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An environmentally benign, simple, and efficient procedure has been developed for the construct
of some symmetrical dispiroheterocycles derivatives by the reaction of the variety of 6-amino-2-
thiouracil/6-aminouracil /2-amino-1,3,4-thiadiazole, isatins and p-toluidine in the presence of 1-
Butyl-3-methylimidazolium bromide ([bmim]Br) as a solvent as well as catalyst at room
temperature. In this study, a variety of bis-spiro-indoline-chromenes, pyranopyranes, imidazo-
pyridines, pyrido-pyrimidines and pyridines were obtained with excellent yields within short
reaction time and without chromatographic separation. Furthermore, the green catalytic system
can be recycled specific times with no decreases in yields and reaction rates.

1. Introduction

The construction of structurally diverse complex
molecules in single and one-pot reaction avoiding
multi-step synthesis and hazardous organic solvents in
view of their concerns with the environmental
sustainability and use of the newly synthesized diversity
oriented drug-like complex molecules in drug discovery
research.[1-3] Multicomponent reactions (MCRs) are
important in the modern organic chemistry and they
possess wide range of applications.[4-7] Multi-
component reactions involve the formation of multiple
bonds and without changing the reaction conditions in
one-pot operation without isolating the
intermediates.[8-10] Moreover, these reactions conserve
both reagents and solvents and avoid difficult
purification steps. The operational simplicity and
synthetic efficiency of multicomponent reactions make
them eco-friendly, time efficient and cost effective in
comparison to conventional multistep synthesis.[11-13]
Among the solvent, ionic liquids are the green solvent in
the synthesis of organic compounds and is one of the
significant examples of green solvents. These
compounds could be solved inorganic and organic
compounds and could be replaced with volatile organic
solvents (VOCs) and have low vapor pressures.[14-18]
In addition to their ‘green’ nature, other remarkable
properties of ionic liquids are high thermal stability,
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recyclability and low vapor pressure are pivotal to
reduce waste and its subsequent treatment, Also, ILs
have been successfully used in many multicomponent
reactions.[19-24] 1,3,5-triazine core show a wide range
of effects on biological systems such as
antiprotozoal,[25] antimicrobial,[26] antibacterial,[27]
anti-HIV,[28] antifungal,[29] anticancer,[30]
antitrypanosomal,[31] antimalarial,[32] anti-
proliferative,[33] carbonic anhydrase IX inhibitors,[34]
anti-inflammatory,[35] and diuretic activities.[36]

Pyrimido[4,5-d]pyrimidines are  considered
annulated uracils and its derivatives are an important
group of heterocyclic compounds, showing valuable
biological activities in the areas of agriculture and
medicine.[37,38] Some of these properties are anti-HIV
activity,[39] antiviral,[40] hepatoprotective,[41]
anticancer  activity,[42] antibacterial,[43] and
antimicrobial.[44]

Dispiroheterocycles systems are of immense
interest in a modern medicinal, natural product, and
organic chemistry. This type of structure has been found
as a core structure of several alkaloids with promising
biological activity.[45] (Figure 1). In most of the cases
as reported in the literature, the synthesis of
dispiroheterocyclic  scaffold’s by the 1,3-dipolar
cycloaddition of azomethine ylides carried out under
ultrasound condition were seldom reported.[46,47] Each
of these reported procedures has its own merit,
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but all suffer from limitation of the synthesis to
only a narrow range of dispiroheterocyclic scaffold’s, a

difficulty to isolate products or harsh reaction conditions
and long reaction time.

antitubercular agent

antimicrobial agent

Figure 1 The chemical structures of some biologically active dispiroheterocycles.

In view of our constant efforts to develop
greener protocol,[48-53] and in order to the overcome
the above-mentioned restrictions. we have presented
greener method for synthesis of dispiroheterocycles in
presence of 1-Butyl-3-methylimidazolium bromide
([bmim]Br) which act as eco-friendly green medium.

2. Results and Discussion
To avoid the drawbacks such as toxicity and
volatility than many organic solvents inherently have,

we employed ionic liquid into the three-component
reaction as a green medium. Primarily, the three-
component  reaction of  6-amino-2-thiouracil/6-
aminouracil/2-amino-1,3,4-thiadiazole, isatins and p-
toluidine using 1-Butyl-3-methylimidazolium bromide
([lbomim]Br) as catalyst at 50-60°C to afford the
dispiroheterocycles spiroannulated with pyrimido[4,5-
d]pyrimidine product (4a-e, 5a-e, 6a-e¢) showed in
(Scheme 1).

