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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:0, EtOH). It was recrystallized from
DMF-MeOH yielding 0.8 g (319;) of crystals: mp 354-356°
dec; R; 0.69 (system 1); L7 HCOOH 948 my (log e 4.44), 294
(4.27), 336 (sh) (3.83), 354 (sh) (3.72). Anal. (CHuN;-
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 in vacuo.
The residue was dissolved in hot aqueous AcOH, de¢colorized, and
filtered, and then the solution was made basic with concentrated
NH.OH. The pale yellow solid was collected (0.4 g) and recrystal-
lized from MeOH-H,0 to give a solid, mp 215°, £ 0.55 (system
2). Anal. (CisHieN:) H; C: caled, 63.533; found, 64.00.

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

Methyl 2,6-dihydroxy-3-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 room temperature
for 15 min. A solid precipitated which was washed with hot
MeOH (2.85 g, 669,) and recrystallized twice from DMF to
give pale yellow crystals, mp 254-255° dec. Anal. (CsH/N;O4)
C, H, N\.

2,6-Dihydroxy-5-nitropyrimidine-4-carboxamide.—A mixture
of methyl 2,6-dihydroxy-8-nitropyrimidine-4-carboxylate (35 g,
0.16 mole), MeOH (720 mi), 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.O 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;H:N;0;)
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° dec. Anal.
(CsHWNO;) C, H, N,

2,5,6-Triaminopyrimidine-4-carboxamide.—A suspension of
5.3 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
vellow needles, mp 286-288° Anal. (C;HsN:O) C, H, N.

2,6-Diamino-5-nitropyrimidine-4-carboxamide.—A suspension
of 18 g (0.071 mole) of methyl 2,6-dichloro-3-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 >2853°. Anal. (C;HeNO;) 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 39 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 HCI to give a yellow solid, mp
258-260°, which is the hydrochloride of the product. This was
dissolved (H:0), treated with charcoal, and made basic with
NHOH 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.!8
mp 195-196°. Anal. (C,HyNy) C, H, N.

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

XIL!

Pteridines.

Structure—Activity Relationships of Some Pteridine Diuretics

JoseErH WEINSTOCK,?* JaMES W. WiLsox,2 VirgiL D. WiEBELHAUS,?” ALFRED R. Maass,?
Fraxcis T. BREXNAN,?” AND GENEVIEVE SOSNOWSKI2P

Research and Development Division, Smith Kline and French Laboratories, Philadelphia, Pennsylvania

Recetved January 6, 1968

The diuretic activity of pteridines related to 2,4,7-triamino-6-phenylipteridine (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 oa structural
features and electrolyte excretion pattern. In order of
their discovery these are (1) the 2,4-diamino-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. Nemeth,
J. Org. Chem., 38, 1187 (1963); (b) 1. J. Pachter, ibid., 28, 1191 (1963); (c)
1. J. Pachter, P. E. Nemeth, and A. J. Villani, ibid., 28, 1197 (1963): (d)
1. J. Pachter and P. E. Nemeth, 7bid., 28, 1203 (1963); (e) J. Weinstock, R.
Y. Dunoff, and J. G. Willlams, 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, 1bid., 11, 549 (1968): (g) J. Weinstock, I. J. Pachter, P. E. Ne-
meth. and G. Jaffe, 7bid., 11, 557 (1968); (h) J. Weinstock, H. Graboyes, G.
Jaffe. 1. J. Pacliter, K. Snader, C. B. Karash, and R. Y. Dunoff, ibid., 11, 560
(1968): (i) J. Weinstock and R. Y. Dunoff, ibid., 11, 564 (1968); (j) H.
Graboyes, G. E. Jaffe, 1. J. Paehter, J. P. Rosenbloom, A. .J. Villani, J. W,
Wilson, and J. Weinstock, 1bid., 11, 568 (1968); (k) J. Weinstock, R. Y.
Dunoff, J. Carevic, J. G. Williains, and A. J. Villani, ¢bid.. 11, 618 (1968).

(2) (a) Medicinal Chewmistry 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, IIT).

