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ABSTRACT

We report herein the use of Cyanuric chloride as a new catalyst for the one-pot Biginelli
reaction coupling of S-ketoester, aldehydes and urea (or thiourea) to afford the corresponding
dihydropyrimidinones/thiones.
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(Dedicated to Dr. N . Srinivasan on his 50th birthday)

INTRODUCTION

A general and practical chemistry route to the maJi cyclocondensation reaction using
Cyanuric chloride as the catalyst (10% mol). Thistimd provides an efficient and much
improved modification of original Biginelli reactioreported in 1893, in terms of high yields,
short reaction times, and simple work-up procedargl it has the ability to tolerate a wide
variety of substitutions in all three componenthkjah is lacking in existing procedures.

The preparation of combinational libraries of hetsrclic compounds by solid phase synthesis is
of great interest for accelerating lead discovargharmaceuticalsuch as antibacterial, antiviral,
antitumor and anti-inflammatory activities. Some tbem have been successfully used as
calcium channel blockers, antihypertensive agenfig-antagonists and neuropeptide Y (NPY)
antagonists Moreover several alkaloids containing the dihygropidinones core unit have
been isolated from marine source, which also sHotesesting biological properti€sAmong
these most notably are the batzelladine alkalouthsch have been found to be potent HIV gp-
120-CD4 inhibitor8 . Reaction of three components in THF containimfyphosphate ester
(PPE} and acetonitrile with iodotrimethylsilane (TMSlglso furnished good vyield. For
example, modification and improvements include gdiewis acids such as BPEL’ FeCk
and HCP LaCkL7H,0,” La(OTf)™
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Yb(OTf)s*,zrCl,*? ,BiCls* ,Mn(OAc)™ ,LiClO,,*° ,HsBO5™® and polyphosphorate esteMany
other synthetic methods for preparing these comg®urave been reported including classical
conditions with microwav& and ultrasound irradiation®

As part of our continued interest in the Bigina#iactio’, we report here our preliminary
investigation dealing with the use of Cyanuric clde as a catalyst under neutral conditions
preserving the simplicity of Biginelli’'s one-pota&tion(Scheme 1) Herein we disclose the first
example of an efficient synthetic protocol for greparation of 3, 4-dihydropyrimidinones using
Cyanuric chloride as an organopromoter.

The art of performing efficient chemical transfotroa coupling three or more components in a
single operation by a catalytic process avoidimgckiometric toxic reagents, large amounts of
solvents, and expensive purification techniquesesgnts a fundamental target of the modern
organic synthes?é. Biginelli reaction first reported in 1893, invahg acid catalyzed one-
potcyclocondensation of aldehydes, dicarbonyl caimgoand urea or thiourea is a simple and
direct approach for their synthesis. However litdtas associated with this method are poor
yields particularly in case of substituted aldelsyd®d use of strong acidic conditions. Thus,
Biginelli’'s reaction for the synthesis of dihydrapyidinones has received renewed interest, and
several improved procedures have recently beentezgha@onsequently, there is scope for further
renovation towards mild reaction conditions, inseghvariation of the substituent’s in all three
components, and better yields.

MATERIALS AND METHODS

Materials benzaldehydes and substituted benzal@shydea or thioure&yanuric chloridewere
purchased from Acros Chemical Co., and they weesl @s received. Ethanol freshly distilled
prior to use. The other materials werecommon coror@devel and used as received.

