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A number of benzimidazole derivatives were synthesized from S-[3-(substituted
phenoxymethyl)-4-aryl/cyclohexyl-4H-1,2,4-triazol-5-yl]-mercaptoacetic acids by con-
densation with o-phenylenediamine in presence of 4N hydrochloric acid. The N*-
(substituted phenoxyacetyl)-N+*-aryl/cyclohexyl-3-thiosemicarbazides, 3-(substituted
phenoxymethyl)-4-aryl/cyclohexyl-S5-mercapto 1, 2, 4-triazoles and S-[3-(substituted
phenoxymethyl)-4-aryl/cyclohexyl-4H-1,2,4-triazol-5-yl]-mercaptoacetic acids were aiso

synthesized.
activities.
activities.
been studied.

ENZIMIDAZOLE and some of its derivatives are
already known for their antibacterial!-?, insec-
ticidal®-¢, fungicidal®, virucidal® and anthel-

mintic? activities. Similarly, certain 4H-1,2,4-tria-
zole derivatives have also been reported to possess
pesticidal potentialities®. Some of these have even
been patented as Dbactericidal®, insecticidal*?,
virucidal** and fungicidal®® agents. Extending our
previous work*?-%® on synthesis of new triazoles
and their derivatives, we incorporated 4-aryl/cyclo-
hexyl-4H-1,2,4-triazole ring in the benzimidazole
derivatives at 2-position and studied their effect on
pesticidal potentialities of the triazole derivatives.

Present communication concerns our work of pre-
paring several new substituted S5-mercapto-4H-1,2,4-
triazoles(1II) by cyclization of thiosemicarbazide
derivatives(II) in sodium hydroxide solution. The
5-mercapto 1,2,4-triazoles(III) were treated with
monochloroacetic acid to get S-[3-(substituted
phenoxy methyl)-4-aryl/cyclohexyl-4H-1,2,4-triazol-
5-yl)] mercaptoacetic acid(IV). Finally the mer-
captoacetic acids(IV) were condensed with o-phenyl-
enediamine to get the title compounds.

The structures of the various compounds thus
synthesized were confirmed by ir and nmr spec-
troscopy. The ir spectra of triazoles(III) were in
agreement with those reported in the literature®.
The presence of two strong bands around 1300cm™*
showed their existence predominantly in thione-
form, but a weak band at 2550 cm~?* also indicated
their presence in thiol-form as well in a tautomeric
mixture. All the spectra of II and III displayed
bands in the region 3300 cm™* attributable to the

08

All the new compounds were screened for antibacterial and insecticidal
Most of these were found to possess significant antibacterial and insecticidal
Relationship between their biocidal character and chemical structure has

free NH group and broad bands with multiple
peaks in the region 3000-2700 cm~ assignable to
the intramolecularly hydrogen bonded NH group.
A broad band appearing around 1700 cm™* was
attributed to the presence of CO group in IL
Similarly a band around 1600 cm~! showed the
presence of C=N group in III. The ir spectra
of triazoles(III) also showed a broad band at
1390 cm~*. The ir spectra of IV and V showed
the absence of » SH vibration at 2550 cm~*, and
a band from 1255 to 1265 cm~* was assigned for
N—-N=C (cyclic) grouping in compound V.

The nmr (CDCl,) spectra of the compounds
displayed signals at § 8.93-8.73 (m, 3H, CONH,
NH, C—~NH, exchangeable with D;O) and 3.12
(2H, CH,). The signal due to CH, and NH
observed at 3 5.36 as a broad band integrated for
three protons. Absorptions due to aromatic protons
occurred at § 6.76 (three protons at aryl ring) and
5.82 (s, 2, SCHy).

Experimental

Melting points were taken in open capillary
tubes and are uncorrected. Infrared spectra were
recorded in a Perkin-Elmer 137 spectrophotometer
in KBr. Nmr spectrum was recorded on a Varian
A-60D spectrophotometer in CDCl, using TMS as an
internal standard. All compounds were checked
for their purity on tlc plates and characterized
by elemental analysis.

