
S Y N T H E S I S  AND P H A R M A C O L O G I C A L  I N V E S T I G A T I O N  OF 

3 - H Y D R O X Y -  AND 3 - A M I N O Q U I N U C L I D I N E  D E R I V A T I V E S  

E .  E .  M i k h l i n a ,  K.  A. Z a i t s e v a ,  
V.  Y a .  V o r o b ' e v a ,  M. D. M a s h k o v s k i i ,  
a n d  L .  N. Y a k h o n t o v  

UDC 615.22:547.834.4 

The alkaloid quinidine is one of the most effective antiarrhythmie agents. The bieyclie quinuclidine 
system is a structural fragment of the quinidine molecule. This fact prompted us to ca r ry  out a search 
for antiarrhythmic agents among a number of quinuclidine derivatives with a simpler structure than quini- 
dine. As a result  of an investigation carr ied  out ear l ier ,  it has been established that 3-benzoyloxyquinueli- 
dine hydroehloride (I, 0xylidine) displays antiarrhythmie action on various forms of experimental arrhyth- 
mia [1]. 

It would be expedient to follow the variation in antiarrhythmie activity when different substituents 
are introduced into the benzene nucleus of I, and also to study 3-aroylaminoquinuclidines having elements 
of structural similarity with Novocainamid in the same direction. 

For this purpose, the 3-aroyloxy-, 3-aroylamino- and 3-aralkylamino-quinuclidines shown in Tables 
1 and 2 were synthesized. 

Esters  H, Ill and V-X were obtained by reacting 3-hydroxyquinuclidine with the hydrochlorides of the 
substituted benzoic acids in pyridine at 20 ~ or 100~ and ester  IV, with an amino group in the benzene ring, 
was obtained by reducing nitro derivative III. The 3-acylaminoquinuclidines (XIV-XVIID were synthesized 
by reacting 3-aminoquinuclidine with the hydroehlorides of the acids, and 3-(4-aminobenzoylamino)quinucli- 
dine was synthesized by reducing the corresponding nitro derivative XXI. 

Two methods were used to synthesize the 3-alkyl- and 3-aralkyl-aminoquinuelidines: the reduction 
of the 3-acylaminoquinuelidines with lithium aluminum hydride, and the reduetive alkylation of 3-amino- 
quinuclidine with various carbonyl compounds o r  of the corresponding amines with 3-ketoquinuclidine. By 
the first  method, 3-[N-(y-phenylpropyl)amino]-quinuclidine (XX) was obtained from XV, and 3-methyl- 
aminoquinuclidine (XXIII) was obtained from 3-formylaminoquinuclidine (XXID. Amines XIX, XXIV and 
XXV were prepared by hydrogenation of the azamethines synthesized from 3-ketoquinuclidine and ~-phen- 
ethylamine or ethanolamine and also from 3-aminoquinuclidine and veratraldehyde. 

Compounds XXVI-XXXIV Were synthesized in the following way. 3-FN-(B-hydroxyethyl)amino]- 
quinuclidine (XXIV) was converted into 3-[N-methyl-N-(3-hydroxyethyl)amino]quinuclidine (XXVD by r e -  
action with formalin and formic acid, and the esters  XXVII and XXVIII were obtained from the latter .  The 
dihydrochloride of 3- [N-(~-chloroethyl) amino]quinuclidine (XXD0 was formed by reaction of the dihydro- 
chloride of XXIV with thionyl chloride, and amines XXX and XXXI were obtained by subsequent reaction of 
XXIX with morpholine and N-methylpiperazine. Cyanoethylation of amine XXIII led to 3-[N-methyl-N-(3- 
cyanoethyl) amino]quinuelidine (XXXID, the eyano group of which was reduced to aminomethyl, and amine 
XXXIV was obtained from 3-~-methyl-N-(y-aminopropyl)amino]quinuclidine (XXXI1D. 

The antiarrhythmic activity of compounds II-XX was studied. The investigations were carr ied out 
using I for comparison. We determined the effect on the re f rac tory  period of isolated rabbit cardiac auri-  
cle by the method of [2]; the effect on arrhythmia induced by electrical  stimulation of the right cardiac 
auricle of urethane-nareotized cats under artificial respiration [3], and the effect on arrhythmia in rats 
induced with aconite (30 ~g/kg, intravenously} [4]. 
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*As in Russ ian  or iginal  - Publ i sher .  

