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Abstract: A one-pot, three-component reaction of
4-hydroxycoumarin, arylglyoxals, and 6-aminouracil or
1,3-dimethyl-6-aminouracil in the presence of L-proline as
an organocatalyst in acetic acid under reflux conditions
provided a series of new pyrrolo[3,2-d]pyrimidine deriva-
tives in good yields.

Keywords: 1,3-Dimethyl-6-aminouracil; 4-hydroxycou-
marin; 6-aminouracil; arylglyoxals; one-pot; pyrrolo[3,2-
d]pyrimidines.

Introduction

Pyrrolo[3,2-d]pyrimidines have many pharmaceuti-
cal applications. They are antitumor [1], antimicrobial
[2], antibacterial [3], antifolate [4], anticonvulsant [5],
antileishmanial [6], anti-inflammatory [7], antiaggressive
[8], antiviral [9], anticoagulant [10], antioxidant [11], anti-
fungal [12], antiasthmatic [13] and anti-HIV agents [14]. In
continuation of our interests in the preparation of hetero-
cyclic compounds by one-pot, multicomponent reactions
[15-20], herein we report the synthesis of coumarinyl-
substituted pyrrolo[3,2-d]pyrimidine-2,4(3H)-dione deriv-
atives 4a-n (Scheme 1) by a one-pot, three-component
reaction of 4-hydroxycoumarin, arylglyoxals and 6-ami-
nouracil or 1,3-dimethyl-6-aminouracil in the presence of
L-proline as an organocatalyst.

Results and discussion

Bharti [21] has recently reported that the three-compo-
nent reaction of 4-hydroxycoumarin, an aldehyde and
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1,3-dimethyl-6-aminouracil in the presence of a catalytic
amount of L-proline in ethanol under reflux conditions
provided 6-amino-5-[(4-hydroxy-2-oxo-2H-chromen-3-yl)
methyl]-1,3-dimethylpyrimidine-2,4(1H,3H)-dione. It was
of interest to replace the aldehyde with an arylglyoxal in
this reaction. Arylglyoxals are efficiently synthesized in
the form of hydrates by the oxidation of acetophenones
with selenium dioxide in ethanol under reflux conditions
[20]. While this work was in progress, Choudhury and
coworkers [22] reported that the treatment of 4-hydroxy-
coumarin (1) with an arylglyoxal 2 and 1,3-dimethyl-
6-aminouracil (3) in AcOH under microwave conditions
furnished pyrrolo[2,3-d]pyrimidine derivatives 4h, 4k and
4m. In this paper, we report the one-pot, three-compo-
nent reaction of 4-hydroxycoumarin (1), arylglyoxal 2 and
6-aminouracil or 1,3-dimethyl-6-aminouracil (3) leading
to pyrrolo[2,3-d]pyrimidine derivatives 4a-n efficiently
catalyzed by L-proline (Scheme 1).

The reaction of 4-hydroxycoumarin (1), phenylglyoxal
(2a) and 6-aminouracil (3) was chosen as the model reac-
tion. In the absence of L-proline, no product was observed
at room temperature even after 24 h. Refluxing the reaction
mixture in acetic acid without the catalyst for 7 h gave the
desired product 4a in only a 14% yield. The product was
fully characterized by its Fourier-transform infrared spectro-
scopy (FTIR), 'H nuclear magnetic resonance ("H NMR) and
BC NMR spectral data. The use of increasing amounts of
L-proline as an organocatalyst gradually improved the yield.
Under optimized conditions, the reaction was conducted in
acetic acid under reflux for 7 h and furnished product 4a in
a 73% yield. This reaction was attempted in the presence of
other catalysts including K,CO, (21% yield), triethylenedi-
amine (41% vyield), 4-dimethylaminopyridine (35% yield),
pyrrolidine (38% yield), tetra-n-butyl ammonium bromide
(48% vyield), sodium dodecyl sulfate (31% yield), ZrOCl,
(45% yield) and p-toluenesulfonic acid (46% yield) using
acetic acid as a solvent. As can be seen, the use of L-proline
proved to be the best in terms of yield. The model reaction
in the presence of L-proline was also conducted in ethanol/
water (31% yield), ethanol (35% vyield), acetonitrile (32%
yield), water (41% vyield), dichloromethane (trace amount
of 4a) and tetrahydrofuran (trace amount of 4a). Thus, the
highest yield of 4a (73%) was obtained from the reaction
conducted in acetic acid.
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Scheme1 Synthesis of pyrrolo[3,2-d]pyrimidine derivatives 4a—n.
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Scheme 2 The proposed mechanism for 4a-n.
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Mechanistically (Scheme 2), the formation of product
4a-n can be explained in terms of the Knoevenagel
condensation of hydroxycoumarin with the aryglyoxal,
catalyzed by L-proline, followed by Michael addition
of 6-aminouracil or 1,3-dimethyl-6-aminouracil to the
Knoevenagel intermediate product and then intramolecu-
lar heterocyclization of the Michael product.

