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TasBLE 111
Ascaris suum IN SWINE"®

Dose, No. of larvae
No. Y% in feed Liver lesions in lungs Lung pathol
111 0.02 > 500 0-600 0-0
0.04 140-160 0-600 0-0
X\V1 0.01 54-125 0-400 0-0
XVIIT 0.01 9-86 400-1600 0-1
Unmedicated controls > 500 10,000-15, 000 34

< The test compounds were adminis(ered at the stated dosage level in feed for a period of 10 days to two pigs in concrete-floored pens.
An infection of 10,000 embryonated Ascaris suwm eggs was administered 3 days after the start of the inclusion of the test compound iu
thefeed. The animals were sacrificed after 10 days and examined for liver lesions and lung pathology.

Experimental Section!*

3,3'-Diethyl-6,6'-dimethylthiadicarbocyanine Jodide (VI).—
Triethylamine (7.3 ml) was added to a refluxing solution of 2,6-
dimethyl-3-ethyibenzothiazolium iodide® (16.0 g, 0.05 mole) and
1-methyl-1,2-dithydro-2-iminopyrimidine hydriodidet (5.9 g, 0.025
mole) in ethanol (150 mi). The resulting deep blue mixture was
refluxed for 30 min, cooled, and filtered, giving VI, mp 259-260°,
vield 9.5 g (70%).

The other symmetrical thiadicarbocyanines listed in Table I
were prepared in the same way.

2-(4-Dimethylamino-1,3-butadienyl)-3-methyl-6-ethoxybenzo-
thiazolium Jodide (XIX).—A mixture of 2,3-dimethyl-6-ethoxy-
benzothiazolium iodide® (12.0 g, 0.035 mole) and N,N’-1-
propen-l-yi-3-ylidenediauiline hydrochloride (9.1 g, 0.035 mole)
in acetic anhydride (100 ml) was refluxed for 1 hr. The mixture
was cooled and filtered, giving 2-(4-acetanilido-1,3-butadienyl)-

(14) Melting points were taken on a Thomas-Hoover capillary melting
point apparatus and are corrected. Elementary analyses were performed
by the Microanalytical Laboratory. Abbott Laboratories, North Chicago.
T1l.

(15) H. C. Barany and M. Pianka, J. Chem. Soc., 2217 (1953).

(16) M. Q. Doja and J. C. Banerjee, J. Indian Chem. Soc., 28, 7 (1951).

3-methyl-6-ethoxybenzothiazolium iodide, mp 230-232°, yield
15.0 g. The acetanilido derivative (14 g) was added to a solution
of dimethylamine (10 g) in ethanol (50 ml), and the mixture was
refluxed for 30 min. The product, which separated out on cooling,
was filtered and recrystallized from methanol to a constant melt-
ing point of 231° dec, yield 9.6 g (6697 ).

The other hemithiacyanines listed in Table II were made in
the same way.

2,3-Dimethyli-6-nitrobenzothiazolium Jodide.—2-Methyvl-6-

nitrobenzothiazole” (25 g, 0.13 mole) was heated with methyl
todide (23 g, 0.16 mole) in a pressure bottle at 100° for 24 hr.
The solid product was triturated in ether, giving 1.4 g (99%),
mp 240° dec after recrystallization from nitromethane.

Anal. Caled for CiHIN:0.8: C, 32.15; H, 2.70; I, 37.76;
N, 833: 8, 9.54. Found: C, 32.25; H, 2.96; I, 38.10; N, 8.26;
S, 9.53.

Acknowledgment.—The authors are indebted to
Dr. A. O. Geiszler for invaluable help in the coordina-
tion of the research program.

(17) Y. Mizuno and K. Adachi. J. Pharm. Soc. Japan, T2, 739 (1952);
Chem. Abstr., 48, 2689 (1954).
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The synihesis of a series of N-amidino-3-amino-6-substituted pyrazinecarboxamides is described. Since more
direct xynthetic routes were unsuccessful, the intermediate 3-amino-6-substituted pyrazinecarboxylic acids were
synthesized by mucleophilic displacement of the chlorine from 6-chloro-4(3H)-pteridinones or their 3-methyl

derivatives, followed by alkaliiie hydrolysis.

