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As was shown in the previous work, monoquaternary salts of alkamine es te rs  of benzoic and cinnamie 
acids of the types (I) and (rl) exert  a distinct cu ra re - l ike  action [1]. 
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In activity cer ta in  of these compounds may compare  with the most  effective muscle  relaxants which 
belong to the group of b isquaternary ammonium salts.  Like the major i ty  of monoquaternary salts their ac -  
tion is quite short- l ived.  This is evidently associated to a considerable degree with the p resence  of hydro-  
lyzable es te r  bonds in the organism.  The disadvantages of compounds of the types (I) and (II) which hinder 
their  use in anesthetic prac t ice  must  be attributed to the fact that they cause a depolarized neuromuscular  
block. As is known, antidepotarizing muscle  relaxants are  of most  interest  for surgical  use [2] and the a c -  
tion of these must  be regulated by the use of antagonists (for example neostigmine). Fur the rmore ,  they do 
not disturb the distribution of the potass ium ions and in this connection do not lead to the onset  of a ser ies  
of side effects which are  charac te r i s t i c  of depolarizing compounds. 

Previously,  attempts have repeatedly been made to t rans form depolarizing muscle  relaxants into the 
pract ical ly  more  valuable antidepolarizing compounds by means of var ious  types of s t ructura l  changes. The 
possibi l i ty of such a change has already been theoret ical ly noted for  monoquaternary muscle  relaxants.  
Thus, it was shown for te t ramethylammonium salts  that the success ive  exchange of one of the methyl groups 
by an alkyl group with a constantly increasing chain length led to the situation that at a number of carbon 
atoms in the chain g rea te r  than 12 the substance lost the depolarizing proper t ies  and began to act as a non- 
depolarizing type [3]. On the basis  of these data compounds were  studied in which the highly lipophilic and 
voluminous adamantyl group was introduced at the onium center .  One might expect that this would signifi-  
cantly change the distribution of the substance, the ease of approach of the molecule of muscle  relaxant  to 
the appropriate  receptors ,  and the stability of the bond between them. Data are  available on the fact  that 
depolarizing and nondepolarizing cura re - l ike  substances are  fixed differently in the region of the end plates 
of skeletal musc les  [4, 5] whose lipophilic organizat ion occupies an important  place in the s t ruc ture  of syn-  
aptic membranes  [6]. It is also known that the introduction of adamantyl groups into the s t ruc tures  of anti-  
diabetic compounds [7], hormonal  compounds [8], and other physiologically active substances [9] led to in- 
terest ing changes in the nature of the activity of these compounds. 

A ser ies  of methiodides of alkamine es te rs  of benzoic (I) and cinnamic (IV) acids,analogous in s t ruc -  
ture to the salts I and II but containing an adamantyl group on the quaternary nitrogen atom in place of a 
methyl group, were synthesized. 
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As l - b r o m o a d a m a n t a n e  does not fo rm qua te rna ry  sa l t s  with 
t e r t i a ry  amines  under the usuai conditions it was  n e c e s s a r y  to p r e -  
p a r e  a s e r i e s  of amino alcohols with an adamantyl  group on the n i t ro -  
gen a tom s ta r t ing  f rom 1- (N-methylamino)adamantane  (V) [10]. 

Ad \JqH 
HIOHIOH " ~7 7( I OH~OHIOHIOOO H~" 

