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pounds 13 and 14 were obtained as the hydrochloride directly 
from the chilled acid solutions and did not require recrystalliza-
t ion. 

3,4-Dihydro-6,7-dihydroxycoumarin (3,4-Dihydroesculetin). 
To a suspension of KM) mg of Pt()» in 10 ml of absolute ethanol \va-
added 691 mg (3.98 mmoles) of esculetin. The mixture was 
hydrogenated al room temperature (22°) and atmospheric pres­
sure, taking up 1 equiv of hydrogen in 4 hr. The catalyst was 
filtered off and the filtrate was evaporated in vacuo to dryness. 

Reerystallizatinii of the residue from ethanol yielded 353 mg 
(()()''; ) of white crystals, nip 204-20(>°. A second crop of 140 mg 
(20<() wiis obtained from the mother liquors: nip 200-203°: 
X ^ " 22S mM u 12,000), 257 (5300), 300 (5300), 350 (9700). 

Anal. Calcd for C„H»()4: C, 00.0: II, 4.4S. Found: C, 
59.S. H, 4.49. 
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Pyrazine Diuretics. II . 
N-Amidino-3-amino-5-subst i tuted 6-Halopyrazinecarboxamides 
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The synthesis of a series of X-aniidino-3-amino-5-substituted O-halopyraziriecarboxamides is described. In 
rats and dogs, these compounds cause diuresis and saluresis while potassium excretion is unaffected or repressed. 
Compounds with a variety of 5 substituents including hydroxy, alkoxy, mercapto, alkylmereapto, amino, and 
substituted amino were prepared. The latter two types embrace compounds with the highest activity. Several 
routes for the synthesis of methyl 3-amino-5,6-dich]oropyrazinoafe, a key intermediate, are presented. 

The unique effect of the N-amidino-3-amino-6-halo-

pyrazinecarboxamides1 on renal electrolyte excretion 

prompted a thorough s t ructure-act ivi ty s tudy of this 

series and its congeners. It is the purpose of this 

paper to report the investigation of X-amidino-o-

amino-G-halopyrazinecarboxamides (II) bearing var­

ious substi tuents at the o position and on one nitrogen 

of the amidino group. 

Chemistry.—In general, the target compounds (II) 

were prepared by the interaction of the appropriate 

(1) P a p e r I in this aeries: J . B . Biek ing , J . W . M a s o n , O. W. Woltersdorf , 
J r . , J . I I . Jones , S. V'. K w o n g , C . M. R o b b , and E . ,T. Cragoe , J r . , J. \I,-<1. 
Cliem., 8, 638 (TJ65). 

- K T > - N 

COOCH;i 

•NH, 
(H,N'),C=NH 

x~TN'T~C( 

Y—kv^—N: 

,ONHC(=NH)NR3R' 
NH, 

II 

ester (I) with a guanidine. The reaction was usually 

carried out by heating the ester with a methanolic solu-

lion of the guanidine. Satisfactory results were 

achieved with guanidine itself and a variety of esters in-
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eluding 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. 

X-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) II (where R3 = H and R4 = 
CH3) 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 X-(methylamidino)benzamide has been re­
ported2 and it has been shown to be identical with the 
compound prepared from methylguanidine and ethyl 
beiizoate3 or benzoyl chloride;2 (2) no reaction occurred 

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 (Ic-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 IIa-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 
(II) with the expected properties, but lack of stability 
prevented isolation of pure samples. 

(2) I. Greernvald, ./. Am. Chem. Hoc, 47, 1443 (1929). 
(3) W. Traube and K. Gorniak, Z. Angew. Chem., 42, 379 (1929). 

SCHEME I 

CI—r^Sr—COOCH ; i <HJN)2C=NH> 

RO—kNJ—NH2 

Ic-4, R = C„H,-, 
' 5, R ^ C H J X C H X U 

C I — r ^ N V - C O N H C ( = N H ) N H , 

H,N(HN=)CHN—UNJ—NH, 

IIa-48 

An alternate synthesis of X-amidino-3-amino-5-
dimethylamino-6-chloropyrazinecarboxamide (IIa-14) 
was devised which might have broader application 
(Scheme III). Treatment of methyl 3-amino-5,6-di-
chloropyrazinecarboxylate (lb) with guanidine af­
forded the acylguanidine (IIc-82) which reacted with 

dimethylamine in dimethylformamide to give (IIa-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 lb which was first made4 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 (lb). With methyl 3-amino-6-bromo-
pyrazinecarboxylate (Ia-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 method for the preparation of the larger amounts of 
the material required in tills study. 
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SCHEME III 

:i:fV COOCH, 

NH, CI—k. 

CONHC(=NH)NH, 
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He-si' 
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ld-14 

COOCH, 

NH, 

(CH,): 

C l - ^ S — C O N H C ( = 

2N—W.J—NH, 
=NH)NH, 

IIa-14 

a t o m w i t h ch lo r ine o c c u r r e d r e s u l t i n g in t h e f o r m a t i o n 
of l b . T h e c o n v e r s i o n of I a - 2 t o t h e 4-oxide ( Ia -4) a n d 
s u b s e q u e n t l y t o l b b y t r e a t m e n t w i t h p h o s p h o r y l 
ch lo r ide also h a s b e e n accompl ished 1 ' (see S c h e m e I I ) . 

A l t h o u g h t h e 6 -ha logen a t o m of I a - 2 . I a - 3 , a n d l b is 
iner t , t h e nuc leoph i l i c d i s p l a c e m e n t of t h e 5-chloro 
a t o m of l b o c c u r s r ead i ly . T h u s , ref luxing a 2 -p ro -
p a n o l so lu t i on of l b w i t h a v a r i e t y of p r i m a r y o r second­
a r y a m i n e s p r o d u c e d t h e c o r r e s p o n d i n g o-ami.no d e r i v a ­
t i v e ( I d ) . 

T h e r e a c t i o n of l b w i t h l iqu id a m m o n i a in a n a u t o ­
c lave a t r o o m t e m p e r a t u r e p r o d u c e d a m i x t u r e of equa l 
p a r t s of 3 - a m i i i o - 5 , 6 - d i e l d o r o p y r a z i n e c a r b o x a m i d e 
( I l i a ) a n d t h e c o r r e s p o n d i n g o - a m i n o c o m p o u n d ( I l l b j 
( S c h e m e I V ) . W h e n higher ' t e m p e r a t u r e s were e m -
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nib 

p l o y e d , o n l y I l l b w a s i so la ted . H o w e v e r , w h e n t h e 
r e a c t i o n w a s c o n d u c t e d in a h i g h l y p o l a r so lven t s u c h as 
d i m e t h y l sul foxide, d i m e t h y l f o r m a m i d e , d i m e t h y l sul-
fone, o r su l fo lane , t h e des i r ed es ter , m e t h y l 3,5-di-
a m i n o - 6 - c h l o r o p y r a z m e c a r b o x y l a t e ( Id-1) ( T a b i d ) w a s 
p r o d u c e d in g o o d y ie lds . 

T h e r e a c t i o n of l b w i t h a r o m a t i c a m i n e s g a v e t h e bes t 
r e su l t s w h e n a m i x t u r e of t h e a m i n e a n d t h e a m i n e h y ­
d r o c h l o r i d e w a s used . 

M e t h y l h y d r a z i n e t h e o r e t i c a l l y cou ld r eac t w i t h l b to 
p r o d u c e e i t he r (or b o t h ) of t w o i somers ( Id -47 a n d I V ) . 
H o w e v e r , it w a s p r o v e d t h a t t h e p r o d u c t w a s t h e o - ( l -
m e t h y l h y d r a z i n o ) c o m p o u n d ( Id -47) b y d e m o n s t r a t i n g 
t h a t i t r e a c t e d w i t h b e n z a l d e h y d e t o p r o d u c e t h e h y -
d r a z o n e ( Id -48) ( S c h e m e V ) . S imi l a r ly , C a r m i , el 
al.,e f o u n d t h a t 2 - h a l o a l k a n o i c ac ids r e a c t e d wi th 

I.")) J . U. Jones , ID be pub l i shed . 
(ti) A. Ca rmi , Ci. I 'ollak, and If. Ye 

III + CH NHNH 
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IV 

1E.ME \ ' 

_ ( 
11 X 

CI—f** |T— COOCH 
NN—kvi—NH 

Id-

\ . 
C,.H.CH=N' 

COOCH 

XH 

Id-is 

m e t h y l h y d r a z i n e t o y ie ld t h e c o r r e s p o n d i n g 2-( 1-
n i e t h y l h y d r a z i n o ) a l k a n o i c ac ids . 

