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I the evaliation as dinretics ol the N-amidino-3-uminopyrazinecnrboxamides, a series ol
-eycloalkyl, and -aryl derivatives was syuthesized and studied for effects on renal electrolyte excretion.

- and B-alkyl,
Several

compounds reverse tle elec tmhte excretion effects of deoxycorticosterone acetate in the adrenalectomized rat,

the most highly active being N

An extensive program of synthesis of N-anudino-3-
anlnopyrazinecarboxamides has been carried out in
these laboratories since the discovery that certain com-
pounds of this clags possess salurctic and antikaliuretic
activity i animals and man.’?  This paper is con-
ceriied with the synthesis and diuretic activity of N-
antidino-3-aninopyrazinecarboxamides with alkyl, cy-
cloalkyl, or aryl substituents at the 5 and 6 positions
of the pyrazine ring and with several of their halo-
eenated derivatives (IT).
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Chemistry.—The substituted N-amidino-3-amino-
pyrazinecarboxamides (II) were prepared by the reac-
tion of substituted miethyl 3-amiinopyrazinecarboxyl-
ates (I) (Table I) with guanidine and arc listed in
Table IT.

—midino-3-amino-6-methylpyrazinecarboxamide.
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tones (IV) were starting materials for both synthetic
routes. Method A. that of Weijlard, et al.,* involved
the reaction of IV with 4,5-diaminouracil followed by
alkaline liydrolysis of the resulting lumazines (V)
Method B, devised by Vogl and Taylor,* consisted of
the reaction of IV with aniinomalonamidamidine fol-
lowed by alkaline hydrolysis of the resulting 3-amino-

Taslr 1
METHYL H- AND/OR 6-SUBSTITUTED 3-AMINOPYRAZINECARBOXYLATES BY KsTERIFICATION wrrd METHaNon axp HCL

R N._CO,CH,
LX
W
R+ N7 SNH,
Compd Reaction Recrystn  Yield, Carbon, % Hydragen, 7% Niirogen, 40
no. R) R? thne, hr solvent® h Mp, °C Formula Caled TFound C(aled Found Caled Fonnd
2¢b H Cl; 42 A 1G4 160-167 C7H N3Oz A0.29  50.04 5.43 5.35 214 21088
3¢ H e-CsHy 16 C 31 173=174.5 CrcHizN3O2 61.25 61.35 T.28 739 17.86  17.83
4c¢ H CsHs 14 1 98 231-232 CinHn N30 18.32 18 27
7c Cls Cells N (& 0% 163-164 CrsHisN30e 64,18 64,42 .34 L 17.87T 1745
8¢ CsHs CHq 21 . Iy 16251538 CraHisNsO: G4.18 fi1.26 .34 .44 17,27 1728
10¢ CHy 11 24 D 26 BA-87 5 CsHiN3O: 55,03 A3.11 612 616 2319 23 26
lle c-CsHs H B & 13 1125114 5 CoHnN3zO» 55,45 55,61 h.74 a.64
12¢ c-CsHnr 1 33 14 S 126, 5128 Ci2Hpw N304 61,25 61,09 T8 7o 17.86 17,87
13¢8  CoHs 1 12 C 66 140-141 C,2HnN;0: 62,93 62,72 4.84 a0 18,32 18,27
l4c p-CICsHy H i 11 70 181,5-183.5 CizHpeCIN3O: 54,66 54.37 3.82 3.69 15,64 15,02
15¢ H FsC 14 ¢ 97 195.5-196.5 C;HsFsNs0»¢ 38.02 38.20 2.73 ENGE) 11.00 18 41
18¢ ~(CHz) s~ 24 C 35 164~155 CroHi3N 30 57.95 38.02 6.32 6.33 20.28 20406
@ A, water; B, acetonitrile; C, methauol; D, isopropyl alcohol; E, ethanol. * Precursor acid: see ref 5.« Precursor acid: F.
E. King and P. C. Spensley, J. Chem. Soc., 2144 (1952). 4 Precursor acid: see ref 4. ¢ Anal. Caled: F, 25.77. Found: F, 25.8%.

The key intermediates for the synthesis of the esters
(I) were the substituted 3-aminopyrazinecarboxylir
acids (III) prepared by either of the two niethods il-
lustrated in Chart 1. Substituted glyoxals or a-dike-

(1) J. B. Bicking, J. W. Mason, O. W. Woltersdorf, Jr., J. 11. Jones, 3. I
Kwong, C. M. Robb, and E. J. Cragoe, Jr., J. Med. Chem., 8, 638 (1965).

