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In the evaluation as diuretics of the N-amidiiio-o-aminopyrazinecarboxamides, a series of ."1- and b-alkyl, 
-cycioalkyl, and -aryl derivatives was synthesized and studied for effects on renal electrolyte excretion. Several 
compounds reverse the electrolyte excretion effects of deoxycorticosterone acetate in the adreiialoctomized rat, 
the most highly active being N-amidino-.'j-amino-6-methylpyrazinecarboxamide. 

An extensive program of synthesis of X-amidino-3-
aminopyrazinecarboxamides has been carried out in 
these laboratories since the discovery that certain com
pounds of this class possess saluretic and antikaliuretic 
activity in animals and man.1,2 This paper is con
cerned with the synthesis and diuretic activity of X-
amidino-3-aminopyrazinecarboxamides with alkyl, cy
cioalkyl, or aryl substituents at the 5 and o positions 
of the pyrazine ring and with several of their halo-
genated derivatives (II). 
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Chemistry.—The substituted X-amidino-3-amino-
pyrazinecarboxamides (II) were prepared by the reac
tion of substituted methyl 3-aminopyrazinecarboxyl-
ates (I) (Table I) with guanidine and are listed in 
Table II. 
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tones (IV) were starting materials for both synthetic 
routes. Method A, that of Weijlard, et al.,d involved 
the reaction of IV with 4,5-diaminouracil followed by 
alkaline hydrolysis of the resulting lumazines (V). 
Method B, devised by Yogi and Taylor,4 consisted of 
the reaction of IV with aminomalonamidamidine fol
lowed by alkaline hydrolysis of the resulting 3-amino-

TABLE I 

METHYL 5- ANU/OU 6-SUBSTITUTED 3-AMINOPYRAZINECARBOXYLATES BY ESTEIUFICATION WITH METHANOL AND HC1 

R'v^N^CACH,, 

C o m p d 
no. 

2c6 

3c 
4c c 

7c 
8c 

10c 
l i e 
12c 
13e d 

14c 
15c 
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V water 

R> 

H 
H 
H 
C I I j 
Calls 
C J H S 

r.-CaH 
c-Cell 
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C H S 
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C H s 
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p-ClCeH< H 
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( C f t l i -

; B, acetonitrile; 
ang and P. C. Spensley, / . 

Reac t ion 
t ime, 

42 
Hi 
44 
21 
21 
21 

3 
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42 
tH 
11) 
24 

hr 
R e c r y s t n 
so lven t" 

A 
C 
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(' 
(' 
1.) 
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K 
C 
u 
c 
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R ^ 
Yield. 

':•; 
46 
:il 
B8 
93 
ill) 

2(i 
15 
53 
(5(i 

79 
97 
55 

S N ^ ^ N H 2 

M p , ''<: 

165-167 
1 7 8 - 1 7 4 . 5 
231-232 
163-164 
162 5 - 1 6 3 , 5 
85-87 5 
112 .5 -114 5 
1 2 6 . 5 - 1 2 8 
110-141 
1 8 1 . 5 - 1 8 3 . 5 
1 9 5 . 5 - 1 9 6 . 5 
154-155 

F o r m u l a 

C T I I S N J O S 

CizHi-NaO. 
CuHuNaO* 
C u H u N a O -
CuHiaNiO-: 
CsHnNaO: 
C i H n N i O -
OiaHnNaOi 
C.iHiiNaOi 
CiaHioClN'aOa 
C7H6F3N30.* 
CioHiaNsO. 

(,'arb 
Calcd 

50. 29 
61 .25 

64. IS 
64 , 18 
53 ,03 
5 5 , 9 5 
6 1 , 2 5 
62, 93 
5 4 . 6 6 
3 8 . 0 2 
5 7 . 9 5 

C, methanol; D, isopropyl alcohol; E, ethanol. '' Precursor 
Chem. Soc, 2144 (1952) d Precursor acid see ref 4. '' Anal. 

on, % 
F o u n d 

50. 05 
6 1 . 3 5 

6 4 . 4 2 
64. 26 
53 , 1 1 
5 5 , 6 1 
6 1 , 3 9 
6 2 , 7 2 
5 4 . 3 7 
3 8 . 2 0 
5 8 . 0 2 

Hydrogen , % 
Calcd 

5 . 4 3 
7 . 2 8 

5 .39 
5 .39 
6 12 
5. 74 
7 28 
4. 84 
3 . 8 2 
2 . 7 3 
6 . 3 2 

icid: see ref 3. 
Calcd F, 25 

F o u n d 

5. 35 
7 39 

5 24 
5 .44 
6 16 
5 61 
7 12 
1.90 
3 69 
2 , 6 4 
6 . 3 3 

N i l r o , 
Calcd 

25 . 11 
17 .86 
18.32 
17 .27 
17 27 
23 19 

17 .86 
18 .32 
15 .94 
1 9 , 0 0 
2 0 . 2 8 

0 Precursor 
77. F ound: 

' en . '.,, 
F o u n d 

2 4. 88 
1 7 . 8 3 
18 .27 
17 .35 
17 .23 
23 26 

1 7 ,87 
18 ,27 
15,92 
18 91 
2 0 . 4 6 

acid: 
F, 25 

The key intermediates for the synthesis of the esters 
(I) were the substituted 3-aminopyrazinecarboxylic 
acids (III) prepared by either of the two methods il
lustrated in Chart I. Substituted glyoxals or a-dike-

( 1 ; J . B . Bicking, J. W. Mason , O. W. Woltersdorf, J r . , J. I I . Jones , S. 1' 
K w o n g , C. M . R o b b , a n d E. J. Cragoe , J r . , J. Med. Chem., 8, 638 (1965). 

