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Abstract - A novel method for the preparation of 8-substituted 1.3- 

dimethylxanthine derivatives (7 or 8 )  is described: treatment of 6-alkylamino-5- 

bromo-1.3-dimethyluracils (6a-e), easily prepared by hromination of the 

corresponding 6-alkylamino-1,3-dimethyluracils (5). with sodium azide in DMF at 

ambient temperature allowed the direct formation of the 8-substituted 1.3- 

dimethylxanthines (7) proceeding via a transient formation of the corresponding 5- 

azido-l,3-dimethyluracils. The 5-bromo-1.3-dimethyluracils (6f, g) possessing an 

a-branched alkylamino group at the 6-position similarly react with sodium a i d e  to 

afford 8.8-disubstituted 1,3-dimethyl-8H-xanthines (8,s-disubstituted 1,3-dimethyl- 

3.8-dihydropurine-2.6-diones) (8). 

We have demonstrated that 6-azido-1,3-dimethyluracil is a useful synthon for the synthesis of fused 

pyrimidines.'.' In the course of our study on synthesis of 5-azidouracils in connection with the intriguing 

chemical reactivity and utility of the 6-azido~racils,~ we found a novel method for the synthesis of 8- 

substituted 1.3-dimethylxanthines? 

In order to prepare 5-azido-1,3-dimethyluracil, 5-bromo-1,3-dimethyluracil was allowed to react with 

sodium azide under various conditions, our attempts for the isolation of the desired azidouracil, however, 

were unsuccessful because of the high complexity of products in this reaction. Therefore, the reaction of 

6-amino-5-bromo-1.3-dimethyluracil highly reactive toward nucleophiles such as amines,' with 

sodium azide was examined. Although the treatment of 1 with sodium azide in DMF at ambient 

temperature did not give the expected 5-azidouracil (2), two products, 1,3,7,9-tetramethylpyrimido[5,4- 

g]pteridine-2,4.6,8-(1H,3H,7H,9H)-tetrone @I6,' and 1,3,6,8-tetramethylpyrimido[4,5-glpteridine- 
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2,4,7,9-(1H,3H,6H,8H)-teI1one (4),8,9 which would be formed via2, were isolated. This result suggests 

intermediary formation of the corresponding 5-azidouracil (2) followed by the generation of a nitrene. 
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In expectation of an intramolecular cyclization between a nitrene generated from the 5-azido group and an 

appropriate substituent at the 6-position, we synthesized 6-alkylamino-5-bromo-1,3-dimethyluracils (6) as 

the starting materials. 6-Alkylamino-1,3-dimethyluracils (5), which were easily prepared by condensation 

of 6-chloro-1.3-dimethyluracil with various amines according to the synthetic method reported in the 

literature,'0-'2 were treated with NBS in the presence of a catalytic amount of AIBN in THF or with bromine 

in AcOH at ambient temperature to give the corresponding 6-alkylamino-5-bromo-1,3-dimethyluracils 

(6a-g) in high yields (see Table 1). First, reaction of 5-bromo-1,3-dimethyl-6-methylaminouracil (6a) 

with sodium azide in DMF at ambient temperature did not allow to isolate the corresponding 5-azidouracil 

and afforded directly 1,3-dimethylxanthine (theophylline) (7a) in 47% yield. 

Xanthine derivatives, such as theophylline and caffeine, have long been known to cause a variety of 

physiological actions, e.g., analeptic, cardiotonic, and bronchodilatory actions." The antagonism of 

adenosine receptors andlor inhibition of CAMP phosphodiesterase accounts for the mechanism of these 

actions." 8-Substituted xanthine derivatives have been found to be an excellent selective antagonist of 

adenosine receptors.14 Therefore, this novel synthetic method was undertaken to explore further synthetic 
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application of 8-substituted xanthines (7 and 8). Analogous treahllent of 6b-e with sodium azide led to 

the formation of 8-substituted 1,3-dimethylxanthines (7b-e). The 5-bromouracils (6f, g) possessing an 

a-branched alkylamino group at the 6-position react with sodium azide to afford 8,s-disubstituted-8H- 

xanthines @a, b). 

Table  1. Formation o f  6-Alkylamino-5-bromo-1,3-dimethyluraeils (6 ) ,  Xanth ine  
(Theophyl l ine)  Derivat ives  (7)  a n d  8H-Xanth ine  Derivatives ( 8 )  

Product 6 Yield (%) j Product 7 or 8 Yield (%) 

i 

; 

i 

i 
i 

i 

-(CHJ- - 
%I these cases any by-products wuld not be isolated. 

