
September 1966 PTERIDINECARBOXAMIDE DIURETICS. I 697 

17a-Methyl-3a-thiocyano-5a-androstan-17|3-ol-2-one (X).—A 
solution of VHId (1.0 g) in acetone (35 ml) was treated dropwise 
with standard chromic acid solution.15 The excess reagent was 
destroyed by a small amount of isopropyl alcohol. The inorganic 
salts were removed by filtering through diatomaceous earth and 
the filtrate was concentrated in vacuo, the residue was diluted 
with Ff20, and a crystalline product was collected. Recrystalliza-
tion from methanol-H20 afforded the 3<*-thiocyanate X (0.7 g), 
mp 151-153°. An additional recrystallization from methanol 
gave an analytical sample: mp 153-154°; [a]25D +137.5°; 
Xmax 292 m,u (e 60); nmr, 232.5-239.5 (3(3-11), 73 (C-17 methyl), 
50.5 (C-18 methyl), 49 cps (C-19 methyl). 

2a-Thiocyano-5a-androstane-3(3,17/3-diol (XI).—To an ice-cold 
solution of Va (4.0 g) in T H F (100 ml) was added a cold solution 

of lithium tri-f-butoxyalumimjm hydride (20 g) in T H F (100 ml). 
The reaction was stirred for 1 hr at about 5° and poured into an 
ice-cold oc~L AcOH solution. The product was extracted with 
ether and the extracts were washed with H20, o% NaHCOs, and 
finally H20 again before drying over anhydrous Na2S04. Solvent 
removal in vacuo left a white solid which was recrystallized from 
acetone-hexane to give the diol XI (3.6 g), mp 202-205°, [a]%> 
+ 23°. 

Anal. Calcd for C20H3iNO2S: C, 68.72; H, 8.94. Found: 
C, 68.57; H, 9.23. 
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The reaction of 4,6-diamino-5-nitrosopyrimidines with a number of N,N'-bis-substituted malonamides in the 
presence of 1 equiv of sodium in ethanol afforded mixtures of 4-amino-7-substituted amino-N-substituted 6-
pteridinecarboxamides and 4-amino-7-h\rdroxy-N-substituted 6-pteridinecarboxamides. The 7-substituted 
aminopteridineearboxamides were found to be effective oral diuretics in rats, whereas the 7-hydroxypteridine-
carboxamides were inactive at comparable dose levels. 

The base-catalyzed reaction of 4,6-diamino-5-nitroso-
2-phenylpyrimidine (I) with cyanoacetamide yields 
4,7-diamino-2-phenyl-6-pteridmeearboxamide (la) (see 
Scheme I).3 Variation of substituents on the 2 position 
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of the pyrimidine, as well as substitution on the amide 
nitrogen of the cyanoacetamide, permits the prepara
tion of many biologically active substituted 6-pteridine
carboxamides. These have been the subject of several 
recent patents.4 In each of these reactions, ring closure 
to the pteridine results from the elimination of 1 equiv 
of water between the nitroso group of the pyrimidine 
and the active methylene group of the cyanoacetamide 
and the concomitant addition of the amino group of 
the pyrimidine to the nitrile group of the cyano
acetamide. 

The reaction of I with diethyl malonate in the pres
ence of 1 equiv of sodium in ethanol affords ethyl 4-
amino-7-hydroxy-2-phenyl-6-pteridinecarboxylate (II). 
In this reaction, ring closure occurs with elimination of 
water and ethanol. Other examples of pteridine forma
tion by reactions involving 4-amino-o-nitrosopyrimi-
dines have been described by Pachter and co-workers.5 

A recent review has appeared on biologically active 
pteridines derived from 4-ammo-o-nitrosopyridines.6 

In view of what has been reported concerning these 
types of reactions an attempt was made to prepare 
4-amino -7 - hydroxy - 2 - phenyl - 6 - pteridinecarboxamide 
(Ha) in a single step by the reaction of I with malon-
amide in the presence of an equivalent amount of 
sodium ethoxide. It was expected that water and 
ammonia would be eliminated in the reaction, thus 

(1) A preliminary account of this work was presented before the Division 
of Medicinal Chemistry, 150th National Meeting of the American Chemica! 
Society, Atlantic City, N. J., Sept 1965, Abstracts, p 16. 

