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Abstract

Several triazenoindazoles and triazenopyrazoles were prepared transforming the appropriate aminoindazoles and aminopyrazoles in the
corresponding diazonium salts which were reacted with dimethylamine, diethylamine and pyrrolidine. All the triazenes were tested for their
antiproliferative activity against K562, HL60, L1210 and MCF?7 cell lines. The biological data showed that the benzocondensation plays a
positive role on the antiproliferative activity. The 'H-NMR spectra showed that the rotational barrier around the N,—N, bond in the triazene
group can be influenced both by the position of this group in the indazole nucleus and by the substitution pattern in the benzene moiety.
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1. Introduction

Many chemotherapeutic treatments of tumors are based
on the combination of drugs, having a different mechanism
of action, among which there is often an alkylating agent [1].

A class of alkylating agents is represented by triazene
compounds [1], which continue to be a subject of interest for
some research groups [2—4]. These compounds are able to
alkylate the DNA molecule, acting mainly on the N-7 or O-6
atoms of guanine [5-8]. Among triazenes, dacarbazine,
namely 5-(3,3-dimethyltriazen-1-yl)imidazole-4-carboxa-
mide (DTIC), is the best single antineoplastic agent for the
treatment of malignant melanoma [9].

The main in vivo mechanism of action proposed for these
compounds is based on cytochrome P-450 induced metabolic
activation in the liver [10,11], to afford an unstable 3-
monoalkyltriazene [12], which evolves in the ultimate alky-
lating species. Some authors have proposed two other pos-
sible mechanisms of action. The first one is based on the
reversion of the triazenes into diazo or diazonium precursors,
which react with biological macromolecules [13,14],
whereas the other mechanism is concerned with the antime-
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tastatic actions of some triazenes among these DM-COOK,
the potassium salt of the 4-(3,3-dimethyltriazen—1—yl)ben-
zoic acid ( DM-COOH ), which was only slightly demethy-
lated by liver microsomes. In this case, the anticancer mecha-
nism is based on the inhibition of neutral proteases on the cell
surface of cancer cells [15]. The different mechanisms are
compatible and therefore it is possible that triazenes act
following more than one mechanism of action.

In the literature, some examples of triazenoheterocycles
are reported which are active in vitro in the absence of
microsomial activation. In fact, several triazenopyrroles, tria-
zenoindoles and triazenotiofenes resulted active in vitro
against leukemia and other tumoral cell lines [4,16,17].
Moreover, despite the accepted view that dacarbazine re-
quires metabolic activation in vivo to exert a cytotoxic activ-
ity, it displayed activity in vitro against GM892A cell line
(IC5, 16 uM ) and Raji cell line (IC5, 128 uM) [18]. The aryl
or heteroaryl group bounded at position 1 of triazenes is
considered to be simply a carrier. However, it can influence
the antitumor activity, on the basis of its pharmacokinetic
properties, as well as the stability of the triazene. In fact, it is
reported that triazenopyrazoles and triazenotriazoles are also
light sensitive but decompose more slowly than dacarbazine
[19]. Moreover, triazenoindoles are significantly more active
than triazenopyrroles [16].
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Taking into account the influence exerted by different
heterocyclic nuclei, as well as by their substitution pattern,
on the pharmacokinetic properties, stability and, as a conse-
quence, activity of 1-heteroaryltriazenes, it was in our inter-
est to synthesize new triazene derivatives containing benzo-
condensed heterocycles, in order to gain more insight on the
role of the benzocondensation in the structure—activity rela-
tionships of the alkylating 1-heteroaryltriazenes.

Here we report the synthesis and the cytotoxicity of some
triazenoindazoles, which are compared to the related triaz-
enopyrazoles. As the isosteric triazenoindoles and triaz-
enopyrroles were active in vitro without microsomial activa-
tion [4,16,17], we tested our compounds under the above
condition.
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2. Chemistry

Triazenes 3a—c, 6a—g, 9c—f were prepared as outlined in
Schemes 1-3, by reaction of the intermediate diazonium salts
2, 5 and 8 with dimethylamine, diethylamine and pyrroli-
dine.

