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Pyrazine Diuret ics . \ • N-Amidino-3-aminopyraz inecarboxamidines 
and Analogous 2 ,4-Diaminopteridines 

JAMES H. JO.VES AND EDW.YKD J. CRAGOE. JR. 

Mrrrk Sharp A' iJnlimi Iton-un-h Ijihoralnriex, Division <>{ Mi-irk A' Co.. Im\, IIY.x/ I'oinl. l'i nnti/lmniii 

Hcccivcd Jiiin- J!J, Hifil 

The synthesis of a series of N-amidino-o-aminopyrazineearboxamidines, principally by the reaction of a :>-
aminopyrazinecarbonitrile with an appropriate guanidine, is described. Cvclization of selected members of 
this series afforded the analogous 2,4-diaminopteridines. The required 3-aminopyrazinecarbonitriIes were pre­
pared from the corresponding carboxamides; 3-amino-o,6-dichloropyrazmecarbonitrile yielded a variety of .">-
substituted derivatives by micleophilic displacement of the o-chloro group. The N-amidino-^-aminopyrazine-
carboxamidines exhibited diuretic activity as measured by several assay methods in rats and dogs. These com­
pounds were generalh- less active than the corresponding 2,4-diaminopteridines which, in turn, were less potent 
than the corresponding N-amidino-3-aminopyrazinecarboxarnides. 

The discovery of the interesting diuretic-saluretic 
properties of the X-amidino-3-aminopyrazinecarbox-
iimides1 prompted the investigation of the correspond­
ing X-amidino-3-aminopyrazinecarboxamidines (VII). 
Some related N-amidinoalkanamides have been reported 
by Birtwell2 who described two synthetic routes. How­
ever, application of either of these methods to the 
pyrazine series was unattractive because of the poor 
yields and the inaccessibility of many of the required 
Grignard reagents. 

During the present investigation, three other syn­
thetic methods were employed; these methods involved 
the reaction of a guanidine with the appropriate (A) 
imino ether (V), (B) imino thioether (VI), or (C) 3-
aminopyrazinecarbonitrile (IV). These synthetic routes 
are illustrated graphically by Scheme I which sum­
marizes the salient points concerning the preparation 
of four compounds of type VII {i.e., a-d). Also, they 
are exemplified in the Experimental Section as methods 
4A. 4B, and 4C, respectively. 

X-Amidino-3-amino-5-dimethylamino-6-chloropyra-
zinecarboxamidine (Vllb) was produced in 84% 
yield from the reaction of 3-amino-5-dimethyIamino-6-
chloropyrazinecarbonitrile (IVj) and guanidine in meth­
anol at room temperature. However, conducting the 
reaction at reflux caused cvclization to the correspond­
ing pteridine (Villi). The reaction of 3-amino-.")-
diethylamino-f)-chloropyrazinecarbonitrile (IVk) (or 
one of several analogous nitriles) with guanidine in an 
alcohol at ambient temperature gave a mixture of the 
acyclic (VII) and cyclized (VIII) products. In some 
instances, cvclization was so facile that, although the 
solid X-amidinopyrazinecarboxamidine could be iso­
lated momentarily, spontaneous cvclization precluded 
its characterization. Early in this study it became 
apparent that many of the X-amidmopyraziriecarbox-
amidines (VII) were rather unstable and generally quite 
modest in their biological activity. Therefore, the 
reaction of the pyrazinecarbonitriles (IV) with guanidine 
was usually carried out under conditions expected to 
produce only the pteridine (Vllla-h, j . k). 

Only one of the pteridines obtained in this study, 
2,4-diamino-6-methylpteridine (Villa), has been re­
ported previously;3 it has been prepared in 31% yield 

(I) .1. II. Bickinsr, .1. W. M m o n , O. W. Wo], ersdorf, Jr . , .1. It . Jones . S. !•'. 
Kwiiiiii. ('. M. Huh!., and K. ,1. C'rajjoe, Jr . . ,/. Merl. Client.. 8, Ii:.t8 (1905), 
paper 1 of this series. 

<rl) S. l i imvr l l , ./. Chem. Sue., liotil (19)9) . 

from 2,4,."),(5-tetraaminopyrimidine and methylglyoxal 
in the presence of sodium bisulfite. 

