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An efficient and highly convergent route to dihydropyrimidinones (DHPMs) and hitherto unre-
ported dihydropyridopyrimidinones has been developed by one-pot, three-component cyclocon-
densation of aromatic aldehydes, f-oxodithioesters, and urea/6-amino-1,3-dimethyluracil in the
presence of recyclable SiO,—H»SO,. On the other hand, salicylaldehyde, f-oxodithioester, and urea
reacted under similar conditions to afford the 3-aroyl/heteroaroyl-2 H-chromen-2-thiones in high
yields instead of Biginelli product. The attractive feature of this approach is the synthesis of three
important bioactive heterocyclic frameworks from the same [(-oxodithioester under the similar
reaction conditions, making this new strategy highly useful in diversity-oriented synthesis (DOS).

Introduction

The Biginelli dihydropyrimidinone MCR has come a long
way since its discovery 117 years ago in 1893 by Italian
chemist Pietro Biginelli." From the preparation of simple
pyrimidine heterocycles in the late 19th century to the
generation of targeted compound libraries of biofunctional
dihydropyrimidinones (DHPMs) and the enantioselective

(1) (a) Biginelli, P. Gazz. Chim. Ital. 1893, 23, 360-416. (b) For a
comprehensive review of the Biginelli reaction, see: Kappe, C. O.; Stadler,
A. Org. React. 2004, 63, 1-116.

(2) (a) Folkers, K.; Johnson, T. B. J. Am. Chem. Soc. 1933, 55,3784-3791.
(b) Sweet, F.; Fissekis, J. D. J. Am. Chem. Soc. 1973, 95, 8741-8749. (c)
Kappe, C. O. J. Org. Chem. 1997, 62, 7201-7204. (d) Hu, E. H.; Sidler, D. R ;
Dolling, U.-H. J. Org. Chem. 1998, 63, 3454-3457. (e) Vdovina, S. V.
Mamedov, V. A. Russ. Chem. Rev. 2008, 77, 1017-1053.

(3) (a) Kappe, C. O.; Falsone, S. F.; Fabian, W. M. F.; Belaj, F.
Heterocycles 1999, 51, 77-84. (b) Kappe, C. O.; Falsone, S. F. Synlett
1998, 718-720. (c) Atwal, K. S.; Rovnyak, G. C.; O’Reilly, B. C.; Schwartz,
J. J. Org. Chem. 1989, 54, 5898-5907. (d) Kappe, C. O. QSAR Comb. Sci.
2003, 22, 630-645. (e) Zhan, H. W.; Wang, J. X.; Wang, X. T. Chin. Chem.
Lett. 2008, 19, 1183-1185.

DOI: 10.1021/jo101572¢
© 2010 American Chemical Society

Published on Web 10/27/2010

total synthesis of complex natural products, the Biginelli
MCR?>? has been adapted successfully to the needs
and expectations of modern synthetic organic chemistry.
The interesting and multifaceted biological profiles of
dihydropyrimidinones*® have been explored through the
generation of libraries of compounds. In the past decades,
a broad range of biological effects® including antiviral,
antitumor, antibacterial, analgesic, and anti-inflammatory
activities have been ascribed to Biginelli compounds. More-
over, appropriately functionalized DHPMs (Chart 1) exhibit

(4) (a) Stadler, A.; Kappe, C. O. J. Comb. Chem. 2001, 3, 624-630. (b)
Wipf, P.; Cunningham, A. Tetrahedron Lett. 1995, 36, 7819-7822. (c)
Valverde, M. G.; Dallinger, D.; Kappe, C. O. Synlett 2001, 741-744. (c)
Rovnyak, G. C.; Atwal, K. S.; Hedberg, A.; Kimball, S. D.; Moreland, S.;
Gougoutas, J. Z.; O’Reilly, B. C.; Schwartz, J.; Malley, M. F. J. Med. Chem.
1992, 35, 3254-3263. (d) Patil, A. D.; Kumar, N. V.; Kokke, W. C.; Bean,
M. F.; Freyer, A. J.; De Brosse, C.; Mai, S.; Truneh, A.; Faulkner, D. J;
Carte, B.; Breen, A. L.; Hertzberg, R. P.; Johnson, R. K.; Westley, J. W_;
Potts, B. C. M. J. Org. Chem. 1995, 60, 1182-1188. (¢) Zorkun, I. S.; Sarac, S.;
Celebi, S.; Erol, K. Bioorg. Med. Chem. 2006, 14, 8582-8589.
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CHART 1. Examples of Biologically Active Heterocyclic Fra-
meworks
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a variety of pharmacological activities such as antihypertensive
agents (1, 2),**7 a,, adrenoceptor-selective antagonist (3),°*

(5) (a) Kappe, C. O. Bioorg. Med. Chem. Lett.2000, 10,49-51. (b) Studer, A.;
Jeger, P.; Wipf, P.; Curran, D. P. J. Org. Chem. 1997, 62,2917-2924. (c) Barrow,
J. C.; Nantermet, P. G.; Selnick, H. G.; Glass, K. L.; Rittle, K. E.; Gilbert, K. F.;
Steele, T. G.; Homnick, C. F.; Freidinger, R. M.; Ransom, R. W_; Kling, P.;
Reiss, D.; Broten, T. P.; Schorn, T. W.; Chang, R. S. L.; O’'Malley, S. S.; Olah,
T. V.; Ellis, J. D.; Barrish, A.; Kassahun, K.; Leppert, P.; Nagarathnam, D.;
Forray, C. J. Med. Chem. 2000, 43, 2703-2718. (d) Kappe, C. O. Eur. J. Med.
Chem. 2000, 35, 1043-1052. (e) Snider, B. B.; Shi, J. J. Org. Chem. 1993, 58,
3828-3829. (f) Heys, L.; Moore, C. G.; Murphy, P. J. Chem. Soc. Rev. 2000, 29,
57-67. (g) Aron, Z. D.; Overman, L. E. Chem. Commun. 2004, 253-265.

(6) (a) Kappe, C. O. Tetrahedron 1993, 49, 6937-6963. (b) Kappe, C. O.in
Multicomponent Reactions, Zhu, J., Bienaymie, H., Eds.; Wiley-VHC:
Weinheim, 2005; pp 95—120. (c) Kappe, C. O.; Roschger, P. J. Heterocycl.
Chem. 1989, 26, 55-64. (d) Chitra, S.; Devanathan, D.; Pandiarajan, K. Eur.
J. Med. Chem. 2010, 45, 367-371. and references cited therein.

(7) (a) Atwal, K. S.; Swanson, B. N.; Unger, S. E.; Floyd, D. M.; Moreland,
S.; Hedberg, A.; O’Reilly, B. C. J. Med. Chem. 1991, 34, 806-811. (b) Grover,
G. J.; Dzwonczyk, S.; McMullen, D. M.; Normandin, D. E.; Parham, C. S,;
Sleph, P. G.; Moreland, S. J. Cardiovasc. Pharmacol. 1995, 26, 289-294.

(8) Nagarathnam, D.; Miao, S. W.; Lagu, B.; Chiu, G.; Fang, J.; Dhar,
T.G.M.; Zhang, J.; Tyagarajan, S.; Marzabadi, M. R.; Zhang, F. Q.; Wong,
W. C.; Sun, W. Y,; Tian, D.; Wetzel, J. M.; Forray, C.; Chang, R. S. L.;
Broten, T. P.; Ransom, R. W.; Schorn, T. W.; Chen, T. B.; O’Malley, S.;
Kling, P.; Schneck, K.; Benedesky, R.; Harrell, C. M.; Vyas, K. P
Gluchowski, C. J. Med. Chem. 1999, 42, 4764-4777.
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mitotic kinesin Eg5 inhibitor (monastrol, 4), and anticancer
(5, MAL3—101).” Furthermore, apart from synthetic DHPM
derivatives, several marine natural products containing DHPM
skeleton such as batzelladine B (6), ptilomycalines, and
crambescidines with interesting biological activities*®3:f
have recently been isolated. Similarly, thiocoumarins display
a remarkable array of biochemical and pharmacological
actions'® such as 7 is used as blocker!® of the lymphocyte
potassium channel Kv1.3. Another heterocyclic core unit
dihydropyridopyrimidinones, which is structurally similar
with the DHPM also display the promising pharmacological
activity such as adenosine kinase inhibitor,''* AbI kinase
inhibitor,"'® tyrosine phosphatase inhibitor,''® antiviral,''®
in treatment of diarrhea,'' and as a Ca®* channel modu-
lator. The diverse range of biological activities of these
moieties has stimulated considerable interest to synthesize
these units via a new and efficient route.

In the 1970s and 1980s, interest slowly increased, and the
scope of the original cyclocondensation reaction shown in
Scheme | was gradually extended by variation of all the three
building blocks allowing access to a large number of attrac-
tive multifunctionalized DHPMs. A plethora of useful meth-
odologies involving various types of homogeneous and
heterogeneous catalysts''* have been elaborated in order
to keep the simplicity and to improve the efficiency of the
classical Biginelli protocol and to simultaneously overcome

(9) (a) Mayer, T. U.; Kapoor, T. M.; Haggarty, S. J.; King, R. W.;
Schreiber, S. L.; Mitchison, T. J. Science 1999, 286, 971-974. (b) Haggarty,
S. J.; Mayer, T. U.; Miyamoto, D. T.; Fathi, R.; King, R. W.; Mitchison,
T. J.; Schreiber, S. L. Chem. Biol. 2000, 7, 275-286.

(10) (a) Fylaktakidou, K. C.; Hadjipavlou-Litina, D. J.; Litinas, K. E.;
Nicolaides, D. N. Curr. Pharm. Design 2004, 10, 3813-3826. (b) Symeonidis,
T.; Fylaktakidou, K. C.; Hadjipavlou-Litina, D. J.; Litinas, K. E. Eur. J.
Med. Chem. 2009, 44, 5012-5017. (c) Stanchev, S.; Hadjimitova, V.;
Traykov, T.; Boyanov, T.; Manolova, I. Eur. J. Med. Chem. 2009, 44,
3077-3082. (d) Xiao, C.; Song, Z. -G.; Liu, Z. -Q. Eur. J. Med. Chem.
2010, 45, 2559-2566. (e) Bodendiek, S. B.; Mahieux, C.; Hansel, W.; Wulff,
H. Eur. J. Med. Chem. 2009, 44, 1838—1852.

(11) (a) Zheng, G. Z.; Lee, C. -H.; Pratt, J. K.; Perner, R. J.; Jiang, M. Q.;
Gomtsyan, A.; Matulenko, M. A.; Mao, Y.; Koenig, J. R.; Kim, K. H,;
Muchmore, S.; Yu, H.; Kohlhaas, K.; Alexander, K. M.; McGaraughty,
S. K.; Chu, L.; Wismer, C. T.; Mikusa, J.; Jarvis, M. F.; Marsh, K. E.;
Kowaluk, A.; Bhagwat, S. S.; Stewart, A. O. Bioorg. Med. Chem. Lett. 2001,
11,2071-2074. (b) Huron, D. R.; Gorre, M. E.; Kraker, A.J.; Sawyers, C. L.;
Rosen, N.; Moasser, M. M. Clin. Cancer Res. 2003, 9, 1267-1273. (c)
Thakkar, K. C.; Berthel, S. J.; Cheung, A. W. -H.; Kim, K.; Li, S.; Yun,
W. Patent application title: Pyridopyrimidine Protein Tyrosinephosphatase
Inhibitors. (d) Bondy, S. S.; Chong, L. S.; Watkins, W. J.; Herdewijn, P. A.
M. M.; Jonghe, S. C. A. D. Patent application no. 20100048559. (e) Kots,
A. Y.; Choi, B. -K.; Jimenez, M. E. E.; Warren, C. A.; Gilbertson, S. R.;
Guerrant, R. L.; Murad, F. Proc. Natl. Acad. Sci. U.S.A. 2008, 105, 8440—
8445.

