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Abstract

A series of novel 1,3-dialkylpyrimidine derivatives was synthesized. Selective N1 alkylation of N3
substituted pyrimidine derivatives with different alkyl halides using K2CO3 as base in DMF at room
temperature provides such compounds in good yields. This method has advantages over methods
currently described in the literature for the construction of such compounds.

Introduction

Importance of uracils and its annulated substrates are well recognized by synthetic [1] as well as
biological chemists [2]. With the development of clinically useful anticancer (5-fluorouracil) [3] and
antiviral drugs (AZT, DDC, DDI, and BVDU) [4], there has been remarkable interest in the exploitation of
uracils syntheses. Similarly, the Arsubstituted uracils possess various biological activities [5]. &
Glycosides of substituted uracils are widely used in therapy, mainly as antiviral and antineoplastic
agents. The most prominent representatives are 5-fluorouracil and thymine derivatives [6, 7]. Uramustine,
5-{N,N-bis(2'-chloroethyl)amino]uracil is used orally in the treatment of several leukemias [8] and 5-
nitrouracil derivatives exhibit microphage growth inhibition [9].

In addition, N4, Ns-disubstituted uracils were reported to exhibit antibacter- ial and antifungal activities
[10]. These N; or N4, Ns-substituted uracils were synthesized via alkylation of the corresponding uracils

[11]. It is known that substituted uracils (especially at the 5-position) play a vital role in many metabolic
processes [12-14]. So far substituted 5-formyluracil analogs are quite rare in the literature, so there is
considerable interest in searching for novel uracils with substituents at the N4, N5 positions.

Results and Discussion

Due to the tetradentate nucleophilic nature of uracils or their conjugated bases, chemoselective
alkylations are a critical step and afford mixtures of N; and N, + N3 alkyl derivatives with some O-
substitution [15]. Considering the above facts and in continuation of our previous studies [16, 17] we
report herein the synthesis of compound 2 and its selective N, alkylation under mild reaction conditions.

The expected target molecule, 2 was accomplished via the method reported by Nishiwaki et al. [18] and
Doyle et al. [19].

The cytosine derivative 1 when heated in DMF at 60-65 °C using isopentyl nitrite, furnished a white solid
in 72 % yield after usual work up which was recrystallized from DMF/ethanol and characterized by

spectroscopic methods. The IR spectrum of this solid showed sharp peaks at 1610, 1665 and 1703 cm””

for three carbonyl groups and the band appeared at 3320 cm™ for NH stretching. The "TH NMR spectrum
(DMSO0-dg) of this compound showed peaks at d 4.99 (singlet) for two methylene protons and the singlet

at d 8.19 for = CH proton. The multiplet at d 7.24 to 7.33 for five aromatic protons and D,0 exchangeable
broad singlet for NH proton was appeared downfield at d 12.26. The '3C NMR spectrum of 2 in DMS0-dj
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showed the peaks at d 42.7 for methylene carbon and three distinct peaks at d 150.5, 161.4 and 186.6
corresponded to two amide and one formyl carbonyl carbons. The six aromatic carbons appeared
between d 127.2-147.8 and olefinic carbon showed the peak at d 109.6. The mass spectrum of this

solid showed the molecular ion and characteristic fragmentation patterns. Further, the elemental analysis
was in agreement with molecular formula C;,H,gN,0O3. On the basis of the above analyses, structure 2

was assigned to this compound. Once the structure of compound 2 was established, in order to optimize
the reaction conditions for alkylation, the reaction of 2 with anilide 3a was studied as a model reaction to
provide N-alkylated product 4a.

At first, the influence of various bases was examined to evaluate their capabilities using acetonitrile as
solvent at room temperature. The results in Table 1 demonstrate that among the employed bases, an
equimolar mixture of K,COj5 in acetonitrile afforded the best result. Higher yield and shorter reaction time

was observed when K,CO5 was used as base. Therefore, K,CO5; was the base of choice for all reactions.
The +BuOK was not as efficient as K,CO3 and NaHCO3; afforded the resultant product in moderate yield
while Et3N was nearly inefficient.

The structure of compound 4a was deduced from its elemental analysis and spectroscopic data. Its IR
spectrum showed the bands at 2754, 1689, 1666, 1646 cm™ and 1608 cm™ for one aldehyde and three

amide carbonyl groups. The band at 3273 cm™ showed the presence of -NH stretching. The "TH NMR
spectrum (DMSO-d;) showed a broad singlet at 6 10.54 for NH proton and another broad singlet which

was present in compound 2 at 6 12.26 for NH proton of pyrimidine ring clearly disappeared. This clearly
indicates the alkylation at N, position. The 13C NMR spectrum (DMS0-d;) of this solid showed the peaks
at 6 43.7 and 52.0 for two CH, carbons, and peaks at 6 161.2 and 164.9 corresponded to two amide
carbonyl carbons. The formyl carbonyl carbon was appeared at 6 186.5. The mass spectrum of this

solid showed the M* peak at 397 and M+2 at 399 m/z due to chlorine atom. The elemental analysis was
in agreement with molecular formula C,gH44CIN3Oy.

