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The conditions for the format ion  of 3 -eyano-3- t e r t - aminoqu inuc l id ines  (I1) f rom quinuel id ine-3-one  eyano- 
hydr in  and secondary  amines are  investigated.  It is shown that the reac t ion  of (I1) with organomagnes ium 
compounds gives 3-a lky l -3- te r t •  (HI), and reduct ion of H with l i th ium aluminohydride 
provides 3 - t e r t - aminoqu inuc l id ines  (V), 3 -aminometby l -3 - t e r t - aminoqu inuc l id ines  (VI), or  a mixture  of 
the two. Acid hydrolysis  of II yields quinucl id ine-3-one.  

The synthesis  and sys temat ic  invest igat ion of the proper t ies  of heterocyel ic  o~-aminonitriles have not been widely 
invest igated [1-4]. No invest igat ions have yet been ca r r i ed  out in the 1-azabicycloalkanes  of this type. Among these, 
a - a m i n o n i t r i l e s  are of in te res t  for convers ion into a lky l (a ry l ) - t e r t - amino  der iva t ives ,  which are  difficult  of access  by 
other methods. 

In this paper,  the reac t ion  of quinuel id ine-3-one  cyanohydrin (I) with secondary amines  is examined with a view 
to the synthesis  of 3 -eyano-3 - t e r t - aminoqu inue l id ines  (II), and f rom these, 3 -a lky l -3 - t e r t - aminoqu inue l id ines .  
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The reac t ion  of the cyanohydrin I with secondary amines  proceeds in methanol at room tempera ture ,  or in 
benzene with azeotropic removal  of water.  In all cases  save that of pyrrol id ine ,  react ion of I with an insuff ic ientexcess  
of secondary amine led to the s imul taneous  format ion of quinucl idine-3-one.  The la t ter  apparent ly resu l t s  from 
dehydrocyanation under  the react ion conditions. 

We also observed the unusual  ease of format ion of quinucl id iene-3-one  during the attempted hydrolysis  and 
alcoholysis  of the oz-aminonitr i les II in order  to obtain the 3 - t e r t - aminoqu inuc l id ine -3 -ea rboxy l i c  acid or its es ter .  
3 -Cyano-3-(N-pyrro l id ino)quinuel id ine  (IIb) is converted into quinucl id ine-3-one  by hydrochloric  acid even at room 
tempera ture ,  and the rate  is considerably  increased  on warming.  A s imi l a r  process  occurs dur ing alcoholysis of the 
o~-aminonitri les H, and on br ief  heating with 90% H2SO 4 at 100 ~ C. 

According to the l i t e ra tu re  [5], alcoholysis ,  as well as acid and alkaline hydrolysis  of o~-aminonitri les,  usual ly  
gives poor yields,  or fai ls  to give the des i red products .  Only when a - a m i n o n i t r i l e s  of N-alkylpiper idine were heated 
in 90% HzSO 4 were good yields of the a - a m i n o  acid amides obtained [1]. However, no case of the format ion of a ketone 
by hydrolysis  of an ~ -aminon i t r i l e  was noted during a survey of the l i t e ra ture .  The conversion of 3 - c y a n o - 3 - t e r t -  
aminoquinucl idines  (II) into quinuel id ine-3-one  appears  to r e su l t  f rom the ease of dehydroeyanation of II in acid solution 
The resu l t ing  3- te r t -amino-A2-dehydroquinucl id ines  a re  fu r the r  hydrolyzed to quinc l id ine-3-one .  

In addition to the investigation of the behavior of the a-aminonitriles II on acid hydrolysis, the reaction of these 
compounds with Grignard reagents and with lithium aluminum hydride has also been examined. It is known that 
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a - a m i n o n i t r i l e s  can r e a c t  with these  r eagen t s  in two ways,  leading e i ther  to the r e p l a c e m e n t  of the cyano group by 
alkyl  or  a ra lky l  r e s i d u e s  or  by hydrogen,  or  to convers ion  of the cyano group to carbonyl  or  aminomethyl  r e s p e c t i v e l y  
[2, 4, 6, 7]. 