(2) E . J . Cragoe , J r . , O. W. Woltersdorf, Jr . , J. B, Bickinfi, S. F . K n . j w . 
a n d J. I I . Jones , ibid., 10, 66 (1967). 

pyrazinecarboxamides (VI). A convenient synthesis 
of aminomalonamidamidine dihydrochloride5 involving 
catalytic hydrogenolysis of phenylazomalonamidami-

(3) .1. Weij lard, M. Tiahler , and A. II. Er ickson, ./. Am. Chem. ,S/>c. 67, 
802 (1945). 

(4i O. Vogl ami E. C. Tay lor , ihid., 8 1 , 2472 (1959). 
05) II. Shaw and 1"). W. Woolley, / . Biol. Chem., 181 , 89 (1919, . 



TABLE I I 

AND/OR G-SlJBSTITUTlin N - A M I D I N O - 3 - A M I N O P Y U A Z I N E C A R B O X AMIDES 

*NV R 1 —S V-CONHCNH 2 

R2-kNJ-NH2 NH 
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no. 
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3d 
4d 
r}dd,e 

6d ' 
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8d 
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lOd 
l i d 
12d 
13d 
14d» 
15d 
16d 
17di<; 

18d" 
19d» 
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21d 
22d 
23d' 

i l 1 

II 
H 
H 
TI 
CJT5 

CH3 

CH3 

C,HS 

Clio 
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c-C,H5 

c-C6H„ 
CoH5 

p-ClCell 
II 
F3C 

- C H = 

Br 
Br 
C6HS 

CsTls 
CI I3 

R2 

II 
CH, 
(•-CeHji 

CJI5 
C«HD 

crio 
C6H5 

CH3 

H 
H 
11 
H 
IT 

« H 
F,C 
II 

=CIICH=CIT-
-(CH2)4-

CH, 
C6H5 

CI 
(CH3)2N 
(CH3)2N 

Prepn method, 
time (min), 

temp 

B, 15, reflux 
A, 40, 60° 
A, 45, 25° 
B, 60, 55° 
A, 10, 95° 
B, 50, 50° 
A, 5, 95° 
A, 5, 95° 
A, 60, 25° 
A, 60, 25° 
A, 10, 95° 
A, 45, 25° 
B, 30, 55° 
A, 30, 25° 
B, 15, reflux 
B, 3, reflux 
A, 5, 65° 
A, 5,95° 
B, 45, 50° 
A, 60, 25° 
A, 60, 25° 
A, 10, 95° 
A, 60, 60° 

Recryatn 
solvent" 

B 
B 
A 
C 
A 
C 
A 
A 
A 
A 
A 
A 
D 
D 
A 
A 
A 
A 
D 
A 
A 
A 
D 

Yield, 
% 

44 
13 
72 
51 
87 
39 
77 
90 
89 
53 
62 
61 
74 
70 
26 
57 
56 
25 
68 
66 
69 
67 
28 

Mp, °C 
dec 

200-202 
210 
221-222 
224-226 
234.5-235.5 
247 
212-213 
218-219 
218-219 
207.5-209.5 
196.5-199 
228-230 
194.5-195.5 
282-285 
222-223 
230-232 
211-213 
220-221 
290 
234-236 
214-216 
205-206 
262 

Formula 

C6H8N60 
CHu.N.O 
C,2H18NoO 
CI2II12Nf,0 
C18H16N60 
C8H12N«0 
C13II14N60 
C„H ) 4N $0 
C7II,„N60 
C8H12N60 
C,II,2N60 
C12H,8N6() 
C12Hi2N60 
C,2H,,ClNcO-IICl 
CHjFoNeO* 
C,H7F3N60 
C1„TT10N,O 
C,„H14N«0 
C 7H aBrN 60-HCl 
Ci2HnBrN6() 
C 1 2 H „ C 1 N G O 

CJT.vNvO 
C ! )H,5N70'2IIC1 

Carbon, % 
Caled 

40.00 
43.29 
54.94 
56.24 
65.04 
46.14 
57.77 
57.77 
43.29 
46.14 
49.08 
54.94 
56.24 
44.05 
33.88 
33.88 
52.17 
51.27 
27.16 
43.00 
49.57 
56.17 
34.85 

Found 

40.24 
43.70 
55.04 
56.56 
64.59 
45.90 
58.08 
57.94 
43.50 
46.47 
49.35 
55.25 
56.63 
43.74 
34.20 
33.74 
52.58 
50.79 
27.31 
42.86 
49.31 
56.52 
34.34 

Hydro. 
Calcd 

4.48 
5.19 
6.92 
4.72 
4.85 
5.81 
5.22 
5.22 
5.19 
5.81 
5.49 
6.92 
4.72 
3.70 
2.84 
2.84 
4.38 
6.02 
3.26 
3.31 
3.81 
5.73 
5.53 

