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We here described an efficient method for the synthesis of a series of highly functionalized pyrimidines
via the addition and condensation reaction of ketene dithioacetals with guanidine carbonate or amidine
hydrochlorides by microwave irradiation under solvent-free conditions in the absence of a catalyst, giving
the products with good yields (79–98%).
J. Heterocyclic Chem., 49, 877 (2012).
INTRODUCTION

Demands for sustainable and ecologically friendly or-
ganic syntheses [1] are stimulating the search for alternates
to using organic solvents in synthetic reactions. Performing
reactions under solvent-free reaction conditions is an
important and interesting alternate [2].
Pyrimidine derivatives including 2-amino-pyrimidines

and 2-arylpyrimidines possess prominent biological activity
and have widely served as HIV reverse-transcriptase inhibi-
tors [3], dihydrofolate reductase inhibitors [4], the growth
hormone secretagogue receptor inhibitors [5], adenosine re-
ceptor antagonists [6], STAT6 inhibitors [7], histamine H4

receptor inhibitors [8], tryptophan hydroxylase inhibitors
[9], vascular endothelial growth factor receptor inhibitors
[10], antimalarial drugs [4b,11], antibacterial agents [12],
analgesics [13], and so forth [14]. With this broad range of
biological activities, pyrimidine derivatives have long
received increasing interest, making the synthesis and
biological activity of pyrimidines an important field.
Numerous syntheses of pyrimidines have been described

in the literature [15–17]. There are three main synthetic
procedures. The first route is ketene dithioacetals, guani-
dine or amidine, which were treated with NaH or K2CO3

in solvents such as DMF or CH3CN and refluxed for many
hours to obtain the products in low to moderate yields [15].
The second procedure is multistep reactions approaches,
© 2012 HeteroC
which usually required complex experimental processes
[16]. The third method is S-methylisothiourea and guani-
dine derivatives, which also react readily with alpha-oxo-
ketene dithioacetals to form pyrimidines [17]. However,
these methods all have some limitations such as lengthy reac-
tion steps [16], the use of large amounts of solvents, longer
reaction times, relatively poor yields and tedious workup
and some can only obtain simply substituted pyrimidines
[15]. So a general, concise, and environmentally friendly ap-
proach to this class of heterocycles that tolerates a wide variety
of functional groups is highly desirable. We have paid atten-
tion to the environmentally friendly organic synthesis meth-
ods in recent years [18]. To continue our work, here we
report on an efficient method for the synthesis of a series of
diverse pyrimidine derivatives under solvent-free conditions.
RESULTS AND DISCUSSION

In our initial research, the reactions of ketene dithioace-
tal with guanidine carbonate proceeded efficiently under
solvent-free conditions simply by heating the well-ground
mixture of substrates at 120�C for 60 min. This afforded
the corresponding 2-aminopyrimidine at an excellent yield
of 83% (Scheme 1) (Table 1, entry 1).

To facilitate the operational program, accelerate the re-
action and improve the temperature accuracy, microwave
orporation



Scheme 1 Table 1

Synthesis of 2-aminopyrimidine derivatives 3a under solvent-free
conditions.

Entry Power T(�C) Time/min Yield (%)a

1 Grinding 120 60 83
2 MW/180 W 110 20 71
3 MW/180 W 120 20 80
4 MW/180 W 130 20 81
5 MW/200 W 110 20 73
6 MW/200 W 120 20 84
7 MW/200 W 130 20 82
8 MW/220 W 110 20 74
9 MW/220 W 120 20 81
10 MW/220 W 130 20 79

Isolated yield based on ketene dithioacetal 1a.

878 S. Yan, Y. Niu, X. Chen, Y. Liu, and J. Lin Vol 49
(MW) irradiation was used to examine the practicality of
the solvent-free synthetic route. A set of experiments were
carried out using ketene dithioacetal 1a and guanidine car-
bonate 2 as model substrates. The mixture composed of a
1:1.6 ratio of 1a to 2 were subjected to MW in solvent-free
conditions (Scheme 1) (Table 1, entries 2–10). This
showed that the optimum reaction conditions to obtain
the product 3a were 120�C for 20 min with a maximum
power of 200 W (Table 1, entry 6).
Then 1b–j were reacted with guanidine carbonate at

