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New 2-(4-(4-azolylbutyl)piperazinyl)-, 2-(4-(4-azolylbutyl)piperazinylmethyl)-, 2-(4-(4-azolylbutyl)homopipera-
zinyl)- and 2-(4-(4-azolylbutyl)homopiperazinylmethyl)benzimidazoles were synthesized, characterized and tested
for in vitro and in vivo H,-antihistaminic activity. Structure-activity relationships implied that the best anti-
histaminic activity required the simultaneous presence of a homopiperazinylbenzimidazole system (or a methylene
linker between the benzimidazole and the piperazine rings) and an unsubstituted pyrazole ring. 1-(2-Ethoxyethyl)-
2-{4-[4-(pyrazol-1-yl)butyl Jhomopiperazin-1-yl}benzimidazole (17), as its dimaleate salt, has been chosen for further

development.

Key words H,-antihistaminic drug; azolyl-butyl-piperazinyl (or homopiperazinyl)benzimidazole; synthesis; structure-

activity relationship

Although several classical histamine H; receptor an-
tagonists are very potent in vitro, the clinical usefulness
of these compounds has been limited due to unwanted
side-effects. An effective H, antihistaminic agent which
would be free from sedative and anticholinergic activity
is an attractive target for drug research.”

General screening of a series of anxiolytics azolylal-
kyl(piperazinyl)pyrimidines synthesized in our labora-
tories® showed that compound 1 possessed weak H,
antagonism in vitro against histamine-induced contrac-
tions of the guinea pig ileum. This observation led us to
design and synthesize two series of compounds (Fig. 1):
the diphenylmethyl series I* and the benzimidazolyl series
[1.43 Preliminary accounts of the synthesis and activity
studies on these series of compounds have been previously
reported.®”)

Quantitative structure-activity relationships and mo-
lecular modelling studies performed on both classical and
non-classical H,-antagonists have been reviewed and
discussed.® Recently,” we have reported a pharmacophor-
ic analysis for classical and non-classical H,-antagonists
including the benzimidazolyl series II.

In this paper, we describe the synthesis and struc-
ture—activity relationships of new 2-(4-(4-azolylbutyl)-
piperazinyl)-, 2-(4-(4-azolylbutyl)piperazinylmethyl)-, 2-
(4-(4-azolylbutyl)homopiperazinyl)- and 2-(4-(4-azolyl-
butyl)homopiperazinylmethyl)benzimidazoles, II. Novel,
potent and nonsedative antihistaminic agents were found,
and compound 17 was selected for further evaluation.

Chemistry and Structure-Activity Relationships The
target compounds II (Table 1) were obtained in two related
ways. The synthetic routes are outlined in Chart 1. The
desired compounds 2—8, 10—12, 14—18 and 20 were
prepared cither by alkylating III with 1-(4-chlorobutyl)-
azole 1V (method A), or by reacting V with the cor-
responding azole VI (method B). The carboxylic acids
9. 13, 19 and 21 were prepared by hydrolysis of the
corresponding ethylesters 8, 12, 18 and 20 (method C).
The azoniaspiro compounds V were synthesized by re-
acting 11T with 1,4-dibromobutane (method D). Dimale-
ate or difumarate salts were prepared in ethanol or

% To whom correspondence should be addressed.

2-propanol and recrystallized from the same solvent
(method E). 1-(2-Ethoxyethyl)-2-(piperazin-1-yl)- and
1-(2-ethoxyethyl)-2-(homopiperazin-1-yl)benzimidazoles
1 (n=0), used as starting materials for the no-alkyl
bridged derivatives 11—13 and 17—19 (Table 1), were
prepared as described previously.'® The corresponding
methylene-bridged (n=1) derivatives III used to obtain
compounds 2—10, 14—16 and 20—21 (Table 1) were
prepared according to reported procedures.'?

The structures of the prepared compounds, some
characteristic salts, 'H-NMR data, as well as the yield
and method of preparation for the new compounds 2—21
are shown in Table 1 and '3C-NMR chemical shifts are
displayed in Table 2. The new compounds were tested for
H,-antihistaminic activity in vitro (guinea pig ileum and
H, receptor binding) and in vivo (protection of rats from
compound 48/80-induced lethality). The results are listed
in Table 3.

The main structural feature of the new compounds
(Table 1) is the presence of a benzimidazole ring and a
heteroaromatic ring both linked to a basic nitrogen
through a carbon chain. The benzimidazole ring is present
in only two of the antihistaminic H, compounds on the
market: The non-classical histamine H, receptor antag-
onist astemizole'® (I-benzylbenzimidazole derivative),
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Fig. 1.
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Chart 1. Synthetic Pathways for Compounds IT (2—21, Table 1)
and emedastine,!® which has a single aromatic unit. The
metabolites of emedastine,!*” quantitative structure-
activity relationships of H,-antihistaminic benzimida-
zole derivatives,'*? and bioisosteric imidazo [4,5-b]-
pyridines with H-antihistaminic activity!*” have also
been described.

