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ABSTRACT

A simple, rapid, efficient and environmentally benign route has been developed for the synthesis of
Nalkylbenzimidazoles3(a-k) by the reaction of 2-substituted 1H-benzimidazoles 1(a-k) with different alkylating
agents 2 using triethanolamine as solvent under ultrasonic irradiation. This method provides several advantages of
being completely green, giving high yields, environmentally benign and minimizing the use of hazardous sol vents.
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INTRODUCTION

The use of ultrasonic waves is a convenient tectnig organic synthesis[1], its development inphst few years
has been considerably increased to know its mesimaf action inside the reaction flask[2,3]. Selvapplications
in organic synthesis have made sonochemistry tteatd many researchers[4] and it is increasingigd inorganic
synthesis[5,6]. It has proved to be a great toal ifoproving yields and decreasing the reaction fithe
Benzimidazoles are an important class of heterazy@mmpounds, several derivatives of which werentbto
beuseful intermediates/subunits for the developmarit molecules of pharmaceutical or biological
interest[8].Substituted-benzimidazole derivativewéh got diverse applications in therapeutic aremh |s anti-
ulcerous, antihypertensive,anti-viral, antimicrdp&ti-histaminics, anti-cancetc. to name only a few[9-14].Phase
Transfer Catalysts (PTC) applied successfully to geeat variety of N-alkylation reactions of N-
containingheterocyclic compounds. In continuatioh aur earlier work[15-18] on the synthesis of N-
alkylbenzimidazolederivatives, we now would like report the preparation of the title compounds urmease
transfer catalyst(PTC)-free conditions. without using any PTC, in triethanolamine (TEOA)green solvent at
room temperatureunder the irradiation of ultrasoand also under conventional methods. The effecitcdsound
on % vyield andreaction time has been studied amddme is presented in this communication.

MATERIALSAND METHODS
Melting points are uncorrected and are determinezpen capillary tubes in sulphuric acid bath. Twé&sperformed

on silica gel-G and spotting was done using iodin&V light. IR spectra were recorded using Peikimer 1000
instrument in KBr phaséH NMR on VARIAN 400 MHz instrument™*C NMR on BrukerAvance 75MHz and
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Mass spectra on Agilent-LC-MS instrument giving yor1™+1 or M"™-1 values. (1H-benzimidazole-2-yl)-
acetonitrile was prepared based on the syntheticepiure available from the literature[22]. Trietb@mine,

acetonitrile, DMF, PEG-600, ££0O; and tetrabutylammoniumbromide was purchased fromneercial suppliers.
Ultrasound for sonication is generated with thephef ultrasonic instrument. The specifications, ragiag

parameters and the details of the set-up are lsvilMake: China; operating frequency: 36+_3 kRated output
power: 700 W; Tank size: 240mm x 135mm x 100mm.

Synthesis 1-(1-M ethyl-1H-benzoimidazol-2-yl)-ethanone using sonochemical method (1a): To a mixture
oftetrabutylammonium bromide (PTC, 0.2 gm)d; (1.4 gm, 10 mM) and. (1.6 gm, 10mM) in CKECN (10
mL),dimethylsulphate (1.2 mL, 10 mM) was added ursimication, by keeping all sonication parametersstant
tillthe completion of the reaction. The reactiorogness was monitored by TLC; after 10-12 min, thaction
wasfound to be completed. The mixture was filteaed the insoluble material washed with LN (2x5 mL).
Theacetonitrile filtrate was evaporated to dryresg the residue treated with chloroform (25 mLyg tihloroform
layerwas washed with water (3x30 mL) and evapordtediryness to give2. The obtained crude product
wasrecrystallised using ethyl acetate as solvenbtain pure light yellow coloured (N-methylbenzitazole-2-yl)-
acetonitrile The reaction time was confirmed byeajng the procedure for three more times.Yield52m, 89%;
M.P = 71°-73°C.

