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Alkylation of 1,3-diaryl-v-triazolo[1,5-a]benzimidazole (1) by trimethyloxonium salt afforded
selectively the 4-methyl quaternary salt 2, whereas reaction with dimethyl sulfate at elevated
temperature resulted in ring transformation, implying ring opening to a nitrenium cation and a
subsequent electrophilic ring closure to give a benzimidazolylindazole product 5. Independent of
the methylation, a similar easy thermal rearrangement was observed with alkylated 1,3-diaryl-
v-triazolo[1,5-a]benzimidazolium (2 f 4) and the related benzothiazolium salt (7 f 8). Extension
of the reaction to diaryl-v-triazolopyridinium salt (9 f 10 + 11) allowed observation of an additional
novel reaction path that provided further support for the supposed reaction mechanism.

As a continuation of a series of alkylation experiments
on fused azoles,1 we decided to study the selectivity of
methylation of the 6 + 5 + 5 fused v-triazolobenzimida-
zole ring system.2 The 1-(p-bromophenyl)-3-phenyl-
substituted compound 1 when reacted with trimethyl-
oxonium fluoroborate afforded one single product under
mild conditions (room temperature), the structure of
which proved to be unambiguously (NOE experiments)
the 4-methyl-substituted salt 2 (Scheme 1). This obser-
vation seemed to be in accordance with the expectations
for two reasons: (i) we have carried out semiempirical
quantum chemical calculations (Table 1) for 1 and found
that the lone pair density (called “nHOMO” by us and
proved to be of diagnostic importance for assumption of
the site of alkylation of heteroaromatic systems3 ) of N-4
was significantly higher than that of the alternative
position N-2; (ii) N-4 is sterically less hindered than N-2.
When the tricyclic compound 1was, however, alkylated

by dimethyl sulfate at 100 °C, a totally different product
was isolated from the reaction mixture, which proved to
be 1,3-dimethyl-2-(1-arylindazol-3-yl)benzimidazolium salt
(5). A possible rationalization of this dramatic structural
change is to assume that the same methylation reaction
as above takes place first to give 2, which undergoes
valence bond isomerization under the forced reaction
conditions (100 °C) to the nitrenium cation 3. This
reactive species, however, cannot only afford 2 through
the equilibrium but can also undergo an intramolecular
electrophilic aromatic substitution on the phenyl sub-
stituent to give 4, and this proposed neutral intermediate
gives under the alkylating conditions the dimethyl salt
5.
This mechanistic picture implies that the observed ring

transformation of 2 should take place independently from
the second alkylation step and is induced by the higher
temperature rather than by the alkylating reagent. This
consideration was nicely supported by heating 2 in

dichlorobenzene to lead to the previously suggested
intermediate 4, which was now isolated in crystalline
form.
Another consequence of the above mechanism is that

any cation related to 2 should show the same reactivity
and, thus, the imidazole-methyl group could be, in
principle, replaced even by a hydrogen atom. Thus, the
above ring transformation could also be expected with a
simple acidic treatment of the neutral compound 1.
We checked this possibility by heating 1 in trifluoro-

acetic acid under reflux conditions and found that the
expected rearrangement was completed in 4 h and the
benzimidazolylindazole derivative 6 was formed as a
crystalline product in good yield (90%) (Scheme 2). No
reaction was found, however, with heat treatment of 1
in neutral organic solvent (dimethyl formamide, 100 °C,
3 days), which supports the above mechanism and reveals
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Scheme 1

Table 1. HOMO and nHOMO densities of N-2 and N-4 of
v-Triazolobenzimidazolea

atom c2HOMO c2nHOMO

N-2 0.023 0.017
N-4 0.133 0.421

a AM1 calculations, 154 iterations.
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that formation of a cation related to 2 is necessary to the
success of the process. It is interesting to note, further-
more, that also the ring transformation of the methylated
salt 2 proceeds in trifluoroacetic acid much smoother than
in aprotic solvents (e.g., dichlorobenzene). This may be
due to the strong protonation of the benzimidazole
moiety, which hinders the reverse reaction of 3 to 2 and
thereby enhances the chance of the irreversible formation
of 4.
The key step of the observed ring transformation is the

valence bond isomerization of 2 to 3. Such isomerization
with neutral v-triazoles is well known and widely docu-
mented in the literature: numerous examples are known
in the cases of monocyclic triazoles (e.g., Dimroth rear-
rangement)4 and also with neutral fused triazoles.4,5 To
the best of our knowledge, however, this is the first case
where a ring opening of a v-triazolium cation was
observed.
We have also found that this new ring transformation

can be extended to additional related ring systems. Two
such cases have been investigated.
(a) The tricyclic 1-aryl-3-phenyl-v-triazolo[5,1-b]ben-

zothiazolium salt 72 was heated in TFA and afforded, for
a more prolonged reaction time compared to the above
case, the indazolyl compound 8 in good yield (Scheme 3).
(b) In contrast to the previously mentioned tricyclic

