March 1967

Pteridinecarboxamide Diuretics. II.
1,6-Diamino-5-nitrosopyrimidines with N-Substituted Cyanoacetamides
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Several new 4,6-diamino-2-substituted 3-nitrosopyrimidines and N-substituted 2-cyanoacetamides were pre-
pared and used as intermediates in the base-catalyzed preparation of a number of 4,7-diamino-2-substituted N-
substituted 6-pteridinecarboxamides. Many of these pteridines were examined for dluretlc activity in rats after oral

administration.

Increased activity was associated with certain specific structural characteristics.

The more

active compounds were those in which the 2 position of the pteridine nucleus bears an aromatic group, preferably
phenyl or m-chlorophenyl, and in which the carbamoyl nitrogen bears a 2-dialkylaminoethyl or 2-(N-hetero-
¢yelic amino)ethyl group, e.g., 2-diethylaminoethyl or 2-morpholinoethyl.

I the preceding paper of this series® the structure-
diuretic activity relationship of 4-amino-2-substituted
7-substituted amino-N-substituted 6-pteridinecarbox-
amides prepared from 4,6-diamino-2-substituted 5-
nitrosopyrimidines and N,N’-bis-substituted malon-
amides was discussed. In the present work a number
of new 4,7-dlamino-2-substituted N-substituted 6-
pteridinecarboxamides were prepared by the reaction
of 4,6-diamino-2-substituted 5-nitrosopyrimidines with
N-substituted 2-cyanoacetamides (see Chart I and

CHart 1
H N\ N~ Ny,
CH2 \’/ NaOE{ ’ I | Y
~ EtOH \N = N
N NCO
s NH,

(Tables IV-V)

(Tables I-II) (Table IH)

Tables I-V). The first descriptions of this type of
synthesis were reported several years ago.* Many
of the 6-pteridinecarboxamides given herein were
found to be active diuretics when tested orally in rats.
These compounds differ from those presented in the
previous paper by having substituted in the 7 position
of the pteridine nucleus an amino group rather than a
hydroxy or substituted amino group. Slight modifi-
cations in structure at the 2 and 6 positions resulted
in significant changes in activity and a systematic
study was undertaken to determine the relationship
between these structural changes and diuretic profile.
Certain generalities have been observed and are pre-
sented in this report.

Chemistry.—The method used for the earlier syn-
theses of 4,7-diamino-6-pteridinecarboxamides? has
now been expanded to include the preparation of 4,7-
diamino-N-substituted 6-pteridinecarboxamides. The
N-substituted cyanoacetamides required as interme-
diates were prepared generally by heating ethyl cyano-
acetate with 1 equiv of a primary amine (Table I) or
secondary amine (Table II) in refluxing ethanol.
Various 4,6-diamino-2-substituted 5-nitrosopyrimidines

(1) This work was presented iu part before the Division of Medicinal
Chemistry, 150tll National Meeting of the American Chemical Society,
Atlantic City, N. J.. Sept 1965, p 16 P,

(2) To whom inguiries shoald be addressed.

(3) T.S8. Osdene. A. A. Santilli, L. I3, McCardle, and M. IE. Rosenthale, J.
Med. Chem., 9, 697 (1966).

(4) (a) T.S. Osdene and G. M. Timmis, Chem. Ind. (London), 405 (1954);
(b) T. 8. Osdene and G. M, Timmlis, J. Chem. Soc., 2036 (1955).

(Table III) were prepared by previously described
procedures.® Reaction of the latter compounds with
N-substituted cyanoacetamides in refluxing ethanol
containing catalytic amounts of sodium afforded the
pteridinecarboxamides (Tables IV-V) used in this
study. In those pteridines prepared from 4,6-diamino-
5-nitrosopyrimidines bearing a 2-amino function, it
was necessary to use a higher boiling solvent for reac-
tion to occur. 2-Ethoxyethanol was found to be suit-
able for this purpose.

An examination of the infrared spectra of the pteri-
dines thus prepared revealed the expected carbonyl
and amino absorption bands. A typical example is
given below.

Biological Methods.—The procedure used for evalu-
ating the diuretic profiles of the pteridinecarboxamides
in male Sprague-Dawley rats has been previously
described in detail.? The results in Tables VI-X
are expressed as the average ratios of urine volume and
sodium levels in test (T) animals to those of the con-
trol urea-dosed (U) animals. All ratios (T/U) greater
than unity for volume and sodium output represent
statistically significant diuretic responses. This pre-
liminary screening procedure was quite useful in that it
afforded a means of rapidly evaluating the action of
each drug on a quantitative basis. Further biological
evaluation of the more active compounds has been
carried out and is typified by other reports cited below,

Structure—Activity Relationships.—Table VI gives
the relative diuretic response of a number of 4,7-
diamino-2-phenyl-6-pteridinecarboxamides having vari-
ous substituents (Rz) bonded to the N atom of the 6-
carbamoy! group. In general, the more active pteri-
dines are those in which R, contains an amino group,
e.g., 96, 103, 109, 116, and 118. The most active
of these are 103 and 118 where R; = 2-diethylamino-
ethyl and 2-morpholinoethyl, respectively. A more
detailed account of the diuretic action of 118 in rats
and dogs has recently been given.® The action of this
drug has been compared with several other diuretic
agents.”

Table VII shows the results of retaining an active
molety such as the 2-diethylaminoethyl group on the
carbamoyl nitrogen but varying the substituent in the

(5) 0. Vogl and E. C. Taylor, J. Am. Chem. Soc.. 79, 1518 (1957): E. C.
‘Taylor, 0. Vogl, and (. C. Clieng, 1%4/., 81, 2442 (1959), and otlier soarces
given in ref 3.

(6) M. E. Rosenthale and C. G. Van Arman. J. Pharmacol. Erptl. Therap.,
142, 111 (1963).