(12) (a) Hu, E. H.; Sidler, D. R.; Dolling, U. H. J. Org. Chem. 1998, 63,
3454-3457. (b) Liang, B.; Wang, X.; Wang, J. X.; Du, Z. Tetrahedron 2003,
63, 1981-1986. (c) Narsaiah, A. V.; Basak, A. K.; Nagaiah, K. Synthesis
2004, 1253-1256. (d) Sun, Q.; Wang, Y. Q.; Ge,Z. M.; Cheng, T.M.; Li, R. T.
Synthesis 2004, 1047-1051. (e) Gohain, M.; Prajapati, D.; Sandhu, J. S.
Synlett 2004, 235-238. (f) Xiaoyan, H.; Fan, X.; Yiqin, L.; Qi, S. Eur. J. Org.
Chem. 2005, 1500-1503. (g) Kalita, H. R.; Phukan, P. Catal. Commun. 2007,
8, 179-182. (h) Singh, O. M.; Devi, N. S. J. Org. Chem. 2009, 74, 3141-3144.
(1) Majid, M. M.; Saidi, K.; Khabazzadeh, H. Phosphorus Sulfur silicon 2010,
185, 325-329. (j) Xin, J.; Chang, L.; Hou, Z.; Shang, D.; Liu, X.; Feng, X.
Chem.—Eur. J. 2008, 14, 3177-3181. (k) Debache, A.; Amimour, M.;
Belfaitah, A.; Rhouati, S.; Carboni, B. Tetrahedron Lett. 2008, 49, 6119—
6121. (1) Heravi, M. M.; Derikvand, F.; Bamoharram, F. F. J. Mol. Catal. A:
Chem. 2005, 242, 173-175. (m) Hassani, Z.; Islami, M. R.; Kalantari, M.
Bioorg. Med. Chem. Lett. 2006, 16, 4479-4482. (n) Rafiee, E.; Jafari, H.
Bioorg. Med. Chem. Lett. 2006, 16,2463-2466. (0) Heravi, M. M.; Bakhtiari,
K.; Bamoharram, F. F. Catal. Commun. 2006, 7,373-376.(p) Yu, Y.; Liu,D.;
Liu, C.; Luo, G. Bioorg. Med. Chem. Lett. 2007, 17,3508-3510. (q) Schauble,
J. H.; Trauffer, E. A.; Deshpande, P. P.; Evans, R. D. Synthesis 2005, 1333~
1339. (r) Hazarkhani, H.; Karimi, B. Synthesis 2004, 1239-1242. (s) Lu, J.;
Bai, Y. Synthesis 2002, 466-470.
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its undesirable features. Asymmetric'* and chemo/regiose-
lective synthesis'® of Biginelli products using organocata-
lysts have been developed. Ammonium chloride,'®* ammo-
nium and tetrabutylammonium bromides, '®®€ copper nitrate,”
Si0,—HCI04, ' CaF,,'"*® A1,05-MeSO5H,'® polymer-
supported aminoformoyl diphenylammonium triflate,'* metal
triflate/triflimide,"” piperidinium triflate,'* sodium chloride,?*
thiamine hydrochloride,?*® chlorotrimethylsilane,* aluminum-
planted mesoporous silica,”'® graphite supported lanthanum
chloride,”"® hexaaquaaluminium(III) tetrafluoroborate®' and
pyrazolidine dihydrochloride® have also been utilized as efficient
catalysts for the Biginelli reaction. Recently, a base-catalyzed®
and modified syntheses of DHPMs in aqueous media have also
been carried out.**®** The use of the common open-chain
p-dicarbonyl compounds in Biginelli reactions has been extended

(13) (a) Ranu, B. C.; Hajra, A.; Jana, U. J. Org. Chem. 2000, 65, 6270~
6272. (b) Fu, N. Y.; Yuan, Y. F.; Cao, Z.; Wang, S. W.; Wang, J. T.; Peppe,
C. Tetrahedron 2002, 58, 4801-4807. (c) Bose, D. S.; Fatima, L.; Mereyala,
H. B. J. Org. Chem. 2003, 68, 587-590. (d) De, S. K.; Gibbs, R. A. Synthesis
2005, 1748-1750. (e) Cepanec, I.; Litvic, M.; Bartolincic, A.; Lovric, M.
Tetrahedron 2005, 61, 4275-4280. (f) Ivica Cepanec, I.; Litvic, M.;
Filipan-Litvic, M.; Grungold, 1. Tetrahedron 2007, 63, 11822-11827. (g)
Rodriguez-Dominguez, J. C.; Bernardi, D.; Kirsch, G. Tetrahedron Lett.
2007, 48, 5777-5780. (h) Lee, K.-Y.; Ko, K.-Y. Bull. Korean Chem. Soc. 2004,
25, 1929-1931. (i) Reddy, P. N.; Reddy, Y. T.; Reddy, M. N.; Rajitha, B;
Crooks, P. A. Synth. Commun. 2009, 39, 1257-1263. (j) Nandurkar, N. S.;
Bhanushali, M. J.; Bhor, M. D.; Bhanage, B. M. J. Mol. Catal. A 2007, 271,
14-17.

(14) (a) Huang, Y.J.; Yang, F. Y.; Zhu, C.J. J. Am. Chem. Soc. 2005, 127,
16386-16387. (b) Chen, X. H.; Xu, X. Y.; Liu, H.; Cun, L. F.; Gong, L. Z.
J. Am. Chem. Soc. 2006, 128, 14802-14803. (c) Gong, L. Z.; Chen, X. H.; Xu,
X.Y. Chem.—Eur. J. 2007, 13, 8920-8926. (d) Doyle, A. G.; Jacobsen, E. N.
Chem. Rev.2007, 107, 5713-5743. (e) Goss, J. M.; Schaus, S. E. J. Org. Chem.
2008, 73, 7651-7656. (f) Wu, Y.-Y.; Chai, Z.; Liu, X.-Y.; Zhao, G.; Wang,
S.-W. Eur. J. Org. Chem. 2009, 904-911. (g) Sohn, J.-H.; Choi, H.-M.; Lee,
S.; Joung, S.; Lee, H.-Y. Eur. J. Org. Chem. 2009, 3858-3862. (h) Singh, K.;
Singh, S. Tetrahedron 2009, 65, 4106-4112.

(15) (a) Chen, Q.; Jiang, L.-L.; Chen, C.-N.; Yang, G.-F. J. Heterocycl.
Chem. 2009, 46, 139-148. (b) Wan, J.-P.; Pan, Y.-J. Chem. Commun. 2009,
2768-2770.

(16) (a) Shaabani, A.; Bazgir, A.; Teimouri, F. Tetrahedron Lett. 2003, 44,
857-859. (b) de Souza, A. L. F.; de Oliveira, M. R. P.; Teixeira da Silva, E.;
Fernandeza, T. L.; Antunesa, O. A. C. Heterocycl. Commun. 2008, 14, 357
361. (c) Ahmed, B.; Khan, R. A.; Habibullah; Keshari, M. Tetrahedron Lett.
2009, 50, 2889-2892.

(17) Wang, D.-C.; Guo, H.-M.; Qu, G.-R. Synth. Commun. 2010, 40,
1115-1122.

(18) (a) Maheswara, M.; Oh, S. H.; Kim, K.; Do, J. Y. Bull. Korean Chem.
Soc. 2008, 29, 1752-1754. (b) Chitra, S.; Pandiarajan, K. Tetrahedron Lett.
2009, 50, 2222-2224. (c) Sharghi, H.; Jokar, M. Synth. Commun. 2009, 39,
958-979. (d) Lei, M.; Wu, D.-D.; Wei, H.-G.; Wang, Y.-G. Synth. Commun.
2009, 39, 475-483.

(19) (a) Ma, Y.; Qian, C.; Wang, L.; Yang, M. J. Org. Chem. 2000, 65,
3864-3868. (b) Yadav, J. S.; Reddy, B. V. S.; Srinivas, R.; Venugopal, C.;
Ramalingam, T. Synthesis 2001, 1341-1345. (c) Paraskar, A. S.; Dewkar,
G. K.; Sudalai, A. Tetrahedron Lett. 2003, 44, 3305-3308. (d) Varala, R.;
Alam, M. M.; Adapa, S. R. Synlett 2003, 67-70. (e) Bose, D. S.; Kumar,
R. K.; Fatima, L. Synletr 2004, 279-282. (f) Ghosh, R.; Maiti, S.;
Chakraborty, A. J. Mol. Catal. A: Chem. 2004, 217, 47-50. (g) Su, W.; Li,
J.;Zheng, Z.; Shena, Y. Tetrahedron Lett. 2005, 46, 6037-6040. (h) Suzuki, I.;
Suzumura, Y.; Takeda, K. Tetrahedron Lett. 2006, 47, 7861-7864. (i) Adibi,
H.; Samimi, H. A.; Beygzadeh, M. Catal. Commun. 2007, 8, 2119-2124. (j)
Ramalingan, C.; Park, S. -J.; Lee, 1. -S.; Kwak, Y. -W. Tetrahedron 2010, 66,
2987-2994.

(20) (a) Kolosov, M. A.; Orlov, V. D.; Beloborodov, D. A.; Dotsenko,
V. V. Mol. Diversity 2009, 13, 5-25. (b) Mandhane, P. G.; Joshi, R. S.;
Nagargoje, D. R.; Gill, C. H. Tetrahedron Lett. 2010, 51, 3138-3140. (c)
Ryabukhin, S. V.; Plaskon, A. S.; Ostapchuk, E. N.; Volochnyuk, D. M.;
Tolmachev, A. A. Synthesis 2007, 417-427.

(21) (a) Murata, H.; Ishitani, H.; Iwamoto, M. Org. Biomol. Chem. 2010,
8, 1202-1211. (b) Khabazzadeh, H.; Saidi, K.; Sheibani, H. Bioorg. Med.
Chem. Lett. 2008, 18, 278-280. (c) Litvic, M.; Vecenaj, I.; Ladisic, Z. M.;
Lovric, M.; Vinkovic, V.; Litvic, M. F. Tetrahedron 2010, 66, 3463-3471.

(22) Suzuki, I.; Iwata, Y.; Taketa, K. Tetrahedron Lett. 2008, 49, 3238~
3241.

(23) Debache, A.; Amimour, M.; Belfaitah, A.; Rhouati, S.; Carboni, B.
Tetrahedron Lett. 2008, 49, 6119-6121.
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SCHEME 1. Biginelli Dihydropyrimidinone Synthesis

H,N" O

to the use of cyclic S-diketones,” f-ketolactones,*® cyclic
B-diesters®” or f-diamides,?”*® benzocyclic ketones,” o-keto
acids,? diketenes,® and 3-amino-1,2,4-triazole as urea
component.31

Despite the plethora of different catalysts ranging over
diverse methods published so far also suffer from drawbacks,
such as limitation of applicable -ketoesters, the need for
strong acids, toxic organic solvents and catalysts, cuambersome
experimental procedures, and lacking generality. Therefore,
more general, efficient and viable routes employing recyclable
catalysts in Biginelli synthesis are very much desirable in view
of their broad array of biological activity and would be of great
relevance to both synthetic and medicinal chemists. The use of
solid supported catalysts has become highly desirable in recent
years to meet the environmental considerations.*” It is well-
known that silica-sulfuric acid is a cheap, nontoxic, and stable
acidic reagent,** which has been extensively utilized in various
synthetic transformations®* due to its several advantages such
as operational simplicity, reusability, low price, and air toler-
ance. In continuation of our recent work®> on the synthesis
of heterocycles by the development of new methodology, in
this paper, we report for the first time silica—sulfuric acid

(24) (a) Polshettiwar, V.; Varma, R. S. Tetrahedron Lett. 2007, 48, 7343~
7346. (b) Kumar, A.; Maurya, R. A. Synlett 2008, 883-885.

(25) Yarim, M.; Sarac, S.; Kilic, F. S.; Erol, K. I/ Farmaco 2003, 58,
17-24.

(26) Byk, G.; Gettlieb, H. E.; Herscovici, J.; Mirkin, F. J. Comb. Chem.
2000, 2, 732-735.

(27) Shaabani, A.; Bazgir, A.; Bijanzadeh, H. R. Mol. Diversity 2004, 8,
141-145.

