66 ('wacon, Wonrkksbponry, Brexiya, Kwoxa, sap Jovis Vol 10
Tasre 1l
- R
- Y
X7
N
Mp
Yiell, or b Crysip -Caled, =Tl
Nu. N 3 IR 1, (o, “C vy Ivomnnle « 11 N « 11 N
CHy
1ol CH“#LV—L:“ 200 222-223 GO IO O N0, BEDGLT 128 BA 8GN 2T
I\\T/,N
(o}
o,
CH, y-’—j:()
2 1 B I N 2 212-218 A GOV D OIL Calln N0 Suoa L own 124 Mot 12 A
his
(o}
3 I Ir CHalire hT H0-61 (3.5) 4
4 " [ CHaBr 0 63-65 (0.55: "
5 lir  CH:Br 50 130 (0.5) CLIPEN O 56.0 I, 4,20 IR
3] 11 Br  CH:C(NHAc(COOIY 56 u7-u9 12e011 CislTa PN Op i 3.6 551
T I I CHsC(NHAe)(COOLt: 11 145-146 1tO11 Cig 11l :NOs 7 5.67
B 1 'l CH:C(NHAC)(COOLit)s 38 128 LrOH CrellyCIEN O Sloh 5.3
a L It CHCNIAG (COO Lty 50 US-10n ROl CrllaBrIi'N O 5 1 447 A
10 Clls 11 ClLC(CH3) (NIL*CLT COO1L 11 507 BtO sNOs- 11CY o v.02 .16 ;.22
11 I¢ 1 1 (CHz) (N 1Ty COO1L +3 Witer 21N O- 9 6.1 6,26 7 20
12 11 1418 CILCHINHHCOO0 N 6 H0u, 1ol .llmlix\() 441 1138 1.1 5,64
13 I 1 CHCHNH; (Y COOLT i Calle e NO:- HCL 455 1,21 1.3h 5 R4
11 I 'l C1CH(NH=C1I5) OO H 83 A CallsCLIN Oz HCL 42 5 nouv 1.12 50
15 1 I'r CIHLCUINH COOLL 12 164.5-165 3 Wauter Cudls e N O 11 2 3 16 1.4 57 Do

* Prepared fram 3 4-diflnorotohiene:
nsed immediately o ithe next rexctin.  Bromie unlysis.
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3,4-Dihydro-6,7-dihydroxycoumarin (3,4-Dihydroesculetin (.-
To a2 suspension of 100 mg of PtOy i1r 10 ml of absolute ethapol wix
added 691 mg (3.98 mmoles) of esculetia.  The mixture wus
hydrogenated at roowt remperatire "’°, and atntospherie pres-
sure, (akivg «p | equiv of bydrogen ia 4 br.  The eataly=C was
filtered ofl and the filteate wos evapornted (noracioo (o drypess,
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G000 was obidoed from the mother Bgprors: nip 200-205°;

x*'“” 295 mig (e 12,000), 257 (33003, 300 (3300), 350 (9700,

max

N-Amidino-3-amino=-3-substituted 6-Halopyrazinecarboxamides
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The synthesis of n =eries of N-amidino-3-

amido-d-substitnted 6-halopyrazineenrboxminides ix described.

la

rats and dogs, these compounds cause dinresis and salnresis while potassinm exerclion is unattected or repressed.
Compounds with 1 variety of 3 substitbients includiag hydroxy, ntkoxy, meceaptu, ulkylmereapto, amaio, oud

substitnted amino were prepared. The latter two typex embrace comupaunds wich the highest activity.
-nmino-H,8-dichloropyrazinoat

routes for the syuthesis of niethyl 3

The unique effect of the N-amidino-3-amino-6-halo-
pyrazinecarboxamides! on renal clectrolyte exeretion
prompted a thorough structurc-activity study of this
scrics and its congeners. It ig the purpose of this
paper to report the investigation of N-amidino-3-
amino-0-halopyrazinecarboxamides (II) bearing var-
jous substituents at the 5 position and on one nitrogen
of the amidino group.

Chemistry.—In general, the target compounds (I1)
were prepared by the interction of the appropriate

J. 3L Bieking, J. W, Masut, O. W, Woliersidor!,
J. Cragoe, Jr., J. Al

(1) Paper ] in this series:
Jr., J. L Jomes, 8. I Kwonz, C. M. Roll, aml E.
Chem., 8, G3R (1965).
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, Ukey intermiedinte, nre I)lG\E‘llf&‘d

-_—\r J\-‘COOCH (HNIC=NH
'_—\r I’CONHC(—NH)NRJR'
N N

ester (1) with o guanidine.  The reaction was usually
earried out by heating the ester with a metlumolic sohi-
tion of the guanidine. Satislactory results  were
dchioved with guanidine itself and a vaviety of esters in-
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cluding those where the 5 substituent, Y, is amino,
substituted amino, hydroxy, alkoxy, mercapto, or
methylmercapto and where the 6 substituent, X, is
chloro or hydrogen.

N -Substituted amidinopyrazinecarboxamides were
prepared by the reaction of a number of mono- and 1,1-
disubstituted guanidines with a few selected esters.
Theoretically, a monosubstituted guanidine (e.g.,
methylguanidine) could give rise to either or both of
two isomeric products: (a) IT (where R* = H and R¢ =
CH,) or (b) the isomer in which the acyl and methyl
groups are attached to the same nitrogen atom. That
the former structure (a) is the more likely one is based
on the following arguments: (1) an unequivocal syn-
thesis of N-(methylamidino)benzamide has been re-
ported? and it has been shown to be identical with the
compound prepared from methylguanidine and ethyl
benzoute® or benzoyl chloride;* (2) no reaction occurred

PyraziNe Divkerices., 11 67

ScaeMr 1

lH\'(—VH

:[ ECOOCH

Ie-4, R=CH;
5, R = (CH.).NCH,CH,

I ]:COI\HC(—\IH)I\H
H.N(HN==)CHN

[Ta~-48

An  alternate synthesis of N-amidino-3-amino-3-
dimethylamino-6-chloropyrazinecarboxamide (I1a-14)
was devised which might have broader application
(Scheme IIT), Treatment of methyl 3-amino-3,6-di-
chloropyrazinecarboxylate (Ib) with guanidine af-
forded the acylguanidine (IIc-82) which reacted with
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with 1,2,3-trimethylguanidine and selected esters of
type I; and (3) steric and statistical probability con-
siderations favor this structure.

When the 5-phenoxy-6-chloro (Ie-4) and the 5-(2-di-
methylaminoethoxy)-6-chloro (Ic-5) esters were heated
with guanidine in 2-propanol, replacement of the 5 sub-
stituent with a guanidino group occurred with the for-
mation of I1a-48 (Scheme I). The 5-methylsulfinyl-6-
chloro (Ie-1) and 5-mesyl-6-chloro (Ie-2) esters (see
Scheme II) reacted with guanidine to give compounds
(IT) with the expected properties, but lack of stability
prevented isolation of pure samples.

(2) 1. Greenwualll, J. dm. Chem. Soc., 47, 1443 (1929).
(3) W. Traube and . Gorniak, Z, .Angew. Chem., 42, 379 (192hH),

Cl | COOCH,
RR'N—\/—NH,
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2,X=1
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Y = CH;CH,NH

u:( j: ()t)CH‘ u:[ | COOCH;
110 NH,

Te-1, Z = SOCH, It
2, Z = SO.CH,

0OCH,
NH,

;—4
|
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dimethylamine in dimethylformamide to give (I1a-14).
The product was identical with that obtained from Id-
14 and guanidine.

The intermediate esters were prepared by the
methods outlined in Scheme II. A key intermediate
for these syntheses was Ib which was first made* from
methyl 3-aminopyrazinecarboxylate (Ia-1) and sulfuryl
chloride. As expected, methyl 3-amino-6-chloropyra-
zinecarboxylate (Ia-2) and sulfuryl chloride gave the
same product (Ib). With methyl 3-amino-6-bromo-
pyrazinecarboxylate (I:-3) replacement of the bromine

(4) R.J. Tull, J. ten Broeke, and E. J. Cragoe, Jr., are responsible for the
original synthesis of this compound and Dr. J. van de Kamp and his col-
leagues adapted the metliod for the preparation of tlie larger amounts of
the material required in this study.
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Scueme [T

:[ J\-‘COOCH ‘;I/ I( 'ONHC(==NH)NH.

b He-x2
CI:/[N —COOCH,
(CHyN— A—NH,
1d-14

—‘—]: j:CO\'HC =NH)NH,
(CH.),N

[Ta-14

atom with chlorine occurred resulting in the formation
of Ib.  The conversion of Ia-2 to the 4-oxide (In-4) and
subsequently to Ib by treatmient with phosphoryl
chloride nlso has been accomplished® (sce Se h( :me 1),

Although the 6-halogen atom of 1a-2, In-3, and I is
nert, tho nucleophilic displacement of the 5-chloro
atomt of Ib oceurs readily. 'Thus, refluxing a 2-pro-
panol solution of Ib with a variety of primary or second-
ary amines produced the corresponding H-amino deriva-
tive (Id).