0 CH,
g

o NH,
R [bmim]Br
S5 + ;
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H 20-30 min.
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Scheme 1 General scheme for the synthesis of dispiroheterocycles spiroannulated with pyrimido[4,5-d]pyrimidine.
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As a model reaction, synthesis of 3'-(p-tolyl)-1'H,3'H-
dispiro[indoline-3,2'-pyrimido[4,5-d]pyrimidine-4',3"-

indoline]-2,2",5',7'(6'H,8'H)-tetraone (4a) was carried
out by the reaction of 6-aminouracil (1a, 1 mmol), p-

HN
A I +
0Z ™N” "NH,
H
CH;

(1a) v (3a)

toluidine (2, 1 mmol) and isatin (3a, 2 mmol) as a
simple model substrate was investigated to establish the
feasibility of the strategy and to optimize the reaction
conditions (Scheme 2).

CHj3
HN
Reaction Conditions j\ | N”O
07 "N °N NH
H H

(4a)

Scheme 2. Model reaction for one-pot three component synthesis of 3'-(p-tolyl)-1'H,3'H-dispiro[indoline-3,2'-pyrimido[4,5-d]pyrimidine-4',3"-indoline]-

2,2"5',7'(6'H,8'H)-tetraone.

Initially, the model reaction was performed in the
presence of ILs were capable of catalyzing the synthesis
of desired dispiroheterocycles (4a). However, the yield
of the corresponding dispiroheterocycles was higher in
the presence of [bmim]Br (2 ml) (Table 1, entry 10).
Then, different reaction conditions such as the amount
of IL, temperature, and reaction time were checked
(Table 1). The reaction was also tried in some
traditional organic solvents, such as acetonitrile,
Acetone, DMF, and Ethanol. It is observed that reaction
in organic solvents takes more time and the yields are
minimal compared to the solvent-free conditions (4a)

Table 1. Optimization of Reaction Conditions

(Table 1, entries 1-4). Furthermore, analogous
tetrafluoroborate or hexafluorophosphate ionic liquids
for this reaction (Table 1, entries 6 and 7). The yield of
product (4a) was enhanced, and the reaction time was
shortened as the temperature was increased from room
temperature to 40 °C, with no further improvement
observed at 80 °C (Table 1, entries 8-12). Therefore, the
most suitable reaction temperature is 60 °C.

entry solvent T (°C) time (h)  isolated yield (%)
1 acetonitrile (2 ml) 60 10 hr 32
2 Acetone (2 ml) 70 25hr 59
3 DMF (2 ml) 80 24 hr 73
4 Ethanol (2 ml) 60 18 hr 55
5 Chloroform (2 ml) 100 8hr 81
6 [omim]PFs (2 ml) 80 45hr 89
7 [bmim]BF, (2 ml) 80 3hr 90
8 [omim]Br (2 ml) 80 45 min 93
9 [bmim]Br (2 ml) rt. 2 53
10 [bmim]Br (2 ml) 40 15hr 68
11 [bmim]Br (1 ml) 60 30 min 79
12 [bmim]Br (2 ml) 60 25 min 94

2 reaction conditions. ® 6-aminouracil (1a, 1 mmol), p-toluidine (2, 1 mmol) and isatin (3a, 2 mmol), were refluxed at
60°C with stirring. © Solvents (2.0 mL), ¢ Isolated yield after purification.
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On the basis of the information obtained from the
above-mentioned studies, the reaction was extended
with 2-amino-1,3,4-thiadiazole/6-aminouracil/2-amino-
1,3,4-thiadiazol/6-amino-2-thiouracil, p-toluidine and
isatins to construct a library of dispiroheterocycles with

a view to investigate the scope and feasibility of the
present  synthetic  protocol. The  synthesized
spiroannulated with pyrimido[4,5-d]pyrimidine are
presented in Tables 2.