(7) M. E. Rosenthale, ibid., 147, 399 (1965).
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Tasre 1
N-STBSTIUTED 2-C Y ANOACKETAMITIES

NCCHCONIIR:

AMp o Reerysin Yield, - valed - - - =0 Taunl
Corape R L (rmom), *C sulvent® 'p Iorradln (o 1 N C 11 N
I Clly 100 A 60
2 (T 75 A 04
5 -Calls 11)4 A 59 CelsN0 55,05 6.50  22.57  57.04 6,40 2250
-G, N7 J-F 64  CsHueN.O  63.13 7.95  18.41  62.97 8,100 1836
5 e-Celly# 1352 A-C 56 ColuN:0  65.03 5.49  16.85 64.72 .47 16,00
6 c-CiHy 04 A1) 0y CulleN20  66.63 895 15.504 66,69 0,21 15.08
TGl T4 AD a1 CullN2O 68,00 0.54 14.42  68.10 9,20 14.67
S (CTgpolt- 51 B 65
a0 CHCH,CHL0NY N7 B-CG a2
1) COCH(CHLOH )/ 151 A3 T
L 1 CH)0O(CH )0 e
b2 (ClL).0CTT, " B3 55 CallgNaty 50,60 7.00 190,70 0. TL 7.02 JO.NG
3 1;(,11.»)30(/113 61 3 55 C:HpNO: 53,83 7.74 0 17.94  53.62 760 17.83
14 (Cll)OC, I, 45 A-C 52 CGHpNO, 53.83 T.74 17,94 53.70 T3 17.%2
15 (CHL);0C 1T, 05 B-C 76 CGHuNeO. 56.45 8.20  16.46  56.28 .31 16.17
16 CH.CHOC ;). 52 A-J a2 CeHpEN.Os  53.08 8,06 13.99  53.74 7.08  14.30
17 (Cl1:);0CH(CHj)y? 58 64 CollgN0:  38.67 S.750 1521 58.64 9.07  15.2%
AN
(s (.“‘_L‘“/l B N
1 (CH)SCHLH 52 N 55 CelleNLO8 48,81 7020 16,26 49,10 700 16,04
20 CHL,CO.Cally o J 36
21 p-CoH;0C0C I, 14 1) CollpNeOy 62,06 5.20 0 12,06 62,50 5,64 L1aa
22 (CH)NHymaleate L) A ColTpNzOp 44,44 5.30 17.28% 4441 501G 17.20
23 (CHy)sNHCsHy-c7 ) 36
24 (C11,).N(CHjy), 147 (1.0) 66 CillpN,0 54,17 N.44  27.08  54.21 S.7T3 0 26.00
25 1OH)sN(CHy), 128129 (0, 5) 71 CeHpN;0  56.78 .04 24.83  55.84 85.65  24.45
26 [CH,)N(CHy), 148149 (0.35) 50 CelTN;O  58.98 9.55 22.93  59.28 0.54 22.33
27 (G N(CIHy), 162-164 (0.3) 465 CpHeN;0 60,88 9.71 21.30 60.72 10.13 21.22
28 (CT1)eN(CHy)ye
20 (CH. )2\ (CyHs)s 132(0.%) 66 CollpNsO  58.98 0.35 22,05  5H8.87 9.39  22.7Y
30 (CH)N(CH,)e 142143 (0.5) 0 CpHpN:O  60.88 9.71  21.30  60.94 0.87  21.29
51 (CHL)aN(Cag)e 155165 (0. 4) 46 CplIxNO 62,52 1002 19.8)  62.70  10.34  19.47
32 (Cly), N((‘ H; )00
35 (CGHL)N(CeHy)ae
34 (CH)N=CylTs 1A0 (1, 7) 87 CpHaN;O  62.52 0 10002 19,89 62,26 10.00 1975
35 (CHL)N(n-CsH e 184.(1.01 68 CuHxN;O  66.36  10.74+  16.59  65.74  10.35  16.68
36 (CH)eN(CH.CIL,OH )y
37 CILCHCH;N(CH;)e 38011 67 CsllpN;O 56.78 .94 24.83  056.67 8.8 2452
38 CHCH(CHN(Coll)y lm 162 (0.53) 47 CpllxNzO  63.06 10,29 18,65  63.91  10.60  18.62
39 241 I-Pyrrolidinyleiliy] 1Y) 13 T2 CyHiN;0 59. 064 8,34 23,19 59.40 8,36 22,97
40 2-Piperidinoethyl T2 B 05 CpHpN;O  61.51 .78  21.52  61.%0 8,97 21.49
41 3-Piperidinopropyl 48 B-C 53 CpllaN;O 63,21 0.15  20.08 63.26 §.02  20.10
42 2-Morpholinoethyl 85 B 40 GoHuN;0:  54.80 7.67  21.31  55.05 7.83  21.27
45 5-Morpholinopropyl 65 B 41 CpHpNO02  56.85 811 19.89 56.89 5.06  19.60

44 4-Pyridylmethyl 16 L. 26 OHoN50 61.70 5.18 23,90 61.74 511 24.04

A = ethanol, B = ethylacetate, (0 = petrolenn etlier (bp 30-60°), 1> = Tt), = 2-cthoxyethanol, ' = Cgllg, (¢ = DMI, 11
methanol, T = {-butanol, J = cyclohexane, K = ether, I, = acetone, M = acelic acid. *» K. G. Naik aud Y. N. Bhat, Quarl. J. Indian
Chem, Soc., 4,547 (1927): Chem, Ahstr., 22, 2353 (1928), reported mip 101°. * Lit> mp 74°. ¢ C. Whitehead and J. Traverso, J. 1ne.
Chen. Soe., 77, 5367 ( 1955), reported mp 132° < 0. K. Behreus, J. Corse, 1), .. Huff, R. ti. Joues, Q. F. Roper, and . W, Whitchead,
J. Biol. Chem., 175, 771 (1‘)4‘» no melting point reported. 7 Previously reported by A. A. Santilli aud T. 8. Osdene, /. Org. Chem., 29,
2066 (1964). ¢ Sample used without purification. 4 2-Tthylmercaptoethylamine used in the preparation of 19, was prepared froni
cthylenimine and ethyl mereaptan as described by T, Wieland, E. F. Moller, and G, Dieckelmann, Ber., 85, 1135 (1952). * O. Diels and
IT. Heinizel, ibid., 38, 304 (1905, reported mp 100--101°. 7 €. C. Price aud V. Boekelheide, 7. Aw. Chem. Soc., 68, 1246 (1946), re-
parted bp 165-17D° 12 nun).