It is notewoi'thy that 2,4-diamino-()-chk)ro-7-iso-
propoxypteridine (Vlllk) was produced in ">2%, yield 
from the reaction of 3-amino-5,6-dichloropyrazineear-
bonitrile (IVa) with guanidine in i-PrOH. Thus, in 
addition to condensation with guanidine and cvcliza­
tion, displacement of the o-chloro by isopropoxy 
occurred in this strongly basic environment. 

Taylor, el al.,x has reported the synthesis of an 
isomeric heterocycle, 2.4,7-triaminopyrimido [4, n-b\-
pyrimidine (XI) from guanidine and 2,4-diamino-o-
cyanopvrimidine. However, the condensation is not as 
facile as that involving the subject pyrazinecarbonitriles 
(IV) and guanidine. Since some pteridines have been 
reported5 to have diuretic activity, it was of interest to 

H,N—^XY*NV~NH- H,N-^NVS—N'H, 
N^A^-^ CI—k..A^N 

— y IN y^ 

XI VHIe 

examine the novel pteridines of type VIII for their 
diuretic properties. 

The intermediate 3-aminopyrazinecarbonitriles (IV) 
were prepared by dehydration of the corresponding 
3-aminopyrazinecarboxamides (II). Ellingson, el «/..''' 
have described the preparation of 3-aminopyrazino-
carbonitrile from 3-aminopyrazineearboxamide and 
P2O5 in pyridine. However, we obtained erratic results 
and very poor yields in an attempt to apply this reaction 
to 3-amino-6-chloropyrazinecarboxamide. 

A method of dehydrating simple benzamides using 
SOCl2 or POCfi in DMF7'8 was adapted to the present 
series; best results were obtained when P0013 in DMF 
was employed. The intermediate formamidines (III) 
were easily isolated and purified, and dilute acid hy­
drolysis afforded the corresponding IV in excellent yields 

(3) 1). R. Seegar, J.>. IS- < 'osuliek, ./. M. .Smith, Jr. , and M. E. 11 tiltooh.st, 
./. Am. Chem. Sor.. 7 1 , 1753 0 9 4 9 ) . 

(4) E. C. Tay lo r . J r . . K. J. Knopp , K. I'. Meyer , A. I loimes, a n d M. 1.. 
Hoefe, ibid., 82, 5711 (1960). 

(5) (a) V. I ) . Wiebe lhaus . J . Weins tock, K. T. Rrennan , G, Sosnowski 
a n d P . J. Larsen, Federation I'roc, 20, 409 (1981); (b) V. D . Wiebelhaus , J. 
Weinstoek, A. R. Maas , V. T. Hrennau , O. Sosnowski, a n d T. Larson . ,/. 
I'harmwol. Exptl. Therap., 149, 397 (1965). 

(6) R. C. Ell ingson, U. I.. Henry , and F. S. M c D o n a l d , J. Am. Chem. 
Sue., 67, 1711 (1915). 

(7) K. A. Lau-ton a n d I). I), MeKi tch ie , ./. Org. Chem., 24, 2(1 (195S). 
1,8) H. Bredereek, H. Cknnpper, K. K lemm, and 11. Hetnpfer, Her., 92, 

S)i7 (1959). 
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(see method 3A, Experimental Section). The prepara­
tion of 3-amino-5,6-dichloropyrazinecarbonitrile (IVa) 
provided a versatile intermediate which was used to 
synthesize a number of 5-substituted pyrazinecarbo-
nitriles (IVb-e); nucleophilic displacement of the 5-
chlorine atom occurred in a fashion analogous to that 
observed with the corresponding ester9 (see method 3B). 

The intermediate methyl pyrazinecarboxylates (I) 
and pyrazinecarboxamides (II) shown in Scheme I have 
been described in previous papers9-11 of this series, 
except for l id and He 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 (VIIc). 
Treatment of VI with H2S in pyridine, in an attempt to 
prepare the dithio ester by the method of Marvel,12 

resulted in the formation of the thioamide (X). 3-

(()) 10. .]. Cragoe, Jr . , O. W. Woltersdorf, Jr . . J. IS. n icking , S. F . Kwong, 
and .1. II. .Jones, J. Mtd. Chem., 10, 66 (1967), pape r I I of this series. 

(10) ,1. H. Bicking, C. M. Robh . S. V. Kwong, a n d E. 3. Cragoe , Jr . . ilritl., 
10, WIS (1967), pape r I I I of this series. 

(11) J. II . Jones , J. 15. n ick ing , and I-:. J. Cragoe , Jr . , ihid., 10, 89!) (1967), 
paper IV of this series. 

