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411. Pteridines. Part I V.* Derivatives of 2 : 4-Diaminopteridine 
and Related Compounds. 

By W .  R. BOON. 
A series of derivatives of 2 : 4-diaminopteridine having one or both amino- 

groups substituted, has been prepared by condensation of the appropriate 
tetra-aminopyrimidines and a-diketones. Substances with different sub- 
stituents in positions 6 and 7 have been prepared from 6-a.rylazo-6-(a-pyrim- 
idy1amino)-ketones. Recorded preparations of disubstituted aminopterid- 
ines from aminohydroxy- and aminomercapto-pteridines are, in some cases, 
shown to be erroneous. 

The coupling of pyrimidine derivatives with aryldiazonium salts is shown 
to be a reaction more widely applicable than is generally known. 

SEVERAL derivatives of 2 : 4-diaminopteridine are known to possess antimalarial activity 
(for a summary see Potter and Henshall l). It was considered of interest to prepare a 
series of related derivatives of 2 : 4-diamino-6 : 7diphenylpteridine (I ; X = Y = NH,, 
R = R = Ph) in which the primary amino-groups were progressively substituted by methyl. 
Antimalarial activity was immediately lost, but the compounds were active against experi- 
.mental schistosomiasis in mice. Further modifications of the substituents X, Y, R, and R' 
always lowered the activity. The only other substances examined showing appreciable 
activity were those in which X = Y = NHMe, R = R' = $-MeO*C,H, and m- or p-C,H&l. 

Substances (I) in which R = R are most conveniently prepared by condensing a tetra- 
aminopyrimidine with an a-diketone, the 2- and 4-amino-groups being substituted as 
required. The tetra-aminopyrimidines are obtained by reducing a substance (11) in which 
X and Y are amino- or substituted amino-groups and 2 is, e.g., arylazo, nitro or nitroso. 

* Part 111, J. ,  1961, 1497. 
Potter and Henshall, J . ,  1966, 2000. 



[ 19571 Boon : Pteridines. Part IV .  2147 

4 : 5 : 6-Triamino-2-dimethylaminopyrimidine was the only known substance required 2* 

but the methods by which it was obtained are not suitable for the preparation of compounds 
where the 4-amino-group also is substituted. 

For the preparation of 2-dimethylaminoderivatives, 2dimethylamino-4 : 6-dihydroxy- 
5-nitropyrimidine was readily obtained by nitration of 2-dimethylamino-4 : 6-dihydroxy- 
pyrimidineJ4 but, although it readily gave the 4 : 6-dichloro-compound, stepwise replacement 
of the chlorine atoms by amino-groups proved difIicult, so that approach was abandoned. 

When a 2-aming-group was required, 2 : 6-diamino-4-chloro-5~-chlorophenylaz0- 
pyrimidine proved a convenient starting material.5 2-Amino-4-chloro-5-~-chlorophenylaz0- 
6-methylamino- and 4-amino-6-chloro-5-~-chlorophenylazo-2-methylamino-p~idine were 
also readily obtained. Lythgoe, Todd, and Topham6 state that only those pyrimidine 
compounds which contain tautomerisable hydrogen atoms on at  least two of the substituents 
in positions 2, 4, and 6 can be caused to couple with diazonium salts. Polonovski and 
Pesson,' however, state that for coupling to occur with a Pamino- or Phydroxy-pyrimidine 
there must be a second polar group in position 2 ; they describe, inter d i a l  the coupling, in 
alkaline solution, of 2dimethylamino4-hydroxy-6-methylpyrimidine with benzenediazon- 
ium chloride. This procedure has now been used for the preparation of Pchloro-5-~-chloro- 
phenylazo-2dimethylamino-6-hydroxypyrimidine (111; X = NMe,, Y = C1,Z = OH) and 
the corresponding 2-methylamino-compound. On the other hand, coupling of Pamino-6- 
chloro-2-dimethylamino- and 2-amino-4-chloro-6-dimethylamino-pyrimidhe with P-chloro- 
benzenediazonium chloride occurred most readily under mildly acid conditions, giving the 
5-~-chlorophenylazo-compounds. Coupling was also satisfactory with a number of other 
diazonium salts (see Table 1 and B.P. 763,041). 4-Chloro-5-~-cNorophenylam-2 : 6-bisdi- 
methylaminopyrimidine and 5-~-chlorophenylazo-2-dimethylamino4hydroxy-6-methyl- 
pyrimidine were obtained similarly. 

The Pchlorine was readily replaced when 2 : 6-diamino-5-ary1azopyrimidines were 
heated with ammonia or an amine. In preliminary experiments, because of the low solu- 
bility of the starting materials in more conventional solvents, dimethylformamide was used 
as an additional solvent in reaction with alcoholic ammonia, but the ammonia then reacted 
preferentially with the amide so that the chlorine atom was replaced by a dimethylamino- 
group; thus, the compounds (111; X = NHMc, Y = NH,, Z = C1; X = Y = NHMe, 
2 = C1; X = NH,, Y = NHMe, 2 = C1) gave the products in which Z = NMe,, identical 
with those obtained by the direct action of alcoholic dimethylamine on the starting materials. 

Reduction of the azo-compounds by hydrogen in presence of Raney nickel was smooth 
in every case. Condensation of the products with symmetrical a-diketones proceeded as 
expected. The amine (11; X = 2 = NH,, Y = NHMe) with benzil gave 2-amho-4- 
methylamino-6 : 7-diphenylpteridine (I; X = NH,, Y = NHMe, R = R' = Ph), m. p. 
272", which Paget has shown to be preferentially absorbed on cardiac muscle. Cain, 
Taylor, and Daniel state that this substance has m. p. 237-238"; they heated under 
reflux a mixture of 2-amino-4-hydroxy-6 : 7diphenylpteridine, phosphorus oxychloride, and 

a Roth, Smith, and Hultquist, J .  A m y .  Chem. SOC., 1951, 78, 2864. 
Andrews, Anand, Todd, and Topham, J., 1949, 2490. 

4 Boon, J., 1962, 1632. 
B.P. 677,342. 
Lythgoe, Todd, and Topham, J. ,  1944, 316. 

? Polonovski and Pesson, Bull. SOC. chim. Fvance, 1948, 16, 688. 
* Paget, J. Path. Bact., in the press. 

Gin,  Taylor, and Daniel, J .  Amer. Chem. Soc., 1949, 71, 892. 
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phosphorus pentachloride and heated the crude product at  160" with alcoholic methyl- 
mine;  repetition of this work gave a product of m. p. 263-269", depressed on admixture 
with a sample prepared as above, and shown by fractional extraction with acid to be a 
mixture of 2 : Pbismethylamino-6 : 7diphenylpteridine (I;  X = Y = NHMe, R = R = 
Ph) and the methylamide of 3-amino-5 : 6diphenylpyrazine-2carboxylic acid. However, 
reaction with alcoholic methylamine at (120" gave the expected 2-amino-4-methylamino- 
6 : 7diphenylpteridine. 

Likewise 4-amino-2-methylamino-6 : 7-diphenylpteridine (I ; X = NHMe, Y = NH,, 
R = R' = Ph) obtained from (11; X = NHMe, Y = 2 = NH,) and benzil had m. p. 
307" although Taylor and Cain lo state that the substance obtained from the action of 
methylamine on Pamino-2-mercapto-6 : 7diphenylpteridine (I;  X = SH, Y = NH,, 
R = R' = Ph) has m. p. 264-265". Repetition showed that their substance was 2 : 4- 
bismethylamino-6 : 7diphenylpteridine. Further, the product, m. p. 192-196", described 
by these authors as (I;  X = Me$, Y = NH,, R = R' = Ph) is a mixture of this substance 
which has m. p. 239" and (I;  X = Y = NMe,, R = R = Ph), m. p. 210", both of which 
have been prepared by unambiguous methods during the present work. 

