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Novel synthesis, characterisation and antitumour activity of
dimethyl-3,6-di(aryl)-1,4-dihydro-1,2,4,5-tetrazine-1,4-dicarboxylates
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A series of new dimethyl-3,6-di(aryl)-1,4-dihydro-1,2,4,5-tetrazine-1,4-dicarboxylates were synthesised through an
intermolecular cyclisation reaction of methyl N*-(a-chloro-substituted benzylidene) hydrazinecarboxylate and triethylamine.
Their 1,4-dihydro-s-tetrazine structures were characterised by IR, 'H NMR, MS, elemental analysis. Their antitumour activities
were evaluated in vitro by the SRB method for A-549 cells and the MTT method for P-388 cells. The results show that none of
the compounds had a high activity, but the substituents clearly had an effect on their antitumour activity.
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1,2,4,5-Tetrazine derivatives are of considerable interest because
of their unique role in the construction of various nitrogen
heterocycles."?Compounds containing the 1,2,4,5-tetrazine
skeleton have been used as pharmaceuticals.>* For example,
3-amino-6-aryl-1,2,4,5-tetrazines showed modest antimalarial
activity and some hexahydro-s-tetrazines have useful analgesic
and anti-inflammatory activity. The antibacterial and
antifungal activities of a series of tetrahydro-s-tetrazines have
also been evaluated.

Previously we have shown that some s-tetrazine derivatives
have good antitumour activity, especially 1,4-dihydro-s-
tetrazine-1,4-dicarboxamide.”® In a further effort to find
potential antitumour agents, we have synthesised and evaluated
the biological activity of a series of seven 1,2,4,5-tetrazines.”!
The chemical structures and synthetic route of the target
compounds are shown in Fig. 1.

Results and discussion

In order to prepare la—g, a substituted benzaldehyde was
reacted with methyl hydrazinecarboxylate using methanol as
solvent according to the literature method."! When preparing
2a—g from la—g, the literature method was modified by
using CL, as a chlorinating agent instead of using SOCL,."

by the intramolecular cyclisation reaction of 2a in benzene, a
solvent of low polarity.'

The effect of solvent polarity on the synthesis of the target
compounds was investigated (Table 1).It was found that
2-methoxy-5-phenyl-1,3,4-oxadiazole was obtained by an
intramolecular cyclisation reaction of methyl N'-(a-chloro-
benzylidene)hydrazinecarboxylate and Et,N using low polarity
benzene or toluene as the solvent in —10 °C. A mechanism for
the reaction is proposed in Fig. 2. However, an intermolecular
cyclisation reaction occurred when the solvent was modified
to THF or ethanol which have a higher polarity. The plausible
mechanism for this reaction is shown in Fig. 3. Dimethyl-3,6-
diphenyl-1,4-dihydro-1,2,4,5-tetrazine-1,4-dicarboxylates (3a)
was prepared by using THF as solvent and areaction temperature
of —10 °C. The preparation of the target compounds (3a—g)
including four new compounds is summarised in Table 2.

Compounds 3a—-g were evaluated for their antitumour
activity in vitro by the MTT method for P-388 cells and the
SRB methods for A-549 cells. The results are summarised in
Table 3. When the concentration of the compound solution is
10-°*mol L, and the inhibition ratio of the solution to cancer cell
growth is more than 50%, the compound is usually considered
to be effective. According to this criterion, it can be seen from

2-Methoxy-5-phenyl-1,3,4-oxadiazole (4) was synthesised Table 3 that no compound is effective against both P-388 and
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Fig. 1 The synthetic route of the target compounds and their chemical structures.
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Table 1 The effect of solvent polarity on the synthesis of target compounds

Reaction

Sovlent Compound temperature/oc YiEld/%  M.p./°C (iit) H NMR
(o)

Benzene \ /] OCHs -10 95 49-51 (50-51)" 4.95 (s, 3H), 7.3-7.9 (m, 5H)"
N—N
(@)
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Fig. 3 Intermolecular cyclisation reaction.

