
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 695–697Pergamon

Synthesis of a novel heterocyclic ring system:
2-thia-3,5,6,7,9-pentaazabenz[cd ]azulenes

Sigitas Tumkevicius,a,* Luigi A. Agrofoglio,b Andrius Kaminskas,a Gintaras Urbelis,a

Thomas A. Zevacoc and Olaf Walterc

aDepartment of Organic Chemistry, Faculty of Chemistry, Vilnius University, Naugarduko 24, Vilnius 2006, Lithuania
bInstitut de Chimie Organique et Analytique, Associe au CNRS, Université d’Orléans, BP 6759 Orléans, France
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Abstract—Derivatives of 6,9-dihydro- and 6,7,8,9-tetrahydro-2-thia-3,5,6,7,9-pentaazabenz[cd]azulenes representing a new hetero-
cyclic system have been prepared by the cyclocondensation reaction of ethyl 5-amino-4-(1-methylhydrazino)-2-methylthio-
thieno[2,3-d ]-pyrimidine-6-carboxylate with ethyl orthoformate and various aldehydes. © 2002 Elsevier Science Ltd. All rights
reserved.

Recently, it has been demonstrated that many
thienopyrimidine and tri- and tetracyclic relatives as
well as fused diazepines and triazepines possess diverse
biological activity.1 Seven-membered heterocyclic rings
are also of considerable interest for conformational and
theoretical investigations.2 In this context and as part of
our continuing program on the synthesis of N-hetero-
cyclic compounds with potential pharmacological activi-
ties,3 we have designed the synthesis of 2-thia-3,5,

6,7,9-pentaazabenz[cd ]azulenes, in which thienopyrim-
idine is peri-anellated with the 1,2,4-triazepine moiety.
This report describes the synthesis and structural char-
acterization of the first representatives of the title het-
erosystem.

The 5-amino-4-(1-methylhydrazino)thienopyrimidine
2,4 bearing suitable substituents for the formation of
the triazepine ring in cyclization reactions with one

Figure 1. ORTEP drawing of compound 3b.
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carbon reagents, was obtained by heating 15 with an
excess of methylhydrazine. When 2 was refluxed with
triethyl orthoformate in the presence of sulfuric acid, a
cyclocondensation reaction occurred to give 6,9-dihy-
dro-2-thia-3,5,6,7,9-pentaazabenz[cd ]azulene 3 in 92%
yield as the only reaction product.6 The formation of
the isomeric triazepine 3a was not observed. The struc-
ture elucidation of the product was based upon charac-
teristic spectra and analytical data as well as by X-ray
diffraction. The mass spectrum of the product shows
the molecular ion peak with m/z 323. In the 1H NMR
spectrum along with the signals of COOEt, SMe and
NMe groups, doublets at 6.42 and 9.03 ppm were
observed due to the protons at C8 and the NH group,
respectively. The 13C NMR spectrum of the product is
in agreement with the proposed structure. Nevertheless,
these data did not enable a choice to be made between
structures 3 and 3a. Only the absorption of the CO
group in the IR spectrum at 1682 cm−1 and its insignifi-
cant shift to higher wavenumbers in comparison with
the CO absorption at 1672 cm−1 of compound 2, is in
favor of structure 3.

The structure of the product was unambiguously deter-
mined by single-crystal X-ray crystallography (Fig. 1).
Slow crystallization from a chloroform solution pro-
vided single crystals suitable for X-ray crystallographic
analysis. Compound 3 crystallised together with a
molecule of CHCl3 as a solvent of the hydrochloride
3b.7

It should be quoted that the numbering system used for
the ORTEP figure is different from that in Scheme 1.
The bond lengths of N4�C7 and N3�C7 are 1.275 and
1.361 A� , respectively. These data suggested that the
double bond is between N4 and C7. Summation of the
three valence angles around N3 and N5 gave 360 and
359.8°, respectively, indicating the sp2 character of
these nitrogen atoms. The analogous result was also
obtained for 1,3,4-benzotriazepinones.2b Thus, in the

reaction of 2 with triethyl orthoformate, the 6,9-dihy-
dro derivative 3 was formed.