(3) For a brief discussion 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., Little.
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.. 37, 417 (1965).
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Biological Methods.—I'hree types of diuretic assays
were used to characterize the activity of the pteridines.
The orally dosed saline-loaded rat was employed as the
first screen.® Base line data obtained in this protocol
with standard diuretic agents indicated that urine vol-
ume was a lreasonably reliable indicator of natriuresis,
In general only those compounds reasonably active in
this test were studied in more detail. The orally
dosed sodium-deficient rat assay* measured the natri-
uretie potency of the compounds in animals in a state of
avid sodium retention due, at least in part, to high
levels of endogenous mineralocorticoids.  Finally, renal
c¢learance experiments in saline-loaded, 9-a-fluorohydro-
cortisone treated dogs® (referred to hereafter as the
saline-9«l'HC dog) provided more detailed data on the
cffeets of the compounds on Na*, X+, Cl—, and water
excretion, urinary pH, and glomerular filtration rate.
Sinee these three tests measure diuresis in different
systeins, correlation between these tests was not always
good, although in general the compounds highly active
m the rat were also active i the dog, while the com-
pounds with poor activity in the saline-loaded rat were
alzo poorly active in the sodium-deficient rat and the
dog renal elearances,

In Tables I-X1V the saline-loaded rat data were rated
as follows.  The urine volume wus expressed as a per
cent of the original saline load, and the standard eontrol
(600 of the saline load) subtracted from this gave the
effeet due todrug. Since 229 over control is the point of
statistical significance (959 confidence linits), responses
lexx than 2297 were rated as 0. Responses of 22-4597
over control were rated asx 1. 46-69% over control as
2, and >699, over control as 3,  The greatest response
at any dose (usually cither 15 or 30 mg/kg) was used
for the rating. Although 2297 over controls is the
point of statistical significance, this cut-off 1s of limited
meaning beeause the truly interesting compounds
usually were those rated 2 or 3. Also. some compounds
which were inactive at the usual doses used weve quite
active at higher doses.

The sodium-deficient rat test was run by giving
cach rat 10 mg of Na¥ subeutaneously immediately
before dosing with drug.  The urine was collected for
6 hr and analyzed for Na® and K=, The response was
recorded as milligrams of Na® exereted per rat. In
the tables the maximum response at any dose is reported
as follows: <3 mg us 0, 3-6 mg as 1, 6-9 mg as 2,
and >9 mg as 3.

(1} Nee V. D), Wiehelhaas, J. Weinstock, A, R. Maass, 1. 1. Brennan, .
Soswowski, wad T, Larsew, J. Pharopeeol. Reptl, Therap,, 149, 307 (106GH 2, bac
dletails of vl rat tests ax carried gut on tle pteridines,

«3) Nee V. D Wiebellaus, . T. Brennan, G. Sosnowski, A R, Maass, J.
Weinstock, add AL D, Bewder, Arch, Tuters, Pharmoacodys., 169, 429 (12)H7).
Toretails of this procedare as carried owl picpreridine dicreties,
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2. 4-D1IAMINOPTERIDINES
S .
RN
NH.

Diuretic act., rat®

Naline- Soditie-
R R loaded deficient
I i+ B 1]
CHy I 3 |
11 Cllye 2 l
Ol CIL* (1) 3 5
(jglI', ().’l{ﬂ‘] 1 0
n-Csll; 1-Cyllz ()
n-Cilly, n-Cally ]
(wIIg N—(:;,IIH | -
n-CiHy 1y 2 (1
ClH; Call.’ i}
Cell. I1 | o
(‘gll', ()ﬁll:.,' | (1
CeH,Clls Col LOCTL A (1 .
~(CHy 3 1
A CTLa)y- |
COOLI I i} ..
COOCH; I 3 {
COOC:H; 1 1
COOCH(ClHs)e I 3
CONH. 1 0
CH; Ol ] .
sl 011« B 0

* Rating =cheme fur saline-loaded rat assay: juasimum re-
sponse at any dose in volume ¢ of urine compared (o volume of
0.9¢, saline load, less that of untreared controls, <220, = 0,
224500 = 1, 46697, = 2, and >69¢; = 3. Rating schene for
sodium-deficien( rat assay: 1aximuin response af any dose i
mg of sodium exereted in (he urine ‘rat, <3 mg = 0, 3-6 mg = 2,
aud >9 mg = 3. References are given only to those compounds
whose preparation is not dexcribed in the previous papers of this
<eries listed in reference 1. » M. 1. Mallette, 5. C. Taylor, and
C. K. Cain, J. .Uin. Chen. Soc., 69, 1814 (1947). < D). R. Seeger,
D. B. Cozulicly, J. M. Smith, and M. K. Holtguise, J. Am. Chem.
Soc., T1, 1753 (1949). 4 N. . Campbell, J. . Dunsuir, and
M. B LL Pitzgevald, J. Chem. Soc., 2743 (1050). ¢ M. D. Potter
and 1. Tlenshall, 7hid., 2000 (1956). 4 (. M. Timnis, U S,
Patent 2,858,880 (Jain %, 1952). ¢ A, (5. Lenfrew, P. C. Piat,
and L. H. Cretcher, J. Org. Chem., 17, 460 (19523,