(28) (a) Mokrosz, J. L.; Paluchowska, M. H.; Szneler, E.; Drozdz, B.
Arch. Pharm. (Weinheim) 1989, 322, 231-235. (b) Mamaev, V. P.; Borovik,
V. P. Izobret., Prom. Obraztsy, Tovarnye Znaki 1968, 45, 24; Chem. Abstr.
1968, 69, 96790f. (¢) Mamaev, V. P.; Borovik, V. P.; Gorfinkel, M. I.;
Ivanovskaya, L. Y. Izv. Akad. Nauk SSSR, Ser. Khim. 1970, 1637—1638;
Chem. Abstr. 1971, 74, 22276z; (d) Borovik, V. P.; Mamaev, V. P. Khim.
Farm. Zh. 1970, 4, 32—35; Chem. Abstr. 1970, 72, 111411r.

(29) Abelman, M. M.; Smith, S. C.; James, D. R. Tetrahedron Lett. 2003,
44, 4559-4562.

(30) Shaabani, A.; Seyyedhamzeh, M.; Maleki, A.; Hajishaabanha, F.
Tetrahedron 2010, 66, 4040-4042.

(31) Gorobets, N. Yu.; Sedash, Y. V.; Ostras, K. S.; Zaremba, O. V.;
Shishkina, S. V.; Baumer, V. N.; Shishkin, O. V.; Kovalenko, S. M.;
Desenko, S. M.; Van der Eycken, E. V. Tetrahedron Lett. 2010, 51, 2095~
2098.

(32) (a) Lei,M.; Ma, L.; Hu, L. Tetrahedron Lett. 2010, 51,4746-4749. (b)
Fazaeli, R.; Aliyan, H. Appl. Catal. A: Gen. 2009, 353, 74-79. (c) Chiche, B.;
Finiels, A.; Gautheir, C.; Geneste, P. J. Mol. Catal. 1987, 42, 229-235. (d)
Ranu, B. C.; Ghosh, K.; Jana, U. J. Org. Chem. 1996, 61, 9546-9547. (e)
Bigdeli, M. A.; Heravi, M. M.; Mahdavinia, G. H. J. Mol. Catal. A: Chem.
2007, 275, 25-29. (f) Balalaei, S.; Arabanian, A. Green Chem. 2000, 2, 274~
276. (g) Karimi, A. R.; Alimohammadi, Z.; Azizian, J.; Mohammadi, A. A ;
Mohmmadizadeh, M. R. Catal. Commun. 2006, 7, 728-732.

(33) (a) Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Fard, M. A. B. Tetra-
hedron Lett. 2003, 44, 2889-2891. (b) Mukhopadhyay, B. Tetrahedron Lett.
2006, 47, 4337-4341.

(34) (a) Zolfigol, M. A. Tetrahedron 2001, 57, 9509-9511. (b) Mirjalili,
B. F.; Zolfigol, M. A.; Bamoniri, A. J. Korean Chem. Soc. 2001, 45, 546-548.
(c) Zolfigol, M. A.; Bamoniri, A. Synletr 2002, 1621-1624. (d) Zolfigol,
M. A.; Madrakian, E.; Ghaemi, E. Molecules 2002, 7, 734-742. (¢) Mirjalili,
B. F.; Zolfigol, M. A.; Bamoniri, A. Molecules 2002, 7, 751-755. (f) Zolfigol,
M. A; Shirini, F.; Choghamarani, A. G.; Mohammadpoor-Baltork, I. Green
Chem. 2002, 4, 562-564.
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TABLE 1.  Synthesis of f-Oxodithioesters 9

entry Ar! dithioester yield” (%)
1 CeHs 9a 7
2 4-Cl-C4Hy 9b 75
3 4-MeO-C¢Hy 9¢ 73
4 2-thienyl 9d 80
5 2-furyl 9e 70

“Isolated yields.

promoted Biginelli- and Hantzsch-type reactions that allowed
the formation of a diverse range of new heterocyclic frame-
works via ring annulation of 3-oxodithioesters by aldehydes. A
continuing exciting future for the Biginelli and Hantzsch-type
reactions in the 21st century is therefore secured.

Results and Discussion

Our literature survey at this stage revealed that Singh and
Devi'" utilized S-oxodithioesters for the first time as a
p-dicarbonyl component in Biginelli reaction catalyzed by
SnCl,, which is applicable for only limited aldehydes and
B-oxodithioesters. Moreover, the catalyst used cannot be
recycled and the temperature is also high (100 °C). Further-
more, there was no report of synthesis of DHPMs from 9,
thus warranting a more elaborate investigation. We there-
fore became interested in devising more general synthetic
strategy utilizing 3-aryl/heteroaryl-3-oxodithioesters 9 as the
versatile templates for the construction of DHPMs 12
(Scheme 3) and other bioactive heterocyclic frameworks 14
and 17 in the presence of recyclable SiO,—H,SO4 (Schemes 5
and 7). Access to a diverse collection of starting materials
is critical to render any method as practical. While many
pB-dicarbonyl compounds are commercially available, the
same cannot be said for S-oxodithioesters. The desired
B-oxodithioesters®® 9a—e (Table 1) were synthesized in good
yields (70—80%) by stirring ketones 8 with (S,S)-dimethyl
trithiocarbonate in the presence of NaH in DMF—hexane
(1:4) mixture at room temperature (Scheme 2). The synthesis
of DHPMs 12 (Scheme 3) was first undertaken. Thus, in
a typical general procedure, 4-nitrobenzaldehyde 10a (1.1
mmol), urea 11 (1.2 mmol), and 3-oxo-3-(2-furyl)dithio-
propionic acid methyl ester 9e (1.0 mmol) were mixed in
minimum amount of dry ethanol to get a paste like mixture.
Si0,—H,S0O,4 was added to pasty mixture and was heated at
80 °C to afford DHPM 12uin 85% yield (Table 3, entry 21).
The new methodology allows facile introduction of substit-
uents at 4-, 5-, and 6-positions of the DHPM skeleton and
flexibility for the construction of novel pyridopyrimidinone
and thiocoumarin ring systems.

Initially, a variety of alternate catalysts such as p-TSA,
oxalic acid, camphorsulfonic acid, L-proline, cyanuric
chloride, BF5-OEt,  HCIO4—SiO,, PPA—SiO,, HCI, HCI—
Si0O,, and H,SO4—SiO, were screened to identify a suitable
activator for this transformation, but only H,SO4—SiO,

(35) (a) Nandi, G. C.; Samai, S.; Kumar, R.; Singh., M. S. Tetrahedron
2009, 65, 7129-7134. (b) Nandi, G. C.; Samai, S.; Kumar, R.; Singh, M. S.
Tetrahedron Lett. 2009, 50, 7220-7222. (¢) Samai, S.; Nandi, G. C.; Kumar,
R.; Singh, M. S. Tetrahedron Lett. 2009, 50, 7096-7098. (d) Samai, S.; Nandi,
G. C.; Singh, P.; Singh, M. S. Tetrahedron 2009, 65, 10155-10161. (¢) Kumar,
R.;Nandi, G. C.; Verma, R. K.; Singh, M. S. Tetrahedron Lett. 2010, 51,442~
445. (f) Nandi, G. C.; Samai, S.; Singh, M. S. Synlett 2010, 1133-1137.

(36) Samuel, R.; Asokan, C. V.; Suma, S.; Chandran, P.; Retnamma, S.;
Anabha, E. R. Tetrahedron Lett. 2007, 48, 8376-8378, and references
therein.
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SCHEME 2. Synthesis of #-Oxodithioesters 9
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SCHEME 3. Synthesis of 5-Methylmercaptothiocarbonyl-4,6-
diaryl-1,2,3,4-tetrahydropyrimidin-5-ones 12a—v
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TABLE 2.  Optimization of the Catalyst on Model Reaction”

entry catalyst time” (h) yield® (%)
1 p-TSA 4 51
2 oxalic acid 5 53
3 camphorsulfonic acid 5 40
4 L-proline 5 35
5 cyanuric chloride 4 15
6 HCIO,4—SiO, 4 55
7 PPA-SiO, 4 60
8 BF;.0Et, 3.5 80
9 H,S0,—Si0, 2.5 85
10 HCl 3.5 70
11 HCI-SiO, 5 50

“Reaction of 4-nitrobenzaldehyde (1.1 mmol), 3-oxo-3-(2-furyl)-
dithiopropionic acid methyl ester (1.0 mmol), and urea (1.2 mmol).
Time required. “Isolated yields.

and BF;-OEt, facilitated DHPMs formation in good yields
(Table 2). H,SO4—SiO, is a versatile stable acidic reagent
uniquely suited for this one-pot transformation, acting as both
a Lewis acid and a mild dehydrating reagent. The relatively
mild nature of this reagent achieved a high degree of functional
group tolerance. Even extremely electron-rich aromatic
p-oxodithioesters such as 9d and 9e (Table 1) proceeded
smoothly. SiO,—H,SO4 was easily recycled and used over
three times without loss of activity, when 4-nitrobenzaldehyde
10a, 3-oxo-3-phenyldithiopropionic acid methyl ester 9a, and
urea were condensed in Biginelli reaction to give 12a (Table 3,
entry 1). This feature provides a significant benefit (environ-
mental and cost) over traditional catalysts.

Confident that the method would tolerate structural di-
versity, focus then shifted to optimization. A control experi-
ment in the absence of the catalyst provided no desired
product. Moreover, we also carried out this experiment
under solvent-free conditions, but the desired product was
not obtained. We then carried out the reaction in different
solvents. The observations revealed that in aprotic solvents
such as THF, DMF, and acetonitrile the product yield was
found to be low, but in the case of protic solvents such as
EtOH and MeOH the reaction rate as well as the product
yield were found to be improved comparatively. After
screening for different solvents, EtOH was found to be the
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TABLE 3.  Scope Exploration: Variation of Ar' and Ar?
S AP
o S
J A2CHO Mes)fil
Ar! SMe  rea AN Y0
0 Si0y-H,S0, H
12
entry Ar! Ar? product time (h) yield (%)
1 C6H5 4-N02 . C6H4 12a 3 76
2 CeHs 4-Br-CgHy 12b 3 72
3 C6H5 C6H5 12¢ 3 70
4  CgHs 4-MeO-CeHy  12d 3.5 68
5 Cg¢Hs 4-Cl-C¢Hy 12e 3 73
6 CgHs 2-thienyl 12f 3 65
7  4-MeO-C¢Hy 4-Br-CgHy 12g 3 78
8  4-MeO-C¢Hy 4-MeO-CcHy 12h 3 73
9 4-MeO-C¢Hy 2-Cl-CeHy 12i 3.5 69
10 4-MeO-C¢Hy CgHs 12j 3 76
11 4-MeO-C¢Hy 2-thienyl 12k 3.5 67
12 4-Cl-C4Hy 3-NO,-C¢Hy 121 3 80
13 4-Cl-C¢Hy 4-MeO-C¢Hy 12m 3 73
14 4-Cl-C¢Hy 4-Cl-CgHy 12n 2.5 76
15 2-thienyl 4-Cl-CgHy 120 3 77
16  2-thienyl 4-Br-C¢Hy 12p 3 75
17 2-thienyl 3-NO,-CeHy 12q 3 76
18 2-thienyl CeHs 12r 3 70
19 2-thienyl 2-MeO-C¢Hy 12s 3 69
20 2-furyl 3-NO,-CeHy 12t 2.5 82
21 2-furyl 4-NO,-C¢Hy 12u 2.5 85
22 2-furyl 4-Br-C¢Hy 12v 2.5 80

“Isolated yields.

medium of choice, which afforded the products not only in
good yield but also with higher reaction rates. In addition, we
studied the influence of temperature on the reaction time and
percentage yield. Increasing the temperature above 80 °C
neither improved the yield nor reduced the reaction time
whereas; lowering the temperature is detrimental to the
reaction resulting in lower yields. Following the optimized
reaction conditions, we extended our study using various
aromatic aldehydes containing electron-withdrawing or elec-
tron-releasing substituents at the ortho-, meta- or para-posi-
tions. Generally, the yields are moderate to high irrespective
of the steric and electronic nature of the substituents. No-
tably, the heteroaromatic aldehydes also afforded good
yields (Table 3, entries 6 and 11). However, unfortunately,
when some aliphatic aldehydes such as acetaldehyde, pro-
pionaldehyde and isobutyraldehyde were utilized the desired
product was observed only in trace amount, which could not
be isolated. The diversity of this protocol with respect to
pB-oxodithioesters 9a—e (Table 1) was also investigated, and
the results are indicated in Table 3. The structures of all the
newly synthesized compounds were deduced from their
satisfactory elemental and spectral (IR, 'H, '*C NMR, and
MS) studies. Importantly, the crystallinity of DHPM 12t
allowed for structural verification by X-ray crystallo-
graphy*'® and, thus, unambiguous regiochemical confirma-
tion showing S-configuration at chiral carbon.

