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New Scaffolds for Combinatorial Synthesis. 1. 5-Sulfamoylisatins and
Their Reactions with 1,2-Diamines

Alexandre V. Ilvachtchenko,* Alexey P. II'yin, Vladimir V. Kobak,
Denis A. Zolotarev, Larisa V. Boksha, Andrey S. Trifilenkov, and Dina M. Ugoleva

Chemical Diersity Labs, Inc., 11575 Sorrento Valley Road, Suite 211, San Diego, California 92121

Receied June 4, 2001

3,3-Dichloro-5-(4-methylpiperidinosulfonyl)-2-indolinon®) @nd 5-sulfamoylisatind have been synthesized
from 5-chlorosulfonyl-3,3-dichloro-2-indolinond); Compoundst are promising scaffolds for the solid-
and liquid-phase syntheses of new combinatorial libraries of various heterocycles. Thus, the readtions of

with 1,2-diamines, such asphenylenediamines) and

aminoguanidine hydrochloridé)( 1,2-diaminoimi-

dazoles 9), and thiosemicarbazide led, respectively, to new heterocychesd 8 and new combinatorial
libraries of triazinoindoled.0 and15. Chemsetdl, 10, and15 were isolated as crystalline solids that were

purified by recrystallization from a suitable solvent

Introduction

Small-molecule combinatorial synthesis for the generation
and optimization of leads for a variety of applications is
steadily growing in importance. Thus, the search for novel
scaffolds for the generation of new combinatorial libraries
is a relevant and timely pursuit. In connection with this
search, the chemistry of isatin (which opens the way to
quinolinest? 1,2-dihydroquinoxalin-2(#)-ones3 ¢ 4-hy-
droxy-2-ox0-1,2,3,4-tetrahydroquinazoline-4-carboxylic ac-
ids,”8 spiro-@H-benzimidazolo)-2,3indolin-2-ones; ® spiro-
[imidazolidine-4,4(1'H)-quinazoline]-2,25(3H')-triones?
triazinoindoles? indolo[2,3b]quinoxalines}® 10H-imidazo-
[1,2':2,3][1,2,4]triazino[5,66]indoles!'*?and other substi-
tuted heterocyclé3') has attracted our attention. While

and characterized by spectroscopic methods.

(method B) led to 3,3-dichloro-5-(4-methylpiperidinosulfon-
yl)-2-indolinone @) in 76% and 55% yields, respectively (eq
1). As expected, treatment @& with agueous sodium

H,C
CH, \@ o H
BN
o, 20 eq1
H H Y 7 u1
2{13} 3

Ha
(i) 76%
(i) 55%

Clo g

o
& O _a
o o +
N
H
1

(i) dry THF, rt, 3 h. (i) EtOH-H,O (1:1), rt, instantly.

(i) or (ii)

hydroxide led to 5-(4-methylpiperidinosulfonyl)isatid{,13} .
In preparing the library of new 5-sulfamoylisating, 1—
15}, we simplified this two step-process by carrying out both
reactions in one pot and using equimolar amount$ afid

substituted isatins and their derivatives exhibit a broad rangeamines2{1-15} (Figure 1) in aqueous sodium hydroxide

of biological activitiest> 2% the chemistry of 5-sulfamoyli-
satins has not been widely explored.
In our ongoing studies of isafin®'1-12and our continuing

search for new scaffolds that possess several points of ¢

randomizatiort!—2° we have chosen to explore the suitability
of 5-chlorosulfonyl-3,3-dichloro-2-indolinon&); which has
at least three reaction sites. Whildhas great potential as a
building block for combinatorial synthesis, its chemistry,
similar to that of 5-sulfamoylisatins, is not well-knowh°

Results and Discussion

First, we established that 3,3-dichloro-5-sulfamoylindoli-

nones are intermediates in the preparation of 5-sulfamoyli-

satins from1 and primary or secondary amines. Thus, the
reaction ofl with 2 equiv of 4-methylpiperidine2{13} in
either anhydrous THF (method A) or in 1:1 ethanalater

10.1021/cc0100316 CCC: $22.00

(eq 2). After crystallization from dichloromethane, 5-sulfa-
R‘RZN\QS/,OE e o
[e]

H: 3 ra 'I:l'1

(1) NaOH, H,0
24 h

(2) HCl(aq)

a. Ll

s cl
0 + RRNH
N
H

2O eq2

4{1-15
7-58%

1 2(1-15}

moylisatins 4{1—15} were isolated in 758% yields as
yellowish, crystalline solids that decomposed at or above 165
°C. Chemsett was characterized spectroscopically, and its
purity was determined to be90% by HPLC.

The reactivity of chemsett toward 1,2-diamines was
investigated for the purpose of generating a combinatorial
library of fused, polycyclic heterocycles. For instangl 3}
readily reacted witho-phenylenediamine 5§ and ami-
noguanidine hydrochloridé) to generate the spiroannulated

© 2002 American Chemical Society
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Figure 1. Diversity reagent2.
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indolinone 7 and 3-aminotriazinoindoleB, respectively
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10

eq3

4{2,3,6,7,9,10,11,13,15}
9(1}; Ar = 4-BrC¢H,

9(2}; Ar =2,4-Cl,C¢H, 26-65%

identity was established spectroscopically, and their purity
was found to be>90% by HPLC.

The related 11-member library of the hitherto unknown
3-(alkylthio)triazinoindoles]5, was prepared by combining
six members of chemsétwith diversity reagentd4 (Figure
2) as described in Scheme 2. The intermediate thiosemicar-
bazonesl1, were cyclized in situ by treatment with refluxing
aqueous sodium hydroxide. The resulting thiolates were
heated, without isolation, with diversity reagerntd to
generate chemsé&bin 16—72% yield (Table 2). To confirm
the intermediacy of thiolate$2, two members of chemset
12 were neutralized with dilute hydrochloric acid, and the

(Scheme 1). On the other hand, a 12-member combinatorialresulting mercaptang3ab, were isolated and characterized.

library of previously unknown 2-arylimidazotriazinoindoles

The crude final productsl5, were obtained as yellowish

10 (Table 1) was generated by reaction, in benzene and incrystalline solids, which were recrystallized from ethanol and
the presence of a catalytic amount of acetic acid, of nine identified mainly by!H NMR. Their purity was>90% by

members of chemsétwith diaminoimidazole&{ 1} and three
members with diaminoimidazol@{ 2}, respectively (eq 3).
Compounds10 were obtained in 2565% vyield after
crystallization from acetone. They consisted of dark-red fine
crystalline solids that decomposed at or above Z27Their

HPLC.

Conclusions

The present study has clearly established that suitably
functionalized isatins are versatile building blocks for poly-

Scheme 1.Reactions of 5-Sulfamoylisatif{ 13} with 1,2-Diamines
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Table 1. Combinatorial Library of 2-Arylimidazotriazinoindolekd

product
entry starting material RR: Ar no. yield2 % purity? %
1 42} secbutyl, H 4-BrGHa 10{2,1} 29 95
2 4{3} isopentyl, H 4-BrGH, 10{3,1} 42 98
3 46} benzyl, H 4-BrGH4 10{6,1} 26 90
4 A7} o-chlorobenzyl, H 4-Br@H, 10{7,1} 34 92
5 4{9} methyl, methyl 4-Br@H, 10{9,1} 65 99
6 410} ethyl, ethyl 4-BrGH4 10{10,1} 25 98
7 4{10} ethyl, ethyl 2,4-CJCgH3 10{10,2} 30 96
8 4118 pyrrolidino 4-BrGH, 10{11,1} 51 95
9 413} 4-methylpiperidino 4-BrgH, 10{131} 64 95
10 4{13} 4-methylpiperidino 2,4-GCgH3 10{132} 48 97
11 4{15} morpholino 4-BrGH, 10{15,1} 28 95
12 4{15} morpholino 2,4-CICeH3 10{15,2} 34 98

a|solated yields of products crystallized from acetohBetermined by HPLC.
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Figure 2. Diversity reagentd4.

