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The chlorotrimethylsilane-promoted Biginelli type reactions of aldehydes, thiourea, and cyanoketones led to a diverse set of tetrahydropyrimidine-
2(1H)-thiones. Under similar conditions, thioureas, benzaldehyde, and cyanoacetamide reacted to give first representatives of hexahydro-5 H-
pyrimido[5,4- €][1,3]thiazin-5-ones in high preparative yield.

In multicomponent reactions (MCR), three or more reactants  The Biginelli reaction is typically the acid-catalyzed one-
come together in a single reaction vessel to form new pot multicomponent cyclocondensation of an aldehyde, a
products that contain structural units of all the components. 5-ketoester, and a urea, resulting in various dihydropyrim-
This type of reaction becomes increasingly important in idines. The latter have shown to be efficient calcium channel
organic and medicinal chemistry because it allows on to modulators, mitotic kinesine inhibitors, adrenergic receptor
obtain highly sophisticated polyfunctional molecules through antagonists, and antibacterial and antiviral agéri8sch a
simple one-pot procedures. Multicomponent reactions havewide spectrum of biological activity allows consideration of
been successfully employed to generate highly diversethe dihydropyrimidine structural unit as one of the most
combinatorial libraries for high-throughput screening of important drug-like scaffolds. It has been found that the
biological and pharmacological activities. The use of three Biginelli reaction can be efficiently promoted by Lewis acids
or more building blocks in a one-pot, high-yield multicom- such as BFOEb, LaXs (X = Cl, OTf), Yb(OTf);, InX3 (X
ponent reaction leads to a wide structural and functional . - . . .
diversity combined with excellent combinatorial efficacy. v (@eiznhh“éirf]f gé?r?m?fwrf'zo%s.l%@%%23%?13?%33\7?82;;bZYIIE}/b.;
Over the past decade, industrial and academics research hasempest, P. A.; Brown, S. D.; Keating, Acc. Chem. Red.996,29, 123—

made powerful MCR strategies into one of the most efficient 131. (c) Tietze, L. F.; Lieb, M. ECurr. Opin. Chem. Biol1998,2, 363~
P 9 371. (d) Domling, AComb. Chem. High Throughput Scre&@98 1, 1—22.

and cost-effective tools for combinatorial synthésis. (e) Dax, S. L.; McNally, J. J.; Youngman, M. &urr. Med. Chem1999,
6, 255—270. (f) Tietze, L. F.; Modi, AMed. Res. Re:2000, 20, 304—
T Enamine Ltd. 322. (g) Bienayme, H.; Hulme, C.; Oddon, G.; SchmittChem.—Eur. J.
* National Taras Shevchenko University. 2000,6, 3321—3329. (h) Udgi, I.; Heck, $£omb. Chem. High Throughput
8 Institute of Organic Chemistry, National Academy of Sciences of Screer?001,4, 1-34. (i) Weber, LDrug Discovery Todayp002,7, 143—
Ukraine. 147. (j) Domling, A.Curr. Opin. Chem. Biol2002,6, 306—313.
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= Cl, Br), ZrCls, BiX3 (X = Cl, OTf), LiX (X = Br, ClOy),
Mn(OAC)s, CAN, FeCk-6H,0, NiCl*6H,0, RuCk, and Smy
etc. as catalystMe;SiCl,* microwave assistanéesolid- and

dropyrimidine-2(1H)-thioned in nearly quantitative yields
(Scheme 1), whereas less nucleophilic urea did not react

fluorophase techniquébave also been widely employed for _

the facilitation of the Biginelli reactions.

We considered ketonitriles and cyanoacetamides as prom-

ising CH-active components for the Biginelli cycloconden-
sations since the dihydropyrimidines obtained would contain
a nitrile group which can be easily converted to amine,

tetrazole, guanidine, amidine, and other pharmacophore

structural units. On the basis of our previous studiéef

various condensation reactions, we chose trimethylchlorosi-

lane as a promoter and water scavenger.

