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ABSTRACT

Smple and green methodol ogies for the syntheses of 2-styrylbenzimidazoles 3(a-c) and its N-alkyl derivatives 7(a-i)
have been developed. o-Phenylenediamine 1 was condensed with cinnamic acids 2(a-c) resulting in
2-styrylbenzimidazoles 3(a-c) using glycerol as a green and efficient solvent. 3 were also prepared alternatively by
the condensation of 2-methylbenzimidazole 4 with benzaldehydes 5(a-c) using glycerol as solvent.
2-Syrylbenzimidazoles 3(a-c) and 2-methylbenzimidazole 4 were alkylated independently to obtain
N-alkyl-2-styrylbenzimidazole ~ 7(a-i) and  N-alkyl-2-methylbenzimidazole 6(a-c)  respectively  using
DMSDESPhCH,CI applying green methods such as simple physical grinding of reactants in solid phase, treating
reactants in PEG-600 as a solvent in solution phase and using Microwave irradiation of reactants respectively.
7(a-i) could also be prepared, alternatively, by heating 6(a-c) with 5(a-c) in glycerol at 180°C for 3-4 hrs.

Keywords. 2-styrylbenzimidazoles, glycerol, alkylationsygltal grinding, Microwave irradiation and PEG-600.

INTRODUCTION

The development of green methods for syntheseargét compounds from easily available starting mageis a
major challenge to the present day organic chermishis category, glycerol mediafetireactions are very useful
for the synthesis of important heterocycles sucheagimidazoles which are known to possess a rahiglogical
activities' such as anti-hypertensiv&, antimicrobial’ and anti-cancer typ&s.Compounds that contain
benzimidazole skeleton exhibit significant activétgainst several viruses such as Bihérpes simplex virus type-1
(HSV-1)? influenzd® and human cytomegalovirus (HCMY).

Although many methods are available for the syrishefs2-substitutedbenzimidazolé$® not much work seems to
have been done to develop green synthetic metlwodeepare these types of compounds. Among the natable
green methods used in synthesis, solid phase sjatfé>*°solution phase synthesis using green sol¢&isd
Microwave techniqué$ are very important. In continuation of our earliawork on synthesis of
2-styrylbenzimidazole®® we now wish to report our studies on preparationd aN-alkylation of
2-styrylbenzimidazoles using green methodologies.
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MATERIALSAND METHODS

All the reagents used in this work were obtainesnfrommercial suppliers. Solvents were freshlyiltligt before
being used. Melting points were determined usiByehi Melting Point B-545 apparatus and are unatec: TLC
analyses were done on glass plates coated witla giel GF-254 and spotting was done using lodinelédvp. IR
spectra were recorded on a Perkin-Elmer model 4#&rument in KBr phaseH NMR were recorded in
CDCIy/DMSO using 400MHz Varian Gemini spectrometer arabsnspectra were recorded on LC-MS spectrometer,
model HP-5989A.

Scheme 1. Synthesis & N-alkylation studies of 2-styrylbenzimidazoles 7(a-i).
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Preparation of 2-styrylbenzimidazoles (3a-c) from o-phenylenediamine (1)
An intimate mixture of1(1.08 g, 10 mM), cinnamic acid®(a-c) (10 mM) and glycerol (10ml) was heated
at170-186C for 1hr. At the end of this period, the reactimixture was poured into ice cold water. The segarat

solid was filtered, washed with water and driede Thude products were recrystallized from suitaoleent to get
pure3(a-c).

Alternative preparation of 2-styrylbenzimidazoles 3(a-c) from 2-methylbenzimidazole (4). A mixture of 4
(1.32g, 10 mM), aromatic aldehyd®&-c) (10 mM) and glycerol (10ml) was heated at 170°C8for 3hr in an oil
bath. At the end of this period, the reaction migtwas cooled to RT, dissolved in isopropanol (9%mnd treated
with a solution of oxalic acid (1.5g) in isoprop&ibOml). Each of the oxalate salts2{a-c) obtained were filtered
and neutralized, independently, with agq\blpH of 8.0-10.0. The products were filtered, washéetth water, dried
and recrystallised using suitable solvent to ob3éénc).

Preparation of N-alkyl-2-styrylbenzimidazoles 7(a-i) from N-alkyl-2-methylbenzimidazoles 6(a-c). The
procedure is same as mentioned above for the siatbt8(a-c) from4.

N-ALKYLATION STUDIES

Prepar ation of N-alkyl-2-styrylbenzimidazoles 7(a-i) and N-alkyl-2-methylbenzimidazoles 6(a-c).

