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Abstract

A rapid and efficient one pot method for the preparation of novel spiro [indole-pyrido[2,3-
d]pyrimidines] by the reaction of “insitu’ generated spiro [indole-dihydropyridine] and urea / CS;
using basic alumina as solid support/ or few drops of DMF as homogenizer under microwave
irradiation is reported. Excellent yields (85-89%) and higher purity are obtained in mw enhanced
one pot synthesis as compared to conventional procedure which required multistep processes
using organic solvents and tedious workups.
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Introduction

The pyrido-pyrimidine core has been a useful functionality for the development of biologically
interesting molecules.* Indolines, incorporating either pyridine or pyrimidines have been
extensively studied due to their occurrence in nature and of wide biological importance.?

In spite, of the immense biological activities of pyrido[2,3-d]pyrimidines and spiro [indole-
pyridines/pyrimidines] no reports have appeared describing the synthesis of spiro [indole-
pyrido[2,3-d]pyrimidines]. Microwave-assisted reactions which required short reaction times are
becoming more popular for organic chemists * and have recently been reviewed.* More interest
has been focused on dry media synthesis under MW irradiation and especially by carrying out
experiments with supported reagents on mineral oxides, due to its eco friendly nature and it
allows reactions in open vessels (thus avoiding risk of high pressure development) and synthesis
on a preparative scale.”> Therefore, in a continuation of our studies on microwave assisted
reactions °, we wish to report a new one pot preparation for novel spiro indole derivatives
incorporating the pyrido[2,3-d]pyrimidine system under microwave irradiation using basic
alumina as solid support in better yields and higher purities by reacting ‘in situ’ generated spiro
[indole-dihydropyridines] 5 with urea or CS..
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Although some pyrido[2,3-d]pyrimidines have been synthesized under microwave conditions
but they involved other routes.” Furthermore, different substituents could be incorporated at
various positions by adopting these new methods. Therefore, it was considered worthwhile to
synthesize spiro [indole-pyrido[2,3-d]pyrimidines] derivatives by these routes, to make them
available for biological screening in the search for better medicinal agents.

Results and Discussion

In present investigation of a solvent free one pot synthesis of 6 and 7, the intermediates 4a-c
were obtained in quantitative yields in 4-6 min by the reaction of indole-2,3-dione (1) and
substituted acetophenones (2) without formation of the expected products formed conventionally
using diethylamine as a catalyst ® (3a-c). The use of basic alumina as the mineral support
therefore eliminates the necessity of an external base / strong acid for the synthesis of required
intermediate 4 which was formed in reasonable purity (TLC) and could be used as such for next
step without further purification.

The intermediate spiro [indole-dihydropyridines] 5 are also formed in reasonable purity
(TLC) in quantitative yield under identical conditions by reaction with malononitrile and
ammonium acetate in 5-6 min. A prior patent mentioned the conventional synthesis of 5 by other
tedious routes with no synthetic details.” Compounds 5 were used as such for conversion to 6 and
7 using basic alumina as solid support. (Scheme 1).

The reaction has also been performed under neat conditions (without solvent, support or
catalyst), However, no reaction occurred under neat conditions in case of compounds 5 and 6,
but could be made successful by adding a few drops of DMF. The role of DMF can be explained
as an energy transfer agent and homogenizer to increase the reaction temperature.’®* No
formation of any detectable by-products were observed, which implies a drying effect. This
method has the advantage of complete elimination of solvent for adsorption of reactant and
desorption of product from the recyclable solid support. However, products are formed in
comparatively lower yield and purity in this case as compared to the solid supported method.

For comparative studies some compounds were also synthesized under thermal conditions
(Table 1). Conventional synthesis of 6 and 7 suffers from many disadvantages such as multistep
reaction procedures, long reaction periods, low yields, and the use of strong acid / bases and
hazardous solvents.

Hence, we have developed a new, economical, safe, environmentally benign one pot
synthesis of novel spiro [indole-pyrido(2,3-d)pyrimidines] under microwave irradiation. The
synthesis gives excellent yields of the required products 6 and 7 (85-89 %) in 11-13 min.
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Table 1. Comparative study of the synthesis of 5a, 6a, 7a

Entry Method Temp®. (°C) Reaction time (min.) Isolated Yield (%)
MW A
5a A ( EtOH) Reflux 540 - 70
MW (Neat) 82 10 Nil -
MW (Neat + ¢ DMF) 128 5 85 -

MW (Basic alumina) 130 4 96 Traces”
6a A ( EtOH) Reflux 420 - 62
MW (Neat) 72 12 Nil -
MW (Neat + ¢ DMF) 125 6 80 -

MW (Basic alumina) 128 3 89 Traces”
7a A (pyridine) Reflux 850 - 60
MW (Neat) 98 10 60 -
MW (Neat + ¢ DMF) 115 5 80 -

MW (Basic alumina) 135 2 85 Traces”

% Final temperature is measured at the end of microwave irradiation by introducing a glass
thermometer in the reaction mixture in the beaker.