For the preparation of substances containing only one substituent at position 6 or 7, or 
with different substituents in these positions, reductive cyclisation of an a-(6-arylaZo4- 
pyrimidy1amino)-ketone appeared the most satisfactory unambiguous method. The con- 
densation of (111; X = Y = NH,, 2 = C1) with glycine ethyl ester has already been 
re~orded.~ Analogous condensations were slower as the amino-groups were progressively 
substituted, and still slower when the second reactant was an a-amino-ketone so that the use 
of a protected derivative such as a semicarbazone or acetal was essential. In  contrast, a 4- 
hydroxyl group increased the reactivity of the 6-chlorine atom, so that the hydroxy-com- 
pound (111; X = NMe,, Y = OH, 2 = C1) condensed more readily than the primary 
diamine (I11 ; X = Y = NH,, 2 = Cl). 4Chloro-6-~-chlorophenylazo-2-dimethylamino- 
6-hydroxypyrimidine (111; X = NMe,, Y = OH, 2 = C1) with a-aminoacetophenone 
semicarbazone and a-amino-a-phenylacetaldehyde dimethyl acetal gave products which 
on hydrolysis afforded the ketone and aldehyde (111; X = NMe,, Y = OH, 2 = 
NH*CH,*COPh and NHCHPhCHO). These were reduced to 2-dimethylamino-7 : 8- 
dihydro-4-hydroxy-6- and -7-phenylpteridines (IV; R = Ph, R = H ;  R = H, R' = Ph) 
respectively which were oxidised to the pteridines with alkaline permanganate. The last 
two compounds were also obtained by condensing 4 : 5-diamino-2dimethylamino-6-hydroxy- 
pyrimidine with phenylglyoxal at pH I (6-phenyl compound) or 4 (7-phenyl compound). 
In the latter case, 4-amino-Zd~ethylamino-6-hydroxy-5-phenacyliden~inop~midine 
(11; X = NMQ, Y = OH, 2 = N:CHCOPh) was first obtained and then cyclised to the 
pteridine by heating it with sodium hydroxide. 

The 6- and the 7-phenyl compound were converted into the 2 : 4bisdimethylamino- 
pteridines (111; X = Y = NMe,, R = Ph, R = H ;  X = Y = NMe,, R = H, R' = Ph) 
by phosphorus oxychloride under reflux, the crude chloro-compounds being treated with 
alcoholic dimethylamine. From the 6-phenylpteridine some 4-ethoxy-compound (I ; 
X = NM%, Y = EtO, R = Ph, R = H) was obtained also. The same bisdimethylamino- 
pteridines were obtained by condensing 4 : 6-diamino-2 : 6-bisdimethylaminopyrimidine 
(11; X = Y = NMe,, 2 = NH,) with phenylglyoxal under the conditions used for the 
corresponding hydroxycompounds ; in this case though, the intermediate substance 
corresponding to the 7-phenyl compound was not isolated. As a further check on the 
identity of the products both 2 : 4-bisdimethylamino-compounds were converted into the 
corresponding 2-dimethylamino-Q-hydroxy-compounds by hydrolysis with hydrochloric acid. 

Although this series of transformations showed that condensation of phenylglyoxal 
could be directed to give predominantly one or the other of the two possible pteridines, it 
was considered unlikely that this would be possible with an adiketone in which there is a 

lo Taylor and Cain, J .  Amer. Circm. SOL, 1952, 74, 1644. 
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smaller difference in the reactivity of the keto-groups. The stepwise synthesis of such 
pteridines appeared essential in these cases. 

Although both 4 : 6-dichloro-2-methylamino- and -2-dimethylamino-pyrimidine condensed 
smoothly with glycine ethyl ester to give the mines (V; R = NHMe or NMQ, R' = 
NH*CH,CO&t), no satisfactory products could be obtained with a-aminodeoxybenzoin. 

U 

Because of the greater reactivity of the chlorine atoms in trichloropyrimidine, reaction of 
this substance with an a-amineketone appeared to offer a suitable starting point provided 
the two products could be separated. Trichloropyrimidine with o-amino-o-+chlorophenyl- 
acetophenone gave a mixture which could not readily be separated but with alcoholic 
dimethylamine gave a readily separable mixture of arnineS (V; R = NMq, R' = + 
C,H,Cl*CHBz-NH and vice versa). The subsequent stages in the conversion of the former 
into the diamine (I ; X = Y = NMq, R = Ph, R = fi-C,H,Cl) proceeded smoothly. In 
the reaction between trichloropyrimidine and aminodeoxybenzoin , the product (V ; R = C1, 
R' = PhCHBzONH) separated directly from the reaction mixture. 

EXPERIMENTAL 
2- Dinrethylamino - 4 : 6 - dihydroxy - 6 - nitr@yrimidine.-2- Dimethylamino - 4 : 6 - dihydroxy- 

pyrimidine (70 g.),4 ground to pass a 30-mesh sieve, was added with stirring during 45 min. to a 
mixture of glacial acetic acid (280 c.c.) and nitric acid (d 1.6; 66 c.c.) at 20-25'. After a 
further 46 minutes' stirring the mixture was poured into water (1360 c.c.). The solid was 
separated, washed free from acid, and dried (81 g.). No suitable solvent could be found for 
crystallisation and the nitro-compound was analysed directly (Found : C, 36.1 ; H, 4-4; N, 
27-7. 

4 : 6 - Dichloro - 2 - dimethylamino - 6 - nitvoPyrimidine.-2 - Dimethylamino - 4 : 6 - dihydroxy - 6 - 
nitropyrimidine (20 g.), phosphorus oxychloride (60 c.c.), and dimethylaniline (20 c.c.) were 
heated to 106' (bath-temperature) whereupon a vigorous reaction set in. When this had 
moderated heating was continued for 1 hr. After removal of the excess of phosphorus oxy- 
chloride under reduced pressure the residue was treated with ice (200 g.), then the suspension 
was extracted with ether (4 x 60 c.c.). The extract was dried (MgSO,), filtered, and evaporated. 
The residue, crystallised from light petroleum (b. p. 60-80") (yield, 3.7 g.), had m. p. 117-120". 
The G O ~ ~ O U ~  was purified for analysis by sublimation at 160°/19 mm. (Found : C, 30.6; H, 
2.6; N, 23.6; c1, 29.9. 

4-Amino-6chloro-2-dimethylamino-6-nitr~yrimidine and 4 : 6-Diamino-2-dimethylamim-6- 
nitr+yrimidine.-4 : 6-Dichloro-2-dimethylamho-6-nitropyrimidine (14 g.), benzene (90 c.c.) , 
and ammonia (d 04380) (10 c.c.) were shaken overnight and filtered. The residue of the diamiue 
(4.2 g.), after two crystallisations from dioxan, had m. p. 249-260' (Found : C, 36.6; H, 6-1 ; 
N, 42.5. Evaporation of the filtrate gave a 
residue of indefinite m. p. from which the monoamino-compound (0.6 g.) was obtained by chrom- 
atography on alumina (120 g.) in benzene (30 c.c.) and crystallisation from ethyl acetatelight 
petroleum (b. p. 00-80') and had m. p. 132' (Found : C, 33-0; H, 3.9; N, 32.6; C1, 16-9. 
C,H80,N,C1 requires C, 33-1; H, 3-7; N, 32.2; C1, 16.4%). 