In solid phase (Physical grinding method). A mixture of3(a-c) or 4 (10 mM), KCO; (20 mM), TBAB (1mM) and

alkylating agent (10mM) were ground together indwjemtly for about 10-15 min in a mortar with a jpest RT to

obtain a homogeneous mixture. The latter was thesated with ice-cold water (~30-40ml). The sepata@id was

filtered, washed with water (2x10ml) and dried tbtain crude6(a-c) or 7(a-i) respectively, which were
recrystallized from a suitable solvent to obtaimgpi(a-i) or 6(a-c) respectively. For yields, please Sable-l1.

In solution phase (In PEG-600). A mixture of3(a-c) or 4 (LOmM), alkylating agent (10mM) and PEG-600 (20ml)
were taken to heat at 1 on water bath for 2 hr. At the end of this peritite reaction mixture was poured into
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ice-cold water. The separated solid was filteredshed with water and dried. The crude products were
recrystallized from suitable solvent to obtain ppoee7(a-i) or 6(a-c) respectively. For yields, please Sable-111.
Under Microwave irradiation condition. A mixture of 3(a-c) or 4 (10mM) dissolved in PEG-600 (10ml) and
alkylating agent (10mM) was added and taken inralXDEM-reaction tube sealed by rubber stopper abjested

to microwave irradiation for 5 min at 1%D in the commercial micro-wave reactor. After ththe tube was cooled
and the completion of reaction was checked by Théntpoured into ice-cold water. The separated soéd
filtered, washed with water and dried. The crudedpct was recrystallized from a suitable solvenolbtain pure
7(a-i) or 6(a-c) respectively. For yields, please Seble-1V.

Physical and Spectral Data of the obtained comp®anel given below.

1-Methyl-2-styryl-1H-benzimidazole (7a)(Table |, entry 3)

Yield (1.6g, 70%), m.p. 114-116 (Lit. m.p*® 112-114C), IR (KBr, cmi): 3010 (-CH=CH), 1624 (C=N}H-NMR
(400MHz, DMSO¢dg): 6 3.6 (3H, s, -N-CH)$ 6.9-7.0 (2H, ddtranssCH=CH), 6 7.1-7.3 (5H, m, aromatic)
7.2-7.7 (4H, m, aromatic); MSwz 249.13 (M). Anal. Calcd. for GHwN: C, 82.02; H, 6.02; N, 11.96 Found C,
82.12; H, 6.10; N, 11.99%.

1-Ethyl-2-styryl-1H-benzimidazole (7b)(Table |, entry 4)

Yield (1.6g, 68%), m.p. 158-180 (Lit. m.p?® 160-162C), IR (KBr, cm"): 3010 (-CH=CH), 1625(C=NYH-NMR
(400MHz, DMSOdg): & 1.5 (3H, t, N-C-CH),3 3.7-3.8 (2H, g, N-CH)$ 6.9-7.0 (2H, ddfrans-CH=CH), &
7.1-7.3 (5H, m, aromaticy, 7.3-7.7 (4H, m, aromatic) ; M®wz 249.13 (M). Anal. Calcd. for GHgN,: C, 82.22;
H, 6.49; N, 11.28 Found C, 82.42; H, 6.56; N, 1%30

1-Benzyl-2-styryl-1H-benzimidazole (7c) (Tablel, entry 5)

Yield (2.1g, 70%), m.p. 120-13a (Lit. m.p? 12¢C), IR (KBr, cm'): 3020 (-CH=CH), 1624(C=N)*H-NMR
(400MHz, DMSO¢dg): & 4.9-5.0 (2H, s, N-CH) 6.9-7.0 (2H, ddtranss=CH=CH), 5 7.0-7.4 (5H, m, aromaticy,
7.1-7.3 (5H, m, aromatic}, 7.3-7.8 (4H, m, aromatic) , M®¥z 311.15 (M). Anal. Calcd. for GHigN,: C, 85.13;
H, 5.85; N, 9.03 Found C, 85.16; H, 5.92; N, 9.79%.

1-M ethyl-2-(2-p-tolyl-vinyl)-1H-benzimidazole (7d) (Tablel, entry 6)

Yield (1.8g, 72%), m.p. 129-180 (Lit. m.p*® 128-136C), IR (KBr, cm'): 3010 (-CH=CH), 1625(C=NYH-NMR
(400MHz, DMSO¢g): 8 2.3 (3H, s, -CH)$ 3.6 (3H, s, N-CH)$ 6.9-7.0 (2H, ddtrans-CH=CH),$ 7.0-7.2 (4H, q,
aromatic),d 7.3-7.7 (4H, m, aromatic), M8vz 249.13 (M). Anal. Calcd. for GHi¢Ny: C, 82.22; H, 6.49; N, 11.28
Found C, 82.30; H, 6.55; N, 11.30%.

