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A method for  the prepara t ion  of 2 ,4 ,8- t r ioxo-6-methyl  derivatives of pyrimido[5,4- d]pyrimidine 
with various alkyl res idues in the 7 position is described.  It is shown that the chlorine in the 
4 position of the 2 ,4-dichloro derivat ive of pyrimido[5,4-d]pyrimidine is the mos t  labile in 
nucleophilic substitution react ions.  

Substances having high biological act ivi ty are  found among pyrimido[5,4-d]pyrimidlne derivatives.  Of 
these, the medicinal  prepara t ion  persant ine is of par t i cu la r  interest  [1]. The s tar t ing compounds for the 
synthesis of der ivat ives  of this sor t  a re  2,4,6,8-tetraoxo and 2,4,8-tr ioxo derivat ives of pyrimido[5,4-d]-  
pyrimidine,  which were obtained by condensation of 5-aminoorot ic  acid with urea  or  formaldehyde [2]. We 
have developed a new method for  the prepara t ion  of previously undescribed trioxo derivatives of pyr imido-  
[5,4-d]pyrimidine with various alkyI res idues  in the 7 posit ion (In-c). It consis ts  in the reaction of 4,6,8- 
t r ioxo-2-methyl -4H-5 ,6 ,7 ,8- te t rahydropyr imido[5 ,4-d] - l ,3 -oxaz ine  (1I) [3] with alkylamines and thermal  
cyclization of the result ing 5-ace tamidoorot ic  acid alkylamides {Ilia-c). 2 ,4-Dichloropyrimidopyrimidine I V  
was synthesized by the action of phosphorus oxychloride on oxo derivative Ia. The different capacities of the 
chlorine atoms in the 2 and 4 posit ions of IV with respect  to nucleophilic substitution react ions enabled us to 
accomplish their  success ive  substitution. Replacement of one chlorine atom to give amines Va-f  occurs  in the 
reaction of chloro derivat ive IV with an equimolar  amount of amine at 20-25 ~ Derivative Vg was obtained 
f rom IV by react ion with sodiomalonic es ter .  
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I, III a R=C4Hg; b R=CH3; c R=CH2CH2OH; V a R'=piperidino b R'=N(C2Hs)2; 
c R~=NH2; d R~NHCH2C6Hs; e R'=2-A ~,~ cyclohexenyletfiylarnino f R ~ =NHCH(CH3)f 

1 r 2 l Z 1 2 d 1 g R =CH(COOC2Hs)2; u a R ' = R  =NHC4Hg; b R =R'=uCH3; c R =R =SH; R --" 
=R2=SCH~; VII a R,=piperidino R~=N(CH2CH2OH)2; b R'=NH2, R2~OCH3; c 

l~i-NH~, R2=SH; d RI=NH2, t~=SCH~ 
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TABLE 1. Characteristics of the Synthesized Compounds 

�9 ~ m p ,  

"c" 

Ia 300--302 
Ib >300 

,r176 117 ~ 
Va 146--149 
Vb 127--129 
Vc 233--235 
Yd 180--181 
V.e 109--11112 1 
Vf 
Vg. 107--108 

Via 194--196 
VIb 165--167 
VIe >340 
vId 145~1847 

VIIa 
VIlb 18t--182 
VIld 190--t92 
X[ 233--235 

Xll 119--121 

i52,9 
45,0 
45,0 
46,0 
57,2 
55,6 
49,3 
60,4 
60,7 
54,3 
52.8 

163,3 
56,1 

15o,1 
159,4 
/54,7 
151,~ 
51 
48',~ 

Found,% 

H Cl N S 

3,9 26,6 1 
4,2 23,61 
4,2 24,4 
5,51 lO,7 
6,8t 11,4 
5,2 1 13,2 25,9 [ 
5,71 9,6 19,61 
6,81 9,3 18,41 
6,3111,4 22,71 
5,61 8,4 13,6 / 