To study the generality of this process, severangdes illustrating this novel and general
method for the synthesis of dihydropyrimidinonegevstudied and are summarized in Table 1.
Many of the pharmacologically relevant substitutipatterns on the aromatic ring could be
introduced with high efficiency. A variety of sultsted aromatic, aliphatic, and heterocyclic
aldehydes carrying either electron-donating orhdiawing substituent’s afforded high yields of
products in high purity. Acid sensitive aldehydeghs as furfural worked well without the
formation of any side products. Thiourea has beseduwith similar success to provide the
corresponding dihydropyrimidine{B-thiones, which are also of much interest witharel to
biological activity. Thus, variations in all thremponents have been accommodated very
comfortably.
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Scheme 1

The three component condensation reactions prodesmdeothly in refluxing ethanol and were
completed within 8-12 h depends on the substitiatehydes. Many pharmacologically
important moieties may be substituted on the armmatg with high efficiency under the
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Cyanuric chloride catalyzed conditions. Aromatidedlydes carrying either electron-donating or
withdrawing substituent’s afforded high yields ebgucts in high purity, this method is effective
for the preparation of DHPMs. Another importanttéga of this procedure is the survival of a
variety of functional groups such as ether, nitngdroxy, halides, etc., under the reaction
conditions. The advantage of the Cyanuric chlofatethis reaction lies in its simplicity. This
method utilizes readily available of reagents at tmst and also affords high yields of DHPMs
in short reaction times.

General procedure for Cyanuric chloride —mediated preparation of dihydropyrimidinones4a: a
solution of B-keto ester 1, 10mmol), the appropriate aldehydes (benzaldeh{@i€)0 mmol),
urea or thiourea3( 15 mmol),Cyanuric chloride (5 mmol) in Ethanol (20 mL) was heated under
reflux for 7 h. After cooling, the reaction mixtuveas poured onto 50 g of crushed ice. Stirring
was continued for several minutes; the solid préglweere filtered, washed with cold water
(2x50 mL) and a mixture (1:1) of ethanol-water (@%8L) and subsequently dried. All the
products are known compounds which were charaettiy IR and 1H NMR spectral data and
their mps compared with literature reported melpogts.

RESULTS AND DISCUSSION

Thus, this procedure offers easy access to sulestiihydropyrimidinones with a variety of
substitution patterns. Among the various solventshsas acetonitrile, methanol, THF and
ethanol used for the transformation, ethanol anthamol were found to be the best. The results
summarized infable 1 reveal the scope and generality of the reactidh vaspect to various
aldehydesp-ketoester and urea or thiourea. It is presumetkiieareaction may proceed through
the imine intermediate formed from the aldehyde areh, stabilized followed by the addition
of thep-ketoester enolate and cyclodehydration to affoeddihydropyrimidine.

CONCLUSION

In conclusion, we have developed a simple and génerethod for the synthesis of
dihydropyrimidinones using the inexpensive and lgasiailable Cyanuric chloride as catalyst.
The method offers several advantages including kiglis, short reaction times and a simple
experimental workup procedure, which makes it afulserocess for the synthesis of
dihydropyrimidinones.

Table 1 Cyanuric chloride -catalyzed synthesis of dihydropyrimidinones/thiors 4 via Scheme 1

Entry | X R, R, Reaction Time/Hour | Yields| MP°C Found
4a 0] GHs OEt 7 92 208-209
4b (0] 4-CHCgH, OEt 10 85 225-226
4c O| 4-CHOGCH, | OEt 10 80 199-202
4d (0] 4-NQCgH,4 OEt 7 90 210-212
4e O| 2,4-(ClyC¢H; | OEt 6 65 245-247
Af 0] 2-Cl-GH,4 OEt 10 75 252-254
4g (0] 3-NQCgH. OEt 8 70 227-228
4h O| 4-(OH)-C6H4 | OFf 12 80 198-200
4 0] 4-F-C6H4- OEt 12 75 190-192
4j 0] 2- Furyl- OEt 9 80 211-213
4k O | C6H5-CH=CH-| OE{ 6 85 229-230
4] S GHs OEt 10 80 191-192
4m S| 4-(OH)-C6H4 | OE 11 75 195-198
4n S| 4-(OCH)-C6H4 | OEt 10 92 140-145
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Standard conditionsAll the reactions were carried out usingpeketo esterX), the appropriate
aldehyde 2), urea or thioure&3], Cyanuric chloride in ethanol was heated umegux for 5

6 — Methyl — 2 -oxo0-4-phenyl-1,2,3,4-tetrahydro-Pymidine-5-carboxylic acid ethyl ester
(4a): Solid, mp 208-209°C*H NMR (DMSO-d): & 1.12 (t, 3H,J=7.5 Hz, CH), 2.28 (s, 3H,
CHj3), 4.03 (g, 2HJ=7.5 Hz,0OQ,), 5.17 (d, 1HJ=3.0 Hz, H-4), 7.22-7.41 (m, 5H, H atom),
7.78 (brs, 1H, NH), 9.22 (brs, 1H, NH). IR (KBre4&, 3116, 1725, 1700, 1647 cm-1.