It was es tab l i shed  that  I in a concentra t ion of 3 �9 10 -~ 

g/m1 lengthens the r e f r a c t o r y  per iod  by 25%. At doses  of 
1-10 m g / k g  (intravenously) it apprec iab ly  r educes  or  p r e -  
vents a r rhy thmia  induced in cats  by e l ec t r i ca l  s t imula -  
tion of the ca rd iac  aur ic le .  In the case  of  aconi te- induced 
d is turbances  of the card iac  rhythm in ra t s ,  I has  a di -  
luting effect  when admin i s t e red  by va r ious  rou tes .  To 
judge f rom the data obtained, I is s i m i l a r  to Novocainamid 
and quinidine in the c h a r a c t e r i s t i c s  of i t s  action. It is 
act ive at lower  doses  than Novocainamid,  but the ra t io  of 
effect ive and lethal  doses  (i.e., the " therapeut ic  breadth")  
is  approx imate ly  the same  for  both compounds.  In some 
expe r imen t s  (with aconi te- induced a r rhy thmia) ,  I has  a 
longer - l a s t ing  effect  than Novocainamid.  

Severa l  of the e s t e r s  of 3-hydroxyquinuclidine ap-  
p roach  I in the i r  abil i ty to lengthen the r e f r a c t o r y  period,  
e spec ia l ly  those e s t e r s  containing OH, CH 3 or  chlorine 
groups in the phenyl nucleus {II, V, VII, VIII). These  c o m :  
pounds, however ,  a re  cons iderably  in fe r io r  to I in the 
other  f o r m s  of exper imenta l  a r rhy thmia .  The remain ing  
3-hydroxyquinuclidine e s t e r s  have only slight an t i a r rhy th -  
mic  p rope r t i e s .  

The 3 - a r o y l a m i n o -  and 3-ara lkylaminoquinucl id ines  
(see Table  2), including XIII, which can be r e g a r d e d  as a 
cycl ic  analog of Novocainamid,  do not p o s s e s s  an t i a r rhy th -  
mic  act ivi ty.  

In addition to the an t i a r rhy thmic  effect  of  the 3-  
hydroxy-  and 3-aminoquinuelidine der iva t ives ,  we a lso  
studied other  a spec t s  of the i r  pharmaco log ica l  act ivi ty.  
The hydrochlor ide  of 3-benzoylaminoquinucl idine (XID 
occupies  a specia l  place among the subs tances  studied. 
Injection of XII into the veins of u re thane -na rco t i zed  ca ts  
in doses  of 0.5-1 m g / k g  and above causes  a sharp  in-  
c r e a s e  in a r t e r i a l  p r e s s u r e ,  s t imulat ion of r e sp i r a t i on  
and contract ion of the th i rd  eyelid.  These  r eac t ions  a r e  
suppres sed  by the admin is t ra t ion  of gangl ion-blocking 
agents (1 m g / k g  of hexonium), which indicates  that  this  
compound has a s t imulat ing action on the ganglia of the 
vegeta t ive  nervous  s y s t e m  and r e l a t ed  fo rmat ions .  
Tachyphylaxia  is  cha r ac t e r i s t i c  of compound XII, the 
effect  dec reas ing  on subsequent  admin i s t r a t i ons . .  

The 3-aminoquinuelidine der iva t ives  Xq-~-XX a r e  
s i m i l a r  to one another  in pharmaco log ica l  p r o p e r t i e s .  
At doses  of 5-10 mg/kg ,  they have a depressan t  effect  
on the ganglia of both the pa r a sympa the t i c  and s y m p a -  
thet ic  nervous  s y s t e m s .  At r e l a t ive ly  high concen t r a -  
t ions (1 �9 10-5-1 �9 10 -5 )*, they all achieve acetylcho-  
l ine- induced s p a s m s  of an i so la ted  sect ion of rabbi t  in -  
tes t ine  e i ther  comple te ly  or  by 50%. Compared  with 
known gangl ion-b lockers  and cholinolyties,  these  c o m -  
pounds are  of  r e l a t ive ly  low act ivi ty.  The subs tances  
under  invest igat ion p o s s e s s  a mode ra t e  hypotensive ac -  
tion: in doses  of 2 .5-5-10 mg/kg ,  they reduce  the a r t e r i a l  
p r e s s u r e  of u re thane -na rco t i zed  cats  by 20-40 m m ,  the 
hypotensive effect  las t ing for  5-30 min; they have no ef -  
fect  on the cen t ra l  m -  and n - cho l ine - r eac t i ve  s y s t e m s .  
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EXPERIMENTAL 