4 : 6-Di~ydroxy-2-methyZamin~~rimidi.ne.-To a solution of sodium (91 g.) in methanol 
(2 1.) methylguanidine sulphate (509 g.) was added and the mixture heated under reflux for 30 
min. with stirring. After 
cooling, the mixture was diluted with water (6 l.), treated with carbon, and filtered. Acidific- 
ation to litmus with acetic acid precipitated the dihydroxypyrimidine (183 g.) immediately. 
After this had been collected the mother-liquors deposited a second product (16 g.), presumably 
2-amino-1 : 4 : 5 : 6-tetrahydro-1-methyl-4 : 6-dioxqpyrimidine, m. p. >360", purified for analysis 
by dissolution in aqueous sodium hydroxide, treatment with charcoal, and reprecipitation with 
acetic acid (Found : C, 42.3 ; H, 6.3 ; N, 28.7. C,H,O,N, requires C, 42.6 ; H, 6.0 ; N, 29.8%). 

4 : 6-DichZoro-2-methylami~yrimidine.-4 : 6Dihydroxy-2-methylaminopyrimidine (93 g.) 

C,H,04N, requires C, 36-0; H, 4-0; N, 28.0%). 

C,H,OaN4CIa requires c ,  30-4; H, 2-6; N, 23.6; c1, 29.9%). 

C,HI,O,N, requires C, 36-6; H, 5.2; N, 42.75%). 

Ethyl malonate was then added and heating was continued for 6 hr. 
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and phosphorus oxychloride (610 c.c.) were heated under reflux for 1 hr. After filtration 
through sintered-glass the solution was poured on 32% aqueous sodium hydroxide (2260 c.c.) 
and ice. The solid which separated was washed with water and crystallised from methanol. 
The product (88 g.) had m. p. 164" undepressed on admixture with an authentic samp1e.l' 

4- ChZoro - 6 -methoxy - 2- methylamino~yrimidi.ite.-4 : 6- Dichloro - 2 - methylaminopyrimidine 
(130 g.) was heated in a solution of sodium (168 g.) in methanol (670 c.c.) for 12 hr. The ether 
which separated on cooling was collected, washed with water, and crystallised from methanol ; 
it (95 g.) had m. p. 153" (Found : C, 41.8; H, 4.7; N, 24.2; C1, 20.3. C,H80N3C1 requires C, 
41.6 ; H, 4.6 ; N, 24-2 ; C1, 20.6%). 

4-ChZoro-2-dimethyZarnino-6-methoxy~yrimidine8 m. p. 62" after sublimation (66"/0.1 mm.) , 
was obtained similarly (81 yo) from 4 : 6-dichloro-2-dimethylaminopyrimidine at room temper- 
ature (Found : C, 44.7; H, 6-4; N, 22.6; C1, 19.2. C,HloON,C1 requires C, 44.8; H, 6.3; N, 
22.4 ; C1, 18*9~0). 

4-ChZoro-6-hydroxy-2-methyZamino~yrimidine.-4 - Chloro - 6 - methoxy- 2 -methylaminopyrim - 
idine (10 g.) was heated on the steam-bath for 30 min. with concentrated hydrochloric acid (60 
c.c.). The hydvoxy-cmfiound which separated on cooling was collected and purified by dis- 
solution in alkali, etc., as above, and had m. p. 266" (decornp.) (6.6 g.) (Found : c ,  38.3 ; H, 4.1 ; 
N, 26-2. C,H,0N3C1 requires C, 37.6 ; H, 3.8 ; N, 26.3%). 

4-ChZoro-2-dimethyZamino-6-hydroxy~yrimidine8 m. p. 217", was obtained similarly (96%) 
from 4-chloro-2-dimethylamino-6-methoxypyrimidine (Found : C, 41.9 ; H, 4.9 ; N, 23.9 ; Cl, 

2-Amino-4-dimethyZamino-6-unethyZfiyrimidine.-2-Amino-4-chloro-&methylpyrimidine (28.7 
g.) and dimethylamine (78 C.C. of a 19.6% w/v solution in ethanol) were heated a t  110-120' for 
17 hr. The diamine, crystallised from benzene, had m. p. 172" (166 g.) (Found : C, 66.8; H, 
8-4; N, 37.1. C,Hl,N4 requires C, 66.3; H, 7.9; N, 36.8%). 

a- (2 : 4-DichZoro-6-~yrimidyZamino)deoxybenzoin.~-Aminodeoxybenzoin hydrochloride (47 
g.), dissolved in water (760 c.c.), was basified with ammonia at 0". The precipitated base was 
collected, drained as dry as possible, added to trichloropyrimidine (36 g.) in ethanol (760 c.c.) 
and set aside at room temperature for 2 days. The ketone (12 g.) was collected and crystnllined 
from ethanol; i t  had m. p. 165' (Found : C, 60-1; H, 3.8; N, 11.8; C1, 19.9. Cl8Hl~0N3Cl4 
requires C, 60.4; H, 3.6 ; N, 11.7 ; C1, 19.86%). 

o - (4- ChZoro - 2 - dimethylamino : 6 -pyrimidyZamino) - o - p - chZor@henyZacet@henone and ~ ( 4 -  
ChZoro-6-dimethyZamino-2-fiyrimidyZamino) -o-p-chZoro~henyZacet@henone.--w-Amino-~~-chloro- 
phenylacetophenone hydrochloride (28.6 g.) was converted into the base and caused to react 
with trichloropyrimidine (9 g.) under the conditions given above. The crude product which 
could not be purified readily was heated under reflux for 3 hr. with dimethylamine in ethanol 
(10 C.C. of 19.6% w/v solution) and ethanol (10 c.c.). On evaporation of the solution to half its 
volume a solid, m. p. 76-96', was obtained. Crystallisation and recrystallisation from methanol 
gave the 2-dimethylaminopyrimidine, m. p. 161-162° (Found : C, 60.3; H, 4.8; N, 13.9; C1, 
17.6. C40H180N4C12 requires C, 59.8; H, 4.6; N, 13.9; C1, 17.7%). The 6-dimethylamino- 
pyrimidine, m. p. 181-182" (Found : C, 60.1 ; H, 4.7 ; N, 14-0%), was obtained by concen- 
tration of the mother-liquors and recrystallisation from ethanol. A small quantity of another 
substance, m. p. 239-240', believed to be 2 : 5-di-p-chlorophenyl-3 : 6-diphenylpyrazine, was 
also obtained. 

Derivatives of 2 : 4-Diamino-6-chZoropyrimidi~e.-(a) From 2-amino(or substituted amino)- 
4 : 6 - dichloreyrimidine. 2 - Amino - 4 : 6 - di- 
chloropyrimidine (33 g.) was heated with dimethylamine in ethanol (175 C.C. of 19.5~o w/v 
solution) for 3 hr. after the initial reaction had subsided. The diamino-compound (24 g.) which 
separated on cooling was collected, crystallised from methanol and then from benzene, and had 
m. p. 164-166" (Found : C, 41.9; H, 5-0; N, 32.6; C1, 20.8. C,H,N,C1 requires C, 41.7; H, 
6-2 ; N, 32.6 ; C1, 20.5%). 

The following were obtained similarly (in 70% yield) from the appropriate derivative of 2- 
amino-4 : 6-dichloropyrimidine and an ethanol solution of glycinc ethyl ester : 

Ethyl 4-chZoro-2-methyZamino-6-~yri~n~dylaminoa~etate, m. p. 167' (Found : C, 43.6 ; H, 4.9 ; 
N, 22.8 ; C1, 14.7. C,H130,N4C1 requires C, 44.2 ; H, 6.3 ; N, 22.9 ; C1, 14.6y0). 

Ethyl 4-chlmo-kdimethylamino-6-~yrimidylaminoacetate, m. p. 121" (Found : C, 46.6 ; H, 
5 - 6 ;  N, 21.0; C1, 14.2. 

l1 Winkelmann, J. prakt. Chem., 1927, 115, 292. 

21.0. C,H@N&I requires C, 41.6 ; H, 4.6 ; N, 24.2; C1, 20*5y0). 

2 - A mino - 4 - chloro - 6 - dimethylaminopyrimidine. 