;en, % 
Found 

4.59 
5.28 
6.68 
5.01 
4.62 
5.98 
5.33 
5.06 
5.07 
5.69 
5.49 
6.83 
5.03 
3.79 
3.07 
3.09 
4.49 
6.15 
3.32 
3.38 
3.74 
5.82 
5.50 

Nitro; 
Calcd 

46.65 
43.28 
32.04 
32.80 
25.29 
40.36 
31.09 
31.09 
43.28 
40.36 
38.16 
32.04 
32.80 
25.69 
33.87 
33.87 
36.51 
35.88 
27.15 
25.08 
28.91 
32.76 
31.61 

sen, % 
Found 

46.70 
43.50 
31.54 
32.44 
24.88 
40.37 
31.32 
30.73 
43.25 
40.34 
37.94 
31.78 
32.99 
25.31 
33.43 
33.98 
36.49 
35.33 
28.89 
24.84 
28.60 
32.52 
31.38 

DOCA 
inhib. 
score* 

0 
± 
0 

± 
± 
± 
± 

+ 1 
+ 2 

± 
± 
0 

+ 1 
± 
± 
± 

+ 1 
0 

± 
± 
± 
0 

+ 1 

0 A, solution in dilute HCI, reprecipitation by dilute NaOH solution; B, ethanol; C, acetonilrile and H 2 0 ; )), isoptopyl alcohol. b Precursor methyl ester: R. C Kllingson, It. L. Henry, and 
F . G. MclJonald, J. Am. Chem. Soc, 67, 1711 (1945). c Prepared by Dr. J. II. Jones. d Precursor methyl ester: E. C. Taylor, Jr., / . Am. Chem. Soc, 74, 1951 (1952). ' Prepared by Mr. O. 
W. Woltersdorf, Jr. / Precursor methyl ester: It. C. Ellingson and It. L. Henry, J. Am. Chem. Soc, 70, 1257 (1948). » Isolated and purified as the hydrochloride. '' Anal. Calcd: F, 22.97. 
Found: F, 22.73. ; Precursor methyl ester: A. II . Gowenlock, G. T. Newbold, and F. S. Spring, J. Chem. Soc, 622 (1945). ' Isolated and purified as the dihydrochloride. * The score is de
termined from the dose (micrograms per rat) necessary to produce a 50% reversal of the N a / K effects of a 12-/ig dose of DOCA: + 3 = 10-50 ng, + 2 = 51-100, + 1 = 101-800, ± = >800, 
and 0 = no activity at 800 /xg. 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 rats weighed 130 ± 3 g. 
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dine hydrochloride15 is described in the Experimental 
Section.7 

Both method A or B theoretically can produce either 
or both of two isomeric aminopyrazinecarboxylie acids 
when substituted glyoxals or unsymmetrical a-dike-
tones are used as start ing materials. I t has been estab
lished that methylglyoxal yields by method A, 3-anhno-
5-methylpyraziiiecarboxylic acid (2b).:i but by method 
B. 3-anhno-(>-methylpyrazinecarboxylic acid4 (9b).* 
\ m r spectra" were obtained of the methyl esters of 
2b and 9b, and the chemical shifts observed for the lone 
aromatic proton in each isomer were used for the as
signment of structures to new aminopyrazinecar
boxylic acids prepared in this study. "Resonance of 
the (i-position proton of the methyl ester of 2b appears 
at r 2.19, of the 5-position proton of the methvl ester 
of 9b at T 1.80. 

Cyclohexylglyoxal thus was shown to react anal
ogously to methylglyoxal and yield, by method A, 3-
aniino-5-cyclohexylpyrazine carboxylic acid (singlet 
at r 'J.IS) and, by method B, 3-amino-(J-cyclohexyl-
pyrazinecarboxylic acid (singlet at r 1.S2). When 
trifluoromethylglyoxal (prepared in situ by hydrolysis 
of l,l.l-trifhioro-3,3-tlibroii)oacetone)10 reacted with 
aminomalonamidamidine. two isomeric 3-aminotri-
fluoro methyl pyrazinecarboxamides were obtained. 
The mm' spectra of these isomers showed tha t the isomer 
of nip 11)3-19")° had its most paramagnetic aromatic 
resonance as a single proton band at T 1.79, whereas the 
isomer of nip 220-221° had the equivalent resonance 
at r 1.3S. The differential chemical shifts (AS) for 
the three pairs of isomers reported here then are 
- 2 . 1 9 + 1.S0 = - 0 . 3 9 ; - 2 . 1 S + 1.S2 = -0 .3U; 
and —1.79 + 1.3S = —0.41. This is consistent with 
the conclusion that the most paramagnetic aromatic 
resonance arises from a 5-position proton and that the 
most diamagnetic aromatic resonance corresponds to a 
(i-position proton with the A5 for an isomer pair being 
close to —0.40 T units. Therefore, the isomer with 
nip 193-195° is 3-aimno-5-trifluoromethylpyrazine-
carboxamide (15a), and the isomer with nip 220-221° 
is 3 - amino - 0 - trifluoromethylpyrazinecarboxamide 
(16a). Basic hydrolysis of the amide 15a gave 3-
amino-5-trimioromethylpyrazineearboxylic acid in high 
yield. A similar conversion of the amide 16a to the 
acid was unsuccessful because the O-trifluoromethyl 
group failed to survive under hydrolytic conditions. 

