Tetrahedron Letters 51 (2010) 4723-4726

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Synthesis, structure and reactivity of 1-(4-nitrobenzyl)-2-chloromethyl

benzimidazole

Amanda E. Sparke, Christopher M. Fisher, Ryan E. Mewis, Stephen ]. Archibald *

Department of Chemistry, University of Hull, Cottingham Road, Hull HU6 7RX, United Kingdom

ARTICLE INFO ABSTRACT

Article history:

Received 15 April 2010
Revised 16 June 2010
Accepted 2 July 2010
Available online 7 July 2010

Keywords:
Benzimidazole
Antagonist
Anti-viral
Chelators synthesis

The synthesis of 1-(4-nitrobenzyl)-2-chloromethyl benzimidazole, which undergoes a nucleophilic
substitution with pyridine in the absence of additional base, is reported. The key steps are the reaction
of 1,2-phenylenediamine to give exclusively the mono-substituted product and the avoidance of minor
by-products via the use of glycolic acid for the cyclisation step. The X-ray structures of 1-(4-nitroben-
zyl)-2-chloromethyl benzimidazolium chloride and 1-[1-(4-nitrobenzyl)benzimidazol-2-ylmethyl]pyrid-
inium chloride are presented.

© 2010 Elsevier Ltd. All rights reserved.

The benzimidazole heterocycle is represented in nature as an
integral part of the structure of vitamin B, and has been incorpo-
rated into pharmaceutical agents to form enzyme inhibitors, recep-
tor binding drugs and DNA intercalators. 1,2-Difunctionalised
benzimidazoles of the type we are interested in have been reported
as prostaglandin D, receptor-antagonists,! angiotensin Il receptor-
agonists?’ and have been patented as dopamine-p-hydroxylase
inhibitors.> Additionally they have been used as components of
metal-chelating ligands.*
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The synthesis of benzimidazole derivatives functionalised at the
1-position can involve a two-step process with either the initial
attachment of a group which will become a 1-position substituent
on cyclisation, or initial heterocycle formation followed by electro-
philic substitution at the 1-position on reaction with either an alkyl
halide or an acid chloride.>”” A variety of different routes are re-
ported for the synthesis of benzimidazole derivatives that have
been functionalised at the 2-position, including the formation of
the five-membered ring using carboxylic acids, solid-phase routes,
nitroanilines and orthoesters.2-'> We attempted to avoid expen-
sive precursors and produce a scalable reaction for the production
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of multi-gram quantities of the target compound. There are oppor-
tunities in the use of substituted aldehydes in the cyclisation step.
Das et al. reported the synthesis of a series of compounds in good
yields (72-91%)' and Gogoi and Konwar developed analogous
procedures in aqueous conditions,'> however, these routes were
not exploited in this study.

Our target is a benzimidazole derivative with a reactive moiety at
the 2-position and a masked reactive group at the 1-position (prefer-
ably 4-aminobenzyl on functional group interconversion). The
method investigated involves selective mono-alkylation of 1,2-
phenylenediamine either with a benzaldehyde (imine formation
followed by reduction) or an alkyl bromide group to produce 1-(4-
nitrobenzyl)phenylenediamine, followed by the cyclisation to form
the benzimidazole derivative by the reaction with a carboxylic acid
to give a chloromethyl benzimidazole. These are well-known reac-
tions but require some attention to produce robust and reproducible
procedures on a multi-gram scale. A good example of the effort
required to give a reliable synthesis of a related molecule was dem-
onstrated by Hérault et al., where the synthesis of 2-ferrocenyl-1-n-
butylbenzimidazole by the aromatic nucleophilic substitution of
n-butylamine onto 2-bromonitrobenzene, followed by reduction of
the nitro group to form an amine and finally the condensation with
ferrocene carboxaldehyde gave the ferrocene-functionalised benz-
imidazole (63% overall yield).®