T r e a t m e n t of l b wi th t h e s o d i u m salt of t h e a p p r o ­
p r i a t e m e r c a p f a n . a l kano l , e t c . , p r o v i d e d t h e ">-methyl-
tli io, - m e t h o x y , - e thoxy , - p h e n o x y . - ( 2 - d i m o t h y l a m i n o -
e t h o x y ) . a n d - m e r c a p t o e s t e r s (Ie-l--(i) (sec T a b l e I I ) . 
It s h o u l d be n o t e d t h a t wi th s o d i u m e t h o x i d e , t r a n s -
e s t e r i h e a t i o n occu r r ed w i t h t h e f o r m a t i o n of t h e e thy l 
e s t e r of t h e o - e thoxy c o m p o u n d ( Ic -3 ) . 

T h e reac t ion of l b wi th s o d i u m h y d r o x i d e u n d e r a 
v a r i e t y of c o n d i t i o n s g a v e , u p o n acidi f ica t ion, e i t he r 
o -amino- . l . l i -d i ch lo ropyraz ineca rboxy l i c acid (Va) a n d 
or t h e o - h v d r o x v de i ' i va t ive (Vb) ( S c h e m e V I ) . I ' n -

CI 

V ' l l t S l i i VI 

OOH 
XH. ~ ' * 

CI-

HO-

Nvjr—COOH 

,J—XH 

Va Vb 

f o r t u n a t e l y , t h e es ter i f iea t ion of Vb to If was u n s u c ­
cessful; the re fore , an a l t e r n a t e r o u t e to If w a s dev i sed . 
O x i d a t i o n of m e t h y l ^ - a m i n o - o - m e t h y l t h i o - G - c h l o r o -
p y r a z i n e c a r b o x y l a t e ( Ie-1) wi th h y d r o g e n pe rox ide 
g a v e t h e c o r r e s p o n d i n g su l foxide (Ie-1) or sul fone (Ie-2) 
d e p e n d i n g u p o n t h e r eac t ion cond i t i ons . It was found 
t h a t t h e sulfoxide (Ie-1) cou ld b e h y d r o l y z e d r ead i ly to 
t h e "i-hydroxy es te r (If) b y h e a t i n g in a q u e o u s acet it-
acid. 

C a t a l y t i c h y d r o g e n o l y s i s of t h e m e t h y l 8-amino-( i -
c h l o r o p y r a z i n o a t e s h e a r i n g a o - amino , - h y d r o x y , - m e t h ­
oxy . - d i m e t h y l a m i n o , or - b e n z y l a m i n o w a s a c c o m ­
p l i shed in good y i e ld s w i t h t h e f o r m a t i o n of t h e cor re ­
s p o n d i n g dech lo ro c o m p o u n d ( Ig -1 - . i ) . O p t i m u m re­
ac t ion c o n d i t i o n s cons i s t ed of us ing f)(;(' p a l l a d i u m - o n -
c h a r c o a l c a t a ly s t in m e t h a n o l in t h e p re sence of m a g ­
n e s i u m oxide . I nexp l i cab ly , t h e o - m e t h y l a m i n o es te r 
( Id -2) failed to react u n d e r t h e s e cond i t i ons . 

W e h a v e p r e s e n t e d o n l y a priori e v i d e n c e t h a t it i> 
the ">-chIoro a t o m of l b w h i c h is i nvo lved in t h e nuc leo ­
phil ic d i s p l a c e m e n t r eac t ions . H o w e v e r , t h e un ­
e q u i v o c a l s y n t h e s i s of 3 - a m i n o - ( > - d i m e t h y l a m i n o p y r a -
z ineca rboxy l i c acid (VI) h a s been a c c o m p l i s h e d 5 a n d 
c o m p a r i s o n of V I w i t h V I I d e r i v e d from t h e saponif ica­
t ion of Ig -4 revea l s t h a t these c o m p o u n d s a re no t iden t i ­
cal but i someric . T i m s , it is t h e 5-chloro a t o m t h a t 
was rep laced in t h e r eac t ion of l b w i t h d i m e t h y l a m i n e 
to g ive Ig -4 . T h e h a l o g e n a t i o n of m e t h y l 3-amino-t i -
m e t h y l - ( an d G-phenyl-) p y r a z i n e c a r b o x y l a t e t o t h e 

, ./. fir;/. 17,,. , 2 5 , I I ( I 'Mi l l ) . 

<CH,)_N—t^N 

^ X 

VI 
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XH (CHj.N- v > - N 

:OOH 
NH, 

VII 

o-ami.no
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TABLE I 
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C H L = C H C H ! 
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C H . = C H C H . 

A 
ACH= 

C\ 
CeHsCHi 
4 - C H s C 8 H 4 C H 2 
2 - F C . H i C H j 
4 - C l C 6 H 4 C H . 
CoHiCHiCH-. 

frCH2 
C F j C H s 
C F J C H S C H I 

HOCH2CH2 
(CH>) 2 NCHsCH2 
H O C H . ( C H O H ) . C H . ' 
CeHs 
4-ClCnHj 
C H s 

K2 

U 
11 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C H s 
C»HS 

CSHT 

( C H s h C H 
C4H9 

C2H5 
CaH; 
( C H s h C H 
C4H9 
C4H» 

PI 
C H s 
C.Hs 

H 

H 

H 

H 
H 
H 
H 
H 

II 

H 
H 
H 
H 
H 
H 
H 
CHsO 

- C H s C H ' N C C H i i C H s C H s -
CHs 
C H s 

N H . 
C 6 H 6 C H = N 

<* The compounds in this table were prep 

t/ 

yie ld" 

91 
88 
89 
75 
70 
SI 
51 
75 
38 
72 
40 
81 
70 
97 
73 
58 
78 
74 
54 
65 
7 5 " 
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95 
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70 
54 

98 

78 

98 

64 
66 
84 
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59 

81 

97 
76 

100rf 

40 

eo^ 
71 
89 
68 
88 
67 
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C l V V 
R l R 2 N _ k jL. 

N 
TH 

R e -
c rys tn 
solvent 

A 
P 
P 
P 
P 
P 
P 
P 
D - W 
C 
P E 
H e 
P 
M 
P 
P 
P 
P 
P E 
P E 

P E 
P E 
P 
P 
P 
P 
P - W 

P 

P 

P 

11 
P 
P 

P 

P 

w 
P - W 

M c 

P 
A 
P 
P 
E 

U p , °C 

212-213 
221-222 
149-150 
138-140 
1 2 5 . 5 - 1 2 6 . 5 
140-142 
1 1 3 . 5 - 1 1 5 . 5 
106-108 
t 8 - 1 0 8 
1 0 0 . 5 - 1 0 2 , 5 
7 4 . 5 - 7 5 . 5 
8 2 . 5 - 8 4 . 5 
7 2 , 5 - 7 5 . 5 
1 4 5 . 5 - 1 4 6 . 5 
102-104 
8 3 . 5 - 8 5 . 5 
7 5 . 5 - 7 7 . 5 
5 9 . 5 - 6 1 . 5 
99 -101 
8 0 . 5 - 8 3 . 5 

7 7 . 5 - 7 9 . 5 
4 5 . 5 - 4 7 . 5 
168-171 
109-111 
1 0 5 - 1 0 6 . 5 
9 0 . 5 - 9 2 
4 3 . 5 - 4 5 . 5 

167-169 

132-133 

1 1 9 . 5 - 1 2 1 . 5 

157-158 
1 1 2 . 5 - 1 1 4 . 5 
171-174 
137-138 
115-119 

148-149 

153-154 
1 2 4 . 5 - 1 2 5 . 5 
155—157 
257 
172-175 
1 7 1 . 5 - 1 7 4 
2 0 6 . 5 - 2 0 7 . 5 
144-146 
186-188 
1 3 6 . 5 - 1 3 8 . 5 
1 7 9 . 5 - 1 8 0 . 5 

-COOCH3 
- N H 2 

F o r m u l a 

C6H-CIN4O5 
C7H9CIN4O2 
C s H u C l N . O . 
C . H i . C l N t O i 
C9H13CIX4O2 
C I O H H C I N ' I O : 

C10H11CIN1O; 
C10H1SCIN4O. 
C i o H u C l N i O . 
C11H17CIN4O2 
C u H i ; C l N 4 0 . 
C U H H C I N J O S 

Cl2Hl9ClN402 
CsHnClN .Os 
CsHisClN 4 02 
C i0H,sClN4O2 
C,oHiSClN40! 
C n H n C l N j O s 
C.0HlSClN4O2 
C11H1-CIN4O2 
C11H1-CIN4O2 
&2H18C1N40! 
CiaHi iClXiOj 
C ioHi 8 ClN 4 0 . 
CKHliClN'40! 
CnHuCUSUOs 
CmHuClNiOs 
C n H l t C l N 4 0 2 

C s H n C l N i O . 

C I O H H C I N I O S 

C I I H U C I N . O J 

Cl3HlsClN402 
C H H U C 1 N < 0 ! 

