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3,7-Dialkyl-8-alkyl- or -aryl-3,7-dihydropurine-2,6-diones XII-XIV were synthesized from 
5-alkylamino-6-amino-l-alkyl-2,4(IH, 3H)-pyrimidinediones VII-IX by three methods: the 
first is based upon an acid catalyzed cyclization of the starting derivatives VII-IX with or tho
esters of carboxylic acids in dimethylformamide. In the second and third methods the 5-«N
-acyl)(N-alkyl)amino) derivatives X, XI, obtained by acylation of VII-IX were cyclized either 
in aqueous solution of alkali metal hydroxides, or in dimethylformamide in the presence of 
alkali metal carbonates. Intermediates VII-IX were prepared from 6-amino-l-alkyl-2,4( 1 H,3H)
-pyrimidinediones I-III via the corresponding 5-bromo derivatives I V- VI and by their amino
lysis with the appropriate alkylamines. 

This paper concerns the synthesis of new 3,7-dialkyl-8-alkyl- or -aryl-3,7-dihydro
purine-2,6-diones XII - XIV suitable for preparation of further substituted xanthine 
derivatives potentially active against cardiovascular disorders. So far, only 8-methyl 
and 8-benzyl-3.7-dimethyl derivatives1 ,2 have been the representatives of purines 
having an unsubstituted hydrocarbon residue. The above-mentioned products were 
obtained by a partial methylation of 8-substituted 3-methyl-3,7-dihydropurine-2,6-
-diones into position 7 (refs l •3). This 'method is disadvantageous because of forma
tion of a 1,3,7-trimethyl derivative in addition to the required 3,7-dimethylated one 
regardless of the excess of the methylating agent. 

The presented synthesis affords compounds XII -XIV without by-products; the 
starting 6-amino-l-alkyl-2,4(lH,3H)-pyrimidinediones I -III were brominated' in 
position 5 (compounds IV-VI), which, on nucleophilic substitution with primary 
alkylamines gave 5-alkylamino-6-amino-l-alkyl-2,4( IH,3H)-pyrimidinediones VII to 
IX. These were acylated with aliphatic carboxylic acids to yield the corresponding 
5-((N-alkyl)(N-acyl)amino) derivatives X, XI, and cycIized to the final dioxopurines 
XII-XlV. 

5-Bromo derivatives IV- VI, the initial step of this synthesis, were obtained by 
bromination of the starting substances I -III either in acetic acid in the presence 
of alkali metal acetates, or in lower aliphatic alcohols in the presence of alkali metal 
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carbonates or hydrocarbonates. Compounds I -III were also brominated in water 
in the presence of alkali metal carbonates or hydrocarbonates at about 5°C, but 
the products IV- VI were, in accordance with ref.\ partially contaminated by bar
bituric acid derivatives. As found, these by-products did not originate when alkali 
metal carbonates were replaced by calcium carbonate at temperatures between 5 
and lOoC; consequently, this procedure proved suited for preparation of IV- VI. 

H"!i~R' O~N3 ~ 
~, 

IV-XI XII-XIV 

xv 

For explanation of substituents R2 and R 3 , see Table I (compounds IV-Xl) and Table II (com
pounds XII-XIV). For compouds I, IV, VII, X, XII Rl = CH3 ; II, V, VIII, XIII Rl = C2H~; 
Ill, VI, IX, XI, XIV Rl = n-C3 H 7 . For compounds: IV- VI X = Br; VII-IX X = NHR ; 
X, XI X = N (R2)COR3 • 

5-Alkylamino derivatives ViI -IX were prepared by reacting 5-bromo derivatives 
IV- VI with alkylamines, or their aqueous solutions in excess at 60-100°C. The 
by-product of this reaction is the corresponding tertiary amine XV formed even at 
a great excess of the alkylamine. Tertiary amines Xv, where R 1 and R 2 are methyl 
or ethyl groups could be purified by acetylation of the crude reaction mixture giving 
5-(N-acetyl)amino derivative X, separable by dissolution in water. Separation of 
tertiary amines XVwith greater akyl groups is based on their lower solubility in ethanol; 
they are lacking a characteristic melting point, nevertheless, they revealed a molecular 
radical ion in their mass spectra. 

