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A new and efficient methodology for the synthesis of 2-substituted benzimidazoles is described. In
this procedure, CS, unexpectedly facilitated the cyclization reaction between benzene-1,2-diamine and
benzenecarbaldehydes in CH,Cl, at room temperature. The reactions occur under mild conditions
require simpler equipment and easier workup procedures.

Introduction. — In 1860, reported on red crystalline adducts that formed by the
reaction between the newly discovered trialkylphosphines and carbon disulfide (CS,)
[1]. Hundred years later, their zwitterionic phosphoniodithioformate (dithiocarbox-
ylatophosphonium) structures were established by X-ray crystallography [2] (Fig).
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Figure. Adduct of trialkylphosphine and CS,

Although there are many reports on the reaction of nucleophiles and CS, [3], these
adducts have been less investigated, and there are only a few reports about the reaction
of these types of trialkylphosphine 1,3-dipoles in the literature [4]. In recent years, they
attracted more attention because of their ability to produce organosulfur compounds
[5]. Moreover, during the last decade increased attention has been focused on the
development of the reaction between amines, CS,, and electrophilic reagents [6].
Carbamodithioates 1 have been obtained from the nucleophilic reaction between
amines and CS, (Scheme 1) [7]. Subsequently, attack to different electrophiles such as
halides, epoxides, and a,3-unsaturated carbonyl compounds led to dithiocarbamates.

Previously, Saidi and co-workers reported the reaction of oxiranes with CS, for the
synthesis of cyclic dithiocarbonates, catalyzed by an organic base such as 4-
(dimethylamino)pyridine or Et;N, in good yields [8]. Recently, Giitschow and co-
workers have investigated the reaction mechanism of anthranilic acid and CS, in the
presence of catalytic amounts of Et;N at room temperature (Scheme 2) [9].
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Scheme 1. Reaction of Amines and CS,

R R . R®
2 NH + CS, —> _N_ S THN
HR (HR T R
S
1

Scheme 2. Reaction of Anthranilic Acid and CS, Catalyzed by Et;N
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On the basis of the above reports, due to the importance of the biological activity of
1,4-benzothiazepines [10], and as part of our ongoing program to develop new and
efficient methods for the synthesis of biologically active compounds from readily
available building blocks [11], we conducted a study to achieve an efficient synthesis of
seven-membered heterocycles of type 4 by the reaction of benzene-1,2-diamine,
PhCHO, CS,, and catalytic amounts of Et;N in CH,Cl, at room temperature
(Scheme 3).

Results and Discussion. — Surprisingly, when 2 was reacted with 1 equiv. of 3a and
CS, in the presence of catalytic amounts of Et;N after extended reaction times up to
16 h, the desired product 4 was not obtained. Instead, a colorless product was isolated
with a 'H-NMR resonance at 0(H) 12.9 corresponding to a N—H moiety related to 2-
phenyl-1H-benzimidazole (5a). A singlet signal at 6(H) of ca. 5 expected for H-C(4) of
compound 4 did not appear. The 'H-NMR spectrum of the product exhibited multiplets
at 6(H) 7.2-8.2 corresponding to nine aromatic H-atoms. The *C-NMR spectrum also
showed eleven distinct signals at 6(C) 109.9-150.6, fully supporting the structure 5a.
Moreover, the structure of the product was supported by elemental analysis and its IR
spectrum. The melting point also confirmed the structure of Sa as compared with an
authentic sample [12]. For the evaluation of the role of the amine and CS, on the
reaction product, the reaction was performed in the absence of Et;N and CS,
separately. Unexpectedly, we found that in the absence of the amine, the benzimidazole
5a was obtained as the sole product (cf. Table 1, Entry 5). However, the product was not
obtained in the absence of CS, (cf Table 1, Entries 2 and 3). Thus, a new and efficient
method for the synthesis of 2-substituted benzimidazoles was developed (Scheme 4).

