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The synthesis of benzimidazo[2,1-b]benzoselenoazoles is described. The novel ring-closure reaction of 1-(2-bromoaryl)benzimida-

zoles with Se powder is promoted by Cs,CO3 (2 equiv) in DMF at 150 °C. Moreover, the obtained tetracyclic heterocycles are all

novel compounds. Single-crystal X-ray analysis of the parent benzimidazo[2,1-b]benzoselenoazole revealed that the tetracyclic ring

is almost planar. Absorption spectroscopy data of the benzimidazo[2,1-b]benzoselenoazoles showed the Aj,,x Was dependent on the

number of rings.

Introduction

Selenium-containing heterocyclic ring systems have attracted
attention not only because of their chemical properties and reac-
tivities, but also for their wide biological activities [1-4]. For
example, imidazo[2,1-b]selenoazoles, in which imidazole and
selenophene are condensed, have been synthesized, and it was
described in a patent that imidazo[2,1-b]benzoselenazole-3-
acetamide derivatives have anticonvulsant activity [S]. Three
ring closure reactions for the synthesis of imidazo[2,1-

b]selenoazole have been reported so far (Scheme 1). Zeni et al.

reported the synthesis of imidazoselenoazole using a three-step
one-pot reaction of N-alkynylimidazoles with selenium involv-
ing the electrophilic intramolecular cyclization of acetylenic
compounds (Scheme 1, reaction 1) [6]. Zeni et al. also de-
veloped a ring closure reaction using N-alkynyl-2-alkylse-
lanylimidazoles and I, (Scheme 1, reaction 2) [7]. Moreover,
Punniyamurthy et al. reported the synthesis of benzo[d]imi-
dazo[2,1-b]benzoselenoazoles using an oxidative cyclization by

reacting 1,3-diarylselenourea with (diacetoxyiodo)benzene
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Scheme 1: Previously reported synthetic methods for the preparation of imidazo[2,1-b]selenoazoles.

(Scheme 1, reaction 3) [8]. However, to the best of our know-
ledge, the synthesis of imidazoselenoazoles has been limited to
highly substituted derivatives and the basic physical properties

of the parent skeleton have not been clarified.

Transition metal-catalyzed reactions are one of the most
popular methods to form Ar(aryl)-Se bonds [9-13]. Various
metals, such as Pd, Ni, Fe, and Cu have been used to catalyze
the reactions of a Se source with aryl donors. Among these,
Cu-catalyzed tandem cyclization via a one-step Ullmann-type
Se-arylation and Cg,>-H selenation are efficient methods for
constructing tetracyclic aromatic heterocycles containing sele-
nium. For example, the reaction of 2-(2-iodophenyl)indoles
with selenium powder in the presence of CuO as catalyst
resulted in benzoselenopheno[3,2-b]indole derivatives [14].
The reaction of 2-(2-haloaryl)imidazo[1,2-a]pyridines with
selenium using a Cul catalyst for the synthesis of
benzo[b]selenophene-fused imidazo[1,2-a]pyridines occurred
smoothly [15,16]. Performing these types of reactions without
the addition of a transition metal catalyst is more challenging,
but would alleviate the environmental burden of removing
and disposing of the metal catalyst. We present in this
paper the synthesis of benzo[d]imidazo[2,1-b]benzoseleno-
azoles under transition metal-free conditions by the Cs,CO3-
mediated cyclization of 1-(2-bromoaryl)benzimidazoles with
selenium.