(12) C. S. M a r v e l . P. deRod^ i t ske , a n d J. J. l i rader , J. Am. Chem. Soc, 
77, 5997 (1955). 

X Y 
CI NH2 

CI C2H5NH 
CI (CH3)2CHNH 
CI CH2=CHCH2NH 
CI (CH3)2N 
CI (C2H5)2N 
H H 

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

Structure-Activity Relationships.—The X-amidino-
pyrazinecarboxamidines and 2,4-diaminopteridines re­
corded in Table I were assayed13 for their deoxycorti­
costerone acetate (DOCA) inhibitory activity using the 
adrenalectomized rat according to the method already 
described.1,9 The compounds were administered sub-
cutaneously; the activity scores presented in Table I 
are in accordance with the scoring method used pre­
viously.1,9 

The four X-amidinopyrazinecarboxamidines (Vlla-d) 
prepared in this study are considerably less active than 
the corresponding X-amidinopyrazinecarboxamides re­
ported earlier.1,9,10 However, the most potent member 
is Vllb which bears 5 and 6 substituents of the same 
type as the most active members of the X-amino-
pyrazinecarboxamide series. 

The 2,4-diaminopteridines (VIII) were generally 
more active than the X-amidinopyrazinecarboxamidines 
(VII) from which they were derived but they were less 
potent than the corresponding X-amidinopyrazine-
carboxamides. Weak activity was observed with 6-
methyl-2,4-diaminopteridine (Villa) and the G-halo 
analogs (VIHe and d). A marked increase in potency 
was noted with the introduction of a 7-amino (or sub-

(13) Drs . M . S. Gl iUer , S. L. S tee lman, and thei r associates supplied these 
biological d a t a . 
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Ra t ] ) ( ) ( ' . \ 
inhib 

No. score" 

Vila 
Vllb + 1 
Vi le 
Vlld 
Vi l l a 
Villi) 
VIIIc 
VHId 
VHIe 
VHIf 

VIIlK 
VHIh 
Villi 
VMIJ 
Vl l lk 
Spironolactone 
Triamterene + 2 4-2 

" For the scoring system see previous papers.1 '9 Compounds 
which scored 0 were tested only at a maximum dose of 800 /ug./rat•: 
thus, the possibility exists that activity would be observed at 
higher doses. b The scoring system has been described pre­
viously." 

st i tuted amino) group into the 2,4-diamino-6-chloro-

pteridine molecule. Maximal activity was noted with 

the 7-amino (VHIe) member, while the 7-dimethyl-

amino (Vil l i ) and 7-isopropv'lamino (Yll lg) were 

somewhat less })otent and the 7-ethylamino, 7-allyl-

amino, and 7-diethylamino (Vi l l i , h, and j) still less 

active. The introduction of an isopropoxy group into 

the 7 position of VII Ic (Vl l lk ) caused a decrease in 

DOCA-inhibitory properties. 

Direct comparison of the three series, X-aniidhio-

pyrazinecarboxamides, N-amidinopyrazinecarboxami-

dines, and 2,4-diaminopteridines can be made from the 

data regarding X I I , V l l b , and V i l l i which have DOCA 

inhibition scores of + 4 , + 2 , and + 1 . 

0 NH v ' " 2 

N II II N X 
t V V C . X H C N H . C l - ^ i N Y ^ N 

( C H ^ N - k J - N H , ( C H , ) , . \ - 4 N A . X ^ 
XII Vil l i 

NH NH 
. i W II 'I 

ci—f VrxHcxi 
:H:,),N—SJ-NH2 

VI lb 

Each of the compounds recorded in Table I was 

tested intraperitoneally in normal rats;1 4 it will be 

noted tha t 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 dogs14 and found to be active, although 

the diuresis and saluresis are not as pronounced in this 

species as in rats . 

Experimental Section10 

Details of the synthesis of the new compounds are presented. 
Where several compounds of one type have been prepared by a 

(14) D r . J . hi. B a e r a n d his associa tes conduc t ed these s tud ies using p r o ­
cedures which h a v e been described p r e v i o u s l y . " 

d o ) Mr . K. B. St ree ter , M r . Y. C. Lee, and their staff h a v e p rov ided the 
ana ly t ica l d a t a . W h e r e ana lyses a re indicated only by symbols of t h e ele­
m e n t s ana ly t i ca l resul t s ob ta ined for those e lements were wi th in ± 0 . 4 % of 
the theore t ica l values . T h e mel t ing po in ts a re cor rec ted (open capi l lar ies) . 
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i>-N-Forniamidinopyrazinecarbonitrile> 
IS / 117-11!) ( \ : I ; I 1 - N 

7:1 „ 118-120 t 'nI | . . .N„ 
ii'.) n 114-110 (.MUCIN.. 

