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Absfract: The regioselectivities were detem~incd for alkylations of 4-methyl-, Z+dimetiyl-, 2-amino+methyl-, 2- 
chloro-4-m&yl-. 2-ethoxy4-methyl-benzimidaxole, and 4-methylbenzimi (as anions in dimethylformamide) 
with a variety of primary alkylating agents. These M/N3 regioselectivitiea are corn&ted with the second order rate 
consmnts for benzylation (benayl chloride / dimethylfamamide / 30”) of these he.terocyclic anions under commble 
conditions. Altering the alkylating agent, R’CIQCI. causes movement along the loose-tight axis of SN~ transition 
state s@uctu~ and produces substantial changes in regioselectivity. Variations along the early-late SN~ axis. caused 
by altering the Zsubstituent in the 2-R4-methylbenximidaxole anions, are much less effective in inducing changes in 
alkylation regioselectivity. The combined results are consistent with dominant ‘steric approach control’ for the 
alkylations, where dte magnitude of the s&tic effect is critically dependent on the length of the developing N - - - C 
bond in the variable geometry SN~ alkylation transition states involved. Unequal steric effects of P-substituents on 
Nl and N3 alkylations and their variation with alkylating agent are explained by invoking the geometry of roughly 
conical ‘approach corridors’ to the nitrogen alkylation sites. Temperahue effects on these re@osekctivities are small 
for most systems. 

As part of our continuing investigations of ambident heterocyclic reactivity, we have been studying the 

factors controlling regioselectivity in the alkylation of purinel, pyrrolopyridine &&dole)2 and benzimidazole3 

ring systems. In benzimidazole alkylations, monosubstitution at the relatively remote S(6)-position induces 

only slight regioselectivity, varying from 55:45 to 4654, between the competitive Nl and N3 sites by through- 

bond electronic effects.3 In the alkylation of 4(7)-monosubstituted benzimidazole systems far more divergent 

results are obtained, with Nl/N3 regioselectivity varying between 100:0 and 21:79.3 These latter alkylation 

patterns are indicative of competitive electronic, electrostatic field, and steric effects, with specific association 

effects also important in certain cases. The interplay between the electrostatic field and non-bonded steric 

interactions are governed by the variable geometries of the SN~ transition states involved. in particular by the 

N - - - C distance of the developing N-alkyl bond. Such variable SN~ transition state geometries are 

conveniently described by More O'Ferrall - Jencks diagrams4 which allow the effects of structural variations to 

be discussed in terms of movement along orthogonal early-late and loose-tight axes.5 

For the alkylation of 4methylbenzimidazole anions (2a) by various primary alkyl chlorides, alkylation at 

the less hindered Nl site is favoured in all cases, but the Nl/N3 regioselectivity [(4a)/(3a)] was found to 

decrease from 86: 14 to 57:43 as the transition state was changed from tight (phenacyl chloride) to very loose 
Cphenoxymethyl chloride).3 This represents a clear example of ‘steric approach control’6 within variable sN2 
transition states induced by so-called ‘perpendicular’ effects7 (movement along the loose-tight axis). In order 
to investigate the sensitivity of these sN2 reactions to movements along the orthogonal early-late axis, we 
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decided to study the allcylations of a series of 2-substitute&&methylbenzimidazoles (1, R + I-I) as their anions 

(2b - f). The 2-substituents, being symmetrically disposed with respect to the Nl and N3 sites of 

benzimidazole anions, should not cause steric differentiation between the competitive N-alkylation sites, but 

may be expected to alter the nucleophilic reactivity of the benzimidazole system by their electronic effects. 

Such reactivity modification should induce movement along the early-late axis according to the well accepted 

Bell-Evans-Polanyi (BEP) analysis8 and Hammond’s Principle 9. These latter concepts underpin our 

understanding of the widely used Hammett 10 and Brenstedlt relationships between pXa and nucleophilic 

reactivity observed in many nitrogen hetemcyclic systems.12 
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In the current study, we have determined the regioselectivity of alkylation of anionic 2-substituted-4- 

methylbenzimidazoles (2a - fj in N,N-dimethylformamide at 30” using a standard range of primary alkyl 

halides (see Table 1). These results are correlated to changes in the measured second order rate constants for 

benzylation under comparable conditions and interpreted within the context of modem concepts of ambident 

nUCkOphik2 reactivity13 and variable geometry SN2 transition StatCS5*14. 

RESULTS and DISCUSSION 

Extensive studies have shown that alkylation of pyridine-type nitrogen sites in hetemcycles is sensitive to 

steric retardation by substituent groups on adjacent sites. 1s This has been particularly well demonstrated in 

alkylations of 2-mono- and 2,6_disubstituted pyridines, and related 2-substituted quinolines.*6-18 In 

benzimidazole systems, the steric effects of a 4-methyl group are well established to direct alkylation 

preferentially to the less hindered Nl site. 3 Equilibration of isomeric Nl- and N3-benzyl-4-methyl- 

benzimidazolelc (4a + 3a, R’ = QHsCH2) under acidic conditions in dimethylformamide established a 
thermodynamic preference of 99:l (AAG”,vl/,v3 15.2 k.I mol-l) for the Nl-benzyl system over its congested N3 

isomer.3 This steric interaction is moderated by the elongated N - - - CHzR interaction in the SN~ alkylation 

transition states, with alkylation of 4-methylhenzimidazole anions (2a) showing Nl/N3 regioselectivity varying 

from 58:42 to 87:13 over an extended range of primary alkyl halides, see Table 1. This corresponds to a 
variation in AAGS of from 5% to about 30% of the final thermodynamic preference, AAG”N~/,~~. as the 

transition state varies from very loose to tight respectively (assuming the Nl- + NS-benzyl equilibration 
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AAG’N~/~ 15.2 k.I mol-1 value is reasonably valid for all five N-alkyl pairs). These results am consistent 

with previous studies of heterocyclic alkylations. For example kinetic isotope effectsgo and Bransted 
coefficients of p = 0.3 to 0.4 for Menschutkin reactions in pyridlne systemsl7~*1 indicate relatively early 

transition states (for simple alkylating agents), with developing N - - - C bond distances estimated* at about 
1.81 A, 22% longer than the final N--C bond (1.48 A). The amount of steric strain (AH+) in the transition 

states for quatemization of pyridines bearing a-all@ substituents is, however, estimated to be about two-thirds 

of that in the tinal quaternary salt2 

Table 1 Alkylation of 4-Metbyl- and 2,4-Diiethyl-benzimidazole Anions (Dllethylformamr ‘de, 30’) 

Alkylu 
loose 

CaHsCI$OCH&l 
C6H5CI$Cl 
CH&CII#l 
(CH,),CGCOCH$l 
C,H,COCH&l 

QMethylbenz- 
imidazole anion (2a) 
Nl N3 AAGS 

58 42 0.8 
78 22 3.2 
83 17 4.0 
85 15 4.3 
87 13 4.7 

2.4~Diiethylbenz- 6S 
imidazole anion (2b) 

Nl N3 AAGS (AAGt2u - AAG&) 

85 15 4.5 3.7 
97 3 8.9 5.7 
95 5 7.4 3.4 

>99 cl >12.0 >7.7 
>99 <l >12.0 >7.3 

and N3 figures are 96 of total alkylated product as de&mined by lH n.m.r. spectroscopy. 
AAG* = -RT ln(N3%/Nl%) W mol-l. 

The mild electron donation effect of a 4-methyl substituent causes an slight increase in the basicity of both 
the uncharged (tautomeric) and the anionic forms of benzimidazole (see pKa values in Table 2). This causes a 
slightly enhanced nucleophilicity as seen in the almost doubling of the benzylation rate at the Nl-site in 4- 
methylbenzimidazole compared to the rate at a single site of unsubstituted benzimidazole anions (see Table 2). 
The 4-methyl substituent effect on the benzylation rate at the more hindered N3-site is, however, a reduction to 
about 40% of the parent single site rate. These rate effects compare closely with the relative methylation rates 
(Me1 / MeCN / 30’) for pyridine (rel. rate l), 4-methyl- (rel. rate 2.22) and 2-methyl-pyridine (rel. rate 0.50).‘7 
These results, together with the observed regioselectivity of these alkylations, see Table 1, confirm the 
dominance of ‘steric approach control’ in reactions on this system, with the extent of the control being 
determined by the length of the developing N - - - C alkyl bond in the (variable) sN2 transition state. 

The addition of a further methyl substituent in the 2-position causes another increase in the basicity, a 

further slight reduction in the total alkylation rate, see Table 2, and a substantial alteration in the regioselectivity. 
Although the 2-methyl substituent is symmetrically placed with respect to the competitive Nl- and N3-sites, the 

steric effects of retarding alkylation at the two sites are clearly unequal. The extra 2-methyl group slightly 
retards benzylation at the Nl-site suggesting a small steric retardation almost balanced by an inductive 

activation, c$ the pKa data. The steric effect at the more congested N3-site is, however, a IO-fold reduction in 

the benzylation rate (Table 2) compared to the reaction at the Nfsite of 4-methylbenzimidazole anions. This 
uneven steric effect results in an enhanced regioselectivity for alkylation of 2,4-dimethylbenzimidazole anions 

(2b) over the 2-unsubstituted system (2a). see Table 1. The extent of this enhancement is, moreover, 
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dependent on the alkylating agent, with tighter transition states showing greater effects as measured by the 
differential selectivity parameter, 6s = (AAG*~,~_M~ - AAG&M~). The graduated steric effect can be 
understood in terms of substituent interference on roughly conical ‘approach conidom’ a, as supported by 3D 
molecular electrostatic potential maps 24 and by other molecular orbital calculationsg~. The constriction 
imposed by the symmetrically placed 2-methyl group has a greater impact on the narrower N3-approach 
corridor (roughly 47trg cross sectional area dependence) than on the broader Nl-corridor, see Diagram 1. 
Furthermore this constriction should produce a larger percentage effect on (&t - rz,v3) for the tighter 
transition states, with their shorter N - - CHg distances and hence narrower corridor cross sections. This is 
manifest in the increasing (AAG$~_M~ - AAG*~_M~) parameters of Table 1 as the transition states tighten. 
These graduated regioselectivities thus provide a further clear and convincing demonstration of ‘steric approach 
control’ in the alkylation of nitrogen heterocycles with a-substituents. 

Table 2 

Anion 

Benxylation rate constants for Bekmidazole Anions (Dimethylformamide, 30.0°) 

Nl N3 Benzylation Rate constant& PW 
Ratioa Total Nl-site N3-site 

Benximi~le 1.0 0.0533 0.0266“ 0.0266d 5.56, 12.86 
4-Methylbenknidaxole (2a) 3.7 0.0497 0.0391 0.0106 5.67 
2,4-Dimethylbenximidamle (2b) 33.5 0.0342 0.0332 0.0010 5.88 
2-Amino4methylble (2e) 18.6 0.0242 0.0229 0.0013 7.6e 
2-Ethoxy-4~methylbenximidazole (2c) 5.1 0.0223 0.0187 0.0036 3.71 
2-Chloro4methylbenzimidamle (2d) >99 0.0011 0.0011 0.0000 2.8e 
4-Methylbenzimkkolone (2f)f 4.3 0.0220 (0.018) (0.004) -2.oe, 12.oe 

* From Tables 1 and 3. b Second order rate. constants, k2 (f546) L mol-l set-l c Values from ref. 26 
d TheN-Beny~~rateptaainglesiteontheunsubstitutedbenzimidszoleanionishalfofthetotalrate. 
e Estimatedncmvsluesqu0tedillref.26 f D&ion; 60% Nl,N3dibenzylation also observed. 

