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azopyriunidine in 500 nil of POCl; was refluxed for 4 hr with
stirring.  The solvent was removed under vacuum and the residue
was extracted with Et,0. Evaporation of the Et,0 under vacuum
gave a residue which was triturated with an ice-water mixture.
Filtration gave 21.5 g (659) of a solid, mp 110-112°, R; 0.49
(system 4). A small sample recrystallized from hexane liad mp
114-115° Anal. (CrelHyCLNY H, N C: caled, 58.38; found,
5903,

4-Amino-2-chloro-6-phenyl-5-phenylazopyrimidine (XIV).--A
streamr of anhydrous NH; was passed into a solution of 10.8 g
(0.033 mole) of 2,4-dichloro-6-phenyl-3-phenylazopyrimidine in
508 ml of ethier for 1 I at 0-3°, and the solution was stirred at
0-5° for 1 hir and at roomn temperature for 1 . The precipitate
which fornted was collected, washed (1.0), and recrystallized
from EtOH to give 7.4 g (729) of product, mp 239-241°, R
0.50 (system 5).  Anal. (C1sH2CIN;) C, 11, N.

4,5-Diamino-2-chloro-6-phenylpyrimidine (XV).-—A solution
of 14.0 g (0.045 mole) of 4-amino-2-chloro-6-plienyl-5-phenylazo-
pyrimidine inn 200 ml of DME containing suspended Raney nickel
catalyst was shaken in an H. atmosphere at 3.5 kg/cm? pressure
until the theoretical quantity of H. was taken up (about 1 hr).
The catalyst wns removed by filtration and the solvent was
removed under vacuum.  Trituration of the residue with Etal)
gave 8.2 g (889) af product, mp 193--198°, A sample reerystal-
lized from IZtO11-11.0 had mp 205-207°, K; 0.65 (system 6),
0.82 (system 7). Anal. (CyHCINg) C, 11, N,

2-Chloro-6,7-dihydroxy-4-phenylipteridine (XVI).—A mixture
of 36 g (0.26 mole) of 4,5-diamino-2-cliloro-6-phenylpyrimidine
and 100 g (.84 mole) of methyl oxalate in 1 L of T1.O was re-
fluxed for 20 hr wich stirring.  Cooling and filtration gave 23.7 g
(3347 of product, mp >300°. In other experiments similar ta
the above, refluxing for 2.5 hr gave a 14.5%, vield, for 6 hr a 259
vield, and for 20 hr a 37¢, vield. A reaction using the same
pyrimidine and diethyl oxalate in ethoxyethanol for a 48-hr
reflux pertod gave a 319 yield of the same product. The product
was recrystallized by dissolving in dihite NFLOH and reprecipitat-
ing by addition of AcOH to pll 4. This gave a cream-colored
solid, mp >300°, f; 0.80 (systemn 5). Anal. (CrH:CINLOs)
C, 11, N,

N,N’-(4-Amino-2-chloro-6-phenyl-5-pyrimidinyl )oxamide.—

To a stirred solution of 1.1 g (0.005 mole) of 4,3-diamino-2-
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chloro-6-phenylpyrimidine i 60 ml of CHCly; was added slowly
2 solution of 1.26 g (0.01 mole) of oxalyl chloride in 5 1l of
CIHICL. Material separated out imnnediately.  The reaction
mixture was refluxed with stirring for 2 lir and cooled, and the
precipitate was collected. This was washed well with ether and
then recrystallized from a DMF-IT,0 mixture to give a produet,
mp >300° whose ir specinun differed from 2-cliloro-6,7-di-
Livdroxy-4-pltenyipteridine; Re 0.68 (system 8). fnal. (Coallp-
CLN:O.) C, 11 N 22.63: found, 21.92.

4,6,7-Trichloro-4-phenylpteridine ( XVIII),—- A mixtuve of 10.2
g (0.056 mole) of 2-chloro-6,7-diliydroxy-4-plienylpteridine, 39 g
(0. 19 mole Lof PCly, and 120 mil of POCL was refluxed witl stirring
for 4 Iir. The volatiles were then renmoved under vacun :id
the restdue was extracted with four 250l portions of 15640,
Tlhe combined extracts were washed quickly with ice water and
dried (MgSO,). Lvaporation of the Et.O gave a solid, mp 143
146°.  Sublimation of this at 135-160° under vacuum gave
2.2 g (19.59) of bright yellow crysinls, mp 154-156°.  Anal.
1 CHLCLNG) C, 11, N,

In another experiment starting witlt 3.4 g (0.012 mole) of di-
ltydroxypteridine, the dried etheral extracts were concentrated
to small volunte an avsteam bath (10 ml) and filtration gave 1.4 ¢
$3707) of erystals, np 133-155°.

