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A series of [1,2,4]triazolo[4,3-b][1,2,4,5] tetrazine derivatives have been synthesized and their
structures were confirmed by single-crystal X-ray diffraction. Compared to some reported
structures_of 1,6-dihydro-1,2,4,5-tetrazine, these compounds can’t be considered as having
homoaromaticity. Their antiproliferative activities were evaluated against MCF-7, Bewo and
HL=60 cells in vitro. Two compounds were highly effective against MCF-7, Bewo and HL-60
cells with 1Cs, values in 0.63-13.12 puM. Three-dimensional quantitative structure—activity
relationship (3D-QSAR) studies of comparative molecular field analysis (CoMFA) and
comparative molecular similarity indices analysis (CoMSIA) were carried out on 51
[1,2,4]triazolo[4,3-b][1,2,4,5] tetrazine derivatives with antiproliferative activity against MCF-7
cell. Models with good predictive abilities were generated with the cross validated g % values for
COMFA and CoMSIA being 0.716 and 0.723, respectively. Conventional r % values were 0.985
and 0.976, respectively. The results provide the tool for guiding the design and synthesis of
novel and more potent tetrazine derivatives.

2009 Elsevier Ltd. All rights reserved.
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1,2,4,5-Tetrazine derivatives have a high potential for
biological activity, such as antimite activity, * herbicidal activity,
% antimalarial activity, * antiviral activity, * antiinflammatory
activity, ° antibacterial activity, ® and antitumor activity. "
There are four possible series of dihydro-1,2,4,5-tetrazines, the
1,2-, 1,4-, 1,6- and 3,6-dihydro-1,2,4,5-tetrazines, respectively.
There are many reports on synthesis and biological activity of
1,4-dihydro- and 1,2-dihydro-1,2,4,5-tetrazine derivatives. "%
However, there are only a few reports on the 1,6-dihydro-
1,2,4,5-tetrazines and their derivatives.”*” Most of them were
considered as showing homoaromaticity.

Quantitative structure—activity relationship (QSAR) modeling
results in a quantitative correlation between chemical structure
and properties (such as biological activity), it can be also applied
to predict biological activity of nonsynthesized compounds
structurally related to a training set of compounds. Among
techniques of three-dimensional quantitative structure—activity
relationship (3D-QSAR), comparative molecular field analysis
(CoMFA) and comparative molecular similarity indices analysis
(CoMSIA) are two powerful prevailing methodologies,”*
which are the most widely used for the study of compounds with
potential biological activity.

Recently, our group has reported a series of 6-substituted-
[1,2,4]triazolo[4,3-b][1,2,4,5] tetrazines, which also can be
considered to be belonged to 1,6-dihydro-1,2,4,5-tetrazine
derivatives, and found them with potent antiproliferative
activities against MCF-7, Bewo and HL-60 cells and c-Met
kinase inhibitory activities®. In continuation of this work, we
researched the synthesis, antitumor evaluation and 3D-QSAR
studies of [1,2,4] triazolo[4,3-b][1,2,4,5] tetrazine compounds
and attempted to investigate how the substituents located at the
3-positions of the [1,2,4]triazolo[4,3-b][1,2,4,5]tetrazine  ring
influence  antitumour  activity. In this letter, thirty five
[1,2,4]triazolo[4,3-b][1,2,4,5] tetrazines were synthesized. The
reactions employed for the synthesis of [1,2,4]triazolo[4,3-
b][1,2,4,5]tetrazines are summarised _in Scheme 1.*' The
starting material 1 was prepared to accord to the published
method. ¥ Compound 2 was prepared from the reaction of
compound 1 and 80% hydrazine hydrate in acetonitrile at room
temperature. ** Subsequent schiff base reaction was conducted
between 2 and aldehyde in ethanol to obtain corresponding
schiff bases 3,* which were then treated with lead tetraacetate in
chloroform to yield 3-substituted-6-(3,5-dimethyl-1H-pyrazol-1-
yl)-[1,2,4] triazolo[4,3-b][1,2,4,5] tetrazines 5;* compounds 2
reacted with  acyl chloride to yield corresponding
acylhydrazines 4, subsequent cyclization of 4 with phosphoryl
chloride also obtained compounds 5. Compounds 5 were then
treated with different alkyl amines in ethyl acetate to obtain 6.
The results are summarized in Table 1. *°

