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Montmorillonite catalysed synthesis of novel
spiro[3H-indole-3,3’- [3H-1,2,4] triazol]-2(1H) ones in
dry media under microwave irradiation’

Anshu Dandia*, Harshita Sachdeva (nee’ Taneja) and Ruby Devi (Singh)
Department of Chemistry, University of Rajasthan, Jaipur-32004, India

A new route for the one pot synthesis of novel spiro[3H-indole-3,3'-[3H-1,2,4] triazol]-2 (1H) ones utilizing 3-
arylimino-2H-indol-2-ones (3) and thiosemicarbazide (4) as starting material under microwave irradiation is
reported. Complete conversion was observed by TLC which also showed the formation of a single product.

Intensive research in the field of antibacterial and antifungal Novel spiro compounds 5 or 6 were synthesised by the con-
agents has continued to grow in the recent years because of tensation of 3-aryl imino2-indol-2-ones 8) with thiosemi-
increasing resistance of microorganisms to antibiotics andarbazide 14) in presence or absence of acetic a@)was
other antimicrobial drugs. synthesized inn situby the reaction of indole-2,3-dione (1)

Research on spiro indoles is of current interest due to theiwith substituted aniline<j.
exceptional biological activity:3 Formation of spiro compound)( may be rationalized by

Along with spiro indolines, the great importance of triazole the mechanism proposed in Scheme 1. The third carbonyl
derivatives in the field of biochemistrf has also attracted the group of isatin {) being more electrophilic forms the 3-
attention of biochemists for some time. arylimino derivatives ) preferentially. The conversion &f

In view of the useful pesticidal activity shown by 1,2,4- into 5 involves the nucleophilic attack of the amino electrons
triazoles’10it was considered that combinations of indole andof thiosemicarbazide at the electrophilic indolyl carbon
1,2,4-triazole structures might provide more potent pesticidesaccompanied by the migration of a hydrogen atom to form an

Although 1,2,4-triazole derivatives are associated with aintermediate thiol derivative. This is followed by cyclization
broad spectrum of bioactivities, spiré{dndole-3,3-[3H-

1,2,4] triazoles] have not so far been synthesised. Howeve o

brief reports mention the classical synthesis of spite[3 od _NCY
indole-3,4-[4H-1,2,3] triazoles] in two steps. The first step XO%NJ HZN—@Y [XO[I \ 10 & }
involved the synthesis of isatin-3-anils in refluxing toluene in H H

3—4 h followed by treatment with diazomethane in ether for 21 ' : }

days in a second stép:1?

The present report describes the synthesis of a series | <
spiro[3H-indole-[3H-1,2,4] triazoles] by an elegant new one [ i l
pot procedure. Earlier reports mention the synthesis of 1,2,4 NHz N“(‘j)N“Z
triazole derivatives by a long process involving 3—4 stéps. 0

ahb

Il
_NH-C—CH;

. . N __NH N
In these environmentally conscious days, the development HNTTSe : HN N\?
in technology are directed towards environmentally sound ant XWN@—Y XO N@Y
cleaner procedures. Hence, present day chemists are no loncg N0 N X0
H H

confined to use only thermal energy for driving chemical reac-
tions. With the easy availability of microwave sources, their

52 (X=5Br Y =4-C)

6(a-g)

. . . Synthe tic Procedures X Y
use in chemistry has gained momentum recently. Further @ BOH + AcOH a 5-Cl 3.F
. . N . . . a cOH, pv
ther_e is increasing |nteres_t_ in the use of en\_/lronmentally (% Montmorillonite +"Acoﬂ,pv E 55§ 3:1;1
benign reagents and conditiéhsind particularly in solvent © BOHw 4INO,  4F
free proceduréd which lead to clean, efficient and economi- (@ Montmorilonite, v iH j:gr‘
cal technology. Safety is largely increased, work-up is simpli- g3Br  4c

fied and cost is reduced.
The use of solid phase reactions with substrates adsorbed ( Me®=ism
clay, alumina or silica gel is very important as it avoids the
risk of explosiond? Montmorillonite clay catalyses efficient
reactions on microwave irradiation even though clay by itself

o]
OLL O — OO
N o N ]
H H
1 2
does not absorb microwavEdence, in an attempt towards a ?