Table 3 Inhibition of in vitro tumour cell growth by the compounds 3a—g

Rate of inhibition of P-388 Rate of inhibition of A-549
Compd C (tetrazine)/mol L' C (tetrazine)/mol L'

10* 10 10°% 107 10°* 10* 10° 10° 107 107

da 0 154 119 134 122 562 28 6.6 9.8 196

3b 0 103 127 110 70 5.4 19 08 70 85
3¢ 313 173 126 84 9.0 466 0 0 0 0
3d 1.0 119 230 101 96 577 0 0 0 0
de 177 11 229 136 104 600 24 O 0 0
3f 693 11 116 76 71 572 67 07 35 13
39 46 02 47 55 6.2 529 41 47 48 76

Criteria of bioassay evaluation: when the concentration of the compound
solution is 10~ mol L, the inhibition ration of the solution to cancer cell

Entry X M.p./°C Yield/%
3a H 90-92 (90-91)® 90.4
3b? m-Cl 200-202 43.7
3c? p-CH, 94-96 75.5
3d° m-NO, 142145 78.3
3e p-Cl 113-115 (112-113)™® 86.4
3f 2,4-diCl 114-115 (113-114)"® 75.8
3g° p-NO, 181-183 75.4
aNew coupounds.
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A-549 cells. However, in the series 3a—g, when their substituent
X is m-NO, or p-Cl and the concentration of the compound
solution is 10-°mol L', it seems that the groups (p-Cl, m-NO,)
could produce activity against P-388.

Experimental

Compounds 1a—g were synthesised by the literature method."

The synthesis of compounds 2a—g were carried out by modified
literature method.'

Compound 4 was synthesised via intramolecular cyclisation
reaction of 2a by the literature method.”” Solvents and reagents
were commercially available without further purification. Melting
points were determined on a XRC-1 apparatus and are uncorrected.
IR spectra were recorded with a KBr discs on a Nicolet FI-IR-170
instrument. '"H NMR spectra were run on a Bruker AC400 (400 MHZ).
spectrometer using TMS as internal standard and CDCI, as the
solvent. Mass spectra were obtained on a HP5S989A spectrometer at an
ionising voltage of 70ev by electron impact. Elemental analyses were
performed on a Carlo ERBA-1106 instrument.

Dimethyl-3,6-diphenyl-1,4-dihydro-1,2,4,5-tetrazine-1,4-
dicarboxylate (3a). Triethylamine (2.04g, 20.0mmol) and dried
THF (30mL) were mixed and cooled to —10°C. Compound 2a
(methyl  N'-(a-chloro-benzylidene)hydrazinecarboxylate) (2.8 g,
13.2mmol) in THF (25mL) was added dropwise into the reaction
vessel with stirring. After the addition was complete, the mixture
was heated to 20-25 °C and kept stirring at this temperature for 3 h,
using TLC (n-hexane:ethyl acetate=7:3). After the reaction, the
precipitate (triethylamine hydrochloride) was filtered. The filtrate
was concentrated to remove the solvent. The residue was triturated
with absolute ethanol (6 mL) to afford a white precipitate. The solid
was filtered and recrystallised from absolute ethanol/water to obtain
2.1 g product, yield 90%. M.p. 90-92 °C. IR (KBr, cm'): 2974s (CH,),
1772m (C=0), 1585m (C=N), 1356s (ring).'H NMR (CDCIl,) ppm:
7.24-7.84 (m, 5H, ArH), 3.50 (s, 3H). MS (m/z, %).176 (M-176, 100),
149 (4.0), 104 (40.4), 77 (65.7), 63 (6.3), 51 (30.5), 43 (3.8).Anal. calcd
for C, H,,CI,N,0, (MW=352.36): C, 61.36; H, 4.58; N, 15.90; found:
C,61.30; H, 4.86; N, 16.24%.

Dimethyl-3,6-di(2-chlorophenyl)-1,4-dihydro-1,2,4,5-tetrazine-
1,4-dicarboxylates (3b): Following the method used for 3a with
triethylamine (4.46g, 44.0mmol) in 30mL of THF and 7.0g
(28.3 mmol) of 2b in 20 mL of THF and recrystallisation from absolute
ethanol/water twice gave 3b (2.6 g, 43.7%) as white crystals. M.p.
91-93 °C. IR (KBr, cm'): 2983s (CH,), 1782m (C=0), 1634m (C=N),
1336s (ring), 1064 (Ar—CI).'HNMR (CDCl,) 6 (ppm) 7.27-7.81 (m, 4H,
ArH), 3.55 (s, 3H). MS (m/z, %): 421 (M", 2.7), 210 (100), 166 (57.1), 139
(36.6), 111 (4.2), 75 (14.3), 63 (5.9), 50 (8.9), 43 (20.8). Anal. calcd for
CH,CLN,O, (MW=421.23): C, 51.32; H, 3.35; N, 13.30; found: C,
51.45;H,3.50; N, 13.64%.

