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An efficient and straightforward method for the preparation of spirodiazine derivatives is reported which
involves mild reaction conditions and easily accessible reactants. A new class of spiroazaheterocycles,
spiro[pyrrolidine-pyrrolo[3,4-c]pyrroles], is obtained. A feasible explanation is given for the unexpected
results obtained at high energy (high temperatures, MW and ultrasound irradiation).

� 2009 Elsevier Ltd. All rights reserved.
Fused and non-fused diazines, particularly those based on
pyrimidine, pyridazine and phthalazine, have demonstrated
versatile biological activities such as antiviral and anti-HIV,1–4 anti-
cancer,5–7 antihypertensive, cardiotonic and antiplatelet,8–10 anal-
gesic, anxiolytic and antidepressant,11–13 antimicrobial, antiin-
flammatory, antimalarial and antituberculosis14–20. The develop-
ment of simple and efficient routes to such compounds is of inter-
est. Various strategies have been adopted in order to reach this
goal, but most are energy- and time-consuming and also rather
expensive. One of the strategies adopted for obtaining fused nitro-
gen compounds16–18,21,22 involves ylides as versatile and reactive
intermediates. As regard to spiroazaheterocycles, few studies have
been performed.23–25 In the early 70s there were isolated studies
(by treating 1,2-diazine with dienophiles), leading to cycload-
ducts24 or spirocompounds.25 As for pyrimidine, this type of reac-
tion has not been studied at all.

Microwave and ultrasound irradiation have become increas-
ingly valuable tools in organic chemistry, since they offer versatile
and facile pathways for a large variety of syntheses.26,27 So far, few
studies have been reported regarding diazinium ylides and most of
these have been conducted by our group.16–18,28,29

The overall goal of this work was to develop a new, efficient and
general preparation of spirodiazine heterocycle derivatives of po-
tential biological interest.

Pyridazine 1 was treated with dienophiles (N-ethylmaleimide
(NEMI) or N-phenylmaleimide (NPMI)), leading to spiropyridazine
compounds 3 and 4, Scheme 1 and Figure 1. No cycloadducts of
ll rights reserved.
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type 5 were observed (pathway ii). We suggest that the reaction
mechanism involves two steps: the first is nucleophilic attack of
pyridazine on the dienophile, with the formation of the ylide spe-
cies 2; the second is a [3+2] dipolar cycloaddition of the ylide 2a to
a second molecule of the dienophile with the formation of the spi-
rocompound (pathway i).

Spirophthalazine compounds 8 and 9 were obtained using sim-
ilar chemistry (Scheme 2, Fig. 2) and, again, no cycloadducts of type
5 were observed.

Unexpectedly, when we treated pyrimidine 10 with dieno-
philes, spiropyrroles 12 and 13 were obtained instead of the ex-
pected spiropyrimidine 14 (Scheme 3, Fig. 3).

In order to explain the formation of the spiropyrrolidine-pyr-
roles, we postulate a reaction mechanism that involves several
steps. The first two are similar to those described above for the
1,2-diazine, leading to the unstable spiropyrimidine intermediate
15. In this structure the imine N-2 becomes extremely electron
deficient and adds a molecule of acetic acid leading to 16. Due to
the acidic medium, 16 undergoes complex processes of oxidative
rearrangements and hydrolysis, via 17, leading to the spiropyrroli-
dine-pyrrole derivatives (Scheme 4).

Using conventional methods, we have varied the reaction con-
ditions with respect to molar ratio, solvents, temperatures, times,
etc. The only reasonable route to the desired spiroazaheterocycle
derivatives in good yields (�50%) involved stirring of the reaction
mixture for five days for the 1,2-diazines and for twenty days for
the pyrimidines, at room temperature, in acetic acid as solvent.

The temperature is critical; temperatures above ambient condi-
tions led to a mixture of diazine starting material and a polymeric
derivative 18 of the dienophile. A reasonable explanation could be
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Scheme 1. Reaction pathway to spiropyridazines.

Figure 2. ORTEP representation at 50% probability and atom numbering scheme for
spirophthalazine 8a (one of the two independent molecules).

Figure 1. ORTEP representation at 50% probability and atom numbering scheme for
spiropyridazine 3a.
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that, at high energy, the bond between the ylide carbanion and
ylide nitrogen atom breaks leading to a diazine and the polymer
18 (pathway ii), Scheme 5. The literature describes similar results
in the case of polymerization of maleimides in AcOH in the pres-
ence of zwitterionic species.30

In the next step we examined the influence of microwaves and
ultrasound irradiation on the reaction pathway. Unexpectedly, un-
der MW and ultrasound irradiation, no matter what conditions
were employed (different power for the reactor, different molar ra-
tios, solvents, temperatures, times, etc.), a mixture of diazine start-
ing material and the polymeric dienophile 18 was obtained. The
same explanation as noted above for high temperature reactions
could be valid.

