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Abstract- Reaction of 1- [(methylthio)thiocarbonylmethyl] pyridinium iodide
with substituted o-phenylenediamines gave 1-|(2'-benzimidazolyl)methyllpy-
ridinium salts which were acylated and mono- and dialkylated by standard

procedures. In additien, 2-(1"-piperidinylmethyl jbenzimidazole derivatives

were prepared by reduction of pyridinium moiety with sodium dithionite.

Benzimidazole derivatives collectively display a wide range of biocidal activities, being used

3,4
and most importantly as ﬁmicidu? Consequently a mas-

as lnti.]‘l!ll‘ni'ﬂ.til:!j:'g antitusour agents
sive research effort has been expended upon its chemistry with particular emphasis on the synthesis
of new derivatives for pharmacological screening.

In connection with our interest in the chemistry of pyridinium :liduH and as part of a re-

search program focussed on the synthesis of potentially antibacterial cmpmmda?‘“

we wish to re-
port here the preparation of some 1—-[{2’-b-an:im!dun-lyl}leth;rﬂpyridinlum salts 4 and the subsequent
conversion into derivatives 5-9 by simple procedures.

The starting material, 1- [fmtthrlthio]thiucu‘bﬁnrlﬂtth!l] pyridinium jodide 1 was prepared fol-

12

lowing an already described procedure from l-phenacylpyridinium iodide. On treatment of 1 with

e=phenylenediamines 2 the desired benzimidazoles 4 were obtained in good yield:
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Strong electron-withdrawing substituents on benzene ring prevented the cyclization of thicamide
intermediates thus, the attempted cyclization of 1-|(2'-amino-5'-nitrophenylamino}thiocarbonylmethyl |-
pyridinium icdide 3f isolated from the reaction of 1 and 1,2-diamino-4-nitrobenzene failed upon difer-
rent conditions. It was also observed that the benzimidazole 4e extensively decomposes upon recrystal-

lization from ethanol and no satisfactory microanalysis could be obtained for it.

It should be noted that compound 4a has been previously obtained in &5 X yield by gquaternisa-

tion of pyridine with .E-Echlmth;l]h-n:i-idl:uhla but the chloromethyl derivative is obtained

14-186

in low yield (38 %) and ite synthesis is difficult to adapt to substituted o-phenylenediamines.

The majority of the compounds described in this paper were prepared from 4a by methods below
indicated, Thus, the first group of reactions afforded alkylated and acylated derivatives 5 and 7.
The alkylation was carried out in acetonel’ under weakly basic conditions. 'H-N.M.R. revealed that
alkylation proceeds selectively onto nitrogen either with methyl iodide or benzyl chloride. In con-
trast, the benzimidazole derivative 8 was the sole product iscolated from the reaction of 4a with
carbon disulphide and methyl iodidel® The dialkylated derivative 6 was obtained from the reaction
of monoalkylated derivative 5a with benzyl chloride in the reaction system potassium carbonate-

acetonitrile.
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Table. Benzimidazole derivatives 4, 5, 7 and 10 prepared

