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Synthesis, structure analysis, and antitumor activity
of 3,6-disubstituted-1,4-dihydro-1,2,4,5-tetrazine derivatives
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Abstract—Fourteen compounds of 3,6-disubstituted-1,4-dihydro-1,2,4,5-tetrazine derivatives were prepared 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 1,4-dihydro-1,2,4,5-tetrazine
has a chair conformation and therefore is not homoaromatic. Their antitumor activities were evaluated in vitro by SRB method
for A-549 and BEL-7402 cells, and MTT method for P-388 and HL-60 cells. The results show that there is one compound which
is highly effective against P-388 cells and one compound which is highly effective against HL-60 cells. So it is a kind of compound
which possesses potential antitumor activities and is worth to research further.
� 2006 Elsevier Ltd. All rights reserved.
1,2,4,5-Tetrazine derivatives have a high potential for
biological 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-
Tetramethyl-3,6-bis(phenylethynyl)-1,2,4,5-tetrazine has
been suggested as an antitumor agent.2 Although no
data about antitumor activities were reported, it was
the first indication that this kind of compound may pos-
sess potential antitumor activity. We are interested in
whether changing the structure is possible to improve
the antitumor activity or not.

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. There still
seems to be much confusion over the structures of 1,2-
and 1,4-dihydro-1,2,4,5-tetrazines, and the same com-
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Scheme 1. Route of synthesis.
pound is often formulated as both structures. For exam-
ple, the CAS number of both 3,6-diphenyl-1,2-dihydro-
1,2,4,5-tetrazine and 3,6-diphenyl-1,4-dihydro-1,2,4,5-
tetrazine is 14478-73-0.6a,b In most cases, the dihydro
structure which would be the first reaction product is
presented, or authors have formulated their compounds
in the dihydro structure which seemed to be the most
accepted at that time.1a Most scientists3 believe that
the dihydro structure is 1,2-dihydro-1,2,4,5-tetrazine.

Fourteen compounds4 of 3,6-disubstitutedihydro-
1,2,4,5-tetrazines (1 or 2) and 3,6-disubstituted-1,2,4,5-
tetrazines (3) were prepared. The route of synthesis 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 or the nitrogen is located
ity; Chair conformation.
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at the 4 or 2 positions (compounds 1 or 2). Their struc-
tures were confirmed by single-crystal X-ray diffraction
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Figure 1. X-ray structure of 1d.

Table 1. Synthesis of compounds (1) and (3)

Compound R Yield (%) Mp (�C)

1a Ph 83.2 190–1923b

1b p-CF3Ph 85.5 213–216

1c p-ClPh 71.1 250–2525

1d p-ClC6H4CH2 32.0 193–194

1e

N

CH3

50.3 211–213

1f o-ClPh 54.4 208–2106

1g
ClHO

35.1 250 (d)

3a Ph 98.8 195–1967

3b p-CF3Ph 99.5 186–1888

3c p-ClPh 87.4 228–2309

3d p-ClC6H4CH2 91.2 131–132

3e

N

CH3 
47.2 179–180

3f o-ClPh 51.8 178–1806

3g
ClHO

33.2 239–241
and the semi-empirical calculations using the PM3
method.

The single-crystal structure of 1d was determined by
X-ray crystallography.10 The molecular structure of 1d
is illustrated in Figure 1. In 1d, the N(2a)@C(1a)[1.272
(3) Å] bonds correspond to typical C@N double bonds,
and the N(1a)–N(2a_3)[1.502 (4) Å], N(2a)–N(1a_3)
[1.502 (4) Å], and N(1a)–C(1a)[1.422 (4) Å] bond lengths
correspond to typical single bonds. Therefore, the
tetrazine ring is the 1,4-dihydro structure, the compound
being 3,6-bis(4-chlorobenzyl)-1,4-dihydro-1,2,4,5-tetraz
ine (1d), rather than the 3,6-bis(4-chlorobenzyl)-1,2-dihy
dro-1,2,4,5-tetrazine (2d). So the products (1 or 2) have
the 1,4-dihydro structure rather than the 1,2-dihydro
structure.

The energy of compounds 1a, 2a, 1d, and 2d has been
calculated by the semi-empirical calculation of PM3
method in Gaussian 98 procedure.11 The results show
that the value of Hartree–Fock of compound 1a
(HF = 0.2003401 a.u.) and 1d (HF = 0.1676137 a.u.) is
lower than that of 2a (HF = 0.2125709 a.u.) and 2d
(HF = 0.1814932 a.u.), respectively. So the structures
of compounds 1a and 1d are more stabilized than those
of 2a and 2d.

