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Abstract

A simple and effective method for the synthesis of unknown 1-methyl-7-arylfuro(3,2-g]pteridine-2,4(1H,3H)-diones by
dehydration of the corresponding 1-methyl-6-phenacyl-pteridine-2,4,7(1H,3H,8H)-triones is reported in the article. It
was shown that their alkylation by butyl chloroacetate in basic medium proceeded by the N;-atom of the heterocycle.
The structure and purity of the synthesized compounds were confirmed by IR, 'H, 13C NMR spectroscopy, gas chroma-
tography-mass spectrometry, mass spectrometry, as well as X-ray diffraction analysis. The proposed mechanism of the

dehydration reaction was discussed.

Keywords: 1-methyl-6-(2-oxo-2-arylethyl)pteridine-2,4,7(1H,3H,8 H)-triones; dehydration; 1-methyl-7-arylfuro[3,2-g]
pteridine-2,4(1H,3H)-diones; alkylation; X-ray diffraction analysis

1. Introduction

Condensed heterocyclic derivatives of pteridines
belong to the important, but insufficiently studied group
of organic substances. Although, the methods for the
synthesis of annelated pteridines were systematized in
few monographs’? and reviews,3>™ research devoted to
the synthesis of condensed pteridines continues due to
their high biological activity. Antimicrobial,®’” antican-
cer,>"1* anti-inflammatory and analgesic activities'"!? of
condensed pteridines as well as their ability to inhibit
PLK1 kinase!>!* have been described. Besides, these sub-
stances could be used as functional materials as shown in
previous reports.'>'7 The furo[3,2-g]pteridine system
was not mentioned in the scientific literature, however
methods for the isomeric furo[2,3-g]pteridines synthesis
are known.?

Based on the above, the purpose of this work consists
in developing a simple and convenient method for the syn-
thesis of 1-methyl-7-arylfuro[3,2-g]pteridine-2,4(1H,3H)

-diones by dehydration of 1-methyl-6-(2-oxo-2-arylethyl)
pteridine-2,4,7(1H,3H,8H)-triones.

2. Experimental Part
2. 1. Chemistry

Melting points were determined in open capillary
tubes in a Mettler Toledo MP 50 apparatus and are uncor-
rected. The elemental analyses (C, H, N) were performed
using the ELEMENTAR vario EL cube analyzer (USA)
and are within +0.3% of the theoretical values. IR spectra
(4000-600 cm™!) were recorded on a Bruker ALPHA FT-
IR spectrometer (Bruker Bioscience, Germany) using a
module for measuring attenuated total reflection (ATR).
'H NMR spectra (400 MHz) were recorded on a Vari-
an-Mercury 400 (Varian Inc., Palo Alto, CA, USA) spec-
trometers with TMS as internal standard in DMSO-dg
solution. 3C NMR spectra of compounds (3b-e, 3g-j, 100
MHz) were recorded in TFA-d, solution. LC-MS were re-

Kazunin et al.: A Simple and Convenient Method for the Synthesis ...


mailto:kovalenkosergiy@gmail.com

Acta Chim. Slov. 2020, 67, 586-593

corded using chromatography/mass spectrometric system
which consists of high performance liquid chromatogra-
phy Agilent 1100 Series (Agilent, Palo Alto, CA, USA)
equipped with diode-matrix and mass-selective detector
Agilent LC/MSD SL (atmospheric pressure chemical ion-
ization — APCI). Electron impact mass spectra (EI-MS)
were recorded on a Varian 1200 L instrument at 70 eV
(Varian, USA).

Compounds la-k (1-methyl-6-(2-oxo0-2-arylethyl)
pteridine-2,4,7(1H,3H,8 H)-triones) were obtained ac-
cording to the previously described method.!® For the ex-
periment commercially available reagents from Merck
(Darmstadt, Germany), Sigma-Aldrich (Missouri, USA)
and Enamine (Kyiv, Ukraine) were used.

General Method for the Synthesis of 1-Methyl-7-arylfu-
ro[3,2-g]pteridine-2,4(1H,3H)-diones 2a-k. A suspen-
sion of 10 mmol of the corresponding 1-methyl-6-(2-oxo-
2-arylethyl)pteridine-2,4,7(1H,3H,8H)-trione la-k in 20
mL of polyphosphoric acid was heated to 130 °C and stirred
for 1 hour. Afterwards, the reaction mixture was cooled,
poured into 100 mL of water and stirred. The precipitate
formed was filtered off, washed with water and dried.

1-Methyl-7-phenylfuro[3,2-g] pteridine-2,4(1H,3H)-di-
one (2a). Yield: 2.35 g (75%), light yellow compound, mp
> 300 °C; IR (cm™): 1698, 1504, 1340, 1274, 1178, 1058,
1010, 895, 831, 781, 761, 694, 670; 'H NMR 6 (ppm): 11.75
(s, 1H, 3-NH), 8.01 (d, ] = 7.3 Hz, 2H, Ar H-2,6), 7.67 (s,
1H, H-6), 7.56-7.12 (m, 3H, Ar H-3,4,5), 3.60 (s, 3H, 1-N-
CH,;); EI-MS m/z (1% rel): 295 (13.6), 294 (M**, 66.8), 251
(12.6), 224 (18.2), 223 (100), 222 (11.5), 196 (11.9), 180
(5.6), 168 (5.2), 167 (5.9), 154 (16.9), 153 (8.3), 140 (24.8),
139 (9.8), 129 (8.4), 128 (11.0), 127 (24.5), 126 (9.6), 105
(27.6), 103 (12.7), 102 (21.8), 92 (10.1), 77 (25.3), 76 (6.9),
70 (12.6), 67 (16.8), 63 (5.0), 44 (76.2), 43 (15.9), 42 (6.9),
41 (10.6), 40 (7.0); LC-MS m/z = 294 [M+H]*. Anal. Cal-
cd. for C;sH;(N,Os: C, 61.22; H, 3.43; N, 19.04; found: C,
61.27; H, 3.48; N, 19.09.