The only active Table IX demonstrates the cffect of homologation

2 position of the pteridine nucleus,
The on diuretic respouse within an active series. The

member of this series 12 103 (R, = phenyl).

other compounds were inuctive at the dose levels
shown,

In Table VIIL are given conmipounds in which the
sante active group is retained on the carbamoyl nitro-
gen but the substituent R’ on the ‘7—phenvl group is
varied.  The most active compouuds in this series are
103 and 155 in which R’ = H and m~Cl, respectively.
Substitution generally diminished the activity. Com-
pounds 145, 148, and 165 were mactive.

optimal methylene chain length attached to the
carbamoyl nitrogen appears to be two (103). Activity
decreased with a third methylene group (104) and was
nonexistent for compounds containing four (105)
five (106) methylenc groups in the alkyl chain, Similar
results were observed with higher homologs (n > 2)
in other active pteridines.

Table X shows the diuretic effect in 4,7-diamino-2-
phenyl-6-pteridinecarboxamides which have the ear-
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TasLE 11
2-CYANOACETYLAMINES AND N, N-Di1sUBSTITUTED 2-CYANOACETAMIDES
NCCH,COR;

Mp or

bp (mm), Recrystn Yield, ¢ caled S A (F100 |1 R —
Compd Rs °C solvent® ¢, Formula C H N C H N
45  1-Pyrrolidinyl 71 B 67 C;H; N0 60.85 7.30 20.28 60.91 7.26  20.09
46  Piperidino® 87 B 76
47  1-Hexahydroazepinyl 74 A-J 73 CHuN,O 65.03 8.49 16.85 65.19 8.60 17.10
48  Morpholino® 82 F-C 27
49  Thiomorpholino 95 D 70  C;H,(N.OS 49.39 5.92 16.46 49.72 5.93 16.74
50  4-Methyl-1-piperazinyl 113 J 40  CsHpsNs0 57.46 7.84 25.13 57.59 8.08 24.96
51  4-(2-Hydroxyethyl)-1-piper- 84 ¥ 83 CoHi;:N3;0:  54.80 7.67  21.31 55.09 7.51 21.41

azinyl
H2 N(CHj;)s¢ 064 B 92
33 NCH;(CH.),N(CHjy), 147 (0.7) 66 CsHiN;O 56.78 8.04 2483 56.44 8.99 24.71
5 NCHiCeHn-c 82 A-D 99  CuHeN:0  66.63 8.95 15.54 67.09 8.66 15.37
.-).:) NCHg(CHg)gN(C2H5)2d
5% NC.H;(CH,):N(CHas). 147-150 21 CHuN;0 58.99 9.35 22.93 58.65 9.15 23.14
0.7)

57 NCoH;(CH,)eN(C.Hs)?
538 N(-CsH:)(CH,).N (¢-CsHy), 86 79 CuHzN;O 66.36 10.74 16.59 66.28 10.63 16.36

+ See footnote a of Table 1.

b C. W. Whitehead aud J. J. Traverso, J. Am. Chem. Soc., 77, 5867 (1955), reported np 87° for both 46

and 48. < E. L. Eliel, #bid., 73, 43 (1951), reported mp 65-66°. ¢ Compound used without purification.
TasLe 11T
4,6-D1AMING-D-NITROSO-2-(SUBSTITTTED ) PYRIMIDINES
H,N /N\l/Rl
N
ON
NH,
Recrystn Y caled v found
Compd R:# Mp. °C solvent® Method® Formula (o] H N C H N
59 CF; >360 M-D I CsH.F3N;0 29.01 1.95 28.53 2.16
60 Morpholino4 236 dec A 11 CsHi:NeO: 42.85 5.39 37.48 43.03 5.41 37.20
61 0-CHsCeH 4 219 dec A I CuHuNeO; 57.63 4.84 30.54 57 .87 5.00 31.44
62 m-CF;CeH 2 211 H 1 CuHgFsN;0 46.81 2.50 24.82 46.90 2.78 24.55
63 3,4-CL,.CsHj3 279 dec E I C1oH,CLN:0 42.29 2.49 24.65 42 .53 4.75 24.40
64 0-CH;CsH.CH, 210 A I C12H1:N;zO 59.25 5.39 28.79 59.51 5.41 28.80
65 p-CIC:H,CH, 216 E-D I C1:H 1 CIN:O 50.10 8.32 26.56 50.02 3.88 26.67

@ The sources for the 4,6-diamino-5-nitroso-2-(substituted) pyrimidines in which Ry is H, n~C;H;, CH,S, CeHs, p-CH;0C:H,, m-CICeH,,

p-CICsHy, and 2-thienyl were previously given in paper I of this series.?

Other preparations: m-CH;Ce¢Hy, J. Weinstock, U. 8. Patent

2,063,478 (1960); p-CH;CeHy, E. C. Taylor and T. 8. Osdene, U. 8. Patent, 2,975,180 (1961); CHj;, E. C. Taylor, O. Vogl, and C. C.

Cheng, J. Am. Chem. Soc., 81, 2442 (1959); m-CF;CsH,, obtained from Arapahoe Chemicals, Inc. ® See footnote a of Table I.

Experimental Section. ¢ See ref 10.

bamoyl nitrogen disubstituted. At the doses indicated
compounds 184-186 were only mildly active and all
other compounds were inactive. It is interesting to
note that further substitution on the carbamoyl
nitrogen bearing the active 2-diethylaminoethyl moiety
(180, 182) eliminated the diuretic response.

