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3,6-Diaryl-dihydro-1,2,4,5-tetrazine derivatives were synthesized and their structures were confirmed by
single-crystal X-ray diffraction. Monosubstituted dihydrotetrazines are the 1,4-dihydro structure, but
disubstituted dihydrotetrazines are the 1,2-dihydro structure. The results of further research indicated
there may be a rearrangement during the synthesis process of disubstituted dihydrotetrazines. Their
antitumor activities were evaluated against A-549 and P388 cells in vitro. The results showed several
compounds to be endowed with cytotoxicity in the low micromolar range. Two compounds were highly
effective against A-549 cell and IC50 values were 0.575 and 2.08 lM, respectively. 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 37
1,2,4,5-tetrazine derivatives with antitumor activity against A-549 cell. Models with good predictive abil-
ities were generated with the cross validated q2 values for CoMFA and CoMSIA being 0.744 and 0.757,
respectively. Conventional r2 values were 0.978 and 0.988, respectively, the predicted R2 values were
0.916 and 0.898, respectively. The results provide the tool for guiding the design and synthesis of novel
and more potent tetrazine derivatives.

� 2013 Elsevier Ltd. All rights reserved.
1,2,4,5-Tetrazine derivatives have a high potential for biological
activity, such as anti-mite activity,1 herbicidal activity,2 antimalar-
ial activity,3 antiviral activity,4 antiinflammatory activity,5 antibac-
terial activity,6 and antitumor activity.7–10 1,2,4,5-Tetramethyl-
3,6-bis(phenylethynyl)-1,2,4,5-tetrazine10 had been described as
an antitumor compound. It was the original expression that
1,2,4,5-tetrazine derivatives may possess antitumor activity. The
report had attracted interests from researchers, and the cytotoxic-
ity has also been studied in recent years.11–13

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 struc-
turally 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,14,15 which are the most
widely used for the study of compounds with potential biological
activity.

In our continuous effort to develop potential antitumor
agents,12,16–20 we researched the synthesis, structure analysis, bio-
logical evaluation of 1,2,4,5-tetrazine compounds and attempted to
investigate whether modifications to this structure could enhance
antitumor activities of this compound class. In this Letter, nineteen
3,6-diaryl-dihydro-1,2,4,5-tetrazine derivatives (1 and 2) were
synthesized from 3,6-diaryl-1,4-dihydro-1,2,4,5-tetrazine (3) and
alkyl chloroformate under pyridine as a catalyst. The synthetic
route is shown in Scheme 1.21 The intermediate raw material of
compound 3 was prepared to accord to the published method.16

The results are summarized in Table 1. There seems to be consid-
erable confusion over the structures of 1,2- and 1,4-dihydro-
1,2,4,5-tetrazine isomers, and the same compound is often formu-
lated as both structures. In most cases, the dihydro structure,
which would be the initial reaction product, is presented, or the
authors have formulated their compounds in the dihydro structure,
which appeared to be the most accepted at that time.12 So their
structures were further confirmed by single-crystal X-ray
diffraction.

Single-crystal structures of compound 1g and 2g were deter-
mined by X-ray crystallography,22,23 and their molecular structures
are illustrated in Figures 1 and 2, respectively. In the molecule of
1g (Fig. 1), the N2@C3 [1.286(2) Å] and N5@C6 [1.273(2) Å] bonds
correspond to typical C@N double-bond lengths, and the C3–N4
[1.372(2) Å], N4–N5 [1.396(2) Å], C6–N1 [1.420(2) Å], and N1–N2
[1.428(2) Å] bond lengths correspond to typical single bonds.
Therefore, the tetrazine ring is the 1,4-dihydro structure with the
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Scheme 1. Route of synthesis.
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N-substituted group at the 1-position and the N-hydrogen at the 4-
position; the compound is methyl 3,6-bis(4-trifluoromethyl-
phenyl)-1,4-dihydro-1,2,4,5-tetrazine-1-carboxylate (1g), rather
than methyl 3,6-bis(4-trifluoromethylphenyl)-1,2-dihydro-
1,2,4,5-tetrazine-1-carboxylate (4g). In the molecule of 2g
Table 1
Synthesis of compound 1 and 2