In this procedure, CS, unexpectedly facilitates the cyclization reaction between
benzene-1,2-diamine and aromatic aldehydes at room temperature. The reactions occur
under mild conditions and require simpler equipment and easier workup procedures.
Moreover, unlike most other methods for this synthesis, the method does not require
acid and metallic catalyst. Furthermore, it may allow access to some derivatives of
benzimidazole derivatives that require harsh reaction conditions under traditional
approaches.
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Scheme 3. Reaction of Benzene-1,2-diamine, PhCHO, and CS, in the Presence of Et;N
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Scheme 4. Synthesis of 2-Subsituated Benzimidazoles
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2-Substituted 1H-benzimidazoles are one of the most important classes of N-
heterocycles that have recently been evaluated as DNA minor-groove binding agents
with antitumor activity [13], and as ligands to transition metals for modelling biological
systems [14]. They are widely used in medicinal chemistry because of their diverse
biological features, such as fungicidal, antitumor, immunosuppressant, and anticon-
vulsant activities [15]. Based on these findings, the synthesis of 1H-benzimidazole
derivatives is currently of great interest in organic synthesis [16]. The most frequently
applied method for the synthesis of 2-substituted 1H-benzimidazoles are based on the
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reaction of benzene-1,2-diamine with carboxylic acids or aldehydes catalyzed by strong
acids and transition-metal salts such as Sc(OTf);, Ru(PPh;);(CO)H,, and ceric
ammonium nitrate (CAN) [12][17].

Moreover, in recent years, unconventional reagents such as 1,2-dihalobenzene, N-
(2-haloaryl)benzamidine, bis(1,2-haloaryl)carbodiimide, and 2-azidoaniline were used
instead of benzene-1,2-diamine in the presence of Pd or Cu complexes as catalyst [18].
Most of these methods have certain limitations such as tedious processes, harsh
reaction conditions, application of hazardous catalysts, generation of toxic metal
reagents, and low yields of products. Additionally, in view of the pharmaceutical
application of arylbenzimidazoles and due to potentially toxic contamination of
pharmaceutical products, effective removal of some metals such as Pd or Cu in active
pharmaceutical ingredients (API) provides important health benefits [19]. So, it has
been worthwhile to search for practical metal-free conditions.

We first attempted to optimize the reaction conditions for the synthesis of 2-phenyl-
1H-benzimidazole by the reaction between benzene-1,2-diamine (1 mmol) and
PhCHO (1 mmol) in the presence of various amounts of CS, in CH,Cl, at room
temperature (7able 1).

Table 1. Influence of Different Amounts of CS, and Et;N on the Reaction between Benzene-1,2-diamine
and PhCHO Leading to 2-Phenyl-1H-benzimidazole (5a), in Different Solvents at Room Temperature

CHO
NH, H
N
C[ .8, e )
NH; solvent ©: N/
rt
2 3a 5a

Entry Solvent CS, [mmol] Et;N [mmol] Time [h] Yield [%]*)

1 CH,Cl, 1 0.2 16 91

2 CH,CI, - 02 24 ng®)

3 CH,(l, - 1 24 ng

4°) CH,Cl, - 1 24416 89

5 CH,Cl, 1 - 16 92

69) CH,Cl, 25 - 7 37

74) CH,Cl, 5 - 8 43

89) CH,Cl, 10 - 8 41

9 CH,Cl, 0.2 - 24 28
10 CH,Cl, 0.5 - 24 42
11 CH,Cl, 0.8 - 24 69
12 Et,0 1 - 16 82
13 PhMe 1 - 16 69
14 H,O0 1 - 24 10°)
15 EtOH 1 - 30 ng
16 EtOH/H,0 1:1 1 - 24 15
17 CH,Cl, - - 24 nrf)

