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Design and Syntheses of a Series of Novel Serotonin; Antagonists
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From a structural comparison study between serotonin and serotonin, (5-HT,) antagonists using a two-dimensional
grid template composed of regular hexagons, we deduced structural modification patterns from agonists to antagonists,
and designed new 5-HT; antagonist prototypes. Among them, 2-(4-methyl-1-piperazinyl)-1-butylbenzimidazole (6) was
identified as a lead compound which has potent 5-HT antagonistic activity comparable to that of granisetron. Using
a quantitative structure—activity relationships method, we optimized the structure of 6 and selected 6-amino-5-
chloro-1-isopropyl-2-(4-methyl-1-piperazinyl)benzimidazole dimaleate (69, KB-6933), one of the most potent and long-

acting 5-HT, antagonists, as a candidate drug.

Keywords

Serotonin; (5-HT;) antagonists are used for control of
emesis induced by cancer chemotherapeutic agents and are
also of interest for treatment of gastrointestinal disturbance
and diseases of the central nervous system.? Although the
existing 5-HT; antagonists such as ondansetron and
granisetron show outstanding efficacy in the control of the
emesis over the first 24 h (acute emesis), they do not improve
the emesis lasting for several days following cancer
chemotherapy (delayed emesis).?’ The reason for this may
be weak potency and/or short duration of their 5-HT;,
antagonistic activity.

We started an investigation to find potent as well as
long-acting 5-HT; antagonists. There seemed to be no
appropriate lead compound among existing S5-HT;
antagonists and almost all known 5-HT, antagonists have
an asymmetric carbon, which may be disadvantageous in
preparation. Therefore, we decided not to synthesize

serotonin; antagonist; benzimidazole derivative; quantitative structure—activity relationship; prototype generation

analogs of existing 5-HT; antagonists, but to search for new
prototype structures without asymmetric centers. Here, we
report the design and syntheses of a new series of 5-HT,
antagonists.

Prototype Generation In order to extract important
pharmacophoric elements of antagonists, structural com-
parison studies are usually performed, often using only
structures of antagonists. Such structural comparison
studies are useful when antagonists with several skeletons
are available. However, usually there are few antagonist
prototypes at the start of research. We believe that there
should be some structural correspondences between agonists
and their antagonists, and if ““general” structural conversion
patterns from agonists to antagonists can be found, it might
be possible to design antagonists from agonist structures,
even if there are few prototypes of antagonists. Thus, we
have performed a structural comparison study using
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structures of both agonists and antagonists of various
receptors® using a two-dimensional grid template composed
of regular hexagons.¥

The structures of serotonin and 5-HT; antagonists are
shown in Chart 1. All the antagonists as well as serotonin
have an aromatic moiety and a basic amine, and almost
all the antagonists have a carbonyl group. First, we
superimposed the structure of each 5-HT; antagonist on
the grid template, fixing the position of the basic amine, so
as to overlap each aromatic ring. In this step, a molecule
with a rather rigid structure, YM-060, was used as a guide.
Then, serotonin was superimposed on the overlapped
structures of 5-HT,; antagonists. In this process, a
five-membered ring was drawn using five arbitrary points
of the hexagon, and we chose structures giving the maximum
overlap of the molecules rather than the most stable
conformations of the molecules. The structure of the
piperazinyl group of quipazine seems to be unusual.
However, when the basic amine was fixed as described
above, the piperazinyl group is restricted to the structure
as shown on the two-dimensional grid template. In our
structural comparison studies, we found good corre-
spondences among dopamine antagonists and histamine
antagonists as well as 5S-HT; antagonists using the structure
of piperazine.® The grid hexagons on which the indole ring
of serotonin is overlaid are assigned as A and B, as shown
in Chart 1.

Among the antagonists, the carbonyl groups do not
necessarily overlap each other, but the aromatic moiety or
a planar region composed of the carbonyl group and the
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aromatic moiety overlaps serotonin’s indole ring. The region
corresponding to the indole ring and the basic amine located
at two carbons distant from the region seem to be essential
for molecules to bind to the 5-HT;, receptor site. Although
serotonin has 1-NH, 5-OH and NH, groups which may
contribute to hydrogen bonding with the receptor, not all
the antagonists have the groups: the basic amine is tertiary
substituted and a small group such as a methyl group seemed
to be preferred as the substituent; the antagonists have other
substituents at positions corresponding to the 1-, 5- and/or
6-positions of the indole ring. The removal of serotonin’s
I-NH and 5-OH groups is a common feature of the
antagonists, and the introduction of substituents at the basic
amine, 1-, 5- and/or 6-position seems to be important for
enhancing the potency and/or improving the selectivity. In
the 5-HT; antagonists, serotonin’s 1-NH group overlaps
on the methoxy group or carbonyl group. It may be
preferable to have a polar element located at the 1-position
or its neighborhood.

From the above considerations, we designed a framework
for a 5-HT; antagonist as shown in Chart 2. We have
been interested in the biological activities of piperazine
derivatives, and piperazine is a group without any
asymmetric carbons, so we selected the piperazinyl group
as the basic amine. Since many 5-HT; antagonists have a
methyl group as a substituent of the basic amine, we also
selected the methyl group as a 4-substituent of the
piperazinyl group. In order to obtain a planar conformation
and to decrease the basicity of the 1-position of the
piperazinyl group, we adopted arylic cyclization. Aithough
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Chart 2. Design of Possible Prototype Structures of 5-HT, Antagonists
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TasLe I. 5-HT; Antagonistic Activity of Piperazine Derivatives
Activity?
Compound No.
100 1
17 ++ -
2 ++ -
3 ++ -
4 ++ -
5 NT? —
69 + + +
Ondansetron ++ —
Granisetron + + ++

a) Inhibition rate of von Bezold-Jarisch reflex at 100 and 1 ug/kg, i.v.: —, 0—24%;
+, 25—49%; + +, 50—100%. b) Reference 8. ¢) Reference 7. d) Not tested.

Vol. 41, No. 10

quipazine fits the framework, its 5-HT; antagonistic activity
is not necessarily selective.>®

We have already synthesized several piperazine deriva-
tives which fit the framework (Chart 3), as histamine, (H,)
antagonistic agents” or anticonvulsive agents.® We tested
their 5-HT; antagonistic activity using the von Bezold-
Jarisch reflex” at 100 ug/kg and 1 ug/kg, i.v., and the results
are listed in Table 1.

