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3-Hydrazino[1,2,4]triazino[5,6-b]indole (I) reacted with 1-aryl-3-phenylprop-2-yn-1-ones IIa—IIc
to give 3-(5-aryl-3-phenylpyrazol-1-yl)[l,2,4]triazino[5,6-b]indoles IIIa—IIIc. ω-(p-Chlorobenzoyl)ace-
tophenone ([1,2,4]triazino[5,6-b]indol)-3-ylhydrazone was isolated in case of IIb only. On the other
hand, methyl (p-chlorophenyl)prop-2-ynoate (IId) gave 3-[3-(p-chlorophenyl)-5-hydroxypyrazol-1-
yl][1,2,4]triazino[5,6-b]indole (IIId). I reacted with diethyl but-2-ynedioate to give 3-((4H)-3-
ethoxycarbonyl-5-oxopyrazol-1-yl)[1,2,4]triazino[5,6-b]indole and diethyl oxaloacetate ([1,2,4]triazi-
no[5,6-b]indol)-3-ylhydrazone. Similar treatment of I with 2-cyano- or 2-cyano-3-methylcinnamoni-
triles afforded 3-((4H)-3,5-dioxo-4-phenylmethylenepyrazol-2-yl)- and 3-[(4H)-3,5-dioxo-4-(1-phenyl-
ethylene)pyrazol-2-yl][1,2,4]triazino[5,6-b]indoles, respectively. Structures of all products are evi-
denced by microanalytical and spectral data.

The wide range of pharmacological and medicinal
activities exhibited by as-triazines [1—10] promoted
the author to prepare 3-hydrazino[1,2,4]triazino[5,6-
b]indole (I) and to study its reaction with α,β-
unsaturated ketones, esters, and nitriles hoping the
involvement of ring nitrogen would give new hete-
rocyclic compounds of anticipated biological activ-
ities. The ring nitrogen has been involved in the
reaction of I with carbon disulfide [5, 11], aldehy-
des, and carboxylic acids [8]. The reaction of arylhy-
drazines [12—15] with acetylenic ketones and esters
is well known and involves the formation of pyrazole
derivatives, whereas the reaction of heterocyclic hy-
drazines with acetylenic ketones and esters is rather
limited. Brugger et al. [16] and Nair [17] have re-
ported that the reaction of 2-hydrazinopyridine with
dimethyl acetylenedicarboxylate gave the hydroxy-
pyrazole derivative. However, in further study of this
reaction, Le Count and Greer [18] obtained the succi-
nate derivative and cyclized it with acetic anhydride
to pyrido[2,1-c][1,2,4]triazinone derivative. Similarly
2-hydrazinobenzimidazole [18] reacted with dimethyl
acetylenedicarboxylate to give the hydroxypyrazole
and the benzimidazolo[2,1-c]triazinone derivatives.

I reacted with 1-phenyl- (IIa), 1-p-chlorophenyl-
(IIb) or 1-p-methoxyphenyl-3-phenylprop-2-yn-1-ones
(IIc) in refluxing dioxane to give 3-(5-aryl-3-phenyl-
pyrazol-1-yl)[1,2,4]triazino[5,6-b]indoles IIIa and IIIb
(Scheme 1). ω-(p-Chlorobenzoyl)acetophenone ([1,2,4]-
triazino[5,6-b]indol)-3-ylhydrazone (IV ) was isolated

in case of IIb only. The reaction seems to proceed
by Michael addition of hydrazino derivative I to the
triple bond of the acetylenic ketones to give the cy-
clized products IIIa—IIIc and the open chain adduct
IV. The assigned structure for IIIa—IIIc was substan-
tiated from analytical and spectral data. Thus their
IR spectra reveal the absence of �C≡≡C, �C==O and
the presence of a broad band at 3440 cm−1 (NH).
The 1H NMR spectra showed a broad signal in the
region of δ = 11.0—13.6 (1H, NH) which suggests
the existence of structure III in its tautomer III ′

as shown. Further support for the assigned struc-
ture was gained from mass spectra, which showed the
correct molecular ions beside some of the abundant
peaks.