Compd R R1 Yield (%) Time (h) Mp (�C) 1H NMR (

1a H Me 70.2 3 164(d) 3.79 (s, 3
1b H Et 61.3 24 138–140 1.12 (t, J =

7.76 (d, J
1c H n-Pr 82.5 20 141–142 0.72 (t, J =

7.50–7.58
1d H n-C5H11 11.2 40 92–94 0.82 (t, J =

J = 6.6 Hz
1e H i-C5H11 7.9 24 129–130 0.79 (d, J =

7.51–7.57
1f H ClCH2CH2 21.6 40 164–165 3.51 (t, J =

7.76–7.78
1g p-CF3 Me 53.7 24 198–199 3.83 (s, 3
1h p-CF3 Et 44.1 54 194–195 1.15 (t, J =

1H)
1i p-CF3 n-Pr 24.4 23 181–182 0.74 (t, J =

7.82–7.84
1j p-Cl Me 65.3 24 211–213 3.80 (s, 3H
2a H Me 67.1 5 182–18320 3.74 (s, 6
2b H Et 34.2 9 121–12220 1.11 (t, J =

8.08 (d, J
2c H n-Pr 63.6 5 111–11220 0.64 (t, J =

7.47–7.55

2d H CH2 43.8 15 180–181
0.63-0.65
4.00-4.04

2e p-CF3 Me 30.5 22 200–202 3.77 (s, 6
2f p-CF3 Et 39.6 20 167–169 1.12 (t, J =
2g p-CF3 n-Pr 52.7 16 147–149 0.64 (t, 6H

4H)
2h p-CF3 Ph 42.6 42 205–206 7.00 (d, J

8.30 (d, J

2i p-CF3 CH2 42.8 18 160–162
0.57–0.63
(m, 2H), 4
(Fig. 2), the C3@N4 [1.276(4) Å] and N5@C6 [1.288(4) Å] bonds
correspond to typical C@N double-bond lengths, and the N2–C3
[1.437(4) Å], N4–N5 [1.400(4) Å], C6–N1 [1.411(3) Å], and N1–N2
[1.393(3) Å] bond lengths correspond to typical single bonds.
Therefore, the tetrazine ring is 1,2-dihydro structure with the
400 MHz, CDCl3, ppm)

H), 7.38–7.47 (m, 5H), 7.52–7.58 (m, 3H), 7.77 (d, J = 7.6 Hz, 2H), 7.96 (s, 1H)
6.9 Hz, 3H), 4.20 (q, J = 7.0 Hz, 2H), 7.37–7.42 (m, 5H), 7.48–7.57 (m, 3H),

= 7.9 Hz, 2H), 8.15 (s, 1H)
7.4 Hz, 3H), 1.45–1.50 (m, 2H), 4.09 (t, J = 6.6 Hz, 2H), 7.36–7.41 (m, 5H),
(m, 3H), 7.74–7.77 (m, 2H), 8.17 (s, 1H)
7.3 Hz, 3H), 1.05-1.08 (m, 2H), 1.17-1.23 (m, 2H), 1.42-1.46 (m, 2H), 4.12 (t,

, 2H), 7.38–7.46 (m, 5H), 7.51–7.58 (m, 3H), 7.77–7.79 (m, 2H), 7.96 (s, 1H)
6.0 Hz, 6H), 1.33 (m, 2H), 1.63 (m, 1H), 4.16 (t, J = 6.3 Hz, 2H), 7.38–7.48 (m, 5H),
(m, 3H), 7.78 (d, J = 7.3 Hz, 2H), 7.93 (s, 1H)
5.8 Hz, 2H), 4.37 (t, J = 6.0 Hz, 2H), 7.39–7.46 (m, 5H), 7.52–7.59 (m, 3H),
(m, 2H), 8.07 (s, 1H)

H), 7.67–7.73 (m, 6H), 7.89–7.91 (m, 2H), 8.07 (s, 1H)
7.0 Hz, 3H), 4.23 (q, J = 7.1 Hz, 2H), 7.66–7.72 (m, 6H), 7.90–7.92 (m, 2H), 8.12 (s,

7.2 Hz, 3H), 1.51-1.58 (m, 2H), 4.12 (t, J = 6.6 Hz, 2H), 7.67–7.76 (m, 5H),
(m, 1H), 7.90–7.94 (m, 2H), 8.30 (d, J = 8.1 Hz, 1H)
), 7.37 (d, J = 8.5 Hz, 2H), 7.43–7.50 (m, 4H), 7.71 (d, J = 8.5 Hz, 2H), 7.89 (s, 1H)

H), 7.48–7.55 (m, 6H), 8.06 (d, J = 7.1 Hz, 4H)
7.1 Hz, 6H), 4.12-4.16 (m, 2H), 4.21-4.27 (m, 2H), 7.49–7.58 (m, 6H),