compounds of 6 + 5 + 5 fusion pattern, the bicyclic
v-triazolopyridinium salt (6 + 5 fusion) was also subjected
to ring transformation experiments. This model com-
pound differs from the above cases both in the fusion type
and in the structural feature that there are two alterna-
tive targets for the electrophilic attack of the nitrenium
cation: (i) the phenyl substituent, i.e., the same as above,
and (ii) the â-carbon atom of the pyridine ring.
We found that the bicyclic salt 9 reacted slowly, and

extremely forced conditions were needed (180 °C in
dichlorobenzene) in order to observe any transformation.
The starting compound disappeared within 3 days and
afforded a main component (58%) accompanied by a
byproduct (4%), which was separated by column chro-
matography. According to the above expectations, the
two compounds were found to be the products of the two
types of the nitrenium cation attacks: the pyridylindazole
compound 10, which was formed in the majority of

reactions, corresponds to the same type of product as
found with the above tricyclic cases, whereas the second
(i.e., minor) component was the pyrazolo[4,3-b]pyridine
derivative 11, which is the result of the electrophilic
substitution of the nitrenium cation on the far less
reactive pyridine ring (Scheme 4). Simultaneous forma-
tion of 10 and 11 provides convincing support for the
intermediate formation of the supposed nitrenium cation.
A thorough investigation of the observed ring trans-

formation and studies on the scope and limitation of this
reaction are in progress.

Experimental Section

1-(4-Bromophenyl)-3-phenyl-v-triazolo[1,5-a]benzimi-
dazole (1). This compound was prepared according to the
synthesis of the 1,3-diphenyl derivative described in our earlier
paper:2 To a solution of 2-benzoylbenzimidazole 4-bromo-
phenylhydrazone6 (1.17 g, 3 mmol) in dichloromethane (30 mL)
was added a solution of N-bromosuccinicimide (0.62 g, 3.5
mmol) in dichloromethane (30 mL) dropwise at 0 °C. The
stirring was continued overnight at room temperature. Ether
(10 mL) was then added, and the precipitate was filtered off.
The white crystals were suspended in 10% NaOH (20 mL) and
extracted with dichloromethane. The organic layer was dried
over MgSO4, and solvent was removed under reduced pressure.
Crystallization from ethanol-chloroform (5:2) afforded 1 as a
white solid: yield 73%; mp 205 °C dec; IR (KBr) 2984, 1490
cm-1; 1H NMR (CDCl3) δ 7.3 (m, 1H), 7.49 (m, 1H), 7.50 (m,
1H), 7.51 (m, 1H), 7.57 (m, 1H), 7.58 (d, 2H), 7.72 (d, 2H), 8.01
(d, 1H), 8.48 (m, 2H). Anal. Calcd for C20H13N4Br: C, 61.71;
H, 3.37; N, 14.39. Found: C, 61.81; H, 3.23; N, 14.46.
1-(4-Bromophenyl)-4-methyl-3-phenyl-v-triazolo[1,5-a]-

benzimidazolium Fluoroborate (2). To a solution of 1 (1.00
g, 2.6 mmol) in 40 mL of dry dichloromethane was added 0.6
g (4 mmol) of trimethyloxonium fluoroborate at room temper-
ature. Stirring was continued for 1 day. The reaction mixture
was evaporated to half of its volume under reduced pressure.
Ether (30 mL) was added, and the white precipitate was
filtered off. Repeated precipitation gave 0.9 g (71%) of 2: mp
184 °C dec; IR (KBr) 1589, 1496, 1451, 1074, 1054,744 cm-1;
1H NMR (CD3CN) δ 4.07 (s, 3H), 7.59 (ddd, 1H), 7.68 (t, 1H),
7.7 (m, 3H), 7.82 (d, 2H), 7.87 (ddd, 1H), 7.89-7.92 (m, 2H),
7.97 (m, 1H), 7.97 (m, 2H). Anal. Calcd for C21H16N4Br: C,
51.36; H, 3.28; N, 11.41. Found: C, 51.41; H, 3.20; N, 11.47.
2-(1-(4-Bromophenyl)indazol-3-yl)-1,3-dimethyl-benz-

imidazolium Fluoroborate (5). A mixture of 1 (1.00 g, 2.6
mmol) and 6 mL of dimethyl sulfate was heated at 100 °C for
3 days. The excess of dimethyl sulfate was removed under
reduced pressure. Water (30 mL) was then added, and the
precipitate was filtered off. The white crystals were suspended
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in 10 mL of acetonitrile, and 10 mL of 10% HBF4 was added,
whereupon a clear solution was formed from which the
fluoroborate salt precipitated (0.4 g, 31%): mp 280-281 °C;
IR (KBr) 3531, 1524, 1490 cm-1; 1H NMR (CD3CN) δ 4.10 (s,
6H), 7.55 (ddd, 1H), 7.72 ddd, 1H), 7.80 (dd, 2H), 7.81 (d, 2H),
7.86 (d, 2H), 7.90 (dt, 1H), 7.97 (dd, 2H), 8.00 (m, 1H). Anal.
Calcd for C22H16N4BrBF4: C, 52.29; H, 3.56; N, 11.09.
Found: C, 52.14; H, 3.81; N, 10.77.
General Procedure for Transformation of Fused Tria-