14(9)

Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 421

carried out using a proprietary technology platform, which
includes all the equipment needed for parallel synth@sis.
Reagent® and 14{1,6—8} were purchased from Acros
Organics. Reagents{ 2—5,9} were obtained from Chem-
Div, Inc. The synthesized library compounds were purified
by recrystallization from dichloromethane (chemsb{
acetone (chemséo), or ethanol (chemsédt). Melting points
(mp) were determined on a'Bhi model B-520 melting point
apparatus and are uncorrected. Infrared (IR) spectra were
recorded on KBr pellets on a Perkin-Elmer model 457
spectrophotometetH and**C NMR spectra were obtained
at 400 and 125.76 MHz, respectively, in DM3I9-on a
Bruker model DRX-500 spectrometer; chemical shifts are
reported ind units (ppm) downfield from TMS as an internal
standard. Low-resolution electron-impact mass spectra (MS)
were measured at 70 eV and 230 (ionization chamber
temperature) on a Kratos model MS-890 mass spectrometer.
Analytical TLC was carried out either on 5 cs 15 cm

cyclic fused heteroaromatics. These heteroaromatics are ofaluminum plates precoated with Silufol Wy (Kavalier,
interest because of their potential biological activity in Czech Republic) or on 5 cm 10 cm glass plates precoated
analogy to the antiviral drug VP3294I)*! and the DNA- with a 0.25 mm layer of silica gel 60,5 (Merck, Germany).
intercalating drug/DNA topoisomerase Il inhibitor NCA0424 The plates were visualized with UV light at 254 nm. The
(172 (Figure 3). Both compounds are obtained from an purities of the final products were determinet@4 mmx
isatin. Since the synthetic approach employed is straightfor- 100 mm, Gg reversible-phase column mounted in a Gilson
ward, it should be easily adaptable to the synthesis of a widemodel 714 gradient HPLC system, which was equipped with
variety of small-molecule combinatorial libraries. a UV detector (215 and 254 nm). The column was eluted
) ) with a linear gradient, starting with water and ending with a
Experimental Section 95:5 v/v acetonitrile-water mixture, at a rate of 0.15 mL/
General Information. All solvents and reagents were min and with an analysis cycle time of 25 min.
obtained from commercial sources and used without further  3,3-Dichloro-5-(4-methylpiperidinosulfonyl)-2-indoli-
purification. Anhydrous benzene and anhydrous THF were none (3). Method A.An amount of 2.36 g (23.8 mmol) of
obtained by distillation over sodium metal. The syntheses, 4-methylpiperidine2{13}, was added at room temperature
isolations, and purifications of the compounds reported were with stirring to a solution of 3.58 g (11.9 mmol) of 3,3-

Scheme 2. Synthesis of Combinatorial Library of 3-(Alkylthio)triazinoindol&$§
S
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13a; R,,R, = 4-methylpiperidino  13%
13b; R,,R, = morpholino 38%
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Table 2. Combinatorial Library of 3-(Alkylthio)triazinoindole&5

starting material product
entry no. R, Ry Rs—X no. yield2 % purity ? %
1 4{9} methyl, methyl 144} 15{9,4} 60 94
2 4{9} methyl, methyl 145} 15{9,5} 32 92
3 4{10} ethyl, ethyl 141} 15(10,1} 16 97
4 410} ethyl, ethyl 144} 15{10,4} 72 95
5 4{10} ethyl, ethyl 148} 15(10,8} 70 92
6 411 pyrrolidino 149} 15{11,9} 38 96
7 4012} piperidino 147} 15127} 60 91
8 4013 4-methylpiperidino 142} 15{132} 19 95
9 4{15 morpholino 143} 15{15,3} 65 96
10 4{15} morpholino 14{ 6} 15{15,6} 65 92
11 4{15} morpholino 148} 15{15,8} 30 95

a|solated yields of products crystallized from ethartdDetermined by HPLC.

N sodium hydroxiden 2 L of water. The resulting dispersion
QTN‘P | I@ was stirred vigorously at room temperature and then cooled
N \N)\S\/\N/\/ 'g\ N N\ to 0—5 °C. While maintaining vigorous stirring, 75 g (0.25
H HO N mol) of pregroundl was added in portions at such a rate to
16 H 17 ensure that no lumps were formed. Following completion
Figure 3. Polycyclic fused heteroaromatics with established Of addition, the reaction mixture was stirred at room
biological activities. temperature for ca. 24 h and its pH was kept at about 10.
For a given combination df and2, the exact reaction time
dichloro-2-oxo-5-indolinesulfonyl chloridelf in 50 mL of was determined by monitoring the disappearancé b
anhydrous tetrahydrofuran. 4-Methylpiperidine hydrochloride T c (silica gel 60 ks; CHCl,—CH3OH, 9:1 v/v). The 2,3-
precipitated after a few minutes. The reaction mixture was jndolinedione productd, are slightly more polar 0.45-
then stirred for 3 h, and the progress of the reaction was 0.70) thanl (R; 0.95).
monitored by TLC (silica gel 604, CHCl;—CH;0H, 49:1 The reaction mixture was then filtered, and the filtrate was
vlv; three times after desiccation of the plate). 4-Methylpi- gcidified to pH 4.6-5.0 with dilute hydrochloric acid (1:3,
peridine hydrochloride was filtered, and the filtrate was ). The resulting precipitate was filtered, rinsed with water,
evaporated under reduced pressure on a rotary evaporatofand dried in air. An additional amount of crudewas
The viscous oily residue was carefully dispersed in water recovered by concentrating the mother liquor on the rotary
(about 75 mL), and the resulting crystalline solid was filtered, evaporator and allowing it to stand at°G for 24 h. The
washed with water, and dried first ir_1 air and then in a vacuum ombined dried product was then purified by extraction with
desiccator over anhydrous Ca®@ yield 3.30 g (76%) o8. dichloromethane in a Soxhlet apparatus; the progress of the
Method B. An amount of 1.84 g (18.5 mmol) & 13} extraction was monitored by TLC (silica gel 6@sF CHCl,—
was added at room temperature with stirring to 2.78 g (9.26 CH;0H, 19:1 v/v;R; 0.1-0.5). The dichloromethane extract
mmol) of 1in 50 mL of ethanot-water (1:1, v/v). The crude  was then kept at 16C for 24 h. The precipitate was filtered,
product precipitated out immediately and was filtered, rinsed rinsed with hexane, and dried. A second crop of product
with water, and dried first in air and then in a vacuum was recovered by concentrating the mother liquor to*ga.
desiccator over anhydrous CaCiffording 1.84 g (55%) of  of its volume, followed by cooling. The purity of the second
3. crop was checked by TLC. The purified isating, are
Dichloroindolinone3 is a light-yellow crystalline solid that  yellowish crystalline solids that are moderately soluble in
is only moderately soluble in chloroform, dichloromethane, chloroform, dichloromethane, ethyl acetate, and ethanol and
and ethyl acetate and is practically insoluble in hexane: mp are practically insoluble in hexane.
187-190°C; IR 1725 cm* (vc=o); *H NMR 6 0.87 (d,J = 5-[(1-Butylamino)sulfonyl]-1H-indole-2,3-dione, 41} :
5.40 Hz, 3H, CHat piperidine ring), 1.29 (m, 3H, piperidine  yield 25%; mp 253C (dec);*H NMR ¢ 0.87 (m,J = 7.30
ring H), 1.69 (d,J = 11.10 Hz, 2H, piperidine ring H), 2.17  Hz, 3H, CH), 1.30 (m, 2H, NHCHCH,CH,CHz), 1.39 (m,
(m, 2H, piperidine ring H), 3.66 (dJ = 11.10 Hz, 2H, 2H, NHCH,CH,CH,CHs), 2.68 (m, 2H, NHE,CH,CH,-
piperidine ring H), 7.13 (dJas = 8.25 Hz, 1H, H), 7.71 CHs), 7.00 (d,Jas = 8.30 Hz, 1H, H), 7.34 (t,J = 5.5 Hz,
(dd, Jag = 8.25 Hz,Jgx = 1.20 Hz, 1H, H), 7.80 (d,Jex = 1H, NHSQ), 7.82 (d,Jsx = 1.40 Hz, 1H, H), 7.90 (dd Jsx
1.20 Hz, 1H, H), 11.62 (s, 1H, NH)}*C NMR 6 21.20 (CH = 1.40,Jas = 8.30 Hz, 1H, H), 11.39 (br s, 1H, NH)C
at piperidine ring), 29.17 (piperidine ring C4), 32.71 (pip- NMR 6 21.20 CHsCH,CH,CH,NH), 19.16 (CHCH,CH,-
eridine ring C3 and C5), 45.91 (piperidine ring C2 and C6), CH,NH), 30.96 (CHCH,CH,CH;NH), 42.13 (CHCH,-
73.67 (C3), 112.06 (C7), 123.60 (C6), 129.42 (C3a), 130.86 CH,CH,NH), 112.42 (C7), 117.96 (C3a), 122.38 (C4),
(C5), 132.29 (C4), 143.14 (C7a), 168.93 (C2); kiz 362 134.63 (C5), 135.99 (C6), 153.00 (C7a), 159.41 (C2), 183.11
(366) (Mt — 1). (C3); MSm/z 282 (M).
General Procedure for the Synthesis of 5-(Sulfamoyl)- 5-[(2-Butylamino)sulfonyl]-1H-indole-2,3-dione, 42}:
isatins, Chemset 41—15}. An amount of 0.26 mol of amine  yield 58%; mp 206°C (dec);*H NMR ¢ 0.79 (t,J = 7.12
2{1-15} was dispersed in a solution of 40 g (1.0 mol) of Hz, 3H, NHCH(CH)CH,CH3), 0.92 (d,J = 7.15 Hz, 3H,
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NHCH(CH3)CH,CHs), 1.25-1.45 (m, 2H, NHCH(CH)CH.-
CHs), 3.01 (m, 1H, NHE®(CHs)CH,CHs), 7.01 (d,Jag =
8.25 Hz, 1H, H), 7.34 (d,J = 7.90 Hz, 1H, NHSQ), 7.85
(d, Jex = 1.40 Hz, 1H, H), 7.94 (dd Jgx = 1.40 Hz,Jps =
8.25 Hz, 1H, H), 11.36 (br s, 1H, NH).
5-[(3-Methylbutyl)aminosulfonyl]-1 H-indole-2,3-di-
one, 4 3}: yield 30%; mp 245°C (dec);*H NMR ¢ 0.83
(d, J = 6.70 Hz, 6H, CH), 1.30 (m, 2H, NHCHCH,CH-
(CH3)2), 1.60 (m, 1H, NHCHCH2CH(CH3)2), 2.70 (m, 2H,
NHCH,CH,CH(CH)), 7.03 (d,Jag = 8.30 Hz, 1H, H),
7.35 (t,J = 6.00 Hz, 1H, NHS®), 7.83 (d,Jex = 1.40 Hz,
1H, Hy), 7.92 (dd,Jsx = 1.40 Hz,Jas = 8.30 Hz, 1H, H),
11.40 (br s, 1H, NH)1C NMR 6 22.08 (NHCHCH,CH-
(CHa),), 24.74 (NHCHCH,CH(CH),), 37.76 (NHCHCH.-
CH(CHs),), 40.73 (NHCH,CH,CH(CHs),), 112.46 (C7),

Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 423

2.75 (t,J = 6.60 Hz, 2H, NHCHCH,CgHs), 2.90-3.00 (m,
2H, NHCH,CH,CgHs), 7.00 (d,J = 8.20 Hz, 1H, H), 7.08-
7.25 (m, 5H, GHs), 7.59 (t,J = 6.50 Hz, 1H, NHSQ), 7.82
(br s, 1H, H), 7.91 (d,J = 8.20 Hz, 1H, H), 11.39 (br s,
1H, NH).
5-(Dimethylaminosulfonyl)-1H-indole-2,3-dione, 49} :
yield 10%; mp 233C (dec);'H NMR ¢ 2.66 (s, 6H, CH),
7.12 (d,Jas = 8.35 Hz, 1H, H), 7.72 (d,Jsx = 1.00 Hz,
1H, Hy), 7.87 (dd Jsx = 1.00 Hz,Jag = 8.35 Hz, 1H, H),
11.50 (br s, 1H, NH)}C NMR 6 37.49 (CH), 112.71 (C7),

118.04 (C3a), 123.26 (C4), 128.78 (C5), 136.98 (C6), 153.63

(C7a), 159.34 (C2), 182.90 (C3); M8z 254 (M™).
5-(Diethylaminosulfonyl)-1H-indole-2,3-dione, 410}:

yield 20%; mp 188C (dec);'H NMR 6 1.12 (m,J = 7.10

Hz, 6H, CH;), 3.17 (m,J = 7.10 Hz, 4H, CH), 7.06 (d,Jxs

117.95 (C3a), 122.38 (C4), 134.57 (C5), 136.00 (C6), 153.01 _ g 50’1y ‘114 1), 7.75 (d.Jex = 1.90 Hz, 1H, H), 7.92

(C7a), 159.41 (C2), 183.12 (C3); M8z 296 (M™).
5-(Cyclopentylaminosulfonyl)-1H-indole-2,3-dione, 44} :

yield 41%; mp 18C0C (dec);'H NMR 6 1.25-1.50 (m, 4H,

cyclopentane ring H-3 and H-4), 1.50.70 (m, 4H, cyclo-

pentane ring H-2 and H-5), 3.35 (m, 1H, cyclopentane ring

H-1), 7.02 (d,Jse = 7.90 Hz, 1H, H), 7.44 (d,J = 7.45
Hz, 1H, NHSQ), 7.85 (d,Jsx = 1.30 Hz, 1H, H), 7.94
(dd, Jex = 1.30 Hz,Jse = 7.90 Hz, 1H, H), 11.40 (br s,

1H, NH); C NMR ¢ 22.76 (cyclopentane ring C3 and C4),

32.40 (cyclopentane ring C2 and C5), 54.40 (cyclopentane
ring C1), 111.39 (C7), 116.88 (C3a), 121.43 (C4), 135.77
(C6), 135.63 (C5), 153.00 (C7a), 159.58, (C2), 184.16 (C3).

5-(Cyclohexylaminosulfonyl)-H-indole-2,3-dione, 45} :
yield 58%; mp>300 °C (dec);*H NMR ¢ 1.16 (m, 5H,

cyclohexane ring H), 1.62 (m, 5H, cyclohexane ring H), 2.88 tJ=

(m, 1H, CHNHSOy), 7.02 (d,Jas = 8.70 Hz, 1H, H), 7.44
(d,J = 7.60 Hz, 1H, NHS®), 7.84 (d,Jsx = 1.20 Hz, 1H,
Hy), 7.94 (d,Jsx = 1.20 Hz,Jag = 8.70 Hz, 1H, H), 11.43

(br s, 1H, NH);13C NMR ¢ 24.24 (cyclohexane ring C3

(dd, Jex = 1.90 Hz,Jag = 8.50 Hz, 1H, H), 11.40 (br S,
1H, NH): 13C NMR 6 14.05 (CH), 41.79 (CH), 112.76 (C7),

117.98 (C3a), 122.45 (C4), 133.81 (C5), 136.22 (C6), 153.35

(C7a), 159.32 (C2), 183.00 (C3); M8z 282 (M).
5-(1-Pyrrolidinosulfonyl)-1H-indole-2,3-dione, 411}:
yield 10%; mp 225°C (dec);'H NMR ¢ 1.76 (m, 4H,
pyrrolidine ring H-3 and H-4), 3.18 (m, 4H, pyrrolidine ring
H-2 and H-5), 7.08 (dJas = 8.25 Hz, 1H, H), 7.77 (d,Jex
= 1.00 Hz, 1H, H), 7.92 (dd,Jsx = 1.00 Hz,Jas = 8.25
Hz, 1H, H,), 11.45 (br s, 1H, NH).
5-(1-Piperidinosulfonyl)-1H-indole-2,3-dione, 412} : yield
28%; mp 225°C (dec);'H NMR ¢ 1.43 (m, 2H, piperidine
ring H-4), 1.64 (m, 4H, piperidine ring H-3 and H-5), 2.92
5.30 Hz, 4H, piperidine ring H-2 and H-6), 7.09 (d,
Jas = 8.20 Hz, 1H, H), 7.69 (d,Jgx = 1.50 Hz, 1H, H),
7.84 (dd,Jgx = 1.50 Hz,Jsg = 8.20 Hz, 1H, H), 11.51 (br
s, 1H, NH);3C NMR ¢ 22.82 (piperidine ring C4), 24.58
(piperidine ring C3 and C5), 46.49 (piperidine ring C2 and

