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An efficient and operationally simple method for the dehydrogenation of 4-aryl-3,4-dihydropyrimidin-
2(1H)-ones (DHPMs) has been developed using CAN/HCI.

© 2012 Elsevier Ltd. All rights reserved.

In 1893 Biginelli! reported the one pot three-component
synthesis of 4-aryl-3,4-dihydropyrimidin-2(1H)-ones (DHPMs). Li-
brary of the structurally diverse DHPMs can be synthesized by
using the combination of different aldehydes, 1,3-dicarbonyl com-
pound, and urea or thiourea.? This reaction has gained much
importance because the compounds containing pyrimidine/DHPM
unit have various biological properties® such as antitumor, antihy-
pertensive, calcium channel blocker, alpha-1a-antagonism, neuro-
peptide Y (NPY) antagonism, antibacterial, and anti-inflammatory
activities. DHPM-derived structures are also present in the skele-
ton of several natural marine polycyclic guanidine alkaloids such
as crambine, batzelladine B (potent HIV gp-120CD4 inhibitors),
and ptilomycalin alkaloids.* Thus DHPMs can be considered as
valuable structures for the drug discovery research.

Since pyrimidine derivatives are found in various biologically
important molecules, derivatization of DHPM has attracted the
attention of researches in the last decade.” Dehydrogenation of
DHPM is one of the typical transformations, essentially because
DHPM contains two sensitive functionalities, one is allylic methyl
group at C-6 position and another is -CH-NH bond at C-4 position.
Thus under oxidative conditions mixture of products can be
obtained and hence for the development of an efficient and clean
methodology choice of reagents and reaction conditions become
very important. The allylic methyl group at C-6 position is sensitive
to the oxidizing agents such as Se0,° and hence the dehydrogena-
tion of the DHPMs is difficult as compared to the easy oxidation of
Hantzsch 1,4-dihydropyridines (DHPs) to pyridine.”
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DHPM ring also shows the inertness toward the strong oxidiz-
ing agents like DDQ.® Classical oxidizing agents such as (PCC),
chloranil, KMnO,/clay,® and HNO5'° were also tried for the dehy-
drogenation of DHPM, among which HNOs3 has been proved to give
the satisfactory result. Palladium on charcoal requires a high tem-
perature of 230 °C and this method is also not suitable for the
DHPM containing ester at C-5 position.'! Myriad of other methods
and reagents are available in the literature!?-'® for the dehydroge-
nation of DHPM, however all of them have some drawbacks such as
regioselectivity, requirement of a high reaction temperature,
formation of undesired side product, long reaction time (1-18 h),
and involve tedious column chromatographic purification. Thus
there is still a need for the development of a novel method for
the dehydrogenation of DHPM which will minimize the reaction
time and formation of undesired side products with easy purifica-
tion process to isolate the pure product. Since last decade ceric
ammonium nitrate (CAN) has been explored for its wide range of
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Scheme 1. Dehydrogenation of DHPM to pyrimidine-2(1H)-one using CAN/50%
aqueous HCl.
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catalytic applications.'® Single electron oxidizing properties of CAN
can be altered by the addition of various additives such as KBr, LiBr,
NaHCOs3, NaBrO; or KBrOs, and H,0,.2° Herein we used the combi-
nation of CAN and HCl for the rapid and efficient dehydrogenation
of DHPM at room temperature (Scheme 1).

The model reaction was carried out using DHPM (1g)?>. In a
50 mL round bottomed flask containing stirred solution of acetic
acid (15 mL) and DHPM (1g, 3 mmol), 50% aqueous hydrochloric
acid (5 mL) was added at room temperature. CAN (6 mmol) was
added portion-wise to the reaction mixture and stirring was con-
tinued at room temperature. The color of the reaction mixture
slowly changes from dark orange to transparent pale yellow. After
twenty minutes the TLC (6:4 EtOAc:Hexane) shows completion of
reaction. Stoichiometry of CAN was optimized to two equivalents
(Table 1). If we use CAN less than two equivalents then the reaction
time increases and DHPM remains unreacted even after 1.5 h. The
yield of the product decreased when we used CAN and conc. HCIL.
Thus by using the optimized stoichiometry of CAN, DHPM, and
HCl we achieved the dehydrogenation of various substituted
DHPMs (Table 2).