This was a rather unexpected result because earlier it
was shown that the analogous reaction of hydrazides of
anthranilic acids with orthoformates led to the forma-
tion of the triazepine ring in which the double bond is
conjugated with the aromatic system.8 In order to
understand why compound 3 is formed instead of 3a,
we were interested in the heats of formation of isomers
3 and 3a. The conformations used for subsequent calcu-
lations were based on the lowest energy conformer of 3
and 3a, calculated from rotation of the torsion angles
around the C1�C9 bond (numbering of ORTEP draw-
ing). We assumed that the formation of the product is
determined by its thermodynamic stability. Indeed, the
calculations performed by the semiempirical method
PM3 using HyperChem 5.01 for Windows from
HyperCube9 showed different values. In agreement with
experiment, 3 was calculated as being more stable (the
means of �Hf are 19.8 and 32.1 kcal/mol for isomers 3
and 3a, respectively).

Furthermore, we were interested in the synthesis of
2-thia-3,5,6,7,9-pentaazabenz[cd ]azulenes using alde-
hydes as one carbon reagents. Heating 2 with a slight
excess of the corresponding aliphatic aldehyde in the
presence of a catalytic amount of hydrochloric acid
afforded the 8-substituted 6,7,8,9-tetrahydro-2-thia-
3,5,6,7,9-pentaazabenz[cd ]azulenes (4a–c)10 in 85–91%
yields, respectively. Their analytical and spectral data
are in accordance with the postulated structures.11–13

Nevertheless, it should be mentioned that in the 1H
NMR spectra of 4, broadened signals corresponding to
the protons of triazepine ring are observed. This con-
cerns not only the signals of the NH groups, but the
signals of the 8-alkyl groups as well. This phenomenon
is, probably, caused by an inversion of the triazepine
ring and by a ring/open-chain (hydrazones) equilibrium

Scheme 1.
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in solution.14 A detailed NMR and computational
study of these problems will be reported elsewhere.

References

1. (a) Taylor, E. C.; Patel, H. H.; Sabitha, G.; Chaudhari, R.
Heterocycles 1996, 43, 349; (b) Darias, V.; Abdala, S.;
Martin-Herrera, D.; Vega, S. Arzneim.-Forsch. 1999, 49,
986; (c) Rosowsky, A.; Papoulis, A. T.; Queener, S. F. J.
Med. Chem. 1997, 40, 3694; (d) Romeo, G.; Russo, F.;
Caruso, A.; Cutuli, V.; Amico-Roxas, M. Arzneim.-Forsch.
1998, 48, 167; (e) Guetschow, M.; Droessler, K.; Leistner,
S. Arch. Pharm. (Weinheim, Germany) 1995, 328, 231; (f)
Bellarosa, D.; Antonelli, G.; Bambacioni, F.; Giannotti,
D.; Viti, G.; Nannicini, R.; Giachetti, A.; Dianzani, F.;
Witvrouw, M.; Pauwels, R.; Desmyter, J.; De Clercq, E.
Antiviral Res. 1996, 30, 109; (g) Fray, M. J.; Bull, D. J.;
Cooper, K.; Parry, J.; Stefaniak, M. H. J. Med. Chem.
1995, 38, 3524; (h) Pauwels, R.; Andries, K.; Desmyter, J.;
Schols, D.; Kukla, M. J.; Breslin, H. J.; Raeymaeckers, A.;
Van Gelder, J.; Woestenborgs, R.; Haaykants, J.;
Schellekens, K.; Janssen, M. A. C.; De Clercq, E.; Jannsen,
P. A. J. Nature 1990, 343, 470; (i) Shehata, I. A.; ElSub-
bagh, H. I.; Abdelal, A. M.; ElSherbeny, M. A.; AlObaid,
A. A. Med. Chem. Res. 1996, 6, 148; (j) Nawrocka, W.;
Liszkiewicz, H.; Wilimowski, M.; Rutkowska, M.; Bar-
czynska, J.; Kedzierska-Gozdzik, L.; Wojewodzki, W.;
Szelag, A. Acta Pol. Pharm. 1994, 51, 243; (k) Bouteau, B.;
Imbs, J. L.; Lancelot, J. C.; Barthelmebs, M.; Robba, M.
Chem. Pharm. Bull. (Tokyo) 1991, 39, 81.