Our method uses the standard Phillips synthesis where the 1,2-
phenylenediamine precursor is condensed with chloroacetic
acid.'®!'7 The synthesis of 1-(4-nitrobenzyl)-2-chloromethyl benz-
imidazole was investigated via two routes, see Scheme 1. Route 1:
4-nitrobenzaldehyde in methanol was added to 1,2-phenylenedi-
amine in methanol in the presence of 3 A molecular sieves and left
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to stir for 72 h at room temperature before the work-up and re-crys-
tallisation from ethanol to give 1 (71% yield). The imine was then re-
duced to the amine by the addition of an excess of sodium
borohydride followed by heating at reflux for 4 h. After the work-
up, a white solid 2 was isolated in 74% yield and the 'H NMR
spectrum showed a clean loss of the imine peak at 6.81 ppm and
the formation of a CH, peak at 4.38 ppm.'® The overall yield of the
two steps was 53%, taking ca. four days. Route 2: A single step reac-
tion with 4-nitrobenzyl bromide was preferable and proceeded
cleanly under the right conditions; 4-nitrobenzyl bromide was
added dropwise in methanol to a fivefold excess of 1,2-phenylenedi-
amine and the reaction mixture allowed to stir for 4 h; the product
was isolated, recrystallised from a minimum amount of ethanol to
remove some of the excess starting material and purified using flash
column chromatography (66% yield). We have previously published
the single crystal X-ray structure of this compound.'®

A large number of publications have reported the use of substi-
tuted acetic acid derivatives in the reactions with 1,2-phenylenedi-
amine using 5 M HCl as the solvent.® The solution is heated at reflux,
followed by an alkaline work-up at 0 °C that causes precipitation of
the desired compound. In particular, Wilson and Hunt have used this
method to form a series of substituted benzimidazoles in ca. 80%
yield.'” The acid catalysis protonates the carbonyl oxygen to form
a carbenium ion, followed by nitrogen attack and a dehydration
reaction to give the benzimidazole compound. The synthesis of 4
was initially attempted by heating a mixture of 1,2-phenylenedi-
amine and chloroacetic acid to reflux in 5 N HCI with the reaction
times varying from 4 to 24 h followed by precipitation of the product
with aqueous ammonia in an ice bath, however, we found that this
procedure gave the unwanted by-products. The mass spectrometry
data showed a peak at m/z = 302, corresponding to 4, and another
smaller peak at 282. Clearly during the work-up, ammonia was par-
tially displacing the chloride causing the formation of 1-(4-nitroben-
zyl)-2-aminomethyl benzimidazole (m/z = 282). The reaction was
repeated using sodium hydroxide solution in the work-up, but the
mass spectrum showed that instead of the amine displacing the
chloride, some hydroxymethyl benzimidazole 3 was formed (m/
z=283) in addition to 4. The work-up was kept cool (below 15 °C)
and the reaction was performed in cold by placing the vessel in an
ice bath, however, this would be challenging to maintain on a
scaled-up procedure.

As an alternative, chloroacetic acid can be replaced by glycolic
acid to give 1-(4-nitrobenzyl)-2-hydroxymethyl benzimidazole
(3) and thionyl chloride can then be used to cleanly convert the
hydroxymethyl group into the chloromethyl equivalent.2° Slightly
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longer reaction times were required to produce 3 (77% yield), then
stirring with thionyl chloride for 24 h gave 1-(4-nitrobenzyl)-2-
chloromethyl benzimidazole (4) as a cream solid (yield 72% after
re-crystallisation).?! The X-ray crystal structure of 4-HCl was ob-
tained, the ORTEP plot is shown in Figure 1. The chloride interacts
strongly with the protonated imidazole N (bond lengths N-H.- - .Cl
0.949, 2.002 A; angle 174.99°), but there are no particularly influ-
ential m-stacking or edge to face phenyl interactions observed.
Only one other X-ray structure was found in the CCDC?? with a
functional group on an N1 benzylic group, in this case a nitrile,
however, no reactive group was present at the 2-position in this
example.??