To test the antitumor activities of the synthesized compounds,
we evaluated antiproliferative activities of compounds 5 and 6
against MCF-7, Bewo and HL-60 cells by MTT assay. The
results were summarized in Table 2. As illustrated in Table 2,
the active analogs showed a remarkable cytotoxic activity.
Particularly, it should be noticed that compounds 51 (12.82uM
for MCF-7, 6.70 for Bewo and 0.67 for HL-60 respectively) and
6f (13.12 uM for MCF-7, 4.09 for Bewo and 0.63 for HL-60
respectively) showed the most potent biological activity,
comparable to the positive control cisplatin (15.33uM for MCF-
7, 1566 pM for Bewo and 16.66 puM for HL-60 cells
respectively). Comparison with the reported compounds®(no
substituents on Cs-position) and the compounds 5a-6v, the
antiproliferative  activity against MCF-7 was decreased
obviously when the substituents at C; position of

triazolotetrazine ring increased; on the contrary, the
antiproliferative activity against Bewo and HL-60 was slightly
increased when the substituents at Cs; position of
triazolotetrazine ring increased, especially when C; position of
triazolotetrazine ring tolerated some alkyl groups(5g-k).
Comparing the compounds 6a-v, it had the trends that when the
substituents such as F, NO, and MeO on the para-position of
benzene ring decreased the inhibitory activities (e.g. 6c, 6g, 6h,
6i, 61 and 6m); while the substituents such as CI on the ortho- or
para-position of benzene ring could increase .the inhibitory
activities (e.g.6j, 6k, 6n and 60); the compounds tolerated alkyl
substituents at C; position of triazolotetrazine ring (6p-v)
showed the moderate inhibitory activities between above both
cases.
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Figure 1. The X-ray crystal structure of compound 5c¢, shown with 30%
probability displacement ellipsoid.

Single-crystal structures of compound 5c were determined by
X-ray crystallography, ¥ and its molecular structure is
illustrated in Figure 1. In the molecule of 5c, the 1,2,4,5-
tetrazine ring and 1,2,4-triazole ring are almost coplanar within
0.02 A. The atoms N1 and N5 are both SP? hybridised, and their
7 orbitals are parallel to each other and can’t overlap, which is
different from the compounds 3-phenyl-6-methyl-1,6-dihydro-
1,2,4,5-tetrazine” and  3-phenyl-6-ethyl-1,6-dihydro-1,2,4,5-
tetrazine?, so the molecule can’t be considered as having
homoaromaticity. The pyrazol ring and benzene ring make
dihedral angles of 6.81 (2)° and 54.29 (3)°, respectively, with
the bicyclic plane. The large dihedral angle between benzene
ring and bicyclic plane was caused by the steric effect of
chlorine atom on the ortho-position of benzene ring. From
Table 2, it is obvious that compounds 5c, 6j, 6k and 6o that
having ortho-substituents on benzene ring showed better
antiproliferative activity against Bewo than the others that
having para-substituents on benzene ring (6c, 6g-i, 61-m), which
indicated that the conformation of large dihedral angle between
benzene ring and bicyclic plane may be beneficial to
antiproliferative activity.

In addition, we combined the inhibition data of compounds 5
and 6 (Table 3) to those of our previously reported 6-
substituted-[)l,2,4]triazo|o[4,3-b][1,2,4,5] tetrazines  (7-29,
Table 3), ¥ and developed CoMFA and CoMSIA 3D-QSAR
models. “*“* A total of 51 [1,2,4]triazolo[4,3-b][1,2,4,5] tetrazine
derivatives, divided into training and test sets, were used for
model building and validation, respectively. “**" The statistical
parameters for COMFA and CoMSIA models were given in
Table 4. The COMFA model (g° = 0.716, r* = 0.985) was based
on the steric and electrostatic fields, and the CoMSIA model (g
= 0.723, r* = 0.976) was based on the steric, electrostatic,
hydrophobic, hydrogen bond donor and hydrogen bond acceptor
fields. These models revealed a beneficial response to test set
validation. Partial least-squares (PLS) analysis was performed
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Scheme 1

Table 1. Structure of compounds 5 and 6.