C13H12CIFN4O2 
ClsH12Cl2N402 
C14H1SC1N402 

C11H11C1N40S 

C 8H 8ClFsN402 
C » H I I > C 1 F J N 4 0 S 

C s H n C l N i O j 
CioHi!CliN«07 
C!2Hl9ClN407 
C12H11CIN4O2 
Ci!Hi«ChX<Os 
C s H n C l N l O i 
C n H i 6 C l N s 0 2 
CvHioClNtO. 
C14H14CIN6O2 

. — C a r b 
Calcd 

3 5 , 5 7 
3 8 . 8 1 
4 1 . 6 6 
4 4 . 1 8 
4 4 . 1 8 
4 6 . 4 2 
4 6 . 4 2 
4 6 . 4 2 
4 6 . 4 2 
4 8 . 4 4 
4 8 . 4 4 
4 8 . 4 4 
5 0 . 2 5 
4 1 . 6 6 
4 4 . 1 8 
4 6 . 4 2 
4 6 . 4 2 
4 8 . 4 4 
4 6 . 4 2 
4 8 . 4 4 

5 0 . 2 5 
5 1 . 9 1 
4 6 . 7 8 
5 0 . 6 1 
4 4 . 5 4 
4 6 . 7 8 
4 8 . 8 0 

4 4 . 5 4 

4 6 . 7 8 

4 8 . 8 0 

5 3 . 3 4 
5 4 . 8 1 
5 0 . 2 5 

5 4 . 8 1 

4 6 . 7 3 

3 3 . 7 6 
3 6 . 1 9 

3 8 . 7 2 

5 1 . 7 1 
4 6 . 0 2 
3 8 . 9 5 
4 6 . 2 3 
3 6 . 2 9 
5 2 . 5 8 

on, % . 
F o u n d 

3 5 . 8 0 
3 8 . 7 4 
4 2 . 1 1 
4 4 . 2 1 
4 3 . 8 2 
4 6 . 3 9 
4 6 . 3 4 
4 6 . 4 6 
4 6 . 3 1 
4 8 . 2 7 
4 8 . 6 5 
4 7 . 9 6 
5 0 . 2 7 
4 1 . 7 3 
4 4 . 1 6 
46 . 55 
4 6 . 7 0 
4 8 . 6 0 
4 6 . 7 5 
4 8 . 3 9 

4 9 . 8 1 
5 2 . 0 0 
4 7 . 0 1 
5 0 . 5 4 
4 4 . 4 6 
4 6 . 8 5 
4 8 . 7 0 

4 4 . 6 3 

4 6 . 9 3 

4 8 . 9 1 

5 3 . 4 6 
5 5 . 2 4 
5 0 . 0 5 

5 5 . 2 5 

4 6 . 1 4 

3 4 . 1 0 
3 6 . 4 6 

3 9 . 2 5 

5 1 . 3 3 
4 5 . 9 6 
3 8 . 4 1 
4 6 . 3 6 
3 6 . 5 4 
5 2 . 2 5 

— H y d r o g e n , %-
Calcd 

3 . 4 8 
4 . 1 9 
4 . 8 1 
5 .36 
5 .36 
5 . 8 4 
5 . 8 4 
5 . 8 4 
5 .84 
6 . 2 8 
6 . 2 8 
6 . 2 8 
6 . 6 8 
4 . 8 1 
5 .36 
5 .84 
5 .84 
6 . 2 8 
5 . 8 4 
6 . 2 8 

6 . 6 8 
7 . 0 4 
5 . 1 0 
6 . 0 2 
4 . 5 7 
5 .10 
5 . 5 8 

4 . 5 7 

5 . 1 0 

5 . 5 8 

4 . 4 8 
4 . 9 3 
3 . 8 9 

4 . 9 3 

3 . 9 2 

2 . 8 3 
3 . 3 7 

5 .52 

3 . 9 8 
3 . 2 2 
4 . 5 0 
5 . 6 4 
4 . 3 5 
4 , 4 1 

method B-3 in the Experimental Section unless otherwise s; 

F o u n d 

3 . 3 8 
4 . 2 2 
5 .05 
5 .39 
5 . 1 8 
5 . 77 
5 . 8 0 
6 . 0 4 
5 .72 
6 .09 
6 . 5 0 
5 .70 
6 . 6 0 
4 . 5 2 
5 .24 
5 . 7 5 
5 . 97 
6 .22 
5 .79 
6 .37 

6 . 2 8 
6 .94 
4 . 9 5 
5 .79 
4 . 6 1 
5 . 0 8 
5 . 4 0 

4 . 5 2 

5 . 1 8 

5 .39 

4 . 4 6 
4 . 9 9 
4 . 0 8 

4 . 8 8 

4 . 0 8 

3 . 0 8 
3 .22 

5 . 55 

4 . 1 2 
3 . 1 0 
4 . 3 3 
5 .49 
4 . 0 8 
4 . 3 9 

pecified. 

- . ^ - N i t r o g e n , %—. 
Calcd 

2 7 . 6 5 
2 5 . 8 6 
2 4 . 2 9 
2 2 . 9 0 
2 2 . 9 0 
2 1 . 6 6 
2 1 . 6 6 
2 1 . 6 6 
2 1 . 6 6 
2 0 . 5 4 
2 0 . 5 4 
2 0 . 5 4 
19 .54 
2 4 . 2 9 
2 2 . 9 0 
2 1 . 6 6 
2 1 . 6 6 
2 0 . 5 4 
2 1 . 6 6 
2 0 . 5 4 

19 .54 
1 8 . 6 3 
2 1 . 8 3 
1 9 . 6 8 
2 3 . 0 9 
2 1 . 8 3 
2 0 . 7 0 

2 3 . 0 9 

2 1 . 8 3 

2 0 . 7 0 

1 9 . 1 4 
1 8 . 2 7 
1 8 . 0 3 

18 .27 

19 .82 

19 .69 
1 8 . 7 6 

2 2 . 5 8 

2 0 . 1 0 
17 .89 
2 2 . 7 2 
2 4 . 5 1 
3 0 . 2 3 
2 1 . 9 0 

F o u n d 

2 8 . 0 1 
2 5 . 4 9 
2 4 . 2 4 
2 2 . 8 9 
2 2 . 6 2 
2 1 . 6 7 
2 1 . 6 4 
2 1 . 6 5 
2 1 . 2 5 
2 0 . 4 5 
k 0 . 5 7 
2 0 . 4 0 
19 .45 
2 4 . 2 4 
2 2 . 8 1 
2 1 . 7 0 
2 1 . 4 6 
2 0 . 5 4 
2 1 . 4 5 
2 0 . 4 0 

1 9 . 4 5 
18 .54 
2 1 . 8 6 
1 9 . 6 0 
2 3 . 1 2 
2 1 . 7 3 
2 0 . 4 4 

2 3 . 0 9 

2 1 . 9 2 

2 0 . 5 9 

19 .22 
1 8 . 2 0 
1 8 . 0 6 

1 8 . 1 3 

19 .57 

19 .57 
1 8 . 7 0 

2 2 . 3 3 

2 0 . 3 0 
1 7 . 8 6 
2 0 . 5 0 
2 4 . 0 2 
3 0 . 8 2 
2 1 . 7 2 

b A, acetonitrile; 
C, cyclohexane; D, dimethylf ormamide; 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; S, dilute methanesulfonic acid; H, dilute HC1: 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. c This compound was prepared by method B-2. d This compound was used in the next step without purification. e Isolated 
as the hydrochloride salt. ! This compound was prepared by method B-4. « This compound was prepared by method B-5. * Derived 
from D-glucamine. 

corresponding o-halo derivatives and the easy nucleo-
philic displacement of the halogen atom also has been 
accomplished.7 

Bromination of methyl 3,5-diaminopyrazinecar-
boxylate (Ig-1) afforded the 6-bromo derivative (Ih-1). 
Analogously, with iodine and mercuric acetate in 
aqueous dioxane the 6-iodo compound (Ih-2) was ob­
tained. 

Structure-Activity Relationships.—Each of the N-
amidino-3-amino-5-substituted 6-halopyrazinecarbox-

(7) J. B. liickiny, to be published. 

amides (II) synthesized were assayed for their deoxy­
corticosterone acetate (DOCA)-inhibitory activity using 
the adrenalectomized rat according to the method de­
scribed earlier.1'8 The compounds routinely were ad­
ministered subcutaneously, but similar results were ob­
tained with representative compounds when the oral 
or intraperitoneal routes were employed. A scoring 
system9 similar to that already described1 was used and 
the results are recorded in Tables III-V. 

(8) M. S. Glitzer and S. L. Steelman, Nature, 212, 191 (1966). 
(9) See footnote g, Table III , for a description of tins system. 
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ts used. 
llivl es ter 

Karly in the study it was round that X-amidino-
3-amino-5-substituted ami no-0-ehlo ropy razinecarbox-
amides (Ila) exhibited a high order of activity in this 
test. Thus, a study of the effect of substituents on the 
5-amino group was made (Table I I I ) . Maximal activity 
was obtained with the parent .Vaniino compound (I la-
1), which produced 5 0 % reversal of DOCA at 2.5 /ig, rat 
(spironolactone requires 400 / /g/ral) . Compounds 

R'R 2N—^NJ—NH ; 

CONHC(=NH)NH, 

Ila 

where R- = H and l i 1 = methyl, ethyl, propyl, iso-
propyL or butyl (2-(i) were nearly as potent as the 
parent. However, those having a branched butyl 
(7-0) or a higher alkyl substituent (10-13) were mark­
edly less active. 