Conclusion

Pyrrolo[3,2-d]pyrimidine derivatives 4a-n were syn-
thesized by the one-pot, three-component reaction of
4-hydroxycoumarin, arylglyoxal and 1,3-dimethyl-6-amin-
ouracil or 6-aminouracil using 20 mol% of L-proline as an
organocatalyst in acetic acid under reflux.

Experimental

The solvents were distilled and dried according to Perrin and Armar-
ego [23]. The melting points were measured on an Electrothermal
9200 apparatus and are uncorrected. FT-IR spectra were recorded
on a Thermo Nicolet (Nexus 670) spectrometer using KBr discs. The
'H NMR (300 MHz) and *C NMR (75 MHz) spectra were recorded on a
Bruker DRX-300 Avance spectrometer in DMSO-d, with tetramethyl-
silane (TMS) as the internal reference. Elemental analyses were per-
formed using a Leco Analyzer 932.

Arylglyoxals were obtained in the form of hydrates by the oxida-
tion of acetophenones with selenium dioxide in ethanol under reflux
conditions as previously reported [20].

General procedure for synthesis of pyrrolo[3, 2-d]
pyrimidine derivatives 4a-n

A mixture of 4-hydroxycoumarin (1, 1 mmol), arylglyoxal hydrate (2,
1 mmol), 6-aminouracil or 1,3-dimethyl-6-aminouracil (3, 1 mmol)
and L-proline (0.2 mmol) in acetic acid (5 mL) was heated under
reflux for 4 h (4i), 5h (4b and 41), 6 h (4c, 4e, 4h, 4j and 4K), 7 h (4a,
4d, 4m and 4n) and 8 h (4f and 4g). The reaction was monitored by
thin-layer chromatography (TLC) eluting with EtOAc/hexanes (3:1).
After the completion of the reaction, the resultant precipitate was fil-
tered, washed with acetic acid and cold water, dried and crystallized
from ethanol.

6-(Phenyl)-5-(4-hydroxy-2-ox0-2H-chromen-3-yl)-1,7-dihydro-
2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4a) Yield 73%; pale
yellow powder; mp >300°C; IR: v 3374, 3203, 3100, 2932, 1707, 1665,
1659, 1496, 1449, 1397, 1267, 1215, 1151, 1022, 893, 813, 762, 688 cm™;
'H NMR: § 11.81 (s, 1H, exchanged with D,0, OH), 1145 (s, 1H,
exchanged with D,0, NH), 10.96 (s, 1H, exchanged with D,0, NH),
10.46 (s, 1H, exchanged with D,0, NH), 7.84 (d, J=7.2 Hz, 1H, Ar), 7.63
(t, J=75 Hz, 1H, Ar), 7.50-7.25 (m, 6H, Ar), 7.18 (d, J=6.9 Hz, 1H, Ar);
BC NMR: & 162.0, 161.8, 159.9, 152.9, 151.5, 140.5, 132.6, 132.19, 129.0,
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128.8, 127.2, 126.6, 124.4, 111.7, 116.7, 105.9, 100.1, 99.6. Anal. Calcd for
C21H13N305: C, 65.12 H, 3.38 N, 10.85. Found: C, 65.21 H, 3.32 N, 10.90.
6-(4-Methylphenyl)-5-(4-hydroxy-2-0xo0-2H-chromen-3-yl)-1,7-
dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4b) Yield
81%; white powder; mp >300°C; IR: v 3365, 3207, 3080, 1681, 1624,
1504, 1446, 1392, 1168, 1113, 1019, 974, 891, 765 cm™; 'H NMR: & 11.73
(s, 1H, exchanged with D,0, OH), 11.43 (s, 1H, exchanged with D,0,
NH), 10.89 (s, 1H, exchanged with D,0, NH), 10.43 (s, 1H, exchanged
with DZO, NH), 7.83 (d, J=7.8 Hz, 1H, Ar), 7.63 (t, J=7.2 Hz, 1H, Ar), 7.39
(bd, J=9.0 Hz, 1H, Ar), 7.35 (t, J=75 Hz, 1H, Ar), 7.27 (d, J=75 Hz, 2H,
Ar), 709 (d, J=7.5 Hz, 2H, Ar), 2.22 (s, 3H, Me); *C NMR: § 163.4, 158.3,
152.9, 152.1, 140.2, 132.7, 132.8, 129.6, 128.9, 128.5, 127.0, 124.3, 124.0,
116.6, 116.5, 106.7, 101.0, 99.2, 21.1. Anal. Calcd for C22H15N305: C, 65.83
H, 3.77 N, 10.47. Found: C, 65.88 H, 3.70 N, 10.35.