F . C - j ^ V - C O N H , 
L T J— NH, 

NT 
16a 

E t O B F , 

K.CO, 

F,C 
J — N H ; 

OC,H5 

-NH 
H..CV F,C 

J vjpC02an5 
J-NH 2 N 
16c 

((>) L. II. Smitl i , Jr . , ami P. Yates , ./. ,1m. Clam. Hoc, 76, 6080 (1954). 
(7) Th i s process was developed and a large q u a n t i t y of aminoma lon 

a m i d a m i d i n e d ihydroehlor ide was p repa red by W. K. Russ , Jr . , A. P. 
Sul l ivan. Jr . , and R. Pospol i ta . 

(8) Kaeli sequence of reac t ions is assigned a n a rab ic n u m e r a l . Th is 
numera l followed by the le t ter a des igna tes t he i n t e r m e d i a t e lumazine or 
py raz ineca rboxamide , by the le t te r b the pyraz inecarboxyl ic acid, by c the 
ester, and by d the X - a m i d i n o p y r a z i n e c a r b o x a m i d e 

('.)) N in r spec t ra were t a k e n in D M S O with a Var ian A-60 spec t rome te r . 
We are indeb ted to Drs . X . R. T r e n n e r a n d B. Arison for t ak ing a n d in te r 
pre t ing 1 hese spect ra , 

(10) It. ISelclicr. A. Sykes , and J. (', Tat low, ./. Clum. ,Sw., 2:3'j:', ( 1 U J 7 ) . J 

Since the acid was unavailable, the necessary ester 
function was introduced by treatment of 16a with the 
Mcerwein reagent ," triethyloxoniuni fluoroborate, and 
hydrolysis of the resulting imino ether with dilute 
acid. Ethyl 3-aniitio-(>-trifluoromethylpyrazinecarl)ox~ 
ylate (16c) wasoblained in 1 \v

( yield. 
l-Phenyl-l ,2-propanedione reacted with 4,5-dia.mino-

uracil (method A) to give isomeric lumazines. nip 
2S1.5-2S'_!.5° dec and 254.5 255,5° dec. These com
pounds have been assigned arbitrarily the structures 
7a ((i-niethyl-7-phciiyllumazine). and 8a (0-phenyl-7-
methylluniazine), respectively. 

C,;H5CO 

CH,CO C H r - ^ A ^ N 

OH 

OH 

OH 
8a 

The methyl esters 1 were prepared, with one excep
tion, by the reaction of the substi tuted 3-amino-
pyrazinecarboxylic acids with methanol in the pres
ence of HC1. 6-X[ethyl-3-aminopyrazineearboxylic 
acid was decarboxylated under these conditions. It 
was converted to the methyl ester by reaction of its 
sodium salt with dimethyl sulfate. The properties of 
the methyl esters are listed in Table I. 

Some studies were made of the halogenation of methyl 
esters with unsubst i tuted positions on the pyrazine 
ring. Methyl 3-amino-5-methyl- and methyl 3-amino-
5-phenylpyrazinecarboxylate were brominated at the 
6 position by the action of bromine in acetic acid. 
Methyl 3-aniino-(')-methyl- and methyl 3-aniino-(>-
phenylpyrazineearboxylate were chlorinated at. the 

V~C02CH;, 
J-NH_ 

Br 
R 
i—r^V-CXXCH, 
t—kxtJ-NH„ 

R-CH:iorC,H, 

5 position when stirred with sulfuryl chloride at room 
temperature . Halogen atoms at the 5 position of the 
methyl 3-aminopyrazinecarboxylates previously have 
been shown to be readily displaced by nucleophiles.-
The 5-chloro esters reacted smoothly with dimethyl-
amine in alcohol to yield the 5-dimethylamino esters. 

R—T*Nvjp C02CH;; _____ 

...Jl—NHi Cl-
N 

R--CH:)orC,iH!, 

R—f^V-COX'H, 
CI—UMJ—NH., 

(CH;i); XO: V-COvCH, 
NH, 

Structure Activity Relationships.--The substituted 
X-amidino-3-aminopyrazinecarboxamides (II) were 
tested for deoxycorticosterone acetate (DO('A) in
hibitory activity in adrenalectomized rats.1-1- The 

111.) 11. Meenve in , l i . I ' .a t tenberg, II. Gold, K. I'fei 
./. I'rakl. Chem., 154, 83 <V.m>>. 

(12) These assays were conduc ted b> Drs. , \1 . S. Glitz 
man and thei r associates "f these labora tor ies . 

and J. Willfti 
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dose of each compound which will produce a 50% re
versal of the electrolyte effects of a 12-jig dose of DOCA 
has been codified and the score is listed in Table II. 

The only highly active (+2) compound of this series 
is N-amidino-3-amino-6-methylpyrazinecarboxami de 
(9d), which is equipotent with the analogous 6-bromo 
compound1 but less active than the 6-chloro analog1 

(+3) . The strong dependence of DOCA inhibitory 
activity on structure is seen in the marked reduction in 
activity when the methyl group of 9d is replaced by 
hydrogen or ethyl or shifted to the 5 position of the 
pyrazine ring. 

Substitution of the 5 position of 9d or of the anal
ogous 6-bromo compound with methyl (to give 6d and 
19d, respectively) reduced inhibitory activity markedly. 

