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Samarium (III) triflate catalyzed synthesis of substituted 1H-indazole, by the condensation of
benzaldehyde and hydrazine in ethanol-water as a solvent under ultrasound irradiation. The
samarium triflate is reuseable acid catalyst. The products obtained in good to moderate yields with
simple work up procedure. The compound 3b was investigated in-vitro against Gram +ve and Gram
—ve bacteria at different concentrations and compared with standard drug ciprofloxacin.
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INTRODUCTION

The subject of research work is indazole ring, the, which
exhibit a wide range of bioactivities including serotonin 5-HT3
receptor antagonist activities, anti- HIV, anti-inflammator, anti-
tumor, anti-cancer and anti-platelet [1-7]. With the growing
interest in indazole derivatives. Thus there is emergence of
novel methods toward indazole synthesis. The published
methods of synthesis of this system are either limited in scope
or poorly elaborated. A green and efficient method still remains
an ongoing challenge. Therefore, an effective approach to
obtaining compounds of this class is still desirable [8-11].

However, some of the reported methods for the synthesis of
indazole have some drawbacks such as the use of toxic and
expensive catalyst or solvent, long reaction times, low yield of
the products, and difficult work-up procedures [12]. In
continuation of our interest in developing green and efficient
protocol for the synthesis of different heterocycles [13, 14].
Here we are interested in heterogeneous Lewis acid catalysis
which has attracted considerable attention for condensation
reaction. A wide range of Lewis acids has been developed but
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most of them are used under anhydrous conditions. As water is
been useful solvent for certain Lewis acids like Sm(OTf);,
In(OTf);, Sc(OTf);, Yb(OTf);,Bi(OTf); and other metal
triflates which are water-tolerant and reusable Lewis acids
catalyst [15,16].

With the objective of developing green and efficient protocol
using of ultrasound which clean and advantageous approach in
organic synthesis. The ultrasonic effect induces a high pressure
and temperature inside the bubbles which is known as acoustic
cavitation phenomenon which enhances mass transfer and
turbulent flow in the liquid [17, 18].

Experimental Section

General Procedure for Optimization of reaction conditions
for the synthesis of 1H-indazole

The reaction between benzaldehyde 1 and hydrazine 2¢ as a
model reaction (Scheme). The model reaction which is
catalyzed by Sm(OTf); and optimization using different
solvents at different concentrations for model reaction which
was carried out by conventional method and ultrasound
method. The results were summarized in Table 1.

Department of Chemistry, Indraraj Arts, Commerce and Science College Sillod, Aurangabad-431112



ChandrasheRfar G. Devkate et al., Samarium (I11) Triflate Catalyzed Synthesis of Substituted 1h-Indazole
And Their Antibacterial Screening

Table 1 Optimization of reaction conditions for the synthesis of 1H-indazole

Entry Catalyst  (mol %) Solvent Conventional Method® Ultrasound Method”
Time (min) Yield® (%) Time (min) Yield® (%)
1 - EtOH 63 40 43 50
2 Sm(OTf); (5) Toluene 55 48 35 65
3 Sm(OTH); (10) Toluene 55 53 35 68
4 Sm(OTf); (5) Dioxane 50 43 30 58
5 Sm(OTH); (5) MeCN 50 55 30 70
6 Sm(OT1); (5) EtOH 52 55 25 65
7 Sm(OTH); (10) EtOH 52 64 20 67
8 Sm(OTf); (2) EtOH-H,O0 (2:2) 45 72 15 80
9 Sm(OTY); (5) EtOH-H,0 (2:2) 45 78 15 85
10 Sm(OTH); (10) EtOH-H,0 (2:2) 45 86 15 94

“Reaction condition: benzaldehyde (1) (1.0 mmol), hydrazine (2) (1.2 mmol) and Sm(OTf); (10 mol %) in ethanol-water (2:2 mL) under conventional heating at 80- 100°C.
"Reaction condition: benzaldehyde (1) (1.0 mmol), hydrazine (2) (1.2 mmol) and Sm(OTf); (10 mol %) in ethanol-water (2:2 mL)under ultrasound irradiation at 60- 70°C.

“Isolated yields.

Using Sm(OTA); (10 mol %) (entry 10) in ethanol-water (2:2)
at 60-70 °C gave excellent yield as compared to other solvents
and concentrations. And for our further synthesis of indazoles
derivatives we have chosen samarium triflate (10 %) in
ethanol-water (2:2) under ultrasound irradiation.

0
AN H . ] y
R+/  Hpy STOTIS (10mof%) 0K 0, Ng %
X W))A5-50min, 60-70°C "
! 2 3a:3h
Where,
R=Br,NO, Me,Cl X=CI,F

Scheme: synthesis of 1H-Indazole using Sm(OTf); under
ultrasound irradiation.