Almost all the l-arylpiperazine derivatives showed
significant 5-HT; antagonistic activity (more than 50%
inhibition) at 100 ug/kg, as expected. The benzimidazole
derivative, 6, an analog of a potent H; antagonist,
emedastine,'® showed the most potent 5-HT; antagonistic
activity, which is comparable to that of granisetron. When
the benzimidazole ring was replaced with an indole ring (5),

TaBLe II. Structures and 5-HT; Antagonistic Activity of Benzimidazole Derivatives
RS
BN
R® N° N
R L PNegs
Compound Activity®
No. Discrimination®
R! RS RS R¥ 1.0 0.3

659 (CH,);CH, H H CH, + 1

79 H H H CH, - 1

852 CH, H H CH, - 1

99 CH,CH, H H CH, - 1
1059 CH,CH,CH, H H CH, - 1
119 CH(CH,)CH,CH, H H CH, ++ - 2
129 CH,CH(CHS), H H CH, - 1
13 C(CH,), H H CH, - 1
1459 (CH,),CH, H H CH, ++ + 2
1599 CH(CH,)CH,CH,CH, H H CH, ++ + 2
167 (CH,),CH(CHs,), H H CH, - 1
17 Cyclopentyl H H CH; ++ + 2
184 (CH,)sCH, H H CH, - 1
199 CH,CH(CH,)CH,CH,CH, H H CH, - 1
204 (CH,)4CH, H H CH, - 1
2199 (CH,),CH, H H CH, - 1
2249 CH,CH,OH H H CH, - 1
2349 CH,CH,0CH,CH, H H CH, - 1
249 (CH,);OCH, H H CH, - 1
259 Tetrahydrofurfuryl H H CH, + 1
26 CH,CH,SCH,CH, H H CH, - 1
2759 CH,CH,NHCH,CH, H H CH, - 1
2859 Ph H H CH, - 1
2959 CH,Ph H H CH, + 1
309 CH,CH,Ph H H CH, - 1
3109 (CH,),CH, H H H - 1
3209 (CH,),CH, H H CH,CH, - 1
3359 (CH,),CH, H H CH,CH,CH, - 1
3459 (CH,),CH, H H CH,Ph - 1
359 (CH,),CH, CF, H CH, - 1
369 (CH,),CH, al H CH, ++ + 2
379 (CH,),CH, CH, H CH, ++ 2
389 (CH,),CH, F H CH, ++ - 2
399 (CH,);CH, OCH, H CH, - 1
40 CH, cl H CH, ++ — 2
41 CH,CH, cl H CH, ++ + 2
42 CH,CH,CH, al H CH, ++ + 2
43 CH(CH,)CH,CH, al H CH, ++ + 2
44 CH,CH(CHj;), al H CH, + 1
45 Cyclopentyl Cl H CH, ++ + 2
46 Tetrahydrofurfuryl Cl H CH, ++ - 2
47 CH,CH, CH, H CH, ++ - 2
48 (CH,),CH, H NO, CH, - 1
499 (CH,),CH, H al CH, - 1

NII-Electronic Library Service



October 1993 1835
TaBLE II. (continued)
Compound Activity?
No. Discrimination?
R! RS R R* 1.0 0.3
50 (CH,);CH,4 H NH, CH, + 1
519 (CH,),CH, H F CH, + I
52 (CH,),CH, H OH CH, + 1
53 CH, Cl NH, CH, ++ ++ 3
54 CH,CH, Cl NH, CH, ++ ++ 3
55 CH,CH,CH, Ci NH, CH, ++ ++ 3
56 (CH,);CH, Cl NH, CH, + + ++ 3
57 CH(CH,)CH,CH, Cl NH, CH, ++ ++ 3
58 Cyclopentyl Cl NH, CH, + + ++ 3
59 Tetrahydrofurfuryl Cl NH, CH, ++ ++ 3
60 CH,CH, CH, NH, CH, + + + 2
61 (CH,);CH; CH, NH, CH, ++ - 2
62 Cyclopentyl CH, NH, CH, ++ - 2
63 (CH,),CH, F NH, CH, ++ + 2
64 (CH,),CH, CH, CH, CH, - 1
65 (CH,),CH, NO, NO, CH, — 1
66 (CH,);CH;, Cl NO, CH, — 1
67 (CH,),CH, F NO, CH, — 1
68 CH(CH,), cl H CH, ++ ++ 3
699 CH(CH,),, Cl NH, CH, ++ ++ 3
70 Cyclopropyl Cl H CH, ++ + 2
71 Cyclopropyl Cl NH, CH; ++ + + 3
729 3-Pentyl Cl H CH, + 1
73 3-Pentyl Cl NH, CH, + 1
74 (CH,);0CH,CH,4 Cl H CH, + + - 2
75 (CH,);0OCH,CH, Cl NH, CH, ++ ++ 3

a) Inhibition rate of von Bezold—Jarisch reflex at 1.0 and 0.3 ug/kg, i.v.: —, 0—24%; +, 25—49; + +, 50—100%. b) Discrimination: 1< + + at 1.0 uglkg <2<+ +

at 0.3 ug/kg<3. ¢) Reference 7. d) Fumarate. e) Maleate.

the activity disappeared. Based on the above results, we
selected compound 6 as a lead for our investigation. Because
of the potent H, antagonistic activity of 6,7 it is necessary
in the lead optimization to enhance 5-HT, antagonistic
activity as well as to improve the selectivity.

Lead Optimization Several benzimidazole derivatives
(Table II) were tested for 5-HT; antagonistic activity at
1 ug/kg and 0.3 ug/kg, i.v. In order to extract factors for
enhancing the activity effectively, we used quantitative
structure-activity relationships (QSAR) analyses. The
adaptive least-squares technique (ALS)!V is useful when
activity is evaluated at defined doses.

First, we tested benzimidazole derivatives with various
substituents at the 1-position and at the piperazine 4-
position which had already been prepared, and found that
the activity of the 1-substituted derivatives (6—30) varied
according to the substituents, and that among the
derivatives with various substituents at the piperazine
4-position (14, 31—34), only the methyl analog is active.
We classified the 1-substituted derivatives into two discrete
groups, those showing significant activity (+ +) at 1 ug/kg
(2) and those not showing such activity (1), and performed
the QSAR analysis to obtain Eq. 1.

Y=—0.1537+0.789% —0.923D —0.306 ()]

n=25, Rs=0.702, n 2, t=4.73 (p<0.001)

where Y is the discriminative score for the classification of
activity ratings, = is the hydrophobic parameter'? of the
1-substituent, D is a dummy variable indicating the presence
of a branch (D=1) or not (D =0) in the 1-substituent except
for the a-position, » represents the number of compounds

used to derive the equation, n,,;, is the number misclassified,
Rs is the Spearman’s rank correlation coefficient,!? ¢ is
Student’s z-value'™ and p is the level of significance.
Equation 1 shows that a substituent of suitable hydro-
phobicity at the 1-position of the benzimidazole ring is
favorable and a branch in the 1-substituent except for the
a-position was disadvantageous for the activity. The
parameters and results of recognition are summarized in
Table III.

Next, we prepared benzimidazole derivatives with sub-
stituents at 5- and/or 6-positions. Among 1-butyl deriv-
atives with various 5-substituents (35—39), the potency de-
crease in the following order; Cl, Me, F>H > OMe, CF,.
QSAR analysis of six derivatives (6, 35—39) gave Eq. 2.

Y= —2.152(B,)*+7.243B, —4.872 )

n=6, Rs=1, ng,=0

where B, is a Verloop’s STERIMOL parameter'® which
represents the largest width of the 5-substituents. Equation
2 shows that a substituent of a suitable width such as Cl,
Me and F is desirable as the 5-substituent.

The introduction of substituent at the 6-position does not
enhance the activity (48—S52), and sterically large groups
such as C1 and NO, decreased the activity. However, the
5-Cl, 6-NH, derivative (56) showed more potent activity
than the 5-Cl derivative (36). QSAR analysis of all
derivatives (6—30 and 35—67), which were classified into
three discrete groups (3= + + at 0.3 ug/kg>2=+ + at
1 ug/kg>1), gave Eq. 3.