(2) To whom inquiries regarding this article should be sent. 
(3) T. S. Osdene and E. C. Taylor, U. S. Patent 2,975,180 (1961). 
(4) J. Weinstock, U. S. Patent 2,963,478 (1960); T. S. Osdene and A. A. 

Santilli, U. S. Patents 3,138,595, 3,138,594, 3,138,592, and 3,122,547 (1964). 
(5) I. J. Pachter and P. E. Nemeth, J. Org. Chem., 28, 1187 (1963); 

I. J. Pachter, P. E. Nemeth, and A. J. Villani, ibid.. 28, 1197 (1663). 
(6) T. S. Osdene in "Pteridine Chemistry," W. Pfleiderer and E. C. Taylor, 

Ed., The Macmillan Co., New York, N. Y., 1964, p 65. 
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ud ('. -
diinethylformamide. '' Prepared by boiling If in 2-diethylaminoethylaiiiine for 24 In-. 

affording IJ a. However, none of the desired product 
was obtained: instead, la was the only product isolated 
from the reaction mixture. This material was identical 
in all respects with an authentic sample prepared from 1 
and cyanoaeetamide. A successful stepwise synthesis of 
Ila was achieved by the reaction of 4-amino-7-hydroxy-
2-phenyl-(]-pteridineearboxy]ic acid (III) with thionyl 
chloride followed by reaction of the product with 
ammonium hydroxide. 

The use of N.N'-bissubstituted malonamides in place 
of malonamide gave mixtures of 7-substituted amino-
and 7-hydroxy-N-substituted (i-pteridinecarboxamides. 
For example, the reaction of I with X,N'-bis(methyl)-
malonamide (IIIj) in the presence of 1 equiv of sodium 
ethoxide afforded both 4-amino-N-methyl-7-methyl-
amino-2-phenyl-(3-pteridinecarboxamide (Is) and 4-
iuni no-7-hydroxy- N -methyl- 2- phenyl-G-pteridinecar-
boxamide (Ilk) (see Scheme II). The latter product 
precipitated out of the reaction solution as the sodium 
salt. Concentration of the filtrate by evaporation 
afforded (,1s). The sodium salt of Ilk was water soluble 
while Is was insoluble, thus permitting an additional 
means of separation. Acidification of the alkaline 
solution containing the sodium sail gave the hydroxy-
ptei'idine Ilk. 

I + CH2(CONHCH, 

IHi 

SCHEME II 
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Other novel 7-substituted amino-6-ptcridinecarbo.\-
amides (Table I) and 7-hydroxy-6-pteridinecarbox-
amides (Table II) were formed by variation of the 
substituent in the 2 position of the pyrimidine as well 
as substitution on the malonamide molecule (Table 
III). The former pteridines proved to be effective 
oral diuretics in rats, whereas the latter ones failed 
to elicit diuretic responses in the test animals at the 
doses reported here. 

Biological Methods. -Male Sprague-Dawley rats, 
14-17 weeks old, weighing 170-200 g were used for oral 
diuretic assays. Animals were deprived of food and 
water for about l(i hr and were then administered an 
oral physiological saline load of 25 ml/kg containing 
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TABLE I I 

7-HYDROXY-N-SUBSTITUTED 6-PTERIDINECAHBOXAMIDES 
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« See footnote a of Table I. <• W. H. Rauscher and W. H. Clark, / . Am. Chem. Soc, 70, 438 (1948), reported mp 127-127.5°. ° At

tempts to recrystallize this material were unsuccessful. d Burroughs Wellcome and Co. (U. S. A.) Inc., British Patent 701,209 (1953), 
reported bp 160° (2 mm). « R. W. Bost and L. V. Mullen, Jr., J. Am. Chem. Soc, 73, 1967 (1951), reported mp 120.5°. ' M. Freund, 
Ber., 17, 133 (1884), reported mp 128°. « J. V. Backes, R. W. West, and M. A. Whiteley, J. Chem. Soc, 359 (1921), reported mp 
149°. * Lit," mp 139°. ' Lit." mp 132.5°. 

the compound being tested. This dose of test com
pound was given to 8 rats (T). An osmotic diuretic 
urea solution was given concurrently to a separate 
group of 8 rats (U) at a dose of 960 mg/kg. The 
animals were placed in metabolism cages, 2 rats/cage, 
and urine was collected for 5 hr. Volume was measured 
and sodium and potassium were determined.7 The re
sults in Tables IV-VII are expressed as the average 

(7) Baird Atomic Model KY-1 dame photometer adapted for automatic 
flow-type analysis. 

ratios of urine volume and sodium levels in test animals 
(T) to those in urea-dosed animals (U).8 All ratios 
greater than unity for volume and sodium output rep
resent statistically significant diuretic responses. 