These were cyclized to the 2-methyl-6-substituted 4H-pyrazino[2,3-

d] [1,3]oxazin4-ones, which upon reaction with a guanidine followed by hydrolysis, afforded the desired com-

pounds.

When the N-amidino-3-amino-6-substituted pyrazinecarboxamides were assayed for saluretic and

diuretic activity in normal rats, the 6-methylmercapto and the 6-benzylmercapto derivatives proved to be the
most potent, while in the corresponding 3-acetamido series, the outstanding members were the 6-methylmercapto

and the 6-methoxy derivatives.

The observation that the diuretic activity of N-
amidino-3-aminopyrazinecarboxamide is markedly in-
creased by the introduction of a 6-halo! or 6-methyl?
substituent prompted the extension of the series to
include a variety of 6-substituted derivatives (VIII
and IX).

Chemistry.—The syuthetic route for the compounds
of this series is summarized by Scheme 1. Since this
route affords the intermediate 3-amino-6-substituted
pyrazinecarboxylic acids (V), it was found most con-
venient to prepare the N-amidino-3-amino-6-substituted

(1) Paper I of this series: J. B. Bicking, J. W. Mason, 0. W. Woltersdorf,
Jr., J. H. Jones, 8. ¥. Kwong, C. M. Robb, and E. J. Cragoe, Jr.. J. Med.
Chem., 8, 838 (1965).

(2) Paper 111 of this series: J. B. Bicking, C. M. RobD, 8. F. Kwong.
and E. J. Cragoe, Jr., ibid., 10, 598 (1967).

pyrazinecarboxamides (IX) by the previously described
method! involving the reaction of a “cyclic iminoanhy-
dride,” 2-methyl-6-substituted 4H-pyrazino[2,3-d][1,3]-
oxazin-4-one (VII), with guanidine followed by hy-
drolysis of the 3-acetamido intermediate (VIII).

In this way, the reaction was carried out with “imino-
anhydrides” (VII) bearing eight different 6-substit-
uents (VIIa-h). The N-amidino-3-acetamido-6-sub-
stituted pyrazinecarboxamides (VIII) were readily
isolated, and, except in two instances (VIIIb and c),
they were characterized. Representative members
of the series were hydrolyzed to the corresponding N-
amidino-3-amino-6-substituted pyrazinecarboxamides
(IX).

Initially, attempts were made to prepare the inter-
mediate 3-amino-6-substituted pyrazinecarboxylic acids
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(V) vig the reaction of methyl 3-amino-6-chloropyra-
zinecarboxylate (I) with various nucleophilic reageuts.
However, even under the most rigorous conditions
amines, sodium alkoxides, and sodium mercaptides
failed to react.

I a search for alteruate routes to these intermediates
(V) it was noted?® that the halogen atom of 6-halo-
pteridines is readily susceptible to nucleophilic dis-
placement.  6-Chloro-4(3H)-pteridinone (IIla) was
prepared by heating 3-amino-G-chloropyrazinecarbox-
amide (ITa) with a mixture of acetic anhydride aud
ethyl orthoformate according to a well-known method.*
Thie N-methylamide (IIb) afforded the homologous
3-methyl-6-chloro-4 (3H)-pteridinone (I1Ib). The re-
action of these pteridinones with u variety of sodium
alkoxides, sodium mercaptides, and amines gave the
desired 6-substituted pteridinone (IVa—i).

Since the hydrolytic cleavage of 4(3H)-pteridinones
had been reported® it was anticipated that the reaction

(3) A, Albert, D. J. Brown, and G. Cheeseman, J. Chem. Soc., 1621 (1952).
(4) T. C. Taylor, Jr.. J. Am. Chem. Soc.. T4, 1651 (1952).
(3) A. Albert, Quart. Rev. (London), 6, 211 (1932).

could be applied to our G-substituted derivatives
(IVa-d). Indeed, the 6-methylmercapto (IVa) and
6-benzylmercapto (IVb) compounds yielded the cor-
respouding 3-amino-6-substituted pyrazinecarboxylic
acids (Va and b). However, with 6-methoxy-4(3H)-
pteridinone (IVe) the product was 6-hydroxy-+(3H)-
pteridinone’ (X). Attempts to effect further hydroly-
six using more vigorous couditions were unsuccessful
{Scheme IT).