Results and Discussion

We initially focused our attention on determining the optimal
conditions for the cyclization of a chalcogen with 1-(2-
bromophenyl)benzimidazole (1a). Table 1 shows the results
from the screening of additives, solvents, and chalcogens. Since
most of these types of reactions require a transition metal cata-

lyst such as a copper reagent [14-16], the reaction between 1a

and Se powder was initially carried out using Cul (10 mol %)
and Cs,CO3 (2 equiv) in DMF at 150 °C under an argon atmo-
sphere to obtain the parent tetracyclic benzimidazo[2,1-
b]benzoselenoazole (2a) in 64% yield (Table 1, entry 1). Sur-
prisingly, the yield of 2a improved significantly when the
copper catalyst was not present (Table 1, entry 2). Several bases
were screened for the reaction of 1a with Se powder (Table 1,
entries 2—-8). The use of CspCOj3 resulted in the highest yield of
2a (99%, Table 1, entry 2). Decreasing the loading of Cs,CO3
from 2 to 1 equivalent significantly reduced the yield of 2a
(Table 1, entry 9), and the reaction did not proceed in the
absence of a base (Table 1, entry 10). After optimizing the
choice and quantity of base, a solvent screening showed that the
reaction proceeded efficiently in DMF (99%), and DMSO
(73%), whereas the use of NMP, toluene, dioxane, and 1,2-DCE
resulted in inefficient reactions (Table 1, entries 2 and 11-15).
Under aerobic conditions, a significant decrease in the yield
of product 2a was observed (Table 1, entry 16). We also
attempted the cyclization of 1-(2-bromophenyl)benzimidazoles
1a using other chalcogen powders. However, the reaction of 1a
with sulfur or tellurium powder did not proceed, and the starting
material 1a was recovered (Table 1, entries 17 and 18). The best
result was obtained when 1a and Se powder were treated with
CsCO3 in DMF under an argon atmosphere at 150 °C.

The benzimidazo[2,1-b]benzoselenoazole product 2a was fully
characterized by 'H and 13C NMR spectroscopy and HRMS,
and further confirmed by single-crystal X-ray diffraction (XRD)
analysis. The ORTEP drawing and packing structure of 2a ob-
tained from the single crystal XRD analysis are illustrated in
Figure 1. The crystal structure contained two independent mole-
cules, and the benzimidazole and the fused benzoselenophene
rings are virtually coplanar (mean deviation 0.0169 and

0.0359 A, respectively) to each other. The molecules show
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Table 1: Cyclization of 1-(2-bromophenyl)benzimidazoles with chalcogen elements.2

N N M
©[ S additive =
N + M(S, Se, Te) N
? Br 24 h, Ar

2a: M = Se
1a 2b:M=$S

2c:M=Te
Entry M Additive Solvent Temp. (°C) Yield (%)°
1 Se Cul (10 mol %), Cs>CO3 (2 equiv) DMF 150 2a: 64
2 Se Cs»>CO3 (2 equiv) DMF 150 2a: 99 (93)°
3 Se NaxCOs3 (2 equiv) DMF 150 2a: 12
4 Se CsOH (2 equiv) DMF 150 2a: 28
5 Se K3PQOy4 (2 equiv) DMF 150 2a: 67
6 Se KOACc (2 equiv) DMF 150 2a: 70
7 Se t-BuOLi (2 equiv) DMF 150 2a: 38
8 Se t-BuOK (2 equiv) DMF 150 2a: 34
9 Se Cs2CO3 (1 equiv) DMF 150 2a:70
10 Se - DMF 150 2a:0
11 Se Cs»CO03 (2 equiv) DMSO 150 2a: 73
12 Se Cs>CO03 (2 equiv) NMP 150 2a: 25
13 Se CsyCO03 (2 equiv) toluene 110 2a: 0
14 Se Cs»CO03 (2 equiv) dioxane 80 2a: 0
15 Se CspCO3 (2 equiv) 1,2-DCE 80 2a:0
164 Se CsoCO03 (2 equiv) DMF 150 2a: 23
17 S CsoCO3 (2 equiv) DMF 150 2b: 0
18 Te Cs>CO3 (2 equiv) DMF 150 2c:0

aReaction conditions: 1a (0.5 mmol), chalcogen element (1 mmol). PGC yield using dibenzyl as internal standard. Clsolated yiels. dUnder air.