N - Amidino - 3 - amino - 6 - phenylpyrazinecarboxamide 
(13d) is less active than 9d but is still approximately 
equipotent with the DOCA antagonist spironolactone.13 

Here again, a shift of the phenyl group to the 5 position 
reduced activity. 

Substitution of the 5 position of 9d with dimethyl-
amino (to give 23d) reduced activity. In contrast, a 
similar substitution in the X-amidino-3-amino-6-halo-
pyrazinecarboxamide series enhanced DOCA inhibitory 
activity.2 

Experimental Section1415 

7-CycIohexyIlumazine (3a).—Cyclohexylglyoxal hemihydrate 
(14.9 g, 0.1 mole) was added to a suspension of 5,6-diaminouracil 
hydrochloride (17.9 g, 0.1 mole) in 250 ml of H 2 0 and the mixture 
was stirred and heated 1 hr at 100°. The solid precipitate 
obtained upon cooling was collected, dissolved in hot dilute 
XaOH, and reprecipitated by acidification of the solution with 
ITC1. lieerystallizatioii from aqueous acetic acid gave 7.5 g 
(30%) of product, mp 217-227°. A sample recrystallized from 
aqueous acetic acid had mp 229-231°. 

Anal. Calcd for C,2Hi4X202: C, 58.52; H, 5.73; N, 22.75. 
Found: C, 58.59; H, 5.52; N, 23.02. 

6- (or 7-) MethyI-7- (or 6-) phenyllumazine (7a) and 6- (or 7-) 
Phenyl-7- (or 6-) methyllumazine (8a).—A mixture of 4,5-
diaminouracil hydrochloride (103.6 g, 0.58 mole), l-phenyl-1,2-
propanedione (103.7 g, 0.7 mole), H 2 0 (1500 ml), and concen
trated NHiOII (300 ml) was stirred and heated 1 hr at 90°. 
The mixture then was cooled and neutralized with acetic acid 
to precipitate a yellow solid, mp 202-223° dec. Recrystallization 
from acetic acid gave a crop of crystals, mp 276-279° dec. The 
filtrate on standing yielded a second crop, mp 250-253°. 

lieerystallization of the high-melting product from acetic acid 
gave 82.4 g (56%) of crystalline product, mp 281.5-282.5° dec, 
designated as 7a. 

Anal. Calcd for Ci3H10X4O2: C, 61.41; H, 3.96; X, 22.04. 
Found: C, 61.78; H, 3.91; X, 22.08. 

Recrystallization of the low-melting product from acetic acid 
gave 32 g (22%) of crystals, mp 254.5-255.5° dec, designated as 
8a. 

Anal. Calcd for CisH10N4O2: C, 61.41; 11,3.96; X, 22.04. 
Found: C, 61.79; H, 4.09; N, 22.14. 

6,7,8,9-Tetrahydroalloxazine (18a).—5,6-Diaminouracil hy
drochloride (76 g, 0.428 mole), 1,2-cyclohexanedione (57 g, 0.51 
mole), and XaHC0 3 (57 g, 0.68 mole) were added to water (2 1.), 
and the solution was heated 0.5 hr on a steam bath. The solu
tion was cooled, filtered, and adjusted to pH 2 by addition of 5% 
HC1. The precipitated product weighed 104 g (90%), mp 
329.5-330.5°. A sample recrystallized from aqueous ethanol 
had mp 331.5-332.5°. 

Anal. Calcd for CioH10X402: C, 55.04; H, 4.62; N, 25.68. 
Found: C, 55.29; H, 4.70, X, 25.58. 

Aminomalonamidamidine Dihydrochloride.—Phenylazomalon-
amidamidine hydrochloride6 (530 g, 2.19 moles) suspended in 

(13) C. M. Kagawa, Endocrinology, 67, 125 (1960). 
(14) Melting points were taken in open capillary tubes and are corrected. 
(15) Microanalytical data were obtained by Mr. K. B. Streeter, Mr. 

Y. C. Lee. and their staS. 

H 2 0 (3.66 I.) with 269 g of 5% P t - C catalyst was hydrogenated 
at room temperature under an initial pressure of 2.8 kg/cm2 of 
hydrogen. The theoretical 4.38 moles of hydrogen was absorbed 
in 6 hr. The catalyst was removed by filtration, the filtrate 
was extracted with five 2-1. portions of ether, and the aqueous 
solution was concentrated by distillation at 2-4 mm to 300 ml. 
Concentrated HC1 (325 ml) and then isopropyl alcohol (2.92 1.) 
were added to cause the product to precipitate as an oil which 
soon crystallized. There was obtained 275 g (66%) of product, 
mp 217° dec. 

3-Amino-6-ethylpyrazinecarboxamide (10a).—Aminomalon
amidamidine dihydrochloride (52.5 g, 0.28 mole) was added to a 
solution of ethylglyoxal (28.8 g, 0.335 mole) in H20 (450 ml) at 
5°. Concentrated XH4OH (65 ml) was added to make the solu
tion basic. After 20 hr at 25°, the precipitated product was 
collected and recrvstallized from isopropyl alcohol to obtain 
17.5 g (38%) of 10a, mp 160-167°. A "sample recrystallized 
from isopropyl alcohol has mp 165.5-168.5°. 

Anal. Calcd for C7H10X4O: X, 33.72. Found: X, 33.83. 
3-Amino-6-cycIopropylpyrazinecarboxamide (11a) was pre

pared analogously from cyclopropylglyoxal in 33% yield and has 
mp 185.5-187.5° (from isopropvl alcohol). 