and C5), 24.76 (cyclohexane ring C4), 33.12 (cyclohexane C6), 112.71 (C7), 118.00 (C3a), 123.13 (C4), 129.53 (C5),
ring C2 and C6), 52.02 (cyclohexane ring C1), 111.40 (C7), 136-88 (C6), 153.64 (C7a), 159.32 (C2), 182.94 (C3); MS
116.88 (C3a), 121.44 (C4), 135.42 (C6), 136.39 (C5), 150.57 Mz 294 (M™).
(C7a), 159.59 (C2), 184.16 (C3); M8z 308 (M™). 5-[(4-Methylpiperidino)sulfonyl]-1 H-indole-2,3-dione,
5-(Benzylaminosulfonyl)-H-indole-2,3-dione, 46} : yield 4{13}: yield 46%; mp 234C (dec); IR 1730 and 1750 cth
13%; mp 237°C (dec);'H NMR 6 3.96 (d,J = 6.45 Hz, (ve=0); "H NMR 6 0.93 (d,J = 5.50 Hz, 3H, CH at
2H, NHCH,CgHs), 7.02 (d,Jas = 8.10 Hz, 1H, H), 7.10~ piperidine ring), 1.27 (m, 3H, piperidine ring H), 1.69 {,
7.30 (M, 5H, GHs), 7.77 (d,Jgx = 1.00 Hz, 1H, H), 7.92 = 10.85 Hz, 2H, piperidine ring H), 2.22 (m, 2H, piperidine
(dd, Jex = 1.00 Hz,Jag = 8.10 Hz, 1H, H), 8.06 (t,J = ring H), 3.64 (d,J = 10.85 Hz, 2H, piperidine ring H), 7.08
6.45 Hz, 1H, NHSQ), 11.44 (br s, 1H, NH)33C NMR & (d, Jas = 8.10 Hz, 1H, H), 7.69 (d,Jex = 1.40 Hz, 1H,
46.09 (CH), 112.43 (C7), 117.78 (C3a), 122.55 (phenyl C4), Hy), 7.85 (ddJsx = 1.40 Hz,Jag = 8.10 Hz, 1H, H), 11.47
127.04 (C4), 127.53 (phenyl C2 and C6), 127.59 (phenyl (br s, 1H, NH);*3C NMR ¢ 21.18 CHj at piperidine ring),
C3 and C5), 134.85 (phenyl C1), 136.08 (C6), 137.29 (C5), 29.24 (piperidine ring C4), 32.73 (piperidine ring C3 and
153.06 (C7a), 159.36 (C2), 183.08 (C3); M# 316 (M™). Cb), 45.94 (piperidine ring C2 and C6), 112.68 (C7), 118.01
5-[(2-Chlorobenzyl)aminosulfonyl]-1H-indole-2,3-di- (C3a), 123.14 (C4), 129.62 (C5), 136.87 (C6), 153.58 (C7a),

one, 47}: yield 20%; mp 219°C (dec);'H NMR ¢ 4.04
(d,J=6.30 Hz, 2H, CH), 6.98 (d,Jag = 7.90 Hz, 1H, H),

7.11-7.28 (m, 3H, benzene ring H-4, H-5, and H-6), 7.44

(d,J=6.60 Hz, 1H, benzene ring H-3), 7.82 (@x = 1.00
Hz, 1H, H), 7.92 (dd,Jgx = 1.00 Hz,Jag = 7.90 Hz, 1H,
Hp), 8.58 (t,J = 6.30 Hz, 1H, NHS®), 11.37 (br s, 1H,
NH); MS m/z 350 (352) (M*).
5-[(2-Phenylethyl)aminosulfonyl]-1H-indole-2,3-di-
one, 48}: yield 7%; mp 235°C (dec);*H NMR 6 2.65—

159.33 (C2), 182.91 (C3); M8Vz 308 (M).

5-[(3,5-Dimethylpiperidino)sulfonyl]-1H-indole-2,3-di-
one, 414}: yield 40%; mp 165°C (dec);*H NMR 6 0.50
(m, 1H, piperidine ring H), 0.88 (d] = 6.00 Hz, 6H, CH),
1.60-1.80 (m, 5H, piperidine ring H), 3.61 (d, = 8.60
Hz, 2H, piperidine ring H), 7.11 (dJas = 8.60 Hz, 1H,
Ha), 7.71 (d,Jgx = 1.75 Hz, 1H, H), 7.85 (dd,Jsx = 1.75
Hz, Jag = 8.60 Hz, 1H, H), 11.59 (br s, 1H, NH); MSnw/z
322 ().
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5-(4-Morpholinosulfonyl)-1H-indole-2,3-dione, 415} :
yield 57%; mp 233C (dec);*H NMR 6 2.91 (t,J = 4.50
Hz, 4H, C(H,NCH,), 3.67 (t,J = 4.50 Hz, 4H, G1,0CH,),
7.12 (d,Jag = 8.25 Hz, 1H, H), 7.72 (d,Jex = 1.90 Hz,
1H, Hy), 7.88 (dd,Jsx = 1.90 Hz,Jag = 8.25 Hz, 1H, H),
11.50 (br s, 1H, NH)C NMR 6 45.80 CH,NCHy), 65.18
(CH,OCH,), 112.80 (C7), 118.14 (C3a), 123.39 (C4), 128.28
(C5), 137.05 (C6), 153.94 (C7a), 159.34 (C2), 182.84 (C3);
MS m/z 296 (M).

5-(4-Methylpiperidinosulfonyl)-spiro-(2H-benzimidazolo)-
2',3-indolin-2-one (7).An amount of 0.44 g (4.1 mmol) of
o-phenylenediamine5j was added to a suspension of 1.19
g (3.86 mmol) of4{13} in 25 mL of ethanol. The reaction
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solid: mp>304°C (dec); TLC (Silufol U\ks,, chloroform—
acetone 10:1 v/viR 0.15;*H NMR 6 0.90 (d,J = 4.90 Hz,
3H, CH; at piperidine ring), 1.29 (m, 3H, piperidine ring
H), 1.70 (d,J = 10.80 Hz, 2H, piperidine ring H), 2.19 (m,
piperidine ring H), 3.64 (dJ = 10.80 Hz, 2H, piperidine
ring H), 6.67 (br s, 2H, NB), 6.85 (d,Jas = 8.30 Hz, 1H,
Ha), 7.68 (dd,Jsx = 1.00 Hz,Jag = 8.30 Hz, 1H, H), 8.55
(d, Jex = 1.00 Hz, 1H, H), 10.50 (br s, 1H, NH).
General Procedure for the Synthesis of 2-Aryl-161-
imidazo[1',2":2,3][1,2,4]triazino[5,6-b]indole-7-sulfona-
mides, Chemset 10A mixture of equimolar amounts (1.5
mmol) of 5-sulfamoylisatin¥ 2,3,6,7,9,10,11,13, or 15} and
4-aryl-1,2-diaminoimidazol®&{1 or 2} in 15 mL of anhy-

mixture was then stirred and heated at reflux4ch under ~ drous benzene was treated with 3% (v/v) of glacial acetic
a nitrogen atmosphere (10 min after the start of the reaction,acid and heated at reflux for 4 h. The progress of the reaction
a red solution formed, and 20 min later, the reaction product Was monitored by TLC (Silufol U¥,, chloroform-acetone
separated out as a yellow precipitate). The reaction mixture 10:1 v/v; R 0.30-0.65 for chemsel0 and 0.15-0.25 for
was allowed to cool to room temperature, and the precipitate 5-sulfamoylisatins4) to determine the exact reaction time
was filtered. The crude product was dispersed in 25 mL of for each set of reagents. The reaction mixture was allowed
boiling ethanol and filtered. This treatment with boiling 0 cool to room temperature, and the precipitated product
ethanol was repeated once more, and the residual solid wagvas filtered. It was then purified by dispersing it in boiling
dried first in air and then in a vacuum desiccator ovgd acetone, allowing the acetone to cool back to room temper-