Figure 1: (a) Ortep drawing of 2a (50% probability, only one of two independent molecules is shown) and (b) packing structure. The component
based solvent was omitted for clarity.

head-to-tail (antiparallel) stacking with - interactions, with  between Se(1) and N(3) atoms, and the Se(1)-N(3) distance
distances between the nearest neighbor atoms on adjacent mole-  was 3.133 A, which was 86% of the sum of the van der Waals
cules being 3.333 (C8-C24) and 3.380 A (C18-C13) radii (3.54 A) of both elements (see Supporting Information

(Figure 1b). Moreover, there were intermolecular interactions  File 1, Figure S1).
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To demonstrate the efficiency and generality of this cyclization,
the reactions of various 1-(2-bromoaryl)benzimidazoles 1b—i
(0.5 mmol) and Se powder (1 mmol) were investigated in DMF
in the presence of Cs,CO3 (1 mmol) at 150 °C. The key 1-(2-
bromoaryl)benzimidazole starting materials 1 could be easily
prepared according to a previously reported general method
[17]. The N-arylation of benzo[d]imidazoles with 1-bromo-2-
fluorobenzene derivatives in the presence of K3POy4 (5 equiv) at
150 °C gave 1a-i in 45-99% yields. All synthetic details in-
cluding the preparation method for 1-(2-bromoaryl)benzimida-
zoles la-i are given in Supporting Information File 1. The
results of the cyclization are summarized in Figure 2. Products
4,7, and 8, substituted with methyl and trifluoromethyl groups,
were obtained in good yield. In contrast, compounds 6 and 9,
substituted with chloro groups, had low solubility in solvents,
resulting in only moderate yield. Moreover, a complex mixture
was obtained from substrates having a methoxy or bromo
group, and the corresponding products 3 and 5 could not be ob-
tained. This may have been caused by the substituents being
damaged by the base. The reaction of 1-(2-bromophenyl)imida-
zole (1i) with Se powder gave the corresponding tricyclic prod-
uct 10 in low yield. Since the reaction conditions for the synthe-
sis of the starting material 1 and the cyclization of 1 with Se
powder are similar, we carried out a three-component reaction
of benzimidazole, 1-bromo-2-fluorobenzene, and Se powder
under the optimized conditions, i.e., in the presence of Cs,CO3

(2 equiv) in DMF under an argon atmosphere at 150 °C. This
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reaction gave product 2a in only 35% yield, suggesting that the
stepwise reaction via 1-(2-bromoaryl)benzimidazole 1 is superi-
or.

Next, the photophysical properties of the synthesized com-
pounds were evaluated, and the corresponding data are shown
in Table 2 and Figure 3. 1-Phenylbenzimidazole (11), which
does not contain a selenium atom, has an absorption maximum
at 283 nm. In contrast, the maximum absorption wavelength
(Mmax) of parent compound 2a was found to be 304 nm, which
is red-shifted by 21 nm compared with that of 11. The tricyclic
compound 10 has a shorter Ay ,x (297 nm). These results indi-
cate the A,y is dependent on the number of rings. In 2-substi-
tuted derivatives (4-9), the maximum absorptions were very
similar to each other (Table 2 and Figure S2 in Supporting
Information File 1).

Table 2: Absorption spectroscopy data?.

Compd. Amax (€) Compd. Amax (€)

2a 304 (9400) 8 301 (9100)
4 308 (12900) 9 306 (31900)
6 313 (9900) 10 297 (2700)
7 309 (14700) 11b 283 (4600)

aMeasured in CHCI3. P1-Phenylbenzimidazole.

N N Se N Se
R' \ QI/
Z Br Cs,CO )
NN N R DMF, 150 °C Br 24 h, 150 °C —
H DMF, Ar
R"
R"
1b—i 3-10
N§|/Se NYSe Nﬁ/Se N\W/Se
oo o o0 OO
OMe Me Br Cl
3:0% 4:70% 5: 0% 6: 49%
N§|/Se N\W/Se N*Se {lj/Se
N N N N\ N
S0 WD
CF; Me Cl
7:63% 8:91% 9:44% 10: 21%

Figure 2: Cs,CO3-mediated cyclization of 1-(2-bromoaryl)imidazoles with Se. Reaction conditions: 1 (0.5 mmol), Se (1 mmol), Cs2CO3 (1 mmol),

DMF (1 mL), 150 °C, 24 h. Isolated yield.
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Figure 3: Absorption spectra of selected compounds (2a, 10 and 11)
in CHCl3.