b
Froduct - §2 Yield m.p. (*C) Molecular® IR (KBr) L
No. { %) {solvent) formula =1 & (ppa)
viem ")
aa H H 66 198-199 Cy M) oI, 3200-3100,1630,1585,1540, 6.23(s, 2H}; 7.1-7.6(m, 4H); B.1-9.2(m,SH)
{EtOH) 1485,1430,1270,1200 12.78(br, 1H)
(337.2)
4b H ':‘.Ha_ &5 178-179 C“HM.T.NS 3180-3000,1635,1590,1525, 2.38(s, 3H); 6.15(s, 2H); 6.8-7.5(m, 3H);
(EtOH) 1480,1210 8.1-8.2(m, S5H); 12.60(br, 1H}
{351.2)
ac H cl 78 182-183 €, g, CLIN, 3H 0 3400, 3180-3000,1615,1580, 6.20(s, 2H); 7.1-7.6(m, 3H); B.1-9.2(m,5H);
(EtOH-ether) | .. o, 1470,1425,1505,1290,1200 12.90{br, 2H)
ad CH, CHy T2 191-192 €, My gIN5-H,0 3300, 1610,1480, 1435, 1300 2.72(s, BH); 6.12(s, 2H); 7.30(s, 2H);
[EtoH) 1180 8.1-8.7(m, SH}; 12.70(br, 1H)
(383.2)
de H OCH, 57 143-145° C, gHy ,IN,0 3400, 3300 ,1630,1490, 1460, a,76(s, 3H); 8.11(s, 2H); 8.8-7.5(m, 3H);
1440,1270,1205,1160 7.9-9.1(m, SH); 12.70(br, 1H)
[387.2)
Sa  CH.CH, — a1 197-198 CogHy oMy 1635, 1500,1490, 1470, 1445, 5.62(s, 2H); 6.25(s, 2H); 7.1-7.7(m, 9H);
[EtOH) 1330,1296,1240,1195 B.0-9.2(m, SH)
(427.3)
Sb CH, —— ag 193-185 €, gH 4 IN, . 3H 0 3500-3260,1635,1485, 1440, 3.91(s, 3H); 6.40(s, 2H); 7.1-7.9(m, 4H};
[ETOH) 1330,1290,1220 B.1-9.3(m, SH}
(360.2)
Ta c_H —— ] 186-187 C,.H _IN_O.%H_ O 3030,1710,1635,1490,1455, 6.41(s, 2H); 7.1-7.9(m, 9H); 8.1-8.9(m,5H)
65 20716 3 2
{EtOH) 1305,1220
(447.2)
o ACl-CH, - 64 202-203 g, gC1IN,0 3025,1700,1640,1600,1500, 6.38(s8, 2H); 6.6-7.8(m, BH); 8.1-9.2(m,5H)
(EtOH-H_0) 1460,140%,1360,1310,1230
2 (475.8)
108 H H 60 2E3-254 €, M, Br N, 3800-2500,1630,1500,1480, 1.72(br, &H); 4.20(br, 4H); 4.7B(8, 2H);
(EtOH) (3771.1) 1410,138%,1310,1240,1225 7.3-8.0(m, 4H); 10.20{br, 3H)
10b H CHy 68 252-254 €, gHa Br iy 2400-2500,1625,1500,1450, 1.70(br, 6H); 2.45(8, 3H); 3.35(br, 4H);
(EtoH) (391.1) 1410,1355,1310,1240,1225 4,72(s, 2H); 7.1-7.9(m, 3H); 10.2%(br, 3H)
10¢ H c1 &7 235-236 €, JH, JBr CIN, 3450-2500,1635,1515,1450, 1.75(br, 6H); 3.42(br, 4H); 4.73(s, 2H);
(E+OH) (411.6) 1245,1210 7.2-7.9(m, 3H); 10.60(br, 3H)
104 CH, CH, &8 262-264 €, gty Br N, 3150-2300,1620,1550,1470, 1.75(br, EBH); 2.37(s, BH); 3.43(br, 4H);
(EtOH) g 1385,1320,1225,1160 4.78(8, 2H); 7.66(s, 2H); 10.25(br, 3H)

= Satisfactory microanalyses obtained: C+ 0.41; Ht 0.34; Nt 0.40; for compound 4e see text.

5 Compounds 4, 8, 7 in DNBD—da.' compounds 10 in CDC].E.

:: Decomposition was observed when recrystallizaticon was tried.
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MICROANALYSES

31
72

47
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22
29

.68
94

35
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.40
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77
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.46
.32
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.26
.01
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S
.39

.68

.24
.26

.21
.49

.80
.01

b
.30

L7
.25

.41

.49
.72

Calc. (%)
Found (%)

12.46
12.06

12.02
11.96

11.04
10.68

10.96
10.84

11.44

9.83
9.64

11.66

9.33
9.26

B.83
B.81

11.14
11.08

10.74
10.65

10.21
10.60

10.37
1073
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Ju::rlat.lanm of 4a with benzoyl chloride and 4-chlorcbenzoyl chloride was easily undertaken in
toluene or acetonitrile in the presence of pyridine. However, under these conditiens no reaction
was chserved with benzenesulphonyl chleride and the starting material was recovered as chloride

galt, by halogen interchange.

NaBH, /E1OH, r.t.

1. NayS504 / NayCOg,/HyO Q

"2' reflux
2HBr/EtOH, r.t.

Reduction of 4a with sodium huromdridezﬂ gave the tetrahydropyridine derivative B as the
major product whereas when the reduction was carried out with sodium dithionitsﬂ ‘the desired

2-(1"-piperidinylmethyl Jbenzimidazole derivatives 10 were cbtained in good yield.

EXPERIMENTAL

Melting points were determined on a Buchi SMP-20 and are uncorrected. I.R. spectra were re-
corded on a Perkin=Elmer 700 or 1310 spectrophotometers. 1T-I-:I'q'.l!hlt. spectra were obtained on Bruker

WPEOWe and Farian FT-80 instruments using TMS as internal reference.

Freparation of benzimidazeles 4; General procedure: A mixture of 1-[{meth;1thin}min:-.rhun.fl-
methyl |pyridinium iodide 1 (10 mmol) and the corresponding o-phenylensdiamine 2 {10 mmol) was heat-
ed under reflux in methanol (30 ml) for 7 h. The reaction mixture was then allowed toc cool to room
temperature and the precipitate thus obtained was filtered off and recrystallised from the ade-

quate solvent [(=ee table).