Intermediates X -XI (5-(N-acyl)amino derivatives) were obtained from VII -IX 
on reflux with carboxylic acids in excess; accordingly, the reflux time depends on the 
size of R 2 and R 3 • Yields and analytical data of intermediates IV-XI are listed 
in Table I. 
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The last step of this synthesis was the cyclization of 5-(N-acyl)amino derivatives 
X -XI to the final products XII -XIV. Two methods were employed: a) Reflux 
in aqueous alkali metal hydroxide or carbonate and acidification of the alkali metal 
salt of XII -XIV either with acetic acid, or carbon dioxide. Yields of this cyclization 
depend on the substituent bulkiness: the greater is R 2 the lesser is the yield. b) 
Heating in an aprotic solvent as e.g. dimethylformamide at 80 -120°C in the presence 
of alkali metal carbonate. 

The best yields of dioxopurines XII-XIV afforded cyclization of 5-alkylamino 
derivatives VII -IX with orthoesters of carboxylic acids in dimethylformamide 
under catalysis of p-toluenesulfonic acid at temperatures up to 100°C. Yields and 
analytical data of dioxopurines XII - XIV are listed in Table II. 

The 1 H NMR chemical shift data of XII - XIV are listed in Table III; signals of 
the CH3 group at N-3 appearing at J 3,50- 3·65 were found to be little influenced 
by the nature of substituents at N-7 and N-8. Similarly, signals due to N-7-CH3 
group occur at J 3,90-3,93 except those of XIlIb and XIVe, which were seen, as 
a result of a deshielding effect of the aromatic ring, at J 4·10. Signals of other CH3 
and CH2 groups were assigned according to their multiplicity. Coupling constants 
for compounds bearing an allyl group at C-7 (XIIp, XIIle, XIIld, XlVi) J(H,H)
-trailS = 16·93 Hz, J(H,H)-eis = 10·26 Hz, whilst that for the N-7-CH2 was 
splitted into a doublet (4'1 Hz). The N-1-H signal for all compounds XII -XIV 
under study is a broad singlet at J 8,15-9,65. 

EXPERIMENTAL 

The melting points are uncorrected, crystallized samples were dried at 100°C!65 Pa prior to 
analyses over phosphorus pentoxide for 8-10 h. Intermediates VIIb, VlIIb, IXa were purified 
with charcoal via aqueous solutions of hydrochlorides and recovered by basification with am
monia. The 1 H NMR spectra of deuterochloroform solutions containing tetramethylsilane as 
an internal reference were measured with 'a Bruker AM-300 spectrometer, the electron impact 
mass spectra were recorded with a Jeol 100 D apparatus at an ionization energy 70 eV. The 
reaction course and the purity of products were monitored by thin-layer chromatography on 
Silufol UV254 (Kavalier, Czechoslovakia) in solvent systems chloroform-methanol 9: I, or 
chloroform-ethanol-triethylamine 3 : I : 0·1 (compounds IV-IX). 

6- Amino-5-bromo-l-alkyl-2,4(IH,3H)-pyrimidinediones I V- VI 

A) To a stirred and to 15-17°C cooled mixture consisting of compound I-III (0'20 mol), 
sodium hydrogencarbonate (17'64 g, 0·21 mol) and methanol (200 ml) bromine (33'60 g, 10·8 ml, 
0'21 mol) was added to the bottom of the flask during 30 min. The reaction was finished after 
further 30 min and the product was filtered off and crystallized from water. 

B) To a stirred solution obtained by a short heating of compound 1(28,20 g, 0·20 mol) and 
sodium acetate trihydrate (29'90 g, 0'22 mol) in acetic acid (1500 mt) bromine (35'16 g, 11·3 ml, 
0·22 mol) was added to the bottom of the flask at about 90°C. Stirring had been continued for 
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c. 2 h till the temperature dropped to about 20°C, the product was filtered off and crystallized 
from water. 

C) To a stirred and to 5-7°C cooled mixture of compound I-III (50 mmol), calcium car
bonate (3'0 g, 30 mmol) and water (50 ml), bromine (8'15 g, 2'6 ml, 51 mmol) was introduced 
to the bottom of the flask during 10 min. The mixture was stirred at this temperature for addi
tional 50 min, the crude product was filtered off and crystallized from water. 