2. (a) Katritzky, A. R.; Fan, W.-Q.; Greenhill, J. V. J. Org.
Chem. 1991, 56, 1299. Gal, M.; Pallagi, I.; Sohar, P., Fulop,
V.; Kalman, A. Tetrahedron 1989, 45, 3513; Rezessy, B.;
Zubovics, Z.; Kovacs, J.; Toth, G. Tetrahedron 1999, 55,
5909; (b) Simeonov, M. F.; Fulop, F.; Sillanpaa, R.;
Pihlaja, K. J. Org. Chem. 1997, 62, 5089 and references
cited therein.

3. (a) Tumkevicius, S.; Kaminskas, A.; Kulbokaite, J. J.
Chem. Res. (S) 2000, 287; (b) Brukstus, A.; Melamedaite,
D.; Tumkevicius, S. Synth. Commun. 2000, 30, 3730; (c)
Tumkevicius, S.; Bernotaite, R. Khim. Geterotsikl. Soedin.
1998, 1699; (d) Tumkevicius, S.; Pupeikyte, R. J. Chem.
Res. (S) 1995, 286; (e) Tumkevicius, S. Liebigs Ann. 1995,
1703.

4. Procedure and physico-chemical data for compound 2. A
mixture of 1 (2.3 g, 5.94 mmol), ethanol (50 ml) and
methylhydrazine (1.64 g, 35.7 mmol) was refluxed for 12
h. After cooling to room temperature, the precipitate was
filtered off, the filtrate was evaporated to 1/3 of the initial
volume, and the precipitate was filtered off, combined with
the earlier obtained, and recrystallized to give 1.54 g (83%)
of compound 2, mp 215–217°C (from dioxane). �H

(CF3COOD): 1.08 (3H, t, J=7.2 Hz, CH3), 2.41 (3H, s,
SCH3), 3.47 (3H, s, NCH3) and 4.18 (2H, q, J=7.2 Hz,
OCH2); IR (Nujol) �max/cm−1 3387, 3251, 3161, 3157
(NH2), 1672 (CO). (Found: C, 42.5; H, 4.7; N, 22.5.
C11H15N5O2S2 requires C, 42.2; H, 4.8; N, 22.35%.)

5. Tumkevicius, S. Chemija (Vilnius) 1997, 58.
6. Procedure and physico-chemical data for compound 3: A

solution of 2 (1 g, 3.2 mmol) and ethyl orthoformate (15
ml) was heated to 100°C and a drop of conc. sulfuric acid
was added. After the exothermic reaction had ceased the

reaction mixture was refluxed for 1 h. After cooling to
room temperature the precipitate was filtered off and
recrystallized to give 0.95 g (92%) of compound 3. Mp
181–182°C (from ethanol). �H (CDCl3): 1.39 (3H, t, J=7.2
Hz, CH3), 2.59 (3H, s, SCH3), 3.57 (3H, s, NCH3), 4.35
(2H, q, J=7.2 Hz, CH2), 6.42 (1H, d, J=4.8 Hz, CH), 9.03
(1H, br.d, J=4.8 Hz, NH). �C (CDCl3): 14.25 (CH3), 14.32
(SCH3), 41.16 (NCH3), 61.51 (OCH2), 101.13 (C1 or C9b),
102.20 (C9b or C1), 127.76 (C8), 138.37 (C9a), 154.18 (C5a),
164.50 (C4 or CO), 166.08 (CO or C4), 170.17 (C2a); IR
(Nujol) �max/cm−1 3310 cm−1 (NH), 1682 cm−1 (CO); MS
m/z (%) 323 (M+, 100); 295 (15), 278 (11), 277 (76), 249
(82). (Found: C, 44.7; H, 3.95; N, 21.8. C12H13N5O2S2

requires C, 44.6; H, 4.05; N, 21.7%.)
7. X-Ray data for compound 3b: crystal dimension, 0.4×0.4×

0.2 mm; crystal color, habit: colorless, needle; empirical
formula, C13H15Cl4N5O2S2; formula weight, 479.22; crys-
tal system, triclinic; lattice parameters a=8.32(9) A� , b=
9.20(10) A� , c=13.73(14) A� ; space group, P1 (c2); Z=2.
Crystallographic data for structure 3b have been deposited
at the Cambridge Crystallographic Data Centre (CCDC
number 170959).