The structures of all the new compounds were assigned on
the basis of their satisfactory analytical and spectroscopic
data. The electron impact MS spectra were indicative of a
characteristic fragmentation pathway: the molecular ion
loses consecutively the dialkylamino radical and the nitrogen
and hydrocyanic molecules. The '"H-NMR spectra showed
the signals for the alkyl groups and the indazole or pyrazole
nucleus. Moreover, the above spectra indicated that the rota-
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Fig. 1. Mesomeric structures for compounds 6 and 9.

tional barrier around the N2-N3 bond in the triazene group of
the triazenoindazoles can be influenced by the position of
this group in the indazole nucleus, as well as by the substitu-
tion pattern in the benzene moiety. In fact, the spectrum in
CDCl; or DMSO-d, of 3-(3',3'-dimethyltriazeno)indazole
6a showed for the methyl groups a very broad signal centered
at about 3.49, consistent with a partial equivalence of these
groups, whereas the positional isomers 5-(or 6-)-(3',3'-
dimethyltriazeno)indazoles 9c¢,e produced a sharp singlet at
3.34 and 3.360, respectively. The observed difference for the
positional isomers is probably due to the diverse contribution
from the resonance forms 65 and 9 to the 3 or 5-(or 6)sub-
stituted structures 6a and 9c,e, respectively (Fig. 1).

The 5-(or 6-)chloro-3(3',3'-dimethyltriazeno)indazoles
6¢,e produced for the two methyl groups two broad singlets
centered at 3.20 and 3.579, respectively, which present super-
position at the bases. The above signals are due to the in-
creased rotational barrier around the N,-N; bond in the
compounds 6c¢,e than 6a. The form 65 is more stabilized for
6¢c,e when compared to 6a, owing to the presence of the
withdrawing chlorine atom at the 5 or 6 position (Fig. 1). This
last atom is more effective when it is bonded at the 6 position
than the 5 one, as the singlets are better separated for 6e than
6c¢.

Despite the behavior of the (3',3'-dimethyltriazeno)
indazoles, the NMR spectra of all the ethyl analogues
showed a unique and well split quadruplet for the methylene
portion of the ethyl groups, and a unique signal for the
remaining methyls, which was a sharp triplet for the 5- or
6-diethyltriazenoindazoles 9d,f and an unresolved signal
more or less broad for the 3-diethyltriazenoindazole 6b and
the 5(or 6)-chloro-3-diethyltriazenoindazoles 6d,f. In con-
trast to the diethylderivatives, the 3-(3',3'-tetrametylene-
triazeno)-6-chloroindazole produced in the "H-NMR spectra
two distinct signals at 3.59 and 3.956, respectively, for the
two N-3 bounded methylene groups. As regards the triaz-
enopyrazoles, 'H-NMR spectra of the dimethyl and tetram-
ethylene derivatives 3a,c showed a very large signal for the
N-bounded methyl and methylene groups, respectively,
whereas splitted signals were obtained for the diethyl deriva-
tive 3b.

3. Biological results and discussion

Compounds 3, 6, 9 and dacarbazine were evaluated in
vitro for their antiproliferative activity against K562 (human
chronic myelogenous leukemia), HL60 (human leukemia),
L1210 (murine leukemia) and MCF7 (human adenocarci-
noma) cell lines. The percent of growth inhibition at 100 uM
is reported in Table 1.

The IC5, values, determined for compounds, which exhib-
ited at 100 uM a percent of growth inhibition more than 50%,
are reported in Table 2.

Different inhibition profiles were observed for the em-
ployed cell lines. The dimethyl and diethyltriazenoindazoles
6a,b were more active than the corresponding pyrazole de-
rivatives 3a,b confirming the positive role played by the
benzocondensation. The presence of the chlorine atom at the
5 or 6 position of the 3-dimethyltriazenoindazoles 6¢,e low-
ered the antiproliferative activity showed by the nonsubsti-

Table 1
Percent of growth inhibition found on K562, HL60, L1210 and MCF7 cell
lines at 100 uM

