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Two methods for preparing 4-aminoquinuclidine from quinuclidine-4- 
carboxylic acid have been developed. Acyl and alkyl derivatives of 
4-aminoquinuclidine have been synthesized. 

W e  h a v e  p r e v i o u s l y  d e v e l o p e d  a m e t h o d  f o r  o b t a i n -  
Lug 2 - a l k o x y c a r b o n y l a m i n o  q u i n u c l i d i n e s  ( u r e t h a n e s  
of t he  q u i n u c l i d i n e  s e r i e s )  [1] and  v a r i o u s  m e t h o d s  f o r  
s y n t h e s i z i n g  3 - a m i n o q u i n u c l i d i n e  and  i t s  d e r i v a t i v e s  
[2] and  h a v e  s t u d i e d  t he  p r o p e r t i e s  of t h e s e  c o m p o u n d s .  
In t h i s  p a p e r  we d e s c r i b e  two m e t h o d s  f o r  o b t a i n i n g  
t h e  p r e v i o u s l y  unknow n  4 - a m i n o q u i n u c l i d i n e  f r o m  q u i -  
n u c l i d i n e - 4 - c a r b o x y l i c  ac id  [3]:  the  S c h m i d t  and  t he  
C u r t i u s  r e a c t i o n s .  

C~ ~ COOH ~ Oc2H5 ~ ~NCi NHNH2 ~ r  +Ill N HCOOC2ll5 

I III I V /  Y 

V bR=H.  R'~COCH3~ 
Vie R= H; R'=COC6H5; 
VId R=H; R'=CH2C6H 5 

I1 Vla-d 

T o  c a r r y  out  the  S c h m i d t  r e a c t i o n ,  a c i d  I w a s  s u b -  
j e c t e d  to t h e  a c t i o n  of s o d i u m  a z i d e  in the  p r e s e n c e  of  
c o n c e n t r a t e d  s u l f u r i c  ac id .  T h e  y i e ld  of 4 - a m i n o q u i -  
n u c l i d i n e  w a s  18.5%. T h e  b u l k  of t he  ac id  I w as  r e -  

c o v e r e d  u n c h a n g e d .  V a r y i n g  t he  r e a c t i o n  c o n d i t i o n s  
d id  no t  l e a d  to an  i n c r e a s e  in  the  y i e l d  of t he  a m i n e  

II. 
C o n s i d e r a b l y  b e t t e r  r e s u l t s  w e r e  o b t a i n e d  b y u s i n g  

t he  C u r t i u s  r e a c t i o n .  T h e  s t a r t i n g  m a t e r i a l  w a s  t he  
h y d r a z i d e  of q u i n u c t i d i n e - 4 - c a r b o x y l i c  ac id  (IV), w h i c h  
w a s  o b t a i n e d  by  h e a t i n g  e t h y l  q u i n u c l i d i n e - 4 - c a r b o x y l -  
a t e  (III) w i t h  a l a r g e  e x c e s s  of h y d r a z i n e  h y d r a t e  a t  
9 5 - 1 0 0  ~ C. T h e  u s e  of a s m a l l  e x c e s s  of h y d r a z i n e  
h y d r a t e  ( 2 . 5 - 3  m o l e s ) a n d  a l s o  t he  p e r f o r m a n c e  of the  
p r o c e s s  a t  1 1 0 - 1 2 0  ~ C l ed  to the  f o r m a t i o n  of 1, 2-  
b i s ( q u i n u c l i d i n - 4 ' - c a r b o n y l )  h y d r a z i n e .  T h e  h y d r a z i d e  
IV w a s  t h e n  c o n v e r t e d  in to  t h e  d i h y d r o c h l o r i d e ,  t he  
r e a c t i o n  of w h i c h  w i th  i s o a m y l  n i t r i t e  in  e t h a n o l i c  s o -  
l u t i o n  took  p l a c e  a m b i g u o u s l y ;  in  a d d i t i o n  to  4 - e t h o x y -  
c a r b o n y l a m i n o q u i n u c l i d i n e  (V) (70%), e thy l  q u i n u c l i -  
d i n e - 4 - c a r b o x y l a t e  (HI) (26.4%) w a s  f o r m e d ,  t h e s e  
c o m p o u n d s  b e i n g  i s o l a t e d  in the  f o r m  of the  h y d r o c h l o -  
r i d e s .  W h e n  the  u r e t h a n e  V w a s  b o i l e d  w i th  h y d r o c h l o r i c  
ac id ,  t he  d i h y d r o c h l o r i d e  of 4 - a m i n o q u i n u c l i d i n e  (II) 
w a s  o b t a i n e d .  T h e  o v e r - a l l  y i e l d  of t he  a m i n e  II b y  
t h i s  m e t h o d  w a s  6 0 - 6 2 %  c a l c u l a t e d  on t h e  ac id  I. 