~176 1 
6,2 /21,91 
5,9 17,9120,6 I 
7,8 " 20,8 l 
6,3 27,o/ I 
6,0 25,4 ) 11,61 
5 8 20,o1 HAl 
5:2 11,6 18,6111,41 

Emperical 
formula 

CIIHI4N403 
CsHsN4Oa 
CgH,oN404 
CHHt2CI~N40 
CIsH22CINsO 
CI~H22CtNsO 
CnHI4C1NsO 
C,sH2oC1NsO 
CIgH28C1NsO 
CI4H19ClNsO 
CIsH~CIN4Os 
ClgH32N60 
Cl~HisN40s 
CnHI4N4OS 
C13HIaN4OS~ 
C2oHa~NsOs 
C~HITNsO2 
CI~Ht~NsOS 
C~Ht~N~O~S 
CI~H~CIN40S 

Calc.% ~ ~" 

C H C1 N S 

52,81 5,6 
46,11 3,8 
45,4 [ 4,2 
46,01 4,2 
57,2 [ 6,5 
55,6] 6,8 
49,3[ 5,2 
60,4] 5,6 
60,7 [ 6,9 
54,5l 6,1 
52,8[ 5,4 
63,3] 8,9 
56,1 [ 6,5 

50;3| 5,8 
59,41 7,9 
54,71 6,5 
51,6] 6,t 
51,4[ 5,7 
48,2 / 5,0 

22,4 
26,9 
23,5 

24,7 19,5 
10,6 20,9 
11,3 
13,3 26,2 
9,9 19,6 
9,4 18,6 
I 1,5 22,7 
8,7 13,6 

23,3 

22,0[ 
18'1 120'6 [ 20,8 
26,6 
25,4 ~ 11,5 [ 
20,0 ] 11,4 I 

11,9 18,811o,71 

50 
47 
61 
71 
77 
72 
94 
60 
73 
62 
74 
57 
62 
96 
79 
69 
81 
63 
61 
45 

* The compounds were purified by crystallization: Ia from DMF, 
Ib,c and XI from water, IV, u and VIIa,b,d from alcohol, u  
and VIa,b,d, from 80% alcohol, u  from aqueous DMF, and XII from 
aqueous alcohol. 

The cor responding  2,4-disubst i tuted VIa -c  were  obtained f rom chloro der iva t ive  IV by react ion  with 
excess  amine or  other  nucleophflic reagen ts .  The use  of monochloro  de r iva t ives  Va, c as the s ta r t ing  compounds 
in nucleophil ic substi tut ion reac t ions  enabled us to obtain pyr imide[5 ,4-d]pyr imid ines  u  with var ious  sub- 
st i tuents  in the 2 and 4 posi t ions .  Since it is known that the chlor ine atom in the 4 posi t ion in the pyr imidine  
s e r i e s  is the mos t  labi le ,  we ass igned monosubst i tu ted u  and disubst i tuted u  s t r u c t u r e s  to the synthes-  
ized pyr imido[5 ,4-d]pyr imid ine  der iva t ives .  To conf i rm the s t ruc tu r e s  of the compounds,  we accompl ished the 
synthes is  of VIId by an a l te rna t ive  method f r o m  the p rev ious ly  desc r ibed  2 -me thy l t h io -4 -oxo -5 -amino - 3 ,4 -  
d ihydropyr imid ine -6 -ca rboxy l i c  acid (VIII) [4]. Compound IX was obtained f rom acid VIII by reac t ion  with 
acet ic  anhydride,  and we subsequently obtained 2-methyl th io  der iva t ive  XI by the method that we developed; 
XI was conver ted to 4 -ch lo ro  der iva t ive  XII by the usual  method. 2 -Methy l th io -4 -amino-6 -me thy l -7 -bu ty l -  
8 -exo-7 ,8 -d ihydropyr imido[5 ,4 -d]pyr imid ine ,  identical  to VIId fo rmed  by methylat ion of 2 - m e r c a p t o  der iva t ive  
VIIc,  was obtained by heating XII with an alcohol solution of ammonia .  