The structure of IV was established from analyt-
ical and spectral data. The IR spectrum reveals the
absence of �C≡≡C and the presence of two bands at
3440 cm−1, 3340 cm−1 (�NH), it also shows a shoulder
at 1690 cm−1 (νC==O). This indicates that the com-
pound has structure IV or the structure of its tau-
tomer V . Its 1H NMR spectrum, however, shows a
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Scheme 1

quartet (2H) representing an AB system (JAB = 9 Hz)
due to the CH2CO protons [19—21] indicating that
the compound has the structure IV and not V . The

fact that this methylene group behaves as an AB sys-
tem can be attributed either to the large anisotropic
effect of the C——N group and the nitrogen lone pair
or to the restriction of rotation at the p-ClC6H4CO
group by the weak hydrogen bonding between the NH
and the carbonyl group [21]. Further proof for the pro-
posed structure was gained from mass spectrum which
showed a peak at m/e = 422 (M+. − 18) arising from
the loss of H2O in addition to some of abundant peaks.
A chemical proof for the assigned structure IV was
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gained from its conversion to the pyrazole derivative
IIIb in refluxing xylene.
Similar treatment of I with methyl p-chlorophenyl-

prop-2-ynoate (IId) afforded 3-[3-(p-chlorophenyl)-5-
hydroxypyrazol-1-yl][1,2,4]triazino[5,6-b]indole (IIId).
The suggested structure for IIId was elucidated from
spectral and chemical data. IR spectrum is devoid
of a band which is characteristic of the C——O group
of pyrazolones [22]. However, it shows an absorption
band for OH at 3460 cm−1 which is consistent with
the proposed structure. The reaction of the acetylenic
ester IId with the hydrazine I seems to take place via
the initial attack on the β-acetylenic carbon atom fol-
lowed by cyclization. This postulate is consistent with
the previous finding [23, 24] that aroyl hydrazines add
to the acetylenic bond of methyl arylpropiolate and
dimethyl acetylenedicarboxylate to give the pyrazole
and derivatives of ester of oxaloacetic acid, respec-
tively. Further insight concerning the exact structure
of the reaction product may be gleaned out from 1H
NMR spectrum which shows a singlet signal at δ =
6.26 (1H, OH) and a broad signal in the region of δ
= 12.3—13.6 (1H, NH), which reveals the existence
of IId in its respective 3-hydroxy chelated tautomer
III ′. The mass spectrum of IIId also lends further sup-
port for the assigned structure as it shows the correct
molecular ion as a base peak beside some of abundant
peaks. Further proof for its existence as an enol tau-
tomer was gained chemically, as its alcoholic solution
gives a violet colour with ferric chloride solution.
On the other hand, diethyl but-2-yndioate VI re-

acted with I in refluxing 1,4-dioxane to afford a
mixture of 3-((4H)-3-ethoxycarbonyl-5-oxopyrazol-1-
yl)[1,2,4]triazino[5,6-b]indole (VII ) (major) and di-
ethyl oxaloacetate ([1,2,4]triazino[5,6-b]indole)-3-hy-
drazone (VIII ) (minor). The structure of the pyra-
zolone derivative VII was substantiated from its ana-
lytical and spectral data. The IR spectrum shows ab-
sorptions at ν̃ = 1730 cm−1 (�C==O ester), 1670 cm−1

(�C==O pyrazolone), and 3180 cm−1 (NH), the lower
value of absorption of the C——O group of pyrazolone
[22] suggests that it most probably chelated with NH
group of triazine ring. The assigned structure was ev-
idenced also from 1H NMR spectrum which showed a
singlet at δ = 3.97 (2H, CH2CO) and a broad signal
in the range of δ = 12.5—13.2 (1H, NH). The down-
field value for NH infers the existence of VII ′ as its
chelated tautomer as shown