Synthesis of (1-(1-M ethyl-1H-benzoimidazol-2-yl)-ethanone by using triethanolamine as solvent as well asbase
in sonochemical method: To a solution ofl (1.6 gm, 10mM) in triethanolamine (10 mL), dimethylpbhate(1.2 mL,
11mmol) was added under sonication and the sameavasmued for about 4 min keeping all sonicaticapaeters
constant till the completion of the reaction. Tkagation progress was monitored by TLC; after 6-8,the reaction
was found to be completed. The reaction time wasircroed by repeating the procedure for three mores, rest of
the reaction workup is same as followed as aboeéd¥s 1.64 gm, 96%; M.P = 71°-73°C.

Synthesis of 1-(1-M ethyl-1H-benzoimidazol-2-yl)-ethanone using conventional method: To a mixture
oftetrabutylammoniumbromide (PTC, 0.2 gm);GO; (1.4 gm, 10 mM) and. (1.6 gm, 10mM) in CHCN (20
mL),alkylating agent dimethylsulphate (1.2 mL, 1Mjnwas added and continued stirring for 3 hr at RT.
Aftercompletion of the reaction (monitored by TL@)e mixture was filtered and the rest of the rieactvorkup is
sameas followed as above. Yield = 1.31 gm, 77%; MMR°-73°C (Lit. M.P = 134°C).

Spectral data:

1-(1-Methyl-1H-benzoimidazol-2-yl)-ethanone(1a): Dimethylsulphateis used as alkylating agent. Yellowcolored
crystalline solid; mp 71-73°QR (KBr, cm™): 1693 (strong, shar=0). '"H NMR (300 MHz/DMSOd6/TMS)3,
ppm: 2.83(s, B, -COCH5), 4.07(s, B, N-CH3), 7.3-7.85(complex m,H, aryl protons).**C NMRspectrum(75
MHz, CDCE), 5, ppm: 27.1(€OCHs), 32.2(NCH,), 110.32, 121.66, 123.55, 125.70(four arylcarbpigp.70,
141.40, 145.94(three quaternary carbons), 19312(- MS: m/z: 174(19.3), 146(48.6), 132(30.6),13D)10
105(15.77), 104(27.2); Elemental analysis(%) calmd for GoH,oN,O: C, 68.95;H, 5.79;N, 16.08.FoundC,
70.02;H, 5.85,N, 16.20.

1-(1-Ethyl-1H-benzoimidazol-2-yl)-ethanone (1b): Diethylsulphateis used as alkylating agent. Light
yellowcolored crystalline solid; mp 81-83°GR (KBr, cm™): 1688 (strong, sharpC=0). 'H NMR (300
MHz/DMSOd6/TMS):3, ppm: 1.42(t, Bl, -CH,CH3, J=8 Hz) , 2.85(s,1, -CO3), 4.57(q, M, N-CH,CHjs, J=8
Hz), 7.25-8.05(complex m,H} aryl protons).**C NMR spectrum(75 MHz, CDg), &, ppm: 15.62(-CHCH,),
28.21(-CQCH3), 40.65(NCH,CHz), 110.72, 122.16, 123.85, 126.50(four aryl carbon$36.21, 141.80,
145.84(threequaternary carbons), 193.Q2(; ms: m/z: 189(9.5), 187(13.5), 174(11.7), 17484.160(33.3),
159(5.6),146(18.8), 145(87), 143(6.8), 132(53.31(99.4); Elemental analysis(%) calculated faiHz,N,O: C,
70.19;H,6.43;N, 14.88. FoundC, 70.33;H, 6.52;N, 14.96.

1-(1-Benzyl-1H-benzoimidazol-2-yl)-ethanone (1c): Chloromethyl-benzene is used as alkylating agent.
Lightbrown colored powder; mp 102-104R (KBr, cm®): 1698 (strong, sharpC=0). *H NMR (300
MHz/DMSOd6/TMS)5, ppm:2.85(s,3H, -COE3), 5.87(S, M, benzylic protons), 7.28-8.1(complex ntl Sfour
aryl and fivephenyl protonsf?C NMR spectrum(75 MHz, CDg), 8, ppm: 28.25CHs), 48.63(-NCH,), 111.18,
112.18, 113.78,121.99, 123.96, 126.44, 126.75,71272.28.71, 136.66, 141.6, 145.65(six benzeneaangons, six
phenyl ringcarbons and one quaternary imidazoldagr 193.1C=0). ms: m/z: 249(100), 248(20), 207(29),
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118(44), 91(59).Elemental analysis (%) calculatadd;¢HsN,O: C, 76.78;H, 5.64;N, 11.19. FoundC, 76.88; H,
5.67; N, 11.26.