Cl . ; 

‘Cl Nl-benxylation 

Diagram 1 Diagram 2 

Replacement of the 2-methyl group in (2b) by an almost isosteric 2-amino group, giving the 2-amino+ 
methylbenximidaxole anion (2e), results in a slight (0.71) rate reduction for benzylation, see Table 2, despite 
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the strong electron donating effect of this a-substituent (see pKa data, Table 2). Similar effects have been 

observed in the N-methylatlon rates of thiazole (Me1 / C&I5NG#7 and Zsubstituted pyridinel* systems. 
Berg and Gallo have used Br#nsted analyses of the rates of N-methylation (Me1 / MeCN / 30’) of substituted 
pyridines to determine ortho-steric parameters So, which indicate a 2-amino group (S“ -0.93) to be slightly 

‘larger’ than a 2-methyl group (So -0.73). 18 It seems likely, however, that the enhanced effective size of 

ortho-amino groups may be due to H-bonded solvation of the amino groups, which would otherwise be 
slightly smaller than a methyl group. Correspondingly the site selectivities of the 2-amino-4-methyl anions 

(2e) were slightly lower for each allqlating agent than that found in the comparable 2,4dimethylbenzimidazole 
anion alkylations, see Table 3. since in the N-alkylation transition states any H-bonded solvent is displaced, 
leaving the steric effects of the ‘bare’ groups. A comparison of the site specific benzylation rates of these two 

anions (Table 2) shows that the 2-amino group causes a small retardation (kmt. 0.69), compared to a 2-methyl 
group (kret. l.O), at the Nl-site, but a slight enhancement (kret. 1.3) of rate. at the more crowded N3 site. Thus 

the decrease in selectivity cannot be due solely to the slightly smaller size of a desolvated amino group 
compared to a methyl group, but is consistent with a shift in the transition state structure to a longer N - - - 
CH8R bond (earlier TS) as predicted for a more nucleophilic heterocyclic system, despite an overall rate 
retardation caused by the need for solvent displacement at the adjacent 2-amino group during both Nl and tV3- 

alkylation. 

Table 3 Alkylation of 2-Substituted-4methylbenzimidazole Anions (Dimethylfoxmamr ‘de, 30“) 

2-Methyl(2b) 2-Amino (2e) 2-Ethoxy (2~) 2-Chloro (2d) 2-Gxide- 
Nl N3 AAG* Nl N3 BAG* Nl N3 AAG* Nl N3 BAG* Nl N3 AAGS 

Alkvlatina Aaent 
loose 
CSHsCHZOCHZCl 85 15 4.4 78 22 3.2 57 43 0.7 78 22 3.1 20 17 0.4 

CgHsCH2Cl 97 3 8.8 95 5 7.4 84 16 4.1 >99 Cl 212 33 8 3.7 

CH3(CH2)+J 98 2 9.8 84 16 4.1 95.5 4.5 7.7 

(c~)pcocHp z-99 <l 212 98.5 1.5 10.5 86 14 4.6 >99 <1 212 71 0 211 

C,H,COCH,Cl >99 cl 212 * + 96 4 7.8 z-99 <l 212 * * 

Nl and N3 figures an 96 of total alkylated product as delMmiwl by lH n.m.r. spectroscopy. 
AAG* = -RT ln(N3%/Nl%) Id mol-l. 
On the 4-methylbenzhMazobne dianion; the 1,3-dialkylated product (NJ’ -) formed the remaining percentage. 
* No alkylated products detected. 

The alkylation of 2-ethoxy-4-methylbenzimidazole anions (2~) shows even lower regioselectivity, see 
Table 3, with the pattern being reasonably comparable to that of 4methylbenzimidazole itself (Table l), with 
the exception of alkylation by phenacyl chloride, the tightest case. Consistent with the lowered basicity of 2- 
ethoxy-4-methylbenzimidazole, the kinetic studies (Table 2) showed an overall rate retardation (kret. 0.45) for 
benzylation of (2c), with the effect being greater at the N3 site (kret. 0.34) than at Nl (kd. 0.48). relative to the 
comparable rates on 4-methylbenzimidazole anions (2a, kret. 1.0 ). Berg and Gallo’s ortho-steric parameter for 
the ethoxy group is surprisingly large, S’Cnt -1.36 (c$ Me -0.73, Et -1.08, OMe -1.28).*8 In contrast, 
cyclohexaue A-values give ethoxy groups (A 4.2 kI molt) a smaller ‘size’ than methyl (A 7.1 k.I mol-1) and 
ethyl (A 7.5 k.I mol-I).*8 Our results are consistent with a relatively small ‘residual size’ of the 2-ethoxy group 
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after allowing for a uniform unfavourable steric effect associated with the need to rotate the ethyl group away 
from both Nl and N3 reaction sites during alkylation. 

The inductive effect of a 2-chloro group causes a substantial decrease in the basicity the of 4-methyl- 
benzimidazole system and this is reflected in the low benzylation rates for 2chloro-4-methylbenximidazole 
(2d), see Table 2. The steric requirement of the chloro substituent (van der Waals radius 1.8 A , longer C-Cl 
bond 1.7 A, orrho-steric S” -0.54) is smaller than that of a methyl group (v.d.W. radius 2.0 A, C-CH3 bond 
1.52 A. So -0.73), and the alkylation pattern shows a corresponding reduced mgioselectivity for 2-chloro-4- 
methylbenzimidazole (2d) compared to 2,4dimethylbenzimidazole anions (2b). except for benzylation. 

The reversed order of regioselectivlties for the benzylation and butylation of (2d) compared to (2a) (see 
Tables 1 and 3) needs explanation. Butylation, with a tighter transition state than benzylation,t4 should involve 
greater regioselectivity due to its shorter N - - CHzR distance in the transition state. This is seen in the 4- 
methylbenzimidazole (2a) alkylations, but for the 2-chloro-4-methyl system (2d), this selectivity order is 
reversed. We attribute this to the peCUk geometric requirements of SN~ rt%XtiOnS in benzyl SyWemS. The 

relative looseness of the SN2 transition state in benxylations comes from a conjugative electron donation by the 
phenyl ring coplanar with the pentacoordinate sp2-hybridized methylene alkylation centre. As indicated in 
Diagram 2, this specific conformational requirement places extra steric demands on the alkylation transition 
state; butylations are relatively free from comparable conformational requirements for the propyl group. For 
(2a) the phenyl group can fit over the edge of the imidaxole ring as indicated in the N3benzylation component 
shown at the top of Diagram 2. In the transition state for N3benzylation of (2d). the 2-chloro group now 
interferes with this required CH2 - phenyl coplanarity, whereas for Nl-reaction the absence of a bulky group at 
C7 (c$. the 4-methyl group) allows access to alternate suitable conformations as shown at the bottom of 
Diagram 2. Thus the steric interference of the 2-chloro group is greater for beuzylation than for butylation 
despite the latter’s tighter transition state. Similar, but smaller effects are evident in the butylation versus 
benzylation selectivity results for the 2.4~dimethyl and 2-ethoxy-4-methyl systems (2b and 2~). Coplanar 
conformational requirements are also expected for the carbonyl groups and the alkylation methylene centre in 
the tight transition states of alkylation by phenacyl chloride29 and terf-butyl chloroacetate and these probably 
contribute to their relatively high regioselectivities. 

In an attempt to induce earlier transition states, the alkylation of 4-methylbenzimidazolone dianions (2, R 
= O-) were studied, as the extra electron density and small steric size of a (nominal) 2-oxide substituent were 
expected to lead to substantially enhanced alkylation rates. The kinetics and regioselectivity analysis of these 
alkylations were, however, disrupted by the formation of 30 - 60% NlN3dialkylated material. Second order 
rate constants, determined at low conversion, established the overall initial benzylation rate to be comparable to 
that of the 2-ethoxy-4-methyl system (2~) and not the enhanced rate expected (see Table 2). The regioselect- 
ivities of these dianion alkylations, given in Table 3, must also be considered questionable. Further alkylation 
of the initially formed Nl- and N3-monoalkylated monoanions proceeds with unknown, different rates, 
rendering the residual Nl/N3-monoalkylated product ratio of incalculable significance, although the selectivity 
ratios seem to conform to the expected pattern. 
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Table 4 Temperature Dependence of Benzylation Regioselecdvitles for 
2-Substituted-4methylbeethylbenzimidazole Anions (Dimethylformamide) 

Temperature 

30” 
600 
900 

4-Methyl 2-Ethoxy-4-methyl 2PDimethyl 2-Chloro4-methyl 
(2n) (2c) (2b) (2d) 

Nl N3 AAG* Nl N3 AAG* Nl N3 MGS Nl N3 AAG* 

78.7 21.3 3.3 83.8 16.2 4.1 97.1 2.9, 8.9 >99 cl >12 
78.7 21.3 3.6 82.6 17.4 4.3 95.7 4.3 8.6 95.8 4.2 8.7 
78.7 21.3 3.9 81.9 18.1 4.6 94.2 5.8 8.4 92.3 7.7 7.5 

AAIIS / kJ mol-l 0 2.0 11.0 21.5 
MSS / J K-l moll -10.9 -6.9 +7.2 +38.7 

Reaction with kenzyl chlolide.. Nl andN3 figure.s are % of total alkylated product as determined by lH n.mr. spectroscopy. 
AAGS = AAH* - T.AAS* = -RT ln(N3%/Nl%) kJ mol-l 

Temperature effects on the benzylation regioselectivities of the benzimidazole anions am mcorded in Table 
4. For 4methylbenzimidazole anions (2a), the Nl/N3&enzylation ratio is insensitive to temperature over the 
30 - 90°C range studied. 2-Ethoxy-Cmethyl- (2~) and 2,4dimethyl-benzimidazole (2b) anions showed slight 
decreases in regioselectivity at higher temperatures consistent with a ‘normal’, temperature induced reactivity- 
selectivity30 variation. The 2-chloro-4-methylbenzimidazole system (2d) showed significantly higher 
temperature sensitivity. The Zunsubstituted and Zethoxy systems (2a and 2c) gave similar N3/Nl differential 
activation parameters, with the larger 2-methyl and chloro substituents of 2b and 2d giving a different pattern. 
Pronounced temperature sensitivities of alkylations in other ambident anion systems have often been attributed 
to ionic aggregation effects.31 The significantly higher temperature sensitivity and large MS* parameter for 

the 2-chloro system (2d) is consistent with such an effect. It is possible that bidentate coordination of sodium 
cations by the 2-chloro and adjacent nitrogen sites may cause significant ion-pairing in this latter system, 
particularly at Nl where the absence of a bulky 7-substituent allows better solvation of the exposed face of the 
chelated sodium cation. The other benzimidazole systems probably exist and react essentially as the ‘free 
anions’ with the sodium cations preferably solvated by dimethylformamide. 

CONCLUSIONS 

Moderate sized Zsubstituents cause substantial increases in the regioselectivity of alkylation of anionic 4- 
methylbenzimidazole systems despite the symmetrical disposition of 2-substituents with respect to the 
competing Nl and N3 alkylation sites. The enhancement of Nl/N3 site selectivity depends on the size of the 
2-substituent and is greater for alkylations involving tight SN~ transition states than those proceeding via loose 
transition states. This unequal steric effect is consistent with ‘steric approach control’ involving roughly 
conical approach corridors. There is some evidence for small changes in tegioselectivity caused by shifts 
along the early-late axis of a More CYFerrall - Jencks SN2 transition state diagram as the Zsubstituent alters the 
nucleophilicity of the competing nitrogen alkylation sites. But these effects are slight compared to the more 
substantive effects of variation along the ‘perpendicular’, loose-tight axis induced by changing the substituent 
(R) on the primary alkylating agent, RCH2CI. 
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Overall these results represent a clear example of the subtle but dominant effects of ‘steric approach 
control’ in allcylations in 4-substituted benzimidazole systems. where the magnitude of the steric effects is 
critically dependent on the length of the developing N - - - C bond in the 8~2 alkylation transition states 
involved. 

EXPERIMENTAL 

The benzimidazoles were synthesized by previously reported routes: 4-methylbenzimidazole32, 2.4- 
dlmethylbenzSdazole3~,2-amino-4-methylbenzmndazole 
methylbenzimidazole35, 4-methyl-2benzim&zolone~. 