Structure—Activity Relationships.---"T'he diuretic prop-
erties of analogs of I are shown in Tables I and 1I.
Although a number of these 2 4-diaminopteridines are
active in the saline-loaded rat, only the 6,7-dimethyl
compound shows good activity in the sodiuni-deficient
rat. Changex in the 2. 4-diamino portion of the molecule
cause a more drastic deecrease of diuretic activity.
1,3.6,7-Tetramethyllumazine is the only compound
other than I in Table II which is highly active in the
saline-loaded rat; however, it is not active in the
sodium-deficient rat.

The diuretic aetivity of Il is shown in Table 111
It is active in both the saline-loaded rat and the sodiun-
deficient rat. In addition, it is an active natriuretic
agent in the saline-9aFHC dog. However, in contrast
to T and triamterene, IT causes substantial K+ loss ip
both the sodium-deficient rat and the saline-9«HFC
dog.

In Table I11 is shown the effect of varying the substit-
nent in the 2 position of 11, Substituents in the phenyl
other than methvl markedly reduced activity, and
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TapLe II
6,7-DIMETHYLPTERIDINES

CH,4 NN R,
y e
N

cHyY N

Ry
Diuretic act.®
Saline-loaded
Rs Ry rat
H NH® 0
CH;, NH, 0
CeH; NH, 0
NH. NHe (I) 3
N(CHs). NH,¢ 1
NHC¢H; NH, 0
SCH; NH,* 0
OH NH,/ 1
NH, Hs 1
NH. CH; 0
NH. OH* 0(0)
NH. CONH; 0
H OH: 0
OH OH* 0(0)
=0 [1,3-(CHy))] =07 3(0)

@ Numbers in parentheses refer to sodium-deficient rat data.
See note a, Table I, for rating scale. ®J. W. Daly and B. E.
Christensen, J. Am. Chem. Soc., 78, 225 (1956). <Noteb, Table 1.
4 B. Roth, J. M. Smith, and M. E. Hultquist, J. Am. Chem. Soc.,
73, 2864 (1951). ¢ E. C. Taylor and C. K. Cain, ¢bid., 74, 1644
(1952). 7/ D. J. Brown and N. W. Jacobsen, J. Chem. Soc., 4413
(1961). ¢ Gift from Professor A. Albert. * C. K. Cain, M. F.
Mallette, and E. C. Taylor, J. Am. Chem. Soc., 68, 1996 (1946).
¢ A, Albert, D. J. Brown, and G. Cheeseman, J. Chem. Soc., 474
(1951). ¢ F. F. Blicke and H. C. Godt, J. Am. Chem. Soc., 76,
2798 (1954).

TapLe III
4,7-D1sMINO-6-PTERIDINECARBOXAMIDES

HN NS ANy Re
LI
HNoC” N
NH,
Diuretic act.®
Rz Saline-loaded rat
CeH (II) 3(3)
p—CHscsHs 3 (3)
m-CH;CeH; 3(3)
O-CHsceHg, 1 (1)
p—ClCeH5 0
m—ClCQH:, 1
0-CICeH: 1
p-CHsoceH; 0
4-CI-3-H,NSO.CeH5 1
3-C;HuN 0
H 0
CH; 0
CH.C¢H; 0
NH, 0
NHC:H. 0
N(CHj). 3(1)

“ Numbers in parentheses refer to sodium-deficient rat data.
See footnote a, Table I, for rating scale.

replacement of the phenyl by other groups also de-
creases activity. The good activity of the 2-dimethyl-
amino compound in the saline-loaded rat was not shown
in the sodium-deficient rat. Variations of II in which
the 4-amino group was replaced by 4-methylamino,
4-dimethylamino, or 4-anilino were inactive in the
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TaBLE IV
4,7-D1AMINO-2-PHENYLPTERIDINE-6-CARBOX AMIDES

H,N

NN
LI
RR.NOC™ NN

NRiR:
NH, (IT)
NHCH;
N(CHs).
NHC,H;
NHCH{CHj;).
NHC¢H;
NHCH,CH.OH
NHCH,CH,NH,
NHCH.CH(CH;)NH.,
NHCH.C(CH;).NH,
NHCH,CH.;N{CH3;),
NHCH,CH,N(C.Hj),

NH(CH,);,N o)
—/

N—CH;
N—

NH(CH.);N(CHs).