C,,H1,O,N4C1requires C, 46.4; I-I, 5 . 8 ;  N, 21.6; C1, 13.7y0). 
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(b) From 2 : 4-dichloro-6-methylamimpyrimidine. 4- Chloro- 2 -ethylamino - 6 - methylamino - 
pyrimidine. 2 : 4-Dichloro-6-methylaminopyrimide (36 g.), ethanol (200 c.c.), and aqueous 
ethylamine (60 g. of 70% w/w solution) were heated under reflux for 6 hr. After removal of the 
ethanol the mixture was diluted with water and extracted with ether. After drying, the ether 
was removed and the residue was dissolved in absolute ethanol (70 c.c.). Concentrated sulphuric 
acid (9 c.c.) was added until the mixture was acid to Congo-red; dry ether was then added to 
produce a permanent turbidity, the diamine sulphate separating (34 g.) . After recrystallisation 
from ethanol-ether it had m. p. 148" (Found : C, 29.9; H, 6.0; N, 19.4; C1, 12-6; S, 11.2. 
C,H,,N,CI,H,SO, requires C, 29.5; H, 4.6; N, 19-7; C1, 12-46; S, 11.26y0). 

The following were obtained similarly : 4-chZoro-2-dimethylamino-6-methylaminoj5yrimidine, 
m. p. 78" (from light petroleum) (Found : C, 46.5; H, 6.2; N, 30-6; C1, 19.0. C7H11N4C1 
requires C, 45-1 ; H,  6-9 ; N, 30.0 ; C1, 19.0%) ; 4-chZoro-2-diethylamino-6-methylami~yrim~dine 
sulphate, m. p. 148-149" (from ethanol-ether) (Found : C, 34.5; H, 6-6; N, 18.1; C1, 11.6; 
S, 10.1. C,H,,N,C1,H,S04 requires C, 34.6; H, 6.4; N, 17.9; C1, 11.4; S, 10~2'7~) ; 4-chloro-6- 
methylamino-2~iperidinoj5yrimidine, m. p. 118" (from methanol) (Found : C, 63.3; H, 6.8; 
N, 24.1; C1, 16.6. C,,H,,N4C1 requires C, 53.0; H, 6.6; N, 24.7; C1, 15.7%) ; 4-chloro-2-2'- 
dimethyZaminoethylamino-6-methyZamino~yrimidine, m. p. 99" (from ethyl acetate-light petro- 
leum) (Found : C, 47.1; H, 6.9; N, 29.6; C1, 16.5. C,H,,N,C1 require C, 47.1 ; H, 6.9; N, 
30.6 ; CI, 16.6%). 

4Chloro-6-p-chZor@henylazo-2-dimethyZam~no-6-hyd~oxy~yrim~dine.-To a solution of 4- 
chloro-2-dimethylamino-6-hydroxypyrimidine (1 7.6 g.) dissolved in water (600 c.c.) containing 
2~-sodium hydroxide (60 c.c.) and sodium hydrogen carbonate (12-6 g.), a solution of p-chloro- 
benzenediazonium chloride (from 12-76 g. of p-chloroaniiine) was added. After overnight 
stirring the azo-compozmd was collected, washed with water, ethanol, and ether, and crystallised 
from dioxan; i t  had m. p. 220-222" (decornp.) (20 g.) (Found : C, 46.4; H, 3.6; N, 22.7; 
C1, 22.6. C,,H,,ON,C1, requires C, 46-2 ; H, 3.6 ; N, 22.6 ; C1, 22.8%). 4-Chloro-6-p-chloro- 
phenylazo-6-hydroxy-2-methylaminopyrimidine was obtained similarly but could not be purified 
without decomposition. 

6-p-ChZo~@henylazo-2-dimethylamino - 4 - hydroxy - 6 - methyZyrimidine.-aa/40 -9 - Chlorobenz - 
enediazonium chloride solution (500 c.c.) and crystalline sodium acetate (46 g.) were added 
with stirring to a solution of 2-dimethylamino-4-hydroxy-6-methylpyrimidine (3.8 g.) in water 
(600 c.c.). After 16 hr. the azo-compound was collected, washed, dried in air, and recrystal- 
lised from butanol, then having m. p. 21f5-217" (5.5 g.) (Found : C, 63.4; H, 4.7; N, 24.2. 
C,,H,,ON,CI requires C, 63.6; H, 4.8; N, 24.1%). 

2 : 6-Diamino-6-aryZazo-4-chZor~yrim~dines.-The preparation of 4-chloro-&pchlorqphenyZ- 
azo-2 : 6-bisdimethylaminopyrimidim is typical. ~/4O-p-Chloropheny~diazonium chloride (60 
c.c.) and crystalline sodium acetate (40 g.) were added with stirring to a solution of 4-chloro- 
2 : 6-bisdimethylaminopyrimidine (5.0 g.) in acetic acid (70 c.c.) diluted with water (200 c.c.). 
The dark red oil which separated changed to a granular solid after 48 hours' stirring. The azo- 
compound was then collected, washed with water, and crystallised twice from ethanol ; it (6 g.) 
had m. p. 91" (Found : C, 49.7; H, 4.6; N, 24.7; C1, 20.9. C14H1,N,C1, req-uires C, 49.6; 
H,  4.7 ; N, 24.8; C1, 20-9y0). Details of other compounds in this series are given 111 Table 1 and 
in B.P. 763,041. 

2 : 4 : 6-Triamino-5-arylazoj5yrimidine Derivatives.-The preparation of 4 : 6-diamim-6-p- 
chlor~henylazo-2-dimethyZaminoj5yrimidine is typical. 4-Amino-~-chloro-6~-chlorophenylazo- 
2-dimethylaminopyrimidine (2 g.) and saturated alcoholic ammonia (40 c.c.) were heated a t  
160-160" for 36 hr. The triamino-compound (1.76 g.) which separated on cooling was crys- 
tallised from butanol ; it had m. p. 272-273' (Found : C, 49-1 ; H, 4.8 ; C1, 12.2. Cl,H14N,C1 
requires C, 49.4; H, 4.8; C1, 12.2%). The hydrochloride was obtained as follows : p-chloro- 
benzenediazonium chloride [from 9-chloroaniline (6.6 g.), water (60 c.c.), concentrated hydro- 
chloric acid (11 c.c.), and sodium nitrite (3.6 g.)] was added with stirring to 4 : 6-diamino-2- 
dimethylaminopyrimidine (7.6 g.) in glacial acetic acid (70 c.c.). The product separated rapidly 
and sufficient 60% acetic acid was added to keep the mixture mobile. The hydrochloride (14.1 
g.) was collected after 4 hr., washed with water and ethanol; it had m. p. 301" (decomp.) when 
crystallised from 80% formic acid (Found : C, 44.6 ; H, 4.4; N, 29.9; C1,21.6. C,,H,,N,CI,HCI 
requires C, 44.0; H, 4.6; N, 29.9; C1, 21.6%). The free base identical with the above was 
obtained by trituration with ammonia. 

Table 2 gives details of substances containing an unsubstituted 4-amino-group prepared by 

The washed crude material was satisfactory for further use. 
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reaction of the corresponding 4-chloro-compounds (I) with ammonia or the appropriate amine. 
Further examples are given in B.P. 763,042. 

6-pChkwophenylazo-Cdimethylamino-2 : 6-bismethyZaminopyrimidi.ns.-4-Chloro-6 - p - chloro- 
phenylazo-2 : 4-bismethylaminopyrimidine (6 g.), dimethylformamide (100 c.c.), and 10% 
ethanolic ammonia (20 c.c.) were heated at 60" for 64 hr. The amine which separated on 
addition of water crystallised from ethanol and had m. p. 146" (4 g.) (Found : C, 62.4; H, 6.6. 
C,,H,,N,Cl requires C, 62.6 ; H, 6.6%). The same product (m. p. and mixed m. p.) was obtained 
by reaction between 4-chloro-69-chlorophenylazo-2 : 6-bismethylaminopyrimidine and meth- 
anolic dimethylamine under standard conditions. 