Ad~ Ad~ Ad\  
OH,) / NCHIOHICHzOHz0t f ~0H)')N'OHIOHIOHtOHt0GOOH ) OH~ NOHIOHZOHz0~ 

fl - [N-Methyl-N-(1-adamantyl )amino]ethanol  (VI) was synthe-  
s ized  by the act ion of ethylene oxide on V. Methyl/3 - [ N - m e t h y l - N -  
(1-adamantyl )amino]propionate  was p r e p a r e d  by the addition of an 
equimoleeular  quantity of V to methyl  ac ry la te  and was  then reduced  
with 2 moles  of l i thium aluminum hydride to y - [ N - m e t h y l - N - ( 1 - a d a -  
mantyl) amino]propanol  (VII). The reac t ion  of 2 moles  of V with 5 - b ro mo -  
butyl aceta te  gave 5- [N-methyl -  N- (1-adamantyl)  amino]butyl ace ta te  
which was hydrolyzed without isolat ion in the pure  s ta te  to & [ N - m e t h y l -  
N- (1-adamantyl)  amino]butanol  (VII1). The amino alcohol VI was a c r y s -  
tall ine substance;  the amino alcohols VII and VIII were  viscous  liquids 
which dist i l led without decomposi t ion at a high vacuum and were  ch a r -  
ac te r i zed  as the hydrochlor ides  and methiodides  (Tsble 1). 

The convers ion  of the obtained amino alcohols (VI-VIII) into 
e s t e r s  of benzoic or  subst i tuted benzoic acids was  achieved by r e -  
act ing them with an equimolecular  quantity of the appropr ia te  acid 
chlor ide (s tandard exper iment  A). The basic  e s t e r s  of the c innamic 
acids we re  p r e p a r e d  by the t r anses t e r i f i ca t ion  of the methyl  e in-  
namates  with the amino alcohol in the p r e sence  of the alcoholate 
(s tandard exper imen t  B). In both va r i an t s  the separa t ion  of the fo rmed  
alkamino e s t e r  f rom the unreac ted  amino alcohol was c a r r i e d  out by 
f rac t ional  bas i f ica t ion  of a solution of the reac t ion  mix tu re  in acid; 
in the ma jo r i ty  of cases  the e s t e r s  which were  s epa ra t ed  in this way 
showed comple te ly  sa t i s f ac to ry  analyt ical  r e su l t s  without a d is t i l la -  
tion. The p r e p a r a t i o n  of the methiodides  was c a r r i e d  out by heating 
a solution of the r eac tan t s  in acetone.  The analys is  r esu l t s  and the 
constants  for  the synthes ized compounds a re  given in Table  2. 

In the pharmaco log ica l  study of compounds (III) and (IV) the i r  
c u r a r e - l i k e  act ion was compa red  with the act ion of the analogously 
cons t ruc ted  compounds (I) and (II). It  was shown that the subst i tut ion 
of the N-methyl  group by an adamantyl  group led to a change in the 
m e c h a n i s m  of act ion of the subs tances  and this r e la ted  both to the 
der iva t ives  of benzoic acid (I) and (III) and also to the der iva t ives  of 
c innamie acid (II) and (IV). In all cases  the t r ime thy l ammonium c o m -  
pounds caused spasmodic  p a r a l y s i s  in chicks typical of depolar iz ing 
subs tances  while the i r  adamantyl  analogs evoked a l imp p a r a l y s i s  
cha r ac t e r i s t i c  of a nondepolarizing block (see Table  2). The change 
in mechan i sm of act ion of the compounds on introducing the adamantyl  
group into the cationic grouping is accompanied  by a sudden lowering 
of the c u r a r e - l i k e  act ivi ty  (from the data of exper iments  on cats  by 
200-300 t imes) .  
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TABLE 3. Effect of Nitrogen Substituent on the 
Charac te r  of the Para lyz ing  Action of Monoqua- 
t e rnary  Ammonium Compounds 

Compound 

§ 
CH3N(CH3)3I- (IXa) 

+ 
CH 3N(CH3)~(Ad)I- (IXb) 

+ 
HCCH~CHeN(CHz)3I-(Xa) 

+ 
HOCH2CH~N(CH a)2(Ad) I- (Xb) 

+ 
CH aCOOCH~CH ~N(CH 3) aCI- (XIa) 

+ 
CHaCOOH.CH2N(CH3).2(Ad) I- (X lb', 

Nature of paralysis in chicks 
and intravenous dose (in 
mg/kg) exerting the paralyz- 
ing action 

Spasmodic 

Limp 30--40 

Spasmodic 50--60 

Limp 40--60 

Spasmodic 0,10--0,15 

Limp 40--50 

If the value of n is compared,  then for  the adamantyl derivatives which were  tested (in contras t  to the 
t r imethylammonium derivatives),  the number of methylene gToups in the amino aleohol port ion of the mole -  
cule does not play a significant role.  When n=2,  3, or  4 the activity of the monoquaternary ammonium salts 
of the alkamine es te r s  of benzoic and cinnamie acids is of the same order .  The introduction of a nitro group 
or  methoxy groups into the a romat ic  r ing also changes the activity slightly. 