2) Yields refer to the isolated pure 5a as sole product. ®) ng, Negligible. ) The reaction was run in the
absence of CS,. After 24 h, the product was not obtained. Then, CS, (1 mmol) was added, and the
reaction was run for an additional 16 h. ¢) The reaction was stopped in mentioned time, and no more
product was obtained even after 24 h. ) A sticky product was obtained. f) nr, No reaction.
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We found that up to 94% yield of Sa was obtained when 1 mmol of CS, was used
(Entry 5). This yield decreased by reducing the amount of CS, down to 0.2 mmol
(Entries 9—11). One mmol of CS, was sufficient, and an excess did not increase the
yield substantially (Entries 6—8). It is known that the solvent plays a crucial factor for
organic reactions; so, we examined the reaction in the various solvents (7Table I,
Entries 12—16). The best result was obtained in CH,Cl, (Entry 5). To establish the
crucial role of CS, as mediator for the synthesis of Sa, the reaction was examined
without CS, under optimized conditions. It was found that only negligible conversion to
5a occurred even after 24 h. It indicates that CS, plays an indispensable role in the
formation of 5a (Entry 17).

After the optimization of the reaction, the high yield, the simple reaction protocol,
and the originality of this efficient process prompted us to explore various aromatic
aldehydes (Scheme 4). For this purpose, benzene-1,2-diamine (1 mmol) was added to
the mixture of arenecarbaldehyde (1 mmol) and CS, (1 mmol). The resulting mixture
was stirred at room temperature in CH,Cl,. The obtained results are compiled in
Table 2.

All reactions proceeded efficiently, and the desired products were obtained in good-
to-excellent yields in acceptable reaction times without formation of any side-products.
Aromatic aldehydes with electron-withdrawing groups (7able 2; 5b, Se, 5j, and 5m)
reacted more efficiently compared with those with electron-releasing groups (7able 2;

Table 2. Synthesis of Benzimidazole Derivatives Using CS, as Efficient Promoting Medium

NH, H
CH,CI
©: + €S + A—CHO — 2~ />— Ar
NH, r.t. N

2 3a-3o 5a - 50
Product Ar Time [min] Yield [%]?) M.p. [°]
Sa Ph 16 91 292-293 ([12]: 286-289)
5b 4-Cl-C¢H, 16 92 292 ([20a]: 291-293)
5c 3-Cl-C4H, 16 83 229-231 ([20c]: 232-233)
5d 2-Cl-C4H, 16 82 234 ([20b]: 232-234)
Se 4-Br—C¢H, 16 92 300-301 ([20c]: 298-299)
5f 3-Br—C¢H, 16 91 265-266 ([20a]: 265-266)
5j 4-F—C.H, 16 93 246248 ([20a]: 245-246)
5h 4-Me—CH, 16 87 227-229 ([12]: 226-228)
si 4-MeO—CgH, 16 77 223-224 ([12]: 224-226)
S5g 2-MeO-C¢H, 24 42 156-158 ([20b]: 157-158)
5k 4-NO,—C¢H, 16 85 318-320 ([20c]: 321-322)
51 2-NC-C¢H, 16 91 249-250 ([20c]: 252-253)
5m 4-CF,~C,H, 16 92 266 ([12]: 264-265)
5n Furan-2-yl 16 89 285-287 ([20b]: 286)

50 R 5 16 75 244-245 ([12]: 239-240)
<O

) Yields refer to the isolated pure product.
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5i and 5g). Moreover, our methodology has been used successfully for heteroaromatic
aldehydes. The corresponding product was obtained in excellent yield and without any
by-product (7Table 2; 50).

Although we have not established the mechanism of the reaction, it should be
mentioned that, at the end of reactions, the characteristic smell of CS, was not
recognized. It is also of interest to note that, in the case of 2-aminophenol, the desired
product 2-phenyl-1H-benzoxazole was not formed. Furthermore, mechanistic inves-
tigation on the basis of these observation is currently underway in our laboratory.

In conclusion, we have developed a most practical and reliable procedure for the
synthesis of a wide range of 2-substituated 1H-benzimidazoles by using inexpensive
and readily available starting materials. This method represents a simple and efficient
procedure, uses mild reaction conditions, and has general applicability. It avoids toxic
catalysts and gives nearly quantitative yields without any by-products. Further
exploitation of this methodology is currently underway in our laboratory.

