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The quinuclidine r ing in the reac t ion  of 2-e thoxycarbonyl -3-oxoquinucl id ine  with nucleo-  
phil ic r eagen t s  under  mi ld  conditions is c leaved  at the C 2 - C  3 bond to give 1 - c a r b o x y m e t h y l -  
isonipecot ic  acid and its de r iva t ives .  

Some pecu l ia r i t i e s  of the reac t ion  of 2-e thoxycarbonyl -3-oxoquinucl id ine  (I), which has a high b a s -  
ici ty,  with nucleophilic reagen ts  have been studied. Thus,  we have found that  I readi ly  undergoes  acid c l e av -  
age to give 1 -ca rboxymethy l i son ipeco t ic  acid (l-I) on b r i e f  heating with water ,  o r  diethyl e s t e r  III on p r o -  
longed heating with alcohol.  Cleavage with alcohol is a cce l e r a t ed  by the addition of t r i e thy lamine .  We have 
p rev ious ly  shown that  I ex i s t s  p r i m a r i l y  as the d ipolar  ion in hydroxyl -conta in ing  solvents  (alcohol and 
water)  [1]. The dec rea se  in the e lec t ron  density on the C(3 ) a tom in polar ized  molecule  Ia p romo te s  nucleo-  

la  

philic a t tack  of the hydroxyl  or  alkoxy group and subsequent  c leavage of the quinuclidine ring at the C(2 ) - 
C(3 ) bond. The absence  of this  effect  in al iphatic  ~ -ke to  e s t e r s  (for example ,  in ace teace t ic  e s t e r )  makes  
them re s i s t an t  to heating to 100~ with wa te r  and to 180" with alcohol [2]. 

2 -Ethoxycarbonyl -3-ace toxyl -A2-dehydroquinc l id ine  (IV)~ which is s i m i l a r  in s t ruc tu re  to Ia but l ess  
po la r ized ,  was obtained by reac t ion  of I with acet ic  anhydride at room t e m p e r a t u r e .  Refluxing I with acet ic  
anhydride gives 3-oxoquinuclidine (V), the genera t ion  of which can be explained by spli t t ing out of an e thoxy-  
ca rbonyl  group in IV to give a mixed anhydride of acet ic  and carbonic  acids .  Compound IV is conver ted  to 
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3-oxoquinuclidine (V) on heating with hydrochlor ic  acid and to a mix tu re  of V and keto e s t e r  I on re f lux-  
ing with ethanolic hydrogen chlor ide .  The f i r s t  step in the reac t ion  of IV with an alcohol solution of hydro -  
gen chlor ide  is apparent ly  convers ion  of IV to I as a consequence of t r anse s t e r i f i c a t i on ,  and the subsequent  
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reaction of keto e s t e r  I with dry hydrogen chloride leads to splitting out of ethyl chlorocarbonate  and ke-  
tone V. 

c o  o 
"--  -CH~C--O--C--OC~H~ IV _CH3COOCfll" I -C COOC~H- V 

il tl . . . . .  o o ] 
I H20 

A s imi la r  p rocess  is observed when keto e s t e r  I is heated with aqueous sodium hydroxide. 
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The prevai l ing react ion in this case is splitting out of a carboxyl  group under  the influence of sodium 
hydroxide to give sodium carbonate and ketone V; the quinuclidine r ing is simultaneously cleaved at the 
C(9-C(~  ) bond to give a piperidine derivative.  

Cleavage of keto e s t e r  I at the c(2)-c(3) bond is also observed when I is heated with amines (piper- 
idine, aniline, and p-anisidine).  However, when the react ion is ca r r i ed  out in a large excess of amine, it 
proceeds  in another direct ion to give ei ther  3-oxoquinucl id ine-2-carboxamide acid VI (with piperidine) o r  its 
3- imino derivative (VII) (with aniline). However, in this case also, the introduction of catalytic amounts 
of water  promotes  opening of the quinuclidine r ing to give diamides of 1-carboxymethyl isonipecot ic  acid 
(VIII). 

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

R e a c t i o n  o f  2 - E t h o x y c a r b o n y l - 3 - O x o q u i n u c l i d i n e  ( I ) .  

1. With Water.  A 1-g (5 mmole) sample of keto e s t e r  I was refluxed in 10 ml of water .  The positive 
reaction with fe r r ic  chloride vanished af ter  2 h. At the end of the reaction,  the aqueous solution was vacu-  
um evaporated,  and the residue was rec rys ta l l i zed  from 2 ml of water  to give 0.78 g (92%) of 1 -ca rboxy-  
methyl isonipecot ic  acid (II) with mp 270-271 ~ (dec.). Found: C 51.2; H 6.8%. CsHi3NO 4. Calculated: C 
51.2; H 6.9%. 

