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Multicomponent reactions (MCRs) and microwave-assisted organic synthesis (MAOS) have been used as
key methods for the synthesis of fused dihydropyrimidine derivatives. The three-component condensation
of 3-amino-5-alkylthio-1,2,4-triazoles with aromatic aldehydes and acetoacetamides under microwave
irradiation was developed as a rapid and efficient solution-phase method for the high-yielding preparation
of 7-aryl-2-alkylthio-4,7-dihydro-1,2,4-triazolo[1 &pyrimidine-6-carboxamide libraries. In addition, the
selective reduction of the formed dihydrotriazolopyrimidines ttanstrans 2-alkylthio-7-aryl-4,5,6,7-
tetrahydro-1,2,4-triazolo[1,&}pyrimidine-6-carboxamides was established. The described synthetic protocols
provide rapid access to novel and diversely substituted dihydroazolopyrimidine libraries.

Introduction i
cl
The importance of partially hydrogenated azolopyrimidines O Br @ :5
in medicinal chemistry is widely known; many of those fused o a7 o

nitrogen heterocycles (Figure 1) are known as cardiovascular — _ I L {A

vasodilators, calcium channel blocking agents, and potassium ¢ i

channel inhibitors and openér©ne of the synthetic path- N

ways to dihydroazolopyrimidines is based on the Biginelli-

like cyclocondensation of aromatic aldehydes and acetoaceticigure 1. Selected examples of biologically active dihydroazolo-
acid derivatives with aminoazoles containing a guanidine pyrimidines:e”

fragment. There are literary data about the synthesis of fused .. . . - :
S . . optimizations and for the efficient preparation of new target
azolopyrimidines by treatment of 3-amino-1,2,4-triazole or

5-aminotetrazole with aldehydes and ethyl acetoacetate orcqmpounds' rela'teq o 'drug discovery prmécT:‘ne use .Of
microwave irradiation in high-speed organic synthesis has

cyclic f-diketones. The cyclocondensations were realized . o
. ) L . . become particularly popular within the past decade as an
by heating of the starting materials in ethanol with catalytic . ; . :
enabling technology in heterocyclic chemistrgnd numer-

amounts of hydrochloric acid under reflux conditiéhs or . . )
ous examples of microwave-assisted multicomponent con-

using DMF as solverft" The use of acetoacetamides in densations for the construction of heterocycles with inter-
these or similar reactions has not been described. Toward™ . . . y .
esting properties have been reported in the literdture.

this end, the known pharmacological activity of azolopyri- ) _ i

midine derivatives containing both a carboxamide fragment ~The present article is devoted to the fast microwave-

and an alkylthioazole moiety has stimulated our interest ~assisted synthesis of 7-aryl-2-alkylthio-4,7-dihydro-1,2,4-

in an efficient combinatorially oriented protocol for the triazolo[1,5a]pyrimidine-6-carboxamides of typd8 by

preparation of compound libraries of this type. three-component condensation of 3-amino-1,2,4-triazol-5-
The efficient high-throughput synthesis of organic com- thione derivatives with aromatic aldehydes and acetoacet-

pounds is one of the most important objectives in modern amides. In addition, the selective reduction of the formed

drug discovery. Today’s organic reactions should preferably dihydrotriazolopyrimidines téranstrans-2-alkylthio-7-aryl-

be facile and fast, and the resulting products should be easily4,5,6,7-tetrahydro-1,2,4-triazolo[1epyrimidine-6-carbox-

and rapidly purified. Controlled microwave irradiation has amides was carried out. Our interest in these target com-

proven to be a powerfu| tool both for speeding up reaction pOUﬂdS is stimulated by their close structural relationship to

molecules of known biological activity 9 and the presence

Isc*kﬁgrvlgg\?’g‘ofr?”eSPO”dence should be addressed. E-mail: chebanov@of three readily variable diversity points, which opens
¥ State Scientific Institution “Institute for Single Crystals”. extensive possibilities for the synthesis of diverse libraries
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Table 1. Synthesis of 7-Aryl-2-alkylthio-4,7-dihydro-1,2,4-triazolo-[1a¥pyrimidine-6-carboxamides

building blocks

aldehyde2—9 amidel0—13 aminoazolel4—17 triazolopyrimidinesl8
entry R entry R entry R entry yielat yield?
2 CeHs 10 CeHs 14 H 18a 45 70
3 4-F—CgHg4 10 CeHs 14 H 18b 65 87
4 4-ClI—C¢H4 10 CeHs 14 H 18c 78 90
5 4-Br—CgH4 10 CeHs 14 H 18d 80 95
3 4-F—CgHgy 11 4-Cl—CgH4 14 H 18e 65 85
7 4-CH;O—CgHa 11 4-Cl—CgHa 14 H 18f 58 85
2 CeHs 10 CeHs 15 3-CHs—CgHg4 189 47 78
7 4-CH;O—CgHa 10 CeHs 15 3-CHs—CgHg4 18h 58 75
3 4-F—CgHgy 12 2,4-(CH),—CeH3 15 3-CHs—CgHg4 18i 55 75
4 4-Cl—CgH4 12 2,4-(CHs),—CeHs 15 3-CH;—CgH4 18j 67 90
5 4-Br—CgH, 12 2,4-(CH),—CgH3 15 3-CHs—CgHgy 18k 70 90
6 4-CH;—CgHg4 12 2,4-(CH),—CeH3 15 3-CH;—CgHy4 18I 55 75
7 4-CHsO—CgH4 12 2,4-(CH),—CgH3 15 3-CHs—CgHg4 18m 52 78
8 2-thienyl 12 2,4-(CH;)2_C5H3 16 3-C|_C6H4 18n 50 75
9 2-CH;CH,0—CgH4 13 2-CH;O—CgHg4 17 CHs3 180 62 76
a Conventional condition®. Microwave irradiation (see Experimental Section for details).

Results and Discussion

Three-Component Synthesis of 7-Aryl-2-alkylthio-4,7-
dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carbox-
amides.Two possible synthetic pathways (a and b, Scheme
1) to the target compounds, differing by the sequence of the
S-alkylation step, were considered. Carrying out S-alkylation
as the last step (pathway a) is more convenient for the
combinatorial synthesis of 7-aryl-2-alkylthio-4,7-dihydro-
1,2,4-triazolo[1,5a]pyrimidine-6-carboxamides; however,

Table 2. Synthesis otranstrans5-Methyl-2-alkylthio-7-
aryl-4,5,6,7-tetrahydro-1,2,4-triazolo[1epyrimidine-6-
carboxamide®1

yield

product R R, R3 %
21b  4-F—-CgH4 CsHs H 85
21c  4-Cl—-Cg¢H4 CsHs H 90
21h  4-CH;O—C¢Hs CeHs 3-CH;—C¢H; 85
21j 4-Cl—CgHq4 2,4-di-CH;—C¢Hz 3-CH;—CgH, 92
21n 2-thienyl 2,4-di-CH—CgH3 3-Cl—CgH,4 70

our attempts to realize the three-component condensation offused heterocycles. Out of the 512 possible products, a small

3-amino-1,2,4-triazolo-5-thion& with aldehydes2—9 and
acetoacetamidel)—13 were unsuccessful. In all cases, the
starting aminoazolel was reisolated from the reaction
mixture quantitatively under microwave irradiation (range
of temperature 126170°C in ethanol, acetic acid, or DMF)
or under conventional conditions (refluxing in the same
solvents).

