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We developed an optimized Liebeskind-Srogl reaction in order to synthesize potentially biologically
active 2-aryl-1,4-dihydropyrimidines. The pallado-catalyzed cross-coupling reaction between dihydro-
pyrimidines and tributyltin derivatives appears particularly efficient (67-95% yields) when using
CuBr-Me,S as the copper cofactor.

© 2012 Elsevier Ltd. All rights reserved.

Dihydropyrimidines (1), which were first produced by the Ital-
ian chemist Biginelli in 1893,' have a broad range of biological
activities, such as anti-viral, anti-tumor, anti-bacterial, and anti-
inflammatory activities.? In addition, they are also regarded as cal-
cium channel blockers, o-adrenergic antagonists,* mitotic kinesin
Eg5 motor protein inhibitors,” as well as potent HIV gp-120-CD,4
inhibitors.®

During the past decade, the construction of dihydropyrimidine
cores (1) by condensation of various aldehydes (2), 1,3-dicarbonyl
compounds (3), and urea or thiourea (4) became one of the most
efficient examples of multicomponent reactions (Scheme 1). Vari-
ous Lewis acids were developed to catalyze this Biginelli condensa-
tion reaction under solvent-free’ or microwave conditions® in good
to excellent yields. Asymmetric syntheses of the chiral dihydropy-
rimidine ring at position 4 were also performed by Zhu and Gong
with high ee values.® In contrast to these fruitful synthetic

methods, there are only a few methods reported in the literature
for further modifying this heterocyclic system.!®

Recently, the 2-aryl-1,4-dihydropyrimidine heterocyclic scaf-
fold was reported to display a range of interesting pharmacological
properties. Compounds Bay 41-4109 (5, Fig. 1) and Bay 39-5493 (6,
Fig. 1) showed highly potent anti-hepatitis B replication activity
in vitro and in vivo.!! Another compound (7, Fig. 1), the Rho-asso-
ciated kinase isoform 1 (ROCK1) inhibitor, was reported as a poten-
tial therapeutic agent for cardiovascular diseases.? Synthetic
routes to these 2-aryl-1,4-dihydropyrimidines are linear synthesis
(and do not allow aryl diversity at the end of the synthesis) with
low global yields (about 30%).'?

In 2004, an unprecedented pallado-catalyzed cross-coupling
reaction between dihydropyrimidine-2-thiones and boronic acids
in the presence of CuTC (Scheme 2) under microwave irradiation
was reported by Kappe.!> This work was an important
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Scheme 1. Three components Biginelli condensation.
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Figure 1. Examples of biologically active 2-aryl-1,4-dihydropyrimidines 5, 6, and 7.

breakthrough for the Liebeskind-Srogl cross-coupling reaction'*
allowing the direct use of C=S function as electrophile. Dihydropy-
rimidine-2-thione derivatives provided 2-aryl-1,4-dihydropyrimi-
dines in 14-82% yields. Despite this success, the low yields
reported for a few aryl and heteroaryl boronic acids remained a
challenge for this reaction.

Since 2004, we have been engaged in the synthesis of dihydro-
pyrimidines using anhydrous ZnCl, under solvent-free condi-
tions.!” Different substituted Biginelli products were provided by
this simple method. We also reported the efficient copper bromide
mediated pallado-catalyzed cross-coupling reaction of various het-
eroaromatic thioether derivatives with organostannanes.!® This
particular copper cofactor proved to be the successful strategy with
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Scheme 2. Liebeskind-Srogl cross-coupling reaction between dihydropyrimidines and boronic acids.
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Table 1 (continued)
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Table 1 (continued)
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Scheme 3. Selectivity of Liebeskind-Srogl reaction and Stille coupling reaction. Conditions and Reagents: (a) PdCly(PPhs),, PhMe, 100 °C, 48 h.

some specific substrates such as protecting-group-free 2-thiouracil
derivatives.!” Fortified by these experiments, we attempted to im-
prove cross-coupling reactions between dihydropyrimidinethiones
and organostannanes.

The first experiment was performed between dihydropyrimi-
dine (1a) and phenyltributyltin (10a) using CuBr-Me,S in refluxing
THF in the presence of a catalytic amount of Pd(PPhs),. To our de-
light, product 9a (entry 1, Table 1) was isolated after column chro-
matography in 88% yield. MS analysis and 'H/'>C NMR spectral
data in CDCl; for compound 9a were in accordance with the results
reported in Kappe.!® All the protons and carbons for compounds 9
were observed and carefully assigned in DMSO-dg by adding one
drop of trifluoroacetic acid'® or by using their HCI salts to fix the
isomer (see S8). In the absence of Pd(PPhs), or CuBr-Me,S product
9a was not detected. These results encouraged us to explore the

scope of this palladium-catalyzed cross-coupling reaction between
dihydropyrimidines and tributyltin derivatives.

