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Preparation of 2-Azido-1-Substituted-1 H-Benzo|d]imidazoles Using a
Copper-Promoted Three-Component Reaction and Their Further
Conversion into 2-Amino and 2-Triazolyl Derivatives

Tamminana Ramana and Tharmalingam Punniyamurthy*!*!

The conversion of a simple substrate into diverse libra-
ries!!!l of more complex molecules constitutes a great chal-
lenge in modern organic synthesis, both from an academic
and an industrial standpoint.”) The use of multicomponent
reactions (MCRs) involving tandem processes has emerged
as a powerful strategy to meet this challenge.”’! Herein, we
wish to report a new room-temperature copper-promoted
three-component reaction involving tandem addition, substi-
tution, electrocyclization, N-arylation, and tautomeriza-
tion;1*-0 specifically, a 2-bromoaniline derivative, an isothio-
cyanate, and sodium azide react to give 2-azido-1-substitut-
ed-1H-benzo[d]imidazoles. We also show that these com-
pounds can be subsequently converted into 2-amino and 2-
(1H-1,2,3-triazol-1-yl)-1-aryl-1 H-benzo[d]-imidazoles, which
are important in biological” and medicinal® sciences
(Scheme 1).

First, reaction conditions that could affect the above mul-
ticomponent reaction were identified and optimized using
readily available 4-methyl-2-bromoaniline, sodium azide,
and phenylisothiocyanate as model substrates, together with
different copper sources, ligands, and bases; the reactions
were carried out at room temperature (Table 1). We were

N=N
NHy o, Y

X R'NCS, DMF N
Z#~g; NaNs, [Cu] RU_AHN, | \Z,
Et3N, RT Br R 000 s%
= (el
R =EDG, EWG ligand | [CU] N
R' = alkyl, aryl, naphthyl base | RT

Ar R EE LR b APRN b
AN~ A= N :% R
R 7NN =——— R ] DN 1/

Z=N N7 [CuLRT NN

R L R i

Scheme 1. Possible method for the preparation of 2-azido-1-substituted-
1H-benzo[d]imidazoles and their 2-amino and 2-(1H-1,2,3-triazo-1-yl) de-
rivatives.  DMF = N,N-dimethylformamide, ~EDG =electron-donating
group. EWG =celectron-withdrawing group.
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pleased to observe that the substrates reacted to afford the
corresponding tetrazole derivative with complete conversion
when using 3 equivalents of Et;N and 50 mol % of a copper
source in DMF at room temperature (see the Supporting In-
formation). Gratifyingly, when this tetrazole derivative was
subsequently treated with 5 mol% Cul, 10 mol% 1,10-phe-
nanthroline (L5), and 2 equivalents of K;PO,-3H,0, it gave
a 19:1 mixture of 2-azido- and 2-amino-1H-benzo[d]imida-
zoles 1a and 2a in 100% conversion (Table 1, entry 1). The
formation of the tetrazole derivative was more efficient
when using Et;N compared to the use of inorganic bases
(K5PO43H,0, Cs,CO;, K,CO;, and KOH). However, the
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Table 1. Optimization of the reaction conditions.!

1. PhANCS, DMF, RT

NH, 2. NaNj3 (3 equiv), Et3N (3 equiv) Me 1a Ph
/@ [Cu] (50 mol %) , RT R
X r mol % N
e o ® E:-sl.osu(ﬁg :m 3/0)/ tfase, RT Q H—NH,
Me N
2a Ph
HoN NH, Ho' “oH %COOH Hl\I/Ie E/‘I: o i; _\
L1 L2 L3 L4 L5
Entry  Cu source Base Ligand  Conversion [%]
(1a/2a)!
1 Cul K;PO,3H,0 L5 100 (19:1)
2 Cul KOH L5 16 (2:1)
3 Cul K,CO; L5 100 (9:1)
4 Cul Cs,CO; L5 45 (7:2)
5 Cul K;PO,3H,0 L1 15 (2:1)
6 Cul K;PO,3H,0 L2 16 (2:1)
7 Cul K;PO,3H,0 L3 18 (3:1)
8 Cul K;PO,3H,0 L4 20 (1:1)
9 CuBr K;PO,3H,0 L5 100 (19:1)
10 Cu,0 K;PO,3H,0 L5 100 (19:1)
11 CuSO,5H,0 K;PO,3H,0 L5 100 (19:1)
12 Cu(OAc),H,0 K ;PO,3H,0 L5 100 (19:1)
131l Cu(OAc),H,0 K;PO,3H,0 L5 65 (10:3)
14 Cu(OAc),H,0 K;PO,3H,0 L5 83 (13:3)
15 Cu(OAc),H,0 K;PO,3H,0 - 16 (2:1)
16 - K;PO,3H,0 - n.d.