The alternative approach is to form the benzimidazole com-
pound, followed by substitution, (e.g., with nitrobenzyl bromide),
at the benzimidazole N1 position of 4 but we found that these reac-
tions did not proceed cleanly. The substitution of groups directly
onto the N1 position of the benzimidazole has been achieved, for
example, methyl iodide reacts with benzimidazole in the presence
of potassium carbonate using DMF as the solvent (yields greater than
70%),2* and a related approach has been employed by Li et al. in the
synthesis of hepatitis B anti-virals.2> Similarly, Thomas et al. formed
methyl 4'-[(butyl-1H-benzimidazol-1-yl)methyl]biphenyl-2-car-
boxylate,2® by reacting 2-butylbenzimidazole with a slight excess
of methyl 4-(bromomethyl)biphenyl-2-carboxylate and potassium
carbonate in dimethylformamide with heating at 100 °C. Care has
to be taken in the selection of the base and we found the conditions
to be sensitive, and frequently led to the production of minor by-
products which are difficult to separate. We also found that dichlo-
romethane/TEA, THF/TEA, DMEF/K,CO3, sodium hydride/DMF,
acetone/potassium carbonate, LDA/THF were similarly unsatisfac-
tory, although there is precedence for their applicability to other pre-
cursors and Dubey et al. have had success in the formation of related
products using phase-transfer catalysts.?” The potential for multiple
alkylations due to the chloromethyl group can be problematic, and Li
et al. have observed the quaternisation reactions.?® The alkylation of
2-hydroxymethyl benzimidazole was not studied during this work.

The potential for a nucleophilic substitution reaction was inves-
tigated by a reaction with pyridine. A modified version of the pro-
cedure reported by lemura et al. was used, where 4 was dissolved
in pyridine in the absence of a base and heated at reflux for
30 min.?® The solvent was removed under reduced pressure, and
the resulting cream solid was recrystallised from methanol to give
1-[1-(4-nitrobenzyl)benzimidazol-2-ylmethyl]pyridinium chloride
as a white crystalline solid (60% yield).2® Pyridyl derivatives of
benzimidazoles are of interest as anti-virals targeting picornavi-
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Scheme 1. Reagents and conditions: (i) 4-nitrobenzyl bromide, MeOH, rt, 4 h (66%); (ii) 4-nitrobenzaldehyde, 3 A MS, MeOH, rt, 72h; recrystallised from EtOH (71%); (iii)
NaBH,4, EtOH, reflux, 4 h (74%); (iv) glycolic acid, 5 N HCl, reflux, 48 h; 5% NaOH (77%); (v) SOCl,, rt, Ny, 24 h (72%); (vi) pyridine, reflux, 30 min, recrystallised from MeOH

(60%).
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Figure 1. The molecular structure of 1-(4-nitrobenzyl)-2-chloromethyl benzimi-
dazolium chloride 4-HCI showing the atom labelling and 50% probability ellipsoids
for non-H atoms.

ruses and rhinoviruses.>® The X-ray crystal structure of [5]-Cl was
obtained. An ORTEP plot of the structure is shown in Figure 2.
There is no clear m-stacking or edge to face phenyl interactions,
similar to the crystal structure for 4-HCl, although in this case
the chloride group is located in close proximity to the charged
pyridinium group. There are some slight differences in the bond
lengths and angles which may be attributed to the steric bulk of
the pyridyl group. The only X-ray structure of a similar nature
deposited at the CCDC has a pyrrolic group attached via a methyl
linker in the 2-position of the benzimidazole, but this is not a
charged species.3!

In conclusion, 1-(4-nitrobenzyl)-2-chloromethyl benzimidazole
was synthesised via a robust route. A key reaction was between
1,2-phenylenediamine and 4-nitrobenzylbromide in the absence
of a base giving exclusively a mono-alkylated product in a single
step. Benzimidazole formation by the treatment of 2 with chloroace-
ticacidin5 N hydrochloric acid was unsatisfactory due to the consis-
tent presence of by-products, and this was similarly the case with
the alkylation of chloromethylbenzimidazole. Therefore, the most
reliable route to synthesise this compound was from 3. Subsequent
to the reaction of the chloromethyl group the nitro group could bere-
duced using sulfurated borohydride offering the potential for further
functionalisation at this position. Investigation of these reactions

®os

Figure 2. The molecular structure of 1-(4-nitrobenzyl)-2-methylpyridinium benz-
imidazole chloride 5, showing the atom labelling and 50% probability ellipsoids for
non-H atoms.

forms a part of our ongoing studies, in addition to anti-viral as-
says>233 and chelator formation with these compounds.

Supplementary data

CCDC 772926 and 772927 contain the supplementary crystallo-
graphic data for compounds 4-HCl and 5, respectively. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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