The reaction of Ib with liquid ammonia in an auto-
cluve at room temperature produced n mixture of equinl
parts  of  3-amino-3,6-dichloropyrazincearboxamide
(ITIa) and the corresponding >-nmino compound (II11h)
(Scheme IV),  When higher temperatures were ein-

Scneme IV

Cl /NI CONH,

mh —
Cl NH,
I
+
u‘—( y—COOCH, C—N | CONH,
NH~Sp~—NH. H,N NH,
1d-1 T

ployed, only IIlb was wsolated. However, when the
reaction was conducted in a highly polar solvent such as
dimethyl sulfoxide, dimethylformamide, dimethyl sul-
fone, or sulfolane, the desired ester, methyl 3,5-di-
amino-6-chloropyrazinecarboxylate (Id-1) (Table I) was
produced in good yields.

The reaction of Ib with aromuatic amines gave the hest
results when a mixture of the aunine and the amine hy-
drochloride was used.

Methylhydrazine theoretically could react with Ib to
produce either (or both) of two isomers (Id-47 and IV).
However, it was proved that the product was the 5-(1-
methylhydrazino) compound (Id-47) by demonstrating
that it reacted with benzaldchyde to produce the hy-
drazone (Id-48) (Scheme V). Similarly, Carni, ef
al.,® found that 2-haloalknnoic acids rencted with

15301 HL Junes, v be published.
(6) M. Carwi, G. Pollak, and 11, Yellin, /. Ong. Cheod, 26, 11 (1D60),
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methylhydrazine to yield the corresponding  2-(1-
methylhydrmzino)alkanoie acids.

Trentment of Th with the sodium salt of the appro-
priate mercapean, wkanol, ete,, provided the H-methyl-
thio, -methoxy, -cthoxy, -phenoxy, -(2-dimethylamiio-
cthoxy), and -mercapto esters (Ie-1-6) (see Table 11).
[t should be noted that wich sodium ethoxide, trans-
esterifiention oceurred with the formation of the ethyl
ester of the H-ethoxy compound (le-3).

The reaction of Ib with sodinm hydroxide under o
variety ot conditions gave, upon acidification, cither
3-nmino-H.0-dichloropyzineenrboxylie neid (Va) wnd
ol the d-hydroxy derivative (Vh) (Scheme V1), Un-

COOH

5o« | IU)()H
Cl—\n~—NH, H()

Vo b

Scengyme Vi

Tortunately, the estertfieation of Vb to If was unsuc-
cesstul; therefore. an alternate route to 1f was devised.
Oxidation of methyl 3-amino-3-methylthio-6-chloro-
pyrazinecarboxvlate  (Ie-1) with hydrogen peroxide
gave the corresponding sulfoxide (Te-1) or sulfone (Te-2)
depending upon the reaction conditions. It wns found
that the sulfoxide (Ie-1) could be hydrolyzed readily to
the 3-hvdroxy ester (If) by heating in aqueous ncetic
acid,

Catalytic hydrogenolysis ot the methyl 3-nino-6-
chloropyrazinoates bearing n H-nmino. -hydroxy. -meth-
oxy. -dimethylnmino, or -benzylaino was accom-
plished in good yvields with the formation ot the corre-
sponding dechloro corupound (Ig-1-5).  Optimum re-
action conditions consisted of using 59 palladivm-on-
charconl eatalyst in methanol m the presence of mag-
nesium oxide.  Inexplicably. the S-methylunino ester
(1d-2) failed to react under these conditions,

We have presented only @ priosi evidence that it is
the 3-chiloro atom of Ib which s involved in the nucleo-
philic  displacement  reactions. However, the un-
equivoenl synthesis of 3-nmino-6-dimethyaninopy -
zinecarboxylic acid (V1) has been accomplished® and
compnrison of VI with VII derived from the sapounifien-
tion of Ig-4 reveals that rthese componnds nre not identi-
cal but isomeric. Thus, it is the H-chloro atom that
was replaced i the reaction of Ib with dimethylamine
to give Ig-4. The halogenation of methyl 3-nmino-G-
methyvl- Gind G-phenyl-) pyrazineearboxylate to the

tCH;)_.\“EN —CooH I ‘OOH
S A—NH, (tH)\—[

Vi VII
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TasLe 1
N
Cl:[/ ICOOCHs
RIR’N—, *“—NH,
N
Id
Re-
. cTystn —=Carbon, Y—— -—Hydrogen, Y,— —Nitrogeu, Yo—
No. R! R yield* solvent” Mp, °C Formula Caled Found Caled Found Caleld Found
1© I n 91 A 212-213 CsH;CIN4O: 35.57 35.80  3.48  3.38  27.65  28.01
2 Clls b1 88 P 221-222 CiHoCIN4O: 38.81 38.74 4.19  4.22 25.86  25.49
3 CeHs H 89 P 149-150 CsHuCIN:O:  41.86 42,11 4,81 5.05 24,29 24,24
1 CiH: H 75 P 138-140 CsHuisCINGOy;  44.18  44.21 5.36  5.39 22.90  22.89
5 (CHi):CH H 70 P 125.5-126.5 CyHisCINGO;  44.18  43.82 5.36  5.18  22.90  22.62
6  CuHs H 91 P 140-142 CiHiCIN:O: 46,42 46.39 5.84  5.77  21.66 21,67
7  (CH3):CHCH: H 51 P 113.5-115.5 CuHuCINGO: 46,42 16.34  5.84  5.80  21.66 21.64
8  C:H«CH(CHjy) H 75 P 106-108 CuwHuCINO: 16,42 46.46  5.84  6.04¢  21.66 21.65
9 (CHi):C H 38 D-W  ¢8-108 CuHisCIN:O: 46,42  46.31 5.84 5.72  21.66 21,25
10 C:sHu H 72 C 100.5-102.5 CuHuCINsO:  48.44  48.27  6.28  6.09  20.5¢  20.45
11 C3H:CH(CHy) H 10 PE 74.5-75.5 CuHiCINGO:  48.44  48.65  6.28  6.50  20.54 10.57
12 (C:Hs):CH H 81 He 82.5-81.5 CuHrCIN:O: 48 44 47.96  6.28  5.70  20.54  20.40
13 CeHs H 70 P 72.5-75.5 C1HieCINsO:  50.25 50.27  6.68  6.60 19.54 19.45
14 CH; CH: 97 M 145.5-146.5 CsHuCIN:O:  41.66  41.73  4.81 4,32 24.29 24,24
15 CHs CeH, 73 P 102-104 CsHisCINGO: 44,18 44,16 5.36  5.24 22,90  22.81
16 CH;, CsHs 58 P 83.5-85.5 CuHusCINO:  46.42  46.35 5.84 5.75  21.66 21.70
17 CH;, (CHs):CH 78 P 75.5-77.5 CuHiCIN:O: 43,42 16.70  5.84  5.97  21.66  21.46
18 CH; CsHe T4 P 39.5-61.5  CuHurCIN:O:  48.44 48.60  6.28  6.22 20.5¢  20.54
19 C:H;s CaHs 54 PE 99-101 CuHisCIN:O: 46,42 16.75  5.81 5.79 21.66 21.45
20 C:Hs C:H: 65 PE 80.5-83.5 CuHiCINGO: 48,44 48.39 6.28  6.37 20,54 20.40
21 C:Hs (CH3):CH 754 . CuHiCINO-
22 C:Hs CsH, 91 PE 77.5-79.5 CuHioCIN4O:  50.25  49.81 6.68  6.28 19.54 19.45
23 GilLs CiHe 39 PE 15.5-47.5 CuHaCINGO: 51,91 52,00 7.0+  6.94 18.63 18.54
24 —(CHa)s- 95 P 168-171 CwHuCINO: 46,78 47.01 5.10 4.95 21.83 21.86
25 -(CHa)e- 75 P 109-111 Ci2Hi;CINgO: 50,61 50.54 6.02 5.79 19.68 19. 60
26 CH»=CHCH: H 69 P 105-106.5  CyHuCIN:sO:  44.54 44,46  1.57  4.61 23.09  23.12
27  CH:=CHCH: Cli; 70 P 90.5-92 CioHuCINsO:  46.78  16.85 5.10 5.08  21.83 21.73
28 CHs=CHCH: CaHs 54 P-W  43.5-45.5 CuHisCINGO: 48,80  48.70  5.58  5.40  20.70  20.44
29 5 H 98 P 167-169 CoHuCINGO:  44.54  41.63 1.57  4.52 23.09 23,09
CH,
30 5 n 78 P 132-133 CioHuCIN:O. 46,78  46.93  5.10  5.18  21.83 21.92
31 G H 98 P 119.5-121.5 CuHiCIN: 48.80  48.91 5.58  5.39 20.70  20.59
32 CyH;CHe H 64 M 157-158 CisHuCIN:O:  53.34 53.46 4,48  1.46 19.14 19.22
33 4.CH3CsH.CH, 1 66 P 112.5-114.5 CuHiCIN:O:  54.81 55.24  4.93  4.99 18.27 18.20
34 2.FCsHsCH. H 84 P 171-174 CisHisCIFN4O2 50.25  50.05  3.89 4.08 18.03 18.06
35 4.CICsH(CH: H 93¢ Ces 137-138 C13H12C1N:O2
36 CyHsCH:CHs 1 59 P 115-119 CuHisCINO:  54.81 55.25  4.93 4.88 18.27 18.13
37 m_CHZ H 81 r 148-149 CuHuCIN:O;  16.73 46,14 3.92 1.08 19.82 19.57
38 CF;CHe H 97 W 153-154 CsHsCIFsN4O:  33.76 34.10  2.83 3.08 19.69 19.57
39  CF;CH:CH: H 76 P-W  124.5-125.5 CsHuClFiN4Os 36,19 36.46  3.37  3.22 18.76 18.70
10 HOCH:CH: H 1004 . 155-157 CsHuCIN4O;
41 (CHs):NCH:CH: H 10 Me 257 CwHisCLN«O:  38.72 39.25 5.52 5.55  22.58  22.33
42 HOCH«(CHOH):.CHS H 604 . 172-175 Ci2H1sCIN405
137 CeHs H 71 P 171.5-174 Ci:HuCINsO:  51.71 51.33 3.98 4,12 20.10  20.30
14/ 1-ClCslls H 89 A 206.5-207.5 Ci1HisClN4O: 46,02 15.96 3.22 3.10 17.89 17.86
45 CH; CH;0 68 P 144-146 CsHuCIN:O;  38.95 38.41 4.50  4.33 22,72 20.50
16 -CH:CHsN(CH3) CHyCHe- 88 P 186-188 CnHisCINsOs 46.23 16,36 5.64 5.49 24.51 24,02
47  CH; NH: 67 E 136.5-138.5 C:HwCINsO.  36.29 36.54 4.35 4.08  30.23 30.82
187 CH; CsHsCH=N ... 179.5-180.5 CuHuCINsO: 52.58  52.25 4,41 4.39 21,90  21.72

