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The preparation of a novel purine containing heterocyclic ring system, indolotriazinopurine, by the con-
densation of 8-hydrazinotheophylline with 5-substituted isatins via the intermediate hemiaminal and hydra-

zone derivatives, is described.
J. Heterocyclic Chem., 37, 373 (2000).

DNA complexing agents are important anticancer

drugs, as they can lead to cell death by inhibition of

replicative enzymes and DNA repair systems or by inter-
fering with topoisomerases. These compounds generally
posscss the following common structural features: an aro-
matic or heteroaromatic polycyclic ring system with a pla-
nar or pseudoplanar shape of the resulting molecule [1-4].

On the basis of these results and in connection with our
program of preparing new polyheterocyclic compounds,
which might exhibit an antiproliferative activity, in the last
few years we have reported the synthesis of numerous mol-
ccules which contain the purine nucleus fused with several
heterocyclic systems, such as purinoquinazoline 1a, 2 [5],
purinopyridopyrimidine 1b [6], 2,4-benzodiazepinopurine 3
and 2,3,5-triazocinopurine 4 [7] derivatives.
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Some of these molecules, functionalized with an alkyl-
amino-substituted side chain, exhibited an antiprolifera-
tive activity, as these compounds are able to form a com-
plex with DNA and to inhibit topoisomerase II [6].

As a continuation of our study on new heteropolycyclic
derivatives as potential antitumor agents, in particular
those containing the purine nucleus, we now report the
synthesis of indolo-1,2,4-triazinopurine derivatives 5 and
6, possessing a new heterocyclic 6,5,6,5,6 ring system.

It is worth noting that the title compounds 5 have some
structural features in common with indole[2,3-a]carbazole
derivatives such as arcyriaflavin-A 7, which is a potent
inhibitor of protein kinase C (PKC) [8]. This enzyme has
been implicated in the regulation of various cellular
processes including growth, differentiation and tumor pro-
motion. Indolocarbazole derivatives have also been found
to exert a potent antitumor activity acting as human topo-
isomerase I (Topo I) poison [9,10].

The target compounds 5 were synthesized as shown in
Scheme 1.

The starting materials 8-hydrazinotheophylline 8 and
5-methoxyisatin 9d, which were not commercially avail-
able, were easily prepared following described procedures
[11,12].
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a: R=H; b: R=F; ¢: R=NO,; d: R=OCHj

The reaction of 8 with the appropriate isatin 9a-d in
cthanol at reflux for several hours (16-24 hours) gave,
after cooling, yellow-orange crystals. The careful exami-
nation of analytical and spectral data made it possible to
assign to these products the hemiaminal structure 10a-d
and not the expected hydrazone 11a-d. The ir spectrum
showed broad peaks between 3525 and 3450 cm-! (with
the exclusion of 10c¢), relative to the OH stretching, and a
strong C-O stretching vibration in the region from 1190 to
1060 cm-!, but no absorption in the C=N region (Table 1).
Compounds 10a-d, when heated at 250 °C for 2 hours in a
glass tube oven, remained unchanged, but they proved to
be labile in solution. It was not possible to purify them by

recrystallization from dimethylformamide because of their
transformation to the corresponding hydrazones 11a-d. The
ease with which compounds 10a-d lose a molecule of
water was also confirmed by the ms spectrum, obtained
with a direct injection probe, using an electron beam
energy of 70 eV, in which it was not possible to detect the
molecular peak (M*), but only the peak relative to the
molecular weight minus eighteen (M*-H,0). When com-
pounds 10a,b,d were refluxed in dimethylformamide for
1 hour, the hydrazones 11a,b,d were obtained in high
yields. A good yield of 11c was obtained when 10c was
refluxed for 1 hour in ethanol saturated with hydrogen
chloride.
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Table 1
Physical Properties and Spectral Data of N-(Theophyllin-8-yl)-N'-(5-substituted 3-hydroxy-2-oxoindolin-3-yDhydrazine Derivatives 10a-d