Although we have not established the mechanism of
reaction experimentally, a possible explanation is proposed
in Scheme 4, on the basis of the literature and substrate
trends. The first step in the mechanism is believed to be the
condensation between the aldehyde 10 and urea 11, with
some similarities to the Mannich condensation to generate
A. The iminium intermediate B generated, which is the key
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SCHEME 4. Plausible Mechanism for the Synthesis of

DHPMs 12
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SCHEME 5. Synthesis of 2H-Chromene-2-thiones 14
0 s ‘ N CHO
+
Ar1J\/U\SMe R/ ZoH
9 13
Reaction conditions
aorb

a: urea, SiO,-H,S0y, yield 73-87%
b: SiO2-H,S0y4, yield 43-55%

rate-determining step, acts as an electrophile for the nucleo-
philic addition of the dithioester enol 9. The ketone carbonyl
of the resulting open-chain ureide adduct C undergoes
intramolecular cyclocondensation with the urea NH, fol-
lowed by dehydration (facilitated by SiO,—H,SO,) to give
the cyclized product 12.

To further add diversity to the DHPM framework, the
p-oxodithioesters 9 were next subjected to cyclocondensa-
tion with salicylaldehyde 13 in the presence of urea. To our
surprise, we could not trace any corresponding Biginelli
product 15, and only the thiocoumarin derivatives 14 were
obtained in 73—87% yields (Scheme 5) in contrast to the
literature data.**>*3 The structures of all the thiocoumarins
14a—h were confirmed with the help of spectral (IR, 'H, '*C
NMR, and MS) and analytical data. This result suggested
nonparticipation of urea in the cyclocondensation. Thus, to
ascertain the role of urea, the above cyclocondensation was
carried out in the absence of urea under similar reaction
condition, but this tactic resulted the same thiocoumarins
14a—h in lower yields (43—55%). Thus, a more concise
approach was exploited by carrying out the reaction in
presence of urea (1 equiv), which provided 14a—h in excellent
yields (Table 4). Though the role of urea in these transforma-
tions is not clear, higher yields of thiocoumarins were

(37) (a) Wang, M.; Jiang, H.; Gong, H. Prep. Biochem. Biotechnol. 2009,
39,372-379. (b) Gui, J.; Liu, D.; Wang, C.; Lu, F.; Lian, J.; Jiang, H.; Sun, Z.
Synth. Commun. 2009, 39, 3436-3443.
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TABLE 4. Scope Exploration for the Synthesis of 14“

entry Ar' R product  time” (h)  yield® (%)
1 Ph H 14a 3.5 76
2 Ph 3-OMe 14b 2.5 85
3 4-MeO-C¢Hy  5-Br 14c¢ 3 82
4 4-MeO-C¢H,;  5-NO, 14d 3.5 73
5 2-thienyl 3-OMe 14e 2.5 83
6 2-thienyl 5-Br 14f 3 82
7 2-furyl 3-OEt 14g 2.5 87
8 2-furyl 5-Br 14h 3 83

“Reaction of $-oxodithioester (1 mmol), salicylaldehyde (1 mmol),
and urea (1 mmol). *Time required. “Isolated yields.

obtained in the presence of urea in analogy with the previous
report.'*" For optimization of the reaction, 3-oxo-3-phenyl-
dithiopropionic acid methyl ester 9a (1 mmol), 2-hydroxy-3-
methoxybenzaldehyde 13b (1 mmol), and urea (1 mmol) were
heated at 85 °C in the presence of H,SO4—SiO, (60 mg, 5
mmol/g) under solvent-free conditions to afford 14b in 85%
yield (Table 4, entry 2). Structural varieties of salicylalde-
hydes 13 and f-oxodithioesters 9 have been successfully
utilized for this transformation (Table 4).

Coumarins are among the best known oxygen hetero-
cycles and are present as a structural motif in numerous
natural products including edible vegetables and fruits.*®
Interest in their chemistry continues unabated because they
possess a broad range of biological activities®® such as
antiHIV,**%~ 4 anticoagulation,** antibiotic,*”" " anticancer,**-
antiinflammatory,*™ antioxidant,* P antitumor,**¥"* anti-
viral,*" antihypertensive, and antimicrobial activity.

In view of the above results obtained, a plausible mecha-
nism for the synthesis of thiocoumarin 14 is presented in
Scheme 6. First, the elimination of MeSH occurs via the
reaction of salicylaldehyde and -oxodithioester to give the
condensation product D, which undergoes enolization to
its enol form E that participates in subsequent intramolecu-
lar aldol condensation to provide 2 H-chromene-2-thiones 14
via F.

Many unique structures can be attained when three or
more reactants were combined in a single step to afford new
compounds possessing the combined features of the building
blocks. Encouraged by the successful application of S-oxo-
dithioesters 9 in the Biginelli reaction, the scope of this
methodology was further expanded through the synthesis
of highly functionalized dihydropyridopyrimidinones 17
using Hantzsch-type reaction (Scheme 7). These compounds

(38) (a) Hepworth, J. D.; Gabbutt, C. D.; Heron, B. N. Comprehensive
Heterocyclic Chemistry IT; Pergamon Press: Oxford, 1996; Vol. 5, p 301. (b)
Deans, F. M. Naturally Occurring Oxygen Ring Compounds; Butterworths:
London, 1963. (c) Murray, R. D. H.; Medez, J.; Brown, S. A. The Natural
Coumarins; John Wiley & Sons: New York, 1982.

(39) (a) Heterocyclic Chemistry, 4th ed.; Joule, J. A., Mills, K., Eds.;
Blackwell Science Ltd.: Oxford, 2006; p 170. (b) Murray, R. D. H. Fortschr.
Chem. Org. Naturst. 1978, 35, 199-249. (c) Geen, G. R.; Evans, J. M.; Vong,
A. K. In Comprehensive Heterocyclic Chemistry IT; Katritzky, A. R., Rees,
C. W., Scriven, E. F. V., Eds.; Pergamon Press: Oxford, 1984; Vol. 5, p 469.
(d) Xu, H.-X.; Lee, S. F. Phytother. Res. 2001, 15,39-43. (d) Hamilton miller,
J. M. Antimicrob. Agents Chemother. 1995, 39,2375-2377. (e) Fylaktakidou,
K. C.; Hadjipavlou-Litina, D. J.; Litinas, K. E.; Nicolaides, D. N. Curr.
Pharm. Design 2004, 10, 3813-3833. (f) Hwu, J. R.; Singh, R.; Hong, S. C;
Chang, Y. H.; Das, A. R.; Vliegen, 1.; De Clercq, E.; Neyts, J. Antivir. Res.
2008, 77, 157-162. (g) Sardari, S.; Mori, Y.; Horita, K.; Micetich, R. G.;
Nishibe, S.; Daneshtalab, M. Bioorg. Med. Chem. 1999, 7, 1933-1940. (h)
Egan, D.; James, P.; Cooke, D.; O’Kennedy, R. Cancer Lett. 1997, 118,201—
211. (i) Valenti, P.; Rampa, A.; Recanatini, M.; Bisi, A.; Belluti, F.; Da Re,
P.; Carrara, M.; Cima, L. Anti-Cancer Drug Des. 1997, 12,443-451. (j) Spino,
C.; Dodier, M.; Sotheeswaran, S. Bioorg. Med. Chem. Lett. 1998, 8, 3475~
3478.
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SCHEME 6. Plausible Mechanism for the Synthesis of
2 H-Chromene-2-thiones 14
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contain reactive functionalities for further elaboration of
new molecular system, and they will likely be useful for the
synthesis of biologically active molecules.

(40) (a) Bedoya, L. M.; Beltran, M.; Sancho, R.; Olmedo, D. A.; Sanchez-
Palomino, S.; del Olmo, E.; Lopez-Perez, J. L.; Munoz, E.; San Feliciano, A.;
Alcami, J. Bioorg. Med. Chem. Lett. 2005, 15, 4447-4450. (b) Lee,
K.-H. J. Nat. Prod. 2004, 67, 273-283. (c) Yu, D.; Suzuki, M.; Xie, L.;
Morris-Natschke, S. L.; Lee, K.-H. Med. Res. Rev. 2003, 23, 322-345. (d)
Kirkiacharian, S.; Thuy, D. T.; Sicsic, S.; Bakhchinian, R.; Kurkjian, R;
Tonnaire, T. Il Farmaco 2002, 57, 703-708. (¢) Kidane, A. G.; Salacinski, H.;
Tiwari, A.; Bruckdorfer, K. R.; Seifalian, A. M. Biomacromolecules 2004, 5,
798-813. (f) Khan, K. M.; Saify, Z. S.; Khan, M. Z.; Choudhary, M. L
Perveen, S.; Chohan, Z. H.; Supuran, C. T.; Zia-Ullah; Atta-Ur-Rahman
J. Enzyme Inhib. Med. Chem. 2004, 19,373-379. (g) Appendino, G.; Mercalli,
E.; Fuzzati, N.; Arnoldi, L.; Stavri, M.; Gibbons, S.; Ballero, M.; Maxia, A.
J. Nat. Prod. 2004, 67,2108-2110. (h) Hamdi, N.; Saoud, M.; Romerosa, A.
Top. Heterocycl. Chem. 2007, 11, 283-301. (i) Chimenti, F.; Bizzarri, B.;
Bolasco, A.; Secci, D.; Chimenti, P.; Carradori, S.; Granese, A.; Rivanera,
D.; Lilli, D.; Scaltrito, M. M.; Brenciaglia, M. I. Eur. J. Med. Chem. 2006, 41,
208-212. (j) Ito, C.; Itoigawa, M.; Mishina, Y.; Cechinel Filho, V.; Enjo, F;
Tokuda, H.; Nishino, H.; Furukawa, H. J. Nat. Prod. 2003, 66, 368-371. (k)
Kostova, 1. Curr. Med. Chem. Anti-cancer Agents 2005, 5, 29-46. (1)
Melagraki, G.; Afantitis, A.; Igglessi-Markopoulou, O.; Detsi, A.; Koufaki,
M.; Kontogiorgis, C.; Hadjipavlou-Litina, D. J. Eur. J. Med. Chem. 2009, 44,
3020-3026. (m) Kontogiorgis, C. A.; Hadjipavlou-Litina, D. J. J. Med.
Chem. 2005, 48, 6400-6408. (n) Stanchev, S.; Hadjimitova, V.; Traykov,
T.; Boyanov, T.; Manolova, 1. Eur. J. Med. Chem. 2009, 44, 3077-3082. (o)
Kontogiorgis, C. A.; Hadjipavlou-Litina, D. J. Bioorg. Med. Chem. Lett.
2004, 74, 611-614. (p) Xiao, C.; Song, Z. -G.; Liu, Z. -Q. Eur. J. Med. Chem.
2010, 45, 2559-2566. (q) Abdel Hafez, O. M.; Amin, K. M.; Abdel-Latif,
N. A.; Mohamed, T. K.; Ahmed, E. Y.; Maher, T. Eur. J. Med. Chem. 2009,
44,2967-2974. (r) Reutrakul, V.; Leewanich, P.; Tuchinda, P.; Pohmakotr,
M.; Jaipetch, T.; Sophasan, S.; Santisuk, T. Planta. Med. 2003, 69, 1048—
1051. (s) Kempen, I.; Papapostolou, D.; Thierry, N.; Pochet, L.; Counerotte,
S.; Masereel, B.; Foidart, J. -M.; Reboud-Ravaux, M.; Noel, A.; Pirotte, B.
Br.J. Cancer2003, 88, 1111-1118. (t) O’Kennedy, P., Thornes, R. D., Eds. In
Coumarins: Biology, Applications and Mode of Action; J. Wiley & Sons:
Chichester, 1997.
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TABLE 5.  Synthesis of Dihydropyridopyrimidinones 17

entry Ar! Ar? product time (h) yield (%)
1 CgHs 3NO,-C¢H,;  17a 6 66
2 CeHs 3-Cl-C4Hy 17b 7 61
3 4-MeO-C¢H, 4-Br-C¢H, 17¢ 7 62
4 4-MeO-CeH, 3-NO,-CeH, 17d 6 61
5 2-thienyl 3-NO,-C¢Hy 17e 6 55
6 4-Cl-C¢Hy 3-NO,-C¢Hy 17f 6 64
7 2-fury1 3-N02 . C5H4 17g 6 62
8 2-furyl 4-NO,-C¢Hy 17h 6 65

“Isolated yields.