5-Alkylamino-6-amino-I-alkyl-2,4( IH,3H)-pyrimidinediones VII-IX 

Compound IV- VI (0'2 mol) was heated with concentrated aqueous solution or anhydrous 
alkylamine (2'0 mol) in a closed vessel as follows: compounds VIIa- VIle, VIlla at 65°C for 3 h, 
VIle, IXa for 4 h, VIIIb, IXb, IXc for 5 h, and compounds VIId and VIIi at 80°C for 7 h. The 
excess of the amine was distilled off under reduced pressure, the residue was suspended in ethanol 
(50 ml - compounds VIIa- VIle, VIlla, IXa) or water (50 ml - compounds VIId- VII/, VIIIb, 
IXb, IXc) and pH of the suspension was adjusted to 7 by addition of acetic acid. The ethanol 
containing flasks were allowed to stand at O°C for c. 5 h, the aqueous suspensions at room tem
perature for c. 1 h; during this time the alkylammonium bromide being formed dissolved, the 
desired product was filtered off and crystallized from ethanol (compounds VIIc- VIIi, VIlla, 
VIIIb, IXa-IXc) or water (compounds VIla, VIIb). 

5-«(N-Alkyl) (N-acyl)amino)-6-amino-I-alkyl-2,40H,3H)-py rimidinediones X-XI 

Compound VII-IX (40 mmol) was either refluxed or heated to 160°C with the respective 
aliphatic acid (0'4 mol) with stirring as follows: compounds Xa- Xc, Xe, Xf for 3 h, Xd, Xi, XIa 
for 4 h, Xg, Xj for 5 h, Xk for 6 h, Xh, Xl for 7h, and Xb for 8 h. Excess of the acid was then 
distilled off under reduced pressure and the residue was crystallized from water (Xa, Xe, Xi, Xli, 
XIa) or ethanol (Xb, Xg, Xj, Xk), or extracted with ether at elevated temperature and crystallized 
from water (Xc), ethanol (Xd, Xl), methanol (Xh), or aqueous ethanol (XIb). 

3,7-Dialkyl-8-alkyl- or -aryl-3,7-dihydropurine-2,6-diones XII-XIV 

A) Sodium hydroxide (I moll- 1 , 20 ml, 20 mmol) was added to a suspension of 5-acylamino 
derivatives X (20 mmol) in water (40 ml) the pH of which was adjusted to 7. The mixture with 
compound XIIa was refluxed and stirred for 1 h, with XIIb- XIIe 3 h, with XIIk 4 h, and with 
XIIi 5 h. The undissolved impurities were filtered off and dilute acetic acid (1 : I) was added 
to the cooled filtrate; alternatively, the cooled filtrate was saturated with carbon dioxide. The 
mixture was left to stand at about O°C for 2- 3 h, the precipitated product was filtered off, dried 
at 100°C under diminished pressure and crystallized from ethanol. The not-cyclized starting 
material X had to be removed from compounds XIIk, XIII with hot toluene or tetrachloromethane 
in which only the products are soluble. 

B) 5-Acylamino derivative X -XI (40 mmol), anhydrous potassium carbonate (6'63 g, 
48 mmol) and dimethylformamide (100 ml) were heated at 120°C for 3 h (XIIa), 5 h (XIIg), 
6 h (XIId, XIII), 7 h (XIIe), 10 h (XII/, XIVc), 12 h (XIIh, XIVd, XIVe), 14 h (XIIm). Dimethyl
formamide was distilled off under reduced pressure, the dry residue was dissolved in water (50 to 
150 ml), the turbidity was removed by filtration with charcoal and the filtrate was saturated 
with carbon dioxide. The mixture was allowed to stand at O°C for 2- 3 h, the precipitate was 
filtered off, dried at 100°C under diminished pressure and crystallized from ethanol. 

C) 5-Alkylamino derivative VII-IX (10 mmol), dimethylformamide (15 ml), triethyl- or 
trimethylorthoester of carboxylic acid (15 mmol) and p-toluenesulfonic acid monohydrate 
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3,7-Dialkyl-8-alkyl- or -aryl-3,7-dihydropurine-2,6-diones 2267 

TABLE III 

1 H NMR chemical shifts (0, ppm) of compounds XII- XIV 

Com-
N(3)-Rt 

pound N(7)-R2 C(8)-R3 N(l)- Ha 

XIIa 3·55 s, 3 H (CH3 ) 3'90 s, 3 H (CH3) 2'50 s, 3 H (CH3) 8·15 

XIIb 3'55 s, 3 H (CH3) 3·90 s, 3 H (CH3) \·40 t, 3 H (CH3 ) 8·80 
2·80 q, 2 H (CH z) 

