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3-(Arylethynyl)-2H-indazoles can be effectively synthesized in
one-pot using 2-nitroarylaldehydes, primary amines and
alkynes co-catalyzed by copper (I) bromide and zinc (II)
triflate. This method has a broad substrate scope with high to
medium tolerance for a variety of functional groups.

The indazoles are important structural units found in many
biologically active molecules.! The isomeric form of indazole,
2H-indazoles are gaining considerable interest due to their
anticancer,” imidazole 1, receptor,3 5-HT A receptor,4 estrogen
receptor P,> and antiangiogenic activities.® There are several
methods for the synthesis of indazoles, but most of them are
restricted to the thermodynamically favoured 1H-indazole or
mixtures of 1H- and 2H-indazoles.” Methods for the
regioselective synthesis of 2H-indazoles are limited due to the
difficulty in their preparation. Therefore, selective preparation of
2H-indazoles remains challenging task in organic chemistry.
Recently, several synthetic routes to 2H-indazoles have been
developed,® but considering the bioactivities of 2N-substituted
indazoles,”™>%’ the development of new strategies for the general
and efficient synthesis of highly substituted 2H-indazoles is
needed. Although there are several methods for the synthesis of
2N-substituted 2H-indazoles, methods for the direct synthesis of
2N,3C-substituted 2H-indazoles are rare.!“&"'% These methods
suffer from drawbacks, such as multistep synthesis,**'% low
selectivity,'® low yields and formation of side products.'®
Multicomponent reactions are gaining importance in heterocyclic
chemistry due to their ability to form a series of bonds in a single
step.'" Herein, we report a one-pot direct synthesis of 2,3-
disubstituted 2H-indazoles using 2-nitroarylaldehydes, amines
and alkynes co-catalyzed by CuBr and Zn(OTf), in moderate to
good yields.

Initially, we treated the 2-nitrobenzaldehyde 1a, 2-(3,4-
dimethoxyphenyl)ethanamine 2a, and ethynylbenzene 3a with
CuBr (30 mo%) and In(OTf); (10 mol%) in dry toluene at reflux
and it led to the formation of 2-(3,4-dimethoxyphenethyl)-3-
(phenylethynyl)-2H-indazole 4a in 40% yield (Table 1, entry 1).
Similarly, under the same reaction conditions Sn(OTf), gave 50%
yield (entry 2). Zn(OTf),/CuBr system was found to be more
reactive and yielded 83% (entry 3). When the amount of CuBr
was increased to 1 equivalent, 80% of the product was isolated
(entry 4). Other Lewis acids and copper salts were also screened

and the results are shown in Table 1. It was observed that
bismuth, scandium and silver triflates gave lower yields (entries

s0 5-7). Other metal salts such as FeCl;, ZnCl,, SnCl,.2H,0 and

Table 1. Optimization of the reaction®

/@ Ph
Vi

C”O o _/_Q'OMG
NOZ (\CEOMe roon me 1) “N'4a  OMo

Sl. Cu Source Catalyst Solvent Time/h Yield
No  (mol%) (mol%) (%)°
1 CuBr (30) In(OTf); (10) Toluene 21 40
2 CuBr (30) Sn(OTf), (10) Toluene 24 50

3 CuBr (30) Zn(OTf), (10) Toluene 18 83

4 CuBr (100) Zn(OTf), (10) Toluene 18 80

5 CuBr (30) Bi(OTf), (10) Toluene 24 35

6 CuBr (30) Ag(OTf) (10) Toluene 24 37

7 CuBr (30) Sc(OTf), (10) Toluene 24 32

8 CuBr (30) FeCl; (100) Toluene 24 33

9 CuBr(30)  znCl, (100) Toluene 2 42
10 CuBr (30) SnCl,.2H,0 Toluene 24 36

(100)

11 CuBr (30) InCl; (100) Toluene 24 12
12 CuBr (30) P(Ph); (100) Toluene 24 -
13 CuBr (30) P(OEt); (100) Toluene 24 17
14 CuBr (30) Zn(OTf), (10) Dioxane 24 -
15 - Zn(OTf), (10) Toluene 24 -
16 CuBr (30) - Toluene 36 Trace
17 Cul (30) Zn(OTf), (10) Toluene 24 28
18 CuCl (30) Zn(OTf), (10) Toluene 24 63