® Yield under identical thermal condition of time, temperature and reaction vessels as under
microwaves.

Experimental Section

General Procedures. Melting points were determined in open glass capillaries and were
uncorrected. Thin layer chromatography on silica gel 'G' coated glass plates using benzene,
ethanol (8 : 2) as eluent was used for monitoring the progress of the reactions. IR spectra (KBr)
were recorded on a Magna FT IR-550 spectrophotometer, *H and **C NMR spectra [CDCl5]
were taken on a Bruker—300DX spectrometer at 300 and 200 MHz respectively, using TMS as an
internal standard for PMR and hexafluorobenzene as external standard for *C NMR. Mass
spectra were recorded on Jeol D-300 spectrometer at an ionisation potential of 70 e.v.
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Microwave assisted reactions were carried out in a household MW oven (Panasonic-NN-781JF)
equipped with inverter technology (generating fixed frequency through out the required time) for
realistic control of the microwaves operating at 1000 W generating 2450 MHz frequency.The
apparatus was modified for laboratory applications, equipped with magnetic stirror and an
external reflux condenser. All ketones were purchased from Aldrich Chemical Co. and were used
as received.

1,3-Dihydro-3-[2-(4-fluorophenyl)-2-oxoethylidene]indol-2(1H)-one(4a)
Microwave mediated synthesis. Indole 2,3-dione (1) (1.47 g, 10 mmol) and 4-
fluoroacetophenone (2a) ( 1.38 g, 10 mmol ) was adsorbed on basic alumina (20% by weight of
the reactants) via a solution in acetone, mixed thoroughly and irradiated under microwaves for 5-
6 minutes at 128°C. Since 100% conversion was observed with reasonable purity, (TLC) the
reaction mixture was used as such for further reaction. For analytical and spectral studies it was
recrystallized from methanol; (m.p. 186°C, yield = 96%).

Compounds 4b,c were prepared by using a similar procedure. The structure of the
compounds was confirmed by IR and *H NMR and also by comparison with authentic samples
prepared according to literature methods. *2

2'-Amino-3'-cyano-6'-(4-fluorophenyl)-1',4'-dihydro-spiro[3H-indole-3,4'(1-H)-pyridin]-
2(1H)-one 5a
Conventional Method. A mixture of 4a (2.67 g, 10 mmol), malononitrile (.66 g, 10 mmol), and
ammonium acetate (1.44 g, 20 mmol), in absolute ethanol (50 mL) was refluxed on water bath
for 8-10 h, left at room temperature for 24 h and poured into crushed ice with constant stirring.
The solid thus obtained was washed with water, dried and recrystallized from ethanol to give 5a.
Microwave assisted synthesis. (a) Neat with few drops of DMF. An equimolar mixture of 4a
(2.67 g, 10 mmol), and malanonitrile (.66 g, 10 mmol), and ammonium acetate (.77 g, 10 mmol),
with DMF( 109g, 1.5 mmol), was irradiated inside the microwave oven for an appropriate time
(monitored by TLC), to give an oily product, which was solidified on standing, washed with
water to give a crude product which was recrystallized from alcohol. (b) Using basic alumina as
a solid support. A mixture of malononitrile ( .66 g,10 mmol ), and ammonium acetate (.77 g,
10 mmol) adsorbed on basic alumina (20% by weight) with help of methanol was added to 4a
(synthesized “in situ’) and irradiated inside the microwave oven at a power output of 100% (1000
watts), for an appropriate time (Table 2). The product 5 was also found to be in reasonable purity
(TLC) and hence used as such for the conversion into 6 and 7. For spectral and analytical studies,
5 was separated by filtration after eluting the reaction mixture with methanol. The excess solvent
was evaporated on a roto-evaporator to give crystals of 5a, which were found to be pure (TLC).
For analytical purpose compound was recrystallized from ethyl acetate .