affording 0.46 g (30%) of spiro compourrdas a yellowish
crystalline solid that is slightly soluble in ethanol and
practically insoluble in hexane: mp305 °C (dec); TLC
(silica gel 60 k4, CHCL—CH3;0H, 19:1 viV)R: 0.1; IR 1715
cm! (ve=o); *H NMR 6 0.91 (d,J = 5.30 Hz, 3H, 4-CH),
1.16-1.40 (m, 3H, piperidine ring H), 1.69 (d,= 10.50
Hz, 2H, piperidine ring H), 2.22 (m, 2H, piperidine ring H),
3.76 (d,J = 10.50 Hz, 2H, piperidine ring H), 7.70 (m,
ey 56) = 8.25 Hz,J5 ¢ = 6.40 Hz, 1H, H-50r H-6), 7.71
(d, \]AB = 8.20 HZ, 1H, ﬂ), 7.77 (m,\]4'(7'),5'(6') = 8.25 HZ,
Js g = 6.40 Hz, 1H, H-50r H-6), 7.94 (d,Js(7)56) = 8.25
Hz, H-4 or H-7), 8.06 (d,Js756) = 8.25 Hz, 1H, H-4or
H-7"), 8.24 (dd,Jgx = 1.80 Hz,Jag = 8.20 Hz, 1H, H),
8.65 (d,Jgx = 1.80 Hz, 1H, H), 12.37 (br s, 1H, NH)3C
NMR ¢ 21.17 CHs at piperidine ring), 29.19 (piperidine
ring C4), 32.82 (piperidine ring C3 and C5), 46.11 (piperidine
ring C2 and C6), 112.53 (C7), 118.92 (C3/$;221.64 (C5
or C6), 126.62 (C6), 127.40 (C3a), 127.62 (Q&F C6),
129.12 (C4or C7), 129.39 (C4or C7), 129.89 (C4), 138.85
(C5), 140.42 (C7a), 146.08 (G8 C7a), 146.26 (C2); MS
m/z 396 (M).
3-Amino-8-(4-methylpiperidinosulfonyl)-5H-1,2,4-tri-
azino[6,5b]indole (8). A mixture of 0.43 g (1.4 mmol) of
4{13} and 1 g (10 mmol) of aminoguanidine hydrochloride
(6) in 50 mL of water was heated at reflux for 1 h. An
amount of 3 mL of concentrated hydrochloric acid was then
added, and the reaction mixture was filtered while hot. While
being stirred, the filtrate was allowed to cool to room

ature, and filtering. The crystalline product was rinsed with
acetone and dried in air at AC. 2-Arylimidazotriazino-
indoles10 are dark-red, finely crystalline substances that are
poorly soluble in all organic solvents.
2-(4-Bromophenyl)-7-[(2-butylamino)sulfonyl]-1GH-im-
idazo[1',2:2,3][1,2,4]triazino[5,6-b]indole, 10{2,1}: yield
29%; mp 266°C (dec);'H NMR ¢ 0.77 (t,J = 7.20 Hz,
3H, CHs), 0.90 (d,J = 7.20 Hz, 3H, CH), 1.35 (m,J =
7.20 Hz, 2H, CH), 3.00-3.10 (m, 1H, GINH), 7.12-7.20
(m, 1H, NHSQ), 7.46 (d,Jas = 8.20 Hz, 1H, H), 7.55 (d,
Jz(s)yg(s): 8.60 HZ, 2H, H-2 and H-6 qﬁ-C6H4BI'), 7.86 (dd,
JBX =1.70 HZ,JAB =8.20 HZ, 1H, I'[l), 7.98 (d,J2(6)13(5)=
8.60 Hz, 2H, H-3 and H-5 op-CeH4Br), 8.42 (d,Jgx =
1.70 Hz, 1H, H), 8.49 (s, 1H, imidazole ring H); M&Vz
498 (500) (M1).
2-(4-Bromophenyl)-7-[(3-methylbutyl)aminosulfonyl]-
10H-imidazo[1',2:2,3][1,2,4]triazino[5,6-bindole, 10{3,1}:
yield 42%; mp>360°C (dec);'H NMR 6 0.83 (d,J = 6.80
Hz, 6H, CH), 1.30 (m, 2H, CH), 1.60 (m, 1H, CH), 2.75
(m, 2H, CH,NHSQ), 7.49 (t,J = 5.85 Hz, 1H, NHSG),
7.60 (d,Jz(a)vg(s)z 8.60 HZ, 2H, H-2 and H-6 QD-C5H4BI'),
7.61 (d,Jas = 8.30 Hz, 1H, H), 8.03 (dd,Jas = 8.30 Hz,
32(6),3(5): 8.60 Hz, 3H, H-3 and H-5 qf)-C6H4Br and H)),
8.53 (br s, 1H, K) 8.80 (s, 1H, imidazole ring H-3), 12.63
(br s, 1H, indole NH); MS1z 512 (514) (M™").
2-(4-Bromophenyl)-7-(benzylaminosulfonyl)-161-imi-
dazo[1,2:2,3][1,2,4]triazino[5,6-b]indole, 10{6,1}: yield
26%; mp 240°C (dec);*H NMR ¢ 3.85 (d,J = 6.30 Hz,

temperature, and the resulting yellow precipitate was filtered 2H, CH.NHSQ), 7.177.24 (m, 5H, GHs) 7.40 (d,Jae =

and dried in air at 100C to yield 0.37 g (70%) of the

8.40 HZ, lH, H), 7.58 (d,J2(6),3(5): 8.20 HZ, 2H, H-2 and

hydrochloride salt. This salt was dissolved in 150 mL of H-6 of p-CeHsBr), 7.85 (dd,Jsx = 1.00 Hz,Jas = 8.40 Hz,
water, enough ammonium hydroxide was added to raise thelH, Hp), 7.85-7.92 (m, 1H, CHNHSQ), 7.98 (d,Jze)36)
pH to ca. 8.0, and the resulting mixture was stirred and heated= 8.20 Hz, 2H, H-3 and H-5 gp-C¢H4Br), 8.40 (d,Jsx =
at reflux for 5 h. The precipitated free amine product was 1.00 Hz, 1H, H), 8.60 (br s, 1H, imidazole ring H-3), the
filtered while hot and washed with hot water and then with indole NH is exchanged; M8vz 532 (534) (M").