1- [{2'-Amino-5"-ni trophenylamine ) thiocarbonylmethyl] pyridinium iodide 3f: A mixture of 1
{10 mmol) and 1,2-diamino=4=-nitrobenzene (10 mmol) was heated under reflux in methancl (30 ml) for
20 h. After cooling the reaction mixture te room temperature, the precipitate formed was filtered

of f and recrystallised from ethanol-water (1.45 g, 38 %), m.p. 210-212 =C.
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E13H131"4U53'm2ﬂ Cale. C:36.71 H:3.31 N:13.17

(425.2) ; Found C:36.52 H:3.41 N:13.19
I.R. (KBr): v 3400, 3300, 3180, 1620, 1570, 1500, 1470, 1200 cm.-

IH-H+I+H. {m-d'}: 8 = 5.82 (s, 2H); 6.71-6.84 (m, 3H); 7.93 (br, 2H); 7.94-9.03 (m, SH}; 11.73

{br, 1H} ppm.

Alkylation of 1-(2"-benzimidazolylmethyl )pyridinium iodide 4a; General procedure: A suspension
of potassium carbonate (2.24 g) and the benzimidazole derivative 4a (1 g, 3 mmol) in dry acetone
(15 ml) was vigorously stirred at room temperature for 1 h. Then, either methyl iodide or benzyl
chloride (3 mmol) were added and stirring was continued for further 1 h at room temperature and
the inorganic salt was filtered off and washed twice with hot ethanol (50 ml). The filtrate was
concentrated and the residue was triturated with ethanol. Recrystallization from ethancl gave the

N-alkylated derivatives Sa-b.

Acylation of 1-{2"-benzimidazolylmethyl)pyridinium iodide 4a; General procedure: A sclution
of 4a [1g, 2 mmol) and pyridine (3 ml) in acetonitrile (30 ml) was heated to 70 °C. The correspond-
ing acyl chloride (3.2 mmol) was added and the reaction mixture was heated to 60-70 °C for 30 min-—
utes, After cooling, the precipitate was filtered off. The filtrate was concentrated and the resi-
due was washed with ethanol-water. The remaining solid was recrystallised together with the previ-

cusly isolated, to give N-acylated derivatives Ta-b.

1-|Benzyl-2"-(1-benzylbenzimidazolyl methyl] pyridinium iodide 6: To a mixture of 5a (1.38 g,
3.2 mmol) and potassium carbonate (2.24 g) in acetonitrile (20 ml), benzyl chloride (0.45 g, 3.6
meol) was added and the mixture was stirred at room tesperature for 20 h. After that time, the in-
organic salt was filtered off and washed with acetonitrile. The acetonitrile phase was concentrated
and the ocily residue was triturated with methanol. The solid thus formed was recrystallised from

ethanol to give & (0.63 g, 38 %), m.p. 203-204 °C.

Cortlaal™s Calc. C:62.567 H:4.67 N:8.12
(517.4} Found C:62.32 H:4.78 N:7.84
I.R. (KBr): v«3040, 1630, 1500, 1490, 1455, 1420, 1325, 1250, 1145, 1030 em.-

LN MR, (DMS0-d, )i § =4.02 (d, 2H); 5.85 (s, 2H); 6.5-7.7 (m, 15H); 7.8-9.2 (m, SH) ppm.

1= [(Methylthis) thiccarbonyl-2"'-benzimidazolylmethyl ] pyridinium ylide 8: To a suspension of 4a
(0.67 g, 2 mmol) in S0 % agueous potassium carbonate sclution (20 ml), carbon disulphide (20 ml)
and methyl iodide (4 mmol) were added and the reaction mixture was stirred at room temperature for
20 h. The precipitate obtained was filtered and washed with water until neutral. Recristallization

from ethanol gave 8 (0.30 g, 44 %), m.p. 218-219 °C.
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“15“13"352 Calc. C:60.16 H:d,37 MN:14.03

(289.4) Found €:59.90 H:4.78 N:13.99

I.R. (KBr): w+3160, 1625, 1520, 1470, 1455, 1425, 1280, 1235 l:l::L

lH-]'I.H.H. im—ds}:; =2.41 (a, 2H); 6.9-7.6 (m, 4H); 8.9-9.1 (m, SH); 13.43 (br, 1H] ppm.