120�C with a maximum power of 200 W of MW and
allowed 20 min to finish. They also generated excellent
yields (Scheme 2) (Table 2, entries 2–9). The structures
of ketene dithioacetals had an obvious influence on the
yields (Table 2, entries 1–9). Mono-substituted ketene
dithioacetals provide higher yields than that of bis-substi-
tuted substrates (Table 2, entries 1–6 vs. 7–9). Among
the bis-substituted ketene dithioacetals, the acetyl groups
of substrate are more advantageous to cyclization and pro-
vide the desired products (Table 2, entries 1 and 5 vs. 2–4,
6). The cyano group of the substrate is the most disadvan-
tageous to cyclization (Table 2, entries 3, 4, and 6). It is im-
portant that the bis-substituted ketene dithioacetal 1a–e
also obtain only one product. This indicates that the cycli-
zation for the group of the substrate has very high selectiv-
ity, the cyclization order of the groups is CH3CO >
COOEt > CN (Table 2, entries 4 and 5).
Encouraged by this result, we explored the scope and

limitations of the cyclocondensation reactions involving
various ketene dithioacetals 1 with another substrate ami-
dine hydrochloride 4 (Scheme 3). The results demonstrated
that mono- and bis-substituted ketene dithioacetals were all
good substrates for the cyclocondensation reaction (Table
3, entry 1–7). The substituents of the ketene dithioacetals
1 had slight influence on the reactivity and product yield.
The yields of all substrates are all similar (Table 3, entries
1–7).
Schem
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EXPERIMENTAL

All novel compounds were fully characterized by spectro-
scopic data. The NMR spectra were recorded on a Bruker
DRX500 (1H: 500 MHz, 13C: 125 MHz), chemical shifts (d) are
expressed in ppm, J values are given in Hz and deuterated
DMSO-d6, CDCl3 and CH3OD were used as solvents. IR spectra
were recorded on a FTIR Thermo Nicolet Avatar 360 using KBr
pellets. The reactions were monitored by thin layer chromatogra-
phy using the silica gel GF254. The melting points were deter-
mined on a XT-4A melting point apparatus and are uncorrected.
HRMs were performed on an Agllent LC/Msd TOF instrument.

All chemicals and solvents were used as received without fur-
ther purification unless otherwise stated. Column chromatography
was performed on silica gel (200–300 mesh). The materials 1a–j
were synthesized according to the literature [19].

General procedure for the preparation of 2-aminopyrimidines
3. A drymortar was charged with ketene dithioacetal 1 (1 mmol) and
guanidine carbonate 2 (1.6 mmol). The mixture was vigorously
ground using a pestle at room temperature for a few minutes (ca.1–
2 min). A MW reactor (Discover) was charged with the mixture
and irradiated, and control of power and temperature by infrared
detection, at 120�C for 20 min (maximum power 200 W). After
cooling, the reaction mixture was poured into 10 mL of water and
filtered to obtain the crude product. Then the crude product was
recrystallized from ethanol and gave the desired products 3.

1-(2-Amino-4-methyl-6-(methylthio)pyrimidin-5-yl)ethanone
(3a). The compound was obtained in 84% yield as a yellow solid. IR
(KBr): 3395, 3185, 1653, 1535, 1305 cm�1; 1H NMR (500 MHz,
CH3OD): d 2.30 (s, 3H, CH3), 2.51 (s, 3H, COCH3), 2.54 (s, 3H,
SCH3), 3.33 (br, 2H, NH2);

13C NMR (125 MHz, DMSO-d6): d
12.1, 21.9, 31.0, 122.7, 163.7, 169.3, 193.0, 202.9; HRMS (TOF
e 2
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Table 2

Synthesis of 2-aminopyrimidine derivatives 3 under solvent-free conditions.

Entry 1 3 Yield (%)a

1 84

2 85

3 79

4 87

5 92

6 86

7 96

8 95

9 94

aIsolated yield.
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ES+): m/z calcd for C8H12N3OS [(M+H)+], 198.0696; found,
198.0693 [20].

Ethyl 2-amino-4-hydroxy-6-(methylthio)pyri- midine-5-
carboxylate (3b). The compound was obtained in 85% yield as
a yellow solid, mp >250�C. IR (KBr): 3394, 3321, 3184, 1619,
Journal of Heterocyclic Chemi
1534, 1305, 1209 cm�1; 1H NMR (500 MHz, DMSO-d6): d
1.21 (t, J = 7.0 Hz, 3H, CH3), 2.33 (s, 3H, SCH3), 4.10-4.15 (t,
J = 7.0 Hz, 2H, OCH2), 10.93 (br, 1H, OH); 13C NMR (125
MHz, DMSO-d6): d 14.5, 15.2, 60.2, 101.7, 154.9, 159.6,
166.4, 175.2; HRMS (TOF ES+): m/z calcd for C8H12N3NaO3S
[(M+Na)+], 252.0413; found, 252.0415.
stry DOI 10.1002/jhet



Scheme 3

Table 3

Synthesis of 2-arylpyrimidine derivatives 5 under solvent-free conditions.