1-ethyl-2-(2-p-tolyl-vinyl)-1H-benzimidazole (7€) (Table |, entry 7)

Yield (1.8g, 70%), m.p 108-120, IR (KBr, cm): 3010 (-CH=CH), 1625 (C=N}H-NMR (400MHz, DMSO#):
8 1.5 (3H, t, N-C-CH)$ 2.3-2.5 (3H, s, -CH) 3.7-3.8 (2H, g, N-CH)$ 6.9-7.0 (2H, ddtrans-CH=CH), 5 7.0-7.2
(4H, q, aromaticp 7.3-7.7 (4H, m, aromatic) ; M®¥z 263. 35(M). Anal. Calcd. for GHgNy: C, 82.41; H, 6.92;
N, 10.68 Found C, 82.44; H, 6.98; N, 10.80%.

N-benzyl-2-(2-p-tolyl-vinyl)-1H-benzimidazole g?f) (Tablel, entry 8)

Yield (2.1g, 65%), m.p. 210-292, IR (KBr, cni"): 3020 (-CH=CH), 1624(C=N}H-NMR (400MHz, DMSO¢):

8 2.3-2.5 (3H, s, -CH)$ 4.9-5.0 (2H, s, N-CH)$ 6.9-7.0 (2H, ddtrans-CH=CH), 3 7.0-7.2 (9H, m, aromatic},
7.3-7.7 (4H, m, aromatic) ; MSwz 325.12 (M). Anal. Calcd. for gH,oN.: C, 85.15; H, 6.21; N, 8.63 Found C,
85.24; H, 6.28; N, 8.72%.

2-[2-(4-Chloro-phenyl)-vinyl]-1-methyl-1H-benzimidazole (7g) (Tablel, entry 9)

Yield (1.9g, 73%), m.p. 143-146 (Lit. m.p?° 142-143C), IR (KBr, cm'): 3010 (-CH=CH), 1625 (C=N}H-NMR
(400MHz, DMSO¢g): 6 3.6 (3H, s, N-CH)p 6.9-7.0 (dd, 2HfranssCH=CH), 8 7.3-7.8 (8H, m, aromatic); MS:
m/'z 269 (M). Anal. Calcd. for GH1sCINy: C, 71.51; H, 4.88; Cl, 13.19; N, 10.42 Found C,6D; H, 4.92; ClI,
13.30; N, 10.55%.

2-[2-(4-Chloro-phenyl)-vinyl]-1-ethyl-1H-benzimidazole (7h) (Tablel, entry 10)

Yield (1.9g, 70%), m.p. 136-188, IR (KBr, cm'): 3010 (-CH=CH), 1624 (C=N}H-NMR (400MHz, DMSO#):

8 1.5 (3H, t, N-C-CH)$ 3.7-3.8 (2H, g, N-CH)$ 6.9-7.0 (2H, ddtrans-CH=CH),$ 7.2-7.8 (8H, m, aromatic); MS:
m/z 283.7 (M). Anal. Calcd. for GH.sCIN,: C, 72.21; H, 5.35; Cl, 12.54; N, 9.91 Found C,302 H, 5.42;
N.9.99%.

N-benzyl-2-[(E)-2-(4-chlorophenyl)ethenyl]-1H-1,3-benzimidazole (7i). (Table I, entry 11) Yield (2.4 g, 72%),
m.p. >236C, IR (KBr, cnmi'): 3020 (-CH=CH), 1625 (C=N)}H-NMR (400MHz, DMSOdg): & 4.9-5.0 (2H, s,
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N-CH), 6 6.9-7.0 (2H, ddtrans-=CH=CH), 7.0-7.2 (5H, m, aromatic}, 7.3-7.8 (8H, m, aromatic); M®vz 345.42
(M") . Anal. Calcd. for gH,;,CIN,: C, 76.63; H, 4.97; Cl, 10.28; N, 8.12 Found C,706 H, 4.99; Cl, 10.35; N,
8.26%.