[a] Reaction conditions: phenylisothiocyanate (1 mmol), 4-methyl-2-bro-
moaniline (1 mmol), DMF (1.5 mL), 14 h, RT; then NaN; (3 mmol), Et;N
(3 mmol), Cu(OAc),H,0O (50 mol %), 4 h, RT; then, catalyst (5 mol%),
ligand (10 mol %), base (2 mmol), 30 h, RT. [b] Determined by '"H NMR
spectroscopy (400 MHz). [c] Cu source (2.5 mol %) used. [d] K;PO,3H,0
(1.5 equiv) used. n.d. =not detected.
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use of inorganic bases was found to be superior to the use
of Et;N for the N-arylation process. The use of K;PO,-:3H,0
in the transformation of the tetrazole resulted in higher con-
versions and enhanced selectivity in favor of the 2-azido de-
rivative 1a compared to the use of Cs,CO;, K,CO; and
KOH (Table 1, entries 1-4). Among the ligands screened
(L1-L5), L5 was found to be the most effective (Table 1, en-
tries 5-8). Copper(I) and copper(IT) sources (CuBr, Cu,O,
Cul, CuSO,5H,0, and Cu(OAc),-H,0) exhibited similar
levels of activity and selectivity (Table 1, entries 1 and 9-
12). For the N-arylation/tautomerization reaction, either
lowering the amount of base (1.5 equivalents), lowering the
amount of the copper source (2.5 mol %), or conducting the
reaction in the absence of ligand gave lower conversions;
for these reactions, 1a and 2a were obtained in less than
85% conversion (Table 1, entries 13-15). In a control reac-
tion in which a copper source was absent, 1a and 2a were
not formed (Table 1, entry 16).

2-lodoaniline could also be used as a substrate and the re-
action gave the target products 1a and 2a in a shorter reac-
tion time [Eq. (1)]. In contrast, in the case of 2-chloroani-
line, the N-arylation/tautomerization reaction did not occur
and only the tetrazole derivative could be isolated (see the
Supporting Information).

1. PhNCS, DMF, RT, 14 h
2. Cu(OAc),-H,0 (50 mol %)
NH, NaN3 (3 equiv)

/@E EtsN (3 equiv), RT, 2 h
Me |

1a (97%) + 2a (3%) (1)
3. Cu(OAc),-H,0 (3 equiv)

L5 (10 mol %)

K3PO4-3H,0 (2 equiv), RT

20 h

With optimized conditions established, the scope of the
protocol was next explored (Scheme 2). The process was
found to be generally applicable; various isothiocyanates
and 2-bromoaniline derivatives in the presence of sodium
azide gave the corresponding 2-azido-1-substituted-1H-ben-
zo[d]imidazoles 1b-y in moderate to good yield. Aryl iso-
thiocyanates bearing electron-donating substituents on the
aryl ring (4-Me, 4-OMe, 4-Et, 4-iPr, 2,4-dimethyl, 3,4-di-
methyl, 2,5-dimethyl, and 3,5-dimethyl groups) were more
reactive than those bearing electron-withdrawing substitu-
ents on the aryl ring (4-Cl, 4-F and, 4-CF; groups). In addi-
tion, aryl isothiocyanates were more reactive than alkyl iso-
thiocyanates. Regarding the scope of the 2-bromoaniline
component, the use of both 2-bromoaniline (nonsubstituted)
and the 4-Me, 4-iPr, 4-Cl, 4-OMe, 2,4-dimethyl, and 3,4-di-
methylbromoaniline derivatives gave good yields of the cor-
responding products. The structure of compound 1lc¢ was
confirmed by single-crystal X-ray analysis (see the Support-
ing information).