boiling acetone. Drying in air at 100C afforded 0.25 g 2-(4-Bromophenyl)-7-(2-chlorobenzylaminosulfonyl)-
(70%) of 3-aminotriazinoindolé& as a yellow crystalline  10H-imidazo[1',2:2,3][1,2,4]triazino[5,6-b]indole, 10{7,1}:
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yield 34%; mp 227C (dec);*H NMR 6 4.05 (d,J = 6.10
Hz, 2H, CH,NHSQO,), 7.20-7.30 (m, 4H,0-CICgsH,), 7.48
(d, Jo6),35= 8.20 Hz, 2H, H-2 and H-6 ob-CsH.Br), 7.50
(t, J = 6.10 Hz, 1H, CHNHSQ,), 7.57 (d,J = 8.30 Hz,
1H, Hy), 7.87 (d,J = 8.30 Hz, 1H, H), 7.95 (d,Jz)355) =
8.20 Hz, 2H, H-3 and H-5 op-CsH4Br), 8.42 (br s, 1H,
Hy), 8.63 (br s, 1H, imidazole ring H-3), the indole NH is
exchanged; MSn/z 566 (568) (M™).
2-(4-Bromophenyl)-7-(dimethylaminosulfonyl)-1H-
imidazo[1',2:2,3][1,2,4]triazino[5,6-blindole, 10{9,1}: yield
65%; mp >360 °C (dec);'H NMR o 2.66 (s, 6H, CH),
7.38 (d,J = 8.40 Hz, 1H, H), 7.51 (d,Je) 355 = 8.60 Hz,
2H, H-2 and H-6 ofp-C¢H4Br), 7.67 (d,J = 8.40 Hz, 1H,
Hy), 7.94 (d,J26),35= 8.60 Hz, 2H, H-3 and H-5 gf-CeH.-
Br), 8.26 (br s, 2H, KHand imidazole ring H-3), the indole
NH is exchanged*C NMR ¢ 37.77 (CH), 107.50 (C9),
115.92 (C8), 117.82 (C5b), 119.83 (C4mLsH4Br), 120.05
(C2), 121.33 (C6), 127.16 (C2 and C6mLsH4Br), 128.96
(C3), 131.37 (C3 and C5 op-CsH4Br), 134.12 (C1 of
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ring H), 1.68 (dJ = 10.30 Hz, 2H, piperidine ring H), 2.19
2.35 (m, 2H, piperidine ring H), 3.69 (d,= 10.30 Hz, 2H,
piperidine ring H), 7.41 (dJas = 8.20 Hz, 1H, H), 7.53 (d,
Joe)3y= 7.90 Hz, 2H, H-2 and H-6 gb-Ce¢H.Br), 7.67 (dd,
JBX < 1.00 HZ,JAB =8.30 HZ, lH, I'[D, 7.96 (d,\]z(e),g(s)z
7.90 Hz, 2H, H-3 and H-5 op-CgH4Br), 8.26 (br s, 1H,
H,), 8.32 (br s, 1H, imidazole ring H-3), the indole NH is
exchangedt*C NMR 6 21.21 CH; at piperidine ring), 29.29
(piperidine ring C4), 32.88 (piperidine ring C3 and C5), 46.14
(piperidine ring C2 and C6), 107.60 (C9), 115.73 (C8),
117.72 (C5b), 120.10 (C2), 121.02 (C4mEeH,Br), 121.17
(C6), 127.17 (C2 and C6 @FCsH4Br), 128.91 (C3), 131.38
(C3 and C5 ofp-CgH4Br), 134.05 (C1 ofp-CgH4Br), 140.27
(C5a), 140.34 (C7), 144.32 (C10a), 156.02 (C9a), 162.06
(Cl1a).
2-(2,4-Dichlorophenyl)-7-(4-methylpiperidinosulfonyl)-
10H-imidazo[1',2:2,3][1,2,4]triazino[5,6-b]indole, 10{13,2 :
yield 48%; mp 329°C (dec);'H NMR 6 0.91 (d,J = 3.20
Hz, 3H, CH at piperidine ring), 1.231.33 (m, 3H,

p-CeH4Br), 140.15 (C5a), 140.57 (C7), 144.47 (C10a), 156.53 piperidine ring H), 1.69 (d) = 9.90 Hz, 2H, piperidine ring

(C9a), 162.89 (Clla); M8Vz 470 (472) (M").
2-(4-Bromophenyl)-7-(diethylaminosulfonyl)-10H-imi-
dazo[1,2:2,3][1,2,4]triazino[5,6-blindole, 10{ 10,1} : yield
25%; mp>301°C (dec);'H NMR 0 1.11 (t,J = 6.90 Hz,
6H, CH), 3.15 (g,J = 6.90 Hz, 4H, CH), 7.31 (d,J =
8.50 Hz, 1H, H), 7.48 (d,J>) 355y = 8.60 Hz, 2H, H-2 and
H-6 of p-C¢H4Br), 7.65 (d,J = 8.50 Hz, 1H, H), 7.74 (d,
Jz(e)vg(s)z 8.60 Hz, 2H, H-3 and H-5 Qﬁ-CeH4Br), 8.25 (br
s, 1H, H), 8.28 (br s, 1H, imidazole ring H-3), the indole
NH is exchanged; M3z 498 (500) (M*).
2-(2,4-Dichlorophenyl)-7-(diethylaminosulfonyl)-1H-
imidazo[1',2":2,3][1,2,4]triazino[5,6-b]indole, 10{10,2 : yield
30%, mp>360°C (dec);*H NMR ¢ 1.11 (t,J = 7.00 Hz,
6H, CHs), 3.18 (g,J = 7.00 Hz, 4H, CH), 7.31 (d,Js6 =
8.10 Hz, 1H, H-5 of 2,4-GIC¢H3), 7.40 (d,Jpg = 8.08 Hz,
1H, Hy), 7.48 (d,J35 < 1.00 Hz, 1H, H-3 of 2,4-GICeH3),
7.67 (dd,Jex = 1.00 Hz,Jpg = 8.08 Hz, 1H, H), 8.24 (d,
Jex = 1.00 Hz, 1H, H), 8.42 (d,Js s = 8.10 Hz, 1H, H-6 of
2,4-ChCgH3), 8.46 (s, 1H, imidazole ring H-3), the indole
NH is exchanged; M3z 488 (492) (M*).
2-(4-Bromophenyl)-7-(pyrrolidinosulfonyl)-10H-imidazo-
[1',2":2,3][1,2,4]triazino[5,6-b]indole, 10{ 11,1} : yield 51%;
mp 331°C (dec);*H NMR 6 1.72 (t,J = 6.65 Hz, 4H, .-
CHN), 3.19 (t,J = 6.65 Hz, 4H, CHCHN), 7.36 (d,Jas
= 8.50 Hz, 1H, H), 7.50 (d,J2(6)13(5)= 8.20 Hz, 2H, H-2
and H-6 ofp-CsH4Br), 7.70 (dd,Jgx = 1.90 Hz,J = 8.50
Hz, 1H, H,), 7.94 (d,J2) 35y = 8.20 Hz, 2H, H-3 and H-5
of p-CgH4Br), 8.25 (s, 1H, imidazole ring H-3), 8.31 (dsx
= 1.90 Hz, 1H, H), the indole NH is exchangedC NMR

H), 2.23 (m, 2H, piperidine ring H), 3.68 (d,= 9.90 Hz,
2H, piperidine ring H), 7.347.39 (m, 2H, H-5 of 2,4-
Cl,CeHsz and Hy), 7.45-7.48 (m, 1H, H-3 of 2,4-GICeH3),
7.61-7.66 (m, 1H, H), 8.20-8.22 (m, 1H, H), 8.37-8.42
(m, 1H, H-6 of 2,4-CiCeH3), 8.44-8.46 (m, 1H, imidazole
ring H-3), the indole NH is exchange#C NMR 6 21.26
(CHjs at piperidine ring), 29.28 (piperidine ring C4), 32.88
(piperidine ring C3 and C5), 46.13 (piperidine ring C2 and
C6), 111.00 (C9), 115.86 (C8), 117.76 (C5b), 121.19 (C2),
121.29 (C6), 127.38 (C5 of 2,4:8sCl;), 129.23 (C3),
129.54 (C6 of 2,4-@HsCly), 130.99 (C1 of 2,4-¢HsCly),
131.38 (C3 of 2,4-@H3Cly), 131.71 (C4 of 2,4-¢HsCly),
131.77 (C2 of 2,4-gH3Cly), 136.27 (C5a), 141.07 (C7),
143.47 (C10a), 156.54 (C9a), 162.70 (Clla).
2-(4-Bromophenyl)-7-(morpholinosulfonyl)-1MH-imidazo-
[1',2:2,3][1,2,4]triazino[5,6-blindole, 10{15,1} : yield 28%;
mp 312°C (dec);*H NMR 6 2.92 (m, 4H, NCH), 3.60 (m,
4H, OCH), 7.43 (d,Jag = 8.50 Hz, 1H, H), 7.47 (d,J2() 3(5)
= 8.20 Hz, 2H, H-2 and H-6 gb-CsH4Br), 7.69 (dd,Jsx =
1.00 Hz,Jag = 8.50 Hz, 1H, H), 7.90 (d,Jze) 35 = 8.20
Hz, 2H, H-3 and H-5 op-CsH4Br), 8.15 (br s, 1H, k), 8.30
(s, 1H, imidazole ring H-3), the indole NH is exchanged.
2-(2,4-Dichlorophenyl)-7-(morpholinosulfonyl)-1MH-
imidazo[1',2:2,3][1,2,4]triazino[5,6-bjindole, 10{15,2 : yield
34%; mp 343°C (dec);'H NMR ¢ 2.91-2.97 (m, 4H,
NCH,), 3.65-3.70 (m, 4H, OCH), 7.39 (dd,J;5 = 2.0 Hz,
J5’6 = 8.10 HZ, 1H, H-5 of 2,4-QC5H3), 7.45 (d,JAB =
8.70 Hz, 1H, H), 7.47 (d,J35 = 2.0 Hz, 1H, H-3 of 2,4-
Cl,CeH3), 7.69 (dd Jgx = 1.80 Hz,Jag = 8.70 Hz, 1H, H),