1-Methyl-7-(para-tolyl)-furo[3,2-g]pteridine-2,4(1H,
3H)-dione (2b). Yield: 2.49 g (81%), light yellow com-
pound, mp > 300 °C; IR (cm™): 1681, 1506, 1342, 1274,
1179, 1060, 894, 863, 822, 804, 752, 670, 612; 'H NMR §
(ppm): 11.74 (s, 1H, 3-NH), 7.89 (d, ] = 7.5 Hz, 2H, Ar
H-2,6),7.57 (s, 1H, H-6), 7.34 (d, ] = 7.4 Hz, 2H, Ar H-3,5),
3.59 (s, 3H, 1-N-CHj), 2.44 (s, 3H, ArCH,); LC-MS m/z =
308 [M+H]*. Anal. Calcd. for C;H;,N,O5: C, 62.33; H,
3.92; N, 18.17; found: C, 62.39; H, 3.98; N, 18.22.

7-(4-Isopropylphenyl)-1-methylfuro[3,2-g]pteridine
-2,4(1H,3H)-dione (2c). Yield: 2.75 g (82%), light yellow
compound, mp > 300 °C; IR (cm™): 1680, 1503, 1339,
1270, 1059, 801, 746; 'H NMR & (ppm): 11.88 (s, 1H,
3-NH), 791 (d, ] = 7.5 Hz, 2H, Ar-H-2,6), 7.62 (s, 1H,
H-6),7.38 (d, ] = 7.5 Hz, 2H, Ar H-3,5), 3.58 (s, 3H, 1-N-

CH,), 3.07-2.88 (m, 1H, CH(CH3),), 1.30 (d, ] = 6.4 Hz,
6H, CH(CHj,),); LC-MS m/z = 336 [M+H]*. Anal. Calcd.
for C;gH,4N,O;: C, 64.28; H, 4.79; N, 16.66; found: C,
64.33; H, 4.84; N, 16.71.

1-Methyl-7-(2-fluorophenyl)furo[3,2-g]pteridine-2,4
(1H,3H)-dione (2d). Yield: 2.41 g (77%), light yellow
compound, mp > 300 °C; IR (cm™): 1696, 1488, 1338,
1263, 1175, 1056, 1008, 895, 808, 777, 762, 745, 652; 'H
NMR § (ppm): 11.96 (s, 1H, 3-NH), 8.24-8.02 (m, 1H, Ar
H-6), 7.70-7.50 (m, 2H, H-6, Ar H-4), 7.47-7.28 (m, 2H,
Ar H-3,5), 3.60 (s, 3H, 1-N-CH,;); LC-MS m/z = 312
[M+H]". Anal. Calcd. for C,sHyFN,O5: C, 57.70; H, 2.91;
N, 17.94; found: C, 57.76; H, 2.30; N, 17.99.

1-Methyl-7-(4-fluorophenyl)furo[3,2-g]pteridine-2,4
(1H,3H)-dione (2e). Yield: 2.55 g (82%), light yellow com-
pound, mp > 300 °C; IR (cm™): 3048, 1713, 1683, 1603,
1505, 1435, 1345, 1274, 1236, 1162, 1059, 893, 843, 805,
747, 611; '"H NMR & (ppm): 11.91 (s, 1H, 3-NH), 8.10-
8.02 (m, 2H, Ar H-2,6), 7.73 (s, 1H, H-6), 7.37-7.21 (m,
2H, Ar H-3,5), 3.57 (s, 3H, 1-N-CH,3); LC-MS m/z = 312
[M+H]*. Anal. Calcd. for C;sH¢FN,O5: C 57.70; H, 2.91;
N, 17.94; found: C, 57.76; H, 2.97; N, 17.98.

7-(2,4-Difluorophenyl)-1-methylfuro[3,2-g]pteri-
dine-2,4 (1H,3H)-dione (2f). Yield: 2.57 g (78%), light
yellow compound, mp > 300 °C; 'H NMR § (ppm): 11.83
(s, 1H, 3-NH), 8.18-7.96 (m, 2H, Ar H-6), 7.49 (s, 1H,
H-6), 7.33-7.08 (m, 2H, Ar 3,5), 3.58 (s, 3H, 1-N-CH3);
LC-MS m/z =330 [M+H]*. Anal. Calcd. for C,;HgF,N,O3:
C, 54.55; H, 2.44; N, 16.97; found: C, 54.61; H, 2.50; N,
17.02.

1-Methyl-7-(4-chlorophenyl)-furo[3,2-g]pteridine-2,4
(1H,3H)-dione (2g). Yield: 2.59 g (79%), light yellow com-
pound, mp > 300 °C; IR (cm™): 3047, 1716, 1689, 1504,
1433, 1342, 1288, 1177, 1090, 1059, 1003, 893, 841, 826,
805, 751; 'H NMR & (ppm): 11.86 (s, 1H, 3-NH), 8.03 (d, J
= 8.9 Hz, 2H, Ar H-2,6), 7.78 (s, 1H, H-6), 7.54 (d, ] = 9.3
Hz, 2H, Ar H-3,5), 3.58 (s, 3H, 1-N-CH,3); LC-MS m/z =
328 [M+H]*. Anal. Calcd. for C;sH,CIN,O5: C, 54.81; H,
2.76; N, 17.04; found: C, 54.88; H, 2.81; N, 17.09.