O
CHs

N | NH
PN NN
[0) TIJ N

NHNH_ OH

oy
H
N R Yield Mp IR (cm!) 'H NMR [a] MS Molecular Analysis (%)
(%) (°C) 8 (ppm) m/z Formula Calcd./Found
C H N
10a  H 95 >300  3450,3150, 1690,  3.57(s,3H, I-CHy); 3.71 (s, 3H,3-CHz); 339 CsH|sN;O, 5042 423 27.44
1640, 1600, 1180, 7.02-8.14 (m, 4H, ArH) (M*-H,0) 50.78 395 2745
740
10b F 97 >300 3450, 3150, 1700, 3.55 (s, 3H, 1-CH3); 3.68 (s, 3H, 3-CHj); 357 CsH4FN;O4 48.00 3.76 26.12
1640, 1600, 1520, 7.02-7.98 (m, 3H, ArH) (M*+-H,0) 4778 390 26.44
1180, 750
10¢ NO, 96 >300 3150, 1680, 1640, 3.56 (s, 3H, 1-CHy); 3.68 (s, 3H, 3-CH3); 384 CsH 4NgOg 4478 3.51 2785
1620, 1520, 1060, 7.25(d, 1H, 7'-H); 8.37 (dd, 1H, 6'-H); (M* -H,0) 45.01 335 2754
750 8.71(d, 1H, 4-H)
10d OCH; 99 >300 3525, 3475, 3150, 3.57 (s, 3H, 1-CH3); 3.71 (s, 3H, 3-CH3); 369 CigH7N;O5  49.61 442 2531
1710, 1650, 1630, 3.96 (s, 3H, O-CH,); 7.07-7.80 (m, 3H, (M*-H,0) 4928 4.08 25.54
1190, 750 ArH)

{a] Solvent: 20% trifluoroacetic acid-d in deuteriochloroform.

All compounds 11a-d were very high-melting yellow- while the absorption in the OH region typical of the hemi-
orange crystalline solids. The structures of 11a-d were aminal 10a-d disappeared.
unequivocally confirmed by elemental analysis, ir, 'H nmr Hydrazones 11a-c were easily cyclized to Sa-c with a satis-
and mass spectral data (Table 2). The ir spectrum showed factory yield by treatment with an excess of polyphos-
C=N absorption bands in the region from 1560 to 1550 cm-!, phoric acid (PPA), at 220 °C, for 15-20 minutes (Table 3).

Table 2
Physical Properties and Spectral Data of 5-Substituted 3-(Theophyllin-8-yl)hydrazonoindolin-2-one Derivatives 11a-d

0
CHs

N
PR NN
07 N° "N" NN

R
o
H

N R Yield Mp IR (cm™) 'H NMR [a] MS Molecular Analysis (%)
(%) °C) S (ppm) m/z Formula Calcd./Found
C H N
1la H 85 >300 3280, 1680, 1640,  3.56 (s, 3H, I-CH3); 3.70 (s, 3H. 3-CHy); 339 C,sH;3N,0; 53.10 3.86 28.89
1560, 1140, 760 7.01-7.97 (m, 4H, ArH) 53.39 4.19 29.23
11b F 80 >300 3260, 1700, 1650, 3.56 (s, 3H, 1-CH3); 3.70 (s, 3H, 3-CHjy); 357 CsHj,FN;03 5042 339 27.44
1560, 1160, 760, 7.03-7.71 (m, 3H, ArH) 50.19 3.04 27.64
1le  NO, 77 >300 3180, 1700, 1680, 3.58 (s, 3H, 1-CH3); 3.72 (s, 3H, 3-CHy); ND [b] CsHj3NgOs 4688 3.15 29.16
1650, 1550, 1160, 7.31 (d, 1H, 7'-H); 8.40 (dd, 1H, 6'-H); 46.22 2.87 29.01
740 8.75(d, 1H, 4'-H)
11d OCHy 90  >300  3260,1700, 1685,  3.57(s,3H, 1-CH3); 3.70 (s, 3H, 3-CHy); 369  Cj¢H;sN,O, 52.03 4.09 26.55
1645, 1550, 1140, 3.96 (s, 3H, O-CHy); 7.05-7.54 (m, 3H, 51.78 3.61 27.09
760 ArH)

la} Solvent: 20% trifluoroacetic acid-d in deuteriochloroform; [b] ND = not detectable.
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Derivatives 5a-c, and 3-Substituted 8,10,13-Trimethylindolo[2',3':5,6]( 1,2,4]triazino[4,3-fIpurine-9,1 1 (8 H,10H,13H)-dione Derivatives 6a-b