The structure of diethyl oxaloacetate hydrazone
derivative VIII was elucidated from its analytical and

spectral data. IR spectrum shows two bands at ν̃
= 1735 cm−1, 1690 cm−1 attributable to �C==O of
the two ester groups. The appearance of the lat-
ter absorption at lower value is due to chelation be-
tween C——O and NH groups and/or conjugation with
—NH—N——C— system, which suggests either struc-
ture VIIIA (Z-isomer) or VIIIB (E-isomer) as shown

The configurational assignment to VIII was based
on 1H NMR spectrum which showed signals charac-
teristic of two OCH2CH3 groups, broad signal at δ =
11.27 (1H, HN—N), a broad singlet at δ = 12.8 (1H,
NH indolo), and a singlet at δ = 3.28 (2H, CH2CO).
The appearance of the two protons of CH2CO group
as a singlet rather than two doublets characteristic of
an AB system infers that VIII has the Z-configuration
(A) rather than the E-configuration (B). Its structure
was also confirmed chemically by cyclization to VII in
refluxing xylene.
However, when I was allowed to react with

2-cyano- (IXa) or 2-cyano-3-methylcinnamonitriles
(IXb) in refluxing 1,4-dioxane it gave 3-((4H)-3,5-
dioxo-4-phenylmethylenepyrazol-2-yl)- (Xa) or 3-
[(4H)-3,5-dioxo-4-(1-phenylethylene)pyrazol-2-yl][1,
2,4]triazino[5,6-b]indoles (Xb). The structure of pyra-
zol-3,5-dione derivatives Xa and Xb was established
from analytical and spectral data. IR spectra show
νHN in the regions of ν̃ = 3230—3260 cm−1, 3130—
3150 cm−1 and νC==O in the region of ν̃ = 1610—
1620 cm−1 corresponding to dihydrazides [25]. The 1H
NMR spectra which are in accord with the assigned
structure show a broad singlet in the range δ = 10.67—
11.84 (1H, HN—N), broad singlet at δ = 12.3 (1H, NH
indolo) and are devoid of signals characteristic of pro-
tons of the two imino groups which exclude structure
XI. The downfield value for (NH indolo) suggests the
existence of X as its chelated tautomer X ′.

EXPERIMENTAL

Melting points are uncorrected. IR spectra were
recorded using a Unicam SP 1200 spectrometer
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(potassium bromide). 1H NMR spectra were recorded
on Varian Gemini 200 MHz using TMS as internal
standard. Mass spectra were recorded on Shimadzu
GC-MS-QP 1000 Ex operating at 70 eV. The purity
of the analytical samples was checked by the TLC (Sil-
ica gel).
1-Aryl-3-phenylprop-2-yn-1-ones IIa—IIc were pre-

pared according to the method outlined by Parker
et al. [26]. Methyl (p-chlorophenyl)prop-2-ynoate IId
was synthesized according to Benghiat and Becker
[27] method. Cyanocinnamonitriles IXa and IXb
were prepared according to David [28] method. 3-
Hydrazino[1,2,4]triazino[5,6-b]indole (I) was prepared
according to the method outlined by Joshi and Chand
[29].

Reaction of I with IIa—IId to Pyrazole Deriva-
tives IIIa—IIId

A mixture of I (2.5 mmol) and IIa—IId (2.5 mmol)
was refluxed in 1,4-dioxane (20 cm3) for 20 h. The re-
action mixture was filtered while hot from insoluble
materials, recrystallization from DMF gave I recov-
ered unchanged (0.05—0.1 g). The filtrate was con-
centrated, filtered from the precipitated solid and re-
crystallized from the proper solvent to give IIIa—IIId,
respectively. In case of IIb the filtrate gives first IV
as yellow crystals from ethanol—benzene. On leaving
the mother liquor at room temperature for 48 h, a
crystalline product was obtained. Upon filtration and
recrystallization from benzene, IIIb was obtained as
orange crystals.
3-(3,5-Diphenylpyrazol-1-yl)[1,2,4]triazino[5,6-b]-