7-(4-Bromophenyl)-1-methylfuro[3,2-g]pteridine-2,4
(1H,3H)-dione (2h). Yield: 3.09 g (83%), light yellow
compound, mp > 300 °C; IR (cm™): 3054, 1691, 1503,
1340, 1286, 1059, 1001, 893, 837, 822, 803, 749; 'H NMR §
(ppm): 11.44 (s, 1H, 3-NH), 7.98 (d, ] = 7.3 Hz, 2H, Ar
H-2,6),7.84 (s, 1H, H-6),7.71 (d, ] = 7.4 Hz, 2H, Ar H-3,5),
3.59 (s, 3H, 1-N-CH;); LC-MS m/z = 373 [M+H]*. Anal.
Caled. for CsHoBrN,O5: C, 48.28; H, 2.43; N, 15.01;
found: C, 48.32; H, 2.49; N, 15.08.

1-Methyl-7-(3-nitrophenyl)furo[3,2-g]pteridine-2,4
(1H,3H)-dione (2i). Yield: 2.74 g (81%), light brown com-
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pound, mp > 300 °C; IR (cm™): 1681, 1527, 1503, 1342,
1291, 1270, 1187, 1059, 914, 850, 807, 740, 725, 681; 'H
NMR 6 (ppm): 11.98 (s, 1H, 3-NH), 8.86 (s, 1H, Ar H-2),
8.48 (d,J=8.6 Hz, 1H, Ar H-6), 8.33 (d, ] = 7.4 Hz, 1H, Ar
H-4), 8.14 (s, 1H, H-6), 7.86 (t, ] = 8.8 Hz, 1H, Ar H-5),
3.60 (s, 3H, 1-N-CH,); LC-MS m/z = 339 [M+H]*. Anal.
Calcd. for C;sHgNsO5: C, 53.10; H, 2.67; N, 20.64; found
C,53.17; H, 2.73; N, 20.69.

1-Methyl-7-(naphthalen-2-yl)-furo[3,2-g] pteridine-2,4
(1H,3H)-dione (2j). Yield: 2.85 g (83%), light orange sub-
stance, mp > 300 °C; IR (cm™): 3047, 1728, 1674, 1507,
1468, 1346, 1283, 1266, 1215, 1060, 947, 833,748, 711, 662;
"H NMR § (ppm): 12.03 (s, 1H, 3-NH), 8.80 (s, 1H, naph-
thalene H-1), 8.11-7.14 (m, 7H, H-6, naphthalene
H-3,4,5,6,7,8), 3.61 (s, 3H, 1-N-CH3); LC-MS m/z = 344
[M+H]*. Anal. Calcd. for C,oH;,N,O5: C, 66.28; H, 3.51;
N, 16.2; found: C, 66.34; H, 3.58; N, 16.32.

7-(4-Methoxyphenyl)-1-methylfuro[3,2-g]pteridine-2,4
(1H,3H)-dione (2k). Yield: 2.65 g (82%), light yellow
compound, mp > 300 °C; IR (cm™): 1714, 1681, 1600,
1504, 1340, 1286, 1259, 1175, 1057, 1014, 893, 843, 798,
748, 614; 'H NMR § (ppm): 11.86 (s, 1H, 3-NH), 7.95 (d, ]
=7.3 Hz, 2H, Ar H-2,6), 7.53 (s, 1H, H-6), 7.06 (d, ] = 8.8
Hz, 2H, Ar H-3,5), 3.88 (s, 3H, OCH,), 3.57 (s, 3H,
1-N-CH,3); LC-MS m/z = 324 [M+H]*. Anal. Calcd. for
Ci6H12N,Oy: C, 59.26; H, 3.73; N, 17.28; found: C, 59.31;
H, 3.79; N, 17.32.

General Method for the Synthesis of Butyl 2-(7-Aryl
-2,4-dioxo-1-methyl-1,4-dihydrofuro[3,2-g] pteridine-
3(2H)-yl)acetates 3a—j. To a suspension of 10 mmol of the
corresponding  1-methyl-7-arylfuro[3,2-g]pteridine-2,4
(1H,3H)-dione 2a-k and 10 mmol of K,COj; in 30 mL of
dimethylformamide, 10 mmol of butyl chloroacetate was
added and refluxed for 2 hours. The reaction mixture was
cooled, poured into 100 mL of water and stirred. The pre-
cipitate formed was filtered off, washed with water, dried
and crystallized from dimethylformamide.

Butyl 2-(2,4-Dioxo-1-methyl-7-phenyl-1,4-dihydrofu-
ro[3,2-g]pteridine-3(2H)-yl)acetate (3a). Yield: 3.34 g
(81%), light yellow compound, mp: 297-299 °C; IR (cm™!):
1750, 1715, 1675, 1562, 1508, 1360, 1279, 1200, 1008, 931,
893, 803, 770, 755, 688; 'H NMR & (ppm): 8.03 (d, /] = 7.3
Hz, 2H, Ar H-2,6), 7.78 (s, 1H, H-6), 7.62-7.46 (m, 3H, Ar
H-3,4,5),4.73 (s, 2H, NCH,), 4.15 (t, ] = 6.5 Hz, 2H, OCH,
CH,CH,CHa,), 3.69 (s, 3H, 1-N-CH,), 1.78-1.52 (m, 2H,
OCH,CH,CH,CH,), 1.52-1.20 (m, 2H, OCH,CH,CH,
CH3), 0.95 (t, ] = 7.3 Hz, 3H, OCH,CH,CH,CH,); EI-MS
m/z (1% rel): 409 (11.6), 408 (46.6), 352 (10.6), 309 (8.0),
308 (31.9), 307 (30.2), 279 (8.7), 251 (9.5), 249 (5.3), 224
(60), 223 (23.9), 167 (6.4), 140 (10.2), 105 (8.8), 86 (34.3),
84 (49.5), 83 (8.9), 57 (17.3), 56 (18.4), 51 (29.5), 50 (6.8),
49 (100), 48 (11.8), 47 (15.6), 44 (8.9), 43 (6.8), 42 (5.9), 41

(36.4); LC-MS m/z = 408 [M+H]*. Anal. Calcd. for C,,H,,
N,Os: C, 61.76; H, 4.94; N, 13.72; found C, 61.81; H, 5.01;
N, 13.77.