Compound Percent growth inhibition
K562 HL60 L1210 MCF7

3a 28.7 33.8 41.7 23.7
3b 347 50.0 70.5 31.7
3c 19.4 30.9 414 na
6a 73.3 42.8 92.1 33.4
6b 56.1 75.0 100.0 59.1
6¢ 50.0 35.7 75.7 18.2
6d 100.0 100.0 87.5 91.2
Ge 38.2 41.0 375 13.5
6f 79.3 94.6 96.5 46.7
6g 42.0 24.0 49.6 na
9c 73.0 59.2 100.0 13.6
9d 39.0 61.1 229 214
9e 70.3 75.3 99.1 44.7
9f 40.3 61.0 342 322
Dacarbazine 222 33.0 10.2 29.0

na, nonactive.
Values are the mean of at least three independent determinations; variation
was less than 15%.

Table 2
1C5, values of the most active compounds, found on K562, HL60, L1210,
and MCF7 cell lines

Compound 1C5o (UM)

K562 HL60 L1210 MCEF7
3b >100 >100 91.0 >100
6a 87.1 >100 20.0 >100
6b 71.0 41.7 17.0 90.1
6¢ >100 >100 33.0 >100
6d 20.0 11.7 23.0 33.0
6f 44.5 355 18.0 >100
9¢ 75.9 91.3 17.0 >100
9d >100 81.7 >100 >100
9e 60.0 39.2 20.0 >100
9f >100 43.8 >100 >100

Values are the mean of at least three independent determinations; variation
was less than 15%.
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Table 3

Compound Mp (°C) Crystallization solvent Analyses Formula Yield (%)
3a 152-155 Ethyl acetate C,H,N C¢H, Ns 76
3b 86-88 Ethyl acetate/petroleum ether C,H,N CgH | sNs 42
3c 209-210 Ethanol C,H,N CgHoNy 87
6a 200-203 Ethanol C,H,N CoH, Ny 85
6b 140-141*¢ Ethyl acetate C,H,N C,H,sNs 52
6¢ 207-209 Ethyl acetate C,H,N CoH,(NsCl 40
6d 137-140 Ethyl ether C,H,N C,H 4,NsCl 38
6e 221-223 Ethanol C,H,N CoH,(NsCl1 30
6f 150-153 Ethanol C,H,N CoH ,N4Cl 60
6g 220-221 Ethyl acetate/petroleum ether C,H,N C,HgNsCl 48
9c 140-141° Benzene/petroleum ether C,H,N CoH, N5 90
9d 78-80 Ethyl acetate C,H,N CoH, Ns 90
9e 140-141 Ethanol/water C,H,N C,H 5Ns 95
of - - C,H,N C, H,sNs 43

# Lit. 139-140 °C (ethanol) [24].
b Lit. 144-145 °C [25].

tuted derivative 6a. The 5 (or 6)-chloro-3-diethyl-
triazenoindazoles 6d,f were, in some cases, more effective
than the nonsubstituted analogue 6b. Among compounds 3
and 6, the ethyl derivatives were more active than the methyl
analogues, whereas the tetramethylene substitution de-
creased the activity for both compounds 3 and 6. The position
of the dialkyltriazeno moiety in the indazole nucleus influ-
enced the activity. In fact, the 5 and 6-substituted dimethyl-
triazenoindazoles 9c,e resulted at all slightly more active
than 3-substituted isomer 6a, whereas for the ethyl analogues
9d.f and 6b this trend was reversed.

To summarize, among the tested compounds, 6d resulted
to be the most active against all the cell lines. As dacarbazine
was practically inactive in the above tests, it would seem that
6d acts in vitro with a different mechanism [13—15] than that,
based on the metabolic activation, generally followed by
dacarbazine.

4. Experimental
4.1. Chemistry

All melting points were determined on a Biichi 530 capil-
lary melting point apparatus and are uncorrected; IR spectra
were recorded with a Jasco IR-810 spectrophotometer as
nujol mull supported on NaCl disks; "H-NMR spectra were
obtained using a Bruker AC-E 250 MHz spectrometer (tet-
ramethylsilane as internal standard). Microanalyses (C, H,
N) performed in the laboratories of the Dipartimento di
Scienze Farmaceutiche, Universita di Catania, were
within £0.4% of the theoretical values.