indole (IIIa), yield = 0.65 g (83 %), orange crys-
tals, m.p. = 257—259◦C (ethanol—benzene). For
C24H16N6 (Mr = 388.42) wi(calc.): 74.21 % C, 4.15
% H, 21.63 % N; wi(found): 74.53 % C, 4.22 % H,
21.49 % N. IR spectrum, ν̃/cm−1: 3240 �(NH), 3090
�(Haryl), 1620 �(C——C and/or C——N). 1H NMR spec-
trum (CDCl3), δ: 7.01—8.35 (m, 15Harom), 13.08 (brs,
1NH indolo, exchangeable).

3-[5-(p-Chlorophenyl)-3-phenylpyrazol-1-yl][1,2,4]-
triazino[5,6-b]indole (IIIb), yield = 0.1 g (10 %),
orange crystals, m.p. = 267—269◦C (benzene). For
C24H15N6Cl (Mr = 422.87) wi(calc.): 68.16 % C, 3.57
% H, 19.87 N; wi(found): 67.98 % C, 3.44 % H, 19.22
% N. IR spectrum, ν̃/cm−1: 3230 �(br, NH), 3070
�(Haryl), 1640 �(C——C and/or C——N). 1H NMR spec-
trum (DMSO-d6), δ: 7.34—8.44 (m, 14, Harom), 13.05
(brs, 1NH indolo, exchangeable). EI MS m/z (Ir/%):
423 (M+. + 2 − H, 48.5), 422 (M+., 73.3), 421 (M+. −
H, base), 295 (27.7), 294 (27.2), 129 (10.7), 128 (12.1),
114 (15.5), 111 (15.5), 108 (18), 102 (22.3), 101 (20.4),
89 (18.4), 88 (12.1), 78 (12.6), 77 (49), 76 (24.3), 75
(20.4), 73 (16.5), 64 (11.7), 63 (11.2), 56 (15.5), 55
(16), 51 (33.5), 50 (10.2).
3-[5-(p-Methoxyphenyl)-3-phenylpyrazol-1-yl][1,2,

4]triazino[5,6-b]indole (IIIc), yield = 0.8 g (95 %), or-
ange crystals, m.p. = 276—278◦C (ethanol—benzene).
For C25H18N6O (Mr = 418.47) wi(calc.): 71.75 % C,
4.33 % H, 20.08 % N; wi(found): 71.52 % C, 4.18 % H,
20.15 N. IR spectrum, ν̃/cm−1: 3250 �(br, NH), 3060
�(Haryl), 2980 �(Halkyl), 1640 �(C——C and/or C——N).
1H NMR spectrum (DMSO-d6), δ: 3.74 (s, 3OMe),
6.87—8.44 (m, 14Harom), 12.3 (brs, 1NH indolo, ex-
changeable). EI MS m/z (Ir/%): 418 (M+, base), 291
(24.9), 290 (24.2), 77 (16.9), 51 (9.5).
3-[3-(p-Chlorophenyl)-5-hydroxypyrazol-1-yl][1,2,

4]triazino[5,6-b]indole (IIId), yield = 0.6 g (80 %),
yellow crystals, m.p. = 294—296◦C (1,4-dioxane). For
C18H11N6OCl (Mr = 362.36) wi(calc.): 59.59 % C,
3.05 % H, 23.16 % N, 9.77 % Cl; wi(found): 59.21 % C,
2.98 % H, 22.97 % N, 9.24 % Cl. IR spectrum, ν̃/cm−1:
3460, 3260 �(OH and/or NH), 3060 ν(Haryl), 1625
�(C——C and/or C——N). 1H NMR spectrum (DMSO-
d6), δ: 6.26 (s, 1OH exchangeable), 7.47—8.14 (m,
9Harom), 12.95 (1NH indolo, exchangeable). EI MS
m/z (Ir/%): 364 (M+

. + 2, 26.7), 362 (M+., 95), 170
(38.3), 169 (12.2), 156 (19.4), 155 (15), 143 (27.8), 138
(27.2), 137 (29.4), 102 (40), 101 (24.4), 91 (11.7), 90
(15.6), 89 (11.7), 88 (23.9), 87 (10.6), 77 (27.8), 76
(32.2), 75 (48.3), 74 (13.3), 73 (11.1), 68 (16.1), 64
(20), 52 (12.8), 51 (31.1), 50 (17.2).