2. With Ethanol. A solution of 2 g (10 mmole) of keto e s t e r  I in 10 ml of absolute ethanol was r e -  
fluxed for 24 h until it no longer gave a positive react ion with fe r r i c  chloride. The alcohol was then r e -  
moved by vacuum distillation, and the residue was fract ionated to give 2.05 g (83.5%) of ethyl 1 -e thoxycar -  
bonylmethylisonipecotate (HI). The IR spec t ra  of the la t ter  and of a sample obtained by the method in [3] 
coincided. The product had mp 143-145 ~ (4 mm) and nD 2~ 1.4592. Found: C 59.5; H 8.7; N 6.0%. CI2H21NO4 . 
Calculated: C 59.2; H 8.7; N 5.8%. 

The quinuclidine r ing opened in 15 h when I was heated in ethanol solution in the presence  of t r ie thy l -  
amine. 

3. With Aqueous Sodium Hydroxide Solution. A solution of 3 g (15 mmole) of I in 32 ml of 1 M sodium 
hydroxide was re fluxed for 6 h until it no longer  gave a positive react ion with fe r r ic  chloride.  The aqueous 
alkaline solution was vacuum evaporated,  and the residue was dried and extracted with hot benzene. The 
benzene was removed by distil lation to give 1.3 g (68.3%) of 3-oxoquinuelidine (V), which was identical to 
a genuine sample.  The solid mater ia l  r emain ing ' a f t e r  removal  of 3-oxoquinuclidine was es ter i f ied by heat-  
ing with 30 ml of ethanoi and 3 ml of concentrated sulfuric acid to give 0.4 g (10%) of ethyl e s t e r  III, which 
was identical to a genuine sample according to its IR spect rum.  

4. With Piperidine.  A) A mixture of 3 g (15 mmole) of I and 25 ml of piperidine was refluxed for 
10 h, af ter  which the solution was vacuum evaporated,  and the residue was fractionated to give 3 g (84%) 
of3-oxoquinuc l id ine-2-carboxyl icac idp iper id ide  (VI) with bp 167-168 ~ (0.6 ram). Found: C 66.2; H 8.5; 
N 11.6%. Ci3H20N20 2. Calculated: C 66.1; H 8.6; N 11.9%. IR spectrum: 1730 (ketone C =O) and 1630 
(amide C =O) cm - t .  

B) A solution of 2 g (10 mmole) of I and 3 ml of piperidine in 20 ml  of benzene was refluxed for 10 h, 
af ter  which the mixture was vacuum evaporated,  and the residue was fract ionated to give 1.1 g (47.6%) of 
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amide VI with bp 167-168 ~ (0.6 mm) .  The res idue  remain ing  a f t e r  r e m o v a l  of VI by dist i l lat ion was t r i -  
t u r a t ed  with acetone,  and the mix tu re  was f i l te red  to give 0.6 g (19%) of 1 -carboxymethyl i son ipeco t ic  acid 
dipiperidide (VIIIa) with mp 261-262 ~ IR spec t rum:  1630, 1700 cm -1 (amide C =O groups).  Found: C 67.3; 
H 9.6; N 13.8%. CisH3iI~30 2. Calculated:  C 67.2; H 9.7; N 13.7%. 

5. With Aniline. A) A solution of 3 g (15 mmole )  of I and 4.2 g (45 mmole)  of aniline in 30 ml  of ben-  
zene was ref luxed for  6 h, a f t e r  which it was cooled, and the p rec ip i ta te  was r emoved  by f i l t ra t ion and 
washed success ive ly  with benzene and e the r  to give 3 g (58.5%) of 1 -ca rboxymethy l i son ipeco t ic  acid dianil-  
ide (VHIb) with mp 249-250 ~ (dec.). Found: C 71.5; H 6.6; N 12.0% C20H23N302. Calculated: C 71.2; H 6.8; 
I~ 12.4%. According to the r e s u l t s  of TLC [Silufol, a c e t o n e - b e n z e n e  (1 : 1), development  with b romthymol  
blue],  the m o t h e r  l iquor  remain ing  a f t e r  separa t ion  of VIIIb contained t r a c e s  of 3-phenyl iminoquinucl idine-  
2 -ca rboxy l i c  acid anil ide.  

B) A mix tu re  of 2 g (10 mmole)  of I and 17 ml  of aniline was heated at 100 ~ fo r  20 h, a f t e r  which it 
was cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed with e the r  to give 1.7 g of 
3 -phenyl iminoquinuc l id ine-2-carboxyl ic  acid anilide (VIIb). Evapora t ion  of the m o t h e r  l iquor gave another  
1 g of  the s ame  product .  The ove ra l l  yield of product  with mp 189-191 ~ (ethanol) was 2.7 g (84%). Found: 
C 75.3; H 6.5; N 13.2%. C20H21N20. Calculated: C 75.2; H 6.6; N 13.2%. The m o t h e r  l iquor  contained 0.36 
g of VIIIb. 