As an alternative, initial S-alkylation of aminoazdlevith
appropriate alkylboromides gRH,Br) led to the formation
of 3-amino-5-alkylthio-1,2,4-triazole$4—17, which were
introduced into the reaction with aromatic aldehy@e9
and acetoacetamidd®—13 (pathway b). The cycloconden-
sations were performed under microwave irradiation in
ethanol at 120C for 5 min. As a result, the desired 7-aryl-
2-alkylthio-4,7-dihydro-1,2,4-triazolo[1,8}pyrimidine-6-car-
boxamides of typd.8 were generally obtained as colorless
solids in good to excellent yields. Addition of acidic catalysts,
such as hydrochloric acids, or changing the solvent to acetic
acid or DMF led to the significantly decreased yields of the

library of 15 triazolopyrimidine derivatives8a—o (70—95%,
Table 1) was rapidly generated using a set of four 3-amino-
5-alkylthio-1,2,4-triazole derivatived4—17, diversity point

Rs3), eight aldehyde building block2<9, diversity point R),

and four acetoacetamideBX-13, diversity point R). After
irradiation in the microwave reactor, the reaction mixtures
were allowed to stand at room temperature overnight, and
the precipitated crystalline solids were subsequently filtered,
washed with ethanol, and air-dried. All triazolopyrimidines
18a—0 were obtained in high purity and without further
purification and were fully characterized B NMR and

MS data, in addition to elemental analysis.

The same 7-aryl-2-alkylthio-4,7-dihydro-1,2,4-triazolo[1,5-
a]pyrimidine-6-carboxamide$8a—o could also be obtained
under conventional conditions by refluxing of the starting
materials in DMF for 16-20 min. However, the yields of
18a—0 were significantly lower, as compared to those
obtained under microwave irradiation (Table 1), and the
purity of the compounds was also unsatisfactory.
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The reaction mechanism of this three-component conden- 3_</ J\ N NaBH, S_</N\N yH
sation is probably similar to the descrilS&chechanism for . ( N/J\N H
the “classical” Biginelli reaction (Scheme 2, pathway 1). The 2 Ry H CHs

first step is a nucleophilic addition ofyof the aminoazole 18b,c.hJn 21bchjn

to a carbonyl carbon of aldehyde, followed by subsequent structures related ta0, this signal was strong-field-shifted
cyclization with acetoacetamide to form the dihydropyrimi- by 2—3 ppm. Additionally, the COSY spectrum @Bj did
dine ring. An alternate sequence is also possible and cannonhot show a correlation peak of the methylene H atom and
be exclude# (Scheme 2, pathway 2), which is the initial the NH group. Hence, the spectral data of the synthesized
formation of an enamine by reaction of aminoazole with the compounds correspond to structdr@&
acetoacetamide followed by cyclocondensation. The third  Ultimately, the structures of the synthesized triazolopy-
alternative involving the formation of 2-benzylideikaryl- rimidines were establishedon the basis of an X-ray analysis,
3-oxobutanamide derivatives as intermediates requires thewhich demonstrated that8o has the structure of 7-(2-
presence of a strong b&sand is most likely not possible  ethoxyphenyl)-2-(ethylthioN-(2-methoxyphenyl)-5-methyl-
for the cases described herein. 4,7-dihydro-1,2,4-triazolo[1,3}pyrimidine-6-carboxamide
Structure Elucidations. The structures of the heterocyclic  (Figure 2).
carboxamided8a—o0 were established by IR spectroscopy, Reduction of 4,7-Dihydro-1,2,4-triazolo[1,5a]pyrimi-
MS spectrometry, NMR spectral data, and X-ray analysis. dine-6-carboxamidesThe reduction of dihydroheterocycles
The generation of several isomers, for examf@; 20, is into the corresponding tetrahydro derivatives is a facile way
possible in the transformations described above. In our of increasing the structural diversity and to change the overall
opinion, the formation of structurEis unlikely because it  geometry of those heterocycles. It is known that theCC
is knowrf that cyclocondensation of 3-amino-1,2,4-triazole bond in dihydropyrimidines can be reduced with several
and its derivatives both witho,S-unsaturated carbonyl different reducing agenfs.One of the most convenient
compounds and with their synthetic precursors proceeds withreduction methods for dihydroazolopyrimidines is the use
participation of N of the aminoazole. Heterocyclic systems of sodium borohydridé€2bde although the reduction of
formed with participation of B), as in isomerl9, were dihydropyrimidines containing a carboxylic group conjugated
isolated only as minor byproducts in reactions of 3-amino- with the G=C bond sometimes calls for high-pressure
1,2,4-triazole with diaroylethylefieor pyruvic acid and procedure¥ and the use of special catalysts.
aldehyde<.0One of the facts indicating that isomer structure  In that event, we found that 7-aryl-2-alkylthio-4,7-dihydro-
19 was not formed in the reaction studied here are the NOE 1,2,4-triazolo[1,53]pyrimidine-6-carboxamide&8b,c,h,j,n
data: the close proximity of thesRCH,S fragment to the  can be easily reduced with sodium borohydride using
o-H atoms of R in structurel9 should lead to the appearance 2-propanol as solvent (Scheme 3). TheENMR spectra of
of a distinct NOE, which was not observed. A choice the reduced product®l show the following: signals for
between structures8 and20initially was made on the basis  aromatic protons: a doublet for the methyl group at position
of the 'H NMR spectra, which exhibit the following sig- 5 of the heterocycle?] = 5.7 Hz), a doublet of doublets for
nals: characteristic signals for the aromatic rings {&® He) (3 = 9.8 and 10.4 Hz), a multiplet for ¢ (33 = 5.7
ppm), a singlet for the methylene H atom&.4 ppm), broad and 9.8 Hz), and a doublet for i (3J = 10.4 Hz). In

singlets for the amino and amide groups (10.3 and-9.8 comparison with dihydroderivativek8, a broad singlet for
ppm, respectively), and doublets of diastereotopic methylenethe amino group ir21 strong-field-shifted by~3 ppm was
S—CH; atoms (4.14.3 ppm). Earlie?d® for related com- observed, whereas the position of the amide H atom did not

pounds, a dependence of the amino group signal position inchange.