2,6,7-Triamino-4-phenylpteridine (IX).—A mixture of 3.3 g
(0.011 mole) of 2,6,7-trichloro-4-phenyipteridine and 100 inl of
anhydrous N1y was allowed to stand in an autoclave at roowm
temperature for several days and then heated at 140° for ¢ hr.
After evaporation nf the N1, the residue was taken up in E1O11
and allowed to stand a1 —10° for 5 weeks, Tiltration gave a
solid which wax yeerystallized twice from about 200 ml of GO¢;
ROM-11.0 10 give 1.2 g (4290 of product: mp >300°; Ry
0.63, 0.64, 0.70 (svstem 3). A sample recrystallized from 11,0
had mp 208-304¢ dee: ALY VUM 232 ma tlog e 4.24), 374 (4.220);
ALEEMEON s e dog e 4361, 400 14.30): Anal. (Cpll\N;-
0251103 ¢, 11, N,
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2,4,7-Triamino-5-phenylpyrimido [4,5-d| pyrimidine was prepared by the condensation of guanidine with 2,6-

diamino-3-cyano-4-phenylpyrimidine,

Similar reactions gave 3-alkyl analogs of this compound.

An atteinpt

to use 4-amino-5-cyano-2,6-dimethylpyrimidine in this reaction gave 24,7-trinmino-5-methylpyrimido[4,5-d]-
pyrimidine in contrast to the diplienyl analog which gave the expected product. 2,4,5-Triamino-7-phenylpy-
rimido[4,5-d) pyrimidine was prepared by the fusion of guanidine carbonate witli 4-amino-3-cyano-6-methyl-

niercapto-2-phenylpyrimidine.

2,4,8-Triamino-6-phenylpyrimido[5,4-d]pyrimidine was prepared by condensa-

tion of methyl 2,4,5-triaminopyrimidine-6-carboxylate with benzamidine to form 2,4-diamino-8-hydroxy-6-
phenylpyrimido[3,4-d| pyrimidine followed by deoxychlorination and amination.

Several of the pteridine isomers of triamterene (2,4,-
7-triamine-6-phenylpteridine) are interesting diuretic
agents.®* This suggested that other similarly sub-
stituted polyaza heterocyclic compounds might also
have useful diuretic properties. Qur interest was first
directed to the pyrimido[4,5-d]pyrimidine ring system
by the reportt that certain 2,5- and 2,4,7-polyamino-
pyrimido[4.5-d]pyrimidines showed interesting diu-

(1) Previous paper in this series: J. Weinstock and R. Y. Danoff, /.
Med. Chem., 11, 565 (1968).

(2) To whom inquiries should e addressel.

(3) J. Weinstock, J. W. Wilson, V. ). Wielbelhaus, A. R. Manss, I". T,

Brennan, aml (5. Sosnowski, J. Med. Chesn., 11, 573 (1068), paper N1l ot
this =eries,

retic activity in dogs when given orally at low doses, and
we hoped that a phenyl triamino analog would have
superior activity.

The previously used method*~® for the preparation of
4-aminopyrimido [4,5-d ]pyrimidines is the reaction of
the appropriately substituted 4-amino-3-cyanopyrimi-
dine with the proper amidine or guanidine. This
method was adapted for the synthesis of 2,4,7-triamino-

(4) K. C. Taylor, R.J. knopf, R. F. Meyer, A. liolmes, and M. L. oelle,
J. Am. Chem. Soc., 82, 5711 (1960).

(5) J. Druey, P. Schmblt, K. Fichenberger, and M. Wilhelm, U. S.
Patent 3,055,900 (1962).

16) (a) 8. K. Chatterji arnl N, Anand, J. Sci. Ind. Res. (India), 17B, U3
F1908): (b)) 7bid., 18B, 272 (1950).
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5-phenylpyrimido [4,5-d Jpyrimidine (I) as shown in
Scheme I. 2,6-Diamino-5-cyano-4-phenylpyrimidine
(IV) had been prepared” by the reaction of benzoyl cy-
anide with malonitrile to give 1,1-dicyano-2-hydroxy-2-
phenylethylene (enol of benzoylmalonitrile) (II) which
was converted to the enol ether (IIT) by dimethyl sul-
fate and sodium bicarbonate.

ScuEME [
OH
CH,COCl + CHyCN), — CH,C=C(CN),
I
H.N._N._-NH, OCH,
“Y -
N C:H;C=C(CN),
NC
CH. 11
v

HQNYN I NYNHQ
Ny N

NH, CeH;
I

Reaction of III with guanidine had given IV. Since
benzoyl cyanide is not readily available in quantity, an
alternative synthesis of IT was desired. The reaction of
benzoyl chloride with malononitrile and triethylamine
in tetrahydrofuran gave II in 679 yield. Condensa-
tion of III with guanidine gave IV as reported, and
reaction of this with guanidine in refluxing Ethyl Cello-
solve gave I. This product could also be obtained
directly from III by condensation with 4 moles of
guanidine and 9 moles of sodium methoxide in refluxing
Ethyl Cellosolve.

Diuretic testing of I showed it to have interesting
activity,? and this prompted the synthesis of a number
of related compounds. By methods similar to those
outlined above, III was condensed with formamidine to

C,H:0 _CN | |
N ~-N Na #N
C=C__ NC
R” CN
R, NH; R,
Vb, R=CH, VI vl
¢, R=C,H; a,R,=H; R,=CH;

b, R,=NH,; R,=CH;
¢, Ry=NH;; R, = C,H;
d,R,=R,=CH,

€, R2= R4 = C6H5

give 4-amino-53-cyano-6-phenylpyrimidine (VIa) (Table
I) which on treatment with guanidine gave 2,4-diamino-
5-phenylpyrimido[4,5-d]pyrimidine (VIIa) (Table II).
1,1-Dicyano-2-ethoxypropene (Vb) on reaction with
guanidine in refluxing ethanol gave 2,4-diamino-5-
cyano-6-methylpyrimidine, and in refluxing Ethyl
Cellosolve gave 2,4,7-triamino-5-methylpyrimido[4,5-
d]pyrimidine (VIIb). The preparat.on of 2,4-diamino-