The above reactions gave 2-amino-1H-benzo[d]imidazoles
as byproducts (5-10%). Because these compounds have a
structure that is found as a motif in many medicinal com-
pounds,®! the selective transformation of 1a into 2a was
next investigated (Scheme 3). When 1a was treated with
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5mol% Cu(OAc), H,O in DMF at 90°C for 1 h, it under-
went reduction to give 2a with 100% conversion and se-
lectivity.

Alternatively, the tetrazole derivative can also be convert-
ed into 2a via la by using 5mol% Cu(OAc),H,O and
2 equivalents of K;PO,-:3H,0O in DMF at 90°C for 2 h in the
absence of ligand (Scheme 3). The reactions of 4-Me, 4-
OMe and 2,4-dimethylphenylisothiocyanate with 4-Me- and
4,5-dimethyl-2-bromoaniline were investigated. The reac-
tions gave the target compounds 2a—f in 62-72 % yield. The
structure of 2e was confirmed by single-crystal X-ray analy-
sis (see the Supporting Information).

Finally, a click reaction of 2-azido-[1H]-benzo[d]imidazole
and aryl alkynes to give substituted 2-(1H-1,2,3-triazo-1-yl)-
1H-benzo[d]imidazoles was investigated (Scheme 4). Opti-
mization studies revealed that the required products could
be obtained when using reaction conditions developed by
the research group of Sharpless (5 mol % Cul and 2 equiva-
lents of Et;N at room temperature)."'* The click reactions
of 2-azido-[1H]-benzo[d]imidazole (1a, 1m, 1v and 1w)
gave 2-(1H-1,2-3-triazo-1-yl)-1-aryl-1H-benzo[d]imidazoles
3a—d, respectively, in high yields. Recrystallization of 3¢ in
MeOH gave crystals, which were used to confirm the struc-
ture of 3¢ by single-crystal X-ray analysis (see the Support-
ing Information).

A proposed catalytic cycle is shown in Scheme 5. Toward
determining the reaction pathway, a 1:1 mixture of 4-
methyl-2-bromoaniline and phenylisothiocyanate was stirred
in DMF at room temperature for 14 hours to afford the cor-
responding thiourea.®™ When the thiourea derivative was
added to a mixture of 3equivalents of sodium azide,
3 equivalents of Et;N, and 50 mol % Cu(OAc),-H,0O, the cor-
responding tetrazole derivative was obtained with 100 %
conversion [Eq. (2)]. Recrystallization of the tetrazole deriv-
ative in MeOH gave single crystals, which were used to de-
termine the structure of the tetrazole by single-crystal X-ray
analysis (see the Supporting Information). The tetrazole de-
rivative underwent N-arylation followed by tautomeriza-
tion® when treated with a mixture of 5mol%
Cu(OAc),H,0, 10mol% L5, and 2equivalents of
K;PO,3H,0 at room temperature; the reaction gave a 19:1
mixture of 1a and 2a in 100 % conversion [Eq. (3)]. Further-
more, 1a could be reduced to give 2a in 100% conversion
when the substrate was treated with 5 mol% Cu(OAc),H,O
in DMF at 90°C for 1 h [Eq. (4)]. In addition, when the tet-
razole derivative was treated with 5mol% Cu(OAc),-H,O
and 2 equivalents of K;PO,3H,0 in DMF at 90°C for 2 h it
underwent sequential N-arylation, tautomerization, and re-
duction to afford 2a directly in good yield [Eq. (5)].

These results clearly show that the reaction of 2-bromo-
aniline and isothiocyanate gives a thiourea, which in the
presence of a copper source and Et;N gives intermediate a.
Nucleophilic substitution of a with sodium azide gives b
with CuS and a sulfide as byproducts (see the Supporting In-
formation). Electrocyclization of b could give tetrazole de-
rivative ¢,'” which could react with a copper(I) species
(could be derived from a copper(II) species)!'” through oxi-
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Scheme 2. Scope of the reaction for forming 2-azido-1-substituted-1H-benzo[d]imidazoles. Reaction condi-
tions: Isothiocyanate (1 mmol), 2-bromoaniline (1 mmol), DMF (1.5 mL), RT, 14-22 h; then NaN; (3 mmol),
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Scheme 3. Scope of the reaction for forming 2-amino-1-aryl-1H-benzo-
[d]imidazoles. Reaction conditions: Isothiocyanate (1 mmol), 2-bromoa-
niline (1 mmol), DMF (1.5 mL), RT, 14-16 h; then NaN; (3 mmol), Et;N
(3 mmol), Cu(OAc),H,0 (50 mol%), RT, 3-6 h; then, Cu(OAc),H,O
(5 mol %), K;PO,:3H,0 (2 mmol), 90°C, 2 h.
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Scheme 4. Scope of the reaction for forming 2-(1H-1,2,3-triazo-1-yl)-1-
aryl-1Hbenzo[d]imidazoles. Reaction conditions: 2-azido-1-aryl-1H-ben-
zo[d]imidazole (1 mmol), aryl alkyne (1 mmol), Cul (5mol%), Et;N
(2 mmol), THF (6 mL), RT, 5 h.

