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2-PHENYLBENZIMIDAZOLES AS POTENTIAL ANTHELMINTHICS
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Reaction of ethers of 5-chloro- and 5-bromosalicylic and thiosalicylic acids I— XXXIX with
1,2-diaminobenzene was used to prepare 2-phenylbenzimidazoles XL— LXXVIII substituted
in position 2 of the benzene ring. The compounds were tested for anthelminthic and coccidiostatic
activity.

In a previous communication® we published the preparation and results of bio-
logical screening of a number of derivatives of 5-chloro- and S5-bromosalicylic
and thiosalicylic acids. Since one can prepare 2-substituted benzimidazoles from the
carboxylic acids in a reaction of 1,2-diaminobenzene, the acids were used for the
synthesis of the corresponding 2-phenylbenzimidazoles. We were interested parti-
cularly in the anthelminthic activity of these substances as a number of modern
veterinary and human anthelminthics are derived from benzimidazoles substituted
in position 2 (ref.?).

In contrast with aliphatic carboxylic acids which react with 1,2-diaminobenzene
relatively smoothly (on heating with dilute hydrochloric acid or by melting) to the cor-
responding benzimidazoles, the aromatic carboxylic acids react with 1,2-diamino-
benzene only in the presence of dehydration agents. The starting 5-halogenosali-
cylic acids [ — XX XIX are partly known from the literature, the preparation of others
was dealt with in an earlier paper!. The acids were condensed with 1,2-diamino-
benzene by heating with phosphorus pentoxide® (method A) or with polyphosphoric
acid* (method B). When 1,2-diaminobenzene was condensed in this way with 5-chloro-
-2-methoxybenzoic acid, the first method led to 2-(5-chloro—2-hydroxyphenyl)benzi-
midazole, i.e. the condensation was accompanied by a demethylation. The same
result was obtained on melting the two components. When heating with polyphos-
phoric acid to 200°C a mixture of 2-methoxy and 2-hydroxy derivatives was obtained.
Since the demethylation is caused by the highly acid medium and by high tempera-
ture, the two components were condensed without the dehydrating agents simply
by removing water through azeotropic distillation. The reaction proceeded too
slowly in toluene but it was satisfactory in xylene. In this way it was possible to obtain
pure 2-(5-chloro-2-methoxyphenyl)benzimidazole (XLIII). Azeotropic dehydration
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(method C) was found to be satisfactory even with other 2-alkoxy-5-chlorobenzoic
acids. It has the advantage that the benzimidazole formed crystallizes out from the
reaction mixture. However, acids with a free phenolic group, such as 5-chloro-
and 5-bromosalicylic acids (1, XVIH) do not react with 1,2-diaminobenzene under
these conditions.

The compounds prepared were tested for anthelminthic and coccidiostatic effici-
ency using worms Nippostrongylus brasiliensis and Hymenolepis nana, and cocci-
dia Eimeria tenella (for method see'). A statistically significant efficiency was found
against N. brasiliensis with XLV, XLVIII, L, LII, LVI, LXIII, LXIV, LXVI, LXVIII,
LXIX and LXX,and against H. nana with XLVI, LI, LVI and LXX. A coccidiostatic
effect was found only with LIII. Although the compounds represent a numerous set
of compounds of related structure, the results of the biological tests do not permit
to derive clearer relationships between structure and activity. This is due apparently
to the fact that the anthelminthic and the coccidiostatic activity of the compounds
tested are relatively low and the differences in their effects are obscured by the vari-
ability of response of the biological test.

EXPERIMENTAL

The melting points were determined in a Mettler FP 2 apparatus.

Method A: A mixture of 0-05 mol 1,2-diaminobenzene, 005 mol halogenosalicylic acid I (ref.”)
JI (ref.%), 11T (ref.”y, XVII (ref.}?), XIX (ref.}?), and of 0055 mol phosphorus pentoxide® was
slowly heated in a 100 ml flask with a thermometer. After reaching 100— 105°C, the reaction took
place and the temperature reached nearly 270°C. After waning of the reaction, the melt was dis-
solved in 70 ml 5M-NaOH at 80°C. The solution was diluted with 100 ml water and acidified with
acetic acid. The precipitate formed was filtered, washed with water and recrystallized from a sui-
table solvent as shown in Table 1.