In o rde r  to study more  extensively the found relationship it appeared interest ing to examine what ef-  
fect the p resence  of the adamantyl group exerted on the mechanism of action of other cholinomimetics which 
were monoquaternary ammonium salts, and in the f i rs t  place te t ramethylammonium iodide (IXa), choline 
(Xa), and aeetylcholine (XIa) were considered.  The synthesis of the adamantyl analog of IXa (IXb) was r e -  
por ted  ea r l i e r  [10]. The adamantyl analog of choline (Xb) was p repared  by heating VI with methyl iodide 
(see above); t reat ing it with acetic anhydride led to the adamantyl analog of acetylcholine (XIb). 

The resul ts  of the pharmacological  tests  of compounds (IX-XI) showed that in all cases  substitution 
of a methyl group by an adamantyl group was accompanied by the t ransformat ion  of the depolarizing sub- 
s tances into nondepolarizing substances with a simultaneous reduction of their  activity (Table 3). The ob- 
servable change in mechanism of action must  be linked with the considerable size of the adamantyl group. 
However, one might ra ther  assume that its high lipophilicity plays the main role in essential ly varying both 
the possibi l i ty of the permeat ion  of the substance through the hydrophilic and hydrophobie s t ruc tures  of the 
subsynaptic membrane  and also the conditions of its react ion with eholinoreeeptors .  

E X P E R I M E N T A L  

The yields and constants for  the p repared  compounds and their  derivatives are  given in Tables 1 and 2.* 

/3-[N-Methyl-N-(1-adamantyl)amino]ethanol  (VI). A solution of 20 g of ethylene oxide in 30 m~ of meth-  
anol was added dropwise at 20 ~ to a solution of 15 g of V in 70 ml of methanol. The temperature  of the r e -  
action mixture rose  to 40 ~ over  the f i rs t  hour and to 55 ~ over  the following houri it was maintained at this 
tempera ture  for 30 rain, and after  this the methanol and excess  of ethylene oxide were  distilled off invacuum.  
The crysta l l ine  residue was dissolved in 120 ml of absolute ether  and f i l tered from carbon. After evapora-  
tion of the ether  15.1 g of c rys ta l s  with mp 56-58~ were obtained. 

Hydroehloride.  This was p repared  by acidifying a solution of 2 g of VI in 10 ml of ether  with an ethe- 
real  solution of hydrogen chloride until blue to congo red. The yield was 2.1 g (85.7%). 

Methiodide. This was p repared  by heating a solution of 2.5 g of VI and 2.2 ml of methyl iodide until 
the alkaline react ion of the mixture had disappeared (this required  about 3 h). The yield was 3.75 g (81%). 

7-[N-Methyl-N-(1-adamantyl)amino]propanol  (VII). A solution of 1.8 g of methyl acryla te  in 4 ml of 
methanol was added dropwise to a solution of 3.52 g of V in 6 ml of methanol at a tempera ture  not exceeding 
40~ the mixture was left to stand for severa l  days at room temperature .  After evaporat ion of the methanol 
in vacuum methyl fi - [N-methyl-N-(1-adamantyl)amino]propionate  remained as a viscous oil. The yield was 
4~ g (92.2~ Found, %: C 71.52, 71.83; H 10.00, 10.03; N 5.61, 5.72. C15H25NO2. Calculated, %: C 71.67; 
H 10.02; N 5.57. 