RESULTSAND DISCUSSION

Reaction of o-phenylenediaminel with cinnamic acids 2(a-c) in glycerol at 188C resulted in
2-styrylbenzimidazole8(a-c) (i.e., 3a, Ar=CgHs), (3b, Ar=C¢H4-p-Cl) and Bc, Ar= C¢H4-p-CHs) in good yields
(Table 1) and the products were identical with hes reported in earlier meth68% in all respects (m.p. m.m.p
and co-TLC analysis). 2-Methylbenzimidazole 4, whiwas prepared by Philip’s condensatioin which
condensation ofl with acetic acid using N HCI, on reacting with substituted benzaldehy8ésc) (i.e., 5a,
Ar=CgHs), (5b, Ar=CgH,-p-Cl) and 6c, Ar= CgH,-p-CHs) in glycerol at 170-18%C for 60 min, resulted in 3a-c
(i.e.,3a, Ar=CgHs), (3b, Ar=C¢H4-p-Cl) and @c, Ar= CsH,-p-CHz) in good yields Table 1)also identical with the
products obtained above in all respects (m.p. mandgco-TLC analysis).

N-ALKYLATION STUDIES

The N-alkylation of3(a-c) and4 and with alkylating agents such as dimethyl suph@®MS), diethyl sulphate
(DES) and benzyl chloride (PhGEl) in the presence of O;as a mild base and Tetrabutylammoniumbromide
(TBAB) as phase transfer catalyst, by a simple jglaygrinding of the reactants in a mortar with esfte under
solvent-free conditions for 5 min at RT, gave respely, N-methyl-2-styryl
benzimidazolefa,i.e.,R=CHs;,Ar=C¢Hs),N-ethyl-2-styryl  benzimidazole 76, i.e., R=CHs;, Ar=C¢Hs),
N-benzyl-2-styryl  benzimidazole 7¢, i.e., R=PhCHCI, Ar=CgHs), N-methyl-2-[(E)-2-(4-methyl
phenyl)ethenyl]-1H-1,3-benzimidazol;i.e.,R=CH,,Ar=C¢H4-p-CHs),N-ethyl-2-[(E)-2-(4-methylphenyl)ethenyl]
-1H-1,3-benzimidazol&g,i.e.,R=C,Hs, Ar=C¢H4-p-CHs),N-benzyl-2-[(E)-2-(4-methylphenyl)ethenyl]-1H-1k@nz
imidazole{f,i.e.,R=PhCHCI,Ar=CgH;-p-CHs),N-methyl-2-[(E)-2-(4-chlorophenyl)ethenyl]-1H-%,3
benzimidazole {g, i.e., R=CHs, Ar=CgH,;-p-Cl), N-ethyl-2-[(E)-2-(4-chlorophenyl)ethenyl]-1H3-benzimidazole
(7h, i.e., R=C,Hs, Ar=C¢H,4-p-Cl) and N-benzyl-2-[(E)-2-(4-chlorophenyl)ethenyiH-1,3-benzimidazole7(, i.e.,
R;=PhCHCI, Ar=C¢H,-p-Cl) respectively Table I1).

Compound4 on treatment with alkylating agents in the present K;CO;and TBAB under physical grinding
conditions in a mortar with pestle gave the proglubt-methyl-2-methylbenzimidazole6d, i.e., R=CH),
N-ethyl-2-methylbenzimidazole6l, i.e., R=GHs) and N-benzyl-2-methylbenzimidazoléc( i.e., R=PhCHCI)
respectively and these products were identical Withones prepared earfi&?® using conventional methods in all
respects (m.p. m.m.p and co-TLC analysigb{e ).

The N-alkylation reactions d(a-c) and4 were also carried out in PEG-600 as a solvent) bytheating at 10C
on a water bath and in Microwave method. Thus tb&tinent oB(a-c) and4, independently, with each of dimethyl
sulphate (DMS), diethyl sulphate (DES) and benmjpide (PhCHCI) in PEG-600 at 10T about 1 hr without the
use of any base, followed by simple processingegaspectivelyy (a-i) and6 (a-c) (Tablelll).

Compounds/(a-i) and 6(a-c) were also be prepared by an alternative methods, Bfa-c) and4 on reactions,
independently, with each of dimethyl sulphate (DM@gthyl sulphate (DES) and benzyl chloride (PRCH under
microwave irradiation conditions for 5-10 min antbsequent processing, gakéa-i) and6 (a-c) (Table V).

Tablel: Synthesisof compounds 3(a-c) and 7(a-i) from 1, 4 and 6(a-c) respectively.