Compound RT NR'R? Mp(°C) Yield(%)

5a 4-Methylphenyl — 198-200 315, 267

5b* 4-Methoxyphenyl — 125-127 58°

5¢? 2-Chlorophenyl — 209-211 62°

5d? Phenyl — 151-153 41¢, 35¢

5e 4-Nitrophenyl — 235-237 73¢, 56¢

5f 4-Chlorophenyl — 217-220 75°

59 Me — 176-179 65°, 45¢

5h Et — 143-145 52¢

5i CH(CHs), — 108-110 46¢

5j C(CHa)s — 180-183° 66¢

5k CH,(CH,)sCHs — 99-101 461

51 <:> — 156-158 68¢

5m Benzyl — 128-130 82°, 65¢

6a Phenyl N o) 185-188 75
/

6b Phenyl N@ 254-256 78

6¢c 4-Fluorophenyl N@ 246-248"° 85

6d 4-Fluorophenyl N ) 190-192 72

6e 4-Fluorophenyl N O 218-220° 76
/

6f 4-Chlorophenyl N o) 239-241 68
_/

69 4-Nitrophenyl N O 255-258"° 86
_/
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 These compounds have been reported in literature™.

P Decomposition temperatures.

Baesd on compounds 3.

4Baesd on compounds 4.



Table 2. Antitumor activities against MCF-7, Bewo and HL-60
cell lines in vitro (ICsg in uM)

Compound .

MCF-7 Bewo HL-60
5a 36.20 7.54 >100
5b 16.72 18.30 >100
5¢ 19.47 3.21 7358
5d° 13.65 23.64 12.11
5¢ 6.85 7.29 >100
5f 5.57 22.62 >100
5¢ 17.81 2.61 0.43
5h 36.03 1.64 0.82
5i 33.68 2.32 1.16
5j 17.63 0.73 0.73
5k 22.00 2.79 1.05
51 12.82 6.70 0.67
5m 54.84 2.29 2.61
6a 8.87 5.65 30.36
6b° >100 >100 >100
6c” >100 >100 456
6d 41.43 3.34 30.74
6e 32.86 4.65 28.88
6f 13.12 4.09 0.63
69 >100 >100 5.79
6h >100 >100 >100
6i >100 >100 0.61
6j 29.56 2.99 2.66
6k 14.93 3.15 13.25
6l >100 >100 12.85
6m >100 8.94 38.97
6n 19.59 8.06 8.65
60 19.32 171 4.84
6p 44,83 5.36 29.72
6q 38.90 5.88 452
6r 47.01 5.02 47.01
65 46.76 3.43 71.21
6t 55.02 12.54 >100
6u 37.70 21.96 23.79
6v 42.86 27.93 42.48
Cisplatin 15.33 15.66 16.66

# These compounds have been reported in literature™.

®These compounds were poor solubility in DMSO.

to establish a linear relationship between the molecular fields
and the activity of molecules. Experimental and predicted pICs,
values for the training set and test set are reported in Table 5.
Figure 2 shows the alignment of all compounds used in the
training set. Contour maps for the CoOMFA and CoMSIA models
are displayed in Figure 3. The relationship between actual and
predicted plCso of the training set and test set compounds of
CoMFA and CoMSIA models are illustrated in Figures 4 and 5.

Figure 2. Alignment of all target compounds in the training set.

Steric COMFA map (Fig. 3A) showed green contour around
6-position of triazolotetrazine ring indicating bulky groups were
favored at this position. It was confirmed that the compounds 17,
22-30 exhibited higher antiproliferative activity. The yellow
contours around 3-position of triazolotetrazine ring indicated
that compounds with bulky and non-coplanar groups at this
position were less potent. This explained that the compounds 5a-
5d ,5g-5m and 6a-6t had not good antiproliferative activity.

Electrostatic COMFA contour map (Fig. 3B) was shown in
red around 6-position of triazolotetrazine ring indicating that
negative charge might play a favorable role on activity.
Compounds 19-29, 6a, 6f, 6k and 60 showed higher activity
owing to the existence of oxygen in the carbonyl group or in the
morpholine ring. The blue contours surrounding the 2- and 4-
positions of benzene ring on 3-position of triazolotetrazine ring
showed that electronegative atom was disfavored at these
positions. The compounds 5a-c and 6d-j were good examples.