The compounds 5b-c were prepared by following the same procedure and structure of
compounds was confirmed by Spectral studies and literature m.ps.**3
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Table 2. Physical data of synthesized compounds 4a-c, 5a-c, 6a-c, 7a-c

Compound Reaction Time Molecular formula M. P. (°C)

No. (min.) / Yield (%)
Classical method Microwave method

4a 300/72 5/98 C16H10NO,F 189-190°
4b 300/68 4/98 Ci7H13NO; 205-206"
4c 260/60 4/98 C17H13NO3 239-240"
5a 540/70 4/96 Ci1oH13N4FO 281-282"%
5b 480/72 4194 CaoH16N2O 168-169°
5¢ 520/65 5/94 CaoH16N4O> 172-173°
6a 420/62 3/89 Ca0H1aNsFO, 210-211
6b 400/60 4/86 C21H17Ns0; 228-228
6C 410/60 4/90 C21H17N503 258-260
7a 840/60 2/85 CaoH13N4FOS; 135-136
7b 920/62 2/89 C,1H16N40S; 177-178
7c 840/60 2/87 Ca1H16N405S, 205-206

1,1',2,2'-Tetrahydro-4'-amino-7'-(4-fluorophenyl)-spiro[3H-indole-3,5'-(5H)pyrido(2,3-d)
pyrimidine]-2,2*'(1H)-diones (6a)

Conventional method. A mixture of 5a (3.32 g, 10 mmol), and urea (.9 g, 15 mmol), was heated
on an oil bath at 120°C for 4 h with constant stirring. The temperature of reaction mixture was
gradually raised to 180°C and it was heated at 220-30°C for 4 h. After cooling the product was
washed with water and finally with cold ethanol. The product thus obtained was dried and
recrystallized from ethanol to give 6a.

Microwave assisted synthesis. (a) Neat with few drops of DMF. An equimolar mixture of 5a,
(3.32 g, 10 mmol) and urea (.6 g, 10 mmol), with DMF (.109 g, 1.5 mmol), was irradiated inside
microwave oven for an appropriate time, (monitored by TLC), the solid obtained on cooling was
washed with water and recrystallized from alcohol-water to give crude product. (b) Using basic
alumina as solid support. To 5a (synthesized “ in situ’) urea (.6 g, 10 mmol) separately adsorbed
on basic alumina was added and irradiated inside the microwave oven at a power output of 100%
(1000 watt), for the appropriate time (Table 2). After completion of the reaction (TLC) the
recyclable inorganic solid support was separated by filtration after eluting the product with
methanol to give white crystals of 6a which were found to be pure on TLC and do not require
further recrystallization process.

The compounds 6b-c were prepared by following the same procedure.

6a. Yield (89%), m.p.210-211°C; IR (KBr)/ cm-!, 3420-3320 (NH & NH,), 1720, 1690 (both
C=0), 1625 (C=N), 740 (C-F); 'H NMR (CDCl3) & ppm (s, 1H, CH), 5.78 (br, 2H, NH,), 6.92-
7.58 (m, 9H, Ar-H & NH ), 8.57 (br, 1H, NH), 11.02 (br, 1H, NH); ®*CNMR (CDCls) & : 84.2
(spiro carbon), 95.2 (CH), 120.8-140.2 (aromatic carbons), 160.5 (C-F), 164.9 (N=C-NH,), 168.2
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(NH-CO-N), 168.4 (C=0); MS [m/z (% rel.int.)]: 375 [M"] (100%), 332 ([M* -NHCOQ], 50.2 %),
280 ([M* -Cg Hg4 F], 9.2), 194 (13.2), 186 (31.1), 163 (28.5), 129 (63.7), 76 (50.4), 55 (19.2);
Anal. Calc. For CyH14NsFO, (MW=375), C: 64.00, H: 3.73, N: 18.66, Found C: 63.85, H: 3.82,
N: 18.58%.

6b. Yield (86%), m.p 228-229°C; IR (KBr)/ cm-!, 3410-3320 (NH & NH,), 1710, 1690 (both
C=0), 1620 (C=N); 'H NMR (CDCls) & ppm 2.15 (s, 3H, CHs), 4.92(s, 1H, CH), 5.92 (br,
2H,NH,), 6.95-7.48 (m, 8H, Ar-H & 1H, NH), 9.05 (br, IH, NH), 10.98 (br, IH, NH); *CNMR
(CDCl3) 6:22.8 (CHg3), 77.4 (spiro carbon), 94.6(CH), 119.6-145.2 (aromatic carbons), 165.3
(NH-CO-N), 167.9 (N=C-NH,), 169.6 (C=0); Anal. Calc. For CxHi/NsO, (MW=371), C:
67.92, H: 4.58, N: 18.86, Found C: 68.09, H: 4.46, N: 18.96%.