33~2-chloro-4-methylbenzumdazole~,2-ethoxy-4- 
Co mmemial samples of benzyl chloride and n-butyl 

chloride were distiled before use and phenacyl chloride was recrystallized from petroleum. Benzyl 
chloromethyl ethers’, and t-butyl chloroacetate38 prepared according to literature procedures were used 
directly, after establishing their purity by IH n.m.r. spectroscopy. N,AUimethylformamide was dried and 
purhled using the procedures of Perrln et al. 39 and stored under dry nitrogen, over 4A molecular sieves. 

General Alkykuion Procedure 
The appropriate benzimidazole (about 0.5 - 1.0 mmole) was dissolved in dry dimethylformamide (10 

- 20 mL) to give an about 0.05 M solution. A 5% molar excess of sodium hydride was added and the 
contents stirred till homogeneous. The alkylating agent (RCHZX; 95% mole equivalent by weight) in 
dimethylfoimami de (5 mL) was then added and the resulting solution kept overnight at 3W.l“ under dry 
nitrogen. Dimethylformamide was removed by distillation then co-distillation with toluene (3 x 30 mL) 
(rotary evaporator, about SO’); the residue thus obtained was dissolved in chloroform or dichloromethane 
(about 30 mL) and washed with saturated aqueous sodium carbonate solution (4 x 30 mL). The residue 
obtained after evaporation of the dried organic phase was analysed by thin layer chromatography (silica gel, 10 
- 20% ethanol / chloroform) and tH n.m.r. spectroscopy. 

Spectroscopic and Quantitative Analyses 
The relative proportions of the two isomers in the crude product mixture, in CDC13 solution, were 

determined by by computer generated listing of the integral intensities @.f.t. lH n.m.r. spectroscopy, Varlan 
XL-200E and Varlan GEMINI-300) of the alkyl N-methylene signals. Careful precautions were taken to 
avoid saturation and other problems affecting quantitative n.m.r. measurements.~ All alkylation reactions 
were performed in duplicate and the results averaged. Estimated uncertainty of these analyses is fl%, with 
reproducibility of alkylation product ratios generally &OS%. 

Most alkylation mixtures were also subjected to preparative t.1.c. or radial chromatography separation 
(silica gel, ethyl acetate / petroleum) and the individual isomers character&d by m.p., microanalysis, mass 
spectrometry (BI, 70 eV), uv. (95% ethanol) and 1H n.mr. spectroscopy (CDC13). 

Alkylation of 4-Methylbenzimidazole Anions (2s) 

Alkylation with Benzyl Chloride 
Standard alkylation and isolation procedures were followed using 4-methylbenzimidazole (0.1322 g, 1 

mmol.), sodium hydride (0.0465 g, 55.0% in oil, 1.06 mmol.) and benzyl chloride (0.1265 g, 1 mmol.) in dry 
dimethylformamide (20 mL). The crude mixture (0.2158 g), obtained as a colourless solid, was analysed by 
t.1.c. and lH n.m.r. spectroscopy; both indicated the presence of two isomeric products in unequal amounts. 
lH n.m.r. (200 MHz): 6 2.47 (s, CH3 [Nsl), 2.70 (s, CH3 [Nl]), 5.35 (s, CH2 [Nl]), 5.59 (s, CH2 [N3]), 
6.9-8.0 WrHh7.93 (s.lH, H-2 [N31), 8.02 (s, H-I. H-2 [Nl]). Integration was extended 20 Hz on each side 
from the centre of the two N-methylene signals; N 
run: 77.7fl.O : 22.3fl.O%). 

1 : N3 alkylation ratio = 78.7kl.O : 21.3fl.O% (duplicate 
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1 -Benryl4-methylbenrimidazole (4a, R’ = C&C&) 
The above mixture (0.0514 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 

using ethyl acetate-light pepole~m (9:l) as eluent. The major isomer, 1 -benzyl-4-metWbekmidarok (higher 
Rf), was obtained on evaporation of the solvent as colourless crystals (0.0372 g); m.p. 81-82”. OFound: C, 
80.6; H, 6.3; N, 12.3%. ClsH14N2 requires C, 81.1; H, 6.4; N, 12.6%). Ms. m/z (96): 223 (4%). 222 (M+. 
21), 221 (1). 131 (5). 92 (8). 91 (100). 77 (5). 65 (17). 51 (8). lH n.m.r. (60 MHZ): 8 2.70 (s,3H, CH3), 
5.35 (s, 2H, CH2), 7.05-7.25 (m, 5H, C6Hs), 7.28-7.40 (m, 3H, H-5, H-6, H-7). 8.03 (s, lH, H-2). Uv.: 
h ,,,ax 215. 252, 283. 
I -Benzyl-7-methylbenzimidazole (3a, R’ = C&CH2) 

The minor isomer, I-be&-7-methylbenzimidazole (lower Rr), was obtained on evaporation of the 
solvent as colourless crystals (0.8094 g); m.p. 151-152’. (Found: C, 80.7; H. 6.6; N, 12.5%. CtsH14N2 
requires C, 81.1; H, 6.4; N, 12.6%). M.s. m/z (96): 223 (6), 222 (M+, 34), 221 (1). 131 (7), 92 (8), 91 
(lOO), 77 (3). 65 (15), 51 (5). *H n.m.r. (60 MHZ): 6 2.48 (s, 3H, CH3), 5.60 (s, 2H, CH2), 7.0 (m, 3H, 
CgH5), 7.18 (t, lH, I = 8.0, H-6), 7.30 (m, 3H, CgHg, H-5), 7.69 (d, 1H. I = 8.0, H-7), 7.92 (s, lH, H-2). 
Uv.: Lax 215, 251, 281. 

Alkylation of 4-Methylbenzimidkzole with ndutyl Chloride 
Standard alkylation and isolation procedures were followed using 4-methylbenzimidazole (0.1321 g, 

lmmol.). sodium hydride (0.0481 g, 55.0% in oil, 1.10 mmol.) and n-butyl chloride (0.0925 g, 1 mmol.) in 
dry dimethylformamide (20 mL). The crude mixture (0.1688 g) was analysed by t.1.c. and tH n.m.r.; both 
indicated the presence of two isomeric products in unequal amounts. *H n.m.r.: 8 0.94 (t, CH$ZH$X~CH3 
[Nt]), 0.98 (t, CH2C!H2CH&H3[N3]), 1.30 (m, CH~CHZCH~CH~ IN1 and N3]), 1.80 p, 
CH~CHZCH~CH~ [NJ and N3]), 2.63 (s, CH3 [Ml), 2.70 (s, CH3 [Nl]), 4.12 (t, N-CH2 [Nl]). 4.30 (t, N- 
CH2 [Ns]), 7.0-7.25 (AS), 7.80 (s. lH, H-2 [N5]), 7.88 (s, lH, H-2 [Al]). The two N-methylene triplets 
were integrated (extending 16 Hz on each side from the centre of the triplets) Nr : N3 alkylation ratio = 
82.8fl.O : 17.2&1.0% (duplicate run, 82.2fl.O : 17.8fl.O%). 
I-Butyl-4-methylbenzimidazole (4a, R’ = C4H9) 

The above mixture (0.0505 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate-light petroleum (9:l) as eluent. The major isomer, I-butyl4-methylbenzimidazole (higher 
Rt), was obtained as a coJourless syrup (0.0377 g) on evaporation of the solvent. (Found: mol wt 188.1313. 
Ct#lr,Nz requires 188.1313). M.s. m/z (%): 189 (9), 188 (M+. 59). 187 (7). 173 (5), 159 (3). 146 (22), 
145 (loo), 132 (13), 131 (23), 118 (13), 105 (8), 91 (16), 77 (15), 65 (13), 51 (13). tH n.m.r.: 8 0.95 (t, 
3H, Jav = 7.3. CH2CH2CH&H$, 1.35 (sextuplet, 2H, Jav = 7.5, CH$H$H2CH3), 1.86 (pentuplet, 
2H. J = 7.5, CHZCH~CH~CH~). 2.68 (s, 3H. CH3) 4.16 (t, 2H, J a” = 7.0, N-CHz), 7.08 (d, lH, J = 6.6, 
H-5), 7.21 (m, 2H, H-6, H-7). 7.88 (s, lH, H-2). Uv.: h,,, 215, 256, 273. 283 nm. 
1 -Butyl-7-methylbenzimidazole (3a, R’ = C4H9) 

The minor isomer, I-butyl-7-methylbenzimidazole (lower Kt). was obtained as a colourless syrup 
(0.0072 g) on evaporation of the solvent. (Found: mol wt 188.1313. C12Hlfl2 requires 188.1313). M.s. m/z 
(%): 189 (6), 188 (M+, 37). 173 (2). 159 (2). 146 (17). 145 (lOO), 131 (13 ). 118 (6). 104 (6), 91 (16), 77 
(13), 65 (13), 51 (12). IH n.m.r.: 8 0.92 (t. 3H, Jav = 7.3, CHZCH~CH~CH~), 1.34 (sextuplet, 2H, Jav = 
7.5, CHZCHZCHZCW. 1.78 (pentuplet, 2H, J = 7.2, CH2CH2CH$H$, 2.64 (s, 3H. CH3), 4.29 (t, 2H, 
J = 7.2, N-CHZ). 6.96 (d, 1H. J = 7.2, H-5). 7.11 (t, lH, Jav = 7.6, H-6). 7.60 (d, lH, J = 8.4, H-7), 7.86 
(s, lH, H-2). UV.: hmax 215, 251, 273, 282 nm. 

Alkylation with ten-Bury1 Chloroacetate 
StamJarcI alkYJation and isolation procedures were followed using 4-methylbenzimidazole (0.1324 g, 

1mmOl.h sodium bdrkle (0.0462 g, 55.0% in oil, 1.06 mmol.), and tert-butyl chloroacetate (0.1505 g, 
ImOl.) in dry dimethylformamide (20 mL). The crude mixture (0.2123 g).was analysed by t.1.c. and 1~ 
n.m.r.; both indicated the presence of two isomeric products in unequal amounts. 1~ n.m.r.: 8 1.27 (s, 
C(CH3)3 IN3]), 1.44 is, C(CH3)3 D’J’I], 2.56 (s. CH3 [Nj]), 2.68 (s. CH3 [Nl]), 4.72 (s,CH2 [Nt]), 4.87 
(s. CH2 [N31h 6-96-7.68 (ArH), 7.86 (s, H-2 [Nj]), 7.92 (s, H-2 [Nt]). The two N-methylene single& were 
~tegrat~ (extending 14 Hz on each side from the centre of the singlets); ~1 : N3 alkyladon mtio = 84.4kl.t) : 
Y~6fl.fMh (duplicate run. 84.8il.0 : 15.2f: 1.0%). 
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I-tert-Butylo~carbonylmethyl-Gnethyibenzimi&zole (4u, R’ = (CH3)3COCOCH2) 
The above mixture (0.0516 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 

using ethyl acetate-light petroleum (8:2) as eluent. The major isomer, I-tert.-butyloxycarbonylmethyl-4 
methylbenzimidazole (higher Rf), was obtained as colourless gum (0.0402 g) on evaporation of the solvent. 
(Found: mol wt 246.1369. CJ&ItgNgO2requires 246.1368). Ms. m/z (%): 247 (2), 246 (M+, 15), 190 (33), 
145 (57), 131 (3), 117 (4), 91 (ll), 83 (35), 77 (3). 65 (ll), 57 (lOO), 51 (6). JH n.m.r.: 6 1.46 Is, 9H, - 
C(CH3)3], 2.70 (s, 3H, CH3), 4.78 (s, 2H, CH2), 7.12 (t,lH, J = 7.5, H-6), 7.17 (bs, lH, H-5), 7.21 (d, 
lH, J = 7.5, H-7), 7.92 (s, lH, H-2). 
I -tert-Butyloxycarbonylmethyl-7-methylbenzimidawle (3a, R’ = (CH3)$OCOCH2) 

The minor isomer, I-tert.-butyloxycarbonylmethyl-7-methylbenzimidazole (lower Rf), was obtained as 
colourless crystals (0.0061 g) on evaporation of the solvent; m.p. 126-127’. (Found: mol wt 246.1369. 
CJ4H1~2~requires 246.1368). M.s. m/z (%): 247 (2), 246 (M+, 13), 190 (21), 145 (53), 131 (2). 117 (3), 
91 (12), 77 (3). 65 (12), 57 (lOO), 51 (6). 1H n.m.r.: 6 1.30 [s, 9H, C(CH3)31. 2.61 (s. 3H, CH3). 4.96 (s, 
2H, CHz), 7.02 (d. lH, J = 7.0, H-5). 7.17 (t, lH, J = 7.5, H-6). 7.66 (d, lH, J = 8.4, H-7). 7.86 (s, lH, 
H-2). 