3-(2-Hydroxybenzoyloxy)quinucl idine (II). Salieylyl  chloride (3.3 g) is  added to a solution of 2.7 g of 
3-hydroxyquinuclidine in 30 m l  of dry  pyridine at 0~ The solution is  left for  24 h at20~ andthen heated 
for  3 h at 100~ cooled, t r ea t ed  with 20 ml  of a 50~ potash  solution, and ex t rac ted  with benzene.  The ben-  
zene and pyridine a re  dis t i l led off under  vacuum and the r e s idue  t r i t u ra t ed  with e ther .  The e ther - inso luble  
res idue  is  f i l te red  off and the e ther  solution t r e a t ed  (until acid to Congo) with a 20% alcoholic solution of 
hydrogen chlor ide .  The hydroehlor ide  of II is obtained. 

E s t e r s  III  and V-X a re  p r e p a r e d  analogously to I Ia t20~ or with heating.  The constants ,  ana lys i s  
r e su l t s ,  synthes is  conditions and yields  of e s t e r s  I I -X are  given in Table  1. 

3-(2-Aminobenzoyloxy)quinuclidine (IV). Alcohol (100 ml) and 0.3 g of pla t inum oxide a r e  added to 
3 ~ g of 3-(2-ni t robenzoyloxy)quinuel idine (lID and the mix tu re  shaken with hydrogen.  After  hydrogen 
absorpt ion has  ceased,  the ca ta lys t  is  f i l te red  off, and the f i l t ra te  is  acidified with a 20% alcoholic solution 
of hydrogen chlor ide and evapora ted  under vacuum.  The res idue  is t r i t u r a t ed  with e ther  and the d ihydro-  
chlor ide  of IV f i l t e red  off. 

3-(4-Nitrobenzoyloxy)quinucl idine (XXI)~ Caust ic  soda (1.2 g) is added to a suspension of 3 g of 3-  
aminoquinuclidine dihydroehlor ide in 60 ml  of methanol ,  the mix tu re  carefu l ly  s t i r red ,  the sodium chloride 
f i l te red  off, and the methanol  dis t i l led off under  vacuum.  Then 30 ml  of anhydrous benzene is  added to the 
res idue ,  and a solution of 2.8 g of 4 -n i t robenzoyl  chloride is  added with s t i r r ing  and cooling. The reac t ion  
m a s s  is  boiled for  4 h, cooled, and the hydrochlor ide  of XXI f i l te red  off. 

The 3-aroylaminoquinucl id ines  (XIV-XVIID a re  p r e p a r e d  in analogous manner .  

3-(4-Aminobenzoylamino)quinucl idine (XIII). Methanol (100 ml) and 0.15 g of p la t inum oxide a re  
added to 3.3 g of the hydrochlor ide  of XXI and the mix tu re  is  shaken with hydrogen.  The n e c e s s a r y  amount 
of hydrogen is  absorbed  in 10 rain. The ca ta lys t  is f i l te red  off, the methanol  d is t i l led  off under  vacuum, 
the res idue  t r i t u r a t ed  with acetone,  and the hydrochlor ide  of XIII i sola ted.  

3 - (7-Phenylpropylamino)quinucl id ine  (XX). A port ion of 3-(B-phenylpropionylamino)quinucl idine 
(XV) (3.45 g) is  added with s t i r r ing  to a suspension of 1.5 g of l i thium aluminum hydride in a mix tu re  of 
50 ml  of benzene and 50 m l  of e ther .  The reac t ion  m a s s  is s t i r r e d  while boiling for  20 h, cooled, and 
t r e a t ed  with 3 ml  of water .  The inorganic  sa l t s  a re  f i l te red  off and r e e x t r a c t e d  with benzene.  The c o m -  
bined ex t r ac t s  a re  evapora ted  and the res idue  dist i l led under  vacuum.  

3- (~-Phenethylamino)quinucl id ine  (XIX). A mix tu re  of 6.3 g of 3-ketoquinuelidine, 6.1 g of ~ -phen -  
e thylamine,  and 100 ml  of benzene is  heated  in an appara tus  with a Dean-Sta rk  a t tachment  for  7 h. The 
benzene solution is evapora ted  under  vacuum, the res idue  dissolved in 100 ml  of absolute alcohol, and 
shaken with hydrogen in the p r e s ence  of 0.2 g.of plat inum oxide. Af te r  the absorpt ion  of 1 g -eq  of hydrogen 
the pla t inum is f i l te red  off, the alcohol solution evapora ted  under  vacuum, and the res idue  dist i l led.  