2-Am~no-6-p-chlor~henyylazo-CdimethyZamino-6-methyZami~rimidi~, m. p. 192" (Found : 
C, 61.4; H, 6.6. C,,H1,N,C1 requires C, 51.1; H, 6.2y0), was obtained by reaction between 
2-amino-4-chloro-~-chlorophenylazo-6methylaminopyrimidine and alcoholic ammonia in 
dimethylformamide. 

6-p-Chlm~henylazo-2 : 4 : 6-trismethylamin@yrimadine, m. p. 166' (Found : C, 61.4; H, 
6.3; N, 31.3; C1, 11.6. C,,Hl,N7C1requ~esC, 61.1; H, 6-3; N, 31.1; C1, ll.670), wasobtained 
from 4-chloro-6-#-chlorophenylazo-2 : 6-bismethylaminopyrimidine and methylamine in di- 
methylformamide . 

Tetra-amin@yrimidines.-The following procedure for the preparation of 2 : 4 : 6-triumino- 
4-methyZaminopyrimidine is typical : 2 : 4-Diamino-6-~-chlorophenylazo-6-methylaminopyrim- 
idine (6 g.) in ethanol (76 c.c.) was reduced by hydrogen in presence of Raney nickel (initial 
pressure 47 atm.) at 90-96" for 6 hr. The mixture was then acidified with acetic acid (4 c.c.) 
and filtered through Hyflo Supercel, and the residue washed with water. The combined 
filtrate and washings were evaporated to dryness under reduced pressure in an atmosphere of 
nitrogen. The brown residue was triturated with ether, filtered, washed with more ether to 
remove p-chloroaniline, dissolved in water (10 c.c.), and acidified to Congo-red with sulphuric 
acid. The sulphate was precipitated by addition of ethanol and crystallised from water. 

No satisfactory analytical results could be obtained for 2 : 6-diamino-6-diethylamino-4- 
dimethylaminopyrimidine oxalate, m. p. 221" (decomp.), although it  condensed normally with 
benzil to give the corresponding diphenylpteridine. 

Details of other compounds prepared by this method are given in Table 3 and in B.P. 
763,120. 

6-Avylaz@yrimidylamino-aldehydes a d  -kctones and Derivatives.-6-p-Chlor@henylazo-2- 
dimethylamino-4-melhykzmino-6+yrimidyZaminoa&ald.ehyde diethyl acetal. Aminoacetaldehyde 
diethyl acetal(l6 g.) and 4-chloro-5-~-chlorophenylazo-~~ethylamino-4-methylaminopyrimid- 
ine (17.6 g.) were heated under reflux for 24 hr. in dioxan (260 c.c.). The residue obtained on evapor- 
ation was triturated with ethanol and filtered. The metal (10 g.), crystallised from light petro- 
leum (b. p. 60-80°), had m. p. 95" (Found : C, 64.3; H, 6.4; N, 24.0; C1, 8.0. C,,H,,O,N,Cl 
requires C, 64.1 ; H, 6-7 ; N, 23.3 ; C1, 8.4%). 

a- 6-p- Chlomphenylazo- 2 : 4- bisdimethylamano- 6-~y~.imidykrmino-a-phenylacetaldehyde Di- 
methyl A cetuZ.-a-Aminophenylacetaldehyde dimethyl acetal ( 1 1 g.) and Pchloro-€+-chloro- 
phenylazo-2 : 6bisdimethylaminopyrimidine in dioxan (260 c.c.) were heated under reflux for 
4 hr. After removal of the solvent, the acetal (1.9 g.) was crystallised from butanol; it had 
m. p. 161" (Found : C, 69.6; H, 6.3; C1, 7.7. C,,H,oO,N,C1 requires C, 69.6; H, 6.2; C1, 

a- (b-p-GhZor@henylazo-2-dimethykzrnino-4 - hydroxy - 6 -pyximidylamino) - a -phenylacetaldehyde 
dimethyl acetal, m. p. 242" (from butanol), was obtained similarly from 4-chloro-l5+-chlorophenyl- 
am-2-dimethylamino-0-hydroxypyrimidine (Found : C, 68.0; H, 6.6; N, 18.4; C1, 7.8. 
C,,H,,O,N,Cl requires C, 67-8; HI 6.6; N, 18.4; C1, 74%). 

6-p-ChZor@hefiylazo - 2 - dimethylamino - 4 - hydroxy - 6 -pyrimidylamirroacet.-Aminoacetone 
semicarbazone hydrochloride (1 1 g.) was stirred for 2 hr. with a solution of cold sodium ethoxide 
(from sodium, 1.6 g., and ethanol, 60 c.c.), 4-chloro-6-~-chlorophenylazo-2-dimethylamin~& 
hydroxypyrimidine (9.3 g.) in dimethylformamide (140 c.c.) was then added, and stirring was 
continued for a further 16 hr. The semicarbazone (11 g.), m. p. 243", was collected, washed well 
with water and ethanol, and dissolved in glacial acetic acid (26 C.C.) and %-hydrochloric acid 
(160 c.c.). The 
hydrochloride (6.6 g,), crystallised from ethanol, had m. p. 217" (Found : C, 46.6; H, 4.9; 
N, 21.3. C,,H,,O,N,Cl,HCl requires C, 46.8; H, 4.7; N, 21.8%). 

7.4%). 

After being kept overnight the mixture was filtered and evaporated to dryness. 

The following were obtained similarly : 
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0- (6-p-Chlorophenylazo - 2 - dimethylamino - 4 - hydroxy - 6 -pyrimidylamino)acetqphenone hydro- 
chlova& mmhydvafe, m. p. 229" (from ethanol) (Found : C, 61.4; H, 4.7; N, 18.0; C1, 16.4. 
C,oH1@OaN6ClJHCI,H,0 requires C, 61.6; H, 4-7; N, 18-0; C1, 16.3%); semzcavbazone, m. p. 
263" (decomp.) (from dimethylformamide-ethanol) (Found : C, 63-6;  H, 4-9; N, 28-0; C1, 7-7. 
Ca1H,,O,N,Cl requires C, 63.9 ; H, 4.7 ; N, 27-0; C1, 7.6%). 

4- Chlovo-o- (6-p-chlor@henylazo- 4- hydroxy - 2 - m e t h y l a m i n o - ~ r ~ m ~ y d y l a m i n o ) ~ ; e t ~ k n o n e  
hydrochloride, m. p. 268" (decomp.) (Found : C, 48.8; H, 3.8; N, 17.1. C,,H,6O,N6CI,,HC1 
requires C, 48.8; H, 3.6; N, 174%); semicarbazone, m. p. 264" (from dimethylformamide) 
(Found : C, 49-3; H, 3.9. C,,,H,,O,N,Cl, requires C, 49.2; H, 3.9%). 