Table 2 Synthesis of dispiroheterocycles spiroannulated with pyrimido[4,5-d]pyrimidine

CH,;
LCHs
B
NH, by &o
- R O N
. ’\’
. ]l\ + T (o 4‘K/\@QH3
NH, N
CH, H 50-60°C
(1a-c) (2) (3a-e)
(4a-e, 5a-e, 6a-e)
(20-30 min.)
(Yield: 91-95%)
NH NH NH

4a (25 min, 94%)
MP 298-300°C

NH
;N 0O CH,
0
HN | N
N
H

Py
H

(

0 H
4d (30 min, 94%)
MP 296-298°C

] H
5b (30 min, 93%)
MP 297-300°C

0 H O H
4b (30 min, 93%) 4c¢ (25 min, 94%)
MP 300-302°C MP 295-297°C

NH
H4C 0 CH,
0
o
NN
OJ\N N
H H
N

0 H
4e (25min, 93%)
MP 288-290°C

NH NH
I 0 CH, O;N 0 CH,
0 ]
L =
S}\N N SA‘N N
H H H
N

0" H 0" H

5a (30 min, 94%)
MP 300-302°C

5¢ (25 min, 94%)
MP 292-294°C

5d (30 min, 94%)
MP 294-296°C
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5e (30 min, 95%)
M.P. 300-302°C

6a (25 min, 94%)
MP 209-211°C

Q NN
0 H
6b (30 min, 93%)
MP 225-227°C

NH NH NH
f 0 CH; O;N (9] CH, H;C 8] CH;4
F NO, CH,
<,"'-N N/©/ é"*u N é““N N
BN BN BN
N N N
N N
0" H 0" H 0" H

6¢ (30 min, 94%)
MP 256-258°C

6d (25 min, 94%)
MP 236-238°C

6e (30min, 93%)
MP 222-224°C

8Reaction conditions: 6-amino-2-thiouracil/6-aminouracil/2-amino-1,3,4-thiadiazole/2-amino- 1,3,4-thiadiazol (1.0 mmol), isatins (2.0 mmol),
p-toluidine (1.0 mmol) and in 1-Butyl-3-methylimidazolium bromide ([omim]Br) (2 ml) refluxed at 60°C with stirring. Plsolated yields: Bold

values are for highlighting the good result.

After optimizing the reaction conditions, we
subsequently extended the scope of the present method
using 1-Butyl-3-methylimidazolium bromide
([omim]Br) as a catalyst with a variety of aromatic
electron rich amino heterocycles, substituted isatins and
p-toluidine to prepare dispiroheterocycles. The results
are given in Table 2. In all cases, electron rich amino
heterocycles with substituents carrying either containing
oxygen or Sulphur groups and substituted isatins
carrying either electron donating or electron-
withdrawing groups reacted successfully and gave the
expected products in high yields and short reaction
times. In addition, the reaction of electron rich amino
heterocycles, substituted isatins, and some aniline other
than p-toluidine was also investigated. No desired
product was obtained under similar reaction conditions
within 30 min.

A plausible mechanism of the reaction is presented in
(Scheme 3). The rate acceleration of this one pot three
component cyclocondensation leading to
dispiroheterocycles is attributed to distinctive role of
[bmim]Br as a medium as it has capacity to dissolve
various inorganic/organic solutes readily. This might be
responsible to maintain high concentrations of the
reactants while commencing the reaction and even in the
progression of the reaction. Hence high to saturated
solutions of reactants in reaction mass would be
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responsible  for  rate  acceleration of  the

cyclocondensation.

The [bmim]Br-IL participate in the reaction which
activate the isatin carbonyl carbon followed by
nucleophilic addition of P-toluene forming the imine
intermediate [A] through addition-elimination reaction.
Next, the amino rich heterocycles (6-aminouracil)
enamino carbon nucleophilic attack on the carbon of C]
N group to the formation of intermediate [B] then,
equilibrium shifted towards more stabilized enamine
adduct [C]. In next step, the nucleophilic attack of
amino group of enamine adduct on carbonyl of another
molecule of isatin followed by intramolecular
cycloaddition of —NH group to the C] N group of the
formation of adduct [D] to afford the final product. The
hydrogen bonding of [bmim]Br with the reaction
reactant is in fact responsible for the stabilization of
transition states and lowering of energetic barriers thus.
In the present reaction, the hydrogen-bonding effect
may be the key factor to facilitate the reaction and
unique feature of [bmim]Br-IL creating noncovalent
interactions with the reagents a fundamental role in the
mechanism.