@ The compounds in this table were prepared by method B-3 in the Experimental Section unless otherwise specified. ? A, acetonitrile;
C, cyclohexane; D, dimethylformamide; E, ethanol; He, hexane; M, methanol; P, 2-propanol; PE, petroleum ether (Merck's
Benzin, bp 30-60°); W, water; Et, ethyl acetate; Ac, acetic acid; 8, dilute methanesulfonic acid; H, dilute HCI; N, dilute NaOH;
H-N, Ac-N, and S-N indicate that the compound was purified by dissolving in the indicated dilute acid and precipitating with dilute
NaOH. ¢ This compound was prepared by method B-2. ¢ This compound was used in the next step without purification. ¢ Isolated
ax the hyvdrochloride salt. 7 This conipound was prepared by method B-4. ¢ This compouud was prepared by method B-5. * Derived
from p-glucamine.

corresponding 5-halo derivatives and the easy nucleo- amides (II) synthesized were assayed for their deoxy-
philic displacement of the halogen atom also has been corticosterone acetate (DOCA)-inhibitory activity using
accomplished.” the adrenalectomized rat according to the method de-

Bromination of methyl 3,5-diaminopyrazinecar-  scribed earlier.!¥ The compounds routinely were ad-
boxylate (Ig-1) afforded the 6-bromo derivative (Ih-1). ministered subcutaneously, but similar results were ob-
Analogously, with iodine and mercuric acetate in  tained with representative compounds when the oral
aqueous dioxane the 6-iodo compound (Ih-2) was ob-  or intraperitoneal routes were employed. A scoring
tained. system? similar to that already described! was used and

Structure—Activity Relationships.—Each of the N- the results are recorded in Tables ITI-V,

amidino-3-amino-5-substituted 6-halopyrazinecarbox-
(8) M. 8. Glitzer and 8. L. Steelman, Nature, 212, 191 (1966).
(7) J. 13. Bicking, to be published. (9) See fooinote g, Table 111, for a description of this systemn.
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Conlp 33 B-N vethol” voeld solvem® [ Toruda Cadderl ool Calinl Lol Culinl IPovd
1. 1 ] -1 80 Al CallC1EN, O 226 HOLIE 225 R 18 03 el
1i-1 LN 'l -1 38 hY Ci HsCIN 3OS U A2 LA oo 17 b8 7.
le-2 110 1 2 b2 A 3 HsCINOs LG4 3h .00 3T 182 1,31 18,75
Lot Cull;0 (] -3 v2 P ColhCINGO: (¢ 1111 02 1.6Y 17 11 1728
Ti-d4 o110 1 -1 ]2 =D CralhoCINGOs 51050 ; L 6U 3.T0 15.02 1445
1i-5 VCHNCHC0 [ 0P 134-1336 CrelLisCING Oy 13,72 ER 5.50 RIE 20.10 20.3D
le-6 113 [ -6 89 N- 207-208 CelsCIN3ON 32 81 e 2.75 2.00 .13 .14
le-1 Cllasa) 1 -7 | M-li1-D 237.5-210.5  CiHsCINO:& An.ar B S A15 16,83 1G.72
le-2 C 10 [} -8 61 P-D 206. 5-200 CiHsCIN3O:8 3164 32 5048 RIS U] 15,82 1393
If 110 1 [ES) 61 M-D 215 der Co He('1N 305 EERE 3560 2 08 2.83 206D 2057
lue-1 1N 11 10 85 P 272-251 CeHgNsO: 12,83 1415 1.80 175 AP ERI
l3r-2 110 11 210 [$553 MW 260 e Colli N30y 12 Gl 12 70 17 1.2y 2.(. 85 4188
[JicH} 11,0 11 C-10 2 A 205.5-207 .5 CrHe N304 13 H( o B2 195 1.78 22 411 22070
lz-1 (C15):N 11 =10 48 A 242 52135 CgllaNaO, 18,07 05 517 A 2851 28,62
lye-i CullsC LN T 1l -10 152 A 189 . 5-1b1.5 (' HeN4O- 5O 15 BITAITS 516 5T 2170 21
1h-1 11N KN 11 i 21752195 CullsBBrN4O. 20017 251 2 8u 02 22 68 22
1h-2 11N 1 .12 12 - 200-202 CyH5IN O 24,50 2.0 81 210 2 46 .03 IR.7

* The ammbers and letcers refer 1o those 1eed v the Experimeatal Seciior.

v nal,

Farly in the study it was Tound that N-amidino-
J-nmino--substituted  amino-G-chloropyrazinecarbox-
amides (IIa) exhibited n high order of activity i this
test.  Thus nstudy of the effeet of substituents on the
S-alnino group was made (Table ITT).  Maximal activity
wis obtained with the parent 3-umino compound (Ila-
1), which produced 509 reversal of DOCA ut 2.5 ug/at
(spironolactone  requirexs 400 pgrnt).  Compouwnds

C—AN
RIR:N \N|

where R?* = H and RY methyl, cthyl, propyl, iso-
propyl, or butyl (2-6) were nearly as potent as the
parent.  However, those having a branched butyl
(7-9) or a higher alkyl substituent (10~13) were mark-
cdly less netive,

The S-dindkylamino compounds (14-23) had nctivi-
ties ns preat or greater thau the J-alkylamino analogs.
and it was generally bencficial to have the total mass
of the substituent divided between two (R and R?)
rather than in a single group.  Thus, the dimethyl-
amino derivative (14) 1s more potent than the methyl-
amino (2), and the N-ethyl-N-butylamino (22) is much
more active than the hexylamino compound (13).
Joining R and R? to form o ring (24 and 25) affords
compoulds considerably less potent than their dinlkyl
counterparts (19 and 22),

Allvl (26-28) and cyeloalkyl (29--31) substituents
gave results comparable to the analogous alkyl deriva-
tives, The benzyl (32), substituted benzyl (33-39),
and pliencthyl (36) derivatives exhibited only weak ac-
tivity, but the furfuryl compound (37) was relatively
potent.  The w-polyfluoroalkyl (38 and 39), w-hydroxy-
alkyl (40), polyhydroxyalkyl (42), and w-aminoalkyl (41)
derivatives which were studied exhibited little activity.

