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A series of S-(4-dialkylarnin0-2-biitynyl)-sribstituted cyclic imides has been prepared. These conipounds 
have been investigated for antagonistic activity toward acetylcholine on isolated guinea pig ileal preparations 
and for mydriatic activity and blockade of the motor effects of oxotremorine in intact mice. While these dif- 
ferent activities were significantly correlated, considerable differences were found in the relative central and 
peripheral anticholinergic effects in vivo and one member of the series, N-(4-diethylamino-2-butynyl)succin- 
imide, showed a very high degree of specificity as a central anticholinergic agent. 

TreniorineZ (1,4-dipyrrolidin0-2-butyne) and oxo- 
tremorine3 [1-(2-oxopyrrolidino)-4-pyrrolidino-2-bu- 
tyne] have been widely used in the search for com- 
pounds of potential value in Parkinson’s disease. Both 
compounds produce in a variety of experimental 
animals a syndrome characterized by tremor, rigidity, 
hypokinesia, and parasympathomimetic effects, which 
are blocked by atropine and many agents of established 
effectiveness in treating Parkinson’s disease. 0x0- 
tremorine is preferable to tremorine for screening 
purposes, since the latter compound owes its effects to 
biotransformation to oxotremorine, and several un- 
related compounds have been shown to block the effects 
of treniorine by interfering with this metabolic acti- 
vation. 4,5 

Introduction of large substituents into agonist mole- 
cules frequently yields compounds possessing antago- 
nistic properties, and the extreme potency and structural 
specificity of oxotremorine suggest that analogs may 
be found with similar potency. The relative specificity 
of oxotremorine on the central nervous system offers 
hope that  these analogs might also be selectively 
central in their blocking actions and thus minimize 
the peripheral parasympatholytic side effects commonly 
seen in agents used to treat Parkinson’s disease. 

Of many such analogs which have been examined, 
the presently described series of cyclic imides of types 

I,X=CHL, CHJH, o r  CH2CH, 

11, Y =co, so2 
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I and I1 is of particular interest. The compounds 
share with oxotremorine the 4-dialkylamino-2-butynyl 
group, which is attached to substituted cyclic imides 
rather than to a lactam as in Oxotremorine. Several 
show a pronounced antagonism to oxotremorine which 
in some cases is evident a t  much lower dosages than in 
peripheral parasympatholytic actions. 

Chemistry.-In general the compounds listed in 
Tables I and I1 were prepared through the RIannich 
reaction by refluxing a mixture of the K-propargyl- 
imide, formaldehyde, and the appropriate amine in 
dioxane in the presence of a small amount of cuprous 
chloride. nT-(4-Diethylamino-2-butynyl)succinimide 
was also prepared by ring closure of S-(A-diethylamino- 
2-butyny1)succinamic acid, obtained from 4-diethyl- 
amino-2-butynylaniine and succinic anhydride (see 
Scheme I) .  
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Pharmacology. A. Methods.-Each compound was 
administered intraperitoneally in logarithmically spaced 
doses to groups of five nialc mice wighing 18-22 g. 
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After 15-20 min, pupillary diameter was measured 
under constant lighting conditions with the aid of a 
binocular microscope fitted with a calibrated eyepiece, 
and compared to a similar measurement made imnie- 
diately prior to  injection. Oxotremorine was then 
injected intravenously at a dose of 100 ,ug/kg, and after 
a further 15-20 min, the intensity of tremor was 
graded visually, using a point system previously de- 
scribed.6 The results were averaged for each group of 
five mice, and the results were plotted as a function 
of the dose of antagonist. The “tremorolytic dose” 
was estimated by visual interpolation as the dose at  
which the mean tremor response was reduced by one 
point from the control. This was approximately 
equivalent to  the dose giving twofold protection against 
oxotremorine, The “mydriatic dose” was also esti- 
mated graphically as the dose required to  double the 
pupil size relative to the control. A11 doses are ex- 
pressed in moles per kilogram. 

Acetylcholine antagonism was measured on isolated 
guinea pig ileal strips suspended in oxygenated Krebs 
solution at 38”. Contractions mere recorded isotoni- 
cally at  1-g tension, using a Collins displacement trans- 
ducer arid potentiometric recorder. A series of cumu- 
lative doseresponse curves was obtained using acetyl- 
choline only; these were then repeated in the presence 
of a test cornpound a t  concentrations increasing in the 
ratio 1 : 3 : 10: 30. The preparation was allowed to  
equilibrate with each new concentration for 30 niiri 
before the acetylcholine doseresponse curve was ob- 
tained. 

The antagonism was found to  be competitive in 
every case. The acetylcholine concentration giving 
a response was estimated a t  each concentration 
of antagonist, arid the antagonist concentration pro- 
ducing a twofold block of acetylcholine was estimated 
graphically. 

Results and Discussion.-Table I11 summarizes 
the results obtained and includes atropine as a refer- 
ence compound treated identically. All compounds 

B. 