6¢. Yield (90%), m.p. 258-260°C; IR (KBr)/ cm-*, 3420-3330 (NH & NH,), 1710, 1680 (both
C=0), 1615 (C=N), 1120-1090 (C-O-C); *H NMR (CDCls) & ppm 3.78 (s, 3H, OCH3) 5.02 (s,
1H, CH), 6.02 (br, 2H,NH,), 6.75-7.45 (m, 8H, Ar-H & 1H, NH) 9.05 (br, IH, NH), 11.05 (br,
IH, NH); ®CNMR (CDCls) §:57.9 (OCH3), 77.4 (spiro carbon), 93.7(CH), 121.3-149.7
(aromatic carbons), 163.8 (NH-CO-N), 164.7 (N=C-NH,), 169.5 (C=0), Anal. Calc. For
C21H17NsO3 (MW=387), C: 65.11, H: 4.39, N: 18.08, Found C: 65.24, H: 4.48, N: 18.15%.

1,1',2,2",3",4"-Hexahydro-7'(4-fluorophenyl)-spiro[3H-indole-3,5'-(5H) pyrido(2,3-d)
pyrimidine]-2',4'(1H, 3H)-dithione (7a)

Conventional Method. A mixture of 5a (3.32 g, 10 mmol,) and carbon disulphide (2.5 mL,
40 mmol,) in pyridine (15 mL) was refluxed for 15 h After cooling, the excess pyridine was
removed by distillation under reduced pressure and the residue was washed with water and cold
ethanol. The crude product thus obtained was recrystallized from DMF-ethanol (1:10) to give 7a.
Microwave assisted synthesis. (a) Neat with few drops of DMF. A mixture of 5a (3.32 g,
10 mmol,) and carbon disulphide (15mL) with DMF(.109 g, 1.5 mmol) was irradiated inside
microwave oven for an appropriate time (monitored by TLC), to give crude product which was
purified by recrystallization from ethanol. (b) Using basic alumina as solid support. A mixture of
5a (synthesized “in situ’) and carbon disulphide (1.8mL, 30 mmol) adsorbed on basic alumina
was irradiated for appropriate time (Table 2). After completion of reaction (monitored by TLC),
the product was obtained by extraction from methanol and recrysatllized from ethanol to give
crystals of 7a.

The compound 7b-c was prepared by following the same procedure.

7a. Yield (85%), m.p. 135-136°C; IR (KBr)/ cm-!, 3320-3280 (NH), 1720 (C=0), 1215-1190
(C=S), 740 (C-F); *H NMR (CDCls) & ppm 4.98 (s, 1H, CH), 6.95-7.48 (m, 10H, Ar-H & NH),
9.02 (br, 1H, NH), 11.12 (br, 1H, NH); *CNMR (CDCls) & : 86.5 (spiro carbon), 91.2 (C-C=S),
93.2(CH), 121.8-138.5 (aromatic carbons), 158.3 (C-F), 168.2 (C=0), 172.0(-C=S), 192.0(-
C=S); Anal. Calc. For CyH13N4FOS, (MW=408), C: 58.82, H: 3.18, N: 13.72, Found C: 58.64,
H: 3.05, N: 13.64%.

7b. Yield (89%), m.p.=177-178°C; IR (KBr)/ cm-, 3310-3290 (NH), 1710 (C=0), 1210-1180
(C=S); *H NMR (CDCl3) & ppm 2.10 (s, 3H, CHg), 4.85 (s, 1H, CH), 6.92-7.35 (m, 10H, Ar-H &
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NH), 9.05 (br, 1H, NH), 11.06 (br, 1H, NH); *CNMR (CDCls) & : 21.8 (C-CH3), 77.6 (spiro
carbon), 93.8 (C-C=S), 94.5 (CH), 119.2-145.6 (aromatic carbons), 169.2(C=0) ,177.5 (-C=S),
191.8(-C=S); Anal. Calc. For Cy;H16N4OS,; (MW=404), C: 62.37, H: 3.96, N: 13.86, Found C:
62.49, H: 4.09, N: 13.97%.

7c. Yield (87%), m.p 205-206°C; IR (KBr)/ cm-', 3320-3270 (NH), 1715 (C=0), 1215-1190
(C=S), 1120-1090 (C-O-C); *H NMR (CDCls) & ppm 3.76 (s, 3H, OCH3) 5.12 (s, 1H, CH), 6.89-
7.56 (m, 8H, Ar-H & 1H, NH), 9.06 (br, 1H, NH), 11.02 (br, 1H, NH); **CNMR (CDCls)
6:57.6 (OCH3), 77.6 (spiro carbon), 94.2 (C-C=S), 95.6 (CH), 118.0-146.8 (aromatic
carbons),167.5(C=0), 176.3 (-C=S), 191.6 (-C=S) ; Anal. Calc. For C1H16N40,S; (MW=420),
C: 60.00, H: 3.80, N: 13.33, Found C: 60.09, H: 3.91, N: 13.25%.
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