S.No *Product R Time(h) | TemdC | ®Yield, % | M.PCC)[Ref]
1. | 3a(Ar=GHs) - 1 100 75 205[26]
2. | 3b(Ar=GH4sp-CHs) - 1 100 70 216-217[26]
3. | 3c(Ar=GH.-p-Cl) B T 100 73 222[26]
4. | 7a(Ar=GHs) CH; 3 160 70 114-115[26]
5. | 7b(Ar=GHs) CHs 3 170 68 158-160
6. [ 7c (Ar=GHs) CH,Ph 3 170 70 120-121[29]
7. | 7d(Ar=GHsp-CHs) [ CH; 3 170 72 129-130[26]
8. | 7e(Ar=GH,p-CHs) | CiHs 3 170 70 108-110
9. [ 7f(Ar=GsHsp-CHs) [ CH,Ph 3 180 65 210-212
10. | 7g(Ar=GH4-p-Cl) CH; 3 175 73 143-145[26]
11. | 7h(Ar=GH.-p-Cl) CHs 3 175 70 171-172
12. | 7i(Ar=GH4-p-Cl) CH,Ph 3 180 72 >230

3All the products were characterized by "TH-NMR, IR and Mass spectral data and comparison with the authentic samples available or prepared
according to reported methods.
PYields refersto Isolated Yields.
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Tablell: N-alkyl/aralkylations of compounds 3(a-c) and 4 using Solid phase synthesis. (by smple physical grinding).

Solid-phase(Simple
S.No | Substratg  Reagent Produ LrimePhysmal grinding)
| Temp®C | Yield” %
(min)
3a DMS 7a 5 RT 80
1 (R=CHy) DES 7b 5 RT 78
Ph-CHCI 7c 10 RT 90
3b DMS 7d 5 RT 80
2 (R=OH) DES 7e 8 RT 75
Ph-CHCI 7f 10 RT 78
3¢ DMS 79 6 RT 90
3 (R=C)) DES 7h 10 RT 80
Ph-CHCI 7i 10 RT 78
DMS 6a 5 RT 80
4 4 DES 6b 10 RT 78
PhCHCI 6¢C 10 RT 80

All the products were characterized by *H-NMR, IR and Mass spectral data and comparison with the authentic samples available or prepared
according to reported methods.
"Yields refersto the isolated yields.

Tablelll: N-alkyl/aralkylations of compounds 3(a-c) and 4 using PEG-600 as solvent. (Solution Phase).

S.No | Substratg Reagent °Product| Green solvent (solution phase) in PEG-600

Time, Temp, - 14D

o DMS 7a (min) oc Yield",%
1. (R=CHb) 60 100 82
DES 7b 80 100 75
PhCHCI 7c 130 100 72
3b DMS 7d 60 100 80
2. (R=OH) DES 7e 60 100 70
PhCHCI 7f 130 100 75
3 DMS 79 60 100 83
3. (R=C)) DES 7h 60 100 76
PhCHCI 7i 120 100 78
DMS 6a 60 100 73
4. 4 DES 6b 80 100 75
PhCHCI 6C 120 100 68

3All the products were characterized by "H-NMR, IR and Mass spectral data
and comparison with the authentic samples available or prepared according to reported methods.
"Yields refersto the isolated yields.

TableV: N-alkyl/aralkylations of compounds 3(a-c) and 4 using M.W. technique.

S.No | Substratg Reagent Prodyct Microwave irraghati
Time, | Temp, s 1D

DMS 7a | (min) o | Yield"9%

L | meen) 3 | 100/450] 88
DES 7b 5 100/450 80

PhCHCI 7c 5 100/450| 75

3b DMS 7d 5 100/450] 80

2. (R=OH) DES 7e 5 100/450 78
PhCHCI 7f 5 100/450 75

3¢ DMS 79 5 100/450 88

3. (R=Cl) DES 7h 5 100/450 78
PhCHCI 7i 5 100/450 75

DMS 6a 3 100/450 90

4. 4 DES 6b 5 100/450 85
PhCHCI 6¢C 5 100/450 82

3All the products were characterized by "H-NMR, IR and Mass spectral data
and comparison with the authentic samples available or prepared according to reported methods.
PYields refersto the isolated yields.

CONCLUSION

In conclusion, green and simple syntheses of 2Aftsnzimidazoles3(a-c) and their N-alkyl/aralkyl derivatives
(7a-i) were described. It appears from this study thae@rsyntheses using solvents such as glycerol BGd@20
and eco-friendly methods like solid phase synthgig/sical grinding) and Microwave irradiation givéetter
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yields, quality and in less reaction time the pridwver conventional methods. The entire sequehceactions
shown inScheme-1 has been carried out using eco-friendly solventsgreen conditions.
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