6-(4-Chlorophenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-
dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4c) Yield
78%; white powder; mp >300°C; IR: v 3405, 3271, 2932, 1700, 1684,
1624, 1505, 1448, 1405, 1249, 1175, 1113, 1028, 763 cm™; '"H NMR: & 11.84
(s, 1H, exchanged with D,0, OH), 11.52 (s, 1H, exchanged with D0,
NH), 10.39 (s, 1H, exchanged with D,0, NH), 10.21 (s, 1H, exchanged
with D20, NH), 7.97 (bd, J=8.1Hz, 3H, Ar), 752 (bd, J=8.4 Hz, 3H, Ar),
7.38 (t, J=8.4 Hz, 1H, Ar), 7.37 (t, J]=8.7 Hz, 1H, Ar); 2C NMR: & 162.0,
161.7 158.9, 153.0, 151.5, 140.6, 132.7, 132.2, 129.0, 128.9, 127.2, 126.6,
124.4, 116.7, 116.6, 105.9, 100.1, 99.6. Anal. Calcd for C,H CIN.O,: C,
59.80 H, 2.87 N, 9.96. Found: C, 59.71 H, 2.73 N, 10.15.

6-(4-Methoxyphenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-
dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4d) Yield
80%; pale yellow powder; mp >300°C; IR v 3432, 3347, 3179, 3073,
2951, 1686, 1624, 1560, 1501, 1452, 1377, 1283, 1226, 1119, 1052, 977, 862,
756 cm™; 'H NMR: & 11.68 (s, 1H, exchanged with D,0, OH), 11.42 (s,
1H, exchanged with D,0, NH), 10.88 (s, 1H, exchanged with D,0, NH),
10.42 (s, 1H, exchanged with D,0, NH), 7.84 (d, J=7.8 Hz, 1H, Ar), 7.63
(t, J=7.5 Hz, 1H, Ar), 7.39 (bd, J=9.0 Hz, 1H, Ar), 7.34 (br t, J=9.0 Hz,
1H, Ar), 7.31 (d, J=8.4 Hz, 2H, Ar), 6.87 (d, J=9.0 Hz, 2H, Ar), 3.69
(s, 3H, OMe); *C NMR: & 162.1, 161.8, 159.9, 158.7, 153.0, 151.5, 140.2,
132.5, 129.2, 128.0, 124.7, 124.3, 116.6, 114.3, 104.6, 100.1, 99.6, 55.5.
Anal. Caled for C,H N.O,: C, 63.31 H, 3.62 N, 10.07. Found: C, 63.23
H, 3.71N, 10.17.

6-(4-Nitrophenyl)-5-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,7-
dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4e) Yield
72%; orange powder; mp >300°C; IR: v__ 3419, 3312, 3161, 2226,
1701, 1674, 1599, 1522, 1450, 1397, 1341, 1246, 1109, 977, 837, 761, 702,
545 cm™; '"H NMR: 8 12.15 (s, 1H, exchanged with D,0, OH), 11.70 (s,
1H, exchanged with D,0, NH), 10.60 (s, 1H, exchanged with D,0, NH),
10.37 (s, 1H, exchanged with D,0, NH), 8.34 (d, /=7.8 Hz, 1H, Ar), 8.13
(t, J=75 Hz, 1H, Ar), 7.89 (bd, J=9.0 Hz, 1H, Ar), 7.84 (br t, J=9.0 Hz,
1H, Ar), 7.81(d, J=8.4 Hz, 2H, Ar), 7.37 (d, J=9.0 Hz, 2H, Ar); 3C-NMR:
3 163.0, 162.1, 161.7, 159.8, 154.0, 153.1, 151.5, 150.3, 150.1, 145.6, 141.6,
140.9, 138.8, 126.8, 126.7, 124.4, 118.8, 116.0, 101.4, 99.0. Anal. Calcd for
C,H,N,0;: C, 58.34 H, 2.80 N, 12.96. Found: C, 58.28 H, 2.88 N, 12.85.
6-(4-Fluorophenyl)-5-(4-hydroxy-2-oxo0-2H-chromen-3-yl)-1,7-
dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione (4f) Yield
71%; pale yellow powder; mp >300°C; IR: v 3365, 3198, 3050, 1700,
1671, 1613, 1496, 1449, 1407, 1264, 1214, 1121, 1020, 892, 761, 690 cm™; 'H
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NMR: §11.82 (s, 1H, exchanged with D,0, OH), 11.52 (s, 1H, exchanged
with D,0, NH), 10.96 (s, 1H, exchanged with D,0, NH), 10.47 (s, 1H,
exchanged with D,0, NH), 7.84 (d, J=7.2 Hz, 1H, Ar), 7.64 (t, ]=7.8 Hz,
1H, Ar), 741 (t, J=7.2 Hz, 2H, Ar), 7.33 (d, J=7.5 Hz, 2H, Ar), 7.15 (t,
J=8.7 Hz, 2H, Ar); 3C NMR: § 163.1, 162.0, 161.9, 159.9, 153.0, 151.6,
140.4, 132.6, 128.7, 128.2, 124.4, 116.6, 116.5, 115.9, 115.6, 105.8, 100.2,
99.3. Anal. Calcd for C, H FN.O,: C, 62.23 H, 2.98 N, 10.37. Found: C,