XIIc 3'55 s, 3 H (CH3 ) 3'90 s, 3 H (CH3) \'03 t, 3 H (CH3) 9·20 
\·80 se, 2 H (CH z) 
2·72 t, 2 H (CH z) 

XIId 3· 55 s, 3 H (CH3) 3'93 s, 3 H (CH3) 0·92 t, 3 H (CH3 ) 9'00 
\'40 ov, 4 H (2 x CH z) 
\·78 q, 2 H (CH z) 
2'75 t, 2 H (CH3) 

XlIe 3'55 s, 3 H (CH3 ) \·40 t, 3 H (CH3 ) 2'50 s, 3 H (CH3) 9'35 
4'30 q, 2 H (CH z) 

XIII 3'58 s, 3 H (CH3 ) 1-45 t, 3 H (CH3) \'50 t, 3 H (CH3) 9·10 
4'30 q, 2 H (CHz) 2·80 q, 2 H (CH z) 

XlIg 3'55 s, 3 H (CH3 ) 1-45 t, 3 H (CH3 ) 1'02 t, 3 H (CH3 ) 9'40 
4'30 q, 2 H (CH z) \·82 se, 2 H (CH z) 

2·70 t, 2 H (CHz) 

XIIh 3· 55 s, 3 H (CH3) ],45 t, 3 H (CH3 ) 0'93 t, 3 H (CH3 ) 9'20 
4'30 q, 2 H (CH z) 1'40 ov, 4 H (2 x CHz) 

\'80 qi, 2 H (CH z) 
2'75 t, 2 H (CHz) 

XlIi 3'62 s, 3 H (CH3 ) 1'52 t, 3 H (CH3) 7'58-7'68 m, 8·92 
4'40 q, 2 H (CH 2 ) 5 H (arom.) 

XII; 3'50 s, 3 H (CH3) 0·92 t, 3 H (CH 3) 2·45 s, 3 H (CH3 ) 9'58 
\·82 se, 2 H (CH z) 
4·18 t, 2 H (CH z) 

XIIk 3'50 s, 3 H (CH3 ) 0'90 t, 3 H (CH3 ) ]'30 t, 3 H (CH3 ) 8'95 
],78 se, 2 H (CH z) 2·72 q, 2 H (CH z) 
4·15 t, 2 H (CH z) 

XIll 3'48 s, 3 H (CH3 ) 0'90 t, 3 H (CH3 ) 0'98 t, 3 H (CH3 ) 9'05 
],78 ov, 2 H (CH z) ]'78 OV, 2 H (CHz) 
4·\2 t, 2 H (CH z ) 2·65 t, 2 H (CH z) 

XIIm 3'58 s, 3 H (CH3) 0·95 t, 3 H (CH3 ) 0'92 t, 3 H (CH3 ) 9']8 
]'82 OV, 2 H (CH z) 1·38 OV, 4 H (2 x CHz) 
4·20 t, 2 H (CH z) 2'73 t, 2 H (CH2) 

2·80 ov, 2 H (CH z) 
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2268 Rybar, Hesek, Szemes, Alfoldi, Tegza: 

TABLE III 
(Continued) 

Com-
N(3)-R1 N(7)-R2 C(8)-R3 N(I)-Ha 

pound 

XlIn 3·50 s, 3 H (CH3) 0·92 t, 3 H (CH3) 2·45 s, 3 H (CH3 ) 9·62 
1·35 se, 2 H (CH2 ) 

1·75 qi, 2 H (CH2) 

4·20 t, 2 H (CH2) 

XlIo 3·63 s, 3 H (CH3 ) 0·90 t, 3 H (CH3 ) 7·55-7·65 m, 8·60 
1·30 se, 2 H (CH2) 5 H(arom) 
1·84 qi, 2 H (CH2 ) 

4·40 t, 2 H (CH2) 

XlIp 3·53 s, 3 H (CH3) 4·90 d, 2 H (CH2) 2·44 s, 3 H (CH3 ) 9·65 
5·05 d, 1 H (CH trans) 
5·25 d, 1 H (CH cis) 
5·93 0, 1 H (CH) 

Xllr 3·55 s, 3 H (CH3) 5·50 s, 2 H (CH2 ) 2·45 S, 3 H (CH3) 9·20 
7·15-7·35 m, 
5 H (arom.) 