Scheme 3 Proposed mechanism.
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We studied the reusability of ionic liquid [omim]Br. It
was observed that the recovered IL worked with good
efficiency up to the third run showed in (Figure 2),
while in the third and fourth runs the product yield

decreased slightly.
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Figure 2 Recyclability of ionic liquid [obmim]Br
Conclusion

We have described an efficient one-pot three-component
reaction of 6-amino-2-thiouracil/6-aminouracil/2-amino-
1,3,4-thiadiazole, isatins and p-toluidine for the
synthesis of dispiroheterocycles spiroannulated with
pyrimido[4,5-d]pyrimidine derivatives in [BMIM]Br
ionic liquid. This method has the advantages of milder
reaction conditions, higher yields, convenient procedure,
shorter reaction time, and environmental friendliness.
Given the large number of commercially available
building blocks, the present method should be
applicable to synthesis of libraries with high diversity.

Experimental
General procedure

Chemical reagents in high purity were purchased from
Merck and Aldrich and were used without further
purification. Melting points were determined in open
capillaries using an Electrothermal Mk3 apparatus and
are uncorrected. 'H NMR and *C NMR spectra were
recorded with a Bruker DRX-400 spectrometer at 400
and 100 MHz respectively.

procedure for synthesis of [BMIM]Br lonic liquid

6.57 g (0.03 mol) [BMIM]Br and 3.29 g (0.03 mol)
NaBF4 were added to the single mouth flask with a
definite amount of acetone as solvent, for 10 h at 40°C
under vigorous stirring. The reaction mixture was
filtered, and vacuum distilled. Dichloromethane was
added to the residue of [BMIM]Br and NaBF. and
white solids precipitated were obtained. Then, the solid
precipitate was separated by filtration. Finally, the
product was vacuum dried in an oven at 80°C for 2 h to
remove the traces of dichloromethane.

Typical procedure for of

dispiroheterocycles

synthesis

A mixture of 2-amino-1,3,4- thiadiazol/6-amino-2-
thiouracil/6-aminouracil (1 mmol), isatin (2 mmol), p-
toluidine (1 mmol) and ionic liquid [bmim]BF4 (2 mL)
were taken in round bottom flask and stirred and heated
at 60°C for appropriate times (monitored by TLC).
Then, water (6 mL) was added, and the product filtered
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off and washed with water. The aqueous layer
containing the ionic liquid was extracted with diethyl
ether (10 mL) for three times to remove remaining
organic compound, then dried under vacuum at 90°C for
about 13 h to afford ionic liquid, which was used in
subsequent runs without further purification.

Spectral Data

3'-(p-tolyl)-1"H,3"H-dispiro[indoline-3,2'-
pyrimido[4,5-d]pyrimidine-4',3"-indoline]

2,2",5',7'(6'H,8'H)-tetraone (4a).

m.p. 298-300°C;!H NMR (DMSO-ds, 400 MHz) &
(ppm): 6.90-7.48 (m, 12H, ArH), 6.64 (s, 1H, NH),
2.35(s, 3H, CH3); BC NMR (DMSO-ds, 100 MHz) &
(ppm): 169.2, 168.7, 165.6, 164.8, 156.7, 150.7, 143.8,
143.2, 138.2, 133.5, 132.3, 131.4, 129.8, 129.2, 128.4,
126.4, 124.8, 123.7, 122.5, 121.2, 118.7, 98.6, 89.7,
81.5, 22.7. Anal. calcd. For Cy7HxoNgO4: C 65.85, H
4.09, N 17.06%; found: C 65.22, H 3.77, N 16.98 %.

5,5"-dibromo-3'-(p-tolyl)-1'H,3'H-dispiro[indoline-
3,2'-pyrimido[4,5-d]pyrimidine-4',3"-indoline]-
2,2""5',7'(6'H,8"H)-tetraone(4b).

m.p. 300-302°C; 'H NMR (DMSO-d6, 400 MHz) &
(ppm): 6.93-7.51 (m, 10H, ArH) 6.66 (s, 1H, NH),
2.34(s, 3H, CH3); *C NMR (DMSO-ds, 100 MHz) &
(ppm): 169.3, 168.6, 166.2, 164.2, 156.8, 150.5, 143.5,
142.8, 136.3, 135.7, 133.7, 133.2, 132.5, 131.9, 131.3,
125.3, 124.6, 123.6, 121.6, 121.2, 118.5, 98.4, 89.6,
80.6, 22.7; Anal. calcd. For C27H1sBr. NeO4: C 49.87, H
2.79, N 12.92%; found: C 49.02, H 2.48 N 12.68 %.