The introduction of a phenyl substituent (43) pro-
duced a compound with moderate activity, but the p-
chloroplienyt nnalog (44) was nearly devoid of activity.,
The compounds in which the nmino group bore n meth-
oxy (45). mmino (i.c.. hydrazino, 16), or amidmo (i.c.,
gwoiidino, 48) subztitucent o where two alkyl groups

CONHC(=NH)NH,
NH,

Ha

" see ref b Dor 4 ende (o the salveats nsed.

Tuble 1

Caled: ClL 3194, Fomd: CL 3194, @ Transes(erification ocenrred doring 1he reactine with the fortation of the etbyl ester,

were jomed through a nitrogen atom to fornn aring (pi-
pernzine, 47) generally exhibited alow order of nctivity,

The effeet of substituting the terminal guanidine ni-
frogen (R* and R4 of compounds of type ITh was stud-
ied (sce Table IV).  The high potency of the parept 5-
amino compound (ITa-1) is maintained upon introduc-
tion of a variety of :dkyl substituted alkyl, or nryl sub-
stituents (49-64) at R* or similar substituents at both
R* and R (65-068).  Rome diminution of activity ix
noted with bulkier groups (57, 58, 60, nud 67).

( 'Ijxrc()NHC(:.\'H INR R
R'R-N— —NH.

I1h

The poteney ol the d-Isopropylaimino compound (5)
i= actually incrensed in the introduction of a methyl, 2-
hydroxyethyl or benzyl group at R*or nmethyl at hoth
R? and R* (69-72).  Several other S-nlkyl- and dinlkyl-
amino derivatives where R* = R¢
cetved activity scores about the same s the mnalogs
where R R* = H 26, 30, 6, 14, 15, 17, and 19). re-
speetively.

Analogs of N-nmtdino-3.9-dimnino-6-chloropyrazine-
carboxatide (I1n-1) in which the ehlorine is repliced by
bromine (80) or by iodine (81) are very active, although
somewhat less than the chloro compound (Table V).

Compounds of type TIe where X is Cland Y is chloro,
hydroxy, methoxy, ethoxy, mereapto, or methylthio
(82-87) are much less potent than the S-umino series
(Ilac

None ot the five compounds 1 which the G-c¢hloro
atom (X) was replaced by hydrogen (88-92) showed ap-
preciable nctivity,  Thix 1s not surprising in the case
where Y s benzylamino (90), hydroxy (91), or methoxy
(92); however, for the wumino (88) and dimethylamino
(89) compounds, it represents a marked difference from
the 6-chloro analogs (1 and 14),

Iinch of the compounds recorded in Tables TTI-V also
were (exted intraperitoneally in normal rats and intra-
venously in dogs.”” The compounds were active s
measured by these assays and, in general, the relative

DREC SIS B YU B D

baer ol bos anssorior s ol these st bos,
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No. Rt Re
1 U H
2 Clls H
3 C:Hs 11
4 CsHs H
5 (CHs):CH H
6 CiHo H
7 (CH3):CHCH: H
8 C:HsCH(CHas) H
9 (CH:)sC H
10 CeHu H
11 C3H;CH(CHzy) H
12 (C»Hs).CH 11
13 Ce¢His H
14 CH3 Clls
15 CHs C:Hs
16 CHs CsHs
17 CHs (CHg):CH
18 CHs CsHo
19 (b CeHs
20 C:Hs C3Hs:
21 C:Hs (CHz3):CH
22 C:Hs CsH»
23  CsH; Cslly
24 -(CHa)4-
25 —(CHe)e-
26 Cle=CHCH: H
27 CH;=CHCUH: Clsy
28 CH:=CHCU: C:Hs
VAN K
CH,4
w N y
n () i
32 CsHsC e n
33 4-CH3CeHsCHe 1
34 2-FCsHsCH: H
35 4-CICsH(CH: H
36 CsHsCH2CH: 1
0]
37 T ow
38 CF3CHs H
39  CF3;CH:CH: H
40 HOCH:Cl: H
41 (CHy«NCH:CH: U
42 HOCH:CHOH)s U
CH-*®
43 CsHs 11
44  4-CICsHs 1
45 CHs CH;O
46 CH; NH:
47 -CH:CH:N(CHs) CH2CHa-
48 NH.C(=NH) H

* The compounds are prepared by method D-1 unless otherwise specified.
4 Tsolated as the dihydrochloride salt.
score is the dose (in micrograms per rat) producing 509, reversal of the DOCA Na/K effect:
51-100, -1 = 101-800, = = >800, 0 = no activity at 800 ug.
the possibility of activity at higher doses exists.
in the normal rat assay.

salt.

microgram per rat value.

Re-
erystn
Y% suol-
vield® vent?
93 H-N
89 H-N
63 H-N
93 M-W
75 M-W
65 P
76 M-W
74 M-W
84 M-W
70 P
8y T
82 P
100
03

Ae-N
H-N

100 A

95 E
95 8
85
92
74
38

PyraziNne Divrerics. II 71
TasLe II1
N\
CI— ) CONHO(=NH)NH;
RIRZN J J_‘NHZ
N
I1a
DOCA
Mp, Carbon, ¥,  Hydrogen, % Nitrogen, % Clilorine, Y inlib
oC Formula Caled Found Caled Found Caled Found Caled Found score
240.5-241.5 C¢HsCIN:O 31.38 31.59 3.51 3.43 42.70 42.85 15.44 15.42 +4
238-239 C:HioCIN;O 34.50 34.19 4.14 4.28 40.24 39.02 14.55 14.56 +3
217-218 CsHi2CIN;:O 37.29 37.35 4.69 4.73 38.05 38.05 13.76 13.76 +3
221-222 CoHuCIN:O 39.78 39.75 5.19 5.28 36.09 35.89 13.05 13.05 +3
215 CoH1CIN:O 39.78 39.80 5.19 5.13 36.09 35.77 13.05 12,97 +3
219.5 CuHisCIN:O 42,03 42.26 5.64 5.65 34.32 33.95 12.41 12.47 +3
221 C1oHisCIN:0 42.03 41.81 5.64 5.31 34.32 24.32 12.41 12.35 +1
208-209 C1oHisCIN;O 42,03 42.02 5.64 5.64 34.32 34.16 12.41 12.40 +1
222-223 CyoHisCIN:0 42.03 42.20 5.64 5.59 34.32 34.00 12.41 12.27 =+
215-216 C1:HisCIN:O 44.07 44.01 6.05 5.88 32.70 32.66 11.83 11.835 +1
186.5-188.5 CuHisCIN;O 44.07 44.34 6.05 5.81 32,70 32,41 11,83 11.75 +1
209-211 CuHiCIN:0 44.07 44.02 6.05 5.95 32.70 32,59 11.83 11.81 =
194 5-196.5 Ci1:HxCIN;O 15.93 45.95 6.42 6.42 31.25 31.03 11.30 11.20 =
216-217 CsHi2CIN;O 37.29 37.24 4.69 4.49 38.05 37.83 13.76 13.78 +3
229-230 CyHuCIN:O 39.78 39.99 5.19 5.18 36.09 35.83 13.05 13.15 +4
214-215 C1oH1isCINO 42.03 42.31 5.64 5.94 34.32 34.40 12.41 12.56 +4
207-208 Ci1oHisCIN:O 42.03 42.40 5.64 5.70 34.32 34.05 12.41 12.45 +4
208-209 CnHisCIN:O 41.07 44.34 6.05 6.08 32,70 32.38 11.83 11.94 +3
215 CuHisCIN;O 42.03 42.00 5.64 5.52 34,32 34,14 12.41 12.21 +3
224-22) CirHisCIN:O 44.07 44.25 6.05 6.03 32.70 32.63 11.83 11.82 +3
207-208 C1HisCIN:O 44.07 43.91 6.05 5.82 B32.70 32.58 11.83 11.68 +3
200.5-201.5 Ci1:H2CIN:0 45.93 46.06 6.42 6.49 31.25 31.02 11.30 11.34 +3
215-217 CisH22CIN;O 47.62 47.60 6.76 6.77 29.91 29.44 10.82 10.93 +1
244 5-245.5 CioHuCIN:O 42.33 42.34 4.97 4.87 34.56 34.11 12.50 12.71 +1
224-225 C12:HisCIN;O 46.22 46.55 5.82 5.85 31.45 31.41 11.37 11.18 =
213-214 CyH1:CIN:O 40.08 40.41 4.48 4.44 36.36 36.07 13.15 13.25 +4
207-208 CioHuCIN?O 42.33 42.59 4.97 4.92 34.56 34.17 12.50 12.38 +3
208-209 CuHisCIN:O 44.37 44.51 5.42 5.43 32.93 32.58 11.91 11.8% +3
213-215 CsH1:CIN;O 40.08 40.24 4.48 4.43 36.36 36.34 13.15 13.31 +3
220-221.5 Cuoll1sCINO 42.33 42.57 4.U7 5.14 34.56 34.47 12.50 12.57 +4
219-220 CuHisCIN;O 44.37 44.36 5.42 5.54 32.93 33.01 11.91 11.97 =+
206-209 CrnHuiCIN;O 48.83 48.83 4.41 +4.49 30.67 30.44 F. NN —+1
216-217 CuHisCIN-O 50.37 50.16 4.83 4.77 20.38 29.31 10.62 10.58 +1
206-208 CrHuiCIFNO 46.22 46.40 3.88 3.82 20.03 28.82 10.50 11.40 +1
225-226 CrHiClN:O 44.08 44.01 3.70 3.95 27.68 27.69 20.02 20.10 =
199-202 C14H1sCIN;O - HCI 45.41 45.20 4.63 4.71 26.48 25.94 =
217-218 CuH1CIN;O: 42.65 42.80 3.91 3.89 31.66 31.37 11.45 11.30 +3
232-233 CsHyCIF3N;0 30.83 30.82 2.91 3.13 31.46 31.27 11.38 11.26 +1
221-222.5 CsHuClF3;N:O 33.19 33.57 3.40 3.64 30.11 29.92 10.89 10.86 +2
272-273 CsH12CIN;O:- HC1 30.98 31.40 3.90 4.30 31.61 31.38 22.86 22.61 +1
192.5-194.5 CioHiCINsO 39.93 39.83 5.70 5.72 37.26 37.63 11.7 11.65 E=
223-224 Ci2H2CIN7Os 36.59 36.54 5.12 5.15 24.90 24.34 9.00 9.01 E
248 .5-250.5 C12HiCIN:O 47.15 47.13 3.96 4.09 32.07 31.65 11.60 11.70 +2
276-278 C12HuCLN;O 42.36 42.08 3.26 3.48 28.82 28.23 20.83 20.32 =+
203.5-204.5 CsHi:CIN;0: 35.11 35.23 4.42 41,28 35.83 36.05 12.95 13.03 +2
234 C:HuCINsO 32.50 32.85 4.29 4.65 43.32 42.08 13.71 13.88 +1
299-300 CuHiCINSO-2HCL 34.25 33.91 4.97 5.08 29.05 29.45 27.58 27.09 0
>340 C:HuCINGO-2HCI 24,40 24,62 3.51 3.57 36.58 36.41 30.87 30.32 0