Y= —0.064n2+0.2657 —0.534D —2.351(B,)* + 8.461(B,)
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TaBLE III. 5-HT, Antagonistic Activity and Parameters of Benzimid-
arole Derivatives —0.486(Es)? —0.675(Es) —6.704 3)

n=58, Rs=0.831, n,,, =8(0), t=11.18 (p<0.001)

Compd Parameters Recognition
No. o pv Bo EO Obsd. S Prediction®  where Es means Taft’s steric parameter'® of the
" 4 s 40 R 6-substituent. Equation 3 shows that the potency is affected
6 213 0 1.00 000 I 2 1 1 independently by the substituents at the 1-, 5- and
7 000 0 100 000 I 1 [ 1 6-positions, and benzimidazole derivatives having a
g (1)'(5)2 8 {88 8'38 i i i % 1-substituent of suitable hydrophobicity without a branch
10 155 0 100 000 1 1 I 1 except for the a-position , a S5-substituent of a suitable width
1 204 0 100 000 2 1 1 1 and a 6-substituent with a suitable steric effect are expected
g %gg (1) i-gg g% } i { % to show 5-HT, antagonistic activity. The 5-Cl, 6-NH,
14 267 0 100 000 2 ) 1 1 groups seem to be suitable substituents. The prediction using
15 254 0 100 000 2 2 1 1 the leave-one-out method gave 10 misclassified compounds
16 254 1 100 000 I 1 1 1 (Table I1I), and Rs was calculated to be 0.814, which was
17 2140100000 2 2 ] ! statistically significant.
18 317 0 1.00 0.00 1 1 1 1 . . . ..
19 304 0 100 000 1 1 1 1 As mentioned above, in order to improve the selectivity
20 367 0 1.00 000 1 1 1 1 of 5-HT, antagonistic activity, it is important to remove
21 5170 1.00  0.00 1 1 1 1 H; antagonistic activity from benzimidazole derivatives.
gg ‘g'g g }'88 g‘gg { % ; i We had already studied the QSAR of the 1-substituted
24 022 0 100 000 1 1 1 1 benzimidazole derivatives as H, antagonistic agents,
25 073 1 100 000 I 1 1 1 obtaining Eq. 4.14
26 1.14 0 1.00 0.00 1 1 1 1
27 —0I1 0 100 000 I 1 1 1 log 1/IC5= —0.096 (+0.025)L%+1.413(+0.369)L
28 196 0 100 000 1 1 1 1
20 501 1 Lo0 000 1 . | 1 —1.173 (£0.321)B; +4.686 (+ 1.401) @)
S P 4 N e SR ! n=30, r=0891, s=0397, F=3332
gg %B g é'gg g'gg % g % where the number in parentheses is the 95% confidence
38 213 0 135 000 2 5 5 interval, By means the second largest width parameter and
39 213 0 287 000 I 1 1 L means a length parameter'® of the 1-substituent, r is the
:‘1) (1)(5)2 ?) }28 888 g g % correlation coefficient, s is the standard deviation and F is
42 155 0 180 000 2 5 5 the F-ratio between the variances of calculated and observed
2 204 0 180 000 2 2 2 activities. Equation 4 shows that H, antagonistic activity
44 204 1 180 000 1 2 2 is expected to be reduced by the introduction of a
22 g';;' (1) i'gg g'gg g g % substituent with branching and/or shorter or longer length
47 1:02 0 2:04 0:00 2 2 2 than the Optimum at the 1-p0$iti0n.
48 213 0 1.00 —-252 1 1 1 On the basis of Egs. 3 and 4, we synthesized additional
gg %g g igg *821 % } i derivatives (69, 71, 73 and 75) which were expected to show
51 5130 100 —046 1 1 1 potent and selective 5-HT; antagonistic activity. Com-
52 213 0 100 —-055 1 1 1
gg (1)(5)2 g igg :821 g g % TaBLE IV. Comparative Biological Activities of Benzimidazoles and
55 155 0 1.80 —0.61 3 3 3 References
56 213 0 180 —061 3 3 3
57 204 0 180 —0.61 3 3 3 Toxicity® Anti-5HT,
58 214 0 180 —061 3 3 3 Compound number ofymice Anti-H,»
59 073 1 180 —0.61 3 2 2 No. diedtested ID;, (ug/kg) ICs, (M)
60 1.02 0 204 —-061 2 2 2 v, (5)? iv. (30)®  p.o.
61 213 0 204 —061 2 2 2 — — _—
62 214 0 204 —061 2 2 2 6 0.019
63 213 0 1.35 —0.61 2 2 2 53 0/5 0.21 2.5
64 213 0 204 —124 1 2 2 54 5/5
65 213 0 244 -252 |1 1 1 P 5/
66 213 0 180 —2.52 1 1 2 56 5/5
67 213 0 135 -252 1 1 1 i s 02
68 1.53 0 1.80 0.00 3 20 58 5’/5 '
69 1.53 0 180 —-061 3 3N 59 0’/ 0.18 1.0
70 114 0 180 000 2 20 /3 : :
72 254 0 180 000 I 20 7 5/5
73 254 0 1.80 —0.61 I 3N 75 0/5 0.091 0.55
74 072 0 1.80 000 2 20 Ondansetron  (4mg/kg)® 4.0 31
75 072 0 180 —-061 3 20 Granisetron (25mg/kg)”  0.71 53 76
YM-060 (100mg/kg)®  0.047

a) Hydrophobic parameter of the 1-substituent.

b) Presence of a branch in the

1-substituent except for a-position, D=1. ¢) Verloop’s STERIMOL parameter of
the S-substituent. d) Taft’s steric parameter of the 6-substituent. ¢) Leave-one-out
method. f) Calculated from Egq. 3.

a) Test compound was administered at 100 mg/kg, i.v. b) Reference 7. ¢) Tested
at Smin after the drug administration. d) Tested at 30 min after the drug admin-
istration. e} LDg, values are from reference 15. f) LD, value is from reference
16.
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Fig. 1. Time Course of 5-HT3 Antagonistic Activity
O, 69 0.3; @, ondansetron 100; A, granisetron 30; A, YM-060 0.3 ug/kg i.v.

pounds 69, 71 and 75 showed potent 5-HT, antagonistic
activity as expected, but compound 73 did not show activity
even at 1 ug/kg.

Evaluation of the 5-HT; Antagonists The biological
activities of the potent 5-HT,; antagonistic compounds
(53—59, 69, 71 and 75) and reference compounds are
summarized in Table IV. When any of 54—58 and 71 was
given intravenously at a dose of 100 mg/kg to a group of
S mice, all of the mice died. However, no mice died when
53, 59, 69 or 75 was given. These compounds are much
safer than ondansetron and granisetron; the LD, values
of these compounds in mice were reported to be 4 mg/kg,
i.v.'> and 25mg/kg, i.v.,'® respectively. For the low-toxicity
compounds and the reference compounds, 1D, values of
5-HT, antagonistic activity were determined at 5 min after
administration. All benzimidazole derivatives (53, 59, 69
and 75) showed more potent activity than ondansetron and
granisetron, and the potency of compound 69 is comparable
to that of YM-060, which is one of the most potent 5-HT,
antagonists known.!”