(7) A. Dornow and E. Schleese, Ber., 91, 1830 (1958),
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TasLE I
PREPARATION OF 4-AMINO-5-CYANOPYRIMIDINES (VI)/
Re-
Yield, crystn
Product Reactants® % solvent Mbp, °C Formula?
Via FA 4+ III 51 EtOH 193-194.5 CuHsN,
21 GC+ Vb 50 EC» 285-287 CeH:N;
Vie GC+ Ve 83 EtOH 194-196 C:HN;
VIid AH 4+ Vb 76 EtOH 226228 C.H;sN,
VIe BH + 111 80d 14 211-213 C17H12N4

@ FA is formamidine AcOH; GC, guanidine carbonate; AH,
acetamidine HCl; BH, benzamidine HCI. ¢ Ethyl Cellosolve.
¢ Crude product washed with H,O. ¢ Reference 8a reports 269,
yield, mp 211°. ¢ Reference 8b reports a 587, yield of product,
mp 220.5°. / See preparation of VIb in Experimental Section for
general procedure. ¢ All gompounds were analyzed for C, H, N
and analytical results were within £0.49, of calculated values
unless noted.

5-cyano-6-ethylpyrimidine (VIe) from 1,1-dicyano-2-
ethoxy-1-butene (Ve) and its conversion to 2,4,7-tri-
amino-5-ethylpyrimido [4,5-d ]pyrimidine proceeded sim-
ilarly.

An attempt to prepare VId as previously describeds»
by the condensation of acetamidine and malononitrile
gave as the only product isolated 1,1-dicyano-2-imino-
propane (VIII). Its structure was suggested by ele-
mental analysis and its reaction with guanidine to give
VIIb. Apparently under the specified -conditions

CH;C(=NH)CH(CN), —> VIIb
VIII

only the first step of the required sequence to
give VId could be accomplished, The condensation of
Vb with acetamidine gave the pyrimidine VId in an
unambiguous manner.8® It was hydrolyzed by con-
centrated sulfuric acid to 4-amino-2,6-dimethylpyrimi-
dine-5-carboxamide (Table III).

Attempts to condense VId with guanidine to form
VIId failed, with the only product isolated (in 149
yield) from the reaction being VIIb. This could be
rationalized by assuming that either VId or VIId re-
acted with guanidine in a ring-opening reaction and
eliminated acetamidine. The first intermediates in
these reactions would be IX and X which should be

H,N CH H,N CEJ CH
Lo e e S5t
TN=C% xN/‘ N N,

HC  NHC(=NH)NH, HN . NHC(=NH)NH,
3

X X

stable anions.® In contrast to this, 4-amino-5-cyano-
2,6-diphenylpyrimidine (VIe) reacted with guanidine to
give the expected 2,4-diamino-5,7-diphenylpyrimido-
[4,5-d]pyrimidine (VIIe). The pyrimidine VIe was ob-
tained in 269, yield by condensation of benzamidine
and malononitrile,® and in 809 yield by reaction of III
with benzamidine in refluxing ethanol.

(8) (a) G. W. Kenner, B. Lythgoe, A, R. Todd, and A. Topham, J. Chem.
Soc., 388 (1943): (b) W. Huber and H, A, Hélscher, Ber., 71, 87 (1938).

(9) Similar ring opening reactions have been postulated in the aminolysis
of pteridines: E. C. Taylor and C. K, Cain, J. Am. Chem. Soc., T8, 4384
(1951): E. C. Taylor, ibid., T4, 1651 (1952). For some arguments disputing
ring-opened intermediates see M. D. Potter and T. Henshall, J, Chem. Soc.
2000 (1956).
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S ~5 BEEBE E 2 € 433 (1962).
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to the corresponding amide XV in good yield by hydrol-
ysis in concentrated sulfuric acid. Fusion of XV with
thiourea quite unexpectedly gave 4,6-diamino-2-phenyl-
pyrimidine (XVT).!?? Fusion of XV with urea gave 4-
amino-3,7-dihydroxy-2 - phenylpyrimido 4,5 - d Jpyrimi-
dine (XVII), but attempts to convert this to the cor-
responding 5,7-dichloro analog by treatment with PCl;
in POCI; in our hands gave a product which could not
be purified for analysis.

One rationalization of the inertness of XII is that the
flanking amino groups sterically hinder the nitrile.
This suggested that the cyclizing moiety be attached
first to the pyrimidine ring, and then the proximity
would facilitate cyclization. A suitable intermediate
for such an approach was 4-amino-5-cyano-6-methyl-
mercapto-2-phenylpyrimidine (XVIII). Repetition of
the reported!® synthesis gave a product, mp 180-182°,
rather than the reported mp 163-165°. In addition, an
incorrect empirical formula and analytical data had
been presented for this compound. The product ob-
tained by repetition of the reported procedure gave
correct analytical data for XVIII. Fusion of XVIII
with guanidine carbonate at 200° gave XI directly
without isolation of an intermediate such as XIX.

