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Cyclic imides bearing «-(4-benzisothiazol-3-yl-1-piperazinyl)alkyl moieties were synthesized and tested for
antipsychotic activity. The in vitro binding affinities of these compounds were examined for dopamine 2 (D,) and
serotonin 2 (5-HT,) receptor sites. Structure-activity relationships within these series are discussed. One of these
compounds, N—[4-[4-(1,2-benzisothiazol-3-yl)-l-piperazinyl]butyl]-l,2-cis-cyclohexanedicarhoximide (SM-9018),
was found to be more potent and more selective in vivo than tiospirone in its antipsychotic activity. SM-9018 (17)
is currently undergoing clinical evaluation as a selective antipsychotic agent.

Key words  cyclohexanedicarboximide; SM-9018; dopamine 2 receptor; serotonin 2 receptor; structure—-activity relation-

ship

Drug therapy of schizophrenia has traditionally in-
volved the use of neuroleptics which pharmacologically
act as dopamine 2 (D,) antagonists. While these classical
neuroleptics are effective in alleviating the delusion,
hallucination, or paranoia known as positive symptoms
of schizophrenia, the flattening affect and social with-
drawal which characterize the negative symptoms of this
disease are refractory to drug treatment. Moreover, their
use is frequently attended by the development of
extrapyramidal side effects.”” Chronic administration of
neuroleptics can cause the serious and often irreversible
syndrome of tardive dyskinesia.” Thus, there is compel-
ling need to develop newer atypical agents which would
retain efficacy for both positive and negative symptoms
of schizophrenia, but have a much lower incidence of
debilitating side effects.

The pharmacological blockade of central D, receptors
in limbic areas and the frontal cortex, sites of action of
known neuroleptics, is held to be responsible for the
marked control of positive symptoms.®”’ However, this
action in the striatum produces extrapyramidal side
effects.®) On the other hand, the mechanism of the nega-
tive symptoms is still unclear. It has nevertheless been
reported that the selective serotonin 2 (5-HT,) receptor
antagonists ritanserin (A) and setoperone (B) alleviate
negative symptoms and reduce the incidence of extra-
pyramidal side effects caused by neuroleptic maintenance
therapy.® 11

On the basis of these findings, compounds which have
5-HT, antagonistic activity with D, antagonistic activity
may be useful atypical agents which would retain efficacy
for both positive and negative symptoms of schizophrenia
and have a much lower incidence of debilitating side effects.

Initial research and development of psychotropic cyclic
imide derivatives was conducted by the Bristol-Myers
research group around 1970,'® and buspirone (C) was
proposed as a candidate drug. Buspirone was initially
screened as a neuroleptic with D, antagonistic activity,
but it was found later through clinical studies to have
anxiolytic properties rather than neuroleptic properties.*?

Our study program on cyclic imide derivatives was

* To whom correspondence should be addressed.

initiated in the early 1980s with the aim of finding new
and useful psychotropic agents by applying receptor-
binding assay as a major tool. As a result, tandospirone
(1) has been developed as an anxio-selective agent with
more selective serotonin 1A (5-HT,,) agonistic activity
and without any appreciable D, antagonistic activity
compared to buspirone.'® Clinical studies of tandospirone
have confirmed its potency as an anti-anxiety agent.
Our screening studies were next focussed on discovering
new neuroleptics with more characteristic properties. In
1983, it was proposed that cyclic imide derivatives with a
benzisothiazole ring, such as tiospirone (D), might be
atypical neuroleptics.'® We started to synthesize succin-
imide derivatives with various heteroaromatic moieties
containing a benzisothiazole ring and to screen the
compounds through systematic receptor-binding assay. In
the course of our studies, some derivatives with a
benzisothiazole moiety, such as SM-9018 (17), were found
to show strong binding affinities to both D, and 5-HT,
receptors. Pharmacological studies, furthermore, showed
that these derivatives had both potent D, and 5-HT,
antagonistic activities in vivo. In the present report, we
describe the synthesis and D, antagonistic and 5-HT,
antagonistic activity of succinimide derivatives.

Chemistry

Most of the N-substituted cyclic imides (I) listed in
Table 1 were prepared by modifications of the reported
methods,'**'* from anhydrides (II) (method A) or imides
(IIT) (method B or C), as outlined in Chart 1. Method A
involved condensation of anhydrides (1) with 4-[4-
(benzisothiazol-3-yl)-1-piperazinyl Jbutylamine (52) pre-
pared from 1-(1,2-benzisothiazol-3-yl)piperazine (54).
Method B involved condensation of the imide (ITI) with
the spiro-fused quaternary salt (53) prepared from 54 and
dimesylate. In method C, the imides (III) were converted
to N-(w-haloalkyl)imides (IV), followed by reaction with
V.

Carbinol derivatives (12, 13) were prepared with com-
binations of three moieties, i.e., 1-(1,2-benzisothiazol-
3-yl)piperazine (54), the imide (55) and 3,4-epoxybutyl
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halide (Chart 2). Alkylation of 54 with 3,4-epoxybutyl
halide, followed by the reaction of the resulting epoxide
(56) with 55, afforded 12 (method D), while initial
alkylation of 55 with 3,4-epoxybutyl halide and sub-
sequent treatment of the resulting epoxide (57) with 54
led to 13 (method D).

As shown in Chart 3, reduction of the imide moiety in
I with NaBH, or LiAIH, gave the hydroxylactam deriva-
tives (VI),'® which were allowed to react with triethyl-
silane in the presence of trifluoroacetic acid to give the
lactam derivative (38) (method E).!” The pyrrolidine
derivative (39), corresponding to the complete reduction
product of the imide moiety in 17, was prepared by the
condensation of the dimesylate (58) with 52 in the presence
of base (method F).

As shown in Chart 4, the amide derivative (14) was
prepared by the condensation of y-aminobutyric acid with
the anhydride (59), followed by reaction with thionyl
chloride, and then with 54 (method G). The amide
derivatives (VII) were prepared by the condensation of the
amine (52) with the corresponding acid halide (VIII)
(method H). Method J involved condensation of the halide
(61) with 54.

The ester derivative (43) was prepared by condensation
of the corresponding alcohol (62) with cyclohexane-
carbonyl chloride in the usual manner as shown in Chart
5 (method K).

The elemental analysis and spectral data of these newly
synthesized compounds (I, VII, 12—14, 36—39 and
42—43) are presented in Tables 1 and 2. Starting materials,
such as the acid anhydrides (IT), the imides (III, IV), the
amines (V), and acid halides (VIII), if not commercially
available, were prepared by known methodologies.!-!4b-18)

Biological Results and Discussion

All compounds were screened for in vifro binding
affinities for rat striatal D, receptor labeled with
[*H]domperidone'® and rat whole brain 5-HT, receptor
labeled with [*H]ketanserin.?? Binding affinity data are
summarized in Table 3.

The high affinities of the cyclic imides toward D, and
5-HT, receptors were essentially due to the presence of
the 1-(1,2-benzisothiazol-3-yl)piperazine moiety. In fact,
compounds 1, 2, 49, 50 and 51 proved to have little affinity

for these receptors (Table 3).

Variation of the bond length between the imide and
arylpiperazine had a significant effect on D, binding and
little effect on 5-HT, binding. Compound 3 with a four-
carbon chain had the highest affinities for both D, and
5-HT, receptors among compounds 3, 4 and 5 with chains
from three to five carbons. Replacement of the saturated
four-carbon chain of 3 with unsaturated four-carbon
chains showed different effects depending upon the type
of unsaturation. Compounds 6 and 18 with the double
bond in the 7rans configuration were equipotent with the
corresponding saturated derivatives (3 and 17, respec-
tively). However, compound 7 with the double bond in
the cis configuration was significantly less potent than 3.2V

Introduction of methyl and hydroxyl groups onto the
four-carbon chain in 3 showed a different effect depending
upon the site of substitution on the carbon chain. Com-
pounds 8 and 9 which were substituted with a methyl
group at positions 1 and 2 on the carbon chain, respec-
tively, had affinities for both receptors similar to those of
the unsubstituted compound (3), while compounds 10 and
11, substituted at positions 3 and 4, respectively, had less
potent affinities than 3 for both receptors. Compound 12,
substituted with a hydroxyl group at position 2, had
weaker affinities for both receptor than the unsubstituted
compound (3), but tended to be more potent than com-
pound 13 substituted with a hydroxyl group at position
3. Generally, the binding affinities of substituted deriva-
tives tended to decrease as their substituted sites ap-
proached position 4 on the carbon chain, substituted with
a piperazine group. Introduction of an oxo group at posi-
tion 4 on the saturated four-carbon chain of 3 resulted in
a loss of both binding affinities (compare 14 with 3). The
above results concerning the binding affinities of sub-
stituted derivatives of 3 suggest that the nitrogen atom
at position 4 on the carbon chain plays an important part
in both binding affinities.