A plausible mechanism of this reaction is illustrated in Scheme 2. This reaction constitutes formation of 

the corresponding 5-azidouracil intermediate in sifu. The subsequent generation of a nitrene intermediate, 

followed by its intramolecular C-H insertion and oxidation, would give the 8-substituted xanthines (7 and 

8) .  
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As disclosed above, we have succeeded in development of a convenient synthetic method of 8-substituted 

xanthine derivatives (7 and 8). The key active species of this synthetic system would be a nitrene 

generated from the 5-azido group. Workup of the simple reaction mixture and purification of the product 

(7 or 8) are very easy, because the reaction proceeds at ambient temperature. 

EXPERIMENTAL 

Unless otherwise noted, all materials were obtained from commercial suppliers and used without further 

purification. All column chromatography was carried out with silica gel (Wakogel, C-300). All thin 

layer chromatography VLC) was performed on glass-backed silica gel 60 F254, 0.2 mm plates (MERCK), 

and compounds were visualized under UV light (254 nm). Melting points were determined on a 

Yanagimoto micro hot-stage apparatus and are uncorrected. IR spectra were recorded with a Perkin Elmer 

FT 1R-1640 or Hitachi Model 215 spectrophotometer, using KBr pellet 'H NMR spectra were 

determined with a JEOL GX-270, JEOL M-400 or Hitachi Perkin-Elmer R-20B spectrometer using 

tetramethylsilane VMS) in CDC!, or sodium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) in DMSOd, as 

an internal standard. Coupling constants (J) are reported in hertz (Hz). Mass spectra (MS) were obtained 

in a JEOL JMS-D 300 machine operating at 70 eV. UV spectra were obtained from UOH on a Shimadzu 

UV-260 spectrophotometer. Microanalyses were carried out at the Microanalytical Laboratory of our 

university. 

Reaction of 6-Amino-5-bromo-1,3-dimethyluracil (1) with Sodium Azide. A mixture of l5 

(1.42 g, 6.1 mmol) and sodium a ide  (0.59 g, 9.1 mmol) in DMF (30 mL) was stirred at ambient 

temperature for 5 h. DMF was removed in vacuo, and the residue was triturated with water to give a 

complex solid mass. It was purified by silica gel column chromatography (CHC!, : MeOH = 100 : 1) to 

afford 1,3,7,9-tetramethylpyrimido[5,4-g]pteridine-2,4,6,8-(1H,3H,7H,9H)-tetrone (3) (0.28 g, 15%) 

and 1,3,6,8-tetramethylpyrimido[4,5-g]pteridine-2,4,7,9-(lH3H,6H,8-tetrone (4) (0.24 g, 13%), 

respectively. These products were identified with authentic samples by comparison of their IR ~pectra.'.~ 

General Procedure f o r  the Synthesis of 6-Alkylamino-5-bmmo-1,3-dimethylun~cil 

Derivatives (6a ,  b, d-g) .  A suspension of the &alkylamino-l,3-dimethyluracil (5a, b ~ r d - g ) ' ~ - ' ~  

(1 eq), NBS (1 eq) and AIBN (trace amount) in THF (4 mUmmol) was stirred at ambient temperature. 

The progress of the reaction was monitored by TLC. THF was removed in vacuo, and the residue was 



triturated with water. The resulting precipitate was recrystallized from an appropriate solvent to give the 

pure product When the product could not he solidified in water, the mixture was extracted with CHCI,. 

After the extract was dried over N%SO,, concentration in vacuo gave the residue, which was purified by 

silica gel column chromatography to isolate the desired product. 

5- Bmmo- 1,3-dimethyl-6-methylaminouraeil (6a): Recrystallized from AcOEt. 89%: mp 

160- 162 T; IR 3650-3050 (br), 1685, 1625, 1595, 1500, 1425, 1235, 1155, 760, 735 cm-'; MS (a') 

mlz 247 @A-1) and 249 (M++l); 'H NMR(CDC1,) 82.97 (d, 3H, J= 4.8 Hz), 3.32 (s, 3H), 3.46 (s, 3H), 

4.68 (br, 1H). Anal. Calcd for C,Hl,N,02Br: C, 33.89; H, 4.06; N, 16.94. Found: C, 33.77; H, 4.00; 

N ,  16.94. 

5-Bmmo-6-ethylamiuo-1,3-dimethyluracil (6b): Recrystallized from ligroin. 92%: mp 107- 

109 T; IR 3450-2850 (br), 1690, 1630, 1595, 1230, 1200, 1145, 1050,810, 755, 745 c d ;  MS (EI') 

m/z 261 (M+-1) and 263 (M'+l); 'H NMR (CDCh) 6 1.25 (t, 3H, J =  7.4 Hz), 3.14 (q, 2H, J = 7.4 Hz), 

3.31 (s, 3H). 3.43 (s, 3H), 4.33 (br, 1H). Anal. Calcd for C,Hl,N,02Br: C, 36.70; H, 4.61; N, 16.03. 