4.1.1. Procedure for the preparation of
3-(3',3'-dialkyltriazeno)indazoles 6a-g

To a magnetically stirred cold solution (ice bath 05 °C) of
compound 4a,c,e [20,21] (3 mmol) in 6 N aqueous hydro-
chloric acid/acetic acid (1:1) (3 ml) [acetone (1 ml) was
added in the case of 4¢,e], a solution of sodium nitrite (0.21 g,

3 mmol) in water (1 ml) was added dropwise. Stirring was
continued for 1 h at 0-5 °C and then the reaction mixture was
treated at the same temperature with a 40% aqueous dim-
ethylamine solution (90 mmol, 11.4 ml) for compounds
6a,c,e or with diethylamine (90 mmol, 9.31 ml) for com-
pounds 6d,f. In the case of 6g the diazonium salt solution was
treated with pyrrolidine (6 mmol, 0.51 ml), and a 40% aque-
ous solution of sodium hydroxide was added at 05 °C to the
solution until it become alkaline.

The reaction mixture was stirred overnight at room tem-
perature in the dark. For compounds 6a,c,e,g, the solid that
separated was washed with cold water, filtered off and then
crystallized (see Table 3). Instead, as regards compounds
6b,df, the alkaline solution was extracted with dichlo-
romethane (3 x 30 ml), and the combined extracts were dried
(Na,SO,) and concentrated under reduced pressure. The oily
residue was washed with cold water until solidification. The
solid was filtered off and then crystallized (see Table 3).

4.1.2. Procedure for the preparation of
5-(or 6-)-(3',3'-dialkyltriazeno)indazoles 9c—f

To a magnetically stirred cold solution (ice bath 0-5 °C) of
compounds 7a,b (3 mmol) in 6 N aqueous hydrochloric acid
(2.5 ml) and acetone (2 ml), a solution of sodium nitrite
(0.21 g, 3 mmol) in water (1 ml) was added dropwise.
Stirring was continued for 1 h at 0-5 °C. To obtain com-
pounds 9c¢,e, the solution was treated at the same temperature
with a 40% aqueous solution of dimethylamine (30 mmol,
3.8 ml), and the mixture was stirred overnight at room tem-
perature in the dark. The solid that separated from the alka-
line medium was washed with cold water, filtered off and
then crystallized (see Table 3).

For compounds 9d,f, the solution was treated at 0-5 °C
with diethylamine (30 mmol, 3.1 ml). In the case of 9d, the
mixture was stirred for 15" affording a solid, which was
filtered off, washed with cold water, and then crystallized
(see Table 1). Instead, in the case of 9f, the mixture was
stirred overnight at room temperature in the dark and then
extracted with dichloromethane (3 x 30 ml). The combined
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extracts were dried (Na,SO,) and concentrated under re-
duced pressure to give a brown oily residue, which was
treated with a diethyl ether/petroleum ether (40-70 °C) mix-
ture (8:2 V/V) (5 ml). The insoluble material was filtered off,
and the solution was chromatographed following the Flash
Chromatography procedure [22]: external diameter of the
column 4 cm, silica gel (32-63 um), eluant diethyl
ether/petroleum ether (8:2 V/V). Fractions 820 (each 50 ml)
were collected and evaporated to give 9f as an oil (see
Table 3).

4.1.3. IH-5-methyl-3-(3',3'-dialkyltriazeno)pyrazoles 3a—c

To a magnetically stirred cold solution (ice bath 0-5 °C) of
compound 1 [23] (10 mmol) in 6 N aqueous hydrochloric
acid (10 ml), a solution of sodium nitrite (0.7 g, 10 mmol) in
water (3 ml) was added dropwise. Stirring was continued for
1 h at 0-5 °C and then the solution was treated at the above
temperature with a 40% aqueous dimethylamine solution
(200 mmol, 26 ml) for compound 3a, with diethylamine
(200 mmol, 21 ml) for compound 3b, and with pyrrolidine
(20 mmol, 1.7 ml) in the case of 3¢, adding in this last case
sodium hydroxide (40%) until the solution became alkaline.

