97:3) as eluant to give 1.14 g of the free base. The
hydrochloride salt was prepared and recrystallized from EtOH/
H2O to give 0.54 g (23%) of the title compound as a pale yellow
solid. Mp: >250 °C. 1H NMR (DMSO-d6): δ 1.61 (m, 2), 1.78
(m, 2), 3.32 (m, 8), 3.57 (d, 2, J ) 11.2), 4.06 (d, 2, J ) 13.2),
7.21 (ddd, 1, J ) 0.8, 7.0, 7.9), 7.39 (ddd, 1, J ) 1.3, 6.9, 8.3),
7.45 (ddd, 1, J ) 1.2, 7.0, 8.1), 7.58 (t, 2, J ) 8.4), 8.10 (t, 2, J
) 7.6), 8.16 (d, 1, J ) 8.1), 8.49 (t, 1, J ) 6.0), 10.45 (br s, 1),
13.60 (s, 1). 13C NMR (DMSO-d6): δ 21.02, 26.92, 38.02, 46.72,
50.82, 55.56, 111.01, 121.53, 121.81, 121.92, 122.26, 124.34,
124.96, 126.74, 127.31, 128.46, 138.59, 141.41, 152.45, 162.56,
162.72. (+) APCIMS: M + 1, base (435). Anal. (C23H26N6-
OS‚HCl) C, H, N.
N-(4-(4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl)butyl)-

1H-indole-3-carboxamide Hydrochloride (50). This com-
pound was prepared according to the method described for
compound 35 by employing indole-3-carboxylic acid (48) (0.835
g, 5.18 mmol), 1-hydroxybenzotriazole hydrate (0.767 g, 5.68
mmol, 1.1 equiv), 1,3-dicyclohexylcarbodiimide (1.18 g, 5.71
mmol, 1.1 equiv), and 3-(4-(4-aminobutyl)-1-piperazinyl)-1,2-
benzisothiazole (1.49 g, 5.14 mmol, 1.0 equiv). The reaction
mixture was stirred at room temperature for 3 days. The
suspension was filtered, and the filtrate was concentrated. The
crude product was partitioned between saturated NaHCO3 and
EtOAc. The organic layer was separated, and the aqueous
layer was extracted with EtOAc. The organic layers were
combined, dried over MgSO4, filtered, and concentrated to give
2.66 g of a tan residue. The free base was purified by flash
chromatography with CH2Cl2-MeOH (95:5) as eluant to give
0.972 g of an off-white glass. The hydrochloride salt was
prepared and recrystallized from EtOH/H2O to give 0.457 g
(19%) of the title compound as an off-white solid. Mp: >250
°C. 1H NMR (DMSO-d6): δ 1.58 (m, 2), 1.80 (m, 2), 3.27 (m,
6), 3.47 (t, 2, J ) 13.0), 3.57 (br d, 2, J ) 11.8), 4.05 (br d, 2,
J ) 13.4), 7.09 (m, 2), 7.40 (d, 1, J ) 7.3), 7.45 (t, 1, J ) 8.1),
7.58 (t, 1, J ) 7.5), 8.08 (m, 5), 10.92 (br s, 1), 11.59 (s, 1). 13C
NMR (DMSO-d6): δ 21.07, 27.07, 37.92, 46.78, 50.86, 55.56,
110.93, 112.11, 120.56, 121.33, 121.55, 122.09, 124.35, 124.97,
126.47, 127.30, 128.02, 128.48, 136.41, 152.45, 162.56, 165.01.
(+)APCIMS: M + 1, base (434). Anal. (C24H27N5OS‚HCl) C,
H, N.
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