NH(CH,);N,

)

NHCH.CH.N, 0O

I

NHCH,CH,N, NH
N—

NHCH,CHOHCH,N(C.Hs).

NH,
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Cells

Diuretic act., rat®

Saline- Sodium-
loaded deficient
3 3
2 3
1 1
2 1
1 0

0
0 S
0 1
0
0 Ce.
1 3
2 3
2 0
0
0
1
1
1 0

2 See footnote a, Table I, for rating scale.

TaBLE V

4,7-1D1AM1NO-2-PHENYLPTERIDINE-6-CARBOXYLIC
Acip DERIVATIVES

HN

v

AN~ N
R;\ENLN

NH,

Rs
COOH
COOCH;
CONHNHy
CONHNHCH¢ |
CON(CH,)NH, |
CONHN (CH,)
CONHNHCH(CH,),#
CONHNHCH(CH;)CH,CeH,¢
CONHNHCH(CH;)CH.CH(CHj,).¢
CONHNHCH,CsH;¢
CONHN=C(CH,),*
CONHN=C(CH;)CH,CH(CHj,).
CONHN=CHC:H;¢
CON(CH;)N=CHCH,4
CNe
C(=NH)NHNH
C(=NH)NHCHg
C(=NH)NHOH-

mixture

e See footnote a, Table I, for rating scale.
J. Weinstock, U. 8. Patent 2,963,480 (Dec 6, 1960).
Taylor, U. 8. Patent 2,963,479 (Dec 6, 1960).

U. S. Patent 3,111,520 (Nov 19, 1963).

Patent 3,012,034 (Dec 5, 1961).

CeH;

Diuretic act., rat®

Saline- Sodium-
loaded deficient
0
1 AN
1 0
1 1
2 0
1 0
1
1
0 Ce
1 1
1
1 A
2 1
2 .
2 1
2 0
1 2
¢ E. C. Taylor and
<E. C.

4 J. Weinstock,

¢E. C. Taylor, U. 8.
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Tasre VI TapLe VI
4,7-DI1AMINO-2-PHENYLPTERIDINES 2o, T I RIAMINO-G= A RYLPTERIDINLS
R.NC NN C.H, H.N Ne N NH.
- Z x E ! N 2
Y Y
RN - R7ON ;
NH, NH,
Diuretic act.' Diwretie Dieetic
Re Saline-loaded rat act.® ael
Saline- Saline-
11 1 loaded loacled
Cll; 2(1) Re rat Re i
CH.CI, 0 Csll; (111 303 1-CLLOCI; i
_® 0 2-CH;Cal 4 2(1) ColLCILOC,IT, 0
. 3-C1;CH 1oLy 1-1TOC,H 0
CIHLCsl; 0 e : bt
(mﬂ ¢ | 4-CH,C4l4 2(1) 4-CILCONHCI, 1)
. 2-FCeH . 2 1-11,N Gl i
COGCsll; 0 PO .
C(CH,)==NNHGl1 0 -FCelly ; 1-0:NCels "
(,IIOIICI{{ 1 '_)-ISI'CGII,; 14.3) ‘1'(76115(:61[4 t
o ' ) , 2-CH,OCs1 1 3 2. CILCGH, 0
» Nuniber in parentheses refers to sodiwm-deficient rat dati. 3-Cloll: 0

See footnote a, Table I, for rating scale. : . . .
¢ Numbers in purentheses vefer to sodiun-deficient rat dat:.

See footnote 1, Table I, for rating seale.