376
N R R' Yield Mp IR (cm1)
(%) (°C)
5a H H 45 >300 3230, 1660,
1590, 1550,
1240, 750

>300 3150, 1700,
1660, 1580,
1540, 1240,
1160, 1050,

750

>300 3220, 1710,
1650, 1590,

1160, 750

6a H CH; 36 >300 1690, 1650,

1560, 1190,
750, 740

6b F CH; 32 >300 1700, 1660,

1580, 740

O
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N N X
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070 ™NY N7 ONT s
CHy 7 6
IH NMR 13C NMR MS Molecular Analysis (%)
& (ppm) & (ppm) m/z  Formula Calcd./Found
C H N
3.56 (s, 3H, 10-CHy); 155.8 (C-11); 153.3 (C-6a); 151.8 (C-9); 321 C;sH;N;O, 56.07 3.45 30.51
3.81 (s, 3H, 8-CH3): 143.1 (C-7a); 139.4, 135.2, 133.3 (C-4b, 55.37 3.16 30.52
7.30-8.60 (m, 4H, ArH); C-12a, C-13a); 134.4 (C-2); 127.8 (C-3);
11.05 (s, 1H, NH) 123.2 (C-4); 117.6 (C-4a); 116.0(C-1);
100.5 (C-11a); 31.7 (10-CH3); 29.5
(8-CH3) fa]
3.57 (s, 3H, 10-CH3); 161.7 (C-3,J =250.0 Hz); 1559 (C-11); 339 C,sH(FN;0, 53.10 2.97 28.90
3.82 (s, 3H, 8-CH3): 153.2 (C-6a); 151.7 (C-9); 143.1 (C-7a); 52.75 2.99 28.87
7.98-8.30 (m, 3H, ArH); 1354 (J =18Hz); 133.5(J=1.8Hz)
11.00 (s, IH, NH) (C-4b, C-13a); 134.7 (C-12a); 121.9 (C-2,
J=25.6 Hz); 119.1 (C-4a, ] = 10.0 Hz);
117.7(C-1,J =92 Hz); 109.7 (C-4,] =
26.5 Hz); 100.7 (C-11a); 31.6 (10-CHy);
29.4 (8-CH3) [a]
3.62 (s, 3H, I0-CHy),  156.2(C-11): 153.4 (C-6a); 151.6 (C-9); 366 C sH;(NyQ; 49.19 2.75 30.59
3.83 (s, 3H, 8-CHj3); 146.1 (C-3); 144.7 (C-7a); 141.8, 134.0, 48.82 2.45 30.92
8.14-9.30 (m, 3H, 133.6 (C-4b, C-12a, C-13a); 128.0(C-2);
ArH) [a] 118.8 (C-4); 117.2 (C-4a, submerged by
solvent signal); 116.5 (C-1); 100.4 (C-11a);
31.8 (10-CHj3); 29.6 (8-CH3) {a]
3.46 (s, 3H, 10-CH3); 154.9 (C-11); 152.4 (C-6a); 151.5(C-9); 335 C;¢H;3N;0O, 57.31 3.90 29.24
3.61 (s, 3H, 8-CH3); 149.9 (C-7a); 142.5, 140.5, 140.3 (C-4b, 57.21 3.73 29.51
4.34 (s, 3H, 13-CHy); C-12a, C-13a); 131.6 (C-2); 124.2 (C-4a),
7.23-7.99 (m, 4H, ArH) 123.8 (C-4); 121.2, 121.0(C-1, C-3);
101.5 (C-11a); 42.6 (13-CH3); 30.3
(10-CH3y); 28.6 (8-CH3) [b}
3.33 (s, 3H, 10-CH3); 161.5 (C-3,) =249.0 Hz); 155.6 (C-11); 353 Cy¢H|,FN;0, 54.39 342 27.75
3.57 (s, 3H, 8-CH3): 152.3 (C-6a); 151.7 (C-9), 142.4 (C-7a), 54.29 3.09 28.07

4.30 (s, 3H, 13-CHy);
7.20-7.78 (m, 3H, ArH)

13550 =1.8Hz), 133.1 J = 1.8 Hz)
(C-4b, C-13a); 133.9 (C-12a); 121.9 (C-2,
J=25.6 Hz); 118.8 (C-4a, ] = 10.0 Hz),
[17.8(C-1,J=82Hz); 109.5(C-4,) =
27.5 Hz); 101.7 (C-11a); 45.8 (13-CHjy);
31.7 (10-CH3); 29.4 (8-CH3) [a]

{a} Solvent: 20% trifluoroacetic acid-d in deuteriochloroform; [b] Solvent: deuteriochloroform.

Surprisingly, several attempts to cyclize 11d were
unsuccessful. Neither treatment with polyphosphoric acid
at 220 °C for 15-20 minutes, nor refluxing for 24 hours in
cthanol saturated with hydrochloric acid or in glacial
acetic acid gave the cyclization product.

The assignment of the structure of § was mainly based
on the consideration that cyclization on the N(9) of theo-
phylline is not likely, due to the steric hindrance of the

3-methyl, as reported by us for other similar cyclizations
[5-7]. As 13C nmr results are very useful for the character-
ization of complex polyheterocyclic systems, the 13C nmr
data of all the pentacyclic compounds 5 and 6 are reported
in Table 3. The signals were ascribed taking into account
the 13C nmr literature data of systems such as theo-
phylline, caffeine, indole and 2-aminobenzimidazole (data
taken from the Integrated Spectral Data Base System for
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Organic Compounds - SDBS), and the fluorine coupling
in compounds 5b and 6b was a further confirmation of the
proposed assignments.