Butyl 2-(2,4-Dioxo-1-methyl-7-(p-tolyl)-1,4-dihydrofu-
ro[3,2-g]pteridine-3(2H)-yl)acetate (3b). Yield: 3.21 g
(76%), light yellow compound, mp: 295-297 °C; IR (cm™):
1754, 1714, 1674, 1505, 1453, 1360, 1279, 1195, 1000, 932,
892, 818, 801, 756; 'H NMR & (ppm): 7.93 (d, J = 7.5 Hz,
2H, ArH-2,6),7.69 (s, 1H, H-6), 7.36 (d, ] = 6.9 Hz, 2H, Ar
H-3,5), 4.74 (s, 2H, NCH,), 4.17 (t, ] = 6.4 Hz, 2H, OCH,
CH,CH,CHS,), 3.70 (s, 3H, 1-N-CHS,), 2.46 (s, 3H, ArCH,),
1.86-1.55 (m, 2H, OCH,CH,CH,CH), 1.46-1.36 (m, 2H,
OCH,CH,CH,CH,), 0.97 (t, ] = 6.8 Hz, 3H, OCH,CH,
CH,CHj,); 1*C NMR 8 (ppm): 172.7 (COO), 170.1 (C-8a),
157.5 (C-4), 150.3 (C-7), 148.3 (C-2), 145.7 (C-9a), 135.5
(C-5a), 130.4 (Ar C-2,6), 127.8 (Ar C-3,5), 122.5 (Ar C-1),
117.6 (C-4a), 113.8 (Ar C-4), 95.1 (C-6), 68.2 (OCH,CH,
CH,CH;), 43.5 (NCH,CO), 30.0 (N-CHj;), 29.7 (OCH,
CH,CH,CH3), 20.2 (Ar-CH3), 18.2 (OCH,CH,CH,CH,),
11.7 (OCH,CH,CH,CH,); LC-MS m/z = 422 [M+H]".
Anal. Calcd. for C,,H,,N,Os: C, 62.55; H, 5.25; N, 13.26;
found: C, 62.59; H, 5.29; N, 13.31.

Butyl 2-(2,4-Dioxo-7-(4-isopropylphenyl)-1-methyl-1,4
-dihydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3¢).
Yield: 3.46 g (77%), light yellow compound, mp: 288-291
°C; IR (cm™): 2957, 1761, 1724, 1667, 1512, 1455, 1362,
1282, 1157, 1006, 894, 843, 805, 755; 'H NMR & (ppm):
7.95 (d, ] = 8.1 Hz, 2H, Ar H-2,6), 7.69 (s, 1H, H-6), 7.40
(d,J=8.1Hz, 2H, Ar H-3,5), 4.74 (s, 2H, NCH,), 4.16 (t, ]
= 6.6 Hz, 2H, OCH,CH,CH,CH,), 3.70 (s, 3H, 1-N-CHj),
3.16-2.62 (m, 1H, CH(CHj,),), 1.66 (m, 2H, OCH,CH,
CH,CH;), 1.41 (m, 2H, OCH,CH,CH,CH,), 1.31 (d, ] =
6.8 Hz, 6H, CH(CHS,),), 0.97 (t, ] = 7.3 Hz, 3H, OCH,CH,
CH,CH3;); 3C NMR § (ppm): 168.1 (COO, C-8a), 161.4
(C-4), 159.1 (C-7), 155.7 (Ar C-4), 152.2 (C-2), 150.1 (C-
9a), 145.6 (C-5a), 139.0 (C-4a), 127.7 (Ar C-2,6), 125.9 (Ar
C-3,5), 125.0 (Ar C-1), 116.0 (C-4a), 101.4 (C-6), 65.3
(OCH,CH,CH,CHj), 43.2 (NCH,CO), 33.9 (CH(CH3),),
30.5 (OCH,CH,CH,CH;), 30.0 (N-CH;), 239 (CH
(CHs;),), 18.9 (OCH,CH,CH,CH3;), 13.9 (OCH,CH,CH,
CH;); LC-MS m/z = 450 [M+H]*. Anal. Calcd. for C, Hy
N,Os: C, 63.99; H, 5.82; N, 12.44; found: C, 64.04; H, 5.87;
N, 12.49.

Butyl 2-(2,4-Dioxo-1-methyl-7-(2-fluorophenyl)-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3d). Yield:
3.24 g (76%), light yellow compound, mp > 300 °C; IR
(cm™): 1752, 1720, 1676, 1504, 1456, 1361, 1276, 1199,
894, 772, 752; 'H NMR § (ppm): 8.22-7.84 (m, 1H, Ar
H-6), 7.63-7.49 (m, 2H, H-6, Ar H-4), 7.46-7.23 (m, 2H,
Ar H-3,5), 4.74 (s, 2H, NCH,), 4.17 (t, ] = 6.6 Hz, 2H,
OCH,CH,CH,CH3), 3.69 (s, 3H, 1-N-CHj), 1.67 (quintet,
J = 6.9 Hz, 2H, OCH,CH,CH,CH3;), 1.42 (sextet, ] = 7.3
Hz, 2H, OCH,CH,CH,CH3), 0.97 (t, ] = 7.3 Hz, 3H, OCH,
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CH,CH,CH3;); 3C NMR § (ppm): 168.1 (COO, C-8a),
159.7 (d, J = 254.1 Hz, Ar C-2), 159.0 (C-4), 155.3 (d, ] =
18.2 Hz, C-7), 150.1 (C-2), 146.0 (C-9a), 138.3 (C-5a),
133.1 (d, J = 8.9 Hz, Ar C-5), 127.5 (Ar C-6), 125.7 (d, ] =
21.2 Hz, Ar C-1), 125.6 (C-4a), 117.1 (d, J = 20.7 Hz, Ar
C-3),116.4(d, ] =11.0 Hz, Ar C-4), 106.4 (d, ] = 12.2 Hz,
C-6), 65.29 (OCH,CH,CH,CHs), 43.22 (NCH,CO), 30.55
(N-CHj), 30.12 (OCH,CH,CH,CH,), 18.94 (OCH,CH,
CH,CHS,), 13.95 (OCH,CH,CH,CH,); LC-MS m/z = 426
[M+H]*. Anal. Calcd. for C,;H,oFN,Os: C, 59.15; H, 4.49;
N, 13.14; found: C, 59.21; H, 4.53; N, 13.19.