¢ Derived from p-glucamiue,

potency of individual members of the series paralleled

those recorded in the adrenalectomized rat test.

Rep-

resentative compounds were assayed in these two tests
using the oral route of administration and found to be

active.

By each assay procedure, diuresis and saluresis is
noted, while potassium ion excretion is either unaffected
or repressed. The effects observed in rats are some-
what more pronounced than in dogs when equivalent

doses are used.

® See footuote b, Table I. ¢ Isolated as the hydrochloride
/ Prepared by method D-2. ¢ The DOCA iuhibition
+4 = <10 pg/rat, +3 10-50, +2 =

Although no statistically significant activity was noted at the last dose,
Furthermore, most of the compounds which scored zero i1 this test were active diuretics
The auimals weighed 130 £ 3 g; thus, the dose i1 milligrams per kilogram is approxinately 0.008 times the

Several members of this series have been tested in
combination with certain other diuretics and found to
produce additive or synergistic effects on saluresis
while reversing the kaluresis caused by the other agent.

Selected compounds from this series are presently un-
dergoing clinical trial.’! The observations in humans
appear to correlate quite well with the animal studies.

(11) Preliminary reports include: N. W. Moukleibir and W. M. Kirken-
dall, Clin. Res., 18, 25 (1965); T. B. Reynolds and H. C. Pelle, ibid., 14,
184 (1966): R, J. Sperber and 8. Fisch, ibid., 14, 262 (1966).
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Cl—~— CONHC (=X H)NR°R*
R'REN \N[ NH.

Vol 10

I1h
1
N rryvatn
No. 1R’ 1 [ I viehlt wlvent™ Mp. (
44 1 I3 Clly I na b w 2545
S0 I I HOCH,CI1: 1 37 I 225220 dew
51 I 11 CeH:CII I H2 Py 215-216 der
52 11 H 2-CICH,Cl1ls 11 ] It N 2202205 dee
] 1§ IT 4-CICsHCI, I1 1t I N 204200 dec
o4 1§ H 4-FCel1.CH. I N I 216-210.5 der
5] Il |51 1-CITLCeHCHy H 27 IT-N 210212 dec
56 I I $-CHOC L CI, 11 it TN 1795 de
a7 11 11 2,4-CLCeIT;CII. 11 St W 527405 de
N 11 I 3,4-ClLCsIT,CH. 3 15 P 9 dee
Al Il IT 2,4-(CH ) CiHCHa I o4 I > dee
e
60) I I 7 I BN v D45 000240 Salee
N ‘.
61 11 H Cel1;CHCH I 0T AV 152- 160
2 H 5! CsH,CHL.CIT 1] 16 11X 210221 5 dee
18] I I @ H 1H I IR 5 2N A der
2~ CHa
G4 Il I3 Cells I 21 s 272 der
35} I I3 CHy CllL; 2N I 277 dlew
GO I |8 1l (G b IT' N Rl H
G7 11 I3 C.Hy 1. T2 I 140141
“-\ ” ” (.hIId(,.ll_' ('” B ]l W 2740 (11'1’
641 (CHypCH I8 CH, I Ho P 216,521
i (CH;3)»CI1 I8 CHy 11 i I UBNL5-240
71 (CIH.CH I ITOCTLCTL, I 16 11 183186 der
72 (CHs»RCI 11 Cel:CHe H 46 It 20000 204 5
T CHa==CHCIl 11 CH. (e B3 P 2125214 5
74 AN 1 ClL Cl, 3 I b6 117
Th C4 I, I (T 1 17 P IN7.D
70 CHy CH, CHy CIIL 6] AYi 210
s CHy .M CHy 1L 4 I 207 2N
N ClI, ¢t CH5)CIH ("Hy ClhL 1] I RITGEA |
7 Cylta (115 CH. Cl; 1 I 202 214

» Peepared by methad D-1 audess acherwise specitied. > See Tootinte b, Table I This compuumd wos isoliited o= the hydeaonhlora e

=olt. 7 Thix corvponund was isolaled as the dihydrochloride salt.

Experimental Section!*

A. Intermediates. 1. Amines. —3,5,3-Trifluorapropylunine!
wis prepared by the method of Runsli.t®  All other aniines v=ed
in (his study were conunercially available.

2. Guanidinium Chlorides.-—The =ources of guanidininn
chloride and of the 2-hydraxyvethyl, phenyl, beuzyl, phenethyl,
and 1,1-dibutyl derivatives have been described.!  p-Chloro-,'6
p-fluoro-18 2 4-dichloro-, " and 3,4-dichlorobenzylguanidininm
chloride!® and 1,1-diethylguanidinbun  chloride!® have been
deseribed  elsewhere. The snlfate =ales ofe-chloroben zyl-?
p-methoxybenzyl-, ¥ p-metbylbenzyl-, a-wethylbenzyl-2t 2 4-di-

i12; M1 melting points were taken iu open vapillicy talies anil are cor-
reviel values,

13) K. 13 strecter, Y. L Lee, aml their statl supplield the analytical davy
repurted Lere.

(11) Dr. W. 1l. Jones is responsible for ibis preparation.

L15) M. 8. Raaslhy, J. Org. Chem., 27, 1406 (19623,

16y S0 Naijo, . Phooon. Sov. Japun, T2, 1444 11952y,

(1) P. Stenbuck, R. Dudtzlyv, amd 1. M. Hool, J. Ocg. Cheoc, 28, 1083
F196:5).

(18) AL 1. MceKay, Do Lo Garimedse, 110V, Iaker, Lo R. Hawkins, V.
Palta, R, Gaudrey, awl GO, Dieeis, J. M ed, (Chean., 8, 587 11065,

1) I Erlenmever, (oo, Bor,, 14, 186G (1881).