6-Methyl-4-(4-nitro-phenyl)-2-oxo-1,2,3,4-tetrahydo-pyrim idine-5-carboxylic acid ethyl
ester (4d): Solid, mp 210-212°CH NMR (DMSO-dg): 6 H 1.07 (3H, t, 3=6.8Hz, CH), 2.26
(3H, s, CH), 3.97 (2H, q, 3=5.4 Hz, OCH), 5.27 (1H, s, CH), 7.50 (2H, d,J3-7.3 Hz, atom.),
7.87 (1H, s, NH), 8.20 (2H, dJ3 7.2 Hz, atom.),9.33 (1H, s, NHYC NMR: § 14.5, 18.3,
54.2, 59.8, 98.7, 124.2, 128.1, 147.2, 149.8, 15152.5, 165.5; IR (KBr) : 3215, 1731, 1707,
1641 cm-1; MSne 305 (M 25), 276 (M—C,Hs, 92), 260 (M-C,HsCO;, 20), 183 (100).

4-(2,4-Dichloro-phenyl)-6-methyl-2-oxo-1,2,3,4-tethydro-pyrimidine-5-carboxylic ~ acid
ethyl ester (4e):Solid, mp 245-247°CH NMR (DMSO-de): & 9.33 (brs, N1H), 7.77 (br s, N3-
H), 7.31-7.57 (m, AH), 5.60 (s,C4H), 3.90 (q, O®1,CHs, J= 7.2 Hz), 2.29 (s, C64@3), 1.02

(t, OCH,CHs, J=7.2 Hz); IR (KBr): 3219, 3104, 2969, 1699, 1641 &nvIS m/e 328 (M', 6.69),
330 (M’ +2, 4.10), 299 (47.18), 293 (68.72), 255 (40.088 (100.00), 155 (32.82), 137 (25.64).
Anal.calcd for G4H14C2N2O3: C, 51.06; H, 4.26; N, 8.51. Found: C, 51.32; B34N,8.24.

4-(2-Chloro-phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahyb-pyri midine-5-carboxylic acid ethyl
ester (4f): Solid, mp 252 —254°C ;*H NMR (DMSO- d): & 2.31 (s, 3H, Ch), 3.47 (s, 3H,
OCHg), 5.71 (s, 1H, CH), 7.33-7.41 (m, 4H, Ar-H), 7.&l 1H, NH), 9.15 (s, 1H, NH); IR
(KBr): 3215, 3080, 1687, 1641 clpyMSm/e: 281.3.

4-(4-Hydroxy-phenyl) - 6- methyl — 2 -oxo0-1,2,3,4etrahydro-pyrimidine-5-carboxylic acid
ethyl ester (4h)Solid, Mp 198-200°C!H NMR (DMSO-ds): & 1.18 (t,J=7.5 Hz, 3H, CH),
2.28 (s, 3H, Ch), 4.0 (q,J=7.5 Hz, 2H, -OCH), 5.18 (s, 1H), 6.7 (dI=8.9 Hz, 2H, Ar), 7.09 (d,
J=8.9 Hz, 2H, Ar), 7.25 (s, 1H), 8.95 and 9.0 (24, Brs. NH); IR (KBr): 3520, 3230, 3150,
1705, 1690 cit; MS m/e = 276 (10) (M), 248 (100), 231 (28), 204 (80), 168 (87), 136)(48
Anal.calcd for G4H16N2O4: C, 60.86; H, 5.83; N, 10.17.Found: C, 60.81; H85N, 10.11.

