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The synthests of a scriex of N-nmidino-s-aminopyrazinecarboxsunidiues, principally by the reaction of i i-

annopyrazinecarbouitrile with an appropriate guanidine, is described.
thix series afforded the analogous 2,4-diaminopteridines.

Cyelization of selected members of
The required 3-aminopyrazinecarbonitriles were pre-

pared from the correspouding carboxamides: 3-amiua-5 6-dichloropyrazinecarbonitrile vielded au vuriety of 5-

substituted derivatives by nuclevphilie displacement of the S-chloro group.
earboxamidines exhibited dinretic activity as measured by several assay methods it rats and dogs.

The N-amidino-s-nminopyrazine-
These com-

poulnds were generally less active than the corresponding 2,4-diaminopteridines which, in turn, were less potent
then the corresponding N-amidino-3-aminopyrazivecarboxantides,

The discovery of the mteresting diuretic-saluretic
properties of the N-amidino-3-aminopyrazinecarbox-
amides? prompted the investigation of the correspond-
ing N-amidino-3-aminopyrazinecarboxamidines (VII).
Sonie related N-amidinoalkanamides have been reported
by Birtwell2 who deseribed two synthetic routes.  How-
ever, application of either of these methods to the
pyrazine series was unattractive because of the poor
vields and the maccessibility of many of the required
Grignard reagents.

During the present investigation, three other syvn-
thetic methods were employed; these methods involved
the reaction of a guanidine with the appropriate (\)
mmio cther (V), (B) hnino thioether (VI), or (C) 3-
aminopyrazinccarbonitrile (IV). These synthetic routes
are illustrated graphically by Scheme 1 which sum-
marizes the salient points coneerning the preparation
of four compounds of type VII (7., a-d). Also, they
are exemplified n the Experimental Section as methods
4A, 4B, and 4C, resgpectively.

N-Amidino-3-amino-5-dimethylunino-6-chloropyra-
zinecarboxamidine  (VIIb) was produced in 849
vield from the reaction of 3-amino-3-dimethylamino-6-
chloropyrazinecarbonitrile {IVj) and guanidine in meth-
anol at room temperature. However, condueting the
reaction at reflux caused evelization to the correspond-
nmg pteridine (VIII). The reaction of 3-amino-5-
dicthylamino-6-chloropyrazinecarbonitrile  (IVk)  (or
one of several analogous nitrilex) with guanidine in an
aleohol at ambient temperature gave a mixture of the
acvelic (VIT) and cyclized (VII) produets.  In somc
instanees, cvelization was so facile that, although the
solid N-amnidinopyrazinecarboxamidine could be iso-
lated momentarily, spontaneous cyvelization preeluded
it* characterization. FEarly in thiz study it became
apparent that many of the N-amidinopyrazinecarbox-
amidines (VIT) were rather unstable nnd generally quite
modest in their biological activity. Therefore, the
reaction of the pyrazineearbonitriles (IV) with guanidine
was usually carried out under conditions expected to
produce only the pteridine (VIIIa-h, j, k).

Only one of the pteridines obtained in this study,
2 4-dinmino-6-methvlpteridine (VIIIa), has been re-
ported previousty;* it has been prepared in 319 vield

(4141 Dektag, 10 WL Mason, O W Waleersdorf, Je., 1o 11 dones, S0 10
Kwong, . M. Robl, and I3 10 Craxoe, I J. Ved., Chem., 8, 638 (1965,
paper 1 of 11ds =eries.

2y S0 Ricewedl, S Chesol Sov,, 2561 (1940,

from 2,4,5,6-tctraanmimopyrimidine and methyvlglvoxad
m the presence of sodiwm bisulfite.

It is noteworthy that 2.4-diamino--chloro-7-iso-
propoxypteridine (VIIIk) was produced in 5297 vield
from the reaction of 3-amino-5,6-dichloropyrazinecar-
bonitrile (IVa) with guanidine in -PrOH. Thus. in
addition to condensation with guanidine and cveliza-
tion, displacement of the 5-chloro by igopropoxy
occurred i this strongly basic enviroument.

Taylor, et al..* has rveported the synthesis ol an
womeric  heterocyele, 2.4, 7-triammopyrimido [4,5-b -
pyrimidine (XI) from guanidine and 2,4-diamino-5-
evanopyrimidine.  However, the condensation ix not as
facile as that mvolving the subjeet pyrazinecarbonitriles
(IV) rnd guanidine.  Since some pteridines have been
reported?® to have diuretic activity, it was of interest to
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examine the novel ptevidines of type VIID for their
diuretic properties.