Compound 1, the source compound of this series,
showed in vitro guinea pig ileum activity similar to that
of diphenhydramine, but unfortunately did not protect
rats from compound 48/80-induced lethality. Replacement
of the 5-bromo-2-pyrimidinyl group in 1 with a I-ethoxy-
ethyl-2-benzimidazolyl group leads to compound 11,
which showed a slight increase in in vitro activity and
an in vivo potency nine times greater than that of
diphenhydramine. The addition of a methylene linker in
6 maintained the in vitro activity and the in vivo potency
was increased by a factor of seven with respect to 11. As
for the 4-bromopyrazolyl derivatives 6 and 11, a 4-car-
boxyl substituent (9, 13) also showed higher activity in
the compound with a methylene linker 9. Replacement of
the substituent in the 4-position of pyrazole with a
carboxyethyl group (8) or sulfonic acid radical (7) leads
to a considerable decrease in antihistaminic activity,
especially in vivo. However the unsubstituted pyrazole
derivative 2 showed good in vitro activity and gave the
best result in protection of rats from compound 48/80-
induced lethality. Concerning homopiperazinyl deriva-
tives, the best profile was observed for the unsubstituted
pyrazole compounds 17 and 14, and for the unsubstituted
pyrrole 15. On the other hand, pyrrole and triazole
derivatives containing a piperazine group (3, 4) showed
moderate in vitro activity but high in vivo potency, while
imidazole derivatives 5, 10 and 16 exhibited considerably
weaker in vivo activity. With respect to binding to the H,
histamine receptor, compounds 2, 14, 15 and 17, with the
highest in vivo potency, showed also high affinity for the
receptor. In contrast, sulfonic and carboxylic acid
derivatives 7, 9, 13, 19 and 21 showed very low affinity
for H, histamine receptor, and in addition showed non
competitive antagonism.

In order to study the sedative effect of the new
compounds, they were administered to rats at 80 mg/kg
(i.p.) and the behavior of the animals was observed,
following the standards described in the test of Irwin.'®