Anal. Calcd for CsH10X4O: C, 53.92; H, 5.66. Found: 
C, 53.83; H, 5.43. 

3-Amino-6-cydohexyIpyrazinecarboxamide (12a) was prepared 
analogously from cyclohexylglyoxal hemihydrate in 27% yield 
and has mp 185.5-187° (from ethanol). 

Anal. Calcd for CnH1 6X40: C, 59.98; II, 7.32; X, 25.44. 
Found: C, 60.07; H, 7.39; X, 25.22. 

3-Amino-6-p-chlorophenylpyrazinecarboxamide (14a) was pre
pared analogously from p-chlorophenylglyoxal monohydrate in 
38% yield and has mp 246.5-248.5° (from 95% ethanol). 

Anal. Calcd for CnH9ClX40: C, 53.13; H, 3.65; X, 22.53. 
Found: C, 52.83; H, 3.68: X, 22.33. 

3-Amino-5-trifluoromethyIpyrazinecarboxamide (15a) and 3-
Amino-6-trifluoromethyIpyrazinecarboxamide (16a).—A mixture 
of l,l,l-trifluoro-3,3-dibromoacetone16 (97.8 g, 0.363 mole), 
sodium acetate trihvdrate (98.6 g, 0.725 mole), and 300 ml of 
H20 was heated, with stirring, to 100° during 20 min. After 
5 min at 100°, the solution was rapidly chilled to 0° and added 
to a solution of aminomalonamidamidine dihydrochloride (68.5 g, 
0.363 mole) in 720 ml of H 2 0 at 0°. The pH of the solution was 
adjusted to 8-9 bv addition of about 140 ml of concentrated 
XH4OH and maintained at 8-9 during the reaction by additional 
small portions of the base. The mixture was stirred 20 hr 
at 25°. The green solid precipitate was collected and extracted 
with two 200-ml portions of boiling acetonitrile. The combined 
extracts were evaporated in vacuo. The residual brown solid 
was recrystallized from acetic acid to yield 20 g (27%) of yellow 
crystals of 15a, mp 193-195°. A sample of 15a recrystallized 
from acetic acid had mp 195-196°. 

Anal. Calcd for C6H5F3X40: C, 34.96: H, 2.44; F, 27.65; 
X, 27.18. Found: C, 35.39; H, 2.71: F, 27.53; N, 27.19. 

The acetic acid mother liquor from the recrystallization of 
15a was diluted with H 2 0 to precipitate 7.1 g of a light yellow 
solid, mp 211-214°. Recrystallization from aqueous acetic acid 
gave 16a, mp 220-221°. 

Anal. Calcd for C6H6F3X40: C, 34.96; H, 2.44; F, 27.65; 
X, 27.18. Found: C, 35.26; H, 2.75; F, 27.24; X, 26.89. 

3-Amino-6-ethyIpyrazinecarboxylic Acid (10b).—A mixture of 
10a (24.4 g, 0.147 mole) and 200 ml of 10%. XaOH solution was 
stirred and heated on a steam bath for 30 min. When the re
sulting solution was chilled, the sodium salt of 10b precipitated. 
The salt was collected and dissolved in hot water, and the solution 
was acidified to congo red with HC1 to precipitate 22.8 g (93%) 
of 10b, mp 149-152°, which was esterified without further puri
fication or analysis. 

3-Amino-6-cyclopropyIpyrazinecarboxylic acid ( l i b ) was pre
pared by the analogous hydrolysis of 11a in 6 1 % crude yield, mp 
169-172°. 

3-Amino-6-cycIohexyIpyrazinecarboxylic acid (12b) was pre
pared by the analogous hydrolysis of 12a in 80% crude yield, 
mp 125-135°. A sample" purified by repeated dissolution in 
dilute aqueous NaOH and precipitation by acidification with 
HC1 had mp 138.5-139.5°. 

Anal. Calcd for CnH15X302: C, 59.71; H, 6.83; X, 18.99. 
Found: C, 59.43; H, 6.78; X, 18.92. 

(16) E. T. McBee and T. M. Burton, J. Am. Chern. Soc, 74, 3902 (1952). 
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3-Amino-6-jD-chlorophenylpyrazinecarboxylic Acid (14b). A 
mixture of 14a (17.5 g, 0.071 mole) and 5% XaOH solution 
(1.2 1.) was heated and stirred 5.5 hr on a steam bath and then 
cooled to precipitate the sodium salt of 14b. The salt was dis
solved in boiling water and the solution was acidified with HC'l. 
The precipitated product was reorvstallized from acetic acid to 
obtain 10.5 g (600?) of 14b, mp 207-213°. A sample recrvstal
lized from acetic acid had mp 218-215°. 

Anal. Calcd for CUH,,C1N302: 0 ,52 .92; II, 3.23: N, MIX!. 
Found: 0 ,52.69: H, 3.19; N, 16.K9. 

3-Amino-5-trifluoromethylpyrazinecarboxylic Acid (15b). A 
mixture of 15a (18.5 g, 0.09 mole) and !S% XaOH solution (740 
ml) was heated 10 min on a steam bath. The resulting solution 
was chilled and acidified to congo red with 6 .V HOI to precipi
tate 17.8 g (950?) of 15b, mp 185-186° dec. 