Table 1. The Influence of bases on the reaction of 2 (2.1 mmol) with anilide 3a (2.2 mmol) in acetonitrile.

Entry Base Time (h)  vield® (%)
1 EtoN 12 45
2 BuOK 10 60
3 NaHCO; 11 66
4 K,CO; 10 85

2 |solated Yields
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After selecting K,CO5 as base, several reactions were carried out to understand the influence of other
solvents besides acetonitrile on the outcome of reaction. A set of anhydrous solvents was examined for
the previously described model reaction. The results are depicted in Table 2. Alkylation reactions with
acetone and THF occurred more slowly than DMF and DMSO. This may be due to the lower solubility of 2
and 3a in these solvents. As Table 2 indicates, the best results were obtained with DMF.

Table 2. The effect of solvents on the reaction of 2 (2.1 mmol) with anilide 3a (2.2 mmol) using K,CO5 at
room temperature.

Entry Solvent Time(h) vyijelda (%)
1 Acetone 12 72
2 THF 11 61
3 DMF 7 87
4 DMSO 8 80
2 |solated Yields
34 Ar 34 Ar
a 4'C|C6H4 e 2'C|'6'FC6H3

b 4-C-3-F;CCqH; f  2,5-diF;CCqH;
C  AFCgH, g  24-diCIC4H;

d  4MeCgH,

With this promising system in hand, we extended the substrate scope to other anilides 3b-g. To our
delight, clean monoalkylated products were obtained without any side reactions in good yields.
Application of this procedure to alkyl halides 5a-c also proved to be successful. In compound 2, N3
position is already substituted hence it can act as tridentate nucleophile i.e. either N1 alkylation or O-
alkylation at C2 or C3 position may occur. The electronegativity of oxygen indicates that its affinity
towards electrophiles is low, that is the probable reason for not obtaining any O-alkylated products under
these reaction conditions. The desired products 6a-c was obtained in 78-87 % yields (Scheme 3).

56 R
a  CH,
b CH,CH,

Cc CH2C6H4'p'N02
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Conclusion

In summary, we have developed an efficient and simple method for N1 alkylation of N3-alkylpyrimidine
derivatives. Our method has several advantages in terms of yields, mild reaction conditions, and lack of
side products. In this method 1,3-dialkylpyrimidine derivatives were synthesized in good yields. Clearly,
the process can be applied to the generation of a library of uracils as a large variety of the substituted
alkyl halides are readily available.

Experimental

Melting points were determined on a Buchi melting point apparatus, Mod. B-545 and are uncorrected. The
TH (500 MHz) and "3C (125 MHz) NMR spectra were recorded on a Varian VXR spectrometer. Chemical
shifts are reported in parts per million (ppm) relative to tetramethylsilane (TMS), and multiplicities are
given as s (singlet), d (doublet), t (triplet), q (quartet), or m (multiplet). The solvent for NMR spectra was
DMSO unless otherwise stated. Infrared spectra were taken on Thermo Electron Corporation NICOLET
380 FTIR instrument in potassium bromide pellets unless otherwise stated. Mass spectrum was recorded
on Shimadzu GC-MS QP 2010A mass spectrometer with an ionization potential of 70 eV. An elemental
analysis was performed on a Hosli CH-Analyzer and is within + 0.4 of the theoretical percentage. All
reactions were monitored by thin layer chromatography, carried out on 0.2 mm silica gel 60 F-254 (Merck)
plates using UV light (254 and 366 nm) for detection. Common reagents are either commercially
available and were used without further purification or prepared by standard literature procedures.

Synthesis of 3-Benzyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbaldehyde (2)

To a stirred solution of 21 (2.29 g, 10 mmol) in DMF (20 mL), a solution of isopentyl nitrite (1.17 g, 10
mmol) in DMF (1.5 mL) was added over a period of 10 min and the reaction mixture was stirred for 2 h at

60-65°C. After completion of reaction (TLC check, chloroform: methanol, 9.5: 0.5), the solvent was
removed under reduced pressure, oily residue was triturated with acetonitrile. The solid obtained was
collected by filtration, washed with cold acetonitrile, dried and recrystallized from DMF/ethanol to afford
2in (1.65g) 72 % yield.