Alkylation of 2,4-Dimethylbenzimidazole Anions (2b) 

Alkylation with Benzyl Chloride 
Standard alkylation and isolation procedure were followed using 2,4dimethylbenzimidazole (0.1462 g, 

1 mmol.), sodium hydride (0.0472 g, 55.0% in oil, 1.06 mmol.) and benzyl chloride (0.1265 g, 1 mmol.) in 
dry dimethylformann ‘de (20 mL). The crude mixture (0.2038 g), obtained as an almost colourless solid, was 
analysed by t.1.c. and tH n.m.r.; both indicated the presence of two isomeric products; one of them being in a 
very small amount. 1H n.m.r.: 6 2.48 (s,4-CH3 [N3]), 2.56 (s, 4-CH3 [N?l), 2.60 (s, 2-CH3 [Nil), 2.68 (s, 
2-CH3 [Nl]), 5.29 (s. CH2 ml]), 5.52 (s, CH2 [N31), 7.9-7.4 (ArH). The two IV-methylene singlets were 
integrated (extending 18 Hz on each side from the centrr’of the singlets) NJ : N3 alkylation ratio = 97.Ml.O : 
3&l% ( duplicate run, 97.2fl.O : 2.8f1.046). 
I-Benzyl-2,4-dimethylbenzimidazole (4b, R’ = C&CH2) 

The above mixture (0.0542) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate : light petroleum (9: 1) as eluent. As the Rf value of the major isomer was only slightly 
higher than the minor isomer and the pmportion of the minor isomer was very small, the latter remained mixed 
with the major at the lower portion of the band. So from the upper portion of the band, the major isomer, I- 
benzyl-2,4-dimethylbenzimidazole was isolated and on evaporation of the solvent gave colourless crystals 
(0.0223 g); m.p. 42-43’. (Found: C,81.65; H, 6.81; N, 11.84%. CJeHleN2 requires C, 81.32; H, 6.82; N, 
11.85%). M.s. m/z (96): 237 (2). 236 (M+, 14), 145 (a), 118 (1). 91 (RIO), 77 (4), 65 (12). 51 (8). JH 
n.m.r.: 6 2.60 (s, 3H, 4-CH3), 2.69 (s, 3H, 2-CH3). 5.32 (s, 2H, CH2), 7.02-7.09 (m, 5H, ArH), 7.27- 
7.32 (m, 3H, ArH). Uv.: ha,, 213.254,272,282 nm. 
I-Benzyl-2,7-dimethylbenzimidazole (3b, R’ = C&CH2) 

The mixture (0.0113 g) of the isomers obtained from the lowest portion of the above chromatographic 
band were further separated on a silica gel (20x20x0.025 cm) t.1.c. plate using ethyl acetate-light petroleum 
(9: 1) as eluent. From the lower band, the minor isomer, I -benzyl-2,7-dimethylbenzimiakzole, was obtained as 
colourless crystals (0.0024 g); m.p. 56-57’. (Found: mol wt 236.1313. Ct&Jt&requires 236.1313). M.s. 
m/z (%): 237 (l), 236 (7), 145 (3) 118 (1). 104 (1). 91 (lOO), 77 (5). 65 (18). 51 (9). lH n.m.r.: 6 2.50 (s, 
3H, 4-CH3h 2.68 (s, 3H 2-CH3), 5.60 (s, 2H. CH2). 6.92 (m, 2H, CeHs), 7.03 (d, lH, J = 7.2, H-5), 
7.23 (t, lH, Jav = 7.7. H-6), 7.27-7.39 (m, 3H, CeHs), 7.69 (d, lH, J = 7.8, H-7). UV.: X,, 212, 253, 
271,280 run. 

Alkylation with Benzyl Chloromethyl Ether 
Standard alkylation and isolation procedures were followed by taking 2,4-dimethylbenzimidazole 

(0.1461 g, lmmol.), sodium hydride (0.0475 g, 55.0% in oil, 1.08 mmol.) and benzyl chloromethyl ether 
(0.1503 g, 0.96 mmol.) in dry dimethylformamide (20 mL). The crude mixture (0.2806 g), an almost 
CoJourJess gum, was analysed by t.1.c. and lH n.m.r.; both indicated the presence of two isomeric products in 
un(WaJ amounts. lH n.m.r.: 6 2.51 (s, 4-CH3 [N$, 2.57 (s, 4-CH3 [NJ]), 2.60 (s, 2-CH3 [N~I), 2.66 (s, 
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2-CH3 IN’]), 4.38 (s, -CH2C#I5 [Nl]), 4.40 (s, -CH&jH5 [@I), 5.38 (s, N-CH2 l?UII), 5.45 (S, N-CH2 
[N3]). 6.91-6.38 (ArH). The two N-methylene singlets were integrated (extending 14 Hz on each side from 
the cenue of the singlets); Nt : fl alkylation ratio = 85.3il.0 : 14.7fl.O% (duplicate run, 85.5fl.O : 
14.Jfl.O%). 
I -Benzyloqmethyl-2,4-dbnethylbenzimidazole (4b. R’ = C&CHzOCHz) 

The above mixture (0.0524 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate : light petroleum (8:2) as eluent. The major isomer, 1 -bcnzyloxymethyl-2,4-dimethyl- 
benzimiduzole (higher Rf), was obtained as a colourless gum (0.0362 g) on evaporation of the solvent. 
(Found: mol wt 266.1420. C17HtaN20 requires 266.1419). M.s. m/z (%): 267 (l), 266 (M+, 5), 236 (3), 
159 (3), 132 (2), 104 (2), 92 (8), 91 (lOO), 89 (3). 77 (7), 65 (15). 51 (8). 1H n.m.r.: 6 2.66 (s, 3H, 4- 
CH3). 2.67 (s. 3H, 2-CH3). 4.47 (s. 2H, C&C&), 5.54 (s. 2H, N-CH;?), 7.05-7.39 (kH). 
I-Benzyloxymethyl-2,7dimethylbenzimidazole (3b, R’ = C&CH2OCH2) 

The minor isomer, I-benzyloxymethyl-2,7-dimethylbenzimidazole (lower Rf). was obtained as 
colourless crystals (0.0062 g) on evaporation of the solvent; m.p. 131-132“. (Found: mol wt 266.1420. 
C17HlsN20 requires 266.1419). Ms. m/z (a): 267 (1). 266 (M+, 5), 236 (3). 159 (4). 132 (1), 104 (6). 91 
(RIO), 77 (21). tH n.m.r.: 6 2.60 (s, 3H, 4-CH3), 2.70 (s, 3H, 2-CH3), 4.54 (s, 2H, CH&Hg), 5.66 (s, 
2H, N-CH2), 7.02 (d, lH, J = 7.5, H-5). 7.16 (t, lH, Jsv = 7.5, H-6), 7.27-7.37 (m, 5H, C5H5). 7.55 (d, 
lH, J = 7.5, H-7). 

Alkylation with tert-Butyl Chloroacetate 
I-tert-Butyloxycarbonybnethyl-2,4-dimethylbenzimidazole (4b, R’ = (CH3)3COCOCH2) 

Standard alkylation and isolation procedures were followed using 2,4dimethylbenzimUazole (0.1461 g. 
lmmol), sodium hydride (0.0472 g, 55.0% in oil, 1.08 mmol.), and tert.-butyl chloroacetate (0.1505 g, 
lmmol) in dry dimethylformarm ‘de (20 mL). The crude mass (0.2603 g), an almost colourless colourless gum, 
was analysed by t.1.c. and tH n.m.r. spectroscopy; both indicated the presence of only one alkylated product, 
I-tert.-bu~loxycarbonylmethyI-2,4-dimethylbenzimidazole. The crude product (0.0636 g) was then purified 
by radial chromatography (Siti, ethyl acetate) and obtained as a colourless gum (0.0502 g) on evaporation of 
the solvent. (Found: mol wt 260.1524. Ct5H&I2O2 requires 260.1525). M.s. m/z (%): 261 (3). 260 (M+, 
16). 204 (62). 159 (93). 145 (5). 131 (2). 117 (3). 91 (12). 85 (63), 83 (100). 77 (4). tH n.m.r.: 6 1.44 [s, 
9H, -C(CH3)3], 2.58 (s, 3H. 4-CH3), 2.66 (s, 3H, 2-CH3). 4.66 (s, 2H. N-CH2), 7.0-7.07 (m, 5H, C!,5H5), 
7.10-7.15 (m, 3H, H-5. H-6, H-7). 

A duplicate run, using components of the same scale as above, gave only Nl-akylated product as above. 

Alkylation with Pheruzcyl Chloride 
I-Phenacyl-2,4-dimethylbenzimidazole (4b, R’ = CgHgCOCH2) 

Standard alkylation and isolation procedure were followed by taking 2,4dimethylbenzimidazole (0.1462 
g. lmmol.), sodium hydride (0.0466 g, 55.0% in oil, 0.107 mmol.) and phenacyl chloride (0.1542 g, 1 
mmol.) in dry dimethylformamide (20 mL). The crude mass (0.2485 g), an almost colourless solid, was 
analysed by t.1.c. and lH n.m.r.; both indicated the presence of only one product. The crude product (0.0752 
g) was purified by radial chromatography (SiOa ethyl acetate) and I-phenacyl-2,4-dimethylbenzimioizzole 
obtained as colourless crystals (0.0643 g); m.p. 187-188’. O;ound: C, 77.0, H, 6.0; N, 10.7%. Ct7Hl&O 
requires C, 77.3; J-J, 6.1; N, 10.6%). M.s. m/z (%): 265 (4). 264 (M+, 21), 160 (lo), 159 (85). 145 (3), 117 
(4). 106 (14). 105 WI), 91 (15), 77 (27). lH n.m.r.: 6 2.56 (s. 3H, 4-CHj), 2.69 (s, 3H, 2-CH3), 5.49 (s, 
2H, CH2), 6.95 (d, 1J-k J = 7.5, H-5), 7.09 (m, 2H, H-6, H-7). 7.57 (t, 2H, Jav = 7.5, CjHs), 7.70 (t, lo, 
J = 7.5, CgHg), 8.02 (m. 2H, CeHs). 

A duplicate run, using components of the same scale as above, gave only Nl-akylated product as above. 