Anal. Calcd for CsHsFsN/)..: 0 ,34 .79 : 11,1.95; N, 20.29. 
Found: 0 ,35.10; 11,1.95; X, 20.23. 

3-Amino-5-cyclohexylpyrazinecarboxylic Acid (3b) .- A solu
tion of 3a (18.5 g, 0.075 mole) and XaOII (9.0 g, 0.225 mole) in 
UoO (90 ml) was heated 17 hr at 165° in a sealed autoclave. 
The resulting mixture was added to 200 ml of H20 and filtered, 
and the filtrate was acidified with 1101 to precipitate the crude 
acid which was recrvstallized from isopropyl alcohol to obtain 
8.0 g (480;) of 3b, mp 182.5-183.5°. 

Anal. Calcd for C,iHi5N302: O, 59.71; II, 0.83: X, 18.99. 
Found: 0,59.99; 11,6.56; X, 18.98. 

3-Amino-5- (or 6-) phenyl-6- (or 5-) methylpyrazinecarboxylic 
Acid (7b).—A solution of 7a (40.7 g, 0.16 mole) and XaOH 
(14.9 g, 0.372 mole) in H20 (185 ml) was heated 3.5 hr at 170°. 
The solution was cooled to precipitate the sodium salt of 7b. 
The salt was dissolved in 600 ml of boiling H20 and the solution 
was acidified with acetic acid to precipitate 29.6 g (81 c'() of 
7b, mp 193.5-194.5°. The melting point after reerystallizatioii 
from acetic acid was unchanged. 

Anal. Calcd for Ci2HnN302 : O. 62.87; II, 4.84; X, 18.33. 
Found: C, 62.97; IT, 4.68; N, 18.46. 

3-Amino-5- (or 6-) methyl-6- (or 5-) phenylpyrazinecarboxylic 
Acid (8b).—The analogous hydrolysis of 8a gave 19.1 g (699;) of 
8b, mp 155-156° (from aqueous ethanol). 

Anal. Calcd for C,2H„X302: 0 , 62.87; II. 4.84; X, 18.33. 
Found: 0 ,62.95; 11,4.80; X, 18.54. 

3-Amino-5,6,7,8-tetrahydroquinoxaline-2-carboxylic Acid 
(18b).— A solution of 18a (45 g, 0.206 mole) and NaOH (45 g, 
1.125 motes) in H,0 (375 ml) was heated 20 hr at 170°. The 
mixture was cooled, diluted with 100 ml of water and filtered, and 
the filtrate was acidified with 6 A" hydrochloric acid to pH 2 to 
precipitate the crude acid. Reerystallizatioii from aqueous 
ethanol gave 14 g (359? ) of 18b, mp 174.5°. 

Anal. Calcd for CnH„N302: 0 , 55 .95 : IT, 5.74; X, 21.75. 
Found: O, 55.77; II, 5.67; N, 21.73. 

Methyl 5- and/or 6-Substituted 3-Aminopyrazinecarboxylates. 
General Method for Table I.—The 5- and/or 6-substituted 3-
nminopyrazinecarboxylic acid (0.1 mole) was stirred with a solu
tion of HOI (300 g) in methanol (1 1.) at 25° for the time specified 
in Table I. The mixture was then concentrated by vacuum 
distillation to about one-quarter volume, poured into 750 ml of 
IT20, and made basic by the addition of solid XaHOC3, and the 
precipitated ester was collected and recrvstallized. 

Methyl 3-Amino-6-methylpyrazinecarboxylate (9c).—The so
dium salt of 3-amino-6-methylpyrazinecarboxylic acid wa« pre
pared by dissolving the acid4 in hot 5 % XaOH and chilling to 
precipitate the salt which was collected and air dried. A mixture 
of the salt (97 g, 0.55 mole), (CH3)2S04 (77 g, 0.61 mole), and 700 
ml of methanol was stirred 19 hr at 25°. The resulting near 
solution was filtered, and the filtrate was evaporated to dryness 
by vacuum distillation. The residue was stirred with 200 ml 
of saturated XTaII003 solution. The insoluble product was col
lected, washed with water, and dried. There was obtained 18 g 
(20'v) of 9c, mp 138.5-140.5°. A sample was recrvstallized 
from benzene with unchanged melting point. 

Anal. Calcd for C7H9N802: O, 50.29; H, 5.43; X, 25.14. 
Found: O, 50.45; IT, 5.49; X, 25.02. 

Ethyl 3-Amino-6-trifluoromethylpyrazinecarboxylate (16c).--
A hot solution of the amide 16a (2.0 g, 0.0097 mole) in ethylene 
chloride (350 ml) was added to a solution of triethyloxonium 
rluoroborate (20.0 g, 0.105 mole) in ethylene chloride (350 ml). 
After 3 hr, the ethylene chloride was evaporated in vacuo. The 
residual oil was stirred with a 5 A" K2C03 solution (40 ml) for 
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3 min; 112() (50 ml) was added, and the imino ether wa> taken 
up in ether and then extracted into 1 A* IFS04 solution (lOOmli. 
After 3 hr, the product was extracted with ether, dried (MgSOi i, 
and distilled at reduced pressure. The distilled product solidi
fied and was recrvstallized from hexane to yield 250 nig ' I I ' ' , 
of the ester, mp 91.5-93.5°. 

