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A convenient one-pot method for the synthesis of 2,3-
dihydro-1H-benzimidazoles has been elaborated. A set of
2,3-dihydro-1H-benzimidazoles was prepared from various
ortho-dialkylaminoanilines and aldehydes using Me3SiCl as
a condensation agent and pyridine as a basic medium.

2,3-Dihydro-1H-benzimidazoles are potential CH hydride
donors whose reactivity is facilitated by the formation of
aromatic benzimidazolium cations. They attracted considerable
research interest as biologically active compounds, mimetics
of redox enzymes, and reduced electron carriers such as NADH
and FADH2.1,2

2,3-Dihydro-1H-benzimidazoles can be obtained through
condensation of 1,2-disubstituted phenylenediamines2 with
aldehydes3 or the Mannich reaction with formaldehyde and
benzotriazole.4 Another synthetic methodology is based on
reduction of benzimidazolium salts.5,6

The use of t-amino effect7 in the synthesis of 2,3-dihydro-
1H-benzimidazoles from azomethines ofortho-phenylenedi-
amines is impeded by the acid-catalyzed disproportionation

leading to equimolar mixtures of 2,3-dihydro-1H-benzimida-
zolium salts andortho-phenylenediamines.8 Only in the case
of the pyrrolidine derivatives ofortho-phenylenediamine were
the 2,3-dihydro-1H-benzimidazoles obtained in preparative
yields, most probably due to steric hindrances of the intermo-
lecular hydride transfer. In our search of efficient preparative
methods for the synthesis of 2,3-dihydro-1H-benzimidazoles
from ortho-phenylenediamines and carbonyl compounds, we
chose pyridine as a proton-accepting solvent which might
prevent the undesirable disproportionation of target compounds
and TMSCl as promoter,9 which is known to mediate various
condensation reactions.10

Condensation ofortho-pyrrolidinyl-, ortho-perhydroazepinyl-,
ortho-diethylamino-, andortho-dipropylamino anilines with
aldehydes2 in pyridine at 100°C in the presence of 3 mol of
chlorotrimethylsilane led to 2,3-dihydro-1H-benzimidazoles3
in 41-75% yields (Scheme 1), whereas no trace of the
azomethines was detected in the reaction mixtures. Apparently,
pyridine neutralizes HCl formed and prevents the dispropor-
tionation of compounds3 into 2,3-dihydro-1H-benzimidazolium
salts4 andortho-phenylenediamines5 (Scheme 2). Compounds
3 are white crystalline compounds well soluble in CHCl3,
CH2Cl2, MeOH, EtOH, and DMF and insoluble in hexane.1H
NMR spectroscopy revealed that 2,3-dihydro-1H-benzimidazoles
are easily oxidized by DMSO in solution.

Cyclohexanone and acetophenone also react with diamine1a
to give stable 2,3-dihydro-1H-benzimidazoles3f and 3g in
preparative yields.1H NMR spectroscopy revealed that two
possible diastereomers of compound3g are formed in a 2:3
molar ratio. Lower reactivity of ketones compared to that of
aldehydes required longer reaction times and resulted in
somewhat lower yields of 2,3-dihydro-1H-benzimidazoles3f
and 3g. 2,3-Dihydro-1H-benzimidazoles based on N-methyl-
ization and alloxan were reported to rearrange into spirotetrahy-
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droquinoxaline and tetrahydroquinoxalinespiropyrimidine-2,4,6-
trione, respectively.

The reactions ofp-dimethylaminobenzaldehyde or 2,3,4-
trimethoxybenzaldehyde with compounds1 resulted in a mixture
of 2,3-dihydro-1H-benzimidazolium salt4 and the corresponding
phenylenediamine5 (Scheme 2). Apparently, these compounds

are formed in the acid-catalyzed disproportionation of the
corresponding 2,3-dihydro-1H-benzimidazoles3.

The structure and composition of compounds3 were proved
by 1D 1H and 13C NMR spectroscopy, COSY, NOESY,1H-
13C HMBC 2D NMR techniques, elemental analysis, and mass
spectrometry. The1H NMR spectrum of compound3d measured
in CDCl3 at 295 K is sharp (Figure 1) and contains a
characteristic triplet (1) for the methine proton H1 in position 2
of the dihydroimidazole ring and a well-resolved AB quartet
for diastereotopic methylene protons H2. Diastereotopic protons
of the pyrrolidine ring emerge as pairs of well-separated signals
(H3 and H5), whereas a compact multiplet corresponds to protons
H4.

In order to reveal the role of TMSCl in the formation of
compounds3, a series of model experiments was carried out.
Diamines1 do not react with carbonyl compounds2 without
TMSCl in pure pyridine or in the presence of pyridine hydro-
chloride. The model reaction of azomethine6a (RR ) (CH2)2,
R1 ) R2 ) H, R3 ) p-MeOC6H4)11 with TMSCl (pyridine, 100
°C) resulted in complex mixtures containing about 20-30% of
2,3-dihydro-1H-benzimidazoles3, whereas in the absence of
TMSCl, no reaction occurs. These results suggest that the
azomethines are not intermediates in the one-pot synthesis.

It seems likely that the reaction of compounds1, 2, and
TMSCl may result in silylated productA (Scheme 3) in which
the trimethylsilyl group is coordinated to the oxygen atom of
the trimethylsiloxy fragment. The hydride transfer to the
positively charged carbon atom seems likely to give intermediate
B, which after elimination of hexamethyldisiloxane and in-
tramolecular N-alkylation results in compound3. Addition of
TMSCl to the CdN bond of azomethines6 is anticipated to
give intermediateC that can transform into compoundB through
hydride transfer. Subsequent elimination of TMSCl and in-
tramolecular N-alkylation seems likely to result in target
compound3. This hypothesis is in keeping with observations
described above and the fact that the yields of compounds3
are different in the one-pot and stepwise procedures.