In order to study the duration of the efficacy, we
determined the 1D, values at 30 min after administration,
and the ratio between the ID;, values tested at Smin and
30 min after administration was calculated. The low values
of the ratio of ondansetron and granisetron (1/8 and 1/7,
respectively) confirm that the activity of these reference
compounds disappeared rapidly. Although 53, 59 and 75
did not show any longer duration of action than granisetron,
69 showed an extremely long duration of action. Time
courses of 5-HT, antagonistic activity at fixed doses of 69
and reference compounds were examined, and the results
are shown in Fig. 1. The 5-HT, antagonistic activity of
ondansetron and granisetron had disappeared by about 2h
after administration when 100 ug/kg, i.v. and 25 ug/kg, i.v.
were given, respectively (25—40 times the 1D, value). The
activity of YM-060 also rapidly disappeared when 0.3 ug/kg,
i.v. was given (about 6 times the ID, value). Compound
69 showed significant 5-HT; antagonistic activity for about
8h when 0.3 ug/kg, i.v. was given (4 times the ID, value).
We also confirmed 5-HT; antagonistic activity of 69 when
it was administered p.o. The ratio of the 1D, values of 69
between i.v. and p.o. administration is smaller than that of
granisetron, which suggests that the bioavailability of 69 is
better than that of granisetron.

Compound 6 showed potent H; antagonistic activity, and
the 5-Cl, 6-NH, analog (56) retained the activity, whereas

1837
TasLE V. Binding Assay of 69 to Various Receptors®
Inhibition
Receptor Radioligand (%, n=2)
1077 1075 (m)

Adrenergic a, [*H]Prazosin —11.4 0.1
Adrenergic «, [PHIRX 781094 1.6 27.8
Adrenergic [*H]DHA -7.7 -72
Dopamine, [®H]SCH 23390 —-1.6 3.7
Dopamine, [*H]Sulpiride 1.1 2.8
GABA, [*H]GABA 30 —27
GABA, [*H]GABA +Isoguvacine —6.6 20.8
Histamine, [*H]Pyrilamine 7.7 10.4
Histamine, [*H]Tiotidine —6.0 10.2
Serotonin, [*H]5-HT —6.8 17.1
Serotonin, , [*H]8-OH-DPAT 35 -0.7
Serotonin, [*?**I]lodocyanopindolol ~ —5.4 38.1
Serotonin ¢ [®*H]Mesulergine 13.3 24.4
Serotonin, [®*H]Ketanserin —0.5 25.2
Serotonin,® [*H]IGR-65630 100 100

Musucarinic; [*H]Pirenzepine 1.9 65.0
Musucarinic, [*H]AFDX384 1.5 12.8
Nicotinic [PHINMCI —86 —2.2
Glutamate [*H]Glutamate 3.0 4.0
Benzodiazepine [*H]Flunitrazepam —1.3 2.6
PCP [*H]TCP ~18  -36
Sigma [*HIDTG 49 207
Mu [*H]DAGO 3.3 42
Delta [*H]DPDPEN 2.9 8.8
Kappa [*H]U69593 3.9 11.6
CCK [125T]CCK ~16 33
NPY [*2°IINPY 131 —10.2
Somatostatin [*251]Somatostatin 4.8 0.5
VIP [1251]VIP —09 8.1
Calcium (Type N) [*2°T]Omegaconotoxin 5.9 15.1
Calcium (Type T and L) [*H]Nitrendipine —-0.7 -3.0
Chloride [*H]TBOB 53 —78
Potassium [**5I]Apamin —05 —14.6
Forskolin [*H]Forskolin —-53 —-6.9
Phorbol ester [*H]PDBU 5.5 5.4
Inositol triphosphate ~ [*H]IP3 2.3 1.1
Dopamine reuptake [*HIWIN 35428 2.7 9.7
Norepinephrine uptake [*H]DMI —1.1 0.2
Serotonin uptake [*H]Citalopram 8.7 22.7

a) Evaluated by Nova Pharmaceutical Corporation. b) K,;=0.066 nm, evaluated
by Kanebo New Drug Research Laboratories, Reference 18.

69 did not show activity even at 10 um. In order to evaluate
the selectivity of 69 in more detail, receptor binding assays
were performed. Compound 69 showed high affinity for the
5-HT;, receptor site (K;=0.066 nm),*® and negligible affinity
to the other receptor sites (Table V). From the above results,
compound 69 is confirmed to be a potent and long-acting
5-HT; antagonist. We tested the antiemetic activity of 69,
and found that the potency is higher than that of
ondansetron and granisetron, and comparable to that of
YM-060*?; the order of potency is consistent with that of
the ID;, values of their 5-HT; antagonistic activity. We
selected 69 (KB-6933) as the most promising candidate for
a 5-HT, antagonist in this series. Further examinations are
continuing.

Discussion

There are several reports on pharmacophores of 5-HT,
antagonists.2®2 Schmidt and Peroutka studied the most
stable conformation of 5-HT; antagonists using computer-
aided three-dimensional graphics and reported that the
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pharmacophores of antagonists were the planar aromatic
moiety, carbonyl group and basic amine.?® Hibert and
co-wokers obtained similar results.2?) These studies seem
to validate our use of the two-dimensional molecular model
in our study. Our molecular model is useful to find structural
differences and similarities between agonists and antagonists
without detailed calculations.

Hibert superimposed the structures of the 5-HT;
antagonists and reported that the aromatic ring, basic amine
and carbonyl group of antagonists could occupy the same
relative position, and, in the case of ondansetron, the carbon
atom centered in N—C-N of the imidazole ring fitted the
position of the basic amine when the other elements were
superimposed.??) In our model, a similar result was ob-
served: when the aromatic rings and carbonyl groups of
ondansetron and YM-060 were superimposed on each other,
the basic amine of YM-060 was overlaid on the carbon
atom of N—C—N [see Chart 1, ondansetron (b)]. The low
potency of ondansetron may be a result of this structural
deviation. However, it remains questionable whether the
5-HT, receptor has an interaction site for the carbonyl
group, because serotonin and compound 69 do not have
the carbonyl group but show strong affinity.

Serotonin, dopamine and histamine are neurotransmitter
amines with 2-arylethylamine structure, and their receptors
are proposed to be similar.>* Therefore, it seems reasona-
ble that analogs of dopamine antagonists or histamine

Vol. 41, No. 10

antagonists show 5-HT; antagonistic activity. Metoclopra-
mide is a potent dopamine antagonist,?* and granisetron
was developed through a lead optimization study of
metoclopramide as a 5-HT; antagonist.?*) Compound 69
is the first active compound to be found as an analog of
an H, antagonist.

Chemistry

2-(1-Piperazinyl)benzimidazole (Table II) were synthe-
sized by methods A, B, C and D as shown in Chart 4.

In method A, 2-(4-methyl-1-piperazinyl)benzimidazole”
was alkylated at the 1-position of the benzimidazole nucleus
to afford the desired compounds. Method A is useful for
the preparation of 1-substituted benzimidazole derivatives,
but can not be used for selective preparation of 1,5- or
1,6-disubstituted benzimidazole derivatives because the
alkylation occurs at the 3-position as well as the 1-position
of the benzimidazole nucleus. The 1,5- and 1,6-disubstituted
2-(4-methyl-1-piperazinyl)benzimidazole derivatives were
prepared by reaction of N-methylpiperazine with 1,5- or
1,6-disubstituted 2-chlorobenzimidazoles, which were pre-
pared by reaction of the corresponding 2-benzimidazolones
with POCI; (method B). The 2-benzimidazolones were
prepared from o-chloronitrobenzenes via 3 steps as
previously reported by us” (Table VII). The 6-OH derivative
(52) was prepared by hydrogenation of its benzyl analog,
which was prepared by method B. Nitration of 2-(4-methyl-

method A
N . N
@:*N’\ r}l)\N’\
H K/N‘CH;; NaH ol k/I\Lc*‘la
a
method B
RS. HN N-CH. 5
RS N0 Cl
e

b C

O
1]
——
RE rilH R6 N’gO
|
f R p R

method C

R. N 5
j@\— hY HCIZn R
O,N NN

! I\/N“CHs

Chart 4. Syntheses of Benzimidazole Derivatives
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TaBLE VI. 2-(4-Methyl-1-piperazinyl)benzimidazole Derivatives