Anal. Calcd for 0,H sF,X3O2: 0, 40.80: II. 3.-13; N. 17.s7, 
Found: O, 41.51; II, 3.87; X, 17.45. 

Methyl 3-Amino-5-methyl-6-bromopyrazinecarboxylate (19c J. 
- A solution of bromine (4.2 g, 0.026 mole) in .'•! ml of acetic 

acid was added during 20 min to a solution of methyl 3-aiiiiiio-5-
methylpyrazincoarboxylate (2c) (4.2 g. 0.025 mole) in acetic acid 
(15 ml). The solution was poure.l into 150 ml of IFO. The 
precipitated product wa> recrystallizod twice from acetic acid to 
vield 3.6 g ('59', i of 19c, nip 179 181°. 

Anal. Calcd for C7HsBrX3<>2: 0 ,34 .16; II, 3.2s: X, 17.(K 
Found: 0 , 34.42; II, 3.26: X, 17.00. 

Methyl 3-Amino-5-pheny]-6-bromopyrazinecarbox>Tate (20c!. 
— A solution of bromine (11.2g, 0.07 mole), and methyl 3-ainiiio-
5-phonylpyrazinecarboxylate (4c) (10.5 g, 0.046 mole I in acetic 
acid (700 nil) was heated at 85° for 21 hr. The solution wa> 
poured into 2 I. of water, and the precipitated product wn-
recrvstallized from acetic acid to vield 10.5 g (74' , ) of 20c. mp 
217'221°. 

Anal. Calcd for Ci-jHuBrXsO: 0,-13.00: 11,3.31; X, 25.08. 
Found: 0,42.86: 11,3.38; X, 24.84. 

Methyl 3-Amino-5-chloro-6-phenylpyrazinecarboxylate (21c). 
A mixture of methyl 3-aminn-6-phetiylpyrazineearboxylalo 

(13c) (28.6 g, 0.125 mole) and SO20b (90 ml) was stirred 1.5 hr 
at 25°. Fxces> SO20f. was removed by vacuum distillation. 
The residue was suspended in 200 ml of H2() and the mixture was 
neutralized with XallCOj. The insoluble product was recry-tal-
lized from acetic acid to obtain 15 g (45 ' , ) of 21c, mp 18-1 -190°. 
A sample recrvstallized repeatedly from acetic acid had mp 187.5 
191.5°. 

Anal. Oalod for (',2Hi,,ClX:,02: 0 ,54.66; II.3.N2; X, 15.94, 
Found: 0,54.58; 11,3.59: X, 15.98. 

Methyl 3-amino-5-chloro-6-methylpyrazinecarboxylate wa> 
prepared analogously from 9c in 41'', yield and had mp 176 
178.5° (from ethyl acetate). 

Methyl 3-Amino-5-dimethylamino-6-phenylpyrazinecarboxyl-
ate (22c). - A mixture of 21c (2.6 g. 0.01 mole), dime.fhylanune 
(8 g i, and methanol (4(1 ml) was stirred at 25° for 16 hr. The 
solid product was reorvstallized from methanol to obtain 1.1 g 
(52''; ) of 22c, ni]) 167.5 169.5°. 

Anal. Calcd for 0,JIlflX.,()2: C, 61.75: II, 5.92; X, 20.58, 
Found: O, 61.92: II. 6.06; X, 20.48. 

Methyl 3-Amino-5-dimethylamino-6-methylpyrazinecarboxyl-
ate (23c).- A solution of methyl 3-amino-5-chloro-0-methyl-
pyrazineearboxylale '3.3 g, 0.0164 mole), and dimethylaniiiic 
(6 gi in isopropyl alcohol (25 ml) was kept al 25° for 1 hr and 
then evaporated. The residue \va.- reorvstallized from benzene 
ovelohexane to obtain 2.9 g (84' , ) of 23c, mp 10.8.5-110.5°. 
'Anal. Calcd for C I I M X I O , : X, 20.65. Found: X, 26.70. 

5- and/or 6-Substituted N-Amidino-3-aminopyrazinecarbox-
amides. General Methods for Table II. Ouanidine hydro
chloride (0.1 mole) was added to a solution of sodium rnetlioxidc 
prepared by dissolving sodium (0.1 g-atom) in methanol (100 
ml). In method A, the methanol was removed by vacuum dis
tillation, the methyl 5- and/or 6- substituted 3-aminopvrazino-
carboxylate (0.02 mole) was added, and the reaction was con
ducted at the temperature and for the time specified in Tabic II. 
The mixture was cooled and stirred with 100 ml of water, and the 
solid product was collected. In method B, the ester (0.02 mole) 
was added directly to the solution of guaiiidine in methanol and 
the mixture was heated at the temperature and for the lime 
specified in Table II. The reaction mixture then was cooled 
and the solid product which separated was collected and washed 
with water. 

The substituted X-amidiiio-3-aminopyrazitieearboxamides were 
purified by reerystallizatioii from the solvents specified in Table 
II, or by dissolution in dilute HOI and repreeipitation by basifiea-
tion of the solution with dilute XaOH solution. 

The hydrochloride salts were prepared by dissolving the sub
stituted X'-amidino-O-aniinopyrazinecarboxamides in dilute HOI, 
and then adding concentrated HOI to cause the salts to precipi
tate. Thev were purified bv reerystallizatioii as specified in 
Table II. 
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