Experimental Part

General. The chemicals were obtained from Fluka and Merck and were used without purification.
M.p.: Electrothermal 9100 apparatus; uncorrected. IR Spectra: PerkinElmer Spectrum RXI. FT-IR
apparatus. '"H- and *C-NMR spectra: Bruker DRX-300 AVANCE spectrometer at 250 and 62.5 MHz,
resp.; recorded in DMSO with TMS (Me,Si) as internal standard; chemical shifts, d, in ppm, and J values
in Hz. Microanalyses: PerkinElmer 240-B microanalyzer.

(General) Preparation of 2-Phenyl-IH-benzimidazole (5a) in the Presence of CS,. A mixture of
benzene-1,2-diamine (0.108 g, 1 mmol), PhCHO (0.106 g, 1 mmol), and CS, (0.076 g, 1 mmol) in CH,Cl,
(2 ml) was stirred in a round-bottom flask at r.t. for 16 h. After completion of the reaction (monitored by
TLC AcOEt/hexane 1:1), the precipitate was isolated by filtration and washed with CH,Cl, (10 ml) to
afford pure 5a (0.165 g; 91% ). White powder. M.p. 291 -292° (dec.). (The precipitated products with low
purity were further purified by recrystallization from toluene.) IR (KBr): 3397w, 2966m, 1512s, 1269s.
'"H-NMR: 12.89 (br. s, NH); 8.16 (d,J =79, 2 arom. H); 7.63-7.48 (m, 5 arom. H); 7.21-7.19 (m, 2 arom.
H). BC-NMR: 149.9; 144.4; 134.7; 128.8; 128.0; 127.5; 125.7; 123.8; 121.9; 117.6; 113.2. Anal. calc. for
C;3HoN; (194.08): C 80.39, H 5.19, N 14.42; found: C 80.31, H 5.23, N 14.51.

2-(IH-Benzimidazol-2-yl)benzonitrile (51). IR (KBr): 3407w, 2317s, 1445s, 1359m. 'H-NMR: 13.11
(s, NH); 8.10 (d, J=8.1, 2 arom. H); 8.03-7.61 (m, 5 arom. H); 7.32-7.28 (m, 2 arom. H). *C-NMR:
150.6; 148.1; 141.7; 137.9; 135.4; 134.9; 131.2; 128.8; 123.1; 122.6; 121.1; 119.2; 114.7; 111.3. Anal. calc. for
C,HgN; (219.08): C 76.70, H 4.14, N 19.17; found: C 76.72, H 4.19, N 19.21.

2-(Furan-2-yl)-1H-benzimidazole (5n). IR (KBr): 3449w, 1597s, 1515s, 1109m. '"H-NMR: 12.91 (s,
NH); 8.00 (d, J=1.1, 1 arom. H); 7.63-7.61 (m, 2 arom. H); 7.27-7.25 (m, 2 arom. H); 6.87-6.85 (m, 2
arom. H). BC-NMR: 145.6; 144.3; 143.7; 121.9; 112.3; 110.6. Anal. calc. for C;;HN,O (184.06): C 71.73,
H 4.38, N 15.21; found: C 71.72, H 4.41, N 15.18.

2-(1,3-Benzodioxol-5-yl)-1H-benzimidazole (50). IR (KBr): 3610w, 3490w, 3026m, 2852m, 1597m,
1464m, 1269s, 971s. '"H-NMR: 12.78 (s, NH); 7.71 -7.68 (m, 2 arom. H); 7.59-7.57 (m, 2 arom. H); 7.27 -
711 (m, 3 arom. H); 6.12 (s, CH,). *C-NMR: 150.6; 149.3; 147.8; 130.7; 130.1; 125.4; 122.1; 120.9; 110.1;
108.6;103.4. Anal. calc. for C,;H;(N,0, (238.07): C 70.58, H 4.23, N 11.76; found: C 70.55, H 4.31, N 11.81.

The authors thanks the Islamic Azad University (Shiraz Branch) Research Council and the Welch
Foundation (Grant A-1656) for support of this work.
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