5,5""-difluoro-3'-(p-tolyl)-1'"H,3'H-dispiro[indoline-
3,2'-pyrimido[4,5-d]pyrimidine-4',3""-indoline]-
2,2" 5',7'(6'H,8'H)-tetraone (4c).

m.p. 295-297°C; 'H NMR (DMSO-ds, 400 MHz) §
(ppm): 6.88-7.70 (m, 10H, ArH), 6.62 (s, 1H, NH), 2.36
(s, 3H, CHs); 3C NMR (DMSO-ds, 100 MHz) & (ppm):
169.1, 168.7, 165.5, 164.8, 160.8, 160.3, 156.6, 150.4,
138.8, 138.3, 133.6, 132.5, 131.2, 130.6, 123.6, 119.3,
119.1, 116.8, 116.6, 113.9, 113.2, 98.4, 89.7, 81.4, 22.8;
Anal. calcd. For C,7HisF2 NgO4: C 61.36, H 3.43, N
15.90%; found: C 60.66, H 3.10, N 15.78 %.

5,5"-dinitro-3'-(p-tolyl)'-phenyl-1'H,3"'H-
dispiro[indoline-3,2'-pyrimido[4,5-d]pyrimidine-
4',3"-indoline]-2,2",5",7'(6'"H,8'H)-tetraone (4d).

m.p. 296-298°C; 'H NMR (DMSO-ds, 400 MHz) §
(ppm): 6.92-8.40 (m, 10H, ArH), 6.68 (s, 1H, NH),
2.34(s, 3H, CHs); BC NMR (DMSO-ds, 100 MHz) &
(ppm): 169.3, 168.5, 165.3, 164.3, 156.9, 150.3, 148.7,
148.1, 146.7, 144.6, 133.9, 130.3, 131.7, 128.4, 127.3,
125.5, 124.4, 123.6, 118.2, 112.5, 110.0, 98.7, 80.8,
89.8, 22.8; Anal. calcd. For Cy7H1gsNgOg: C 55.67, H
3.11, N 19.24%; found: C 55.45, H 2.89, N 19.17 %.
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5,5"-dimethyl-3'-(p-tolyl)-1'H,3"H-dispiro[indoline-
3,2'-pyrimido[4,5-d]pyrimidine-4',3"-indoline]-
2,2".5"7'(6'H,8'H)-tetraone (4e).

m.p. 288-290°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 6.89-7.38 (m, 10H, ArH), 6.65 (s, 1H, NH), 2.33
(s, 3H, CHj3), 2.30(s, 6H, CH3) ; 3C NMR (DMSO-ds,
100 MHz) & (ppm): 169.1, 168.8, 165.6, 164.7, 156.8,
150.8, 140.3, 139.9, 136.8, 135.6, 133.9, 133.2, 131.7,
131.1, 130.3, 129.8, 129.3, 123.7, 118.9, 116.7, 116.2,
98.5, 89.5, 81.8, 22.7,21.9; Anal. calcd. For C29H24NgO4:
C 66.91, H 4.65, N 16.14%; found: C 66.37, H 4.35, N
16.02 %.

3'-(p-tolyl)-7'-thioxo-7',8'-dihydro-1'H,3'H-
dispiro[indoline-3,2'-pyrimido[4,5-d] pyrimidine-
4' 3"-indoline]-2,2",5'(6'"H)-trione (5a).

m.p. 300-302°C; ‘H NMR (DMSO-ds, 400 MHz) &
(ppm): 9.92(s, 1H, NH), 6.91-7.43 (m, 12H, ArH), 6.65
(s, 1H, NH), 2.32 (s, 3H, CHs);*C NMR (DMSO-ds,
100 MHz) § (ppm): 169.2, 168.7, 168.3, 164.8, 158.8,
150.7, 143.6, 143.1, 133.5, 138.3, 132.5, 131.9, 129.7,
129.5, 128.2, 126.6, 124.7, 123.7, 122.8, 121.5, 118.2,
95.3, 88.6, 81.2, 22.7; Anal. calcd. For Ca/HaoNgOsS: C
63.77, H 3.96, N 16.53%; found: C 63.12, H 3.63, N
16.34 %.