Keywords: benzimidazoles - copper - cycloaddition -
multicomponent reactions - heterocycles

[1] S.L. Schreiber, Science 2000, 287, 1964.

[2] L. Weber, K. Iligen, M. Almstetter, Synlett 1999, 366.

[3] For some representative examples, see: a) J. Zhu, H. Bienayme, in:
Multicomponent Reactions, (Eds.: J. Zhu, H. Bienayme), Wiley-
VCH, Weinheim, 2005; b) D.J. Ramé6n, M. Yus, Angew. Chem.
2005, 117, 1628; Angew. Chem. Int. Ed. 2005, 44, 1602; c) F. Liéby-
Muller, T. Constantieux, J. Rodriguez, J. Am. Chem. Soc. 2005, 127,
17176; d) A. Domling, Chem. Rev. 2006, 106, 17; e) L. F. Tietze,

www.chemeurj.org

SR These are not the final page numbers!

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

H
N__N._,
YR
{ S
r[Cu]

H H
N RN N R
R @ S i): 2/ S
Br Br [Cu]

NaN3 l substitution

=
X NQ’(
N
B (?Uu’N R C[ N3
d
X +Cus
BH* X - electro- +sulfide
N oxidative A
+N addition cyclization ¢
\ X=1,Br -
N N\\(N 1 N"\l J/\{N
RT N N
AN ) |
e Cu reductive [Cu] S HN__,
elimination R Br R
c
R'—C=—H
[Cu]
l R\ XN
R'—C=—[Cu] @ S—Ng [Cu]
y g
ta-y R path a
\>—N R |
Su-c=rR" J\\ N\>—N H
g R' u— Ay ’”[CU]T 2a-f
f r N,

NN -
—

Z >N })\R" -[Cu]
h R [Cu

Scheme 5. Proposed catalytic cycle.

Chem. Rev. 1996, 96, 115; f) D. M. D’Souza, T. J.J. Miiller, Chem.
Soc. Rev. 2007, 36, 1095; g) G. Balme, E. Bossharth, N. Monteiro,
Eur. J. Org. Chem. 2003, 4101; h) B. Willy, T. J. J. Miiller, ARKIVOC
(Gainesville, FL, U.S.) 2008, 1, 195; i) B. Beck, S. Hess, A. Domling,
Bioorg. Med. Chem. Lett. 2000, 10, 1701; j) H. Jin, X. Xu, J. Gao, J.
Zhong, Y. Wang, Adv. Synth. Catal. 2010, 352, 347; k) Z. Chen, D.
Zheng, J. Wu, Org. Lett. 2011, 13, 848; 1) L. E. Kaim, L. Grimaud, P.
Patil, Org. Lert. 2011, 13, 1261; m) M. R. Kumar, A. Park, N. Park,
S. Lee, Org. Lett. 2011, 13, 3542; n) D. Ma, X. Lu, L. Shi, H. Zhang,
Y. Jiang, X. Liu, Angew. Chem. 2011, 123, 1150; Angew. Chem. Int.
Ed. 2011, 50, 1118.