The intermediate 3-aminopyrazincearbonitriles (IV)
were prepared by dehvdration of the corresponding
S-aminopyrazinccarboxamides (II).  Ellingson, of al..*
have desceribed the preparation of 3-aminopyrazine-
carbonitrile from 3-aminopyrazinecarboxamide nand
1,04 in pyridine.  However, we obtained erratic results
and very poor vields in an attempt to apply this reaction
to 3-amimo-6-chloropyrazinecarboxamide.

A method of dehvdrating simple benzamides using
SOCI; or POC; in DAME?S was adapted to the present
series: best results were obtained when POCI, in DMI¢
was emploved.  The mtermediate formaumidines (111)
were easily isolated und purified, and dilute acid hy-
drolyvsiz afforded the corresponding IV in excellent yields

(3} D. R Seegace. 1. I3 Clasoliek, J. ML Sudde Jr, and AL L Ihdognise,
J.oAm. Chem. Sov., T, U753 (1040).

(41 E, C. Tavlor, Jr., R. 1. Knonp, R. 1. Meyer, A. Ilotwes, and M. L.
tlaefe, 7hid., 82, 5711 (1960;.

(3) (a) V. D. Wiehelkans, J. Weinstock, I. T. Brennan, G. Sosnowski,
and P. J. Larsen, Federation /'roc., 20, 409 (1861); (I V. 1). Wiebelhans, 1.
Weinstock, A. R. Maas, I'. T. Brennan, G, Sosnowski, and 7. Larson, /.
Pharmacol. Exptl. Thevap., 149, 347 (19651,

(6) R. C. Ellingsen, R. 1. Henry, and I 8. Mc¢Danald, J. e Chen
Sy, 87, 1711 (194070
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sug (1954).
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(sce method 3A, Experimental Section). The prepara-
tion of 3-amino-3,6-dichloropyrazinecarbonitrile (IVa)
provided a versatile intermediate which was used to
synthesize a number of 3-substituted pyrazinecarbo-
mitriles (IVb-e); nucleophilic displacement of the 3-
chlorine atom occurred in a fashion analogous to that
observed with the corresponding ester® (see method 3B).

The intermediate methyl pyrazinecarboxylates (I)
and pyrazinecarboxamides (II) shown in Scheme I have
been described in previous papers®—!' of this series,
except for IId and Ile which were prepared by standard
methods.

Methyl  3-amino-6-chloropyrazinethiocarboximidate
(VI) was synthesized from the corresponding nitrile
(IVd) and methyl mercaptan in the presence of a small
amount of base. Under acidic conditions, no reaction
occurred. Compound VI readily reacted with 2-amino-
2-imidazoline to give the desired compound (VIIe).
Treatment of VI with H,S in pyridine, in an attempt to
prepare the dithio ester by the method of Marvel,!?
resulted in the formation of the thioamide (X). 3-

W) L Cragoe, e, OO W Woltersdorf, Jr., J. B, Iiicking, 8. F. Kwong,
and b, 11, danes, J. Med, Cheni., 10, 66 (1967), nayeer 11 of bis series.

(10) J. B. Bicking, (". M. Rold), 8. I, Kwung, and 12, J. Cragoe, tr.,
10, H98 (19671, paper 111 of (his series,

(11) b M. banes, J. B, Bicking, and 13,
paper 1V of this series.

(12) C. 8. Marvel, P. deRodzitske, and J. J. Brader, J. Am. Chkem. Soc.,
77, 5997 (1953).
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J. Cragoe, Jr., 7hid., 10, 894 (14967),
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Amino-6-chloropyrazinecarbonitrile (IVd), with hydra-
zine, readily formed the amidrazone (IX).

Structure—Activity Relationships.—The N-amidino-
pyrazinecarboxamidines and 2,4-diaminopteridines re-
corded in Table I were assayed'® for their deoxycorti-
costerone acetate (DOCA) inhibitory activity using the
adrenalectomized rat according to the method already
described.*® The compounds were administered sub-
cutaneously; the activity scores presented in Table 1
are in accordance with the scoring method used pre-
viously.!®

The four N-amidinopyrazinecarboxamidines (VIla-d)
prepared in this study are considerably less active than
the corresponding N-amidinopyrazinecarboxamides re-
ported earlier.2%1  However, the most potent member
i1 VIIb which bears 5 and 6 substituents of the same
type as the most active members of the N-amino-
pyrazinecarboxamide series.