The mixture was stirred overnight at room temperature in
the dark, and the solid separated was washed with cold water,
filtered off and then crystallized (see Table 3).

4.1.4. 3-(3',3'-Dimethyltriazeno)indazole 6a

MS (m/e): 189 (M™), 145(M*-N(CHs),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3218 (br, NH), 1616 (N=N).
"H-NMR (CDCL,) (6): 3.4 (6H, very brs, 2 CH;), 7.11-8.17
(4H, a set of signal, C¢H,), 8.86 (1H, br, exchangeable with
D,0O, NH).

4.1.5. 3-(3',3'-Diethyltriazeno)indazole 6b [24]

MS (m/e): 217 (M™), 145(M*-N(C,Hs),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3143(very br, NH), 1618 (N=N).
"H-NMR (CDCl, ) (6): 1.34 (6H, brs, 2 CH;); 3.88 (4H, q,
2 CH, J =7.14 Hz); 7.10-8.18 (4H, a set of signals, CqH,);
9.09 (1H, br, exchangeable with D,O, NH).

4.1.6. 3-(3',3'-Dimethyltriazeno)-5-chloroindazole 6¢

MS (m/e): 223 (M"), 179 (223-N(CH,),), 151 (179-N,),
124 (151-HCN). LR. (cm™): 3208-3107(multiple bands,
NH), 1622 (N=N). '"H-NMR (DMSO-d,) (6): 3.23 (3H, brs,
CH;); 3.57 (3H, brs, CHy); 7.37 (1H, d, H-7, J = 8.53 Hz);
7.51 (1H, d, H-6, J = 8.53 Hz); 8.08 (1H, s, H-4); 12,90 (1H,
s, NH).

4.1.7. 3-(3',3'-Diethyltriazeno)-5-chloroindazole 6d

MS (m/e): 251 (M™), 179 (M*-N(C,Hs),), 151 (179-N,),
124 (151-HCN). LR. (cm™): 3210-3100 (multiple bands,
NH), 1623 (N=N). '"H-NMR (CDCl;) (9): 1.35 (6H, brs,
2 CH,); 3.88 (4H, q, 2 CH,, J = 7.25 Hz); 7.28 (1H, d, H-,
J=8.75Hz);7.46 (1H, d, Hy, J=8.75 Hz); 8.13 (1H, s, H-4);
11,71 (1H, brs, exchangeable with D,O, NH).

4.1.8. 3-(3',3'-Dimethyltriazeno)-6-chloroindazole 6e

MS (m/e): 223 (M), 179 (M"™-N(CHs),), 151 (179-N,),
124 (151-HCN). LR. (cm™): 3205-3110(multiple bands,
NH), 1619 (N=N). 'H-NMR (DMSOdy) (d): 3.20 (3H, brs,
CH,); 3.57 (3H, brs, CH3); 7.11 (1H, d, H-4, J = 8.61 Hz);
7.52 (1H, s, H-7); 8.08 (1H, d, H-5, J = 8.61 Hz); 12,81 (1H,
brs, NH).

4.1.9. 3-(3',3'-Diethyltriazeno)-6-chloroindazole 6f

MS (m/e): 215 (M*-N(C,Hs),), 151 (179-N,), 124 (151-
HCN). LR. (cm™): 3210-3110 (multiple bands, NH). 'H-
NMR (CDCl) (6): 1.36 (6H, brs, 2 CH,); 3.92 (4H, g, 2 CH,,
J =732 Hz); 7.11 (1H, d, H-4, J = 8.62 Hz); 7.60 (1H, s,
H-7); 8.06 (1H, d, H-5, J = 8.62 Hz); 11.85 (1H, brs, ex-
changeable with D,O, NH).

4.1.10. 3-(3',3'-Tetramethylenetriazeno)-6-chloroindazole
6g

LR. (cm™): 3200-3111 (multiple bands, NH), 1620
(N=N).'"H-NMR (DMSO-d,) (6): 2.00 (4H, s, 2 CH,); 3.59
(2H, brs, N-CH,-); 3.95 (2H, brs, N-CH, ); 7.10 (1H, d, H-4
or H-5, J=8.42 Hz); 7.49 (1H, s, H-7); 8.02 (1H, d, H-5 or
H-4,J=8.42 Hz); 12.75 (1H, s, NH).