CﬁHsYN| SCH;, . CﬁHsYN NHC(=NH)NH, .
Ny"Sen Ny New
NH, NH, ]
XVIII XIX
QthN Nﬁ/Nm
N AN
NH, NH,
XI

In order to prepare some less highly substituted py-
rimido [4,5-d ]pyrimidines, I was hydrolyzed to give 2,-
4-diamino-6-phenylpyrimidine-5-carboxamide (XXa)
which on reflux in formamide gave 2-amino-5-hydroxy-
4-phenylpyrimido[4,5-d]pyrimidine (XXIa). A sim-
ilar sequence starting from VIa gave XXb and XXIb.
Finally, treatment of 2,4-diamino-3-cyanopyrimidine®®
with benzamidine under the usual conditions gave 4,7-
diamino-2-phenylpyrimido[4,5-d Jpyrimidine (XXIT).

H,N. N R N_N
O - 0y
H.NOC \ X =

CeH; OH CgH;

XXa, R=NH, XXI
b,R=H

HzNYN | NYCsHs
N N

NH,
XXII

R

Another pyrimidopyrimidine isomer of triamterene
is  2-phenyl-4,6,8-triaminopyrimido [5,4-d |pyrimidine
(XXIII). It was prepared by the procedure outlined
in Scheme III. Treatment of methyl 2,6-dichloro-5-

(12) We wish to thank Dr. E. C. Taylor of Princeton University for carry-
ing out a comparison with an authentic sample.
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Scueme 111
cl NH,
N/I NO, . N)j[R .
m’l*N COOCH, ILN/L§N COOCH,

XXVa, R=NO,
b, R=NH,

NH,
N/I Nﬁ/qm
EN/KN AN
R

XXVla, R=OH
b, R=Cl
¢, R=C;H N
XXIIL, R=NH,

XX1v

nitropyrimidine-4-carboxylate (XXIV)!? with NH,OH
on a steam bath gave methyl 2,6-diamino-5-nitropy-
rimidine-4-carboxylate (XXVa). Hydrogenation of
XXVa gave methyl 2,5,6-triaminopyrimidine-4-carbox-
vlate (XXVb) which onheating with benzamidineat 100°
furnished 2-phenyl-4-hydroxy-6,8- diaminopyrimido [5,-
4-d]pyrimidine (XXVIa). Refluxing XXVIa with
PCl; in POCI; produced 6,8-diamino-4-chloro-2-phenyl-
pyrimido[5,4-d Jpyrimidine (XXVIb) which was used
without purification. Reflux of XXVIb in piperidine
gave XXVIe, and reaction of XXVIb with liquid
ammonia at 150° gave 4,6,8-triamino-2-phenylpy-
rimido[5,4-d ]pyrimidine (XXIII) which is the desired
analog of triamterene.

An attempt was made to prepare XXIII via 2,4,8-
trihydroxy-6-phenylpyrimido[5,4-d Jpyrimidine, but the
synthesis of this from pyrimidine precursors was un-
successful. Also, an attempt was made to prepare 2,4,-
5-triamino-6-cyanopyrimidine in order to condense it
with benzamidine to obtain XXIII directly, but this
was also not successful. The synthesis of the pyrimi-
dines involved in these alternate approaches is included
in the Experimental Section.

Pharmacology.—The diuretic structure—activity rela-
tionships of the compounds deseribed in this paper will
be reported in an accompanying paper.?

Experimental Section!*

Benzoylmalononitrile—~A solution of 1.98 kg (30.0 mole) of
malononitrile, 6.06 kg (60 mole) of Et;N, and 36 1. of THF was
cooled to 5° in a jacketed 80-l. reactor and a solution of 4.23 kg
(30 moles) of benzoyl! chloride in 3 1. of THF was added maintain-
ing the temperature below 35°., After complete addition, the
precipitated Et;N - HCl was removed by filtration and the filtrate
was poured into 30 kg of an ice-water mixture. The resulting
solution was treated with a solution of 2 1. of concentrated H,SO,
in 10 1. of HO. An oil layer separated which was drawn off.
The aqueous solution was extracted twice with 5 1. of ether and
the combined organic phase was washed (H.O) and dried (Mg-

(13) J. Clark and G. R. Ramage, J. Chem. Soc., 2821 (1958).