the 'TH NMR spectra on the type of dihydropyrimidine Attempts to carry out reduction of compounti8 under
fragment was established. Compounds such8exhibited MW irradiation led to formation of21 in low yields and
a signal for NH at 9.510.5 ppm, whereas in the case of purity.
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The doubling of signals in thtH NMR spectra-typical Conventional Synthesis of 7-Aryl-2-alkylthio-4,7-di-
for diastereomeric mixturesfor the obtained reduced com- hydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxamides
pounds was not observed. It indicates stereoselectivity in thel8a—o; General Procedure.A mixture of the appropriate
reduction and formation of only one of the possible diaste- aminoazolel4—17 (2.0 mmol), the aromatic aldehy@e-9
reoisomers. According to the spispin coupling constants (2.0 mmol), and the acetoacetamit-13 (2.0 mmol) was
between the H atoms in the tetrahydropyrimidine ring),H  refluxed in 0.4 mL of DMF for 10 min. After cooling,
He), and Hzy have a pseudoaxial orientation. Therefore, the acetone £10 mL) was added. The reaction mixture was
H NMR data (in agreement with MS data and elemental allowed to stand overnight and then filtered to give the solid
analyses), allows us to assert that compoub@lsc,h,j,n triazolopyrimidine productd&8a—o, which were crystallized
were reduced with sodium borohydride inranstrans5- from ethanol and subsequently dried in air.
methyl-2-_a|I_(y_lthi0-7-aryl-4,5,(_3,7-tetrahy_dro-l,2,4-triazo|0- Reduction of 7—Ary|—2-alkyIthi0—4,7—dihydr0—1,2,4—tri—
[1,5-a]pyrimidine-6-carboxamide&1b,c,h,j,n. azolo[1,5a]pyrimidine-6-carboxamides 18; General Pro-
cedure.In a flask equipped with stir bar placed on a magnetic
stirrer at 46-50 °C were introduced a 2.0-mmol sample of

We have developed a fast and convenient microwave-the corresponding 7-aryl-2-alkylthio-4,7-dihydro-1,2,4-tri-
assisted procedure for the rapid generation of 7-aryl-2- azolo[1,5a]pyrimidine-6-carboxamide8b,c,h,j,n dissolved
alkylthio-4,7-dihydro-1,2,4-triazolo[1,8}pyrimidine-6-car- ~ in 10 mL of 2-propanol. Sodium borohydride (10 mmol) was
boxamidesl 8 by three-component condensation of 3-amino- subsequently added in small portions to the flask within 2
2-alkylthio-1,2,4-triazoles with aromatic aldehydes and h. The reaction mixture was then poured onto 50 mL of
acetoacetamides. All reactions were completed within 5 min water. The formed precipitate was filtered and dried in a
of microwave irradition at 120C and provided the desired drying oven at 80C. Analytical samples were obtained by
products in high yields and excellent purities. Further crystallization from ethanol and dried in drying pistol.
structural modification was achieved by selective reduction  X-ray Analysis Data for 7-(2-Ethoxyphenyl)-2-(eth-

of the G=C double bond in dihydroazolopyrimidines to yithio)- N-(2-methoxyphenyl)-5-methyl-4,7-dihydro-1,2,4-

Conclusions

provide the corresponding tetrahydroderivatives. triazolo[1,5-a]pyrimidine-6-carboxamide (Compound 180).
. . The colorless crystals df8o(C,4H27NsO3S) are triclinic. At
Experimental Section 293 K,a = 11.810(1),b = 12.247(1),c = 17.070(2) A;a

General. Melting points of all compounds synthesized =374-50(17, p= 78-57(1_7, y = 86.39(1), V = 2331.8(3)
were determined with a Kofler apparatus. The NMR spectra 2 Mr = 465.57,Z = 4; spac? group Rldeacs = 1.326
were recorded in DMS@k at 200 MHz (50 MHz fort3c)  T/em? u(Mo Ko) = 0.175 MM F(000)= 984. Intensity
on a suitable spectrometer. The MS spectra were measure@f 20 076 reflections (8192 independeRf = 0.063) were

on a GC/MS (ionizing voltage 70 eV). IR spectra were Measured on an Xcalibur-3 diffractometer (graphite mono-
recorded in KBr pellets. chromated Mo K radiation, CCD detectot)-scaning, Bmax

= 50°). The structure was solved by direct method using

Emrys Creator EXP and Emrys Initiator synthesizers from STELXTL package. Positions of the hydrogen atoms were
Biotage Sweden AB (Uppsala) possessing a single-mode'ocat_e‘_j from electrc_m density difference maps and refined
microwave cavity producing controlled irradiation at 2.45 DY "iding” model with Uis = nUeq of non-hydrogen atom
GHz. Experiments were carried out in sealed microwave Ponded with a given H atorm(= 1.5 for a methyl group

process vials utilizing the standard absorbance level. Reactiordn = 1.2 for other hydrogen atoms). Full-matrix least-
time reflects total irradiation times. squares refinement agairf&t in anisotropic approximation

; [P - e using 8112 reflections was converged t&w= 0.174 R,

14T_hle7mft¥gtr?§ > aggtozfegmdﬁg;%? Vflfs'élcgﬁze%'es = 0.076 for 4734 reflections Wit > 4o(F), S = 1.113,
out according to known methods as described in the Theasymmetric part of the unit cell of crysts@ocontains
literature. two molecules (A and B) with slightly different geometrical

Microwave-Assisted Synthesis of 7-Aryl-2-alkylthio-4,7-  Parameters. The dihydropyrimidine ring adopts a sofa
dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxamides conformation. Deylgtlon of the C(3) _atom from the mean
18a—0; General Procedure.A mixture of the appropriate plane of the remaining atoms of the_ ring is 0.20 and 0.24 A
aminoazolel4—17 (2.0 mmol), the aromatic aldehy@e-9 for the moIec_uIes A and B, respectively. The orthoethoxy-
(2.0 mmol), and the acetoacetamitie—13 (2.0 mmol) in phenyl .subst|tuent at the C(3) atom has. a pseudqaxml
ethanol (1.5 mL) was irradiated under sealed vessel micro-orientation (the C(£yN(3)—C(3)-C(15) torsion angle is
wave conditions at 126C for 5 min in a 5-mL microwave ~ 111.4(4 for A and 108.1(4) for B).
process vial. The reaction mixture was allowed to stand The carbamide and ortho-metoxyphenyl groups of the
overnight at room temperature and was then filtered to give substituent at the C(4) atom are nearly coplanar (the
the solid triazolopyrimidine product8a—o, which were C(7)—N(5)—C(8)—C(13) torsion angle is 5.4(7¥for A and
washed with ethanol and dried in air. Carboxamiti@a—o 6.5(7Y for B). Such conformation is stabilized by the weak
were obtained in high purityX 98% by'H NMR) and did intramolecular hydrogen bond C(}3H(13)---O(1) (H---O
not require further purification by recrystallization. The 2.31 A, C-H-:-O 120 for A and B). The substituent at the
analytical samples were dried in a drying pistol. C(4) atom is turned relative to the CAEL(5) endocyclic

All microwave experiments were performed using the
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double bond (the C(5)C(4)—C(7)—0O(2) torsion angle is
23.9(6y and 19.9(6) for molecules A and B, respectively).