E X P E R I M E N T A L  

Metal  Silufol p la tes  we re  used  for  t h in - l aye r  chromatography ,  which was accompl ished  with a butyl 
a l c o h o l - a c e t i c  a c i d - w a t e r  s y s t e m  (4:1:5). The IR s p e c t r a  of m ine ra l  oil suspensions  of the compounds were  
r e c o r d e d w t t h  a P e r k i n - E l m e r  457 s p e c t r o m e t e r .  

2 .4 .8-Tr ioxo-6-methyl -7-buty l - l t2~3/4 ,718-hexahydropyr imido[5z4-d]pyr imidine  (Ia). A 5-g  (25.6 mmole)  
sample  of II was added to a solution of 5 g (68.5 mmole)  of n-buty lamine  in 50 ml  of water ,  and the mix tu re  
was allowed to stand for  24 h. The resu l t ing  solution was acidified,  and IIIa was separa ted  and heated at 250- 
260 ~ The solidified m e l t  was crystallized f rom d ime thy l fo rmamide  (DMF) to give 3.2 g of product Oxo de r iv -  
a t ives  Ib and Ic we re  obtained s imi l a r ly ,  but the cycl iza t ion of the in te rmed ia te ly  fo rmed  IIlb and IIIc was c a r -  
r ied out by refluxing in DMF for  5 rain. The c h a r a c t e r i s t i c s  of these  and all  of the subsequent compounds a re  
p re sen ted  in Table  1. 

2 .4 -Dich lo ro -6-methy l -7 -bu ty l -8 -oxo-7~8-d ihydropyr imido[5 ,4 -d ]pyr imid ine  (IV). A mix tu re  of 7.5 g 
(26 mmole)  of Ia,  300 ml  of POC1 s, and 21 g (153 mmole)  of (C2Hs)~N. HC1 was refluxed for  8 h, a f t e r  which the 
POCI~ was removed  by vacuum dist i l lat ion.  The res idue  was t rea ted  with ice,  and the solution was neutra l ized 
with NaHCO 3 and ex t rac ted  with ch loroform.  Evapora t ion  of the ch loroform yielded 6.2 g of IV. 

2 -Ch~r~-4-p iper id in~-6-methy~-7-buty~-8-~x9-7~8-d ihydr~pyr imid~[5~4-d]pyr imid ine  (Va). A 0.6-g (7 
mmole)  sample  of p iper id ine  was added to mix tu re  of 1 g (3.5 mmole)  of IV in 30 ml  of alchol,  and the mix tu re  
was s t i r r ed  at 20-25~ for  6 h. The resu l t ing  solution was vacuum evapora ted ,  and the res idue  was t r i tu ra ted  
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with aqueous alcohol. The solid was removed by fi l trat ion to give 0,9 g of Va with Rf 0.6. Amines Vb,d-f were 
s imi lar ly  obtained. Compound Vb had Rf 0.87, Vd had Rf 0.8, Ve had Rf 0.9, and Vf had Rf 0.8. 

2 -Chloro-4-amino-6-methy l -7-bu ty l -8 -oxo-7 ,8 -d ihydropyr imido[5 ,4 -d]pyr imid ine  (Vc). A mixture of 
1 g (3.5 mmole) of IV, 15 ml of alcohol, and 25 ml of 23% ammonium hydroxide was s t i r red  at 20-25 ~ for 48 h, 
af ter  which the precipi ta te  was removed by fi l tration to give 0.65 g of Vc with Rf 0.75. 