0 24.50 (pyrrolidine ring C3 and C4), 47.73 (pyrrolidine ring  8.26 (d,Jsx = 1.80 Hz, 1H, H), 8.42 (d,Jss = 8.10 Hz,
C2 and C5), 107.46 (C9), 116.04 (C8), 117.78 (C5b), 120.02 1H, H-6 of 2,4-ChCsHs), 8.50 (s, 1H, imidazole ring H-3),

(C2), 121.10 (C6), 121.38 (C4 qfC¢H4Br), 127.14 (C2
and C6 ofp-C¢H,4Br), 128.76 (C3), 131.36 (C3 and C5 of
p-CsH4Br), 134.14 (C1 ofp-CsH4Br), 140.10 (C5a), 140.67
(C7), 144.51 (C10a), 156.63 (C9a), 163.05 (C1l1a).
2-(4-Bromophenyl)-7-(4-methylpiperidinosulfonyl)-10H-
imidazo[1',2":2,3][1,2,4]triazino[5,6-blindole, 10{13,1 : yield
64%; mp 275°C (dec);*H NMR ¢ 0.90 (d,J = 4.40 Hz,
3H, CH; at piperidine ring), 1.161.39 (m, 3H, piperidine

the indole NH is exchanged?C NMR 6 46.01 (NCH),
65.27 (OCH), 110.99 (C9), 116.02 (C8), 117.89 (C5b),
119.67 (C2), 121.60 (C6), 127.39 (C5 of 2,4HaCl,),
129.34 (C3), 129.55 (C6 of 2,4¢8:Cl), 131.00 (C1 of 2,4-
CeH3Cly), 131.40 (C3 of 2,4-@HsCly), 131.71 (C4 of 2,4-
CeHsCly), 131.79 (C2 of 2,4-¢H3Cly), 136.30 (C5a), 141.10
(C7), 143.51 (C10a), 156.85 (C9a), 163.29 (C11a); WS
502 (504) (M).
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General Procedure for the Synthesis of Mercaptans 13a
and 13b. A solution of 0.31 g (3.38 mmol) of thiosemicar-
bazide in 5 mL of boiling water was added with stirring to
a solution of 3.38 mmol o#{13} or 4{15} in 25 mL of

Ivachtchenko et al.

fonamide, 1§9,5}: yield 32%; mp 273C (dec);*H NMR
0 2.19 (s, 3H, CH at pyrazole ring), 2.62 (s, 6H, (GH-
NSQO,), 4.13 (s, 2H, SCKHCON), 6.11 (s, 1H, pyrazole ring
H), 7.70 (d,Jas = 8.30 Hz, 1H, H), 7.90 (dd,Jsx < 1.00

boiling alcohol. The resulting mixture was stirred and heated Hz, Jag = 8.30 Hz, 1H, H), 8.53 (br s, 1H, K), 10.50 (br
at reflux for 2 h. The precipitated thiosemicarbazone was s, 1H, indole NH), NH is exchanged.

filtered and rinsed with ethanol. It was then dispersed in a

solution of 0.14 g (3.38 mmol) of sodium hydroxide in 10
mL of water and heated at reflux for 15 h. When the mixture

2-(8-Diethylsulfamoyl-5H-[1,2,4]triazino[5,6-b]indol-3-
ylsulfanyl)acetic Acid, 1510,3}: yield 16%; mp 215°C
(dec);*H NMR 6 1.12 (t,J = 5.75 Hz, 6H, CHCHa), 3.20

was cooled to room temperature, enough dilute hydrochloric (g, J = 5.75 Hz, 4H, G1.CHs), 4.02 (s, 2H, SCKCO,), 7.70

acid (1:3, v/v) was added with stirring to take the pH down
to ca. 3. The resulting yellow precipitate was filtered and
rinsed with water and then with ethanol. It was recrystallized
first from glacial acetic acid and then from ethanol. The
recrystallized product was filtered and dried in air at°@
8-(4-Methylpiperidinosulfonyl)-5H-[1,2,4]triazino[5,6-
bjindol-3-yl-mercaptan (13a):yield 13%; mp>255°C; 'H
NMR 6 0.89 (d,J = 2.30 Hz, 3H, CH at piperidine ring),
1.22 (m, 3H, piperidine ring H), 1.68 (d,= 10.90 Hz, 2H,
piperidine ring H), 2.20 (m, 2H, piperidine ring H), 3.67 (d,
J = 10.90 Hz, 2H, piperidine ring H), 7.61 (das = 7.80
Hz, 1H, H), 7.88 (dd,Jgx = 1.00 Hz,Jag = 7.80 Hz, 1H,
Hp), 8.21 (d,Jex = 1.00 Hz, 1H, H), 12.84 (br s, 1H, NH),
14.77 (s, 1H, SH).
8-(Morpholinosulfonyl)-5H-[1,2,4]triazino[5,6-blindol-
3-yl-mercaptan (13b): yield 38%; mp>305°C; 'H NMR
0 3.10 (br s, 4H, morpholine ring H), 3.70 (br s, 4H,
morpholine ring H), 7.60 (dJas = 7.85 Hz, 1H, H), 7.90
(dd, Jgx = 1.00 Hz,Jpg = 7.85 Hz, 1H, H), 8.10 (d,Jex =
1.00 Hz, 1H, H), 12.80 (br s, 1H, NH), 14.80 (br s, 1H,
SH).

General Procedure for the Synthesis of 3-Alkylmer-
capto-8-sulfamoyl-31-[1,2,4]triazino[5,6-b]indoles, Chem-
set 15.An amount of 0.67 mmol of alkylating reageh#
was added with stirring to a solution of 1.00 mmol18a
or 13bin 15 mL of 0.1 M aqueous sodium hydroxide. The
resulting mixture was stirred at 78C for ca. 3 h. The
progress of the reaction was monitored by TLC (SiO
CHCI;—CH30H, 29:1, v/v) to determine the exact reaction
time for each pair of reactants. The precipitated yellowish
product, 15, was filtered, rinsed with water to neutral pH,
and recrystallized from ethanol.

Compoundsl2{1—4} were prepared frord{9—12} as
described forl3ab but were not isolated. Instead, the

(d, Jag = 7.80 Hz, 1H, H), 8.00 (d,Jas = 7.80 Hz, 1H,
Hy), 8.70 (br s, 1H, K, the indole NH and the COOH are
exchanged.
N2-(5-Methyl-3-isoxazolyl)-2-(8-diethylsulfamoyl-53i-
[1,2,4]triazino[5,6-blindol-3-ylsulfanyl)acetamide, 15-
{10,4: yield 72%; mp 207C (dec);*H NMR ¢ 1.10 (t,J
=7.05 Hz, 6H, CHCHg), 2.40 (s, 3H, CHat isoxazole ring),
3.20 (q,J = 7.05 Hz, 4H, ®,CHy), 4.10 (s, 2H, SCh
CON), 6.60 (s, 1H, isoxazole ring H), 7.50 (@s = 8.45
Hz, 1H, H), 7.70 (dd,Jgx < 1.00 Hz,Jag = 8.45 Hz, 1H,
Hy), 8.40 (br s, 1H, ), 11.20 (br s, 1H, CONH), the indole
NH is exchanged; M®&vVz 378 (M — OH), 351 (M— COy,).
N& N&-Diethyl-3-(3-pyridylmethylsulfanyl)-5H-[1,2,4]tri-
azino[5,64b]indole-8-sulfonamide, 1%10,8 : yield 70%; mp
172-176 °C; '"H NMR ¢ 1.12 (t, J = 6.20 Hz, 6H,
N(CH2CH3)2), 3.22 (q,J =6.20 HZ, 4H, N(CE|2CH3)2), 455
(s, 2H, S®,), 7.18-7.28 (m, 1H, pyridine ring H), 7.72 (d,
Jas = 8.80 Hz, 1H, H), 7.84-7.95 (m, 2H, pyridine ring
H), 8.38 (d,Jag = 8.80 Hz, 1H, H), 8.61 (br s, 1H, K,
8.70 (s, 1H, pyridine ring H), the indole NH is exchanged;
MS m/z 428 (429) (M™).
6-Methyl-2-(8-tetrahydro-1H-1-pyrrolylsulfonyl-5 H-
[1,2,4]triazino[5,6-b]indol-3-ylsulfanylmethyl)-4H-pyrido-
[1,2-a]pyrimidin-4-one, 15{11,9: yield 38%; mp 210°C
(dec);*H NMR 6 1.63 (br s, 4H, pyrrolidine ring H), 2.50
(s, 3H, CH at C-6 of pyridopyrimidine ring), 2.90 (br s,
4H, pyrrolidine ring H), 4.40 (s, 2H, SGHi{ 6.37 (s, 1H,
aromatic H), 6.73 (m, 1H, aromatic H), 7.30 (m, 1H, aromatic
H), 7.50 (m, 2H, aromatic H andJy 7.90 (d,Jas = 8.45
Hz, 1H, H)), 8.50 (br s, 1H, K), the indole NH is exchanged.
3-(3-Chlorobenzylsulfanyl)-8H-[1,2,4]triazino[5,6-b]in-
dol-8-ylpiperidinosulfone, 15 12,7 : yield 60%; mp 251
254°C; 'H NMR 6 1.38 (br s, 2H, piperidine ring H), 1.62
(br s, 4H, piperidine ring H), 2.95 (br s, 4H, piperidine ring