Attempted hydrolytic cleavage of 6-dimethylanino-
4(3H)-pteridinone (IVd) did uot give the desived 3-
amino-G-dimethylaminopyrazinecarboxylic  acid (XI)
but rather the decarboxylated derivative XII (Scheme
1D).

When 3-methyl-6-substituted 4(3H)-pteridinones
(IVe-1) were used, much more satisfactory results
were achieved since hydrolytic cleavage occurred under
milder conditions. Although this observation was
anticipated from the studies of Albert, et al. the

(6) A, Alberc and D. J. Browi, J. Chem. Soc., 74 (1953).
(7) A. Albert, D. J. Brown, and H. .. 8, Wood, ¢bid., 2006 (10563,
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marked improvement in the method is noteworthy.
Thus, 3-amino-6-methoxypyrazinecarboxylic acid and
various 6-substituted amino analogs (Ve—g) were pre-
pared in good yields by this procedure.

3-Amino-6-mesylpyrazinecarboxylic acid (VI) was
prepared by the alkaline permanganate oxidation of
the corresponding 6-methylmercapto compound (Va).

One of the most common routes for the synthesis of
N-amidinopyrazinecarboxamides is by the interaction
of the alkyl pyrazinecarboxylates with guanidine.
Therefore, attempts were made to convert the various
3-amino-6-substituted pyrazinecarboxylic acids (V)
to the corresponding esters by several methods. How-
ever, under acidic reaction conditions extensive de-
carboxylation occurred. In fact, thé tendency for
the 3-amino-6-substituted pyrazinecarboxylic acids
(V) to decarboxylate made it advisable to isolate them
from the hydrolytic cleavage reaction in the form of
the sodium salts.

The synthesis of 3-amino-6-dimethylaminopyrazine-
carboxylic acid (Ve) was of interest since it contributed
to the structure proof of methyl 3-amino-5-dimethyl-
aminopyrazinoate (XV) which we had reported pre-
viously.! Compound XV, which had been prepared as
shown in Scheme III, was hydrolyzed to the corre-

Scueme 111
N
Cl:f ICOOCHS
Cl Sy NH,

CliN]:COOCHS
(CH)N—ny A—NH,
XTI X1V
[/N]:coocm J:NI COOH
(CH,),N \N NH, (CH,),N: N NH,

sponding acid (XVI) and shown to ke different from
but isomeric with Ve.

The 2-methyl-6-substituted 4H-pyrazino{2,3-d]{1,3]-
oxazin-4-ones (VIIa—h) were prepared by the reaction
of the appropriate 3-amino-6-substituted pyrazine-
carboxylic acids (V or VI) with acetic anhydride ac-
cording to the method described earlier.! These
“iminoanhydrides” (VII) are especially useful when the

(8) Paper 11 in this series: E. J. Cragoe, Jr.. O, W. Woltersdorf, Jr., J.
B. Bicking, 8. F. Kwong, and J. H. Jones, J. Med. Chem., 10, 66 (1967),
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esters are not accessible or where the ester is not ade-
quately reactive with a particular guanidine. The
“iminoanhydrides’ also provide the 3-acetamido de-
rivatives (VIII) which are not accessible by other
routes.

Although direct displacement of the halogen atom of
I by nucleophilic reagents is not generally successful,
it was found that heating I with aniline and HCI in
acetone gave methyl 3-isopropylideneamino-6-anilitio-
pyrazinoate (X VII) which upon reaction with guanidine
afforded the corresponding acylguanidine (XVIII) as
shown in Scheme IV. If aniline was omitted or if

ScHEME IV
[ CHNH - CH, NH—[ ]:COOCHJ
TH)O N=C(CH,),
Xvia
C.H.NH J\_—CONHC (=NH)NH,
N=C(CH,),

XVl

acetone was replaced by ethanol, no reaction occurred.
The reaction also failed when p-anisidine or p-chloro-
aniline were substituted for aniline.