F. Ullmann, Ber. Dtsch. Chem. Ges. 1903, 36, 2382.

For some recent examples, see: a) S. V. Ley, A. W. Thomas, Angew.
Chem. 2003, 115, 5558; Angew. Chem. Int. Ed. 2003, 42, 5400; b) G.
Evano, N. Blanchard, M. Toumi, Chem. Rev. 2008, 108, 3054; c) T.
Kondo, T.-A. Mitsudo, Chem. Rev. 2000, 100, 3205; d) F. Monnier,
M. Taillefer, Angew. Chem. 2009, 121, 7088; Angew. Chem. Int. Ed.
2009, 48, 6954; e) S. Wiirtz, F. Glorius, Acc. Chem. Res. 2008, 41,
1523; f) J.-P. Corbet, G. Mignani, Chem. Rev. 2006, 106, 2651; g) A.
Correa, O.M. Garcia, C. Bolm, Chem. Soc. Rev. 2008, 37, 1108;
h) I. P. Beletskaya, A. V. Cheprakov, Coord. Chem. Rev. 2004, 248,
2337, i) J. F. Hartwig, Synlett 2006, 1283; j) C. T. Brain, J. T. Steer, J.
Org. Chem. 2003, 68, 6814; k) P. Saha, T. Ramana, N. Purkait,
Md. A. Ali, R. Paul, T. Punniyamurthy, J. Org. Chem. 2009, 74,
8719.

For the classical synthesis of 2-azido-1H-benzo|d]imidazole, see:
G. A. Reynolds, J. A. Vanallan, J. Org. Chem. 1959, 24, 1478.

For biological properties of 2-amino-1H-benzo[d]-imidazoles, see:
a) S. Fujisawa, T. Atsumi, Y. Kaelowa, Toxicology 2002, 177, 39;
b) D.J. Musk, Jr., P.J. Hergenrother, Curr. Med. Chem. 2006, 13,
2163; c) K. Kikuchi, R. B. Hannak, M. J. Guo, A.J. Kirby, D. Hil-
vert, Bioorg. Med. Chem. 2006, 14, 6189; d) P. P. Seth, E. A. Jeffer-

—_——
N
—_

[6

—

[7

—

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1126/science.287.5460.1964
http://dx.doi.org/10.1055/s-1999-2612
http://dx.doi.org/10.1021/cr0505728
http://dx.doi.org/10.1021/cr950027e
http://dx.doi.org/10.1002/ejoc.200300378
http://dx.doi.org/10.1016/S0960-894X(00)00305-X
http://dx.doi.org/10.1002/adsc.200900706
http://dx.doi.org/10.1021/ol102775s
http://dx.doi.org/10.1021/ol200003u
http://dx.doi.org/10.1021/ol201409j
http://dx.doi.org/10.1002/ange.201005787
http://dx.doi.org/10.1002/anie.201005787
http://dx.doi.org/10.1002/anie.201005787
http://dx.doi.org/10.1002/cber.190303602174
http://dx.doi.org/10.1002/ange.200300594
http://dx.doi.org/10.1002/ange.200300594
http://dx.doi.org/10.1002/anie.200300594
http://dx.doi.org/10.1021/cr8002505
http://dx.doi.org/10.1021/cr9902749
http://dx.doi.org/10.1002/ange.200804497
http://dx.doi.org/10.1002/anie.200804497
http://dx.doi.org/10.1002/anie.200804497
http://dx.doi.org/10.1021/ar8000876
http://dx.doi.org/10.1021/ar8000876
http://dx.doi.org/10.1021/cr0505268
http://dx.doi.org/10.1039/b801794h
http://dx.doi.org/10.1016/j.ccr.2004.09.014
http://dx.doi.org/10.1016/j.ccr.2004.09.014
http://dx.doi.org/10.1055/s-2006-939728
http://dx.doi.org/10.1021/jo034824l
http://dx.doi.org/10.1021/jo034824l
http://dx.doi.org/10.1021/jo901813g
http://dx.doi.org/10.1021/jo901813g
http://dx.doi.org/10.1021/jo01092a023
http://dx.doi.org/10.1016/S0300-483X(02)00194-4
http://dx.doi.org/10.1016/j.bmc.2006.05.071
www.chemeurj.org