ω-(p-Chlorobenzoyl)acetophenone ([1,2,4]-triazino-
[5,6-b]indol)-3-ylhydrazone (IV ), yield = 0.8 g (80
%), orange crystals, m.p. = 280—282 ◦C (ethanol—
benzene). For C24H17N6OCl (Mr = 440.86) wi(calc.):
65.38 % C, 3.88 % H, 19.06 % N; wi(found): 65.29 %
C, 3.56 % H, 19.17 % N.
IR spectrum, ν̃/cm−1: 3440, 3340 �(NH), 3080

�(Haryl), 2960 �(Halkyl), 1690 �(sh)(C——O), 1620
�(C——C and/or C——N). 1H NMR spectrum (DMSO-
d6), δ: 3.66, 3.76 (q, 2CH2—C——O, J = 9 Hz),
7.15 (brs, 1NH—N exchangeable), 7.31—8.15 (m, 13
Harom), 12.34 (brs, 1NH indolo, exchangeable). EI MS
m/z (Ir/%): 423 (M+

.+2−H2O−H, 37.1), 422 (M+.
− H2O, 75.2), 421 (M+. − H2O − H, base), 294 (38.1),
254 (16.8), 225 (11.9), 136 (10), 129 (15.8), 127 (16.3),
104 (14.9), 103 (19.8), 102 (24.3), 101 (18.8), 89 (76.3),
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88 (12.4), 77 (39.1), 76 (19.2), 75 (25.2), 64 (10.4), 63
(14.4), 51 (30.2).

Conversion of the Hydrazone IV to the Pyra-
zole Derivative IIIb

Hydrazone IV (0.2 g; 0.5 mmol) was dissolved in
dry xylene (10 cm3) and the mixture was refluxed
for 2 h. The solution was concentrated, cooled and
filtered from the precipitated solid. Recrystallization
from benzene gave orange crystals which proved to be
IIIb by TLC, melting point, and mixed melting point.

Reaction of I with Diethyl But-2-ynedioate (VI )

I (0.5 g; 2.5 mmol) and VI (0.42 g; 2.5 mmol) were
refluxed in 1,4-dioxane (20 cm3) for 30 h. The reac-
tion mixture was filtered off while hot from the pre-
cipitated solid. Recrystallization from DMF gave VII
(major). The filtrate was concentrated, left to stand
at room temperature overnight. The precipitated solid
was recrystallized from dioxane to give VIII (minor).
3-((4H)-3-Ethoxycarbonyl-5-oxopyrazol-1-yl)[1,2,4]-

triazino[5,6-b]indole (VII ), yield = 0.5 g (62 %),
orange crystals, m.p. = 297—299◦C (DMF). For
C15H12N6O3 (Mr = 324.29) wi(calc.): 55.55 % C, 3.73
% H, 25.91 % N; wi(found): 55.68 % C, 3.80 % H,
25.89 % N. IR spectrum, ν̃/cm−1: 3180 �(br, NH),
3050 �(Haryl), 2920 ν(Halkyl), 1730, 1670 �(C——O es-
ter and pyrazolone), 1610 ν(C——C and/or C——N). 1H
NMR spectrum (DMSO-d6), δ: 1.21 (t, 3, CH3—CH2,
J = 7 Hz), 3.97 (s, 2CH2CO), 4.14 (q, 2CH3CH2, J =
7 Hz), 7.4—8.27 (m, 4Harom), 12.85 (brs, 1NH indolo,
exchangeable).
Diethyl oxaloacetate ([1,2,4]triazino[5,6-b]indol)-