(2) E. J. Cragoe, Jr., 0. W. Woltersdorf, Jr., J. B, Bicking, 3. I, Kwong,
and J. H. Jones, ibid., 10, 66 (1467).

pyrazinccarboxamides (VI). A couvenient synthesis
of aminomalonamidamidine dihydrochloride® involving
catalytic hydrogenolysis of phenylazomalonamidani-

3) 1. Weijlard, M. Tishler, and A. [ Lrickson, ./. Am. Chem. Soc.. 87,

802 (1443).
(43 O, Vgl and 15, €. Tayvior, vhid., 81, 2472 (190D,
(3) 1. shaw and 1D, W, Wealley, J, Biol. Chem., 181, 84 s 1udu



Prenn method,

Compd time (mnin),
no. Rt Re temp
1dbee 1§ 1T B, 15, reflux
2d H CH; A, 40, 60°
3d n e-CeHn A, 45, 25°
4d 7 Jells B, 60, 55°
Hdd.e CqlT; C:H. A, 10, 95°
6d/ CH; CIT; B, 50, 50°
7d CH;, Colfs A, 5, 95°
8(1 Ce}],a CH:; A, 5, 950
ad CH, H A, 60, 25°
10d C.H; H A, 60, 25°
11d ¢c-C3H; 1T A, 10, 95°
12d C—CGHn H A, 4.'-), 25°
13d CsHs 11 B, 30, 55
14ds p-CIClL, W A, 30, 25°
15d 11 I5C B, 15, reflux
16 ¥,C IT B, 3, reflux
174 ~CH=CHCH=CH-~ A, 5, 65°
18de ~(CHy) A, 5,95°
19de Br CI{:l 13, 4-), 50°
20d Br Col, A, 60, 25°
21d CeH; Cl A, 60, 25°
22d Cell; (CH;)N A, 10, 95°
23di Cll, (CH;):.N A, 60, 60°

5- AND/OR 6-SuBs11rUTED N-AMIDINO-3-AMINOVY RAZINECARBOX AMIDES

Recrystn
solvent”

ST TP rQPrQr TR

Yield,

%

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

TasrLe IT

RIIN j~ CONHNH,
R? SN NH, Npg
Mp, °C

dec Foramla
200-202 CeHgNGO
210 CiIT,,NO
221-222 C2H;3NO
224-226 CpIT;:NO
234.5-235.5 CsHieNsO
247 CsH1NO
212213 Cy3T11,NsO
218219 Ci:HiuNGO
218-219 CiH N0
207.5-209.56  CsH;2NsO
196.5-199 CyIT;2NO
228-230 Ci12H NGO
104.5-195.5  Cpl1NgO
282285 CoH,, CINGO - HCI
222223 C:HF;NO*
230-232 C:H:F;NO
211-213 Ciol Ty NGO
220-221 CioH1NO
290 C:H,BrNO - HCI
234~-236 CrHnBrNgO
214-216 Cr1HpCINGO
205206 C\oIT;N;0
262 CyH;;N;0-2HCI

40.
43.
54.
56.
65.
46.
57.
57.
43.
46.
49.

Carbon, %
Caled

00
29
94
24
04
14
77
77
29
14
08

H4.94

44.
33.
33.
H2.
51.
27.
43.
49.
56,
34.

.24
05
88
88
17
27
16
00
57
17
85

¢ A, solution in dilute HC, reprecipitation by diliite NaOH solution; B, ethanol; C, acetonitrile and H,O; D, isopropyl alcohol.
¥. G. Mc¢Donald, J. Am. Chem. Soc., 67, 1711 (1945).

W. Woltersdorf, Jr.
Found: F, 22.73.

f Precursor

i Precursor methyl ester:

and 0 = no activity at 800 pg.

mcthyl ester:

¢ Prepared by Dr. J. TI. Jones.
R. C. Xllingson and R. L. Tlenry, J. Am. Chem. Soc., 70, 1257 (1948).
A. 1. Gowenlock, G. 'I'. Newhold, aud F. 5. Spring, J. Chem. Soc., 622 (1945).

4 Precursor methy! ester:

Found

.24
3.70
5.04

.66

34 .59

hd.

56.
43.
34.
33.

H2.

50.
27.

42.

49.
56.

34.