Butyl 2-(2,4-Dioxo-1-methyl-7-(4-fluorophenyl)-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3e). Yield:
3.36 g (79%), light yellow compound, mp > 300 °C; IR
(cm™): 1719, 1679, 1603, 1502, 1359, 1279, 1194, 1157,
1007, 895, 833, 800, 755; 'H NMR § (ppm): 8.12 (d, ] = 7.6
Hz, 2H, Ar H-2,6), 7.79 (s, 1H, H-6), 7.33 (t, ] = 7.9 Hz,
2H, Ar H-3,5), 4.75 (s, 2H, NCH,), 4.17 (t, ] = 6.5 Hz, 2H,
OCH,CH,CH,CH,), 3.71 (s, 3H, 1-N-CHj), 1.66 (quintet,
J = 7.2 Hz, 2H, OCH,CH,CH,CH3), 1.42 (m, 2H, OCH,
CH,CH,CH3),0.97 (t,] = 7.2 Hz, 3H, OCH,CH,CH,CH,;);
13C NMR 8 (ppm): 170.4 (COO), 169.2(C-8a), 166.7 (d, ]
=258.7 Hz, Ar C-4), 160.0 (C-4), 158.4 (C-7), 150.6 (C-2),
145.9 (C-9a), 136.6 (C-5a), 129.8 (d, ] = 9.6 Hz, Ar C-2,6),
122.2 (d, J = 2.3 Hz, Ar C-1), 117.0 (C-4a), 116.9 (d, ] =
23.1 Hz, Ar C-3,5), 96.6 (C-6), 68.2 (OCH,CH,CH,CH),
43.5 (NCH,CO), 30.0 (N-CHj), 29.7 (OCH,CH,CH,CH),
18.2 (OCH,CH,CH,CH,), 11.7 (OCH,CH,CH,CH,;);
LC-MS m/z =426 [M+H]". Anal. Calcd. for C,;H,(FN,Os:
C, 59.15; H, 4.49; N, 13.14; found: C, 59.20; H, 4.53; N,
13.19.

Butyl  2-(2,4-Dioxo-7-(2,4-difluorophenyl)-1-methyl
-1,4-dihydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3f).
Yield: 3.55 g (80%), light yellow compound, mp > 300 °C;
IR (cm™): 1750, 1722, 1677, 1601, 1501, 1453, 1362, 1278,
1198, 893, 803, 774, 753; 'H NMR § (ppm): 8.32-8.05 (m,
1H, Ar H-6), 7.71 (s, 1H, H-6), 7.58-7.49 (m, 2H, Ar
H-3,5), 4.76 (s, 2H, NCH,), 4.21 (t, ] = 6.6 Hz, 2H, OCH,
CH,CH,CHj3), 3.70 (s, 3H, 1-N-CH3), 1.71 (quintet, ] = 6.9
Hz, 2H, OCH,CH,CH,CH), 1.4 (sextet, ] = 7.3 Hz, 2H,
OCH,CH,CH,CH3;), 1.00 (t, ] = 7.3 Hz, 3H, OCH,CH,
CH,CH,;); LC-MS m/z = 444 [M+H]*. Anal. Calcd. for
C,H3F,N,O4: C, 56.76; H, 4.08; N, 12.61; found: C, 56.81;
H, 4.13; N, 12.66.

Butyl 2-(2,4-Dioxo-1-methyl-7-(4-chlorophenyl)-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3g). Yield:
3.44 g (78%), light yellow compound, mp > 300 °C; IR
(em™): 1751, 1719, 1679, 1509, 1361, 1275, 1198, 1019,
928, 893, 830, 802, 756; 'H NMR § (ppm): 8.08 (d, ] =9.2
Hz, 2H, Ar H-2,6), 7.87 (s, 1H, H-6), 7.58 (d, ] = 9.4 Hz,
2H, Ar H-3,5), 4.75 (s, 2H, NCH,), 4.47-4.03 (m, 2H,
OCH,CH,CH,CH3;), 3.71 (s, 3H, 1-N-CHj), 1.73-1.55
(m, 2H, OCH,CH,CH,CHj), 1.50-1.36 (m, 2H, OCH,

CH,CH,CH3), 0.97 (t, 3H, OCH,CH,CH,CHj;); *C NMR
8 (ppm): 170.5 (COO), 167.5 (C-8a), 159.3 (C-4), 159.1
(C-7), 150.7 (C-2), 145.9 (C-9a), 140.4 (Ar C-4), 137.4 (C-
5a), 129.7 (Ar C-2,6), 127.8 (Ar C-3,5), 124.5 (Ar C-1),
118.3 (C-4a), 97.9 (C-6), 68.2 (OCH,CH,CH,CHj), 43.5
(NCH,CO), 29.9 (N-CHj), 29.7 (OCH,CH,CH,CHj;),
18.2 (OCH,CH,CH,CH,), 11.7 (OCH,CH,CH,CH,;);
LC-MS m/z = 442 [M+H]". Anal. Calcd. for C,;H;4Cl-
N,Os: C, 56.96; H, 4.32; N, 12.65; found: C, 57.01; H, 4.37;
N, 12.69.