* Uncorrec ted  melt ing points and boiling points are  given. 
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The hydrochloride had mp 151-153 ~ Found, %: C 62.45, 62.61; H 9.00, 8.99; CI'  12.57, 12.61. 
C15H25HNO 2 .HC1. Calculated, %: C 62.53; H 9.02; CI'  12.33. 

The prepared  es ter  was dissolved in diethyl ether, 1.52 g of lithium aluminium hydride was added, and 
the react ion mixture was heated with boiling for 8 h. Then 3 ml of water  and 9 ml of te t rahydrofuran was 
added with cooling, the mixture was boiled for a fur ther  30 rain, the precipi tate  was f i l tered off and after  
distillation of the solvent in vacuum 3.45 g (81%) of VII was obtained as a color less  oil. 

5-[N-Methyl-N-(1-adamantyl)amino]butanol  (VIII). A solution of 2.65 g of 5 -brombuty l  acetate [11] 
and 4.46 g of V in 40 ml of toluene was heated with boiling and s t i r r ing  for 15 h. The precipitate of hydrobro -  
mide of V which separa ted  was f i l tered off, the toluene was distilled f rom the fi l trate in vacuum, the oil 
which remained was dissolved in 5 ml of water ,  a 40% solution of hydrobromic acid was added until blue to 
congo red, and the mixture was heated with boiling for  3 h during which the oil had almost  completely gone 
into solution. The solution was extracted with ether~ the ether  layer  was discarded, and the aqueous layer  
af ter  t reatment  with carbon was basified with 40% sodium hydroxide solution and saturated with potassium 
carbonate.  The oil which separated was extracted with ether,  the ether  solution was dried and after  dist i l la-  
tion of the solvent gave the liquid base of the amir.o alcohol. 

5-[N-Methyl-N-(1-adamantyl)amino]butyl  Benzoate (standard experiment A). To a solution of 0.5 g 
of VIII in 20 ml of dry dichlorethane at 0-2 ~ was added 0.3 g of benzoyl chloride and the mixture was left to 
stand for 16 h at room temperature ;  af ter  this the dichloroethane was distilled off and the residue dissolved 
in 5 ml of water .  The solution was extracted with ether, the ether layer  was discarded, the aqueous layer  
was f i l tered with carbon, basified with ammonia solution, and the oil which separated was extracted with 
ether.  After drying the extract  with magnesium sulfate and evaporating the ether,  the base of the alkamine 
es te r  was obtained as a viscous oil. The yield was 0.6 g. The hydrochloride was p repa red  in ether  Solution 
and the methiodide in acetone solution. 

~/- [N-Methyl-N-(1-adamantyl)amino]propyl 3,4-Dimethoxycinnamate (standard experiment B). Gran-  
ules of metall ic  sodium were added to 2.18 g of VII and the mixture was heated gradually to 80 ~ over  40 rain 
while pass ing dry nitrogen through it. Then 1.08 g of methyl 3,4-dimethoxycinnamate was added and, while 
continuing to pass  nitrogen, the mixture was maintained at a residual  p r e s su re  of 110-115 mm for  2 h at 
80-85 ~ and 2 h at 100% It was then t rea ted  with a 2 N solution of hydrochlor ic  acid until violet to congo red, 
ext rac ted  with ether, the ether  layer  was discarded, and the aqueous solution saturated with bicarbonate.  
The oil which separated was extracted with ether, the extract  was dried, and after  distil lation of the solvent 
1.1 g (61.8%) of the amino es te r  was obtained as a viscous oil. 

fi - [N-Methyl-N-(1-adamantyl)amino]ethyl  Acetate Methiodide (XIb). A mixture  of 2.1 g of the methio-  
dide of VI and 2 g of acetic anhydride was heated at 140 ~ for 30 rain. The obtained melt  c rys ta l l ized  on cool-  
ing. It was washed with ether  and rec rys ta l l i zed  from alcohol. The yield was 1.5 g (65.2%) withmp 188-190 ~ 
Found, %: C 49.29, 49.22; H 7.35, 7.51; I '  32.60, 32.76. C16H28INO 2. Calculated, %: C 48.85; H 7.17; I '  32.27. 
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