Method B: A mixture of 0-04 mol 1,2-diaminobenzene, 004 mol of salicylic acid I (ref.”),
IV (ref.®), XVIII (ref.’2), XXXV (ref.'®), XXXVI (ref.}”), XXXVIT (ref.1®), XXXVIII (ref '),
XXXIX (ref.l) and 30 g polyphosphoric acid* was heated with stirring for 3 h in a 210—220°C
bath,cooled and poured into 150 m! water. The precipitated powdery product was filtered, washed
with water and stirred in 100 ml water. The suspension was neutralized with ammoniak, the
precipitate was filtered, washed with water and crystallized from a suitable solvent (see Table 1).

Method C: A mixturz of 0-2 mol 1,2-diaminobenzene, 0-2 mol of the corresponding derivative
of salicylic acid VII (ref.”*10), VIIT (ref.} ), IX (ref.?), X (ref. 1Y), XT (vef.h), XIT (ref. V), XIIT (ref.b),
XIV (ref.V), XVI (ref.), XX (ref.1%), XXI (ref.}?), XXII (vef.!), XXIII (ref.), XXIV (ref.)),
XXV (ref.)), XXVI (ref.V), XXVII (ref.}), XXIX (ref.l), XXX (ref.)), XXXI (ref.}y, XXXIT (vef.}),
xXxXxir (ref.l), XXXIV (ref.l) and 200 ml xylene was boiled in a flask with Friedrichs extension
as long as the distillate was turbid with water (8 — 15 h). After cooling and several hours of standing
the precipitate was filtered, washed with ether and dried. The crude product was stirred with
500 ml 2% NaOH, filtered, washed with water, 2% acetic acid and water. After drying, it was
crystallized from a suitable solvent (Table I). Evaporation of xylene from the crude product
in vacwo and processing of the residue as above yielded in some cases another portion of the
product.
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TABLE 1

2-Phenylbenzimidazoles XL—LXXVII

O

Calculated/Found

Compound M.p., °C Formula

yield, % (ethanol, 9,)¢ (mol.wt.) 5 C o H
XL 3034305  C,3H,CIN,O 6380 371
53-0 (100) (244-7) 63-86 377
XLI 304—306  C,3HgClLN,O 5594 2:89
602 (100) (279-1) 55-95 2-92
XL 2712—2723  C,3;H,CI,N,0 4979 225
21-0 (100) (313:6) 49-96 251
XLIIT 246:1—247:0  C,,H,,CIN,O 6499 429
28-0 (100) (2587 65-27 4-36
XLIV 216:6—2186 C,,H,,CLN,O 5735 344
5-6 (75) (293-2) 57-98 3-64
XLV 17§4—177-1 €, H,,CIN,O 66:05 480
20-1 (55) (272:7) 65-86 4-75
XLVI 16211627 C,¢H,sCIN,O 6701 527
41-9 (70) (286-7) 67-08 5-54
XLVII 16871693 C,,H,,CIN,0 67-88 570
22:6 (8Q) (300-8) 67-89 5-98
XLVIH — 1557—1563 C,,H,,CIN,O 6788 570
10-8 (80) (300-8) 67-75 5-87
XLIX 161-8—162:4  C,gH,,CIN,O 6867 608
231 90) (314-8) 68-44 618
L 1489—1496  C,oH,CIN,O 6939 644
231 (100) (328-8) 6968 6-34
LI 182:6—1833 C,,H,sCIN,0, 6347 499
50-5 (100) (302-8) 63-54 5-22
LIl 19271932 CyoH, sCIN,O 7174 452
54 (100) (334-8) 7168 445
LIl 149-3— 1497 CyoH 4CLLN,O 6505  3-82
13-8 (80) (369-2) 65-07 379
LIV 1741— 1745 CyoH,4,CLLN,O 6505 382
21:6 (100) (369-2) 65-23 3-81
Ly 2148—2154  C,gH ,C,N,O 6505 382

200 (100) (369-2) 6528

3-89
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or
7 Cl

11-49
11-42
25-40
25-03
3392
3373
13-71
13-69
24-19
24-09
13-00
13-29
12:37
12:28
11-79
11-93
11-79
11-68
11-26
11-14
1078
10-61
1171
11-58
10-59
1073
1920
19-26
19-20
18:82
19-20
19:39

o/
/o

11-45
1160
10-04
9-92
8-94
9-32
10-83
11-00
9-56
9-62
10-28
10-56
977
9-84
9-31
9:52
9-31
9-28
8-90
8-60
852
8-48
9:26
9-36
§8-37
845
7-59
7-75
7-59
7-41
7-59
7-62

% Br(S)
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TasLE I

(Continued)

Compound M.p., °C Formula Calculated/Found -
yield, % (ethanol, %)? (mol.wt.) 5/ C oY ol N % Br(S)
LVvi 197-:2—-197-8  C,oH,3CI3N,0 59-50 3:25 26-35 694 —