2-(1.2.3.6 ~Tetrahydropyridyl-1 -methyl)benzimidazole 9: To a solution of the benzimidazole 4a
(3.37 g, 10 mmol) in ethanol (100 ml) was added sodium borohydride (1.51 g, 40 mmol) and the mix-
ture was stirred at roos temperature for 30 minutes. The pink solution was then acidulated with a-
cetic acid, the inorganic salt was filtered off, and the filtrate was concentrated. The oily resi-
due thus obtained was solidified by treatment with water and the solid formed was filtered and re-

crystallised from ethanol-water to give 1.80 g (75 %) of 9; m.p. 157-158 *C.

I:IS-HIEHE Calc. C:73.20 H:7.08 N:19.70

(213.3) Found C:72.91 H:7.13 N:19.41
I.R. (KBr): »=3040, 2900, 2820, 1620, 1595, 1540, 1425, 1330, 1270, 1140, 1040, 1005 Y

1H-]I.!.H. im-—ds}:ia:E.lﬁ {br, 2H); 2.56 (t, 2H)}; 2.96 (8, 2H); 3.75 (s, 2H); 5.85 (s, 2H);

7.0=-7.5 (m, 4H); 12.25 {br, 1H) ppm.

Preparation of 2-(piperidinylmethyl)benzimidazoles 10; General procedure: A mixture of sodium
dithionite (24 mmol), sodium carbonate (43 mmol) and the corresponding benzimidazole derivative
(2 mmol) in water (125 ml) was refluxed under nitrogen for 15 h. The solution was then concentrated
to 90 ml and extracted with methylene chloride {4x50 ml), dried with magnesium sulphate and evapo-
rated to give a residue which was dissclved in ethancl and treated with a slight excess of bromic

acid. The dibromchydrate thus cbtained was recrystallised from ethancl.

ACKNOWLEDGEMENTS
Authors wish to thank to Comisifn Asesora de Investigacidn Cientifica y Técnica (C.A.I.C.Y.T)

by financial support.

REFERENCES

1. P. Actor, E. L. Anderson, and D. J. Dicusllo, Nature (London), 1967, ELE. 321.

2. C. Baeder, H. Bahr, and 0. Crist, Experientia, 1974, EEI. 573.

3, G, Atassi, C. Schauss, - and J. M. Tagnon, Eur. J. Cancer, 1975, ll. 609,

4. G. Atassi and J. M. Tagnon, Eur. J. Cancer, 1975, Ll‘. 509,

S. P. L. Langcake, P. J. Kuhn, and P. J. Wade, "Progress in Pesticide Biochemistry and Toxicology"

eds. by H. D. Hutson, and J. R. Roberts, 1983, wol. 3, p. 1-BB.




&.

10.

11.
12,
13.
14,
15.
16.
17.

1B.

19.

21.

J.

'

Alvarez-Builla, G. Quintanilla, C. Abril, and M. T. Gandasegui, J. Chem. Res.,6 1984, g.m

Alvarez-Builla, and J. Ezquerra, J. Chem. Soc., Chem. Comm., 1984, 54,

- J. Alvarez-Builla, F. Sanchéz-Trillo, and G. Quintanilla, J. Chem. Soc., Perkin Trans I,

1984, 2693.

J. Alvarez-Builla, J. L. Novella, E. Galvez, P. Smith, F. Florencio, 8. Garcia-BHlanco,

J. Bellanato, and M. santos, Tetrahedron, E, 599,

J. Alvarez-Builla, G. Gonzalez Trigo, J. Ezguerra, and M. E. Fombella, J. Heterocyclic Chem.,

1985, E,E. 681.

J. Ezquerra and J. Alvarez-Builla, J. Heterocyclic Chem., 1988, EE, 1151.

F. Krohnke and K. Gerlach, Chem. Ber., 1962, 1108.

A. J. Charlson and J. 5. Harington, Carbohydr. Res., 1975, 22' 383.

C. K. Hughes and F. Lions, J. Proc. Roy. Soc. N. 5. Wales, 1938, 31, 209.

A. Bloom and A. R. Day, J. Org. Chem., 1939, 4, 14.

F. Dersch and M. B. de Angelis, Bel.Pat., 524.463; C.A: 1963, 59, 2318.

Y. Kikugawa, Synthesis, 1381, 124.

J. Alvarez-Builla, E. Gilvez, A. M. Cuadro, F. Florencio, and 5. Garcia-Blanco, J. Heterocyclic

Chem., 1987, 2_j. a17.

P. E. Wittreich, K. A. Folkerss, and F. Robinson, U. 8. Pat., 3,066,777; C.A: 1963, E. 9087g ..

- A

Signar and E. Bordignon, Tetrahedron, 1968, Eﬁ. 6095,

H. Minato, S. Fujie, K. Okuma and M. Kobayashi, Chem. Lett., 1977, 1091.

Received, 11th January, 1988

— 1240 —