In summary, the diuretic profiles of several 4,7-
diamino-2-substituted N-substituted 6-pteridinecar-
boxamides, as determined in male Sprague-Dawley
rats, show that activity is related to specific structural
requirements, The more active compounds are those
in which the 2 position of the pteridine nucleus bears
an aromatic group, preferably phenyl or m-chloro-
phenyl, and in which the carbamoyl nitrogen bears a
2-dialkylaminoethyl or 2-(N-heterocyclic amino)ethyl
group such as 2-diethylaminoethyl or 2-morpholino-
ethyl.

Experimental Section?

The exainples given below illustrate procedures used for the
preparation of the compounds given in Tables I-V,

¢ See

The 4,6-diamino-5-nitrosopyrimidines given in Table III werc
prepared in general by the reaction of a suitably substituted
amidine hydrochloride with the silver salt of isonitrosomalono-
nitrile (method I) or by the direct uitrosation of the 4,6-diamino-
pyrimidine (method II). Tllustrative examples follow.

Method 1.° 4,6-Diamino-2-trifluoromethyl-5-nitrosopyrim-
idine (59).—To a solution of 24.5 g of trifluoroacetamidine hydro-
chloride in 450 ml of absolute ethanol was added portionwise
33.6 g of finely powdered silver salt of isonitrosomalononitrile.
The reaction mixture was stirred for 2 hr and the AgCl was re-
moved by filtration. The filtrate was evaporated to dryness
in vacuoe on a rotary evaporator to give the trifluoroacetamidine
salt of Isonitrosomalononitrile, mp 95-96°. The material thus
obtained was dissolved in 150 ml of dimethylformamide (DMF)
and boiled under reflux for 10 min. An excess of water was
added, resulting in the deposition of a dark green powder.
Recrystallization from aqueous DMF followed by recrystalliza-
tion from aqueous acetic acid gave 13.5 g of the product, mp
> 360°.

(8) Melting points were determined on & Thomas—Hoover capillary melt-
ing polut apparatus and are corrected. Yields reported in Tables I-V are
the results of single experiments. Infrared spectra were determined in KBr
disks on a Perkin-Elmer Model 21 spectropliotometer.

(9) Otlier 5-nitrosopyrimidine intermediates prepared by this method
Liave been previously cited in ref 3.
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Tanne 1\
7= IAMINO=N-RUEBSTITUTED 6- PTERIDINECATBOXAMIOES
PI:NIN NYR(
RHNOCT SN SN
NH,

Recrysin

M, sol-  Yiell, -0 valeld . e fenl-
C'ovipel R R °C vent! ' I'oewnda (o 11 N ™ H N
66 11¢ 11 >360 G- 44 CiIEN:O .07 54 4TLTS 4020 3T 4T
67 11 (5-Pr)N(Clls), 305 G=1> 62 CpullaNGO 54,200 728 3371 54.22 688 55.uY
6 CII, TCINTCH s 250 A T CrlTy N0 54200 T8 3371 33,49 7.0 35,80
6o ClYy 11 >3600 G- 73 CiHFaN-0 3517 2210 35,090 35.39 2.39 55 .67
00 ClYy TG RNTCTT), 327 A GO CylLad N0 L0160 514 5010 44 88 5,01 20 88
T -Gyl 11 >560 G- ST CullaN:O IS.O7 5,20 5965 4845 5 11 B0 4
T2t TCA L NEC e 266 A1) 06 CullgNO- ST 765 51.as 3500 TS T
0.511.0
T3 -l (Cal L) NTCH )z 244 A-D 0 T1 0 CrllaNO- 35260 700 B0.TH 56 55 SUDd 2oy
1) 5.0
74 CILN (Col13)2N(ClTL)e 500 =D 78 CullaNOS B D R A 1 IS D S N F O () I S IS
7 CILS (CAHL )N (CT)s 305 14 535 CplluNsO8 10,43 6.64 BO.TSH 4047 6.4 50,72
THCHLs CoIH01CIL)s 200 L-D 89 CulIpN08 16,28 568 20,006 46.30 522 2889
7T TGN (CTL).NIT (CoH )N (CH.), 191 A-B 1 CuHuNGO 552 NO1Y 0 8547 5406 707 33043
78 1CHN(CH)NH (ColT )W N(CH.) o 4 CollpNO- 110 5428 568 3015 5439 8,25 2985
7 NI 11 >560 D 320 CiHsN0 INCISOB.660 5080 584N 361 49 45
SO NTILe (CL )N (CH). 312 G--D 75 Cullu NGO 4755 675 GR.5Y 47820 7020 3849
). 51T.4)
) NIl (Coll5):N1CHy ) 1T G- T CullgNGO SO 6.95  5T.SE 50000 70250 3T o4
N2 NILY (CH3)N(CHa ) 284 A 14 ColleNO- 1585 6.4 4011 46,13 6.4 40022
0. 5110
S50ON 2-Morpholinoethyl 204 G- 90 CrlTiaNo. 16,54 574 BTR2 46,67 5.3 5TONL
NS4 N1 (CH3).CHOIGH,); 28T A 20 CullaNgs 4874 6,29 54,08 48 45 6.67  54.39
N5 NI c-C:Hy 336 G-I 71 CullaN W) 5501530 6.37 35 42 53.00 6,12 3510
86 Alorpholiae? 1 >360 G-I 39 C (N, 45,51 487 3860 4560 5,22 3%.68
87 Morpholino® (G NICT0y 241 A-D 8N QpHe NGO, SUIS 6.7 35.08 50,75 7.06 83.63
S8 Gyl 181 >360 G- 85 CulaN-() 3351 504 34560 0544 5.62 34,65
SO Cella ClHs 352 G-D 96 CulliN:0 56,04 4,44 5520 D694 453 320D
0 Cell, Calls 346 E-D 99 G IlpNq0) 3N.24 4,80 317D 3823 506 3180
dE el L -l 342 G- 65 CellagN:0 SUND 4TS0S0 6007 4055 5006
02l ~Cally M G-D 94 CullwNG GLST 548 2806 6100 L4 2819
03l e-Celly 5500 G100 920 CraN:0 B2.7TH 582 26,08 62,23 5.7H 20,98
DERGHIN o=C: Ty 350 A~C 93 CuplTyeN:0) 63,64 6,14 25,08 65 47 6,27 25 I8
05 Cell e-Cgll g 5320 G- 94 CyTaN0) 64,43 644 2505 64.37 6.25 2473
06 Cll, 4-Pyridylierhyl 3300 G-D o 8Y CulTeNgO BEON 433 350,00 GO 416 3004
av o Calls HaN(CTa)s 303 G-D o0 CullpNag) A5 40T 5455 D5 TH H.2T BL6R
Us o (1l (CH5)N(CHa e 204 D 51 CellaNLO ST 572 BTN 0705 618 516D
9y Ll TCH )N (CIL s 280 A SO CilTaaNGO 5000 6.5 SD.ON 0 S0 5,290 30 N0
100 o, (CH)N(CHy)s 273 A 70 CouHaN0) AOR 656 2046 6017 6,40 2037
101l (CH3).N(CH2)s 275 A 68 CuFLy Ny 6089 6.64 2841 6078 664 28 .64
102 Cll; (CH;3)2N(CH2)e 279 A 61 CpHxNst) 6174 6,01 27 45 62,00 6.62 27.29
105 Clls, [CoH )N (CH): 280 A 100 CraHasNO 50080 6,36 20,46 6011 6.46 29 .25
104 Cll, (C2H5).N(CHy)s 272 A 30 CxnHaeNsO 60.89  6.64 2541 61.09 6.93 25.5)
105 (I, (CoH;).N(CHa)u 279 A 04 ColHa N0 GL.74 6.01 27 43 61,95 6.65 27.43
106 (IT, (Call;.N(CHu )i 290 A N2 CuHi NSO 6255 716 26,52 6271 7.20 26,54
7 Gyl (C.IT;)N(CHa)s 289 A-D SR CallsNLO G 07 761 24 87 6371 T4l 250
10N (', (n=-CiH4).N(Clla) 260 A N7 CUnllaaNO By OT T 60 2487 63,17 T AN 24065
) el 2-(1-Pyrrolidinyl)- 207 A-1) 96 CoHaNO OIL 3 586G 20,610 6018 HoDS 2051
cthy!
IO Colts [CH)CHILN- 2831y W CaHu N0 BETE DUl 27 45 61T 727 206,08
1CT)s
P Celly (CTLa0sN “1CHL )L 308 D OS CyHaINgO L4080 4,00 22,04 4526 H.03 2219
112 CeHy? (CaH3)N+(CHa)sl 247 D 66 CuHayINO 4300 568 20036 47.44 5,69 20,28
13 Cill; (CH)NCHCH,- 286 L1 75 CuHaN:O 50,00 6.5 500558 584l 61D 30,70
1,
114 Cells VO NTC L - 265 15-D 5N Cal 1uNLO G253 TO160 26052 D2 06U TU6 20,49
CHCTT
LS gl O 1 aN- 230 AD T CLLON SHUB5 0 DUNL 27 (T SN AN SN0 2T o
(('Hg?g
116 Gl 2-Piperidinoetlnl 28t G N3 CauHaNgO BE200 616 2855 610N 500 28 152