Butyl 2-(7-(4-Bromophenyl)-2,4-dioxo-1-methyl-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3h). Yield:
3.79 g (78%), light yellow compound, mp > 300 °C; IR
(cm™): 1748, 1718, 1678, 1505, 1453, 1361, 1275, 1203,
1058, 1005, 929, 894, 817, 801, 756; 'H NMR 6 (ppm): 8.01
(d, 7=9.0Hz, 2H, Ar H-2,6), 7.89 (s, 1H, H-6), 7.73 (d, ] =
7.9 Hz, 2H, Ar H-3,5), 4.75 (s, 2H, NCH,), 4.21-4.07 (m,
2H, OCH,CH,CH,CHj;), 3.71 (s, 3H, 1-N-CH3), 1.75-
1.55 (m, 2H, OCH,CH,CH,CH;), 1.52-1.36 (m, 2H,
OCH,CH,CH,CH;), 1.02-0.92 (m, 3H, OCH,CH,
CH,CH,); *C NMR 6 (ppm): 170.4 (COO), 166.9 (C-8a),
159.5 (C-4), 159.0 (C-7), 150.8 (C-2), 145.9 (C-9a), 137.7
(C-5a), 132.7 (Ar C-2,6), 128.3 (C-1), 127.6 (Ar C-3,5),
125.1 (C-4), 119.4 (C-4a), 98.3 (C-6), 68.2 (OCH,CH,
CH,CH,), 43.6 (NCH,CO), 29.9 (N-CH,), 29.7 (OCH,
CH,CH,CH;), 18.2 (OCH,CH,CH,CHj;), 11.8 (OCH,
CH,CH,CHj;); LC-MS m/z = 487 [M+H]*. Anal. Calcd.
for C,;H,oBrN,Os: C, 51.76; H, 3.93; N, 11.50; found: C,
51.82; H, 3.98; N, 11.57.

Butyl 2-(2,4-Dioxo-1-methyl-7-(3-nitropheny)-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3i). Yield:
3.53 g (78%), light brown compound, mp: 287-289 °C; IR
(cm™): 1713, 1674, 1505, 1349, 1315, 1282, 1211, 918, 857,
804, 756, 740, 723, 684; 'H NMR & (ppm): 8.89 (s, 1H, Ar
H-2), 8.50 (d, J = 8.0 Hz, 1H, Ar H-6), 8.35 (d, ] = 8.4 Hz,
1H, Ar H-4), 8.19 (s, 1H, H-6), 7.87 (t, ] = 7.1 Hz, 1H, Ar
H-5), 4.76 (s, 2H, NCH,), 4.18 (, ] = 6.7 Hz, 2H, OCH,
CH,CH,CHj;), 3.72 (s, 3H, 1-N-CH3), 1.81-1.53 (m, 2H,
OCH,CH,CH,CHj;), 1.54-1.34 (m, 2H, OCH,CH,
CH,CH,), 0.98 (t, ] = 6.5 Hz, 3H, OCH,CH,CH,CH,); 1*C
NMR 8 (ppm): 170.8 (COO, C-8a), 158.1 (C-4, C-7), 151.2
(C-2), 148.5 (C-9a), 146.3 (Ar C-3), 138.8 (C-5a), 132.2
(Ar C-6), 130.6 (Ar C-5), 129.1 (Ar C-1), 126.1 (Ar C-4),
122.3 (Ar C-2), 120.8 (C-4a), 101.4 (C-6), 68.2 (OCH,CH,
CH,CH;), 43.6 (NCH,CO), 29.8 (OCH,CH,CH,CHj;),
29.8 (N-CHj,), 18.2 (OCH,CH,CH,CHj,), 11.73 (OCH,
CH,CH,CH,;); LC-MS m/z = 453 [M+H]*. Anal. Calcd.
for C,;HyN;O,: C, 55.63; H, 4.22; N, 15.45; found: C,
55.69; H, 4.28; N, 15.48.

Butyl 2-(2,4-Dioxo-1-methyl-7-(naphthalen-2-yl)-1,4-di-
hydrofuro[3,2-g]pteridine-3(2H)-yl)acetate (3j). Yield:
3.43 g (75%), light orange compound, mp > 300 °C; IR
(cm™): 1716, 1673, 1554, 1503, 1455, 1363, 1282, 1196,
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945, 906, 800, 748; 'H NMR § (ppm): 8.59 (s, 1H, naphtha-
lene H-1), 8.11 (d, ] = 8.7 Hz, 1H, naphthalene H-4), 8.06-
8.00 (m, 2H, naphthalene H-3,8), 7.95-7.83 (m, 2H, H-6,
naphthalene H-5), 7.59 (d, ] = 5.2 Hz, 2H, naphthalene
H-6,7), 4.76 (s, 2H, NCH,), 4.18 (t, ] = 7.4 Hz, 2H, OCH,
CH,CH,CHS,), 3.71 (s, 3H, 1-N-CH,), 1.78-1.56 (m, 2H,
OCH,CH,CH,CHj;), 1.52-1.34 (m, 2H, OCH,CH,