5,5"-dibromo-3'-(p-tolyl)-7'-thioxo-7*,8'-dihydro-
1'H,3'"H-dispiro[indoline-3,2'-pyrimido

[4,5-d]pyrimidine-4',3""-indoline]- 2,2",5'(6'H)-trione
(5b).

m.p. 297-300°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 9.75(s, 1H, NH), 6.93-7.45 (m, 10H, ArH), 6.67
(s, 1H, NH), 2.35 (s, 3H, CHz3);**C NMR (DMSO-ds,
100 MHz) & (ppm): 169.5, 168.8, 168.5, 164.2, 158.8,
150.4, 143.7, 142.6, 136.4, 135.6, 133.5, 133.5, 132.6,
131.6, 131.2, 125.4, 124.9, 123.7, 121.6, 121.4, 118.3,
95.5, 89.6, 80.7, 22.7. Anal. calcd. For CxHiBr»
NeOsS: C 48.67, H 2.72, N 12.61%; found: C 48.47, H
2.45, N 12.32%.

5,5"-difluoro-3'-(p-tolyl)-7'-thioxo-7',8'-dihydro-
1'H,3'H-dispiro[indoline-3,2'pyrimido[4,5-
d]pyrimidine-4',3"-indoline]- 2,2" 5'(6'"H)-trione
(5¢).

m.p. 292-294°C; H NMR (DMSO-ds, 400 MHz) &
(ppm): 9.83(s, 1H, NH), 2.36 (s, 3H, CHs), 6.90-7.72
(m, 10H, ArH), 6.66 (s, 1H, NH); **C NMR (DMSO-ds,
100 MHz) & (ppm): 169.3, 168.5, 168.3, 164.8, 160.8,
160.1, 158.6, 138.9, 150.3, 138.2, 133.5, 132.6, 131.5,
130.5, 123.8, 119.5, 119.1, 117.9, 117.4, 113.6, 113.0,
95.4, 89.1, 81.5, 22.7. Anal. calcd. For C27H1sF2 NeOsS:
C 59.55, H 3.33, N 15.43%; found: C 59.15, H 3.02, N
15.22 %.

5,5"-dinitro-3"'-(p-tolyl)-7'-thioxo-7',8'-dihydro-
1'H,3'H-dispiro[indoline-3,2'-pyrimido[4,5-

160

d]pyrimidine-4',3"-indoline]-
(5d).

m.p. 294-296°C; 'H NMR (DMSO-ds, 400 MHz) §
(ppm): 9.89(s, 1H, NH), 6.95-8.42 (m, 10H, ArH), 6.69
(s, 1H, NH), 2.35 (s, 3H, CH3); **C NMR (DMSO-ds,
100 MHz) & (ppm): 169.7, 168.9, 168.5, 165.1, 159.2,
150.6, 149.0, 148.4, 146.5, 144.6, 133.5, 130.6, 131.7,
127.4, 125.3, 124.6, 123.7, 118.3, 112.5, 110.5, 95.6,
89.8, 80.5, 128.7, 22.7. Anal. calcd. For C27H1sNgOS: C
54.18, H 3.03, N 18.72%; found: C 53.91, H 2.94, N
18.15 %.

5,5"-dimethyl-3'-(p-tolyl)-7'-thioxo-7",8"-dihydro-
1'H,3'H-dispiro[indoline-3,2" pyrimido

[4,5-d]pyrimidine-4',3"-indoline]- 2,2",5'(6'H)-trione
(5e).

m.p. 300-302°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 9.95(s, 1H, NH), 6.88-7.41 (m, 10H, ArH), 6.64
(s, 1H, NH), 2.35 (s, 3H, CHs), 2.32(s, 6H, CH3); 1*C
NMR (DMSO-ds, 100 MHz) & (ppm): 169.4, 168.8,
168.6, 164.5, 156.9, 150.6, 140.1, 139.8, 136.6, 135.6,
133.8, 133.5, 131.7, 131.3, 130.1, 129.9, 129.3, 123.5,
118.7, 116.9, 116.4, 95.5, 89.7, 81.6, 22.7, 21.8. Anal.
calcd. For CaoHa4NeOsS: C 64.91, H 4.54, N 15.66%;
found: C 64.33, H 4.20, N 15.04 %.