51 (100) (403-7) 59-47 316 26:56 7-10
LVvII 295:1—296:8 C,3HyBrN,O 54-00 314 — 969  27-64
523 (100) (289-1) 54-04 3-16 — 9:54 2782
LYIS 268:6—2699 - C,;HgBr,N,O 42-42 219 7-61 43:43
4-5 (80) (368-0) 4212 2:-14 — 7-65 43-15
LIX 255-0—256:4 C 4H,{BrN,O 55-46 3-68 9-24 2636
22-8 (100) (303-2) 55-99 3-84 926  26°08
LX 222-3—2240 C,,H;(Br,N,0 44-01 264 - 7-33  41-84
37 (100) (382-1) 43-78 2:64 o 748 4202
LXF 187-2—187-6 C,sH,3;BrN,0O 5679 413 — 883 2520
34-8 (100) 317-2) 56-31 4-18 e 884 2532
Lxn 165-1—165-5 C,4H,;BrN,O 58-02 4:56 846  24-13
40-5 (90) (331-2) 57-98 4-67 - 8-51 24-21
LXxilI 180-2—180-5 C,;H4BrN,0O 59-14 4-96 — 812 2315
24-4 (90) (345-3) 5912 5:08 — 796  23-31
Lxiv 145-8—146:5 C,-H,;,BrN,O 59-14 4-96 — 812 2315
22-6 (80) (345-3) 59-29 4-93 — 826 2314
LXYy 1646—165-2 C,4H, ¢BrN,O 60-17 5-33 — 7-80 2225
258 (100) (359-3) 6005 5-33 — 797  22:38
LXVI 152:2—152:8 C,4H,BrN,O 61-13 567 — 7-51 21-41
323 (100) (373-3) 61-25 5-10 757  21-64
Lxvi 95-8—96:4 C,sH;;3BrN,O 6563 727 - 6-13 17-47
21-7 (100) (457-5) 65-90 7-48 — 6-06 17-56
Lxvill 175:2—1757 C,¢H,sBrN,0, 5534 4-35 — 8-07 2302
72-6 (100) (347-2) 55-64 4-62 — 798 2323
LXIX 202:1—202:6 C,4H,sBrN,O 63-33 3-99 — 739 2107
4-4 (100) 379-3) 63-58 4-18 — 7-56  21-12
LXX 153-1—153-9  C,,H,,BrCIN,O0  58:06 3-41 8-57 677 1932
20-0 (100) 413-7) 57-98 3:45 835 691 19-37
LXXI 192:4—192-9 C,oH ,BrCIN,O  58:06 3-41 8-57 677 1932
286 (100) (413:7) 58-06 3-49 861 664 1924
Lxxir 244-0—244-8 C, H,,BrCIN,O 5806 341 8-57 677 1932
225 b 4137) 58-07 3:43 873 6:50  19-52
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TABLE ]
(Continued)

Compound M.p.,°C Formula Calculated/Found o
yield, % (ethanol, %)* (mol.wt.) o C ovH %Cl  %H %BrS)
Lxxmi 202:7—2034 C,,H,3;BrCl,N,0 5360  2:92 — 625 -

14-5 (100) (448:2) 53-34 291 - 617 —
LXXIV 279-1—280-5 C,3H{(N,S 69-00 4-45 — 12-38  (14-17)
750 (100) (226-3) 67-80 425 - 12-49  (14:23)
LXXV 226-8—228:0  C,,H,,N,S 69:96  5:04 — 1166 (13-34)
583 (100) (240-3) 70:05  5:23 - -11-83  (13-27)
LXXVI 209-7—211-1  C sH{4N,S 70-83 555 — 11-01  (12:61)
651 (100) (254:3) 70-37 5-93 - 10:94  (12-20)
Lxxvil 164:6—1653 C;cH;4N,S 71-60 6-01 — 10:44  (11-95)
60-2 (80) (268-4) 7129 6-02 10:09 (11-80)
Lxxvir  173-1—1741  C,;;H,;gN,§ 71-30 642 — 992  (11-36)
5717 (80) (282:4) 71-89 653 - 9-54 (11-14)

% Concentration of ethanol used for crystallization; b ethanol-dimethylformamide (9 : 1).

The anthelminthic and coccidiostatic screening was done in the Research Institute for Biofactors

and Veterinary Drugs (director Prof. B. Sevéik). The elementary analyses were done in the analytical
department of this institute (Dr J. Korbl).
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