The model Biginelli reactions of ketonitrileka,b, ben-
zaldehydes2a—c, and thiourea3 (1:2:1 molar ratio) in
the presence of TMSCI in DMF at 288 led to tetrahy-

(3) (a) Kappe, C. O.; Stadler, rg. React2004,63, 1-117. (b) Hu,

E. H.; Sidler, D. R.; Dolling, U.-HJ. Org. Chem1998,63, 3454—3457.
(c) Lu, J.; Bai, Y.; Wang, Z.; Yang, B.; Ma, Hletrahedron Lett2000,
41, 9075—9078. (d) Ma, Y.; Qian, C.; Wang, L.; Yang, 8M.0Org. Chem.
2000,65, 3864—3868. (e) Ranu, B. C.; Hajra, A.; JanaJUOrg. Chem.
2000,65, 6270—6272. (f) Fu, N. Y.; Yuan, Y. F.; Cao, Z.; Wang, S. W.;
Wang, J. T.; Peppe, G.etrahedron2002,58, 4801—4807. (g) Reddy, C.
V.; Mahesh, M.; Raju, P. V. K.; Babu, T. R.; Reddy, V. V. Retrahedron
Lett.2002,43, 2657—2659. (h) Ramalinga, K.; Vijayalakshmi, P.; Kaimal,
T. N. B. Synlett2001, 863—865. (i) Varala, R.; Alam, M. M.; Adapa, S. R.
Synlett2003, 6770. (j) Gourhari, M.; Pradip, K.; Chandrani, Getra-
hedron Lett.2003, 44, 2757—2758. (k) Yadav, J. S.; Reddy, B. V. S;
Srinivas, R.; Venugopal, C.; Ramalingam,SJynthesi®001, 1341—-1345.
(I) Kumar, K. A.; Kasthuraiah, M.; Reddy, C. S.; Reddy, C.T2trahedron
Lett. 2001,42, 7873—7875. (m) Yadav, J. S.; Reddy, B. V. S.; Reddy, K.
B.; Raj, K. S.; Prasad, A. Rl. Chem. Soc., Perkin Trans.2D01, 1939—
1941. (n) Lu, J.; Bai, YSynthesi®002, 466—470. (0) Salehi, P.; Dabiri,
M.; Zolfigol, M. A.; Fard, M. A. B. Tetrahedron Lett2003,44, 2889—
2891. (p) Sabitha, G.; Kiran Kumar Reddy, G. S.; Bhaskar Reddy, K;
Yadav, J. STetrahedron Lett2003,44, 6497—6499. (q) De, S. K.; Gibbs,
R. A. Synthesi®005, 1748—1750. (r) Han, X.; Xu, F.; Luo, Y.; Shen, Q.
Eur. J. Org. Chem2005, 1500—1503.
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D. M.; Tolmachev, A. A.Synthesi®007, 417—427. (b) Zhu, Y.-L.; Pan,
Y.-J.; Huang, S.-LSynth. Commur2004,34, 3167—3174. (c) Zhu, Y.-L.;
Huang, S.-L.; Pan, Y.-Eur. J. Org. Chem2005, 2354—2367. (d) Zhu,
Y.-L.; Pan, Y.-J.; Huang, S.-LHeterocycles2005, 65, 133—142. (e)
Zavyalov, S. |.; Kulikova, L. BKhim.-Farm. Zh.1992,26, 116—117.
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Frechet, J. M. JJ. Comb. Chem1999, 1, 105—112. (c) Wipf, P.;
Cunningham, A. ATetrahedron Lett1995,36, 7819—7822. (d) Kappe,
C. O.Bioorg. Med. Chem. Let2000,10, 49-51. (e) Studer, A.; Jeger, P.;
Wipf, P.; Curran, D. PJ. Org. Chem1997,62, 2917—2924.