#Reaction conditions: aldehyde (0.5 mmol), amine (0.55 mmol), alkyne (1.0
mmol), solvent (8 mL)."Yield refers to isolated yield. “Corresponding imine
was isolated.
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InCl; also found to be less effective (entries 8-11). In the case of
phosphorous reagents, P(Ph); produced only imine (entry 12),
whereas P(OEt); gave 17% of the desired product (entry 13).
Reaction with CuBr/Zn(OTf), in dioxane (entry 14) and
Zn(OTY), (entry 15) alone in toluene gave the corresponding
imines, whereas CuBr alone gave trace amount of the desired
product (entry 16). Other copper salts such as Cul and CuCl gave
28 and 63% yields, respectively (entries 17-18).

With the established optimal conditions in hand, the scope of
this reaction was investigated, and the results are summarized in
Table 2. 2-Nitroarylaldehydes having electron-withdrawing
groups were transformed into 2H-indazoles in 60-79% yields
(Table 2, entries 2-4, 18). Acetylenes with aromatic substituents
containing electron-withdrawing or electron-donating groups
were transformed in 57-81% yields (Table 2, entries 7-11, 18).
On the other hand, acetylene having alkyl group (Table 2, entry
21) was unable to give desired product, but corresponding imine
was recovered in 90% yield. Similarly, heterocyclic alkyne (entry
22) also gave imine in 85% yield. The scope of the reaction was
also extended to primary amines. The reaction yielded moderate
to good yields with variously substituted primary amines. The
reaction with aromatic amines with 2-nitrobenzaldehydes and
alkynes under the same reaction conditions gave quinolines.'?

Table 2. Synthesis of 3-alkynyl-2H-indazoles®

Ar s Ar
R! CHO CuBr (30 mol%). 4
j@: . Zn(OTf), (10 mol %) R _

————. —_p3
R? NO2  hN-R3 toluene ) \N'N R
1 reflux R

2 4
Entry Product Time/h Yield (%)b
1 18 83
2 24 75
3 36 79
4 48 71
5 48 30

11

48 35
36 60
48 57
36 62
36 65
24 81
48 78
36 48
24 59
24 66
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16 24 64
17 24 70
18 30 60
19 24 51
20 24 56
21 72 0°
22

72 0°

o

*Reaction conditions: aldehyde (0.5 mmol), amine (0.55 mmol),
alkyne (1.0 mmol), CuBr (30 mol%), Zn(OTf), (10 mol%),
toluene (8 mL), reflux. *Isolated yield. “Imine was isolated in
90% yield. “Imine was isolated in 85% yield.

The reaction is highly regioselective and only 2N-substituted
product could be obtained in high purity without any
regioisomeric products as determined from 'H and '*C NMR
analysis of crude product. The structure of the compounds was
determined by X-ray analysis of compound 4a (see the
supporting Information)."

In summary, we have developed a practical and general one-
pot procedure for the synthesis of 2H-indazoles from 2-
nitroarylaldehydes, primary amines and alkynes catalyzed by
CuBr and Zn(OTf),. The practical and highly versatile one-pot,
three-component procedure is a novel approach for the synthesis
of highly substituted 2H-indazoles. The mechanism of the
reaction is not yet known. Efforts to determine the mechanism of

15 this unusual reaction is under investigation.

RU gratefully acknowledges Council of Scientific and
Industrial Research (CSIR), New Delhi for his fellowship.
Authors are grateful to Council of Scientific and Industrial

20 Research (CSIR), New Delhi, for financial support (Grant No.
02/0159/13/EMR-II). Authors are also thankful to Central
Instrument Facility (CIF) of IIT Guwahati for NMR and XRD
facilities.