= 7.0 Hz, 4H)
7.2 Hz, 6H), 1.42–1.48 (m, 4H), 3.98-4.04 (m, 2H), 4.11-4.17(m, 2H),
(m, 6H), 8.06 (d, J = 6.8 Hz, 4H)

(m, 4H), 0.96-1.06 (m, 6H), 1.31 (m, 6H), 1.54-1.57 (m, 6H), 3.81-3.82 (m, 2H),
(m, 2H), 7.47–7.53 (m, 6H), 8.06 (d, J = 6.7 Hz, 4H)

H), 7.77 (d, J = 8.2 Hz, 4H), 8.17 (d, J = 8.1 Hz, 4H)
6.3 Hz, 6H), 4.14-4.27 (m, 4H), 7.77 (d, J = 8.2 Hz, 4H), 8.17 (d, J = 8.0 Hz, 4H)
), 1.46-1.48 (m, 4H), 4.04-4.19 (m, 4H), 7.77 (d, J = 8.2 Hz, 4H), 8.18 (d, J = 8.1 Hz,

= 7.9 Hz, 4H), 7.23–7.26 (m, 2H), 7.32–7.36 (m, 4H), 7.80 (d, J = 8.3 Hz, 4H),
= 8.1 Hz, 4H)

(m, 4H), 0.91-1.06 (m, 6H), 1.27-1.30 (m, 6H), 1.55-1.58 (m, 6H), 3.81-3.85
.01-4.05 (m, 2H), 7.77 (d, J = 8.1 Hz, 4H), 8.18 (d, J = 8.0 Hz, 4H)



Table 2
Antitumor activities against A-549 and P388 cell lines in vitro (IC50 in lM)

Compd A-549 P388

1a 39.5 >100
1b >100 >100
1c >100 >100
1d 40.8 11.8
1e 44.2 24.6
1f 101 >100
1h 0.575 24.7
1j 49.4 34.9
2a20 >100 >100
2b20 26.6 11.2
2c20 >100 11.7
2d >100 >100
2e 2.08 30.4
2f 51.1 >100
2g >100 >100
2h 14.5 26.6
2i >100 >100

Figure 1. The X-ray crystal structure of compound 1g, shown with 30% probability
displacement ellipsoid.

Figure 2. The X-ray crystal structure of compound 2g, shown with 30% probability
displacement ellipsoid.
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N-substituted groups at the 1,2-positions and not the 1,4-posi-
tions; the compound is dipropyl 3,6-bis(4-trifluoromethyl-
phenyl)-1,2-dihydro-1,2,4,5-tetrazine-1,2-dicarboxylate (2g), rather
than dipropyl 3,6-bis(4-trifluoromethylphenyl)-1,4-dihydro-1,2,4,
5-tetrazine-1,4-dicarboxylate (5g).

Therefore, monosubstituted dihydrotetrazines are the 1,4-dihydro
structure, but disubstituted dihydrotetrazines are the 1,2-dihydro
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structure. This is worth to research further. So the reaction of 3,6-di-
phenyl-1,4-dihydro-1,2,4,5-tetrazine (3a) and methyl chloroformate
was studied further (Scheme 2). Dimethyl 3,6-diphenyl-1,4-dihy-
dro-1,2,4,5-tetrazine-1,4-dicarboxylate (6) as a control was synthe-
sized from the starting material of benzaldehyde. The results
indicated the reaction product of methyl 3,6-diphenyl-1,4-dihydro-
1,2,4,5-tetrazine-1-carboxylate (1a) and methyl chloroformate is di-
methyl 3,6-diphenyl-1,2-dihydro-1,2,4,5-tetrazine-1,2-dicarboxylate
(2a), rather than compound 6. Therefore, there may be a rearrange-
ment during the synthesis process of compound 2a.

In vitro, antitumor activities of these compounds were evalu-
ated against the growth of A-549 human lung cancer and murine
P388 lymphocytic leukemia cell lines by SRB and MTT assays,
respectively. The results are summarized in Table 2 and show sev-
eral compounds to be endowed with cytotoxicity in the low micro-
molar range. And there are two compounds of 1h and 2e, which are
highly effective against A-549 cell and IC50 values are 0.575 and
2.08 lM, respectively.