By reaction with dimethy! sulfate in acetonitrile solu-
tion, in the presence of potassium carbonate, compounds
Sa,b alforded the methyl derivatives 6a,b in good yiclds
(Table 3). Taking into account that methylation at the
N(7) was not possible due to the steric hindrance of the
N(8)-methyl, the structure of compounds 6a,b was
inferred from 'H and 13C nmr spectral analysis. The 'H nmr
spectra (dimethyl-dg sulfoxide) of 6a and 6b showed a
singlet at & 4.34 ppm and & 4.30 ppm, respectively,
assigned to the methyl at position 13 and not 6, because of
the downfield shift with respect to the singlet at 6 3.77 ppm
of the N(13)-methyl in 1,3,13-trimethyl{2,3,5]benzotri-
azocino[5,3-flpurine-2,4,6(1H,3H)-trione 4 [7], and to the
singlet at & 3.96 ppm of the N(11)-methyl in 1,3,11-trimeth-
ylpurino[8,7-b]lquinazoline-2,4,6(1H,3H,1 1 H)-trionc 2 [5].
This downfield shift should be duc to the deshielding
clfect of the l1-carbonyl group facing the methyl bound
at the N(13). Also the 13C nmr signal at § 42.6 ppm and
5 45.8 ppm relative to the N(13)-methyl of 6a and 6b,
respectively, was downfield shifted with respect to the
signal at 8 32.3 ppm of the N(13)-methyl in 1,3,13-tri-
methyl}2,3,5]benzotriazocino[5,3-flpurine-2,4,6(1H,3H)-
trione 4 (unpublished results), thus confirming the pro-
poscd structure for compounds 6.

EXPERIMENTAL

Meclting points were determined using a Reichert Kofler hot-
stage apparatus and are uncorrected. Infrared spectra were
obtained on a PYE/UNICAM mod. PU 9561 spectrophotometer
in Nujol mulls. Nuclcar magnetic resonance spectra were
recorded on a Bruker AC200 spectrometer in dimethyl-dg sulf-
oxide solution, unless otherwise reported, using tetramethylsi-
lane (TMS) as the internal standard. Mass spectra were obtained
on a Hewlett-Packard 5988 A spectrometer using a direct injec-
tion probe and an electron beam energy of 70 eV. Magnesium
sulfate was always used as the drying agent. Evaporations were
performed in vacuo (rotating evaporator). Analytical tlc was car-
ried out on Merck 0.2 mm precoated silica gel aluminium sheets
(60 F-254). Elemental analyses were performed by our
Analytical Laboratory and agreed with theoretical values to
within + 0.4 %.

N-(Theophyllin-8-yl)-N'-(5-substituted 3-hydroxy-2-oxoindolin-
3-yhhydrazine Derivatives 10a-d.

General Procedure.

A suspension of the appropriate isatin (0.1 mmole) and of
8-hydrazinotheophylline (0.1 mmole) in 50 ml of absolute
ethanol was refluxed for 16-24 hours, monitoring the reaction by
tlc analysis. After cooling, the yellow-orange solid precipitate
was collected and used in the following reaction without any
purification (Table 1).
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5-Substituted 3-(Theophyllin-8-yl)hydrazonoindolin-2-one
Derivatives 11a-d.

General Procedure.

The hydrazine derivative was refluxed in dimethylformamide
for 1 hour (10a,b.d) or in cthanol saturated with hydrochloric
acid for 3-4 hours (10c). After cooling, the yellow-orange solid
precipitated was collected and recrystallized from dimethylfor-
mamide to give pure hydrazone derivatives 11a-d (Table 2).

3-Substituted 8,10-Dimethylindolo[2',3"5,6][1,2,4]triazino[4,3-f]-
purine-9,11(8H,10H,13H)-dione Derivatives 5a-c.

General Procedure.

A mixture of the appropriate hydrazone derivative 11a-c and
an excess of polyphosphoric acid was heated in an oil bath at
220 °C for 20-30 minutes, monitoring the reaction by tlc analy-
sis. The reaction mixture was allowed to cool at room tempera-
ture and then poured into ice. The solid precipitate was col-
lected, washed with water, dried and recrystallized from dimeth-
ylformamide to give the pure derivatives 5a-c (Table 3).

3-Substituted 8,10,13-Trimethylindolo[2',3":5,6][1,2,4]tri-
azino[4,3-f]purine-9,11-(8H,10H, 13H)-dione Derivatives 6a-b.

General Procedure.

A solution of dimethyl sulfate (3.70 mmoles) in acetone (3 ml)
was added dropwise to an ice-cooled suspension of compound
5a,b (0.44 mmole) and anhydrous potassium carbonate (0.46 mmolc)
in acetonitrile (10 ml). The reaction mixture was stirred at room-
temperature for 3-4 days (tlc analysis). The precipitate formed
was collected, washed with water and purified by recrystalliza-
tion from dimethylformamide to yield the pure methyl deriva-
tives 6a-b (Table 3).
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