XXIV and XXV a re  synthes ized under  analogous conditions by reac t ion  of 3-ketoquinuclidine with 
e thanolamine and of 3-aminoquinucl idine with 3 ,4-dimethoxybenzaldehyde followed by reduct ion of the 
azameth ines .  

3 -Formylaminoquinuc l id ine  (XXII). A por t ion of fo rmic  acid (1.56 g) and 3.76 g of acet ic  anhydr ide  
a r e  heated  at60~ for2  h. The mix tu re  is  cooled to 0~ a n d 2 0 m l  of benzene and 3 g of 3-aminoquinuclidine 
added. Two days la ter ,  the reac t ion  m a s s  is  evapora ted  under  vacuum, and the res idue  is  t r e a t ed  with 
potash  and ex t rac ted  with ch lo ro fo rm.  

3-Methylaminoquinucl idine (XXIID is synthesized by reducing XXII with l i thium a luminum hydride 
under  the conditions desc r ibed  for  the p repa ra t ion  of XX. 

3-FN-methyl -N-(~-hydroxyethyl )amino]quinucl id ine  (XXVD. A por t ion of XXIV (8.65 g) 4.8 g of 35% 
formal in ,  7 g of f o rm i c  acid and 15 ml  of water  a re  heated at 100~ for15 h. The reac t ion  m a s s  is evapo-  
r a t ed  under  vacuum, and the res idue  t r e a t e d  with potash and ex t rac ted  with ch lo roform.  

3- [n-methyl -N-(B-ace toxyethyl )amino]quinuc l id ine  (XXVID. A port ion of XXVI (2 g) and 5 ml  of 
acet ic  anhydride a r e  heated at 100 ~ for  3 h. The solution is  evapora ted  under vacuum, and the res idue  
made alkaline with potash and ex t rac ted  with benzene.  
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3v~N-methyl-N-(B-benzoyloxyethyl)amino]quinuclidine (XXVIID. A portion of XXVI (2 g), 1.55 g of 
benzoyl chloride, and 20 ml of dry chloroform are boiled for 6 h. The reaction mass is evaporated under 
vacuum, and the residue dissolved in 15 ml of 10% hydrochloric acid and extracted with benzene. The acid 
solution is then made alkaline with potash and the reaction product extracted with benzene. 

Dihydrochloride of 3 ,  IN- (/?-chloroethyl) amino]quinuclidine (XXIX). A portion of the dihydrochloride 
of XXIV (8.7 g) and 40 ml of thionyl chloride are boiled for 4 h. Excess  thionyl chloride is distilled off 
under vacuum, the residue is tr i turated with acetone, and XXIX is filtered off. 

3-rN-(~-N-morpholinoethyl)amino]quinuelidine (XXX). A portion of XXIX (3 g), 7 g of morpholine, 
and 20 ml of absolute alcohol are boiled for 6 h. The solution is evaporated under vacuum, and the residue 
s t i r red with 20 ml of a 25% potash solution and extracted with benzene. 

Compound XXXI is obtained in an analogous manner from XXIX. 

3-[N~methyl-N-(B-cyanoethyl)amino]quinuclidine (XXXID. A portion of XXIX (2 gl), 1.5 g of acryl-  
onitrile, 2 ml of water, and 18 m l o f  alcohol is boiled for 5 h. The alcohol is distilled off under vacuum, 
and the residue treat  ed with potash and extracted with ether. 

3-~N-(7-aminopropyl}amino]quinuclidine (XXXIID is prepared by reducing XXXII with lithium alumin- 
um hydride (see XX), and 3- rN- (~/-dimethylaminopropyl) amino]quinuclidine (XXXIV) is prepared by alkyl- 
ating the amine XXXIII with formalin and formic acid (see XXVI). 

The constants, analysis results,  and yields of the 3-aminoquinuclidine derivatives (XII-XXXIV) are 
given in Table 2 .  

16 
2. 
3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

K. A. Zaitseva and M. D. Mashkovskii, Farmakol. i Toksikol., No. 3, 305 (1970). 
G. A. Alles and C. H. Ellis, J. Pharmacol.  Exp. T h e r ,  94, 416 (1948). 
I. Dipalma, J.  Lampert, R. Reiss, et al., Ibid., 98, 251 (1950). 
E. Hueber and D. Lehr, Arch. Exp. Path. Pharmak, 18.9, 25 (1938). 
E. E. Mikhlina and M. V. Rubtsov, Zh. Obshch. Khim., 30, 163 (1960). 

496 