Found: C, 36.95; H, 4.61; N, 16.12. 

5-Bromo-6-(2,2,2-hifluomethyl)amino-1,3-dimethylurafil (6d): Purified by silica gel 

column chromatography (CHCI, :acetone= 30 : 1). 76%: MS (El') mh 315 (M+-1) and 317 (Mt+I); 'H 

NMR (CDCI,) 8 3.39 (s, 3H), 3.53 (s, 3H), 3.82 (m, 2H), 4.80 (br t, IH, J =  7.1 Hz). 

6-Benzylamino-5-bmmo- 1,3-dimethyluracil (6e): Recrystallized fmm , benzene. 83%: mp 

147- 149 V, IR 3300, 1700, 1640, 1590, 1505, 1430, 1350, 1215, 1100, 755, 735, 695 cm-'; MS (El') 

mlz 323 (W-1) and 325 @A+l); 'H NMR(CDCI,) 8 3.39 (s, 3H), 3.56 (s, 3H), 4.34 (d, 2H, J =  6.0 Hz), 

4.74 (br, lH), 7.25-7.55 (m, 5H). Anal. Calcd for Cl,Hl,N,02Br: C, 48.16; H, 4.35; N, 12.96. 

Found: C, 48.41; H, 4.37; N, 12.99. 

5-Bmmo-6-isopmpylamino-1,3-dimethyluraeil (6f): Purified by silica gel column 

chromatography (AcOEt : benzene = 7 : 3). 97%: 1R 3350, 2%0, 1700, 1650, 1590, 1530, 1490, 1420, 

1390, 1370, 1215, 1120, 1015, 830, 750 cm-'; MS (EI') d z  275 (M+-1) and 277 (M++l); 'H NMR 

(CDCI,) 8 1.20 (s, lH), 1.30 (s, lH), 3.30-3.63 (m, lH), 3.31 (s, 3H), 3.41 (s, 3H). A d .  Calcd for 

C,H,,N,02Br: C, 39.15; H, 5.11;N. 15.22. Found: C, 39,10;H,4.%,N, 15.15. 
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5-Bromo-6-cyclohexylamino-l,3-dimethyluracil (6g): Purified by silica gel column 

chromatography (AcOEt : benzene = 7 : 3). 69%: IR 3300, 2925,2850, 1710, 1690, 1600, 1550, 1430, 

1365, 1300, 1250, 1210, 1145, 1000, 780, 760, 755 mi'; MS (El') m/z 315 (Mt-1) and 317 (M++l); 'H 

NMR (CDCI,) 6 1.10-2.63 (m, lOH), 3.23-3.68 (m, lH), 3.31 (s, 3H), 3.43 (s, 3H), 4.29(brd, IH, 

J =  10.5 Hz). Anal. Calcd for C,,Hl,N,02Br: C, 45.58; H, 5.74; N, 13.29. Found: C, 45.29; H, 5.75; 

N, 13.17. 

5-Bromo-1,3-dimethyl-6-propylaminoumil (612): To a stirred solution of the 1,3-dimethyl-6- 

propylaminouracil(l~)~~(l.OO g, 5.1 mmol) in AcOH (12 mL) was added dropwise a solution of bromine 

(0.81 g, 5.1 mmol) in AcOH (2 mL) at ambient temperature. The reaction mixture was stirred at ambient 

temperature for 3 b and AcOH was removed in vacuo. The residue was triturated with water and the 

resulting precipitate was purified by recrystallization from EtOH to give 1.17 g of 6c  (84 %): mp l(n- 108 

93: IR 3340, 1700, 1630, 1590, 1540, 1460, 1425, 1380, 1225, 1000, 1050, 795, 745, 740 cm-l; MS 

(EIt) m/z 275 (M+-1) and 277 (Mi+l). Anal. Calcd for C,H,,N,02Br: C, 39.15; H, 5.11; N, 15.33. 

Found: C, 39.25; H, 5.11; N, 15.33. 

General Procedure f o r  the Preparation of Xanthine (Theophylline) Derivatives (7) and 

8H-Xanthine Derivatives (8). A mixture of the 6-alkylamino-5-bromo-1.3-dimethyluracil (6) (1  eq) 

and sodium azide (1.5 eq) in DMF (4 mL/mmol) was stirred at ambient temperature. The progress of the 

reaction was monitored by TLC. DMF was removed in vacuo, and the residue was hiturated with water. 

