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2,4,6-Trisubstituted pyrimidines have been shown to
possess diversely biological activities. As examples, com-
poundl shows in vitro antimalarial activity againgtlas-
modium falciparunt with an MIC value of 0.25ug/mL.
Compound is a selective adenosineg Aeceptor antagonist
with high A, affinity (Ki = 4 nM) and selectivity. Compound
3is a phosphotidylinositol 3 kinase inhibitor and can be used
for the treatment of cancérCompound4 shows anti-
tubercular activity againgilycobacterium tuberculosist a
concentration of 12.xg/mL*
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We are interested in the development of efficient methods
for constructing combinatorial libraries of 2,4,6-trisubstituted
pyrimidines, given their value as potential pharmaceuticals.
Herein, we report the microwave-assisted reaction 'ef 2
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Scheme 1.Reaction of Substituted Acetophenones with

Aldehydes
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Acetophenones 5a-d  Aldehydes 6a-i Ta-t

5a R'=H 6a Ar=CgHs

5b R'=F 6b Ar= 4-FCgH,
5¢ R'=Cl 6¢c Ar=4-CICgH,4
5d R'=Br 6d Ar= 4-CH;CgH,

6e Ar= 3-pyridinyl

6f Ar= 2-furanyl

6g Ar= 2-thiophenyl

6h Ar= 5-methyl-2-furanyl

6i Ar= 5-methyl-2-thiophenyl

Table 1. Formation of 2-HydroxychalconegA—t2

acetophenones aldehydes chalcones (yiefd %)
5a 6a 7a(44.6)
5a 6b 7b(66.1)
5a 6¢C 7c(61.9)
5a 6d 7d(70.6)
5a 6e 7€37.5)
5a 6f 7f(67.3)
5a 69 79(69.6)
5a 6h 7h(45.6)
5a 6i 7i(40.2)
5b 6b 7j(56.2)
5b 6c 7k(44.2)
5b 6d 71(55.9)
5c 6b 7m(63.6)
5c 6¢C 7n(48.6)
5¢c 6d 70(69.6)
5¢c 6f 7p(75.7)
5c 69 7q(71.6)
5d 6b 7r(62.0)
5d 6C 75(56.9)
5d 6d 7t(52.7)

aReactions were carried out on a 25.0-mmol scalsolated
yields of pure compounds recrystallized from anhydrous EtOH.

trisubstituted pyrimidines, a method for linking chalcones
to a solid support must be developed. In fact, not all
chalcones can be linked to a solid phase if there is no suitable

hydroxychalcones with amidines or guanidines to synthesize group in the framework of chalcones or their building blocks.

2,4,6-trisubstituted pyrimidines.
Some synthetic methods for 2,4,6-trisubstituted pyrim-

In view of the limitations of existing methods, we attempted
to develop a new method of combining solution-phase

idines have been developed previously by others. On theparallel synthesis and microwave-assisted organic synthesis

basis of the reaction of alkynone with amidines or guanidines,
Bagley et aP prepared pyrimidine libraries using microwave-

assisted synthesis; however, a limitation of this method is
that it is not easy to obtain diverse alkynones from either
commercial sources or chemical synthesis. Katritzky &t al.
reported a synthetic method for 2,4,6-trisubstituted pyrim-
idines using solid-phase-bound chalcones. Agarwal ét al.
also published a similar method. Although this solid-phase
synthesis method is suitable for the preparation of 2,4,6-
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(MAOS) for constructing structurally diverse libraries of
2,4,6-trisubstituted pyrimidines on the basis of the reaction
of chalcones with amidines or guanidines.

In this present study, chalcones were prepared easily by
the reaction of acetophenones with aldehydes according to
a reported methddScheme 1). To a solution of substituted
acetophenong®a—d) (1.0 equiv) and aldehydé€6a—i) (1.0
equiv) in EtOH was added 50% KOH (2.5 equiv) atQ.

The mixture was stirred overnight at room temperature and
then poured into ice water. The pH of this mixture was
adjusted to 34 or 7 (Ar = 3-pyridinyl) with 2 M HCI

aqueous solution. A yellow precipitate was collected by

© 2006 American Chemical Society
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Scheme 2.Reaction of Various 2Hydroxychalcones with
Amidines or Guanidine under Microwave Irradiation
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Ta-t 9a-t

10a-t
11a-t,
12a-t
13a-t

Amidine or guanidine
8a-e

8a R%= CgHs

8b R®= 4-CH4CgH,
8c R?=4-CICgH,

8d R%= cyclopropyl
8e R?= NH,

filtration and purified by recrystallization in anhydrous EtOH.
Using this method, 20'zhydroxychalcones were synthesized
(Table 1).

