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Substances which have definite pharmacologica l  act ivi ty a r e  known among 2-subst i tu ted  imidazol ines .  
Some of them (naphthizine, benzol ine,  etc.) have found use  in medic ina l  p r ac t i ce  as sympatholyt ie  and 
adrenolyt ic  media .  The intensi ty and c h a r a c t e r  of  pharmacolog ica l  action in this s e r i e s  of compounds a r e  
de te rmined  by the subst i tuent  in the 2 posi t ion of the imidazol ine molecule .  In this connection it was of  
i n t e re s t  to synthes ize  and study the pharmacolog ica l  p rope r t i e s  of imidazol ine  de r iva t ives  containing the 
b ieycl ic  quinuclidine s y s t e m ,  on whose bas i s  a number  of effect ive medic inal  p repa ra t ions  have been d e -  
vised in the las t  decade,  as a subst i tuent  in the 2 position. 

With the object ive of  synthesiz ing 2-(quinucl idyl) imidazol ines,  we have studied the reac t ion  of quinucl i -  
dine de r iva t ives  containing var ious  functional groups (nitrile, carboxyl ,  e s t e r ,  o r  imido es te r )  with e thylene-  
d iamine .  It is known that  imido e s t e r s  a r e  ve ry  r eac t i ve  in the synthes is  of  2-subst i tu ted  imidazol ines  [1]. 
The reac t ion  of ethyl 3-quinucl idyl imidoaceta te  with ethylenediamine was p e r f o r m e d  under  var ious  conditions 
( t empera ture ,  solvent ,  and reac t ion  t ime were  var ied) .  However,  due to the high reac t iv i ty  of  this  imido 
e s t e r ,  invar iab ly  a mix tu re  of products  was f o rmed  thereupon (gas chromatograph ic  data) ,  f r o m  which it 
was not poss ib le  to isola te  individual subs tances .  At tempts  to synthesize  2-(quinuclidyl)irnidazolines f r o m  
2 (or 3)-quinucl idinecarboxylic  acids or  3-quinuclidineacet ic  acid a lso  proved ineffectual.  At 200-210 ~ in the 
p r e s e n c e  of hydrochlor ic  acid,  under  vacuum,  [2] the components  did not r e ac t ,  and res in i f ica t ion  was ob -  
se rved  at h igher  t e m p e r a t u r e s .  

2-  (3 '-Quinuclidyl)imidazoline (IV) and 2 - [ 3 ' -  (quinuclidyl)methyl] imidazol ine  (V) were  synthesized via 
the reac t ion  of  3 - cyano-  or  3-cyanomethylquinucl idine (I o r  II) with e thylenediamine in the p r e s e n c e  of 
e thylenediamine dihydrochlor ide  at 200 ~ [3]. Compound (IV) was a lso  p r e p a r e d  f r o m  ethyl 3-quinucl id ine-  
ca rboxyla te  (III) and ethylenediamine.  

+ ' --~ <<~ (CH2)n "-NH- CH2 
N H~N- CH~ N 

I, n = 0 ,  R = C N  IV, n : 0  
II, n=  1, R =CN V, n ~ l  
III, n = 0, R = COOC~H5 

It should be noted that  the reac t ions  of  3-(f l-cyanoethoxy)quinuclidine and of 2 - ( f l - c y a n o e t h y l ) - 2 - a z a -  
quinuclidine with e thylenediamine under  the conditions indicated for  the t r ans fo rma t ion  of I and II into IV 
and V lead to spl i t t ing out ac ry lon i t r i l e  (a reac t ion  inve r se  to cyanoethylation) and the fo rmat ion  of 3 - h y -  
droxyquinuclidine and 2-azaquinucl idine,  r e spec t ive ly .  

The hmctional  de r iva t ives  of quinuelidine which were  indicated above behaved somewhat  d i f ferent ly  
in reac t ion  with o-phenylenediamine .  In this case ,  a t tempts  to synthes ize  2-  (3 'quinucl idyl)benzimidazole 
(VID by s ta r t ing  with the n i t r i le  or  ethyl e s t e r  (as well  as f rom the imido es te r )  of 3-quinucl idinecarboxyl ic  
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acid proved unsuccessful .  On the contrary ,  the react ion of 3-quinuclidinecarboxylic acid hydrochloride (VI) 
with o-phenylenediamine at 220 ~ led to VII in good yield. 

COOH+ 

Compounds IV andV were studied with respect to their effect on the adrenoreactive system. Adreno- 
mimetic action was studied as compared with naphthizine, by their effect on arterial pressure and on the 
third eyelid in uretlmne-narcotized cats, and by their effect on isolated rabbit ear vessels. Adrenolytic' 
activity was determined from ability to reduce the pressor action of adrenalin in narcotized eats and from 
the contraction of the third eyelid caused by them. Toxicity was determined on white mice, on injection into 
a vein; the LD~0 was calculated by the Kerber method. 