N'-(2,4-Dichlorophenoxyacetyi)-N*-aryl/cyclohexyl-
3-thiosemicarbazides(JI) : Mixtures of 2,4-dichloro-
phenoxyacetic acid hydrazide (0.01 mol) with
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a Rcs a . The precipitated compound, thus formed, was fil-
u@-o.cu,_coNH N, ————au@-omvcom.m.a.m R’ tered and crystallised from ethanol. All new tria-
(n n zole derivatives are listed in Table 2.
l 2N-NaOH
N—N o  N—N S-[3-(2,4-Dichlorophenoxymethyl)-4-aryl |cyclohex-
u@o.cn,_l‘\NlLs tnycoon  QLCHaLOOH u.@o.c”ﬂ" lLs,, Yyl-4H-1,2,4-triazole-5-yl) ]-mercaptoacetic acids(1V') :
be an ¥ Following Muhlhausen’s?® method, the various
w 5-mercapto-4-aryl/cyclohexyl-4H-1,2,4-triazoles I1I
@[NML S (((()).;37moll)) wefg4adldcddto mongchloro(acetic acild
—-_ . mol) in ml sodium carbonate ().414 mol)
Tna “@'° ‘“lji\Tllsc"LJi?/@ solution. The mixtures were refluxed for 4 to 5 hrs.
W) The reaction mixtures were cooled and acidified
with dil. hydrochloric acid to precipitate the
. . . acids (IV). The precipitated acids were then crys-
different aryl/cyclohexyl isothiocyanates (0.01 mol)«~ ta]lisefi fr)om hot \I:/aterpa;adewere obtained in 50-7}(')%
in dry benzene (30 ml) were refluxed on steam bath: yie1q" AJl these compounds are listed in Table 3.
for 4 to 7hrs. Each reaction mixture was thens
cooled in an ice bath and the solid compound thus- S-[3-(2,4-Dichlorophenoxymethyl )-4-aryl/cyclohex-
obtained was filtered and crystallised from ethanol.+ yl-4H-1,2,4-iriazol-5-yl]-2-mercaptomethyl benzimida-
The various compounds thus prepared.are :listed in  zoles(V) : Following Phillips’#* method, the vari-
Table 1. ous newly prepared substituted mercaptoacetic
acids (0.03 mol) were refluxed for 8 hrs fwith
, o-phenylenediamine (0.02 mol) in 20 ml of 4N
3-(2,4-Dichlorophenoxymethyl)-4-aryl/cyclohexyl-5- hfdroc{lloric acid. '(I‘he react)ion mixtures were
mercapto-4H-1,2,4-triazoles(IIl) :  Thiosemicarba- cooled and filtered. The filtrates were neutralized
zide II (0.005 mol) was dissolved in 10 ml of 2N yjth ammonia to precipitate benzimidazoles. The
sodium hydroxide solution. The clear solution compounds were crystallised from alcohol and gave
was heated on a water bath for 4 hrs, filtered after  60-759 yield. All these compounds are listed in
cooling and neutralized with dil. hydrochlori¢ acid. Table 4.

<]

TaBLE 1—N'~(2,4-DICHLOROPHENOXVACKETVL)-N*-ARVL/CvCLOHEXYL-3-THI0SEMICARBAZIDE (II)

SL R’ m,p Yield Molecular Antibacterial Activity” Insscticidal Activity
No. °0 % formula A B. B. Mean K.D. Time (hrs)
aureus  pumilus  subtilis % concentration
0.5 0.1
. 1. 4-Chlorophenyl 86 56 C,;H,,01,N;0,8 + + +++ + 10.0 12.0
9. 9-Ethylphenyl 111 60 C,,H,,CL,N,0,8 + ++ + 18.0 15.0
3. 4-Ethoxyphenyl 178 56 C,,H,,Cl;N,0,8 + + - 14.0 15.0
4. 1-Naphthyl 147 63 Ci,H,,Cl,N,0,8 + + + 15.0 17.0
5. Cyclohexyl 200 65 C,sH,,01,N,0,8 ++ +4+ + 4+ 14.0 16.0
6.  Benzyl 175 72 CyoH,,Cl,N,0,8  ++ ++ +++ 13.0 14.0
Parathion _ —_ 4.5 5.5

+ Elemental analy-is (C, H, N) were within +0.5% of the theoretical value.
* —=No inhibition ; + =Zoune s.ze 6-8 mm ; + 4 =Zone size 9-14 mm ; + + + =Zone size 15-20 mm ;
+ 4+ + + =Zone size greater than 20 mm.

TABLE 2—2-(2,4-DICHLOROPHENOXYMETHYL)4-ARYL/CVCLOHEXVL-5-MERCAPTO-4H-1,2 4-TH1azOLR(ITI)

8I. R’ m.p. Yield Molecular Antibacterial Activity™ Insecticidal Activity
No. °C % formula S B. B Mean K.D. Time (hrs)
aureus pumilus subtilis % concentration
0.5 01
1. 4-Chlorophenyl 160 62 CsH,0C1,N,08 ++ ++ + 75 8.5
2, 2-Ethylphenyl 163 56 C,,H,,Cl;N,08 ++ + + 10.5 11.5
3 4-Ethoxyphenyl 188 65 C,:H,,Cl4N,0,8 + -+ + + 130 14.0
4. 1-Naphthyl 189 58 C,,1,,0I,N,05 + + - 15.0 17.0
5. Cyclohexyl 286 60 C,H,,Cl4N,08 ++ ++ + 14.0 16.0
6. Benzyl 187 67 C,H,,C1;N,08 ++ ++ + 8.5 9.5
Parathion —_ —_— 4.5 5.5