TasLe VII

IDIAMINO-0-PHENYLPTERIDINES Tane I\

HJ\‘IN ‘NYR: I \]/I\H 2,4, - TRIAMINU-G-HETEROARY LPTERIDIN EN
Y

S 2 HNC NN -NH.
CH N NN Ny ¢
I\ v| /\L/
RSN
NH

I

Diuretic act., saline-loaded rat®

R R R. R - . N
. o \ ' QL 01 T

Diuretic Plaretic
act..” et
Nadine-loaded Saline.
Rea at Re loaded et

NI, (1) 3(3) 3(3) 3(3) ) s 0
NHCII 2(2) (1) 2(3) 1 12) el

N(CHs)- I{2) 1 1y r\;

NHCH(CHy)s 3(2) 2(3) 7 900y L

NIH{CH,),CH; 0 ) U / ‘\ .
NIICILCGIh () t) ‘H “'“A(“H

NHCH, Il
O ) | . | —
| SN 0

NHCH. 0 0 ] i ol

N/—_\') ) S ol
—/ W i}
0 SN

N 0 0 @Ej' AR

\_/ N
NHCH.CILOH 0 @U— (2) LA
NIHCILCILOC!I, 1 o ‘s') ) i
NI{(CII;))N(C‘z”J)g 1 S— CHAR
NHNII t DN“ 243) 3 0
Ol 0 0 (0) 0 SN
OCTl, 0 0 | . | P
0Cull, 1 ) (l L 0
O(CHL):N(C1Ly), 0 e N
s u =7 40 ] n
SCH, 0 0 /[ 01
al 0 HNO x
11 3() 1 \f | 0
CILCN 0 N
CIT.CONH: 0 NH.

« Numbers in parentheses refer to sodimmn-deficient rat data. « Numbers it parentheses refer to sodimu-deficient rat data.

Nee footnote a, Table I, for rating scale, See footnote g, Table I, for rating seale.
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TaBLE X
2,4,7-TRIAMINO-6-SUBSTITUTED PTERIDINES

HN N~ Ny ~NH:
LI
R N

NH,
Diuretic act.*
Re Saline-loaded rat
H 2(3)
CH; 3(2)
C.H; 3(2)
CH(CH;). 1
(CH.),CHy 2(2)
(CH,);CHse 2(2)
—O 1
CH.CeH; 2(2)
CH,CH.C:H; 1
COCsH; 1
COOH 0
CONH, 0(0)
CONH(CH,);N(CHy). 0

e Numbers in parentheses refer to sodium-deficient rat data.
See footnote a, Table I, for rating scale. * Prepared by Mrs. R. Y.
Dunoff by method of ref 1b. Anal. (CoHisN7) C, H, N.4 ¢ Pre-
pared by Mrs. R. Y. Dunoff by the method of ref 1b. Anal
(C1HisN7-1/H,0) C, H, N.¢ < Analytical results were within
+0.49, of the calculated values for the elements indicated by
symbols.

TaBLE XI
SIMPLE AMINOPTERIDINES

Ry NN
R,

Diuretic
act.®
Saline-
loaded
Rz Ry Re Rz rat
NH; H H H? 3(2)
NHCH; H H He 2
H NH, H H? 2
H N(CHas): H He 1
NH, NH, H He 3(0)
H NH, NH, He 2
H NH, H NH,/ 3
NH, NH, H NH,/ 2(3)
H NH, NH, NHye 0
NH, NH, NH, NHy 1(2)
N(CHy): N(CH;):  N(CH;):  N(CH,) 1

s Numbers in parentheses refer to sodium-deficient rat data.
See footnote a, Table I, for rating scheme. ® Footnote ¢, Table II.
¢ A. Albert, D. J. Brown, and G. Cheeseman, J. Chem. Soc., 4219
(1952). 4 Footnote b, Table I. ¢ A. Albert, J. H. Lister, and C.
Pedersen, J. Chem. Soc., 4621 (1956). / T. 8. Osdene and G. M.
Timmis, ¢bid., 2036 (1955). ¢ E. C. Taylor and W. R, Sherman,
J. Am. Chem. Soc., 81, 2464 (1959). *» Gift of Professor E. C.
Taylor.

saline-loaded rat. Table IV shows the effects of sub-
stituents on the carboxamide group of II. Bulky
alkyl groups decrease activity, but, as also found by
Osdene, et al.® certain aminoalkyl groups lead to
retention of activity in the rat and dog tests. How-
ever, like II, the active natriuretic compounds in the

(6) T. 8. Osdene, A. A. Santilli, L. E. McCardle, and M. E. Rosenthale,
J. Med. Chem., 10, 165 (1967).
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TasLE XII
TRIAMTERENE PTERIDINE [SOMERS

(NH:)r—E‘ ]/\EN—CGHa
N Ve

Diuretic act.. rat¢

Saline- Sodium-

Isomer loaded deficient
6-CeH; (I11) 3 3
7-CeH; 1 3
2-CeH; 2 2
4-CeH; 1 0

e See footnote a, Table I, for rating scheme.