Structure—Activity Relationships.—Each of the N-
amidino-3-amino- (and acetamido-) 6-substituted pyra-
zinecarboxamides (VIII and ¥X) which were prepared
in this study were assayed for their deoxycorticosterone
acetate (DOCA) inhibitory activity using the adrenal-
ectomized rat according to the method deseribed
earlier.!'®® The compounds were administered by
the subcutaneous route. A scoring system similar to
that described previously® was used and the data are
recorded in Table I. In this test each of the ten com-
pounds exhibited weak activity, except for the 3-acet-
amido-6-benzylamino compound (VIITh) which was in-
active at a dose of 800 ug.

These ten compounds also were tested intraperitone-
ally in normal rats!® using a previously described
method.!! The relative potency of the compounds was
based upon an assay (at doses of 5 and 50 mg/kg) in
which the increase of electrolyte (Nat and Cl—) and
urine volume over control values were considered.
Under these conditions hydrochlorothiazide, chloro-
thiazide, and controls are scored +3, 42, and 0, re-
spectively. Compounds with activities between chloro-
thiazide anid controls are scored 4-1 or =£.

Using the normal rat assay, 4 greater spread in activ-
ity is noted for the compounds under consideration than
was observed with the DOCA inhibition assay. In
the 3-acetamido series (VIII) relatively good activity
is seen with the 6-methylthio (VIIIa) and 6-methoxy
(VIIle) compounds while the other members exhibit
little or no activity. Similar results are observed in the
3-amino series where only the 6-methylthio (1Xa)
and 6-benzylthio (IXc) are active. From the avail-
able data it would appear that the N-amidino-3-amino-
(and acetamido-) 6-substituted pyrazines reported

(9) M. S. Glitzer, S. L. Steelman, and their associates are responsible for
these assays.

(10) Dr. J. E. Baer and his associates carried out tbese assays and sup-
plied these data.

(11) E. J. Cragoe, Jr.. O. W. Woltersdorf, Jr.,
Sprague, J. Med. Chem.. 5, 896 (1962),