8. Leiby, R. W.; Heindel, N. D. J. Org. Chem. 1976, 41, 2736.
9. HyperChem Release 5.0 for Windows, Hypercube, Inc.

10. Representative procedure for compounds 4a–c: A mixture
of compound 2 (0.6 g, 1.9 mmol), ethanol (20 ml) and 3
mmol of the corresponding aldehyde was heated to reflux
temperature and a drop of conc. hydrochloric acid was
added (in case of formaldehyde 32% formaline solution
was used). The reaction mixture was refluxed for 1–3 h,
then cooled to room temperature. The precipitate was
filtered off, the filtrate was concentrated under reduced
pressure to 1/3 of the initial volume. The collected precip-
itate was combined with the earlier obtained and recrystal-
lized to give compounds 4a–c.

11. Physico-chemical data for compound 4a: Yield 91%, mp
>250°C (from ethanol). �H (CDCl3): 1.27 (3H, t, J=7 Hz,
CH3), 2.58 (3H, s, SCH3), 3.36 (3H, s, NCH3), 4.25 (2H,
q, J=7 Hz, OCH2), 4.7 (2H, s, CH2), 5.7 (1H, br.s, NH),
7.92 (1H, br.s, NH); IR (Nujol) �max/cm−1 3334 (NH); 1662
cm−1 (CO). (Found: C, 44.7; H, 4.5; N, 21.6. C12H15N5S2O2

requires C, 44.3; H, 4.65; N, 21.5%.)
12. Physico-chemical data for compound 4b: Yield 85%, mp

202–203.5°C (from ethyl acetate). �H (DMSO-d6): 1.32
(3H, t, J=7.2 Hz, CH3), 1.48 (3H, br.t, J=7.2 Hz, CH3),
2.51 (3H, s, SCH3), 3.35 (3H, s, NCH3), 4.25 (2H, q, J=7.2
Hz, OCH2), 4.45–4.58 (1H, br.m, CH), 5.7 (1H, br.s, NH),
7.88 (1H, br.s, NH); IR (Nujol) �max/cm−1 3332 (NH); 3216
(NH); 1655 cm−1 (CO): MS m/z (%) 339 (M+, 51); 325 (19);
324 (100); 296 (14); 278 (28); 251 (30). (Found: C, 46.3; H,
5.0; N, 20.7. C13H17N5O2S2 requires C, 46.0; H, 5.05; N,
20.6%.)

13. Physico-chemical data for compound 4c: Yield 86%, mp
174–176°C (from ethyl acetate). �H (DMSO-d6): 1.15 (3H,
br.t, J=7 Hz, CH3), 1.36 (3H, t, J=7.2 Hz, CH3),
1.67–1.84 (2H, m, CH2), 2.52 (3H, s, SCH3), 3.37 (3H, s,
NCH3), 4.12–4.25 (1H, br.m, CH), 4.25 (2H, q, J=7.2 Hz,
OCH2), 5.71 (1H, br.s, NH), 7.92 (1H, br.s, NH); IR
(Nujol) �max/cm−1 3319 (NH); 3232 (NH); 1659 cm−1 (CO);
MS m/z (%) 353 (M+, 38); 325 (13); 324 (19); 323 (100);
296 (16); 278 (30); 251 (16). (Found: C, 48.1; H, 5.45; N,
19.6. C14H19N5O2S2 requires C, 47.6; H, 5.4; N, 19.8%.)

14. Pihlaja, K.; Simeonov, M. F.; Fulop, F. J. Org. Chem.
1997, 62, 5080.


	Synthesis of a novel heterocyclic ring system: 2-thia-3,5,6,7,9-pentaazabenz[cd]azulenes
	References