The structures of the spiro derivatives were proven by elemen-
tal and spectral analysis (IR, 1H NMR, 13C NMR, DEPT 45, DEPT 90,
DEPT 135, COSY, HMQC and HMBC) and X-ray analysis of com-
pounds 3a, 8a and 12b.31

In conclusion, we have reported a general, efficient and straight-
forward method for the preparation of two classes of spiroazahet-
erocycles: spiropyrroles and spiro-1,2-diazines. A new class of
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Scheme 2. Reaction pathway to t
spiroazaheterocycles, namely spiro[pyrrolidine-pyrrolo[3,4-c]pyr-
roles], has been obtained.

The reaction mechanism for the formation of spiro[pyrrolidine-
pyrrolo[3,4-c]pyrrole] involves several steps: nucleophilic attack of
pyridazine on the dienophile, a [3+2] dipolar cycloaddition of the
ylide thus formed to a second molecule of the dienophile, and fi-
nally complex processes of oxidative-hydrolysis rearrangements
in the acidic media. An explanation for the unexpected results ob-
tained at high temperature, under MW and under ultrasound irra-
diation is also given.

Typical procedure for the synthesis of spiro derivatives: NEMI or
NPMI (10 mmol) was dissolved in glacial acetic acid (10 mL) and
the nitrogen heterocycle (pyrimidine, pyridazine, phthalazine,
5 mmol) was added. The resulting mixture was stirred at room
temperature for 10 days for the reaction with NPMI and 20 days
for the reaction with NEMI. The crude product obtained was fil-
tered and dried in vacuum, then purified by washing with diethyl
ether (20 mL).
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Scheme 3. Reaction pathway to spiropyrrolidine-pyrroles 12 and 13.

Figure 3. ORTEP representation at 30% probability and atom numbering scheme for
spiropyrrolidine-pyrrole 12b.
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Spiro-pyrrolopyridazine (3a). This compound was obtained as
yellow acicular crystals, mp 209–210 �C. IR: 3068, 2970 (C–H),
1756 (C@O imide), 1600, 1498, 1469, 1409, 1242 (C@C, C@N). 1H
NMR (CDCl3, 400 MHz): d 7.55–7.45 (m, 4H, 2H30, 2H30 0), 7.43–
7.38 (m, 2H, H40, H40 0), 7.31–7.24 (m, 4H, 2H20, 2H20 0), 7.08 (dd,
J = 3.2 Hz, J = 1.2 Hz, 1H, H2), 6.52 (dt, J = 10.4 Hz, J = 5.6 Hz,
J = 1.6 Hz, 1H, H3), 5.89 (dt, J = 10.4 Hz, J = 2.8 Hz, J = 1.2 Hz, 1H,
H4), 4.66–4.60 (m, 1H, H5), 3.93 (d, J = 18.0 Hz, 1H, H9a), 3.70–
3.65 (m, 2H, 1H6, 1H7), 3.00 (d, J = 18.0 Hz, 1H, H9b). 13C NMR
(CDCl3, 100 MHz): d 174.87 (C8a), 174.56 (C6a), 174.24 (C7a),
173.38 (C9a), 142.32 (C2), 131.34 (C10), 131.25 (C10 0), 129.27 (C30),
129.22 (C30 0), 129.09 (C40), 128.90 (C40 0), 127.60 (C3), 126.62 (C20),
126.30 (C20 0), 119.29 (C4), 68.30 (C8), 54.33 (C5), 44.94 (C6), 43.55
(C7), 34.72 (C9). Anal. Calcd for C24H18N4O4 (426.42): C, 67.60; H,
4.25; N, 13.14. Found: C, 67.54; H, 4.23; N, 13.10.