Using the previously reported experimental conditions,!” we
explored the possibility to extend this cross-coupling reaction to
various organostannanes. The results are depicted in Table 1 (en-
tries 2-6). Dihydropyrimidine (1a) was reacted with electron-poor
(10b) or electron-rich aryltributylstannanes (10c) to provide the
corresponding products 9b and 9c¢ in good yields (entries 2 and
3). While some heteroarylstannanes were reported to cross-couple
in low yields with CuTC,'? interestingly, with CuBr-Me,S, the de-
sired products 9d (78%), 9e (95%), and 9f (88%), were isolated in
good to excellent yields (entries 4, 5, and 6).

Extension of this optimized Liebeskind-Srogl reaction to other
dihydropyrimidines (1b-f) was also investigated and results are
reported in Table 1 (entries 7-12). Various aryl groups on the
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dihydropyrimidine core were well tolerated in these coupling reac-
tion conditions and excellent yields of cross-coupled products
were obtained with 2-(tributylstannyl)thiophene as well as tribu-
tylstannylbenzene. Unfortunately, no desired product 9m was iso-
lated for the reaction of dihydropyrimidine 1g and vinyl tributyltin
10g.

By-products resulting from the Stille cross-coupling reaction
between bromoaryl-dihydropyrimidines 1f and organostannanes
were not observed and only the Liebeskind-Srogl adduct 91 was
isolated in good yield in accordance with the results of functional-
ized pyridinone reported by Liebeskind.'® To better understand
this selectivity between the Liebeskind-Srogl reaction and the
Stille cross-coupling reaction, compound 91 was then successfully
converted into 11a (yield: 86%) and 11b (yield: 97%) by cross-cou-
pling with 10a and 10e in the presence of PdCl,(PPhs), in toluene.
To our surprise, starting with the Stille cross-coupling reaction did
not afford the expected cross-coupled product. As the presence of
the thiocarbonyl function in 1f was probably a contributing factor,
we ran a test experiment with compound 13" (the oxygenated
analog of 1f). The cross-coupled product 14 was isolated in an
excellent yield showing that the present selectivity between the
two cross-coupling reactions comes from the absence of reactivity
of the thio derivatives under Stille conditions (Scheme 3).

In summary, we have developed an optimized Liebeskind-Srogl
cross-coupling reaction to synthesize potentially biologically ac-
tive 2-aryl-1,4-dihydropyrimidines in good to excellent yields with
various heteroarylstannanes.

Acknowledgments
We thank the Foundation of French-China Science and its

Application (FFCSA) and the China Scholars Council (CSC) for finan-
cial support.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2012.03.
067.

References and notes

—_

Biginelli, P. Gazz. Chem. Ital. 1893, 23, 360-416.

2. (a) Kappe, C. O. Tetrahedron 1993, 49, 6937-6963; (b) Kappe, C. O. Eur. . Med.
Chem. 2000, 35, 1043-1052.

3. Cho, H.; Ueda, M.; Shima, K.; Mizuno, A.; Hayashimatsu, M.; Ohnaka, Y.;
Takeuchi, Y.; Hamaguchi, M.; Aisaka, K. J. Med. Chem. 1989, 32, 2399-2406.

4. (a) Nagarathnam, D.; Wong, W. C.; Miao, S. W.; Patance, M. A.; Gluchowski, C.

PCT Int. Appl. WO 97 17, 969, 1997.; (b) Sidler, D. R.; Larsen, R. D.; Chartrain,

M.; Ikemoto, N.; Roberg, C. M.; Taylor, C. S.; Li, W.; Bills, G. F. PCT Int. WO 99 07,

10.

14.

15.

16.

17.
18.

Q. Sun et al./Tetrahedron Letters 53 (2012) 2694-2698

695, 1999.; (c) Nagarathnam, D.; Miao, S. W.; Lagu, B.; Chiu, G.; Fang, J.; Dhar, T.
G. M.; Zhang, ].; 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; (d)
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.

. (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.

. 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.; Ports, B. C. M. J. Org. Chem. 1995, 60, 1182-1188.

. (a) Ranu, B. C.; Hajra, A.; Dey, S. S. Org. Process Res. Dev. 2002, 6, 817-818; (b)

Bose, D. S.; Fatima, L.; Mereyala, H. B. J. Org. Chem. 2003, 68, 587-590; (c) Ma,
Y.; Qian, C.; Wang, L.; Yang, M. J. Org. Chem. 2000, 65, 3864-3868; (d) Martins,
M. A. P.; Frizzo, C. P.; Moreira, D. N.; Buriol, L.; Machado, P. Chem. Rev. 2009,
109, 4140-4182; (e) Kobayashi, S.; Sugiura, M.; Kitagawa, H.; Lam, W. W. L.
Chem. Rev. 2002, 102, 2227-2302.