(7) (&) Ryabukhin, S. V.; Plaskon, A. S.; Tverdokhlebov, A. V.;
Tolmachev A. A.Synth. Commur2004,34, 1483—1487. (b) Ryabukhin,
S. V,; Plaskon, A. S.; Volochnyuk, D. M.; Tolmachev, A. 8ynlett2004,
2287-2290. (c) Ryabukhin, S. V.; Plaskon, A. S.; Volochnyuk, D. M.;
Tolmachev, A. A.Synthesis2006, 3715—3726. (d) Ryabukhin, S. V;
Volochnyuk, D. M.; Plaskon, A. S.; Naumchik, V. S.; Tolmachev, A. A.
Synthesis2007, 1214—1224. (e) Ryabukhin, S. V.; Plaskon, A. S.;
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(8) General procedure for the synthesis of tetrahydropyrimidinet2(1
thiones4: To a solution of ketonitrilel (4 mmol), aldehyde (8 mmol),
and thiourea3 (6 mmol) in dry DMF (10 mL) was added dropwise
chlorotrimethylsilane (16 mmol), and the solution was sonicated fo at
rt for homogenization of the reaction mixture. After standing for 2 days at
rt, the reaction mixture was poured into water {ZD mL) and the
suspension formed was sonicated Ich tomaximize the removal of DMF
from the suspension. The precipitate formed was filtered off and washed
with a small amount of-PrOH. First, filtrate was evaporated under reduced
pressure, and the residue was treated with a small amouRPEdH.
Recrystallization of both portions yielded compourds-d (see Scheme
1).
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Scheme 1. One-Pot Synthesis of
Tetrahydropyrimidine-2(1H)-thione$ from Ketonitriles,
Thiourea, and Benzaldehydes
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under these conditions. Compounds of typdave been
obtained earlier through the stepwise procedure involving
the formation of the benzylidene derivativiE¥ery recently,
condensation of some carbonyl compounds (dimedone,
barbituric acid, and pyrazolone derivatives), thiourea, and
aromatic aldehydes has been reported to yield similar
compounds, whereas the reaction of N-substituted (thio)-
ureas with cyanoketones and benzaldehyde (TMSCI, DMF)
gives exclusively the benzylidene compoutftishe structure
and composition of compoundswere established on the
basis of NMR spectra, LCMS data, and elemental analysis.

The structure of compoundh was unambiguously deter-
mined by single-crystal X-ray analysis*?In the crystalline
state, the tetrahydropyrimidine cycle of the molecdk
adopts a sofa conformation (Figure la). The deviation of
carbon atom C(3) from the rms plane of the other atoms of
the cycle is—0.72 A. In the crystalline state, moleculéa

(9) Kambe, S.; Saito, K.; Hirose, M.; Sakurai, A.; Midorikawa, H.
Synthesis1984, 860—862.

(10) (a) Shaabani, A.; Bazgir, Aletrahedron Lett2004, 45, 2575—
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2003,44, 4559—-4562. (c) Mokrosz, J. L.; Paluchowska, M. H.; Szneler,
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(Engl. Transl.)1970, 30-32. (f) Mamaeyv, V. P.; Mikhaleva, M. AChem.
Heterocycl. Compd. (Engl. Transl)966,1, 648. (g) Mikhaleva, M. A.;
II'chenko, L. N.; Mamaev, V. PChem. Heterocycl. Compd. (Engl. Transl.)
1974,10, 715—719. (h) Byk, G.; Gottlieb, H. E.; Herscovici, J.; Mirkin, F.
J. Comb. Chem2000, 2, 732—735. (i) zZhu, Y.; Pan, Y.; Huang, S.
Heterocycle2005,65, 133—142.
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n, a= 16.405(6),b = 8.826(2),c = 16.643(1) A, = 99.18(1)°,V =
2379(1) B, Z = 4, dcaie= 1.277 glcm, u(Mo Ko)) = 0.168 mnt?, F(000)
=960,R. = 0.057 (3630 reflrF > 40(F)), wR. = 0.185 (6605 refln)S=
0.995.

(12) Sheldrick, G. M.SHELXTL PLUS, revision 5.1; PC version. A
system of computer programs for the determination of crystal structure from
X-ray diffraction data.
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Scheme 2. One-Pot Synthesis of 2-Imino-2,3,4,6,7,8-
hexahydro-5H-pyrimido[5,4-€e][1,3]thiazin-5-onésrom
Cyanoacetamides, Thioureas, and Benzaldehydes
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Figure 1: Single-crystal X-ray structure ofa: (a) molecular 6 (CH)OMe (CH).OMe Ph -
structure; (b) fragment of crystal packing.
6j CH,THF (CH,,OMe Ph 59
6k (CH;,OMe  (CH,);0OEt Ph 64

form infinite sheets stabilized by intermolecular hydrogen
bonds N—H---S and N—H-:-O (Figure 1b). 61  (CH:OEt  (CH.,OEt  Ph 59

Unexpectedly, the reaction of cyanoacetamidesf,
which are analogues of cyanoketones, with thiouResg
and benzaldehydeza—c (DMF, TMSCI) at various molar
ratios led to hydrochlorides of 2-imino-2,3,4,6,7,8-hexahydro-
5H-pyrimido[5,4€][1,3]thiazin-5-one$a—m, which are the
first representatives of a thiazinopyrimidine heterocyclic
systemt®> Compounds6 were isolated in 5692% yield
through precipitation with water and simple recrystallization
(Scheme 2). The highest yields of heterocycles were attaine
when the_ reagents were_t_aken in a stoichiometric (1:1:2) conformation (Figure 2a). The deviation of atom C(1) from
molar ratio. The composition of compoun@swas deter-