The 5-dialkylamino compounds (14-23) had activi­
ties as great or greater than the 5-alkylamino analogs, 
and it was generally beneficial to have the total mass 
of the substituent divided between two (R1 and R2) 
rather than in a single group. Thus, the dimethyl-
aniino derivative (14) is more potent than the methyl-
amino (2), and the X-ethyl-X-butylamino (22) is much 
more active than the hexylamino compound (13). 
Joining R1 ami R2 to form a ring (24 and 25) affords 
compounds considerably less potent than their dialkyl 
counterparts (19 and 22). 

Ally] (20-28) and cycloalkyl (.29-31) substi tuents 
gave results comparable to the analogous alkyl deriva­
tives. The benzyl (32), substi tuted benzyl (33-35). 
and phenethyl (3(i) derivatives exhibited only weak ac­
tivity, but the furfuryl compound (37) was relatively 
potent. The to-polyfluoroalkyl (38 and 39), co-hydroxy-
alkyl (40), polyhydroxyalkyl (42), andco-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-
chlorophenyl analog (44) was nearly devoid of activity. 
The compounds in which the amino group bore a meth-
oxy (45). amino {i.e., hydrazine), 40), or amidino (i.e., 
guanidino, 48) substituent or where two alkyl groups 

were joined through a nitrogen atom to form a ring (pi-
perazine, 47) generally exhibited a low order of activity. 

The effect, of substi tuting the terminal guanidino ni­
trogen (R:i and R4) of compounds of type l i b was stud­
ied (see Table IV). The high potency of the parent •">-
amino compound (IIa-1) is maintained upon introduc­
tion of a variety of alkyl. substituted alkyl, or aryl sub­
stituents (49-(i4) at II:i or similar substituents at both 
R ! and R4 ((i5-(>8). Some diminution of activity is 
noted with bulkier groups (57. 58, 60, and 07). 

('I—|^XV-CON'HC<=XH)NR R; 

The potency of the 5-isopropylamino compound (5) 
is actually increased in the introduction of a methyl, 2-
hydroxyethyl. or benzyl group at IV or a methyl at hot h 
R:i and R4 (09-72). Several other 5-alkyl- and dialkyl-
amino derivatives where R;t = R4 = CH?, (73-79) re­
ceived activity scores about the same as the analogs 
where R:i = R4 = II (26, 30, 0, 14, 15. 17. and 19), re­
spectively. 

Analogs of X-amidino-3,5-diamino-0-chloropyrazine-
carboxamidc (Ila-1) in which the chlorine is replaced by 
bromine (80) or by iodine (81) are very active, although 
somewhat less than the chloro compound (Table Y). 

Compounds of type; l ie where X is 01 and Y is chloro, 
hydroxy, methoxy, ethoxy, mercapto. or inethylthio 
(82-87) are much less potent than the 5-amino sei'ies 
(Ha) . 

Xone of the live1 compounds in which the 0-cbloro 
atom (X) was replaced by hydrogen (88-92) showed ap­
preciable activity. This is not surprising in the case 
where Y is benzylamino (90), Irydroxy (91), or methoxy 
(92); however, for the amino (88) and dimethylamino 
(89) compounds, it represents a marked difference from 
the 0-chloro analogs (1 and 14). 

Each of the compounds recorded in Tables II I—V also 
were (ested intraperitoneally in normal rats and intra­
venously in dogs.1" The compounds were active as 
measured bv these assavs and. in general, the relative 

•d l . l icwsni i lu 
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No. 

1 
2 
3 
4 
5 
6 

10 
11 
12 
13 
14 
IS 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

32 
33 
34 
35 
36 

37 

11' 

It 
O i l s 
CsHs 
C3H7 
( C H J ) . C H 

C 4 H 9 

( C H a h C H C H . 
CaHsCHfCHa) 
( C H t ) , C 
C i H n 
C J H V C H ( C H J ) 

(CaHaJaCH 
C eH 1 3 

CHa 
C H i 
C H J 

CHa 
CHa 
Cilia 
CaHs 
CaHs 
CaHs 
C3H7 

I I s 

11 
H 
II 
H 
H 
H 
H 
H 
H 
H 
H 
11 
H 

CHa 
Calls 
CaH-
( C H i ) . C H 
C.Hs 
CaH6 

C3H7 
(CHa)aCH 
C4H, 
C H a 

- ( C H a ) r 
- ( C H i ) 6 -

C H = C H C H a 
C H i = C H C H . 
C H . = C H C H . 

A 
A C H 2 

a 
C t H s C H . 
4-CHaCeH4CH! 
2-FC6H4CH2 
4-CIC6H4CH. 
C a H j C H s C H j 

- C H 2 

H 
CHa 
CaHs 

H 

H 
II 
H 
H 
H 

H 

TABLE I I I 

C l - f - N v j p C O N H C ( = N H ) N H 2 

R'R'N—l^XTJJ—NH2 
N 

I l a 

Ke-
crystn 

% . sol-
yield" vent6 

93 
89 
63 
93 
75 
65 
76 
74 
84 
70 
89 
82 
100 
93 
92 
97 
70 
95 
75 
92 
70 
98 
84 
90 
49 
84 
95 
92 

H-N 
H-N 
H-N 
M - W 
M - W 
P 
M - W 
M - W 
M - W 
P 
P 
P 
M - W 
H-N 
H-N 
M - W 
M-W 
M - W 
E-W 
A 
A 
P 
P 
H-N 
E 
M - W 
M - W 
P-W 

Mp, 
°C 

240.5-241. 
238-239 
217-218 
221-222 
215 
219.5 
221 

208-209 
222-223 
215-216 
186.5-188. 
209-211 
194.5-198. 
216-217 
229-230 
214-215 
207-208 
208-209 
215 

224-225 
207-208 
200.5-201. 
215-217 
244,5-245 
224-225 
213-214 
207-208 
208-209 

85 H-N 213-215 

95 M - W 220-221.5 

65 Ac-N 219-220 

100 
96 
57 

H-N 
A 
A 
H-N 
P-\Ye 

92 E 

206-209 
216-217 
206-208 
225-226 
199-202 

217-218 

F o r m u l a 
CeHsClNvO 
C7H10CIN7O 
C S H I Z C I N T O 

C S H U C I N I O 

C9H14CIN7O 
C10H16CIN7O 
CmH.aClNvO 
CioHieClN-0 
CioHisClNaO 
C i . f t s C l N i O 
C H H I S C I N T O 

C U H I S C I N V O 

C12H20CIN7O 
CsHiaClN-0 
C9H14CIN7O 
CioHiaClN-0 
CioHuClN-O 
C n H i s C l N i O 
d o H i a C l N - 0 
C H H I S C I N J O 

C11H18CIN7O 
C12H20CIN7O 
C13H22CIN7O 
C10H14CIN7O 
Ci 2HiaClN70 
CaHiaClN-O 
C0HHCIN7O 
C n H l s C l N 7 0 

CSH12CIN7O 

C I O I I H C I N - O 

C n H i a C l N ; 0 

&3H14CIN7O 
CuHiaClN70 
C.3H13CIFN7O 
C13H13CI2N7O 
C u H i t C l N - O - H C l 

C11H12CIN7O2 

CF3CH2 H 77 A 232-233 CsHsClFaN-0 
CF3CH2CH2 H 65 A 2 2 1 - 2 2 2 . 5 C9H11CIF3N7O 
H O C H a C I F ; H 63 H e 272-273 C s H i a C l ^ O a - HC1 
(CHa)aXCHaCH-. H 98 H - N 1 9 2 . 5 - 1 9 4 . 5 CioHwClNsO 
H O C H . ( C H O H ) ( - H 68 D - W 223-224 CiaHsoClN^Oa 

CHa* 
CeHs H 95 E 2 4 8 . 5 - 2 5 0 . 5 
4-ClCaH4 II 95 S - N 276-278 
CHa CH3O 85 H - N 2 0 3 . 5 - 2 0 4 . 5 
CHa N H , 92 H - N 234 

- C H 2 C H 2 N ( C H 3 ) C H 2 C H 2 - 74 H d , / 299-300 
N H 2 C ( = N H ) H 38 Hd > 3 4 0 

" The compounds are prepared by method D-l unless otherwise specified. 