Alkylation of 2-amino-4-methylbenzimidazole (2e) 

Alkylation with Benzyl Chloride 

Standard alkylation and isolation procedures were followed using 2-amino-4-methylbenzihdazoJe 
(0.1472 g. 1 mmol.), sodium hydride (0.0452, 55.0% in oil, 1.03 mmol.) and benzyl chloride (0.1265 g, 1 
mmol.) in dry dimethylformami de (20 mL). The usual work-up procedure gave a brown solid residue (0.2453 
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g) which was analysed by t.1.c. and tH n.m.r.; both indicated the presence of two isomeric products in 
unqual amounts, and some side products, which were not identified. 1H n.m.r.: 6 2.32 (s,CH3, parent 
heterocycle), 2.43 (8, CH3, l?@l), 2.52 6, CH3,[NlI), 2.66 (s, unidentified), 4.16 (s, unidentified), 5.15 (s. 
cH2,PJ11h 5.36 (s, CH2, PI% 6.9-7.4 (ArH). The IV-methylene singlets were integrated (extending 6 Hz 
on each side from the centre of the singlets); N1 : N3 al@lation ratio = 94.7kl.O : 5.3fl.O%. Duplicate run, 
IH n.m.r. (DOD): 6 2.42 (s, CH3, i?V31), 2.55 (s, CH3, PI1]), 3.45 (s, unidentified), 5.32 (s, CH2, [Nl]), 
5.55 (8, CH2, IN%, 6.8-7.4 W-l). The N-methylene singlets were integrated (extending 18 Hx on each side 
from the centre of the singlets); N1 : fl akylation ratio = 95.atl.O : S.atl.O%. 
Z-Amino-I-benryl-4-methyli~zole (48. R’ = C&C&) 

The above mixture (0.0518 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using Chknoform-methanol (kl) as ehtent. The major isomer, 2-~~-Z-bcnzyl_4-~t~l~nr~~o~ (Rf = 
0.4). was obtained on evaporation of the solvent as pale brown crystals (0.0402); m.p. 193-195O. (Found: C, 
75.7; H 6.5; N, 17.5%. C15H15N3 requires C, 76.0; H, 6.4: N, 17.7%). Ms. m/z (%): 238 (3), 237 (M+, 
14). 146 (19). 104 (3). 92 (11). 91 WO), 77 (7). 65 (16). 51 (6). lH n.m.r.: 6 2.56 (s, 3H, CH3). 5.16 (s, 
2H, CH2), 7.0 (m. 3H, ArH), 7.18 (dd, 2H, ArH), 7.32 (m, 3H, ArH). Uv.: hmax 218,249.286 nm. 

2-Amino-I-benzyl-7-methylbenzimidazole (3e, R’ = CdJsCHg) 
The mh~or isomer, 2-amino-1-benzyl-7-methylbenzimidazole (Rf = 0.3), was obtained on evaporation of 

the solvent as pale brown crystals (0.0028 g); mq. 187-189O. (Found: mol wt. 237.1265. CtsHtsN3 requires 
237.1266). M.s. m/z (%): 238 (2). 237 (M+, 16). 146 (lJ), 104 (3), 92 (lo), 91 (lOO), 77 (8), 65 (11). 51 
(7). lH n.m.r.: 6 2.46 (s, 3H, CH3). 5.42 (s, 2H, CHz), 6.86 (d, lH, ArH), 7.1 (m, 3H, ArH), 7.3 (m, 4H, 
ArH). Uv.: h, 218,248,285 nm. 

Alkylation with Benzyl Chloromet@l Ether 
Standard alkylation and isolation procedures were followed using 2-amino-4-methylbenzimidarole 

(0.147 g, 1 mmol.), sodium hydride (0.0458 g. 55.0% in oil, 1.05 mmot) and benxyl chloromethyl ether 
(0.1486 g, 0.95 mmol.) in dry dimethylformamide (20 mL). The brown coloured crude mixture (0.2492 g) 
was analysed by t.1.c. and tH n.m.r.; both indicated the presence of two isomer-k products in unequal 
amounts, recovered patent heterocycle and a small amount of benzylated or other akykted product. lH n.m.r.: 
6 2.26 (s, CH3. from parent heterocycle), 2.50 (s, CH3 [Ns]), 2.53 (s, CH3 [Nl]), 3.12 (s, unidentified), 
4.51 (s, CH2 [Nt]), 4.57 (s, CH2 [N3]), 5.36 (s, CH2 IN’]), 5.45 (s, unidentified), 5.50 (s. CH2 [N3]), 5.7 
tbs. 2H. NHz), 6.8-7.4 (ArH). Addition of&O caused a shiit in the NH2 signal allowing better integration of 
the adjacent N-methylene signals (extending 8 Hx on each side from the cenue of the singlets); N1 : N3 
alkylation ratio = 78.5fl.O : 21.5fl.O ( duplicate run, 78.lfl.O : 21.9fl.O%). 
2-Amino-I-benzyloxymethyl4-methylbenzimidazole (4e, R’ = C&CH2OCH2) 

The above mixture (0.0506 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using chloroform-methanol (9:l) as eluent. The major component, 2-amino-Z-benzyloxymethyf-4-methyl- 
benzimidazole (higher Rf), was obtained on evaporation of the solvent as pale brown crystals (0.0325 g); mp. 
110-112’. (Found: mol wt.267.1371. C1&i17N30 requires 267.1372). Us. m/z (8): 268 (l), 267 (M+, 7), 
159 (9). 146 (15). 104 G), 92 (9), 91 (IOO), 77 (6). 65 (12), 51 (5). tH n.m.r.: 6 2.55 (s. 3H, CH3). 4.53 
(s, Z-J, CaH5CHz), 5.39 (s, 2H, N-CHz), 6.94-7.2 (m, 3H, ArH), 7.28-7.42 (m, 5H, (ArH). 
2-Amino-I-Benzyloxymehyl-7-methylbenzimidazole (Je, R’ = C&CH2OCH2) 

The minor component. 2-amino-I-Benzyloxymethyl-7-methylbenrimidazole (lower Rf), was obtained as 
pale brown crystak (0.0091 g) on evaporation of the solvent; m.p. 132-134’. (Found: mol wt 267.1371. 
C1aH17N30 rtquires 267.1372). M.s. m/z (%): 268 (2). 267 (M+, 9), 159 (9), 146 (17). 104 (3), 92 (lo), 91 
(lOO), 77 (7), 65 (14). 51 (6). IH nmr.: 6 2.53 (s, 3H, CH3). 4.62 ((s, ZH, C,jH$H2), 5.58 (s, 2H. N- 
CH2). 6.82 (d, lH, J = 7.3, H-5), 6.94 (d, lH, J = 7.2, H-6), 7.26-7.38 (m, 5H, ArH). 

Alkylation with tert-Butyl Chloroacetate 
Standard alkylation and isolation procedures were followed using 2-amino-4-methylbenzimidazole 

(0.1474 g, 1 mmol.), sodium hydride (0.0458 g, 55.0% in oil. 1.05 mmol.) and tert.-butyl chloroacetate 
(0.1505 g. 1mnA) in dry dimethylformamide (20 mL). Crude brown mixture (0.2482 g) was ana~ysed by 
t.1.C. and lH n.m.r.; t.1.c. indicated the presence of only one product and small amount of recovered parent 
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heterocycle. 1H n.m.r. indicated the presence of two I ‘someric products in unequal amounts as well as 
recovered parent heterocycle. 1H n.m.r.: 8 1.46 [s, -O(CH3)3], 2.54 (a 4-C& IN1lh 2.61 (s,4-~3 IN% 
4.56 (s, N-C332 [Nl]), 4.76 (s, N-U-I2 [N%,5.45 (3% , NH2 l?J1l), 6.88-7.45 (Arm. The two N-mefiYlene 
singlets were integrated (extending 18 Hz on each side from the centre of the singlets); N1 : fl Elation 
ratio= 98.4kO.S : 1.6kO.5Q (duplicate run, 98.6kO.5 : 1.4fo.5%). 
2-Amino-I-tert-butyloxycarbonyl-4-methylbenzimida (4e, (CH3hCOCOCHA 

The above product mixture (0.0266 g) was chromatographed on a silica gel (2fbQOxO.l cm) t.1.c. plate 
using chloroform-methanol (9:l) as eluent. From the upper portion of the band, 2-nmino-I-tert-buryloxy- 
curbonyf4-met/rylbenzimfduzofe was obtained as pale brown crystals (0.0156 g) on evaporation of the solvent; 
m.p. 174176O. (Found: mol wt 261.1478. Ct4Ht9N302 requires 261.1477). M.s. m/z (%): 262 (2), 261 
(M+. 14), 205 (lOtI), 160 (66), 146 (8), 133 (18), 104 (7). 91 (14). 77 (17), 65 (19). 57 (98). 51 (13). lH 
n.m.r.: 6 1.47 [s, 9H, -C(CH3)3], 2.54 (s, 3H. 4-CH3). 4.55 (s, 2H, N-CH2). 6.85-7.04 (m. 3J-J. H-5, H-6, 
H-7). 

The minor B&tlkylated isomer was not obtained pure. 

Attempted alkylation with PhenaCyr Chloride 
Standard alkylation and isolation procedures were followed using 2-amino-4-methylbcnzimidazole 

(0.1473 g, 1 mmol.), sodium hydride (0.0458 g, 55.0% in oil, 1.05 mmol.) and phenacyl chloride (0.1543 g, 
lmmol.) in dry dimethylformamide. The crude brown mixture (0.2516 g) was analysed by t.1.c. and lH 
n.m.r. spectroscopy; both indicated that no apparent alkylation had occurred and some of the reactants had 
decomposed. The reaction was repeated and allowed to continue for 2 days, but the results were unchanged. 

Alkylation of 2-ethoxy-4-methylbenzimidazole (2~) 

Alkylation with Benzyl Chloride 
Standard alkylation and isolation procedures were followed using 2-ethoxy-4-metbylbenzimidazole 

(0.0882 g, 0.5 mmol.), sodium hydride (0.0232 g, 55.0% in oil, 0.53 mmol.) and benzyl chloride (0.0633 g, 
0.5 mmol.) in dry dimethylformamide (10 mL). Crude mixture (0.1421 g) was analysed by t.1.c. and 1H 
n.m.r.; both indicated the presence of two isomeric products in unequal amounts. lH n.m.r.: 6 1.43 
(OCH2CH3 [Nt and @I), 2.37 (s, 4-CH3 [Ns]), 2.58 (s, 4-CH3 [Nt]), 4.6 (OCHaCH3 [N1 and Ns]), 5.09 
(s, N-CH2 [Nl]), 5.35 (s, N-CH2 [Ns]), 6.7-7.5 (ArH). The two N-methylene singlets were integrated 
(extending 20 Hz on each side from the centre of the singlets); N1 : N3 alkylation ratio = 83.9kl.O : 
16.1*1.0% (duplicate run, 83.5*1.0 : 16.5+fl.O%). 
1 -Benzyl-2-ethoxy-knethylbenzimidazole (4c, R = C&CH2) 

The above mixture (0.0506 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate-light petroleum (1:l) as eluent. The major isomer, I -benzyf-2-ethoxy-4-methylbenz- 
imiduzole (higher Rf), was obtained as colourless gum (0.0368 g) on evaporation of the solvent. (Found: mol 
wt 266.1420. Ct7HtgN20 requires 266.1419). M.s. m/z (%): 267 (2). 266 (M+. 12), 238 (8) 209 (1) 160 
(1) 147 (2), 131 (1). 104 (3), 91 (lOO), 77 (6). 65 (12). 51 (5). 1H n.m.r.: 6 1.52 (t. 3H, J = 7.1, 
CCHZCHJ), 2.67 (s, 3H, 4-CH3). 4.72 (q, 2H, J = 7.1. OCH$ZH$, 5.18 (s, 2H, N-CHs), 6.93-7.09 (m, 
4H, ArH), 7.24-7.38 (m, 4H, ArH). Uv.: h,,, 213.243,273,281 nm. 
I-Benzyl-2-ethov-7-methylbenzimidazole (3c, R = C&CH2) 

The minor isomer, I-benzyl-2-ethoxy-7-methyfbenzimidazole (lower Rt), was obtained as colourless 
gum (0.0082 g) on evaporation of the solvent. (Found: mol wt 266.1420. C17HlaN20 requires 266.1419). 
M.s. m/z (%): 267 (2), 266 (M+, 12), 238 (6), 175 (l), 147 (3). 131 (1) 104 (2), 91 (loo), 77 (5), 65 (lo), 
51 (4). lH n.m.r.: 6 1.43 (s, 3H, J = 7.1, OCH2CH3), 2.40 (s, 3H, 4-CH3), 4.62 (q, 2~, J = 7.1, 
CCHzCH3). 5.40 (s, 2H. N-C&9. 6.83 (d, lH, J = 7, H-5). 7.02-7.09 (m, 3H, ArH), 7.26-7.35 (m, 3H, 
ArH), 7.45 (d, 1H. J = 8.1, H-7). Uv.: Xmax 213, 273, 281 nm. 

