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The importance of hydrophobic 1-adamantyl  radicals  {Ad} for  c u r a r e - l i k e  activity was inves-  
tigated in a se r ies  of polymethylene b i s -ammonium salts R(CH3)2N+(CH~}nN+(CH~)2R �9 21- 
(R =CH~ or  Ad). Introduction of Ad radicals  into the cationic groups of depolarizing agents 
(n = 9-11} changed the mechanism of their  action and lowered thei r  activity.  Addition of Ad 
radicals  to the quaternary nitrogen atoms of antidepolarizing agents (n = 5 and 6} sharply in- 
c r ea sed  their  cu r a r e - l i ke  activity. The resul ts  a re  evidence of the existence of hydrophobic 
zones in nicotinic eholinergic receptors  of skeletal  muscles .  

KEY WORDS: Cholinergic receptor ,  cu r a r e - l i ke  activity; adamantyl  radica ls  in polymethy-  
lene b i s -ammonium salts.  

Introduction of 1-adamantyl  (Ad)~ radicals  into the molecules of nicotinic chol inomimet ics  may have 
an effect in two different direct ions.  On the one hand, because of their  hydrophobic proper t ies ,  they c rea t e  
additional points for  fixation of substances to the cholinergic recep tor  (CR), leading to definite stabilization 
of the existing conformat ion of the r ecep to r  protein.  Changes are  thereby produced in the mechanism of 
neuromuscular  block: depolarizing agents a r e  converted into antidepolarizing [3, 4]. On the other hand, 
the considerable  volume of the Ad radical  (seven to eight t imes l a rge r  than the methyl group} may c rea t e  
s ter ic  hinderances preventing interaction between the active cen te r  of the agent and the CR. This must  be 
manifested as a dec rease  in the activity of the compounds.  Increased  activity has not been observed after  
the introduction of Ad radicals .  

In this connection it was important  to d i scover  whether,  in principle,  cu r a r e - l i ke  activity of compounds 
can be increased by introducing hydrophobic radicals  into their  s t ructure .  This amounts essential ly to the 

�9 crea t ion of compoundswi th  sufficiently complementa ry  proper t i es  re la t ive  to CR. The investigation de-  
scr ibed below was ca r r i ed  out for  this purpose.  

E X P E R I M E N T A L  M E T H O D  

The activity and mechanism of action of the substances were  investigated:~ mainly in experiments  on 
cats,  pigeons, and the isolated frog rectus abdominis musc le  [5]. 

T h e  hydrophobic c h a r a c t e r  of the compounds was judged f rom their  interact ion with polyacryl ic  acid 
[2]. Potent iometr ic  t i trat ion curves  were  used to determine the degree  of e lect rosta t ic  binding of the sub- 
s tances with polyacryl ic  acid (0), which depends on the hydrophobic proper t ies  of the compound. 
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

A factor  of impor tance  to nicotinic cholinolytic action is the localization of the Ad radical .  F o r  ex- 
ample,  for  acetylcholine der ivat ives  the compound was m o r e  active if the Ad radical  was as far  as possible  
f rom the quaternary nitrogen atom. 

t 

R3--CH2--CO--O--CHR~--CHz--N (CH3h-R l" I-- 
a) RI=Ad; R'~:R~:H; b) R2=Ad; RI=CHa; RS=H; 

c) Ra:Ad; RI:CH3; R~:H. 
(I) 

They ean be a r ranged  in the following o rde r  of activity Ic > Ib > Ia. They produced flaccid para lys i s  
in pigeons in doses  of 2.5-4, 5-6, and 9-10 mg/kg,  respect ively .  

A different pat tern was observed for dicarboxylic acid der ivat ives  (II). 

+ + 

(CH3)2N-CH,-CH-O -CO-Y-CO-O-CH-CH,-N (CH3) , .2 i -  
I I I I 

R I R~ R~ RI 
a) RJ.=Ad; R,=H; Y=--CH2--CH2-- 

R*=Ad; R~=CHs; Y=--CH,--CH2-- 
Y=--Ad--; R~=CHs; R2=H 

d) Y=Ad-- CH<; Rx=CH3; R~=H. 

The eompound IIa, with N - A d  radieals ,  was most  act ive (it blocked neuromuscu la r  t ransmiss ion  in 
cats  in doses of 0.25-0.35 mg/kg,  intravenously).  

Compound IIb was 30-40 t imes weaker.  It had a blocking effect if injected in doses of 11-13 mg/kg.  
Compounds IIc and IId were  less act ive still (their blocking doses exceeded 20 and 30 mg/kg,  respect ively) .  

It is diffieult to analyze the resul ts  because two pa rame te r s  changed simultaneously:  the mechanism 
of action and the activity. Accordingly,  introduction of the Ad radieal  into the molecule  of antidepolarizing 
agents is very interesting. Fo r  this purpose a se r i e s  of polymethylene b i s - t r imethy l  ammonium sal ts  was 
used (Table 1). This s e r i e s  is interest ing because  compounds with n = 5 and 6 a re  antidepolarizing agents,  
whereas  the higher homologues (n = 9-11) have marked depolarizing proper t i es  [9, 10]. 

It will be c l ea r  f rom Table 1 that replacement  of one methyl group attached to each quaternary n i t ro-  
gen atom by an Ad radical  gives all the compounds antidepolarizing proper t ies .  They produce flaecid pa -  
ra lys i s  in pigeons, exhibit nieotinie cholinolytie aetivity on the frog reetus abdominis muscle,  bloek neuro-  
muscu la r  t ransmiss ion  in eats without p re l iminary  facili tation and muscle  faseieulations,  and neostigmine 

�9 acts  as their  antagonist. 