zolium Salts into Indazole Derivatives. A solution of 1
mmol of starting material in TFA was heated at reflux (72
°C) for a sufficient period (TLC) . The solvent was removed
under reduced pressure. The resulting reaction mixture was
suspended with 10 mL of 10% NaOH and extracted with
chloroform. The organic layer was evaporated to dryness, and
the residue was purified by column chromatography (silica/
CHCl3). Analytical samples were obtained by recrystallization
from ethanol.
3-(Benzimidazol-2-yl)-1-(4-bromophenyl)indazole (6).

According to the general procedure, refluxing 1 in TFA for 4
h gave 6 as a white solid: yield 90%; mp 255-256 °C; IR (KBr)
3049, 2641, 1488 cm-1; 1H NMR (CDCl3) δ 7.33 (m, 2H), 7.43
(ddd, 1H), 7.53 (dd, 1H), 7.54 (ddd, 1H), 7.70 (m, 4H), 7.73 (d,
1H), 7.93 (td, 1H), 8.79 (dt, 1H), 10.10 (s, 1H). Anal. Calcd
for C20H13N4Br: C, 61.71; H, 3.37; N, 14.39. Found: C, 61.63;
H, 3.22; N, 14.33.
1-(4-Bromophenyl)-3-(1-methylbenzimidazol-2-yl)in-

dazole (4). According to the general procedure, refluxing 2
in TFA for 4 h gave 4 as a white solid: yield 89%; mp 184-
185 °C; 1H NMR (CDCl3) δ 4.33 (s, 3H), 7.42 (m, 2H), 7.46 (td,
1H), 7.51 (m, 1H), 7.56 (ddd, 1H), 7.72 (m, 4H), 7.76 (d, 1H),
8.07 (m, 1H), 8.85 (d, 1H). Anal. Calcd for C21H15N4Br: C,
62.54; H, 3.75; N, 13.89. Found: C, 62.60; H, 3.48; N, 13.91.
3-(Benzothiazol-2-yl)-1-phenylindazole (8). According

to the general procedure, refluxing 7 in TFA for 50 h gave 8
as a white solid: yield 86%; mp 153 °C; 1H NMR (CDCl3) δ
7.40-7.46 (m, 3H), 7.52 (m, 2H), 7.60 (m, 2H), 7.78 (d, 1H),
7.82 (m, 2H), 7.96 (dd, 1H), 8.17 (dd, 1H), 8.77 (td, 1H). Anal.
Calcd for C20H13N3S: C, 73.37; H, 4.00; N, 12.83. Found: C,
73.00; H, 3.84; N, 12.78.

Transformation of 1,3-Diaryl-v-triazolo[1,5-a]pyridin-
ium Fluoroborate (9) in Dichlorobenzene. 3-(4-Bro-
mophenyl)-1-phenyl-v-triazolo[1,5-a]pyridinium fluoroborate
(9)7 (1.50 g, 3.7 mmol) in 30 mL of dichlorobenzene was
refluxed (180 °C) for 70 h. The solvent was removed under
reduced pressure. The residue was suspended with 10 mL of
10% NaOH and extracted with chloroform. The organic phase
was dried over MgSO4, evaporated to dryness, and subjected
to column chromatography (silica). Elution with chloroform
allowed the separation of 10 and 11.
1-(4-Bromophenyl)-3-(pyrid-2-yl)indazole (10): yield 0.7

g (58%) (white needles, EtOH); mp 127 °C; 1H NMR (CDCl3)
δ 7.30 (ddd, 1H), 7.36 (ddd, 1H), 7.49 (ddd, 1H), 7.69-7.72 (m,
4H), 7.73 (m, 1H), 7.80 (dt, 1H), 8.27 (d, 1H), 8.76 (d, 1H), 8.78
(m, 1H). Anal. Calcd for C18H12N3Br: C, 61.73; H, 3.45; N,
12.00. Found: C, 61.82; H, 3.43; N, 11.95.

1-(4-Bromophenyl)-3-phenylpyrazolo[4,3-b]pyridine
(11): 52 mg (4%); 1H NMR (CDCl3) δ 7.39 (dd, 1H), 7.44 (m,
1H), 7.54 (m, 2H), 7.70 (s, 4H), 8.06 (dd, 2H), 8.58 (m, 2H),
8.74 (dd, 1H); MS m/z (rel int) 349 (100, M+), 269 (26), 167
(13).
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