XIlIa 1·35 t, 3 H (CH3) 3·90 s, 3 H (CH3) 2·48 s, 3 H (CH3) 8·83 
4·13 q, 2 H (CH2) 

XIlIb 1·35 t, 3 H (CH3) 4·00 s, 3 H (CH3) 7·50-7·65 m, 8·80 
4·18 q, 2 H (CH2) 5 H(arom.) 

XIIlc 1·35 t, 3 H(CH3) 4·90 d, 2 H (CH2 ) 2·45 s, 3 H (CH3) 9·18 
4·13 q, 2 H (CH2 ) 5·10 d, 1 H (CH trans) 

5·28 d, 1 H (CH cis) 
5·98 0, 1 H (CH) 

XIIId 1·35 t, 3 H(CH3) 4·90 d, 2 H (CH2) 7·45-7·65 m, 8·78 
4·18 q, 2 H (CH2 ) 5·08 d, 1 H (CH trans) 5 H (arom.) 

5·26 d, 1 H (CH cis) 
6·030,1 H (CH) 

X/Va 0·95 t, 3 H (CH3) 3·90 s, 3 H (CH3 ) 2·45 s, 3 H (CH3) 9·20 
1·80 se, 2 H (CH 2) 

4·02 t, 2 H (CH2) 

XI Vb 0·95 t, 3 H (CH3) 3-92 s, 3 H (CH3) 1·05 t, 3 H (CH3) 8·92 
1·80 se, 2 H (CH2 ) 1·80 se, 2 H (CH2) 

4·09 t, 2 H (CH2 ) 2·75 t, 3 H (CH2) 

XIVc 1-02 t, 3 H (CH3 ) 4·10 S, 3 H (CH3) 7·65-7·75 m, 8·80 
1·88 se, 2 H (CH2) 5 H (arom.). 
4·15 t, 2 H (CH2 ) 

Collect. Czech. Chem. Commun. IVol.55) (1990) 



3,7 -Dialkyl-8-alkyl- or -aryl-3, 7-dihydropurine-2,6-diones 

TABLE III 

(Continued) 

Com
pound 

XIVd 

XIVe 

XlVI 

N(3)-R1 

0'90 ov, 3 H (CH3) 

1'75 se, 2 H (CH2) 

3'92 t, 2 H (CH2 ) 

0'95 t, 3 H (CH3) 

1·80 ov, 2 H (CH2 ) 

4'08 t, 2 H (CH2) 

0'93 t, 3 H (CH3 ) 

1'77 se, 2 H (CH2) 

3-99 t, 2 H (CH2 ) 

iJ bs, 1 H; ov overlapped, se sextet. 

0'94 ov, 3 H (CH3) 

1'75 se, 2 H (CH2) 

4'12 t, 2 H (CH2 ) 

0'95 t, 3 H (CH3) 

1·82 ov, 2 H (CH2 ) 

4·20 t, 2 H (CHz) 

4·88 d, 2 H (CH2) 

5'03 d, 1 H (CH trans) 
5'21 d, 1 H (CH cis) 
5'920, 1 H (CH) 

2269 

2'40 s, 3 H (CH3) 9·30 

0'98 t, 3 H (CH3) 8'65 
1'80 ov, 4 H (2 X CHz) 
l'82 ov, 2 H (CH z) 
2'75 t, 2 H (CH2) 

2'41 s, 3 H (CH3) 9·36 

(10-15 mg) were heated with stirring as follows: XIIe - 60°C, 2 h; XIII, XI Va - 60°C, 3 h; 
XIIg, XIIj, XIIn, XIIp - 60°C, 4 h; XIIi, XIIIc - 60°C, 6 h; XIVb, XlVI - 60°C, 11 h; XIIr -
70°C,S h; XIIo, XIIla - 70°C, 12 h; XlVc, XIIIb, XIIld - 85°C, 10 h. The mixture was cooled 
to ambient temperature and p-toluenesulfonic acid was neutralized by methanolic ammonia. 
Volatile portions were removed in vacuo, the residue was dissolved in water (5-15 ml), sodium 
hydroxide (I moll- 1, 11 ml) and charcoal were added, and carbon dioxide was introduced to 

the filtered solution till be product ceased to separate. After standing at O°C for 2 - 3 h, the 
product was filtered off, dried at 100°C under reduced pressure and crystallized from ethanol. 

The authors are indebted to Mr. V. H~adkY. Miss A. Gembicka and Mr. K. Paule for their 
assistance with preparation o/intermediates. measuring the mass spectra and/or elemental analyses. 
respectively. 
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