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SCHEME I 

I I1 / I11 

X Y  R' R2 
VIIa, H H H H  

b, Ci (CH3)2K H H 
c, C1 H -CHzCHz- 
d ,  C1 C1 -CHaCH2- 

X Y  
I-IVa. C1 C1 IVf, 

b, CH3 H g, 
h, 

' 3  

c, D H 

j ,  d ,  C1 H 
e, Br H k. 

(see method SA, Experimental Section). The prepara- 
tion of 3-amino-5,6-dichloropyrazinecarbonit~rile (ITra) 
provided a versatile intermediate which was used to 
synthesize a number of 5-substituted pyrazinecarbo- 
nitriles (IT'b-e) ; nucleophilic displacement' of the 5- 
chlorine atom occurred in a fashion analogous to that 
observed with the corresponding esterg (see method 3B). 

The intermediate methyl p\'razinecarboxylates (I) 
and pyraziriecarboxamides (11) shown in Scheme I have 
been described in previous papersg-ll of this series, 
except for IId and IIe  which were prepared by standard 
methods. 

Alethy1 3-amino-6-chloropyrazinethiocarboximidate 
(VI) was synthesized from the corresponding nitrile 
(IVd) and methyl mercaptan in the presence of a sniall 
amount of base. Under acidic conditions, no reaction 
occurred. Compound T'I readily reacted with %amino- 
2-imidazoline to give the desired compound (VIIc). 
Treatment of TI with H2S in pyridine, in an attempt to 
prepare the dithio ester by the method of 
resulted in the formation of the thioamide (X).  3- 

(12) C. d.  Marvel. P. deKotLitske, and J .  J .  Ijrader, J .  A m .  Ciie~n. Soc., 
77,  6YY7 (lY55). 

VI 

VIIIa, CH3 H g, C1 (CH2)ZCHNH 

b, D H h, C1 CHr=CHCHzNH 
1, C1 ( C H J ) ~  

c, C1 H j ,  C1 (C&L)LN 

e .  C1 KH,  
d ,  Br H k ,  C1 (CHj)LCHO 

fj c i  C ~ H ~ N H  

X Y  
C1 NHz 
C1 CzHsNH 
C1 (CH3)zCHSH 
C1 CHzZCHCH2XH 
C1 (CH3)pK 
C1 (CzHb)*h' 
H H  

Amino-6-chloropyrazinecarbonitrile (IT'd), with hydra- 
zine, readily formed the amidrazone (IX). 

Structure-Activity Relationships.-The S-amidino- 
pyrazinecarboxamidines and 2,4diaminopteridines re- 
corded in Table I were assayedI3 for their deoxycorti- 
costerone acetate (DOCA) inhibitory activity using the 
adrenalect,omized rat according to the met,hod already 
described. The compounds were administered sub- 
cutaneous1)-; the activity scores presented in Table I 
are in accordance with the scoring method used pre- 
viously.1b9 

The four S-amidinopyrazinecarboxaniidiries (VIIa-d) 
prepared in this st'udy are considerably less active than 
the corresponding S-amidinopyrazinecarboxamides re- 
ported earlier. 139,10 However, the most potent member 
is VIIb which bears 5 and G substituents of the same 
type as the most active members of the N-amino- 
pyrazinecarboxamide series. 

The 2,3-dian~iriopteridiiies (VIII) were generally 
more active than the S-amidinopyrazinecarboxamidirles 
(T'II) from which t'hey mere derived but they were less 
potent than the correspondiiig S-nmidinopyrazine- 
c:irhoxnmidcs. W ~ n k  activity n-ns ol)served with G- 
iiietli~~l-~,l-di:imillc,l,teridiii~~ (IrI1I:i) aiitl the G-halo 
malogs (1-IIIc : l i d  d) .  mnrked iiicwase in 1)oteIlcy 
was iioted with the introtluction of :i 7-ainiiio (or SUI)- 

(13) Dra. AI .  S. Glitxer, S. L. Steelinan, and their  associates sngplied these 
biological data. 





spoiitaneoiialy rose to aboiit 80";  this temperature was main- 
tained for 10 mill by application of heat'. The resulting solution 
was poiired onto criished ice (1 kg) and neiitralized with NH4OIT. 
The prodiict 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 soliition of I I Id  (4.0 g, 
0.02  mole) in 2..5vc €IC1 (100 ml) was stirred and heated on a 
steam bath for 10 min. The product began separating during the 
heatiiig: after cooling, the mixture was filtered, dried, and re- 

Method B. 3-Amino-5-dimethylamino-6-chloropyrazinecar- 
bonitrile (IVj).-A s;oliitioii of IVa (10.0 g, 0.05 mole) in DllSO 
(.TO m l )  was stirred and treated v,-ith 23c7, aqiieoiis Me2NH (20 
nil ) .  The mixtiire was heated at 6.5" for 1.5 min and poured into 
11 (150 nil). The precipitate which separated was removed by 
f i l t ra t i i )~~,  washed with H20,  dried, and recryst,allized. 

Fiji. the synthesis of  related conipoiinds, t,he piire liquid or 
g i w o i i ~  amities were iised. 

4. K-Amidinopyrazinecarboxamidines (VII). Method A. N- 
Amidino-3-aminopyrazinecarboxamidine (VIIa).-3-Aminopyr- 
:iziiiecxrb')iiitrile6 (2.2 g, 0.018 mole) was added to HC1 (10 g) in 
F:tOII (100 nil), and the mistlire was allowed to stand overnight. 
The imiiio ether hydrochkiride i V)  which separated was removed 
hy filtration aiid dried, mp 205" dec; it was iised in the following 
reartii)n withoiit piirification or characterization. 