. (a) Stadler, A.; Kappe, C. O. J. Comb. Chem. 2001, 3, 624-630; (b) Pisani, L.;

Prokopcova, H.; Kremsner, J. M.; Kappe, C. O. J. Comb. Chem. 2007, 9, 415-421.

. (a) Huang, Y.; Yang, F.; Zhu, C. 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) Li, N.; Chen, X. H.; Song, J.; Luo, S. W.; Fan, W.; Gong, L. Z. J.
Am. Chem. Soc. 2009, 131, 15301-15310.

Wong, W. C.; Sun, W.; Lagu, B.; Tian, D.; Marzabadi, M. R.; Zhang, F.;
Nagarathnam, D.; Miao, S. W.; Wetzel, . M.; Peng, J.; Forray, C.; Chang, R. S. L,;
Chen, T. B.; Ransom, R.; O'Malley, S.; Broten, T. P.; Kling, P.; Vyas, K. P.; Zhang,
K.; Gluchowski, C. J. Med. Chem. 1999, 42, 4804-4813.

. Deres, K.; Schroder, C. H.; Paessens, A.; Goldmann, S.; Hacker, H. J.; Weber, O.;

Kraemer, T.; Niewoehner, U.; Pleiss, U.; Stoltefuss, J.; Graef, E.; Koletzki, D.;
Masantschek, R. N. A.; Reimann, A.; Jaeger, R.; Grof, R.; Beckermann, B.;
Schlemmer, K.-H.; Haebich, D.; Riibsamen-Waigmann, H. Science 2003, 299,
893-896.

. Sehon, C. A.; Wang, G. Z.; Viet, A. Q.; Goodman, K. B.; Dowdell, S. E.; Elkins, P. A.;

Semus, S. F.; Evans, C.; Jolivette, L. J.; Kirkpatrick, R. B.; Dul, E.; Khandekar, S. S.;
Yi, T.; Wright, L. L.; Smith, G. K.; Behm, D. J.; Bentley, R.; Doe, C. P.; Hu, E.; Lee,
D. J. Med. Chem. 2008, 51, 6631-6634.

. (a) Lengar, A.; Kappe, C. O. Org. Lett. 2004, 6, 771-774; (b) Arshad, N.; Hashim,

J.; Kappe, C. O. J. Org. Chem. 2009, 74, 5118-5121.

(a) Savarin, C.; Srogl, J.; Liebeskind, L. S Org. Lett. 2001, 3, 91-93; (b) Alphonse,
F.-A.; Suzenet, F.; Keromnes, A.; Lebret, B.; Guillaumet, G. Synlett 2002, 447-
450; (c) Egi, M.; Liebeskind, L. S. Org. Lett. 2003, 5, 801-802; (d) Mehta, V. P.;
Sharma, A.; Van der Eycken, E. Adv. Synth. Catal. 2008, 350, 2174-2178; (e)
Alphonse, F.-A.; Suzenet, F.; Keromnes, A.; Lebret, B.; Guillaumet, G. Org. Lett.
2003, 5, 803-805; (f) Prokopcov, H.; Kappe, C. O. Angew. Chem. Int. Ed. 2008, 47,
3674-3676.

Sun, Q.; Wang, Y. Q.; Ge, Z. M.; Cheng, T. M.; Li, R. T. Synthesis 2004, 1047-1051.
(a) Leconte, N.; Keromnes-Wuillaume, A.; Suzenet, F.; Guillaumet, G. Synlett
2007, 204-210; (b) Leconte, N.; Pellegatti, L.; Tatibouét, A.; Suzenet, F.; Rollin,
P.; Guillaumet, G. Synthesis 2007, 857-864; (c) Alphonse, F.-A.; Suzenet, F,;
Keromnes, A.; Lebret, B.; Guillaumet, G. Synthesis 2004, 2893-2899.

Sun, Q.; Suzenet, F.; Guillaumet, G. J. Org. Chem. 2010, 75, 3473-3476.

There were two isomers (2:1), 1,4-dihydropyrimidine and 3,4-
dihydropyrimidine. We therefore added one drop of TFA in DMSO or used
their HCl salt to fix one isomer to obtain satisfactory, NMR spectra (see
Supplementary data).

. Kusturin, C.; Liebeskind, L. S.; Rahman, H.; Sample, K.; Schweitzer, B.; Srogl, ].;

Neumann, W. L. Org. Lett. 2003, 5, 4349-4352.


http://dx.doi.org/10.1016/j.tetlet.2012.03.067
http://dx.doi.org/10.1016/j.tetlet.2012.03.067

	Optimized Liebeskind–Srogl coupling reaction between dihydropyrimidines and tributyltin compounds
	Acknowledgments
	Supplementary data
	References and notes