4-Furan-2-yl-6-methyl-2-oxo-1,2,3,4-tetrahydro-pyrmidine-5-carboxylic acid ethyl ester
(4): Solid, mp 211-213°C *H NMR (DMSO-dg): 5 1.30 (t, 3H,J = 6.6 Hz), 2.34 (s, 3H), 4.20
(g, 2H,J = 6.8 Hz), 5.20 (d, 1H] = 3.0 Hz), 7.60 (s,1H), 7.83 (brs, 1H, NH), 9.201(d, NH);
IR (KBr): 3349, 3228, 3123, 2978,2841,1659,150651141278, 1059,927, 871, 761 ¢mMS
m/e: 250 (ni, 42), 221 (100), 177 (92), 110 (26), 95 (12), 59)(

6- Methyl- 2- oxo -4- styryl-1,2,3,4-tetrahydro - grimidine-5-carboxylic acid ethyl ester
(4K): Solid, mp 229-230°C}H NMR (DMSO-dg): 6 1.22 (t, 3H,J = 7.0 Hz), 2.23 (s, 3H), 4.12
(g, 2H,J=7.0 Hz), 4.85 (d, 1H] = 3.0 Hz) 6.26 (d, 1H]) = 14.0 & 5.0 Hz), 7.38 (d, 2H,= 7.0
Hz), 7.43( d, 2HJ = 7.0 Hz), 7.68 (brs, 1H, NH), 9.24 (brs, 1H, NHR; (KBr): 3297, 3241,
3091, 2976, 2842, 698, 1508, 1493, 1371, 1223, 11351, 963, 769 cil; MS m/e: 286 (nf,
27), 259 (100), 224 (66), 196 (31), 149 (22), 103)(91(10), 84.
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6-Methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydro-pyrimdine-5-carboxylic acid ethyl ester
(4): Solid, mp 191-192°C'H NMR (DMSOg): 6 1.19 (t J=7.3 Hz, 3H, CH), 2.27 (s, 3H,
CHj3), 4.08 (g,J=7.3Hz, 2H, -OCH), 5.22 (s, 1H, CH), 7.23 (m, 5H, Ar), 9.25 and @8, 2H,
2brs. NH); IR (KBr); 3259, 3195, 3100, 1710, 1690°t; MS m/e =276 (65) (M), 237 (45), 204
(100), 172 (35), 142 (20).

4-(4-Hydroxy-phenyl)-6-methyl-2-thioxo-1,2,3,4-tetahydro-pyrimidine-5-carboxylic  acid
ethyl ester (4m): Solid, mp 195-198°C*H NMR (DMSO-de): & 1.18 (t,J=7.5 Hz, 3H, CH),
2.25 (s, 3H, Ch), 4.0 (q,J=7.5 Hz, 2H, -OCH), 5.10 (s, 1H, CH), 6.65 (d=9.1 Hz, 2H, Ar),
7.00 (d,J=9.1 Hz, 2H, Ar), 9.10 (br. s, 1H, OH), 9.15 ané @br. s, 2H, NH); IR (KBr) =3450,
3190, 3040, 1705, 1650 ¢ MS m/e = 292 (25) (M), 264 (28), 220 (20), 200 (15), 142 (25),
50 (100).

Acknowledgments
The authors thankr. K. Gopi, Managing Director, Research and Development, iachife
Sciences, Hyderabad 500076, India, for financippsut.

REFERENCES AND NOTES

[1] (a) Biginelli, P.Gazz. Chem. Ital. 1893 23, 360; (b) Kappe, C. Oletrahedron 199349,
6937; (c) Kappe, C. O.; Fabian, W. M. F.; Semomh&sA. Tetrahedron, 1997, 53, 2803; (d)
Kappe, C. OAcc. Chem. Res. 200Q 33, 879.