4-Chlmo-o- (Scp-chZmopknyZazo-2-dimethylamino- 4 - hydroxy - 6 -pyrimidyZamino)ace~henone, 
m. p. 244" (decomp.) (from dimethylformamidtwi!thanol) (Found : C, 64.2; H, 4.0; N, 18.8; 
C1, 16.0. C,oH,8OaN&4 requires C, 63.9; H, 4.0; N, 18-9; C1, 16.0%); semicarbazm, 
m. p. 256" (decornp.) (from dimethylformamid+ethanol) (Found : C, 60.7; H, 4.3; N, 24.7; 
C1, 14.6. C,,H,,O,N,Cl, requires C, 60.2; H, 4.2; N, 26.1 ; Cl, 14.1%). 

a-(4Chlor0-6-p-chloro@enyZazo-2 - dimethylamino - 6-~rimidylamino)deoxybenzoin.-a - (2 : 4- 
Dichloro-6-pyrimidy1amino)deoxybenzoin (17.6 g.) and 2.6M-ethanolic dimethylamine (60 c.c.) 
were heated under reflux for 3 hr., and the solid which separated on cooling (17 g. ; m. p. 178-183") 
was collected and dissolved in acetic acid (200 c.c.) together with crystalline sodium acetate 
(19 g.). To this solution p-chlorobenzenediazonium chloride [from p-chloroaniline (6 g.), 
sodium nitrate (3.4 g.) , concentrated hydrochloric acid (10 c.c.) , and water (34 c.c.)] was added. 
After four days' stirring the azo-compound was collected, washed with water and ethanol, and 
crystallised from butanol, then having m. p. 264" (decomp.) (10 g.) (Found : C, 61-8; H, 4.1 ; 

a-( 6-p-Chlovophenylazo-2 : 4 - bisdimethylamino - 6 -~rimidylamino)&oxybenzoin.-The above 
chloropyrimidine (10 g.) was heated under reflux for 20 hr. with 2.6M-ethanolic dimethylamine 
(340 c.c.). The diamino-compound (6.6 g.) which separated on cooling crystallised from ethanol 
and had m. p. 179" (Found : C, 66.7 ; H, 6.4; N, 19.2; C1, 7.4. C,gHIeON,C1 requires C, 66.4; 
H, 6.6; N, 19.1 ; C1, 6.9%). 

The following were obtained similarly : o-p-chlmophenyl-0-(4chlo~o-5-p-chl~~henykazo-2- 
dimethylamino-6~yrimidylamino)acetoplzenone, m. p. 248' (decomp.) (from butanol) (Found : 
C, 68.0; H, 3.7; C1, 19.8. C,6H210N,C1, requires C, 67-8; C1, 3.9; H, 1943y0), and a-p-chtoro- 
phenyl-0- (6-p-chlor~knylazo-2-d~methyZamino-~yrimidylamino)acet~henolze, m. p. 196" (from 
butanol) (Found : C, 60.6; H, 6.1; N, 19.0. C,,H,,ON,Cl, requires C, 60.7; H, 4.7; N, 
18.4y0).. 

4Clhloro-0- (6-p-chZorqp~nyZazo-ZdimethyZamino-4-hyd~oxy-~yrimidylami.no) -w-phenylaceto- 
phe~.4-Chloro-a-phenylacetophenone hydrochloride (14.1 g.) was dissolved in water 
(800 c.c.) and basified with ammonia. The free amino-ketone was collected, dried over phos- 
phoric oxide, and added to a solution of 4-chloro-~-chlorophenylazo-2-dimethylamino-4- 
hydroxypyrimidine (7.8 g.) in dimethylformamide (400 c.c.). After 24 hours' stirring at room 
temperature the separated solid was collected and crystallised from dimethylformamide-ethanol. 
The ketone (7 g.) had m. p. 239" (Found : C, 60.0; H, 4.8; N, 16.4; C1, 13-6. C,6H,,02N6C12 
requires C, 69.9; H, 4.2; N, 16.1; Cl, 13.6%). 

Ethyl 4Ami.no-6-p-chZov~heny1azo-~dimethylam2no-~yrimidylami7loacet~.-To a solution 
of glycine ethyl ester (6.6 g.) in ethanol (100 c.c.), 4-amino-6-chloro-6~-chlorophenylazo-~ 
dimethylaminopyrimidine (5.6 g.) in dioxan (160 c.c.) was added and the whole heated under 
reflux far 8 hr. Unchanged pyrimidine which separated on cooling was filtered off and the 
filtrate diluted with water. The precipitated solid was collected, crystallised from ethyl 
acetate-light petroleum (b. p. So-8O0), and recrystabed from ethanol, to give the ester (2 g.), 
m. p. 139" (Found : C, 60.9; H, 6.0; N, 26-1. CI6H,,O,N,C1 requires C, 60.9; H, 6.3; N, 
26.0v0). Ethyl 6 - p  
chl~~lre~yZa~o-Zdimefhylamino-4-hydroxy-6~r~midyZaminoacetate, m. p. 218" (Found : C, 60.7 ; 

prepared similarly. 
E thy1 4-Chloro-6-p-chZw~~nyZaao-2-methyZamino- 6 ~ m i d y l a m i n o a c e t a t e . ~  - Chlorobenz - 

enediazonium chloride (17 C.C. of o*o~M-SOlUtiOn) was added to  a solution of ethyl 4-chloro- 
2-methylamino-6-pyrimidylaminoacetate (26 g.) in 60y0 acetic acid (160 c.c.) containing 
crystalline sodium acetate (10 g.). After 12 hours' stirring the azo-compound was collected 
and crystallised from butanol; i t  (2 g.) had m. p. 218" (Found : C, 46.7; H, 4.4; N, 22-6. 

N, 16-9; c1, 14.6. C26H,20N6Cl, requires c, 61.8; H, 4.4; N, 16.7; c1, 14.1%). 

Further examples of compounds of this type are gwen in B.P. 763,043. 

H, 6.2; N, 22.6; c1, 9-6. C16HlB08N6CI requires c, 60.7; H, 6.0; N, 22.1 ; c1, 9-4y0), was 
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C,,H,,O,N,Cl, requires C, 47.0 ; H, 4-2 ; N, 21-9y0). Ethyl 4-chloro-6-p-chlov+henylazo-2- 
dimethylamino-6-py~imidylaminoacetate, m. p. 214" (from dioxan) (Found : C, 48.4; H, 4-6 ; 
N, 20.7; C1, 18.4. C16H180,N,Cl, requires C, 48.3; H, 4.6; N, 21.1 ; C1, 17.9%), was obtained 
similarly. 

7 : 8 - Dihydropteridines.-2 -Dimethylamino-7 : 8-dihydro-4-hydroxy-6-phenylpteridine. o - (6 - 
p-Chlorophenylazo- 2-dimethylamino- 4- h ydroxy - 6-pyrimid ylamino) ace tophenone (1 6 2 g . ) in 
glacial acetic acid (60 c.c.) was treated at  the b. p. in an atmosphere of nitrogen with zinc dust 
(1.1 g.). The mixture was heated for a further 1 hr., then filtered hot. Removal of the solvent 
under reduced pressure gave an oil which was triturated with ether and filtered. The residue 
after being washed with ether was dissolved in dilute hydrochloric acid, and the solution evap- 
orated under reduced pressure. The hydrochloride was triturated with ethyl acetate, collected, 
and dissolved in water. Basiiication of this solution with ammonia gave the base (0.1 g.) which 
after crystallisation from ethanol as the hemihydrate had m. p. 311" (Found : C, 60.1; H, 6.9; 
N, 26.0. C1,H,,ON,,~H,O requires C, 60.4; H, 6.8; N, 25.2%), lms. 270 mp (EiS- 760 in 
N-HCl). The following were made similarly : 2 : 4-bisdimethylamino-7 : 8-dihydro-6 : 7-diphenyl- 
pteridine, m. p. 278' (Found : N, 20.0; C1, 8.8. C,,H,,N,Cl requires N, 20.6; C1, 8.7%) ; 
7 - p  -chlorophenyl- 2- dimethylamino - 7 : 8 - dihydro - 4 - methylamino - 6 - phenylpteridine, m. p. 
267-269" (although not obtained analytically pure it was oxidised satisfactorily to the pteridine, 
see below) ; 6-p-chloroghenyl-2-dimethylamino-7 : 8-dihydro-4-hydroxy-7-phenylpteridine hydro- 
chlmi&, m. p. 346O (Found : C, 67.4 ; H, 6.0. 