Copper-Promoted Synthesis of 2-azido-1 H-Benzo|d]imidazoles

son, L. M. Risen, S. A. Osgood, Bioorg. Med. Chem. Lett. 2003, 13,
1669; e) T. K. Ritter, C.-H. Wong, Angew. Chem. 2001, 113, 3616;
Angew. Chem. Int. Ed. 2001, 40, 3508; f) W. Nawrocka, B. Sztuba,
M. W. Kowalska, H. Liszkiewicz, J. Wietrzyk, A. Nasulewicz, M.
Petczynska, A. L. L. Opolski, Farmaco 2004, 59, 83; g) J. Kang, H. S.
Kima, D. O. Jang, Tetrahedron Lett. 2005, 46, 6079; h) M. Rivara, V.
Zuliani, G. Cocconcelli, G. Morini, M. Comini, S. Rivara, M. Mor, F.
Bordi, E. Barocelli, V. Ballabeni, S. Bertoni, P. V. Plazzi, Bioorg.
Med. Chem. 2006, 14, 1413; i) F. Karci, A. Demircali, I. Sener, T.
Tilki, Dyes Pigm. 2006, 71, 90; j) Y. He, J. Yang, B. Wu, L. Risen,
E. E. Swayze, Bioorg. Med. Chem. Lett. 2004, 14, 1217; k) R. W.
Huigens III, S. Reyes, C.S. Reed, C. Bunders, S. A. Rogers, A.T.
Steinhauer, C. Melandar, Bioorg. Med. Chem. 2010, 18, 663.

COMMUNICATION

[10] For examples of the reduction of an azide to an amine, see: a) L.
Bosch, A. M. Costa, M. Martin, F. Urpl, J. Vilarrasa, Org. Lett. 2000,
2,397; b) M. Bartra, F. Urpi, J. Vilarrasa, Tetrahedron Lett. 1987, 28,
5941.

[11] For representative examples of click reactions, see: a)J. E. Hein,
J. C. Tripp, L.B. Krasnova, K. B. Sharpless, V. V. Fokin, Angew.
Chem. 2009, 121, 8162; Angew. Chem. Int. Ed. 2009, 48, 8018; b) W.
Qian, D. Winternheimer, J. Allen, Org. Lett. 2011, 13, 1682; c¢) R. K.
Arigela, A. K. Mandadapu, S. K. Sharma, B. Kumar, B. Kundu, Org.
Lett. 2012, 14, 1804; d) J. Yan, F. Zhou, D. Qin, T. Cai, K. Ding, Q.
Cai, Org. Lett. 2012, 14, 1262; ¢) Y. Zhang, X. Li, J. Li, J. Chen, X.
Meng, M. Zhao, B. Chen, Org. Lett. 2012, 14, 26.

[12] R. A. Batey, D. A. Powell, Org. Lett. 2000, 2, 3237.

[13] For examples of the reduction of a copper(II) to a copper(I) species,

[8] For medicinal properties of 2-amino-1H-benzo[d]imidazoles, see: . t
a) P. Caroti, C. Ceccotti, F. Da Settimo, G. Primofiore, J. S. Fran- s;:e: E}ll) ? I 1;;18?‘6’4]0‘ ?::;’3?}1”5”' ;SC' 19;7’21319’ 14?46;81)%} t]).dnﬁle(};,
zone, M. C. Reboani, C. Cravanzola, Farmaco 1989, 44, 327; b) C. Jez “ "C’Z” o7 &2 2312(:-) o aMng* v Zhang* Iy “’S e\?vmﬁ
Kus, H. Goker, G. Ayhan, R. Ertan, N. Antanlar, A. Akin, Farmaco T ’i‘ ' f);';'ne o Cher ;OC' 193’8 0 23559 e)a(é; A B“(;w_'
1996.’ .51’ 413; ¢) A. DaSettimo, G. Prlmoflore,. F. Da Settimo, A M. maker, J. V. Hanna, C. Pakawatchai, B. W. Skelton, Y. Thanyasirikul,
Marini, Farmaco 1992, 47, 1293; d) A. Da Settimo, A. M. Marini, G. A.H. White, Inorg. Chem. 2009, 48, 350; f) T. Ramana, P. Saha, M
Primofiore, F. Da Settimo, Farmoco 1995, 50, 321; e) A. Orjales, M. D.as T Punn’iyamlithy Or.g Let; 2610 ]’2 84. T T
Bordell, V. Rubio, J. Heterocycl. Chem. 1995, 32, 707; f) C. J. Paget, [14] a) X Wang, C. Kuang” Q. Yang, Eur J O;'g. Chem. 2012, 424: b) S.
K. Kisner, R. L. Stone, D. G. DeLong, J. Med. Chem. 1969, 12, 1010; Chiba, L. Zhang, G. Y. Ang, B. W.-Q. Hui, Org. Lett. 2010, 12, 2052;
2) G. Trapani, M. Franco, A. Latrofa, G. Genchi, V. Lacobazzi, C. A. ¢)J. Hu, Y. Cheng, Y. Yang, Y. Rao, Chem. Commun. 2011, 47.
Ghiani, M. Maciocco, G. Liso, Eur. J. Med. Chem. 1997, 32, 83. 10133. ’ ’ ’ ’ T