Cs,CO3-mediated C(Het)-S bond formations of a heteroazole
such as imidazo[1,2-a]pyridine, oxadiazole, and benzimidazole
with diaryl disulfides without a transition metal catalyst have

o ) of

11 12a

Se

Se
b) ? Br + T0|/ \Se/TOI
1a 12b

Scheme 2: Control reactions.

CEgL

1a

Scheme 3: Proposed mechanism.

o A
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previously been developed [18,19]. The key step in these reac-
tions is probably deprotonation of the heterocyclic rings with a
base. Moreover, nucleophilic aromatic substitution (SyAr) reac-
tions between an aryl halide and a selenium reagent such as aryl
selenide anion or diaryl diselenide for C(Ar)-Se bond forma-
tion using a base have been reported [20-22]. However, the
reaction mechanisms for these syntheses have not been re-
ported. Therefore, we carried out several control experiments to
clarify the reaction mechanism (Scheme 2). However, the reac-
tion of 1-phenylbenzimidazole (11) without bromine at the
phenyl group with diphenyl diselenide (12a) did not afford the
corresponding 1-phenyl-2-(phenylselanyl)benzimidazole (13),
and the reaction between 1-(2-bromophenyl)benzimidazole (1a)
and di-p-tolyl diselenide (12b) gave 1-[2-(p-tolylselanyl)phen-
yl]benzimidazole (14) in only 30% yield.

At present, the mechanism of this cyclization is unclear. We
assume the reaction mechanism is as depicted in Scheme 3. The
base deprotonates the imidazole ring giving an anion at the
2-position, which reacts with selenium by nucleophilic attack,
resulting in C(Het)-Se bond formation. Next, the ring closure
proceeds via the SyAr reaction by attack of the selenide anion
on the phenyl group having bromine to generate the tetracyclic
target molecule.

CSch3
24 h, 150 °C Ph @
DMF, Ar
13
I
>
082003 N
Se~1o

24 h, 150 °C
DMF, Ar

14: 30%

s Sse
RS

2a
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Conclusion

Benzo[d]imidazo[2,1-b]benzoselenoazoles were prepared via
Cs,CO3-mediated tandem cyclization followed by reaction of
1-(2-bromoaryl)benzimidazoles with Se powder without a tran-
sition metal catalyst. The molecular structure of parent tetra-
cyclic compound 2a features a nearly coplanar ring. Absorp-
tion spectroscopy data revealed the Ap,,x was dependent on the
number of rings. Detailed mechanistic studies of this cycliza-
tion and the applications of this reaction to other heterocycles

are currently underway in our laboratory.

Experimental

General procedure for the synthesis of benzoimidazo[2,1-
b]lbenzoselenoazoles: 1-(2-Bromoaryl)benzimidazoles 1
(0.5 mmol), selenium powder (79 mg, 1.0 mmol, 2 equiv), and
cesium carbonate (326 mg, 1.0 mmol, 2 equiv) were dissolved
in DMF (1 mL) under Ar atmosphere. The mixture was stirred
at 150 °C for 24 h. The reaction mixture was diluted with
CH,Cl, (15 mL) and water (15 mL). The phases were separat-
ed, and the aqueous layer was extracted with CH,Cl,
(2 x 10 mL). The combined organic layers were washed with
water (2 X 20 mL), dried with MgSOy, and concentrated under
reduced pressure. The residue was purified by silica gel chro-
matography (n-hexane/AcOEt).

Supporting Information

Supporting Information File 1

Experimental details and analytical data, copies of
absorption and NMR spectra.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-15-199-S1.pdf]

Supporting Information File 2

X-ray crystal structure of 2a.

[https://www .beilstein-journals.org/bjoc/content/
supplementary/1860-5397-15-199-S2.cif]
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