3-ylhydrazone (VIII ), yield = 0.2 g (22 %), pale brown
crystals, m.p. = 184—186◦C (decomp.) (dioxane). For
C17H18N6O4(Mr = 370.36) wi(calc.): 55.13 % C, 4.90
% H, 22.69 % N; wi(found): 54.96 % C, 4.88 % H, 22.45
% N. IR spectrum, ν̃/cm−1: 3450, 3260 �(NH), 3080
�(Haryl), 2980 ν(Halkyl), 1735, 1690 �(C——O), 1620
�(C——C and/or C——N). 1H NMR spectrum (CDCl3),
δ: 1.15 (t, 3CH2COOCH2CH3, J = 6.8 Hz), 1.29
(t, 3COOCH2CH3, J = 7.2 Hz), 3.28 (s, 2CH2CO),
3.97 (q, 2CH2COOCH2CH3, J = 6.8 Hz), 4.33 (q,
2COOCH2CH3, J = 7.2 Hz), 7.30—8.35 (m, 4Harom),
11.27 (brs, 1NH—N exchangeable), 12.82 (s, 1NH in-
dolo, exchangeable).

Conversion of VIII to VII

Diethyl oxaloacetate derivative VIII (0.1 g) was
dissolved in 10 cm3 of dry xylene, the mixture was
boiled for 3 h and then cooled, concentrated and fil-
tered from the precipitated solid. Recrystallization
from DMF gave orange crystals which were proved
to be VII by TLC, melting point and mixed melting
point.

Reaction of I with 2-Cyano- (IXa) or 2-Cyano-
3-methylcinnamonitriles (IXb)

A mixture of I (2.5 mmol) and IXa or IXb
(2.5 mmol) was refluxed in dioxane (20 cm3) for
50 h. The reaction mixture was filtered off while
hot to give after crystallization 3-((4H)-3,5-dioxo-
4-phenylmethylenepyrazol-2-yl)- (Xa) or 3-[(4H)-3,5-
dioxo-4-(1-phenylethylene)pyrazol-2-yl][1,2,4]triazino-
[5,6-b]indoles (Xb). The filtrate was concentrated and
then left to stand at room temperature overnight.
The precipitated solid was filtered, recrystallized from
proper solvent to give further amounts of products.
3-((4H)-3,5-Dioxo-4-phenylmethylenepyrazol-2-yl)-

[1,2,4]triazino[5,6-b]indole (Xa), yield = 0.7 g (78 %),
yellow canary crystals, m.p. = 300◦C (DMSO). For
C19H12N6O2(Mr = 356.33) wi(calc.): 64.04 % C, 3.39
% H, 23.58 N; wi(found): 64.23 % C, 3.42 % H, 23.61
% N. IR spectrum, ν̃/cm−1: 3230, 3130 �(NH), 3060
�(Haryl), 2900 �(Halkyl), 1610 �(C——O dihydrazide
[25]). 1H NMR spectrum (DMSO-d6), δ: 7.36—8.29
(m, 10Harom + CH——), 11.84 (brs, 1HN—N exchange-
able), 12.3 (brs, 1NH indolo, exchangeable).
3-[(4H)-3,5-Dioxo-4-(1-phenylethylene)pyrazol-2-

yl][1,2,4]triazino[5,6-b]indole (Xb), yield = 0.65 g
(70 %), yellow crystals, m.p. = 289—291◦C (de-
comp.) (dioxane). For C20H14N6O2 (Mr = 370.36)
wi(calc.): 64.86 % C, 3.81 % H, 22.69 % N; wi(found):
64.90 % C, 3.79 % H, 22. 72 % N. IR spec-
trum, ν̃/cm−1: 3200, 3150 �(NH), 3060 �(Haryl), 2960
�(Halkyl), 1620 �(C——O dihydrazide [25]). 1H NMR
spectrum (DMSO-d6), δ: 2.42 (s, 3CH3), 7.36—8.24
(m, 9Harom), 10.67 (brs, 1NH—N exchangeable), 12.32
(brs, 1NH indolo, exchangeable).
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