J. F. Baer, and J. M.
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3-Amino-6-chloropyrazinecarbaxamides

11la 11 | W 88 231-232 CpHCINLGO 3480 5H.28 2,42 32 47 82.55
11t C'Hy 1 14 87 152-154 CeH:CINJO S8 w2 AR B2 % TR 3003 29 71
6-Chlurn-4 G311 -prertdinanes
111 11 2 1=\ a7 268=270 dec  Call CINGO Au27 0 su il 1 65 18T 30 6l 3103
1111, 1l 2 Al 82 217210 C L CENGO | e PR P TR (41 RERI NS S TRt S
G-Subistiinted 453 1H-Prerulinmmes
IVa 11 CHas 3A 1-wW 36 28H-201 CiHNLOR 13,24 1.8h 81
vl 11 CsHsCH:S 3A I-W 68 231-233 CrallgNLOX Y VR PRPE LR B BT 2075 20,54
IvVe tl CH,0 31 1-W i 283-286 dec  (:115N:O 1714 3.3 376 31.4n 31.77
1Vvd 11 (CHa):N 3C 1-W e 2942915 CilleNO H0, 2 .74 4.0 36.683 36,72
1Ve CHs (CHy):N 3C A 72 256-2H8 C:HouNsO 52.06 B 5,40 D.3Y 0 34 13 34019
Ive CHa CH:0 3B 1 98 232-234 CyHNLO: 5000 H0.53 120 447 2916 29,04
IVe CH, CeHyoN/ 3C 13 A6 207-209 CllieNO AR.TG AV.I8 G u 5.91  28.55 28, 80
1VDh (‘Hs (CH3»CHNH 3C .
1V) C'Hy CsHsCHNH 3C 13 60 212--214 CllsNs0 62 01 A2.90 4. 4Q .00 26 200 25,45
3-Amino-6-substituted Pyrazinecarboxyvlie Acids
Vo CHyS 4A T 30 182-184 dec  (H-NuO=2 ARED Bu 58 3,08
Vb CsHeCHR 4A T 35 138-130 CollNWOR BT D PR 1.1 16.08 15,46
Ve (C"Ha):N 413 M Tu 164.5-165.5 (511 N:0 E 2RI PR 571 3076 30.68
e
Vd CH,0 413 »i
Ve CsHiN S 11 i
Vi (CH»):CHNH 4B it
Ve CsHsCH«NH 413 W 98 130-132 dec  CuH1:N3sOs D4 58.04 22 94 22,88
Vi CHyR0. 10 1 486 239-242 dec  CsHiN»OsS ¥ 18 33,81 16,35 18.88
2-Methyl-6-substituted 4H-Pyrazinn{2,3-d] [1,3}oxazin-d-ones
V1la CH:S B 13 94 189-191 CsHN,0:8 45,42 46,11 5,57 20.08 20.04
Vilb CH3S0: 3 A 58 214-216 CsHiN3O3 39,83 40,23 203 17.42 17.27
Vile CsHsCH-S Bl B 76 116-118 CHaHyN30aR A8.03 A& .94 » 89 14.73 14.68
VIld (CHa3):N 5 13 66 210 dec C9eH1eN4O: 52,42 H2.89 1. 80 2717 27.04
Vile CH10 b B 52 190-192 CsHiN303 40.74 49.79  3.65 21,75 21.81
V1 CsHoN/ b} B 45 172-174 CyeHy:N O 58 52 58.40 5. T3 5.7+ 22.75 22 .86
Vg (CH3):CHNH 5 B 38 212-214 CrHi2N4Os 54 Ht H4.61 5. 49 5.42 25,44 2511
VIIL CsHsCH-NH 3 B 30 168-170 CysHyN4Ox 82. 88 62 .49 .51 1.6 20,88 20.80
N-Amidino-3-acetamido-6-sutbstititted Pyrazinecarboxamides
Villa CHsS 6 p 68  220-222 dec  CyHy:N0:8 40,24 30 90 1 Al .80 B1.33  31.139 o+ 2
VIIiIb CH380- 6 e
VIiie CsH¢CHsS 6 e
VIIId (CHa3)N [¢] W 44 236 dec CyHeN<Os- HNOy 36,59 36,58 S 5.02 34.27 4 4
VIille CH:0 ¢} W 33 225 dec CeHpNsOs-HNOs  34.29 31,68 116 R 31.10 T 2
VIIIf CsHN/ 6 W 75 228 dec C1sHieN:O.- HNO, 42.34 2.7 5,47 . 30.79 3 [§)
VIiig (CH3):CHNH 6 A\Y 44 203-205 dec  CHHeN:O« HNOy 38,60 3870 53D 5 32.80 + a
VIlIh CsHsCH«NH 6 W 28 225-228 dec  CulhiN:O:HNO, 4815 46 14 4.0H 1 2840 a B
N-Amidino-3-amino-G-substitured Pyrazinecarbaxamides
1Na CHsS T 1-W 65 202-203 dec  C7HwNeOS 3T 43 44D 4.0l 37.00 =E 2
1Xb CH;S80» n 1-W 20 222224 dec C7llLuNeOu® 52. 82 5.0 3,70 219 1 I}
IXe CsHeCH:S T I-W 92 171--173 dec Oy uNOR 18D 1 67 482 27 27,062 + 2
IXd (CH-N 7 P T3 195197 dec  CsHyN:O £2.80 58T 6.00 43,92 43 44 e +