Reac t ion  of the a - a m i n o n i t r i l e s  II with me thy lmagnes ium iodide and benzy lmagnes ium ch lor ide  r e s u l t s  only in 
the r e p l a c e m e n t  of the n i t r i l e  group by methyl  or  benzyl ,  giving 3 - a l k y l - 3 - t e r t - a m i n o q u i n u c l i d i n e s  (III) .  React ion of 
IIb with methyl  l i th ium does not go to complet ion  (e i ther  with d i r e c t  or  r e v e r s e  o r d e r  of addit ion of the r eac tan t s ) ,  
about 50% of the s t a r t i ng  n i t r i l e  IIb being r e c o v e r e d ,  together  with 3 -me thy l -3 - (N-pyr ro l idy l )qu inue l id ine  (IIIb). No 
produc ts  of the r eac t i on  of methyl  l i th ium with the n i t r i l e  group of IIb were  obtained,  although r eac t ions  of organol i th ium 
compounds with c~-aminoni t r i les  usua l ly  occur  at  the n i t r i l e  group with the fo rma t ion  of ketones  [2, 8]. 

Reduction of the a - a m i n o n i t r i t e s  II with l i th ium a luminum hydr ide  leads ,  a ceo rd ing to  the nature  of the t e r t - a m i n o  
in II, e i the r  to the f i s s ion  of the --'~2C--CN bond with the fo rmat ion  of 3 - t e r t - aminoqu inuc l id ines  (V), or  to r e d u c -  group 

tion of the n i t r i l e  group to aminomethy l  (VI). In one case  (IIa), the r eac t ion  follows both paths ,  giving a mix tu re  of 
amines  (Vb and VIb), the boi l ing points  of which were  too c lose  to p e r m i t  the i r  s e pa r a t i on  by d is t i l l a t ion .  The mix ture  
was s epa ra t ed  by conver t ing  VIb into i ts  benzoyl de r iva t ive ,  f r om which the amine was r egene ra t ed  by hydro lys i s .  

Pha rmaco log i ca l  examina t ion  of the 3 - a l k y l - 3 - t e r t - a m i n o - q u i n u e l i d i n e s  did not r e v e a l  any compounds with a high 
leve l  of act ivi ty.  (The pha rmaco log i ca l  evaluat ion  was c~trried out in the pha rmaco logy  sec t ion  of the Al l -Union 
S c i e n t i f i c - R e s e a r c h  Chemieopha rmaceu t i ea l  Inst i tute ,  by sc ien t i f ic  a s s i s t a n t  K. A. Za i t seva ,  under  the d i r ec t i on  of 
co r r .  m e m b e r  of the Academy of Medical  Sc iences  of the USSR, P ro f .  M. D. Mashkovski i ) .  

EXPERIMENTAL 

3-Cyano-3-(N-pyrrolldyl)qulnuclldine (IIb). A solution of 6.7 g (53 mM) of quinuelidine-3-one cyanohydrin (1) and 
4 g (56.5 raM) pyrrolidine in 100 ml of methanol was kept at room temperature for 5 days. The reaction mixture was 

evaporated in vaeuo, and the residue distilled to give 8.4 g (93%) of IIb as a mobile, colorless liquid, readily soluble 
in o rganic  so lvents  and spa r ing ly  soluble  in water .  Bp 127-128 ~ C (1 ram). Found, %: C 70.25; H 9.40; N 20.42 .  
Calcula ted  fo rm CI2H19N3, ~ :  C 70.20; H 9.33; N 20.42. 

3 -Cyano-3-d lmethylamlnoclu lnuc l ld lne  (IId). Ten g r a m s  (66 mM) of quinucl id ine-3-one  eyanohydrin  (I) was d i s -  
so lved  in 150 ml  of methanol  containing 70 g (1.55 mole)  of d imethy lamine ,  and the mix ture  t r ea t ed  as d e s c r i b e d  above. 
Af ter  r e m o v a l  of the solvent ,  0.4 g of qu inuc l id ine-3-one  d i s t i l l ed  f i r s t ,  followed by 10.8 g (91.7~) of IId, bp 138-140 ~ 
C (20 ram), mp 61 ~ C (from ethyl  acetate) .  Found, %: C 67.05; H 9~ N 23.09. Calculated for  C10HlzN3, %: 67.00; 
H 9.54; N 23.00. 