5.90
.08
.04
43.
.47
.30

50

25
63
74
20)
74
58
79
31
86
31
52
34

U e S T
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3.
5.
D

Hydrogen, %
Caled

48
19

5. 02
72
8D
.81
.22

22
19

.81
49
.92

72

.70
.84
.84
.38
.02

26

.31

81
73
3

Found

59

28
.68
.01

.62
L98
.33
.06
.07
.69
.49
.83
00

3.79
.07
09
.49
15
.32
.38
.74
.82
50

b Precirsor methyl ester:
L. C. Taylor, Jr., J. Am. Chem. Soc., 74, 1951 (1952).

Nitrozen, %

Caled

46.
43.
32.
32.
25.
40.
31
31.
43.
40.
38.
32,
32.
25.
33.
33.
36
35.

27.

25.

28.
32,
31.

¢ Isolated and pirified as the hydrochloride.
i Isolated and purified as the dihydrochloride.
termined from the dose (micrograms per rat) necessary to produce a 509, reversal of the Na/K effects of a 12-pg dose of DOCA:  +3 = 10-50 pg, +2 = 51-100, +1 = 101-800, &= = >800,
Although no statistically significant activity was noted at the last dose, the possibility of activity at higher doses exists.
which scored zero inn this test were active dinretics in the normal rat assay. The rats weighed 130 4 3 g.

65
28
04
80
29
36

.09

09
28
36
16
04
30
69
87
87

.1

88
15
08
91
76
61

DOCA

inhib.

Found score®
46.70 0
43.50 S
31.54 0
32.44 +
24 88 +
40.37 +
31.32 S
30.73 +1
43.25 +2
40.34 +
37.94 +
31.78 0
32.99 +1
25.31 S
33.43 +
33.98 +
36.49 +1
35.33 0
26.89 +
24 .84 S
28.60 S
32.52 0
31.38 +1

R. C. lillingson, R. I.. Henry, and

¢ Prepared by Mr. O.
b Anal.

Caled: F, 22.97.
k The score is de-

Furthermore, most of the compounds
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dine hydrochloride” is described in the Lixperinlental
Scetion”

Both method A or B theoretically can produce either
or hoth of two tsomeric aminopyrazinecarhboxyhe aeids
when =ubstituted glyoxals or misymmetrical e-dike-
tones are used as starting materials, It has been estab-
hshed that methylglvoxal yvields by method AL 3-amino-
S-methylpyrazinecarboxylic acid (2b).* but by method
B. '%--11111110-13—111(,'t.11ylpy1'uzinm-:u'boxyli(- acidt  (9h)>
N speetra® were ohtained of the methyl esters of
2b and 9b, and the chemienl shitts observed for the lone
aromatic proton i ecach xomer were used for the ns-
Aignment  of  structures to new  aminopyrazinecar-
boxylic acids prepared in this study.  Resonauce of
the O-position proton of the methyl ester of 2b appears
at 7 2,19, of the S-position proton of the methyl ester
of 9b at 7 1.80.

Cyclohexylglyoxal thus was shown to react anal-
agously to methylglvoxal and yield, by method A, 3-
amino-d-cvelohexylpyrazine .111)(),\V\1it' actd  (zinglet
at 7 2.18) and, by method B, 3-amino-6-cycloliexyl-
pyrazinecarboxylic acid (singlet at 7 1.82). When
trifluoromethylelvoxal (prepaved n situ by hydrolysis
of 1.1.1-trifluoro-3,3- th}nouumuttmc)“‘ reacted  with
aminomalonamidamidine,  two  isomeric  3-aminotri-
fluoromethylpyrazincenrhoxamides were  obtained.
The .\'pm-t ‘a of these isomers showed that the isomer
of mp 195-195° had its wmost paramaguetic aromatic
resonanee as 4 single proton band at 7 1.79, whereas the
iromer of mp 220-221° had the equivalent resonance
at 7 1580 The differential chemieal shifts (A8) for
the three pairs of ixomers reported here then are
=219 + 180 = —0.39: =218 + 1.52 = —0.36;
and —1.79 4+ 138 = —0.41. This is consistent with
the conchasion that the most paramagnetic aromatie
resonanee arises from a S-position proton and that the
moxt dinmagnetic aromatic resonmice corresponds to a
ti-position proton with the As for an isomer pair being
close to =040 7 units. Therefore, the isomer with
mp  193-195°  is 3-umino-5-trifluoromethylpyrazine-
carhoxamide (15a), and the womer with mp 220-221°
i< 3-amino -G - trifluoromethylpyrazinecarboxamnide
(16a). DBasic hydrolysis of the amide 15a gave 3-
amine-S>-trifluoromethylpyrazinecarboxylic acid in high
yvield. A shmilar conversion of the amide 16a to the
actd was nnsucceessful beennse the o-trifluoromethyl

aronp fuiled to survive nnder hydrolytie conditions.
F o CONH. s ope,
. NH, K,CO,
N 2
16a

o' nc—f‘\I COCL,
_HO',
sy —NH,

16c

F, (—'[ IC\I\H

Gy L. 1L S, v, and P Yates, S . Chem, See., 76, 6080 (1954).