We did not observe any sedative effect of our compounds
at this dose. This lack of sedative effects of the most active
antihistaminic compounds listed in Table 3 prompted us
to measure experimentally their distribution coefficients
(log D) at pH 4 or at physiological pH (7.4) for amphoteric
compounds. The partition coefficients of the neutral
species (log P) in octanol/water and in cyclohexane/water
could then be calculated on the basis of the experimental
log D and pK, values (Table 4).*>~!7 It has previously
been shown that the difference in the partition coefficients
(log P) calculated in octanol and in an aliphatic alkane
such as cyclohexane or dodecane ((logP=IlogP, —
log P, ) can be correlated with the brain-penetrating
ability of histamine H, antagonists.!> More recently,'®
the partition coefficient log D, at the physiological pH
7.4 has been proposed as a physicochemical parameter
correlated with the lack of side effects of histamine H,
antagonists. As can be seen in Table 4, the most active
antihistaminic compounds of our series have log D, in
the range 2.6—3.5 or a negative value, and 4 log P values
in the range 2.0—2.7. According to the above studies,!>1®
these values would predict, as was confirmed experimen-
tally, a hindered brain penetration for the compounds
in our series. More sedating antihistaminics such as
diphenhydramine or mepyramine have log D, values at
pH 7.4 between 1 and 2, and 4log P values lower than I,
while less sedating antihistaminics like astemizole or
terfenadine present 4 log P values similar to those observed
for our non-sedating compounds. Compounds 3 and 15,
containing a pyrrole as the heteroaromatic ring, tend to
have comparatively higher log D, and lower AlogP
values than compounds 2, 14, and 17, containing a
pyrazole heteroaromatic ring, which showed the best
antihistaminic profile. In summary, the best antihista-
minic activity was seen in the simultaneous presence of:
a) a methylene linker between the benzimidazole and the
piperazine rings, or a homopiperazine ring without a linker
as in compound 17; and b) an unsubstituted pyrazole as
the preferred heteroaromatic ring. Compound 17, as its
dimaleate salt, has been chosen for further development
because of its high H,-antihistaminic activity and its
lack of side-effects.
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Table 1. Physicochemical Data for Azolyl-butyl-piperazinylbenzimidazole Derivatives (II)
N X§Y
N (CHp)— /
Lo L !
(CHZ)m >/
O _-CH, R,
Noomom XY oz R, S MO Formula® 'H-NMR (5, CDCl,)
2 2 N CH CH H 1229 A (90)  C;;H,,NgO,” 1.12 (t, 3H); 1.50 (br, 2H); 1.85 (br, 2H); 2.45 (br, 10H);
B (35) 3.41 (q, 2H); 3.75 (t, 2H); 3.87 (s, 2H); 4.14 (t, 2H); 4.50
(t, 2H); 6.22 (m, 1H); 7.19—7.47 (br, SH); 7.70 (br, 1H)
3 2 CH CH CH H 138—1429 A (65) Cj3,H,3N;O? 1.1 (t, 3H); 1.70 (br, 4H); 2.69 (br, 10H); 3.40 (q, 2H);
3.55—3.90 (m, 6H); 4.46 (t, 2H); 6.12 (m, 2H); 6.62 (m,
2H); 7.29 (br, 3H); 7.70 (br, 1H)
4 2 N CH N H il B (46) C,,H;;N,O 1.13 (t, 3H); 1.46 (br, 2H); 1.90 (br, 2H); 2.45 (br, 10H),
2H,0 3.42 (q, 2H); 3.76 (t, 2H); 3.88 (s, 2H); 4.20 (t, 2H); 4.52
(t, 2H); 7.30 (br, 3H); 7.71 (br, 1H); 7.94 (s, 1H); 8.06
(s, 1H)
5 2 CH N CH H 0il? B (37) C,3H;uNO 1.12 (t, 3H); 1.50—1.80 (br, 4H); 2.35 (br, 10H); 3.40 (q,
3H,0 2H); 3.75 (m, 6H); 4.35 (t, 2H); 6.9 (s, 1H); 7.0 (s, 1H);
7.18—7.45 (br, 4H); 7.70 (br, 1H)
6 2 N CH CBr H 0il? B (30) C,3;H;3BrN,O 1.12 (t, 3H); 1.46 (br, 2H); 1.81 (br, 2H); 2.45 (br, 10H);
‘H,0 3.41 (q, 2H); 3.81 (m, 4H); 4.08 (t, 2H); 4.50 (t, 2H); 7.33
(br, 5H); 7.69 (br, 1H)
7 2 CH CSO;H H 0il? B (40) C,3H34NgO,S 91.0 (1, 3H); 2.11 (br, 4H); 3.67 (br, 16H); 4.37 (t, 2H);
-5H,0 4.65 (t, 2H); 7.4—S8.0 (br, 6H)
8 2 N CH C-CO,Et H 1141179 B (69) C3,H.cNGOy,? 1.12 (t, 3H); 1.45 (m, 5H); 1.90 (br, 2H); 2.44 (br, 10H);
3.41 (q, 2H); 3.60—3.86 (m, 4H); 4.0—4.3 (m, 4H); 4.50
(t, 2H); 7.28 (br, 3H); 7.60—7.80 (m, 3H)
9 2 N CH C-CO,H H 164—166" C (81) C,gH;4NO;" 1.10 (t, 3H); 1.58 (br, 2H); 1.86 (br, 2H); 2.68 (br, 10H);
3.38 (q, 2H); 3.73 (t, 2H); 3.89 (s, 2H); 4.15 (t, 2H); 4.48
(t, 2H); 7.27 (br, 3H); 7.84 (br, 3H)

10 2 CH N C-Cl  Cl123—1309 B (43) C;,H,,CI,N,O," 1.12 (t, 3H); 1.55 (br, 2H); 1.80 (br, 2H); 2.1—2.6 (br,
10H); 3.41 (q, 2H); 3.86 (m, 6H); 4.49 (t, 2H); 7.29 (br,
4H); 7.75 (br, 1H)

11 2 N CH C-Br H 1371399 B (66) Ci0H3oBrNgOg? 1.13 (t, 3H); 1.60 (br, 2H); 1.87 (m, 2H); 2.55 (t, 2H); 2.76
(br, 4H); 3.44 (br, 6H); 3.81 (t, 2H); 4.12 (dt, 4H);
7.12—7.61 (m, 6H)

12 2 N CH C-CO,Et H 0il? B (81) C,sH;36NO4 1.1 (t, 3H); 1.3 (t, 3H); 1.8 (br, 4H); 2.15—2.7 (br, 6H);

-3H,0 3.25 (br, 6H); 3.7 (t, 2H); 3.8—4.3 (m, 6H); 7.2 (br, 3H);
7.50 (br, 1H); 7.80 (s, 2H)
13 2 N CH C-CO,H H 145—150? C (85) C,3H;,N O, 1.14 (t, 3H); 1.59 (br, 2H); 1.90 (br, 2H); 2.4—2.8 (m,
-2H,09 6H); 3.3—3.6 (br, 6H); 3.83 (t, 2H); 4.17 (dt, 4H); 4.88 (s,
1H); 7.13—7.31 (br, 3H); 7.55 (br, 1H); 7.92 (br, 2H)