Analysis (%)

Compound .
P Method Yloeld”’ mp Formula® Caled Found
o, y R %) €O -
C H N C H N

9 CH,CH, H H A 73 170.5—172.0 C,,H,,N,-2FA 5546 592 11.76 5528 5.82 11.65
11 CH(CH,)CH,CH; H H A 48 163.0—166.0 C,cH,,N,-2FA 57.13  6.39 11.10 5724 647 11.03
12 CH,CH(CH,), H H A 82 183.5—1850 C,¢H,,N, 3/2FA 59.18 6.77 12.55 59.06 6.69 12.67
13 C(CH,), H H B 10 125.5—126.0 C,¢H,4N, 70.55 8.88 20.57  70.50 8.74 20.73
17 Cyclopentyl H H B 21 1285-130.0 C,,H,N, 7179 851 1970 7165 836 19.59
25  Tetrahydrofurfuryl H H A 36 154.5—156.5 C,,H,,N,O-2MA 56.38 6.06 10.52 56.56 5.87 10.59
35 (CH,),CH, CF, H B 39 186.0—194.0 C,,H,,CIN, 3/2FA 53.69 568 10.89 5384 563 11.06
36 (CH,),CH, . H B 26 167.0—169.0 C,¢H,,CIN,-3/2FA 5494 608 11.65 5482 590 11.62
37 (CH,),CH, CH, H B 35 147.0—1620 C,,H,.N,-3/2FA 5999 7.00 1217  59.83 6.80 1211
38 (CH,),CH, F H B 39 170.0—172.0 C,¢H,.FN,-3/2FA 56.89 629 12.06 5695 6.17 12.13
39 (CH,),CH, OCH, H B 34 1740—177.0 C,,H,.N,0-3/2FA 5797 677 1176 5782 669 11.74
40 CH, Cl H B 53 139.0—141.0 C,3H,,CIN, 5898 647 21.16 5890 6.38 21.06
41 CH,CH; Cl H B 30 124.0—125.5 C, H,,CIN, 60.32  6.87 20.10 60.34  6.87 20.03
42 CH,CH,CH, Cl H B 33 89.0—-91.0 C,;H,,CIN, 61.53 7.23 19.13 6137 7.13 19.26
43 CH(CH,)CH,CH, CI H B 63 10401060 C,.H,;CIN, 62.63 7.5 1826 6273 7.70 18.37
44 CH,CH(CH,), Cl H B 64 145.0—147.0 C,(H,;CIN, 62.63 7.56 18.26 62.61 7.70 18.26
45  Cyclopentyl C H B 42 168.0-171.0 C,,H,,CIN, 64.04 727 1757 6400 7.7 1775
46 Tetrahydrofurfuryl Cl  H B 26 96.0-98.0 C,,H,,CIN,O 6098 692 1673 6087 6.6 16.80
47 CH,CH, .CH, H B 37 168.0—171.0 C,4H,,N, 2FA 5632 6.16 1142 5628 6.03 11.56
48 (CH,),CH, H NO, C 8 19201940 C,.H,;NO, 5542 628 1616 5535 6.17 16.25
49 (CH,),CH, H C B 419 180.0—183.0 C,H,;CIN, -FA 5680 644 1325 5687 6.53 1333
50 (CH,),CH, H NH, D 73 93.0-980 C,H,sN, -H,0 6297 891 2293  62.86 891 22.90
51 (CH,),CH, H F B S0 186.0—1940 C,,H,.FN,-FA-1/4H,0 5634 634 1195 5642 609 12.03
52 (CH,),CH, H OH B 54 163.0—1660 C,H,,N,0 66.64 839 1943  66.54 847 19.54
53 CH, Cl NH, D 53 181.0—183.0 C,,H 4CIN, 5581 648 2503 5583 640 2497
54 CH,CH, Cl NH, D 67 184.0—187.0 C,H,,CIN, 5723 686 2384 5736 673 23.82
55 CH,CH,CH, Cl NH, D 72 180.5—182.0 C,.H,,CIN, 58.53 720 2275 5845 7.07 22.73
56 (CH,);CH, Cl NH, D 68 160.0—164.0 C,(H,,CIN, 5971 7.52 21.76 59.62 741 21.73
57 CH(CH,)CH,CH, Cl NH, D 8 207.0-210.0 C,H,,CIN, 5971 7.52 2176 5973 770 2175
58  Cyclopentyl Cl NH, D 13 2205-2225 C,,H,,CIN, 61.16 725 2098  61.06 7.08 21.15
59  Tetrahydrofurfuryl Cl NH, D 58 163.0—1650 C,,H,,CIN,O 5836 691 20.02 5820 6.88 20.06
60 CH,CH, CH, NH, D 68 148.0—153.0 C,;H,,N, 1/4H,0 64.83 8.52 2520 6491 863 2524
61 (CH,),CH, CH, NH, D 56 1550—158.0 C,,H,,N, 67.74 903 2323 6788 921 23.18
62 Cyclopentyl CH, NH, D 51 19401960 C,zH,,N, 68.97 8.68 2234 6890 876 22.46
63 (CH,),CH, F NH, D 41 1245-1250 C,H,,FNs 6293 792 2293 6286 771 22.86
64 (CH,),CH, CH, CH, B 56 955-960 C,zH,N, 7196 939 1865 7197 9.54 18.70
65 (CH,),CH, NO, NO, C 34 107.0-109.0 C,.H,,N.O, 53.03 612 2319 5286 598 23.17
66 (CH,);CH, Cl NO, C 70 108.0—110.0 C,.H,,CIN,O, 5462 630 1991 5460 623 19.86
67 (CH,),CH, F NO, C 50 I111.5—1120 C,.H,,FN,O, 5730  6.61 2088 5734 642 20.99
68 CH(CH,), cl H B 42 12401255 C,H,,CIN, 6153 723 19.13 6130 7.40 19.25
69 CH(CH,), Cl NH, D 73 171.0—172.0 C,.H,,CIN,-2MA 5116 560 1297  SL.I3 558 13.15
70 Cyclopropyl cl H B 43 1055—106.5 C,sH,,CIN, 61.96 659 1927 6202 661 19.18
71 Cyclopropyl Cl NH, D 52 2050(dec) C,.H,oCIN, 5891 659 2290 5883 649 23.01
72 3-Pentyl Cl H B 68 201.0—202.0 C,,H,;CIN,-FA 5773  6.69 12.82 57.54 6.63 12.76
73 3-Pentyl Cl NH, D 55  220.0—221.0 C;;H,4CINg 60.79 7.80 20.85 60.86 795 20.99
74 (CH,),OCH,CH, CI H B 37 72.0-740 C,H,.CIN,O-1/4H,0 5981 7.53 1641 5984 7.50 1647
75 (CH,),0CH,CH, Cl NH, C 439 119.0-1200 C,,H,.CIN,O 5803 745 1990 5792 7.5 19.81
76 CH, Cl NO, C 77 13201340 C,3H(CIN,O, 5041 521 2261 5034 521 2279
77 CH,CH, Cl NO, C 8 184.0—187.0 C,,H,,CIN.O, 5723 686 2384 5736 673 2382
78 CH,CH,CH, Cl NO, C 71 139.0—140.5 C;5sH,,CIN;O, 5333 597 20.73 5327 5.86 20.84
79 CH(CH,)CH,CH, CI NO, C 8 208.0—2120 C,.H,,CIN.O,FA 5134 560 1497 5149 557 1507
80  Cyclopentyl Cl NO, C 8 1680—170.0 C,,H,,CIN.O, 5612 609 1925 5632 6.04 19.43
81 Tetrahydrofurfuryl CI NO, C 77 125.0—127.0 C,(H,,CIN.O, $3.75 584 1844 5376 574 18.43
82 CH,CH, CH, NO, C 94 197.0-202.0 C,.H,NsO, FA 5441 601 1670 5424 591 1662
83 (CH,),CH, CH, NO, C 24 80.0—850 C,,H,sNO, 61.61 7.60 21.14 6161 7.60 2114
84  Cyclopentyl CH, H B 52 12501255 C,gH,N,-1/10H,0 7201 880 18.66 7191 879 18.67
85 CH(CH,), Cl NO, C 58 160.0—161.5 C,sH,.CINO, 5333 597 2073 5321 585 20.73
86 Cyclopropyl Cl NO, C 60 178.5-180.0 C,,H,;CIN.O, 53.65 540 2086 5377 542 20.89
87  3-Pentyl Cl  NO, C