6-p-ChZor@henyl-2-dimethylamino-7 : 8-dihydro-4-hydroxypteridine. 4-Chloro-o-(6-fi-chloro- 
phenylazo-Bdimethylamino-4-hydroxy-6-pyrimidylamino)acetophenone (2.96 g.) in dimethyl- 
formamide (300 c.c.) was shaken in hydrogen (initial presssure 2 atm.) for 2 hr. in presence of 
Raney nickel (6 g.). After removal of the catalyst and solvent the residue was triturated with 
ether and the solid collected. Crystallisation and recrystallisation from aqueous dimethyl- 
formamide gave the pteridine (1.8 g.), m. p. 370" (Found : C, 66.0; H, 4.3; N, 22.6; C1, 11.8. 

C,oH1,0N6C1,HC1 requires C, 67.7 ; H, 4.6%). 

C14H140N6C1 requires c, 65.4; H, 4.6; N, 23.1 ; c1, 11.8%). 
In the following case the dihydro-compound was oxidised during manipulation : 
2-Dimethylamino-4-hydroxy-7-phenyZ~teridine. a-(6-p-Chlorophenylazo-2-dimethylamino-4- 

hydroxy-6-pyrimidylamino) -a-phenylacetaldehyde dimethyl acetal (6 g.) was treated in glacial 
acetic acid (100 c.c.) with concentrated hydrochloric acid (10 c.c.). After 1 hr. at room temper- 
ature water was added and the precipitate collected. The crude aldehyde was reduced directly 
with hydrogen in the presence of Raney nickel as above. After removal of the catalyst and 
solvent the oily residue was mixed with glacial acetic acid (10 c.c.) and triturated twice with 
ether. The oil remaining was dissolved in 2~-hydrochlonc acid ; the white solid which separated 
after a short while was suspended in water and treated with dilute ammonia u n g  the mixture 
was just alkaline to Brilliant Yellow. The pteridine (2.3 g.) was collected and crystallised from 
aqueous dimethylformamide, having m. p. 326' (decomp.) (Found : C, 62-9; H, 4.9; N, 26.8. 
C,,H,,ON, requires C, 62.9; H, 4.9; N, 26.2%). 

4-Amino - 2- dimethylamino - 6 - hydroxy - 6 -phelracyli&neaminq5yrimidirre.-4 : 6 - Diamino - 2 - 
dimethylamino-6hydroxypyrimidine sulphate (10.7 g.), phenylglyoxal monohydrate (6-1 g,), 
crystalline sodium acetate (27 g.), and 60% (v/v) ethanol (400 c.c.) were heated under reflux for 
16 min. The solid which separated on cooling was collected and crystallised from ethanol, to 
give the aldimine (7-6 g.), m. p. 267' (decornp.) (Found : C, 69.1 ; H, 6.6; N, 24-2. C,,H,,O,N, 
requires C, 69-0 ; H, 6-3 ; N, 24.6%). 

2-Amino-3-N-methylcarbamoyl-6 : 6-diphenylfiyrazine.-Methyl 3 -amino - 5 : 6 - diphenylpyr - 
azine-2-carboxylate (1 g.) was heated for 16 hr. at 160' with methylamine (10 g.) in ethanol 
(66 c.c.). After removal of the solvent the residue was crystallised from ethanol, to give the 
amide (0.6 g.), m. p. 197-198" (Found : C, 71-0; H, 6.4; N, 18.6. C,,H,,ON, requires C, 71.1 ; 
H, 6.3; N, 18.4%). 

2 : 4-Disubstituted Pteridines.-These have been made by a number of methods of which 
the examples given are typical; details of other compounds axe given in Table 4;  additional 
examples are recorded in B.P. 763,044. 

(1) Oxidation of a 7 : 8-dihydv@teridine. 2-Dimethylamino-4-hydroxy-6-$henyl~teridine. To 
2-dimethylamino-7 : 8-dihydro-4-hydroxy-6-phenylpteridine (0.2 g.) in 0.6N-SodiUm hydroxide 
(50 c.c.), potassium permanganate (0.1 g.) in water (16 c.c.) was added with stirring during 
16 min. After a further 1-6 hr., ethanol was added to destroy excess of permanganate, and the 
manganese dioxide was removed by filtration and washed. The filtrate and washings were 

Amax. 366 my (I?:%. 800 in N-HCl). 
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concentrated to about 60 c.c., acidified to Congo-red with hydrochloric acid and then neutralised 
with ammonia. The pteridine, crystalked from ethanol, had m. p. 322" (decomp.) (Found : 
C, 62.6; H, 4.8; N, 26.6. Cl4Hl,ON, requires C, 62.9; H, 4.9; N, 26.2%), & 280 (Ei& 
910), 366 mp (Ei"X,, 396). 

(a) With phenylglyoxal 
at pH >4. 2-Dimethylamino-4-hydroxy-7-phenylpteridine, identical in m. p. and mixed m. p. 
with the product obtained by reduction, was obtained by warming 4-amino-Z-dimethylamino-6- 
hydroxy-6-phenacylideneaminopyrimidjne with dilute sodium hydroxide. Acidification of the 
mixture with acetic acid gave the pteridine. 

The preparation of 2 : 4-bisdimethylamino-7-phenylpteridine is typical of those cases in 
which the intermediate compound is not isolated : 4 : 6-Diaminu-2 : Bbisdimethylamino- 
pyrimidine sulphate (2.94 g.), crystalline sodium acetate (6.8 g.), phenylglyoxal monohydrate 
(1.5 g.), and 60% v/v ethanol were heated under refiux for 16 min. The solid which separated 
on cooling was collected, dissolved in 2~-acetic acid, and the solution filtered (charcoal). The 
pteridinc was precipitated from the filtrate with ammonia and, crystallised from butand 
and then from ethanol, had m. p. 191" (Found : C, 66-4; H, 6.4; N, 28.6. C&&, requires 
C, 66.3; H, 6.1; N, 28.6y0). 

(b) With phenylglyoxal a t  pH < 1. 2-Dimethylaminu-4-hydroxy-Bphenylpteridine. 
4 : 6-Diamino-2-dimethylamino-6-hydroxypyrimidine sulphate (7.43 g.), b~-sulphunc acid 
(260 c.c.), phenylglyoxal monohydrate (3-7 g.), and ethanol (260 c.c.) were heated under reflux 
f o r  2 hr. After removal of the ethanol under reduced pressure the solution was cooled in ice, 
basified with ammonia, and separated from a small flocculent precipitate. The pteridine which 
separated on acidification to litmus with dilute acetic acid was collected and crystalbed from 
dimethylfonnamide-ethanol. C,,H,,ON, 
requires C, 62.9; H, 4.4; N, 26.4%). 

4-Methylamino-2 : 6 : 6-triaminopyrim- 
idine sulphate (10.8 g.), benzil (14.8 g.), crystalline sodium acetate (24g.), ethanol (400 c.c.), and 
water (100 c.c.) were heated under reflux for 5 hr. The product which separated on cooling was 
collected and extracted with 0-6~-hydrochloric acid. Basification of the extract With ammonia 
gave 2-amino-4-methylamin-6 : 7-diphenylpteridin which, crystallised from ethanol, had m. p. 
272" (Found : C, 69.4; H, 4.9; N, 26.8. Cl,Hl,N, requires C, 69.5; H, 4.9; N, 264%). 

(3) Replacement of a khydroxy- by a Camim(or substituted amino)-grotg via the chlwo- 
compound. 2-Amino-4-methylamino-6 : 7-diphenylpteridineD identical (m. p. and mixed m. p.) 
with the above, was obtained as follows : 2-Amino-4-hydroxy-6 : 7-diphenylpteridine (2 g.) and 
redistilled phosphorus oxychloride (120 c.c.) were heated under reflux for 2 hr. After removal 
of excess of phosphorus oxychloride under reduced pressure, the residual glass was heated with 
2-5hl-ethanolic methylamine (100 c.c.) for 1 hr. The dark red oily solid which remained after 
removal of the solvent was extracted with 0.6~-hydrochlonc acid. The pteridine was isolated 
from this extract as above. 