(14) We wish to thank Miss Margaret Carroll and her staff for micro-
analytical data, Dr. Walter Thompson and Mr. Richard J. Warren for
spectral data, and Mr. Alex Post and Mr. E. L. Haines for chromatographic
data., Melting points are uncorrected and were determined in open capiilary
tubes. Ir spectra were determined on a Perkin-Elmer Infracord and uv
spectra on a Cary Model 14 spectrophotometer. Paper chromatography
(circular) was carried out on 3 MM Whatman paper. The systems used were
(1) HCOOH-H:0-BuOH (1:5:5); (2) EtOH~H:0 (2:1) on castor oil-
mineral oil (1:1) pretreated paper. Where analyses are indicated only by
symbols of the elements, analytical results obtained for these elements were
within #0.4% of the theoretical values.
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SO4). Evaporation of the solvent left 4.35 kg of a solid wlich on
recrystallization from CHCl-MeCN with concentration gave
337 kg (679%) of erystals, mp 124-120°, it mp 129-130°.
The 1 spectra of the products prepared sis described above sand
from benzoy! cyanide? were identical. A somewhat similar pro-
cedure has been reported since the completion of our work.™
2,4-Diamino-5-cyano-6-methylpyrimidine (VIb)—To a solu-
tion of NaOMe (11.9 g, 0.22 mole) in EtOH (150 ml) were added
guanidine carbonate (18 g, 0.1 mole} and 1,1-dicyano-2-ethoxy-2-
methylethylene® (13.6 g, 0.1 mole). The resulting mixtnre
was refluxed with stirring for 3 hr and cooled and the resulting
solid was removed by filtration.  This material was washed
(11,0) and 7.6 g (514¢.) of yellow conipound, mp 285-287°, was oh-
tained which was recrystallized from Fthiyl Cellosolve to give
vellow erystals, mp 285-287°.
4,6-Diamino-5-cyano-2-phenylpyrimidine.—A mixture of 200
g (0.95 nrole) of the benzamidinium salt of tricyanomethane!!
and 100 ml of DMF was heated slowly to 215° and then slowly
allowed to cool to room temperature. The resulting dark red
solution was diluted with 1.4 1. of H,0 and 0.6 1. of 1097 HCL
The solution was brought to reflux, treated with activated carbon,
and filtered. The pII of the filtrate was brought to & by the
addition of 409 NaOH while cooling to hold the solution below
25°. The resulting solid was collected by filtration and recrystal-
lized again in a similar manner front dilute HCl. This gave 34 g
(23.59%) of a colorless solid, mp 233-235°. Recrystallization of
a small sample from a large voluine of PhMe gave a colorless
<olid, mp 238-240°, 1it.** mp 238-240. Anal. {CutN;5) C, H, N.
1,1-Dicyano-2-iminopropane.—Acetamidine hydrochloride
(47.5 g, 0.5 mole) was added to a solution of NaOMe (27 g, 0.5
mole) in 300 nil of EtOH and the mixture was treated with 33
g (0.5 mole) of malononitrile and refluxed for 3 hr and chilled.
The selid product was isolated by filtration and washed (H»0)
to give 31 g (58%%) of tan crystals, mp 210-214°. A recrystalliza-
tion front 500 ml of EtOH which included treatment of the solu-
tion with charcoal gave 24 g of white crystals, mmp 213-216°.
Anal. (C.al'Ist) C, H, N.
4-Amino-5-cyano-6-methylthio-2-phenylpyrimidine.—-To a solu-
tion of benzamidine hydrochloride (9.3 g, 0.06 mole) and NaOH
(2.0 g, 0.05 mole) in H.0 (25 ml) was added 1,1-dimethylnter-
capto-2,2-dieyanoethylene? (8.5 g, 0.05 mole). The reaction
mixture was heated on a steam bath for 0.5 hr during which time
solution followed by separation of a new solid oceurred. The
mixture was diluted with H,O (25 ml) and cooled, and the solid
was removed by filtration. The erude product was recrystallized
from KtOH giving 3.8 g (3097) of white needles, mp 180--182°,
e 0.51 (system 2). Anal. (CioHwwNSS) C, H, N.
2,4-Diamino-6-phenylpyrimidine-5-carboxamide (XXa).--To
concentrated H.SO4 (100 ml) was added in small portions 2,4-
diamino-§-cyano-6-phenylpyrimidine” (21.1 g, 0.1  mole)
keeping the temperature below 30°; cooling was required. The
mixture was warmed on a steam bath for 1.5 hr while gradual
solution oceurred. The solution was cooled and poured over icc
(500 g) causing the separation of the sulfate salt. Basification
(NH.OH) of the solid and mother liquor separately gave 22.1
g (969) of the free base. After recrystallization fromn IEthyl
Cellosolve the materinl melted 211-213°  Anal. (CoHuN:O)
¢, H, N.
4-Amino-5-cyano-6-hydroxy-2-phenylpyrimidine.—T0o a solu-
tion of NaNO, (7 g, 0.1 mole) in coneentrated HCl (22 ml) and
H:0) (100 ml) was added 2-phenyl-4,6-diamino-5-cyvanopyrimidine
(4.22 g, 0.22 mole). The vellow suspension was refluxed for 23
Iir and cooled and the solid was collected. The material was
reprecipitated three times from NaOH-AcOH to give yellow
needles, 1.2 g (179 ), mp >300°. Anal. (CyiHiN4O) C, H, N.
2,4,7-Triamino-5-phenylpyrimido[4,5-d] pyrimidine Phosphate.
(I).—A mixture of NuOCHjz (970 g, 18.0 mole), Ethyl Cellosolve
(8 1.), guanidine carbonate (1.47 kg, 8.16 mole), and 1-phenyl-1-
methoxy-2,2-dicyanoethylene (383 g, 2.04 mole) was refluxed
with stirring for 3 days. The hot suspension was filtered and the
insoluble product was washed with Cellosolve and then with
four 3-1. portions of hot H,O. The solid was suspended in 8 1.
of HyO and heated to reflux, and 859% HzPOq (1.2 1.) was added
dropwise. The hot solution was filtered and cooled. The salt
was collected and recrystallized from H,() (9 1.) to give 411 ¢
150¢) of produet, mp >300°.
{1d) J. Fleury and B. Libis, Bull. Soc. Ckim. France, 413 {1964).
(16) C. C. Cheng and R. K. Robins, J. Org. Chem., 31, 1240 (1956).
(17) R. Combper, I Kuiter, awt W, 'Topfl, droi., 689, 00 (10G2).
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2,5-Diamino-7-phenylpyrimido[4,5-d]pyrimidine.-~-To n solu-
tionr of NaOCH; (68 g, 0.11 mole) in Fithyl Cellosolve (400 ml)
were ndded benzamidine hyvdroeldoride (15.6 ¢, 0.1 niole) and 2,4-
diamino-3-cvanopyrimidine (13.5 g, 0.1 mole).  The reaction
mixture was heated under reflux for 20 he, The solution was
charcoaled, filtered, and concentrated under vacuun to a brown
sytup. Water was added (100 ml) causing separation of 1 gummy
solid which gradually crystallized.  The erude product wos
removed by filtration, suspended in refluxing EtO1, colleeted, and
recrvstallized from Ttivl Cellosolve 1o give 1 102470 of white
grapudes:  mp F50U0°; /720 063 dsvstemr 10 Aps M 2092 by
tog e 4.61), 208 14.49); ALD Y 248 ma ilog e 4.655 520 (L1064
Anal. (Cra N ¢ H, N