14 3 N CH CH H 99—1029 A (47)  C;,H, NgO? 1.11 (t, 3H); 1.41 (br, 2H); 1.79 (br, 4H); 2.57 (t, 2H); 2.78
(br, 8H); 3.39 (q, H); 3.75 (t, 2H); 3.96 (s, 2H); 4.12 (t,
2H); 4.55 (t, 2H); 6.22 (m, 1H); 7.2—7.47 (br, SH); 7.68
(br, 1H)

15 3 CH CH CH H 117—1202 A (56) C;3H, N0, 1.11 (t, 3H); 1.47 (br, 2H); 1.82 (br, 4H); 2.48 (t, 2H); 2.73
(br, 8H); 3.39 (q, 2H); 3.75 (t, 2H); 3.87 (t, 2H); 3.97 (s,
2H); 4.53 (t, 2H); 6.11 (m, 2H); 6.63 (m, 2H); 7.25 (br,
3H); 7.67 (br, 1H)

16 3 CCH; N c-Cl 0il? B (36) C,sH;,CILN,O 1.1l (1, 3H); 1.5—1.9 (br, 6H); 2.36 (s, 3H); 2.5—2.9 (br,

-3H,0 10H); 3.39 (q, 2H); 3.7-—3.9 (dt, 4H); 3.99 (s, 2H); 4.54 (t,
2H); 7.26 (br, 3H); 7.68 (br, 1H)

17 3 N CH CH H 102—1059 A (90) C;,H,,NgO,” 1.13 (t, 3H); 1.46 (br, 2H); 1.95 (br, 4H); 2.52 (t, 2H); 2.79
(m, 4H); 3.34—3.81 (m, 8H); 4.05—4.19 (dt, 4H); 6.20 (m,
1H); 7.0—7.5 (m, 6H)

18 3 N CH C-CO,Et H 0il? B (33) C,sH3gNgO; 1.13 (t, 3H); 1.33 (t, 3H); 1.93 (br, 6H); 2.6 (t, 2H); 2.8

*3H,0 (br, 4H); 3.35—3.82 (m, 8H); 4.07—4.4 (m, 6H); 7.1—
7.25 (m, 3H); 7.5 (br, 1H); 7.85 (s, 2H)

19 3 N CH CCO,H H >300? C(87) C,,H;NsO,? 80.93 (1, 3H); 1.3—2.0 (br, 6H); 2.6 (br, 2H); 2.95 (br,
4H); 3.17-3.62 (m, 8H); 4.11 (m, 4H); 7.1 (br, 3H); 7.4 (br,
1H); 7.87 (s, 1H); 7.97 (s, 1H)

20 3 N CH C-CO,Et H Oil? B (25) C,;H,oNgO, 1.11 (t, 3H); 1.33 (t, 3H); 1.45 (br, 2H); 1.75—1.90 (br,

-3H,0 4H); 2.49 (t, 2H); 2.6—2.8 (br, 6H); 3.40 (q, 2H); 3.75 (t,
2H); 3.96 (s, 2H); 4.12 (t, 2H); 4.27 (q, 2H); 4.50 (t, 2H);
7.2 (m, 2H); 7.37 (br, 1H); 7.70 (br, 1H); 7.87 (s, 2H)
21 3 N CH CCO,H H 0il? C (85) C,5H34NyO, W1.05 (t, 3H); 1.65 (br, 2H); 1.90 (br, 2H); 2.03 (br, 2H);

2

2.82 (t, 2H); 2.96 (m, 2H); 3.1 (m, 2H); 3.25—3.40 (br,
6H): 3.75 (t, 2H); 4.05 (s, 2H); 4.17 (t, 2H); 4.60 (t, 2H);
7.27 (m, 2H); 7.5—7.6 (m, 2H); 7.80 (s, 1H); 7.90 (s, [H)

a) Yields not optimized except for compounds 2 (method A) and 17. b) Satisfactory analytical data (+0.4% for C, H, N) were obtained for new compounds.
¢) Dimaleate.

d) Difumarate.

¢) Solvent: DMSO-d,. f) Monomaleate.

g) Base.

h) Solvent: D,0.
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Table 2. '3C-NMR (4, CDCl,) Data for Azolyl-butyl-piperazinylbenzimidazole Derivatives (IT)

9 10 16
3a 8 X
5 N\ N’ 11 \N 12 15 Sy
77 AL
7a o 1o 13 14 19
20\_O._CH,
21 2%

2 3 4 5 6 7% 8 9 10 11 132 14 15 16 17 199 20 21?