e I s-Piperidinopropyl 271 A 67 CuHNO 62.05 645 27 50 62.21 6.40 27 32
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Cosupd 1
118 (eI,
119 C¢Hs
120 Ce¢Hj;
121 CeHr,
122 C¢H;
123 Ce¢Hs
124 Cg¢H;
125 Ce¢H;
126 Ce¢Hj

127
128
124

Cells
(:(;Ilf.
Cell

CylTs

Cell;

Csll;

CeH;
0-CH;3Csl14
O-CH3C5H4
D-CHzcaH4
o-CH3C6H4
”M-CH3CGH4
p-CH3C6H4
p-CH3C6H4
p-CH3C6H4
p-CH3C6H4

p-CH3C5H4
p-cH3CeH4
m-chceH4
’)’I’L-CFsCeH4
p-CH30C5H4
p-cH30CGH4

fll-C lCaIIq
m-ClCsH
ne-ClCely
m-ClCeH4
m-ClCel 4
m-ClCeHs
p-CICH
p-CchH4
158 p-chaH4
p-CIC:H,
p-CICsH,
p-ClC6H4
p-ClC6H4

p-ch5H4

p-ClC6H4
3,4-CL,CsHs
3,4-ClCeH
2-Thienyl
2-Thienyl
2-Thienyl

164
165
166
167
168
169
170
171
172
173
174

2-Thienyl

« Nee footnote a of Table T.

aration of 77.

p-CHOCeH,

o-CH,CsH.CH,
0-CH;CoI1:CH,
p-CICeH CH.
p-CICH,CH,

4 Prepared in 2-ethoxyethanol.

Ra
2-Morpholinoethyl
3-Morpholinopropyl
HO(CH,),
HOCH,CHC.H;
(HOCH,):CCHs
HO(CH:):0(CHz).
CH;0(CHa).
CH;O0(CHa)s
(CH;):CHO(CHo.)s

(C.H:0).CHCH,
C:H,0(CH,):
CALO(CTH, )
C,HsS(CH.),
C.H;0,CCH;
p-CgHsOCOCGI{‘;
(CH3):N(CHaz):
(CoH;),N(CHz )
(C:H;)%N(CHz)s
2-Morpholinoethyl
(C2H;).N(CH:).
C-CGHH

(cHz )2N (C H2)3
(CoHs)eN(CHo),
(CH;).NCHCH,CH.

2-Morpholinoethyl
(C.H;0).CHCH,
(C,H;).N(CHa),
HO(CH,),0(CHa).
(CH3),N(CHz)»
(CoH;):N(CHz):

2-Morpholinoethyl
(CH;):N(CHaz)e
(CH;3)2:N(CH_);
(CHj3):N(CH:)4
(CHs)zl\ (CH»)
(CH;).N(CH)s
(CoH; )N (CHa)s
(CH;).N(CHa)»
(CH;)N(CH.),
(C2H3).N(CHz)e
(C2H5).N(CHa)s
2-Morpholinoethyl
C:H;O(CH,).
C.H;O(CH,)s

(lan

0
(C.H;0).CHCH,
(CoH;3).N(CHa:),
C.H:0(CHz).
(C,H;),N(CHoz):
2-Morpholinoethyl
c-CeHy NH(CH.);

5

l .
o CH.