C12H12CIX7O 
C12H11CI2N7O 
Cs&aClN^Oa 
C 7 H u C l N 8 0 
C u H i 7 C l N s O - 2 H C l 
C7HioClN<iO-2HCl 

C a r b 
Calcd 

3 1 . 3 8 
3 4 . 5 0 
3 7 . 2 9 
3 9 . 7 8 
3 9 . 7 8 
4 2 . 0 3 
4 2 . 0 3 
4 2 . 0 3 
4 2 . 0 3 
4 4 . 0 7 
4 4 , 0 7 
4 4 . 0 7 
4 5 . 9 3 
3 7 . 2 9 
3 9 . 7 8 
4 2 . 0 3 
4 2 . 0 3 
4 4 . 0 7 
4 2 . 0 3 
4 4 . 0 7 
4 4 . 0 7 
4 5 . 9 3 
4 7 . 6 2 
4 2 . 3 3 
4 6 . 2 2 
4 0 . 0 8 
4 2 . 3 3 
4 4 . 3 7 

on, % 
F o u n d 

3 1 , 5 9 
3 4 . 1 9 
3 7 . 3 5 
3 9 . 7 5 
3 9 . 8 0 
4 2 . 2 6 
4 1 . 8 1 
4 2 . 0 2 
4 2 . 2 0 
4 4 . 0 1 
4 4 . 3 4 
4 4 . 0 2 
4 5 . 9 5 
3 7 . 2 4 
3 9 . 9 9 
4 2 . 3 1 
4 2 . 4 0 
4 4 . 3 4 
4 2 . 0 0 
4 4 . 2 5 
4 3 . 9 1 
4 6 . 0 6 
4 7 . 6 0 
4 2 . 3 4 
4 6 . 5 5 
4 0 . 4 1 
4 2 . 5 9 
4 4 . 5 1 

H y d r o g e n , % N i t rogen , % 
Calcd F o u n d Calcd 

3 . 5 1 
4 . 1 4 
4 . 6 9 
5 .19 
5 .19 
5 .64 
5 .64 
5 .64 
5 .64 
6 . 0 5 
6 . 0 5 
6 . 0 5 
6 .42 
4 . 6 9 
5 .19 
5 .64 
5 .64 
6 . 0 5 
5 .64 
6 . 0 5 
6 . 0 5 
6 .42 
6 . 7 6 
4 . 9 7 
5 .82 
4 . 4 8 
4 . 9 7 
5 .42 

3 . 4 3 
4 . 2 8 
4 . 7 3 
5 . 2 8 
5 . 1 3 
5 . 6 5 
5 .31 
5 . 6 4 
5 .59 
5 . 8 8 
5 . 8 1 
5 . 9 5 
6 .42 
4 . 4 9 
5 . 1 8 
5 .94 
5 .70 
6 . 0 8 
5 .32 
6 . 0 3 
5 .82 
6 .49 
6 .77 
4 . 8 7 
5 . 8 5 
4 . 4 4 
4 , 9 2 
5 .43 

4 2 . 7 0 
4 0 . 2 4 
3 8 . 0 5 
3 6 . 0 9 
3 6 . 0 9 
3 4 . 3 2 
3 4 . 3 2 
3 4 . 3 2 
3 4 . 3 2 
3 2 . 7 0 
3 2 . 7 0 
3 2 . 7 0 
3 1 . 2 5 
3 8 . 0 5 
3 6 . 0 9 
3 4 . 3 2 
3 4 . 3 2 
3 2 , 7 0 
3 4 . 3 2 
3 2 . 7 0 
3 2 . 7 0 
3 1 . 2 5 
2 9 . 9 1 
3 4 . 5 6 
3 1 . 4 5 
3 6 . 3 6 
3 4 . 5 6 
3 2 . 9 3 

F o u n d 

4 2 . 8 5 
3 9 . 0 2 
3 8 . 0 5 
3 5 . 8 9 
3 5 . 7 7 
3 3 . 9 5 
3 4 . 3 2 
3 4 . 1 6 
3 4 . 0 0 
3 2 . 6 6 
3 2 . 4 1 
3 2 . 5 9 
3 1 . 0 3 
3 7 . 8 3 
3 5 . 8 3 
3 4 . 4 0 
3 4 . 0 5 
3 2 . 3 8 
3 4 . 1 4 
3 2 . 6 3 
3 2 . 5 8 
3 1 . 0 2 
2 9 . 4 4 
3 4 . 1 1 
3 1 . 4 1 
3 6 . 0 7 
3 4 . 1 7 
3 2 . 5 8 

Chlor ine , % 
Calcd 

15 .44 
14 .55 
13 .76 
13 .05 
1 3 . 0 5 
1 2 . 4 1 
1 2 . 4 1 
1 2 . 4 1 
1 2 . 4 1 
1 1 . 8 3 
1 1 . 8 3 
1 1 . 8 3 
1 1 . 3 0 
13 .76 
1 3 . 0 5 
1 2 . 4 1 
1 2 . 4 1 
1 1 . 8 3 
1 2 . 4 1 
1 1 . 8 3 
1 1 . 83 
1 1 . 3 0 
10 .82 
1 2 . 5 0 
11 .37 
13 .15 
12 .50 
1 1 . 9 1 

F o u n d 

15 .42 
14 .56 
13 .76 
1 3 . 0 5 
1 2 . 9 7 
12 .47 
1 2 . 3 5 
1 2 . 4 0 
1 2 . 2 7 
1 1 . 8 5 
11 .75 
1 1 . 8 1 
1 1 . 2 0 
1 3 . 7 8 
1 3 . 1 5 
1 2 . 5 6 
12 .45 
11 .94 
1 2 . 2 1 
11 .82 
1 1 . 6 8 
11 .34 
1 0 . 9 3 
1 2 . 7 1 
1 1 . 1 8 
1 3 . 2 5 
12 .38 
11 .84 

D O C A 
inliib 
score* 

+ 4 
+ 3 
+ 3 
+ 3 
+ 3 
+ 3 
+ 1 
+ 1 
± 

+ 1 
+ 1 
i n 

± 
+ 3 
+ 4 
+ 4 
+ 4 
+ 3 
+ 3 
+ 3 
+ 3 
+ 3 
+ 1 
+ 1 
3 7 

+ 4 
+ 3 
+ 3 

4 0 . 0 8 4 0 . 2 4 4 . 4 8 4 . 4 3 3 6 . 3 6 3 6 . 3 4 13 .15 13 .31 

4 2 . 3 3 4 2 . 5 7 4 . 9 7 5 .14 3 4 . 5 6 3 4 , 4 7 12 ,50 12, 

44.37 44.36 

4 8 . 8 3 
5 0 . 3 7 
4 6 . 2 2 
4 4 . 0 8 
4 5 . 4 1 

4 8 . 8 3 
5 0 . 1 6 
4 6 . 4 0 
4 4 . 0 1 
4 5 . 2 0 

5 .42 

4 . 4 1 
4 . 8 3 
3 . 8 8 
3 . 7 0 
4 . 6 3 

5 .54 

4 . 4 9 
4 . 7 7 
3 . 8 2 
3 . 9 5 
4 . 7 1 

3 2 . 9 3 3 3 . 0 1 1 1 . 9 1 1 1 . 

30.67 
29.38 
29.03 
27.68 
26.48 

3 0 . 4 4 
2 9 . 3 1 
2 8 . 8 2 
2 7 . 6 9 
2 5 . 9 4 

10 .62 
1 0 . 5 0 
2 0 . 0 2 

10 .58 
1 1 . 4 0 
2 0 . 1 0 

4 2 . 6 5 4 2 . 8 0 3 . 9 1 3 . 3 1 . 6 6 3 1 . 3 7 1 1 . 4 5 1 1 . 5 0 

3 0 . 8 3 
3 3 . 1 9 
3 0 . 9 8 
3 9 . 9 3 
3 6 . 5 9 

30.82 
33.57 
31.40 
39.83 
36.54 

2 . 9 1 
3 . 4 0 
3 . 9 0 
5 . 7 0 
5 .12 

3 . 1 3 
3 . 6 4 
4 . 3 0 
5 .72 
5 . 1 5 

4 7 . 1 5 4 7 . 1 3 3 .96 4 . 0 9 
4 2 . 3 6 4 2 . 0 8 3 . 2 6 3 . 4 8 
3 5 . 1 1 3 5 . 2 3 4 . 4 2 4 , 2 8 
3 2 . 5 0 3 2 . 8 5 4 . 2 9 4 . 6 5 
3 4 . 2 5 3 3 . 9 1 4 . 9 7 5 . 0 8 
2 4 . 4 0 2 4 , 6 2 3 . 5 1 3 . 5 7 

b See footnote b, Table I 

3 1 . 4 6 
3 0 . 1 1 
3 1 . 6 1 
3 7 . 2 6 
2 4 . 9 0 

32.07 
28.82 
35.83 
43,32 
29.05 
36.58 

31.27 
29.92 
31.38 
37.63 
24.34 

31.65 
28.23 
36.05 
42.08 
29.45 
36.41 

11.38 
10.89 
22.86 
11.79 
9.00 

1 1 . 6 0 
2 0 . 8 3 
12 .95 
1 3 . 7 1 
2 7 . 5 8 
3 0 . 8 7 

1 1 . 2 6 
1 0 . 8 6 
2 2 . 6 1 
1 1 . 6 5 

9 . 0 1 

1 1 . 7 0 
2 0 . 3 2 
1 3 . 0 3 
1 3 . 8 8 
2 7 . 0 9 
3 0 . 5 2 

+ 3 

+ 4 

+ 1 
+ 1 
+ 1 

+ 1 
+ 2 
+ 1 

+ 2 
+ 1 
0 
0 

c Isolated as the hydrochloride 

salt. d Isolated as the dihydrochloride salt. ' Derived from D-glucamine. ' Prepared by method D-2. " The DOCA inhibition 

score is the dose (in micrograms per rat) producing 50% reversal of the DOCA N a / K effect: + 4 = <10 /ig/rat, + 3 = 10-50, + 2 = 