Procedure for the synthesis indazole (3a-h)

A mixture of benzaldehyde (1) (1.0 mmol) and hydrazine (2)
(1.2 mmol) was dissolved in ethanol-water (2:2 mL) to that
Sm(OTf); (10 mol %) The reaction flask was kept in the
ultrasonic bath and was irradiated at 60- 70°C for about 15-50
min. (the reaction was monitored by TLC) separately as
indicated in (Table 2). After the reaction was completed the
reaction mass was poured on crushed ice. The obtained solid
was filtered, washed with water and dried. The crude
compound was crystallized using DMF-Ethanol.

Compound 3b: Yield 90%; white solid ; mp 208-211TC. FTIR
Model RZX (Perkin Elmer) cm™: 1536 (C=N str., Indazolyl),
1239 (C-N str., C-NO,), 1342, 1536 (N-O str., -NO,);'H-NMR
(400 MHz, DMSO): 6 7.70 (d, 1H, Ar-H), 8.19 (d, 1H, Ar-H),
8.36 (s, 1H, indazolyl), 8.78 (s, 1H, Ar-H), and 13.65 (s, 1H,
N-H) ppm;"*C-NMR (100 MHz, DMSO): & 141.67, 141.46,
136.46, 121.97, 120.57, 118.47, 110.67 ppm; MS (ESI, m/z):
caled for C;HsN;0, (M - H') 163.0382; found: 162.3798.

Antibacterial Activity

The procedure for antibacterial screening was repeted as given
in our previous published research papers [13, 14, 18]. Here,
compound 5-Nitro-1H-indazole 3b was screened for in-vitro
antimicrobial activity using agar disc-diffusion method against
two gram positive bacterial strains, Staphylococcus aureus and
Bacillus subtilis and two gram negative strains, Escherichia
coli and Pseudomonas aeruginosa [18, 19, 20]. Ciprofloxacin
was used as standard drug.

Table 2 Synthesis of 1H-Indazole using Sm(OTf); under
ultrasound irradiation.

Comp.  Aldehyde Product M.P (°C)  Yield (%)*
N

3a 4-Br N'N 180-185 85 83" 82°
Br H
O,N N

3b 5-NO, N 210-212 90 88 86
H
Br \N

3¢ 5-Br N 123-127 88 86 85
H
Me \N

3d 5-Me N 111-113 87 85 83
H
N

3e 4-Me N 178-181 93 91 90
Me H
N

3f 4-NO, N 180-182 88 86 85
O,N N

Me
3g 6-Me @j\\N 114-116 85 84 83
N
H

N

3h 6-Me , 140-181 87 86 85
N
Cl H

*Yields of isolated products.
°Sm(OTf);was recovered and reused for three consecutive runs.

Table 3 Recyclability and reusability of catalyst Sm(OTf);".

Entry Yield (%)" Catalyst recovery (%)
1 90 95
2 87 93
3 85 90
4 83 86

aReaction condition: benzaldehyde (1) (1.0 mmol), hydrazine (2) (1.2 mmol)
and Sm(OTf)3 (10 mol %) in ethanol-water (2:2 mL)under ultrasound
irradiation at 60- 700C. blsolated yields.

RESULT AND DISCUSSION

The model reaction was performed to optimize the reaction
conditions for the synthesis of 1H-indazole. The model reaction
was carried out by the cyclocondensation of
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Table 4 Antibacterial Activity of 3b