Structure-Activity Relationships.—Table IV gives 
the diuretic activity of a number of 4,7-diamino-6-
pteridinecarboxamides having various substituents on 
the N atoms of the 6-carbamoyl and the 7-amino 

(8) W. L. Lipschitz, Z. Hadidian, and A. Kerpcsar, J. Pharmacol. Exptl. 
Therap., 79, 97 (1943). 
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groups. The greatest degree of activity was found 
in compound Ic,9 where the substituent in these 
two positions was 2-methoxyethyl. Replacement with 
a 2-aminoalkyl moiety as in Ip and Iq substantially 
decreased the diuretic response. Increasing the length 
of the methylene, chain also decreased it: i.e.. Ic 
> Ik > 11. 

Table V shows the result of retaining the active 2-
methoxyethyl group in the (5 and 7 positions of the 
pteridine nucleus and varying the group substituted in 
the 2 position. Although this series exhibited a wide 
range of diuretic response, the most active members 
were those compounds having an aromatic moiety in 
the 2 position (Ic, Id, le, and Ix); all other members 
were only mildly diuretic. Compound Ig was found to 
be highly toxic. 

Table VI illustrates the characteristic pattern of 
diuretic response within a homologous series. The 
pteridines bearing a methyl and ethyl group at the 6 and 
7 positions of the nucleus (Is and It) were the most 
active members. Diuretic activity diminished with the 
higher homologs. 

ill) M. E. Rosenthale anil T. S. Osdene, The 1'harmucolagist, 7, 164 (1905). 
icceutly presented a more detailed account of the diuretic activity of this 
compound. 
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Table VII shows the result of varying the type of 
group attached to the carbamoyl nitrogen in the 7-
hydroxy series. Xone of these compounds elicited a 
diuretic response in test animals at dose levels more 
than double those of the active pteridines listed in 
Tables IV-VI. 

In summary, Hie presence of a 2-aryl group in the 7-
substituted amino-O-pteridinecarboxamides appears to 
be a requisite for good oral diuretic response. Com
pound Ic, in which the 2-aryl group is unsubstituted 
phenyl and the side chain at the (5 and 7 positions of the 
pteridinecarboxaniide is 2-methoxyethyl, was the most 
active compound tested. Increasing the length of the 
alkyl portion of tlie; side chain reduced the diuretic 
response. The 7-hydroxy-()-pteridinecarboxamides were 
inactive as diuretics at comparable dose levels. 

Experimental Section10 

4,0-1 )iarniiio-2-meth}'ltliio-o-Jiiti,osopyrimidii)e and 4,6-di-
amino-2-p-methoxyphenyl-5-nitrosopyrimidiiie were prepared 
as described by Taylor, et al.n 2-Phenyl-, 2-ij-chlorophenyl-, 
and 2-tliienyl-4,6-diamino-5-niti'osopyrimidine,s were obtained 
commercially.12 The direct nitrosation of 4,6-diamiiiopyrimidine 
hydrochloride afforded 4,6-diamino-5-nitrosopyrimidine.13 

m-Chlorobenzamidine Hydrochloride.—Anhydrous ethanol 
(32.3 g) was added to wi-chlorobenzonitrile (96.3 g) in anhydrous 

(10) Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are corrected. Yields reported in Tables I - I I I 
are the results of single experiments and should not be construed as maximal. 

i l l ) K. C. Taylor, O. Void, and C. (\ Cheng. ./. Am. Chern. Soc, 81, 2442 
i1959). 

(12) Supplied by Arapahoe Chemicals, Inc., Boulder. Colo. 
(13) It. .M. Evans. P. G. Jones. P. J, Palmer, and F. 1". Stephens, ./. Chrm. 