SCHEME 8. Proposed Mechanism for the Formation of 17

—New bonds formed \
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The synthesis commenced with commercially available
6-amino-1,3-dimethyluracil 16, which upon treatment with
9 and 10 resulted in dihydropyridopyrimidinones 17 in
55—66% yields (Scheme 7). In this case, the reaction of
3-nitrobenzaldehyde, 6-amino-1,3-dimethyluracil 16, and
p-oxodithioester 9a was taken as a model reaction and per-
formed in the presence of SiO,—H,SO, in refluxing ethanol to
afford 17a in 66% yield (Table 5, entry 1). To check the real
effect of the catalyst, the reaction was performed without cata-
lyst, which gave the expected product 17a in low yield (25%). To
increase the yield of the desired product, catalysts such as
BF;-OEt, and InCl; were also tried that furnished the desired
products but in lower yields (40—45%). Further, we carried out
the above reaction under solvent-free condition also, which
shows several close spots on TLC, and the desired product could
not be isolated. In order to find the optimum solvent, the
reaction was performed in various solvents, such as EtOH,
MeOH, acetonitrile, THF, DMF, and CCl, at 80 °C, and it
was found that EtOH provided the best result. To evaluate the
scope of the reaction, various substituted aldehydes 10 and
structurally varied S-oxodithioesters 9 were used, and in all
cases, moderate yields were obtained (Table 5). However, when
some aliphatic aldehydes such as acetaldehyde, propionalde-
hyde, and isobutyraldehyde were used, it led to a number of very
close spots on TLC, which could not be isolated. The structures

(41) (a) Crystallographic data for compound 12t have been deposited
with the Cambridge Crystallographic Data Centre as supplementary pub-
lication no. CCDC 784530. These data can be obtained free of charge at
www.ccde.cam.ac.uk; (b) Crystallographic data for compound 17a have
been deposited with the Cambridge Crystallographic Data Centre as supple-
mentary publication no. CCDC 783933. These data can be obtained free of
charge at www.ccde.cam.ac.uk.
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of all the newly synthesized compounds were confirmed from
their satisfactory elemental and spectral (IR, 'H, '*C NMR,
and MS) studies. Furthermore, the structure of 17a has been
confirmed by single-crystal X-ray data.*'®

A plausible mechanism is portrayed in Scheme 8. The
reaction was found to proceed via aldol product G of
aldehyde 10 and the $-oxodithioester 9. Subsequent addition
of the uracil to the aldol product followed by intramolecular
cyclization and dehydration produced the dihydropyrido-
pyrimidinone 17. Both electron-withdrawing and electron-
donating substituents on the aldehyde reactant are well
tolerated in the reaction without significant impact on the
yields of the products 17.

Conclusion

In summary, $-oxodithioesters as 1,3-dicarbonyl compo-
nents for the Biginelli reaction have been identified, and a
diverse set of 5-methylmercaptothiocarbonyl-substituted
3,4-dihydropyrimidin-2(1 H)-ones has been synthesized in
high yields at ambient temperature. Our literature survey
shows that this is the first example promoted by silica-
sulfuric acid in which S-oxodithioesters as an activated
fB-dicarbonyl synthon is used in a Biginelli reaction. The
DHPM formation is accomplished through the ability of
silica—sulfuric acid to function dually as a Lewis acid and
dehydrating agent in the same transformation. The metho-
dology has been further elaborated to the corresponding
6-amino-1,3-dimethyluracil, the cyclic analogue of urea leading
to pyridopyrimidinones, thus providing a further point of
diversity in the newly synthesized heterocyclic framework.
Further, the facile access to 3-aroyl/heteroaroyl-2 H-chromen-
2-thiones demonstrates the versatility of the annulation proto-
col via f-oxodithioesters in generating novel biologically
important thiocoumarins, as some of them cannot be synthe-
sized easily by traditional classical methods. The tolerance to
acid-sensitive reactants such as thienyl and furyl carbaldehydes,
applicability to sterically hindered $-oxodithioesters, and sim-
ple recyclability without losing catalytic activity make this
catalyst a good alternative to literature methods.

Experimental Section

General Methods. All starting materials were commercially
available and used as received without further purification.
Silica—sulfuric acid was prepared according to the protocol
described in literature.**® f-Oxodithioesters 9a—e were pre-
pared following the known procedure®® displayed in Scheme 2.
Thin-layer chromatography (TLC) was performed using silica
gel 60 F,s4 precoated plates. Infrared (IR) spectra are measured
in KBr, and wavelengths (v) are reported in cm™~'. '"H and "*C
NMR spectra were recorded on NMR spectrometers operating
at 300 and 75.5 MHz, respectively. Chemical shifts () are given
in parts per million (ppm) using the residue solvent peaks as
reference relative to TMS. J values are given in Hz. Mass spectra
were recorded using electrospray ionization (ESI) mass spectro-
metry. The C, H, and N analyses were performed from micro-
analytical laboratory. The melting points are uncorrected.

General Procedure for Synthesis of Dihydropyrimidin-2(1H)-
ones (12a—v). The S-oxodithioester (1.0 mmol), aldehyde (1.1
mmol), and urea (1.2 mmol) were mixed in a minimum amount
of dry ethanol to get a paste like mixture. SiO,—H,SO4 (60 mg)
was added to the pasty mixture, which was then heated at 80 °C
for the stipulated period of time. After completion of the
reaction (monitored by TLC), EtOAc (10 mL) was added to
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the reaction mixture and the catalyst was filtered off. Then water
(20 mL) was added to the reaction mixture to remove any
unreacted urea and the mixture extracted with ethyl acetate
(2 x 10 mL). The combined organic layers were dried over
anhyd Na,SO,4 and then evaporated in vacuo. The crude residue
was purified by column chromatography over silica gel using
acetone/dichloromethane (1:99) as eluent to afford pure dihy-
dropyrimidin-2(1 H)-ones.

General Procedure for the Synthesis of 2H-Chromene-2-
thiones (14a—h). The S-oxodithioester (1.0 mmol), salicylalde-
hyde (1.2 mmol), urea (1.0 mmol), and SiO,—H»SO4 (60 mg)
were mixed and heated at 85 °C for the stipulated period of time.
After completion of the reaction (monitored by TLC), ethyl
acetate (10 mL) was added to the reaction mixture, and the
catalyst was filtered off. Water (20 mL) was then added to the
reaction mixture and the mixture extracted with ethyl acetate
(2 x 10 mL). The combined organic layers were dried over
anhyd Na,SO,4 and then evaporated in vacuo. The crude residue
was purified by column chromatography over silica gel using
increasing amounts of ethyl acetate in n-hexane as eluent to
afford 2 H-chromene-2-thiones.

General Procedure for the Synthesis of Pyridopyrimidinones
(17a—h). To an ethanolic solution of 3-oxodithioester (1.0 mmol),
aldehyde (1.0 mmol), and 6-amino-1,3-dimethyluracil (1.2 mmol)
was added SiO,—H,SO,4 (60 mg) and the mixture refluxed for the
stipulated period of time. After completion of the reaction
(monitored by TLC), the catalyst was filtered out. Ethanol was
evaporated; water (20 mL) was added and the mixture extracted
by ethyl acetate (2 x 10 mL). The combined organic layers were
dried over anhyd Na,SO,4 and then evaporated in vacuo. The
crude residue was purified by column chromatography over silica
gel using increasing amounts of ethyl acetate in n-hexane as eluent
to afford pyridopyrimidinones.

Characterization Data of the Isolated Compounds. 5-Methyl-
mercaptothiocarbonyl-4-(4-nitrophenyl)-6-phenyl-3,4-dihydro-
pyrimidin-2(1H)-one (12a): bright yellow powder; mp 214—
215 °C; '"H NMR (300 MHz, CDCl, 6 ppm) 8.20 (d, J = 8.7
Hz,2H), 7.57—7.41 (m, 7H), 7.16 (s, I1H), 6.33 (s, 1H), 6.04 (d, J =
2.4 Hz, 1H), 2.30 (s, 3H); '*C NMR (75 MHz, CDCls, 6 ppm)
226.1,153.1, 148.5, 147.5,137.9, 133.9, 130.2, 128.8, 128.2, 128.0,
123.9, 118.0, 59.8, 20.5; IR (KBr, ¥pay, cm™ ') 3215, 3076, 1697,
1530; MS m/z = 385 (M™"). Anal. Calcd for C,sH,sN305S,: C,
56.09; H, 3.92; N, 10.90. Found: C, 56.18; H, 3.78; N, 11.01.

5-Methylmercaptothiocarbonyl-4-(4-bromophenyl)-6-phenyl-
3,4-dihydropyrimidin-2(1H)-one (12b): bright yellow powder;
mp 239—240 °C; 'H NMR (300 MHz, CDCls, 6 ppm) 7.46—
7.37 (m, 8H), 7.27—7.24 (m, 1H), 6.46 (s, 1H), 5.93 (d, J = 2.7
Hz, 1H),5.45 (s, 1H), 2.30 (s, 3H); *C NMR (75 MHz, CDCl;+
DMSO-ds, 6 ppm) 224.3, 151.5, 141.0, 140.2, 133.3, 130.1,
128.7, 127.8, 127.3, 119.9, 117.3, 57.8, 19.3; IR (KBr, Viax,
cm ") 3197, 3081, 1697, 1636; MS m/z=418 (M™). Anal. Calcd
for C;gH;sBrN,OS,: C, 51.55; H, 3.61; N, 6.68. Found: C,
51.36; H, 3.77; N, 6.41.

5-Methylmercaptothiocarbonyl-4,6-diphenyl-3,4-dihydropyri-
midin-2(1H)-one (12¢): bright yellow powder; mp 196—198 °C;
"H NMR (300 MHz, CDCls, 6 ppm) 7.45—7.29 (m, 10H), 6.97
(s, 1H), 5.91 (s, 1H), 5.81 (s, 1H), 2.28 (s, 3H); *C NMR (75
MHz, CDCl;, 6 ppm) 227.0, 152.5, 141.6, 136.3, 134.5, 129.8,
128.7, 128.6, 128.1, 127.1, 119.3, 60.9, 20.4; IR (KBr, viax,
cm™ ') 3214, 3085, 1698, 1637; MS m/z = 340 (M"). Anal. Calcd
for C13H ,N,OS,: C, 63.50; H, 4.74; N, 8.23. Found: C, 63.33;
H, 4.93; N, 8.39.