non-traditional approach, because of our continuing interest it N NH_ ) '
the synthesis of biodynamic spiro indolitfeand the fact that RN O, NS NHo
the condensation of 3-arylimind422-ones 8) with thiosemi- X_O ﬂ:—@—v
carbazide4) has not been studied so far, we have developed N0

novel facile one pot synthesis of spirddfihdole-3,3-[3H- H
1,2,4] triazole]-2(H) ones under microwave irradiation using
either (a) ethanol as energy transfer medium or (b) montmo

rillonite as inorganic solid support.
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Table 1 Physical and analytical data of 5’-(N-acetyl amino)-4'-aryl-2’,4’-dihydro-spiro[3H-indole-3,3'-[3H-1,2,4]triazol]-2(IH) ones
(6a-f)

Compound X Y Time? Yield Mp Formula Found (calcd.) %
no. (min) (%) (°C) C N
6a 5-Cl 3-F 4+1 83 274 C,;H,5CIFN;O, 54.55 18.54
(54.69) (18.76)
6b 5-F 4v 442 79 195 Cy7H,5F,NG0, 57.05 19.77
(57.14) (19.60)
6¢c 5-F 4-Cl 2+2 80 271 C,,H,5CIFNO, 54.68 18.45
(54.69) (18.76)
6d 7-NO, 4-F 5+2 76 269(d) C,;H,5FNgO, 53.20 21.80
(63.12) (21.87)
6e H 4-Cl 242 75 252 C,;H,,CIN;O, 57.85 19.79
(57.46) (19.71)
6f H 4-Br 5+3 80 245 C,,H,,BrN;0, 51.50 17.80
(51.00) (17.50)

Irradiations were carried out at 360 W using ethanol as energy transfer medium.
Irradiation time for two steps without isolation of intermediate.

and desulfurisation with the loss of$ito give the suggested thesised by both conventional and microwave irradiation
spiro compounds). In the presence of acetic acifl) gnder-  showed strong absorption bands at 3400 and 3350 corre-
goes acetylation to givé) sponding to asymmetric and symmetric stretching of a free

Reaction occurs rapidly in both cases with the evolution ofNH,, group, 3240, 3182 (two NH), 1743 (C=0) and 1625
H,S gas, the presence of which is detected by its characteri§C=N) cnt™. The shifting of the indole NHCO band to higher
tic odour and its rendering of a filter paper with lead acetatdrequency as compared to the NHCO of anil (1686%cm 3
black during the progress of the reaction. indicated the disappearance of conjugation to the carbonyl

We have extensively studied the title reaction varying differentgroup present in and. In thelH NMR, signals were observed
parameters including medium, solid support and power level. at 6.85-8.85 (m, Ar-H NH of triazole and NE) and 11.09

Montmorillonite efficiently catalysed the reaction giving the (br, indole NH ppm. The presence and position of Hkd
maximum yield (94-98%) with the shortest period and easielNH, were confirmed on deuteration. The presence of, NH
work up. group was further confirmed by a diazotisation test.

The amount of montmorillonite also plays a very important The structure of compound&sas been further confirmed on
role. Reaction occurs rapidly along with enhanced yieldsthe basis 0f3C NMR spectra. In th€C NMR spectrum oba
when an optimum quantity (20% by weight) of montmoril- (X = 5-Br; Y = 4-Cl), sharp signals have been observed at
lonite is used. However, an excess of solid support (2g)164.02 (GO), 152.08 (N-GN), 147.28, 146.31, 142.10,
reduces the yield with an increase in reaction time. 132.34, 130.39, 124.15, 120.35, 119.39, 118.06, 117.22,

The possible existence of a specific (non-thermal)116.51, 115.4 (12-aromatic ring carbons), 111.62 (spiro-carbon.
microwave effect has been studied by carrying out the reac- However, the produds obtained by the reaction of 3-aryl
tions using a preheated oil bath at the same time and sanino-2H-indol-2 ones with thiosemicarbazide in the presence
final temperature (78°C) as that absorbed during theof acetic acid with the evolution of,8 gas was not found to
microwave experiment (360 W). be identical with the previous compoubdynthesised in the

It has been found that lower yields have been obtained usingbsence of acetic acid by TLC, melting point and spectral
a preheated oil bath which indicate that the effect ofstudies.
microwave irradiation is not purely thermal (Table 3). The IR spectra 06 showed characteristic absorption bands

Reaction of indole-2,3-dione and fluorinated anilines with at 3417, 3242, 3182 (three NH stretching bands), 2993 (C-H
thiosemicarbazide in the absence of acetic yielded light yelstretching), 1730(C=0) and 1614 (C=N) along with one addi-
low or cream coloured compoun@lsThe IR spectra d syn- tional band at 1697 crhindicating the presence of one more