Similar kind of oxidative dehydrogenation of DHPM is also re-
ported in the literature using CAN/NaHCOs.!® This reported meth-
odology requires CAN more than two equivalents, longer reaction
time (1-6 h), controlled reaction temperature (—5-0 °C) and the
pure product was isolated by column chromatographic purifica-
tion. As compared to this reported methodology of CAN/NaHCO3,
our proposed methodology using CAN/HCI is mild (reaction occurs
at room temperature), rapid (reaction time 20 min.) and pure prod-
uct can be separated easily, just by precipitation (DCM/hexane). In
addition, we never observed the formation of pyrimidin-2,4(1H,
3H)-dione during the course of reaction by using CAN/HCL. During
the reaction of 11, we did not observe any side chain chlorination of
benzylic methyl, acetyl methyl (C-5), or allylic methyl (C-6) groups.
Thus the above described method using CAN/HCI is much more
convenient and operationally simple than the reported methods.
The synthesized products (2a-21) were characterized using IR, 'H
NMR, and MS. In all the cases, good to excellent yields of the prod-
ucts were obtained.

Since CAN acts as single electron oxidant, we tried the same
reaction using the additives such as NaCl, KBr, and LiBr (Table 1).
But the reaction is very slow and starting material remains unre-
acted even after six hours with a number of unidentified side prod-
uct formation. Mechanistically, the combination of CAN and HCl
may generate a in situ chlorine radical which can act as oxidizing
agent?! for the proposed oxidative dehydrogenation of DHPM.
But surprisingly, we did not observe any chlorination at C-6 methyl
group during the course of reaction.?? Hence additionally we as-
sumed that the in situ generated HNOs in aqueous media may be
responsible for the oxidative dehydrogenation.'®

In summary, we have developed an efficient and operationally
simple method for the dehydrogenation of DHPM using CAN/HCI.
The proposed methodology is rapid and the pure product can be

Table 1
Optimization of stoichiometry for the dehydrogenation of DHPM 1
Entry Additives CAN (equiv.) Reaction time (min) Yield (%)
1 5 mL (Conc. HCI) 2 45 50
2 2.5mL (Conc. HCI) 2 45 60
3 5mL (50% aq. HCI) 2 20 85
4 5mL (50% aq. HCI) 2.5 20 85
5 5mL (50% aq. HCI) 3 20 85
6 5mL (50% aq. HCI) 1.8 90 45
7 5mL (50% ag. HCI) 1.5 120 30
8 NacCl 3 360 15
9 KBr 3 360 20
10 LiBr 3 360 20

Table 2
Dehydrogenation of 4-aryl-3,4-dihydropyrimidin-2(1H)-ones (DHPMs) using CAN/
50% aqueous HCl

Entry DHPM R? R! Product Yield® (%)
1 1a CeHs OEt 2a 85
2 1b 4-CH50CgH, OEt  2b 82
3 1c 3-CH30CgH, OEt 2c 75
4 1d 2-CH;0CcH. OEt 2d 72
5 1e 4-CH,CeH, OEt  2e 80
6 1f 3-CH3CgHy4 OEt 2f 78
7 1g 4-CICeH, OEt  2g 83
8 1h 2-ClCgH4 OEt 2h 80
9 1i 3-NO,CgHy4 OEt 2i 76

10 1j 2-CH30-5-BrCgHs OEt 2j 70

11 1k 4-ClCgH4 CH; 2k 78

12 11 4-CH,CgH, CHs 21 76

¢ Isolated Yield.

isolated using simple precipitation (DCM/hexane), instead of col-
umn chromatography. There is no formation of undesired side
products such as pyrimidin-2,4(1H, 3H)-dione and C-6 side chain
chlorination product. Thus the combination of CAN/HCI can be
used efficiently for the oxidative dehydrogenation of DHPM.
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. General experimental procedure for the oxidative dehydrogenation of DHPM (1g)

using CAN/HCI: In a 50 mL round bottomed flask containing stirred solution of
acetic acid (15 mL) and DHPM (1g, 3 mmol), 50% aqueous hydrochloric acid
(5 mL) was added at room temperature. CAN (6 mmol) was added portion-wise
to the reaction mixture and stirring was continued at room temperature. The
color of the reaction mixture slowly changed from dark orange to transparent
pale yellow. After twenty minutes the TLC (6:4 EtOAc/Hexane) showed
completion of reaction. Cold water (20 mL) was added to the reaction
mixture and extracted with DCM (20 mL). Organic layer was separated and
washed by bicarbonate solution followed by brine solution. Organic layer was
dried over anhydrous sodium sulfate and concentrated under vacuum. Crude
product was precipitated using DCM/hexane (1:6) and filtered off to give the
pure product (2g).