(C.H;)N (CHa)s
CLIT,0(CH, ),
(CoH3)N(CIL)s
C.H;0(CH.)s

" See ref 4b of text.

PTERIDINECARBOXAMIDE DIURETICS

TasLe 1V (Continued)

Mp,

°c
281
260
324
291
295
242
293
285
265

235
282
279

305

262
290
280
311

Recrystn

sol-
vent

E-D

D>L‘>tr1trig?c?>i‘>
oo

S

=
)

trjtl-j Sl
go o o

M mm b
o

nidaiale
whvlw)

i
IS

E-D

A

A
E-D

I-D
G
G

Yield,

%
73
78
81
86
80
95
76

53

73
61
33
sU

Formula
C1sH»N;s0,
CaH2NsO,
Ci:HisN70,
C17H16N-0,
C1;H1sN;05
C;H1oN703
CisHi7N; O
C17H19N702
C1yHxuN-0-

0.33H.0
C1oH2N70s
C1:H1oN70.
CisHaN70O.

cl 91119N7(.)2

CiiH1sN:08
CriHuN7O;
CaaH1sN705
CisH2 N3O
CxHy N30
CaHasN:O
CaHauNsO.
CoHogsNgO
CooHasN70
C1sHauNsO
CaoH2sNsO
C1sHa:N5O -
0.5H:0
CioH24N50,
CaHpN705
CypHasFsN0
CisH1sF3N; 04
C1sH2:N30:
CoH2NsOq+
0.5H:0
CoH24N:0s
C17H1QCINSO
CisHaCINGO
C, gH?zCINgO
CaH.:CINO
CuHyCINO
C1sHCINGO
CiH;,CIN,O
C19HaCINO
C1oH5CINO
CaHasCINSO
C1oH2 CIN5O,
CyH15CIN;O;
C1sHa N7O.

C1sH5sCIN;O.

C1sH2CIN;O3
C1oHzClNsO
CiH;CloN7O,
Cy7 Hae N3OS
C?ngaNgOS

CITHITN7OQS

CauHxNO

O 11 N70,
Cupl s CINGO
CsHxCIN;O,

— % caled--
C
o7.
58.

8>
81

55.37

TS IR et
SRR S

— =t & S

(=BT

ST

60).

Zn
=1 =~

s}

77
.29
.28
.63
78
.44

.83

53.25

61.

83

59

56,
53.

74

00
80

H

ST

SN

< = I}

STRE

(1]

[N i = T

D O

OITP-C}I

O

>

33

S

== e

[ M= R /]

e O O O

[*1 = R H O’J.L'_C.a'rP-»F-OI

.62
.92
.65
42
.19
.19

05
42

93

U2

N
28,
.44
14
.75
.o4
.54
.90
L7H

.40

2 ] (S [ &)
Y]

[V
<

[\
=~ =1 00 ¢

WM
(o]

[ N2 I VI )
00 0 © O

27 .7
23.
24.
22.
.30
26.

29

26.
97
.95
.01

-
A

.6Y
08

o
==l

<t

41

.67

.69

40

a

do

a

.9

.0
.97
.01
.89
.13
.13
.28
.69

.81

.94
.22
.00
.98
.27

I
<x

3
!

3. 13
.40

52.98

61

60.

b5

33.

169
—~- % found—--—
H N
145,76 28.22
.81 5,92 27.38
.80 4.44 29.77
91 5.49 27.73
.00 5.07 26.38
.99 5.35 26.44
.32 4.91 28,61
.07 5.62 27,49
50 6.74 26.08
A2 570 24.43
905,76 28,01
5577 26,41
64 5,11 25,85
ol 511 26.70
.88 4.74 26.53
.35 4.62 22.72
.98 6.06 30.28
.14 6.72 28,28
78 6.76 27.61
04 5,05 27.42
.73 6.52 28.38
.64 6.40 26.01
.61 6.54 29.07
.92 6.59 28.32
78 6.40 29.21
81 5.92 27.44
.34 597 24.02
.39 05,19 25.01
.20 4,23 22.16
.87 5.61 29.03
126,44 27.25
67 5.67  26.24
98 4.71 28.01
7508 27,92
L27 5.86 27.23
.12 6,31 26.21
116,48 25.24
72 5.35 26.89
64 5,17 28.52
725,55 26.39
.03 5,95 25.94
.02 6.29 26.00
.97 4,93 26.34
78 4.38 25.46
15 5,77 26.41
12 4,18 23.66
87 5.30 22.47
A1 519 24.96
.08 3.97 23.33
5.50 28.98
.56 5.03 28.07
05 6.04 25.95
.47 4.63 25.41
.65 7.00 26.93
10 6.19 25.64
85 H.80 25.81
88 5.12 24.28

* Prepared from 75 and 3-diethylaminopropylaniiite by procedure used for the prep-

4,5-diamino-3-nitroso-2-phenylpyrimidine and 22 in ethanol using 1.2 equiv of NaOEt.

ethanol.

¢ 1. J. Pachter and P. E. Nemeth, J. Org. Chem., 28, 1187 (1963).