White solid, m. p. 180-1829C; IR (KBr): 3320, 3055, 2960, 2737, 1703, 1665, 1610, 1480, 1350, 1100 cm™.
TH NMR (500 MHz, DMSO0-d;): & = 12.26 (bs, TH, NH, exchangeable with D,0), 9.78 (s, 1H, CHO), 8.19 (s,
TH, CH), 7.24-7.33 (m, 5H, ArH), 4.99 (s, 2H, CH,). 13C NMR (125 MHz, DMSO-d;): 6 = 186.6, 161.4, 150.5,
147.8,136.7,128.3, 127.6, 127.2, 109.6, 42.7. MS: m/z (%) = 230 [M*]. Anal. Calcd. for C;,H;oN,03: C,
62.61; H, 4.38; N, 12.17. Found. C, 62.87; H, 4.25; N, 12.40.

Synthesis of 2{3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl]-M-(4-aryl)acetamide (4a-g)

General Procedure
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A suspension of 2 (0.5 gm, 2.1 mmol), K,CO3 (0.3 g, 2.1 mmol) and alkyl halides 3 (2.2 mmol) in DMF (4

mL) was stirred at room temperature for 6-8 h (TLC monitoring, chloroform: methanol, 9.5: 0.5). Reaction
mass was then quenched in ice-cold water and solid obtained was filtered, washed with water, dried and
crude solid was recrystallized from DMF/ethanol to afford 4 in 78-90 % yield.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N{(4-chlorophenyl)-acetamide (4a)

At rt. for 7 h., White solid, m.p 198-200°C; Yield 0.74 g (87 %). IR (KBr): 3273, 3122, 3061, 2754, 1689,
1666, 1646, 1608, 1543, 1492, 1460, 1383, 1226 cm™. "H NMR (500 MHz, DMSO0-d;): 6 = 10.54 (bs, 1H,
NH), 9.87 (s, 1H, CHO), 8.62 (s, 1H, CH), 7.57 (d, J = 7.0 Hz, 2H, ArH), 7.37 (d, J = 7.0 Hz, 2H, ArH), 7.25-
7.31 (m, 5H, ArH), 5.02 (s, 2H, CH,), 4.80 (s, 2H, CH,). '3C NMR (125 MHz, DMSO-d;): & = 186.5, 164.9,
161.2,151.1,150.4,137.3,136.3, 128.8, 128.3, 127.6, 127.3, 127.2, 120.6, 109.4, 52.0, 43.7. MS: m/z (%) =
397 [M*], 399 [M+2]. Anal. Calcd. for C,gH;4CIN3O,: C, 60.38; H, 4.05; N, 10.56. Found. C, 60.60; H, 4.32; N,
10.73.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N-(4-chloro-3-trifluoromethylphenyl)-
acetamide (4b)

At rt. for 8 h., White solid, m.p 168-170°C; Yield 0.85 g (85 %). IR (KBr): 3317, 3128, 3072, 2960, 2758,
1693, 1658, 1606, 1548, 1481, 1421, 1333, 1226 cm™. "TH NMR (500 MHz, DMSO0-dg): & = 10.86 (bs, TH,
NH), 9.88 (s, TH, CHO), 8.63 (s, TH, CH), 8.14 (d, J = 8.5 Hz, TH, ArH), 7.78 (d, J = 2.5 Hz, TH, ArH), 7.68 (dd,
J = 2.5 Hz, and 8.5 Hz, TH, ArH), 7.25-7.33 (m, 5H, ArH), 5.02 (s, 2H, CH,), 4.85 (s, 2H, CH,). '3C NMR (125
MHz, DMSO-d;): 6 = 186.5, 165.6, 161.1, 150.9, 150.5, 137.9, 136.3, 132.2, 128.3, 127.5,126.9, 125.3,

124.4,123.9,123.6,121.5,117.7,109.4, 52.1, 43.7. MS: m/z (%) = 465 [M"], 467 [M+2]. Anal. Calcd. for
Cy1H,5CIF3N5 O4: C, 54.15; H, 3.25; N, 9.02. Found. C, 54.38; H, 3.50; N, 9.25.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N{(4-fluorophenyl)-acetamide (4c)