25 Notes and references
“Department of Chemistry, Indian Institute of Technology
Guwahati, Guwahati, India. Fax: +91 361 2690762; Tel: +91
361 2582316, E-mail: asaikia@iitg.ernet.in
1 Electronic Supplementary Information (ESI) available:
s [Experimental procedures, 'H, *C and HRMS spectra of all new
compounds]. See DOI: 10.1039/b000000x/

1 (a) H. Cerecetto, A. Gerpe, M. Gonzélez, V. J. Aran and C. O.
de Océriz, Mini-Rev. Med. Chem., 2005, 5, 869-878; (b) W.
35 Stadlbauer in Science of Synthesis, Vol. 12, Georg Thieme,
Stuttgart, 2002, pp.227-310; (c) A. J. Souers, J. Gao, M. Brune,
E. Bush, D. Wodka, A. Vasudevan, A. S. Judd, M. Mulhern, S.
Brodjian, B. Dayton, R. Shapiro, L. E. Hernandez, K. C. Marsh,
H. L. Sham, C. A. Collins and P. R. Kym, J. Med. Chem., 2005,
40 48, 1318-1321; (d) J. A. May, A. P. Dantanarayana, P. W.
Zinke, M. A. McMaughlin and N. A. Shiraf, J. Med. Chem.,
2006, 49, 318-328; (¢) A. Schmidt, A. Beutler and B.
Snovydovych, Eur. J. Org. Chem., 2008, 4073-4095; (f) L. A.
Clutterbuck, C. G. posada, C. Visintin, D. R. Riddal, B.
45 Lanchaster, P. J. Gane, J. Garthwaite and D. L. Selwood, J.
Med. Chem., 2009, 52, 2694-2707; (g) S. C. Teguh, N. Klonis,
S. Duffy, L. Lucantoni, V. M. Avery, C. A. Hutton, J. B. Baell
and L. Tilley, J. Med. Chem., 2013, 56, 6200-6215; (h) K.-L.
Kusakabe, N. Ide, Y. Daigo, Y. Tachibana, T. Itoh, T.
so  Yamamoto, H. Hashizume, Y. Hato, K. Higashino, Y. Okano,
Y. Sato, M. Inoue, M. Iguchi, T. Kanazawa, Y. Ishioka, K.
Dohi, Y. Kido, S. Sakamoto, K. Yasuo, M. Maeda, M. Higaki,
K. Ueda, H. Yoshizawa, Y. Baba, T. Shiota, H. Murai and Y.
Nakamura, J. Med. Chem., 2013, 56, 4343-4356.
ss2 (a) T. Yakaiah, B. P. V. Lingaiah, B. Narsaiah, B. Ashok
Kumar, S. Gururaj, T. Parthasarathy and B. Sridhar, Bioorg.
Med. Chem. Lett., 2007, 17, 3445-3453; (b) P. Jones, S.
Altamura, J. Boueres, F. Ferrigno, M. Fonsi, C. Giomini, S.
Lamartina, E. Monteagudo, J. M. Ontoria, V. M. Orsale, M. C.
60 Palumbi, S. Pesci, G. Roscilli, R. Scarpelli, C. Schultz-
Fademrecht, C. Toniatti and M. Rowley, J. Med. Chem., 2009,
52,7170-7185.

3 F. Saczewski, J. Saczewski, A. L. Hudson, R. J. Tyacke, D. J.

Nutt, J. Man and P. Tabin, Eur. J. Pharm. Sci., 2003, 52, 209-
6s 216,

4 (a) S. Andreonati, V. Sava, S. Makan and G. Kolodeev,
Pharmazie, 1999, 54, 99-101; (b) M. H. Paluchowska, B.
Duszynska, A. Klodzinska and E. Tatarzynska, Pol. J.
Pharmacol., 2000, 52, 209-216.

70 5 M. D. Angelis, F. Stossi, K. A. Carlson, B. S. Katzenellenbogen
and J. A. Katzenellenbogen, J. Med. Chem., 2005, 48, 1132-
1144,

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3



RSC Advances

6 L.-J. Huang, M.—L. Shih, H—S. Chen, S.—L. Pan, C.-M. Teng,
F.—Y. Lee and S.—C. Kuo, Bioorg. Med. Chem., 2006, 14, 528-
536.