Dodson and Seyléreported that benzamidine condensed
readily with a.,3-unsaturated ketones of the typgHsCH=
CHCOR, where R does not possessuahydrogen, to give
6-substituted 2,4-diphenylpyrimidines under reflux for 3 h.
Zhang et al? also reported a synthesis of triaryl-substituted
pyrimidine by using a fluorous tag procedure. A fluorous-
substituteda,3-unsaturated ketone reacted with an excess
benzamidine in DMA to afford a fluorous-tag-attached,
triaryl-substituted pyrimidine. The desired product was
obtained by the tag cleavage under microwave irradiation.
Kidwai et al! described a microwave-accelerated, one-pot,
solid-supported synthesis of 4,6-diaryl-2-(4-morpholinyl/1-
piperidinyl/1-pyrrolidinyl)-pyrimidines by the reaction of
chalcone withS-benzylthiuronium chloride and heterocyclic
secondary amines. Varga et'alinvestigated the reaction
of chalcones and guanidine. They found that either 4,6-
diarylpyrimidine-2-ylamine or 2-amino-5,5-disubstituted-3,5-

dihydroimidazol-4-one was obtained, depending on the order

of the addition. We tried to perform this type of reaction
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through microwave irradiation. The reaction o¢fi&/droxy-
chalconerawith benzamidiné8awas chosen as the sample
reaction (see Scheme 2). A microwave synthesizer, Explorer
(CEM), was used for these experiments. Equivalents-of 2
hydroxychalcon&a and benzamidin8a were dissolved in
2-propanol. The reaction was performed and repeated many
times at different temperatures in a sealed vessel under
microwave irradiation for 30 min. The product, 4«2
hydroxyphenyl)-2,6-diphenylpyrimidin®a, was separated
from the reaction mixture by filtration. Its yield was increased
from 13.9 to 44.7% as the temperature varied from 100 to
190 °C. On the other hand, the yield was raised from 37.8
to 46.4% as the reaction time changed from 10 to 40 min at
190°C. In comparison, an equivalent dfRydroxychalcone
7aand benzamidin8awas refluxed in 2-propanol for 10 h
under conventional heating, and the yield of 4{2drox-
yphenyl)-2,6-diphenylpyrimidin®a was 12.0%. Using this
method, we performed all the other reactions described in
Scheme 2. Because starting mater@ds8d, 8c, and8d used

in these experiments were amidines hydrochloride and
guanidine hydrochloride, bases needed to be used to react
with hydrochloride to produce the free amidines or guanidine.
Products10a—t and 1la—t were successfully obtained
separately in the reactions 8b and 8d with 2'-hydroxy-
chalconera—t when 1.2 equiv of triethylamine was used as
the base. From the reactions &c and 8d with 2'-
hydroxychalconera—t, productsl2a—t and 13a—t were
obtained when 1.2 equiv of-BuOK was used in the
experiments. Productd, 12t, 120, 12I, 12r, 125 12q, and

12i (Table 2) were separated from the reaction mixture by
flash chromatography. All the other products (92 compounds)
(Table 2) were separated from the reaction mixture by
filtration.

Structures of all products were determinedsyNMR
spectra (see Supporting Information). Analysis of purity of

Table 2. Formation of Products by the Reaction of 26Hydroxychalcones with Amidines or Guanidine at 19D under

