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Abstract An efficient and convenient Ni-catalyzed C-N bond forma-
tion for the synthesis of various benzimidazoles from various 2-haloani-
lines, aldehydes, and ammonia in a concise manner is reported. This
protocol uses commercially available, nonhazardous, clean ammonia as
areaction partner instead of other nitrogen sources. Benzimidazoles, as
the sole products, were obtained in high to excellent yields (up to 95%).
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Benzimidazoles are important building blocks found in
many biologically and therapeutically active compounds,
natural products, and functional materials.! They show me-
dicinal activities such as anticonvulsant, anticancer, antiul-
cer, antihypertensive, antibacterial, and antihistaminic
properties (Figure 1).2 In addition, they have applications in
the fields of dyes, chemosensing, and fluorescence.? There-
fore, many synthetic techniques for accessing these particu-
lar heterocycles have become established in recent years.
The majority of the reported procedures for synthesizing
benzimidazoles rely on the reactions of o-phenylenedi-
amines with carboxylic acids, acid chlorides, or carbalde-
hydes in the presence of acids and oxidizing agents at ele-
vated temperature [Scheme 1(a)].* However, many of these
reported procedures suffer from harsh reaction conditions,
prolonged reaction times, and environmentally unfriendly
media. Therefore, the development of mild and efficient
protocols for synthesizing these valuable heterocyclic enti-
ties remains a challenging problem.

During recent decades, efficient syntheses of benzimid-
azoles from 2-haloacetanilides,”® arylbenzimidamides,® 2-
haloarylamidines,> or arylamino oximes>? have been re-
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Figure 1 Marketed drugs containing a benzimidazole moiety

ported [Scheme 1(b)]. Syntheses of benzimidazoles cata-
lyzed by various transition metals, such as Fe, Co, Zn, Cu, Ce,
or Pd, have also been developed.® Although the reactions
are efficiently promoted by these catalysts, some of these
methods have one or more shortcomings, such as the use of
stoichiometric or larger quantity of reagents, the need for
additives and/or harsh conditions, or the occurrence of side
reactions. Consequently, there is a need for a cheap, clean,
transition-metal-catalyzed, convenient reaction to increase
the atom economy of the process. In this respect, nickel
emerges as an important catalyst in the view of its abun-
dance and low cost. In 2003, Schneider and Fort and their
co-workers reported a method that uses Ni catalysts to syn-
thesize indoles, quinolines, benzazepines, and benzoxaze-
pines through intramolecular coupling of aryl chlorides
with amines.” Unfortunately, Ni catalysts have rarely been
used in studies on benzimidazoles.
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Scheme 1 Various synthetic routes to benzimidazoles derivatives
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Unlike other nitrogen containing-compounds such as
amidine hydrochlorides,? 2-aminobenzylamines,3 NaN,,
or nitriles8 that can act as nitrogen sources for the synthe-
sis of organic amino compounds, ammonia is among the
most abundant and least expensive inorganic chemicals. In
2009, Xia and Taillefer discovered a simple and efficient
method for transforming aryl iodides or bromides into ani-
line derivatives by using ammonia in the presence of
Cu(acac), as a catalyst in one step.® Ma and co-workers re-
ported the synthesis of benzimidazoles by a Cul/L-proline
catalyzed coupling of aqueous ammonia with 2-iodoacet-
anilides.”® The successful use of ammonia as a nitrogen
source in the one-pot synthesis of aniline derivatives sug-
gested the possibility of the synthesis of benzimidazoles
from ammonia. In addition, microwave irradiation is of
great importance in the context of green synthesis and sus-
tainable chemistry, and the combination of microwave
heating and the absence of an organic solvent is a way for-
ward in future green catalytic protocols.

In a continuation of our ongoing researches,!® we report
an economical and simple microwave-assisted nickel-cata-
lyzed protocol for the synthesis of benzimidazoles by using
2-haloanilines, ammonia, and aldehydes [Scheme 1(c)]. To
the best of our knowledge, there has been no report of a Ni-
catalyzed C-N bond formation for the synthesis of benzim-
idazoles.