« The nmumber and letter correspoitds to thase in the Experinen(al Section,  * A, acelane; 13, beuzene; I, ethanol; I, isupropyl
alcohal: M, methanol; P, dissolved in dilute aqueons hydrochloric acid and precipitated with dilure agnenus sndium hydimxide: T,
ethyl acetate; W, water. ¢ The compound failed to crystallize; therefore, the solvent wus remnved from the veactivn mixrnve hy
reduced pressure distillation and the residhie nsed in the next reactinn. 4 The sadiiun =alt of 1he pyrazinecarbixylic acid which separated
upan cooling the reaction mixture was used directly int the next reacrion. ¢ This compannd was tsalated b nor purified and charac-
terized before use in the next reaction. / Piperidino. ¢ The DOCA iithibirion scare is the dase prodacing 50 reversal of tlie DOCA
Na/K effect: +2 = 50-100 pg/rat, +1 = 101-800, == = >&00, ) = na activity al S0 pg.  Although na statistieally significant ac-
livity was noted at the last dose, the possibility of activily at higher dases exixts.  Alxa, it will be nated thal cinpinds innelive o 1his
assay are active in the normal rat assay.

here are more kaliuretic than those deseribed pre- used to prepare marve than ane compouttd it a seties, ab exentplary
viously. 128 procedure is described and snmmar‘\'.of the details regarding

C . d XVIII hibited weak activity () ather members of the series i recorded in Table 1.
. ompoun AR exnibited weak ‘,I‘C V1LY =+ 3-Amino-6-halopyrazinecarboxamides (II). N-Methyl-3-
i1 the DOCA inhibitiou assay but not in the normal amino-6-chloropyrazinecarboxamide (IIb).—A suspension of I!
rat test. (20 g, 0.107 mole) in 409 aqueous methylamine (200 ml) was
stirred at room temperature for 20 hr. The solid product was
H ion 13 removed by filtration, washed with water, and dried. The
ExPerlmental Section vield was 17.5 g (879), mp 151-154°. After recrystallization

Pertinent details regarding the synthesis aund physical proper- from ethanol ITh melred at 152-154°.

ties of each new compound are presented. Where one method ix 6-Chloro-4(3H)-pteridinones (II11). 6-Chloro-4(3H )-pteridi-

none (IIla).—A mixture of IIa (33 g, 0.19 mole), acetic anhy-
112) See Table I for an explanation of the score. dride (200 ml), and triethyl orthoformate (200 ml) was refluxed
(13) All melting points were taken using open capillalies and are cor- fur 1.5 hir &h(li then cooled. The pl‘?ducl._ that separated was re-
rected values. The analytical data has been supplied by K. B. Sueeier, ¥ covered by filtration and recrystallized from aqueous isopropyl
C. Lee, and their staff. aleohol.  The vield was 20 g (579 ), mp 268-270° dec.
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6-Substituted 4(3H)-Pteridinones (IV). A. 6-Methylmer-
capto-4(3H)-pteridinone (IVa).—\lethyl mercaptan (4.8 g,
0.1 mole) wax dissolved i 109 aqueous NaOH (60 ml) and added
ro a stirring solution of ITla (9.1 g, 0.05 mole) in 49 aqueous
NaOII (100 ml). The mixture was stirred and heated ott a steam
bath for 20 min and then chilled. The sodium salt which pre-
cipitated was separated by filtration and dissolved in hot water.
Acidification of the solution (HCI) gave IVa which was separated
and recrystallized from aqueoirs tsopropyl alcohol; yield 3.5 g
(369), mp 289-291°,

B. 6-Methoxy-4(3H )-pteridinone (IVe)—Sodium (1.2 g,
0.052 g-atom) was dissolved in methanol (100 ml), IIIa (3.6 g,
0.02 mole) was added, and the =olution was refluxed for 4 hr.
After cooling, water (150 m}) wax added and the =olution was
acidified (HCIL). The solid that separated was removed by filtra-
tion and recrystallized from aqueous isopropyl aleohol; the yield
was 1.9 g (5467), mp 283-286° dec.