4.1.11. 5-(3',3'-Dimethyltriazeno)indazole 9c [25]

MS (m/e): 189 (M"), 145 (M"-N(CH,),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3200-3100 (multiple bands,
NH), 1616 (N=N). 'H-NMR (CDCl;) (5): 3.35, (6H, s,
2 CH;); 7.43 (1H, d, H-7, J = 8.33 Hz); 7.64 (1H, d, H-6,
J=8.33Hz);7.74 (1H, s, H-4); 8.07 (1H, s, H-3); 10.70 (very
br, exchangeable with D,O, NH).

4.1.12. 5-(3',3'-Diethyltriazeno)indazole 9d

MS (m/e): 217 (M), 145 (M*-N(C,Hs),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3210-3100(multiple bands,
NH), 1627 (N=N). '"H-NMR (CDCl,) (6): 1.28 (6H, t, 2 CH,,
J=7.14 Hz); 3.75 (4H, q, 2 CH,, J = 7.14 Hz); 7.43 (1H, d,
H-7,J=8.87 Hz); 7.64 (1H, dd, H-6, J=8.87, 1.92 Hz); 7.72
(1H, d, H-4, J = 1.92 Hz); 8.06 (1H, s, H-3).

4.1.13. 6-(3',3'-dimethyltriazeno)indazole 9e

MS (m/e): 189 (M"), 145 (M"-N(CH,),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3200-3120 (multiple bands,
NH), 1623 (N=N). '"H-NMR (CDCl;) (5): 3.36 (6H, brs,
2 CH;); 7.39 (1H, d, H-5, J = 8.83 Hz); 7.47 (1H, s, H-7);
7.68 (1H, d, H-4, J = 8.83 Hz); 8.06 (1H, s, H-3); 9.99 (1H,
brs, NH).

4.1.14. 6-(3',3'-Diethyltriazeno)indazole 9f

MS (m/e): 217 (M), 145 (M*-N(CHs;),), 117 (145-N,),
90 (117-HCN). LR. (cm™): 3200-3100 (multiple bands,
NH). '"H-NMR (CDCl5) (6):1.28 (6H, t, 2 CHs, J = 7.14 Hz);
3.78 (4H, q,2 CH,, J=7.14 Hz); 7.38(1H, dd, H-5, J = 8.74,
1.36 Hz); 7.46 (1H, s, H-7); 7.67 (1H, d, indazole H-4,
J=8.74 Hz); 8.04 (s, 1H, H-3).
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4.1.15. 5-Methyl-3-(3',3'-dimethyltriazeno) pyrazole 3a

MS (m/e): 153 (M*), 109 (M*-N(CH,),), 81 (109-N,), 54
(81-HCN). L.R. (cm™): 3191-3100 (multiple bands, NH),
1592 (N=N). 'H-NMR (DMSO-dy) (9): 2.17 (3H, s, CH;);
3.21 (6H, brs, 2 CH;); 5.85 (1H, s, pyrazole H-4); 12.16 (1H,
brs, exchangeable with D,O, NH).

4.1.16. 5-Methyl-3-(3',3'-diethyltriazeno) pyrazole 3b

MS (m/e): 181 (M™), 109 (M"™-N(C,Hs),), 81 (109-N,),
54 (81-HCN). LR. (cm™"): 3196-3105 (multiple bands, NH),
1593 (N=N). '"H-NMR (DMSO-dy) (6): 1.16 (6H, t, 2 CH,,
J = 6.80 Hz); 2.17 (3H, s, CH;); 3.66 (4H, q, 2 CH,
J = 6.92 Hz); 5.85 (1H, s, pyrazole H-4); 12.12 (1H, brs,
exchangeable with D,O, NH).

4.1.17. 5-Methyl-3-(3',3'-tetramethylenetriazeno) pyrazole
3c

MS (m/e): 179 (M"), 109 (M"-N(CH,),), 70 (109-N,).
LR. (cm™): 3190-3106 multiple bands, NH), 1593 (N=N).
'H-NMR(DMSO-dy) (9): 1.93 (4H, s, 2 CH,); 2.15 (3H, s,
CH,); 3.65 (4H, very brs, N-(CH,); 5.81 (1H, s, H-4); 12.08
(1H, brs, exchangeable with D,O, NH).