5-Methylmercaptothiocarbonyl-4-(4-methoxyphenyl)-6-phenyl-
3,4-dihydropyrimidin-2(1H)-one (12d): bright yellow powder; mp
188—190 °C; '"H NMR (75 MHz, CDCls, 8 ppm) 7.46—7.37 (m,
SH), 7.31—-7.26 (m, 2H), 6.86 (d, J = 8.4 Hz, 2H), 6.32 (s, |H),
5.89 (d, J = 1.5 Hz, 1H), 5.29 (s, 1H), 3.78 (s, 3H), 2.28 (s, 3H);
13C NMR (300 MHz, CDCls, 6 ppm) 227.2, 159.3, 152.5, 136.1,
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134.6, 133.9, 129.8, 128.7, 128.4, 128.1, 119.6, 113.9, 60.4, 55.2,
20.4; IR (KBr, viay, cm™ 1) 3214, 3078, 1695, 1457; MS m/z =
370 (M™). Anal. Calcd for Cy9H;sN-0-S,: C, 61.60; H, 4.90; N,
7.56. Found: C, 61.42; H, 5.26; N, 7.76.
5-Methylmercaptothiocarbonyl-4-(4-chlorophenyl)-6-phenyl-
3,4-dihydropyrimidin-2(1H)-one (12e): bright yellow powder;
mp 250—251 °C; 'H NMR (300 MHz, CDCl;, 6 ppm) 7.45—
7.25(m,9H), 6.38 (s, 1H), 5.94 (d, J = 2.4 Hz, 1H), 5.38 (s, |H),
2.29 (s, 3H); '*C NMR (75 MHz, CDCl; + DMSO-d, d ppm)
224.3, 151.4, 140.5, 140.2, 133.3, 131.5, 128.6, 127.7, 127.4,
127.2,127.1,117.3,57.6, 19.3; IR (KBr, ¥1nay. cm ') 3196, 3080,
1696, 1457; MS m/z = 374 (M ™). Anal. Calcd for C;gH,sCIN,-
0S,: C, 56.67; H, 4.03; N, 7.47. Found: C, 56.82; H, 4.30; N,
7.28.
5-Methylmercaptothiocarbonyl-4-thienyl-6-phenyl-3,4-dihy-
dropyrimidin-2(1H)-one (12f): bright yellow powder; mp 201—
202 °C; "H NMR (300 MHz, CDCl;, 6 ppm) 7.44—7.41 (m,
5H), 7.03—6.91 (m, 3H), 6.34 (s, 1H), 6.24 (d, /=2.7 Hz, 1H),
5.45 (s, 1H), 2.36 (s, 3H); '*C NMR (75 MHz, CDCl;, 6 ppm)
225.1, 152.4, 145.6, 138.1, 134.5, 130.2, 128.9, 128.4, 126.7,
125.5, 125.2, 119.6, 56.0, 20.7; IR (KBr, vpay, cm ') 3196,
3085, 1695, 1523; MS m/z =346 (M™). Anal. Calcd for C¢H 14
N,OS;: C, 55.46; H,4.07; N, 8.08. Found: C, 55.23; H, 4.26; N,
8.30.
5-Methylmercaptothiocarbonyl-4-(4-bromophenyl)-6-(4-meth-
oxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (12g): bright yellow
powder; mp 194—195 °C; "H NMR (300 MHz, CDCl;, 6 ppm)
7.44—7.34 (m, 4H), 7.26—7.23 (m, 2H), 7.11 (s, 1H), 6.89 (d, J =
8.7 Hz, 2H), 6.03 (s, 1H), 5.85 (d, J/ = 2.4 Hz, 1H), 3.82 (s, 3H),
2.32 (s, 3H); "*C NMR (75 MHz, CDCls, 6 ppm) 226.7, 160.9,
152.8, 140.9, 137.6, 131.7, 129.8, 128.8, 126.4, 122.0, 118.3,
114.1, 60.1, 55.3, 20.5; IR (KB, ¥ay. cm™ ') 3212, 3091, 1697,
1454, MS m/z = 448 (M+) Anal. Calcd for C19H17BFN202521 C,
50.78; H, 3.81; N, 6.23. Found: C, 50.54; H, 3.67; N, 6.41.
5-Methylmercaptothiocarbonyl-4-(4-methoxyphenyl)-6-(4-meth-
oxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (12h): bright yellow
powder; mp 203—204 °C; 'H NMR (300 MHz, CDCls, 6 ppm)
7.39—7.36 (m, 2H), 7.30—7.25 (m, 2H), 6.89—6.82 (m, 4H), 6.32 (s,
1H), 5.86 (d, J = 2.1 Hz, 1H), 5.29 (s, 1H), 3.82 (s, 3H), 3.78 (s,
3H), 2.31 (s, 3H); *C NMR (75 MHz, CDCl; + DMSO-dq, 0
ppm) 227.3, 160.8, 159.3, 152.4, 136.3, 134.0, 129.6, 128.4, 126.8,
119.2, 114.1, 113.9, 60.5, 55.3, 55.2, 20.4; IR (KB, ¥y cm ")
3196, 3096, 1699, 1639; MS m/z = 400 (M™"). Anal. Calcd for
CooH29N>05S85: C, 59.98; H, 5.03; N, 6.99. Found: C, 60.18; H,
5.29; N, 7.26.
5-Methylmercaptothiocarbonyl-4-(2-chlorophenyl)-6-(4-meth-
oxyphenyl)-3,4-dihydropyrimidin-2(1H)-one (12i): bright yellow
powder; mp 239—241 °C; "H NMR (300 MHz, CDCl;, 6 ppm)
7.48—7.38 (m, 4H), 7.26—7.23 (m, 2H), 6.95—6.88 (m, 3H), 6.18
(d,J = 3.0 Hz, 1H), 5.74 (s, 1H), 3.86 (s, 3H), 2.36 (s, 3H); °C
NMR (75 MHz, CDCl; + DMSO-ds, 0 ppm) 224.7, 160.3,
151.9, 141.2, 138.2, 132.1, 129.7, 129.1, 128.4, 127.8, 126.5,
125.6, 115.6, 113.3, 56.3, 54.5, 19.6; IR (KBr, ¥,y cm ')
3205, 3067, 1703, 1635; MS m/z = 404 (M™). Anal. Calcd for
C9H7CIN,O,S,: C, 56.36; H, 4.23; N, 6.92. Found: C, 56.13;
H, 4.19; N, 7.25.
5-Methylmercaptothiocarbonyl-4-phenyl-6-(4-methoxyphenyl)-
3,4-dihydropyrimidin-2(1H)-one (12j): bright yellow powder; Mp
199—200 °C; 'H NMR (300 MHz, CDCls, 6 ppm): 7.39—7.25 (m,
7H), 6.89 (d, J = 8.7 Hz, 2H), 6.77 (s, 1H), 5.90 (d, /= 1.8 Hz,
1H), 5.63 (s, 1H), 2.31 (s, 3H); *C NMR (75 MHz, CDCl;, 6
ppm) 227.0, 160.8, 141.9, 137.4, 129.8, 129.3, 128.6, 127.9, 127.1,
126.7, 126.5, 118.7, 114.0, 60.6, 55.2, 20.4; IR (KBr, ¥uy, cm ')
3206, 3088, 2193, 1695; MS m/z = 370 (M™). Anal. Calcd for
C19H1sN>0,S,: C, 61.60; H, 4.90; N, 7.56. Found: C, 61.88; H,
5.18; N, 7.32.
5-Methylmercaptothiocarbonyl-4-thienyl-6-(4-methoxyphenyl)-
3,4-dihydropyrimidin-2(1H)-one (12k): bright yellow powder; mp
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176—177°C; '"H NMR (300 MHz, CDCls, 6 ppm) 7.39 (d, J = 8.4
Hz, 2H), 7.25—7.21 (m, 1H), 7.03 (d, J/ = 3.3 Hz, 1H), 6.94—6.88
(m,3H), 6.65(s, 1H), 6.20(d,J = 3.3Hz, 1H), 5.76 (s, 1H), 3.83 (s,
3H), 2.39 (s, 3H); '*C NMR (75 MHz, CDCls, 6 ppm) 224.9,
161.2,152.7,145.9, 139.1, 130.0, 126.6, 126.4, 125.3, 125.0, 119.1,
114.3, 55.9, 55.3, 20.7; IR (KBr, Vimax, cm 1) 3218, 3065, 1701,
1645; MS m/z = 376 (M™). Anal. Calcd for C;7H;¢N>O,S5: C,
54.23; H, 4.28; N, 7.44. Found: C, 54.10; H, 4.42; N, 7.21.
5-Methylmercaptothiocarbonyl-4-(3-nitrophenyl)-6-(4-chloro-
phenyl)-3,4-dihydropyrimidin-2(1H)-one (121): bright yellow
powder; mp 226—227 °C; '"H NMR (300 MHz, CDCls, 6 ppm)
8.23 (s, 1H),8.16 (d, J = 8.1 Hz, 1H), 7.73 (d, J/ = 7.5 Hz, 1H),
7.54—7.36 (m, 5H), 6.90 (s, 1H), 6.02(d, J = 2.4 Hz, 1H), 5.81 (s,
1H), 2.32 (s, 3H); *C NMR (75 MHz, CDCl; + DMSO-dg, 0
ppm) 224.6,152.4,147.6, 144.2,139.5,135.5,132.9,132.2,129.9,
128.9, 128.7, 128.3, 127.9, 122.1, 121.6, 117.5, 58.5, 20.0; IR
(KB, Viax, cm 1) 3215, 3078, 1693, 1643; MS m/z = 419 (M™).
Anal. Caled for C;gH4CIN;O05S,: C, 51.49; H, 3.36; N, 10.01.
Found: C, 51.63; H, 3.56, N, 10.22.
5-Methylmercaptothiocarbonyl-4-(4-methoxyphenyl)-6-(4-chloro-
phenyl)-3,4-dihydropyrimidin-2(1H)-one (12m): bright yellow pow-
der; mp 197—198 °C; '"H NMR (300 MHz, CDCl;, 6 ppm)
7.40—7.31 (m, 4H), 7.28 (s, 1H), 6.84—6.81 (m, 4H), 5.84 (s, 1H),
5.51 (s, 1H), 3.78 (s, 3H), 2.30 (s, 3H); *CNMR (75 MHz, CDCl; +
DMSO-ds, 6 ppm) 226.6, 158.9, 152.9, 135.8, 135.3, 134.0, 132.7,
129.7, 128.5, 128.1, 119.6, 113.6, 59.7, 54.9, 20.2; IR (KBr, vyax,
em™ ') 3197,3078, 1699, 1640; MS m/z = 404 (M ™). Anal. Caled for
C9H7CIN,O,S,: C, 56.36; H, 4.23; N, 6.92. Found: C, 56.18; H,
4.46; N, 6.73.
5-Methylmercaptothiocarbonyl-4-(4-chlorophenyl)-6-(4-chloro-
phenyl)-3,4-dihydropyrimidin-2(1H)-one (12n): bright yellow
powder; mp 226—227 °C; 'H NMR (300 MHz, CDCls, 6 ppm)
7.37—17.36 (m, 4H), 7.29—7.25 (m, 4H), 6.53 (s, IH), 5.90 (d, J =
2.1 Hz, 1H), 5.43 (s, 1H), 2.31 (s, 3H); *C NMR (75 MHz,
CDCl;, 6 ppm) 226.5, 152.6, 139.9, 136.0, 135.2, 134.0, 132.6,
129.5,129.0, 128.9, 128.5, 119.2, 60.3, 20.4; IR (KBr, ¥, cm 1)
3214, 3085, 2914, 1697; MS m/z = 408 (M™"). Anal. Calcd for
CsH14CLN,OS,: C, 52.81, H, 3.45; N, 6.84. Found: C, 52.66; H,
3.59; N, 6.98.
5-Methylmercaptothiocarbonyl-4-(4-chlorophenyl)-6-thienyl-
3,4-dihydropyrimidin-2(1H)-one (120): bright yellow powder;
mp 226—227 °C; '"H NMR (300 MHz, CDCls, 6 ppm) 7.41 (d,
J = 4.5Hz, 1H), 7.29—7.25 (m, 5H), 7.03 (t, J/ = 4.2 Hz, 1H),
6.59 (s, 1H), 5.78 (d, J = 2.1 Hz, 1H), 5.48 (s, 1H), 2.37 (s, 3H);
'3C NMR (75 MHz, CDCl; + DMSO-dg, 6 ppm) 226.2, 152.0,
140.3, 134.0, 132.5, 131.5, 128.8, 128.0, 127.9, 127.7, 126.5,
118.7,58.7,19.8; IR (KBr, vyax, cm ™ 1) 3076, 1689, 1543; MS m/
z = 380 (M"). Anal. Calcd for C;¢sH;3CIN,OS5: C, 50.45; H,
3.44; N, 7.35. Found: C, 50.67; H, 3.68; N, 7.10.
5-Methylmercaptothiocarbonyl-4-(4-bromophenyl)-6-thienyl-
3,4-dihydropyrimidin-2(1H)-one (12p): bright yellow powder;
mp 216—217 °C; 'H NMR (300 MHz, CDCls, 6 ppm) 7.46—
7.41 (m, 3H), 7.26—7.22 (m, 3H), 7.03 (t, J = 4.8 Hz, 1H), 6.56
(s, 1H), 5.76 (s, 1H), 5.45 (s, 1H), 2.37 (s, 3H); '*C NMR (75
MHz, CDCl;, 6 ppm) 227.3, 151.8, 140.1, 134.6, 131.8, 129.1,
129.0, 128.9, 128.5, 127.4, 122.4, 119.5, 60.6, 20.6; IR (KBr,
Vinax> €M 1) 3196, 3089, 1697, 1635; MS m/z = 424 (M™). Anal.
Calcd for CgH3BrN,OS;5: C, 45.18; H, 3.08; N, 6.59. Found:
C,45.33; H, 3.30; N, 6.32.
5-Methylmercaptothiocarbonyl-4-(3-nitrophenyl)-6-thienyl-3,4-
dihydropyrimidin-2(1H)-one (12q): bright yellow powder; mp
203—205 °C; 'H NMR (300 MHz, CDCls, 6 ppm) 8.22 (s, 1H),
8.17(d, J=8.1 Hz, 1H), 7.74 (d, J =7.5 Hz, 1H), 7.54—7.44 (m,
2H), 7.29—7.25 (m, 1H), 7.05 (t, /=4.8 Hz, 1H), 6.79 (s, |H), 5.89
(d,J = 2.1 Hz, 1H), 5.82 (s, 1H), 2.37 (s, 3H); '>*C NMR (75 MHz,
CDCl; + DMSO-ds, 0 ppm) 225.3, 151.8, 147.3, 143.9, 133.8,
133.5,132.8, 129.2, 128.6, 128.3, 126.6, 121.7, 121.4, 117.7, 58.1,
19.8; IR (KBr, ¥, cm ') 3216, 3086, 1696, 1646; MS m/z = 391
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(M ™). Anal. Caled for C;¢H3N305S5: C,49.09; H, 3.35; N, 10.73.
Found: C, 49.35; H, 3.60; N, 10.51.
5-Methylmercaptothiocarbonyl-4-phenyl-6-thienyl-3,4-dihydro-
pyrimidin-2(1H)-one (12r): bright yellow powder; mp 178—179
°C; 'TH NMR (300 MHz, CDCls, ¢ ppm) 7.40—7.23 (m, 7H), 7.02
(t,J = 3.6 Hz, 1H), 6.81 (s, IH), 5.77 (d,J = 1.5Hz, 1H), 5.60 (s,
1H), 2.35 (s, 3H); *C NMR (75 MHz, CDCls, 0 ppm) 227.6,
153.0, 141.2, 134.7, 129.2, 129.0, 128.6, 128.3, 128.2, 127.3, 127.2,
119.9, 61.0, 20.6; IR (KBr, Vyax cm™ ") 3214, 3096, 1696, 1638;
MS m/z = 346 (M™). Anal. Calcd for C¢H 4N,OS;: C, 55.46; H,
4.07; N, 8.08. Found: C, 55.28; H, 4.28; N, 8.30.
5-Methylmercaptothiocarbonyl-4-(2-methoxyphenyl)-6-thienyl-
3,4-dihydropyrimidin-2(1H)-one (12s): bright yellow powder; mp
180—181°C; "H NMR (300 MHz, CDCl3, 6 ppm) 7.48 (d, J = 5.4
Hz, 1H), 7.35—7.33 (m, 2H), 7.08—6.89 (m, 4H), 6.40 (s, I H), 5.91
(s, 1H), 5.73 (s, 1H), 3.88 (s, 3H), 2.43 (s, 3H); *C NMR (75 MHz,
CDCl; + DMSO-dg, 6 ppm) 225.9, 156.1, 134.3, 133.1, 128.8,
128.5, 128.0, 127.9, 126.9, 126.7, 119.6, 117.2, 110.0, 54.7, 54.4,
19.8; IR (KBr, Vimax, cm ') 3083, 2905, 1697, 1634; MS m/z = 376
(M™). Anal. Calcd for C;7H ¢N,O,S3: C, 54.23; H, 4.28; N, 7.44.
Found: C, 54.41; H, 4.50; N, 7.28.
5-Methylmercaptothiocarbonyl-4-(3-nitrophenyl)-6-furyl-3,4-
dihydropyrimidin-Z(lH)-one (12t): yellow crystals; mp 219—
220 °C; 'H NMR (300 MHz, CDCl3, ¢ ppm) 8.20—8.14 (m,
2H), 7.74 (d, J = 7.5 Hz, 1H), 7.54—7.49 (m, 2H), 7.05 (s, 1H),
6.61(d,J = 3.6 Hz, 1H), 6.46 (d, J = 1.5Hz, 1H), 5.73 (d, J =
2.1 Hz, 1H), 5.68 (s, 1H), 2.48 (s, 3H); '3*C NMR (75 MHz,
CDCl; + DMSO-dg, 6 ppm) 224.6, 151.7, 146.8, 144.4, 143.6,
143.0,132.4,130.2,128.2,121.3,121.0,115.6, 112.7,111.0, 57.3,
19.1; IR (KBr, vpay, cm ™ 1) 3100, 2914, 1698, 1435; MS m/z =
375 (M™). Anal. Caled for C¢H3N304S-: C, 51.19; H, 3.49; N,
11.19. Found: C, 51.06; H, 3.64; N, 11.40.
5-Methylmercaptothiocarbonyl-4-(4-nitrophenyl)-6-furyl-3,4-
dihydropyrimidin-2(1H)-one (12u): bright yellow powder; mp
209—210 °C; 'H NMR (300 MHz, CDCls, 6 ppm) 8.20 (d,
J = 8.4 Hz, 2H), 7.55—7.49 (m, 3H), 6.99 (s, 1H), 6.60 (d, J =
3.0 Hz, 1H), 6.46 (s, 1H), 5.74 (d, J/ = 1.5 Hz, 1H), 5.60 (s, 1H),
2.48 (s, 3H); *C NMR (75 MHz, CDCl; + DMSO-dg, 6 ppm)
226.2,152.4,148.8, 146.8, 144.8, 143.3, 128.6, 127.8, 123.1, 116.4,
112.9, 111.7, 58.8, 19.9; IR (KBr, Vpax, cm ') 3097, 2911, 1697,
1641; MS m/z = 375 (M™"). Anal. Caled for C;¢H 3N30,S5: C,
51.19; H, 3.49; N, 11.19. Found: C, 51.33; H, 3.23; N, 11.34.
5-Methylmercaptothiocarbonyl-4-(4-bromophenyl)-6-furyl-3,4-
dihydropyrimidin-2(1H)-one (12v): bright yellow powder; mp
205—206 °C; '"H NMR (300 MHz, CDCls, 6 ppm) 7.45—7.42
(m, 3H), 7.26—7.21 (m, 3H), 6.59 (d, / = 3.6 Hz, 1H), 6.44 (s,
1H), 5.78 (s, 1H), 5.59 (d, J = 2.1 Hz, 1H), 2.47 (s, 3H); *C NMR
(75 MHz, CDCls, 6 ppm) 228.0, 152.9, 144.8, 143.3, 140.1, 131.7,
129.1,125.2,122.3,117.5,112.7,112.1, 60.4, 20.4; IR (KBr, ¥pax,
em ') 3212, 3089, 1697, 1637; MS m/z = 408 (M™1). Anal. Calcd
for C;6H3BrN>O,S,: C, 46.95; H, 3.20; N, 6.84. Found: C, 46.77;
H, 3.36; N, 6.60.
3-Benzoyl-2 H-chromene-2-thione (14a): yellow solid; mp
171—172 °C; '"H NMR (300 MHz, CDCl;, 6 ppm) 7.93 (d, J =
7.8 Hz, 2H), 7.67—7.35 (m, 8H); '*C NMR (75 MHz, CDCl;, 6
ppm) 193.5, 192.2, 157.0, 139.2, 135.6, 133.9, 133.5, 133.2, 129.6,
128.7,128.5,125.8,119.9, 116.7; IR (KBr, ¥max, cm ') 3060, 2996,
1673, 1603, 1230; MS m/z = 266 (M™). Anal. Calcd for
C6H100,S: C, 72.16; H, 3.78. Found: 72.30; H, 3.95.
3-Benzoyl-8-methoxy-2 H-chromene-2-thione (14b): yellow so-
lid; mp 141—143 °C; "H NMR (300 MHz, CDCls, 0 ppm) 7.94
(d,J =7.5Hz,2H),7.61—7.58 (m, 2H), 7.48 (t,J = 7.8 Hz, 2H),
732 (t, J = 7.8 Hz, 1H), 7.19—7.12 (m, 2H), 4.01 (s, 3H); 1*C
NMR (75 MHz, CDCl;, 6 ppm) 192.8, 192.3, 147.0, 146.7,
139.4, 135.6, 133.8, 133.6, 129.6, 128.7, 125.7, 120.6, 119.5,
114.5, 56.3; IR (KBr, vy.y. cm™ ') 3085, 3029, 1662, 1601,
1229; MS m/z = 296 (M"). Anal. Calcd for C,7H;,05S: C,
68.90; H, 4.08. Found: 68.72; H, 4.25.
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3-(4-Methoxybenzoyl)-6-bromo-2 H-chromene-2-thione (14c):
yellow solid; mp 206—207 °C; "H NMR (300 MHz, CDCls, 6
ppm) 7.91 (d, J = 9.0 Hz, 2H), 7.74—7.69 (m, 2H), 7.45 (s, 1H),
7.40 (d, J = 8.7 Hz, 1H), 6.94 (d, J = 8.7 Hz, 2H), 3.88 (s, 3H);
13C NMR (75 MHz, CDCls, d ppm) 192.9, 190.2, 164.4, 155.6,
140.3, 135.6, 132.1, 131.2, 130.5, 128.3, 121.5, 118.4, 118.2,
114.1, 55.5; IR (KBr, vmax, cm ') 3076, 3031, 1656, 1607,
1235; MS m/z = 374 (M). Anal. Calcd for C,;H,,BrOsS: C,
54.41; H, 2.95. Found: C, 54.22; H, 3.15.