Alkylation with Benzyl Chloromethyl Ether 
Standard alkylation and isolation procedures were followed by taking 2-ethoxy-4-methylbe.nzimidazole 

(O.Ogg2 g, 0.5 mmol.), sodium hydride (0.0232 g. 55.0% in oil, 0.53 mmol.) and benzyl chloromethyl ether 
(0.0752 g. 0.48 mmol.) in dry dimethylformamide (10 mL). The crude mixture (0.1468 g) was mdysd by 
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t.1.c. and tH n.m.r.; both indicated the presence of two isomeric products in unequal amounts, plus a very 
small amount of recovered parent heterocycle. 1H n.m.r.: 6 1.43 (OCH2CH3 [Nl and @I), 2.34 (s. 4-CH3 
[from parent heterocycle]), 2.56 (s, 4-CH3 [Nl]), 2.61 (s, 4-CH3 [@I), 4.44 (s, CH#& [Nl]), 4.46 (s, 
CH&jHs m3J). 4.5-4.7 (OCH2CH3 [Nl and N3]), 5.34 (s, N-CH2 [N’]), 5.44 (s, IV-CH2 [@I), 6.8-7.5 
(ArH). The two N-methylene singlets were integrated (extending 8 Hx on each side from the centre of the 
singlets); N1 : N3 alkylation ratio = 57.3fl.O : 42.7fl.O% (duplicate run, 57.7fl.O : 42.3f1.096). 
I-Benzyloxymethyl-2-ethoxy-4-methylbe~i~~&zole (46 R’ = C&IJCH~OCH~) 

The above mixture (0.0378 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate-light petroleum (1:l) as eluent. The major isomer, I-ben@o~methyl-2-etho~4-methyl- 
benzimidazole (higher Rf), was obtained as colourless gum (0.0176 g) on evaporation of the solvent. (Found: 
mol wt 296.1526. CJgHg&Ogrequires 296.1525). M.s. m/z (4%): 297 (0.6). 296 (M+, 3), 238 (3), 160 (2), 
147 (3). 131 (2), 104 (2). 91 (lOO), 77 (5), 65 (12). 51 (2). tH n.m.r.: 6 1.52 (t, 3H, J = 7.1, OCH2CH3), 
2.64 (s, 3H, 4-CH3), 4.54 (s, 2H. CH2C6H5). 4.70 (q, 2H. J = 7.1, OCH2CH3). 5.46 (s, 2H, TV-CH2), 
7.05 (d, lH, J = 7.6, H-5), 7.12 (t, lH, J = 7.6, H-6), 7.19 (dd, lH, J = 7.6, H-7). 7.31-7.46 (m, 5H, 
C6H5). 
I-Benzyloqmethyl-2-ethov-7-methylbenzimidazole (3c, R’ = QHJCH~OCH~) 

The minoI isomer, I-benzyloxymethyl-I-ethoqy-7-methylbenzimidazole (lower Rf), was obtained as 
colourless gum (0.0138 g) on evaporation of the solvent. (Found: mol wt 296.1526. QgH2&@ requires 
296.1525). M.s. m/z (96): 297 (0.8). 296 (M+, 4), 238 (3), 160 (1). 147 (3). 133 (3). 104 (1). 91 (lOO), 77 
(4), 65 (ll), 51 (2). tH n.m.r.: 6 1.49 (t, 3H, J = 7.1, OCH~CHJ), 2.68 (s, 3H, 4-CH3), 4.54 (s, ZH, 
CHzCeHs), 4.63 (q, 2H, J = 7, OCH2CH3). 5.56 (s, 2H, N-CH2), 6.94 (d, lH, J = 7.7, H-5), 7.11 (t, 
1H. Jav = 7.7, H-6), 7.28-7.39 (m, 5H, CjH5). 7.41 (d, lH, J = 7.7, H-7). 

Alkylation with tert-Butyl Chloroacetate 
Standard alkylation and isolation procedures were followed by taking 2-ethoxy-4-methylbenximidaxole 

(0.0882 g. 0.5 mmol.), sodium hydride (0.0235, 55.05% in oil, 0.54 mmol.) and tert.-butyl chloroacetate 
(0.0752 g, 0.5 mmol.) in dry dimethylformamide (10 II&). Crude mixture (0.1446 g) was analysed by t.1.c. 
and IH n.m.r.; both indicated the presence of two isomeric products in unequal amounts and a very small 
amount of recovered parent heterocycle. tH n.m.r.: 6 1.44 (-C(CH3)3 [N1 and Ns]), 1.45 (OCH2CH3 [N’ 
and N31), 2.38 (s, 4-CH3 [from parent heterocycle]), 2.53 (s, 4-CH3 INS]), 2.58 (s. 4-CH3 mll). 4.55 (s, 
N-CH2 [Nt]), 4.65 (OCHzCH3 [NI and N3]), 4.78 (s, WCH2 [N3]), 6.8-7.5 (ArH). The two N-methylene 
singlets were integrated (extending 8 Hz on each from the centxe of the singlets); N1 : N3 allcylation ratio = 
86.3fl.O : 13.7fl.O% ( duplicate run, 85.7fl.O : 14.3f1.08). 
l-t~-Butyloxycarbonylmethyl-2-ethoxy-4-methyl~~imi~zole (4c, R’ = (CH3)3COCOCH2) 

The above mixture (0.0566 g) of two isomers were separated on a silica gel (20x20x0.2 cm) t.1.c. plate 
using ethyl acetate-light petroleum (1:l) as eluent. The major isomer, I-tert.-butyloxycarbonylmethyl-2- 
ethoxy4-methylbenzimidazole (higher Rt), was obtained as colourless gum (0.0448 g) on evaporation of the 
solvent. (Found mol wt 290.1630. Cl6H22N& requires 290.1630). Ms. m/z (96): 291 6), 290 (M+. 15), 
234 (IO), 189 (12). 175 (2), 161 (42), 147 (l), 133 (28). 118 (3), 104 (8), 91 (4), 77 (10). 65 (6), 57 (RIO), 
51 (3). lH n.m.r.: 6 1.44, 1.46 [s, t; 12H ; C(CH3)3, OCHgCH3; J(triplet) = 7.11, 2.58 (s, 3H, 4-CH3), 
4.56 (s, 2H, N-CH2), 4.64 (q, 2H, J = 7.1, OCH$H3), 6.90 (d, lH, J = 7.6, H-5), 6.96-7.07 (m, 2H, H- 
6, H-7). 
l-tert-Bu~loxycarbonylmethyl-2-et~~-7-met~lbenzimi~zole (3c, R’ = (CH3)3COCOCH2) 

The minor isomer, l-tert.-butyloxycarbonylmethyl-2-ethoxy-7-methylbenzimidazole (lower Rf). was 
obtained as colourless gum (0.0052 g) on evaporation of the solvent. (Found: mol wt 290.1630. CleHfl203 
requires 290.1630). M.s. m/x (%): 291 (2), 290 (M+, 8), 206 (ll), 175 (2), 161 (39). 147 (3), 133 (30). 118 
(4), 104 (7) 91 (5), 77 (ll), 65 (7), 57 (loo), 51 (3). IH n.m.r.: 6 1.45, 1.46 [s, t; 12H; C(CH3)3, 
OCHzCH3; JWplet) = 7.11, 2.51 (s, 3H, 4-CH3), 4.60 (q, 2H, Jav = 7,OCHzCH3), 4.78 (s, 2H, N-CH2), 
6.85 (d, lH, J = 7.8, H-5), 7.04 (t, lH, Jav = 7.7, H-6), 7.39 (d, lH, J = 7.9, H-7). 

Alkylation with Phenacyl Chloride 
Standard alkylation and isolation procedures were followed using 2-ethoxy-4-methylbenzimidazole 

(o.Ogg2 g, 0.5 mmol.), sodium hydride (0.0231 g, 55.0% in oil, 0.53 mmol.) and phenacyl chloride (0.0771 
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g, 0.5 rm.1101.) in dry dimetbylfotmamide (10 mL). The crude mixture (0.1408 g) was analysed by t.1.c. and 
1H n.m.r.; both indicated the presence of two isomeric pt~Iucts in UIIC@ IUIIOUIHS and some recovered 
parent heterocycle. tH n.m.r.: 6 1.3-1.5 (OCH2CH3 [Nt,N3 and from heterocyclel), 2.34 6.4-C& l#lh 
2.42 (s, 4-CH3 [from parent heterocycle]), 2.58 (s, 4-CH3 IN’]), 4.5-4.7 (CCH2CH3 tNt, M and from 
parent heterocycle]), 5.28 (s, IV-CH2 ml]), 5.52 (s, IV-CH2 [N31), 6.78-8.45 (ArH). The Two N-methylene 
singlets were integrated (extending 20 Hz on each side from the centre of the singlets); N1 : N3 alkylation ratio 
= 95.5~bl.O : 4.5fl.OI (duplicate run, 95.7fl.O : 4.3fl.O%). 
2-Ethoxy-4-methyl-I-pheMcylbenzimidazole (4c, R’ = C&COCHz) 

The above mixture (0.0408 g) of two isomers were chromatographed on a silica gel (20x20x0.2 cm) 
t.1.c. plate using ethyl acetate-light petroleum (1:l) as eluent. The colourless crystals (0.0246 g) obtained from 
the upper portion of the wide band of the isomeric mixture in the t.1.c. plate was identified as 2-ethoz&- 
methyl-l -phenacylbenzimidazole ; m.p. 134-135’. (Found: mol wt 294.1369. C18HtaN202 requires 
294.1368). M.s. m/z (%): 295 (6). 294 (M+, 30), 266 (3), 189 (30), 161 (100). 148 (14), 133 (36), 118 (6) 
105 (88). 91 (12). 77 (88). 65 (15). 57 (30), 51 (42). JH n.m.r.: 6 1.42 (t, 3H, J = 7.1, OCH#i3), 2.59 
(s, 3H, 4-CH3), 4.64 (q, 2H, J = 7.1, OCH2CH3). 5.35 (s, 2H, IV-CH2). 6.83 (dd, lH, J = 7.1. J = 1.8, 
H-5), 6.96-7.04 (m. 2H. ArH), 7.54 (m, 2H, ArH). 7.66 (d of t, lH, J = 7.4, J = 1.8, ArH), 8.03 (dd, 2H, 
J = 7.1, J = 1.5, ArH). 

The minor isomer was not obtained pure. 

Alkylation of 2-chloro-4-methylbenzimidazole (2d) 

Alkylation with Benzyl Chloride 
I-Be@-2-chloro-4-methyibenzimidazole (4d, R’ = C&CH2) 

Standard alkylation and isolation procedures were followed using 2-chloro+methylbenzimidazole 
(0.0832 g, 0.5 mmol.), sodium hydride (0.0235 g. 55.0% in oil, 0.54 mmol.) and benzyl chloride (0.0633 g, 
0.5 mmol.) in dry dimethylformamide (10 mL,). The crude mixture (0.1143 g) was analysed by t.1.c. and 1H 
n.m.r.; both indicated the presence of one isomeric product and recovered patent heterocycle.The alkylated 
product was isolated using radial chromatography (Si@, ethyl acetate-light petroleum 1:l); the alkylated 
product eluted first and then the recovered parent heterocycle. Evaporation of the solution of the alkylated 
product afforded 1 -benzyl-2-chloro-4-methylbenzimidazole as colourless gum (0.0903 g). (Found: mol wt 
256.0767. Ct5H13N2Cl requires 256.0767). M.s. m/z (%): 258 (l), 256 (M+, 3). 165 (4). 149 (4) 123 (6) 
105 (16), 91 (96). 83 (80), 77 (28), 65 (28), 55 (lOO), 51 (69). tH n.m.r.: 6 2.64 (s, 3H, CH3). 5.38 (s, 
2H, CHz), 7.05-7.21 (m. 5H. ArH). 7.29-7.35 (m, 3H, ArH). Uv.: hmax 211, 248, 272, 282 nm. 