T h e  h y d r a z i d e  of q u i n u c l i d i n e - Z - c a r b o x y l i c  a c i d  
r e a c t s  w i t h  i s o a m y l  n i t r i t e  s i m i l a r l y :  in  a d d i t i o n  to 
2 - a l k o x y c a r b o n y l a m i n o q u i n u c l i d i n e  e s t e r s  of q u i n u -  
c l i d i n e - 2 - c a r b o x y l i c  a c i d  a r e  f o r m e d  [1]. H o w e v e r ,  

t he  h y d r o l y s i s  of 2 - e t h o x y c a r b o n y l a m i n o q u i n u c l i d i n e ,  
u n l i k e  t h a t  of 4 - e t h o x y c a r b o n y l a m i n o q u i n u c l i d i n e ,  i s  
a c c o m p a n i e d  by  the  s p l i t t i n g  out  of a m m o n i a  w i t h  the  
f o r m a t i o n  of a p o l y m e r i c  c o m p o u n d ,  w h i c h  i s  p r o b a b l y  
due  to  t h e  i n s t a b i l i t y  of the  2 - a m i n o q u i n u c l i d i n e  a r i s i n g .  

4 - A m i n o q u i n u c l i d i n e  (II) i s  a r a t h e r  v o l a t i l e  c r y s -  
t a l l i n e  s u b s t a n c e  t h a t  r e a d i l y  a b s o r b s  m o i s t u r e  and  

c a r b o n  d i o x i d e  f r o m  the  a i r .  It e x h i b i t s  the  g e n e r a l  
p r o p e r t i e s  of a p r i m a r y  a l i p h a t i c  a m i n e ;  i t  i s  r e a d i l y  
a l k y l a t e d  and  a c y l a t e d ,  and  t h e  r e d u c t i o n  of t he  4 - a c y l -  
a m i n o q u i n u c l i d i n e s  f o r m s  t h e  c o r r e s p o n d i n g  4 - a l k y l -  
a m i n o q u i n u c l i d i n e s .  

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

Reaction of quinuclidine-4=carboxyllc acid with hydrazoic acid. 
A mixture of 2.6 g (14.3 raM) of qninuclidine-4-carboxylic acid hydro- 
chloride [3], 6.5 ml of concentrated sulfuric acid, and i0 ml of anhy- 
drous benzene was heated to 40 ~ C. At this temperature, 1.06 g 
(16.3 raM) of sodium azide was added over 2 hr. The mixture was stirred 
at 40* C for 3 hr 30 min and at the boil for 2 hr. The cooled mass was 
poured onto ice and the resulting mixture was made alkaline with 50% 
caustic soda solution and extracted with chloroform. The chloroform 
solution was extracted with 17% hydrochloric acid; the hydrochloric 
acid extract was evaporated in vacuum, and the residue was triturated 
with acetone. This gave 0.59 g (18.5~ of 4- aminoquinuclidine dihydro- 
chloride, mp above360* C. Found, %: C 42.02; H 8.29; C135.92; N18.78. 
Calculated for(CzHtaNz*2HC1), %:C42.21; H8.10; C135.65; N14.05. 

Quinuclldine-4-carboxyllc acid hy~azide (IV). A mixture of 
8.73 g of III (47.7 mM) and 100 ml of hydrazine hydrate was heated 
at 95-100" C for 10 hr. The reaction mixturewas evaporated invacuum 
and the residue was triturated with ether. The yield of hydrazide was 
7.8 g (96.5~ in the form of colorles s crystals, nap 190-193~ Found, 
%: (C 56.11; H 8.95; N 24.48). Calculated for (CsHt~NzO), ~ C 56.64; 
H 8.93; N 24.80. Dthydrochlortde-mp 263-264 ~ C (decomp.). Found, 
%: C 39.80; H 7.10; C1 29.47. Calculated for (CsHtsN30"2HC1), %: 
C 39.68; H 7.07; C1 29.28. 

Reaction of quinuelldine-4-carboxylic acid hydrazide (IV) with 
isoamyl nitrite. Over 40 rain, with stirring and ice cooling, 8.28 g 
(70.6 raM) of isoamyl nitrite was added to a suspension of 8.55 g 
(35.3 raM) of the dihydrochloride of IV in i00 ml of absolute ethanol. 
The reaction mixture was stirred at room temperature for 2 hr and at 
the boil for 6 hr. The precipitate formed was filtered off and washed 
with ethanol, giving 5.8 g (70q0) of the hydrochloride of 4-ethoxycar- 
bonylaminoquinuclidine (V), mp above 360* C (from a mixture of eth- 
anol and methanol). Found, %: C 51.28; H 8.13; C1 15.16; N 11.79. 
Calculated for (C10HtsN2Oz'HC1), %: C 51.17; H 8.15; C1 15.10; N 
11.92. 

4-Ethoxycarbonylaminoqutnuclidine-mp 92-95 ~ C (from a mixture 
of benzene and petroleum ether). Found, %: C 60.70; H 9.16; N14.21. 
Calculated for (C10HlsNzO2); %: C 60.59; H 9.15; N 14.13. IR spec- 
trum: 3260 cm -t (NH); 1710 cm "I (NCOOCzHs). The alcoholic mother 
liquor after the separation of the hydrochloride of V was evaporated in 
vacuum, and the residue was triturated with acetone. This gave 2.5 g 
of the hydrochloride of III, mp 255-256 ~ C, 297-299* C. The free 
ester ILI formed a colorless mobile liquid with bp 133-134" C (18 ram). 
Found, %: C 65.85; H 9.38; N 8.01. Calculated for (C10H17NOz), qo: 
C 65.54; H 9.85; N 7.74. 



