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The new 2H,4H-[1]benzopyrano[3,4-b]pyridine-1,3,5-trione derivatives 10a-f were prepared in the fol-
lowing three steps: first the preparation of new N-(tert-butoxycarbonyl)-3-amino-2H-1-benzopyran-2-one
derivatives Sa-f by reaction of coumarin-3-carboxylic acids and diphenylphosphorylazide, then hydrolysis
of Sa-f with gaseous hydrogen chloride to give the comresponding amines 7a-f, and finally the preparation
of 10a-f by reaction of 7a-f and carbon suboxide in the presence of a Lewis acid.

J. Heterocyclic Chem., 35, 117 (1998).

Coumarin derivatives are known to be a very interesting
class of natural or synthetic compounds [1,2], whose bio-
logical activity varies according to the substituents on the
benzopyran ring [3,4]. Though no detailed study of the
structure-activity relationship of these compounds, their
antibacterial [5-7], antifungal [8], antitumour [9,10], and
anti-HIV [11,12] activity has been published recently.

Continuing our research on the synthesis and activity
of coumarin compounds via carbon suboxide [13-17],
in this study we prepared new N-(tert-butoxycarbonyl)-
3-amino-2H-1-benzopyran-2-one derivatives 5a-f and
new 2H,4H-[1]benzopyrano[3,4-b]pyridine-1,3,5-trione
derivatives 10a-f, that can be structurally compared to
analogous compounds of known pharmacological
activity [18] (Scheme). By reacting equimolar amounts

of the characteristic absorption of the NH and CO lac-
tonic and carbamic groups. The 1H nmr spectra showed
the signal of the methine proton at § between 8.09 and
8.61, and all mass spectra show a base peak at [M*
-CsHgO,]. These derivatives have been hydrolyzed in
the heterogeneous phase with gaseous hydrogen chlo-
ride for 6, to give quantitative yields of the known
coumarin-3-amino derivatives 7a-f [20-22]. For this
reason gaseous hydrogen chloride was used, since the
hydrolysis of bases in the long run promotes the open-
ing of the coumarin ring, and the hydrolysis of acids
leads to very low yields.

Subsequently, by reacting equimolar amounts of 7a-f
with carbon suboxide (8) in anhydrous acetone solutions
and in presence of catalytic amounts of anhydrous alu-
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of coumarin-3-carboxylic acids 1a-f with triethylamine
(2) and diphenylphosphorylazide (3) [19] in f-butyl
alcohol (4), derivatives 5a-f were obtained in good
yields. The structures of the compounds Sa-f have been
assigned from their analytical and ir, 1H nmr and mass
spectral data (Table 1). The ir spectra revealed presence

minum chloride (9), new pyridincoumarins 10a-f were
obtained (Table 2). A possible mechanism of this reaction
is the nucleophilic attack of nitrogen by carbon suboxide
with formation of an unstable ketene intermediate [23],
that leads to pyridincoumarin derivatives via a Friedel
Krafts reaction.
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Table 1
Some Physicochemical Properties and Spechal Findings of Sa-f

No. R R; Yield Mp Formula Analysis (%) FTIR 'H NMR MS
(%) ({®) Calcd./Found (cm1) 3 ppm m/z

C H N
Sa H H 82 85- Cy14H,sNO, 6436 579 536 3395 (deuteriochloroform): 12.00 (s, 1H, NH 261
86 64.50 575 540 1715 exchanged with deuterium oxide), 8.20 (s, 1H, 161

1690 CH), 7.39-7.19 (m, 4H,
Ar), 1.46 [s, 9H, 3(CH,)]
5b NO, H 80 132- C,4H14N,0¢ 5490 461 9.15 3400 (deuteriochloroform): 12.00 (s, 1H, NH 306
134 5485 462 9.18 1720 exchanged with deuterium oxide), 8.27 (s, 1H, 206
1690 CH), 7.37-7.19 (m, 3H,
Ar), 1.47 [s, 9H, 3(CH;)]
Sc Br H 80 104-  Cj4H;4BINO, 49.56 4.16 4.13 3390 (dimethyl-dg sulfoxide): 12.00 (s, 1H, 340
105 4945 420 4.11 1715 NH exchanged with deuterium oxide), 8.59 (s, 240
1690 1H, CH), 7.95-7.22 (m, 3H,
Ar), 1.47 [s, 9H, 3(CHj)]
5d Cl H 80 158- Ci4H4CINO, 5694 478 475 3390 (dimethyl-dg sulfoxide): 12.00 (s, 1H, 295
160 57.02 4.81 4.75 1720 NH exchanged with deuterium oxide), 8.61 (s, 195
1710 1H, CH), 7.93-7.28 (m, 3H,
S Ar), 1.53 [s, 9H, 3(CH3)]
Se Br Br 88 130- C H;4Br,NO, 4030 3.14 336 3380 (dimethyl-dg sulfoxide): 11.90 (s, 1H, 419
132 40.21 320 339 1720 NH exchanged with deuterium oxide), 8.09 (s, 319
1700 1H, CH), 7.69-7.45 (m, 2H,
Ar), 1.46 [s, 9H, 3(CH3)]
s Cl 82 148- C14H3CLNO, 51.06 398  4.26 3310 (dimethyl-dg sulfoxide): 11.90 (s, 1H, 314
150 51.15 4.00 421 1730 NH exchanged with deuterium oxide), 8.17 (s, 214
1710 1H, CH), 7.99-7.70 (m, 2H,
Ar), 145 [s, 9H, 3(CHy)l.