2- Ch lo ro -6 -methy l -7 -bu ty l -8 -oxo-  7 ,8-dihydropyrimido [5,4-d]pyrimidin-4-ylmalonic  Es te r  (Vg). A 
solution of 1.8 g (6.3 mmole) of IV in 10 ml of toluene was added to sodiomalonic es te r  obtained f rom 0.35 g 
(15 g-atom) of sodium and 2.4 ml (15.8 mmole) of ethyl malonate in 20 ml of toluene, and the mixture was 
s t i r red  at 40 ~ for 1 h. Water  (30 ml) was added to the suspension, and the aqueous layer  was separated,  
acidified to pH 2, and extracted with chloroform.  The chloroform was vacuum evaporated, and the residue was 
t r i tura ted with petroleum ether.  The yield of Vg was 1.9 g. 

2 .4-Dibutylamino-6-methyl-7-butyt-8-oxo-7,8-dihydropyrimido[5,4-d]pyrimidine (Via), A mixture  of 
0.7 g (2.5 mmole) of IV and 1.5 g (20 mmole) of butylamine in 10 ml of alcohol was refluxed for  4 h, after  which 
the result ing solution was evaporated to give 0.5 g of IVa with Rf 0.39. 

2 .4-Dimethoxy-6-methyl-7-butyl-8-oxo,-7,8-dihydropyrimido[5,4-d]pyrimidine (VIb). A 0.5-g (1.7 mmole) 
sample of IV was added to a solution of sodium methoxide obtained from 0.14 g (6 g-atom) of sodium and 15 
ml of methanol, and the mixture was allowed to stand at 20-25 ~ for  6 h. The solution was vacuum evaporated 
to give 0.3 g of VII) with Rf 0.35. 

2 .4-Dimercapto-6-methyl -7-butyl -8-oxo-7~8-dihydropyr imid0[5 ,4-d]pyr imidine  (VIc). A 5-ml  sample 
of a 10% aqueous solution (9 mmole) of NaSH was added to a solution of 1.2 g (4.2 mmole) of IV in 25 ml of 
chloroform,  and the mixture was s t i r red  for  5 h. The precipi tated sodium salt was separated and dissolved 
in 100 ml of water ,  and the solution was acidified with acetic acid. Workup gave 1.1 g of VIc. 

2 .4-Dimethyl th io-6-methyl -7-buty l -8-oxo-7 ,8-d ihydropyr imido[5 ,4-d]pyr imidine  (VId). A solution of 
0.25 g (4.4 mmole) of KOH in 20 ml of water  and 0.4 ml (4.3 mmole) of dimethyl sulfate were added success -  
ively to 0.6 g (2 mmole) of VIc, and the mixture was s t i r red  at 20-25" for 4 h. The precipi ta te  was removed 
by fi l tration to give 0.5 g with Rf 0.65. 

4- Piper idino-  2-diethanolamino- 6- methyl-  7-butyl-  8- oxo- 7~8-dihydropyrimido[5,4- d]pyrimidine (VIIa)_. 
A 1.2-g (3.6 mmole) sample of Va was heated in 10 ml of diethanolamine at 100-110 ~ for 2 h, af ter  which the 
mixture was t reated with water ,  and the precipi ta te  was removed by fil tration to give I g of VIIa with Rf 0.15. 

2-Methoxy-4-amino-6-methyl -7-buty l -8-oxo-7 ,8-dihydropyr imido[5 ,4-d]pyr imidine  (Vllb). A 1-g (3.7 
mmole) sample of Vc was added to solution of sodium methoxide obtained from 0.12 g (5.2 mmole) of sodium 
and 25 ml of alcohol, and the mixture was refiuxed for  5 h. The result ing solution was vacuum evaporated, 
and the residue was washed with water .  The yield of VIIb, with Rf 0.42, was 0.8 g. 

2 -Mercap to-4-amino-6-methy l -7-bu ty l -8-oxo-7 ,8-d ihydropyr imido[5 ,4-d]pyr imid ine  (VIIc).. A mixture 
of 0.5 g (1.87 mmole) of Vc, 17 ml of alcohol, and 2 ml of 10% aqueous (3.6 mmole) NaSH solution was refluxed 
for  2 h, af ter  which it was acidified to pH 1 with hydrochlor ic  acid. The precipi tate  was removed by filtration 
and reprecipi ta ted from aqueous alkali solution by the addition of hydrochloric  acid. The yield was 0.3 g. 