As expected,” compounds varying in the imide por-
tion of 3 generally retained both binding affinities so long
as the lipophilicity of the imide moiety was retained.
However, variation of the imide portion showed a more
significant effect on D, binding than on 5-HT, binding.
As regards D, binding affinity, the stereoisomer (15), the
homoderivative (16), and the norderivative (17) of 3
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retained the same affinity as 3, and the oxaderivative (19)
had a somewhat decreased D, binding affinity compared
to 3. However, the 5-HT, binding affinities of these
compounds were equivalent to that of 3. The spiroderiva-
tives (20, 21), which had the same lipophilicity as 3,
retained potent affinities for both receptors. Introduction
of one methyl group in the cyclic imide moiety of 3 had
little effect on either of the binding affinities, while
introduction of two methyl groups had a significant effect
on binding to both receptors. The monomethyl derivative

(22) possessed the same affinities for both receptors as 3
and 17, although the dimethyl derivatives (23, 24, 25)
possessed less potent affinities than 17. Ring-constriction
of the cyclic imide moiety of 3 tended to decrease both
binding affinities, probably as a result of decreasing
lipophilicity. The succinimide derivative (26), which was
the simplest cyclic imide derivative tested, had the lowest
affinity among 3, 17, 26 and 27. Replacement of the
ethylene bond on the cyclic imide portion with a double
bond showed a different effect depending on the site of
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Table 1. Cyclic Imide Derivatives

0
A~
R N-B-N__X—Ar
0
Analysis (%)
Compd. L ™ o Yield (%) . . Calcd (Found)
No. —R!'— B N\/X—Ar (method) mp (°C) Formula
C H N
2 (CH,), A-1 340(C) 196203 C,,H,,CIN,0,- 5296 647 11.23
2HCI-0.5H,0 (5291 641 11.16)
3 (CHy), A2 57.9 (C) 217—218  C, H,,N,0,S-HCl 60.65 6.74 11.61
(60.68 6.58 11.80)
4 (CH,), A2 534(C)  230—232  C,sH4,N,0,8- 60.28 6.88 11.25
HCI-0.5H,0 (60.54 678 11.14)
5 (CH,), A2 56.5(C) 245246  C,,H,4N,0,S- 59.23  6.40 12.01
HCI-0.3H,0 (5921 631 11.92)
!
6 CH,C=CCH, A2 700 (C)  214—215 C,,H,eN,0,S- 5870 636 11.41
. HCI-H,0 (5846 6.07 11.28)
H H
|
7 @: CH,C=CCH, A2 75.9 (C) 116—118  C,,H,N,0,8 60.94 618 11.84
(60.81 6.28 11.70)
Me
|
8 @: CHCH,CH,CH, A2 102(C)  184—186 C,sH,,N,0,S- 58.80 6.99 10.97
HCI-1.2H,0 (5874 6.87 11.01)
I}/Ie
9 @: CH,CHCH,CH, A2 149 (B)  234—235 C,H,,N,0,S-HCl 6140 680 1146
‘ (6132 7.02 11.40)
I}/Ic
10 @: CH,CH,CHCH, A2 67.8(B)  205—206 C,sH,,N,0,S-HCl 6140 6.80 11.46
(6129 7.07 11.40)
ll\/Ie
11 KI CH,CH,CH,CH A2 62.7(C)  257—258 C,sH,,N,0,S- 60.73 685 11.33
HC1-0.3H,0 (60.82 691 11.25)
OH
12 @E CH,CHCH,CH, A= 477 (D)  166—167 C, H,oN,0,8 6341 665 1232
(6335 6.79 11.90)
o
13 KI CH,CH,CHCH, A2 80.7(D)  169—170 C,,H;(N,O,S 6341 665 1232
(63.61 6.64 12.35)
14 CH,CH,CH,CO A2 62.8(G)  133—I35 C,,H,eN,0,8- 6294 629 1223
0.3H,0 (6295 631 1225)
15 (CH,), A2 60.0(C)  213—214 C,,H,,N,0,S- 60.00 6.63 11.66
HCI-0.3H,0 (60.05 6.74 11.56)
16 (CH,), A2 773 (A)  229-231 C,sH,,N,0,S-HCl 6140 6.80 11.46
(6135 696 11.53)
17 (CH,), A2 70.5(C)  192—193  C,3H;oN,O,S- 5535 7.07 11.23
HCI-2H,0 (5573 7.03 11.33)
I
18 EI CH,C=CCH, A2 442(C)  209-210 C,3H,sN,0,S 58.19 6.07 10.61
H (CO,H), (58.35 5.88 10.89)
19 (CH,), A2 948 (A)  243—244 C,,H,N,0,S-HCl 5791 6.13 11.75
(5739 641 11.88)
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Table 1. (continued)

Analysis (%)"

Compd. . Y o Yield (%)? o Calcd (Found)
No. —R!— B N\_/X—Ar (method) mp (°C) Formula
C H N
20 (CH,), A2 576 (A)  215—216 C,eH4N,0,S-HCl 6207 701 1114
(61.62 7.06 10.88)
21 (CH,), A-2 73.6 (A)  220—221 C,sH3,N,O,S- 5922 696 11.05
HCI-H,0 (5927 677 11.04)
HsC
22 (CH,), A2 84.1 (A) 180—181  C,,H;,N,0,S-HCl 6042 697 11.74
(60.25 7.07 11.83)
HsC
23 (CH,), A2 497(A)  208—210 C,sH;,N,0,S- 60.70 721 11.33
HCI0.2H,0 (60.71 720 11.05)
24 (CH,), A2 61.8 (A) 200201 C,sH3,N,0,8- 60.48 723 11.28
: HCI-0.3H,0 (60.54 7.10 11.16)
CHs CHg ,
25 T (CH,), A-2 55.6 (A)  245—247 C,H3N,0,8: 60.04 7.26 11.20
HCI-0.5H,0 (60.05 7.26 10.91)
CHg
26 (CH,), A2 71.9(C) 204205 C,H;,N,0,S- 5508 623 13.52
HCI-0.3H,0 (55.11 630 13.52)
27 HaC (CH,), A2 614 (A)  204—205 C,,H,N,0,S 5898 7.33 11.01
HsC HCl-(CH,),CHOH (59.06 7.32 11.02)
28 (CH,), A2 529(C)  222—24 C,Hp,N,0,8-HCl 6094 6.18 11.85
(dec.) (60.87 6.18 11.66)
29 (CH,), A2 59.2 (C) 214216 C,,H;gN,0,8-HCl  60.94 6.18 11.85
(dec.) (60.60 621 11.74)
30 (CH,), A-2 49.0 (A) 141—142  C,5H;oN,0,8 66.64 671 12.44
(66.86 6.80 12.15)
31 (CH,), A-2 744 (A)  92.5—94  C,3H,eN,0,8 6507 6.65 13.20
(64.89 6.74 12.86)
32 (CH,), A-2 324 (A) 154—156  C, H;N,O,S- 59.08 6.10 10.60
(dec)  (CO,H), (58.71 624 10.28)
HaC
33 (CH,), A2 68.4 (A)  226—227 C,H,N,0,8-HCl 59.92 634 12.15
(59.62 633 12.09)
34 (CH,), A2 $7.0(A) 142145 C,H,,N,0,8-HCl 6045 551 1226
(Base) (60.18 5.60 12.36)
35 S (CH,)a A2 57.2 (A) 253—254  C,,H,3N;0,S- 57.02 535 1511
P HC1-0.3H,0 (57.02 547 15.30)
N
o)
36 (CH,), A-2 63 (E) 129—130  C,,H,,N,0,S- 64.11 740 1246
N 0.5H,0 (6425 727 12.30)
QH
0
37 N- (CH,), A2 52.1(E) 206208 C,3H;,N,0,8- 61.83 733 12.54
0.5HCI (6178 7.00 12.46)
OH
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Table 1. (continued)

Analysis (%)9

TN 3 o/ \b)

C(l’\lr’;pd' R! B N X-Ar® \;‘;lst}f 0/;)) mp (°C) Formula B Caled (Found)
C H N

0
38 N (CH,), A2 472 (E) 176—177  C,3H,,N,0S-HCl ~ 61.52 741 12.48
(61.46 727 12.49)
39 N- (CH,), A2 469 (F)  258—259  C,yHu NS 5443 794 11.04
2HCIH,0 (5411 7.89 10.95)
40 (CH,), A2 56.4 (H)  147.5—149  C,3H,(N,OS" 5892 6.53 10.99
N (CO,H),-0.5H,0  (58.87 6.51 10.80)

0
41 (CH,), A2 67.7(H)  128—129  C,,H,,N,0S- 6538 8.08 13.86
NH- 0.2H,0 (6512 780 13.56)

o}
42 (CH,), A2 435 (J) 202-202.5 C,,H,,N,OS- 5889 795 11.94
NMe- HCI-H,0 (59.05 7.60 11.94)

o)
43 (CH,), A2 87.1(K)  166—168 C,,H;;N;0,S- 59.83 739 9.5l
O- HCI-0.2H,0 (59.89 743  9.62)

0
4 . (CH,) A2 77.5 (H) 9597  C,;H,,N,OS- 5289 631 12.99
(craconk- ) e (Base)  (COLE, 0SH,0 (5313 625 I1218)
45 (CH,), A2 750 (H)  171—173  C,,H,4N,0,S- 5392 5.66 1048
CHg SONH- (dec)  (CO,H), (53.65 585 10.39)
46 7\ (CH,), A2 748 (H)  143—144  C,;H,eN,0,8: 57.35 597 10.70
CHz()”CNH— (CO,H),-0.5H,0 (5701 598 10.52)

48 (CH,), A2 733 (A)  102.5—104 C,,H;,N,0,S- 6556 7.17 12.23

0.3H,0 (6538 721 12.47)

0
HaC
47 (CH,), A2 77.0 (A) 85—86  C,sH;,N,0,8 6634 7.13 12.38
(6620 17.18 12.29)
HaC
CHs

49 (CH,), A3 62.5(C)  258—259 C,H;CIN,0,-HCl 61.67 690 599

(dec.) (6177 690  6.04)

(6342 6.80 11.90)

50 (I (CH,), A4 664 (C) 276278 C,sHy,N,0,-HCl 6348 7.03 1185

51 (CH,), A-5 533 (O 193—196  C,H;,N,O5-HCl-  63.74 727 11.24
(Base) 0.3H,0 (64.12 7.24 11.50)
Cl o
™\ — —\ OH J\
a) A-1 represents —N N—Q\ /,A%mmmmm—N N— , A-3 represents —N ,A4mmwmm—&:j}—N NH and
—~ N (VAR cl
'S
0
A-5 represents —N le . b) Yield of free base. ¢) Analytical results are within+0.4% of the theoretical values in C, H, N analysis.
N

O
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Table 2. Spectral Data for Cyclic Imide Derivatives

Vol. 43, No. 12

Compd.
No.