The 2,4-diaminopteridines (VIII) were generally
more active than the N-amidinopyrazinecarboxamidines
(VII) from which they were derived but they were less
potent. than the corresponding N-amidinopyrazine-
carboxamides. Weak activity wuas observed with G-
methyl-2 4-diammapteridine (VIIIa) and the 6-halo
analogs (VIIIe and d). A marked inerease in pateney
was noted with the imtroduction of a 7-amino (or sub-

(13) Drs. M. 3. Glitzer, 8. L. Steehinan, and tlceir associates sunplied these
biological data.
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Ral DOCA Nearaad

wldl ric
No. seocet scoye”

Vila : + 1
VIlb +1 +2
VIie - 1
VIId {1 ot
VIila = +2
VI {1 +2
Ville i +2
VIIld = +1
VIIIe +5 -+
VIIIf +1 -1}
Villg +2 +5
Viilh +1 42
V11l 42 +2
VI +1 42
V1lik 0 +3
Spironolactone +1 .
Triamterene +2 +2

» For the seoring =ystem see previons papers.’¥ Comporpids
whicli scored 0 were tested only at a maximum dose of 800 ug/rai:
thus, the possibility exists that activity would be observed at
higher dosex. ® The scoring svstem has been described pre-
viously. 1!

stituted anno) group into the 2 4-diamino-G-chloro-
pteridime molecule.  Maximal activity was noted with
the 7-amino (VIIIe) member, while the 7-dimethyl-
amino  (VIII) and 7-isopropylamino (VIIIg) were
somewhat less potent and the 7-ethylamino, 7-allvi-
aming, and 7-diethylamino (VIIIf, h, and j) still less
active.  The introduction of an isopropoxy group into
the 7 position of VIIIe (VIIIk) caused a decrease in
DOCA-inhibitory properties.

Direet comparison of the three series, N-amidino-
;>\'1‘uzincc-u‘bommidm N-amidinopyrazinecarboxanii-
dimes, and 2 4-diaminopteridines can be made from the
data regarding XII, VIIb, and VIIIi which have DOCA
inhibition scores of +4, +2, and +1.

(lj/]\ IC\HCI\H I IL
(CH. (CH.N.N JNH,

)\11 VIIL
NH \TH

(‘II l(‘\H( NH.
(CHx

VIIb

Each of the compounds recorded Table T was
{ested mtraperitoneally in normal ratg; it will be
noted that the activity of individual members of each
series generally paralleled those observed in the adren-
alectomized rat. A few selected compounds were tested
intravenously in dogs!* and found to be active, although
the diuresis and saluresis are not as pronounced in this
species 48 in rats,

Experimental Section'

Dretails of the synthesis of the new compoinds arve presented.
W hele ~eve1a1 compounds of one type have been prepared by ¢

(1»4) l)r. J. 1. Baer and his assceiates eanducled these stadies asing pro-
cedures whiech lave heen described previowsiy. ¢

(15) Mr. K. B. Streecer, Mr. Y. C. Lee, and their staff ave provided the
analytical data. Where analyses are indicated only Ly symbals of the ele-
ments analytical results obtained for those elements were within 0.4 of
tlee eeorelical values. The melting puints are corrected (open capillaries).
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» See the ixpertmentual Scetion for the wmmnber thar corve-
sponds to cach svuthetic method, ¢ Reference % 7 Reported by
0. Vogel and E. C. Taylor, .J. Am. Chem. Soc., 81, 2472 11954,
* Ree ref 10, This compound wax not isolated and charaeter-
ized befare nse in the next step.  Methylevelohexane. » Cyelo-
hexnne. * See vef 6. All analvses (C, H; N1V were within ae-
ceptable Hmits exeept IVh «Cr enled, 45.5; fonnd, 44,85
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» See the Experimental Sectiow for the number that corre-
sponds to each syuthetie method. ¥ Dissolved i dilnte aquesars
HCl and precipitated with dilute aqucous NaOll. ~ Secger, et of .,
who describe the syuthesis of VIIIa by another method, da not
report the melting point of their material. ¢ The reaction was
carried ont using ~PrO1 as a solveut. © All analy=es (C, 11, N)
were within acceptable Hmits,

particular method, only one example is given.  Pertinent data
regarding each componnd is recorded in Tables IT and IIT.