A solrition of giiaiiidine in l IeOH \\-as prepared by dissolving 
Na ((J.!)2 g, 0.04 g-atom) in l IeOH (-50 ml), adding guanidine 
hydrochloride (4.0 g, 0.04 mole), and stirring for 15 min. Com- 
poiuid \. was added, and within a few minutes a solid began to 
separate. Aft,er 2 hr, the solid was rollected on a filter, suspended 
in H,O, and dissolved by adding dilute HCI. Precipitation of the 
prodiict with dilute NaOH gave TXa .  

Method B. N-( 2-Imidazolin-2-yl)-2-amino-6-chloropyrazine- 
carboxamidine (VIIc). Step 1. Methyl 3-amino-6-chloropyra- 
zinethiocarboximidate (VI).-CH$TI (2.3 g, 0.033 mole) was 
admitted below the surface of EtOR (100 ml) containing ,5y0 
NaOH ( 2  drops). The sdiition 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 13 min, € 1 2 0  (100 ml) was 

added. The precipitated VI was isolated (6.2 g, 95yo) and twice 
recrystallized from EtOH to give pure VI, mp 102-194' dec. 

VI1c.-Na (0.46 g, 0.02 g-atom) was dissolved in 
hIeOH (.50 ml); 2-amino-2-imidazolirie.HCI (2.44 g, 0.02 rriole) 
was added, aiid the solution refluxed for 15 Inin. 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 i-PrOH (50 ml), guariidine.HC1 (1.91 g, 0.02 mole) 
was added, and the mixture was refluxed for 30 min. '4fier cool- 
ing, IYj  (3.95 g, 0.02 mole) was added, and the sohition was 
evaporated in V ~ C Z L O  to a volume of 10 ml. Aft'er standing at  
23" for 2 hr, H20 (100 nil) was added; the precipitate that formed 
was removed by filtrat>ion and piirified hy reprecipit atioii. 

5. 2,4-Diaminopteridines(VIII). 2,4-Diamino-6-chloropteri- 
dine (VIIIe).-Na (020 mg, 0.04 g-atom) was dissolved in NeOH 
(50 ml), giianidirie.HCI (4.0 g, 0.048 mole) was added, and the 
mixture was refluxed for 30 min. After filtratioii, the filtrate was 
cooled and treated with IVd (2.0 g, 0.013 mole); the mixture wa? 
refluxed for 30 min. Cpon chilling, VIIIc (1.9 g, 75%) separated. 
The product was removed by filtration and purified by reprecipi- 
tation. 
6. Other Syntheses. 3-Amino-6-chloropyrazinethioearbox- 

amide (X).-A suspension of VI (2.0 g, 0.01 mole) in pyridine 
(20 ml) was stirred, and a steam of H2S gas was admitted below 
the surface of the solvent for 2 hr. The solvent was evaporated 
in oucuo and the residual yellow solid was recrystallized from 
C6H6; yield 1.8 g (98Yc), mp 193-193". -4nal. (cdf;clX48) 
C, H, Y. 
3-Amino-6-chloropyrazinecarboximidic Acid Hydrazone (IX).  

-To a solution of NH2NIT2 (1.34 g, 0.042 mole) in EtOIl (65 
ml) was added ITd  (6.5 g, 0.042 mole), and the soliition was 
refluxed for 1.5 hr. After cooling, the precipitate was separated 
by filtration; yield 3.4 g (697,), mp 168-170". Recrystallization 
from EtOH gave material melting a t  169-lil". Anal. ( C ~ H ~ C ~ E ' G )  

B d .  (c,HiClx4s) C, HI S. 
Step 2. 

c, I€, ri. 
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h heries of 3H-dibenzo [a,([] cycloheptene->-propylamine derivative? has been synthesized and atiidied for tetra- 
benazine-antagonizing activity. In both t,he nortriptyline ( I a )  and protriptyline (11) series, activit,y was maxi- 
mal in compounds with a 10,l l  double bond. Nuclear substitiients rediiced potency in both series. A striking 
difference in activity between geometric isomers was observed in the two pairs st'udied. I n  one pair, demethgla- 
tion of the tertiary amine that is the more active in blocking condit'ioned avoidance gives rise to t,he more potent 
tetrabenazine antagonist. The primary amine congeners of nortriptyline and protriptyline have reduced activ- 
ity, relative to the parent compounds. 

Demethylation to desipramine is one of the trans- 
formations occurring in the metabolism of imipra- 
mine.2*3 Studies in these laboratories415 demonstrated 
that  N-demethylation is involved in the metabolism of 
amitriptyline. 

(1) T o  whom inquires should be addressed. 
(2) R. Herrmann, T\-. Schindlrr, and R. Pulver,  X e d .  E x p . ,  1, 381 (1959). 
(3) D. Herrmann and R. Pulver, Arch.  In t .  Phmrmncodynam. Ther., 126, 

(4) H. 13. Hucker and C. C. Porter, F e d .  Proc., 2 0 ,  172 (1961). 
( 5 )  H. 3. Hucker, Phur?nucologzat, 4,  171 (1Y62). 

454 (1960). 

Sulser, Watts, and Brodie6 found desipramine to  be a 
potent antagonist of the central effects of reserpine 
and 2-ethyl-l,3,4,6,7,1 lb-hexahgdro-3-isobutyl-9,lO-di- 
methoxy-2H-benzo [a]yuinolizin-%-01. Sortriptpline 
(Ia) was found to retain the antiberizoquinolizinc action 
of amitriptyline (Ib).6,7 

( 6 )  F. Sulser, J. Watts ,  and B. n. Brodie, Ann. .V. Y. A nrl. Sci., 96, 279 
(1962). 

( 7 )  V. G. Vernier, F. R.  Alleva. H. A f ,  Hanson, and C. -1. Stone. F e d .  
Pro'., 21, 419 (1962). 