56 119.5—120.0 C,,H,,CIN;O, 5581 661 19.14 5570 651 19.21

a) Yield from starting material of the indicated methods. b) FA, fumaric acid; MA, maleic acid. c¢) Yield from 2,5-dichloronitrobenzene. d) Yield from 74.

1-piperazinyl)benzimidazoles firstly occurred at the 6- azinyl)benzimidazole derivatives are listed in Table VI.
position, and secondarily at the 5-position (method C). The

nitro group was hydrogenated with HCl-Zn to form an  Experimental

amino group (method D)‘ New 2-(4—methyl-l-piper- Melting points were measured with a capillary melting point apparatus
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TasLE VII. 2-Benzimidazolone Derivatives
Analysis (%)
Compound Yield® mp Caled Found
- : e (%) ) Formula ;
No. R R C H N C H N
13b  C(CH;); H H 58 147.5--148.5 C,,H,,N,O 69.45 742 14.72 69.31 726 14.75
17  Cyclopentyl H H 63 122.5—123.0 C,,H;,N,0 71.26 698 13.85 71.14 692 14.00
35b (CH,);CHj CF, H 17 135.0—136.5 C,,H,5F;N,0 55.81 5.07 10.85 56.00 5.10 1L.10
36b (CH,),CH, Cl H 40 141.0—143.0 C,,H,;CIN,O 58.80 583 1247 59.00 5.81 1232
37b  (CH,),CH,4 CH, H 67 128.0—131.0 C,,H,(N,O 70.56 7.89 13.71 70.37 7.77 13.56
38b (CH,),CH, F H 20 111.0—112.0 C,;H{3FN,O 6345 6.29 1345 63.54 643 13.42
39b (CH,);CH, OCH, H 42 94.0—97.0 C,,H(N,0, 6543 732 1272 65.35 7.34  12.69
42b CH,CH,CH; Cl H 26 182.0—184.0 C,,H,;CIN,O 57.02 526 13.30 56.86 525 13.37
43b CH(CH,;)CH,CH, Cl H 43 140.0—142.0 C,;,H,;CIN,O 58.80 583 1247 58.72 581 12.58
44b CH,CH(CH,), Ci H 74 145.0—153.0 C;,H,;CIN,O 58.80 5.83 1247 58.81 574 1247
45b  Cyclopentyl Cl H 45 156.0—158.0 C,,H,,;CIN,O 60.89 5.54 11.83 61.15 5.60 12.04
46b  Tetrahydrofurfuryl Cl H 49 157.0—158.5 C;,H;;CIN,0, 57.04 5.19 11.01 5695 520 11.10
51b (CH,);CH, H F 46 130.5—132.0 C,,H;;FN,0 63.45 6.29 1345 6347 6.38 13.51
68b CH(CH,), Cl H 44 183.0—186.5 C,,H,,CIN,O 57.02 526 13.30 57.07 532 1338
70b  Cyclopropyl Cl H 14 213.5—-214.5 C,,H,CIN,O 57.57 435 1343 57.37 451 13.39
72b  3-Pentyl Cl H 57 147.0—148.0 C,,H,sCIN,O 60.38 6.33 11.74 60.31 6.25 11.82
74b  (CH,);0CH,CH; Cl H 21 100.5—102.0 C,,H,;CIN,O, 56.59 594 11.00 56.80 5.89 11.06
84b  Cyclopentyl CH, H 52 147.0—150.0 C,3H,;(N,0,-1/2H,0 6931 7.61 1243 69.27 7.52 1241
a) Yield from 2,5-dichloronitrobenzene.
TaBLe VIII. Correlation Matrix of Parameters 2-(4-Methyl-1-piperazinyl)-4-phenoxyquinoxaline (3) A mixture of 2-
e chloro-3-(4-methyl-1-piperazinyl)quinoxaline?® (5.2g, 20 mmol), phenol
7 2 D B, (B,)? E, (E)? (2.3 g, 24 mmol), NaH (1.2 g, 30 mmol) and DMF (40 ml) was stirred at
room temperature for 2h. The reaction mixture was diluted with water,
n 1.000 and extracted with CHCI;. The extract was washed with water, dried over
n2 0.890 1.000 MgSO,, and concentrated. The residue was purified by silica gel column
D 0.028  0.001 1.000 chromatography with AcOEt-MeOH (10:1), and recrystallized from
B, —0.037 —0.161 —0.141 1.000 hexane to give 3 (4.0g, 62%) as yellowish prisms. mp 95.0—96.0°C.
(B, —0.016 —0.136 —0.145  0.988 1.000 'H-NMR (CDCly) é: 2.40 (3H, s), 2.70 (4H, t, J=6Hz), 3.87 (4H, t,
E, —0.103 0.007 0.186 —0.232 —0.211 1.000 J=6Hz), 6.8—7.7 (4H), 8.05 (5H). Anal. Calcd for C,,H,,N,O: C, 71.23;
(E)? 0.107  0.024 —0.141 0.157  0.152 —0.947 1.000 H, 6.29; N, 17.49. Found: C, 71.22; H, 6.25; N, 17.43.

(Yamato MP-21) and are uncorrected. Proton nuclear magnetic resonance
(*H-NMR) spectra were taken on a Hitachi R-24B NMR spectrometer
with tetramethylsilane (TMS) as an internal standard. Chemical shifts are
given as & values (ppm): s, singlet; d, doublet; t, triplet; q, quartet; brs,
broad singiet; dd, double doublet; m, multiplet. Elemental analyses were
performed by the Analytical Department of Kanebo Research Center. For
column chromatography, Merck Silica gel 60 was used. Receptor binding
assays were performed by Nova Pharmaceutical Corporation.