TasLe XIII
PYRIMIDOPYRIMIDINES
Riw N~ Ny -NH,
Y1 Y
N*LN
R, NH,
Diuretic act.®
Rs Ry Saline-loaded rat
CeH, NH, 3(3)
H NH,? 0
CH; NH. 0
C.H; NH, 2
NH, CeH; 0
CeHs H 3
CeH; CsHs 0
H CeHj® 3
H CH; 0
HO CeH; 0
Rs
N -NH.
MY
X N
- A
NH,
Diuretic act.®
Rs Saline-loaded rat
NH, 0

) 0

e Number in parentheses refers to sodium-deficient rat. See
footnote a, Table I, for rating scale. ? E. C. Taylor, R.J. Knopf,
R. F. Meyer, A. Holmes, and M. L. Hoefle, J. Am. Chem. Soc.,
82 5711 (1960).

TasLe XIV
CoMPARISON OF D1URETIC AGENTS IN VARIOUS DIURETIC AsSaYSs
Agent
Triam- Chloro- Spirono-

Test terene 11 1 thiazide lactone
Saline-loaded rat® 3 3 3 2 0
Sodium-deficient rat? 3 3 3 1 14
Glucose-infused dog?

Na+ (control/drug)® 13/13 9/6 6/69° 3/57

K+ (control/drug)° 33/3 7/3 4/16° 7/37
Saline-9«FHC dog?

Na+ (control/drug)® 59/475 10/481 9/221 48/475 7/13

K+ (control/drug)® 21/27 16/70 20/18 15/106 8/9

@ See footnote a, Table I, for rating scale. 25 mg/kg po.
¢ Average pequiv/min in urine. ¢ 10 mg/kg sc. ¢ 23 mg/kg iv.

aminoalkylcarboxamides are also active as kaliuretics.
Two carbons between the nitrogens appear to be
optimal. The higher activity of the dimethylamino
and diethylamino compounds in comparison to the
primary amino and morpholino compounds is note-
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worthy. The dimethylaminoethyl compound is un-
usual in that relatively speaking it is more active in the
sodiuni-deficient rat than in the saline-loaded rat.
Because of the extensive interest in the morpholino-
ethyl compound,” it is interesting to cowmpare its
activity to that of the closely related diethylaminoethyl
analog in the sodium-deficient rat.  The former caused
the excretion of 2.92 mg of Na* and 10.46 mg of I\~
while the latter caused the excretion of 10.26 mg of Na*
and 7.91 mg of K+, Clearly, the diethylaminoethyl
compound ix not ouly more strongly natriuretic but also
exhibits a higher Na /X * ratio in the presence of a high
level of mineralocorticoids. However, both compounds
are kaliuretic,

Table V shows the diuretic activity of some other
carboxylic acid derivatives of II. A number of these,
such as the hydrazide, the isopropylidene derivative of
the hydrazide, and some of the g-alkyl hyvdrazides have
much more activity in the dog than would be predicted
from the rat data. At higher doses some of these
compounds are natriuretic even in the glucose-infused
dog. This renal clearance protocol is not suitable for
demonstrating activity for most of the pteridine diuret-
ies we have studied.  In Table VI are a sertes of 6-
alkyl and G-arvl analogs of IT.  The diuretic activity of
these compounds is modest.

Consideration of the structures of I and 11 suggested
that muliple amine groups and an aromatic ring on
pteridine were consistent with good diuretic activity.
This led us to prepare a sample of 24 7-triamino-6-
phenylpteridine (III, triamtereue) for diuretic testing.
This compound had been originally prepared for anti-
bacterial testing,® but had shown no interesting activity.
In the diuretic assays it was an outstanding compound.
It 15 very potent in the saline-loaded rat, and in the
sodium-deficient rat not only causes a marked excretion
of sodium, but simultanecusly decreases IX* excretion.
This effeet was also seen in dogs and man.*  In com-
bination with thiazides such as hydrochlorothianzide,
it not only blocks the K+ loss due to the thiazide but
also potentintes the Na* excretion.’