TABLE 111 
PHARMACOLOGICAL RESULTS 

CoInpd 

I a  
I b  
I C  

Id 
Ie  
If 
Ig 
I h  

II:t 
I Ib  
IIc 
IId 
IIe 

Atropiiie 

In vivo dose (moles/kg) required to  
produce in mice 

Oxotremorine 
Mydriasis blockade 

8 . 0  x 10-4 1 . 6  x 
2 . 5  x 10-4 8 . 0  x 10-6 
2 .0  x 10-1 4 .0  x 10-5 

5 . 6  x lo-$ 
1.4 x 10-3 1.4 x 10-4 
1 .2  x 10-4 5 .0  x 10-5 

> i . o  x 10-3c > i . o  x 10-3c 
1.0 x 10-3 2 . 0  x 10-4 
1 . 0  x 10-3 8 . 0  x 10-4 

> i . o  x 10-3 > i . o  x 10-3 
4 . 0  x 10-4 3 . 2  x 10-4 
4 . 0  x 10-4 2 . 5  x 10-4 
1 .0  x 10-4 8 . 0  x 10-5 

-1 . o  x 10-3 

6.4 x 10-7 3 .2  x 10-6 

Concn (M) to 
antagonize 

acetylcholine 
on isolated 
guinea pig 

ileum 

1.0 x 10-5~ 
(Agonist ) b  

2 . 7  X 
9 . 6  X 10-5 
1 . 4  x 10-5 
3 . 8  x 10-5 

1 . 5  x 10-5 
3 . 4  x 10-6 
2 . 4  x 
9 . 8  x lo-’ 
1 .6  X 
1 . 9  x 10-7 
2 . 6  x 10-1° 

1.1 x 10-4 

Produced culltraction of ileuni a t  -lo-’ 1%’; t,his effect dis- 
apprarrtl ai  higher ( , ~ ~ t ~ ( ~ e i i i i . ~ ~ t i ~ ) i ~ ~ .  f, Stiniiilatrd ileitl prepara- 
tion :it all conceiitrations. c No mydriasis or oxotremorine 
blockade observed at sublet,hal doses. 

(0) A.  I<. Cho and U. J. Jenden, In l e rn .  J. .1’eurup/~or,nuco7., 3, P i  (1$Iti4). 

except Ig and I Ib  blocked the central effects of oxo- 
tremorine and, in sufficient doses, also produced my- 
driasis. The relative doses required for these two 
effects varied widely, and one compound (Ia) appeared 
to be highly specific in its central actions, causing 
significant mydriasis only as the lethal dose (-1.5 x 

Compounds Ig and 
I Ib  produced convulsions and death at doses showing 
110 blockade of oxotremorine. Excitement, hyper- 
kinesis, and eventually convulsions were observed after 
sufficiently large doses of all the compounds; no other 
consistent effects were seen in mice. 

With the exception of Ib, all the compounds behaved 
as conipetitive antagonists of acetylcholine on the iso- 
lated guinea pig ileum. Ia, Ib,  arid IC all produced an 
increase in tone and motility of the gut at  low concen- 
trations (-lo-’ M), but with I a  and IC, this effect 
disappeared as the coricentration was increased, being 
replaced by a competitive anticholinergic action. On 
the other hand, it became more pronounced with Ib,  
which thus behaved as an agonist and could be blocked 
by atropine. 

I t  is evident from Table I11 that the derivatives of 
succininiide have higher tremorolytic effect than the 
corresponding derivatives of phthalimide and benzo- 
sulfimide. Introduction of a methyl group into 
the succininiide ring (Ig) or ring expansion to glutar- 
imide (Ih) lowers the tremorolytic effect considerably. 

Table IV sunimarizes a correlation analysis of the 
results depicted in Table 111, which were first converted 
to logarithms. The in vivo doses of Ig  and I I b  were 
both taken as 10-3 mole/kg for the purpose of calcu- 
lating correlation c~efficients.’~ All three types of 

mole/kg) was approached. 

T . ~ L E  IV 
COXREL.%TION O F  PH.4RMdCOLOGIC.U. ACTIVITIES 

Mydriasis blockade 
ra P ra P 

Oxotremorine 

lltydriasis . . .  . . .  0.720 <0.01 

Acetylcholine 0.842 <0. 001 0.505 < 0 . l  
antagonism 0.798 <0 .01 - 0.268 >0 . 5  

a Upper value of “T” is the total correlation coefficient, lower 

0.632 <0.05 

value is the partial correlation Coefficient. 

activity show some correlation with each other in agree- 
ment with the view that  they depend upon a common, 
basic pharmacodynamic property. However, the cor- 
relation between acetylcholine blockade and oxotrem- 
orine antagonism is only suggestive and not statisti- 
cally significant at  the 5% lexrel. Further insight may 
be obtained by the calculation of partial correlation 
coefficients7b which provide an assessment of the cor- 
relation which would be observed between two of the 
variables if the third could be maintained constant, 
i.e., the effects of a common correlation with the third 
variable are eliminated. When the data are examined 
in this way, the correlation between acetylcholine 
blockade and oxotremorine antagonism disappears, 
although mydriatic activity remains significantly 
correlated with both factors. 

The high correlation between atrophic activity i n  
i i lro :~1i(1 mytlriiitic activity iiitlic:ites that blocLing 

Fisher, “Statisticdl 3Ietliods for Research \\ orkers,’ 11th ed 
(a) p 188, (b )  p M i ,  liafner Publisliing Cu., Inc., New York, N. Y., 1950 