Spiro-pyrrolophthalazine (8a). This compound was obtained as
yellow acicular crystals, mp 210–211 �C. IR: 3065, 2972 (C–H),
1752 (C@O imide), 1601, 1505, 1470, 1409 (C@C, C@N). 1H NMR
(CDCl3, 400 MHz): d 7.60 (t, J = 8.0 Hz, 1H, H3), 7.48–7.29 (m, 9H,
H1, H2, H4, 2H20, 2H20 0, H40, H40 0), 7.18 (d, J = 7.2 Hz, 1H, H5),
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Scheme 4. Reaction mechanism for obtainin
7.14 (t, J = 7.6 Hz, 4H, 2H20, 2H30 0), 5.49 (d, J = 7.6 Hz, 1H, H6),
3.96–3.89 (m, 2H, H10a, H7), 3.76 (d, J = 8.0 Hz, 1H, H8), 3.47 (d,
J = 18.4 Hz, 1H, H10b). 13C NMR (CDCl3, 100 MHz): d 175.25
(C9a), 174.09 (C8a), 173.50 (C7a), 173.40 (C10a), 143.35 (C1),
131.39 (C10), 131.37 (C10 0), 131.16 (C3), 130.10 (C1a), 129.22
(C30), 129.18 (C30 0), 128.90 (C40), 128.87 (C40 0), 128.53 (C4),
127.39 (C2), 126.59 (C20), 126.13 (C20 0), 126.02 (C5), 124.79 (C5a),
70.77 (C9), 59.03 (C6), 46.50 (C8), 45.95 (C7), 34.45 (C10). Anal.
Calcd for C28H20N4O4 (476.48): C, 70.58; H, 4.23; N, 11.76. Found:
C, 70.55; H, 4.20; N, 11.68.

Spiro-pyrrolopyrrolidine-carbaldehyde (12b). This compound
was obtained as yellow acicular crystals, mp 163–164 �C. Yield
44%. IR: 3070, 2965 (C–H), 1758 (C@O imide), 1696 (C@O ketone),
1600, 1504, 1470, 1403, 1236 (C@C, C@N), 1129. 1H NMR (CDCl3,
400 MHz): d 8.23 (s, 1H, H-aldehyde), 7.82 (d, J = 7.2 Hz, 2H,
2H20), 7.46 (d, J = 7.2 Hz, 2H, 2H30), 4.95 (q, J = 9.0 Hz, J = 2.0 Hz,
1H, H3), 3.93 (t, J = 10.0 Hz, 1H, H3a), 3.82–3.63 [m, 8H, 1H6a,
1H40a, CH2 (keto), 2�CH2 (ethyl)], 2.90 (d, J = 18.4 Hz, 1H, H40b),
1.22 (t, J = 7.2 Hz, 3H, CH3), 1.10 (t, J = 7.2 Hz, 3H, CH3). 13C NMR
(CDCl3, 100 MHz): d 195.20 (C@O ketone), 176.89 (C@O, C4),
174.88 (C@O, C5), 173.87 (C@O, C50), 173.45 (C@O, C20), 160.48
(C@O, aldehyde), 140.61 (C40, phenyl), 134.10 (C10, phenyl),
129.37 (C3, phenyl0), 129.26 (C20, phenyl), 66.93 (C30, spiro),
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55.08 (C1, a-ketone), 50.60 (C3), 46.17 (C6a), 40.23 (C3a), 37.27
(C40), 34.49 (CH2), 34.41 (CH2), 12.71 (CH3), 12.49 (CH3). Anal.
Calcd for C22H22ClN3O6 (459.88): C, 57.46; H, 4.82; N, 9.14. Found:
C, 57.51; H, 4.78; N, 9.05.

Acknowledgement

Financial support by CNCSIS Bucuresti, Grant Nos. 1115/2006
and 432/2006 is gratefully acknowledged.

References and notes

1. Gammon, D. D.; Snoeck, R.; Fiten, P.; Krecmerova, M.; De Clerk, E.; Andrei, G. J.
Virol. 2008, 82, 12520–12534.

2. Fan, S. Y.; Zheng, Z. B.; Mi, C. L.; Zhou, X. B.; Yan, H.; Gong, Z. H.; Li, S. Bioorg.
Med. Chem. 2009, 17, 621–624.

3. De Clercq, E. J. Med. Chem. 2005, 48, 1297–1313.
4. Muhanji, C. I.; Hunter, R. Curr. Med. Chem. 2007, 14, 1207–1222.
5. Sharma, S.; Freeman, B.; Turner, J.; Vogelzang, N. Invest. New Drugs 2009, 27,

63–65.
6. Xie, F.; Zhao, H.; Zhao, L.; Lou, L.; Hu, Y. Bioorg. Med. Chem. Lett. 2009, 19, 275–278.
7. Pogacic, V.; Bullok, A. N.; Fedorov, O.; Schwaller, J. Cancer Res. 2007, 67, 6916–

6924.
8. Kumar, D.; Carron, R.; De La Calle, C.; Jindal, D. P.; Bansal, R. Acta Pharm. 2008,

58, 393–405.
9. Paproski, R. J.; Visser, F.; Zhang, J.; Cass, J. D. Biochem. J. 2008, 414, 291–300.