Spectral data of 2g: mp 182-184 °C, IR (KBr): v = 3309, 3216, 2983, 2811, 1707,
1649, 1434, 803 cm ™. 'H (400 MHz, DMSO-d): 6 0.86 (t, 3H, J = 7.2 Hz, -CHs),
2.40 (s, 3H, -CH3), 3.95 (q, 2H, J = 7.2 Hz, -CO,CH,-), 7.44 (d, 2H, ] = 8.4 Hz, Ar-
H), 7.53 (d, 2H, J = 8.4 Hz, Ar-H), 12.44 (s, -NH). ESI-MS: m/z 293.4886 (M+1).
Spectral data of the products (2a-2l):

Ethyl 6-methyl-2-oxo-4-phenyl-1,2-dihydropyrimidine-5-carboxylate (2a). IR
(KBr): v=3309, 2981, 2816, 1730, 1652, 1602, 14, 682 cm'. 'H (400 MHz,
DMSO-de): 6 0.93 (t, 3H, J=7.2 Hz, -CH3), 2.62 (s, 3H, -CH3), 4.02 (q, 2H,
J=7.2 Hz, -CO,CH,-), 7.4 (m, 3H, Ar-H), 7.6 (m, 2H, Ar-H), 13.65 (s, -NH). ESI-
MS: m/z 259.452 (M+1).

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(2b). IR (KBr): v=3422, 3084, 2986, 2836, 1667, 1594, 1438, 796 cm~'. 'H
(400 MHz, DMSO-de): 6 1.03 (t, 3H, J = 7.2 Hz,- CH3), 2.58 (s, 3H, -CH3), 3.85 (s,
3H, -0OCH3), 4.09 (q, 2H, J = 7.2 Hz, -CO,CH,-), 6.93 (m, 2H, Ar-H), 7.6 (m, 2H,
Ar-H), 13.67 (s, -NH). ESI-MS: m/z 289.5029 (M+1).

Ethyl 4-(3-methoxyphenyl)-6-methyl-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(2¢). IR (KBr): v =3316, 2836, 1718, 1658, 1600, 1438, 798 cm™~". 'H (400 MHz,
DMSO-dg): 6 0.84 (t, 3H, J=7.2 Hz, -CH3), 2.38 (s, 3H, -CH3), 3.78 (s, 3H, -
OCH3), 3.94 (q, 2H, J = 7.2 Hz, -CO,CH>-), 6.98 (m, 2H, Ar-H), 7.06 (d, ] = 8.4 Hz,
1H, Ar-H), 7.35 (t, 1H, J = 8.4 Hz, Ar-H), 13.67 (s, -NH). ESI-MS: m/z 289.5007
(M+1).

Ethyl 4-(2-methoxyphenyl)-6-methyl-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(2d). IR (KBr): v = 3362, 3005, 2805, 1691, 1590, 1428, 726 cm ™. 'H (400 MHz,
DMSO-de): 6 0.79 (t, 3H, J=7.2 Hz, -CH3), 2.41 (s, 3H, -CH3), 3.68 (s, 3H, -
OCHs), 3.85 (q, 2H, J = 7.2 Hz, -CO,CH,-), 7.0 (t, 2H, J = 7.2 Hz, Ar-H), 7.31 (d,
J=7.2Hz, 1H, Ar-H), 7.42 (t, 1H, J = 7.2 Hz, Ar-H), 13.67 (s, -NH). ESI-MS: m/z
289.5120 (M+1).

Ethyl 6-methyl-2-oxo-4-p-tolyl-1,2-dihydropyrimidine-5-carboxylate (2e). IR
(KBr): v=3308, 2884, 1714, 1642, 1601, 1438, 802 cm . H (400 MHz,
DMSO-dg): 6 0.98 (t, 3H, J=7.2 Hz, -CH3), 2.39 (s, 3H, -CH3), 2.59 (s, 3H, -
CH3), 4.06 (q, 2H, ] = 7.2 Hz, -CO,CH>-), 7.22 (m, 2H, Ar-H), 7.50 (m, 2H, Ar-H),
13.65 (s, -NH). ESI-MS: m/z 273.4701 (M+1).