217712

62.31H, 2.90 N, 10.29.

6-(3,4-Dimethoxyphenyl)-5-(4-hydroxy-2-oxo-2H-chromen-
3-yl)-1,7-dihydro-2H-pyrrolo[2,3-d]pyrimidine-2,4(3H)-dione
(4g) Yield 76%; yellow powder; mp>300°C; IRv__ 3526, 3416, 3200,
3058, 1700, 1681, 1608, 1512, 1445, 1261, 1213, 1126, 1018, 918, 761, 714,
603 cm™; 'H NMR: 8 11.66 (s, 1H, exchanged with D,0, OH), 11.45(s,
1H, exchanged with D,0, NH), 10.94 (s, 1H, exchanged wit D,0, NH),
10.44 (s, 1H, exchanged with D,0, NH), 7.84 (d, J=7.8 Hz, 1H, Ar), 7.63
(t, J=7.5 Hz, 1H, Ar), 7.38 (d, J=8.4 Hz, 1H, Ar), 7.35 (t, J=7.2 Hz, 1H,
Ar), 7.02 (s, 1H, Ar), 6.91 (t, J=8.4 Hz, 1H, Ar), 6.89 (t, J=8.7 Hz, 1H,
Ar), 3.73 (s, 3H, OMe), 3.69 (s, 3H, OMe); C NMR: § 162.1, 161.9, 159.9,
152.9, 151.6, 148.7, 148.2, 140.1, 129.1, 124.8, 124.3, 119.1, 116.6, 112.3,
110.7, 104.9, 100.2, 99.8, 55.9, 55.6. Anal. Calcd for C,,H, N,0,: C, 61.75
H, 3.83 N, 9.39. Found: C, 61.80 H, 3.86 N, 9.31.

6-(Phenyl)-7-(4-hydroxy-2-ox0-2H-chromen-3-yl)-1,3-dime-
thyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-dione
(4h) Yield 77%; pale yellow powder; mp >300°C [22].

6-(4-Methylphenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-
dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-
dione (4i) Yield 86%; pale yellow powder; mp >300°C; IR: v
3427, 3197, 3047, 2949, 1687, 1648, 1552, 1500, 1447, 1387, 1280, 1221,
1150, 978, 895, 833, 760, 688 cm™; 'H NMR: § 11.76 (s, 1H, exchanged
with D,0, OH), 11.53 (s, 1H, exchanged with D,0, 1H of NH), 7.84 (d,
J=8.1Hz, 1H, Ar), 7.64 (t, J=8.7 Hz, 1H, Ar), 7.38 (t, J=8.7 Hz, 2H, Ar),
7.34 (d, J=75 Hz, 2H, Ar), 715 (d, J=7.8 Hz, 2H, Ar), 3.53 (s, 3H, 3-Me),
3.16 (s, 3H, 1-Me), 2.27 (s, 3H, Me); BC NMR: § 163.1, 157.1, 157.0, 153.4,
153.3, 151.6, 151.0, 145.4, 144.0, 141.2, 1375, 132.6, 128.2, 126.6, 126.5,
124.2,123.8, 1159, 1009, 31.2, 26.8, 21.2. Anal. Calcd for C, H,N,0.: C,
6713 H, 4.46 N, 9.79. Found: C, 67.05 H, 4.50 N, 9.84.