In addition, we combined the inhibition data of compounds 1
(Table 3) to those of our previously reported 1,4-dihydro-1,2,4,5-
tetrazine derivatives (6–37, Table 3),12,16–20 and developed CoMFA
and CoMSIA 3D-QSAR models.24,25 Compounds 2 are the 1,2-dihy-
dro structure, so they were not used in 3D-QSAR models. A total of
37 1,4-dihydro-1,2,4,5-tetrazine derivatives, divided into training
and test sets, were used for model building and validation, respec-
tively.26–31 The statistical parameters for CoMFA and CoMSIA
models were given in Table 4. The CoMFA model (q2 = 0.744,
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Table 4
Summary of statistical data and validation for CoMFA and CoMSIA models

PLS statistics CoMFA CoMSIA

q2a 0.744 0.757
r2b 0.978 0.988
sc 0.137 0.101
Fd 261.501 384.713
ONCe 4 5
Stericf 0.565 0.102
Electrostaticg 0.435 0.298
Donorh 0.090
Acceptorh 0.336
Hydrophobici 0.174
R2j 0.916 0.898

R2
0

k 0.881 0.852

R2
0

k 0.909 0.891

ðR2 � R2
0Þ=R2 0.038 0.051

ðR2 � R020 Þ=R2 0.008 0.008

kl 0.922 0.922
k0 l 1.084 1.085

a Cross-validated correlation coefficient from LOO.
b Noncross-validated r2.
c Standard error of estimate.
d F-Test value.
e Optimum number of principal components.
f Steric field contribution.
g Electrostatic field contribution.
h Donor and acceptor, of hydrogen bond fields, respectively.
i Hydrophobic field contribution.
j Correlation coefficient is derived from predictions of test set molecules.
k Correlation coefficients for regression through the origin for experimental

versus predicted and predicted versus experimental activity, respectively.
l Slopes for regression through the origin of experimental versus predicted and

predicted versus experimental, respectively.

Table 3
Chemical structures of 1,2,4,5-tetrazine derivatives used in this study

N
N N

N

R6

R3

R1

R4

Compd R3 = R6 R1 R4

1a Ph COOCH3 H
1da Ph COO(CH2)4CH3 H
1e Ph COO(CH2)2CH(CH3)2 H
1ha 4-CF3C6H4 COOCH2CH3 H
1j 4-ClC6H4 COOCH3 H
6a Ph H H
7 4-CF3C6H4 H H
8 4-ClC6H4CH2 H H
9 4-ClC6H4 H H
10 2-OH-5-ClC6H3 H H
11 Ph COCH3 H
12 Ph COCH2CH3 H
13a Ph COCH(CH3)2 H
14 4-CF3C6H4 COCH3 H
15 4-CF3C6H4 COCH2CH3 H
16 4-CF3C6H4 COCH(CH3)2 H
17a Ph COCH2Cl H
18 4-CF3C6H4 COCH2Cl H
19 n-Pr CONHPh CONHPh
20 n-Pr CONH-(3-

methylphenyl)
CONH-(3-
methylphenyl)

21 n-Pr CONH-(3-
chlorophenyl)

CONH-(3-
chlorophenyl)

22 Et CONH-(3-
methylphenyl)

CONH-(3-
methylphenyl)

23 Me CONH-(3-
methylphenyl)

CONH-(3-
methylphenyl)

24 Me CONH-(3,5-
dimethylphenyl)

CONH-(3,5-
dimethylphenyl)

25 Me CONH-(3,5-
dimethoxyphenyl)

CONH-(3,5-
dimethoxyphenyl)

26a Me n-Bu n-Bu
27 Me CONH-(3-

hydroxyphenyl)
CONH-(3-
hydroxyphenyl)

28 Me CONH-(2-
hydroxyphenyl)

CONH-(2-
hydroxyphenyl)

29 Ph CONH-(2-
methoxyphenyl)

H

30a 3-ClC6H4 COOCH3 COOCH3

31 3-NO2C6H4 COOCH3 COOCH3

32 4-ClC6H4 COOCH3 COOCH3

33 2,4-
Dichlorophenyl

COOCH3 COOCH3

34 Ph Phenylsulfonyl Phenylsulfonyl
35a 4-ClC6H4 Phenylsulfonyl Phenylsulfonyl
36 4-CH3OC6H4 Phenylsulfonyl Phenylsulfonyl
37 Ph Tosyl Tosyl
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r2 = 0.978) was based on the steric and electrostatic fields, and the
CoMSIA model (q2 = 0.757, r2 = 0.988) was based on the steric, elec-
trostatic, hydrophobic, hydrogen bond donor and hydrogen bond
acceptor fields. These models revealed a beneficial response to test
set validation.32 Partial least-squares (PLS) analysis was performed
to establish a linear relationship between the molecular fields and
the activity of molecules.33–35 The predicted R2 values of CoMFA
and CoMSIA models were found to be 0.916 and 0.898, respec-
tively. Experimental and predicted pIC50 values for the training
set and test set are reported in Table 5. Figure 3 shows the align-
ment of all compounds used in the training set. Contour maps for
the CoMFA and CoMSIA models are displayed in Figure 4. The rela-
tionship between actual and predicted pIC50 of the training set and
test set compounds of CoMFA and CoMSIA models are illustrated in
Figures 5 and 6.