1-(1-Benzenesulfonyl-1H-benzoimidazol-2-yl)-ethanone  (1d): Benzenesulfonyl chloride is used as
alkylatingagentBrown colored crystalline solid, mp 92-9& (KBr, cm™): 1705 (strong, sharG=0), 1498(sharp,
S=0). 'HNMR (300 MHz/DMSO-d6/TMS, ppm:2.81(s, B, -OCH3), 7.3-8.4(complex m, 19, four aryl and five
phenylprotons)*C NMR spectrum(75 MHz, CDg), 5, ppm: 28.88CH3), 114.33, 121.9, 123.77, 125.44, 126.47,
127.77,128.05, 129.14, 133.89, 134.66, 138.24,01411.48.55(six benzene ring carbons, six pheny darbons
andquaternary imidazole carbon), 19103Q). ms: m/z: 300(30), 145(18), 132(14), 118(100%1(9.8),
77(18).Elemental analysis (%) calculated for C15N2@3S:C, 59.99;H, 4.03;N, 9.33. FoundC, 60.22;H, 4.06;

N, 9.44.

1-[1-(Toluene-4-sulfonyl)-1H-benzoimidazol-2-yl|ethanone(1€e): 4-Methylbenzenesulfonyl  chloride used as
asalkylating agent Light brown colored powder, m-190, IR (KBr, cm®): 1695 (strong, sharpC=0),
1480(shars=0). 'H NMR (300 MHz/DMSO-d6/TMS)3, ppm: 2.40(s, A, phenyl G3), 2.8(s, #, -COCH,),
7.2-8.3(fouraryl and four phenyl protonsfC NMR spectrum (75 MHz, CD@)L 5, ppm: 21.75(phenyl, -C},
28.90(-COCH),114.32, 121.96, 125.33, 127.66, 128.22, 129.83.3D, 135.10, 141.05, 146.11, 148.55(six
benzene ring carbons,six phenyl ring carbons arel queternary imidazole carbon), 192080). ms: m/z:
314(70.6), 250(13), 249(18),160(19.6), 155(92.645(8.7), 139(7.7), 132(14.3), 131(7), 118(44.1),(192.
Elemental analysis (%) calculatedfossB8,4N,05S: C, 61.13;H, 4.49;N, 8.91; FoundC, 61.26;H, 4.52;N, 8.99.

RESULTSAND DISCUSSION

In our earlier communication[19], we reported tNemethylation of 1-(1H-benzoimidazol-2-yl)ethanoda
usingtetra-n-butylammonium bromide(TBAB) as PTGCK; as base and dimethylsulfate as alkylating agent
inacetonitrile solution which resulted in 1-(1-m@thH-benzimidazol-2-yl)-ethanon®a in 76% yields. The
reactiontime of conventionally synthesipedduct 3 was 3-4 hrs. When the same reaction was carried out
sonochemically,the reaction time was just 3-6 nmid the yield obtained was 91%.By the results obthim both
conventional and sonochemical method, to studyrthe of PTC in the abovereactida, conventionally we
replaced TBAB by using PEG-600 and triethanolanaeePTC. When PEG-600used as PTC and acetonitrile as
solvent yield obtained was 72% and triethanolansisd”TC yielded 75%. Resultsobtained were almostasimas
reported earlier. Later PEG-600 and triethanolamiees also tried directly as solventand also as Pyi€ld
obtained with PEG-600 was 85% and triethanolamiae 87%, which were in highercompared to the reactane
using acetonitrile as solvdiitable-1).But, when the same reactida(to 3a) carried out under ultrasound irradiation,
yields obtained by replacing theTBAB with PEG-6089/83% and in triethanolamine was 94% respectivblgre
acetonitrile used as solvent,which were comparbtibgher than the results obtained by using TBABRIC.
When PEG-600 used as PTCand also as solvent yitdihed was 94% and in triethanolamine it yield&e9

Table-l1: Methylation of 1a under conventional and ultrasonic method using different solvents