+ Elemental analysis (C, H, N) were within *0.5% of the theoratical value.
* —=No inhibition ; + =Zone size 6-S mm ; + 4+ =Zone size 9-14 mm ; + + + =Zone size 15-20 mm ;
-+ + 4 + =Zone size greater than 20 mm,
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TABLE 3—8-[(2,4-DICHLOROPHENOXYMETHYL)-4-ARYL/CYCLOHEXYL-4H-1,2,4-TRIAZOLE-5-¥L]-
MERCAPTOACETIC AcID(IV)

Sl R’ m.p. Yield Molecular
No. °C % formula

1. 4-Chlorophenyl 112 62 C,sH,,Cl;N,0,8
2. 2-Ethylphenyl 173 56 C,,H,,01,N,0,8
3. 4-Ethoxyphenyl 165 57 C,oH, ;C1;N,0,8
4. 1-Naphthyl 118 61 C,,H,,Cl,N,0,S8
5. Cyclohexyl 183 65 C,.H,,CI4N,0,8
6. Benzyl 218 63 C,¢H,,;C1,N,0,8

Parashion —_ —_

Antibacterial Activity” Insecticidal Activity
S. B. B. Mean K.D. Time (hrs.)
aureus pumalus subtilis % concentration
0.5 0.1
+ + +++ + 8.5 10.0
++ + - 10.5 12.0
+ + + 12.0 14.0
+ - - 12.0 15.0
++ ++ + 12.0 14.0
+ + ++ + + + 10.0 11.5
4.5 5.6

+ Elemental analysis (0, H, N) were within + 0.5% of the theoretical value.
* — =No inhibition ; 4+ =Zone size 6-8 mm ; + 4+ =Zone size 9-14 mm ; + + + =Zone size 15-20 mm ;

+ + + 4+ =Zone size greater than 20 mm.

TABLE 4—B-[3-(2,4-DICHLOROPHENOXYMETHYL)-4-ARYL/CYCLOHEXYL-4H-1,2,4-TRIA ZOLE-5-vL)]-

2-MERCAPTOMETHYI, BENZIMIDAZOLI(V)

8l. R’ m.p. Yield Molecular Antibacterial Activity”® Insecticidal Activity
No. °C % formula 5. 5. B. Mean K.D. Time (hzs)
aureus  pumilus  sublilis % concentration
0.5 0.1
1.  4-Chlorophenyl 137 62 Cs,H,,Cl,N,08 + + + ++ 8.5 9.5
2.  2-Ethylphenyl 189 57 C,5H,,Cl,N,03 ++ + ++ 10.5 180
3. 4-Ethoxyphenyl 103 60 2sH3101,N,0,8 + + + 11.5 140
4,  1-Naphthyl 162 61 Cqa7H,4Cl,N,03 + + + 12.0 14,0
5. Cyclohexyl 173 64 C4,H4,01,N,08 + ++ ++ 11.0 18.0
6. Benzyl 182 60 CyH,,Cl,N,08 + + -+ + + + 12.0 14.0
Parathion — —_ 4.5 5.5

+ Elemental analysis (C, H, N) were within #0.5% of the theoretical value, -
* — =No inhibition ; +=_Zone size 6-8 mm ; + + =Zone size 9-14 mm ; + + + = Zone size 1520 mm ;

+ 4+ + + =Zone size greater than 20 mm.

Biological activity : Using agar plate diffusion
technique®®, all the newly synthesized compounds
were tested in vitro for antibacterial activity against
Staphylococcus aureus, Bacillus subtilis and Bacillus
pumilus. Insecticidal activity against adult male
and female cockroaches were determined by micro-
meter syringe method®3. The results of screening
all the compounds synthesized have been shown in
Tables 1 to 4.

The results obtained indicated that all com-
pounds exhibit antibacterial activity against one or
the other type of bacteria. It seems that the benzi-
midazole derivatives are comparatively more active
against the test bacteria. 4-Chlorophenyl, cyclo-
hexyl and benzyl substituted compounds were found
to be comparatively more active. Contrary to this,
bulky substitution i.e., 1-naphthyl decreases the
activity amongst the test compounds.

The insecticidal results indicate that all com-
pounds synthesized in this series possess good
insecticidal activity. The K.D. time (hrs) was
compared with the standard insecticide Parathion.
The highest insecticidal activity was shown by
3-(2,4- dichlorophenoxymethy!)-4-(4-chlorophenyl)-
S5-mercapto-1,2,4-triazole = (Compound no. 1;

Sto

Table 2). Furthermore, it appears that benzimida-
zole and mercapto-acetic acid derivatives possess
better insecticidal activity than thiosemicarbazide
and triazole derivatives.
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