C, 1515 1514 1515 1514 1515 1515 1510 1512 1515 158.0 1567 152.1 1523 1520 159.1 161.2 1524 153.7
C,, 1422 1421 1427 1421 1422 1419 1420 1418 1423 1414 1403 1419 1422 1419 1417 1433 1422 1426
C, 1196 1194 1195 1194 1195 1188 1192 1195 1196 1191 1167 1192 1195 1190 1173 1231 1196 119.5
C, 1218 1216 1217 1217 1217 1214 1215 1220 1206 1211 1212 1206 1217 1213 1204 1238 1218 1222
C, 1224 1222 1224 1223 1223 1222 1221 1226 1224 1216 1214 1222 1223 1220 1214 1247 1224 1235
C, 1095 109.5 109.5 109.5 109.5 110.5 109.4 109.6 109.6 1093 109.2 109.4 109.5 109.3 1089 112.6 109.6 111.5
C,, 1357 1356 1357 1356 1357 1358 1355 1354 1358 1351 1340 1354 1357 1353 1355 1375 1357 1366
Cq 555 554 556 555 555 519 553 549 556 — — 551 554 551 —  — 554 555
C, 530 529 530 530 530 523 529 523 531 528 492 542 545 542 547 566 545 544
Cy 530 529 530 530 530 523 529 523 530 528 492 546 549 546 558 570 550 556
Cio 530 529 530 530 530 523 529 523 531 526 492 535 539 536 S18 537 540 Sl
Cio 530 529 530 530 530 523 529 523 531 526 492 536 542 540 530 430 544 522
¢y - - = = =  —  —  — — 265 270 268 282 282 279 284
C,, 597 576 515 575 576 563 574 567 594 517 566 572 5715 569 572 589 574 579
C,s 237 237 236 236 237 211 234 225 236 236 219 237 244 239 245 248 243 229
C.. 283 292 277 288 2801 272 277 277 279 281 290 279 292 2701 282 299 271 257
Cys 518 492 494 467 525 436 521 518 469 508 SL1 514 493 443 518 517 524 522
1201 — 1368 — — — — 1340 — — — 1203 1418 — — —

Cis —
Cy, 139.0 107.7 151.5 — 1394 1385 1405 141.0 — 1395 1398 1387 1079 — 138.8 143.0 1409 142.0
Cisg 1052 107.7 — 1292 925 1151 114.6 117.5 1265 92.6 117.7 105.0 107.9 123.5 1050 1289 1149 124.1

C,o 1288 1201 1427 118.6 1289 132.5 1320 132.5 113.0 1290 1321 1287 1203 1112 1285 1356 1323 1337
C,o 440 438 440 439 439 476 437 440 440 443 438 438 440 435 447 470 440 452
C,  69.0 688 69.0 689 689 689 688 689 69.0 68.1 673 687 69.0 686 681 699 69.0 70.0
C,, 667 665 667 666 667 659 664 667 668 667 660 665 667 663 667 693 667 677
Cp 151 149 151 150 150 151 148 150 151 150 140 148 150 147 149 170 151 154
CO,H 166.9 167.0 173.6 170.5
CH, 13.5

CO,Et 167.6 163

4) DMSO-ds. b) MeOH-d,. ¢) D,0.