Mass spectra
mfz

IR spectra
cm™! (KBr)

'H-NMR spectra § (ppm) (CDCl,)*?

2

3

10

11

12

13

14

15

16

17

18

19

20

21

22

23

25

26

27

416 (M ™), 381, 288
275, 263

438 (M), 423, 302
288, 275, 263, 232
452 (M), 437, 316,
302, 289, 287

424 (M), 409, 288,
274, 266, 249

436 (M), 421, 300,
286, 273, 258

436 (M*), 421, 286,
273, 258, 218

452 (M), 437, 316,
302, 289

452 (M*), 437, 316,
302, 289

452 (M*), 437, 316,
302, 289

452 (M*), 437, 316,
302, 289

454 (M), 439, 318,
291

454 (M*), 439, 421,
391, 304

451 (M™* 1), 234,
176, 163

438 (M), 423, 302,
288, 275, 263

452 (M*), 436, 316,
302, 294, 277

426 (M*), 290, 263,
177, 163

424 (M*), 288, 258,
206

440 (M), 425, 304,
290, 277, 265
452 (M*), 437, 316,
302, 289, 277
452 (M), 437, 316,
302, 289, 277
440 (M), 425, 304,
295, 277, 265

454 (M), 439, 318,
304, 291, 279

454 (M*), 439, 318,
304, 291, 279

454 (M*), 439, 318,
304, 291, 279

372 (M), 357, 236,
222, 209

412 (M), 398, 278,
262, 249, 236

1770, 1690, 1575,

1540, 1435, 1400

1765, 1695, 1490,

1450, 1425, 1395

1769, 1699, 1590,

1560, 1488, 1460

1764, 1693, 1495,

1465, 1426, 1404

1760, 1700, 1580,

1560, 1480, 1450

1770, 1700, 1600,

1560, 1500, 1340

1762, 1691, 1560,

1491, 1447, 1424
1766, 1689

1767, 1690

1750, 1680, 1480,

1440, 1390, 1370

1760, 1690, 1590,

1560, 1490, 1420

1765, 1695, 1495,

1450, 1430

1760, 1700, 1640,

1580, 1560, 1490

1764, 1695, 1496,

1432, 1388

1760, 1700, 1590,

1560, 1490, 1450

1773, 1670, 1588,

1560, 1489, 1460

1760, 1700, 1490,

1420, 1400

1775, 1700, 1595,

1495, 1460, 1450

1760, 1700, 1590,

1560, 1490, 1450

1770, 1700, 1595,

1565, 1495, 1460

1770, 1710, 1595,

1560, 1495, 1450

1770, 1710, 1595,

1560, 1495, 1450

1765, 1700, 1590,

1560, 1495, 1450

1770, 1710, 1595,

15635, 1495, 1465

1770, 1700, 1600,

1560, 1500

1760, 1690, 1490,

1440

4.5Hz), 3.32—3.53 (6H, m), 2.28—2.71 (10H, m), 1.17—1.72 (10H, m)

7.70—7.97 (2H, m), 7.23—7.57 (2H, m), 3.37—3.67 (6H, m), 2.53—2.77 (8H, m),
2.30—2.53 (2H, m), 1.07—1.83 (10H, m)

7.89 (1H, d, J=8.0Hz), 7.8 (1H, d, J=8.0Hz), 7.46 (1H, t, J=8.0Hz), 7.34 (1H, d,
J=8.0Hz), 3.49—3.63 (6H, m), 2.57—2.75 (8H, m), 2.46 (2H, t, J=8.0Hz), 1.79 (2H,
t, J=8.0Hz), 1.68 (2H, d, J=8.0Hz), 1.34 (2H, d, J=8.0Hz), 1.22 (1H, d, J=11.0 Hz),
1.1 (1H, d, J=11.0 Hz)

7.9 (1H, d, J=8.0Hz), 7.8 (1H, d, J=8.0Hz), 7.46 (1H, t, J=8.0 Hz), 7.34 (1H, d,
J=8.0Hz), 3.51—3.61 (4H, m), 3.48 (2H, t, J=8.0Hz), 2.61—2.74 (6H, m), 2.59 (2H,
s), 2.41 (2H, t, J=8.0Hz), 1.47—1.73 (6H, m), 1.27—1.43 (4H, m), 1.22 (1H, d,
J=11.0Hz), 1.1 (1H, d, J=11.0 Hz)

7.70—8.05 (2H, m), 7.20—7.60 (2H, m), 5.7 (2H, d, J = 6.0 Hz),4.05 (2H, d, J = 6.0 Hz),
3.45—3.68 (4H, m), 3.02 (2H, d, J=6.0Hz), 2.55~2.75 (4H, m), 1.10—1.80 (10H, m)
7.67—8.0 (2H, m), 7.17—7.57 (2H, m), 5.32—5.92 (2H, m), 4.1 (2H, d, J=6.0Hz), 3.58
(4H, t, J=5.3Hz), 3.26 (2H, d, J=6.0 Hz), 2.53—2.9 (8H, m), 1.03—1.93 (6H, m)
7.90 (1H, d, J=8.3Hz), 7.81 (1H, d, J=8.3 Hz), 7.32—7.49 (2H, m), 4.1—4.25 (1H,
m), 3.5—3.65 (4H, m), 2.4—2.8 (10H, m), 1.35 3H, t, J=6.9Hz), 1.1—2.1 (10H, m)
7.90 (1H, d, J=7.9Hz), 7.80 (1H, d, J=7.9 Hz), 7.32—7.49 (2H, m), 3.55 (4H, t,
J=5.0Hz), 3.41 (1H, dd, J=13.2, 8.0Hz), 3.33 (1H, dd, J=13.2, 8.0Hz), 2.61—2.70
(8H, m), 2.37—2.56 (2H, m), 1.11—2.0 (9H, m), 0.90 (3H, d, J=6.8 Hz)
7.91(1H,d,J=7.9Hz),7.81 (1H,d,J=7.9 Hz), 7.32—7.49 (2H, m), 3.51—3.58 (6H, m),
2.59—2.70 (8H, m), 2.16—2.31 (2H, m), 1.08—1.68 (9H, m), 0.99 (3H, d, J=6.6 Hz)
7.91 (IH, d, J=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.25—7.53 (2H, m), 3.35—3.65 (6H,
m), 2.5—2.85 (9H, m), 0.93—1.8 (13H, m)

7.87 (1H, d, J=8.0Hz), 7.80 (IH, d, J=8.0 Hz), 7.39—7.61 (2H, m), 5.55 (1H, br),
4.0—4.17 (1H, m), 3.37—3.75 (6H, m), 2.51—2.93 (10H, m), 1.51—1.81 (4H, m),
1.15—1.41 (4H, m)

7.90 (1H, d, J=8.0Hz), 7.82 (1H, d, J=8.0 Hz), 7.33—7.53 (2H, m), 3.47—3.80 (8H,
m), 2.81—2.92 (2H, m), 2.72 (2H, s), 2.63 (2H, s), 2.62—2.74 (4H, m), 2.58—2.72 (2H,
m), 2.40—2.48 (2H, m), 1.31—1.41 (2H, m), 1.12—1.27 (2H, m)

7.89 (1H, d, J=8.0Hz), 7.83 (1H, d, J=8.0Hz), 7.36—7.53 (2H, m), 3.80—3.90 (2H,
m), 3.61—3.72 (2H, m), 3.50—3.61 (6H, m), 2.70 (2H, s), 2.60 (2H, s), 2.39 (2H, t,
J=1.0Hz), 1.95 (2H, qi, J=7.0Hz), 1.68 (2H, d, J=6.0Hz), 1.35 (2H, d, J=6.0 Hz),
1.23 (1H, d, J=11.0Hz), 1.12 (1H, d, J=11.0Hz)

7.67—7.93 (2H, m), 7.20—7.53 (2H, m), 3.30—3.67 (6H, m), 2.96—3.13 (2H, m),
2.30—2.83 (8H, m), 1.06—1.89 (10H, m)