Entry 1 5 Yield (%)a

1 87

2 92

3 89

4 95

5 98

6 93

7 91

aIsolated yield.
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2,4-Diamino-6-(methylthio)pyrimidine-5-carbonitrile (3c).
The compound was obtained in 79% yield as a yellow solid. IR
(KBr): 3523, 3420, 3380, 2204, 1668, 1624, 1548, 1065 cm�1;
1H NMR (500 MHz, DMSO-d6): d 2.42 (s, 3H, SCH3), 7.01
(br, 4H, NH2);

13C NMR (125 MHz, DMSO-d6): d 12.4, 75.4,
117.2, 162.6, 164.5, 173.1; HRMS (TOF ES+): m/z calcd for
C6H8N5S [(M+H)+], 182.0495; found, 182.0492 [21].

2-Amino-4-hydroxy-6-(methylthio)pyrimidine-5-carbonitrile
(3d). The compound was obtained in 87% yield as a yellow solid,
mp >250�C. IR (KBr): 3388, 3340, 3210, 2222, 1663, 1598, 1501,
1055 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.09 (s, 3H,
SCH3), 6.92 (br, 1H, NH2), 8.24 (br, 1H, NH2), 11.44 (br, 1H,
OH); 13C NMR (125 MHz, DMSO-d6): d 13.2, 82.6, 116.7, 156.0,
160.7, 176.9; HRMS (TOF ES+): m/z calcd for C6H7N4OS [(M
+H)+], 183.0335; found, 183.0340.

Ethyl 2-amino-4-methyl-6-(methylthio)pyri- midine-5-
carboxylate (3e). The compound was obtained in 92% yield as
a yellow solid, mp >250�C. IR (KBr): 3400, 3316, 3173, 1676,
1644, 1532, 1310 cm�1; 1H NMR (500 MHz, DMSO-d6): d
1.27–1.3 (m, 3H, CH3), 2.36 (s, 3H, CH3), 2.37 (s, 3H, SCH3),
4.24–4.26 (m, 2H, OCH2), 7.15 (br, 2H, NH2);

13C NMR (125
MHz, DMSO-d6): d 13.4, 14.4, 60.8, 111.4, 161.4, 166.3,
167.5, 171.5; HRMS (TOF ES+): m/z calcd for C9H14N3O2S
[(M+H)+], 228.0801; found, 228.0803.

2,4-Diamino-6-(methylthio)-5-phenylpyrimidine (3f). The
compound was obtained in 86% yield as a yellow solid, mp
>250�C. IR (KBr): 3415, 3333, 3193, 3139, 1635, 1552, 1432
cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.28 (s, 3H, SCH3), 5.64
(br, 1H, NH2), 6.06–6.10 (m, 3H, NH2), 7.20–7.43 (m, 5H, ArH);
13C NMR (125 MHz, DMSO-d6): d 12.5, 104.9, 128.0, 129.3,
131.3, 134.9, 160.8, 161.5, 167.7; HRMS (TOF ES+): m/z calcd for
C11H13N4S [(M+H)+], 233.0855; found, 233.0854.

2-Amino-4-(4-methoxyphenyl)-6-(methylthio)pyrimidine
(3g). The compound was obtained in 96% yield as a yellow solid,
mp 148–149�C. IR (KBr): 3459, 3295, 3176, 1622, 1537, 803,
440 cm�1; 1H NMR (500 MHz, CDCl3): d 2.45 (s, 3H, SCH3),
3.77 (s, 3H, OCH3), 5.02 (s, 1H, ArH), 6.79 (br, 2H, NH2), 6.87
(d, J = 8.7 Hz, 2H, ArH), 7.84 (d, J = 8.7 Hz, 2H, ArH); 13C
NMR (125 MHz, CDCl3): d 12.8, 55.8, 104.4, 114.4, 128.9,
130.1, 162.0, 162.9, 163.4, 171.8; HRMS (TOF ES+): m/z calcd
for C12H14N3OS [(M+H)+], 248.0852; found, 248.0852 [17a].