{7y This process was sleveloped and a large arantity of aminomalon-
amidainidine dihydroehloride was prepared Ly W, . Rnss, Jr., A, D
sntivan, Jr., and R, Vaspolita.

(8) liacl sequence of reactians is assigned an arabic nunmeral, This
nueral followed by the letter a designates 1he intermediate lumazine or
pyrazineearboxamide, by the letter b the pyrazinecarbaxylic acid, by e the
ester, and by« rhe N-amidinopyrazinecarboxamide

(f1i Nmr spectra were taken in DMSO with & Varian \-60 gpectrometer.
We are indebted to Drse No R, Trenner and 13, Arison for taking and inter-
preving hese spectra.,

M R Beleber, A Sykes, mul L) Tanlow, ) Chome Soes, 286005 119570,

[kwong, axv Lo J. Cragor, Jr. Vol 10

Sinee the aerd was unavailable, che necessary ester
fietion was introduced by treatiment of 16a with the
Meerwein reagent, ' tricthyloxoniam fhitoroborate, md
hydroly=is of the vesnlting nmino cther with dilute
acid.  Iithyl 3-mnino-6-trifluoromethylpyvrazinecarbox-
viate (16e) was obtained in 1107 vickd.
1-Phenyl-1,2-propancdione veneted with 4 Aa-dinmimo-

111'-1(~i1 (1110111(1(1 .\) o 0’1\'1- ixomerie hunagzines, mp
281322825 dee aud 254.5-255.5° dees These vam-
p(mmls 1ave been .1\\1“110(1 arhitrarily the strelnres
7a (t-methyl-7-phenyllumazine). and 8a (G-phenyl-7
methyllumazine). respectiv (-l. A
CH.CO SOH
I I N +

CH,CO #

OH

7a
NS—oH
(‘H ZN

Sa

The niethyl exters 1 were prepared, with one exeep-
tion, hy the reaction of the substituted 3-annno-
pyrazinecarboxyhe acids with methanol in the pres-
ence  of HCL  6-NMethyl-3-aminopyrazinecarbaxyhie
acid was decarboxylated under these conditions. Tt
was couverted to the methyl ester by reaction of irs
sodiumn salt with dimethyl sulfate.  The properties of
the methyl esters are listed i Table 1.

Some studies were made of the lialogenation of methyl
esters with unsubstitnted positions an the p\‘r-tzim'
ring.  Methyl 3-amino-5-methyl- and methyl 3-amino-
S-phenylpyrazinecarboxylate were hrominated at the
6 position by the action of bromine in acetic acid.
Methyl  3-amino-6-methyl- and  methyl  3-amino-6-
plienylpyrazinecarboxylate  were  chilorinated ot the

R_[ ILOLH I IC()(H

R~ CH; or C;H,

5 position when stirred with sulfuryl ehloride at room
temperature.  Halogen atoms at the 5 position af the
methyl 3-aminopyrazinecarboxylates previously have
been shown to be readily displaced by nu(-leophih\s :
The S-cliloro esters reacted smoothly with dimethyl-
antine i aleohol to yield the S-dimethylamino esters,

R—-[ IL()CH :[ j:(,O(H .
R CH;or CH,
_—JL ILO ,CH.
{CH,N

Structure-Activity Relationships.-~"The substitnted
N-amidino-3-aminopyrazinecarboxamides (11} were
tested for deoxycorticosterone acetate (DOCA) -
hibitory activity i adrenalectontized ratst'* The

(1) [1. Meerwein, 1. Darvcenlery, 110 Godd, ¥, Pletd, and L Willfane,
Jo ekt Chem,, 154, 83 (14540,

112) These assays were eondacted by Disc MLoS0 Glzer and S0 L Seel-
sman and their assochules oF these laboracories
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dose of each compound which will produce a 509 re-
versal of the electrolyte effects of a 12-ug dose of DOCA
has been codified and the score is listed in Table I1.