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 831

(56,7), 408 (55), 365(95,9), 363 (100). IR (KBrjic—c =
1620,vc—0 = 1650, v = 2980, vy = 3290. Anal. Calcd.

The ethyl group of the substituent at the C(2) atom is not for CoH1sBrNsOS (%): C, 52.64; H, 3.98; N, 15.35; S, 7.03.

coplanar to the triazole ring (the C(23%(1)-C(2)—N(2)
torsion angle is—9.3(4f for A and —19.0(4} for B). This
group hasap conformation relative to the C(2)S(1) bond
in the molecule A andc conformation in the molecule B
(the C(2)-S(1)-C(23)—C(24) torsion angle is 176.5(3for
A and —69.2(4y for B).

Found: C, 52.70; H, 4.00; N, 15.4; S, 7.01.
7-(4-Fluorophenyl)-5-methyl-2-methylthioN-(4-chlo-
rophenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]-pyrimidine-6-
carboxamide (18e).Colorless prisms of mp 316312 °C.
H NMR (DMSO-ds, 200 MHz): 6 2.15 (s, 3H, CH), 2.40
(s, 3H, SCH), 6.45 (s, 1H, 7-CH), 7.057.56 (m, 8Hom),

The final atomic coordinates and crystallographic data for 9.76 (s, 1H, CONH), 10.23 (s, 1H, NH). MS (El, 70 eV):

molecule 180 have been deposited with the Cambridge
Crystallographic Data Centre, 12 Union Road, CB2 1EZ,
UK (Fax: +44-1223-336033. E-mail: deposit@ccdc.cam.

m'z (%) = 429 (15) [M'], 382 (10,2), 384 (8.1), 303 (100),
301 (16.4). IR (KBr): veec = 1620, vc—0 = 1660,y =
2980, vy = 3280. Anal. Calcd. for gH17FCINSOS (%):

ac.uk) and are available on request quoting the depositionC, 55.88; H, 3.99; N, 16.29; S, 7.46. Found: C, 55.90; H,

numbers CCDC).
5-Methyl-2-methylthio-N,7-diphenyl-4,7-dihydro-1,2,4-
triazolo[1,5-a]pyrimidine-6-carboxamide (18a).Colorless
prisms of mp 276278 °C. 'H NMR (DMSO-ds, 200
MHz): 6 2.14 (s, 3H, CH), 2.39 (s, 3H, SCh), 6.43 (s,
1H, 7-CH), 6.4-7.8 (M, 10Hron), 9.72 (s, 1H, CONH), 10.29
(s, 1H, NH).23C NMR (DMSO-ds, 50 MHz): 6 15.3, 18.7,

4.00; N, 16.31; S, 7.41.
7-(4-Methoxyphenyl)-5-methyl-2-methylthioN-(4-chlo-
rophenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]-pyrimidine-6-
carboxamide (18f).Colorless prisms of mp 364302 °C.
'H NMR (DMSO-ds, 200 MHz): 6 2.14 (s, 3H, CH), 2.39
(s, 3H, SCH), 3.68(s, 3H, OCH), 6.41 (s, 1H, 7-CH), 6.81
7.56 (M, 8Hrom, 9.82 (s, 1H, CONH), 10.26 (s, 1H, NH).

59.8,112.8, 119.5, 120.8, 129.8, 130.5, 132.1, 134.3, 138.0,MS (El, 70 eV): m'z (%) = 441 (10) [M'], 394 (16.5), 316

139.9, 145.7, 156.4, 161.6, 164.4. MS (El, 70 eWyz (%)
= 377 (24) [Mf], 330 (52.3), 301 (17.6), 285 (100). IR
(KBF): Ve—c = 1620, vc—o = 1650, vy = 2970, vny =
3250. Anal. Calcd. for gH1Ns0S (%): C, 63.64; H, 5.07;
N, 18.55; S, 8.49. Found: C, 63.67; H, 5.10; N, 18.57; S,
8.50.
7-(4-Fluorophenyl)-5-methyl-2-methylthioN-phenyl-
4,7-dihydro-1,2,4-triazolo[1,5a]pyrimidine-6-carbox-
amide (18b).Colorless prisms of mp 31821°C.'H NMR
(DMSO-dg, 200 MHz): 6 2.14 (s, 3H, CH), 2.39 (s, 3H,
SCH), 6.46 (s, 1H, 7-CH), 6:87.7 (M, 9Hyon), 9.73 (s,
1H, CONH), 10.29 (s, 1H, NH). MS (El, 70 eV)1/z (%)
= 395 (17) [M"], 348 (50,4), 304 (17.4), 303 (100), 302
(3.8), 119 (23.5). IR (KBr):vc=c = 1610, vc—0 = 1650,
van = 2980, vy = 3290. Anal. Calcd. for eH1sFNsOS
(%): C,60.74; H,4.59; N, 17.71; S, 8.11. Found: C, 60.80;
H, 4.46; N, 17.73; S, 8.09.
7-(4-Chlorophenyl)-5-methyl-2-methylthio-N-phenyl-
4,7-dihydro-1,2,4-triazolo[1,5a]pyrimidine-6-carbox-
amide (18c).Colorless prisms of mp 366307°C.'H NMR
(DMSO-ds, 200 MHz): 6 2.14 (s, 3H, CH), 2.39 (s, 3H,
SCH), 6.40 (s, 1H, 7-CH), 647.8 (m, 9Hm), 9.65 (S,
1H, CONH), 10.25 (s, 1H, NH). MS (El, 70 eV)1/z (%)
= 411 (12) [M'], 366 (12.1), 364 (35.0), 321 (38.5), 320
(17.7), 319 (100). IR (KBr):vc—c = 1620, vc=0 = 1650,
van = 2980, vny = 3290. Anal. Calcd. for gH1sCIN5OS
(%): C,58.32; H, 4.40; N, 17.00; S, 7.78. Found: C, 58.40;
H, 4.36; N, 17.03; S, 7.81.
7-(4-Bromphenyl)-5-methyl-2-methylthioN-phenyl-4,7-
dihydro-1,2,4-triazolo[1,5-a]pyrimidine-6-carboxamide
(18d). Colorless prisms of mp 318320 °C. 'H NMR
(DMSO-ds, 200 MHz): 6 2.15 (s, 3H, CH), 2.40 (s, 3H,
SCHy), 6.46 (s, 1H, 7-CH), 6:97.6 (m, 9Hon), 9.72 (S,
1H, CONH), 10.24 (s, 1H, NH)}3C NMR (DMSO-ds, 50