[9] For a recent review on 1H-benzo[d]imidazole synthesis, see: L. C. R. Received: June 22. 2012
Carvalho, E. Fernandes, M. M. B. Marques, Chem. Eur. J. 2011, 17, Revised: August 11, 2012
12544. Published online: Il i, 0000

Chem. Eur. J. 2012, 00, 0—0 © 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org

These are not the final page numbers! 77


http://dx.doi.org/10.1016/S0960-894X(03)00245-2
http://dx.doi.org/10.1016/S0960-894X(03)00245-2
http://dx.doi.org/10.1002/1521-3757(20011001)113:19%3C3616::AID-ANGE3616%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3773(20011001)40:19%3C3508::AID-ANIE3508%3E3.0.CO;2-I
http://dx.doi.org/10.1016/j.farmac.2003.12.001
http://dx.doi.org/10.1016/j.tetlet.2005.07.002
http://dx.doi.org/10.1016/j.bmc.2005.09.063
http://dx.doi.org/10.1016/j.bmc.2005.09.063
http://dx.doi.org/10.1016/j.bmcl.2003.12.051
http://dx.doi.org/10.1016/j.bmc.2009.12.003
http://dx.doi.org/10.1021/jm00306a010
http://dx.doi.org/10.1016/S0223-5234(97)84364-4
http://dx.doi.org/10.1002/chem.201101508
http://dx.doi.org/10.1002/chem.201101508
http://dx.doi.org/10.1021/ol991359z
http://dx.doi.org/10.1021/ol991359z
http://dx.doi.org/10.1016/S0040-4039(01)81096-0
http://dx.doi.org/10.1016/S0040-4039(01)81096-0
http://dx.doi.org/10.1002/ange.200903558
http://dx.doi.org/10.1002/ange.200903558
http://dx.doi.org/10.1002/anie.200903558
http://dx.doi.org/10.1021/ol200183b
http://dx.doi.org/10.1021/ol300399y
http://dx.doi.org/10.1021/ol300399y
http://dx.doi.org/10.1021/ol300114w
http://dx.doi.org/10.1021/ol202718d
http://dx.doi.org/10.1021/ol006465b
http://dx.doi.org/10.1021/ja00239a032
http://dx.doi.org/10.1016/S0040-4020(01)91791-0
http://dx.doi.org/10.1021/jo9700078
http://dx.doi.org/10.1021/ja981662f
http://dx.doi.org/10.1021/ic801310r
http://dx.doi.org/10.1021/ol9024088
http://dx.doi.org/10.1002/ejoc.201101204
http://dx.doi.org/10.1021/ol100522z
http://dx.doi.org/10.1039/c1cc13908h
http://dx.doi.org/10.1039/c1cc13908h
www.chemeurj.org

CHEMISTRY

T. Punniyamurthy and T. Ramana

A EUROPEAN JOURNAL

Heterocycle Synthesis

T. Ramana,
T. Punniyamurthy*.......... B [[]]

Preparation of 2-Azido-1-Substituted-
1 H-Benzo[d]imidazoles Using a
Copper-Promoted Three-Component
Reaction and Their Further Conver-
sion into 2-Amino and 2-Triazolyl
Derivatives
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Multicomponent reaction: 2-azido-1-
substituted-1H-benzo[d]imidazoles
were prepared using a copper-cata-
lyzed three-component reaction involv-
ing 2-bromoaniline derivatives, isothio-
cyanates, and sodium azide. The reac-

tion conditions are mild and the scope
is broad. The azido compounds were
transformed into their 2-amino and 2-
triazolyl derivatives using copper-
mediated reduction and cycloaddition,
respectively (see scheme).
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