[2] (a) Atwal, K. S.; Rovnyak, G. C.; Kimball, S. D.loyd,D. M.; Moreland, S.; Swanson, B.
N.; Gougoutas, D. Z.; Schewartz, J.; Smillie, K; Malley, M. F.J. Med. Chem.199Q 33 2629;
(b) Atwal, K. S.; Rovnyak, G. C.; O Reilly, B. GGghewartz, 1J. Org. Chem. 1989 54, 5898.

[3] (a) Snider, B. B.; Shi, Z1. Org. Chem. 1993 58, 3828; (b) Overman, L. E.; Rabinowitz, M.
H.; Renhowe, P. Al. Am. Chem. Soc. 1995 117, 2657.

[4] (a) Snider, B.; Chen, J.; Patil, A. D.; Freyer, Tatrahedron Lett. 1996 37, 6977; (b) Patil,
A. D.; Kumar, N. V.; Kolle, W. C.; Bean, M. F.; Brer, A. J.; De Brosse, C.; Mai, S.; Truneh,
A.; Faulkaer, D. J.; Carte, B.; Breen, A. L.; Hegmy, R. P.; Johenson, R. K.; Westley, J. W.;
Ports, B. C. MJ. Org. Chem. 1995 60, 1182.

[5] Kappe, C. O.; Falsone, S. $ynlett. 1998, 718.

[6] Sabitha, G.; Reddy, G. S. K. K.; Reddy, C. S.; ¥adaS.Synlett. 2003 6, 858.

[7] Hu, E. H.; Silder, D. R.; Dolling, U. HL. Org. Chem. 1998 63, 3454.

[8] Lu, J.; Ma, H.Synlett. 200Q 63.

[9] Lu, J.; Bai, Y.; Wang, Z.; Yang, B.; Ma, Hetrahedron Lett. 200Q 41, 9075.

[10] Chen, R. F.; Qian, C. Thin. J. Chem. 2002 20, 427.

[11] Ma, Y.; Qian, C.; Wang, MJ. Org. Chem. 200Q 65, 3864.

[12] Reddy, C. V.; Mahesh, M.; Raju, P. V. K.; Babu,R; Reddy, V. V. NTetrahedron Lett.
2002 2657.

[13] Ramalinga, K.; Vijayalakshmi, P.; Kaimal, T. N. 8/lett. 2001, 863.

[14] Kumar, K. A.; Kasthuraiah, M.; Reddy, C. S.; Red®y, D TetrahedronLett. 2001, 42,
7873.

[15] Yadav, J. S.; Reddy, B. V. S.; Srinivas, R.; VerpapC.; Romalingam, TSynthesis. 2001,
1341.

296
www.scholarsresearchlibrary.com



Anil Kumar Jogula et al Der Pharma Chemica, 2011, 3 (4):292-297

[16] Shujang, T.; Fang, F.; Chunbao, M.; Hong, J.; YanjiF.; Daquing, S.; Xiangshan, W.
Tetrahedron Lett. 2003 44, 6153.

[17] Kappe, C. O.; Kumar, D.; Varma, R. §nthesis. 1999 1799.

[18] (a) Yadav, J. S.; Subba Reddy, R. V.; Jeang ReigyRam lingam, TJ. Chem. Res. (S)
2000,354; (b) Gupta, R.; Gupta, A. K.; Paul, S.; KachB. L.Ind. J. Chem.1995 34B, 151.
[19]Li, J. T.; Ham, J. F.; Yang, J. H.; Li, T. Bltrason. Sonochem.2003 10,119.

[20] Yadav, J. S.; Reddy, B. V. S.; Reddy, K. B.; Raj,X Prasad, A. Rl. Chem. Soc., Perkin
Trans.1. 2001, 1939.

[21] Anil Kumar, J.; VenkatNarsaiah, A.International Journal of Applied Biology and
Pharmaceutical Chemistry, 201Q 935.

[22] Mizuno, N.; Misono, MChem. Rev. 1998 98, 199.

297
www.scholarsresearchlibrary.com