7.67—7.97 (2H, m), 7.2—7.53 (2H, m), 3.43—3.67 (6H, m), 2.08—2.9 (10H, m),
1.38—1.83 (12H, m)

7.90 (1H, d, J=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.46 (1H, t, J=8.0Hz), 7.35 (1H, t,
J=8.0Hz), 3.45—3.60 (6H, m), 2.77—2.91 (2H, m), 2.56—2.74 (4H, m), 2.45 (2H, 1,
J=7.0Hz), 1.3—1.97 (12H, m)

7.89 (1H, d, J=7.9Hz), 7.81 (1H, d, J=7.9Hz), 7.46 (1H, t, J=7.9Hz), 7.36 (1H, t,
J=7.9Hz), 6.2—6.31 (1H, m), 5.59—5.82 (2H, m), 4.11 (2H, m), 4.11 (2H, d,
J=5.3Hz), 3.4—3.67 (4H, m), 3.07 (2H, d, J=5.6 Hz), 2.8—3.0 (2H, m), 2.5—2.8 (4H,
m), 1.6—2.0 (4H, m), 1.2—1.6 (6H, m)

7.7—8.0 (2H, m), 7.18—7.55 (2H, m), 4.76—4.90 (2H, m), 3.35—3.65 (6H, m), 2.82
(2H, 5), 2.28—2.72 (6H, m), 1.33—2.0 (8H, m)

7.67—17.97 (2H, m), 7.2—7.53 (2H, m), 3.43—3.67 (6H, m), 2.08—2.9 (10H, m),
1.38—1.83 (12H, m)

7.74—8.03 (2H, m), 7.24—7.63 (2H, m), 3.43—3.67 (6H, m), 1.97—2.88 (12H, m),
1.03—1.80 (10H, m)

7.89 (1H, d, J=8.0Hz), 7.80 (1H, d, J=8.0Hz), 7.45 (1H, t, J=8.0Hz), 7.33 (1H, t,
J=8.0Hz), 3.46—3.62 (6H, m), 2.72—2.96 (2H, m), 2.56—2.72 (4H, m), 2.45 (2H, t,
J=7.0Hz), 2.06—2.20 (2H, m), 1.16—1.60 (8H, m), 0.74—1.06 (4H, m)

7.6—7.9 (2H, m), 7.28—7.52 (2H, m), 3.46—3.62 (6H, m), 2.74—2.92 (2H, m),
2.54—2.74 (4H, m), 2.36—2.52 (2H, m), 1.44—1.92 (10H, m), 0.7—0.96 (6H, d,
J=7.0Hz)

7.78—8.00 (2H, m), 7.20—7.57 (2H, m), 3.36—3.70 (6H, m), 2.77—2.93 (2H, m),
1.87—2.77 (8H, m), 1.03—1.77 (14H, m)

7.73—8.00 (2H, m), 7.26—7.60 (2H, m), 3.37—3.67 (6H, m), 2.30—2.80 (6H, m),
1.26—2.13 (12H, m), 1.16 (6H, s)

7.90 (1H, d, J=8.0 Hz), 7.80 (1H, d, J=8.0Hz), 7.3—7.53 (2H, m), 3.45—3.65 (6H,
m), 2.6—2.8 (8H, m), 2.4—2.53 (2H, m), 1.48—1.75 (4H, m)