Ethyl 6-methyl-2-oxo-4-m-tolyl-1,2-dihydropyrimidine-5-carboxylate (2f). IR
(KBr): v=3411, 3316, 3212, 3100, 2984, 1712, 1441, 795 cm™~'. 'H (400 MHz,
DMSO-dg): 6 0.95 (t, 3H, ] = 7.2 Hz, -CH3), 2.38 (s, 3H, -CH3), 2.60 (s, 3H, -CH3),
4.04 (q, 2H, J = 7.2 Hz, -CO,CH,-), 7.26 (m, 4H, Ar-H), 13.64 (s, -NH). ESI-MS:
mj(z 273.5500 (M+1).

Ethyl  4-(2-chlorophenyl)-6-methyl-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(2h). IR (KBr): v=3324, 3225, 2810, 1709, 1668, 1431, 762cm~'. 'H
(400 MHz, DMSO-dg): 5 0.72 (t, 3H, J = 7.2 Hz, -CH3), 3.32 (s, 3H, -CHj3), 3.84
(q, 2H, J = 7.2 Hz, -CO,CH,-), 7.34-7.49 (m, 4H, Ar-H), 12.60 (s, -NH). ESI-MS:
m/z 293.4813 (M+1).

Ethyl 6-methyl-4-(3-nitrophenyl)-2-oxo-1,2-dihydropyrimidine-5-carboxylate
(2i). IR (KBr): v=3412, 3319, 3217, 2986, 1533, 1448 cm~'. 'H (400 MHz,
DMSO-dg): & 0.83 (t, 3H, J=7.2Hz, -CH3), 2.46 (s, 3H, -CH3), 3.95 (q, 2H,
J=7.2Hz, -CO,CH,-), 7.75 (m, 1H, Ar-H), 7.88 (m, 1H, Ar-H), 8.24 (s, 1H, Ar-H),
8.35-8.37 (m, 1H, Ar-H), 12.59 (s, -NH). ESI-MS: m/z 304.4072 (M+1).

Ethyl 4-(5-bromo-2-methoxyphenyl)-6-methyl-2-oxo-1,2-dihydropyrimidine-
5-carboxylate (2j). IR (KBr): v = 3327, 2974, 2844, 1715, 1654, 1441, 807 cm .
'H (400 MHz, DMSO-dg): 6 0.85 (t, 3H, ] = 7.2 Hz, -CH3), 2.43 (s, 3H, -CH3), 3.68
(s, 3H, -OCH3), 3.89 (q, 2H, ] = 7.2 Hz, -CO,CH>»-), 7.01 (d, 1H, ] = 8.4 Hz, Ar-H),
7.46 (s, 1H, Ar-H), 7.59 (d, 1H, ] = 8.4 Hz, Ar-H), 12.38 (s, -NH). ESI-MS: m/z
367.3996 (M+1), 389.3737 (M+Na)
5-acetyl-4-(4-chlorophenyl)-6-methylpyrimidin-2(1H)-one ~ (2k). IR  (KBr):
v=3361, 3059, 2806, 1641, 1573, 1426, 801 cm~'. 'H (400 MHz, DMSO-dg):
§1.91 (s, 3H, -CH3), 2.30 (s, 3H, -CH3), 7.48 (d, 2H, ] = 8.4 Hz, Ar-H), 7.57 (d, 2H,
J=8.4Hz, Ar-H), 12.36 (s, -NH). ESI-MS: m/z 263.3372 (M+1).
5-acetyl-6-methyl-4-p-tolylpyrimidin-2(1H)-one (2l). IR (KBr): v = 3362, 30005,
2805, 1691, 1590, 1428, 830 cm™'. 'H (400 MHz, DMSO-ds): 6 1.85 (s, 3H, -
CH3), 2.28 (s, 3H, -CH3), 2.37 (s, 3H, -CH3), 7.31 (d, 2H, ] = 8.0 Hz, Ar-H), 7.37 (d,
2H, ] = 8.0 Hz, Ar-H), 12.25 (s, -NH). ESI-MS: m/z 243.3773 (M+1).
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