MHz): 6 15.4, 18.6, 59.8, 112.9, 119.7, 120.9, 124.0, 129.7,

(17.9), 315 (100), 313 (17,6). IR (KBr)ve—c = 1610,
Vc=0 — 1650,VNH = 2980,VNH = 3290. Anal. Calcd. for
C21H20CINsO,S (%): C, 57.07; H, 4.56; N, 15.85; S, 7.26.
Found: C, 57.10; H, 4.60; N, 15.87; S, 7.29.
5-Methyl-2-(3-methybenzylthio)-N,7-diphenyl-4,7-dihy-
dro-1,2,4-triazolo[1,5a]pyrimidine-6-carboxamide (18g).
Colorless prisms of mp 28282 °C. 'H NMR (DMSO-ts,
200 MHz): 6 2.15 (s, 3H, CH), 2.20 (s, 3H, CH), 4.15 (d,
J=13.2 Hz, 1H, CH), 4.16 (d] = 13.2 Hz, 1H, CH), 6.41
(s, 1H, 7-CH), 6.727.59 (M, 14Hom), 9.72 (S, 1H, CONH),
10.23 (s, 1H, NH)3C NMR (DMSO-ds, 50 MHz): 6 18.7,
20.9, 35.5,59.9, 112.6, 119.6, 120.9, 126.3, 129.40, 129.7,
129.8,129.9, 130.5, 132.1, 134.4, 135.6, 137.8, 138.1, 140.1,
145.8,154.9, 161.6, 164.7. MS (El, 70 eMjVz (%) = 467
(35) [M*], 391 (28.5), 348 (45.5), 330 (100), 105 (37.8). IR
(KBF): Vc=c — 1620,Vc=o = 1650,VNH = 2980,VNH =
3280. Anal. Calcd. for &H»sNsOS (%): C, 69.35; H, 5.39;
N, 14.98; S, 6.86. Found: C, 69.40; H, 5.40; N, 15.00; S,
6.89.
7-(4-Methoxyphenyl)-5-Methyl-2-(3-methylbenzylthio)-
N-phenyl-4,7-dihydro-1,2,4-triazolo[1,5a]pyrimidine-6-
carboxamide (18h).Colorless prisms of mp 282283 °C.
H NMR (DMSO-ds, 200 MHz): 6 2.15 (s, 3H, CH), 2.20
(s, 3H, CH), 3.69 (s, 3H, OCH), 4.15 (d,J = 13.1 Hz, 1H,
CH), 4.14 (d,J = 13.1 Hz, 1H, CH), 6.41 (s, 1H, 7-CH),
6.82-7.51 (M, 13Hom), 9.72 (s, 1H, CONH), 10.23 (s, 1H,
NH). MS (El, 70 eV): m/z (%) = 497 (42) [M'], 405 (86.9),
392 (51.3), 378 (45.4), 360 (100), 105 (35.6). IR (KBr):
Ve=c = 1620,vc—0 = 1660,v\y = 2980,vyny = 3280. Anal.
Calcd. for GgHxNsO,S (%): C, 67.58; H, 5.47; N, 14.07;
S, 6.44. Found: C, 67.60; H, 5.45; N, 14.05; S, 6.45.
7-(4-Fluorophenyl)-5-methyl-2-(3-methylbenzylthio)N-
(2,4-dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]py-
rimidine-6-carboxamide (18i). Colorless prisms of mp
289-290°C. 'H NMR (DMSO-ds, 200 MHz): 6 1.79 (s,

131.7, 132.8, 138.0, 139.6, 145.8, 156.4, 161.6, 164.6. MS3H, CHs), 2.20 (s, 3H, CH), 2.21 (s, 6H, 2CH), 4.16 (d,J

(El, 70 eV): miz (%) = 455 (14) [M], 457 (12,8), 410

= 13.4 Hz, 1H, CH), 4.14 (d) = 13.4 Hz, 1H, CH), 6.42
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(s, 1H, 7-CH), 6.8#7.37 (m, 11Hon), 9.08 (s, 1H, CONH),
10.15 (s, 1H, NH). MS (El, 70 eV)m/z (%) = 513 (41)
[M*], 393 (85.5), 367 (23.9), 366 (100), 333 (47.5), 121
(91.90). IR (KBr): ve=c = 1620,vc=0 = 1650,y = 2970,
van = 3280. Anal. Calcd. for &H2sFNsOS (%): C, 67.81;
H, 5.49; N, 13.63; S, 6.24. Found: C, 67.80; H, 5.46; N,
13.65; S, 6.26.
7-(4-Chlorophenyl)-5-methyl-2-(3-methylbenzylthio)N-
(2,4-dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]py-
rimidine-6-carboxamide (18j). Colorless prisms of mp
300-301 °C. *H NMR (DMSO-ds, 200 MHz): 6 1.80 (s,
3H, CHs), 2.20 (s, 3H, CH), 2.21 (s, 6H, 2CH), 4.15 (d,J
= 13.4 Hz, 1H, CH), 4.16 (d) = 13.4 Hz, 1H, CH), 6.42
(s, 1H, 7-CH), 6.89-7.42 (m, 11Hon), 9.09 (s, 1H, CONH),
10.17 (s, 1H, NH). MS (El, 70 eV)m/z (%) = 529 (12)
[M*], 409 (33.8), 382 (33.5), 121 (100), 105 (33.3). IR
(KBI’): VYVc=c — 1620,Vc=o = 1660,'VNH = 2970,'VNH =
3280. Anal. Calcd. for @H2sCINsOS (%): C, 65.71; H,
5.32; N, 13.21; S, 6.05. Found: C, 65.75; H, 5.37; N, 13.24;
S, 6.08.
7-(4-Bromphenyl)-5-Methyl-2-(3-methylbenzylthio)N-
(2,4-dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]py-
rimidine-6-carboxamide (18k). Colorless prisms of mp
301-302°C. *H NMR (DMSO-ds, 200 MHz): 6 1.80 (s,
3H, CHg), 2.20 (s, 3H, CH), 2.21 (s, 6H, 2CH), 4.15 (d,J
= 13.6 Hz, 1H, CH), 4.16 (d) = 13.6 Hz, 1H, CH), 6.40
(s, 1H, 7-CH), 6.89-7.56 (m, 11Hon), 9.09 (s, 1H, CONH),
10.17 (s, 1H, NH). MS (El, 70 eV)m/z (%) = 573 (11)
[M*], 428 (37.2), 426 (38.2), 121 (100), 105 (31.1). IR
(KBI’): Ve=c — 1620,Vc=o = 1660,VNH = 2980,VNH =
3280. Anal. Calcd. for &H2sBrNsOS (%): C, 60.63; H,
4.91; N, 12.19; S, 5.58. Found: C, 60.65; H, 4.95; N, 12.22;
S, 5.60.
7-(4-Methylphenyl)-5-methyl-2-(3-methylbenzylthio)N-
(2,4-dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]py-
rimidine-6-carboxamide (18l). Colorless prisms of mp
285-287 °C. 'H NMR (DMSO-ds, 200 MHz): 6 1.80 (s,
3H, CHs), 2.20 (s, 3H, Ch), 2.21 (s, 6H, 2CH), 2.27 (s,
3H, CHs), 4.15 (d,J = 13.4 Hz, 1H, CH), 4.17 (d) = 13.4
Hz, 1H, CH), 6.36 (s, 1H, 7-CH), 6.897.19 (m, 11Hon),
9.03 (s, 1H, CONH), 10.07 (s, 1H, NH). MS (El, 70 eV):
m/z (%) = 509 (21) [M], 389 (100), 372 (41.3), 362 (61.0),
121 (651) IR (KBT) Ve=c = 1620,vc—0 = 1660,v\y =
2970,vyy = 3280. Anal. Calcd. for gH3:NsOS (%): C,
70.70; H, 6.13; N, 13.74; S, 6.29. Found: C, 70.72; H, 6.15;
N, 13.73; S, 6.32.
7-(4-Methoxyphenyl)-5-methyl-2-(3-methylbenzylthio)-
N-(2,4-dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]-
pyrimidine-6-carboxamide (18m).Colorless prisms of mp
319-320°C. 'H NMR (DMSO-ds, 200 MHz): 6 1.80 (s,
3H, CHs), 2.20 (s, 3H, Ch), 2.21 (s, 6H, 2CH), 3.72 (s,
3H, OCH;), 4.15 (d,J = 13.3, 1H, CH), 4.16 (dJ = 13.3,
1H, CH), 6.36 (s, 1H, 7-CH), 6.867.24 (m, 11Hon), 9.03
(s, 1H, CONH), 10.07 (s, 1H, NH). MS (El, 70 eV)n/z
(%) = 525 (22) [M'], 405 (100), 388 (39.8), 378 (32.6),
121 (75.5). IR (KBr): vc—c = 1620, vc—0 = 1650, v\y =
2970,vny = 3280. Anal. Calcd. for gH31NsO.S (%): C,
68.55; H, 5.94; N, 13.32; S, 6.10. Found: C, 68.60; H, 6.00;
N, 13.35; S, 6.12.
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7-(2-Thienyl)-5-methyl-2-(3-chlorobenzylthio)N-(2,4-
dimethylphenyl)-4,7-dihydro-1,2,4-triazolo[1,5a]-pyrimi-
dine-6-carboxamide (18n).Colorless prisms of mp 267
268 °C. 'H NMR (DMSO-ds, 200 MHz): 6 1.88 (s, 3H,
CHs), 2.21 (s, 3H, Ch), 2.24 (s, 3H, Ch), 4.23 (d,J =
13.6, 1H, CH), 4.24 (dJ = 13.6, 1H, CH), 6.75 (s, 1H,
7-CH), 6.88-7.49 (m, 10H0on), 9.07 (s, 1H, CONH), 10.25
(s, 1H, NH).13C NMR (DMSO-ds, 50 MHz): ¢ 17.7, 19.4,
20.7, 35.4, 55.7, 112.9, 118.4, 125.6, 127.6, 128.9, 128.9,
129.4,129.9, 130.4, 130.6, 132.8, 134.9, 135.9, 136.0, 136.4,
136.6, 136.9, 143.9, 155.9, 161.5, 163.5. MS (El, 70 eV):
m/z (%) = 521 (10) [M*], 376 (43.7), 374 (100), 364 (43.5),
121 (91.4). IR (KBr): ve=c = 1610,vc—0 = 1650,v\y =
2970, vny = 3280. Anal. Calcd. for gH24CINsOS; (%):
C,59.81; H, 4.63; N, 13.41; S, 12.28. Found: C, 59.85; H,
4.65; N, 13.44; S, 12.30.