1200 J. 1. Shiort, U, Biermacher, 1), M Dunuixan, and T, Do Lesl, /.
Aped, Chen., 6, 275 (19633,

210 1 Roberk, o, 487, 201 (1yile.

* This companrod wis isolated ns the wethunesolionate sl 7 The

methylbenzyl-, T-oaphthylmetyl-, S-pyridylmeilyl-, = aad 1-
benzyl-1-ne(hylgiamdine? were prepared Ly (he 2-meihyl-2-
preundothiurimiam  sulfite procedure snd were converteld o
their hydrocbloride salts according 1o the wedhod sleendy de-
scribed.t  The physiend properties uf these hydrochlorides wre
given i1 Table VI.

Methyl- avd 1, 1-dimethylguanidinium =nlate, whiclc are coto-
ntercially available, wece used per ¢e withia conveesam ta che
chlarides.

B. Methyl 3-Amino-5-substituted Amino-6-chloropyrazine-
ates (Table I,. 1. Methyl 3-Amino-5,6-dichloropyrazinecar-
boxylate! (Ibi. Reoute a.--Uadec avhydrons eoaditions, «
suspension af -1 {765 g, H moles) iu benzene ¢H Lowis stirred
and treated dropwize with sulfuryl ehloride 1.9 L, 3318 g,
24.5% molexy vver u period ol 30 min after which stirring wies
coniinued Cor 1 hr.  During (his period, (he temperiture rose (o
50° and then began 1o subside. The mixture was beated ciun-
(tou=ly to reflny, refloxed for 5 hr, and then stirred overnight
roam temperatnre.  The solveut mal excess S().Cls were removed
by distillation, mid the dark red residne was chilled (o 6°. The
ervstals dru separated were ventoved by filteation, swashed firse
with cold (R°1 hevzene ttwoe 100-1m1l portions) then withe peten-

122 I Vrowaberz oo 11, Sesegelbev, ey Physiat, Poseocoal. Asin, 6,
124 (1D18),

(23) 8. Beele, R Wedezly, aml C0 WL Yerey, . A, Clon, Sar., 64, 2200
[RRENN
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DOCA

—~Cuarbon, "4 ~— —llydrogen, Yo— —=Nitrogeu, "o=—— ~=--Chlotiue, "y ——- Inlil

Formula Caled Found Caled Founil Caled Founl Calell Fouul seore?
CrlCINZO 54.50 34.63 4.14 4.04 40.24 39.91 - L +-4
CsI11.CIN7O, - THC 50.98 30.56 4.22 4.51 31.62 31.36 S S +4
C;sHuCIN;O 48 .83 48.89 4.41 4.02 30.67 30.56 S S +4
C;3H1;3ClN;0 44.08 44.12 3.70 3.91 27 .68 2718 S N +4
CisH15ClN-O 44 .08 44 27 3.70 3.95 27.68 27.73 S oL +5
C;;Hyi;CIFN:O 46.23 46 .34 3.88 3,89 20.03 28.76 S S +4
CHiCIN:O 350.37 50.34 4.83 4.76 20,58 29.07 L . +4
C1aH1sCIN;Os 48.07 48.0)2 4.61 4.69 28,03 27.55 RN Ce +4
ClsH12C13N7O II(_;l :; . 7:), -56 l--b 3 . 08 3 . 24: 2:)l . 01- 22 . 58 - PR + :';
Ci3H2CLN-O 40.17 39.95 3.11 3.06 25.23 24,91 C Ce +9
C;:HisCIN;O 51.80 52,08 5.21 5.23 28,19 27 .88 B L +4
CisHisCIN:O 55.21 59.50 4.36 4.58 26.51 26,38 S S -+
C14H,sCIN;O 50.37 50,22 4£.85 4.62 2038 20 .14 . . +4
CuuH,;sCIN-O 50.37 50.67 4.83 4.86 29.38 29,08 c S +4
C2H5CINO - 2HCl 36.61 36.89 3.84 4.12 28 .47 28.14 S S +4
CsH2.CIN;O-HCI-H20 30.7 30.74 4.84 5.00 31.41 31.41 22,72 22 88 +4
CoH;sCIN:O 42.03 42 .02 5.64 5.45 34.3 34.14 12,41 12.49 +4
C1:H2CIN:O 49.19 49.01 7.08 6.94 28.68 28 .86 10.37 10,45 +5
C14H;6CIN-O - HCI 45.41 45.22 4.63 4.48% 26.48 26.16 c S +4
CioH1sCIN,O 42 .03 42 .28 5.64 5.93 34.32 34.14 S S +4
CuHisCIN;O 44,07 44 .35 6.05 6.04 32.70 32.62 11.85 11,67 +4
CyH1sCIN:O»-HCI-0.5H,0 36.57 36.35 5.58 5.28 27.15 27.23 BN L +4
Ci1sH2CIN;O 53.11 53.59 .57 5.31 27.10 26.69 o S +4
CiuHisCIN;O 44 .37 44 .50 5.42 .25 32.93 32.76 1.9 11.8) +4
C12H1sCIN-O 46.22 46.40 5.82 6.14 31.45 31.34 S o +5
C2H2CIN;O 45.93 45.95 6.42 6.50 31.25 30.81 Co S +4
C1oH1sCIN-O 42.03 41.97 .64 5.63 34.32 34.13 12.41 12.26 +3
CiHi:CIN:O 44.07 44 .17 6.05 5.81 32.70 32.73 11.83 11.86 +3
C12HxCIN-O 45.93 45.88 6.42 6.36 31.25 31.06 11.30 11.09 +4
C12HyCIN7O 45.93 46.03 6.42 6.11 31.25 31.14 11.30 11.35 +4

componld was isolated as the hydrochloride hydrate salt.

® This compound was isolated as the hydrochloride hemihydrate salt.

leum ether (bp 30-60°) (300 ml), and dried yielding 888 g of red
crystalline Ib, mp 228-230°. The crude product was dissolved
i boiling acetonitrile (56 1.} and passed through a heated (70—
%0°%) column of decolorizing chareoal (444 g). The column wax
washed with hot solvent (25 1.) and the combined eluate was
concentrated in vacuo (to about 6 1.) aud chilled. The yield of
vellow crystalline Ib was 724 g (669). Additional recrystalliza-
tious from acetonitrile gave pure material (See Table 11).

Route b.—Under anhydrous conditions, Ia-2! (9.35 g, 0.05
mole) was treated dropwise with stirring with S0.Cl, (10 ml)
during a 10-min period. After 45 miu, gas was evolved, the
mixture became red, and heat was evolved. After sranding
overnight at room temperature, the mixture was heated at 70°
for 1 hr. The excess 80.Cl; was removed by evaporation at
reduced pressure and the residue (11.2 g) was recrystallized from
acetouitrile (300 nil) (using decolorizing charcoal) to give 4.2 g
(38U¢) of Ib. Subsequent recrystallization gave pure material.

Route ¢.—Upon heating a niixture of Ia-3! (34.8 g, 0.15 mole)
and S0.Cl (89 ml) for | min on a stean: bath, a vigorous reaction
occurred.  The reaction vessel was cooled and then allowed to
stand for 20 hr. The product was isolated and purified as de-
zcribed for method b to yield 4 g (12¢7) of pure Ib.

Route d-—The <vnthesix of Ih from In-4 will be repurced av o
Inler paper.

2. Methyl 3,5-Diamino-6-chloropyrazinecarboxylate (Id-1).
—A solution of Ib (100 g, 0.45 mole) in dry dimethyl sulfoxide
(DASO) (1 L) was maintained at 63-70° and dry NH; was

7 We are inidebted to Mr. C. M. Robb for the preparation of this comupoand.

i See footnote g, Table I11.

admitted below the surface with stirring over a period of 45 min.
The solution was cooled to 10° while the procedure was continued
for another 1.25 hr. The yellow reaction mixture was poured
mto cold water (2 1.) and the light vellow solid that separated
was removed by filtration, thoroughly washed with water, and
dried. The yield was 82.5 g (919). Recrystallization froni
acetonitrile gave pure material. Similar results were obtained
when the reaction was carried out i other highly polar solvents
such as DMF, dimethyl sulfone (liquid), or sulfolane.

When the reaction was earried out in an autoclave nsing liquid
ammoruia at room temperature for 24 hr, a mixture (approxi-
mately 1:1) of IITa, mp 291.5-293.5° (from DMF), and IIIh,
mp 218.5-220.5° (from methanol), was obtaived. At 60° com-
plete couversion to I1Ib occurred.

Anal. Caled for CiH,CLN, O (IIla): C, 20.07; I,
N, 27.06. Fouud: C, 29.58: H, 1.87; N, 27.36.