51-100, + 1 = 101-800, ± = >800, 0 = no activity at800/jg- Although no statistically significant activity was noted at the last dose, 

the possibility of activity at higher doses exists. Furthermore, most of the compounds which scored zero in this test were active diuretics 

in the normal rat assay. The animals weighed 130 ± 3 g; thus, the dose in milligrams per kilogram is approximately 0.008 times the 

microgram per rat value. 

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. 

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.11 The observations in humans 
appear to correlate quite well with the animal studies. 

(11) P re l imina ry repor t s inc lude : N . W . M o u k h e i b i r a n d W. M . Ki rken-
dall , Clin. Res., 13 , 25 (1965); T . B . R e y n o l d s and H . C. Pelle, ibid., 14, 
184 (1966); R . J . Sperber a n d S. Fisch, ibid., 14, 262 (1966). 
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TABLE IV 

C 1 ^ - N V - CONHC (=XH)XR 3 R 4 

R ' R ' N - k ^ ^ - N H , 
X 

l ib 

\ ' ( . l . 

N'u, 

4!) 
50 
51 
52 

54 
55 
50 
57 
5 s 
5!) 

11 
11 

ir 
n 
r J 11 
ii 

n 
II 
II 
II 
n 

(U 
02 

(s:s 

II 
II 
II 
[I 
H 
II 
II 
II 
II 
II 

04 
05 
GO" 
07" 
OS 

00 

70 
71 
72 
7 I 

74 

75 
70 
i t 

7S 
7!l 

" Pre 
:ilt, '' 

pared 
This 

II 
II 
II 
11 
II 
< c i i 3 ) 2 c r i 
(CH3)oCIl 
(CH3),CH 
(CH3)2CIT 
CTI,=CTICIh 

A C H , 

C4H» 

err, 
CI1;) 

CI I;, 
( ' /IP 

by method I)-l 
compound was 

unless 
isolate' 

II 
II 
H 
II 
II 
II 
II 
II 
11 
II 

II 

II 
CH3 

CJI., 

(CH3),cir 
C,H;, 

otherwise s 
d as the dih 

CI I;, 
HOCHoCIl; 
C6H3CH, 
2-ClC6H4CIP 
4-ClC6H4CH,> 
4-FC6H4CM, 
4-CH3C6Il4C:iI2 

4-CH3OC6lI4Cn, 
2,4-CbC6II3CH2 

;;,4-Cl,C6H3CH2 

2,4-(CH3),C6H3CH, 
C H 2 

CJUCIKCH,, 
C6H:;CH,CII= 

CI I, 

C6H.-, 

C H 3 

(Ml:, 
C.dl, 
CJUCI 
CH3 

CM, 
IIOCII 
CdUCI 
(TI;, 

CII,, 

CM, 
CH3 

CM, 
CHS 

CH„ 

.CH, 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

II 
II 

CII:, 

CI!;; 
CII:; 
CII: 
(II;; 
CII;, 

:S0 

40 

:>S 

4(i 

CII:; 

('••II.. 

( M I ­

CH:, 
II 
CII:, 

11 
11 
CII:; 

• ' s 

S! 
- • _ 

:;," 
;;t 

:;; 
4C 
4C 
'•»' 

(ill 
411 

01 

4(1 

D \V 

lb 

1' \Y 

II N 

II X 

P 

II X 

II X 

I' W' 

p 
p 

i) p 

P \Y 
II X 

IP 
II X 
p 
P -\V 

Alp. c 

254.5 
228-221) dec 
215-210 dee 
220-22:; dec 
204-200 dec. 
210-2111.5 dec 
210-212 dec 
175.5 171). 5 ^er 
207 5-270.5 dec 
210 210 dvr 
220 222 dec 

24:1 245 

152-100 
210-221.5 dec 

2S( I. 2s:;. 5 

1, , dec 
205 
140 151 
274.5 dec 
210.5 210 
2;;s.:>- 240 
1S5 ISO dee 
200.5 204 5 
212.5 214 5 

100 107 

210 
217 21S 
200-21 I 
212 211 

pecified. '' See footnote b, Table I. ' This compound was isolated as the hydrochloride 
.vdrochloride salt. " This compound was isolated as the methanesiilfonate salt. ' This 

Experimental Section 2 '' 
A. Intermediates. 1. Amines. -o,:>,:-5-Trifluoropropylamine11 

was prepared by the method of Kaasli.15 All other amines used 
in this study were commercially available. 

2. Guanidinium Chlorides.—The sources of guanidinium 
chloride and of the 2-hydroxyethyl, phenyl, benzyl, phenethyl, 
and 1,1-dibutyl derivatives have been described.1 p-Chloro-,'6 

p-fiuoro-,16 2,4-dichloro-,17 and :i,4-dichlorobenzylguanidinium 
chloride18 and 1,1-diethylguanidinium chloride19 have been 
described elsewhere. The sulfate salts ofo-chloroben zyl-,'-" 
p-methoxybenzyl-,1" p-methylbenzyl-, a-methylbenzyl-,21 2,4-ili-

(12; All mel t ing po in ts were Taken in open capi l lary tubes a n d a r e cor­
rec ted va lues . 

<V>\) K. P>. .Street er, V. ( ' . t e e , and their staff suppl ied t he ana ly t i ca l d a t a 
repor ted here . 

( I t ) Dr . W. I t . Jones is responsible for this p r e p a r a t i o n . 
(.15) M . St. Raasl i , ,/. Org. Chem., 27, 1400 (1H62). 
(16) S. siaijo, ./. Phitrm. Sov. Jupati, 72, 1444 (1952). 
(17) P . Stenbt iek, K. Haltzly. and II . M. Hood, ./. Oru. Chem., 28 , 198:-! 

(IHCti). 
(18) A. V. M c K a y , 1). I., ( l a rma i se , 11. A. l iaker , I.. H. Hawkins . Y. 

Fullii. R. ( i a u d r y , and ( i . V. Paris , ./. Med. Chem.. 6, 587 ( lilt):!). 
t 1H) K. Kr lenmeyer , Chem. »,,-., 14, lSt>!) ( 1881). 
1.20) J . U. Shor t . V. ISiermacher, ] ) . A. nun.niir.an, and T. I) . I.oil,. ./. 

,1/i'rf. Chem., 6, 275 (19t>:i). 
(21 I V. P.obeck, Ann., 487, 2U4 (1'JMl i. 

methylbenzyl-, 1-napht hylmethyl-, :.!-pyridylmelhyl-,;!- and 1-
benzyl-1-methylguaviidine23 were prepared by the 2-methvl-2-
pseudotliiuroiiinni sulfate procedure and were converted to 
their hydrochloride salts according to the method already de­
scribed.1 The physical properties of these hydrochlorides are 
given in Table XI. 

Methyl- and .1,1-dime!hylguanidiniuin sulfate, which ant com­
mercially available, w^re used per se without conversion to the 
chlorides. 

B. Methyl 3-Amino-5-substituted Amino-6-chloropyrazino-
ates (Table I . 1. Methyl 3-Amino-5,6-dichloropyrazinecar-
boxylate1 (lb). Route a.--Under anhydrous condition,-, a 
.suspension of Ia-11 (76.5 g, 5 moles) in benzene (5 1.) was stirred 
and treated dropwise with sulfuryl chloride (1.00 1., :-J31S g, 
24.oS moles) over a period of 30 min after which stirring was 
continued for 1 hr. During this period, the temperature rose to 
50° and then began to subside. The mixture was heated can-
liously to reflux, refiuxed for 5 hr, and then stirred overnight at 
room tempera! tire. The solvent and excess S()2C-k were removed 
by distillation, and the dark red residue was chilled to 0°. The 
crystals that separated were removed by filtration, washed first 
with cold ('S°) benzene (two 100-ml portions) then with petro-

i22) K. 
12 ...10-18). 

(28) .1. S 
11112:, 

'omlicr/ a n a I t Spieaelbety, Ifelr. /'/o/s-o,/. I'h.inmi, •„!. .!,-/„, 6. 