7.90 (1H, d, J=8.0Hz), 7.80 (1H, d, J=8.0Hz), 7.48 (1H, t, J=8.0Hz), 7.36 (IH, t,
J=8.0Hz), 2.50—3.60 (4H, m), 3.42 (2H, t, J=6.0 Hz), 2.60—2.70 (4H, m), 2.36 (2H,
t, J=6.0Hz), 2.34 (2H, s), 1.50—1.67 (4H, m), 1.25 (3H, s), 1.21 (3H, s)
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Table 2. (continued)
C‘K;:fd' Massm S/ge“ra Cﬁ{_ip(elc(t;) TH-NMR spectra & (ppm) (CDCl,)*»
28 436 (M), 421, 300, 1767, 1695, 1483, 7.73—8.00 (2H, m), 7.13—7.57 (2H, m), 6.17—6.37 (2H, m), 3.40—3.73 (6H, m),
286, 273, 261 1448, 1394 3.20—3.40 (2H, m), 2.30—2.80 (8H, m), 1.13—1.87 (6H, m)
29 436 (M™*), 421, 300, 1762, 1694, 1495, 7.73—1.98 (2H, m), 7.20—7.57 (2H, m), 6.03—6.20 (2H, m), 3.17—3.70 (10H, m),
286, 273, 261 1382, 1337 2.27—2.80 (6H, m), 1.33—1.83 (6H, m)
30 450 (M ™), 435, 314, 1770, 1695, 1595, 7.77—8.03 (2H, m), 7.23—7.63 (2H, m), 6.17—6.27 (2H, m), 3.33—3.70 (6H, m),
300, 287, 275 1560, 1495, 1465 3.05—3.33 (2H, m), 2.73—2.83 (2H, m), 2.55—2.73 (4H, m), 2.33—2.55 (2H, m),
1.25—1.73 (8H, m)
31 424 (M), 409, 388, 1770, 1700, 1595, 7.73—7.98 (2H, m), 7.20~7.60 (2H, m), 5.80—5.99 (2H, m), 3.37—3.70 (6H, m),
374, 361, 349 1560, 1495, 1465 2.97—3.20 (2H, m), 2.23—2.89 (10H, m), 1.37—1.67 (2H, m)
32 438 (M*), 423,302, 1760, 1695, 1620, 7.76—8.00 (2H, m), 7.30—7.53 (2H, m), 5.50—5.93 (IH, m), 3.45—3.66 (6H, m),
289, 275, 263 1590, 1555, 1485 2.93—3.18 (2H, m), 2.57—2.78 (4H, m), 2.36—2.57 (3H, m), 1.40—2.30 (10H, m)
33 424 (M), 409, 288, 1762, 1710, 1499, 7.90 (1H, d, J=8.0Hz), 7.84 (1H, d, J=8.0Hz), 746 (1H, t, J=8.0Hz), 7.35 (1H, t,
261, 232, 164 1402 J=8.0Hz), 3.45—3.62 (6H, m), 2.66 (4H, t, J=5.0Hz), 2.41 (2H, t, J=5.0Hz),
2.26—2.39 (4H, m), 1.45—1.83 (8H, m)
34 420(M"), 405,284, 1760, 1710, 1610,  7.60—7.97 (6H, m), 7.20—7.60 (2H, m), 3.43—3.87 (6H, m), 2.37—2.80 (6H, m),
270, 257, 245 1590, 1560, 1490 1.43—1.97 (4H, m)
35 421 (M™), 406, 285, 1775, 1720, 1600, 8.91 (IH, d, /=6.0Hz), 8.13 (1H, d, J=8.0 Hz), 7.18—7.98 (5H, m), 3.78 (2H, t,
271, 258, 246 1590, 1485, 1465 J=8.0Hz), 3.33—3.65 (4H, m), 2.32—2.80 (6H, m), 1.33—2.00 (4H, m)
36 440 (M), 304, 295, 1650, 1490, 1460, 7.89 (1H, d, J=8.0Hz), 7.81 (1H, d, J= 8.0Hz), 7.47 (1H, t, J=8.0Hz), 7.35 (1H, t,
277, 258, 247 1420, 1380 J=8.0Hz), 4.72 (1H, 5), 3.2—3.7 (6H, m), 2.2—2.8 (10H, m), 2.0 (1H, d, J=7.0 Hz),
1.45—1.82 (6H, m), 0.95—1.37 (4H, m)
37 410(M*—18),395, 1653, 1495, 1457,  7.89 (IH, d, J=8.0Hz), 7.81 (IH, d, J=8.0Hz), 7.46 (IH, t, J=8.0 Hz), 7.35 (1M, 1,
275, 260, 247, 232, 1457 J=8.0Hz), 471 (IH, s), 3.30—3.63 (6H, m), 2.35—2.81 (7H, m), 2.12—2.25 (1H, m),
21 1.81—2.09 (1H, m), 1.41—1.87 (8H, m), 0.93—1.32 (3H, m)
38 412 (M™), 397, 276, 1664, 1561, 1491, 791 (1H, d, J=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.47 (1H, t, J=8.0Hz), 7.36 (1H, t,
262, 249, 232 1447 J=38.0Hz), 3.56 (4H, t, J=5.0Hz), 3.28—3.41 (3H, m), 2.89 (IH, d, J=10.0 Hz),
2.39—2.52 (3H, m), 2.26—2.39 (1H, m), 1.98—2.09 (1H, m), 1.42—1.83 (8H, m),
1.12—1.32 (3H, m)
39 398 (M%), 234,209 1492, 1442, 1421, 791 (14, d, J=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.46 (1H, t, J=8.0Hz), 7.35 (1H, t,
1384 J=8.0Hz), 3.57 (4H, t, J=5.0Hz), 2.79 (2H, t, J=7.0Hz), 2.68 (4H, t, J= 5.0 Hz),
2.38—2.61 (6H, m), 2.06—2.21 (2H, m), 1.70—2.00 (2H, m), 1.22—1.65 (12H, m)
40 410 (M), 395, 326, 1720, 1640, 1500 791 (1H, d, /=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.47 (1H, t, J=8.0Hz), 7.37 (1H, t,
247, 232 J=8.0Hz), 6.2—6.31 (1H, m), 5.96—6.05 (IH, m), 5.61 (1H, br), 3.42—3.67 (4H, m),
3.19—3.37 (2H, m), 3.15 (1H, br), 2.8—3.0 (2H, m), 2.63—2.8 (4H, m), 2.4—2.55 (2H,
m), 1.85—2.06 (2H, m), 1.41—1.69 (4H, m), 1.21—1.41 (2H, m)
41 400 (M), 385, 264, 1636, 1550, 1488,  7.90 (1H, d, J=8.0Hz), 7.82 (1H, d, J=8.0Hz), 7.47 (1H, t, J=8.0Hz), 7.36 (1H, t,
250, 237, 232 1446, 1422, 1386 J=8.0Hz), 5.82 (1H, br), 3.60 (4H, t, J=5.0Hz), 3.28 (2H, q, J=6.0Hz), 2.72 (4H,
t, J=5.0Hz), 2.56 (2H, t, J=7.0Hz), 1.17—2.20 (15H, m)
42 414 (M), 399, 278, 1613, 1494, 1450, 791 (1H, d, /=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.47 (1H, t, J/=8.0Hz), 7.35 (1H, t,
264, 251, 239 1421, 1383 J=8.0Hz), 3.64 (4H, t, /=5.0Hz), 3.29—3.44 (2H, q, J=6.0Hz), 2.97 (3H, d,
J=18.0Hz), 2.67 (4H, t, J=5.0Hz), 2.89—2.53 (3H, m), 1.16—1.87 (15H, m)
43 424 (M™), 409, 288, 1728, 1560, 1497, 7.90 (1H, d, J=8.0Hz), 7.81 (1H, d, J=8.0 Hz), 7.47 (1H, t, J=8.0Hz), 7.35 (1H, t,
274, 261, 249 1467, 1448, 1426 J=8.0Hz), 4.10 (2H, t, J=6.0Hz), 3.59 (4H, t, J=5.0Hz), 2.71 (4H, t, J=5.0Hz), 2.48
(H, t, J=7.0Hz), 2.20—2.36 (1H, m), 1.11—1.99 (14H, m)
44 332(M"), 317,232, 1640, 1550, 1480,  7.91 (1H, d, J=8.0Hz), 7.82 (1H, d, J=8.0Hz), 7.49 (IH, 1, J=8.0Hz), 7.37 (IH, t,
196 1420, 1370 J=8.0Hz), 6.19 (1H, br), 3.5—3.65 (4H, m), 3.33—3.45 (2H, m), 2.63—2.78 (4H, m),
2.52 2H, t, J=7.0Hz), 1.98 (3H, s), 1.67—1.8 (2H, m)
45 444 (M™), 429, 308, 2592, 1719, 1630, 7.68—7.93 (4H, m), 7.26—7.52 (4H, m), 7.04 (1H, br), 3.51—3.67 (4H, m),
294, 289, 281 1494, 1422, 1323 2.90—3.05 (2H, m), 2.58—2.70 (4H, m), 2.30—2.44 (5H, m), 1.49—1.69 (4H, m)
46 424 (M™), 316, 301, 3300, 1680, 1580, 7.75—8.00 (2H, m), 7.20—7.54 (TH, m), 5.67 (1H, br), 5.10 (IH, s), 3.48—3.68 (4H,
288, 275, 261 1530, 1480, 1440 m), 3.13—3.33 (2H, m), 2.56—2.80 (4H, m), 2.32—2.56 (2H, m), 1.43—1.71 (4H, m)
47 452 (M™*), 437, 316, 1770, 1700, 1590, 1.73—7.99 (2H, m), 7.13—7.57 (2H, m), 3.37—3.67 (6H, m), 2.93—3.10 2H, m),
302, 289, 277 1560, 1490, 1450 2.50—2.73 (4H, m), 2.20—2.50 (6H, m), 1.60—1.80 (6H, m), 1.37—1.60 (4H. m)
48 452 (M), 437, 316, 1760, 1695, 1590, 7.67—1.97 (2H, m), 7.17—7.57 (2H, m), 5.77—5.93 (2H, m), 3.33—3.67 (6H, m),
302, 289, 277 1490 230—2.83 (6H, m), 1.00—2.00 (14H, m)
49 430 (M "), 224, 192, 3430, 2200—2800, 7.45 (2H, d, J=8.9Hz), 7.31 (2H, d, /=89 Hz), 3.49 (2H, t, J=7.0Hz), 2.74—2.87
139, 105 1765, 1690, 1405 (2H, m), 2.7 (2H, 5), 2.6 (2H, 5), 2.34—2.49 (4H, m), 2.05—2.20 (2H, m), 1.45—1.80
(OH, m), 1.35 (2H, d, J=9.6 Hz), 1.22 (1H, d, J=11.2Hz), 1.09 (1H, d, J=9.6 Hz)
50 436 (M™), 381, 355, 3440, 1765, 1695, 931 (1H, 5), 7.24—7.33 (1H, m), 7.00—7.13 (3H, m), 4.28—4.43 (1H, m), 3.50 (2H, t,
301, 261, 230, 187 1485, 1400, 1380 J=7.1Hz), 3.0=3.1 (1H, m), 2.71 (2H, s), 2.60 (2H, s), 2.33—2.55 (4H, m), 2.11 (2H,
t, J=11.9Hz), 1.75—1.82 (2H, m), 1.40—1.75 (6H, m), 1.34 (2H, d, /=9.2Hz), 1.22
(1H, d, J=11.2Hz), 1.10 (1H, d, J=11.2Hz)
51 450 (M), 328, 301, 3420, 2200—2800, 7.23—7.35 (2H, m), 6.81—6.97 (3H, m), 6.40 (1H, s), 4.73 (2H, s), 3.5 (2H, ,

275, 244, 187

1760, 1690, 1600

J=1.1Hz), 2.55—2.87 (8H, m), 2.39—2.49 (2H, m), 1.43—1.77 (10H, m), 1.34 (2H, d,
J=9.2Hz), 1.22 (1H, d, J=11.2Hz), 1.10 (I1H, d, J=11.2Hz)

a) All compounds were subjected to the measurement of their NMR spectra in basic form. b) Abbreviations: s, singlet; d, doublet; t, triplet; gi, quintet; m,
multiplet; dd, double doublet.
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Table 3. In Vitro Binding Data for Cyclic Imide Derivatives
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Table 4. In Vivo D, Antagonistic Activity of Selected Compounds

Compound D, (1078 wm) 5-HT, (1078 m)
0

Inhibition of climbing behavior??

No. % % Compound (EDs,, mg/kg)

1 <10 <10 3 0.21

2 <10 10 12 0.5

3 95 85 17 (SM-9018) 0.11

4 48 77 18 0.31

5 11 61

6 80 75

; g(l) é; Table 5. Pharmacology of SM-9018, Haloperidol and Tiospirone

13 z; 3(1) Pharmacological activity?®  SM-9018 Haloperidol Tiospirone
}; 2’1/ 2(9) D, antagonistic activity 2.2 0.6 18.2

13 7 55 (EDsq, mg/kg, p.o., r.a.ts)

14 13 <10 5-HT, antagonistic activity 1.4 13.6 4.7

15 81 82 (EDs,, mg/kg, p.o., rats)

16 85 84 Cataleptogenic activity 153 11.9 216

17 81 88 (EDs,, mg/kg, p.o., rats)

18 60 5 Central depressant activiAty 15 0.73 NT

19 57 81 (ED,, mg/kg, p.o., mice)

20 65 73

21 84 77 NT, not tested.

22 79 79

23 46 63 .. "

24 64 70 derivative (38) had potent affinities for both receptors,
25 55 64 while the cyclic amine derivative (39) showed decreased
26 54 55 binding affinity for both, but especially for the D, receptor.
27 74 ;g The ring-opened amide derivatives (40, 41) had potent
;g 32 7 affinities for both receptors, but the amide derivative (42)
30 77 82 and ester derivative (43) showed a tendency toward
31 95 81 decreased D, binding affinity. Although the simple
32 72 78 acetamide derivative (44) and sulfonamide derivative (45)
3 gz 2? also had decreased binding affinity for both receptors,
gg 2 51 especially for the D, receptor, the carbamate derivative
36 83 79 (46) retained potent affinities for both receptors.