/ Prepared from

¢ Prepared from 104 and ethyl iodide in refluxing
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TasLe V
L6-D1AMINO-N N-DISUBSTITUTED O-PTERIOINECARBONAMIDES
R,OCTN
NH,
Reerystu
Alp, =vl-  Yiell, : = calal - — N - fuaaal-
Clonugel 13 1 e veni® % I"orinalis C 11 N (& 11 N
175 NI IHperidia 505 1)-15 16 CralleNgO 40,00 5 59 5887 49.75 6,01 8867
176 NI -Hexalydronzeping! 305 I 71 CHNgO- 50.64 610 386.35 51.03 6.32 36.40
0.33H:0
177 Cyll, 1O N 320 G- 04 CpHEN;O O824 489 3170 S8.8t 5,060 50U
IS Cll. e Cel | NCTL 327 1D 0 CyllsN:O 63.64 6.14 25.98 63.63 5.91 26,00
179 Gl (CTLOaNTCHL ) NC T 254 A 00 CrsHaaNO 5900 6.05 30.58 38,71 6.285 50.04
ISy Colly 1CA )N (CT1L)NCI; 206 A 76 CypHaeNO 60.89 6.64 2841 60,83 6.5 2811
IS (T, 1CH D NTCHL)NCLl 28 A 86 CrglTeeNgO D08 6.36 290.46 59.33  6.29 2927
ISl (Coll; 1 N1CHL)LNCall, 188 A 24 CyHuNO 61.74 6.91 27.45 61,97 7.02 27.65
IRy Cell (F-CsIT N (CHONG-Csl 1) 202 A-D 33 CyuHauNO 63.07 7 061 2487 64.10 7.32 24 04
INd el {-Pyrrolidingl 340 G- 03 CpH N0 60.85 5,11 2024 60.94 5. .52 20.03
185 Gl Iiperidino 273 A-D 71 CuHpN:O 61.87 H.4Y 28,06 62.02 576 27 .84
186 (Il {-llexahydroazepiny! 266 A S CpllyN:O 62,79 582 20,08 62,96 5H.04 26 82
187 Cells Morpholino 827 G- 0L CrlpNO. SR 4S8 27 .01 0834 4,03 2783
1SS (Il T"hiomorpholino 4 l-C 36 CyITeN;0R 3507 4,60 2060 5542 4.61 26,406
180 Cellg 4-Methyl-1-piperazinyl 271 A-D 83 iy N3O 59,350 553 30,75 o000 558 3062
190 Gl 4-12-Hydroxyethyl)-1- 274 G--1) 96 Crlle N, HT.OSS D02 2840 S8.08 5 64 2868
piperazinyl
191 p-ClCsly 4-(2-Hydroxyethyl)-1- 292 G- SO CrllygCINGD: 53,21 4,93 206,13 33.28 4,77 26,06
piperazinyl
102 0-ClH;3Cell 1CH3)uN (CH,).NCl1ly 216 A T CouNuNg 59,08 6.36 20.46 0,27 6.46 29 .42
193 p-CH3CGeHs  Morpholino 338 G- 91 CiHpN;Oq 5015 520 26.84 59.06 5.36 26.78
144 Morpholino®  (CH3):N(CH.)NGII; 245 Iv 30 Ol N SIS 6.7 33,58 5108 6.67 33.52
195 Morpholino®  Morpholino BT I-C 10 CrHgNsOs 49.99 5.5 31.10 50.22 5.73 50.72

3ce fooote a of Table I b Prepared inn 2-ethoxyethanol.

TasLe VI

Errser ox Divwerie Activiry or VARYING TUE SUBSTTCUENTS
ON THE CAKBAMOYL Gilionp
H.N. /N | NY(?,.H—,
N N
rHNOCT N
NH.
Duse.
e/ ke,
anud =1
Cougnl R volle Vol Na Nu/k
s8I 23po 1.34 1.38 5.91
00 Cull; Spo 1.28 1.25 5.19
118 2-Morpholinoethyl 'v po 1.71 2.06 5.52
116 2-Piperidinoethyl 2ypo 1.46 1.45 5.73
109 2-(1-PyrrolidinyDethyl 25p0 1.08 1,31 3.60
105 (COT2)eN(Cel ). 25p0 150 1,66 5.91
125 (CHL).0C,IH; .Z)/m 123 185 4.82
127 CILCTI(OC.IT ). 2ipo 11O 110 507
150 J/\j 12po 077 0.89 5.5
132 ClLCOL.C,IT, 2ipo 116 1.27 4,60
13 p=Cal TLOCOCH, 23p0 0.8 0.91 3,95
131 CTLCHRC . 251p 0.72 0.885 3.6!
06 4-Pyridylmethy! 23p0 1.46 1.40 4.86

CAverage ratios of urine nnd =odiam levels i (est (T) animals
to those of urea-dosed (U) animals.  All ratios greater than unity
represeltt statistically significant respoiises.

Method II. 4,6-Diamino-2-morpholino-5-nitrosopyrimidine
(60).10---4 6-Diamino-2-morpholinopyrimidine (39 g) was dis-
solved in o mixture of 12 g of glacial acetic acid and 250 ml of

(103 1. M. Cresswell and T, Strauss, J. Ueg. Chem., 28, 2363 (1963), pre-
pured 60 Ly (hie rewetion of 4.6-Jiamino-2-mediylthio-3-nitrosopy rimidine
Wi woeepludsue and repmrced myp 2372389 il

¢ Melted with decompositior.

TaBLe VII
ACTIvITY oF VALYING THE SUBSTITUENTS
AT THE 2 Posiriox

LlFrecr oN DivieTie

Y
~N
(CHNCHINHCG N
NH,
Dose,
ma ke,
and - TACH e
Compd It roule Vol Na Na/K
72 1=yl 25 po 0.77 .87 3.61
74 CILS 251p 0.64 0.63 2,64
R0) NIL 25 po 0.93 0.81 3.34
103 Gl 25 pa .59 1. 66 5.91
167 2-Thic1y! 25 po 0.64 .84 368

Table V1L

« Nee footnole a,

wuter.  To this solution was added dropwise, with stirring aod
cooling, a solution of 14 g of NaNO; in 100 ml of water.  Acclic
aeid (12 g) was added. The red nitrosopyrimidine cry=tallized
out of the solution after a few minutes.  After 30 min the nuaterial
amounted to 53 g, mp 235-236° dec. Recrystallization frow
ethanol gave the analytical sample, mp 236° dec.

2-Cyano-N-(2-diethylaminoethyl)acetamide (29).—-A solution
of 65.6 g of ethyl cyanoacetate and 38 g of 2-diethylaminoethyl-
amine in 100 ml of absolute ethanol was boiled uuder reflux for
3 hr. The solvelt was removed on a rotary evaporator in vacwua
and the residual oil was distilled through a Vigreux column. The
fraction distilling at 132° (0.3 mm) amounted to 60 g (66¢7 );
Ahm 4,45 (C=N), 5.99 (C=0), 6.46 u (amide I1).