2-Amino-5-hydroxy-4-phenylpyrimido(4,5-/] pyrimidine. A
ntixture of 2 {-diamino-G-phenylpyrimidine-5-carhoxamide 17.5
g, 0.033 mole) and forntmide (30 ml) was refluxed 0.5 hr during
which time solution followed by separation of a unew compound
occurred. The mixture was cooled and filtered to give 4.7 g
(364%) of product, The material was recrystallized from dilnie
AcOH to give ceysials, mp >300°, 72 0.71 (system 1L Al
(CulleN;0) C, 11, N.

4-Hydroxy-5-phenylpyrimido[4,5-d] pyrimidine.---Repeating
the procedure outlined for 2-amino-3-hydroxy-4-phenyl-pyrimido-
[4,5-d) pyrimidine using 4-anmino-G-phenylpyrinidine-s-carbox-
antide and fornmuumide under reflux for several liours and re-
crystallizing the erude niaterial from DMEF gave X g (064, of
white needles: mp >300°;, Ry U.76 (system 1y A5 wo
262 my Tlog e 4.06), 284 13001 ALY T 208 my (D) flog e
4010, 312 (3000, Anal. 1QLILNOY C, 11, N.

4-Amino-5,7-dihydroxy~2-phenylpyrimido(4,5-d| pyrimidine. -
4,6-Diamino-2-phenylpyrimidine-5-carboxamide (21 g, 0.0915
mole) and urea 155 g, 0.915 mole) were mixed and then heated
at 180-190° for 2.5 hir.  After cooling, the solid mass wus dis-
solved in 577 NaOH solution, charcoaled, and reprecipitated hy
acidification with AcOll. The collected material was recrystal-
lized from DAMF-11,0 tn give 16 ¢ (687) of product, mp >320°,
Sbnal (CITLNLOLY G 11 N
2,4,5-Triamino-7-phenylpyrimido{4,5-d]pyrimidine Diphos-
phate.--A mixture of 4-umino-3-cyano-6-methylthio-2-phenyl-
pyrintidine (7.2 g, 0.03 mole) and guanidine earbonate (27 g,
.15 mole) were heated b an oil bath at an internal temperature
of 200° for 1 Iir during whicli time some melting and resolidifica-
tion oconrred.  The mixture was diluted (H,O, 100 ml), heated
on a steam hath 15 min, and filtered.  1he insoluble material was
vecrystallized from dilute ILPOS 1o yvield 3.5 g (2370) of vellow
material: np >300%; R; 0.68 (system 1) AES O 287 ik
tog € 4.59), 300 4.21); ALY ™% 241 ma dog e 4.60), 238 (sl
{4.37), 294 (=h) 03931 Apal. (CpllyN -2ILPO C) 11, N, P

Methyl 2,6-Diamino-5-nitropyrimidine-4-carboxylate. - -Methy]
2,6-dichloro-3-nitropyrimidine-4-carboxvlate (110 g, 0.435 molel
was added to a cold solution of 27¢; NH,OH. The mixture was
stirred for 1 lu causing solution, followed by separation of a
new material.  The suspension was heated on a steam bath 10
min with stirring and then cooled.  The solid was collected,
washed (HoQ), FtOH), and dried to give 81 g (84€¢) of produet,
nip >300° A portion was recrystallized  (MeOll el
l(“‘q,l{;N,()«i) (.., 1, N.

Methyl 2,5,6-Triaminopyrimidine-4-carboxylate.-Methyl 2,0-
dixmino-5-nitropyrimidine-4-carboxylate (1.0 g) with CaCOy
0.2 g) and Raney nickel in MeOH (65 ml) was reduced under
an initial pressure of Haat 3.5 kg/enz,. The mixture was filtered,
the filtrate was decolovized by elrrcoal and then taken to drypess
under vacuum,  The yellow solid was tritnrated witlt Me,(°O
and then reerystallized {rom MeOll (o give 0.6 g of compowmnl,
np 217° dec.  Anal. 1CJT,NOy) C, 1, N