Table 3. Antihistaminic Activity of the Synthesized Compounds

In vitro In vivo Table 4. Tonization Constants® and Partition Coefficients® of Selected
Compd Guinea pig ileum Binding Compounds
: ED;,
y % Inhibn. K; (mg/kg, i.p.) logD log P log P 5
P PP (005mm)  (nw) Compd. Pk, (oct/74° (o)  (cyy) AMo8F
1 7.8 48 2 7.9; 4.8 2.64 3.26 0.57 2.69
2 9.0 8.0 79.6 8.0 0.02 39 3.50 4.12 2.08 2.04
3 9.0 7.6 77.8 61.5 0.05 9 8.0;4.9; 3.8 —0.86"
4 8.3 7.7 323 0.04 14 9.2; 4.9 2.79 461 213 248
5 9.2 gg égg 8(1)3 157 3.39 520 288 232
g 9.1 : 23 e 17 8.5; 4.9 2.85 399 140 259
‘ : 19 8.5, 5.1; 3.7 —0.599
8 8.4 78 61.8 0.15 21 9.1;48 44  —0.797
9 7.2 20.3 68.4 0.06 @ o
10 35 7% 823 0.66 DPH 8.6 1.21 244 2.33 0.11
1 ’ 8:0 92:9 0i63 MEP_"’ 8.9; 4.10 1.95 3.46 293 0.53
13 6.2 21.3 0.84 AST‘? 6.7, 5.4 3.48 3.56 0.95 2.61
14 8.7 7.4 89.8 3.9 0.04 TERY 8.6 4.46 6.69 2.63 3.06
15 9.0 8.4 95.0 3.2 0.03
16 9.0 8.0 80.1 0.16 a) Measured by potentiometric titration unless otherwisc mentioned. ) Calcu-
17 95 8.4 93.2 1.8 0.03 lated from the dlslrxbullqn goeff}ments in pctapol/water and cyclohexane/water
19 6.2 0.3 0.2 systems. 9] Cglculated distribution coefficient in octanol/water at pH 7.4 unless
21 6.3 105 0.04 otherwise mentioned. d) log P, —log P, 6. ¢) Insoluble. pK, of 2 was used for
o : : : log P calculations. f) Insoluble. pK, of 14 was used for logP calculations.
DPHb 7.6 47.7 18.0 5.4 g) Diphenhydramine. k) Mepyramine. i) Astemizole. Values are taken from
MEP? 8.7 >90 1.6¢ 5.4 reference 16. j) Terfenadine. Values are taken from reference 16. k) Spectro-
AST® 8.6 7.8 71.5 7.3 0.2 photometric determination. ) Distribution coefficient in octanol/water measured
TER? 7.8 6.5 9.5 115 1.3 at pH 7.4.

a) DPH: Diphenhydramine. by MEP: Mepyramine. ¢) AST: Astemizole.
d) TER: Terfenadine. e) K, (nm).
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Experimental

General Methods Unless otherwise noted, materials were obtained
from commercial sources and used without further purification. All
melting points were determined on a Bausch & Lomb apparatus and are
uncorrected. Infrared (IR) spectra were determined as a film or in KBr
with a Nicolet FT-IR 5DXC spectrophotometer. Proton and '*C
magnetic resonance spectra were recorded with either a Bruker AM-100
spectrometer operating at 100 MHz and 25 MHz, respectively, or a Varian
Unity 300 spectrometer operating at 300 MHz and 75 MHz respectively.
Chemical shifts are expressed in ppm () relative to internal tet-
ramethylsilane. Mass spectra were obtained with a Finnigan Mat
TSQ-70 mass spectrometer. The IR, NMR, and mass spectral data of
all compounds were consistent with the assigned structures. Elemental
analyses were obtained for the new compounds reported. Carbon,
hydrogen, and nitrogen analyses were within 0.4% of theoretical values.
All organic phases were dried over anhydrous MgSO, and cvaporated
in vacuo with a Biichi rotatory evaporator under reduced pressure.
Chromatography was done using the medium-pressure flash method on
Merck Silica gel 60 (230—400 mesh ASTM).

Representative preparative procedures are outlined below.

Method A. 1-(2-Ethoxyethyl)-2-{4-[4-(pyrazol-1-yl)butyl]piperazin-
1-ylmethyl}benzimidazole, 2 A mixture of 1-(2-ethoxyethyl)-2-(1-piper-
azinylmethyl)-1H-benzimidazole (III, n=1, m=2)'" (10g, 35mmol),
potassium carbonate (14.4g, 104 mmol), potassium iodide (5.2g, 35
mmol) and [-(4-chlorobutyl)pyrazole (5.5g, 35mmol) in ethyl acetate
(100 ml) was heated under reflux for 24 h. Then, [-(4-chlorobutyl)pyrazole
(2.8 g, |7mmol) was added and heating was continued for five additional
days. The mixture was cooled and filtered, and the filtrate was evaporated
to dryness. The residue was redissolved in toluene (80 ml) and the solution
was washed with water (pH 10). The organic layer was treated with
activated charcoal and evaporated to dryness to obtain the title com-
pound (12.8 g, 90% yield) as an oil.

Method B. 1-(2-Ethoxyethyl)-2-{4-[4-(pyrazol-1-yl)butyl]piperazin-
1-ylmethyl}benzimidazole, 2 A mixture of V (n=1, m=2) (5g, 11.8
mmol), pyrazole (0.9 g, 13.2mmol) and potassium carbonate (3 g, 21.7
mmol) in dimethylformamide (60 ml) was refluxed for 12h. The mix-
ture was cooled, filtered and evaporated to dryness. The residue was
dissolved in chioroform, and the organic solution was washed with water,
dried over sodium sulfate, filtered and evaporated. The residue was
purified by column chromatography through silica gel (elution with
chloroform -methanol 9: 1) to afford the title compound (1.7 g, 35%) as
an oil.