At rt. for 6 h., White solid, m.p 232-235°C; Yield 0.68 g (84 %). IR (KBr): 3275, 3155, 3064, 2700, 1693,
1666, 1612, 1554, 1508, 1460, 1384, 1226 cm™. "TH NMR (500 MHz, DMSO0-dj): 6 = 10.44 (bs, TH, NH),
9.87 (s, TH, CHO), 8.62 (s, TH, CH), 7.56 (dd, J = 5.0 Hz, and 6.5 Hz, 2H, ArH), 7.17-7.55 (m, 5H, ArH), 7.15
(dd, J= 2.0 Hz, and 6.5 Hz, 2H, ArH), 5.03 (s, 2H, CH,), 4.79 (s, 2H, CH,). '3C NMR (125 MHz, DMSO-d;): &
=186.5,164.7,161.1,159.6,157.2,151.1,150.4,136.3,134.7,128.3,127.6, 127.3,120.8, 115.3, 109.3,
51.9,43.6. MS: m/z (%) = 381 [M]. Anal. Calcd. for CoqH15FN50,4: C, 62.99; H, 4.23; N, 11.02. Found. C,
62.71;H,4.41; N, 10.87.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N-p4olylacetamide (4d)

At rt. for 8 h., White solid, m.p 243-2450C; Yield 0.72 g (89 %). IR (KBr): 3269, 3057, 2756, 1722, 1689,
1664, 1608, 1546, 1460, 1379, 1344 cm™. TH NMR (500 MHz, DMSO-dg): 6 10.30 (bs, TH, NH), 9.88 (s, TH,
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CHO), 8.62 (s, 1H, CH), 7.43 (d, J = 8.5 Hz, 2H, ArH), 7.24-7.33 (m, 5H, ArH), 7.11 (d, J = 8.5 Hz, 2H, ArH),
5.03 (s, 2H, CH,), 4.79 (s, 2H, CH,), 2.25 (s, 3H, CH5). 13C NMR (125 MHz, DMSO-dj): 6 186.5, 164.4,
161.2,151.2,150.4,136.3,135.8,132.6,129.2,128.3,127.6,127.3,119.0, 109.3, 51.9, 43.6, 20.4. MS: m/z
(%) = 377 [M*]. Anal. Calcd. for Cy;H;9N30,: C, 66.83; H, 5.07; N, 11.13. Found. C, 66.67; H, 5.30; N, 10.89.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N-(2-chloro-6-fluoro-phenyl) acetamide (4€)

At rt. for 8 h., White solid, m.p 255-257°C; Yield 0.81 g (91 %). IR (KBr): 3227, 3059, 2716, 1726, 1683,
1670, 1608, 1548, 1458, 1377, 1342 cm™. TH NMR (500 MHz, DMSO-dj): 6 = 10.22 (bs, TH, NH), 9.86 (s,
1H, CHO), 8.66 (s, TH, CH), 7.25-7.39 (m, 8H, ArH), 5.03 (s, 2H, CH,), 4.89 (s, 2H, CH,). 3C NMR (125 MHz,
DMSO-dj): 6 = 186.5, 165.2, 161.2, 159.0, 157.0, 151.0, 150.3, 136.3, 132.0, 129.0, 128.3, 127.3, 125.3,

122.9,115.1,109.4, 51.4,43.6. MS: m/z (%) = 415 [M*], 417 [M+2]. Anal. Calcd. for C,oH;5CIFN;0,: C,
57.77;H,3.64;N,10.11. Found. C, 57.50; H, 3.48; N, 10.33.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N2,5-bistrifluoromethyl-phenyl) acetamide
(4f)

At rt. for 8 h., off white solid, m.p 224-226°C; Yield 0.86 g (79 %). IR (KBr): 3333, 3070, 3001, 2710, 1697,
1664, 1600, 1550, 1460, 1380 cm™. "H NMR (500 MHz, DMSO0-dg): & 10.33 (bs, TH, NH), 9.87 (s, TH,
CHO), 8.63 (s, TH, CH), 7.82-8.00 (m, 3H, ArH), 7.25-7.31 (m, 5H, ArH), 5.04 (s, 2H, CH,), 4.90 (s, 2H, CH.,).
13C NMR (125 MHz, DMSO0-dg): 6 186.6,165.3,162.1,151.3,150.5, 137.8, 136.6, 128.8, 128.5, 127 4,

127.0,126.7,123.5,120.8,117.5,110.4, 52.0, 43.7. MS: m/z (%) = 499 [M*]. Anal. Calcd. for
022H15F6N3O4: C, 5292, H, 303, N, 8.41. Found. C, 5278, H, 328, N, 8.65.