2,4-Diamino-8-hydroxy-6-phenylpyrimido(5,4-d]pyrimidine.- -
Beuzamidine (96.5 ¢. 0.8 mole) was mixed with methyl 2,5,6-
triaminopyrimidine-4-carboxvlate (30 g, 0.16 mole) and leated
at 100--105° for 20 hr. The crude material was dissolvad in
glicial AcOH, charcosded, filtered, and left to stand cansing
deposit of the acetate salt. This was suspended in liot water,
treated with concentrated NHyOH, und cooled.  The solid wis
collected and recrystallized from DAF yielding 113 g (384.) of
erystals: mp 272-273°% Re 081 (system 1); AE3P HEOMT ong
my (log e 4.32), 325 1sh) (2.05): Ao V" 238 mp tlog e .40,
316 (4.27). Anal. 10:1H,,NO) C, H, N,

2-Phenyl-4,6,8-triaminopyrimido 5,4 -¢| pyrimidine.-2-Phenyl-
4-hydroxy-6,8-diaminopyrimido[5,4-d] pyrimidine (2.4 g, 0.01
mole) was refluxed 16 lir in o mixture of POCI; (225 ml) und PCl,
13,5 ¢i. Remmval of the excess solvent in vacuo followed by
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trituration with ice water yielded 3.4 g of 2.phenyl-4-chloro-
6,8-diaminopyrimido(5,4-d|pyrimidine. This (2.9 g) was treated
with liquid NH; (25 ml) in a bomb at 150° for 6 hr. The solid
residue was washed (H,O, EtOH). It was recrystallized from
DMF-MeOH yvielding 0.8 g (319,) of crystals: mp 354-356°
dec; R 0.69 (system 1); A52Z ¥°°% 248 myu (log e 4.44), 204
(4.27), 336 (sh) (3.83), 354 (sh) (3.72). Anal. (CeHuN;-
0.5H,0) C, H, N.

2.Phenyl-4-piperidino-6,8-diaminopyrimido[5,4-d] pyrimidine.
—2-Phenyl-4-chloro-6,8-diaminopyrimido [5,4-d) pyrimidine (1.0
g) and piperidine (60 ml) were refluxed 16 hr. The mixture was
filtered and the filtrate was concentrated to dryness ¢n vacuo.
The residue was dissolved in hot aqueous AcOH, decolorized, and
filtered, and then the solution was made basic witl: concentrated
NHOH. The pale yellow solid was collected (0.4 g) and recrystal-
lized from MeOH-H,0 to give a solid, mp 215°, K 0.55 (system
2). dnal. (CxHsN5) H; C: caled, 63.53; found, 64.00.

Methyl 5-Amino-2,6-dihydroxypyrimidine-4-carboxylate.—

Methyl 2,6-dihydroxy-5-nitropyrimidine-4-carboxylate (5.0 g,
0.027 mole) was added to a solution of 12.1 g 10.07 mole) of
sodium dithionate at 10° and then stirred at roomn temperature
for 15 min. A solid precipitated which was washed with hot
McOH (2.85 g, 669%) and recrystallized twice from DMF to
give pale vellow crystals, mp 254-255° dec. Anal. (CsHiN504)
C, 1, N.

2,6-Dihydroxy-5-nitropyrimidine-4-carboxamide.—A mixture
of methyl 2,6-dihydroxy-5-nitropyrimidine-4-carboxylate (35 g,
0.16 mole), MeOH (720 ml), and liquid NH; (72 ml) was heated
at 100° for 6 hr in an autoclave. On cooling a solid was obtained
which was recrystallized from 540 ml of H;0 to give 21 g (60%)
of a yellow solid, mp 269-270°, which on analysis proved to be
the ammonium salt of the desired product. Anal. (C;HiN;O;)
C, H, N.

A portion of the above was treated with aqueous acid and re-
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crystallized from MeOH to give crystals, mp 285° dee. Anal.
(CsHINOs) C, H, N,

2,5,6-Triaminopyrimidine-4-carboxamide.—A suspension of
53 g (0.027 mole) of 2,6-diamino-5-nitropyrimidine-6-carbox-
amide and 300 mg of PtO: in 200 ml of glacial AcOH was shaken
under 2.8 kg/cm? of H, for 2.5 hr. The catalyst was removed by
filtration and the solvent was evaporated under vacuum. The
residue was washed with MeOH to give 3.8 g (839) of product
which was dissolved in dilute NH,OH and treated with charcoal,
and the solution was filtered. Chilling gave 1.2 g (269,) of white
needles, mp 285° dec. A sample was boiled with MeOH to give
yellow needles, mp 286-288° Anal. (C;HsNsO) C, H, N.

2,6-Diamino-5-nitropyrimidine-4-carboxamide.—A suspension
of 18 g (0.071 mole) of methyl 2,6-dichloro-5-nitropyrimidine-4-
carboxylate in 720 ml of 109, MeOH-NH; was heated in a steel
bomb at 100° for 2 hr. The product was dissolved in excess
MeOH, filtered, and taken to dryness under vacuum. The residue
was washed (H,O) and recrystallized (MeOH) to give 3.2 g
(229%,) of prisms, mp >285°. Anal. (C;HeN¢O;) C, H, N.