.'!-Atninopyrazinecarbonil riles 
95 <V1I„ 2i:!- 'J ].". C I U ' I N 
11 1LO 171-172 C.ilh.X, 
1.7 (Ml, ; 172-17:; ( M U M 
'.).- .,/ 151-153 Ci lbiCIN, 
55 KtOII 181-183 ( M h l ' . r X 
od 114) 2!»5 C:lli('IN'.. 
til 11 ,0 - i - I ' rOH 107-1011 C T H S C I N " , 
72 / 120-128 (M|.„C1X,-. 
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"See the Experimental Section for the number that corre­
sponds to each synthetic method. '' Reference 0. '' Reported bv 
O. Vogel and E.' C. Taylor, ./. Am. Chem. Soc, 81, 2472 (HhilD. 
'' See ref 10. '' This compound was not isolated and character­
ized before use in the next step. •' .Methylcyclohexane. « Cyclo-
hexane. '• See I'ef 6. ' All analyses (C, II, N) were within ac­
ceptable limits except IVh (V: calcd, 4.").."): found, 44.S i. 

TAHLE III 

thet tc 
No. method ' 1 yi 

V i l a 
Vi l l i 
V i l e 
V l l d 

Recrys tn 
solvent M p . -C I 

's'-Amidino-o-aminopyrazinecttrboxamidincs 
:t '. I.\ 

K ' 
310 dec Ci.lb.Nv 
1 l.j dec CslI :,CIN, 
1 10-150 dec <'([Ii,.( 'lX; 
> 2 9 0 f'slli.Cl-N; 

2.4-Diaminopteridiiie.s 
(MUX,, 
CtiHuN. 
('..llsCIN,. 
( M I s B r X r 
C iHtCIX: 
( \ H i „ ( ' l \ -
CiiHiL.ClX,. 
C'.lIii 'CIX; 
CsHi.iClN: 
C'IOHUCLNT 

C I l n C l X M ) 

V i l l a ' 5 '•'<'.' '/ > 3 3 0 
V l l l b 5 8:. '. >:i()0 
V I I I c .-> 7:. /. 2115 dec 
V H I d 7, oil >. > 3 0 0 
V l l l e ;"> 92"' /. > 3 1 0 
V H I f 7i 8()'' K tOI I 27)6-2551 
V I I I s 5 7!>" KtOI I 233-235 
V l l l h 5 8."," KtOII 245-247 
V i l l i 5 div' h 263 dec 
V I I I j 5 SI"' ICiOK 268-271 
V l l l k o 52'' ( M i s 238-240 

" See the Experimental Section for the number that corre­
sponds to each synthetic method. b Dissolved in dilute aqueous 
1IC1 and precipitated with dilute aqueous NaOlL '" Seeger, a ul.,:' 
who describe the synthesis of V i l l a by another method, do not 
report, the melting point of their material. d The reaction m b 
carried out using /-PrOII as a. solvent. ' All analyses (.0, II, \ j 
were within acceptable limits. 

particular method, only one example is given. Pertinent dala 
regarding each compound is recorded in Tables II and I I I . 

1. 3-Aminopyrazinecarboxamides (II). 3-Amino-6-bromo-
pyrazinecarboxamide (lie).—A suspension of Ie16 (2.0 g, 0.01 
mole) in concentrated NH4OII (100 ml) was stirred at room tem­
perature for 20 hr. The solid product was separated by filtration, 
washed with H 20, dried, and recrystallized. 

2. N,N-Dimethyl-N'-(3-cyano-2-pyrazinyl)formamidines(III). 
N,N-DimethyI-N'- (3 - cyano - 6 - chloro - 2 - pyrazinyl)formamidine 
(Hid).-—A suspension of l id (17.2 g, 0.1 mole) in D.VIF (170 ml) 
was stirred and treated with POCls (17 ml). The temperature 

•.10) I t . C. Ell ingson ami J i . L. H e n r y , ,/. .4?«. Chem.. Sue, 7 1 , 2798 (1949 ). 
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spontaneously 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 NH4OII. 
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 H i d (4.0 g, 
0.02 mole) in 2.5%, HC1 (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-
crystallized. 