3-(4-Methoxybenzoyl)-6-nitro-2 H-chromene-2-thione (14d): yel-
low solid; mp 208—209 °C; 'H NMR (300 MHz, CDCls, ¢ ppm)
8.46 (m, 2H), 7.89 (d, J = 8.7 Hz, 2H), 7.63—7.58 (m, 2H), 6.95 (d,
J = 8.7Hz, 2H), 3.89 (s, 3H); ">*C NMR (75 MHz, CDCls, 6 ppm)
192.2, 189.6, 164.6, 159.3, 132.1, 130.7, 127.9, 127.3, 123.9, 120.1,
117.6, 114.2, 55.6; IR (KBr, ¥pmay, cm™ ') 3051, 1643, 1593, 1236;
MS m/z = 341 (M™). Anal. Calcd for C,7H;NOsS: C, 59.82; H,
3.25; N, 4.10. Found: C, 59.98; H, 3.06; N, 4.38.

3-(2-Acetylthiophene)-8-methoxy-2 H-chromene-2-thione (14e):
yellow solid; mp 174—175 °C; 'H NMR (300 MHz, CDCl;, 6
ppm) 7.75(d, J = 4.2 Hz, 1H), 7.65 (d, J/ = 3.0 Hz, 1H), 7.57 (s,
1H), 7.32—7.26 (m, 1H), 7.18—7.11 (m, 3H), 4.01 (s, 3H); "°C
NMR (75 MHz, CDCl;, 6 ppm) 192.2, 184.3, 146.7, 142.8, 139.0,
135.5, 135.0, 133.0, 128.3, 125.7, 120.4, 119.5, 114.6, 56.3; IR
(KB, Vmay, cm~ ) 3059, 2985, 1671, 1602, 1230; MS m/z = 302
(M™). Anal. Calcd for C;sH,¢05S,: C, 59.58; H, 3.33. Found: C,
59.73; H, 3.52.

3-(2-Acetylthiophene)-6-bromo-2 H-chromene-2-thione (14f):
yellow solid; mp 166—167 °C; '"H NMR (300 MHz, CDCls, 6
ppm) 7.78—7.64 (m, 4H), 7.50 (s, IH), 7.40 (d, J = 8.4 Hz, 1H),
7.15—7.11 (t, J = 4.2 Hz, 1H); '*C NMR (75 MHz, CDCls, 6
ppm) 192.4, 183.7, 155.7, 142.5, 139.6, 135.9, 135.1, 131.2, 130.6,
128.4,121.2,118.5, 118.2; IR (KBr, vax. cm ') 3054, 1676, 1610;
MS m/z = 350 (M™"). Anal. Caled for C4H,BrO,S,: C, 47.87; H,
2.01. Found: C, 47.66; H, 2.21.