C) A mix tu re  of 1 g (5 mmole )  of I and 8 ml  of aniline oontaining 0 .1%water  was heated at 100 ~ for  
6 h, a f t e r  which it was cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed s u c c e s -  
s ive ly  with benzene and e the r  to give 1 g of a mix tu re  containing equal  amounts  of VIIb and VIIIb (accord-  
ing to TLC);  0.3 g of the same mix tu re  was detected in the m o t h e r  l iquor.  

6. With p-Anis id ine .  A solution of 3 g (15 mmole)  of I and 6.1 g (50 mmole)  of  p-anis id ine  in 30 ml  
of benzene was ref iuxed for  10 h, and the resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed s~c-  
ce s s ive ly  with benzene and e the r  to give 2.5 g (41.5%) of 1 -ca rboxymethy l i son ipeco t ic  acid di(p-anisidide) 
(VIIId) with mp 231-233 ~ (dec.). Found: C 66.6; H 6.6; N 10.2%. C22H2?N30 4. Calculated: C 66.7; H 6.8; 

lO.6%. 

2 -  E t h o x y c a r b o n y l - 3 - a c e t  o x y - A  2 - d e h y d r o q u i n u c l i d i n e  ( I V ) .  

A solution of 5 g (25 mmole)  of I in 100 m l  of acet ic  anhydride was s t i r r e d  at room t e m p e r a t u r e  for  
7 h, a f t e r  which the acet ic  anhydride was r emoved  by vacuum dist i l lat ion,  and the res idue  was f rac t ionated  
to give 4.9 g (80%) of 2-e thoxycarbonyl -3-ace toxy-A2-dihydroquinuc l id ine  (IV) with bp 110-112 ~ (0.8 ram).  
Found: C 60.1; H 7.4; N 6.1%. CI2HITI~O4o Calculated~ C 60.2; H 7.2; N 5.8%. 

R e a c t i o n  o f  2 - E t h o x y c a r b o n y l - 3 - o x o q u i n u c l i d i n e  ( I )  w i t h  

B o i l i n g  A c e t i c  A n h y d r i d e  

A solution of 2.5 g (12.5 mmole )  of I in 50 ml  of acet ic  anhydride was ref luxed for  5 h, a f te r  which the 
acet ic  anhydride was r em oved  by vacuum dist i l lat ion,  and the res idue  was t r e a t e d  with 50%potass ium c a r -  
bonate solution and ex t rac ted  with ch lo ro fo rm to give 1.6 g (92.5%) of 3-oxoquinuclidine (V). The p ic ra te  
had mp  210 ~ No mel t ing-poin t  depress ion  was obse rved  for  a mix tu re  of this  product  with a genuine sample  
[4]. 

R e a c t i o n  o f  2 - E t h o x y c a r b o n y l - 3 - a c e t o x y - A 2 - d e h y d r o q u i n u c l i d i n e  

( IV)  w i t h  A q u e o u s  a n d  E t h a n o l  S o l u t i o n s  o f  H y d r o g e n  C h l o r i d e  

A) A solution of 1 g (4.2 mmole)  of IV and 10 ml  of 10%hydrochlor ic  acid was ref luxed for  20 h, a f t e r  
which the mix tu re  was vacuum evapora ted ,  and the res idue  was t r i t u r a t ed  with acetone to give 0.62 g (92%) 
of 3-oxoquinelidine hydrochlor ide  with mp 311-313 ~ (dec., aqueous 2-propanol)  [5]. 

B) A solution of 1 g (4.2 mmole)  of IV and 10 ml  of 15%ethanolie hydrogen chlor ide was ref luxed for  
12 h, a f t e r  which the mix tu re  was vacuum evapora ted ,  and the res idue  was made alkaline with 50%potas-  
s ium carbonate  solution and ex t r ac t ed  with benzene.  The benzene was removed ,  and the res idue  was v a c -  
uum subl imed (0.6 mm)  to give 0.3 g of 3-oxoquinuclidine (V). The p ic ra te  had mp  210 ~ [4]. I% me l t ing -  
point depress ion  was obs e rved  for  a mix tu re  of this  product  with a genuine sample .  The substance r e m a i n -  
ing a f t e r  subl imat ion of V was vacuum f rac t iona ted  to give 0.4 of 2-e thoxycarbonyl-3-oxoquinucl id ine  (I) 
with bp 101-102 ~ (0.6 mm)  and mp 101-102 ~ 
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