The resulting precipitate was recrystallized from an appropriate solvent to give the pure product When the 

product could not be solidified in water, the mixture was extracted with CHCI,. After the extract was 

dried over N$SO,, concentration in vacuo gave the residue, which was purified by silica gel column 

chromatography to isolate the desired product. 

1,3-Dimethylxanthine (Theophylline) (7a): Recrystallized from EtOH. 47%: mp 276 @ (lit.," 

273-274 @); IR 3200-2200 (br), 1720, 1670, 1570, 1450, 1395, 985, 745 cm-'; MS (EI') m/z 180 

(M'); 'H NMR (CDCI,) G 3.49 (s, 3H), 3.67 (s, 3H), 7.84 (s, 1H). This product wasidentified with a 

commercial sample by comparison of its spectra.'' 

1,3,S-Trimethylxanthine (8-Methyltheophylline) (7b): Recrystallized from EtOH. 87%: mp 

>300 93 (lit.," 329 93); IR 3600-2800 (br), 1720, 1640, 1510, 1375, 1220,985,735 cm?; MS (Eli) m/z 
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194 (M'); 'H NMR (CDCI,) 6 2.59 (s, 3H), 3.48 (s, 3H), 3.63 (s, 3H). This product was identified with 

the authentic compound by comparison of its spectra." 

8-Ethyl-1,3-dimethylxanthine (8-Ethyltheophylline) (7c): Recrystallized from UOH. 61%: 

m p  273 "C (lit.," 277-277.5 "C); IR 3300-2700 (hr), 1710, 1645, 1515, 1405, 1380, 985, 760, 750 

cm~'; MS (EI') m/z208 (Mi); 'H NMR (CDCI,) 6 1.41 (f 3H, J =  7.0 Hz), 2.90 (q, 2H, J =  7.0 Hz), 3.46 

(s, 3H), 3.63 (s, 3H). This product was identified with the authentic compound by comparison of its 

spectra.'' 

1,3-Dimethyl-8-trifluommethylxanthine (8-Trifluoromethyltheophylline) (7d). Purified by 

silica gel column chromatography (CHCI, : acetone = 7 : 3). Recrystallized from AcOEt 36%: mp 

266-268 "C; 1R 3700-2400, 1727, 1654, 1561, 1423, 1364, 1268, 1156, 984, 812, 753 cm-I; MS (EI') 

m/z 248 (Mi); UV h,(EtOH) 275 (E 10800), 21 I(E 20400); IH NMR (DMSOd,) 6 3.33 (s, 3H), 3.51 (s, 

3H). Anal. Calcd for GH,N,O,F,: C, 38.72; H, 2.84; N, 22.58. Found: C, 38.74; H, 2.91; N, 22.39. 

1,3-Dimethyl-8-phenylxanthine (8-Phenyltheophylline) (7e): Recrystallized from DMF. 86%: 

mp >300 "C (lit.," >360 'C); IR 3340-2750 (hr), 1695, 1650, 1530, 1475, 1360, 1235, 1060, 990, 785, 

760,710 cm-'; MS (El') m/z 256 (W); 'H NMR (DMSO-d,) 6 3.27 (s, 3H), 3.31 (s, 3H), 7.50-7.70 (m, 

3H), 8.10-8.35 (m, 2H), 13.85 (hr, IH). This product was identified with the authentic compound by 

comparison of its spectra." 

1,3,8,8-Tetramethyl-8H-xanthine (8a). Purified by silica gel column chromatography (AcOEt : 

Benzene = 7 : 3). Recrystallized from ligroin. 78%: mp 142-144 "C (lit.,12 148-149 @); IR 3420, 

2980, 1745, 1685, 1660, 1595, 1425, 1380, 1300, 1215, 1075, 885, 740 cmP; MS (EI') m/z 208 (W); 

I H NMR (CDCI,) 6 1.61 (s, 6H), 3.46 (s, 3H), 3.51 (s, 3H). This product was identified with the 

authentic compound by comparison of its spectra.'" J 

1,3-Dimethyl-8,s-pentamethylene-8H-xanthine (Sb). Purified by silica gel column 

chromatography (AcOEt : Benzene = 7 : 3). Recrystallized from ligroin. 66%: mp 112- 113 "C (lit.." 

115- 116.5 T); IR 3425, 2940, 2855, 1735, 1685, 1650, 1590, 1425, 1375, 1295, 1250, 1125, 1075, 

745 cm-'; MS (El+) m/z 248 (M'); 'H NMR (CDCI,) 6 1.68 (m, 6H), 1.90 (m, 4H), 3.46 (s, 3H), 3.50 (s, 

3H). This product was identified with the authentic compound by comparison of its spectra.I2 
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