2-(4-Methyl-1-piperazinyl)-3-butyl-3,4-dihydroquinazoline Difumarate (2)
A mixture of 2-chloro-3,4-dihydroquinazoline?® (25g, 0.15mol), N-
methylpiperazine (30 g, 0.30 mol) and CHCl; (100 ml) was stirred at room
temperature for 1h. The reaction mixture was washed successively with
2N NaOH and water, dried over MgSO,, and concentrated. The residue
was recrystallized from CH;CN to give 2-(4-methyl-1-piperazinyl)-3,4-
dihydroquinazoline (19g) as colorless prisms. mp 123.0—127.0°C.
'H-NMR (CDCl,) §: 2.35 (3H, s), 2.45 (4H, t, J=THz), 3.42 (4H, t,
J=T7Hz), 4.37 (2H, s), 4.52 (1H, brs), 6.7—7.3 (4H). Anal. Caled for
C,3H,sN,: C, 67.80; H, 7.88; N, 24.33. Found: C, 67.86; H, 7.78; N,
24.42. A mixture of 2-(4-methyl-1-piperazinyl)-3,4-dihydroquinazoline
(2.3 g, 10 mmol), 1-bromobutane (1.4 g, 10 mmol), sodium hydride (NaH,
60% in oil, 0.48 g, 12mmol) and N,N-dimethylformamide (DMF, 25 ml)
was stirred at room temperature for 5h. The reaction mixture was diluted
with water, and extracted with ACOEt. The extract was washed with water,
dried over MgSO,, and concentrated. The residue was purified by silica
gel column chromatography with CHCl;-MeOH (2:1) to give 2-
(4-methyl-1-piperazinyl)-3-butyl-3,4-dihydroquinazoline (1.0g, 36%) as
a yellow oil. 'H-NMR (CDCl;) é: 0.82 (3H, t, J=6Hz), 1.0—1.7 (4H),
2.30 (3H, s), 2.43 (4H, t, J=6Hz), 3.10 (2H, t, J=7Hz), 3.40 (4H, t,
J=6Hz), 4.11 (2H, s), 6.8—7.3 (4H). 2-(4-Methyl-1-piperazinyl)-3-butyl-
3,4-dihydroquinazoline was treated with fumaric acid (0.8 g) to give 2 as
colorless leaflets. mp 177.0—180.0 °C(dec.). Anal. Calcd for C,H,N,-
2C,H,0,: C, 5791; H, 6.61; N, 10.80. Found: C, 57.86; H, 6.55; N,
10.78.

1-Benzyl-3-(4-methyl-1-piperazinyl)quinoxalin-2(1H)-one (4) A mixture
of 3-(4-methyl-1-piperazinyl)quinoxalin-2(1 H)-one?® (4.9g, 20mmol),
benzyl bromide (4.1 g, 24 mmol), NaH (1.2 g, 30 mmol) and DMF (40 ml)
was stirred at 60 °C for 1 h. The reaction mixture was diluted with water,
and extracted with CHCl;. The extract was washed with water, dried over
MgSO,, and concentrated. The residue was purified by silica gel column
chromatography with AcOEt—-MeOH (10: 1), and recrystallized from 50%
EtOH to give 4 (2.2g, 33%) as yellowish prisms. mp 108.0—109.0°C.
'H-NMR (CDCly) 6: 2.35 (3H, s), 2.58 (4H, t, J=6Hz), 4.02 (4H, t,
J=6Hz), 545 (2H, s), 7.0—7.7 (9H). Anal. Calcd for C, H,,N,O: C,
71.83; H, 6.63; N, 16.75. Found: C, 71.69; H, 6.53; N, 16.65.