A duplicate run also gave the Nl-alkylated isomer as the sole detectable product. 
I-Benzyl-2-chloro-7-methylbenzimidazole (3d, R’ = C6HgCH2) 

Small amounts of a minor isomer, I-benzyl-2-chloro-7-methylbenzimidazole, were obtained from 
alkylation at 90”. Separation of the lower Rt component by preparative t.1.c. gave, on evaporation of the 
solvent, a colourless gum (0.0028 g). (Found: mol wt 256.0767. C15H13N2Cl requires 256.0767). M.s. m/z 
(%I: 258 (0.3), 257 (O.l), 256 (M+. I), 165 (I), 105 (2). 91 (lOO), 83 (4), 77 (7). 65 (20), 51 (12). tH 
n.m.r.: 6 2.47 (s, 3H, CH3), 5.65 (s, 2H, CH2). 6.98 (m, 3H, ArH), 7.18 (t, lH, J = 7.6, H-6), 7.31 (m, 
3H, ArH), 7.61 (d, 1H. J = 7.6, H-7). Uv.: h,, 212, 250, 274, 283 nm. 

Alkylation with Benzyl Chloromethyl Ether 
Standard alkylation and isolation procedures were followed using 2-chloro-4-memylbenzimidazole 

(0.0843 g, 0.5 mmo1.L sodium hydride (0.0235 g, 55.0% in oil, 0.54 mmol.) and benzyl chloromethyl ether 
(0.0751 g. 0.48 mmol.) in dry dimethylformamide (10 mL). The crude mixture (0.1372 g), almost colourless 
gum, was analysed by t.1.c. and lH n.m.r.; both indicated the presence of two isomeric products in unequal 
amounts and reCOVered parent heterocycle. lH n.m.r.: 6 2.58 (s, CH3 [parent heterocycle]), 2.63 (s, CH~ 
[@I), 2.72 (S, CH3 [N3i), 4.52 6, CCHzCeHg [Nil), 4.56 (S, OCH$&,H5 [N3]), 5.61 (S. N-CH2 [Nil), 
5.74 (s, N-CH2 W31), 7.05-7.58 (ArH). The two N-methylene singlets were integrated (extending 18 Hz on 
each side from the centre of the singlets); N t 
77.9Z.bl.O : 22.lfl.O%). 

: N3 alkylation ratio = 77.5fl.O : 22.5+1.0% ( duplicate run, 
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I-Benzylaxymcthyl-2-c~~4-mcrlrylbcnrl(4d, C&CH2OCH2) 
The above mixture (0.0417 g) of two isomers was separated on a silica gel (20x20x0.2 cm) t.1.c. plate 

using ethyl acetate-light petroleum (39) az eluent. The Rf value of the components in the mixture were in the 
following order: major isomer>minor isomer>parent hetemcycle. The major isomer, I-benzyloqmezhyl-2- 
chloro-4-methylbenzimidazole, waz obtained on evaporation of the solvent as colourless gum (0.0257 g). 
(Found: mol wt 286.0874. CleHt5NgOCl reqtires 286.0873). M.s. m/z (%): 288 (l), 286 (M+, 2). 258 (1). 
180 (1). 116 (1). 104 (l), 91 (100). 77 (3), 65(10). 51 (4). 1H n.m.r.: 6 2.64 (s, 3H, CH3). 4.53 (s. 2H, 
OCH&jH5), 5.63 (s, 2H, N-CHg), 7.12 (d, lH, J = 7.1, H-5). 7.23 (t, lH, J = 7.5, H-6). 7.27-7.38 (m, 
6H H-7, C~HS). 
I-Benzyloqvnethyk2-chloro-7-methylbenzimidnzole (3d, C&CH2OCH2) 

The minor isomer, I-benzyloxymethyl-2-chloro-7-methylbenzimidazole, waz obtained on evaporation 
of the solvent as colourless gum (0.0072 g). (Found: mol wt 286 0874. Ct,5Ht5N2OCl requires 286.0873). 
M.s. m/z (%): 288 (0.4). 286 (M+, l), 256 (l), 179 (2). 165 (3), 111 (3), 91 (RIO), 77 (lo), 65 (16). 57 
(18). 55 (16). 51 (12). 1H n.m.r.: 6 2.73 (s, 3H, CH3). 4.58 (s, 2& OCH&jHs), 5.77 (8, 2H, N-CH2), 
7.07 (d, lH, J = 7.1, H-5). 7.19 (t, lH, Jav = 7.7, H-6). 7.27-7.35 (m, 5H, CrjHs). 7.53 (d. H-I, J = 8.2, 
H-7). 

Alkylation with ~~%Butyl Chloroacetate 
I-tert.-butyloxycarbonylmethyl-2-chloro4-mett#benzimkiawle (4d, R’ = (CH3)3COCOCH2) 

Standard ahcylation and isolation procedums were followed by using 2-chloro+methylb 
(0.0844 g, 0.5 mmol.), sodium hydride (0.0236 g, 55.0% in oil, 0.54 mmol.) and ferf.-butyl chloroacetate 
(0.0752 g, 0.5 mmol.) in dry dimethylformamide (10 mL). The crude mass (0.1214 g), almost colourless 
gum, was analysed by t.1.c. and tH n.m.r.; both indicated the presence of only one alkylated product plus 
recovered parent heterocycle. The alkylated pmduct was isolated using radial chromatography (Si@, ethyl 
acetate-light petroleum = 8:2). Evaporation of the solution of the alkylated product afforded Z-terf.- 
butyloxycarbonylmethyl-2-chloro-4-methylbenzimidazole (0.08203 g) az colourless gum. (Found: mol wt 
280.0980. C14Ht7N202Cl requires 280.0979). M.s. m/z (9b): 282 (l), 281 (l), 280 (M+, 2), 178 (11) 143 
(2), 116 (3), 91 (3). 77 (2). 65 (3), 57 (RIO), 51 (3). 1H n.m.r.: 6 1.44 [s, 9H, C(CH3)3], 2.63 (s, 3H, 4- 
CH3), 4.78 (s, 2H, CH2), 7.04-7.11 (m, 2H, H-5, H-6), 7.19 (d, lH, J = 7.8, H-7). 

A duplicate run also gave only Nl-alkylated product and some recovered parent hetetocycle. 

Alkylation with Phenacyl Chloride 
2-Chloro-4-methyl-I-PheMcylbenrimidazOie (4d, R’ = C,&COCH2) 

Standard alkylation and isolation procedures were followed using 2-chloro-4-methylbenzimidazole 
(0.0843 g, 0.5 mmol.), sodium hydride (0.0237 g, 55.0% in oil, 0.54 mmol.) and phenacyl chloride (0.0772 
g, 0.5 mmol.) in dry dimethylformamide (10 mL). The crude mass (0.1085 g), almost colourless solid, was 
analysed by t.1.c. and lH n.m.r.; both indicated the presence of only one alkylated product and recovered 
parent heterocycle. The alkylated product was isolated by using radial chromatography (Si02, ethyl acetate- 
light petroleum = 8:2). Evaporation of the solution of the alkylated product afforded I-phenacyl-2-chloro4- 
methylbenzimidazole as colourless crystals (0.0634 g); m.p. 91-92O. (Found: mol wt 284.0716. 
C1&13N2CCJ requires 284.0716). M.s. m/z (%): 286 (1). 284 (M+, 2), 166 (17), 165 (18), 131 (4), 105 
(100). 89 (5), 77 (45). 65 (8). 51 (21). IH n.m.r.: 6 2.65 (s, 3H, CH3), 5.58 (s, 2H, CH2), 6.95 (d, lH, J = 
8, H-5), 7.09 (d, lH, J = 7.2, H-7). 7.17 (t, 1H. J = 7.6, H-6), 7.57 (d oft, 2H, J = 7.6, J = 1.6, C!,jHs), 
7.70 (m. lH, CgHg), 8.05 (m, 2H, C&Is). 

A duplicate run gave only Nl-alkylated product and recovered patent heterocycle. 

Alkylation of 4-Methylbenzimidazolone Dianion (2, R = 0-) 

Alkylation with Benzyl Chloride 
Standard alkylation and isolation procedures were followed using 4-methylbenzimidazolone (0.0743 g, 

0.5 mmo].), sodium hydride (0.0465 g 55.0% in oil, 1.06 mmol.) and benzyl chloride (0.0634 g, 0.5 xnmol.) 
In dry dimethylformamide (10 mL). The crude mixture (0.1382 g) was analysed by t.1.c. and 1H n.m.r. 
spectroscopy; t.1.c. indicated the presence of three products, two isomeric monoalkylated products, a 
dialkylated product and recovered parent heterocycle. ‘H n.m.r. (CD30D): 6 2.27 (s, CH3 [from parent 
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heterocycle]), 2.30 (8, CH3, [dialkyll), 2.34 (6, CH3 Imoncdkyll), 5.04 Cs, CH2 l?@-~noalkYl])S 5.15 (s, 
CH2 [dialkyl]), 5.31 (8, CH2 [Ng-monoalkyl]). 5.38 (s, CH2 Walk~ll), 6.8-7.5 (ArHJ After isolation of the 

products they were identified as 1-benzyl-4_methylbenzimidazolone, 3-benzyl-4mthylbenzimidazolone and 
l,3-dibenzyl-4-methylbenzylbenzimidazolone. The three N-methylene singlets (of N1-monoalkyl, N3- 
monoalkyl and Nl&dialkyl products in the product mixture at 5.13.5.38 and 5.24 ppm respectively) were 
integrated (extending 10 Hz on each side from the centre of the singlets); N1-monoalkyl : N3-monoalkyl : 
Nt,N3-dialkyl Product ratio = 32.7fl.O : 7.4fl.O : 59.Ml.O% (duplicate run, 32.9il.O : 7.8fl.O : 
59.3fl.O%). 
1 J-Dibenzyl4-methylbenrimidazolone 

The above mixture (0.0462 g) of the mono- and the dialkylated products were separated on a silica gel 
(20x20x0.2 cm) t.1.c. plate using ethyl acetate-light petroleum (1:l) as eluent. The Rfvalue of the components 
were in the following order: dialkyl>Nt-monoalky1>N3-monoalkY1. The dialkyl product, 1.3~dibenzyl-4- 
methylbenzimidazolone, was obtained on evaporation of the solvent as colourless crystals (0.0236 g); m.p. 86- 
87”. (Found: mol wt 328.1576. C22HmN20 requires 328.1576). M.s. m/z (%): 329 (2). 328 &I+, lo), 237 
(8). 209 (1). 147 (0.5), 91 (RIO), 85 (26), 71 (47). 57 (87). lH n.m.r.: 8 2.34 (s, 3H, CH3), 5.15 (s, 2H, 
CH2 [Nt]), 5.38 (s. 2H, CH2 [N33), 6.76-7.35 (AS). Uv.: It,,, 213. 285 nm. 
I-BenzyM-methylbenzimidarolone 

The monoalkylated product, 1 -benzyi-4-methylbenzimidazolone, was obtained from the middle band 
on evaporation of the solvent as colourless crystals (0.0133 g); m.p. 198-200“. (Found: mol wt 238.1106. 
Ct5Ht4N20 requires 238.1106). M.s. m/z (%): 239 (l), 238 (M+, 7), 149 (17). 134 (3), 106 (6), 91 (lOO), 
79 (8), 77 (6), 65 (14), 51 (6). tH n.m.r.: 6 2.39 (s, 3H, CH3), 5.09 (s, 2H, CH2). 6.71-7.34 (ArH), 9.47 
(bs, lH, NH). Uv.: h,, 212,283 nm. 
I -Benzyl-7-methylbenzimidazolone 

The monoalkylated product, I-benzyl-7-methylbenzimidazolone, was obtained from the low Rf band 
on evaporation of the solvent as colourless crystals (0.0032 g); m.p.203-205’. (Found: mol wt 238.1106. 
Ct5Ht4N20 requires 238.1106). M.s. m/z (%):.239 (l), 238 (M+,9), 147 (3), 104 (l), 91 (RIO), 77 (3), 65 
(12), 51 (3). tH n.m.r.: 6 2.33 (s, 3H, CH3), 5.32 (s, 2H, CH2), 6.75-7.35 (ArH), 8.23 (bs, lH, NH). Uv.: 
Xmax 210,284 nm. 