Duck, It. l i a l i / ly , and ("'. W. Per ry . ./. . 1 , , , . ('/,, m. *,»•., 64, 22:11 

nun.niir.an
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Formula 

C7II1()C1X70 
C S H I 2 C 1 N 7 0 2 - H C 1 

C13H14C1X70 
C I3H l3Cl2X-0 
C13HI3C12X,0 
CiaHi3ClFN70 
C14H16C1X70 
CnH16ClN70, 
Ci3H12Cl3N70-HCl 
C13H12C13X70 
C13Hi8ClN,0 

Carl 
Calcd 

34.50 
30.98 
48.83 
44.08 
44.08 
46.23 
50.37 
48.07 
36.73 
40.17 
51.80 

jon, '/I 
F o u n d 

34.63 
30.56 
48.89 
44.12 
44.27 
46.34 
50.34 
48.02 
36.75 
39.95 
52.08 

'—Hydrogen , v/o—-
Calcd F o u n d 

4.14 4.04 
4.22 4.51 
4.41 4.62 
3.70 3.91 
3.70 3.95 
3.88 3.89 
4.83 4.76 
4.61 4.69 
3.08 3.24 
3.11 3.06 
5.21 5.23 

— N i l r o ^ 
Calcd 

40.24 
31.62 
30.67 
27.68 
27.68 
29.03 
29.38 
28.03 
23.07 
25.23 
28.19 

:en, % 
F o u n d 

39.91 
31.36 
30.56 
27.18 
27.73 
28.76 
29.07 
27.55 
22.88 
24.91 
27.88 

- Clilu: 
Calcd Found 

D O C A 
Inli ib 
score ' 

+ 4 
+ 4 
+ 4 
+ 4 
+ 3 
+ 4 
+ 4 
+ 4 
+ 3 
+ 3 
+ 4 

C17Hi6ClN-0 55.21 55.50 4.36 4.5S 26.51 26.38 

C14H16C1N70 
C14Hi6ClN70 

50.37 
50.37 

50.22 
50.67 

4.83 
4.83 

4.62 
4.86 

29.38 
29.38 

29.14 
29.08 

+ 4 
+ 4 

Ci2H13ClN80-2HCl 36.61 36.89 .84 4.12 28.47 28.14 + 4 

Ci2Hi2ClN70 • CH3S03H 
C8H12C1X70-HC1-H20 
C10H16ClX-O 
Ci4H24ClN,0 
CI4HI6C1X70-
CioHi6ClX70 
CnH18ClX70 
CuHi8ClX-02 

C16H2„C1X70 
CUH16C1X70 

C12H18C1X70 

Ci2H20ClX,O 
C10H16ClX7O 
CuHi8ClX70 
C,2H2„C1X70 
C12H20ClX7O 

HC1 

•HC1 •0.5H2O 

38.85 
30.78 
42.03 
49.19 
45.41 
42.03 
44.07 
36.57 
53.11 
44.37 

46.22 

45.93 
42.03 
44.07 
45.93 
45.93 

39.05 
30.74 
42.02 
49.01 
45.22 
42.28 
44.35 
36.55 
53.59 
44.50 

46.40 

45.95 
41.97 
44.17 
45.88 
46.03 

4.01 
4.84 
5.64 
7.08 
4.63 
5.64 
6.05 
5.58 
5.57 
5.42 

5.82 

6.42 
5.64 
6.05 
6.42 
6.42 

4.12 
5.00 
5.45 
6.94 
4.48 
5.53 
6.04 
5.28 
5.31 
5.25 

6.14 

6.50 
5.63 
5.81 
6.36 
6.11 

24.40 
31.41 
34.32 
28.68 
26.48 
34.32 
32.70 
27.15 
27.10 
32.93 

31.45 

31.25 
34.32 
32.70 
31.25 
31.25 

24.32 
31.41 
34.14 
28.86 
26.16 
34.14 
32.62 
27.23 
26.69 
32.76 

31.34 

30.81 
34.13 
32.73 
31.06 
31.14 

22.72 
12.41 
10.37 

11.83 

11.91 

12.41 
11.83 
11.30 
11.30 

22.88 
12.49 
10.43 

11.67 

11.85 

12.26 
11.86 
11.09 
11.35 

+ 3 
+ 4 
+ 4 
+ 3 
+ 4 
+ 4 
+ 4 
+ 4 
+ 4 
+ 4 

+ 3 

+ 4 
+ ••>> 

+ 3 
+ 4 
+ 4 

compound was isolated as the hydrochloride hydrate salt. « We are indebted to Mr. C. M. Robb for the preparation of this compound. 
'' This compound was isolated as the hydrochloride hemihvdrate salt. ' See footnote g, Table I I I . 

leum ether (bp 30-60°) (300 ml), and dried yielding 888 g of red 
crystalline lb , mp 228-230°. The crude product was dissolved 
in boiling acetonitrile (56 1.) and passed through a heated (70-
80°) column of decolorizing charcoal (444 g). The column was 
washed with hot solvent (25 1.) and the combined eluate was 
concentrated in vacuo (to about 6 1.) and chilled. The yield of 
yellow crystalline lb was 724 g (669c)- Additional recrystalliza-
tions from acetonitrile gave pure material (See Table II). 

Route b.—Under anhydrous conditions, Ia-21 (9.35 g, 0.05 
mole) was treated dropwise with stirring with SO2CI2 (10 ml) 
during a 10-min period. After 45 min, gas was evolved, the 
mixture became red, and heat was evolved. After standing 
overnight at room temperature, the mixture was heated at 70° 
for 1 hr. The excess S02C12 was removed by evaporation at 
reduced pressure and the residue (11.2 g) was recrystallized from 
acetonitrile (300 ml) (using decolorizing charcoal) to give 4.2 g 
(389c) of lb . Subsequent recrystallization gave pure material. 

Route c.—Upon heating a mixture of Ia-3 1 (34.8 g, 0.15 mole) 
and S02C12 (89 ml) for 1 min on a steam 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
scribed for method b to yield 4 g (12% ) of pure lb . 

Route d.—The synthesis of lb from la-4 will be reported in 11 
Inter paper. 

2. Methyl 3,5-Diamino-6-chloropyrazinecarboxylate (Id-1). 
—A solution of lb (100 g, 0.45 mole) in dry dimethyl sulfoxide 
(DMSO) (1 1.) was maintained at 65-70° and dry XH3 was 

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 
into cold water (2 1.) and the light yellow solid that separated 
was removed by filtration, thoroughly washed with water, and 
dried. The yield was 82.5 g (91%). Recrystallization from 
acetonitrile gave pure material. Similar results were obtained 
when the reaction was carried out in other highly polar solvents 
such as DMF, dimethyl sulfone (liquid), or sulfolane. 

When the reaction was carried out in an autoclave using liquid 
ammonia at room temperature for 24 hr, a mixture (approxi­
mately 1:1) of I l i a , mp 291.5-293.5° (from DMF) , and I l l b , 
mp 218.5-220.5° (from methanol), was obtained. At 60° com­
plete conversion to I l l b occurred. 

Anal. Calcd for C5H4C13X40 ( I l i a ) : C, 29.07: H, 1.95; 
X, 27.06. Found: C, 29.58: H, 1.87: X, 27.36. 

Anal. Calcd for C5H6C1N60 ( I l lb ) : C, 32.01: H, 3.22: 
X, 37.33; CI, 18.90. Found: C, 32.36; II, 3.00; X, 37.50; 
CI, 18.84. 

3. Methyl 3-Amino-5-dimethylamino-6-chloropyrazinecar-
boxylate (Id-14).—A suspension of lb (178 g, 0.8 mole) in 2-pro-
panol (1.1 1.) was stirred while dimethylamiue (200 g, 4.44 moles) 
in 2-propanol (2 1.) was added, and then the mixture was re-
fluxed for 1 hr. The solution was cooled in an ice bath and the 
crystalline product that separated was removed by filtration and 
dried. The yield was 177.2 g (97%); for purification, the product 
was recrystallized from methanol. 
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l'nlcs~ otherwise noted, each of the esters recorded in Table I 
was prepared using a procedure similar In thai described above 
wherein the appropriate amine was substituted for dimethyl-
amine. 

4. Methyl 3-Amino-5-(p-chloroanilino)-6-chloropyrazine-
carboxylate (Id-44).—Under anhydrous conditions, l b (11.1 g, 
0.05 mole), p-chloroaniline (19.7 g. 0.155 mole), p-ehloroaniline 
hydrochloride (17.9 g, 0.11 mole), and 2-propanol (500 ml) 
were stirred and refiuxed for 24 hr. The product which separated 
upon cooling was removed by filtration and dried; yield 13.9 g 
(80 r( ). Purification was effected by recrystallization from aceto-
nitrile. 