In a similar sequence of reactions with Zdimethylamino-4-hydroxy-6-phenylpteridine and 
alcoholic dimethylamine, in addition to 2 : C ~ i s d i m e t h y Z a m i n o - ~ ~ ~ Z p f e r i d i n e  (m. p. 190'; 
from methanol) (Found : C, 66.7; H, 6.4; N, 28.1. C16HleN6 requires C, 66.3; H, 6.1; 
N, 28.6%), which was extracted from the crude dimethylamination product with 2~-acetic acid, 
there was also obtained 2-d in te thyZurn ino-4 -e thoxy -6~he~y lp~er iD  m. p. 200" (from ethanol) 
(Found : C, 66.3; H, 6-1; N, 23.7. C16H1,ONS requires C, 66.1; H, 5.8;  N, 23.7%). By 
using the conditions of Cain et aZ.9 there was obtained from 2-amino-4-hydroxy-6 : 7-diphenyl 
pteridine a product, m. p. 253-269". Extraction of this with 1-6N-acetic acid left 2-amino-3- 
N-methylcarbamoyl-6 : Gdiphenylpyrazine, m. p. and mixed m. p. 197-198" with an authentic 
sample (after crystallisation from ethanol). Basification of the extract with ammonia and 
crystallisation of the precipitate from ethanol gave 2 : 4-bismethylamim-6 : 7-diphenyZPteridi~~ 
m. p. 266-267", undepressed on admixture with an authentic sample obtained by condensation 
of 4 : bdiamino-2 : 6-bismethylaminopyrimidine with benzil (Found : C, 70.3 ; H, 6.3 ; N, 24.6. 
C,,H18N, requires C, 70-1 ; H, 6.3; N, 24.6y0). The same product was obtained by reaction 
between 4-amino-2-mercapto-6 : 7-diphenylpteridine and alcoholic methylamine under the 
conditions described by Taylor and Cain.10 Repetition of the similar reaction between 4- 
amino-2-mercapto-6 : 7-diphenylpteridine and alcoholic dimethylamine gave a product, m. p. 
186-216' (Taylor and Cain give m. p. 192-196') : trituration of this with cold 0-6N-acetic 
acid left a residue which on repeated crystallisation from methanol had m. p. 211" undepressed 

(2) Condensation of a 4 : 6 - d i a m i ~ r i m i d i n e  with an a-diketone. 

I t  had m. p. 332" (Found : C, 62.6; H, 4 4 ;  N, 27.0. 

(6) With a symmetrically substituted a-diketone. 
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on admixture with an authentic sample of 2 : 4-bisdimethylamino-6 : 7-difihenyZpteridzne (Found : 
C ,  71 -3 ;  H, 6 .2 ;  N, 23.2. C,,H,,N, requires C, 71 .4 ;  H, 6.9;  N, 22.7%) obtained by con- 
densation of 4 : 6-diamino-2 : 6bisdimethylaminopyrimidine and benzil. Basification of the 
acetic acid extract with ammonia gave a substance, m. p. 221-228" raised to 236" by crystal- 
lisation from butanol and undepresscd on admixture with an authentic sample of 4-amino-2- 
dimethylamim-6 : 7-diphenylpteridine (Found : C, 69.9 ; H, 6.1 ; N, 26.0. C,,H,,N, requires 
C, 70 .2 ;  H, 5.3;  N, 24.6y0), obtained by condensation of 4 : 5 : 6-triamino-2-dimethylamino- 
pyrimidine and benzil. 

2 : 4-Bismethylamino-7-phenyl- 
pteridine (0.3 g.) and 6~-hydrochloric acid (60 c.c.) were heated under reflux for 20 hr. After 
cooling to about 60", the solution was made faintly alkaline to Brilliant Yellow by ammonia. 
4-Hydroxy-2-methylamino-7~henyl~teridine was collected, washed with water, dried, and 
crystallised from dimethylformamide ; i t  had m. p. 387" (decomp.) undepressed on admixture 
with a sample prepared by method 2a (Found : C ,  61.7 ; H, 4.4;  N, 27.3. C,,H,,ON, requires 
C, 61-7 ; H, 4.4 ; N, 27.6%) ; ha. 260 mp (Ei%,. 700) .  

in ca,rbon 
tetrachloride (290 c.c.), bromine (39 c.c.) in carbon tetrachloride (40 c.c.) was added with stirring 
below 10" during 19 hr. Methanol (290 c.c.) was then added and stirring continued for a further 
12 hr. at this temperature. After a further 48 hr. the mixture was poured into ice-water. The 
oil which separated was collected, washed with 6% w/w sodium hydrogen carbonate solution, 
dried (MgSO,), and distilled in presence of a little anhydrous sodium carbonate. The ucetal 
(122 g.)  had b. p. 138--140°/14 mm. 

a-Benzylamino-a-fihenylacetaldehyde Dimethyl Acetal.*--a-Bromo-a-phenylacetaldehyde di- 
methyl acetal (122 g.), benzylamine (183 g.), and a trace of sodium iodide were heated to 140" 
during 1 hr. When the reaction had moderated heating was continued at 160" for a further 
2 hr. After cooling, the mixture was poured into water, and the product collected with ether, 
dried (MgSO,), and distilled. (Found : N, 6.7. 
C,,H,,O,N requires N, 5.2%). 

a-Amino-a-phenylacetaldehyde Dimethyl Acetal.*-The above benzylamino-compound was 
hydrogenated in methanol (300 c.c.) over 6% palladised charcoal (26 g.) at  100-106° with an 
initial hydrogen pressure of 96; atm. After removal of the catalyst the aminoacetul (47 g.), b. p. 
134-136"/18 mm., was isolated by distillation (Found : C, 66.6; HI 8 .2 ;  N, 7.8. C,,H,,O,N 
requires C ,  66.3; H, 8.3;  N, 7.7%). 

o-Arninoacetophenme Semicarbazorre. *--a-Aminoacetophenone hydrochloride (66 g.) was 
dissolved in ethanol (360 c.c.) with gentle warming and the solution cooled rapidly to room 
temperature. Semicarbazide (26 g . )  was added and the mixture set aside for several hours. 
The prismatic crystals were filtered off and, crystallised from ethanol, had m. p. 107-108". 

a-Amino-4-chZorodeoxybenzoinr-To 4-chlorobenzyl phenyl ketone (28 g.) in dry ether (600 
c.c.) saturated with hydrogen chloride at 0" butyl nitrite (7.6 g.) in ether (60 c.c.) was added. 
The hydroxyimino-compound which separated immediately was collected and crystallised from 
aqueous methanol. It had m. p. 121-123" and was reduced at  room temperature and pressure 
in ethanol (350 c.c.) containing concentrated hydrochloric acid (12 c.c.) in presence of palladised 
charcoal. After removal of the catalyst and solvent the amino-ketone hydrochloride (6 g.) was 
crystallised from 2N-hydrochloric acid and then from methanol-ether; it had m. p. 248" 
(decomp.) (Found : C, 69.8; H, 4 . 5 ;  N, 5.1 ; C1, 26.0. C,,H,,ONCI, requires C, 69.6; H, 4 - 6 ;  

(4 )  Hydrolysis of a 4-amino(or substituted amino)pteridine. 

a-Bromo-a-phenylacetaldehyde Dimethyl Acetale*-To a solution of styryl acetate 

The base (89 g.) had b. p. 121-148O/0.2 mm. 

N, 5 .0 ;  C1, 25.2%). 
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