C. 3-Methyl-6-dimethylamino-4(3H)-pteridinone (IVe).—A
solution of 25%; aqueous dimethylamine (5 ml) it 2-methoxy-
ethanol (40 ml) was stirred and treated with IIIb (4.0 g, 0.02
mole). The solution was heated on a steam bath for 2.5 hr and
then chilled. The =olid that precipitated was separated by filtra-
tion, washed with cold methanol, and dried; the yield was 3.0
g (729,), mp 251-256°. After recrystallization from methanol,
mp 256-258°.

With other members of the series, if the product failed to sepa-
rate from the reaction mixture, the addition of water caused it to
precipitate.

3-Amino-6-substituted Pyrazinecarboxylic Acids. A. 3-
Amino-6-methylmercaptopyrazinecarboxylic Acid (Va).—A solu-
tion of IVa (25.5 g, 0.13 mole) i1t 39 NaOH (250 ml) was stirred
and heated on a steam bath for 13 hr. The sodium salt of the
product which separated upon cooliig the reaction mixture was
removed by filtration and dissolved in hot water. Acidification
gave Va which was recrystallized from ethyl acetate to give 7.1
g (30¢%), mp 182-184° dec.

B. 3-Amino-6-dimethylaminopyrazinecarboxylic Acid (Ve).—
A suspension of IVe (1.0 g, 5 mmoles) in 109, aqueous NaOH
(15 ml) was stirred and heated o1 a steam bath for 2.5 hr and the
solid gradually dissolved. The solution was chilled and care-
fully neutralized with formic acid which precipitated Ve (700
mg, 79%), mp 161-165° dec. Reerystallization from meth-
anol gave material melting at 164.5-165.5° dec.

C. 3-Amino-6-mesylpyrazinecarboxylic Acid (VI).—A
stirred solution of Va (920 mg, 5 mmoles) in 2.5% aqueous NaOH
(15 ml) was treated with a solution of KMnO; (1.05 g, 6.7 mmoles)
in water (35 ml). After stitring 1 hr at ambient temperature,
MuO. was removed by filtration and the filtrate was acidified
(HCl). The precipitate was separated by filtration, dried, and
recrystallized from isopropyl alcohol; yield 500 mg (4697),
mp 239-242° dec.

2-Methyl-6-substituted 4H-Pyrazino[2,3-d][1,3]oxazin-4-ones
(VII). 2-Methyi-6-dimethylamino-4H-pyrazino[2,3-d][1,3]-oxa-
zin-4-one (VIId).—A solution of Ve (2.0 g, 11 mmoles) in
acetic anhydride (25 ml) was heated for 2.5 hr on a steam bath
and then cooled. The product which separated was removed by
filtration, dried, and recrystallized from benzene; yield 1.5 g
(669 ), mp 212° dec.

When the reaction was carried out using the sodium pyrazine-
carbuxylate, it was advantageous to remove the sodium acetate
that formed before isolating the product.

N-Amidino-3-acetamido-6-substituted Pyrazinecarboxamides
(VIII).  N-Amidino-3-acetamido-6-dimethylaminopyrazinecar-
boxamide (VIIId).—Sodium (500 mg, 0.0217 g-atom ) was dissolved
in methanol (30 ml), then guanidine hydrochloride (2.0 g, 11
mmoles) was added and the mixture refluxed for 30 min. After
cooling, the mixture was ~tirred and treated with VIId (1 g, 4.8
mmoles) and stirring at ambient temperature was continued for
3 hr. The reaction mixture was poured into water (100 ml) and
filtered, and the filtrare was acidified (AcOH). Compounds
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VIITa—c separated at this point and were removed by filtration.
Compounds VIIId, e, g, and h remained in solution at this point
and were isolated as described for VIIId. Upon addition of dilute
HNO; (1 ml), VIIId-NHO; separated. Recrystallization from
water gave 700 mg (449,), mp 236° dec.

N-Amidino-3-amino-6-substituted Pyrazinecarboxamides
(IX). N-Amidino-3-amino-6-dimethylaminopyrazinecarboxam-
ide (IXd).—A solution of VIIId-HNO, (500 mg, 1.5 mmoles)
in 109z HCI (10 ml) was heated on a steam bath for 15 min,
then cooled and carefully neutralized with 59 NaOH. The
product thar separated was dissolved in 5% HCI and reprecipi-
tated with 5% aqueous NaOH to give 250 mg of INd, mp 195-
197° dec.

