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Abstract—Eleven compounds of 1-acyl-3,6-disubstituted phenyl-1,4-dihydro-1,2,4,5-tetrazines were prepared from 3,6-disubstituted
phenyl-1,2-dihydro-1,2,4,5-tetrazines and anhydrides or acyl chlorines, and their structures were confirmed by single-crystal X-ray
diffraction and the semi-empirical calculation of PM3 method. This reaction yields the 1,4-dihydro derivatives rather than the 1,2-
dihydro derivatives. The central six-membered ring of these compounds has an obvious boat conformation and therefore is not
homoaromatic. Their antitumor activities were evaluated in vitro by the SRB method for A-549 cell and the MTT method for
P-388 cells. The results show that there is one compound which is highly effective against A-549 cells and two compounds which
are highly effective against P-388 cells. Thus, this compound possesses potential antitumor activities and is worth researching further.
� 2005 Elsevier Ltd. All rights reserved.
1,2,4,5-Tetrazine derivatives have ahighpotential for bio-
logical activity, possessing a wide range of antiviral and
antitumor properties, and these derivatives have been
widely used in pesticides and herbicides.1 1,2,4,5-Tetra-
methyl-3,6-bis(phenylethynyl)-1,2,4,5-tetrazine has been
suggested as an antitumor agent.2 Although no data
about antitumor activities have been reported, this was
the first indication that this kind of compound may
possess potential antitumor activity. We are interested
in whether changing the structure is possible to improve
the antitumor activity.

Eleven compounds� of 1-acyl-3,6-disubstituted phenyl-
1,4-dihydro-1,2,4,5-tetrazines (2) were prepared from
3,6-disubstituted phenyl-1,2-dihydro-1,2,4,5-tetrazines
(1) and anhydrides or acyl chlorines.3 The route of syn-
thesis is shown in Scheme 1. The results are summarized
in Table 1. However, IR, 1H NMR, and MS studies
failed to prove whether the hydrogen of the nitrogen is
located at the 4 or 2 position (compound 2 or 3). Their
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structures were confirmed by single crystal X-ray diffrac-
tion and the semi-empirical calculations using the PM3
method.

The energy of compounds 2a and 3a has been calcu-
lated by the semi-empirical calculation of PM3 meth-
od in Gaussian 98 procedure.4 The results show that
the Hartree–Fock value of compound 2a (HF =
0.1475494 a.u.) is lower than that of 3a (HF =
0.1604914 a.u.). So the structure of compound 2a is
more stable than that of 3a.

The single-crystal structure of 2f was determined by
X-ray crystallography.5 The molecular structure of 2f
is illustrated in Figure 1. In 2f, the N2 = C3 [1.279
(3) Å] and N5 = C6 [1.268 (3) Å] bonds correspond to
typical C@N double bonds, and the C6–N1 [1.420
(3) Å], N1–N2 [1.430 (3) Å], C3–N4 [1.367 (3) Å] and
N4–N5 [1.391 (3) Å] bond lengths correspond to typical
single bonds. Therefore, the tetrazine ring is the 1,4-
dihydro structure with the N-substituent group at the
1-position and the N-hydrogen at the 4- and not the
2-position, the compound being 1-isobutyryl-3,6-bis(4-
trifluoromethylphenyl)-1,4-dihydro-1,2,4,5-tetrazine (2f),
rather than the 1,2-dihydro structure (3f).

So the products of the reaction of 1 and anhydrides or
acyl chlorines have the 1,4-dihydro structure rather
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Scheme 1. Route of synthesis.

Table 1. Synthesis of compound (2)

Compd. R R1 Yield (%) Time (h) Mp (�C)

2a H Me 84.9 24 164–165

2b H Et 76.6 22 145(d)

2c H i-Pr 46.3 38 195–196

2d CF3 Me 66.7 26 225–227

2e CF3 Et 38.6 65 204–205

2f CF3 i-Pr 30.5 48 207–208

2g Cl Me 63.6 14 201–202

2h Cl Et 67.2 17 185–186

2i Cl i-Pr 33.5 22 199–201

2j H ClCH2 11.3 25 151–153

2k CF3 ClCH2 10.4 63 179–181

Figure 1. X-Ray structure of 2f.

Scheme 2. The mechanism of the reaction.

Table 2. The inhibition ratio for A-549 growth

Compd. Concentration (mol/L)

10�4 10�5 10�6 10�7 10�8

2a 85.1 0.0 0.0 0.0 0.0

2b 71.5 11.1 6.2 12.3 0.0

2c 83.8 46.6 38.7 29.6 29.5

2d 91.1 63.6 0.0 0.0 0.0

2e 84.7 48.1 21.7 0.0 9.0

2f 79.8 21.0 0.0 0.0 0.0

2j 95.4 95.8 35.3 4.1 13.0

2k 95.5 64.6 0.0 0.0 0.0
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than the 1,2-dihydro structure. The mechanism of the
reaction is illustrated in Scheme 2 but warrants further
investigation.

Dihydro-1,2,4,5-tetrazine has four isomers, namely 1,2-,
1,4-, 1,6-, and 3,6-dihydro-1,2,4,5-tetrazine. Homoaro-
matic structures have been demonstrated by X-ray dif-
fraction for the 1,6-dihydro structures.6 There still
seems to be some doubt whether the 1,4-dihydro struc-
tures have homoaromaticity.7 In 2f, the atoms N2, C3,
N5, and C6 are coplanar, deviations are less
than ± 0.0234 (12) Å, and the adjacent N1 and N4
atoms deviate from the plane by 0.4227 (34) Å and
0.3348 (37) Å, respectively. The dihedral angle between
N2, C3, N5, C6 plane and N1, N2, C6 plane is 33.87
(27)�, and between N2, C3, N5, C6 plane and C3, N4,
N5 plane is 28.15 (15)�. The difference in the dihedral
angles is presumably due to a steric effect of the substi-
tuent at the 1-position. The central six-membered ring of
2f, the tetrazine ring, has an obvious boat conformation
and therefore is not homoaromatic.

The antitumor activities in vitro for these compounds
were evaluated by SRB method for A-549 cell and
MTT method for P-388 cell. The results are summarized
in Tables 2 and 3.



Table 3. The inhibition ratio for P-388 growth

Compd. Concentration (mol/L)

10�4 10�5 10�6 10�7 10�8

2a 62.7 10.9 6.6 5.5 9.2

2b 30.9 9.8 7.6 7.7 8.5

2c 82.5 61.1 52.0 24.9 46.9

2d 50.6 21.5 1.1 5.0 0.0

2e 68.0 21.1 6.7 6.3 0.0

2f 42.2 26.9 15.0 16.2 13.4

2j 99.1 100 3.9 3.6 0.0

2k 98.4 49.4 2.2 11.3 0.0
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Usually, when the concentration of the compound solu-
tion is 10�6 mol/L, the inhibition ratio of the solution to
cancer cell growth is more than 50%, or when the con-
centration of the compound solution is 10�5 mol/L,
the inhibition ratio of the solution to cancer cell growth
is more than 85%, the compound is considered strongly
effective. According to this standard, it can be found
from Tables 2 and 3 that there is one compound (2j) that
has a strong affection to A-549 cell and two compounds
(2c and 2j) that have strong affection to P-388 cells. So
1-acyl-3,6-disubstituted phenyl-1,4-dihydro-1,2,4,5-tetr-
azine may have potential antitumor activities. It is a
good lead compound that warrants further
investigation.
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