2-Amino-4-(methylthio)-6-phenylpyrimidine (3h). The
compound was obtained in 95% yield as a yellow solid, mp
116–117�C. IR (KBr): 3449, 2975, 2928, 1576, 1468, 793 cm�1; 1H
NMR (500 MHz, CDCl3): d 2.46 (s, 3H, SCH3), 4.98 (br, 2H,
NH2), 6.85 (s, 1H, ArH), 7.35–7.38 (m, 3H, ArH), 7.84–7.87 (m,
2H, ArH); 13C NMR (125 MHz, CDCl3): d 12.8, 105.4, 127.4,
129.1, 130.7, 162.9, 163.9, 172.1; HRMS (TOF ES+): m/z calcd for
C11H12N3S [(M+H)+], 218.0746; found, 218.0747 [17a].

2-Amino-4-(4-chlorophenyl)-6-(methylthio)pyrimidine
(3i). The compound was obtained in 94% yield as a yellow
solid, mp 140–141�C. IR (KBr): 3470, 3312, 3190, 1637, 1535,
1093, 807 cm�1; 1H NMR(500 MHz, CDCl3): d 2.53 (s, 3H,
SCH3), 5.29 (br, 2H, NH2), 6.87 (s, 1H, ArH), 7.41 (d, J = 8.0
Hz, 2H, ArH), 7.88 (d, J = 8.0 Hz, 2H, ArH); 13C NMR (125
MHz, CDCl3): d 12.8, 105.1, 128.8, 129.3, 136.1, 136.9, 162.5,
162.9, 172.4; HRMS (TOF ES+): m/z calcd for C11H11ClN3S
[(M+H)+], 252.0357; found, 252.0358.

General procedure for the preparation of 2-arylpyrimidines
5. A dry mortar was charged with ketene dithioacetal 1 (1 mmol),
amidine hydrochlorides 4 (1.5 mmol) and potassium carbonate (2.0
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mmol). The mixture was vigorously ground using a pestle at room
temperature for a few minutes (ca. 1–2 min). Then the mixture was
charged with the MW tube and irradiated in a MW reactor
(Discover), and control of power and temperature by infrared
detection, at 120�C for 20 min (maximum power 200 W). After
cooling, the reaction mixture was poured into 10 mL of water and
filtered to obtain the crude product. Then the crude product was
recrystallized from ethanol and gave the desired products 5.

4-Amino-6-(methylthio)-2-phenylpyrimidine-5-carbonitrile
(5a). The compound was obtained in 87% yield as a yellow solid,
mp 170–180�C. IR (KBr): 3330, 3225, 2922, 2856, 2214, 1627,
1530, 1384, 980 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.58
(s, 3H, SCH3), 7.41–7.47 (m, 3H, ArH), 8.25–8.29 (m, 2H,
ArH); 13C NMR (125 MHz, DMSO-d6): d 12.5, 82.8, 115.1,
128.9, 128.9, 132.1, 136.6, 163.1, 163.1, 173.1; HRMS (TOF
ES+): m/z calcd for C12H11N4S [(M+H)+], 243.0699; found,
243.0703 [22].

4-Hydroxy-6-(methylthio)-2-phenylpyrimidine-5-carbonitrile
(5b). The compound was obtained in 92% yield as a yellow solid,
mp > 250�C. IR (KBr): 3443, 2206, 1539, 1480, 1385 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 2.58 (s, 3H, SCH3), 7.42–7.46 (m,
3H, ArH), 8.29–8.34 (m, 2H, ArH); 13C NMR (125 MHz, DMSO-
d6): d 12.2, 89.3, 119.2, 128.4, 128.5, 130.6, 139.0, 163.4, 170.7,
171.7; HRMS (TOF ES+): m/z calcd for C12H10N3OS [(M+H)+],
244.0539; found, 244.0549 [23].

Ethyl 4-methyl-6-(methylthio)-2-phenylpyr-imidine-5-
carboxylate (5c). The compound was obtained in 89% yield as
a white solid, mp 48–50�C. IR (KBr): 2987, 2927, 1703, 1522,
1260, 1079 cm�1; 1H NMR (500 MHz, CDCl3): d 1.38 (t,
J = 7.1 Hz, 3H, CH3), 2.59 (s, 3H, ArCH3), 2.60 (s, 3H, SCH3),
4.39 (q, J = 7.1 Hz, 2H, OCH2), 7.41–7.46 (m, 3H, ArH), 8.42–
8.46 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3): d 14.1, 14.6,
24.3, 62.2, 121.3, 128.9, 129.1, 131.7, 137.3, 162.7, 165.3,
166.8, 170.6; HRMS (TOF ES+): m/z calcd for C15H17N2O2S
[(M+H)+], 289.1005; found, 289.1001 [24].