1. 3-Aminopyrazinecarboxamides (II). 3-Amino-6-bromo-
pyrazinecarboxamide (Ile).—A suspeusion of Ie' (2.0 g, 0.01
mole) in eoncentrated NI14OTI (100 ml) was stirred ut voam tem-
perature for 20 hr.  The solid product was separated by filtration,
washed with H,0, dried, and recrystallized.

2. N,N-Dimethyl-N ‘-(3-cyano-2-pyrazinyl)formamidines (I1I).
N,N-Dimethyl-N‘-(3-cyano-6-chloro-2-pyrazinyl)formamidine
(IT11d).—A suspension of 1Id (17.2 g, 0.1 mole) in DNTF (170 mt)
was stirred aud treated with POCL (17 ml).  The temperature

167 R, C. EHingson and R, L. Menry, J. A, Chere. Soc., T1, 2798 (1949 1.
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spoutaneonsly rose to about 80°; this temperature was main-
tained for 10 min by application of heat. The resulting solution
was poured onto crushed ice (1 kg) and neutralized with NH,OH.
The product was separated by filtration, dried, and recrystallized;
the yield was 14.2 g.

3. 3-Aminopyrazinecarbonitriles (IV). Method A. 3-Amino-
6-chloropyrazinecarbonitrile (IVd).—A solution of I1Id (4.0 g,
0.2 mole) in 2.0% HCI (100 ml) was stirred and heated on a
steam bath for 10 min. The product began separating during the
heating: after cooling, the mixture was filtered, dried, and re-
erystallized.

Method B. 3-Amino-5-dimethylamino-6-chloropyrazinecar-
bonitrile (IVj).—A solhution of IVa (10.0 g, 0.05 mole) in DMSO
(50 ml) was stirred and treated with 259 aqueous Me,NH (20
ml). The mixture was heated at 65° for 15 min and poured into
T1.03 (150 ml). The precipitate which separated was removed by
filtration, washed with H,0O, dried, and recrystallized.

For the synthesis of related compounds, the pure liguid or
gitseous amines were nsed.

4. N-Amidinopyrazinecarboxamidines (VII). Method A. N-
Amidine-3-aminopyrazinecarboxamidine (VIIa).—3-Aminopyr-
azineearbouitrile® (2.2 g, 0.018 mole) was added to HC1 (10 g) in
E1O1T (100 ml), and the mixture was allowed to stand overnight.
The imiuo ether hydrochlvride ( V) which separated was removed
by fdtration and dried, mp 205° dec; it was used in the following
reaction without purification or characterization.

A solution of guanidine in MeOH was prepared by dissolving
Na (0.92 g, 0.04 g-atom) in MeOII (50 ml), adding guanidine
hydrochloride (4.0 g, 0.04 mole), and stirring for 15 min. Com-
pound V was added, and within a few minutes a solid began to
separate. After 2 hr, the solid wax collected on a filter, suspended
in HyO, and dissolved by adding dilute HCL. Precipitation of the
product with dilute NaOH gave VIIa.

Method B. N-(2-Imidazolin-2-yl)-2-amino-6-chloropyrazine-
carboxamidine (VIIc). Step 1. Methyl 3-amino-6-chloropyra-
zinethiocarboximidate (VI).—CH,SIT (2.5 g, 0.053 mole) was
admitted below the surface of EtOH (100 ml) containing 59
NaOH (2 drops). The sulution was stirred, IVd (5.0 g, 0.032
mole) was added, and the mixture was heated to effect solution.
After stirring at room temperature for 15 min, H,O (100 ml) was
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added. The precipitated VI was isolated (6.2 g, 959,) and twice
recrystallized from EtOH to give pure VI, mp 192-194° dec.
Anal. (CH:CINGS) C, H, N.

Step 2. VIIe.—Na (0.46 g, 0.02 g-atom) was dissolved in
MeQH (50 ml); 2-amino-2-imidazoline-HCI (2.44 g, 0.02 mole)
was added, and the solution refluxed for 15 min. The NaCl was
removed by filtration, the filtrate was treated with VI (2.0 g,
0.01 mole), and the mixture was refluxed for 30 min. After cool-
ing, the product that separated was removed by filtration, washed
with water, dried, and purified by reprecipitation.