We started our investigation by using 2-iodoaniline,
ammonia, and benzaldehyde as model reactants, and we
determined the optimal conditions for the reaction (Table
1). Initially, among the various nickel salts tested with the
same ligand L1, NiCl, exhibited a higher catalytic ability
than did Ni(NOs),, Ni(OAc),, NiSO,, or Ni(OH), (Table 1, en-
tries 1-5). Screening of several ligands (entries 5-8) indi-
cated the most suitable one was L3 (entry 7), indicating
that the specific structures of quinolin-8-ol might be the
key to a successful catalyst system. Note that in control ex-
periments, no significant promotion was observed under
similar reaction conditions in the absence of NiCl, and that
only a trace of the product was obtained under ligand-free
conditions (entries 9 and 10). The experiments showed that
various widely used bases such as Na,CO; and K,CO; had a
remarkable effect on the reactions, and that Cs,CO;was the
best among the bases tested (entries 11-15). Further exper-
iments revealed that lowering the reaction temperature to
less than 100 °C had a negative effect on the reaction (entry
16), and that a reaction time of around 13 minutes was op-
timal (entry 19). Thus, the optimal catalytic conditions in-
volve the use of 10 mol% NiCl, and ligand L3 with Cs,CO; as
an additive at 100 °C for 13 minutes with irradiation by mi-
crowaves at 130 W (entry 19).

Having established the optimal reaction conditions, we
turned our attention to exploring the scope of the method.
As shown in Table 2, various 2-haloanilines and aldehydes
were transformed into the corresponding benzimidazoles

Table 1 Optimization of the Catalytic Reaction?
NH
2 CHO [Ni], ligand N\
+ NHgHO + —_—
| base, MW N

O—coou TN/ N | . N \—
N \_/ \= N I
H OH

L1 L2 L3 L4

Entry Nisource Ligand Base Temp (°C) Time (min) Yield® (%)

1 Ni(NOs), L1 NaOH 100 15 63

2 Ni(OAc), L1 NaOH 100 15 48

3 NiSO, L1 NaOH 100 15 35

4 Ni(OH), L1 NaOH 100 15 23

5 NiCl, L1 NaOH 100 15 67

6 NiCl, L2 NaOH 100 15 64

7 NiCl, L3 NaOH 100 15 85

8 NiCl, L4 NaOH 100 15 46

9 NiCl, - NaOH 100 15 10
10 - L3 NaOH 100 15 trace
11 NiCl, L3 KOH 100 15 72
12 NiCl, L3 K,CO; 100 15 87
13 NiCl, L3 Na,CO5 100 15 80
14 NiCl, L3 Cs,CO; 100 15 92
15 NiCl, L3 - 100 15 trace
16 NiCl, L3 Cs,CO5 90 15 69
17 NiCl, L3 Cs,CO; 110 15 88
18 NiCl, L3 Cs,CO; 100 11 86
19 NiCl, L3 Cs,CO; 100 13 92

3 Reaction conditions: 2-iodoaniline (0.5 mmol), PhCHO (0.6 mmol), 25-
28% aq NH; (2 mL), Ni source (10 mol%), ligand (10 mol%), base (1.0
mmol), MW (130 W).

b Determined by GC with 1,4-dichlorobenzene as internal standard.

in high to excellent yields of 76 to 95%. These studies clearly
revealed that substrates having electron-donating and elec-
tron-withdrawing groups are compatible with this process,
affording the corresponding substituted benzimidazoles in
high yields. 2-Bromanilines also reacted with ammonia and
aldehydes under the same conditions, albeit with slightly
lower yields than the corresponding 2-iodoanilines. Note
that the reaction is absolute clean, producing 2-substituted
benzimidazoles exclusively, with no byproducts being de-
tected. Electron-donating o-haloanilines as substrates ap-
peared to be more suitable for the catalysis (Table 2, entries
2-9). We then examined the general applicability of this
method to a variety of aldehydes. Aldehydes bearing elec-
tron-donating groups gave better results than did those
with electron-withdrawing groups (entries 10-14). This is
because an aldehyde with a strongly electron-donating sub-
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stituent (OMe; entry 11) forms the corresponding N-
phenylformimine more readily than does an aldehyde with
an electron-withdrawing group substituent.

Table 2 Substrate Scope?

NH,
A 2 NiCly/8-quinolinol, Cs;CO3 N = N\ "
R'T + NHgH0 + R2—CHO — 5 R'y S—r
H

X 100 °C, 13 min,130 W

Entry R’ R? Product Yield® (%)

1 H Ph 2a 92 (X=1)
83 (X = Br)

2 40N Ph 2b 82 (X=1)
78 (X = Br)

3 4d Ph 2c 89 (X=1)
83 (X = Br)

4 4B Ph 2d 84 (X=1)
76 (X = Br)

5  4-Me Ph 2e 95 (X=1)
86 (X =Br)

6 4-Me 3-pyridyl 2f 92 (X=1)
78 (X = Br)

7 4-Me 2-FCeH, 2g 86 (X=1)
79 (X = Br)

8  4-Me 2,4-Me,CgH, 2h 89 (X=1)
81 (X = Br)

9 4,5-dichloro Ph 2i 84 (X=1)
76 (X = Br)