Method C. 1-(2-Ethoxyethy)-2-{4-[4-(4-carboxypyrazol-1-yl)butyl]pipe-
razin-1-ylmethy!}benzimidazole, 9 A solution of compound 8 (3.15g.
6.5mmol) in ethanol (25 ml) and 10% NaOH (25 ml) was stirred overnight
at room temperature. The mixture was neutralized and evaporated to
dryness. The dry residue was extracted with 2-propanol at 40°C, and
the solvent was evaporated to yield the title compound, 9 (2.4 g, 81%)
as an hygroscopic, non crystalline solid.

Method D. 8- 1-(2-Ethoxyethyl)benzimidazol-2-ylmethyl]-8-aza-5-azo-
niaspiro[4,5]decane Bromide (V, rn=1, m=2) A mixture of [-(2-
ethoxyethyl)-2-(1-piperazinylmethyl)-1 H-benzimidazole (1Il, n=1, m=
2)(1.5g, 5.2 mmol), 1 ,4-dibromobutanc (1.41 g, 6.5 mmol) and potassium
carbonate (0.72 g, 5.2 mmol) in chloroform (50 ml) was refluxed for 16 h.
The mixture was cooled, filtered and evaporated to dryness to yield the
title compound (2.1 g, 95%) as a crude oil, which was used in the next
reaction (method B) without further purification. IR (film): 3030—2450,
1530, 1475, 1350, 1120, 760cm ™. "H-NMR (CDCl,): & 1.05 (t, 3H),
2.25(m,4H),3.25—4.15(m, 18H),4.45(t.2H), 7.27 (m, 3H), 7.60 (m, I H).

Method E. 1-(2-Ethoxyethyl)-2-{4-[4-(pyrazol-1-yl)butyl]piperazin-1-
ylmethyl}benzimidazole Dimaleate, 2.2C,H,0, A solution of maleic
acid (0.74g, 6.4mmol) in 2-propanol (4ml) was added to a solution
of 2 (1.3g, 3.2mmol) in 2-propanol (4 ml) at 40—50°C. The obtained
solution was allowed to crystallize to yield the title compound (1.7 g,
76%), mp 122°C. Anal. Calcd for C3,H,,N¢O,: C, 57.93; H, 6.59; N,
13.08. Found: C, 57.82; H, 6.68; N, 13.05. 'H-NMR (DMSO-dy) §:
1.01 (t, 3H); 1.57 (quint., 2H); 1.79 (quint., 2H); 2.70 (br, 4H); 3.08
(t, 2H); 3.20 (br, 4H); 3.37 (3, 2H); 3.71 (t, 2H); 3.97 (s, 2H); 4.14
(t, 2H); 4.51 (t, 2H); 6.15 (s, 4H); 6.23 (dd, 1H); 7.26 (m, 2H); 7.43
(d, 1H); 7.62 (m, 2H); 7.71 (d, 1H). 3C-NMR (DMSO-d;) §: (see
Table 2 for numbering), 15.1 (C-23), 23.3 (C-13), 28.0 (C-14), 43.5
(C-20), 51.0 (C-15), 52.8 (C-9), 53.0 (C-10), 54.9 (C-8), 57.2 (C-12), 65.8
(C-22), 68.7 (C-21), 104.9 (C-18), 110.5 (C-7), 1189 (C-4), 121.4
(C-5), 122.1 (C-6), 129.6 (C-19), 135.9 (C-7a), 138.4 (C-17), 142.0 (C-3a),
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151.6 (C-2).

Partition Coefficient Measurements Distribution coefficients (log D)
were measured by a conventional shaken-flask technique at 37°C+
1.18720 The concentrations of the compounds in the aqueous and
organic phases were determined spectrophotometrically (Hewlett-
Packard UV HP8452A spectrcphotometer). In most experiments, 0.1 M
phosphate buffer adjusted at pH 4 was used as the aqueous phase. For
amphoteric compounds, 0.1 M phosphate buffer adjusted to pH 7.4 was
used as the aqueous phase, and 0.025 M phosphate buffer at pH 10 was
used for diphenhydramine. Each phase was saturated with the other at
37°C+ 1. The test tubes were shaken mechanically for 1h at 37°C+1.
Stability of the solutions was confirmed. Partition coefficients
(log P)'> 17 of the neutral species were calculated from the following
equations:

log P=log D +log{1 + 10X+~ (for monoprotic compounds)
log P=1log D+ log{ 1 + 10Kz =PI | |((pKs +pKa=2pi0}
(for diprotic compounds)