CH,CHj), 0.98 (t, ] = 7.8 Hz, 3H, OCH,CH,CH,CH,); 1*C

NMR & (ppm): 170.2 (COO), 166.6 (C-8a), 158.8 (C-4),
158.3 (C-7), 150.4 (C-2), 145.0 (C-9a), 137.2 (naphthalene
C-5a), 134.8 (C-5a), 132.2 (naphthalene C-4a), 129.2
(naphthalene C-4), 128.9 (naphthalene C-8), 128.8 (naph-
thalene C-5), 127.4 (naphthalene C-6), 127.3 (naphthalene
C-3), 127.1 (naphthalene C-7), 123.1 (naphthalene C-2),
121.7 (naphthalene C-1), 118.4 (C-4a), 98.3 (C-6), 68.1
(OCH,CH,CH,CH,), 43.5 (NCH,CO), 29.8 (N-CHj),
29.7 (OCH,CH,CH,CH;), 18.3 (OCH,CH,CH,CH,),
11.8 (OCH,CH,CH,CH,); LC-MS m/z = 458 [M+H]".
Anal. Calcd. for C,5H,,N,O5: C, 65.49; H, 4.84; N, 12.22;
found: C, 65.52; H, 4.87; N, 12.25.

2. 2. X-Ray Diffraction Analysis

Crystals of compound 2a were monoclinic,
C;sH,oN,O;, at 20 °C, a = 7.7443(6) A, b = 6.4905(4) A, ¢
=12.7022(8) A, B = 105.371(7)°, V = 615.63(7) A3, M, =
294.27, Z = 2, space group P21, d . = 1.587 g/cm?, p

130°C

Hs CH3
1a-k 2a-k

a:Ar = -CgHs; b:Ar = -(4-CH3)CgHy; ¢:Ar = -(4-i-C3H7)CgH4; d:Ar = -(2-F)CgHg; e:Ar = -(4-F)CgHy4; FAr =

(MoKa) = 0.115 mm™!, F(000) = 304. Unit cell parameters
and intensities of 5928 reflections (3081 independent, R;;
= 0.022) were measured on a Xcalibur-3 diffractometer
(MoKa) radiation, a CCD detector, a graphite monochro-
mator, w-scanning, 26,,,,, = 60°). The structure was deci-
phered by the direct method using the SHELXTL software
package.!® The positions of the hydrogen atoms were re-
vealed from the difference synthesis of electron density
and refined using the rider model with Uj, = nU,q non-hy-
drogen atom associated with this hydrogen atom (n = 1.5
for the methyl group and n = 1.2 for the remaining hydro-
gen atoms). The hydrogen atom of the amino group was
refined in the isotropic approximation. The structure was
refined by F2 by full-matrix least squares in the anisotropic
approximation for non-hydrogen atoms up to wR2 = 0.090
by 3021 reflections (R, = 0.035 by 2646 reflections with F >
40 (F), S = 0.998). The atomic coordinates, as well as the
complete tables of bond lengths and bond angles, were de-
posited with the Cambridge Structural Data Bank (e-mail:
deposit@ccdc.cam.ac.uk) under the number CCDC
1940140.

3. Results and Discussion

The Paal-Knorr synthesis, despite more than a cen-
tury of experience in use, remains to be one of the most

CI-CHo-COO(n-Bu) ™ B“O\ﬂ/\ /&
DMF, K,CO3, )\

reflux

CH3
3a-j

~(2,4-F)CeHa;

g:Ar = -(4-Cl)CgHg; h:Ar = -(4-Br)CgHg; i:Ar = -(3-NO;)CgHg; j:Ar = naphtalene-2-yl; k:Ar = -(4-CH30)CgH4.

Scheme 1. The dehydration of 1-methyl-6-(2-ox0-2-arylethyl)pteridine-2,4,7(1H,3H,8H)-triones and the alkylation of 1-methyl-7-arylfuro[3,2-g]

pteridine-2,4(1H,3H)-diones

0 o} 0
N Ar ® N Ar N ®
HN N HN AN HN [ Ar -H
| o= | (lo=— A JeeX =
o0~ N NT o o~ N NT o 07 N7 N o OH
| A N R
H

CHa CHs
A

CHs;

= »\ fQAOH ;\ki I\f

Ha
D

Ha
E

Scheme 2. The supposed mechanism of 1-methyl-6-(2-oxo-2-arylethyl)pteridine-2,4,7-(1H,3H,8 H)-triones dehydration
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effective methods for the formation of five-membered het-
erocycles with one heteroatom.?’ Considering the struc-
tural similarity of 1-methyl-6-(2-oxo-2-arylethyl)pteri-
dine-2,4,7(1H,3H,8H)-triones la-k with 1,4-dicarbonyl
compounds and in the continuation of modification stud-
ies of pteridines their dehydration was investigated. It was
found that dehydration of compounds 1a-k in concentrat-
ed sulfuric acid both at room temperature and during
heating proceeded doubtfully. In this case, either a mixture
of substances difficult to identify was formed, or its tarring
occurred. The dehydration reaction was carried out by
heating of the starting materials in polyphosphoric acid
(Scheme 1). Pure 1-methyl-7-arylfuro[3,2-g]pteridine-2,4
(1H,3H)-diones 2a-k were formed with high yields.

It should be noted that dehydration of compounds
la-k (A in Scheme 2) in the solution of polyphosphoric
acid proceeded according to the Paal-Knorr synthesis.?!
The mechanism of this reaction assumes the nucleophilic
attack of the amide fragment oxygen atom of the molecule
at the carbon atom of the protonated carbonyl group (B).
The oxonium cation C became aromatic in the result of
deprotonation and dehydration with the formation of the
final product E.

To increase the solubility of 1-methyl-7-arylfu-
ro[3,2-g]pteridin-2,4(1H,3H)-diones 2a-k in organic sol-
vents (DMSO, DMF), the next step was to study their al-
kylation. It was found that alkylation of compounds 2a-k
by butyl chloroacetate in DMF in the presence of K,CO;
proceeded by the Ns-atom of the heterocycle. Correspond-
ing esters 3a-j were formed with satisfactory vyields
(Scheme 1). In this cases, compounds 3a—j have higher
solubility in organic solvents.