The study performed showed that, in distinction from naphthizine, compounds IV and V do not exert an 
adrenolytic action. While naphthizine in a dose of 0.2 mg/kg causes a strong pressor action, an intensive 
and prolonged contraction of the third eyelid, and constricts rabbit ear vessels by 50% in a concentration of 
1 �9 10 -8 g /ml ,  IV and V cause a s h o r t - t e r m  reduction in a r te r ia l  p r e s su re  only in doses of 2-10 mg/kg ,  do 
not contract  the third eyelid, and exer t  only a weak vesse l -cons t r i c t ing  action (6-8%) in a concentrat ion of 
1 �9 10 -7 g /ml .  

In distinction f rom the adrenolytie benzoline,  which is active in a dose of 2 mg/kg ,  compounds IV and 
V in a dose of 5-10 mg /kg  do not reduce the p r e s s o r  action of adrenalin o r  the contract ion of the third eye-  
lid caused by it. 

Like naphthizine and benzoline, IV and V in toxic doses cause clonic-tonic convulsions in mice.  ttow- 
ever ,  they are  less  toxic than benzoline o r  naphthizine. For IV, the LDs0 on injection into the veins of white 
mice  is 167.5 mg/kg;  and for V, it is 189.5 mg/kg;  while for naphthizine, the LDs0 is 33 mg/kg ,  and that for 
benzoline is 40 mg/kg.  Thus, introduction of a quinuclidine nucleus into the 2 position of imidazoline instead 
of a benzene or  naphthalene residue leads to a loss of adrenolytic or  adrenomimet ie  activity and to a r educ -  
tion in overal l  toxicity. 

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

3-Cyanomethylquinuclidine (II). A solution of 11 g of 3-cyanomethylenequinuclidine [4] in 110 ml of 
d ry  ethanol was shaken with hydrogen in the presence  of 0.2 g of platinum oxide. After the absorption of 
one equivalent of hydrogen,  the platinum black was fi l tered off, the alcoholic solution was evaporated under 
vacuum, and the residue was distilled. Two fract ions were collected. The f i rs t  had a bp of 101-102 ~ (1 ram); 
yield, 8.7 g (79%); it was compound II. Found %: C 72.11; tt 9.36; N 18.84. Cgtt14N 2. Calculated %: C 71.96; 
tt 9.39; 18.65. The second fraction had bp 138-140 ~ (1 ram); yield, 1 g; it was bis[f l-(3-quinuclidyl)ethyl]-  
amine. Found %: C 73.79; H 11.45; N 14.69. Ci8H33N 3. Calculated %: C 74.2; tt 11.39; N 14.43. 

Ethyl 3-Quinuclidineirnidoacetate. Absolute ethanol (0.56 g) was added to a solution of 0.9 g of II in 
20 ml of  dry  ch loroform,  and dry  hydrogen chloride was passed through the mixture at 0 ~ until it was sa t -  
urated.  The mixture was kept at 4 ~ for 20 h, it was evaporated under vacuum, the residue was suspended 
in dry  ether ,  and the result ing suspension was allowed to stand for 5 days. The ether suspension was cooled 
to 0 ~ and t reated with 10 ml of 50% potass ium carbonate solution; the ether was separated,  and the alkaline 
solution was additionally extracted with ether.  The ether solution was dried with magnesium sulfate, it was 
evaporated under vacuum, and the residue was distilled. The yield was 0.75 g (64%), bp 105-106 ~ (2 nun). 
Found %: C 67.45; H 10.35; N 14.55. CiiIt20N20. Calculated %: C 67.30; tt 10.27; N 14.27. 