3-(2-Acetylfuran)-8-ethoxy-2 H-chromene-2-thione (14g): yel-
low solid; mp 175—176 °C; 'H NMR (300 MHz, CDCls, 4 ppm)
7.61—7.58 (m, 2H), 7.29—7.23 (m, 2H), 7.17—7.10 (m, 2H), 6.57
(d,J = 1.8Hz,1H),4.28 (q,J = 6.9 Hz,2H), 1.55—1.53 (m, 3H);
3C NMR (75 MHz, CDCls, 6 ppm) 192.7, 179.6, 151.7, 147 4,
146.0,138.2, 133.8,125.7, 120.5,120.1, 119.6, 116.0, 112.7, 65.1,
14.6; IR (KBr, ¥ax, cm_ ') 3085, 3033, 1677, 1600, 1225; MS
mjz = 300 (M™). Anal. Calcd for C,4H,0,4S: C, 63.99; H, 4.03.
Found: C, 64.05; 4.32.

3-(2-Acetylfuran)-6-bromo-2 H-chromene-2-thione (14h): yel-
low solid; mp 198—199 °C; "H NMR (300 MHz, CDCl;, 6 ppm)
7.74—7.62 (m, 2H), 7.51 (s, 1H), 7.39—7.25 (m, 3H), 6.59 (s, 1H);
13C NMR (75 MHz, CDCls, 8 ppm) 192.5, 179.0, 155.7, 147.6,
138.9, 136.0, 131.7, 130.7, 121.3, 120.2, 118.5, 118.2, 112.9; IR
(KB, Viax, cm 1) 3076, 3023, 1667, 1606, 1223; MS m/z = 334
(M™). Anal. Caled for C,4H;BrO5S: C, 50.17; H, 2.11. Found:
C, 50.01; H, 2.28.

6-Methylmercaptothiocarbonyl-1,3-dimethyl-5-(3-nitrophenyl)-
2,4-dioxo-7-phenyl-1,2,3,4,5,8-hexahydropyrido[2,3-d|pyrimidine
(17a): red crystals; mp 222—223 °C; "H NMR (300 MHz, CDCl;,
O ppm) 8.26 (s, 1H),8.05(d,J = 7.8 Hz, 1H), 7.78 (d, J = 6.9 Hz,
1H), 7.50—7.43 (m, 6H), 5.99 (s, 1H), 5.54 (s, 1H), 3.51 (s, 3H),
3.28 (s, 3H), 2.28 (s, 3H); '*C NMR (75 MHz, CDCl;, 6 ppm)
229.0,160.9,150.8, 148.4, 146.5, 143.3,134.8, 134.0, 130.1, 129.0,
128.9, 128.3, 123.2, 122.6, 121.9, 89.4, 44.3, 28.9, 28.1, 20.4; IR
(KBr, Vimax, cm ™ ') 3453, 2961, 1705, 1510; MS m/z =480 (M ™).
Anal. Calcd for C3H,50N4O4S5: C, 57.48; H, 4.19; N, 11.66.
Found: C, 57.61; H, 4.35; N, 11.42.

6-Methylmercaptothiocarbonyl-5-(3-chlorophenyl)-1,3-dimeth-
yl-2,4-dioxo-7-phenyl-1,2,3,4,5,8-hexahydropyrido[2,3-d]pyrimidine
(17b). Reddish powder; Mp 233—234 °C; '"H NMR (300 MHz,
CDCls, 6 ppm) 7.50—7.37 (m, 6H), 7.32—7.29 (m, 1H), 7.18—7.16
(m, 2H), 5.91 (s, 1H), 5.40 (s, 1H), 3.49 (s, 3H), 3.29 (s, 3H), 2.31 (s,
3H). C NMR (75 MHz, CDCl;, 6 ppm) 229.6, 160.9, 150.9,
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146.3, 143.1, 135.1, 134.1, 133.0, 129.9, 129.4, 129.0, 128.2, 127.9,
127.0, 126.5, 124.1, 89.9, 44.3, 28.7, 28.1, 20.5; IR (KBr, Vmax,
cm ') 3447, 2954, 1709, 1499; MS m/z = 469 (M™). Anal. Caled
for Cy3H,oCIN3O,S,: C, 58.77; H, 4.29; N, 8.94. Found: C, 58.52;
H, 4.43; N, 8.72.
6-Methylmercaptothiocarbonyl-5-(4-bromophenyl)-7-(4-methoxy-
phenyl)-l,3-dimethyl-2,4-di0x0-1,2,3,4,5,8-hexahydr0p?7rid0[2,3-
d]pyrimidine (17c¢): reddish powder; mp 205—206 °C; '"H NMR
(300 MHz, CDCl;, 6 ppm) 7.42—7.36 (m, 4H), 7.30—7.25 (m,
2H), 6.91 (d, J = 8.7 Hz, 2H), 5.86 (s, 1H), 5.36 (s, 1H), 3.83 (s,
3H), 3.48 (s, 3H), 3.28 (s, 3H), 2.33 (s, 3H); '3*C NMR (75 MHz,
CDCl;, 0 ppm) 229.9, 160.9, 160.8, 150.9, 143.5, 143.0, 133.3,
131.3, 129.7, 129.6, 127.2, 123.6, 120.7, 114.4, 90.2, 55.3, 44.0,
28.7, 28.1, 20.5; IR (KBr, vpay, cm ') 3451, 2934, 1707, 1506;
MS m/z = 543 (M™"). Anal. Caled for C,4H»,BrN;05S,: C,
52.94; H,4.07; N, 7.72. Found: C, 52.68; H, 4.23; N, 7.50.
6-Methylmercaptothiocarbonyl-7-(4-methoxyphenyl)-1,3-dimeth-
yl-5-(3-nitrophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydropyrido[2,3-d]-
pyrimidine (17d): reddish powder; mp 240—241 °C; "H NMR (300
MHz, CDCl;, 6 ppm) 8.24 (s, 1H), 8.05 (d, J = 8.1 Hz, 1H), 7.79
(d,J = 7.5Hz, 1H), 7.45—7.41 (m, 3H), 6.93 (d, J = 8.7 Hz, 2H),
5.99 (s, 1H), 5.51 (s, 1H), 3.84 (s, 3H), 3.51 (s, 3H), 3.28 (s, 3H),
2.31 (s, 3H); '3C NMR (75 MHz, CDCls, & ppm) 229.2, 161.0,
150.8, 148.4, 146.7, 143.2, 134.8, 134.4,129.7, 128.9, 126.9, 122.5,
121.8, 114.5, 89.7, 55.4, 44.2, 28.8, 28.1, 20.5; IR (KBr, vpax,
cm ') 3449, 2934, 1701, 1512; MS m/z = 510 (M™"). Anal. Calcd
for Co4H»,N4O5S,: C, 56.46; H, 4.34; N, 10.97. Found: C, 56.67;
H, 4.59; N, 10.71.
6-Methylmercaptothiocarbonyl-1,3-dimethyl-5-(3-nitrophenyl)-
2,4-dioxo-7-thiophen-2-yl-1,2,3,4,5,8-hexahydropyrido[2,3-d]-
pyrimidine (17e): reddish powder; mp 235—236 °C; "H NMR
(300 MHz, CDCl;, 6 ppm) 8.23 (s, 1H), 8.06 (d, /= 8.1 Hz,
1H), 7.75 (d, J=17.5 Hz, 1H), 7.45—7.39 (m, 2H), 7.29—7.28
(m, 1H), 7.06—7.03 (m, 1H), 6.07 (s, IH), 5.39 (s, 1H), 3.57 (s,
3H), 3.27 (s, 3H), 2.38 (s, 3H); '*C NMR (75 MHz, CDCls, 6
ppm) 222.8, 160.9, 146.2, 143.1, 134.8, 129.3, 128.9, 128.4,
127.8,123.0, 122.7, 122.0, 112.8, 112.6, 89.4, 44.4, 28.7, 28.2,
20.5; IR (KB, Vmax, cm ') 3441, 2945, 1700, 1503; MS m/z =
486 (M™"). Anal. Calcd for C5H sN4O4S,: C, 51.84; 3.73; N,
11.51. Found: C, 51.99; H, 3.98; N, 11.27.
6-Methylmercaptothiocarbonyl-7-(4-chlorophenyl)-1,3-dimeth-
yl-5-(3-nitrophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydropyrido[2,3-d]-
pyrimidine (17f): reddish powder; mp 257—258 °C; '"H NMR (300
MHz, CDCl3, 6 ppm) 8.23 (s, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.76
(d,J = 7.5Hz, 1H), 7.46—7.37 (m, 5H), 5.89 (s, 1H), 5.51 (s, 1H),
3.51 (s, 3H), 3.27 (s, 3H), 2.30 (s, 3H); "*C NMR (75 MHz, CDCl; +
DMSO-dg, 6 ppm) 228.1, 160.6, 150.5, 147.7, 147.1, 143.7, 136.5,
135.2,134.1,132.9,130.5,128.5,128.1,121.7,121.5, 121.0,90.0, 42.9,
29.7,27.5,19.9; IR (KBr, Vyyar, cm 1) 3451, 2961, 1703, 1509; MS m/
z = 514(M™"). Anal. Caled for C>3H,oCIN,O,4S>: C, 53.64; H, 3.72;
N, 10.88. Found: C, 53.89; H, 3.91, N, 10.68.
6-Methylmercaptothiocarbonyl-7-furan-2-yl-1,3-dimethyl-5-(3-
nitrophenyl)-2,4-dioxo-1,2,3,4,5,8—hexahydr0[l)yrido[2,3—d]pyrimidine
(17g): reddish powder; mp 238—239 °C; 'H NMR (300 MHz,
CDCl;, 6 ppm) 8.20 (s, IH), 8.06 (d,/=7.8 Hz, IH), 7.72(d,J = 7.5
Hz, 1H), 7.51—7.38 (m, 2H), 6.73 (s, 1H), 6.57 (d, J = 3.3 Hz,
1H), 6.46 (s, 1H), 5.20 (s, 1H), 3.61 (s, 3H), 3.27 (s, 3H), 2.51 (s,
3H); '*C NMR (75 MHz, CDCls, ¢ ppm) 230.2, 160.9, 150.8,
148.4, 146.1, 144.5, 143.3, 142.8, 134.7, 128.9, 1229, 122.6, 122.1,
112.7, 112.6, 88.6, 4.5, 28.6, 28.1, 20.5; IR (KB, vy, cm ') 3447,
2953, 1705, 1505; MS m/z = 470 (M™"). Anal. Caled for C, H s
N4OsS,: C, 53.61; H, 3.86; N, 11.91. Found: C, 53.46; H, 3.98; N,
11.72.
6-Methylmercaptothiocarbonyl-7-furan-2-yl-1,3-dimethyl-5-(4-
nitrophenyl)-2,4-dioxo-1,2,3,4,5,8-hexahydropyrido[2,3-d]pyri-
midine (17h): reddish powder; mp 235—236 °C; "H NMR (300
MHz, CDCl;, 6 ppm) 8.12 (d, J = 8.4 Hz, 2H), 7.55—7.51 (m,
3H), 6.71 (s, 1H), 6.57(d, J = 3.3 Hz, 1H), 6.48 (t, J = 1.5 Hz,
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1H), 5.18 (s, 1H), 3.60 (s, 3H), 3.27 (s, 3H), 2.52 (s, 3H); '*C
NMR (75 MHz, CDCls, 6 ppm) 230.1, 160.8, 151.2, 150.8,
146.8, 144.5, 143.3, 142.8, 129.0, 123.6, 122.7, 122.0, 112.7,
112.6, 88.5, 44.6, 28.6, 28.1, 20.5; IR (KBr, Vax, cm~ ') 3431,
2951, 1707, 1510; MS m/z = 470 (M™). Anal. Caled for
C»1H sN4OsS5: C, 53.61; H, 3.86; N, 11.91. Found: C, 53.85;
H, 3.98; N, 11.63.
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