Co?r:/;rr\]t(ljznaj Ultrasound Irradiation
Entry Solvent PTC  ITime | vied | Time Yield Product
(hrs) | (%) (min) (%)
o) TBAB 3 76 9 91
§ CHCN - PEceoc | 6 | 72 6 92 CHag
CH N(CH:OH): | 23 | 75 5 94 N
N/ 3 | PEG-600 None 23| 85 15 94 ) CHs
1a N(CzH4OH)3 None 3 87 4 96 N

Triethanolamine and PEG-600 used as solvent as a®llPTC resulted in good yields. Among both,
(N(C,H,OH);)worked more efficiently in terms of external bdese, external phase transfer catalyst-free and
external solventfree, but when PEG-600 is usedl®ist cum PTC the use of base was mandatory fioptation

of thereaction(able-1). Temperature variation studies were not carriet] €ince our aim was to find out the effect
ofultrasound in N-alkylations. The temperature waaintained at room temperature throughout the i@act
inconventional method as well as in sonochemicahote
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Table-1: Reactionsdone under ultrasound irradiation using triethanolamine as solvent

Conventional .
method Ultrasound Irradiation
SNo | Entry Reagent Time | Yield | Time Yield Product
(hrs) | (%) (min) (%)
CH,
o
1 1b Diethyl sulphate 3 81 4 96 N
/ CH3
N
Ph
cl (o
2 1c 3 87 6 95 N
Cry o
N
Ph
Q\S _Cl O=d_,
3 1d S 23 | 65 6 93 N O
()% (I
N CHg
CHs
Q_cl
4 P 3-4 69 5 95
e © Oss30
H3C @EN (0]
7
N CH3
CHs
5 12 Dimethyl sulphate 3 81 4 96 N
- i
N CN
//CH3
6 19?2 Diethyl sulphate 2-3 85 5 94 N:
/
N CN
Ph
Cl
7 1h?Z 1-2 65 5 94 N
N I
N CN
CHa
8 | 1 Dimethyl sulphate 3 81 4 96 N
/>_CH3
N
H,c~CHs
!
9 1j2 Diethyl sulphate 2-3 85 5 94 N
)—CHs
N
~Ph
cl Ha
10 | 1K% 1-2 65 5 94 N
Lo
N

In optimized conditions, we screened the reactibrallkylating agents with 1H-2-substitutedbenzimiolas in
avariety of solvent-PTC reaction system. From #miits shown inable-1, the optimized reaction conditions dre
+2 + (N(C,H,4OH)3) under sonication, time of reaction being 6-12 mins.
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N\ TOH

HO" N
OH
H R
©:N>_ Alkylating agents (2) N

~»—R ] R

N ») AtRT 6-10 min N/>_ '
1) 3)
R1= -COCH(;, -CHzCN, Rzz -CH3, -CHQCH(;, -CHzPh, -SOzPh, -%zPh-p-CHg

Scheme 1

This reaction was found to be general and extenidedther alkylating agents and also with 2- Cyanityie
benzimidazolelable-I1). The products obtained were compared with liteetalues[20].

Recyclability of Triethanolamine

After carrying out the reaction, the mixture wastragted with diethyl ether [note: the solubility of
Triethanolaminein diethyl ether is approx 1.2-1.4825C[21],where the product obtained were insolubldigthyl
ether. Extractedtriethanolamine was separated asthed successively withEx (2x5 mL) and hexane (5 mL) in
order to removeadsorbed organic substrates. Triethminei.e. leftover solvent was reused directly without furthe
purification formore runs.

CONCLUSION

Based on the above work, it is obvious that ultmasbirradiation can speed up the reaction time iantkases
thepercentage (%) yields of the produces N-alkyl 2-substitutedbenzimidazoles. Compared witiditional
stirringmethods, ultrasonic irradiation is more eenient and efficient. More importantly, the alkyda reaction
wascarried out in triethanolamine which is freenfrexternal base, external phase transfer catahgteaternal
solventand also a reusable green solvent in seaction times

Acknowledgments

The authors are highly indebted to CSIR, Govtldia, New Delhi, for the award of Senior Resedfeflowship
(SRF) & financial support. They are also thankfolthe authorities of J N T University(Hyd.) for piding
laboratory facilities.