10. Meyers, C.; Yanez, M.; Elmaatougi, A.; Sotelo, E. Bioorg. Med. Chem. Lett. 2008,
18, 793–797.

11. Cesari, N.; Biancalani, C.; Vergelli, C.; Giovanoni, M. P. J. Med. Chem. 2006, 49,
7826–7835.

12. Carling, R.; Moore, K. W.; Street, L. J.; Castro, J. L. J. Med. Chem. 2004, 47, 1807–
1822.

13. Cryan, J. F.; Valentino, R. J.; Lucki, I. Neurosci. Biobehav. R. 2005, 29, 547–569.
14. Abouzid, K.; Bekhit, S. A. Bioorg. Med. Chem. 2008, 16, 5547–5556.
15. Dogruer, D. S.; Onkol, T.; Ozkan, S.; Osgen, S.; Sahin, M. F. Turk. J. Chem. 2008,

32, 469–479.
16. Moldoveanu, C.; Mangalagiu, G.; Drochioiu, G.; Caprosu, M.; Petrovanu, M.;
Mangalagiu, I. I. An. Stiint. Univ. ‘Al.I.Cuza‘ Iasi 2003, 11, 367–374 [Chem. Abstr.
2004, 142, 56249].

17. Butnariu, R.; Mangalagiu, I. I. Bioorg. Med. Chem. 2009, 17, 2823–2829.
18. Balan, A. M.; Florea, O.; Moldoveanu, C.; Zbancioc, G.; Iurea, D.; Mangalagiu, I. I.

Eur. J. Med. Chem. 2009, 44, 2275–2279.
19. Butnariu, R.; Caprosu, M.; Bejan, V.; Ungureanu, M.; Poiata, A.; Tuchilus,

C.; Florescu, M.; Mangalagiu, I. I. J. Heterocycl. Chem. 2007, 44, 1149–
1152.

20. Ungureanu, M.; Moldoveanu, C.; Poeata, A.; Drochioiu, G.; Petrovanu, M.;
Mangalagiu, I. I. Ann. Pharm. Fr. 2006, 64, 287–288.

21. Padwa, A. In 1,3-Dipolar Cycloaddition Chemistry; Padwa, A., Ed.; John Wiley &
Sons: New York, 1984; pp 277–406. Chapter 12; Padwa, A.. In 1,3-Dipolar
Cycloaddition Chemistry; Houk, K. N., Yamaguchi, K., Eds.; John Wiley & Sons:
New York, 1984; Vol. 2, pp 407–450. Chapter 13, and references cited therein.

22. Klamann, D.; Hagen, H.. In Organische Stickstoff-Verbindungen mit einer C,N-
Doppelbindung; Houben-Weyl, Ed.; Thieme: Stuttgart, 1991; Vol. E14b, Teil 1, pp
1–160. and references cited therein.

23. Hocking, M. B. J. Heterocycl. Chem. 1977, 14, 829–837.
24. Zugravescu, I.; Pertovanu, M.; Caraculacu, A.; Sauciuc, A. Rev. Roum. Chim. 1967,

12, 109–116.
25. Zirngibl, L.; Kunz, G.; Pretsch, E. Tetrahedron Lett. 1971, 44, 4189–4192.
26. (a) Van der Eycken, E.; Kappe, O. C. Microwave-Assisted Synthesis of

Heterocycles; Springer: Berlin, Heidelberg, Germany, 2006; (b) Loupy, A.
Microwaves in Organic Synthesis; Wiley-VCH: Weinheim, Germany, 2006.

27. (a) Mason, T. J.; Peters, D. Practical Sonochemistry, 2nd ed.; Ellis Horwood:
London, UK, 2002; (b) Luche, J. L. Synthetic Organic Sonochemistry; Plenum:
New York, USA, 1998.

28. Mantu, D.; Moldoveanu, C.; Nicolescu, A.; Deleanu, C.; Mangalagiu, I. I. Ultrason.
Sonochem. 2009, 16, 452–454.

29. Bejan, V.; Moldoveanu, C.; Mangalagiu, I. I. Ultrason. Sonochem. 2009, 16, 312–
315.

30. Ivanov, A. A.; Primelles, E. Vysokomolekulyarnye Soedineniya, Serya A 1984, 26,
1300 [Chem. Abstr. 1984, 101, 91498].

31. Crystallographic data (excluding structure factors) for the structures in this
paper have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. CCDC 735317 (3a), 735318 (8a) and 732133
(12b). Copies of the data can be obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44 (0)1223 336033 or e-
mail: deposit@ccdc.cam.ac.uk).