The only highly active (+2) compound of this series
is  N-amidino-3-amino-6-methylpyrazinecarboxamide
(9d), which is equipotent with the analogous 6-bromo
conipound! but less active than the 6-chloro analog!
(+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 ethy! or shifted to the 5 position of the
pyrazinering.

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-Amidiuno-3-amino-6-phenylpyrazinecarboxamide
(13d) is less active than 9d but is still approxinately
equipotent with the DOCA antagonist spironolactone.!?
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 N-amidino-3-aniino-6-halo-
pyrazinecarboxamide series enhanced DOCA inhibitory
activity.?

Experimental Section!41

7-Cyclohexyllumazine (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,O and the mixture
was stirred and heated 1 hr at 100°. The solid precipitate
obtained upon cooling was collected, dissolved in hot dilute
NaOH, and reprecipitated by acidification of the solution with
HCIL Recrystallization from aqueous acetic acid gave 7.5 g
(309%) of prodnet, mp 217-227°, A sample recrystallized from
aqileous acetic acid had mp 229-231°.

Anal. Caled for CH1N:0,: C, 58.52; H, 5.73; N, 22.75.
Fouud: C, 58.59; H,5.52; N, 23.02.

6- (or 7-) Methyl-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), 1-phenyl-1,2-
propaitedione (103.7 g, 0.7 mole), H.O (1500 m!), and concen-
trated NH;OH (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°.

Recrystallization of the high-melting product from acetic acid
gave 82.4 g (569 ) of crystalline product, mp 281.5~282.5° dec,
designated as 7a.

Anal. Caled for CisHpN.O:: C, 61.41; H, 3.96; N, 22.04.
Found: C, 61.78; H, 3.91; N, 22.08.

Recrystallization of the low-melting product from acetic acid
2gave 32 g (2297) of crystals, mp 254.5-255.5° dec, designated as

a,

Anal,  Caled for CisH;pN,O2:  C, 61.41; H, 3.96; N, 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 NaHCO; (57 g, 0.68 mole) were added to water (21.),
aud 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%
HCI. The precipitated product weighed 104 g (90%), mp
329.5~-330.6°. A sample recrystallized from aqueous ethanol
had mp 331.5-332.5°.

Anal.  Caled for CieHioN.Os: C, 55.04; H, 4.62; N, 25.68.
Found: C, 55.29; H, 4.70, N, 25.58.

Aminomalonamidamidine Dihydrockloride.—Phenylazomalon-
amidamidine hydrochloride® (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.

(13) Microanalytical data were obtained by Mr. K. B. Streeter. Mr.
Y. C. Lee. and their staff.
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H.0 (3.66 1.) with 269 g of 59, Pt~C catalyst was hydrogenated
at room temperature under an initial pressure of 2.8 kg/cm? 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 HC! (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, 1).28 mole) was added to a
solution of ethylglyoxal (28.8 g, 0.335 mole) m H.0O (450 ml) at
5°. Concentrated NH,OH (65 m!l) was added to make the solu-
tion basic. After 20 hr at 25°, the precipitated product was
collected and recrystallized from izopropyl alcohol to obtain
17.5 g (389;) of 10a, mp 160-167°. A sample recrystallized
from isopropy! aleohol has mp 165.5-165.5°.

Anal. Caled for C;HpNO: N, 33.72, Fonud: N, 33.83.

3-Amino-6-cyclopropylpyrazinecarboxamide (1la) was pre-
pared analogously from cyclopropylglyoxal in 339 yield aud has
mp 185.5-187.5° (from isopropy! alcohol).

Anal. Caled for CsHpNO: C, 53.92;
C, 53.83; H, 5.43.

3-Amino-6-cyclohexylpyrazinecarboxamide (12a) was prepared
analogously from cyclohexylglyoxal hemihydrate in 279 yield
anud has mp 185.5~187° (from ethauol).

Anal. Caled for CnHN.O: C, 59.98; H, 7.32; N, 25.44.
Found: C, 60.07; H, 7.39; N, 25.22.

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

Anal. Caled for CnH,CIN,O: C, 53.13; H, 3.65; N, 22.53.
Found: C, 52.83; H, 3.68; N, 22.33.

3-Amino-5-triflucromethylpyrazinecarboxamide (15a) and 3-
Amino-6-trifiuoromethylpyrazinecarboxamide (16a).—A mixture
of 1,1,1-trifluoro-3,3-dibromoacetone’® (97.8 g, 0.363 mole),
sodinm acetate trihydrate (98.6 g, 0.725 mole), aud 300 ml of
H:0 was heated, with stirring, to 100° diring 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,O at 0°. The pH of the solution was
adjusted to 89 by addition of about 140 ml of conceutrated
NH.OH 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 ye!low
crystals of 15a, mp 193-195°. A sample of 15a recrystallized
from acetic acid had mp 195-196°.