7-(2-Ethoxyphenyl)-2-(ethylthio)N-(2-methoxyphenyl)-
5-methyl-4,7-dihydro-1,2,4-triazolo[1,5a]pyrimidine-6-
carboxamide (180).Colorless prisms of mp 193195 °C.
'H NMR (DMSO-ds, 200 MHz): 6 1.19 (m, 6H, 2CH),
2.12 (s, 3H, CH), 2.91 (q,J = 7.3 Hz, 2H, CHS), 3.73 (s,
3H, CH0), 3.90 (g, = 7.1 Hz, 2H, CHO), 6.54 (s, 1H,
7-CH), 6.70-7.70 (m, 8Hron), 8.59 (s, 1H, CONH), 10.19
(s, 1H, NH). MS (El, 70 eV):m/z (%) = 465 (71) [M'],
405 (21.6), 404 (91.7), 343 (74.0), 315 (22.4), 123 (100).
IR (KBT) Vc=c — 1621,Vc=o = 1661,VNH = 2980,VNH =
3279. Anal. Calcd. for @H27Ns0sS (%): C, 61.92; H, 5.85;
N, 15.04; S, 6.89. Found: C, 61.97; H, 5.80; N, 15.02; S,
6.91.

7-(4-Fluorophenyl)-5-methyl-2-methylthio-N-phenyl-
4,5,6,7-tetrahydro-1,2,4-triazolo[1,5a]pyrimidine-6-car-
boxamide (21b).Colorless prisms of mp 313315°C. 'H
NMR (DMSO-ts, 200 MHz): 6 1.18 (d, 6.4, 3H, Ch), 2.32
(s, 3H, SCH), 2.78 (dd,*J = 9.8 and 10.2 Hz, 1H, 6-CH),
3.65 (m,2J = 5.7 and 9.8 Hz, 1H, 5-CH), 5.27 (d,= 10.1
Hz, 1H, 7-CH), 6.98-7.44 (M, 9Hon), 7.51 (s, 1H, NH),
9.96 (s, 1H, CONH). MS (El, 70 eV)m/z (%) = 397 (73)
[M*], 350 (98.8), 277 (94.7), 231 (100), 164 (69.5). IR
(KBr): vc=o0 = 1650,vnny = 2980,vnn = 3290. Anal. Calcd.
for CooH20FNsOS (%): C, 60.44; H, 5.07; N, 17.62; S, 8.07.
Found: C, 60.50; H, 5.10; N, 17.65; S, 8.10.

7-(4-Chlorophenyl)-5-methyl-2-methylthio-N-phenyl-
4,5,6,7-tetrahydro-1,2,4-triazolo[1,5a]pyrimidine-6-car-
boxamide (21c).Colorless prisms of mp 335338 °C. *H
NMR (DMSO-ds, 200 MHz): ¢ 1.18 (d,J = 6.3 Hz, 3H,
CHs), 2.32 (s, 3H, SCH), 2.78 (dd,*J = 9.8 and 10.2 Hz,
1H, 6-CH), 3.65 (m3J = 5.7 and 9.8 Hz, 1H, 5-CH), 5.28
(d, 3 =10.1, 1H, 7-CH), 6.987.52 (m, 9Hon), 7.54 (s,
1H, NH), 9.98 (s, 1H, CONH)¥C NMR (DMSO-ds, 50
MHz): 6 15.4, 20.9, 51.7, 58.8, 60.6, 118.4, 125.5, 129.4,
130.6,132.4,132.3, 134.3, 134.4,144.1, 156.4, 161.3, 174.6.
MS (El, 70 eV): m/'z (%) = 413 (57) [M'], 415 (22.6), 368
(33.1), 366 (100), 119 (64.8). IR (KBr)vc=o = 1650, vnn
= 2980,vny = 3280. Anal. Calcd. for &H2CINsOS (%):
C, 58.03; H, 4.87; N, 16.92; S, 7.75. Found: C, 58.05; H,
4.9; N, 16.95; S, 7.78.