,<or.. 4106 (1958). 
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ether (100 ml), producing a clear solution. The solution was 
protected from atmospheric moisture while HCl gas (25.9 g) 
was passed into it. The reaction mixture was allowed to stand 
at ambient temperature for 16 hr. The resulting precipitate, 
after being dried for 4 hr over KOH, amounted to 76 g. The 
solid was treated with 200 g of 10% ethanolic ammonia solution. 
The reaction mixture was stirred at room temperarure for 5 days 
and filtered, and the solvent was removed in vacuo. The oily 
residue, crude ra-chlorobenzamidine hydrochloride, was used 
directly in the next step. 

m-Chlorobenzamidine Salt of Isonitrosomalononitrile.—To a 
stirred solution of 64 g of m-chlorobenzamidine hydrochloride 
in 1 1. of absolute ethanol was added a slurry of 68 g of the silver 
salt of isonitrosomalononitrile in 50 ml of absolute methanol. 
The reaction mixture was stirred for 1 hr and filtered, and the 
solvent was removed by rotary evaporation in vacuo. The 
residue was dried for 16 hr over P2O5, affording the product (77 
g) ,mp227°. 

Anal. Calcd for Ci0H,ClN5O: C, 48.30; H, 2.84; CI, 14.26; 
N, 28.17. Found: C, 48.08; H, 2.97; CI, 14.1; N, 28.25. 

Butyramidine Salt of Isonitrosomalononitrile.—In identical 
fashion, 61.2 g of butyramidine hydrochloride14 and 122 g of the 
silver salt of isonitrosomalononitrile in 300 ml of methanol 
afforded 92 g of product, mp 85-86°. An analytical sample 
(mp 86.5-87.5°) was obtained by recrystallization from ethyl 
acetate-petroleum ether (bp 30-60°). 

Anal. Calcd for C7H10N5O: C, 46.65; H, 5.59; N, 38.87. 
Found: C, 46.47; H, 6.07; N, 38.54. 

4,6-Diamino-2-TO-chlorophenyl-5-nitrosopyrimidine.—A mix
ture of 74 g of the m-chlorobenzamidine salt of isonitrosomalono
nitrile in 50 ml of 5-ethyl-2-methylpyridine was heated under re
flux for 4-5 min. The reaction mixture was quickly cooled in 
ice and filtered under suction. Ethanol was added, followed by 
petroleum ether, resulting in the deposition of 50 g of a green 
solid, mp 240°. The solid was recrystallized from aqueous 2-
ethoxyethanol and dried (KOH) for 6 hr, yielding 34 g of prod
uct. An analytical sample (mp 241°) was obtained by recrystal
lization from 2-ethoxyethanol-petroleum ether. 

Anal Calcd for CMH8C1N60: C, 48.11; H, 3.23; CI, 14.20; 
N, 28.05. Found: C, 48.35; H, 3.25; CI, 14.3; N, 28.34. 

4-6-Diamino-5-nitroso-2-propylpyrimidine.—In similar fashion, 
heating 54 g of the butyramidine salt of isonitrosomalononitrile 
in 275 ml of boiling 5-ethyl-2-methylpyridine for 15 min afforded 
26 g of product, mp 224-225° dec. An analytical sample (mp 
227-228° dec) was obtained from ethanol. 

Anal. Calcd for C ,H n N 6 0 : C, 46.45; H, 6.11; N, 38.69. 
Found: C, 46.74; H, 6.08; N, 38.86. 

The substituted malonamides (Table III) were prepared in 
general by heating under reflux at least 2 equiv of the amine with 
1 equiv of diethyl malonate in ethanol. Where the amines were 
gases such as methyl and ethylamine, a large excess of the amine 
was vised. 

N,N'-Bis(2-methoxyethyl)malonamide (Ilia).—A mixture of 
75 g of 2-methoxyethylamine and 80 g of diethyl malonate was 
boiled under reflux for 5 hr and the reaction solution concen
trated on a rotary evaporator, yielding a residual oil which 
solidified on cooling. Recrystallization of the product from 
benzene gave I l i a , mp 91-92°. 