Anal. Caled for C;HCIN;O (IIIb): C, 32.0!1; H, 5.
N, 37.33; Cl 1890. Found: C, 32.36; H, 3.00;, N, 37.
Cl, 18.84.

3. Methyl 3-Amino-5-dimethylamino-6-chloropyrazinecar-
boxylate (Id-14).—A suspension of Ib (178 g, 0.8 mole) in 2-pro-
panol (1.1 1) was stirred while dimethylamine (200 g, 4.44 molex)
ar 2-propanol (2 1) wns added, nud then the mixture was re-
floxed for 1 hir.  The solition wis coaled i an ice bath aud the
erystallinte prodact (hat separated was remaved by filtratian wud
dried. Theyield was 177.2 g (979 ); for purification, the prodiet
was recrystallized froin methanol.
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XfNICONHC(:NH)NH:
Y 5\\, 'L\'Hz

I1c

Re-
eryatu

6= vy sul-
No. -3 N vield*  vemn® e I'orpla
80 N1l liv 52 11-N 5.5 dee CellsBBrNsO
81 NH: I 13 -1 Salee CsHsIN:O- (Y
82 @ T2 11 CsHeCl:NsO - (1
83 110 @ 67 B8 CelI:CIN0:C1 HCI
84 (110 @ o 1 CHWCINGO:- 111
85 (-0 Cl 8t 1(-N Cs o CINGO
86 1S 1 100 11-N CeH:CINOS
87 ClHas 1 100 1y i) C71LCINGOR
88 II:N 11 9 H-N Halee  (CgHoeN5O
8) (CHuwN 131 45 I-wW CsHiN70
D0 CsllgCHe N 1T 0 -we CrsHisN;O - 11T
but o 1o 11 10 W CallgNgO2- 11(7]
wd o ClLO 11 Al W 220-330 e 311w NgO2- 11T

» Peepared by method D-1 unless otherwise specitied.
«, Tollde TT1.

b see fooOwte b, Table 1.

ey
thebon, 4V v lrogen, v Nitrogeu, ', Clilurime, g b
Caled Fomd  Caded Founl  Cidad Fouml  Caled Voam] seure
26,20 26,31 2.0« 10K 35.77 35.20 P . ¥t
20,15 20.10 2.5+ 263 27 12 27,24 .. s
25.24 23,50 2,17 2. 2043 29 7 . o
26.98 27.57 502 208 3147 3125 . .
2001 30.18 IR S ¢ 2000 db.o1 2525 25,10
3698 .2 1.31 320 32012 13.71 AT 0
20 38 2.8t 2.7h 34,07 A2 1437 11 46 i}
32,85 EINE R T I b 32,24 31.82 13,60 13.72 4
36,07 1.63 142 HO. 24 4h 87 . . 11
1118 587 4T 13 93 43.63 :
. 18.68 5.01 5.0 30,47 350,18 :
Q0.8 31,07 BRI VORT TSI LR S R . 4
A1.08 31,040 [ [ | 2108 3580 . v

* Isoled ns the hydroebloride salt. 7 See Tootaovie

Tasul VI

SUBSTITUTED GUANIDINIUM CHLORIDES

Yielbl,” Recerystn ~=Nitrogew, '3

Substituent N Mphec solvent I'orinula Caleld IYtounl
0-Chlnrobenzyl 7l I51-136 AcOIn (5 H, CLNy 19.09 10,01
p-Aethoxybenzyl (GO [92-157 [LtOH CH,CENGO 19 .48 10.20
p-Methylbenzyl 2K 153-155H -PrOH 5 H,CING 21.04 20,95
a-Methylbenzyl 2 122 5-150.5 Na recrysin CLHLCING 2104 20,75
2.4-Dimethylbenzyl 52 105-115 ELOH-E1.0 CWHCING 19.66 10,47
[-Nuphchylmetbyl s INS.5-195.5 No recrystn (" HuCING 17.83 17,44
3-Pyridylmethyl NO 155 5-138.5 Nu reerystu CiHWCIN, 30,02 21 H0
[-Bepzyl-1-methyl B 122 5-125.5 [S1OH-AcOkh CH L CING 21,04 20, 8N

* Bused on 2-methyl-2-psendothityonimn <ulfate,

Ubles< atherwise noted, ench of the exters recorded in Table T
was prepared psing a procedure similar w that described above
wherein (he appropriate amine wns svbstituted for dimethyl-
anine.

4. Methyl 3-Amino-5-( p-chloroanilino)-6-chloropyrazine-
carboxylate (Id-44).—Under anhydrous conditions, Ib (11.1 g,
0.05 mole), p-cliloroaniline (10.7 g, 0.155 mole), p-chloroaniline
bydrochloride (17.9 g, 0.11 niale), avd 2-propavol (500 ml)
were stirred atd refluxed for 24 hr. The produc( which separuted
ppon couling was removed by filtration nund dried; yvield 13.9 g
(89¢7).  Purifiention was effected by recrvstallization from ace(o-
nitrile.

Using apilbie and anilive hydrochloride far p-chloroaniline
and p-chloroaniline hydrochloride 1y the above procedure gave «
714 yield of 1d-48.

5. Methyl 3-amino-5-( 1-methyl-2-benzylidenchydrazino )-6-
chloropyrazinecarboxylate (1d-48) wis prepared for the structure
proof of 1d-47. Compound Id-47 (100 mg) was dissolved in
warm ethavol (2 ml), benzaldehyde (2 drops) was added, and the
solution wag cooled. The crystals that separated were removed
by filtration, washed with water, and dried.

C. Methy!l 3-Amino-5- (and 5,6-di-) substituted Pyrazine-
carboxylates (Table II). 1. Methyl 3-Amino-5-methylthio-6-
chloropyrazinecarboxylate (Ic-1).—A solution of methyl merciap-
(an (10 g, 0.18 mole) i1 206, aqueous NaOH (17 ml) and meth-
anol (100 mb) was added durivg 10 min to a boiling mixture of
Ih (17.7 g, 0.08 mole) aud methavol (1 1.). The mixture wnx
reflbxed for an additional 15 min and cooled, and the produet
(12 g) wus separated by filtration, dried, and recrystallized.

2. Methyl 3-Amino-5-methoxy-6-chloropyrazinecarboxylate
(Ie-2).—A Doiling solution of Ib (1.1 g, 0.003 mole) in anhydrous
methanol (200 ml) was treated with a solution of sodium meth-
oxide prepared from Na (115 mg, 0.005 g-atam) i auhydrous
wethanal (20 ml).  The produet (1 g) which separated npon
cinling was remaved by filtration, wasbed with water and thea
nie(hanol, and finally dried and recryscallized.

3. Ethyl 3-Amino-5-ethoxy-6-chloropyrazinecarboxylate
(Ie=3).-~A boiling solution of Ih (2.2 g, 0.01 mole) in absalute
ethanol (200 ml) was treated with a NaQCyH; sohiion prepared

" Hygrascopice.

fram Na (250 mg, 0.01 g-niom) and etbuaol (20 wh.  The mix-
tore was refbixed for 15 min and then coveentrated at redueed
pressure 1o 50 wl. Witer (30 ml) was ndded nud the prodne
thut separated wis removed by filtration and recrystallized.

4. Methyl 3-Amino-5-phenoxy-6-chloropyrazinecarboxylate
(Ie-4).—~Phenol (15 g, 0.16 mole) was welted and treated with
10 N NaOH (2.5 mi, 0.025 mole), then Ih (4.4 g 0.02 mole) wis
added, and the mixinre was heated on a =teamt bath for 15 mia.
After cooling, the product which separnted was removed by
filtration, washed with water, dried, and recrystallized.

5. Methyl 3-Amino-5-(2-dimethylaminoethoxy)-6-chloro-
pyrazinecarboxylate (Ic-5).—A solution of Ib (11.1 g, 0.05 mole)
b1 2-dimethylaminoethabol (55 ml) wax heated on a steamn bu(h
{or 5 nun,  After coolivg overnight, the soluiion was diluted
with wa(er, nmvd the product which separated was removed by
filtration, washed with water, dried, and recrystallized.

6. Methyl 3-Amino-5-mercapto-6-chloropyrazinoate (Ic-6).
A mxture of sodium sulfide nonahydrate (9.6 g, 0.4 niole), sutfur
(10 g), and absolute ethaunol (80 ml) was refluxed for 30 min und
coaled to 25°.  After the addition of Ib (8.9 g, 0.04 wole}, (he
solution wns stirred nt 25° for 1 hr, filtered, nud ncidified with
acelic acid. The product that separated was removed hy
filtration and pnrified by dissolving in NaOH =olution and pre-
cipitating with acetic acid.