7-(4-Methoxyphenyl)-5-Methyl-2-(3-methylbenzylthio)-
N-phenyl-4,5,6,7-tetrahydro-1,2,4-triazolo[1,5a]pyrimi-
dine-6-carboxamide (21h).Colorless prisms of mp 326
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328°C. 'H NMR (DMSO-ds, 200 MHz): ¢ 1.18 (d,J =
6.3 Hz, 3H, CH), 2.24 (s, 3H, CH), 2.81 (dd2J = 9.8 and
10.1 Hz, 1H, 6-CH), 3.61 (m3J = 5.7 and 9.8 Hz, 1H,
5-CH), 3.70 (s, 3H, OC}}, 4.06 (d,J = 13.4 Hz, 1H, CH),
4.07 (d,J = 13.4 Hz, 1H, CH), 5.22 (dJ = 10.2 Hz, 1H,
7-CH), 6.84-7.48 (m, 13Hon), 7.51 (s, 1H, NH), 9.98 (s,
1H, CONH).13C NMR (DMSO-ds, 50 MHz): 6 21.1, 21.2,
51.7, 55.4, 58.1, 58.8, 117.1, 118.4, 125.5, 129.1, 129.3,
130.4, 130.5, 130.8, 131.9, 133.8, 134.4, 138.4, 140.1, 159.3,
159.9, 162.3, 174.8. MS (El, 70 eV)1Wz (%) = 499 (99)
[MT], 379 (93.3), 362 (100), 246 (86.8), 243 (78.6). IR
(KBr): ve=0 = 1660,y = 2980,vny = 3280. Anal. Calcd.
for CagH29Ns0,S (%): C, 67.31; H, 5.85; N, 14.02; S, 6.42.
Found: C, 67.35; H, 5.87; N, 14.05; S, 6.45.
7-(4-Chlorophenyl)-5-methyl-2-(3-methylbenzylthio)N-
(2,4-dimethylphenyl)-4,5,6,7-tetrahydro-1,2,4-triazolo[1,5-
a]pyrimidine-6-carboxamide (21j). Colorless prisms of mp
301-302°C. *H NMR (DMSO-ds, 200 MHz): 6 1.27 (d,J
= 6.1 Hz, 3H, CH), 1.72 (s, 3H, CH), 2.19 (s, 3H, ChH),
2.23 (s, 3H, CH), 2.84 (dd3J = 9.8 and 10.2 Hz, 1H, 6-CH),
3.67 (m,3) = 5.6 and 9.8 Hz, 1H, 5-CH), 4.12 (d,= 13.6
Hz, 1H, CH), 4.13 (dJ = 13.6 Hz, 1H, CH), 5.22 (d] =
10.2 Hz, 1H, 7-CH), 6.897.53 (m, 11Hn), 7.56 (s, 1H,
NH), 9.34 (s, 1H, CONH). MS (El, 70 eV)m/z (%) = 531
(56) [M*], 351 (42.8), 533 (26.6), 246 (59.1), 213 (100). IR
(KBr): vc—o = 1660,vyy = 2970,vny = 3280. Anal. Calcd.
for CogH30CINSOS (%): C, 65.46; H, 5.68; N, 13.16; S, 6.03.
Found: C, 65.50; H, 5.70; N, 13.18; S, 6.05.
7-(2-Thienyl)-5-methyl-2-(3-chlorobenzylthio)N-(2,4-
dimethylphenyl)-4,5,6,7-tetrahydro-1,2,4-triazolo-[1,5a]-
pyrimidine-6-carboxamide (21n).Colorless prisms of mp
258-260°C. 'H NMR (DMSO-ds, 200 MHz): 6 1.27 (d,J
= 6.3 Hz, 3H, CH), 1.80 (s, 3H, CH), 2.19 (s, 3H, Ch),
2.94 (dd,®J = 9.8 and 10.2 Hz, 1H, 6-CH), 3.66 (] =
5.7 and 9.8 Hz, 1H, 5-CH), 4.12 (d,= 13.6 Hz, 1H, CH),
4.13 (d,J = 13.6 Hz, 1H, CH), 5.54 (d) = 10.2 Hz, 1H,
7-CH), 6.90-7.54 (m, 10Hon), 7.57 (s, 1H, NH), 9.49 (s,
1H, CONH). MS (El, 70 eV):m/z (%) = 523 (54) [M],
375 (67.7), 366 (100), 125 (30.6). IR (KBryc—o = 1650,
vnh = 2970,vny = 3280. Anal. Calcd. for %HzeC'NsOSZ
(%): C,59.58; H, 5.00; N, 13.36; S, 12.24. Found: C, 59.60;
H, 5.05; N, 13.38; S, 12.27.

Acknowledgment. The present work was supported by
INTAS Grant (Ref. No. 04-83-2844).

References and Notes

(1) See, forexample: (a) Alajarin, R.; Avarez-Buila, J.; Vaquero,
J. J.; Sunkel, C.; Fau, J.; Statkov, P.; SanZletrahedron
Asymmetryl993 4, 617. (b) Bossert, F.; Vater, WMed.
Res. Re. 1989 9, 291. (c) Trigle, D. J.; Langs, D. A.; Janis,
R. A. Med. Res. Re 1989 9, 123. (d) Tsuda, Y.; Mishina,
T.; Obata, M.; Araki, K.; Inui, J.; Nakamura, T. Patent
8,504,172 PCT Int.Chem. Abstr. 104207298. (e) Tsuda,
Y.; Mishina, T.; Obata, M.; Araki, K.; Inui, J.; Nakamura,
T. Japan Patent 61,227,582hem. Abstr. 109120988. (f)
Tsuda, Y.; Mishina, T.; Obata, M.; Araki, K.; Inui, J.;
Nakamura, T. Eur. Pat. 19,870,406hem. Abstr.106,
213976. (g) Atwal, K. S.; Vaccaro, W.; Lloyd, J.; Finlay,
H.; Yan, L.; Bhandaru, R. S. 20,010,607 PCT Ir€hem.
Abstr. 135, 19660. (h) Atwal, K. S.; Moreland, Bioorg.
Med. Chem. Lett1991, 1 (6), 291.

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 833

(2) Drizin, I.; Holladay, M. W.; Yi, L.; Zhang, H. Q.; Gopala-
krishnan, S.; Gopalakrishnan, M.; Whiteaker, K. L.; Buckner,
S. A;; Sullivan, J. P.; Carrol, W. ABioorg. Med. Chem.
Lett. 2002 12, 1481. (b) Fedorova, O. V.; Zhidovinova, M.
S.; Rusinov, G. L.; Ovchinnikova, I. Qzv. Akad. Nauk.
Ser. Khim.2003 1677;Russ. Chem. BuR003 52, 1768.
(c) Pryadeina, M. V.; Burgart, Y. V.; Saloutin, V. |.; Kodess,
M. I.; Ulomsky, E. N.; Rusinov, V. LZh. Org. Khim.2004
40, 938;Russ. J. Org. Chen2004 40, 902. (d) Lipson, V.
V.; Desenko, S. M.; Shirobokova, M. G.; Borodina, V. V.
Khim. Geterotsikl. Soedi003 39, 1383;Chem. Heterocycl.
Compd. (Engl. Transl.2003 39, 1213. (e) Lipson, V. V;
Desenko, S. M.; Shishkina, S. V.; Shirobokova, M. G.;
Shishkin, O. V.; Orlov, V. D.Khim. Geterotsikl. Soedin.
2003 39, 1194;Chem. Heterocycl. Compd. (Engl. Transl.)
2003 39, 1041.