4.2. Biology

The compounds 3a—c, 6a—g, 9c—f were tested in vitro for
their antiproliferative activity against K562 (human chronic
myelogenous leukemia), HL60 (human leukemia), L1210
(murine leukemia) and MCF7 (human breast adenocarci-
noma) cell lines. These cell lines were grown at 37 °C in a
humidified atmosphere containing 5% CO,, in RPMI-1640
medium (Sigma), supplemented with 10% fetal calf serum
and antibiotics.

The cells were suspended at a density of 2 x 10° cells per
ml in growth medium for HL60 cell line and 1 x 10° cells per
ml for K562 and L1210 cell lines, transferred to 24-well plate
(1 ml per well), cultured with or without test compounds and
incubated at 37 °C for 48 h for K562 and HL60 cell lines and
for 72 h for L1210 cell line. Numbers of viable cells were
determined by counting in a hematocytometer after dye ex-
clusion with trypan blue.

The antiproliferative activity against MCF7 was deter-
mined by MTT assay. In this case, cells were suspended at a
density of 4 x 10” cells per ml in RPMI-1640 without phenol
red, supplemented with 10% fetal calf serum, 0.025%
glutamine, and antibiotics, transferred (50 ul per well) to
96-well plate containing 50 ul of described medium, cultured
with or without test compounds and incubated at 37 °C for
4 days. The antiproliferative effects of the compounds were
estimated in terms of percent of growth inhibition. The activ-
ity of those compounds whose growth inhibition value was
greater than 15% at screening concentration of 100 uM are

reported in Table 2. ICs, values (test concentration at which
the cell proliferation was inhibited of 50% than the untreated
growth control) for compounds that showed at 100 uM a
percent of growth inhibition more than 50% are reported in
Table 3.

References

[11 Y. Fulmer Shealy, Triazenylimidazoles, other triazenes, and
imidazo[5,1-d]-1,2,3,5-tetrazin-4(3H)ones, in: W.O. Foye (Ed.), Can-
cer Chemotherapic Agents, ACS, Washington, 1995, pp. 173-174.

[2] E. Carvalho, A.P. Francisco, J. Iley, E. Rosa, Bioorg. Med. Chem. 8
(2000) 1719-1725.

[3] V. Gadjeva, G. Vesselina, Int. J. Pharm. 247 (2002) 39-45.

[4] P.Diana, P. Barraja, A. Lauria, A.M. Almerico, G. Cirrincione, A. Loi,
C. Musiu, A. Pani, P. La Colla, M. Marongiu, Eur. J. Med. Chem. 34
(1999) 353-360.

[5] J.L.Skiba, G.T. Bryan, Toxicol. Appl. Pharmacol. 18 (1971) 707-719.

[6] N.S. Mizuno, E.W. Humphrey, Cancer Chemoth. Rep. Part 1 56
(1972) 465-472.

[71 C.V. Catapano, M. Broggini, E. Erba, M. Ponti, L. Mariani, L. Citti,
M. D’Incalci, Cancer Res. 47 (1987) 4884-4889.

[8] J.H.M. Van Delft, A. Luiten-Schuite, V.L. Souliotis, S.A. Kyrtopou-
los, J. Ouwerkerk, H.J. Keizer, R.A. Baan, Biomarkers 1 (1996)
94-98.

[9] V.. Lucas, A.T. Huang, Chemotherapy of melanoma, in: H.F. Siegler
(Ed.), Development in Oncology, Martinus Nijhoff, The Hague, The
Netherlands, vol. 5, p. 382.

[10] G.E. Housholder, T.L. Loo, Life Sci. 8 (1969) 533-536.

[11] G.E. Housholder, T.L. Loo, J. Pharmacol. Exp. Ther. 179 (1971)
386-395.

[12] K. Vaughan, Triazenes, in: D.E.V. Wilman (Ed.), Chemistry of Anti-
tumor Agents, Chapman and Hall, NY, 1990, pp. 159-164.