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 

4-Aminoquinuelidine (II). A mixture of 6.2 g (26.8 mM) of the 
hydrochloride of V and 150 ml of concentrated hydrochloric acid was 
boiled for 10 hr. The hydrochloric acid solution was evaporated and 
the residue was triturated with acetone to give 5 g (95%) of the 
dihydrochioride of II, mp above 360 ~ C (from a mixture of ethanol and 
methanol). Found, %: C 42.10; H 8.18; C1 35.81; N 14.01. Calcu- 
lated for (CIHI4Nz'2HC1), %: C 42.21; H 8.10; C1 35.65; N 14.05. 
To isolate the free 4-aminoquinuclidine, a solution of 1 g (5 raM) of 
the dihydrochloride in 10 ml of water was treated with 0.4 g (0.01 mole) 
of caustic soda and evaporated to dryness in vacuum. Compound II was 
isolated from the solid residue by vacuum sublimation at 60 ~ C (0.4 mm). 
Colorless very volatile hygroscopic crystals, rapidly forming thehemi- 
hydrate in the air. Found, o]o: C 62.45; H 10.96; N 20.5. Calculated 
for (CIH14Nz" 1/2H20), o]0: C 62.17; g 11.18; N 20.71. 

4-Dimethylaminoquinunlidine (Via). A solution of 1 g (5 mM) of 
the dihydrochloride of II in 3 ml of water was treated with 0.4 g 
(0.01 mole) of caustic soda, i g (12 raM) of 36~ formalin, and 1.4 g 
(30.2 mM) of formic acid. The mixture was heated at 100 ~ C for 22 hr, 
evaporated, made alkaline with 25% caustic soda solution, and ex- 
tracted with ether. This gave 0,6 g (77.6%) of Via in the formof color- 
less crystals, bp 130-132 ~ C (50 mm); mp 18-20 ~ C, Found, o]o: C 
69.86; H 11,84; N 18.04. Calculated for (CsHIsNz), %: C 70.07; H 
11.76; N 18.14. Dillydreehloride-mp 265-267 ~ C (decomp.). Found, 
%: C 47.58; H 8.93; Cl 30.90; N 12.30. Calculated for(CsHlsNI.2HC1), 
%: C 47.77; H 8.94; CI 31.21 N 12.31. 

4-Acetylaminoquinuclidine (VII)). A solution of 1 g (0.05 mole) of 
the dihydrochloride of II in 20 ml of methanol was treated with 0.4 g 
(0.01 mole) of caustic soda, the sodium chloride was filtered off with 
suction, and the methanolic solution was evaporated. The residue was 
treated with 5 ml of acetic anhydride, and the mixture was heated in 
the water bath for 2 hr, evaporated, made alkaline with potassium 
carbonate, and extracted with benzene. Yield 0.57 g (615). Colorless 
crystals with mp 123-126 ~ C (from a mixture of acetone and ether). 
Found, %: C 57.90; H 9.77; N 14.97. Calculated for (CsH16NgO" H20), 
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%: c 57.98; H 9.73; N 15.04. Hydroc.hloride, mp294-296~ (decomp.). 
Found, %: C 52.59; H 8.22; C; 17.33; N 13.64. Calculated for 
(CsH~N20" HCI), %: C 52.81; H 8.37; C1 17.32; N 13.68. 

4-Ben.zoylaminoquinuclldine (Vie). The free 4-aminoquinuclidine 
isolated from 2 g (0.01 mole) of the dihydrochloride was treated with 
30 ml of benzene, and 1.4 g (0.01 mole) of benzoyl chloride was added 
over 30 min. The reaction mixture was boiled for 5 hr, cooled, made 
alkaline with 50~ potassium carbonate solution, and extracted with 
chloroform. The chloroform was distilled off and the residue was tritu- 
rated with ether to give 1.7 g (73.8%) of VIc. Colorless crystals, mp 
184-186 ~ C. Found, %: C 67.59; H 8.07. Calculated for (Ci4HlsNzO" 
�9 H20), %: C 67.71; H 8.12. 

4-Benzylamlnoquinuclidine (VId). 1.45 g (6.3 raM) of Via was 
added to a suspension of 0.76 g (0.02 mole) of lithium aluminu m hy- 
dride in 30 ml of ether and 30 ml of benzene. The mixture was heated 
at the boil for 24 hr. Yield 0.7 g (51.5%). Colorless crystals, bp 135- 
137 ~ C (0,4 ram); mp 36-39" C. Found, o]o: C 77.45; H 9.23; N 13.18. 
Calculated for (CI4H20N~), %: C 77.73; H 9.32; N 12.95. 
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