6-Hydroxy-4(3H )-pteridinone Hydrate (X).—A solution of IVe
(3 g, 17 mmolex) in 55 NaOH (30 ml) was heated on a steam bath
for 18 hr and then cooled. Addition of 409 NaOH (10 ml)
precipitated the sodium salt of X which was removed by filtra-
tion, dissolved in water, treated with decolorizing charcoal, and
filtered. Acidification of the filtrate (HCl) gave 1.7 g (535%) of
X, mp >300°.

Anal. Caled for CsH40:-H,0: C, 39.56; H, 3.32; N, 30.76.
Found: C, 39.94; H, 3.24; N, 30.86.

The chemical properties and uv spectra of this material agree
with that reported by Albert and Brown® who prepared X by
another route.

2-Amino-5-dimethylaminopyrazine (XII).—A solution of IVd
(1.9 g, 10 mmoles) in 59, NaOH (20 ml) was heated at 140° in
an autoclave for 18 hr. After cooling, the reaction mixture was
twice extracred (CHCl, 50-ml portions) and the combined
CHCl; extracts were dried (NasS04) and evaporated in vacuo.
The residual marerial, 400 mg (29 ), was recrystallized from
cyclohexane ta give XIT, mp 84-86°.

dAnal.  Caled far CsHwNa: C, 52.15; H, 7.30. Found: C,
52.05; H, 6.95.

3-Amino-5-dimethylaminopyrazinecarboxylic Acid (XVI).—
A suspensiolt of XV8 (300 mg, 1.5 mmoles) in 597 NaOH (20 ml)
was stirred and heated on a steam bath for 30 min during which
time the solid dissolved. The warm solution was carefully
neutralized with dilute HCL. The precipitate (250 mg, 909;) was
separated by filtration and reerystallized from aqueous isopropyl
aleohol, mp 231-232°.

Anal.  Caled for C:H,wN.O: C, 46.15:
Found: C, 46.50: H, 5.64; N, 31.13.

Methyl 3-Isopropylideneamino-6-anilinopyrazinecarboxylate
(XVII).—A solution of T (18.8 g, 0.1 mole), anilinte (15 g, 0.16
mole), and concentrated HCI (2.5 ml) in acetone (150 ml) was
refluxed for 16 hr and then chilled. The crystalline product
which separated was removed by filtration and recrystallized
several times from aqueous isopropyl aleohol: vield 7.4 g (269),
mp 195.5-197.5°.

Anal. Caled for C:HieN:Oy: C, 63.36; H, 5.67; N, 19.71.
Found: C, 63.45; H, 5.66; N, 19.81,

N-Amidino-3-isopropylideneamino-6-anilinopyrazinecarbox-
amide (XVIII).—Sodium (2.3 g, 0.1 g-atom) was dissolved in
methanol (60 ml), guanidine hydrochloride (11.5 g, 0.12 mole)
was added, and the mixture refluxed for 30 min. The solution
was cooled and filtered, and the filtrate was concentrated to a
syrup wn vacuo. Benzene (20 ml) was added and the solution
was concentrated to a syrup in vacuo. After adding XVII
(6.5 g, 0.023 mole) the mixture was heated at 60-653° for 35 min
and then cooled and triturated with ice water (100 ml). The
orange-red product was removed by filtration, suspended in warm
water (30 ml), and dissolved by the addition of 59, HCI (40 ml);
concentrated HCI (2.5 ml) was added. The dark red hydro-
chloride salt that separated upon chilling was removed by filtra-
tion, dissolved in water (65 ml), filtered, dihited with an equal
volume of isopropyl alechol, and made basic (59, NaOH). The
vield of XVIII that separated was 4 g (369;), mp 212-214°.

Anal. Caled for CyHi:N;O: C, 57.86, H, 5.51; N, 31.50.
Found: C, 57.95, H, 5.54; N, 31.45.

H, 5.52; N, 30.76.