Zone of inhibition in mm

Gram +ve Gram -ve
Sr. No. Conc. 3b
pg/mL  Pathogen — Staphylococcus Pathogen — Bacillus subtilis Pathogen—E‘scherichia Pathogen—P§eud0m0nas
aureus Coli aeruginosa
Replicate 1 Replicate2  Replicate 1  Replicate2  Replicate 1  Replicate2  Replicate 1  Replicate 2
1 125 19 - - - 9 8 - -
2 250 23 22 - 10 9 - -
3 500 25 23 - 14 12 - -
4 1000 28 26 - - 16 15 - -
Standard Ciprofloxacin
1 125 31 31 27 27 26 26 27 27
2 250 35 36 29 29 28 28 32 32
3 500 40 41 30 31 29 31 36 34
4 1000 44 45 32 33 30 33 38 39
5—bromo-2—ﬂuorobenz.aldehyd.e (1b) (}.0 mmol) and hydraziqe 4. Keppler, B. K.; Hartmann, M. Met.-Based Drugs 1994,
(2) (1.2 mmol) to give 5-Nitro-1H-indazoles the reacton is 1,145,
catalyzed .by Sm(OTf); ~ and opt%mlzatlon using Fhfferem 5. Sun, J.-H.; Teleha, C. A.; Yan, J.-S.; Rodgers, J.
solvents like ethgnol, toluene, dquane, acetonitrile, qnd D.;Nugiel, D. A.J. Org. Chem. 1997, 62, 5627.
ethgnol-water at.dlfferent concentrations for model reaction 6. De, Lena, M.; Lorusso, V.; Latorre, A.; Fanizza, G.:
which was carried out by both conven‘gonal method and Gargano, G.: Caporusso, L.; Guida, M.; Catino, A.;
ultrasound method. Here we goF good yield for ultrasound Crucitta, E.; Sambiasi, D.; Mazzei, A. Eur. J. Cancer
meth.od as compgr(?d to conventional method. And thus the 2001, 37, 364.
reaction was optlmlzoed at ethanol-water (.2:2) of solv§nt agd 7. Lee, F-Y.; Lien, J.-C.; Huang, L-J.; Huang, T.-M.;
Sm(OTf); (10 mol %). The r.esults obtalqeq were given in Tsai, S.-C.; Teng, C.-M.; Wu, C~C.; Cheng, F.-C.; Kuo,
Table 1 And thus .the.reactlon was optimized. In further S.-C.J. Med. Chem. 2001 44, 3747.
synthesis of other derivatives we have used ethanol-water (2:2) 8. Harada, H.. Morie, T.. Hirokawa, Y.. Terauchi, H.:
f)f splYent and Sm(OTH), (,10 mol %), under. ultrasound Fujiwara, 1.;Yoshida, N.; Kato, S. Chem. Pharm. Bull.
1rrad1at19n he're we got good yields shorter tlme'whlch has been 1995, 43, 1912.
summarized in Table 2. The f:atalyst Sm.(OTf)3 is been recycled 9. Corsi, G.; Palazzo, G.. Germani, C.; Barcellona, P. S.;
and r(?us'ed for three to four tlmeg eagh time there. was logs of .2 Silvestrini B. J. Med. Chem. 1976, 19, 778.
to 4 % in catalyst recovery and in yield also which is given in 10. Olivera, R.; SanMartin, R.; Domingues, E. J. Org.
Table 3. Chem. 2000, 65, 7010.
The compound 3b 5-Nitro-1H-indazole was screened for in- 11. Antilla, J. C.; Baskin, J. M.; Barder, T. E.; Buchwald, S.
vitro antimicrobial activity using agar disc-diffusion method L. J. Org. Chem. 2004, 69, 5578-5587.
against two gram positive bacterial strains, Staphylococcus 12. Rob, C. Wheeler.; Emma, Baxter; lan, B.
aureus and Bacillus subtilis and two gram negative strains, Campbell.;Simon, J. F. Macdonald.; Org. Process Res.
Escherichia coli and Pseudomonas aeruginosa. Ciprofloxacin Dev. 2011, 15, 565-569.
was used as standard drug and the data obtained from 13. Chandrashekhar, G. Devkate.; Khandu, D. Warad.;
antibacterial study is given in Table 4. Mahendra, B. Bhalerao.;Digambar, D.
Gaikwad.;Mohammad, Idrees, M. Siddique.; J. Chem.
CONCLUSION Pharm. Res., 2017, 9(3),401-405.
In conclusion, we have developed a simple and highly efficient 14. Chandrashekhar, G. ) Devkate.; Khandu, D. Warad.;
method were Samarium triflate a water tolerant and reusable Dilga'mbar, D. Galkwad.;Mohammad, Idrees, M.
acid catalyst used for synthesis of substituted 1H-indazole here Slddlqug.; J. Chem. & Cheml. Sci. 2015, 5(11), 63.9'648'
ethanol-water aqueous medium as a solvent under ultrasound 15. Pratapsinha, B. Gorepatil; Yogesh, D. Mane.; Vilas, S.
irradiation. Antibacterial screening of 3b compound was found Ingle.; Synlett 2013, 24, 2241-2244.
to give moderate activity against selected strains. Further 16. A. Venkat, Narsaiah.; A. Ramesh, Reddy; J. S. Yadav.;
studies on the biological activities of the products and Synthetic Communications, 1, 41, 2011, 262-267.
application of this methodology to other interesting 1H- 17. Mohammad, ~ Navid, Soltani, Rad.; Ultrasonics
indazole derivatives are underway in our laboratory. Sonochemistry, 34, 2017, 865-872.
18. Chandrashekhar, G. Devkate.; Khandu, D. Warad.;
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