37 76 90 The representative cyclic imide derivatives 3, 12, 17 and
38 80 81 18, which possessed potent affinities for both D, and 5-HT,
ig %2 gg receptors, were examined with regard to their in vivo D,
41 73 87 antagonistic activity to inhibit apomorphine-induced
42 61 80 climbing behavior in mice.?* The results are summarized
43 24 80 in Table 4. SM-9018 (17) was the most potent in vivo D,
44 15 o4 antagonist among these four derivatives. The pharmaco-
32 ;7/. gé logical profile of SM-9018 was more precisely evaluated by
47 NT NT examining the in vive D, antagonistic activity to inhibit
48 76 85 methamphetamine-induced hyperactivity in rats,?? the in
49 10 14 vivo 5-HT, antagonistic activity to inhibit triptamine-
50 14 <10 induced clonic seizure in rats,?? the cataleptogenic ac-
51 19 1 RPN . -

Tiospirone (D) 90 78 tivity in rats,”® and the central depressant activity to

NT, not tested.

the replacement. Compounds 28, 29, 30, 31 and 32, which
were unsaturated at a region away from the imide radical,
retained the potent affinities of the corresponding saturated
derivatives (3, 15, 16, 17, 22, respectively) for binding to
both receptors, although the unsaturated derivatives (33,
34, 35), in which the unsaturated bonds were conjugated
with the imide radical, decreased both binding affinities,
especially that to the D, receptor.

The cyclic imide moiety of 3 and 17 seemed not to be
essential for potent affinity to either receptor. The
hydroxylactam derivatives (36, 37) and the lactam

inhibit spontaneous locomotor activity in mice,>® and the
results are summarized in Table 5 in comparison with
those of tiospirone and the classical neuroleptic
haloperidol. SM-9018 strongly inhibited both D, receptor-
mediated and 5-HT, receptor-mediated behaviors. SM-
9018 possessed only weak cataleptogenic activity, which
may be clinically related to the lower incidence of its
extrapyramidal side effects, despite its potent D,
antagonistic activity. Moreover, SM-9018 induced a weak
central depressant effect, as compared with that of
haloperidol. These results suggest that SM-9018 is a new
neuroleptic drug with efficacy for both positive and
negative symptoms of schizophrenia and with a lower
incidence of debilitating side effects. SM-9018 is now
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undergoing clinical trials as a selective atypical neuroleptic.
In addition, a follow-up study of cyclic imide derivatives
is in progress to identify more selective atypical
neuroleptics.

Experimental
Melting points were determined on a Thomas Hoover apparatus and
are uncorrected. Spectra were recorded for all compounds and were
consistent with the assigned structures. Nuclear magnetic resonance
(NMR) spectra were recorded on JEOL GX-270 instruments with
tetramethylsilane as an internal standard; chemical shifts are given on
the d scale (ppm), coupling constants (J values) are expressed in hertz
(Hz), and the following abbreviations are used. s=singlet, d =doublet,
t=triplet, q=quartet, qi=quintet, m=multiplet, dd=double doublet
and br=broad. Mass spectra (MS) were recorded with a Hitachi
DF/GC/MS M-80 mass spectrometer. Infrared (IR) spectra were
recorded with a Hitachi 260-10 IR spectrophotometer. Elemental analysis
was done with a Heraeus elemental analyzer. For column chromatog-
raphy, Merck Kieselgel 60 (70—230 mesh) was used.
3-(1-Piperazinyl)-1,2-benzisothiazole (54) Anhydrous piperazine
(36.6g, 0.42mol) was added to 3-chloro-1,2-benzisothiazole (4.80g,
0.028 mol), and the resultant mixture was stirred at 120°C for 12h.
Excess piperazine was removed by distillation, and dilute sodium
hydroxide (NaOH) solution was added to the residue, followed by
extraction with dichloromethane (CH,Cl,). The extract was washed with
a saturated sodium chloride (NaCl) solution and dried over anhydrous
magnesium sulfate (MgSO,). The solution was evaporated under reduced
pressure, and the residue was chromatographed on silica gel to give 54
(3.50 g, 56.4%), mp 87—91 °C.
3-[4-(4-Aminobutyl)-1-piperazinyl]-1,2-benzisothiazole (52) A mix-
ture of 3-(1-piperazinyl)-1,2-benzisothiazole (54) (1.00g, 4.60 mmol),
anhydrous potassium carbonate (K,CO;) (0.76 g, 5.5 mmol), potassium
iodide (KI) (0.090 g, 0.55 mmol), N-(4-bromobutyl)phthalimide (1.56 g;
5.5 mmol) and anhydrous dimethylformamide (DMF) (10 ml) was stirred
at 90100 °C for 3h. After removal of insoluble materials by filtration,
the filtrate was evaporated under reduced pressure, and the residue was
chromatographed on silica gel to give N-[4-[4-(1,2-benzisothiazol-3-yl)-
1-piperazinyl]butyl]phthalimide (34) (1.70 g, 87.0%), mp 142—145°C.
A solution of 34 (1.00g, 2.38 mmol) and hydrazine hydrate (0.20 g,
3.75 mmol) in methanol (10 ml) was refluxed for 2.5h. After cooling, the
reaction mixture was combined with a 10 % aqueous hydrochloric acid
solution and stirred. The resultant crystals were removed by filtration,
and the filtrate was neutralized with a 10% NaOH solution and extracted
with chloroform (CHCl;). The extract was washed with a saturated NaCl
solution and dried over anhydrous MgSO,. The solution was evaporated
under reduced pressure, and the residue was chromatographed on silica
gel to give 52 (0.60 g, 86.2%) as an oily substance, IR (neat): 2925, 2830,
1585, 1555, 1485, 1455, 1445, 1420, 1375cm ™.
2-Methyl-1,4-butanediol A solution of methylsuccinic anhydride
(22.80 g, 0.20 mol) in tetrahydrofuran (THF, 400 ml) was added dropwise
to a mixture of lithium aluminum hydride (LiAlH,) (11.40g, 0.30 mol)
in THF (100 ml) at room temperature. The reaction mixture was refluxed
for 3 h, then a mixture of water and THF was added dropwise. Insoluble
materials were removed by filtration, and the filtrate was evaporated
under reduced pressure to give 2-methyl-1,4-butanediol (11.36 g, 54.6%),
'H-NMR (CDCl5) §: 0.93 (3H, d, J=7.0 Hz), 1.5—1.9 (3H, m), 3.4—3.8
(4H, m).
1,4-Bis(methanesulfonyloxy)-2-methylbutane Methanesulfonyl chlo-
ride (22.9 g, 0.200 mol) was added dropwise to a solution of 2-methyl-1,4-
butanediol (10.4g, 0.100 mol) and triethylamine (30.3 g, 0.300mol) in
CHCI; (150 ml) at room temperature. The reaction mixture was stirred
at room temperature for 15h, then washed with water, dried and
evaporated under reduced pressure to give 1,4-bis(methanesulfonyloxy)-
2-methylbutane (20.23g, 77.8%). '"H-NMR (CDCl,) 6: 1.07 (3H, d,
J=T7.0Hz), 1.5—1.7 (IH, m), 1.9—2.2 (2H, m), 3.03 (6H, s), 4.06—4.19
(2H, m), 4.28—4.35 2H, m).
8-(1,2-Benzisothiazol-3-yl)-2-methyl-8-aza-5-azoniaspiro[4.5]decane
Methanesulfonate (53) A mixture of 54 (7.58¢, 34.6mmol), 1,4-bis-
(methanesulfonyloxy)-2-methylbutane (10.00 g, 38.5mmol), anhydrous
Na,CO; (4.08 g; 38.5mmol) and acetonitrile (300 ml) was stirred under
reflux for 28 h. After completion of the reaction, insoluble materials were
removed by filtration and the filtrate was evaporated under reduced pres-
sure. The residue was washed with acetone (50ml) to give 53 (7.86g,
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60.4%), mp 198—199°C. 'H-NMR (CDCl,) é: 1.27 (3H, d, J=7.0Hz),
1.99—2.10 (1H, m), 2.41—2.54 (1H, m), 2.75 (3H, s) 2.71—2.91 (1H,
m), 3.44 (1H, m), 3.87—4.09 (11H, m), 7.37—7.54 (2H, m), 7.83 (1H,
d, J=8.0Hz), 7.93 (1H, d, /=8.0 Hz).

(1R,2S,3R,4S)-2,3-Bicyclo[2.2.1]heptanedicarboxylic Anhydride (59)
A mixture of (1R,2S5,3R4S5)-2,3-bicyclo[2.2.1]hept-5-enedicarboxylic
anhydride (16.4 g, 0.100 mol) and 50% water-containing 10% palladium
on charcoal (0.82g) in THF (296ml) was hydrogenated at room
temperature for 1.5 h. The precipitate was removed by filtration, and the
filtrate was evaporated under reduced pressure to give 59 (15.93 g,95.9%),
mp 74—78°C. IR (KBr): 2980, 2960, 2895, 1865, 1835, 1790, 1230,
1195cm ™. '"H-NMR (CDCl,) 6: 1.1—1.8 (6H, m), 2.7—2.8 (4H, m).

(1R,2S5,3R 45)-2,3-Bicyclo[ 2.2.1]heptanedicarboximide (55) A 7%
aqueous ammonia solution (133 ml) was added to a stirred solution of
(1R,25,3R,45)-2,3-bicyclo[2.2.1]heptanedicarboxylic anhydride (59)
(59.3g, 0.357mol) in THF (120 ml) at room temperature. The mixture
was slowly heated to 190°C, kept for 2h at the same temperature and
cooled. The resulting precipitate was collected by filtration and washed
with n-hexane to give 55 (47.5g, 80.5%), mp 153—154°C. IR (Nujol):
3180, 3060, 1770, 1690, 1360, 1305, 1295, 1279 cm ™~ !. 'H-NMR (CDCl;)
6: 1.15—1.75 (6H, m), 2.67 (4H, s), 9.0—9.6 (1H, br).