Steric CoMFA contour maps (Fig. 4a) show yellow contours
around 3- and 6-positions on tetrazine nucleus indicating that
bulky groups are disfavored at these positions. It is confirmed that
compounds (20, 22, 23) substituents in 3- and 6-positions are suc-
cessively enlarged, in order of decreasing activity. Green contours
are close to 1- and 4-positions in the tetrazine nucleus, which sug-
gests that anticancer activity increases with bulky substituents.
This explains why compounds (23–25, 27, 28) have better activi-
ties than 26.

Electrostatic CoMFA contour maps (Fig. 4a) are shown in red
around 1- and 4-positions on tetrazine nucleus indicating that neg-
ative atomic charges might play a favorable role in activity. These
compounds (1h, 13–15, 17, 18, 19–25, 27) showed higher activity
(pIC50 >5) owing to the existence of oxygen in the carbonyl group.
This trend is different for compounds (34–37) existence of oxygen
in the sulfonyl group, where substituents at 3- and 6-positions play
an important role in activity. The blue contour surrounding the
substituents at 1- and 4-positions indicates that more positively
charged substituents are propitious in these regions. It is con-
firmed that those compounds (19–25 and 27) with the amino
group in 1- and 4-positions are more potent. And the blue contour
around at 3- and 6-positions suggests that positively charged
groups are beneficial to increase the activity.

The colors of the steric and electrostatic contour maps in the
CoMSIA model (Fig. 4b) have the same meanings as those of the
CoMFA model. In agreement with CoMFA, yellow contours and
green contours are observed at the same position. Similar to CoM-
FA, red contours and blue contours are observed at the same posi-
tion. Unlike CoMFA, the red contour is smaller at the 1- or 4-
position, the blue contour is also observed at 3- and 6-positions.

Regions favored by donors and acceptors are shown in cyan and
magenta respectively; unfavorable regions are in purple and red,
respectively (Fig. 4c). Contours of 1- and 4-positions of the tetr-
azine nucleus are indicated in cyan, which associated with the ami-
no group of compounds (19–25 and 27) are more potent. This



Table 5
Experimental and predicted pIC50 values of compounds

Compd Actual IC50 (lM) Actual pIC50
b CoMFA CoMSIA

Predicted pIC50
b Residual Predicted pIC50

b Residual

1a 39.5 4.403 4.292 0.111 4.284 0.119
1da 40.8 4.389 4.179 0.217 4.265 0.131
1e 44.2 4.355 4.180 0.175 4.312 0.043
1ha 0.575 6.240 6.062 0.178 6.109 0.131
1j 49.4 4.306 4.468 �0.156 4.430 �0.118
6a 19.9 4.701 4.337 0.364 4.398 0.303
7 40.0 4.398 4.585 �0.187 4.471 �0.073
8 51.8 4.286 4.354 �0.068 4.179 0.107
9 51.8 4.286 4.409 �0.123 4.244 0.042
10 13.2 4.879 4.725 0.154 4.720 0.159
11 44.7 4.350 4.481 �0.131 4.495 �0.145
12 48.3 4.316 4.443 �0.127 4.449 �0.133
13a 2.22 5.654 5.529 0.125 5.334 0.320
14 9.76 5.011 4.973 0.038 4.984 0.027
15 9.56 5.020 4.982 0.038 5.008 0.012
16 31.6 4.500 4.367 0.133 4.545 �0.045
17a 1.85 5.733 5.505 0.228 5.423 0.310
18 8.53 5.069 4.985 0.084 5.029 0.040
19 5.42 5.266 5.341 �0.075 5.153 0.113
20 1.00 6.000 6.119 �0.119 6.209 �0.209
21 1.10 5.959 5.863 0.096 5.923 0.036
22 0.639 6.194 6.284 �0.090 6.301 �0.107
23 0.574 6.241 6.048 0.193 6.226 0.015
24 3.66 5.437 5.193 0.244 5.354 0.083
25 0.0350 7.456 7.434 0.022 7.371 0.085
26a 68.5 4.164 4.515 �0.351 4.518 �0.354
27 5.55 5.256 5.469 �0.213 5.196 0.060
28 57.3 4.242 4.348 �0.106 4.206 0.036
29 44.9 4.348 4.334 0.014 4.282 0.066
30a 89.0 4.051 4.342 �0.291 4.415 �0.364
31 83.6 4.078 4.026 0.052 4.205 �0.127
32 76.7 4.115 4.052 0.063 4.118 �0.003
33 79.3 4.101 4.118 �0.017 4.179 �0.078
34 74.1 4.130 4.282 �0.152 4.120 0.010
35a 51.9 4.285 4.330 �0.045 4.094 0.191
36 58.8 4.231 4.213 0.018 4.264 �0.033
37 85.8 4.067 3.935 0.132 4.043 0.024