The pteridines shown in Tables I and II were prepared by the 
reaction of a 4,6-diamino-5-nitroso-2-substituted pyrimidine with 
a suitably substituted malonamide. The following examples 

(14) Supplied by Winthrop Laboratories, New York, N. Y. 

will serve to describe the general method employed for the prepa
ration of these compounds. 

4-Amino-N-methyl-7-methyIamino-2-phenyI-6-pteridinecar-
boxamide (Is).—To a solution containing 0.7 g of sodium in 
500 ml of absolute ethanol was added 6.45 g of 4,6-diamino-5-
nitroso-2-phenylpyrimidine (I), followed by 4.3 g of N,N'-bis-
(methyl)malonamide (III j) . The reaction mixture was heated 
under reflux for 5 min and then cooled in ice, yielding a precipi
tate (3.3 g), mp >360°. This material was set aside for sepa
rate treatment as described below for the preparation of I lk . 
The mother liquor was concentrated in vacuo. Ethanol (5 ml) 
was added to the residue, giving Is as a yellow crystalline prod
uct (1.0 g), mp 253°. The analytical sample (mp 258°) was 
obtained by recrystallization from ethanol. 

4-Amino-7-hydroxy-N-methyl-2-phenyl-6-pteridinecarbox-
amide (Ilk).—The 3.3 g of material, mp >360°, obtained as de
scribed above was dissolved in 400 ml of water. The water solu
tion was treated with charcoal and filtered, and the filtrate was 
acidified with 10 ml of glacial acetic acid. A yellow precipitate 
(mp 315°) was deposited and recrystallized from 2-ethoxy-
ethanol, affording I lk (1.5 g), mp 320°. 

4,7-Diamino-2-phenyl-6-pteridinecarboxamide (la).—To a 
solution of 0.2 g of sodium in 250 ml of absolute ethanol was 
added 4.3 g of I followed by 2.0 g of malonamide. The reaction 
mixture was stirred and heated under reflux for 0.5 hr, yielding 
l a as a precipitate (3.0 g), mp >360°. Recrystallization from 
aqueous dimethylformamide afforded a product with an infrared 
spectrum identical with l a prepared from I and cyanoacetamide 
as previously described.3 

4-Amino-7-hydroxy-2-phenyl-6-pteridinecarboxylic Acid 
(III).—To a solution of 0.8 g of sodium in 500 ml of absolute 
ethanol was added 6.45 g of I followed by 5.6 g of diethyl malo
nate. The mixture was stirred and heated under reflux for 20 
min, during which time a precipitate was deposited. The re
action mixture was cooled in ice and the product was removed 
by filtration, dissolved in boiling water, and acidified with acetic 
acid. The resulting precipitate was recrystallized from aqueous 
dimethylformamide, affording III as a monohydrate, mp 276° 
dec. 

Anal. Calcd for C,3H9N503-H20: C, 54.73; H, 3.89; N, 
24.55. Found: C, 54.37; H,4.03; N, 23.94. 

Ethyl 4-amino-7-hydroxy-2-phenyl-6-pteridinecarboxylate (II) 
was prepared in identical fashion but 1 equiv of sodium was 
used. From 4.3 g of I and 3.5 g of diethyl malonate in 100 ml 
of absolute ethanol containing 0.5 g of sodium was obtained 5 g 
of II. The analytical sample (mp 255°) was obtained by re
crystallization from aqueous dimethylformamide. 

Anal. Calcd for Ci5Hi3N603: C, 57.87; H, 4.21; N, 22.50. 
Found: C, 58.02; H, 3.85; N, 22.76. 

4-Amino-7-hydroxy-2-phenyl-6-pteridinecarboxamide (Ha).— 
A mixture of 1 g of dried III and 35 ml of SOCl2 was boiled under 
reflux for 2 hr. The SOCl2 was removed in vacuo on a rotary 
evaporator and the residue was treated with 20 ml of 3 JV NH4OH. 
The mixture was heated on a steam bath and filtered, and the 
filtrate was acidified with 3 N acetic acid. The precipitate thus 
obtained was recrystallized from aqueous dimethvlformamide, 
affording H a (0.18 g), mp 340° dec. 

Anal. Calcd for Ci3HioN602: C, 55.31; H, 3.57; N, 29.78. 
Found: C, 55.54; H, 3.66; N, 29.34. 
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