6'-(p-tolyl)-6"H-dispiro[indoline-3,5'-
[1,3,4]thiadiazolo[3,2- a][1,3,5]triazine-7",3"-
indoline]-2,2""-dione (6a).

m.p. 209-211°C; H NMR (DMSO-ds, 400 MHz) §
(ppm): 7.96 (s, 1H, ArH), 6.90-7.50 (m, 12H, ArH),
2.34 (s, 3H, CH3); ®C NMR (DMSO-ds, 100 MHz) &
(ppm): 169.5, 168.8, 156.8, 151.6, 144.6, 144.2, 1425,
140.1, 132.6, 131.8, 131.4, 130.1, 129.5, 129.2, 128.2,
126.7, 124.6, 118.9, 118.4, 116.8, 93.7, 89.8, 22.4. Anal.
calcd. For CasH1sNeO,S: C 64.37, H 3.89, N 18.01%;
found: C 63.68, H 3.52, N 17.95 %.

5,5""-dibromo-6'-(p-tolyl)-6"H-dispiro[indoline-3,5'-
[1,3,4]thiadiazolo[3,2-a][1,3,5]triazine-7",3""-
indoline]-2,2"'-dione (6b).

m.p. 225-227°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 7.98 (s, 1H, ArH), 6.92-7.60 (m, 10H, ArH),
2.32 (s, 3H, CHs); C NMR (DMSO-ds, 100 MHz) §
(ppm): 169.3, 168.7, 156.5, 151.9, 143.3, 142.8, 142.3,
137.5, 137.3, 134.6, 133.4, 132.7, 132.2, 131.8, 124.6,
124.3, 123.8, 121.9, 121.5, 116.4, 93.5, 89.9, 22.4. Anal.
calcd. For CstleBerBOZSZ C 48.10, H 2.58, N 13.46%;
found: C 47.90, H 2.29, N 13.25 %.

5,5"-difluoro-6'-(p-tolyl)-6"H-dispiro[indoline-3,5'-
[1,3,4]thiadiazolo[3,2-a][1,3,5]triazine-7",3""-
indoline]-2,2""-dione (6c).

m.p. 256-258°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 7.94 (s, 1H, ArH), 6.90-7.70 (m, 10H, ArH),
2.36 (s, 3H, CHs); **C NMR (DMSO-ds, 100 MHz) &

2,2" 5'(6'"H)-trione
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(ppm): 169.4, 168.8, 158.7, 158.3, 156.2, 151.4, 138.6,
138.2, 134.7, 132.4, 131.5, 130.8, 124.6, 121.2, 120.5,
117.2, 116.9, 116.4, 115.7, 115.3, 93.4, 89.6; Anal.
calcd. For CasHisF2NgO2S: C 59.76, H 3.21, N 16.72%;
found: C 59.40, H 3.07, N 16.49%.

5,5"-dinitro-6"-(p-tolyl)-6"H-dispiro[indoline-3,5'-
[1,3,4]thiadiazolo[3,2-a][1,3,5]triazine-7",3""-
indoline]-2,2""-dione (6d).

m.p. 236-238°C; H NMR(DMSO-ds, 400 MHz) §
(ppm): 7.99 (s, 1H, ArH), 6.91-8.40 (m, 10H, ArH),
2.37 (s, 3H, CHs); C NMR (DMSO-ds, 100 MHz) §
(ppm): 169.5, 168.8, 156.8, 151.7, 149.8, 149.3, 148.6,
148.3, 132.7, 132.2, 131.5, 130.4, 127.7, 127.3, 126.2,
125.1, 124.6, 116.3, 112.7, 112.3, 93.7, 89.6,22.4; Anal.
calcd. For CzsH16NgOsS: C 53.96, H 2.90, N 20.14%;
found: C 53.12, H 2.57, N 19.95%.

5,5""-dimethyl-6'-(p-tolyl)-6"H-dispiro[indoline-3,5'-
[1,3,4]thiadiazolo[3,2-a][1,3,5]triazine-7",3""-
indoline]-2,2"'-dione (6e).

m.p. 222-224°C; 'H NMR (DMSO-ds, 400 MHz) &
(ppm): 7.96 (s, 1H, NH), 6.89-7.48 (m, 10H, ArH), 2.35
(s, 3H, CHj3), 2.31(s, 3H, CHs); *C NMR (DMSO-ds,
100 MHz) & (ppm): 169.7, 168.9, 156.4, 151.6, 142.4,
141.6, 137.2, 136.8, 134.1, 133.7, 132.6, 131.5, 130.9,
130.4, 129.9, 129.3, 124.1, 118.2, 117.5, 116.6, 93.8,
89.5, 22.4, 21.8; Anal. calcd. For C,7H22N¢O,S: C 65.57,
H 4.48, N 16.99%; found: C 65.17, H 4.18, N 16.57%.
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