a Compounds in the test set.
b pIC50 = �log (IC50).

Figure 3. Alignment of all compounds in the training set.

6478 G.-W. Rao et al. / Bioorg. Med. Chem. Lett. 23 (2013) 6474–6480
observation is in agreement with blue CoMFA electrostatic con-
tours in the same area (Fig. 4a). The magenta favorable hydrogen
bond acceptor contour is shown at 1- and 4-positions and is
associated with the carbonyl group of compounds (1h, 13–15, 17,
18, 19–25, 27) which showed higher activity (pIC50 >5). This con-
tour is in agreement with the CoMFA and CoMSIA red electrostatic
contour in the same region (Fig. 4a and b).

Hydrophobic contour maps (Fig. 4d) show gray around 3- and
6-positions on tetrazine nucleus indicating that hydrophobic
groups are disfavored at these positions. The contour can be ex-
plained by the presence of the substituted phenyl, which in most
cases produces less active compounds. This contour is in agree-
ment with the yellow contour at the same position in CoMFA
and CoMSIA steric contour maps (Fig. 4a and b). Two favorable
yellow regions are observed at 1- and 4-positions, similar to the
green contour at the same position in CoMFA and CoMSIA steric
contour maps (Fig. 4a and b).

The analysis of contour maps for CoMFA and CoMSIA models
indicates that larger groups at 3- and 6-positions with hydrophobic
segments generate less active compounds. Substitutions at 3- and
6-positions with methyl are favored over other substitutions in the
current data set. Also, carbonyl group at 1- and 4-positions can
generate regions with negative charges that could act as hydrogen
bond acceptors and the amino group of 1- and 4-positions can gen-
erate areas with positive charges that could act as hydrogen bond
donors involving the binding site. In general, bulky groups at 1-
and 4-positions play favorable roles in activity.

In conclusion, 3,6-diaryl-dihydro-1,2,4,5-tetrazine derivatives
were synthesized. They were confirmed by single-crystal X-ray
diffraction and evaluated against A-549 and P388 cells in vitro.



Figure 4. CoMFA and CoMSIA STDEV*COEFF contour maps. CoMFA model: (a) sterically favored areas are in green, and sterically disfavored areas are in yellow; negative
charge favored areas are in red and disfavored areas are in blue. CoMSIA model: The colors in (b) have the same meanings as do CoMFA contour maps. (c) donor and acceptor
favored areas are in cyan and magenta, respectively, and donor and acceptor disfavored areas are in purple and red, respectively. (d) hydrophobic favored areas are in yellow
and disfavored areas in gray.

Figure 5. Plot of observed versus predicted activities for the training and test set
compounds based on the CoMFA model.

Figure 6. Plot of observed versus predicted activities for the training and test set
compounds based on the CoMSIA model.
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Monosubstituted dihydrotetrazines are the 1,4-dihydro structure,
but disubstituted dihydrotetrazines are the 1,2-dihydro structure.
There may be a rearrangement during the synthesis process of
disubstituted dihydrotetrazines. The results of their antitumor
activities show several compounds to be endowed with cytotoxic-
ity in the low micromolar range and there are two compounds of
1h and 2e, which are highly effective against A-549 cell and IC50

values are 0.575 and 2.075 lM, respectively. CoMFA and CoMSIA
3D-QSAR models were generated, showed good q2 and r2 values
and revealed a beneficial response to test set validation. These
models provide the tool for guiding the design and synthesis of no-
vel and more potent tetrazine derivatives.
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