Table 2 Comparative results of the synthesis of 5 and 6 under microwave irradiation

Compd no. X Y Microwave method Mp(°C) Mol. formula Found (calcd.) %
a b C N
Time Yield Time Yield
(min) (%) (Min) (%)
(IR
(ii) (ii)
5a 5Br  4Cl 441 65 242 98.2 280 C,sH,,Br CIN,O 46.16 17.85
4+3 90.5 (45.91) (17.85)
6g 5Br  4-Cl 442 71 242 87.7 296 C,;H45BrCIN.O, 47.20 16.25
4+2 80.0 (47.00) (16.12)

In method (a) irradiations were carried out at 360 W using ethanol as energy transfer medium.
Method b(i) Montmorillonite 20% by weight (ii) 2g montmorillonite, at 480 W.

Irradiations were carried out at 360 W using ethanol as energy transfer medium.

Irradiation time for two steps without isolation of an intermediate.
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C=0 group. The stretching bands corresponding to a free NH(a) Equimolar mixture (0.01 mole) of appropriate indole-2,3-dione

group were absent.

In the’H NMR spectrum, expected signals were observed at
06.85-9.79 (m, Ar-Hriazole NHand NHCOCH,) and 11.05
(br, indole NH ppm along with additional signals at2.11
(COCH;,) ppm. The position of Nkprotons was confirmed on
deuteration.

Formation of spiro compourgihas been further confirmed
on the basis offC NMR and mass spectra.

In the3C NMR spectrum o6a, (X = 5-Cl; Y = 3-F) sharp
signals were observed atl62.50 C = O), 179.18 (C= O),

152.28 (N=GN) 146.19, 143.25, 141.89, 132.34, 130.89, (b)

124.05, 120.35, 119.39, 117.64, 116.54, 116.12 & 115.14 (12
aromatic ring carbons) 110.78 (spirocarbon) 38.62.jC

In the mass spectrum 6& (X = 5-CI; Y = 3-F), a very weak
molecular ion peak was observedraiz 373 (M, 3.5%).

Another peak at 375 was not observed, as expected in case of

this molecule. However, the presence of a strong peak at
59(95.3%) for NH(CO)CH,, as observed by Popp and
Piccirilli1” in the case ofl-acetylated heterocycles, along with

(1) and substituted aniline)(in the minimum quantity of
ethanol (5-10 ml, required to form a slurry) was irradiated inter-
mittently for an appropriate time (Table 1) inside a microwave
oven at 360 watts until the completion of the reaction. As the
reactants disappeared (TLC), thiosemicarbazl€¢0.01 mole)
or thiosemicarbazided) and acetic acid (2—3 drops) were added
to the reaction mixture which was again irradiated for required
time (Table 1) to givé& or 6.

On cooling, crystals separated out which were found to be of
sufficient purity.

The compounds obtained in the absence of presence of acetic
acid were found to b& and6 respectively.
| and Il (0.6 mmole) were adsorbed separately on montmoril-
lonite K10 (20% by weight) with the help of methanol, mixed
thoroughly and irradiated for an appropriate time at 480 watts
until the completion of the reaction. As the reactants disap-
peared, thiosemicarbazide(0.6 mmole) o4 and two drops of
acetic acid were adsorbed on montmorillonite K10, added to the
reaction mixture, mixed thoroughly. Irradiation g&ver 6. The
product was extracted with methanol and the excess solvent was
evaporated on a rotary evaporator, to give a solid which was
found to be of sufficient purity.

Compound$a—f have been synthesised by method (a) while

other spectral data and elemental analyses supports the forma-

tion of the suggested compound.

The presence of fluorine was confirmed8y NMR spec-
tra. The fluorine attached to the aryl ring was observéd- at
115.48 ppm.

On the basis of spectral studies, the compoundsd 6
have been identified as the novéld@nino-4-aryl-2',4’- dihy-
dro spiro[3-indole3,3-[3H-1,2,4]-triazole]-2 (H) ones §)
and  3-(N-acetylamino)-4-aryl-2',4’-dihydro-spiro[3-
indole3,3-[3H-1,2,4]-triazole]-2 (H) ones 6).

Experimental

6gand5ahave been synthesised by methods (a) and (b). Results
are summarised in Tables 1 and 2.

The identity of the products was established by their mixed
mp’s, IR and'H NMR spectral studies.