2-(3-Benzyl-5-formyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-yl)-N{2,4-dichlorophenyl)-acetamide (4g)

At rt. for 8 h., White solid, m.p 182-184°C; Yield 0.81 g (86 %). IR (KBr): 3275, 3082, 2926, 2722, 1689,
1666, 1610, 1585, 1525, 1460, 1383 cm™. "TH NMR (500 MHz, DMSO-d;): 6 10.12 (bs, TH, NH), 9.83 (s, TH,
CHO), 8.63 (s, TH, CH), 7.19-7.81 (m, 8H, ArH), 5.03 (s, 2H, CH,), 4.96 (s, 2H, CH,). 13C NMR (125 MHz,
DMSO-d;): 6 186.3, 165.3,164.2, 151.7,150.6, 137.4,136.1,129.2, 129.0, 127.8, 127.6, 126.2, 121.6,
111.5, 53.0, 44.0. MS: m/z (%) = 432 [M*], 436 [M+4]. Anal. Calcd. for CogH;5Cl,N30,: C, 55.57; H, 3.50; N,
9.72. Found. C, 55.35; H, 3.75; N, 10.00.

Synthesis of 2{3-Benzyl-1-alkyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin e-5-carbaldehyde (6a-c)
General Procedure

A suspension of 2 (0.5 gm, 2.1 mmol), K,CO3 (0.3 g, 2.1 mmol) and alkyl halides 5 (2.2 mmol) in DMF (4
mL) was stirred at room temperature for 6-8 h (TLC monitoring, chloroform: methanol, 9.5: 0.5). Reaction
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mass was then quenched in ice-cold water and solid obtained was filtered, washed with water, dried and
crude solid was recrystallized from DMF/ethanol to afford 6 in 78-90 % yield.

3-Benzyl-1-methyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidine-5-carbaldehyde (6a)

At rt. for 6 h., White solid, m.p 162-164°C; Yield 0.41 g (78 %). IR (KBr): 3360, 3055, 2956, 2737, 1695,
1653, 1602, 1545, 1483, 1444, 1352 cm™. TH NMR (500 MHz, DMSO-di): 6 = 9.82 (s, TH, CHO), 8.56 (s,
TH, CH), 7.25-7.31 (m, 5H, ArH), 5.01 (s, 2H, CH,), 3.44 (s, 3H, -CH3). 13C NMR (125 MHz, DMSO0-d): & =

186.4,161.3,151.2,150.7,136.5,128.3,127.7,127.2,109.1, 43.5, 37.3. MS: m/z (%) = 244 [M*]. Anal.
Calcd. for C13H12N203: C, 6393, H, 495, N, 11.47. Found. C, 6370, H, 517, N, 11.74.

3-Benzyl-1-ethyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidine-5-carbaldehyde (6b)

At rt. for 6 h., White solid, m.p 116-118°C; Yield 0.45 g (82 %). IR (KBr): 3367, 3050, 2952, 2737, 1698,
1655, 1605, 1555, 1489, 1448, 1353 cm™. TH NMR (500 MHz, DMSO-d;): 6 = 9.82 (s, TH, CHO), 8.59 (s,
1H, CH), 7.25-7.32 (m, 5H, ArH), 5.02 (s, 2H, CH,), 3.89 (g, J = 7.0 Hz, 2H, -CH,), 1.22 (t, J = 7.0 Hz, 3H, -
CHj). 13C NMR (125 MHz, DMSO-dj): 6 = 187.2, 161.1, 159.1, 134.7, 125.5, 121.6, 119.3, 111.4, 100.7,
51.3,29.4, 28.6. MS: m/z (%) = 258 [M*]. Anal. Calcd. for C;4H;4N,04: C, 65.11; H, 5.46; N, 10.85. Found.
C, 64.87; H, 5.27; N, 11.09.

3-Benzyl-1-(4-nitrobenzyl)-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidine-5-carbaldehyde (6¢)

At rt. for 8 h., Yellow solid, m.p 125-127°C; Yield 0.68 g (87 %). IR (KBr): 3375, 3076, 2956, 2744, 1693,
1662, 1606, 1521, 1460, 1346, 1220 cm™. TH NMR (500 MHz, DMSO-dj): & 9.87 (s, TH, CHO), 8.81 (s, TH,
CH), 8.20 (d, J = 9 Hz, 2H, ArH), 7.62 (d, J = 9 Hz, 2H, ArH), 7.14-7.35 (m, 5H, ArH), 5.24 (s, 2H, CH,), 4.99
(s, 2H, CH,). 13C NMR (125 MHz, DMSO-d;): 6 186.5, 161.1, 157.6, 150.4, 147.0, 143.4, 136.3, 128.7,
128.5,128.1,127.6, 127.4,127.2,123.6,110.1, 52.4, 43.7. MS: m/z (%) = 365 [M*]. Anal. Calcd. for

Cq19H15N305: C, 62.46; H, 4.14; N, 11.50. Found. C, 62.63; H, 4.31; N, 11.23.
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