In one approach to studying the structure-activity
relationships of compounds related to triamterene, we
prepared compounds which differed from the prototype
by only one structural feature. I Table VII are listed
those conipounds in which one of the primary amino
groups has been replaced by another group. Replace-
ment of any of the amines by a lower alkylamine led to
compounds which retain triamterene-like diuretic
activity. More extensive changes generally led to
substantially less active compounds. In Table VIII is
shown the diuretic activity of compounds i which the
phenyl of triamterene has been replaced by a substituted
phenyl.  Here again, only small ehanges are permissible
if even modest diuretie activity is to be retained. The
phenyl and p-tolvl compounds are illustrative. The
p-tolyl compound ix only approximately one-half as
active as triamterene. In general, ortho isomers seem
to be more active than the other isomers, The p-
hydroxy analog!® of triamterene, which has been

(7) 3. I Roseutlale and . (3. Van Annan, J. Phiomacol. Exptl, Therap.,
142, 111 €(1963).

(8) R. G. W. Spickett and G. M. Timmis, /. (hem. Soc., 2887 (1054).

) A. P, Crosley. Jr., L. M. Ronqguillo, W. 11. Stickland. and ¥, Alexander.
dnwe. Iidernul Wed,, §6, 241 (1962).

(10) K. Leluann, Arzaeimittel-Forsch., 18, 812 (1963),
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reported to be one of its metabolites, ' Is essentially
maective. In an attempt to inerease the activity of
triamterene by redueing its rate of metabolisi, the
d4-deuterio analog was prepared. In several diuretic
assays its aetivity was very similar to that of triam-
terene.

In Table IX is shown the diuretic activity of ¢om-
pounds in which the phenyl group of triamterenc has
been replaced by a heterocyelic nueleus. In  this
series the size of the group again appears to be impor-
tant.  High activity is seen oulyv iu the case of small,
nonbasic groups. The low activity of compounds
containing basie centers in this position such as thiazole
and pyridine may be rationalized by assuming that the
basic centers are highly solvated, and are in effect
large substituents. In Table X is listed the diurctie
activity of some triamterene analogs in which the 6-
phenyl has been replaced by nonaromatic residues.
The 6-alkyl analogs are active diuretics and good
activity is seen even in the 6-rn-butyl analog. How-
ever, size s Important beeause the isopropyl and
cvelohexenyl analogs have only modest activity.  The
benzyl analog is surprisingly aective; in fact, in the
sodium-deficient rat it is more active than the isomerie
p-tolvl analog. Thix and the activity of the 6-alkyl
analogs suggest that the phenyl group in triamterene
does not enhance diuretie activity because of electronic
mteractions with the pteridine ring. Nmr data sug-
gested that in tifluoroacetic aeid =olution the phenyl
and pteridine rings arve not co-planar.'t  Possibly this
1s also true at the site of biological activity.

The good activity shown by 2,4, 7-triaminopteridine
and by 2 4-diaminopteridine (Table 1) suggested that
other simple amino pteridines be studied for diuretie
activity.  These data are shown in Table X1, This 1s
a =urprisingly active sertes of diuretics. However,
some members of this seriex are also exceedingly toxie.
2-Aminopteridine. for example, after a single oral dose
of 5 mgikg to a dog caused a reduetion in glomerular
filtration rate from 45 ml/min to 3.2 mb/min.  One
month later the filtration rate had recovered to only
509 of its normal value.

Sinee triainterenc is a 6-phenylpteridine and 11 1s
a 2-phenylpteridine, and both are active diuretic
agents, 1t =eetned Important to study the isomers of
triamterene. The diuretic activity of these compounds
is shown in Table XII.  The 7-phenyl isomer is inter-
esting because 1t 1s one ol the most potent K+ bloekers
found in the pteridines even though it is only a weak
natrinretic agent. In the sodium-deficient rat at 15
and 30 g/ kg it caused the excretion of 9.98 and 12.67
mg of Na* with Nat/K+ ratios of 12.21 and 20.39.
In the saline-9al'HC dog at 25 mg/kg orally in four
clearance periods it increased the sodiun excretion by
an average of 105 wequiv/min while the Nat/K+
ratios for these periods were 52.5, 175, 205, and 240.
In all of these periods the urinary concentration of I+
(1406, 0.34, 0.37, and 0.65 mequiv/L) was well below
that of the average plasma concentration of W+ (3.67
mequiv/Ly.  Thix appears to be the first example of
net WF reabsorption demonstrated by the elearance
technique.