The Maleate Salt of 2-Cyano-N-(2-aminoethyl)acetamide (22).
~To 48 g of ethylenediamine was added dropwise and with
stiring 22.6 g of ethyl cyanvacetate over the course of 50 mite.
The reaction mixture was allowed to stand for 2 days and concon-
trated in vacuo to stuall bulk on a rotary evaporator. ‘To (he
residue was added 80 uil of ethanol and 25 g of maleie ucid.
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Tasie VIIT
Errecr ox DivieTic ACT1viTy OF VARYING THE SUBSTITCENT ON
1HE 2-PHENYL GRoOUP

H,N zN N@
Cry™
Z

(C.H;),N(CH,),NHCO
NH,
Dose,
mg/ke.
and  —— T/T? ——

Compd R route Vol Na Na/K
103 11 25 po 1.59 1.66 5.91
135 0-CH; 25 po 1.22 1.30 3.77
138 m~-CHj, 12 po 1.29 1.35 5.22
141 p-CHj, 25 po 1.42 1.32 4.93
145 m-CF 25ip 0.33 0.36 2.77
148 p-CH;0 25 po 0.72 0.80 2.75
155 m-Cl 25 po 1.57 1.85 7.36
158 p-Cl 25 po 0.96 1.03 2.81
165 3,4-Cl, 25 po 0.71 0.82 35.31

¢ See footnote a, Table V1.
TasLE IX

LrrecT oN IhCRETIC AcTiviry OF INCREASING THE LENGTH OF
THE METHYLENE CHAIN A11ACHED 7O THE CARBAMOYL NITROGEN

H,N N N, CgH;
& Y
\N /N
(C,H;),N(CH,), NHCO
NH,
Dose.
mg/kg, and T/Ule———

Cotnpd n route Vol Na Na/K
103 y 25 po 1.59 1.66 5.91
104 3 25 po 1.43 1.13 5.24
105 4 251p 0.76 0.96 3.18
106 3 25 po 0.69 0.79 3.24

e See foolnote ¢, Table VI,

After the heat of reaction subsided, the reaction vessel was cooled
in ice to afford 49 g of a crystalline product, mp 155-160°.
The infrared spectrum of this material indicated it to be the male-
ate salt of ethylenediamine. On further cooling of the filtrate the
desired product (22) was obtained. Recrystallization from eth-
anol afforded 29 g of pure product: AXY 4.45 (C=N), 3.05 u
(N H stretch).

I preparing the pteridinecarboxamides given in Tables IV
aud V a catalytic amount of sodium (0.01 g-atom) in 500 ml
of refluxing ethanol was used, followed by the addition of 0.03
mole of a suitably substituted diaminonitrosopyrimidine (Table
III) and 0.032 mole of a cyanoacetamide (Tables I and II).
A xtriking change i1 the color of the reaction solution from blue or
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Tasie X
Errect ox DivreTic Ac1ivity oF N,N-DisUBSTITUTION ON
THE CARBAMOYL NITROGEN

H-ZNIN N\r
R,CO I(

Dose

mg/kg ——T/Us—mm
Compd Rs po Vol Na a/k
184 1-Pyrrolidinyl 25 1.08 1.12 .99
185 Piperidino 25 0.92 1.06 .91

187 Morpholino 25 0.97 0.98
180 N(CH3)(CH2).N(C:H;): 25  0.76  0.86
182 N(C.H;)(CH,);N- 25 0.72  0.87
(C2Hs):
« See footnote a, Table V1.

N

4

2
186 1-Hexahydroazepinyl 25 0.95 1.01 4.60

)

4

3

green (nitroso compouid) to yellow-brown (pteridine) generally
occurred within a few minutes and marked the completion of the
reaction. The method is illustrated by example 103. In a
number of examples where the 2 substituent of the diamino-
nitrosopyrimidine was an amino function the reaction was carried
out in boiling 2-ethoxyethanol.

4,7-Diamino-N-(2-diethylaminoethyl)-2-phenyl-6-pteridine-
carboxamide (103).—To a stirred solution of 0.2 g of sodium in
500 ml of absolute ethanol was added 6.5 g of 4,6-diamino-5-
nitroso-2-phenylpyrimidine. The mixture was heated to boiling
and 6 g of 29 was added. The mixture was allowed to reflux
an additional 10 min and was then cooled and concentrated in
vacuo on a rotary evaporator, yielding 11.4 g (1009;) of product,
mp 279-281°, Recrystallization from ethanol (300 ml) afforded
9.7 g of pure product: mp 280°; Axor 3.01, 3.15 (sh) (NH stretch),
6.04 (C=0), 6.18 (aromatic + NH deformatlon) 6.48 u (aro-
matic + amide IT).

4,7-Diamino-N-(2-diethylaminoethyl)-2-(2-diethylaminoethyl-
amino)-6-pteridinecarboxamide (77).—A solution of 2 g of 4,7-di-
amino-N-(2-diethylaminoethylamino)-2-methylthio -6 -pteridine-
carboxamide (74) in 10 ml of 2-diethylaminoethylamine was
boiled under reflux for 24 hr. The excess amine was removed
in vacuo on a rotary evaporator. Recrystallization of the residue
from ethanol-ethyl acetate gave 0.1 g of product (77), mp 191°,
Ao 6.04 4 (C=0),

[3-4,7-Diamino-2-phenyl-6-pteridinecarboxamido)propy!]tri-
methylammonium lodide Salt (111).—To a solution of 2 g of
4,7-diamino- N (3 dimethylaminopropyl)-2-phenyl-6-pteridine-
carboxamide (99) in 50 ml of ethanol was added 1.4 g of methyl
iodide. The reaction mixture was heated under reflux with
stirring for 15 min and cooled in ice. The precipitate which was
deposited amounted to 2.8 g. Recrystallization from boiling
water gave the product, mp 303°.
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