Dimethyl-3,6-ditolyl-1,4-dihydro-1,2,4,5-tetrazine-1,4-dicarboxylate
(3¢): Following the method used for 3a, with triethylamine (0.9 g,
8.5 mmol) in 50 mL of THF, and 2.8 g (13.2 mmol) of 2¢ in 25 mL THF
and recrystallisation from absolute ethanol/water twice gave 3¢ (1.5 g,
75.5%) as white crystals. M.p. 94-96 °C. IR (KBr, cm™): 2980s (CH,),
1767m (C=0), 1593s (C=N), 1386m (ring).'H NMR (CDCl,) & (ppm)
7.27-7.84 (m,4H, ArH),4.23 (s,3H, CH,), 2.41 (s,3H, CH,).MS: m/z (%)
190 (M-190, 100),145 (3.6),120 (4.4),104 (2.2),77 (10.1),63 (3.8),51 (2.9).
Anal. caled for C, H :N,O, (MW =380.40): C, 63.15; H, 5.30; N, 14.73;
found: C, 63.21; H, 5.29; N, 14.86%.

Dimethyl-3,6-di(m-nitro-phenyl)-1,4-dihydro-1,2,4,5-tetrazine-
1,4-dicarboxylate (3d): Following the method used for 3a, with
triethylamine (0.8 g, 7.9 mmol) in 50 mL of THF and 1.2 g (5.2 mmol)
of 2d in 25 mL of THF and recrystallisation from absolute ethanol/
water gave 3d (0.9 g, 78.3%) as white crystals. M.p. 142-144°C. IR
(KBr, cm™): 2975s (CH,), 1796m (C=0), 1523m (C=N), 1352s (ring).'H
NMR (CDCl,6ppm): 7.69-8.7 (m,4H, ArH),4.19 (s,3H).MS: m/z (%)
221 (M-221, 100), 176 (3.6), 150 (18.4), 117 (11.2), 89 (2.0), 77 (5.3), 63
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(2.0), 58 (18.1). Anal. caled for C H N O, (MW =442.34): C, 48.87; H,
3.19; N, 19.00; found: C,48.98; H, 3.21; N, 19.17%.

Dimethyl-3,6-di(p-chloro-phenyl)-1,4-dihydro-1,2,4,5-
tetrazine-1,4-dicarboxylate (3e): Following the method used for
3a, with triethylamine (2.0 g, 20.0 mmol) in 25 mL of THF, and 3.0 g
(12.1 mmol) of 2e in 75 mL THF and recrystallisation from absolute
ethanol twice gave 3e (2.2 g, 86.4%) as white crystals. M.p. 112—114 °C.
IR (KBr, em™): 2970 (CH,), 1760 (C=0), 1610m (C=N), 1336s (ring).
'HNMR (CDCL,) & (ppm) 7.45-7.89 (m,4H, ArH),4.25 (s,3H). MS (m/z,
%): 210 M-210, 100), 168 (7.2), 140 (6.9), 112 (5.0), 102 (3.9), 75 (13.4),
59 (4.0). Anal. calcd for C H,CI,N,O, (MW=421.23): C, 51.32; H,
3.35; N, 13.30; found: C, 51.37; H, 3.21; N, 13.23%.

Dimethyl-3,6-di(2,4-dichloro-phenyl)-1,4-dihydro-1,2,4,5-
tetrazine-1,4-dicarboxylate (3f): Following the method used for 3a,
with triethylamine (1.6g, 17.2mmol) in 25mL of THF, and 3.0g
(10.7 mmol) of 2f in 7S mL THF and recrystallisation from absolute
ethanol twice gave 3f (2.6 g, 75.8%) as white crystals. M.p. 114115 °C.
IR (KBr, cm™): 2978s (CH,), 1774m (C=0), 1599m (C=N), 1370
(ring).'"H NMR (CDCl,8ppm): 7.38-7.86 (m, 3H, ArH),4.26 (s,3H). MS
m/z (%): 244 (M-244, 100), 201 (10.9), 175 (33.4), 159 (11.1), 136 (12.3),
75 (10.5), 59 (23.3). Anal. calcd for C H CIN,O, (MW=490.12): C,
44.11; H,2.47; N, 11.43; found: C, 44.13; H, 2.46; N, 11.65%.