2-  (3 '-Quinuclidyl)imidazoline (iV). A. A mixture of 2 g of I, 0.44 g of ethylenediamine, and 0.98 g 
of ethylenediamine dihydrochloride was heated at 200 ~ for 6 h. The react ion mixture was dissolved in 10 ml 
of water ,  10 ml of a 50% potass ium carbonate solution was added, and the alkaline solution was extracted 
with chloroform.  The yield of product was 0.9 g (34%), bp 146-147 ~ (0.6 ram). The di tar t ra te  had mp 91-92 ~ 
(dec). Found %: C 44.90; H 6.34; N 8.61. Ci0I-I17N3 �9 2C4HGO 6. Calculated %: C 45.09; H 6.10; N 8.77. 
B. A mixture of 1 g of III and 1 g of ethylenediamine was boiled under reflux for 12 h. Then the react ion 
mixture was heated under vacuum (15 ram) for 1 h at 200 ~ and for 1 h at 2 ram at the same tempera tu re ,  
af ter  which it was distilled. The yield of product  was 0.44 g (46%), bp i46-147 ~ (0.6 ram). The d i ta r t ra te  
had mp 91-92 ~ (dec.). No depress ion was observed when a mixed mp was taken with the sample prepared  
by method A. 
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2-[(3 ' -Quinucl idyl)methyl] imidazol ine (V). A mix tu re  of 3 g of  II, 0.6 g of  e thylenediamine,  and 1.33 g 
of e thylenediamine dihydrochlor ide  was heated at 200 o for  6 h. The t r e a t m e n t  of  the reac t ion  mix tu re  was 
s i m i l a r  to that descr ibed  in the synthes is  of IV by method A. The yield was 1.2 g (31~0), bp 153-154 ~ (0.4 
ram), mp 77-78 ~ . Found%: C 67.80; H 9.80; N 21.94. CllH19N 3. Calculated %: C 68.27; H 9.96; N21.74.  

Condensation of 3-(f i-Cyanoethoxy)quinuclidine with Ethylenediamine.  A mix tu re  of 1.8 g of  3 - ( f l -  
cyanoethoxy)quinuclidine [5], 0.3 g of e thylenediamine,  and 0.67 g of e thylenediamine dihydrochlor ide  was 
heated at 170 o for  2 h. Work-up was s i m i l a r  to that  desc r ibed  in the synthes is  of  IV. The res idue  upon 
r emova l  of the ch lo ro fo rm was subl imed under  vacuum (3 ram),  and then was c rys ta l l i zed  f rom acetone.  
The re  was obtained 0.91 g (71%) of 3-hydroxyquinuclidine,  mp 218-220 ~ [6]. No depress ion  was obse r v ed  
when a mixed mp was taken with a sample  of known s t ruc tu re .  

Condensation of 2-  (f l -Cyanoethyl) '2-azaquinucl idine with Ethylenediamine.  The reac t ion  of 1.65 g of 
2- ( f i -cyanoethyl ) -2-azaquinucl id ine  [7], 0.3 g of e thylenediamine,  and 0.67 g of  e thylenediamine d ihydro-  
chlor ide was c a r r i e d  out analogously to the p reced ing  one. On analys is  of  the react ion  products  by gas  
ch romatography ,  only the p r e s e n c e  of 2-azaquinuclidine and s ta r t ing  n i t r i le  was  detected in them.  

2-  (3 ' -Quinucl idyl)benzimidazole  (VII). A mix tu re  of 9.6 g of  VI, 5.4 g of o-phenylenediamine ,  and 20 
ml  of concent ra ted  hydrochlor ic  acid was slowly heated,  with s imul taneous dis t i l la t ion of water ,  br inging 
the t e m p e r a t u r e  of the m a s s  to 220 ~ The mix tu re  was heated at this t e m p e r a t u r e  for  5 h under  a t m o s p h e r i c  
p r e s s u r e  and for  8 h under  vacuum (70 ram); it was cooled, d issolved in 40 ml  of wate r ,  made  alkal ine with 
a 50% po ta s s ium carbonate  solution,  and ve ry  thoroughly ex t rac ted  with ch loroform.  After  the ch lo ro fo rm 
had been dist i l led off, the res idue  was t r i tu ra ted  with ethyl aceta te .  The yield was 8.9 g {79.5%), mp 238- 
239 ~ (from acetone).  Found %: C 73.88; I~ 7.64; N 18.29. C14H~TN 3. Calculated %: C 74.04; H 7.48; N 18.48. 
The dihydrochlor ide  f o r m s  co lo r l e s s  c r y s t a l s ,  mp 269-271 ~ (dec). Found %: C 55.91; tt 6.26; C1 23.40; N 
14.26. C14HITN 3 �9 2I-tC1. Calculated %: C 55.95; H 6.38; C1 23.61; N 14.00. 

1 -Acety l -2- (3 ' -qu inuc l idy l )benz imidazole  (VIII). A mix tu re  of 1 g of  VII and 10 ml  of acet ic  anhydride 
was boiled for  7 h. The solution was evapora ted  under  vacuum,  the res idue  was made alkaline with 50% 
po ta s s ium carbonate  solution, and it was ex t rac ted  with ch loroform.  The yield of product  was 0.9 g (76%), 
rap 222-224 ~ (from acetone).  C 71.29; H 7.36; N 15.3. C1GHtgN30. Calculated %: C 71.35; tt 7.16; N 15.6. 
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