3-Cyaxto-3-dle thylamtnoquinueUdlne (IIe). A) F r o m  15.2 g (0.1 mole)  of I, 9 g (0.123 mole)  of d ie thy lamine  and 
300 ml of methanol ,  a f te r  keeping at  20 ~ C for  5 days ,  the re  was obtained 6.7 g of I, 2.9 g of quinucl id ine-3-one ,  and 
4.75 g (23.3T0) of IIe, bp 140-141 ~ C (10 ram). Found, %: C 69.03; H 9.78; N 19.98. Calculated for  ClzHzlN3, %: C 69.52; 
H 10.21; N 20.27. 

B) F r o m  3 g (0.02 mole)  of I, and 20 ml (0.195 mole)  of d ie thy lamine  in 45 ml  of methanol ,  there  was obtained,  
a f t e r  keeping for  10 days ,  3.8 g (93T0) of IIe. 

3 -Cyano-3- (N-morpholy l )c lu tnue l ld ine  (IIc). A) 30 g (0.197 mole)  of I, 60 ml (0.6 mole)  of morphol ine ,  and 120 ml 
of benzene were  heated in a Dean and S ta rk  appara tus  until  no m o r e  water  s e pa ra t e d .  The r e a c t i o n  mix ture  was 
evapora ted  in vaeuo, and the r e s i d u e  d i s t i l l ed  at 20 m m  to give 5.7 g of quinuel id ine-3-one .  The r e su l t ing  solid mix ture  
was t r i t u r a t ed  with acetone,  and 29.3 g (67%) of IIc f i l t e r ed  off. Co lo r l e s s  c r y s t a l s ,  r e a d i l y  soluble in acetone and 
alcohol ,  but spa r ing ly  so in ethyl  ace ta te ,  and insoluble  in wa te r ,  mp 107-109 ~ C (from ethyl acetate) .  Found, %: 
C 65.34; H 8.81; N 19.05. Calcula ted for  C~H19N~O, %: 65.13; H 8.67; N 18.98. 

B) F r o m  3 g (19.7 mM) of I, 20 ml (0.18 mole)  of morphol ine ,  and 45 ml of methanol ,  a f te r  s tanding at  room 
t e m p e r a t u r e  for  15 days ,  there  was obtained 3.9 g (91.5%) of IIc. 

3-Cyano-3-(N-plperidyl)qutnuolidine (IIa), A) Thirty grams (0.197 mole) of I, 40 ml (0.4 mole) of piperidine and 
300 ml of benzene were reacted as described for IIo, method (A), giving 5.75 g of quinuclidine-3-one and 28.3 g (65.4%) 
of IIEt as a colorless liquid, readily soluble in water and organic solvents, bp 140-142 ~ C (1 mm). Found, %: C 71.10; 

H 9.70; N 18.96. Calculated for CI3H21N3, %: C 71.19; H 9.66; N 19.15. 
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B) From 3 g (19.7 mM) of I, 20 ml (0.2 mole) of piperidine and 45 ml of methanol, after 15 days at 20~ there 
was obtained 4 g (93.5%) of fla. 