Microwave Irradiation for 30 Mia

starting product starting product starting product starting product starting  product
materiab  (yield %)  material (yield %) material (vield %) materiab  (vield %  materia?  (yield %)
8a, 7a 9a(44.7) 8b, 7a 10a(35.5) 8c, 7a 11a(37.6) 8d, 7a 12a(39.9) 8e 7a 13a(27.4)
8a, 7b 9b(54.3) 8b, 7b 10b(34.8) 8¢, 7b 11b(38.2) 8d, 7b 12b(34.3) 8e 7b 13b(22.4)
8a, 7c 9c(48.8) 8h, 7¢ 10c(41.0) 8¢, 7c 11¢(37.9) 8d, 7c 12¢(21.1) 8e 7c 13c¢(42.6)
8a, 7d 9d (46.8) 8b, 7d 10d(35.2) 8c, 7d 11d(34.0) 8d, 7d 12d(26.8) 8e 7d 13d(29.2)
8a, 7e 9e(46.7) 8b, 7e 10&(50.1) 8¢, 7e 11e(44.7) 8d, 7e 12¢(22.8) 8e 7e 13e(26.5)
8a, 7f of (42.6) 8b, 7f 10f (24.4) 8¢, 71 11f(18.9) 8d, 7f 12f(27.0) 8e 7f 13f(24.5)
8a, 79 9g(55.4) 8b, 79 109(35.5) 8c, 79 119(29.3) 8d, 79 129(41.8) 8e 79 139(28.6)
8a, 7h 9h(44.5) 8b, 7h 10h(17.3) 8c, 7h 11h(12.3) 8d, 7h 12h(26.7) 8e 7h 13h(25.1)
8a, 7i 9i (56.6) 8b, 7i 10i (35.2) 8¢, 7i 11i (23.5) 8d, 7i 12i (28.6) 8e 7i 13i(33.9)
8a, 7j 9j (49.1) 8b, 7j 10j (41.7) 8¢, 7j 11j (38.2) 8d, 7j 12j (34.6) 8e 7j 13j (34.1)
8a, 7k 9k (50.2)  8b, 7k 10k (40.7)  8c 7k 11k (41.8)  8d, 7k 12k(33.7)  8e 7k 13k (34.8)
8a, 7! 9l (44.3) 8b, 71 101 (38.6) 8¢, 7! 111(38.4) 8d, 7! 121 (44.4) 8e 7! 131(27.1)
8a,7m  9m(40.1) 8b,7m  10m(39.4) 8c7m  11m(45.5) 8d,7m  12m(26.4) 8e7m  13m(31.3)
8a,7n 9n (48.1) 8b, 7n 10n(49.1) 8¢, 7n 11n(50.0) 8d, 7n 12n(29.4) 8e 7n 13n(22.9)
8a, 70 90(44.8) 8b, 70 100(42.6) 8¢, 70 110(41.3) 8d, 70 120(16.3) 8e 70 130(25.0)
8a, 7p 9p(49.0)  8b,7p 10p(38.3) 8¢, 7p 11p(30.0)  8d,7p 12p(25.2) 8e7p 13p(21.6)
8a, 7q 9q(48.2)  8b,7q 10q(45.4)  8c 7q 11q(41.3)  8d,7q 12q(16.4) 8e7q 13(36.8)
8a, 7r 9r (44.6) 8b, 7r 10r (45.5) 8c, 7r 11r (53.3) 8d, 7r 12r (30.6) 8e 7r 13r (28.3)
8a,7s 95(53.0) 8b, 7s 105(47.8) 8¢, 7s 115(54.0) 8d, 7s 125(12.7) 8e 7s 135(32.6)
8a, 7t 9t (34.8) 8b, 7t 10t (42.3) 8c, 7t 11t (47.3) 8d, 7t 12t(31.5) 8e 7t 13t(26.4)

aReactions were carried out on a 0.1 mmol scale with equivalents of starting mate8tdsting material: 8a, benzamidine8b,
4-methylbenzamidine hydrochlorid8g, 4-chlorobenzamidine hydrochlorid&d, cyclopropylcarbamidine hydrochlorid8g guanidine
hydrochloride . 12d, 12i, 12l, 12q, 12q, 12r, 125 and12t contained staring materi&d.
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selected products was performed by HPLC (for the proce- and purity analysis of some representative products by
dure, see Supporting Information). Except for produds, HPLC; MS spectra of produca, 9b, 10¢ 10d, 11f, 11g,

12i, 121, 120, and 12g—t, the rest of these 92 compounds 12h, 12i, 13j, and 13k; andH NMR spectra of products
were pure, as shown biH NMR spectra. The results of  9a—t, 10a—t, 11a—t, 12a—t, and 13a—t. This material is
HPLC showed that the purities df2d, 12, and12r were available free of charge via the Internet at http:/pubs.acs.org.
higher than 80%, whereas the puritiesl@f, 120, 12q, 125

and12twere lower than 80%. The purities of representatives References and Notes

92, 10a 11a 123 and13aof the other 92 products were (1) Agarwal, A.; Srivastava, K.; Purib, S. K.; Chauhana, P. M.

higher than 98%. S. Bioorg. Med. Chem2005 13, 4645-4650.

In summary, we have developed a new and efficient (2) Chang, L. C. W.; Spanjersberg, R. F.; von Frijtag Drabbe
method for constructing combinatorial libraries of 2,4,6- Kinzel, J. K.; Mulder-Krieger, T.; van den Hout, G.;
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