7. Methyl 3-Amino-5-methylsulfinyl-6-chloropyrazineecar-
boxylate (Ie-1).—A mixture of Ic-1 (23.4 g, 0.1 mole), 30,
aqueous HaOQs (16 ml), and acetic acid (300 ml) was stirred for 1N
hr at room temperature. The solid then was removed by filtra-
tion, washed with acetic acid, dried, nnd reerystallized.

8. Methyl 3-Amino-5-mesyl-6-chloropyrazinecarboxylate
(Ie=2).---A suspension of Ie-1 (7.0 g, 0.03 nwole) iv acetic neid
(90 ml) aud 309 agqueous Ha0: (10 ml) was stirred at room
(emperatore.  After 69 hr, more 30¢ T1.0s (2 ml) was added,
ard stirring wis cantinned for w total reaction tine of 160 hr.
The solid wax removed by filtrnion, washed with acetic aeid,
deied, avd recrystallized.

9. Methy!l 3-Amino-5-hydroxy-6-chloropyrazinoate (If).- A
mixtore of Ie-1 (7.5 g, 0.03 mole), neelic acid (75 ml), nad water
12 mb was hested on n =(eamt hath for 3 hre - The produet grad-
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ually erystallized from the reaction mixture during the heating
period and continued after cooling. This material was separated
by filtration, dried, and recrystallized.

Attempts to convert Ib to If by heating with NaOH solutions
led to the formation of Va or Vb depending upon the reaction
conditions. Esterification of V'b to If was unsuccessful.

10. 3-Amino-5,6-dichloropyrazinecarboxylic Acid (Va).—
Compound Ib (1.8 g, 0.0081 mole) was refluxed with a solution of
NaOl (64% mg, 0.324 mole) in water (120 ml) for 10 min. The
hot solution was filtered and acidified with HCI to give 1.5 ¢
(9167) of Va, mp 228.5° dec.

Anal.  Caled for CsH;CLN;O2: C, 28.87; H, 1.44; Cl, 34.09,
Found: C, 29.30; H, 1.65; Cl, 33.44.

11. 3-Amino-5-hydroxy-6-chloropyrazinecarboxylic Acid (Vb).
—A mixture of Ib (4.0 g, 0.018 mole) and 59, NaOH solation
(55 ml, 0.688 mole) wax stirred and heated on a steam bath for
2.5 hr. The resulting =olution was cooled and acidified with
HCl. The precipitate was removed by filtration, washed with
water, dried, and recrystallized twice from aqueous ethanol
to give 400 mg (12¢7) of Vb, mp 210° dec.

Anal.  Caled for C;H,CIN;O5:  C, 31.68; H, 2.13; N, 22.17.
Found: C, 31.64; H, 2.22; N, 2227,

12. Methyl 3,5-Diaminopyrazinecarboxylate (Ig-1).—A mix-
ture of Id-1 (14.2 g, 0.07 mole), 55 Pd-C catalyst (9 g), MgO
(4.0 g, 0.1 mole), and methanol (250 ml) was shaken in an atmos-
phere of hydrogeu for 18 hr at room temperature at an initial
pressure of 2.1 kg/em?  The pressure drop indicated an ab-
sorption of 0.07 mole of hydrogen. The mixture was filtered,
and the solids were extracted with a boiling solution of 2-pro-
paitol (500 ml) and water (250 ml). The methanol filtrate and
the 2-propanol-water extract were united and concentrated to a
volume of 100 ml and cooled. The product which precipitated
weighed 10 g (859%) aud was purified by recrystallization.

Four other esters, 1g-2/3,4,5, were prepared by a procedure
similar to Ig-1 above, wherein the appropriate ester was sub-
stituted for Id-1; the data are recorded in Table I1.

13. Methy! 3,5-Diamino-6-bromopyrazinecarboxylate (1h-1).
—A solution of bromine (2.1 g, 0.013 mole) in acetic acid (10 ml)
was added to a suspension of Ig-1 (2.0 g, 0.012 mole) in acetic
acid (25 ml) at 50°. The mixture was stirred for 10 min at room
temperature and the crystalline product that separated was col-
lected on afilter. After recrystallization, the vield was 1.2 g (41 ).

14. Methy! 3,5-Diamino-6-iodopyrazinecarboxylate (Th-2).—
A suspension of Ig-1 (1.7 g., 0.01 mole) iu water (30 ml) was
heated to 70°, then mercuric acetate (3.2 g, 0.01 mole) and a
solution of iodine (2.5 g, 0.01 mole) in warm dioxane (20 ml) were
added quickly. The mixture was stirred and heated on a steam
bath for 5 min, then allowed to cool to room temperature and
treated with an aqueous solution of KI (50 ml containing 7.5 g
of KI). The red solution quickly deposited a crystalline product
which was separated by filtration, dried, and recrystallized.

D. N-Amidino-3-amino-5-substituted Pyrazinecarboxamides.
Route a- 1. N-Amidino-3-amino-5-dimethylamino-6-chloropy-
razinecarboxamide (Ila-14).—Under anhydrous conditions, Na
(5.75 g, 0.25 g-atom) was dissolved in dry methauol (150 ml) and
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the resulting solution was treated with dry guanidine hydro-
chloride (26.3 g, 1.275 mole) aud stirred for 10 min. The NaCl
which formed was removed by filtration under auhydrons cou-
ditions aud the filtrate was colicentrated in vacuo to 30 ml.
The residue was treated with Id-14 (11.5 g, 0.05 mole), heated
for 1 min on a steam bath, and theu kept at room temperature
for 1 hr. The product that separated was removed by filtration
and washed well with water. This material was suspended in
water dissolved by the addition of a little HC] aud precipitated
by the addition of dilute NaOH solution. After filtration and
washing with water, the product was dried; mp 216-217°.

By substituting the appropriate ester for 1d-14 and the desired
guanidinie hydrochloride for guanidine hydrochloride itself, the
above method was used for the syuthesis of each of the compounds
which appear in Tables I1I-V. With methylguanidine and di-
methylguanidine, the sulfate =alts were used instead of the hydro-
chlorides. These required heating with sodinm methoxide in
methanol for 45 min to assure complete conversion to the free
guanidine. In some cases it was convenient to izolate the prod-
uects as the hydrochloride salts using a procedure analogous (o
the following oue.

2. N-Amidino-3-amino-5-dimethylamino-6-chloropyrazine-
carboxamide Hydrochloride.—A suspension of Ila-14 (2.0 g,
0.0775 mole) in water (70 ml) was treated with sufficient HCI to
effect solution. After filtration, concentrated HCL (53 ml) was
added to the filtrate aud the crystalline product which separated
was removed by filtration and dried, vield 2.2 g (97¢). Re-
crystallization from a mixture of water (50 ml) and concentrated
HCI (3 ml) gave pure material, mp 298° dec.

Anal. Caled for CsHiCLN:O: C, 32.66; H, 4.45; N, 33.33:
Cl, 24.11. Fouud: C, 33.03; H, 4.43; N, 33.10: CJ, 23.80.

Route b. Step 1. N-Amidino-3-amino-5,6-dichloropyrazine-
carboxamide Hydrochloride (IIc-82).—Sodium (920 mg, 0.04
g-atom) was dissolved in 2-propanol (50 ml) under anhydrous
conditions, guanidine hydrochloride was added (3.85 g, 0.04
mole) and, after stirring for 30 min, the mixture was filtered.
To the filtrate was added Ib (4.44 g, .02 mole), and the mixture
was refluxed for 15 min and then cooled to 10°. The solid that
separated was removed by filtration, dried, and recrystallized
from a mixture of water (30 ml) and 6 ¥ HCI] (3 ml).

Step 2. N-Amidino-3-amino-5-dimethylamino-6-chloro-
pyrazinecarboxamide.—To a solution of II¢-82 (100 mg) in
DMF (5 ml) was added 259 aqueous dintethylanine (1 ml).
The mixtire was heated for 1 hr on a steam bath and then diluted
with water (25 ml). The product that separated was removed by
filtration aud purified by reprecipitation; mp 216-217°.

3. N-Amidino-3-amino-5-guanidino-6-chloropyrazinecarbox-
amide Dihydrochloride (Ila-48).—A solution of guanidine i 2-
propanol was prepared by dissolving sodium (2.3 g, 0.1 g-atom)
i 2-propanol (86 ml) and adding guanidine hydrochloride (9.6 g,
0.1 mole). Compound Ie-5 (4.7 g, 0.017 mole) was added and the
mixture was refluxed for 30 min.  After cooling in ice, the product
was separated by filtration aud couverted to the hydrochloride
by recrystallization from dilute HCL  Siniilar results were ob-
tained whe Ic-5 was replaced by Ic-4.