The 2-phenyl 1somer of triamterene is very similar
 its biological properties of 1I. It was both natri-
uretic and kaliuretic i the saline-9¢FHC dog. The
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4-phenyl isomer had only weak activity in the saline-
loaded rat and was not significantly active in the so-
dium-deficient rat.

Another type of isomerism possible is that involving
the pteridine ring system itself. Previously!! diuretic
activity had been reported for some 2,5-diamino- and
2,4,7-triaminopyrimido[4,5-d |pyrimidines. In Table
XIIT is shown the diuretic activity for some pyrimido-
pyrimidines more closely related to triamterene. Some
of these compounds show interesting activity in the
saline-loaded rat and the sodium-deficient rat. 2,4,7-
Triamino-6-phenylpyrimido [4,5-d |pyrimidine was inves-
tigated in some detail. Like II it does not block K+
excretion in the sodium-deficient rat or the saline-
9aI'HC dog. Some of the considerable natriuretic
activity in the dog may be due to the elevation of
glomerular filtration rate characteristic of this com-
pound.

As part of our investigation of diuretic activity of
pteridines we investigated many compounds not
directly related to the three prototypes mentioned
above. Most of these were inactive. Among the
compounds inactive in the saline-loaded rat were
biopterin, folic acid, pterin, xanthopterin, 6-methyl-
isoxanthopterin, leucopterin, aminopterin, and ribo-
flavine.

The pteridines that have been discussed as interesting
diuretic agents fall into three general classes: the
2,4-diamino-6,7-dialkylpteridine type related to I, the
4,7-diamino-2-phenylpteridine-6-carboxamide type re-
lated to II, and the triamterene type. Among the
analogs of I the greatest activity is found in 2,4-
diaminopteridines substituted on 6 and 7 with either
hydrogen or a lower alkyl group. Of the analogs of
II, greatest activity is found in 2-phenyl-4,7-diamino-
pteridines substituted on position 6 with either a
carboxamide or a basic carboxamide-type function such
as a hydrazide, an amidrazone, or an aminoalkylcar-
boxamide. Among the triamterene analogs greatest
saluretic activity is found in 2,4,7-triaminopteridines
substituted on position 6 with a small aryl, heteroaryl,
or alkyl group. Alkylation of the amino groups with
lower alkyl groups also gives highly active compounds.
Some variation in the relative positions of the groups is
permissible as demonstrated by the activity of the
isomers.

(11) E. C. Taylor. R. J. Knopf, R. F. Meyer, A. Holmes, and M. L.
Hoefle, J. Am. Chem. Soc., 82, 5711 (1960).
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It is possible to rationalize these data by assuming
that the pteridines bind to some active site at two
points. The more important site involves a basic
center of the drug which in triamterene may be N-1 or
N-8 or both. Groups which decrease the base strength
of the pteridine nucleus appear to destroy good activity.
The other site apparently involves the phenyl of triam-
terene. This binding may be hydrophobic in nature.
There appear to be severe size limitations at this site as
evidenced by the sensitivity of the activity to even
methyl substitution. Since compounds such as 2,4,7-
triaminopteridine are active, the phenyl apparently
acts to reinforce activity rather than to be an absolute
requirement. The phenyl may either aid to orient the
molecule properly on the site and/or increase the degree
of binding to the site. Too large a group either at 6 or
elsewhere may interfere with the proper fit of the drug
to the site.

In order to place the pteridines properly among the
diuretics, in Table XIV is shown a comparison of the
three pteridine prototypes in several diuretic assays
with chlorothiazide and spironolactone (IV), a typical
peripheral aldosterone antagonist.!> The pteridines
are highly active in both the saline-loaded and sodium-
deficient rat assays in contrast to IV and chlorothiazide.
In the glucose-infused dog only chlorothiazide is consis-
tently active. The thiazides are much more active
intravenously than orally, but in general, even intra-
venously, the pteridines are not active in the glucose
dog. In the saline-9aFHC dog the pteridines and
chlorothiazide cause Na* excretion; however, only
triamterene accomplishes this with little change in IX+
excretion.
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