1'sing aniline and aniline hydrochloride for p-chloroaniline 
and p-chloroaniline hydrochloride in the above procedure gave a 
r i ' ield of Id-43. 

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

C. Methyl 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 mereap-
tan (10 g, 0.18 mole) in 20% aqueous XaOH (17 ml) and meth­
anol (100 ml) was added during 10 min to a boiling mixture of 
lb (17.7 g, 0.08 mole) and methanol (1 1.). The mixture was 
refiuxed for an additional 15 min and cooled, and the product 
(12 g) was separated by filtration, dried, and recrystallized. 

2. Methyl 3-Amino-5-methoxy-6-chloropyrazinecarboxylate 
(Ic-2).—A boiling solution of lb (1.1 g, 0.003 mole) in anhydrous 
meihanol (200 ml) was treated with a solution of sodium meth-
oxide prepared from Xa (115 mg, 0.005 g-atom) in anhydrous 
methanol (20 ml). The product (1 g) which separated upon 
cooling was removed by filtration, washed with water and then 
methanol, and finally dried and recrystallized. 

3. Ethyl 3-Amino-5-ethoxy-6-chloropyrazinecarboxylate 
(Ic-3).--A boiling solution of lb (2.2 g, 0.01 mole) in absolute 
ethanol (200 ml) was treated with a XaOCjHi, solution prepared 

from Xa (2:50 nig, 0.01 g-aloni) and ethanol (20 ml). The mix­
ture was refiuxed for 15 min and then concentrated at reduced 
pressure in 30 ml. Water (30 ml) was added and the product 
that separated was removed by fill rat ion and recrystallized. 

4. Methyl 3-Amino-5-phenoxy-6-chloropyrazinecarboxylate 
(Ic-4).—Phenol (15 g, 0.16 mole) was melted and treated with 
10 A* XaOH (2.5 ml, 0.025 mole), then lb (4.4 g, 0.02 mole) was 
added, and the mixture was heated on a steam bath for 15 min. 
After cooling, the product which separated was removed In­
filtration, washed with water, dried, and recrystallized. 

5. Methyl 3-Amino-5-(2-dimethylaminoethoxy)-6-chloro-
pyrazinecarboxylate (Ic-5).—A solution of l b (11.1 g, 0.05 mole) 
in 2-dimethylaminoethanol (55 ml) was heated on a steam bath 
for 35 min. After cooling overnight, the solution was diluted 
with water, and the product which separated was removed In­
filtration, washed with water, dried, and recrystallized. 

6. Methyl 3-Amino-5-mercapto-6-chloropyrazinoate (Ic-6). 
A mixture of sodium sulfide nonahydrate (9.6 g, 0.4 mole), sulfur 
(10 g), and absolute ethanol (80 ml) was refiuxed for 30 min and 
cooled to 25°. After the addition of lb (8.9 g, 0.04 mole), the 
solution was stirred at 25° for 1 hr, filtered, and acidified with 
acelic acid. The product that separated was removed In­
filtration and purified by dissolving in XaOH solution and pre­
cipitating with acetic acid. 

7. Methyl 3-Amino-5-methylsulfinyl-6-chloropyrazinecar-
boxylate (Ie-1).—A mixture of Ic-1 (23.4 g, 0.1 mole), 3 0 ' , 
aqueous H 2 0; (35 ml), and acetic acid (300 ml) was stirred for IS 
hr at. room temperature. The solid then was removed by filtra­
tion, washed with acetic acid, dried, and recrystallized. 

8. Methyl 3-Amino-5-mesyl-6-chloropyrazinecarboxylate 
(Ie-2).—A suspension of Ic-1 (7.0 g, 0.03 mole) in acetic acid 
(90 ml) and 30rv aqueous H2O2 (10 ml) was stirred at room 
temperature. After 69 hr, more 3 0 ' t II2O2 (2 ml) was added, 
and stirring was continued for a total reaction time of 100 hr. 
The solid was removed by filtralion, washed with acetic acid, 
dried, and recrystallized. 

9. Methyl 3-Amino-5-hydroxy-6-chloropyrazinoate (If). A 
mixture of Ie-1 (7.5 g, 0.03 mole), acelic acid (75 ml), and water 
( 12 nil) was heated on a steam bath for 3 hr. The product grad-

recryst.11
file:///-HnClX
10.CC
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ually crystallized from the reaction mixture during the heating 
period and continued after cooling. This material was separated 
by filtration, dried, and recrystallized. 

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

10. 3-Amino-5,6-dichIoropyrazinecarboxylic Acid (Va).— 
Compound lb (1.8 g, 0.0081 mole) was refluxed with a solution of 
NaOH (64S mg, 0.324 mole) in water (120 ml) for 10 min. The 
hot solution was filtered and acidified with HC1 to give 1.5 g 
(91 %) of Va, mp 228.5° dec. 

Anal. Calcd for C5H3C12N302: 0 ,28 .87; H, 1.44; 01,34.09. 
Found: 0,29.30; H, 1.65; 01,33.44. 

11. 3-Amino-5-hydroxy-6-chIoropyrazinecarboxylic Acid (Vb). 
—A mixture of lb (4.0 g, 0.018 mole) and 5% NaOH solution 
(55 ml, 0.688 mole) was stirred and heated on a steam bath for 
2.5 hr. The resulting solution was cooled and acidified with 
HC1. The precipitate was removed by filtration, washed with 
water, dried, and recrvstallized twice from aqueous ethanol 
to give 400 mg (12%) of"vb, mp 210° dec. 

Anal. Calcd for C5H4C1N303: C, 31.68; H, 2.13; N, 22.17. 
Found: 0 ,31.64; H, 2.22: N, 22.27. 

12. Methyl 3,5-Diaminopyrazinecarboxylate (Ig-1).—A mix­
ture of Id-1 (14.2 g, 0.07 mole), 5% Pd-C catalyst (9 g), MgO 
(4.0 g, 0.1 mole), and methanol (250 ml) was shaken in an atmos­
phere of hydrogen for 18 hr at room temperature at an initial 
pressure of 2.1 kg/cm2. 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-
panol (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 (85%) and was purified by recrystallization. 

Four other esters, Ig-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 II . 

13. Methyl 3,5-Diamino-6-bromopyrazinecarboxylate (Ih-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 a filter. After recrystallization, the yield was 1.2 g (41 % ) . 

14. Methyl 3,5-Diamino-6-iodopyrazinecarboxylate (Ih-2).— 
A suspension of Ig-1 (1.7 g., 0.01 mole) in 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 w-as 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 (IIa-14).—Under anhydrous conditions, Na 
(5.75 g, 0.25 g-atom) was dissolved in dry methanol (150 ml) and 

the resulting solution was treated with dry guanidine hydro­
chloride (26.3 g, 0.275 mole) and stirred for 10 min. The NaCl 
which formed was removed by filtration under anhydrous con­
ditions and the filtrate was concentrated 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 then 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 HOI and 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 Id-14 and the desired 
guanidine hydrochloride for guanidine hydrochloride itself, the 
above method was used for the synthesis of each of the compounds 
which appear in Tables I I I -V. With methylguanidine and di-
methylguanidine, the sulfate salts were used instead of the hydro­
chlorides. These required heating with sodium methoxide in 
methanol for 45 min to assure complete conversion to the free 
guanidine. In some cases it was convenient to isolate the prod­
ucts as the hydrochloride salts using a procedure analogous to 
the following one. 

2. N-Amidino-3-amino-5-dimethylamino-6-chloropyrazine-
carboxamide Hydrochloride.—A suspension of IIa-14 (2.0 g, 
0.0775 mole) in water (70 ml) was treated with sufficient HC1 to 
effect solution. After filtration, concentrated HC1 (5 ml) was 
added to the filtrate and the crystalline product which separated 
was removed by filtration and dried, yield 2.2 g (97%). Re­
crystallization from a mixture of water (50 ml) and concentrated 
HC1 (3 ml) gave pure material, mp 298° dec. 

Anal. Calcd for CsH13Cl,N-0: C, 32.66; H, 4.45; N, 33.33; 
01,24.11. Found: C, 33.03; H, 4.43; N, 33.10: CI, 23.80. 

Route b. Step 1. N-Amidino-3-amino-5,6-dichloropyrazine-
carboxamide Hydrochloride (IIc-82).—Sodium (920 mg, 0.04 
g-atom) w-as 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 lb (4.44 g, 0.02 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 (50 ml) and 6 .Y HC1 (3 ml). 

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

3. N-Amidino-3-amino-5-guanidino-6-chloropyrazinecarbox-
amide Dihydrochloride (IIa-48).—A solution of guanidine in 2-
propanol wras prepared by dissolving sodium (2.3 g, 0.1 g-atom) 
in 2-propanol (80 ml) and adding guanidine hydrochloride (9.6 g, 
0.1 mole). Compound Ic-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 and converted to the hydrochloride 
by recrystallization from dilute HC1. Similar results were ob­
tained when Ic-5 was replaced by Ic-4. 