The formation of compounds 2a-k was indicated by
'H NMR spectra. Such singlet signals of proton at the 6
position were recorded in the region of 8.14-7.49 ppm.
However, these protons were in some cases (compounds 2f
and 2h) recorded as multiplets together with the signals of
protons of the substituent at the 7position. Protons at the
3" position of compounds 2a-k were found in the range of
12.03-11.44 ppm in the low-field part of the 'H NMR
spectra. Speaking about compounds 3a-j, the characteris-
tic signal of the proton at the 6 position was recorded at
8.19-7.69 ppm. At once, in the 'H NMR spectra of com-

pounds 3a-j, unlike compounds 2a-k, there were singlet
signals of protons of the NCH, group at 4.74-4.76 ppm
and a series of proton signals of a butoxycarbonyl frag-
ment. Also, in the spectra of compounds 2a-k and 3a-j
there were singlet signals of methyl group protons at 3.57-
3.72 ppm and a set of signals corresponding to the substit-
uent at the 7 position.”? Additionally, the formation of
furo[3,2-¢]pteridine-2,4(1H,3H)-diones 2a-k was con-
firmed by the 13C NMR spectrometry when studying their
more soluble esters 3. The characteristic signals in the 13C
NMR spectra of compounds 3a-j were: signals of carbon
atom at the 6 position at 106.4-95.1 ppm, signals of car-
bon atoms of the COO- group at 168.1-172.7 ppm and
signals of NCH,CO-fragment at 43.2-43.6 ppm. The posi-
tions of other signals in the 1*C NMR spectra correspond
to the proposed structures.??

The analysis of the data of the chromato-mass spec-
tra confirmed structure and purity of the compounds 2a-k
and 3a-j. An additional analysis of the mass spectra (EI) of
compounds 2a and 3a showed the fragmentation of the
furo[3,2-g]pteridine system. Thus, the high stability of the
molecular ion of compound 2a ([M]'*, m/z = 294, I, =
66.8%), determined its fragmentation along the less aro-
matic dihydropyrimidine cycle with a step-by-step release
of HNCO molecules (F,, m/z = 251, I,y = 12.6%), CO (F,,
m/z = 223, I, = 100%) and the NCH;"* ion (F;, m/z = 194,
Iq = 10.5%). Formed 6-phenylfuro[2,3-b]pyrazine ion
(F;) eliminated two HCN molecules with formation of
ions with F, (m/z = 167, I, = 5.9%) and F5 (m/z = 140, I
= 24.8%), while for Fs formation of two alternative frag-
mentation ions [CsHs]*t (m/z = 77, I = 25.3%) and
[C,H;0]*" (m/z = 67, I = 16.8%) was characteristic.
Whereas, the molecular ion of ether 3a was less stable
(IM]**, m/z = 408, I = 46.6%). The main ways of its frag-
mentation were associated with the initial elimination of
C,Ho* (F,, m/z =352, I, = 10.6%) and CO, (F,, m/z = 308,
I = 31.9%). Further degradation of the fragmented ion
(F,) proceeded similarly to the path described for com-
pound 2a, which led to the appearance of signals with m/z
=251 (I, = 9.5%), m/z = 223 (L4 = 23.9%) and m/z = 140
(I = 10.2%).

The final structure of compound 2a was confirmed
by X-ray diffraction study (Fig. 1). It was found that it

Fig. 1. Molecular structure and packing of molecules in a crystal of compound 2a.
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crystallized in the non-centrosymmetric space group
P21, despite the absence of chiral centers in the molecule
(Fig. 1).

All non-hydrogen atoms in the molecule lie in the
plane with an accuracy of 0.05 A, despite the presence of
slight steric repulsion between the atoms of the tricyclic
fragment and the phenyl substituent (shortened intramo-
lecular contacts H(11)--C(5) 2.79 A with the sum of the
van der Waals radii®4 2.87 A and H(15)--O(3)2.43 A (2.46
A). In the crystal of molecule 2a double chains along the
crystallographic direction [0 1 0] were formed due to the
intermolecular hydrogen bond N(2)-H:--O(2)’ (-x, -0.5 +
¥, -z), H-O 1.94 A, N-H--O 175° and stacking interac-
tions (the distance between the nt-systems of neighboring
molecules was 3.37 A).

4. Conclusion

Using spectral methods and X-ray diffraction stud-
ies, it was found that the dehydration of 1-methyl-6-(2-
oxo-2-arylethyl)pteridine-2,4,7(1H,3H,8H)-triones  pro-
ceeded according to the Paal-Knorr synthesis with the
formation of the original 1-methyl-7-arylfuro[3,2-g]pteri-
dine-2,4(1H,3H)-diones. For these molecules, the alkyla-
tion reaction was studied.
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Povzetek
V ¢lanku predstavljamo enostavno in ucinkovito metodo sinteze doslej neopisanih 1-metil-7-arilfuro[3,2-g]pteri-
din-2,4(1H,3H)-dionov s pomoc¢jo dehidratacije ustreznih 1-metil-6-fenacilpteridin-2,4,7(1H,3H,8H)-trionov. Pokaza-
li smo, da njihovo alkiliranje z butil kloroacetatom v bazi¢nem poteka na Nj-atomu heterocikla. Strukturo in ¢istoc¢o
pripravljenih produktov smo dokazali z IR, 'H in '3C NMR spektroskopijo, plinsko kromatografijo-masno spektrometri-
jo, masno spektrometrijo in tudi z rentgensko difrakcijsko analizo. Opisujemo tudi predlagani mehanizem dehidratacije.
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