(1R,25,3R,4S)-N-(4-Bromobutyl)-2,3-bicyclo[ 2.2.1Theptanedicarbox-
imide A mixture of 55 (24.8¢g, 0.15mol), 1,4-dibromobutane (162 g,
0.750 mol) and anhydrous K,CO; (30.9 g, 0.225mol) in acetone (250 ml)
was refluxed for 7h, cooled and filtered. The filtrate was concentrated
under reduced pressure, and the residue was chromatographed on silica
gel to give (1R,2S,3R,4S)-N-(4-bromobutyl)-2,3-bicyclo[2.2.1]heptane-
dicarboximide (40.6g, 90.2%) as an oil. IR (neat): 1765, 1700, 1430,
1395, 1360, 1345, 1295, 1260cm ™~ *. 'H-NMR (CDCl;) 6: 1.0—2.1 (10H,
m), 2.4—2.9 (4H, m), 3.1--3.7 (4H, m).

3-[4-(3,4-Epoxybutyl)-1-piperazinyl]-1,2-benzisothiazole (56) A mix-
ture of 3,4-epoxybutyl bromide (1.06g, 7.02mmol), 3-(1-piperazinyl)-
1,2-benzisothiazole (54) (1.65g, 7.52mmol), anhydrous K,CO; (1.60 g,
11.3mmol) and acetone (20ml) was stirred under reflux for 19 h. After
completion of the reaction, insoluble materials were removed by filtration,
the filtrate was concentrated under reduced pressure, and the residue
was chromatographed on silica gel to give 56 (1.50 g, 73.8%) as an oil.
IR (neat): 1590, 1560, 1490, 1460, 1420, 1380cm ™. 'H-NMR (CDCl,)
4:1.61—2.09 2H, m), 2.43—2.85 (8H, m), 2.97—3.1 (1H, m), 3.43—3.65
(4H, m), 7.30—7.53 (2H, m), 7.71—7.97 (2H, m).

(1R,2S5,3R,4S5)-N-(3,4-Epoxybutyl)-2,3-bicyclo[2.2.1]heptanedicarbox-
imide (57) A mixture of 55 (330 mg, 2.00 mmol), 3,4-epoxybutyl chloride
(282mg, 2.60mmol) and anhydrous K,CO; (415mg, 3.00mmol) in
anhydrous acetone (5 ml) was refluxed with stirring under nitrogen for
2h, then cooled and filtered. The filtrate was evaporated under reduced
pressure, and the residue was chromatographed on silica gel to give 57
(406 mg, 90.1%) as an oil. IR (neat): 2970, 1765, 1710, 1580, 1400, 1365,
1190cm~!. '"H-NMR (CDCl,) §: 1.15-2.05 (8H, m), 2.42 (1H, dd,
J=3.0,5.4Hz),2.55—2.75 (5H, m), 2.8—3.0 (1H, m), 3.45—3.8 2H, m).

1,2-cis-Bis(methanesulfonyloxymethyl)cyclohexane (58) Methanesul-
fonyl chloride (32.0g, 0.280mol) was added dropwise to a solution of
cis-1,2-cyclohexanedimethanol (20.0g, 0.140mol) and triethylamine
(42.0 g, 0.420 mol) in CHCl; (300 ml) under ice-cooling, and the resultant
mixture was stirred at room temperature for 10.5h. It was then washed
with water, dried and evaporated under reduced pressure. The residue
was crystallized from ether to give 58 (23.5 g, 55.8%). 'H-NMR (CDCl,)
8: 1.42—1.65 (8H, m), 2.24 (2H, br), 3.04 (6H, s), 4.16—4.32 (4H, m).

(1R,28,3R,4S5)-N-(3-Carboxypropyl)-2,3-bicyclo[2.2.1]heptanedi-
carboximide (60) A mixture 0of 59 (10.0 g, 0.060 mol) and y-aminobutyric
acid (6.20 g, 0.060 mol) was stirred at 150 °C for 30 min and then cooled.
The resultant crude product was recrystallized from ether to give 60
(9.30g, 61.6%), mp 82—83°C.

N-(4-Chlorobutyl)- N-methylcyclohexanecarboxamide (61) A solution
of cyclohexanecarbonyl chloride (7.30 g, 0.050 mol) in THF (36.5 ml) was
added dropwise to a solution of 30% monomethylamine in ethanol
(156.8g, 1.50mol) at 5°C. The mixture was stirred at the same
temperature for 1.5 h and at room temperature for 1h, then poured into
IN aqueous hydrochloric acid solution and extracted with ethyl acetate
(AcOEt). The extract was washed with saturated sodium bicarbonate
(NaHCO,) solution and saturated NaCl solution, dried over anhydrous
MgSO,, and evaporated under reduced pressure to give N-methyl-
cyclohexanecarboxamide (5.40 g, 77.5%). 'H-NMR (CDCl,) 6: 1.10—
1.91 (10H, m), 1.98—2.13 (1H, m), 2.80 (3H, d, J=5.0Hz), 5.51 (1H,
br).
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A 60% suspension of NaH in mineral oil (0.48 g, 0.012 mol) was added
to a solution of N-methylcyclohexanecarboxamide (1.40 g, 0.010 mol) in
THF (28ml) at room temperature. The reaction mixture was stirred at
the same temperature for 1.5h. A solution of 1-bromo-4-chlorobutane
(3.40g, 0.020 motl) in THF (6.8 ml) was added dropwise to the reaction
mixture, and the resultant mixture was refluxed with stirring for 19.5h.
After it had cooled, the reaction mixture was poured into water and
extracted with AcOEt. The extract was washed with a saturated NaCl
solution and dried over anhydrous MgSO,. The solution was evaporated
under reduced pressure, and the residue was chromatographed on silica
gel to give 61 (0.900 g, 39.0%). 'H-NMR (CDCl,) §: 1.15—1.92 (14H,
m), 2.39—2.56 (1H, m), 2.91, 3.02 (3H, each s), 3.29—3.50 (3H, m),
3.50—3.64 (1H, m).

3-[4-(4-Hydroxybutyl)-1-piperazinyl]-1,2-benzisothiazole (62) A mix-
ture of 54 (2.20g, 0.010mol), 4-chlorobutanol (1.30g, 0.012mol),
anhydrous K,CO; (1.70g, 0.012mol), KI (0.20g, 1.20mmol) and
CH;CN (44 ml) was refluxed for 13 h, then poured into water (100 ml)
and extracted with AcOEt (300 ml). The organic layer was washed with
a saturated NaCl solution, dried over anhydrous MgSO,, and evaporated
under reduced pressure. The residue was chromatographed on silica gel
to give 62 (1.60 g, 55.2%). 'H-NMR (CDCl,) §: 1.59—1.78 (4H, m),
2.40—2.55 (2H, m), 2.64—2.79 (4H, m), 3.51—3.67 (4H, m), 7.35 (1H,
t, J=8.0Hz), 7.47 (1H, t, J=8.0Hz), 7.81 (1H, d, J=8.0Hz), 7.89 (1H,
d, J=8.0Hz).

N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinylJbutyl]-2,3-cis-bicyclo-
[2.2.2]octanedicarboximide (16) Method A: A mixture of 2,3-cis-
bicyclo[2.2.2]octanedicarboxylic anhydride (1.00g, 5.60mmol), 52
(1.30 g, 4.60 mmol) and dry pyridine (13 ml) was refluxed for 4.5h. After
completion of the reaction, the reaction mixture was poured into H,O
(100 ml) and extracted with AcOEt (500ml). The organic layer was
washed with water (150 ml) and brine, dried and evaporated. The residue
was chromatographed on silica gel to give 16 (1.60g, 77.3%), mp
127—130°C.

(1R,2S,3R,4S5)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]-
2-methylbutyl]-2,3-bicyclo[2.2.1]heptanedicarboximide (9) and (1R,-
2S5,3R,4S)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]-3-methyl-
butyl]-2,3-bicyclo[2.2.17heptanedicarboximide (10) Method B: A mix-
ture of 8-(1,2-benzisothiazol-3-yl)-8-aza-5-azoniaspiro[4.5]decane meth-
anesulfonate (4.21g, 11.0mmol), 55 (1.82g, 11.0mmol), anhydrous
K,CO; (1.52g; 11.0mmol), dibenzo-18-crown-6 (10mg) and xylene
(60 ml) was stirred under reflux for 10 h. After completion of the reaction,
insoluble materials were removed by filtration, and the filtrate was
evaporated under reduced pressure. The residue was chromatographed
on silica gel to give 9 (0.850g, 17.2%) and 10 (4.110g, 82.7%).

(1R,28,3R,4S)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl Jbutyl]-
2,3-bicyclo[2.2.1]heptanedicarboximide (3) Method C: (1R,2S,3R4S)-
N-(4-Bromobutyl)-2,3-bicyclo[2.2.1]heptanedicarboximide (1.20 g, 4.10
mmol) was added to a mixture of 54 (0.75g, 3.40 mmol), anhydrous
K,CO; (1.20g; 8.60mmol) and KI (140mg, 0.86mmol) in CH;CN
(30ml) with stirring and the mixture was refluxed for 8h. After
completion of the reaction, insoluble materials were removed by filtration,
and the filtrate was evaporated under reduced pressure. The residue was
chromatographed on silica gel and treated with HCl in isopropyl alcohol
to give the hydrochloride of 3 (940 mg, 57.9%).