4-(4-Methoxyphenyl)-6-(methylthio)-2-phenylpyrimidine
(5d). The compound was obtained in 95% yield as a white solid,
mp 112–113.5�C. IR (KBr): 2927, 1556, 1511, 1256, 1167, 831
cm�1; 1H NMR (500 MHz, CDCl3): d 2.67 (s, 3H, SCH3), 3.82
(s, 3H, OCH3), 6.96 (d, J = 8.7 Hz, 2H, ArH), 7.34 (s, 1H,
ArH), 7.45–7.50 (m, 3H, ArH), 8.09 (d, J = 8.7 Hz, 2H, ArH),
8.55–8.59 (m, 2H, ArH); 13C NMR (125 MHz, CDCl3): d 12.5,
55.3, 110.8, 114.1, 128.3, 128.3, 128.6, 129.2, 130.6, 137.9,
161.1, 161.8, 163.2, 170.3; HRMS (TOF ES+): m/z calcd for
C18H17N2OS [(M+H)+], 309.1056; found, 309.1061.

4-(Methylthio)-2,6-diphenylpyrimidine (5e). The compound
was obtained in 98% yield as a yellow solid, mp 73–75�C. IR
(KBr): 2923, 1551, 1510, 1368, 1322 cm�1; 1H NMR (500 MHz,
CDCl3): d 2.69 (s, 3H, SCH3), 7.42 (s, 1H, ArH), 7.43–7.51 (m,
6H, ArH), 8.14 (d, J = 4.4 Hz, 2H, ArH), 8.60 (d, J = 4.0 Hz, 2H,
ArH); 13C NMR (125 MHz, CDCl3): d 13.0, 112.4, 127.7, 128.9,
128.9, 129.3, 131.1, 131.2, 137.4, 138.3, 162.1, 163.9, 171.2;
HRMS (TOF ES+): m/z calcd for C17H15N2S [(M+H)+], 279.0950;
found, 279.0953 [25].

4-(4-Chlorophenyl)-6-(methylthio)-2-phenylpyrimidine (5f).
The compound was obtained in 93% yield as a yellow solid, mp
129–130�C. IR (KBr): 3062, 2923, 1554, 1516, 1373, 825 cm�1;
1H NMR (500 MHz, CDCl3): d 2.65 (s, 3H, SCH3), 7.29 (s, 1H,
ArH), 7.39 (d, J = 8.1 Hz, 2H, ArH), 7.45–7.50 (m, 3H, ArH), 8.00
(d, J = 8.1 Hz, 2H, ArH), 8.51–8.54 (m, 2H, ArH); 13C NMR (125
MHz, CDCl3): d 13.01, 112.0, 128.8, 128.8, 129.4, 129.4, 131.3,
stry DOI 10.1002/jhet
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135.7, 137.2, 138.0, 160.7, 163.9, 171.4; HRMS (TOF ES+): m/z
calcd for C17H14ClN2S [(M+H)+], 313.0561; found, 313.0568.

4-(Methylthio)-2-phenyl-6-p-tolylpyrimidine (5g). The
compound was obtained in 91% yield as a yellow solid, mp
104–106�C. IR (KBr): 3032, 2920, 1556, 1517, 1373, 1321, 812
cm�1; 1H NMR (500 MHz, CDCl3): d 2.40 (s, 3H, ArCH3), 2.69
(s, 3H, SCH3), 7.28 (d, J = 7.8 Hz, 2H, ArH), 7.40 (s, 1H, ArH),
7.47–7.50 (m, 3H, ArH), 8.04 (d, J = 7.8 Hz, 2H, ArH), 8.59 (d,
J = 5.2 Hz, 2H, ArH); 13C NMR (125 MHz, CDCl3): d 13.0, 21.9,
112.0, 127.6, 128.9, 128.9, 130.0, 131.2, 134.4, 138.3, 141.5,
162.0, 163.8, 171.1; HRMS (TOF ES+): m/z calcd for C18H17N2S
[(M+H)+], 293.1107; found, 293.1112.
CONCLUSIONS

In summary, an efficient and environmentally friendly pro-
cedure for the synthesis of highly functionalized pyrimidines
via the addition and condensation reaction of ketene dithioa-
cetals with guanidine carbonate or amidine hydrochlorides
under solvent-free conditions was constructed. By using dif-
ferent types of ketene dithioacetals, guanidine carbonate, or
amidine hydrochlorides, we obtained the library of pyrimidine
with molecular diverse features that make the method suitable
for combinatorial and parallel synthesis in drug discovery.
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