The colors of the steric and electrostatic contour maps in the
CoMSIA model (Fig. 3C and 3D) have the same meanings as
those of the COMFA maodel. In agreement with CoMFA, yellow
contours and green contours are observed at the same position.
Similar to CoMFA, red contours and blue contours are observed
at the almost same position. Unlike CoMFA, the yellow contour
is bigger at the 3-position and also observed at 6-positions, the
blue contour is disappeared at 4-position of benzene ring and
also observed at 6-position of triazolotetrazine ring.

Hydrophobic contour maps (Fig. 3E) show gray around 3-
and 6-positions on triazolotetrazine nucleus indicating that
hydrophobic groups are disfavored at these positions. The
contour can be explained by the presence of the substituted
phenyl and alkyl at 3-position, which in most cases produces
less active compounds. This contour is in agreement with the
yellow contour at the same position in CoMFA and CoMSIA
steric contour maps (Fig. 3A and 3C). Two favorable yellow
regions are observed at 3- and 6-positions, which indicated that
hydrophobic groups are favored at these positions. The former
contour explained that the compounds (6k-60) having chlorine
atom on the 2-position of benzene ring are more potent. The
latter contour is in agreement with the green contour at the same


javascript:void(0);

Table 3. Chemical structures of [1,2,4]triazolo[4,3-b][1,2,4,5]tetrazine derivatives used in this study

N
T
N__N
NR,R3

Comd Ry NR:R> Comd Ry NR:R;
5a 4-Methylphenyl 3,5-Dimethyl-1H-pyrazol-1-yl 6u Cyclohexyl Pyrrolid-1-yl
5b 4-Methoxyphenyl 3,5-Dimethyl-1H-pyrazol-1-yl 6v CH3(CHy)3CHj3 Pyrrolid-1-yl
5¢ 2-Chlorophenyl 3,5-Dimethyl-1H-pyrazol-1-yl 7 H NH;
5d Phenyl 3,5-Dimethyl-1H-pyrazol-1-yl 8 H NH(CH,),CHs
5e 4-Nitrophenyl 3,5-Dimethyl-1H-pyrazol-1-yl 9 H NH(CHy)3CH3
5f 4-Chlorophenyl 3,5-Dimethyl-1H-pyrazol-1-yl 10 H NH(CH,),OH
59 Me 3,5-Dimethyl-1H-pyrazol-1-yl 11 H NH- cyclopentane
5h Et 3,5-Dimethyl-1H-pyrazol-1-yl 12 H NH-cyclohexane
5i CH(CHj3), 3,5-Dimethyl-1H-pyrazol-1-yl 13 H Piperid-1-yl
5j C(CHa)s 3,5-Dimethyl-1H-pyrazol-1-yl 14 H NHCH,CHz-phenyl
5k CHy(CH,)sCH3 3,5-Dimethyl-1H-pyrazol-1-yl 15 H 4-CHj;-piperazin-1-yl
51 Cyclohexyl 3,5-Dimethyl-1H-pyrazol-1-yl 16 H 4-Benzyl-piperazin-1-yl
5m Benzyl 3,5-Dimethyl-1H-pyrazol-1-yl 17 H 4-COCHg-piperazin-1-yl
6a Phenyl Morpholin-4-yl 18 H 4-COCH,CHj3-piperazin-1-yl
6d 4-Fluorophenyl Piperid-1-yl 19 H 4-CO(CHy),CHgz-piperazin-1-yl
6e 4-Fluorophenyl Morpholin-4-yl 20 H 4-CO(CHj3)3CHg-piperazin-1-yl
6f 4-Chlorophenyl Morpholin-4-yl 21 H 4-CO(CHj3)4CHs-piperazin-1-yl
6j 2-Chlorophenyl Pyrrolid-1-yl 22 H 4-COC(CHjs)s-piperazin-1-yl
6k 2-Chlorophenyl Morpholin-4-yl 23 H 4-COOCH,CH(CHj3),-piperazin-1-yl
6n 2,4-Dichlorophenyl Pyrrolid-1-yl 24 H 4-(CO-benzyl)-piperazin-1-yl
60 2,4-Dichlorophenyl Morpholin-4-yl 25 H 4-(CO- cyclohexane) -piperazin-1-yl
6p Me Pyrrolid-1-yl 26 H 4-(CO-phenyl)-piperazin-1-yI
6q Me Morpholin-4-yl 27 H 4-(CO-(4-chlorophenyl))-piperazin-1-yl
6r Et Pyrrolid-1-yl 28 H 4-(CO-(4-methylphenyl))-piperazin-1-yl
6s CH(CHj3), Pyrrolid-1-yl 29 H 4-(CO-(4-nitrophenyl))-piperazin-1-yl
6t C(CHs)s Pyrrolid-1-yl