Spectral data dba and6a—gare as follows:

5a &, (CDCl, + DMSOd): 6.85-7.65 (m, 9H, Ar—Hand NH)
8.85 (s, 1H, NHi, 11.09 (lbs, 1H, NBt &, (DMSO) 164.02, 152.08,
147.28, 146.31, 142.10, 132.34, 130.39, 124.15, 120.35, 119.39,
118.06, 117.22, 116.51, 115.14, 111.62; /enT(KBr) 3400, 3350,
3240, 3182, 1743, 1625, 528.

6a 9, (CDC1, + DMSOd) : 2.11 (s, 3H, @), 6.88-7.50 (m, 7H,
Ar-H) 8.75 (s, 1H, NBi 9.22 (bs, 1H, N| 11.05 (bs, 1H, M); 8.
(DMSO) 179.18, 162.50, 152.28, 146.19, 143.25, 141,89, 132.34,
130.89, 124.05, 120.35, 119.39, 117.64, 116.54, 116.12, 115.14,

Melting points (mp) in °C were determined in open glass capi_llary110.78' 38.62; v_/cnTY(KBr) 3417, 3242, 3182, 2993, 1730, 1697,
and are uncorrected; IR spectra were recorded on Testscan Shimadzg14, 1295, 111%7 740.

FTIR 8000 seriestH NMR and!®F NMR were recorded on a Jeol

6b: 3,, (CDCL, + DMSOd) : 2.12 (s, 3H, El,), 6.89-7.55 (m, 7H,

(model FX-90Q) using (CDGI+ DMSOd,) as solvent at 89.55 and  Ar-H) 8.77 (s, 1H,NBI 9.24 (bs, 1H, NB 11.06 (bs, 1H, N

84.25 MHz, respectively:3C NMR was recorded on model dpx200 v

Jenm(KBr) 3419, 3246, 3198, 2995, 1722, 1698, 1615, 1269,

using DMSO as solvent at 50.3 Mhz. TMS was used as internal refi%l, 1120.

erence fofH NMR and3C NMR and hexafluorbenzene as external

6c: 3, (CDCL, + DMSOd) : 2.13 (s, 3H, 1), 6.90-7.59 (m, 7H,

reference fofF NMR. Mass spectra were recorded on Kratos 30 andAr-H) 8.80 (s,” 1H,NH 9.24 (bs, 1H, NH 11.07 (bs, 1H, N

50 mass spectrometers. All compounds were found homogeneous

TLC in various solvent systems

by, /cn(KBr) 3400, 3268, 3153, 2979, 1720, 1696, 1616, 1336,
74

5, 690.

The Induced Microwave Convection system was used, where 6d: 8, (CDCl,+ DMSOd,) : 2.12 (s, 3H, €l,), 6.90-7.59 (m, 7H,
microwaves are generated at a frequency of 2450 MHz. The oven hasr—H) 8.80 (s, 1H,NH 9.24 (bs, 1H, NH 11.07 (bs, 1H, NH

a range of microwave output energy up to 1200 W.

General procedure for the preparation of&mino/N-acetylamino-
4’-aryl-2’,4’-dihydro-spiro[3H-indole-3,3[3H-1,2,4] triazol]-
2(1H) onegq5/6) under microwave irradiationCompounds5 and 6

v,./CNTY(KBr) 3410, 3245, 3190, 2992, 1725, 1699, 1619, 1520 and
1321.

6e &, (CDCI, + DMSOd) : 2.10 (s, 3H, CH), 6.86-7.46 (m, 8H,
Ar—H) 8.74 (s, 1H,NBIl 9.20 (bs, 1H, NBl 11.04 (bs, 1H, NM

have been synthesised in one step without isolation of the intermedvma{CW“l(KBr) 3405, 3238, 3198, 2989, 1726, 1698, 1617, 746, 705.

ate anil B) using either (a) ethanol as energy transfer medium or (b) 6f:

montmorillonite K10 as an inorganic solid support.

Table 3 Comparative results obtained in the synthesis of the
compounds 5a and 6g by conventional method (A) and
microwave method (B) using ethanol as energy transfer
medium

Compound Method Reaction Final Yield
no. time/(min) temperature(°C)? (%)
5a B 4+1 78 65
Ali) 4+1 78 Nil
Alii) 15+2 78 Trace
Aliii) 15+8 78 30
69 B 4+2 78 70.8
Ali) 4+2 78 Nil
Alii) 15+3 78 Trace
1A(iii) 15+5 78 35

aFinal temperature measured at the end of exposure to
microwave irradiation.