Table 2
Some Physicochemical Properties and Spectral Findings of 10a-f

No. R R, Yield Mp Formula Analysis (%) FTIR 1H NMR MS
%) (C) Calcd./Found (cm1) S ppm m/z
C H N (Dimethyl-dg sulfoxide)
10a H H 38 >230 C;,HJNO, 62.89 3.08 6.11 3400 10.90 (s, 1H, NH exchanged 229 M+

62.81 3.10 6.15 1720 with deuterium oxide), 8.20-7.30 (m, 4H,
1650 Ar), 3.75 (s, 2H, CH,)
1595
10b NO, H 32 >230 C,,HgN,Og 5257 221 1022 3400 10.95 (s, 1H, NH exchanged 274 M+
5265 223 10.15 1730 wtih deuterium oxide), 8.20-7.57 (m, 3H,
1640 Ar), 3.78 (s, 2H, CH;)
1595
10c Br H 35 >230 C,HgBINO, 4678 196 4.55 3410 9.50 (s, 1H, NH exchanged 308 M+
4669 196 4.57 1735 with deuterium oxide), 8.20-7.50 (m, 3H,
1624 Ar), 3.76 (s, 2H, CHy)
1594
10d C H 35 >230 C,,H¢CINO, 5467 229 531 3410 9.50 (s, 1H, NH exchanged 263 M+
5458 230 5.28 1730 with deuterium oxide), 8.22-7.58 (m, 3H,
1620 Ar), 3.75 (s, 2H, CH,)
1595
10e Br Br 40 >230 C;,HsBr,NO4 37.24 130 362 3398 9.45 (s, 1H, NH exchanged 387 M+
3733 129 365 1720 with deuterium oxide), 8.23-7.99 (m, 2H,
1650 Ar), 3.72 (s, 2H, CHy)
1590
10f Cl Ci 30 >230 CHCINO, 4835 169 4.70 3400 9.46 (s, 1H, NH exchanged 298 M+
4842 170 4.65 1735 with deuterium oxide), 8.20-7.97 (m, 2H,
1625 Ar), 3.70 (s, 2H, CH,).
1600
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Melting points were determined using a Kofler apparatus and
are uncorrected. The FT ir spectra were recorded on a Perkin
Elmer System 2000 spectrophotometer using potassium bromide
mulls. The 'H nmr spectra were recorded on a Varian Unity 300
spectrometer; chemical shifts are reported in ppm from hexa-
methyldisiloxane as an internal standard and are given in &
units. Mass spectra were taken with a QMD 1000 instrument
(Fisons instrument) at 70 eV using a direct inlet system.
Elemental analyses (C, H, N) were carried out with a Carlo Erba
model 1106 Elemental Analyzer.

Commercially available reagent-grade reagents and solvents
were used. Carbon suboxide was prepared from the pyrolysis of
di-O-acetyltartaric anhydride [24]. Acids 1b-f were prepared
from 2-hydroxybenzaldehyde derivatives [25] according to the
literature [26]. Starting materials were purchased from Aldrich
Chemical Co. All compounds and solvents were rigorously
dried before use.

N-(tert-Butoxycarbonyl)-3-amino-2H-1-benzopyran-2-ones Sa-f
and 2H-1-Benzopyran-2-one-3-amino Derivatives 7a-f. General
Procedure.

Triethylamine (50 mmoles) and subsequently diphenylphos-
phorylazide (50 mmoles) were added dropwise to a refluxing
solution of 1a-f (50 mmoles) in t-butyl alcohol (150 ml) with
stirring. The reaction was refluxed for another 24 hours. Upon
completion, the solution was filtered and concentrated under
reduced pressure, giving as residue as dense oil that was solidi-
fied with isopropyl ether. The crude solid was crystallized from
hot methanol to give coumarins Sa-f.

Gaseous hydrogen chloride was added slowly with stirring to
a suspension of these coumarins in chloroform. Upon comple-
tion the chloroform solution containing the hydrolysate was con-
centrated under vacuum to give quantitative yields of the known
Ta-f.

2H,4H-[1]Benzopyrano|3,4-b]pyridine-1,3,5-trione Derivatives
10a-f. General Procedure.