Method B. 3-Amino-5-dimethylamino-6-chloropyrazinecar-
bonitrile (IVj).—A solution of IVa (10.0 g, 0.05 mole) in DMSO 
(50 ml) was stirred and treated with 2 5 % aqueous Me2XH (20 
ml). The mixture was heated at 65° for 15 min and poured into 
H..O (150 ml). The precipitate which separated was removed by 
filtration, washed with H 20, dried, and recrystallized. 

For the synthesis of related compounds, the pure liquid or 
gaseous amines were used. 

4. N-Amidinopyrazinecarboxamidines (VII). Method A. N-
Amidino-3-aminopyrazinecarboxamidine (Vila).—3-Aminopyr-
azinecarbonitrile6 (2.2 g, 0.018 mole) was added to HC1 (10 g) in 
EtOII (100 ml), and the mixture was allowed to stand overnight. 
The imino ether hydrochloride (V) which separated was removed 
by filtration 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 (0.02 g, 0.04 g-atom) in MeOH (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 was collected on a filter, suspended 
in H 20, and dissolved by adding dilute HC1. Precipitation of the 
product with dilute NaOH gave Vi la . 

Method B. N-(2-Imidazolin-2-yl)-2-amino-6-chloropyrazine-
carboxamidine (VIIc). Step 1. Methyl 3-amino-6-chloropyra-
zinethiocarboximidate (VI).—CH3SH (2.5 g, 0.053 mole) was 
admitted below the surface of EtOH (100 ml) containing 5% 
NaOH (2 drops). The solution 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 2 0 (100 ml) was 

Demethylat ion to desipramine is one of the trans­
formations occurring in the metabolism of imipra-
mine.2 ,3 Studies in these laboratories4 ,5 demonstrated 
tha t N-demethylat ion is involved in the metabolism of 
amitriptyline. 

(1) To whom inquires should be addressed. 
(2) B. Herrmann, W. Scliindler, 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, i, 171 (1962). 

added. The precipitated VI was isolated (6.2 g, 95%) and twice 
recrvstallized from EtOH to give pure VI, mp 192-194° dec. 
Anal. (C6H;C1N4S) C, H, X. 

Step 2. VIIc—Xa (0.46 g, 0.02 g-atom) was dissolved in 
MeOH (50 ml); 2-amino-2-imidazoline-HCl (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-dimethyIamino-6-chloro-
pyrazinecarboxamidine (Vllb).—Na (460 mg, 0.02 g-atom) was 
dissolved in i-PrOH (50 ml), guanidine • HC1 (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 2 0 (100 ml) 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 (VIIIc).—Xa (920 mg, 0.04 g-atom) was dissolved in MeOH 
(50 ml), guanidine-HC1 (4.0 g, 0.043 mole) was added, and 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, 75%) 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 H2S gas was admitted below 
the surface of the solvent for 2 hr. The solvent was evaporated 
in vacuo and the residual yellow solid was recrystallized from 
C6H6; vield 1.8 g ( 9 8 % ) / m p 193-195°. Anal. (C5H;C1N4S) 
C, H, X. 

3-Amino-6-chloropyrazinecarboximidic Acid Hydrazone (IX). 
—To a solution of XH2NH2 (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%), mp 168-170°. Recrystallization 
from EtOH gave material melting at 169-171°. Anal. (C5H7ClNe) 
C, H, X. 

Sulser, Wat t s , and Brodie6 found desipramine to be a 
potent antagonist of the central effects of reserpine 
and 2-ethyl-l,3,4,6,7,llb-hexahydro-3-isobutyl-9,10-di-
methoxy-2H-benzo [a]quinolizin-2-ol. Nortriptyline 
(la) was found to retain the antibenzoquinolizine action 
of amitriptyline (lb).6,7 

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

(7) V. G. Vernier, F. R. Alleva, H. M. Hanson, and C. A. Stone, Fed. 
Prov., 21, 419 (1962). 
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A series of 5H-dibenzo[a,tf]cycloheptene-5-propylamine derivatives has been synthesized and studied for tetra-
benazine-ant agonizing activity. In both the nortriptyline (la) and protriptyline (II) series, activity was maxi­
mal in compounds with a 10,11 double bond. Xuclear substituents reduced potency in both series. A striking 
difference in activity between geometric isomers was observed in the two pairs studied. 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. The primary amine congeners of nortriptyline and protriptyline have reduced activ­
ity, relative to the parent compounds. 