REFERENCES

[1] Rostamnia S & Kamran LS9ynthesis, 2011, 11, 3080-82.

[2] (@) David A B & Yuri M T, Physical Methods and Instrumentation, Vol- 4. (b) Frederick J RUItrasonic
Engineering,John Wiley,1965, Ch. 4.

[3] (@) Ruren X, Wengin P &Qisheng Nodern Inorganic Synthetic Chemistry, 2010, 487.

(b) Curie J & Curie PCompt.Rend, 91, 1880 294.

[4] () Russell J P & Smith M, Sonic energy in mssing,Advances in Sonochemistry, T. J. Mason (ed.), JAI
Press,Stanford, USA, 3999, 279 + 302.

(b) Schneider D, Construction of a high performaneactor,Ultrasound inEnvironmental Engineering, TUHH
Reports on Sanitary Engineering, 2999, 101.

(c) Kawabata K &Umemura Bltrasonics, 31,1993, 457.

[5] Bendale A R, Darshan K, Damahe D P, Sushil PAN] G J and Vidhyasagar Ger ChemicaSnica, 2(2),
2011, 20-24.

[6] Magaghani M &Dastmard $JItrason. Sonochem.,16, 2009, 237.

[7] Srivastava R M., Filho R A W N, Silva C A &Batuzzi A, Ultrason. Sonochem., 16,2009, 737.

[8] (@)M.C. Sharma, D.V. Kohli, S. Sharma, A.D. 8ha. Der Pharmacia Sinica, 2010, 58.

(b)M.C. Sharma, D.V. Kohli,S. Sharma, A.D. Sharibar Pharmacia Sinica, 2010, 82.

(c)M.C. Sharma, D.V. Kohli, S. Sharma, A.D. SharmarPharmacia Sinica, 2010, 124.

(d)J.S. Yadav, Y.K. Srivastava. Der ChemicaSiniga,2011, 1. (e)Christina Rubina S P, Shameela R and
Venkatraman B RDer ChemicaSnica, 3(4),2012, 929-934.

340
Pelagia Research Library



K. Srinivasand P. K. Dubey Adv. Appl. Sci. Res., 2014, 5(3):336-341

[9] Patil A, Ganguly S &Surana 3, Chem. Sci., 122,2010, 443-450.

[10] Sharma M C, Kohli D V, Smitha S and Sharma AAdvances in Applied Science Research, 1(1),2010, 101-
112.

[11] Tonelli M, Simone M, Tasso B, Novelli F, Boidg Sparatore F, Paglietti G, Pricl S, Blois S,dbb &Sanna
CBioorg. Med. Chem., 18,2010, 2937-2953.

[12] Sarmah K N, Kurmi K B and Patel T ¥dvancesin Applied Science and Research, 3(3), 2012, 1459-1462.
[13] Shaharyar M, Abdullah M M, Bakh M A &Majeed,Bur. J. Med. Chem., 45,2010, 114-119.

[14] Goker H, Kus V, Boykin D W, Yildiz S W &Alta@r N, Bioorg. Med. Chem., 13,2005, 1587-1597.

[15] Dubey P K, Prasada Reddy P V V& SrinivasS¢hth. Comm., 37,2007, 1675.

[16] Dubey P K, Prasada Reddy P V V& Srinivasliétt. Org. Chem., 4,2007, 445.

[17] Dubey P K, Prasada Reddy P V V& Srinivas&kivoc, (xv), 2007, 192.

[18] Dubey P K, Prasada Reddy P V V& Srinivas3gnth. Comm., 38,2008, 619.

[19] Dubey P K &Prasada Reddy P V $§nth. Comm.,37, 2007, 2259-2262.

[20] Dubey P K, Ramanatham J & Ramesh Kurhadian J Chem., 39B,2000, 867-871.

[21] Hong Ji Li & Lei WangFEur. J. Org. Chem., 22,2006, 5099- 5102.

[22] Ralph A B, Copeland & Allan R. Day, Am. Chem. Soc., 65(6), 1943, 1072-1075.

[23] Kondal Reddy K, SubbaRao N V, Alkylation andilaylation of N-heterocycles, Proceedings of thdian
academyof sciences, Vol-4968.

341
Pelagia Research Library