2-Methy•thio•4-amin•-6-methy•-7-buty••8-•x•-7•8-dihydr•pyrimid•[5•4-d]pyrimidine (VIId). A) A solution 
of 0.3 g (1 mmole) of XII in 28 ml of a 10% solution of ammonia  in alcohol was heated at 100 ~ for  6 h, af ter  
which it was vacuum evaporated.  Workup gave 0.2 g of VII(] with Rf 0.52. 

B) A 0.1-ml  (1.2 mmole) sample of dimethyl sulfate was added at 20-25 ~ to a solution of 0.3 g (1.2 mmole) 
of VIIc and 0.06 g (1.1 mmole) of KOH in 15 ml of water ,  and the mixture was s t i r red  at 20-25 ~ for 4 h. The 
precipi ta te  was removed by fi l trat ion to give 0.2 g of VIId. The product was identical to the product obtained by 
method A. IR spect rum:  3320, 3500 (NH2), 1680 (C = O), and five bands at 1400-1600 cm -1 (pyrimidine C = C 
and C = N). 

2-Methy~thi~-4~8~di~x~-6-methy~7-buty~-3~4,7~8-tetrahydr~pyrimid~[5~4-d]pyrimidine (XI). A solution 
of 5.8 g of VIII [4] in 100 ml of acetic anhydride was refiuxed for 2 h. The result ing IX [4.5 g (23.3 mmole)] 
was added to 2.4 g (33 mmole) of butylamine in 25 ml of water ,  and the solution was allowed to stand at 20-25 ~ 
for  24 h. It was then acidified, and the precipi tated X was removed by filtration. The la t ter  was cyclized by 
dissolving it in 20 ml  of 2 N KOH and allowing the solution to stand at 20-25 ~ for 30 min. The precipitated 
potass ium salt of XI was removed by fil tration, washed with acetone, dissolved in a small  amount of water,  
and acidified. The yiled of XI, with Rf 0.51, was 3.4 g. 
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2~Mathy~thi~-4-ch~r~-6-methv~-7-butY~-8-~x~-7'8-dihydr~pyrimid~[5~4-d]pyrimidine (XII). A 1.2-g 
(3.8 mmole) sample of XI was refluxed with 20 ml of POCl3, after which the resulting solution was vacuum 
evaporated, and the residue was treated with ice. The aqueous solution was neutralized with dry NaHCO 3 and 
extracted with chloroform. The chlorofom was vacuum evaporated, and the residue was tri turated with petrol-  
eum ether to give 0.5 g of XII. 
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The kinetics of the recombination of phenazyl radicals and their  reaction with secondary 
amines were studied by ESR spectroscopy. A relationship between the reactivtties of the radi-  
cals andthe character  of the substituent in the 5 position was observed. The possibility of the 
addition of secondary amines to the dihydrophenazine system was shown during a study of the 
reaction of phenazyl radicals with the former.  

Continuing our study of the free  radicals of a number of 5-substituted dihydrophenazines [1], we made a 
kinetic study of their  recombination and reaction with secondary amines. 

The radicals were generated by oxidation of dihydrophenazines Ia-d with lead dioxide in benzene, and the 
formation of paramagnetic part icles was recorded with an R]~-1301 radiospectrometer.  The observed decrease 
in the intensities of the ESR signals with time (Fig. 1) provided evidence for recombination of the free radical 
part icles and was accompanied by conversion of the green color characterist ic  for a solution of the free radical 
to violet. 

~ H5 

[ 
I a R~.-C4Hg; b R=CsH5; Cell5 

C R = 2,4-(NO2)2CsH3; i i  

d R = 2,4,6-(NO2)~CGH 2 

To study the structure of the transformation product we undertook the preparative oxidation of Ib with 
subsequent exhaustive recombination of the generated radical and chromatographic separation of the resulting 
solution on A1203. 
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