3-Methyl-3-(N-piper idyl )qulnucl id ine  (IIIa). To a solution of methylmagnes ium iodide, prepared  f rom 1.48 g (0.06 
mole) of magnes ium and 7.3 g (51.4 mM) of methyl iodide in 120 ml of dry ether,  was added with s t i r r i ng  at 0 -5  ~ C a 
solution of 4.4 g (0.02 mole) of 3-cyano-3-(N-piper idyl )quinucl id ine  (IIa) in 100 ml  of ether .  The react ion mixture  was kept at 
room tempera tu re  for 24 hr,  then boiled for 6 hr, cooled, and treated success ive ly  with 20 ml of water and 15 ml of 
conc HC1. The hydrochlor ic  acid solution was basified with 50% potass ium hydroxide solution, and extracted with ether  
to give 3.8 g (89%) of IIIa as a color less ,  mobile liquid, readi ly  soluble in organic solvents and in water,  bp 107-109 ~ C 
(1 ram). Found, %: C 74.88; H 11.31; N 13.23. Calculated for C13H2~N2, %: C 74.94; H 11.61; N 13.44. Dihydrochloride, 
co lor less  c rys ta l s ,  mp 260-262 ~ C. Found, %: C1 25.31; N 9.89. Calculated for C�94 %: C1 25.23; N 9.96. 

The following 3 -a lky l -3 - t e r t - aminoqu inuc l id ines  (III) were obtained s imi la r ly :  

A) 3-Methyl -3- (N-pyrro l ldyl )quinucl ld ine  (IIIb), bp 82-84 ~ C (1 ram), yield 73%. Found, %: C 74.29; H 11.07; 
N 14.30. Calculated for C12H22N2, %: C 74.16; H 11.37; N 14.47. Dihydrochloride, mp 268-270 ~ C. Found, %: C1 26.20; 
N 10.21. Calculated for C12H22N 2 . 2HC1, %: C1 26.57; N 10.48. 

B) 3-Methyl-3-(N-morpholyl )qulnucl ld ine  (IIIc), bp 114-116 ~ C (1 mm), yield 65.6%. Found, %: C 68.80; H 10.50; 
N 13.32. Calculated for C12H22N20 , %: C 68.53; H10.54; N13.32. Dihydrochloride,  mp 255-257 ~ C. Found, %: C124.73; 
N 9.86. Calculated for C12H2zN20 �9 2HC1, %: C1 25.03; N 9.89. 

C) 3-Methyl-3-dimethylaminoqulnuclldine (IIId), bp 115-117 ~ C (20 ram), yield 44.5%. Found, %: C 70.92; HII.78; 
N 16.93. Calculated for CIoH20N2, %: C 71.37; H 11.96; N 16.67. 

D) 3-Benzyl -3- (N-piper idyl )quinucl id ine  (Hie), mp 95-96 ~ C (from ether),  yield 79%. Found, %: C 80.05; H 9.95; 
N 9.62. Calculated for C19H28N2, %: C 80.23; H 9.93; N 9.85. Dihydrochloride, mp 258-260 ~ C. Found, %: C1 20.08; 
N 7.74. Calculated for C19H28N~ �9 2HC1, %: C1 19.88; N 7.88. 

E) 3-Benzyl -3- (N-pyrro l idy l )quinucl id ine  (IIIf), bp 178 ~ C (1 mm), yield 86.3%. Found, %: C 78.79; H 9.50; 
N 9.77. Calculated for C18H26N2, %: C 79.95; H 9.69; N 10.36. 

F) 3-Benzyl-3-(N-moroholyl)qulnuclidine (IIIg), 
H 9.08; N 9.92. Calculated for C~H26N20 , %: C 75.15; 
C1 19.95; N 7.83. Calculated for C18H2~N20. 2HC1, %: 

mp 95-96 ~ C (from ethyl acetate), yield 83%. Found, %: C75.15; 
H 9.09; N 9.79. Dihydrochloride,  mp 250-252 ~ C. Found, %: 
C1 19.73; N 7.78. 

3 - (N-pyr ro l idy l )qu inue l id ine  (Va). To a suspension of 5 g (0.13 mole) of l i thium a luminum hydride in 100 mlof  dry 
ether was added at - 5  ~ a solution of 5 g (24.4 mM) of 3-cyano-3-(N-pyrro l idyl )quinucl id ine  (IIb) in 50 ml  of ether .  The 
reac t ion  mixture  was s t i r r ed  at room tempera tu re  for 20 hr ,  then 10 ml of water was added, and the reac t ion  product 
extracted with benzene,  giving 3.7 g (84.2%) of Va as a color less ,  mobile liquid, soluble in organic solvents and water,  
w i thbp  96-96.5 ~ C (1ram). Found, %: C73.05; H l l . 2 ] ;  N15.65. Calculated for CllH20N2,%: C73.28; Hl1.18;  N15.53. 
Salicylate,  mp109-111~ Found, %: C65.85; H7.20; N6.25. Calculated for CltHz0N 2 �9 C~H603, %: C65.59; H6.94; N6.43. 