Carbon suboxide (8 mmoles) was added over 1 hour at -70° to
a stirred solution of 7a-f (8 mmoles) in anhydrous acetone (300
ml) in the presence of a catalytic amount of aluminum chloride.
Upon completion, the mixture was allowed to stand at 0° for 5
hours, then at room temperature for 120 hours with continuous
stirring. After filtration and solvent evaporation, the residual oil
was converted into a powder with petroleum and isopropyl
ether, and recrystallized by hot methanol and water (1:1) to yield
10a-f.

Acknowledgements.

This work was supported by Ministero dell'Universita e della
Ricerca Scientifica e Tecnologica (MURST research funds
60%).

Synthesis of New 2H,4H-Benzopyrano[3,4-blpyridine-1,3,5-trione Derivatives 119

REFERENCES AND NOTES

*Author to whom correspondence should be addressed.
[1] W.O. Foye, Principi di Chimica Farmaceutica, II, Piccin, ed,
Padua, 1991, pp 416-420.
[2] N. Takeuchi, T. Kamasama, Y. Aida, J. Oki, . Maruyama, K.
Wanatabe and S. Tobinaga, Chem. Pharm. Bull., 39, 1415 (1991).
[3] V. Singh, V. K. Srivastava, G. Palit and K. Shanker,
Arzneim.-Forsch., 42, 993 (1992).
[4] L. Huang, Y. Kashiwada, L. M. Cosentino, S. Fan, C. Chen,
A. T. Mc Phail, T. Fujioka, K. Mihashi and K. H. Lee, J. Med. Chenm.,
37, 3947 (1994).
[S]1 O. H. Hishmat, J. A. A. Miky, A. A. Farrag and E. M. Fadl-
Allah, Arch. Pharmacal Res., 12, 181 (1989).
{6] M. Nagesam, K. M. Raju and M. S. Raju, J. Indian Chem.
Soc., 65, 380 (1988).
[71 M. Nagesam, K. M. Raju and M. S. Raju, J. Indian Chem.
Soc., 64,418 (1987).
[8] R. Singh, B. B. Gupta, O. P. Malik and H. R. Kataria, Pestic.
Sci., 20, 125 (1987).
[91 P. G. Baraldi, S. Manfredini, D. Simoni, M. A. Tabrizi, J.
Balzarini and E. De Clercq, J. Med. Chem., 35, 1877 (1992).
[10] F. W. Perrella, S. F. Chen, D. L. Behrens, R. F. Kaltenbach
and S. P. Seitz, J. Med. Chem., 37, 2232 (1994).
[11] Y. Kashman, K. R. Gustafson, R. W. Fuller, J. H. Cardellina,
J. B. Mc Mahon, M. J. Currens, R. W. Buckheit, S. H. Hughes, G. M.
Gragg and M. R. Boyd, J. Med. Chem., 35, 2735 (1992).
[12] A.D.Patil, A. I. Freyer, D. S. Eggleston, R. C. Waltiwanger,
M. F. Bean, P. B. Taylor, M. J. Caranfa, A. L. Breen, H. R. Bartus, R. K.
Johnson, R. P. Hertzberg and J. W. Westley, J. Med. Chem., 36, 4131
(1993).
{13] L. Bonsignore, S. Cabiddu, G. Loy and M. Secci,
Tetrahedron Letters, 24, 5013 (1983).
[14] L. Bonsignore, S. Cabiddu, G. Loy and M. Secci,
Heterocycles, 22, 2587 (1984).
[15] L. Bonsignore, G. Loy, D. Secci and A. Calignano, Eur. J.
Med. Chem., 28, 517 (1993).
[16] L. Bonsignore, A. De Logu, G. Loy, S. M. Lavagna and D.
Secci, Eur. J. Med. Chem., 29, 479 (1994).
[17} N. Artizzu, L. Bonsignore, G. Loy and A. Calignano,
Farmaco, 50, 853 (1995).
[18] W. O. Foye, Principi di Chimica Farmaceutica, II, Piccin, ed,
Padua, 1991, pp 885-899.
[19] T. Shioiri, K. Ninomiya and S. Yamada, J. Am. Chem. Soc.,
94, 6203 (1972).
[20] D. Chakravarti and R. Das, J. Indian Chem. Soc., 48, 371
(1971).
[21] C. M. Brewster, J. Am. Chem. Soc., 46, 2463 {1924).
[22] E. Kun and J. Mendeleyev, PCT Int. Appl. WO 92 06,687
(1992); Chem. Abstr., 117, 90147q (1992).
{23] L. Bonsignore, G. Loy, M. Secci, S. Cabiddu and G. Gelli, J.
Chem. Soc., Perkin Trans. II, 1247 (1988).
[24] L. Crombie, P. A. Gilbert and R. P. Houghton, J. Chem. Soc.
C, 130 (1968).
[25] G. Casiraghi, G. Casnati, G. Puglia, G. Sartori and G.
Terenghi, J. Chem. Soc., Perkin Trans. I, 1862 (1980).
[26] L. Bonsignore, S. Cabiddu, G. Loy and M. Secci, J.
Heterocyclic Chem., 22, 463 (1985).