Anal. Caled for CeH:FyN,O: C, 34.06; H, 2.44; F, 27.65;
N, 27.18. Found: C, 35.39; H, 2.71; F, 27.53; N, 27.19.

The acetic acid mother liquor from the recrystallization of
158 was diluted with H,0 to precipitate 7.1 g of a light yellow
solid, mp 211-214°. Recrystallization from aqueous acetic acid
gave 16a, mp 220-221°, 5

Anal. Caled for CeHsFyN,0: C, 34.96; H, 2.44; F, 27.65;
N, 27.18. Found: C, 35.26; H, 2.75; F, 27.24; N, 26.89-

3-Amino-6-ethylpyrazinecarboxylic Acid (10b).—A mixture of
10a (24.4 g, 0.147 mole) and 200 m! of 105, NaOH solution was
stirred and heated on a steam bath for 30 min. When t'he re-
sulting solition was chilled, the sodium salt of 10b precipltat.ed.
The salt was collected and dissolved in hot water, ahd the solution
was acidified to congo red with HCI to precipitate 22.8 g (93%)
of 10b, mp 149-152°, which was esterified without further puri-
fication or analysis.

3-Amino-6-cyclopropylpyrazinecarboxylic acld (11b) was pre-
pared by the analogous hydrolysis of 11a in 61 crude yield, mp
169-172°.

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

Anal. Caled for CuHsN:0:: C, 59.71; H, 6.83; N, 18.99.
Found: C, 59.43; H, 6.78; N, 18.92.

H, 5.66. Found:

(16) E.T. McBeeand T. M, Burton, J. Am. Chem. Soc., T4, 3902 (1952).
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3-Amino-6-p-chlorophenylpyrazinecarboxylic Acid (14b).--A
mixture of 14a (17.5 g, 0.071 mole) and 57 NaOH solution
(1.2 1) was heated and stirred 5.5 hr on a steam bath and then
cooled to precipitate the sodinm salt of 14b. The salt was dis-
solved in boiling water and the soluiion was acidified with HCI.
The precipitated product was recrystallized from acetic acid ta
obtain 10.5 g (607 ) of 14b, mp 207-213°. A sample recrystal-
lized from acetic ncid had mp 21:3-215°,

Anal.  Caled for C\H,CIN;Os: €, 52,92 1, 123 N, 1688,
TFound: C, 52.69; H, 3.19; N, 16.%9,

3-Amino-5-trifluoromethylpyrazinecarboxylic Acid (15b).-—-A
wixtire of 15a (18.5 g, 0.09 male) and 5% NaOH solution (740
ml) was heated 10 min o a stenm bath,  The resulting solution
was chilled and acidified to congo red with 6 .V HCI ta precipi-
tate 17.8 g (95%) of 15b, mp 185-186° deec,

Anal. Caled for CeHFNOL: C, 34.709; H, 1.95: N, 20.20.
FFound: G, 35.10; T, 1.95; N, 20,23,

3-Amino-5-cyclohexylpyrazinecarboxylic Acid (3b).~-A solu-
tion of 3a (18.5 g, 0.075 mole) aud NaOQll 19.0 g, 0.225 mole) in
1D (90 ml) was lhieated 17 Lir at 165° 1 0 sealed antoclave.
The resnlting mixtire was added (o 200 ml of 11,0 and filtered,
and the filtrate was acidified with HCI to preeipitate the ernde
ncid whiclh was recrystallized from isoprapyl aleoliol to obtain
K0 g (489 )of 3b, mp 182.5--183.5°.

Anal.  Caled for C(H;NiOy: €, 50.71:
Found: C, 59.99; 11, 6.56; N, 18,08,

3-Amino-5- (or 6-) phenyl-6- (or 5-) methylpyrazinecarboxylic
Acid (7b).—A solution of 7a (40.7 g, 0.16 mole) and NaOH
(14.9 g, 0.372 mole) in H.O (185 ml) was heated 3.5 hr at 170°,
The solution was cooled to precipitate the sodinm =ult of 7b.
The salt was dissolved in 600 ml of boiling H.O and the solution
was acidified with acetie acid ta precipitate 20.6 g (816{) of
7b, mp 193.5-194.5°. The melting point after recrystallization
from acetic acid was nnchanged.