6-(4-Chlorophenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-
dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-
dione (4j) Yield 80%; pale yellow powder; mp >300°C; IR: v__
3452, 3361, 3188, 2954, 1695, 1649, 1608, 1554, 1449, 1389, 1272, 1237,
1164, 1059, 976, 895, 765, cm™; '"H NMR: 8 11.84 (s, 1H, exchanged with
D,0, OH), 11.64 (s, 1H, exchanged with D,0, NH), 7.86 (d, J=7.2 Hz, 1H,
Ar), 7.64 (t, J=7.5 Hz, 1H, Ar), 7.55-7.25 (m, 6H, Ar), 3.50 (s, 3H, 3-Me),
3.31(s, 3H, 1-Me); BC NMR: § 161.1, 158.3, 153.0, 151.6, 151.1, 132.7, 132.0,
131.5, 130.8, 128.9, 128.6, 128.5, 128.4, 124.3, 124.1, 116.6, 100.1, 96.3,
31.0, 28.1. Anal. Calcd for C;H, CIN,O,: C, 61.41 H, 3.59 N, 9.34. Found:
C, 61.33 H, 345N, 9.42.

6-(4-Methoxyphenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-
1,3-dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-
dione (4k) Yield 84%; pale yellow powder; mp >300°C (Lit. [22]:
yield 93%, white solid, mp 391-393°C).

6-(4-Nitrophenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-
dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-dione
(41) Yield 75%; orange powder; mp >300°C; IR: v__ 3427, 3149,
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3057, 2944, 2241, 1690, 1678, 1642, 1561, 1484, 1277, 1098, 1021, 975,
844, 742, 628 cm™; 'H NMR: § 12.03 (bs, 1H, exchanged with D,0, OH),
11.73 (s, 1H, exchanged with D,0, NH), 8.08 (t, J=8.1 Hz, 2H, Ar), 791
(t, J=7.8 Hz, 1H, Ar), 7.80-7.50 (m, 4H, Ar), 741 (d, J=8.1 Hz, 1H, Ar),
7.36 (t, J=7.8 Hz, 1H, Ar), 3.49 (s, 3H, 3-Me), 3.22 (s, 3H, 1-Me); °C NMR:
8 162.1, 158.2, 158.0, 153.4, 153.3, 151.6, 151.0, 145.4, 144.9, 141.2, 138.6,
132.6, 127.2, 126.7, 126 .4, 124.1, 123.8, 116.6, 110.9, 31.1, 27.8. Anal. Calcd
for C,,}H,,N,0;: C, 60.00 H, 3.50 N, 12.17. Found: C, 59.95 H, 3.57 N, 12.26.
6-(4-Fluorophenyl)-7-(4-hydroxy-2-oxo-2H-chromen-3-yl)-1,3-
dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-
dione (4m) Yield 74%; white powder; mp 272-274°C (Lit. [22]: yield
92%; white solid, mp 268-270°C).

6-(3,4-Dimethoxyphenyl)-7-(4-hydroxy-2-o0x0-2H-chromen-3-yl)-
1,3-dimethyl-1,5-dihydro-2H-pyrrolo[3,2-d]pyrimidine-2,4(3H)-
dione (4n) Yield 79%; pale yellow powder; mp >300°C; IR: v__
3376, 3198, 2980, 1702, 1683, 1619, 1503, 1440, 1219, 1122, 1027, 976,
829, 758, 676 cm™; 'H NMR: § 11.73 (s, 1H, exchanged with D,0, OH),
10.98 (s, 1H, exchanged with D,0, NH), 7.86 (d, J=7.8 Hz, 1H, Ar), 7.64
(t, J=7.5 Hz, 1H, Ar), 741 (d, J=75 Hz, 1H, Ar), 7.35 (t, J=7.8 Hz, 1H,
Ar), 7.05 (s, 1H, Ar), 700 (d, J=8.4 Hz, 1H, Ar), 6.93 (d, J=8.4 Hz, 1H,
Ar), 3.71 (s, 3H, Me0), 3.64 (s, 3H, MeO), 3.57 (s, 3H, 3-Me), 3.17 (s, 3H,
1-Me); BC NMR: § 162.2, 162.0, 158.4, 153.3, 153.0, 151.1, 148.7, 148.6,
139.9, 132.6, 129.9, 125.0, 124.5, 119.7, 116.5, 112.3, 111.1, 105.7, 100.0, 99.7,
55.9, 55.6, 31.2, 27.8. Anal. Calcd for C,,H, N.0.: C, 63.16 H, 445N, 8.84.
Found: C, 63.08 H, 4.54 N, 8.75.
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