acidification step was omitted, and aqueous solutions of H), 4.66 (s, 2H, SCh), 7.19-7.31 (m, 2H, aromatic H),

12{1—4} containing a 1.5-fold excess of sodium hydroxide
were treated with diversity reageritd (as described in the

7.39 (m, 1H, aromatic H), 7.687.78 (m, 2H, aromatic H
and H), 7.90 (d,Jss = 7.50 Hz, 1H, H), 8.55 (br s, 1H,

preceding paragraph) to produce the corresponding members,), the indole NH is exchanged; M®/z 473 (475) (M*).

of chemsetl5.

NZ-(5-Methyl-3-isoxazolyl)-2-(8-dimethylsulfamoyl-%-
[1,2,4]triazino[5,6-b]indol-3-ylsulfanyl)acetamide, 1§9,4} :
yield 60%; mp 222-224°C; *H NMR ¢ 2.45 (s, 3H, CH
at isoxazole ring), 2.73 (s, 6H, (GHNSQ,), 4.20 (s, 2H,
SCHCON), 6.58 (s, 1H, isoxazole ring H), 7.68 (s =
7.90 Hz, 1H, H), 7.94 (dd,Jgx < 1.00 Hz,Jxg = 7.90 Hz,
1H, Hy), 8.59 (br s, 1H, K, 11.00 (br s, 1H, CONH), the
indole NH is exchanged.

N& Né-Dimethyl-3-(2-(3-amino-5-methyl-H-1-pyrazolyl)-
2-oxoethylsulfanyl)-8H-[1,2,4]triazino[5,6-b]indole-8-sul-

N-Benzyl-2-(8-(4-methylpiperidinosulfonyl)-H-[1,2,4]-
triazino[5,6-blindol-3-ylsulfanyl)acetamide, 1§13,2 : yield
19%; mp>255°C; *H NMR ¢ 0.82 (d,J = 3.20 Hz, 3H,
CH; at piperidine ring), 1.23 (m, 3H, piperidine ring H), 1.67
(d, J = 11.20 Hz, 2H, piperidine ring H), 2.22 (m, 2H,
piperidine ring H), 3.73 (dJ = 11.20 Hz, 2H, piperidine
ring H), 4.11 (s, 2H, SCKCON), 4.34 (dJ = 4.80 Hz, 2H,
CONHCH,), 7.15-7.25 (m, 5H, GHs), 7.86 (d,Jas = 8.85
Hz, 1H, Hy), 7.95 (dd,Jgx < 1.00 Hz,Jas = 8.85 Hz, 1H,
Hp), 8.54 (br s, 1H, K, 8.78 (t, J = 4.80 Hz, 1H,
CONHCHy), the indole NH is exchanged.
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N*-(2-Thienylmethyl)-2-(8-morpholinosulfonyl-5H-[1,2,4]-
triazino[5,6-bjindol-3-ylsulfanyl)acetamide, 1§15,3 : yield
65%; mp 242°C (dec); *H NMR 6 2.96 (br s, 4H,
morpholine ring H), 3.68 (br s, 4H, morpholine ring H), 4.03
(s, 2H, SCHCON), 4.47 (d,J = 6.10 Hz, 2H, NCH-2-
thienyl), 6.84 (ddJ; 4= 3.50 Hz,J, 5= 5.00, 1H, thiophene
ring H-4), 6.91 (dJ; 4= 3.50 Hz, 1H, thiophene ring H-3),
7.13 (d,Js4 = 1.20 Hz,J45 = 5.00 Hz, 1H, thiophene ring
H-5), 7.76 (dJxg = 8.60 Hz, 1H, H), 7.94 (dd Jsx = 1.60
Hz, Jas = 8.60 Hz, 1H, H), 8.60 (d,Jgx = 1.60 Hz, 1H,
H,), 8.65 (t,J = 6.12 Hz, 1H, COMICH,), the indole NH
is exchanged:3C NMR 6 34.07 ($£H,CO), 37.62 (NHCH,-
thienyl), 45.92 (NCHJ), 65.24 (OCH), 113.77 (C6), 118.06
(C9a), 121.13 (C7), 124.86 (thiophene ring C4), 125.35
(thiophene ring C3), 126.52 (C9), 127.96 (thiophene ring
C2), 129.54 (thiophene ring C5), 140.78 (C9b), 141.92 (C8),
143.65 (Cbha), 147.92 (C4a), 166.83 (C3), 167.53 (CO).

2-Fluorophenyl-(8-morpholinosulfonyl-5H-[1,2,4]tria-
zino[5,6-b]indol-3-ylsulfanyl)methane, 1515, : yield 65%;
mp 261-263 °C; 'H NMR 6 2.95 (br s, 4H, morpholine
ring H), 3.67 (br s, 4H, morpholine ring H), 4.60 (s, 2H,
SCH,), 7.04-7.11 (m, 2H, aromatic H), 7.247.29 (m, 1H,
aromatic H), 7.587.66 (m, 1H, aromatic H), 7.77 (d,=
8.40 Hz, 1H, H), 7.90 (dd,Jgx < 1.00 Hz,Jxg = 8.40 Hz,
1H, Hy), 8.60 (br s, 1H, B), the indole NH is exchanged;
13C NMR ¢ 27.48 (SCH), 45.94 (NCH), 65.23(OCH),
114.30 (C6), 115.28J¢ = 21.38 Hz, C3 ofo-CsH4F),
118.40 (C9a), 121.10 (C7), 124.35 (C5mECeH4F), 124.41
(Jcr = 13.83 Hz, C1 ob-CgH4F), 126.94 (C9b), 129.13 (C9),
129.40 (cr = 7.55 Hz, C4 ofo-CeH4F), 131.25 Jcr = 2.51
Hz, C6 of 0-CgH4F), 141.41 (C8), 146.00 (C5a), 149.30
(C4a), 160.47 Jcr = 245.23 Hz, C2 ofo-CsH4F), 166.89
(C3); MSm/z 459 (M),

4-(3-(3-Pyridylmethylsulfanyl)-5H-[1,2,4]triazino[5,6-b]-
indol-8-ylsulfonyl)morpholine, 15{15,8: yield 30%; mp
264—-265°C; 'H NMR 6 2.94 (br s, 4H, morpholine ring
H), 3.66 (br s, 4H, morpholine ring H), 4.57 (s, 2H, SgH
7.20-7.33 (m, 1H, pyridine ring H-5), 7.77 (das = 8.40
Hz, 1H, H), 7.89 (d,J = 5.90 Hz, 1H, pyridine ring H-4),
7.96 (dd,Jex < 1.00 Hz,Jag = 8.40 Hz, 1H, H), 8.34—
8.44 (m, 1H, pyridine ring H-6), 8.60 (dlsx < 1.00 Hz,
1H, Hy), 8.72 (br s, 1H, pyridine ring H-2), the indole NH
is exchanged; M3z 442 (M).
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