3, (CDCl, + DMSOd,) : 2.09 (s, 3H, CH), 6.87—7.46 (m, 8H,
Ar—H) 8.74 (s, 1H,NHl 9.21 (bs, 1H, NB 11.05 (bs, 1H, NM
v,../cnTH(KBr) 3409, 3240, 3180, 1728, 1699, 1620, 570, 515.

g 3, (CDCI, + DMSOd) : 2.15 (s, 3H, CH), 6.87—7.57 (m, 7H,
Ar—H) 8.79 (s, 1H,NH 9.25 (bs, 1H, NB 11.08 (bs, 1H, NM
v, .,/cnTY(KBr) 3418, 3243, 3123, 2989, 1730, 1697, 1622, 769, 742,

Financial assistance from CSIR, New Delhi is gratefuly
acknowledged.

Received 15 February 2000; accepted 20 May 2000
Paper 99.158

References

1 J.W. Skiles and D. Menilletrahedron Lett 1990,31(50), 7277;
(Chem. Abstr.1991,114, 101616 u).

2 M. Yamagishi, Y. Yamada, K. Ozaki, M. Asao, K. Shimizu, M.
Suzuki, M. Matsumoto, Y. Mat-Suoka, and K. Matsumalo,
Med. Chem 1992,35, 208500.

3 M. Martin, G. Nadler, R. Gimmermangur. Pat, 1989, 303418;
(Chem. Abstr 1989111 , 97293u).



10

11
12

13

14

R. Mandronero and S. Vegd, Heterocycl. Chem 1978, 15,
1127.

S.W. Schnellar and D.G. Bartholomely, Hetrerocycl. Chem
1978,15, 439.

Y. Lin, T.L. Fields and S.A. Land]. Heterocycl. Chem 1978,
15, 311.

S.A. Greenfield, M.C. Scidel and W.C. Von Mey&er. Pat,
1970 1943915;Ghem. Abstr 1970,72, 100713).

K.H. Buechel and W. Drabegger. Pat, 1971, 1,940, 628CGhem.
Abstr, 1971,74, 725698).

F. ReisserGen. Pat, 1969, 1918195;Ghem. Abstr 1970,73,
43692).

S. Okano and K. Yasajajdap. Pat 1970, 7017191, Ghem.
Abstr, 1970,73, 7725i).

M.S.K. YoussefRev. Roum Chim1981,26, 471.

I.M.A. Awad, A.A. Abdel-Hafez, K.M. HasssanChem.
Heterocycl. Compg 1988,35, 201-5.

R.R. Gupta, M. Kumar and V. Guptdeterocyclic Chemistry |I
Springer-Verlag Berlin. Heidelberg, New York (1999).

(@) A review onNew Solvent Free Organic Synthesis Using
Focused MicrowavesA. Loupy, A. Petit, J. Hamelin, F.T.
Boullet, P. Jacquault, D. Math8ynthesis1998, 1213-1233.

15

16

17

J. CHEM. RESEARCH (S), 2000 275

(b) M. Csiba, J. Cleophax, A. Loupy, J. Malthetc, S.D. Gero,
Tetrehdreon Lett 1993,34, 1787.

(c) D. Abenhaim, A. Loupy, C. Mahieu, D. Semerf@aynth.
Commun, 1994,24, 1809.

(d) A. Loupy, A. Petit, J. Hamelin, F.T. Boullet, P. Jacquault and
D. Mathe,Synthesis1998, 1213.

(a) R.S. Varma, R. Dhiya and S. Kunigetrahedron Lett 1997,

38, 203.

(b) R.S. Varma, M. Varma and A.K. Chatterjge Chem. Soc.,
Perkin Trans 1, 1993, 999.

(@) A. Dandia, M. Saha and H. Tangjak-luorine Chem 1998,

90, 17-21. (b) A. Dandia, M. Saha and B. RahiChem. Res
1998, 5, 360-361;J. Chem. Res (M)1998, 1425-1434. (c)
A. Dandia, M. Saha and H. Tanefhosphorus Sulfur Silicon
1998,5(4), 1-9. (d) A. Dandia, M. Upreti, B. Rani and U.C. Pant,
J. Chem. Res 1998, 3348-3355. (e) A. Dandia, M. Upreti,
B. Rani, U.C. Pant and |.J. Guptd, Fluorine Chem 1998,
91(2), 171-174. (f) A. Dandia, H. Taneja, R. Gupta, and S. Paul,
Synth. Commun1999,29(13) 2323-2335.

F.D. Popp and R.M. Piccirilli). Heterocyclie Chem1971,8,
473.