The PM312 energy optimization of intermediate structureA
(Figure 2a,b) predicted rather strong intramolecular interaction
between trimethylsilyl and trimethylsiloxy fragments (Si-O
distance of 0.29 nm), resulting in polarization and activation of

(11) Compound6a was obtained by MW-assisted condensation of the
corresponding diamine and aldehyde.

(12)Hyperchem, release 7; Hypercube Inc., 2002.

SCHEME 1. One-Pot Synthesis of 2,3-Dihydro-1H-
benzimidazoles fromortho-Dialkylaminoanilines and
Aldehydes

SCHEME 2. Disproportionation of 2,3-Dihydro-1H-
benzimidazoles into Benzimidazolium Salts and
Phenylenediamines

FIGURE 1. The 1H NMR spectrum of compound3d (500 MHz,
CDCl3, 295 K). COSY correlations: H1-H3, H1-H3′, H3-H4, H4-
H5; NOESY correlations: H1-H2, H1-H3′, H3-H4, H4-H5. H1-H3′

NOESY correlation is not observed.
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the C-N bond. In the optimized conformation of intermediate
A, one NCH2 group is situated in a suitable position for the
intramolecular hydride transfer. Apparently, the elimination of
hexamethyldisiloxane from the intermediatesA without hydride
transfer should lead to the corresponding azomethines.

In the optimized structures of intermediatesB, the pyrrolidine
rings are coplanar apparently due to the requirements of
electronic conjugation stabilizing the positive charge (Figure

2c). The arrangement of the oppositely charged groups in
intermediatesB appears to be suitable for the intramolecular
C-N bond formation resulting in 2,3-dihydro-1H-benzimida-
zoles3 (Figure 2d).

In the energy optimized structures of the intermediatesB
containingo-piperidinylaniline ando-morpholinoaniline frag-
ments, the six-membered heterocycles are distorted due to the
planarity of the positively charged CdN fragment. Such a
distortion may destabilize the intermediateB and hamper the
formation of the corresponding 2,3-dihydro-1H-benzimidazoles.

Reaction ofo-piperidinylaniline ando-morpholinoaniline with
aldehydes2 (Me3SiCl, Py, 100°C) led to the corresponding
azomethines6b (RR ) (CH2)3, R1 ) SO2N(CH2CH2)2O, R2 )
H, R3 ) p-HF2COC6H4) and 6c (RR ) CH2OCH2, R1 )
SO2N(CH2CH2)2O, R2 ) H, R3 ) p-ClC6H4) in 60% yield,
whereas dihydro-1H-benzimidazoles were not detected in the
reaction mixtures.

In conclusion, a convenient method has been elaborated for
one-pot synthesis of 2,3-dihydro-1H-benzimidazoles fromortho-
dialkylaminoanilines and carbonyl compounds. Using TMSCl
as a promoter and pyridine as a basic solvent results in
stabilization and good yields of the target compounds. This
methodology is applicable to various starting materials and
apparently allows one to obtain 2,3-dihydro-1H-benzimidazoles
of high structural and functional diversity.

Experimental Section

To a solution of amine1 (2 mmol) and aldehyde2 (2 mmol) in
dry pyridine (1-2 mL) was added chlorotrimethylsilane (6 mmol)
was added dropwise. The pressure tube was thoroughly sealed and
heated in a water bath for 2-8 h with magnetic stirring. After
cooling, the tube was opened (Caution! ExcessiVe pressure inside)
and triethylamine (6.6 mmol) was added dropwise, and the solution
was sonicated for 1 h at rt. Thecrude product was precipitated by
water (10 mL), and the suspension obtained was sonicated for 1 h.
The precipitate formed was filtered off, washed withi-PrOH or
Et2O, and recrystallized.

Spectral data for compound3d: yield 68%; mp 128-129 °C;
1H NNR (500 MHz, CDCl3) δ ) 1.77 (1H, m, CH), 1.85 (m, CH),
1.98 (m, 1H), 2.43 (3H, s, CH3), 2.95 (4H, m, CH), 3.20 (1H, m,
CH), 3.38 (1H, m, CH), 3.72 (4H, m, CH), 4.46 (2H,2JHH ) 15.8
Hz, NCH2), 5.27 (1H, t,3JHH ) 5.2 Hz, CH), 6.49 (1H, d,3JHH )
7.9 Hz, CH), 6.55 (1H, s, CH), 6.58 (1H, d,3JHH ) 2.8 Hz, CH),
6.76 (1H, d,3JHH ) 2.8 Hz, CH), 7.03 (1H, dd,3JHH ) 7.9 Hz,
CH); 13C NNR (125 MHz, CDCl3) δ ) 15.4, 23.9, 32.0, 45.4, 46.1,
52.8, 66.2, 86.7, 103.3, 108.6, 120.7, 124.7, 125.9, 126.1, 137.3,
140.1, 143.5, 148.6. Anal. Calcd for C20H25N3O3S2: C, 57.25; H,
6.01; N, 10.02; S, 15.29. Found: C, 57.29; H, 5.99; N, 10.05; S,
15.33.
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FIGURE 2. Energy optimized structure (PM3) of intermediatesA (a,
b), B (c, group X is shown as a green sphere of arbitrary radius), and
the cyclic core of compounds3a-g and3l-n. R1 ) H for the sake of
simplicity.

SCHEME 3. Proposed Mechanism for the Formation of
Compounds 3 in the One Pot and Stepwise Procedure
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