10 H 4-Tol 2j 93 (X=1)
82 (X=Br)

1 H 4-MeOCgH, 2k 95 (X =1)
81 (X =Br)

12 H 4-CICH, 2l 92 (X=1)
79 (X = Br)

13 H 4-0,NCH, 2m 89 (X=1)
78 (X = Br)

14 H 2-CICeH, 2n 87 (X=1)
78 (X = Br)

15 H 2-FCeH, 20 85(X =1)
76 (X = Br)

16 H 2-HOCgH, 2p 92 (X=1)
80 (X = Br)

17 H 3-FCgH, 2r 85 (X=1)
79 (X = Br)

18 H 3-NCCeH, 2s 89 (X=1)
81 (X =Br)

19 H 3-hydroxy-4-me- 2t 88 (X=1)
thoxyphenyl 81 (X=8Br)

20 H 2-pyridyl 2u 82 (X=1)
77 (X = Br)

21 H i-Pr 2v 85 (X =1)
79 (X = Br)

2 H CH(Me)Pr 2w 82(X=1)
77 (X = Br)

2 Reaction conditions: haloaniline (0.5 mmol), ArCHO (0.6 mmol), 25-28%
aq NH; (2 mL), NiCl, (10 mol%), L3 (10 mol%), Cs,CO5(1.0 mmol), MW (130
W), 100 °C, 13 min.

bIsolated yield.

Moreover, the good yields obtained in the reactions of
4-chloro-2-iodoaniline and 4-bromo-2-iodoaniline implied
that there was good chemoselectivity between iodide, bro-
mide, and chloride functional groups (Table 2, entries 3, 4,
and 9). Furthermore, the catalytic system also tolerated a
variety of functional groups, including nitro, cyanide, meth-
yl, methoxy, and hydroxy groups. Heterocyclic compound,
such as pyridine-2-carboxaldehyde, also afforded the corre-
sponding products in good yields (entry 20). The protocol
was also equally efficient towards nonactivated aliphatic al-
dehydes (entries 21 and 22).

Preliminary mechanistic studies of the reaction were
next conducted. As a first step, we turned our attention to
exploring the possible intermediates in the reaction under
the optimal catalytic conditions. The results are shown in
Scheme 2.
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Scheme 2 Formation of possible intermediates

Among the reactions shown in Scheme 2, we found that
the reaction of benzaldehyde with 2-iodoaniline gave the
best yield of an intermediate (a 96% yield of the correspond-
ing N-phenylformimine), indicating that this is an interme-
diate in the reaction. The second step is the reaction of the
N-phenylformimine with ammonia, as shown in Scheme 3.
We found that NiCl, and quinolin-8-ol are extremely im-
portant, and that the reaction does not proceed in the ab-
sence of either. Finally, we conducted a study on the inter-
mediate III. The yield of the desired product 2-phenyl-1H-
benzimidazole reached 93% only when NiCl, was added to
the reaction under an air atmosphere [Scheme 3(a)]. In the
absence of NiCl,, the yield decreased substantially [Scheme
3(b)]. Moreover, the reaction did not proceed under a N, at-
mosphere [Scheme 3(c)]. Therefore, NiCl, and O, are essen-
tial for the reaction to occur.

On the basis of these results and reports in the litera-
ture,!! a possible reaction pathway for the synthesis of benz-
imidazoles is proposed, as shown in Scheme 4. Initially, 2-
iodoaniline and benzaldehyde react to form an N-phenyl-
formimine. Then, Ni(Il)-catalyzed intermolecular N-aryla-
tion between the N-phenylformimine and ammonia pro-
vides the Ni(IV) intermediate IL.''4 Intermediate Il then un-
dergo intramolecular addition to produce intermediate
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Scheme 3 Control experiments

IV.'e-8 [n the final step, the dihydrobenzimidazole IV un-
dergoes NiCl,-catalyzed oxidation by atmospheric oxygen
to form the benzimidazole product.'™

Finally, the catalytic system was extended to a synthesis
of albendazole, an efficient and low-toxicity broad-spec-
trum anthelmintic, in a good total yield of 73% (Scheme 5).
This product was formerly obtained by a more-complicated
multistep procedure.

In summary, we have developed an efficient, clean and
inexpensive catalytic protocol for the synthesis of benzim-
idazoles from 2-haloanilines, ammonia, and aldehydes in
the presence of NiCl, and 8-hydroxyquinoline as a robust
catalytic system under mild reaction conditions.!? This cat-
alytic system provides an attractive method for the synthe-
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Scheme 4 Proposed reaction mechanism
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Scheme 5 Synthesis of albendazole

sis of wide range of benzimidazoles by using ammonia as
the nitrogen source. This protocol further expands the
scope of nickel-catalyzed C-N bond-formation reactions.
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