Method C. N-Amidino-3-amino-5-dimethylamino-6-chloro-
pyrazinecarboxamidine (VIIb).—Na (460 mg, 0.02 g-atom) was
dissolved in 7-PrOH (50 ml), guanidine-HCI (1.91 g, 0.02 mole)
was added, and the mixture was refluxed for 30 min. After cool-
ing, IVj (3.95 g, 0.02 mole) was added, and the solution was
evaporated in vacuo to a volume of 10 ml. After standing at
25° for 2 hr, H,0 (100 m1) was added; the precipitate that formed
was removed by filtration and purified by reprecipitation.

5. 2,4-Diaminopteridines (VIII). 2,4-Diamino-6-chloropteri-
dine (VIITe).—Na (920 mg, 0.04 g-atom) was dissolved in MeOH
(50 ml), gnanidine-HCI (4.0 g, 0.043 mole) was added, aud the
mixture was refluxed for 30 min. After filtration, the filtrate was
cooled and treated with IVd (2.0 g, 0.013 mole); the mixture was
refluxed for 30 min. Upon chilling, VIIIc (1.9 g, 755 ) separated.
The product was removed by filtration and purified by reprecipi-
tation.

6. Other Syntheses. 3-Amino-6-chloropyrazinethiocarbox-
amide (X).—A suspension of VI (2.0 g, 0.01 mole) in pyridine
(20 ml) was stirred, and a steam of HsS gas was admitted below
the surface of the solvent for 2 hr. The solvent was evaporated
wn vacuo and the residual yellow solid was recrystallized from
CeHe; vield 1.8 g (989), mp 193-195°. Anal. (C;H;CIN,S)
C, H, N.

3-Amino-6-chlorepyrazinecarboximidic Acid Hydrazone (IX).
—To a solution of NH,NIH, (1.34 g, 0.042 mole) in EtOH (65
ml) was added IVd (6.5 g, 0.042 mole), and the solution was
refluxed for 1.5 hr. After cooling, the precipitate was separated
by filtration; yield 5.4 g (69¢7), mp 168-170°. Recrystallization
from EtOH gave material melting at 169-171°. Anal. (C;H-CIN)
C, H, N.
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Tetrabenazine-Antagonizing Activity in a Series of
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A series of 5H-dibenzola,d] cycloheptene-5-propylamnine derivatives has been synthesized and studied for tetra-

benazine-antagonizing activity.

In both the nortriptyline (Ia) and protriptyline (II) series, activity was maxi-
mal in compounds with a 10,11 double bond. Nuclear substituents rednced potency in both series.
difference in activity between geometric isomers was observed in the two pairs studied.

A striking
In one pair, demethyla~

tion of the tertiary amine that is the more active in blocking conditioned avoidance gives rise to the more potent

tetrabenazine antagonist.
ity, relative to the parent compounds.

Demethylation to desipramine is one of the trans-
formations occurring in the metabolism of imipra-
mine.?3  Studies in these laboratories*s demonstrated
that N-demethylation is involved in the metabolism of
amitriptyline.

(1) To whom inquires showld be addressed.

(2) B. Herrmann, W. Schindler, and R. Pulver, Med. Exp., 1, 381 (1959).

(3) B. Herrmann and R. Pulver, Arch. Int. Pharmacodynam. Ther., 126,
454 (1960).

(4) H. B. Hucker and C. C. Porter, Fed. Proc., 20, 172 (1961).

(5) H. B. Hucker, Pharmacologist, 4, 171 (1962).

The primary amine congeners of nortriptyline and protriptyline have reduced activ-

Sulser, Watts, and Brodie® found desipramine to be a
potent antagonist of the central effects of reserpine
and 2-ethyl-1,3,4,6,7,11b-hexahydro-3-isobutyl-9,10-di-
methoxy-2H-benzo {a Jquinolizin-2-ol. Nortriptyline
(Ia) was found to retain the antibenzoquinolizine action
of amitriptyline (Ib).67

(6) F. Sulser, J. Watts, and B. B. Brodie, Ann. N. Y. 4-ad. Sci., 96, 279
(1962).

(7) V. G. Vernier, F. R. Alleva, H. M. Hanson, and C. A. Stone, Fed.
Proc., 21, 419 (1962).