1-Butyl-2-(4-methyl-1-piperazinyl)indole Fumarate (5) A mixture of
3-ethoxycarbonyl-2-(4-methyl-1-piperazinyl)indole?” (3.2 g, 11 mmol), 1-
bromobutane (1.8 g, 13 mmol), NaH (0.9 g, 22 mmol) and DMF (40 ml)
was stirred at 60 °C for 4h. The reaction mixture was diluted with water,
and extracted with AcOEt. The extract was washed with water, dried over
MgSO,, and concentrated. The residue was purified by silica gel column
chromatography with CHCl;-MeOH (5:1) to give 1-butyl-3-ethoxy-
carbonyl-2-(4-methyl-1-piperazinyl)indole (1.4g) as a brown oil. 'H-
NMR (CDCl;) 6:0.97 3H, t,J=7Hz), 1.1—1.9 (4H), 1.4 (3H, t, J=7 Hz),
2.35 (3H, s), 2.55 (4H, t, J=6Hz), 3.35 (4H, t, J=6Hz), 4.16 (2H, t,
J=THz), 4.43 (2H, q, J=7Hz), 7.0—38.2 (4H). 1-Butyl-3-ethoxycarbonyl-
2-(4-methyl-1-piperazinyl)indole was treated with oxalic acid to give its
oxalate as brown prisms, mp 191.0—194.0°C. Anal. Caled for
C,0H,oN;0,-C,H,0,: C, 60.95; H, 7.21; N, 9.69. Found: C, 60.73, H,
7.25; N, 9.53. 1-Butyl-3-ethoxycarbonyl-2-(4-methyl-1-piperazinyl)indole
oxalate (1.4g, 2.7mmol) was dissolved in concentrated HC! (8 ml), and
refluxed for 30 min. The solution was neutralized with 2N NaOH, and
extracted with AcOEt. The extract was washed with water, dried over
MgSO,, and concentrated. The residue was purified by silica gel column
chromatography with CHCl;-MeOH (20: 1), and treated with fumaric
acid to give 5 (0.48¢g, 46%) as colorless prisms. mp 159.0—161.0°C.
'H-NMR (DMSO-dy) §: 0.90 (3H, t, J=6Hz), 1.0—2.0 (4H), 2.40 (3H,
s), 2.6—3.2 (8H), 3.96 (2H, t, J=7Hz), 5.89 (1H, s), 6.57 (2H, s), 6.8—7.5
(4H), 10.12 (2H, s). Anal. Calced for C,,H,;N;-C,H,0,: C, 65.10; H,
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7.54; N, 10.85. Found: C, 65.07; H, 7.37; N, 10.86.
1-(2-Butyl)-2-(4-methyl-1-piperazinyl)benzimidazole Difumarate (11)
(Method A) A mixture of 2-(4-methyl-1-piperazinyl)benzimidazole” (a,
5.0g, 23 mmol), 2-chlorobutane (12 g, 130 mmol), NaH (2.2g, 55mmol)
and DMF (50 ml) was stirred at 80 °C for 20 h. The reaction mixture was
diluted with water, and extracted with CHCl;. The extract was washed
with water, dried over MgSO,, and concentrated. The residue was purified
by silica gel column chromatography with CHCl;~-MeOH (10:1) to
give 1-(2-butyl)-2-(4-methyl-1-piperazinyl)benzimidazole (2.6 g). '‘H-NMR
(CDCly) 6: 0.75 (3H, t, J=7Hz), 1.65 (3H, d, J=7Hz), 1.8—2.2 (2H,
m), 2.38 (3H, 5),-2.60 (4H, t, J=7Hz), 3.32 (4H, t, J=7 Hz), 4.0—4.6 (1H,
m), 6.9—7.7 (4H). 1-(2-Butyl)-2-(4-methyl-1-piperazinyl)benzimidazole
was treated with fumaric acid to give 11. .
1-Butyl-5-chloro-2-(4-methyl-1-piperazinyl)benzimidazole Sesquifu-
marate (36) (Method B) A mixture of 1-butyl-5-chloro-2-benzimidazolone
(36b, 5.0g, 22 mmol) and POCI; (7 ml) was refluxed for 2h. The reaction
mixture was poured onto ice-water, neutralized with 3N NaOH, and
extracted with CHCI;. The extract was washed with water, dried over
MgSO,, and concentrated to give 1-butyl-2,5-dichlorobenzimidazole (36c,
4.5g). '"H-NMR (CDCl,) 6: 0.95 3H, t, J=7Hz), 1.2—2.0 (4H), 4.15
(2H, t, J=THz), 7.2—7.65 (3H). A mixture of 36c (3.0g), N-
methylpiperazine (5.0 g, 50 mmol) and xylene (5ml) was refluxed for 3 h.
The reaction mixture was diluted with AcOEt, washed with water, dried
over MgSO,, and concentrated. The residue was purified by silica gel
column chromatography with CHCl;-MeOH (10:1) to give 1-butyl-5-
chloro-2-(4-methyl-1-piperazinyl)benzimidazole (1.2 g) as an oil. 'H-NMR
(CDCly) 6: 0.95 3H, t, J=THz), 1.2—2.2 (4H), 2.43 (3H, s), 2.65 (4H,
t, J=THz), 3.30 (4H, t, J=7Hz), 4.00 (2H, t, J=7Hz), 7.2—7.6 (3H).
1-Butyl-5-chloro-2-(4-methyl-1-piperazinyl)benzimidazole was treated
with fumaric acid to give 36.
1-Butyl-5-chloro-2-(4-methyl-1-piperazinyl)-6-nitrobenzimidazole (66)
(Method C) Fuming HNO; (3.0g, 72mmol) was added dropwise to a
mixture of 36 (2.0g, 6.5mmol) and acetic acid (5ml) at 0°C, and the
mixture was stirred at 50 °C for 1 h. The reaction mixture was poured onto
ice-water, neutralized with 2N NaOH, and extracted with AcOEt. The
extract was washed with water, dried over MgSQO,, and concentrated. The
residue was purified by silica gel column chromatography with
CHCI,-MeOH (6: 1) to give 66 (1.6g). 'H-NMR (CDCL,) é: 0.96 (3H,
t, J=7Hz), 1.2—2.1 (4H), 2.38 (3H, s), 2.63 (4H, t, /=7 Hz), 3.48 (4H,
t, J=7Hz), 4.06 (2H, t, J=7Hz), 7.71 (1H, s), 7.97 (1H, s).
6-Amino-1-butyl-5-chloro-2-(4-methyl-1-piperazinyl)benzimidazole (56)
(Method D) Zn powder (6.0g, 92mmol) was added portionwise to a
mixture of 66 (5.0 g, 14 mmol), concentrated HCI (10 ml) and EtOH (30 ml)
at 60 °C, and the mixture was stirred at 60 °C for 3 h. The reaction mixture
was basified with 28% NH,OH, and extracted with AcOEt. The extract
was washed with water, dried over MgSO,, and concentrated. The residue
was purified by silica gel column chromatography with CHCl;~MeOH
(6:1)to give 56 (3.1 g). 'H-NMR (CDCl;) §:0.95 (3H, t, /=7 Hz), 1.2—2.1
(4H), 2.37 (3H, s), 2.60 (4H, t, J=7Hz), 3.30 (4H, t, J=7Hz), 3.92 H,
t, J=7Hz), 4.03 (2H, brs), 6.68 (1H, s), 7.55 (1H, s).
1-Butyl-5-Chloro-2-benzimidazolone (36b) A mixture of 2,5-dichloroni-
trobenzene (30g, 160 mmol) and l-butylamine (50g, 680 mmol) was
refluxed for 3.5h. The reaction mixture was diluted with AcOEt, washed
with water, dried over MgSQO,, and concentrated to give N-butyl-4-chloro-
2-nitroaniline (36e, 36g) as an orange oil. 'H-NMR (CDCl;) 6: 0.95
(3H, t, J=7Hz), 1.2—1.8 (4H), 3.25 (2H, m), 6.26 (1H, d, /=9 Hz), 7.31
(1H, dd, J=9, 3Hz), 7.95 (2H, brs), 8.10 (1H, d, J=3Hz). Anal. Calcd
for C,,H,;N,0,Cl: C, 52.52; H, 5.73; N, 12.25. Found: C, 52.48; H, 5.75;
N, 12.23. Zn powder (34 g, 520 mmol) was added portionwise to a mixture
of 36e (34g, 150 mmot), 2.5N NaOH (30ml) and EtOH (100 ml) under
gentle reflux, and the mixture was refluxed for 30 min. The reaction mixture
was diluted with AcOEt (200 ml), and filtered. The filtrate was washed with
water, dried over MgSO,, and concentrated to give 2-amino-N-butyl-4-
chloroaniline (36f, 33g). 'H-NMR (CDCl;) 6: 0.95 (3H, t, J=7Hz),
1.1—1.8 (4H), 3.04 (2H, t, J=7Hz), 3.20 (3H, bs), 6.49 (1H, d, /=8 Hz),
6.65 (1H, dd, J=8, 3Hz), 6.75 (1H, d, J=3Hz). Anal. Calcd for
C,oH,sN,CL: C, 60.45; H, 6.61; N, 14.10. Found: C, 60.50; H, 7.74; N,
13.89. A mixture of 36f (31g) and urea (25g, 420 mmol) was stirred at
160°C for 4h. The reaction mixture was diluted with AcOEt, washed
successively with 1N HCI, saturated NaHCO; and water, dried over
MgSO,, and concentrated. The residue was recrystallized from isopropyl
ether to give 36b (14 g) as light pink needles. 'H-NMR (CDCl,) é: 0.91
(3H, t, J=7Hz), 1.1—1.9 (4H), 3.80 (2H, t, J=THz), 6.8—7.2 (3H), 10.75
(1H, brs).
5-HT,; Antagonistic Activity: Serotonin-Induced Activation of von
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Bezold-Jarisch Reflex in Urethane-Anesthetized Rats Male Sprague-
Dawley rats (210-345 g, Charles River) were anesthetized with urethane
(1.25mg/kg, i.p.), a tracheotomy was performed, and an endotracheal
tube was inserted (SP-120). The carotid artery was cannulated and
connected to a pressure transducer (MPU-0.5-2900-0-II1, Nihon Koden).
A femoral vein was exposed, cannulated with SP-45, and used for i.v. drug
administration. Heart rate and blood pressure were monitored with the
use of the pressure transducer signal and a cardiotachometer coupler
(AT-641G, Nihon Koden).

For i.v. evaluation of 5-HT; antagonists, an initial response to 5-HT
was generated. When S5-HT-induced bradycardia returned to control lev-
els, either antagonist or saline was administered, and 5-HT-induced
bradycardia was elicited again 5 or 30 min after antagonist or saline ad-
ministration. For oral studies, conscious rats were dosed (1 ml/kg) with
either antagonist or vehicle 1 h before the 5-HT challenge, then the rats
were anesthetized with urethane and surgically prepared as indicated above,

H, Antagonistic Activity: Contraction of Isolated Ileum from Guinea Pigs
Induced by Histamine Segments (I cm) of ileum isolated from guinea pigs
were suspended in an organ bath containing Tyrode solution (ventilation,
32 °C). The contractile responses to histamine (5.4 x 10™" mol/l) were
measured with an isotonic transducer (TD-112S, Nihon Koden). Each test
compound was added to the organ bath Smin before the administration
of histamine.
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