3-Amlnomethyl -3- (N-morpholyl )qulnuol ld lne  (Via). Five g rams  (22.6mM)of 3-cyano-3-(N-morpholyl )quinucl id ine  
(IIe) was reduced with 5 g (0.13 mole) of l i thium a luminum hydride by the method descr ibed  above, to afford 3.65 g 
(71.5%) of Via as a color less  liquid, bp 149-150 ~ C (0.6 ram). Found, %: C 63.57; H 10.54; N 18.47. Calculated for 
C12H23N30, %: C 63.96; H 10.29; N 18.64. 

Reaction of 3-eyano-3-(N-piper idyl )quinucl ld ine  with l i th ium a luminum hydride, Five g rams  (22.8 mM) of 3-cyano-  
3-(N-piper idyl)quinucl idine (IIa) was reduced with 5 g (0.13 mole) of l i thium aluminum hydride as descr ibed  above. 
There  was obtained 4.15 g of co lor less  liquid, bp 115-140 ~ C (15 ram), which was a mixture  of 3-(N-piper idyl )quinucl i -  
dine (Vb) and 3-aminomethyl -3- (N-piper idyl )quinucl id ine  (VIb). 

This  mixture  was separated as follows. To 3.5 g of the mixture  was added a solution of 0.73 g of sodium hydrox-  
ide in 20 ml  of water ,  the mixture  cooled to 0 ~ C, and 2.5 g of benzoyl chloride added at 0 -5  ~ C dur ing 15 min. The 
mixture  was s t i r r ed  for 30 rain and extracted with benzene. The benzene was dis t i l led in vacuo, the residue t r i tura ted  
with ether ,  the solid f i l tered off and washed careful ly  with ether ,  giving 1.5 g of 3-benzoylaminomethyl -3- (N-piper idyl ) -  
quinuclidine (VII) as color less  c rys ta l s ,  readi ly  soluble in alcohol, acetone and benzene,  spar ingly  soluble in ethyl 

73 



ace ta te ,  and insoluble  in e ther .  Mp 140-141 ~ C (from ethyl  aceta te) .  Found, %: C 73.64; H 9.14; N 12.51. Calculated 
for  C20H29N30, %: 73.35; H 8.92; N 12.83. 

The e ther  mother  l iquors ,  a f te r  r e m o v a l  of VII, were  evapora ted  in vacuo, and the r e s idue  d i s t i l l ed  giving 1 g of 
Vb as  a co lo r l e s s ,  mobile  l iquid,  r e ad i l y  soluble  in water  and organic  solvents ,  bp 89-90  ~ C (0.2 mm). Found, %: 
73.95; H 11.20. Calculated for  CnI~2N 2, %: C 74.17; H 11.41. 

No band was obse rved  in the IR s p e c t r u m  in the reg ion  of the NH 2 group. 

3 -Amlnomethy l -3 - (N-p lpe r idy l )qu inuc l ld lne  (VIb). 3.1 g (9.5 raM) of 3 -be nz oy l a minome thy l -3 - (N -p ipe r i d y l )qu i -  
nucl idine and 30 ml of 17% HC1 were  heated in a sea led  tube at 180 ~ C for 20 hr .  The hydroch lo r i c  acid solut ion was 
evapora t ed  in vaeuo, and the r e s i d u e  bas i f i ed  with 50% po ta s s ium carbonate  solut ion,  and ex t r ac t ed  with benzene to 
give 1.2 g (57%) of the amine VIb, bp 194-196 ~ C (22 ram). Found, %: C 70.10; H 11.16; N 18.71. Calcula ted for  
C13H2sN 3, %: C 69.86; H 11.28; N 18.81. 
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