Homoaromatic structures have been demonstrated by
X-ray diffraction for the 1,6-dihydro structures.12 There
still seems to be some doubt as to whether the 1,4-dihy-
dro structures have homoaromaticity.13 In 1d, the atoms
a_3)
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C(1a), N(2a), C(1a_3) and N(2a_3) are coplanar, and
the adjacent N(1a_3) and N(1a) atoms deviate from
the plane by 0.5798(63) Å and �0.5798(63) Å, respec-
Table 2. The inhibition ratio for A-549 growth

Compound

10�4 10�5

1a 55.8 67.2

1b 70.3 22.0

1c 73.4 2.0

1d 64.5 17.8

1e 2.6 3.6

1g 65.3 80.3

3a 60.4 9.5

3b 51.5 44.4

3c 52.3 35.1

3d 58.4 29.1

3e 93.5 9.8

3f 8.2 2.8

3g 7.6 62.3

Table 3. The inhibition ratio for P-388 growth

Compound

10�4 10�5

1a 87.6 69.0

1b 47.7 36.9

1c 65.9 51.0

1d 48.8 15.5

1e 0.0 0.0

1g 89.0 0.0

3a 15.5 0.0

3b 40.2 2.5

3c 0.0 0.0

3d 65.8 57.1

3e 34.9 0.0

3f 0.0 0.0

3g 92.5 90.7

Table 4. The inhibition ratio for HL-60 growth

Compound

10�4 10�5

1a 82.1 16.1

1e 96.3 13.6

3a 35.1 16.4

3b 43.7 7.0

3c 66.7 12.2

3d 85.4 22.3

3e 94.3 96.6

Table 5. The inhibition ratio for BEL-7402 growth

Compound

10�4 10�5

1a 54.0 14.3

1e 94.9 8.3

3a 41.7 7.4

3b 21.3 12.6

3c 27.4 0.1

3d 61.2 0.0

3e 93.0 23.8
tively. The dihedral angle between C(1a), N(2a),
C(1a_3), N(2a_3) plane and N(1a), C(1a), N(2a_3) plane
or N(1a_3), C(1a_3), N(2a) plane is 43.03 (34)�. The
Concentration (mol/L)

10�6 10�7 10�8

5.4 10.2 0.0

0.0 0.0 0.0

4.7 0.0 7.1

3.0 10.1 7.8

0.0 0.0 0.0

0.0 0.0 0.0

20.3 27.1 29.7

33.0 19.5 9.7

29.0 19.4 16.1

9.3 8.9 0.0

0.0 0.0 0.0

5.6 14.6 12.6

16.4 0.0 0.0

Concentration (mol/L)

10�6 10�7 10�8

0.0 0.0 0.0

15.2 13.8 9.1

36.0 19.4 4.9

4.4 2.9 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

13.1 1.1 8.7

0.0 0.0 0.0

0.0 0.0 0.0

91.2 88.0 82.8

Concentration (mol/L)

10�6 10�7 10�8

2.9 2.6 17.2

2.9 2.6 17.2

13.9 13.9 0.0

5.8 1.4 0.0

0.0 4.0 0.0

13.5 21.1 7.6

7.0 9.1 4.2

Concentration (mol/L)

10�6 10�7 10�8

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 3.4

0.0 0.0 6.0

0.0 0.0 2.8
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central six-membered ring of 1d, the tetrazine ring, has
an obvious chair conformation and therefore is not
homoaromatic.

The antitumor activities in vitro for these compounds
were evaluated by SRB method for A-549 and BEL-
7402 cells, and MTT method for P-388 and HL-60 cells.
The results are summarized in Tables 2–5.

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 as
strongly effective. According to this standard, it can be
found from Tables 2–5 that there is one compound
(3g) that has a very strong effect against to P-388 cells.
The inhibition ratio of the solution to cancer cell growth
is more than 80% in 10�8 mol/L. And there is one com-
pound (3e) that has a strong affect against HL-60 cells.

The different group of 3,6-positions has prodigious
diversity of antitumor activity. Changing the group of
3,6-positions is possible to improve the antitumor activ-
ity. So 1,4-dihydro-1,2,4,5-tetrazine is a kind of com-
pound which may have potential antitumor activities.
It is a good lead compound that warrants further
investigation.
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