Anal.  Caled for CHnN;Ox: €, 62.87; M, 4.84: N, 1834
Found: C, 62.97; H, 4.68; N, 158.46.

3-Amino-5- (or 6-) methyl-6- (or 5-) phenylpyrazinecarboxyllc
Acid (8b).—The analogous hydrolysis of 8a gave 19.1 g (6997) of
8b, mp 155--156° (from aquieous ethanal),

Anal. Caled for CoHNN3Ox: €, 62.87; 1, 4.84; N, 1833,
Fonnd: C, 62.95; 1, 4.80; N, 18.54.

3-Amino-5,6,7,8-tetrahydroquinoxaline-2-carboxylic Acld
(18b).—A solution of 18a (45 g, 0.206 mole) and NaOH (45 g,
1.125 moles) in H,() (375 ml) wax heated 20 hr at 170°. The
mixtire was cooled, diluted with 100 ml of water aud filtered, nud
the filtrate was acidified with 6 N hydrochloric acid to pH 2 to
precipitate the ernde acid.  Reerystallization from aqueons
etlitol gave 14 g (3597 ) of 18b, mp 174.5°.

Anal.  Caled for CoHLN;Op: €, 55,03 H, 5.74; N, 21.74
Found: €, 55.77; U, 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-
antinopyrazinecarboxylic acid (0.1 mole) was stirred with a solu-
tion of TCH (300 g) i mnethanol {1 1,) at 25° for the tine specified
in Table 1. The mixture was tlhien concentrated by vacnam
distillation ta about one-quarter valame, poured into 750 ml of
IT.0, and made basic by the addition of solid NaHCO;, and the
precipitated ester was collected and recrystallized.

Methy! 3-Amino-6-methylpyrazinecarboxylate (9¢).—The so-
dinm salt of 3-amino-6-methylpyrazinecarboxylic acid was pre-
pared by dissolving the acid* in hat 5% NaOH and chilling to
precipitate the salt which was collected and air dried. A mixture
of the salt (97 g, 0.55 mole), (CH3).50, (77 g, 0.61 mole), and 700
ml of methanol was stirred 19 hr at 25°. The resulting near
salition was filtered, and the filtrate was evaparated to dryness
by vacunm distillation.  The rvesidue was stirred with 200 ml
of satnrated NaHCO; salition.  The insoluble product was col-
lected, washed with water, and dried. There was obtained 18 g
(20¢%) of 9¢, mp 138.5-140.5°. A sample was recrystallized
from henzeite with nnchanged melting point.

Anal. Caled for G:HyN;0.: C, 50.29; H, 5.43; N, 25.14.
Found: C, 50.45; T, 5.49; N, 25.02.

Ethyl 3-Amino-6-trifiuoromethylpyrazinecarboxylate (16c¢).-—
A hot solution of the amide 16a (2.0 g, 0.0097 mole) in ethylene
chlaride (350 ml) wax added ta a solution of triethyloxonium
fhiroroborate (20.0 g, 0.105 mole) in ethylene chloride (350 ml).
After 3 hr, the ethyleue chloride was evaporated in vacuo. The
residnal oil svax stirred with 0 5 .V K,COy solution (40 ml) far

I, 6.8 N, 18.499.

. Kwoxa, anp I8, Cacor, Jie.

Vol fo

Soonp; 1) GO b was added, and the imino o was taken
ap in ether and then extracted into 1.V 11804 =ohttion {111 inls.
After 3 lir, the product was extricted with etlier, dricd 1 Mgs0,0
and distilled at veduced pressive. The distilled praditel =olidi-
fied and was recrystallized Trom hexane to yield 250 mg <117, ¢
of the exter, mp 91.5-03.5°,

Anal, Caled Tor CoHgFa N0 € A0R6: 1L 501050
Found: (L 41.51; I, 3.87: N, 17.45.