All the partition coeflicients are the mean of at least two determinations.
pK, Measurements Potentiometric titrations were performed with a
Metrohm 665 Dosimat and with a Crison 2002 pH meter, under a
nitrogen atmosphere, using a solute concentration of approximately
107 3m in 0.2M KCl and 0.Im KOH in 0.1 M KCI as the titrant. The
temperature of the titration cell was maintained at 25°C+0.1. The pK,
values were calculated from the titration curves using the equation:

J={H,~[H*]4+[OH 1}/At,>" where j is defined as the formation

function that give us an evaluation of the average number of protons
linked to the substance, H, is the total acidity, [H*] is the free hydrogen
ion concentration, [OH ]=K,[H*]"!, and A4, is the compound
concentration. After the calculation of j for each point, j/[H*] pairs of
values were adjusted to the models??:

J=B[H /{14 ,[H*]}, where §; = 1/K,
(for monoprotic compounds)
J=IBTHY T 28, H P+ B, [H T+ B, [HT 1)
where fi;, =1/K, and $,=1/K,K, (for diprotic compounds)
J={BiH 1+ 2B,[H PP +3B5[H 1P} {1+ B, [H ]+ B,[H*]?
+B3[H* 1%}, where B, =1/K5; B,=1/K,-K; and By=1/K,K,K,
(for amphoteric compounds)

Spectrophotometric determinations were performed as described
previously.?® The spectral measurements were carried out with a
Hewlett-Packard UV HP8452A spectrophotometer and the pH values
were measured with a Crison 2002 pH meter (temperature was maintained
at 25°C +0.1). The pH of the acidified solution, at constant ionic strength
of 0.2M, was varied by adding 0.Im KOH in 0.Im KCl. Optimum
wavelengths were chosen for each compound where the absorbance of
the species varied significantly, and the change of absorbance with pH,
at the selected wavelength, was monitored.

The pK, values were determined from the following equations®*:

Ar=(Au[H" T+ A,K)/(K;+[H"*]) (for monoprotic compunds)
Ar=(AH ]+ AyK,[H" ]+ 4,K, K)/((H "]
+ K, [H*]+K,K,) (for diprotic compounds),

where Ay is the measured absorbance, A is the absorbance of the cation,
Ay is the absorbance of the neutral species, A, is the absorbance of the
anion, and K, and K, denote the dissociation constants. The pK, values
were calculated by fitting these equations to the experimental data.??
All the dissociation constants in the potentiometric and spectrophoto-
metric determinations are the mean of at least two determinations.
H,-Antihistaminic Activity. Inhibition of Histamine-Induced Contrac-
tion of Guinea Pig Ileum According to Magnus,>® segments of pre-
terminal ileum, about 2cm long, were excised from male guinea pigs
and rapidly suspended in a [00ml organ bath containing Tyrode's
solution, maintained at 37 °C and gassed with air, under an initial load
of lg. After 15min stabilization time non-cumulative dose-response
curves to histamine (10~ 8—3 x 10~ ® m) were obtained by adding graded
concentrations of histamine every minute to the bath. The contractile
responses to histamine were measured with an isotonic transducer (HP
7DCDT-1000, Hewlett Packard). The pD) (negative logarithm of the
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molar concentration of antagonist which causes a depression to 50% of
the maximum response of agonist) or p4, (negative logarithm of the
molar concentration of antagonist which causes a shift of agonist activity
by a factor of 2) values for noncompetitive or competitive antagonism,
respectively, were calculated according to Van Rossum.?®

H, Histamine Receptor Binding Assay Male Dunkin-Hartley guinea
pigs weighing 250—400 g were used to evaluate in virro [*H]mepyra-
mine binding to the H, histamine receptor in cercbral cortex accord-
ing to a minor modification of the reported method.?” The incubation
was carried out at 25C for 30 min. Radioactivity was determined with a
Formula 989 (DuPont) liquid scintillation analyzer. Specific binding of
[*H]mepyramine was estimated as the difference between radioactivity
bound in the absence and in the presence of triprolidine. All competi-
tion and saturation binding data were analyzed by non-linear iterative
curve-fitting procedures by use of the computer programme EBDA-
LIGAND,?® and K; values were calculated from ICs, values.?”

In Vivo Compound 48/80-Induced Lethality in Rats The assay was
performed in male rats of the Wistar strain (weighing 200--250 g)
according to the method of Niemegeers ¢t af.*” The antihistaminic
activity was studied by determining the protection of animals from
lethality induced by compound 48/80.*" Compounds 1-—21 werc
administered (i.p.) to rats 60 min before the intravenous challenge with
compound 48/80 (0.5mg/kg, i.v.). The protective activity is defined as
the survival of the rats 240 min after the injection of 48/80. The activity
of new compounds was studied at several doses in order to determine
EDg,.
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