[13] A.H. Gerulatth, T.L. Loo, Biochem. Pharmacol. 21 (1972) 2335-
2343.

[14] P.P. Saunders, L.Y. Chao, Cancer Res. 34 (1974) 2464-24609.

[15] Y. Fulmer Shealy, Triazenylimidazoles, other triazenes, and
imidazo[5,1-d]-1,2,3,5-tetrazin-4(3H)ones, in: W.O. Foye (Ed.), Can-
cer Chemotherapic Agents, ACS, Washington, 1995, pp. 172-173.

[16] G. Cirrincione, A.M. Almerico, G. Dattolo, E. Aiello, P. Diana, S. Gri-
maudo, S. Mingoia, P. Barraja, R.A. Gancitano, Eur. J. Med. Chem. 29
(1994) 889-891.

[17] P. Diana, P. Barraja, A. Lauria, A.M. Almerico, G. Cirrincione,
C. Minnei, C. Longu, D. Congiu, C. Musiu, P. La Colla, Anticancer
Res. 19 (1999) 2127-2131.

[18] A.S. Clark, B. Deans, M.G. Stevens, M.J. Tisdale, R.T. Wheelhouse,
B.J. Denny, J.A. Hartley, J. Med. Chem. 38 (1995) 1493-1504.

[19] Y.E Shealy, C.A. O’Dell, J. Pharm. Sci. 60 (1971) 554-560.

[20] Hisamitzu Pharmaceutical Co, Inc, Jpn Kokai Tokkio 88,147,279;
(Chem Abstr 94, 121596y, 1994).

[21] 1.J. Lafferty, D.H. Tedeschi, C.L. Zirkle, Reissue US 28 (24 Aug
1976) 939 (Chem Abstr 86, 29826k).

[22] W.C. Still, M. Khan, A. Mitra, J. Org. Chem. 43 (1978) 2923-2925.

[23] E. Alcade, J. De Mendoza, J.M. Garcia-Marquina, C. Almera,
J. Elguero, J. Heterocyclic Chem. 11 (1974) 423-429.

[24] M. Kocevar, D. Colman, H. Krajnc, S. Polanc, B. Porovne,
B. Stanovnik, M. Tisler, Tetrahedron 32 (1976) 725-729.

[25] A.J. Shusterman, A. Kumar Debnath, C. Hansch, G.W. Horn,
F.A. Fronczek, A.C. Green, S.F. Watkins, Mol. Pharmacol. 36 (1989)
939-944.



	Synthesis and antiproliferative activity of triazenoindazoles and triazenopyrazoles: a comparative study
	Introduction
	Chemistry
	Biological results and discussion
	Experimental4.1. 
	Chemistry
	Procedure for the preparation of 3-(3',3'-dialkyltriazeno)indazoles 6a–g
	Procedure for the preparation of 5-(or 6-)-(3',3'-dialkyltriazeno)indazoles 9c–f
	1H-5-methyl-3-(3',3'-dialkyltriazeno)pyrazoles 3a–c
	3-(3',3'-Dimethyltriazeno)indazole 6a
	3-(3',3'-Diethyltriazeno)indazole 6b 
	3-(3',3'-Dimethyltriazeno)-5-chloroindazole 6c
	3-(3',3'-Diethyltriazeno)-5-chloroindazole 6d
	3-(3',3'-Dimethyltriazeno)-6-chloroindazole 6e
	3-(3',3'-Diethyltriazeno)-6-chloroindazole 6f
	3-(3',3'-Tetramethylenetriazeno)-6-chloroindazole 6g
	5-(3',3'-Dimethyltriazeno)indazole 9c 
	5-(3',3'-Diethyltriazeno)indazole 9d
	6-(3',3'-dimethyltriazeno)indazole 9e
	6-(3',3'-Diethyltriazeno)indazole 9f
	5-Methyl-3-(3',3'-dimethyltriazeno) pyrazole 3a
	5-Methyl-3-(3',3'-diethyltriazeno) pyrazole 3b
	5-Methyl-3-(3',3'-tetramethylenetriazeno) pyrazole 3c

	Biology


	References