Methy! 3-Amino-5-methyl-6-bromopyrazinecarboxylate 7 19¢).
-A solution af bramine 14.2 g, 0.026 moleY in 3 ml o] aeebe
aeid was added during 20 min ta a salntian ol methyl S-nmine-i-
metlivipyrazinecarboxylate (2¢) 4.2 g, 0.025 moles in aceld: acid
tta mh.  The sohttion was poure:d into 150 ml of 11,0, Tl
precipitated pradinet was recrvstallized ywiee Trang aeetie aeid 1o
vield 341 g 1597 > of 19¢, mp 179 IN1°.

dnal. Caled far CHHBrNqO.: O 5414 1L 30250 N,
Fonnd: € 34420 10 5.26: N, 1000

Methy! 3-Amino-5-phenyl-6-bromopyrazinecarboxylate (20c).
~A solutian of brontine (11.2 g, 0.07 mole), and metlivl S-ambus-
a-phenylpyrazineearboxylite Y4el (105 g, 0.046 moles in aeene
aeid 700 ml) was heated a1 8S3° Tor 21 hee The sobition was
poared nta 2 Lol water, and 1he precipitated proditet swas
recry=tallized Tront acetie aeld ta vield 105 g (749, of 20e. myp
2172210,

dnads Culed Tor Cul i BeNgO: CoBLaos T 50510 N 2Als.
Found: €, 42.86: 11, .38 N, 24.84,

Methyl 3-Amino-5-chloro-6-phenylpyrazinecarboxylate (21ci.
A mixture of methyl S3-amino-t-phenyvipyrzinecarboxyvlate
(13¢) (25.6 ¢, 0.125 mwales and SOLCL YYD was stivred 1.5 Ty
at 25°% PFxcess SOL0CL was removed by vaonun distilladion.
The resithie waux mixpended in 200 ml of HaO mad tlie mixturee was
ventralized with NallCo,. The inzobihle pradnet was reerystal-
lized from aectic aeid to obtain 15 g (4560) of 21e, mp 184 14007
A sumple veerystallized repeatedly Trom aeetic acid lind mp [87.5
191.5°.

Anal. Caled far Cal,0IN:0.0
Fannd: ¢, 54.08; 1L 3.59: N, 15.9x.

Methy! 3-amino-5-chloro-6-methylpyrazinecarboxylate i~
preparved nualogonsly {from 9e¢ in 4177 vield and had mp 176
178.5° (fram ethyl acetate).

Methy! 3-Amlno-5-dimethylamino-6-phenylpyrazinecarboxyl-
ate (22¢). —A mixture of 21e (2.6 g. 0.0] mwole), dimethylunine
(5 g nnd metumoel 40 My was stirved at 25° for 16 . The
=alid prodiet wis recrytallized from methanal to obtion 1.4 ¢
1524, 1 of 22¢, mp 1675 16¢.5°.

Anal. Calerd for CpaN DL € G170 L A02 N 25N,
Found: €, 61.92: H, 6.06: N, 204N,

Methy! 3-Amino-5-dimethylamino-6-methylpyrazinecarboxyl-
ate (23¢).--A solntion of methyl A=umino-a-chilaro--metlyl-
pyriazinecarboxylate €13 g 00164 mmle), mol dimethylanioe
(6 g1 in isopropyl aleoliol 125 md) was kept a1 25° far 1l and
then evaparated.  The residie was reery=tallized Trom beuzene
evelohieximie to obtain 2.0 g (8490) of 23¢, mp 108.5-111.5°,

dual, Caled Tor CllNsDa: N, 26,65, Pannd: N, 26.70.

5- and/or 6-Substituted N-Amidino-3-aminopyrazinecarbox-
amides. General Methods for Table IL--Guuanidine hydro-
chlaride (0.1 mdet was added to o salution o sodinm niethoxide
preparved by dissalving =adimn (0.1 g-ntom | in methanol J10D
mly  Inosmethad A, the methanol was retmoved by vacim dis-
tillation, the methyl 5= avdyor G- =ubstituted S-uminopyriazine-
earboxylate 70.02 mole; was added, and the reaction was con-
dieted at the tempersture and far the time specified in Table 11,
Tlhe mixtire was cooled and stirred with 100 m! af water, and the
=alid prodirel was colleetol. Tn method B, the ester 10.02 mole)
wis sidded diveetly 1o the =alution of gieinddine in ntethanal and
the mixture wax hented at e temperature aud Jor tie time
specified in Table 110 The reaction mixture hen wis caoled
and the salid produet whicl separated was colleeted and washed
with water.

The substitinted N-amidino-S3-aminapy razinecarboximides were
purified by recry=tallizatian fram the solvents specified in Tuble
11, or by dissalutian i dihite HCT and reprecipitation hy hasifien-
tion af the =alntion with dilite NaOT salution.

The hydrochlaride salts were prepared hy dissolving the b
stitnted N-amidiun-3-aminapyrazinecarboxaimides in dilice 11CL
and then adding coneentrated HCL to enuse the sults to preeipi-
tate.  They were purificd by reerystallization as specified o
Tuble 11,

AT I
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