7 (a) P. Lopez-Alvarado, C. Avendaio and J. C. Menendez, J.

s Org. Chem., 1995, 60, 5678-5682; (b) P. Y. S. Lam, C. G.
Clark, S. Saubern, J. Adams, M. P. Winters, D. M. T. Chan and
A. Combs, Tetrahedron Lett., 1998, 39, 2941-2944; (c) A. Y.
Fedorov and J.—P. Finet, Tetrahedron Lett., 1999, 40, 2747-
2748; (d) D. J. Slade, N. F. Pelz, W. Bodnar, J. W. Lampe and
10 P.S. Watson, J. Org. Chem., 2009, 74, 6331-6334.

8 (a) N. Halland, M. Nazare, O. R’kyek, J. Alonso, M. Urmann
and A. Lindenschmidt, Angew. Chem. Int. Ed., 2009, 48, 6879-
6882; (b) J. J. Song and N. K. Yee, Org. Lett., 2000, 2, 519-
521; (c) B. Haag, Z. Peng and P. Knochel, Org. Lett., 2009, 11,

15 4270-4273; (d) A. Taher, S. Ladwa, S. T. Rajan and G. W.
Weaver, Tetrahedron Lett., 2000, 41, 9893-9897; (e) D. J.
Varughee, M. S. Manhas and A. K. Bose, Tetrahedron Lett.,
2006, 47, 6795-6797; (f) K. Y. Lee, S. Gowrisankar and J. N.
Kim, Tetrahedron Lett., 2005, 46, 5387-5391; (g) C. Wu, Y.

0 Fang, R. C. Larock and F. Shi, Org. Lett., 2010, 12, 2234-2237,
(h) Y. Fang, C. Wu, R. C. Larock and F. Shi, J. Org. Chem.,
2011, 76, 8840-8851; (i) M. R. Kumar, A. Park, N. Park and S.
Lee, Org. Lertt., 2011, 13, 3542-3545; (j) K. M. Farber, M. J.
Haddadin and M. J. Kurth, J. Org. Chem., 2014, 79, 6939-

s 6945; (k) J. Hu, Y. Cheng, Y. Yang and Y. Rao, Chem.
Commun., 2011, 47, 10133-10135.

9 J. Wrobel, R. Steffan, S. M. Bowen, R. Magolda, E. Matelan,
R. Unwalla, M. Basso, V. Clerin, S. J. Gardell, P. Nambi, E.
Quinet, J. I. Reminick, G. P. Vlasuk, S. Wang, 1. Feigold, C.

30 Huselton, T. Bonn, M. Farnegardh, T. Hansson, A. G. Nilsson,
A. Wilhelmsson, E. Zamaratski and M. J. Evans, J. Med.
Chem., 2008, 51, 7161-7168.

10 (a) Y. Lian, R. G. Bergman, L. D. Lavis and J. A. Ellman, J.
Am. Chem. Soc., 2013, 135, 7122-7125; (b) G. H. Ahn, J. J.

35 Lee, Y. M. Jun, B. M. Lee and B. H. Kim, Org. Biomol. Chem.,
2007, 5, 2472-2485; (c) S. A. Ohnmacht, A. J. Culshaw and M.
F. Greaney, Org. Lett., 2010, 12, 224-226; (d) H. Li, P. Li and
L. Wang, Org. Lett., 2013, 15, 620-623.

11 Review: (a) P. K. Maji, R. U. Islam and S. K. Bera,

s Heterocycles, 2014, 89, 869-962; (b) B. H. Rotstein, S.
Zaretsky, V. Rai and A. K. Yudin, Chem. Rev., 2014, 114,
8323-8359; (c) L. F. Tetze, Chem. Rev., 1996, 96, 115-136.

12 K. Cao, F.-M. Zhang, Y.-Q. Tu, X.-T. Zhuo and C.-A. Fan,
Chem. Eur. J., 2009, 15, 6332-6334.

4513 The crystallographic data for the compound 4a has been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC1008821.

60

65

70

75

80

85

90

95

100

105

110

4 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]

Page 4 of 5



Page 5 of 5 RSC Advances

Graphical Content
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indazoles from nitroarylaldehyde, alkyne and amine catalyzed by
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3-(Arylethynyl)-2H-indazoles are synthesized in one-pot using 2-nitroarylaldehydes,
primary amines and alkynes catalysed by Zn(OTf),/CuBr system in moderate to good yields.