Alkylation with Benzyl Chloromethyl Ether 
Standad alkylation and isolation procedures were followed using 4methylbenzimidazole (0.0741 g, 

0.5 mmol.), sodium hydride (0.0467 g, 55.0% in oil, 1.07 mmol.) and benzyl chloromethyl ether (0.0781 g, 
0.5 mmol.) in dry dimethylformami de (10 mL). Analysis of the crude mixture (0.1322 g) by t.1.c. indicated 
the presence of three products and recovered parent hetemcycle. After isolation of the isomeric products, they 
were identified as 1-benzyloxymethyl-4-methylbenzimidazolone, 3-benzyloxymethyl-4methylbenzimidazole 
and 1,3-dibenzyloxymethyl-4-methylbenzimidazolone. lH n.mr. of the isomeric product mixture: 6 2.42 (s, 
CH3 [I@-monoalkyll), 2.60 (s, CH3 [N3-monoalkyll), 2.61 (s, CH3 [dialkyl]), 4.55 (s, OCH2C6H5 
[diaW]l), 4.58 (s, OCHSuHs Wmonoalkyll), 4.61 (s, OCH&H5 [N3-dialkyl]), 4.65 (s, OCH&H5 
[N3-monoalkyll). 5.36 (s, WCH2 [N1-dialkyll), 5.43 (s, N-CH2 [Nt-monoalkyl), 5.47(s, N-CH2 [N3- 
monoakyl), 5.50 (s, N-CH2 [N3-dialkyll), 6.8-7.5 (ArH), 8.52 (bs, NH [N3-monoalkyl]), 9.51 (bs, NH 
IN*-monoalkyl). The three N-methylene singlets (N*-monoalkyl, NJ-monoalkyl and dialkyl products in the 
Product mixture at 5.43,5.47 and 5.36 ppm respectively) were integrated (extending 6 Hz on each side from 
the centre of the singlets); N1-monoalkyl : Nf-monoalkyl : N1,Nf-dialkyl product ratio = 19.8kl.O : 
17.3k1.0 : 62.91t1.08 (duplicate run, 20.6kl.O : 17.01.0 : 62.4f1.08). 
1,3-Dibenzyloxymethyl-4~methylbenzimidazolone 

The above mixture CO.0451 g,) of two monoalkyl and one dialkyl product were separated on a silica gel 
(20x20x0.2 Cm) t.1.c. plate using ethyl acetate-light petroleum (1:l) as eluent. The Rf values of the 
components were in the following order: dialkyl>N1-monoalkyl>N&onoalkyl product. 7’he dialkyl product, 
1,3-diben~loqmethyl-4-methylbenzimidazolone, was obtained on evaporation of the solvent as colourless 
gum (0.0244 g). (Found: mol wt 388.1788. &tH~N203 requires 388.1787). M.s. III/Z (%): 389 (0.8). 388 
(M+* 3) 328 (3), 237 (5), 174 (13) 161 (l), 131 (2), 105 (4), 91 (lOO), 77 (6), 64 (12), 51 (5). tH n.m.r.: 
3 2.65 (s, 3H, CH3). 4.58 (s, 2H CCH&Hg IN’]), 4.64 (s, 2H, CCH&jHg [N3]), 5.40 (s, 2H, N- 
CH2 [Nil), 5.55 (s, 2H, N-CH2 [N3]), 6.93-7.38 (ArH). 
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The Nhonoalkyl product, I-benzyloxymethyl-4-methylbenzimidazolone, was obtained from the 
middle t.1.c. band as colourless crystals (0.0074 g); m.p. 152-153”. (Found: mol wt 268.1212. C16H16NzO2 
requires 268.1212). M.s. m/z (%): 269 (0.4), 268 (M+. 2), 238 (4), 162 (5). 147 (2), 107 (2), 91 (100). 73 
(18). 65 (11). 51 (7). tH n.m.r.: 6 2.42 (s, 3H, CH3), 4.62 (s. 2H, OCI-W!~H~), 5.43 (s, 2H. N-CH2), 
6.92-7.34 (AS), 9.54 (bs, lH, NH [N3]). 
I-Benzyloxymehyl-7-me~hylbenzimidazolone 

The fl-mono&y1 product, 3-benzyloxymerhyl-4-methylbenzimidazolone, was obtained from the 
lowest Rf band as colourless crystals (0.0062 g); m.p. 136-137’. (Found: mol wt 268.1212. C16H16N202 
requires 268.1212). M.s. m/z (46): 269 (1). 268 (M+. 6). 238 (13), 162 (11). 147 (4), 133 (2), 91 (lOO), 77 
(5), 65 (12), 51 (5). 1H n.m.r,: S 2.64 (s, 3H, CH3), 4.65 (s, 2H, OCH&Hg), 5.54 (s, 2H. N-CH2), 
6.87-7.32 (ArH), 8.58 (bs. H-I, NH [Nl]). 

Alkyladon with text-Butyl Chloroacetare 
Standard alkylation and isolation procedures were followed using 4-methylbenzimidazolone (0.0741 g, 

0.5 mmol.), sodium hydride (0.0464 g, 55.0% in oil, 1.06 mmol.) and terr.-butyl chloroacetate (0.0753 g, 
0.5 mmol.) in dry dimetbylformamide (10 mL). The crude mixture (0.1283 g) was analysed by both t.1.c. and 
lH n.m.r. spectroscopy; t.1.c. analysis indicated the presence of two products in unequal amounts and 
recovered parent heterocycle. tH n.m.r. analysis indicated two major products, one very small product, 
possibly the l@-alkylated product and recovered parent heterocycle. After isolation of the major products they 
were identified as ~-rert-butyloxycarbonylmethyl-4-methylbenzimidazolone and 1,3_ditert-butyloxycarbonyl- 
methyl-4-methylbenzimidazolone. 1H n.m.r. of the crude mixture: 6 1.44-1.47 [OC(CH3)3], 2.39 (s, 4-CH3 
[Nl]), 2.44 (s. 4-CH3 [dialkyl]), 4.52 (s. CH2 [Nl-monoalkyl and Nt-dialkyl]), 4.75 (s, CH2 [m-dialkyl), 
4.87 (s, CH2 N3-monoaLkyl]), 6.71-7.02 (ArH). The two Cmethyl singlets (each of monoalkyl and dialkyl 
products) were integrated (extending 7 Hz on each side from the centre of the singlets); Nl-monoalkyl : 
Nl,N3-dialkyl product ratio = 71.2+1.0 : 28.8+1.0% (duplicate run, 70.8+1.0 : 29.2+1.0%). 
I,3-Ditezt-butyloxycarbonylme#ayl4-methylbenzimidazole 

The above mixture (0.0463 g) of monoalkyl and dialkyl products were separated on a silica gel 
(20x20x0.2 cm) t.1.c. plate using ethyl acetate-light petroleum (7:3) as eluent. The dialkyl product, 1,3-dirert- 
butylo~carbonylmethyl-4~methylbenzimidazole (higher Rf), was obtained on evaporation of the solvent as 
colourless crystals (0.0118 g); m.p. 138-140’. (Found: mol wt 376.1997. C&I2gN205 requires 376.1998). 
Ms. m/z (8): 377 (l), 376 (M+, 7), 264 (12), 219 (la), 174 (5), 147 (8), 109 (6), 97 (13), 91 (5), 83 (14), 
77 (3), 56 (100). lH n.m.r.: 6 1.45 [s, 9H, C(CH3)3]. 1.46 [s, 9H, C(CH3)3], 2.44 (s, 3H, 4-CH3). 4.52 
(s, 2H, CH2 [N’]), 4.75 (s, 2H. CH2 [Ns]), 6.72 (d, lH, J = 7.7, H-5), 6.82 (d, lH, J = 7.5, H-7), 6.97 
(t, lH, J = 7.7, H-6). 
l-tert-Butyloxycarbonylme~hyl-4-methylbenzimi&zolone 

The monoalkyl product, l-te~-bu~loxycarbonylme~hyl-4-me~hylbenzimidazolone (lower Rf), was 
obtained on evaporation of the solvent as colourless crystals (0.0261 g); m.p. 197-98’. (Found: mol wt 
262.1318. CI~HIENZO~ requires 262.1317). M.s. m/z (%): 263 (I), 262 (M+, lo), 161 (46), 133 (16), 104 
(3), 77 (8), 65 (7), 57 (W, 51 (6). lH n.m.r.: 6 1.46 [s. 9H, C(CH3)3], 2.40 (s, 3H, CH3), 4.53 (s, 2H, 
CH2), 6.73 (d, lH, J = 7.7, H-5), 6.90 (s, lH, J = 7.7, H-7), 6.99 (t. lH, Jav = 7.7, H-6). 

Attempted Alkyladon wirh Phenacyl Chloride 
Standard alkylation and isolation procedures were followed by taking 4-methylbenzimidazolone 

(0.0743 g, 0.5 mmol.), sodium hydride (0.0469 g, 55.0% in oil, 1.07 mmol.) and phenacyl chloride (0.0774 
g, 0.5 mmol.) in dry dimethylformamide (10 mL). Both t.1.c. and *H n.m.r. analysis of the isolated material 
indicated that no apparent alkylation had occurred, 4-methylbenzimidazolone remained unchanged and some 
akylating agent had decomposed. The reaction was repeated and allowed to continue for 2 days, but the 
results were unchanged, 
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Kinetic Measurements 

The benzimidazoles (70 - 80 mg) were reacted with freshly prepared, equimolar amounts of sodium 
methoxide (sodium in dry methanol, 5 mL) under nitrogen. Methanol was removed by -distillation with 
toluene and the white solid dried (0.05 mm, 0.5 hr, room temp.). The sodium salts were then dissolved in dry 
NJklimethylformamide (30 mL) containing a known amount (about 0.2 g) of benzonitrile as an internal 
standard and the solution thermally equilibrated in a constant temperature water-bath (30.0k0.1°). Benzyl 
chloride (3 - 4 equiv. in 5 mL dry dimethylf~ ‘de) was also equilibrated in the water-bath for 0.5 hr. The 
hvo reactant solutions were then rapidly mixed and homogenized. At known intervals over a one hour period, 
1 .O mL aliquots of the reaction mixture were withdrawn and quenched with glacial acetic acid (1 mL). These 
aliquots were analysed by h.p.1.c. using a 12.5 x 0.45 cm spherisorb S5 0DS2 column using gradient elution 
with mixtures of (A) 80~20 water / acctonitrile and (B) 60~40 water / acetonitrile containing 0.5% triethylamine 
and pH adjusted to 5.0 with phosphoric acid, The (residual) benzimkkzole concentration in these aliquots was 
determined by reference to the internal standard peak. Standard benzimidazole / benzonitrile solutions were 
injected for calibration purposes at the beginning, in the middle, and at the end of each series of h.p.1.c. 
measurements. The rate constants, k2. were calculated from a least squares regression analysis using the 
second order rate law equation. Straight lime plots with correlation coefficients of R2 = 0.997 to 1.000 were 
obtained over periods of up to an hour (5 hr for the sluggish 2-chloro system, 2d). For the 4- 
methylbenzimidazolone (If) dianion alkylations, curvature was observed in the second order rate plots and the 
‘initial rate’ constant was determined from the fust 3 points (up to 6 min, R2 1.000). 
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