. - the rms plane of other atoms of the cycle was found to be
mined by LCMS and elemental analysis; however, the exaqt0_45 A. The phenyl ring bound to C(1) is located in the axial

structure could not be unambiguously revealed on the bas'sposition, being nearly perpendicular to bond N(1)—C(1).

of NMR data. . The 1,3-thiazine cycle of the molecug adopts a boat
Many attempts to grow single crystals of compouids . . o
2 ... conformation (Figure 2a). The deviations of atoms C(4) and
were initially unsuccessful because of low solubility in
S(1) from the rms plane of the other atoms of the cycle are
(13) General procedure for the synthesis of compowdEo a solution 0.42 and_ 0'3_3 A' res_pectlvely. The phenyl_ SUbStIFL_'ent bOl_JI’ld
of cyanoacetamid® (4 mmol), aldehyd@ (8 mmol), and thiourea (4.4—6 to C(4) is situated in a pseudo-equatorial position, being

mmol) in dry DMF (10 mL) was added dropwise chlorotrimethylsilane (16 ; -
mmol), and the solution was sonicated for 1 h at rt. After stirring for 2—3 Vlrtua”y coplanar to bonds C<3)C(4)' The tetrahydro
days at rt, the reaction mixture was poured into water-20 mL). The
suspension formed was sonicated rt for 1 h, and the precipitate formed was (14) Selected crystallographic data &r CasH31N4OsSHCI~, monoclinic
filtered off and washed with a small amount ieéPrOH. The filtrate was P2i/n, a = 9.675(1),b = 20.321(5),c = 13.433(2) A8 = 103.72(1)° V
evaporated under reduced pressure, and the residue was treated with a smag 2565.7(8) &, Z = 4, deaic= 1.333 g/crd, u(Mo Ko) = 0.266 mnT?,
amount of i-PrOH or EO. Recrystallization of both portions from F(000) = 1088,R; = 0.047 (3867 reflrF > 40(F)), wR, = 0.138 (5777
appropriate solvent yielded targeted compouéds m (see Scheme 2). independent refln)S = 0.969.

6m CH,THF (CH;»0Et  Ph 56

common organic solventé.This was the main reason for
the synthesis of more soluble analogués-m. Slow
evaporation of the solution of compouB@in EtOH—EtO
mixture gave colorless crystals suitable for single-crystal
dX—ray diffraction study. In the crystalline state, the tetrahy-
dropyrimidine cycle of the molecul&j adopts a sofa
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protonated fragment N(3)C5—N4. The cation and chloride
ion form strong hydrogen bonds (N—H---Cl) which in
combination with intermolecular NH---O hydrogen bond-
ing result in infinite molecular chains (Figure 2b) along the
crystallographic axis.

The!H NMR spectra of the reaction mixtures contain one
set of signals for compound8, indicating the selective
formation of one diastereomer, which is a racemic mixture
of RS'and SR'enantiomers. No traces of the other diaste-
reomer (RR’',SS') were detected by NMR spectrometry.

In conclusion, the TMSCI-mediated Biginelli type reaction
of cyanoketones with thiourea and benzaldehydes furnishes
dihydropyrimidinenitriles in high preparative yield and
excellent purity. Serendipitously, a similar reaction of
cyanoacetamides with benzaldehyde and thioureas leads to
the first representatives of the thiazinopyrimidine heterocyclic
system. In contrast, urea and its N-substituted derivatives
do not give cyclic products in the Biginelli type reaction,
most probably due to the lower nucleophilicity of the oxygen
atom compared to that of the sulfur atom. Apparently high
yields and simple purification procedures of the TMSCI-
mediated Biginelli type heterocyclizations make them suit-
able for generating combinatorial libraries of dihydropyri-
midines and thiazinopyrimidines. Compounds and 6
Figure 2. Single-crystal X-ray structure of compourgj: (a) bearing highly reactive functional groups are promising

molecular structure; (b) fragment of crystal packing. Hydrogen starting materials for rational design of more sophisticated
atoms are not shown; hydrogen bonds are indicated by dashed “nesfunctional molecules
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