N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl Jbutyl]-1,2-cis-cyclo-
hexanedicarboximide (17) Method C: N-(4-Bromobutyl)-1,2-cis-cyclo-
hexanedicarboximide (2.37 g, 8.22 mmol) was added to a mixture of 54
(1.50g, 6.84mmol), anhydrous K,CO; (1.13g; 8.21mmol) and KI
(113mg, 0.68 mmol) in anhydrous DMF (15ml) with stirring, and the
mixture was heated at 90—100°C for 7h. After completion of the
reaction, insoluble materials were removed by filiration, and the filtrate
was evaporated under reduced pressure. The residue was chromato-
graphed on silica gel to give 17 (2.48 g, 84.9%).

(1R,28,3R,45)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]-2-
hydroxybutyl]-2,3-bicyclo[2.2.1 Theptanedicarboximide (12) Method D:
A mixture of 56 (0.50g, 1.73mmol), 55 (0.57 g, 3.46 mmol), anhydrous
K,CO; (0.72 g; 5.19mmol) and n-butanol (13 ml) was stirred under re-
flux for 9h. After completion of the reaction, the reaction mixture was
combined with AcOEt (100ml), washed with water and dried over
anhydrous MgSO,. The solution was evaporated under reduced pressure,
and the residue was chromatographed on silica gel to give 12 (375mg,
47.7%).

(1R,28,3R,4S5)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]-
3-hydroxybutyl]-2,3-bicyclo[2.2.1]Theptanedicarboximide (13) Method
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D: A solution of 57 (1.07 g, 4.60 mmol) and 54 (1.00 g, 4.60 mmol) in
n-butanol (20 ml) was stirred under reflux for 12h. After completion of
the reaction, the solution was evaporated under reduced pressure. The
resultant crystals were washed with isopropyl alcohol to give 13 (1.67 g,
80.7%).

(1R*,25*,6R*,75*)-5-Hydroxy-4-[4-[4-(1,2-benzisothiazol-3-yl)-1-
piperazinyl]butyl]-4-azatricyclo[5.2.1.02-°]decan-3-one (36) Method
E-1: Sodium borohydride (NaBH,) (0.35 g, 9.10 mmol) in 0.1% aqueous
NaOH solution (2.8 ml) was added to a solution of 3 (2.00 g, 4.60 mmol)
in isopropanol (IPA) (40ml) and water (10ml) at room temperature.
The mixture was refluxed for 2h and cooled in an ice bath. Cold water
was added to the reaction mixture and the resulting mixture was extracted
with CHCI;. The organic layer was washed with water and brine, dried,
evaporated, and the residue was chromatographed on silica gel to give
36 (1.27 g, 63.0%).

(1R*,65*)-9-Hydroxy-8-[4-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl]-
butyl]-8-azabicyclo[4.3.0]octan-7-one (37) Method E-1: A solution of
17 (2.10 g, 4.92 mmol) in THF (21 ml) was added dropwise to a mixture
of LiAlH, (374 mg, 9.85 mmol) and THF (42 ml) at 0 °C and the resultant
mixture was allowed to react for 10 min. Water was added dropwise into
the reaction mixture, insoluble materials were removed by filtration, and
the filtrate was evaporated under reduced pressure. The residue was
chromatographed on silica gel to give 37 (1.10g, 52.1%).

(1R*,65*)-8-[4-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl Jbutyl]-8-
azabicyclo[4.3.0]octane-7-one (38) Method E-2: A solution of 37
(550mg, 1.30mmol), triethylsilane (0.21ml) and trifluoroacetic acid
(4.6 ml) in CH,Cl, (70 ml) was stirred at room temperature for 6 h. After
completion of the reaction, the solution was evaporated under reduced
pressure, then CH,Cl, was added to the residue. The solution was washed
with saturated NaHCO; solution and saturated NaCl solution, dried
over anhydrous MgSO,, and evaporated under reduced pressure, then
the residue was chromatographed on silica gel to give 38 (250 mg,
47.2%).

(1R,6S5)-8-[4-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl]butyl]-8-
azabicyclo[4.3.0Joctane (39) Method F: A mixture of 58 (2.20g,
7.23mmol), 52 (1.40g, 4.82mmol), anhydrous K,CO; (2.00g, 14.5
mmol) and CH,CN (40ml) was stirred under reflux for 15h. DMF
(40 ml) was added and the reaction mixture was stirred under reflux for
Sh. After completion of the reaction, the reaction mixture was diluted
with AcOEt, washed with water and dried over anhydrous MgSO,. The
solution was evaporated under reduced pressure, and the residue was
chromatographed on silica gel to give 39 (900 mg, 46.9%).

(1R,25,3R,45)-N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]-4-
oxobutyl]-2,3-bicyclo[2.2.1]heptanedicarboximide (14) Method G: A
mixture of 60 (1.00g, 4.00mmol), and thionyl chloride (10ml) was
refluxed for 3h, then evaporated under reduced pressure to give
(1R,28,3R,4S)-N-(3-chlorocarbonylpropyl)-2,3-bicyclo[2.2.1Theptane-
dicarboximide (1.00 g, 98.7%).

A solution of the crude (1R,2S,3R,4S)-N-(3-chlorocarbonylpropyl)-
2,3-bicyclo[2.2.1]heptanedicarboximide (1.00g, 3.90mmol) in THF
(10 ml) was added dropwise to a solution of 54 (0.86 g, 3.93 mmol) and
triethylamine (0.800 g, 7.90 mmol) in THF (20ml) at 5°C. The reaction
mixture was stirred at room temperature for 31, then insoluble materials
were removed by filtration, and the filtrate was evaporated under reduced
pressure. The residue was chromatographed on silica gel to give 14 (1.12 g,
63.0%).

N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]butyl Jacetamide (44)
Method H: A solution of acetyl bromide (1.00g, 7.80 mmol) in ether
(12 ml) was added dropwise to a solution of 52 (1.50 g, 5.20 mmol) and
triethylamine (1.00 g, 10.3 mmol) in ether (10ml) and THF (10m]) at
5°C. The reaction mixture was stirred at the same temperature for 2h,
poured into 5% aqueous NaOH solution (100 ml) and extracted with
CHCI; (200 ml). The extract was washed with brine, dried and evaporated
to give 44 (1.30g, 77.5%).

N-[4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl]butyl]- N-methylcyclo-
hexanecarboxamide (42) Method J: A mixture of 61 (0.900g, 3.88
mmol), anhydrous K,COj; (0.800 g; 5.82 mmot), 54 (850 mg, 3.88 mmol)
and DMF (18 ml) was stirred at 90—100°C for 13h, then poured into
water and extracted with AcOEt. The extract was washed with water
and brine, and dried over anhydrous MgSO,. The solution was
evaporated under reduced pressure, and the residue was chromato-
graphed on silica gel and treated with HCI in isopropyl alcohol to give
the hydrochloride of 42 (840 mg, 48.0%).

4-[4-(1,2-Benzisothiazol-3-yl)-1-piperazinyl Jbutylcyclchexanecarboxyl-
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ate (43) Method K: A solution of cyclohexanecarbonyl chloride (0.60 g,
4.12 mmol) in THF (6 ml) was added dropwise to a solution of 62 (1.00 g,
3.43 mmol) and triethylamine (0.42 g, 4.12 mmol) in THF (20 ml) at room
temperature. The reaction mixture was stirred at the same temperature
for 1.5h, then poured into saturated NaHCO, solution and extracted
with AcOEt. The extract was washed with brine, dried and evaporated
to give 43 (1.30g, 77.5%).

Biological Activities Dopamine 2 (D,) Binding Activity: In vitro
activities of the target compounds were determined by measuring the
ability to displace a dopamine D, receptor radioligand ([*H]domper-
idone) in the rat striatal membrane using the reported method.!®

Serotonin 2 (5-HT,) Binding Activity: In vitro activities of the target
compounds were determined by measuring the ability to displace a
serotonin 5-HT, receptor radioligand ([3H]ketanserin) in the rat whole
brain membrane using the reported method.??

In Vivo D, Antagonistic Activity: In vivo activities of selected
compounds were determined by measuring the abilities to inhibit
apomorphine-induced climbing behavior in rats using the reported
method?® with a slight modification.??

In vivo activities of SM-9018, haloperidol and tiospirone were
determined by measuring their abilities to inhibit methamphetamine-
induced hyperactivity using the reported method.??

In Vivo 5-HT, Antagonistic Activity: In vivo activities of SM-9018,
haloperidol and tiospirone were determined by measuring the ability to
inhibit tryptamine-induced clonic seizure using the reported method?*
with a slight modification.??

Cataleptogenic Activity: Cataleptogenic activities of SM-9018, halo-
peridol and tiospirone were determined using the reported method?®
with a slight modification.??

Central Depressant Activity: Central depressant activities of SM-9018
and haloperidol were determined by measuring the ability to inhibit
spontaneous locomotor activity using the reported method.2?
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