(3) (a) Kappe, C. OAngew. Chem., Int. EQ2004 43, 6250.
(b) Hayes, B. LAldrichim. Acta2004 37, 2, 66. (c) Larhed,
M.; Hallberg, A.Drug Discavery Today2001, 6, 406. (c)
Wathey, B.; Tierney, J.; Lidstro, P.; Westman, JDrug
Discavery Today2002 7, 373. (d) Al-Obeidi, F.; Austin, R.
E.; Okonya, J. F.; Bond, D. R. $4ini-Rev. Med. Chem
2003 3, 449. (e) Kappe, C. O.; Dallinger, Dlat. Re'. Drug
Discavery 2006 5, 51. (f) Shipe, W. D.; Wolkenberg, S. E.;
Lindsley, C. W.Drug Discavery Today: TechnoR005 2,
155. (g) Kappe, C. O.; Stadler, Microwaves in Organic
and Medicinal ChemistryWiley-VCH: Weinheim, 2005.

(4) (&) Xu, Y.; Guo, Q.-X.Heterocycles2004 63, 903. (b)
Hamelin, J.; Bazureau, J.-P.; Texier-Boullet, F.Nicro-
waves in Organic Synthesisoupy, A., Ed.; Wiley-VCH:
Weinheim, 2002, pp 253294. (c) Besson, T.; Brain, C. T.
In Microwave Assisted Organic Synthesigdsrom, P.,
Tieney, J. P., Eds.; Blackwell Publishing: Oxford, 2005. (d)
Stadler, A.; Kappe, C. Ql. Comb. Chen001 3, 624. (e)
Kappe, C. O.; Stadler, A. Ifombinatorial Chemistry, Part
B; Bunin, B. B., Morales, G., Eds.; Elsever Science: New
York, 2003, 197223. (f) Chberg, L.; Westman, Bynlett
2001, 1296. (g) Bagley, M. C.; Singh, Neynlett2002 1718.
(h) Wilson, N. S.; Sarko, C. R.; Roth, G. Fetrahedron
Lett. 2002 43, 581. (i) Devi, I.; Bhuyan, P. Jletrahedron
Lett 2004 45, 8625. (j) Mont, N.; TeixidoJ.; Borell, J. I.;
Kappe. C. O.Tetrahedron Lett2003 44, 5385. (k) Mont,
N.; Teixido, J.; Borell, J. I.; Kappe. C. OMol. Diversity
2003 7, 153. () Mont, N.; Ferhadez-Megido, L.; Teixidp
J.; Kappe. C. O.; Borell, J. Comb. Sci2004 23, 836. (m)
Tye, H.; Whittaker, M.Org. Biomol. Chem2004 2, 813.
(n) Molteni, V.; Hamilton, M. M.; Mao, L.; Crane, C. M;
Termin, A. P.; Wilson, D. M.Synthesis2002 1669. (0)
Ireland, S. M.; Tye, H.; Whittaker, MTetrahedron Lett.
2003 44, 4369.

(5) (a) Kappe, C. OJ. Org. Chem1997, 62, 7201. (b) Shaban,
M. A. E.; Morgaan, A. E. AAdv. Heterocycl. Cheml999
73, 131. (c) Babichev, F. S.; Kovtunenko, V. Ahim.
Geterotsikl. Soedinl977, 2, 147.

(6) (a) Desenko, S. MKhim. Geterotsikl. Soedii995 31, 147;
Chem. Heterocycl. Compd. (Engl. Transl995 31, 125.
(b) Chebanov, V. A.; Desenko, S. I@urr. Org. Chem2006
10, 297.

(7) Chebanov, V. A.; Sakhno, Y. |.; Desenko, S. M.; Shishkina,
S. V.; Musatov, V. L.; Shishkin, O. V.; Knyazeva, |. V.
Synthesi®005 2597.

(8) (a) Desenko, S. M.; Orlov, V. D.; Estrada, Bhim.
Geterotsikl. Soedin199Q0 26, 999; Chem. Heterocycl.
Compd. (Engl. Transl.}99Q 26, 839. (b) Desenko, S. M.;
Orlov, V. D.; Getmanskii, N. V.; Shishkin, O. V.; Lindeman,
S. V.; Struchkov, Yu. TKhim. Geterotsikl. Soedirl993
29, 481; Chem. Heterocycl. Compd. (Engl. Transl993
29, 406.

(9) See, for example: (a) Desenko, S. M.; Orlov, V. D.; Lipson,
V. V. Khim. Geterotsikl. Soedinl99Q 26, 1638; Chem.



434 Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 3 Chebanov et al.

Heterocycl. Compd. (Engl. Transl}99Q 26, 1362. (b) V. E.; Mao, D. T.; Haines, D. R.; McCormack, J.J1.Med.
Desenko, S. M.; Orlov, V. D.; Lipson, V. V.; Shishkin, O. Chem.1986 29, 1374. (g) Folkers, K.; Johnson, J. Am.

V.; Lindeman, S. V.; Struchkov, Y. TKhim. Geterotsikl. Chem. Soc1934 56, 180. (h) Jauk, B.; Belaj, F.; Kappe, C.
Soedin.1994 30, 981; Chem. Heterocycl. Compd. (Engl. 0. J. Chem. Soc., Perkin Trans.1B99 307.

Transl.)1994 30, 851. (c) Bellec, C.; Lhommet, G. Het- (10) (a) Kozlowsky, K.; Kucybala, Z.; Gaca, J.; Jurkovski, R.;
erocycl. Chem1995 32, 1793. (d) Kurihara, T.; Nasu, K.; Gogalin, R.; Paczkowska, B.; Hyzewicz, K. Patent 129258

Tani, T.J. Heterocyclic Cheml982 32, 1793. (d) Hufford, Pol.;Chem. Abstrl11, 87272. (b) Sitte, A.; Wessel, R.; Paul,

C. D.; Oguntimein, B.; Martin, M.; Clardy, Jetrahedron \l;|v.illli\gﬁ1nsaot§h'\] C:Sh%rert]r:;ghzzrgr?el'_e%tzz%%?;(ﬂ |\7/|€iari5y7ala, B.
Lett. 1984 25, 371. (e) Wendelin, W.; Schermanz, K.; Kerbl, I ’ :
J.Monatsh. Chenil983 114, 717. (f) Kim, C.-H.; Marquez, CCO060021A