Table 4. Summary of statistical data and validation for
CoMFA and CoMSIA models

PLS statistics CoMFA CoMSIA
o= 0.716 0.723
r® 0.985 0.976
s 0.061 0.079
F 239,517 127.396
ONC® 9 10
Steric’ 0.668 0.317
Electrostatic® 0.332 0.222
Donor” 0.139
Acceptor” 0.058
Hydrophobic' 0.263

# Cross-validated correlation coefficient from leave-one-out.

®Noncross-validated r 2 .

¢Standard error of estimate.

?F-test value.

¢ Optimum number of principal components.

f Steric field contribution.

9 Electrostatic field contribution.

" Donor and acceptor, of hydrogen bond fields contribution,
respectively.

" Hydrophobic field contribution.

position in CoOMFA and CoMSIA steric contour maps (Fig. 3A
and 3C).

Donor and acceptor CoMSIA contour maps (Fig. 3F) showed
that one big red contour around 4-position of pyrazole ring (for
compounds 5a-5m) or carbanyl group (for compounds 17-29) at
6-position of triazolotetrazine nucleus suggested that hydrogen
bond donor was disfavored at this area. This can explain that the
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Table 5 Experimental and predicted plC50 values of compounds

Compd Actual ICs, (uM) Actual pICsy’ CoMFA CoMSIA
Predicted pICs,°  Residual Predicted pICs,” Residual

5a 36.20 4.441 4432 0.009 4515 -0.074
5b 16.72 4777 4796 -0.019 4781 -0.004
5¢ 19.47 4711 4871 -0.160 4773 -0.062
5d 13.65 4.865 4.836 0.029 4788 0.077
5e 6.85 5.164 5.062 0.102 5.178 -0.014
5f 5.57 5.254 5.041 0.213 5.025 0.229
59 17.81 4.749 4.607 0.142 4595 0.154
5h 36.03 4.443 4540 -0.097 4539 -0.096
5 33.68 4.473 4522 -0.049 4526 -0.053
5 17.63 4754 4676 0.078 4.687 0.067
5k 22.00 4.658 4.643 0.015 4.645 0.013
5P° 12.82 4.892 5.054 -0.162 4.949 -0.057
5m 54.84 4.261 4218 0.043 4279 -0.018
6a’ 8.87 5.052 5.061 -0.009 4.780 0.272
6d 41.43 4.383 4.406 -0.023 4378 0.005
6e 32.86 4.483 4518 -0.035 4.479 0.004
6 13.12 4.882 5.070 -0.188 4.800 0.082
6 29.56 4529 4554 -0.025 4585 -0.056
6k 14.93 4.826 4.984 -0.158 4.699 0.127
6n® 19.59 4708 5.045 -0.337 4781 -0.073
60 19.32 4714 4712 0.002 4652 0.062
6p 44.83 4348 4361 -0.013 4397 -0.049
6q 38.90 4.410 4.461 -0.051 4471 -0.061
6r 47.01 4328 4375 -0.047 4297 0.031
6s 46.76 4330 4.266 0.064 4227 0.103
6t 55.02 4.260 4339 -0.079 4369 -0.109
6u 37.70 4.424 4351 0.073 4370 0.054
6v 42.86 4.368 4394 -0.026 4343 0.025
7 46.46 4333 4323 0.01 4325 0.008
8° 19.81 4703 4719 -0.016 4768 -0.065
9 13.66 4.864 4.827 0.037 4779 0.085
10 1159 4936 4.887 0.049 5.012 -0.076
1 88.20 4.055 4034 0.021 4.065 -0.01
12 351 5.454 5.442 0.012 5.418 0.036
13 27.19 4566 4567 -0.001 4559 0.007
14 1.24 5.905 5.942 -0.037 5.928 -0.023
15 2157 4.666 4681 -0.015 4653 0.013
16 27.27 4564 4612 -0.048 4593 -0.029
17 13.86 4.858 4812 0.046 4819 0.039
18 14.83 4.829 4.837 -0.008 4973 -0.144
19 6.91 5.160 5.180 -0.02 5.218 -0.058
20 2.76 5.560 5583 -0.023 5.424 0136
21° 5.26 5.279 5.639 -0.360 5.165 0114
22 551 5.259 5.236 0.023 5.323 -0.064
23 5.39 5.269 5.268 0.001 5.233 0.036