Dimethyl-3,6-di(4-nitro-phenyl)-1,4-dihydro-1,2,4,5-tetrazine-
1,4-dicarboxylate (3g): Following the method used for 3a, with 0.8 g
(7.9 mmol) of triethylamine in 20mL of THF, and 0.3 g (1.2 mmol)
of 2g in 10mL THF and recrystallisation from absolute ethanol/
ethyl acetate twice gave 3g (0.2 g, 75.4%) as yellow crystals. M.p.
181183 °C. IR (KBr, cm™): 983s (CH,), 1778 (C=0), 1613m (C=N),
1370s (ring).'H NMR (CDCl,éppm) 7.69-8.77 (m,4H, ArH), 4.29
(s,3H).MS m/z (%): 221 (M-221, 100), 191 (2.6), 177 (1.4), 151 (1.4), 120
(3.5), 92 (2.5), 75 (4.9), 59 (22.3), 50 (1.5). Anal. caled for C H N O,
(MW=442.34): C,48.87,H, 3.19; N, 19.00; found: C, 48.84; H, 3.09; N,
19.05%.

We are indebted to the Department of Education of Zhejiang
Province (No. Y201224849) and Hangzhou Vocational and
Technical College for financial support and National Centre
for Drug screening, Shanghai, P.R. China for evaluation of
antitumour activities.

Received 4 March 2014, accepted 25 April 2014
Paper 1402505 doi: 10.3184/174751914X14001747558135
Published online: 10 June 2014

References

1 N. Saracoglu, Tetrahedron, 2007, 63, 4199.
2 M.J. Haddadin and E.H. Ghazvini-Zhadeh, Tetrahedron Lett., 2010, 51,
1654.
3 H. Neunhoeffer, Comprehensive heterocyclic chemistry, ed. A.R.
Katritzky. Elsevier, Oxford, 1984, Vol. 3, pp. 531-572.
4 J. Sauer, Comprehensive heterocyclic chemistry, ed. A.J. Boulton.
Elsevier, Oxford, 1996, Vol. 6, pp. 901-953.
5 W.X. Hu, H.B. Shi, Q. Yuan and Y.Q. Sun, J. Chem. Res., 2005, 91.
6 W.X. Hu, GW. Rao and Y.Q. Sun, Bioorg. Med. Chem. Lett., 2004, 14,
1177.
7 W.X.Hu, Y.Q. Sun and Q. Yuan, Chem. J. Chin. Univ., 2002, 23, 1877.
8 Z.B. Cai, M. Zhou, W.X. Hu and Z.Y. Yang, Acta Pharmaceut. Sinica,
2000, 35, 793.
9 G.W. Rao, Y.M. Guo and W.X. Hu, Chem. Med. Chem., 2012, 7, 973.
10 G.W. Rao and W.X. Hu, Bioorg. Med. Chem. Lett., 2006, 16, 3702.
11 L.P. Lv, W.P. Yu, W.B. Yu, X.F. Zhou and X.C. Hu, Acta Crystallogr. E,
2008, 64, 01676.
12 S. Ito, Y. Tanaka and A. Kakehi, Bull. Chem. Soc. Jpn., 1976, 49(3), 762.
13 B. Tullio, Gaz. Chim. Ital., 1961, 91, 866.
14 M. Golfier, M.G. Guillerez and R. Milcent, Tetrahedron Lett., 1974, 44,
3875.
15 G.W.Rao, C. Wang, J. Wang, Z.G. Zhao and W.X. Hu, Bioorg. Med. Chem.
Lett., 2013, 23, 6474.

10/06/2014 09:38:37



Copyright of Journal of Chemical Research isthe property of Science Reviews 2000 Ltd. and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articlesfor individual use.