4,6-Diamino-2-phenylpyrimidine.—A mixture of 3 g (0.013
mole) of 4,6-diamino-2-phenylpyrimidine-5-carboxamide and 9.9
g (0.13 mole) of thiourea was heated at 180° for 5 hr and cooled.
Addition of 90 ml of 55, NaOH and warming caused the separa-
tion of a yellow-green solid, mp 180-188°. This was dissolved
in hot H;O and acidified with HCl to give a yvellow solid, mp
258-260°, which is the hydrochloride of the product. This was
dissolved (H,0), treated with charcoal, and made basic with
NH.OH to give white crystals, mp 193-195°. Repeating the
acid-base cycle gave 0.45 g of crystals, mp 194.5-196°, whose ir
spectra were identical with that of an authentic sample; lit.18
mp 195-196°. Anal. (C10H10N4) C, H, N.

(18) G. A. Howard, B. Lytlhgoe, and A. R. Todd, J. Chem. Soc., 476
(1944).
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Pteridines.

Structure—Activity Relationships of Some Pteridine Diuretics

JosErH WEINSTOCK,? JaMEs W. WiLsoN,?® VIRGiL D. WIEBELHAUS,?® ALFRED R. M4ass,?
Fraxcis T. BRENXNAN,?® AND GENEVIEVE S0sNOWSK12P
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The diuretic activity of pteridines related to 2,4,7-triamino-6-phenylpteridine (triamterene), 2,4-diamino-6,7-
dimethylpteridine (I), and 4,7-diamino-2-phenylpteridine-6-carboxamide (IT) was studied in the saline-loaded and

sodium-deficient rat.

A limited number of related pyrimidopyrimidines were similarly studied. Some of the

compounds related to triamterene and I not only cause Na* excretion but also conserve K+. All of the 2-phenyl-
pteridines we have studied which are active natriuretic agents also cause K+ excretion. In the triamterene
series, replacement of any of the amino groups by either a large amine or a nonbasic group other than hydrogen

leads to reduction of diuretic activity.

Replacement of the phenyl by a small, nonbasic group gives active

diuretic agents, but an aromatic (or heteroaromatic) group seems desirable for highest activity. Some varia-
tion in the substitution pattern on the pteridine ring is permissible as demonstrated by the activity of the tri-
amterene isomers. The 7-phenyl isomer is outstanding as a blocker of K+ excretion.

The presently known diuretic pteridines® may be
grouped into three principle classes based on structural
features and electrolyte excretion pattern. In order of
their discovery these are (1) the 2,4-diainino-6,7-di-
alkylpteridines, (2) the 2-aryl-4,7-diaminopteridine-6-
carboxamides, and (3) the 2,4,7-triamino-6-arylpteri-

{1) Previous papers in this series: (a) I. J. Pacliter and P. E, Nemetl,
J. Org. Chem., 38, 1187 (1963): (b) I.J. Pachter, ¢bid., 28, 1191 (1963): (c)
I. J. Pachter, P. E. Nemeth, and A, J. Villani, ibid., 28, 1197 (1963): (d)
I. J. Pachter and P. E. Nemeth, ibid., 28, 1203 (1963); (e) J. Weinstock, R.
Y. Dunoff, and J. G. Williams, J. Med. Chem., 11, 542 (1968); (f) J. Wein-
stock, R. Y. Dunoff, B. Sutton, B. Trost, J. Kirkpatrick, F. Farina, and A.
S. Straub, tbid., 11, 549 (1968); (g) J. Weinstock, 1. J. Pachter, P. E. Ne-
meth, and G. Jaffe, ibid., 11, 557 (1968); (h) J. Weinstock, H. Graboyes, G.
Jaffe, I. J. Pachter, K. Snader, C. B. Rarash, and R. Y. Dunof, ibid., 11, 560
11968); (i) J. Weinstock and R. Y. Dunoff, ¢bid., 11, 565 (1968); (i) H.
Graboyes, G. E. Jaffe, 1. J. Pachter, J. P. Rosenbloom, A..l. Villani, J. W,
Wilson, and J. Weinstock, ibid., 11, 568 (1968); (k) J. Weinstock, R. Y.
Dunoff, J. Carevic, J. G. Williams, and A. J. Villani, ¢bid., 11, 618 (1968).

(2) (a) Medicinal Cheinistry Section. (b) Biochemistry Section.

dines. In this paper we will discuss the structure—
activity relationships within each of these classes and
compare these classes to each other. In addition we
will discuss the diuretic activity of some related pyrimi-
dopyrimidines. The prototype for the first class is
2,4-diamino-6,7-dimethylpteridine (I), for the second
class, 4,7-diamino-2-phenylpteridine-6-carboxamide
(II), and for the third class, 2,4,7-triamino-6-phenyl-
pteridine (triamterene, I1I).

(3) For a brief diseussion of the discovery of useful diuretic activity in the
pteridines see J. Weinstock and V. D, Wiebelhaus in *'Pteridine Chemistry,’
W. Pfleiderer and E. C, Taylor, Ed., Pergamon Press, Oxford, 1964, p 37.
For discussion of other biological properties of pteridines and related com-
pounds see (a) elsewhere in the above reference: (b) "Chemistry and Biology
of Pteridines,” G. E. W, Wolstenholme and M. P. Cameron, Ed., Littie,
Brown and Co., Boston, Mass., 1954; (c) S. Kaufman, Ann. Rev. Biochem.,
36, 171 (1967); (d) G. H. Hitchings and J. J. Burchall, ddvan.
Enzymol., 3T, 417 (1965).