24 3.08 5511 5.474

25 1.26 5.898 5.910
26 8.38 5.077 5.043
27 12.85 4.891 4.882
28 15.88 4.799 4.846
29% 453 5.344 5.425

0.037 5.509 0.002
-0.012 5.914 -0.016
0.034 4.928 0.149
0.009 4.896 -0.005
-0.047 4.883 -0.084
-0.081 5.164 0.180

@ Compounds in the tests set.

b p|C50= -|09(|C50)

Figure 3. COMFA and CoMSIA STDEV/COEFF contour maps: COMFA model: (A) Sterically favored areas are in green, and sterically disfavored areas are in
yellow. (B) Negative charge favored areas are in red and disfavored areas are in blue. COMSIA model: The colors in (C) and (D) have the same meanings as do
CoMFA contour maps (A) and (B), respectively. (E) Hydrophobic favored areas are in yellow and disfavored areas are in gray. (F) Donor and acceptor favored
areas are in cyan and magenta, respectively, and donor-and.acceptor disfavored areas are in purple and red, respectively.

compounds 6e, 6k, 60 and 6qg containing morpholine ring
showed better antiproliferative activity than 6d, 6j, 6n and 6p,
respectively. Cyan contour was observed around the 5-position
of pyrazole ring (for compounds 5a-5m) or 2-position of
piperazine ring (for compounds 17-29) at 6-position of
triazolotetrazine nucleus suggested that hydrogen bond donor
favored at this position. One small magenta contour was
observed around benzene ring at 3-position of triazolotetrazine
ring suggested that hydrogen bond acceptor were favored at this
position. This gives us a hint that introduction hydrogen bond
acceptors (e.g. C=0, NO,) on the 2- or 3- positions of benzene
ring may increase the antiproliferative activity.

The analysis of contour maps for CoOMFA and CoMSIA
models' indicates that larger groups at 3-position with
hydrophobic segments generate less active compounds.
Substitutions at 3-position with hydrogen atom are favored over
other substitutions in the current data set. Also, larger groups at
6-position with negative charges that could act as hydrogen bond
acceptors could play favorable roles in activity.

In  conclusion, [1,2,4]triazolo[4,3-b][1,2,4,5] tetrazine
derivatives were synthesized. They were confirmed by single-
crystal X-ray diffraction and evaluated against MCF-7, Bewo
and HL-60 cells in vitro. The results of their antitumor activities
show several compounds to be endowed with cytotoxicity in the
low micromolar range and there are two compounds of 51 and 6f,
which are highly effective against all tested cell lines with ICsin
0.63-13.12 uM. The CoMFA and CoMSIA 3D-QSAR models
were generated, showed good g and r? values, and revealed a

beneficial response to test set validation. These models provide
the tool for guiding the design and synthesis of novel and more
potent tetrazine derivatives.
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Figure 4. Plot of actual predicted activities for training set and test set based
on CoMFA model.
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Graphical Abstract

A series of [1,2,4]triazolo[4,3-b][1,2,4,5] tetrazine derivatives have been synthesized and
their antiproliferative activities were evaluated against MCF-7, Bewo and HL-60 cells in vitro.
Two compounds were highly effective against MCF-7, Bewo and HL-60 cells with 1Csy values
in 0.63-13.12 uM. Three-dimensional quantitative structure—activity relationship (3D-QSAR)
studies of comparative molecular field analysis (CoMFA) and comparative molecular similarity
indices analysis (CoMSIA) were carried out on 51 [1,24]triazolo[4,3-b][1,2,4,5] tetrazine
derivatives with antiproliferative activity against MCF-7 cell. Models with good predictive
abilities were generated with the cross validated q  values for COMFA and COMSIA being
0.716 and 0.723, respectively. Conventional r  values were 0.985 and 0.976, respectively. The
results provide the tool for guiding the design and synthesis of novel and more potent tetrazine
derivatives.

Synthesis, antitumor evaluation and 3D-QSAR studies of [1,2,4]triazolo[4,3-
b][1,2,4,5]tetrazine derivatives
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