Compar ison of compounds with R --CH 3 and R = Ad shows that when n = 5-8 the c u r a r e - l i k e  activity 
of the Ad analogues is higher  than that of the cor responding  b i s - t r imethy l  ammonium salts.  On int roduc-  
tion of Ad radica ls  into the cationic groups of depolar izing agents (n = 9-11), the mechanism of their  action 
is modified and the i r  activity reduced. Addition of Ad radicals  to quaternary nitrogen atoms of antidepola-  
r iz ing agents increases  activity tenfold when n = 5, and a hundredfold when n = 6. Compounds with n =7  
and 8, which evidently have admittedly mild nicotinic cholinomimetic p roper t ies ,  occupy an intermediate  
position (experiments on hens and on the isolated frog rec tus  abdominis muscle).  The activity of their  
N - A d  analogues also was increased,  but less  so than when n = 5 and n = 6 (by 8-10 t imes for n = 7 and by 
1.5 t imes for  n = 8). 

Consequently, the differences in activity were  par t icu lar ly  great  for  hexamethonium (n = 6)o The 
reason was most  probably the high-hydrophobic c h a r a c t e r  of the Ad radicals  providing additional fixation 
points on the subsynaptic membrane  and stabil izing ionic ( ion-d ipole  also) bonds. Considering that n = 6 
is not the optimal interonium dis tance for  neuromuscu la r  blocking agents, the possibil i ty cannot be ruled 
out that hexamethonium interacts  only with one anionic group of the CR. The second cationic group may 
form an i on -d ipo l e  bond with part ia l  charges  (6-) of the CR. 

The impor tance  of Ad radicals  is also seen in the case  of the b i s - t e r t i a ry  analogue of hexamethonium 
(III): 

HsC-- N -- (CH2) 6 -- N -- CH3.2HBr 
I I 

R R 
a) R=CH3; b) R=Ad. (m) 
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The b i s - t e r t i a r y  sa l t  (IIIa) does not inhibit n e u r o m u s c u l a r  synapses ,  whe rea s  the cor responding  Ad 
de r iva t ives  (IIIb) blocks  the t r a n s m i s s i o n  of impulses  f rom the sciat ic ne rve  to the gas t rocnemius  mu sc l e  
in the cat  in a dose  of 10-12 mg/kg .  

Af te r  the introduction of Ad r a d i c a l s  into the cen t r a l  p a r t  of the molecule  (IV), compounds with an 
in teronium dis tance  s i m i l a r  to that  of hexamethonium w e r e  sufficiently ac t ive  ant idepolar iz ing,  c u r a r e - l i k e  
agent (neost igmine acted as  the i r  antagonist) .  

a)l~X=Olt~I ; b) I~X-G2H~I ; c)I~X-HOI, (IV) 

The compound with RX = CH3I (tVa) blocked n e u r o m u s c u l a r  t r a n s m i s s i o n  in the ca t  in a dose  of 0.7- 
0.8 mg/kg ,  and that with RX = CzHsI (IVb) did so in a dose  of 0.6-0.7 mg/kg .  It is noteworthy that the b i s -  
t e r t i a ry  amine  (IVc) induced n e u r o m u s c u l a r  block in a dose  as  low as  2.5-3.5 mg/kg ,  i .e. ,  only 3-4 t imes  
g r e a t e r  than for  the co r respond ing  b i s - q u a t e r n a r y  sal t  (IVa). 

The Ad de r iva t ives  of hexamethonium (Table 1, n = 6, R = Ad and IVa), in m u s c l e - p a r a l y z i n g  doses ,  
produce  vi r tual ly  no change in the a r t e r i a l  p r e s s u r e  and have no effect  on the t r a n s m i s s i o n  of excitation in 
the supe r io r  c e r v i c a l  ganglion. 

Essent ia l  d i f fe rences  in the hydrophobic p r o p e r t i e s  of hexamethonium and N - A d  analogue can be 
judged f rom the much higher  degree  of e lec t ros ta t ic  binding of the l a t t e r  with po lyacry l ic  acid. The s t rongly 
hydrophobic c h a r a c t e r  of the Ad rad ica ls ,  as  these  resu l t s  show, s tabi l izes  the resu l t ing  s u b s t a n c e - p o l y -  
e lec t ro ly te  complex.  

Bes ides  Ad analogues of hexamethonium, the re  a r e  also other  ac t ive  c u r a r e - l i k e  agents  in which the 
cationic c e n t e r s  a r e  separa ted  by hexamethylene  chains.  These  include qualidil [1], mylaxen,  and other  
compounds [6-8]. The hydrophobic p r o p e r t i e s  of these  subs tances  undoubtedly a lso  play an e s sen t i a l  ro l e .  
However ,  it is difficult to a s s e s s  them because  of the exis tence  of conjugated bonds in the r ings  and the p o s -  
s ib le  ro le  of d i p o l e - d i p o l e  in terac t ion  of the subs tances  with the CR on account  of the fo rmat ion  of par t ia l  
cha rges .  

Hydrophobic rad ica l s  thus affect  not only  the mechan i sm of action, but also the act ivi ty of chol inergic  
subs tances ,  including s t rengthening of the i r  c u r a r e - l i k e  p roper t i e s .  These  findings conf i rm the p r e s e n c e  
of hydrophobic zones in the nicotinic CR of ske le ta l  musc le s .  
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