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SYNTHESES OF PIPERIDINE AND GRANATANINE DOUBLY ISOTOPICALLY SUBSTITUTED W I T H  
CARBON- 1 3 

Jenni fe r  J.C. Barna* and Michael J.T. Robinson 

Dyson Per r ins  Laboratory, Universi ty  of Oxford, South Parks Road, 
Oxford OX13QY, U.K. 

SUMMARY 

Syntheses o f  (2 ,3-13C2)piper id ine  and (1  ,2-13C2)granatanine v i a  
(l,2-13C2)-glutaric ac id  have been achieved using a benzene r i n g  a s  a 
p o t e n t i a l  carboxyl group. 

Kevwords: Piper idine,  g l u t a r i c  a c i d ,  granatanine,  carbon-13. 

A s  p a r t  o f  a s t u d y  o f  c o n f o r m a t i o n a l  e q u i l i b r i a  i n  amines  u s i n g  t h e  
dependence of one bond carbon-carbon coupling cons tan ts  (' JCc) on tors ion  angles  
a b o u t  N-C bonds' we r e q u i r e d  a number o f  c y c l i c  amines  w i t h  a d j a c e n t  carbon 
a toms i s o t o p i c a l l y  s u b s t i t u t e d  w i t h  13C. Key compounds were (2,3-13C2)- 
p iper id ine  and (1 ,2-13C2)granatanine (g-azabicyc lo- [3 ,3 ,1  I-nonane) and t h e i r  
der iva t ives ,  a l l  of which were derived from (1,2-13C2)glutaric acid ( 6 ) .  The 
s y n t h e s i s  of  t h e  l a t t e r  proved t o  be  l ess  s t r a i g h t f o r w a r d  t h a n  a n t i c i p a t e d .  
The successful  rou te  depended upon an uncommon use of a phenyl s u b s t i t u e n t  a s  a 
p o t e n t i a l  c a r b o x y l  g r o u p  i n  (1  ,2 -13C2)glu tar ic  a c i d .  The s y n t h e s i s  of  (2,3- 
13C2)piperidine (8) is out l ined  i n  Scheme 1: 
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a b,c a,d 
PhCH2.CHZI PhCH2.CH2.13C02H PhCH2.CH2.13CH21 

( 1 )  ( 2) ( 3) 

e 
PhCH2. CH2. ’ 3CH2. 3C02Na (6) 
[ +  (PhCH2.CH2. l3CH2)21 ( 5 )  [ + H02C. CH2. 3CHZ. ’ 3C02H 1 (7) 

(4) + H02C. CH2. CH2. 13CH2. 3C02H 

8 9 

a: Mg-Et20; 13C02; H+ b: LiA1H4-Et20; H+ C: c.HI d: NaOH 
e: NaOCl-RuC13 f: (CF3.C0),O g: NH3; BH3-THF; c.HBr; OH- 

Scheme 1 ( f i l l e d  c i r c l e s  i n d i c a t e  i s o t o p i c  s u b s t i t u t i o n  a t  r ing  carbon atoms) 

A c u r i o u s  f e a t u r e  o f  t h e  r e a c t i o n s  i n  Scheme 1 i s  t h a t  t h e  f o r m a t i o n  o f  t h e  
Grignard reagent from 1-iodo-3-phenylpropane (2) gave about 30% of  1,6-diphenyl- 
hexane (5) whereas 1-iodo-2-phenylethane (1) gave no s i g n i f i c a n t  amount of 7,4- 
diphenylbutane .  The ru thenium c a t a l y s e d  o x i d a t i o n 2  o f  4 gave some s u c c i n i c  

a c i d  (7 ,  -15%) showing t h a t  some o x i d a t i o n  o f  t h e  s i d e  c h a i n  o c c u r s ,  a s i d e  

r e a c t i o n  t h a t  does  n o t  seem t o  have been observed  before .  The amount o f  
s u c c i n i c  a c i d  may be  reduced t o  <2% by r e p e a t e d l y  c r y s t a l l i s i n g  t h e  c r u d e  
g l u t a r i c  a c i d  from benzene but  the  recovery of g l u t a r i c  a c i d  i s  only about 60%. 
For our purposes, however, t h e  presence of succ in ic  ac id  was not  harmful i n  t h e  
s y n t h e s i s  o f  (2 ,3-13C2)piper id ine  ( 8 ) .  A s  might  be e x p e c t e d ,  (1  ,2-13C2)suc- 
c i n i c  a c i d  i m i t a t e d  (1 ,2-13C2)glu tar ic  a c i d  i n  t h i s  s y n t h e s i s  s o  t h a t  (2,3- 
13C2)piperidine ( 8 )  and its der iva t ives’  were accompanied by -15 mol% of (2,3- 
1 3 C 2 ) p y r r o l i d i n e  (9 )  and i t s  d e r i v a t i v e s  ( i d e n t i f i e d  by a compar ison  o f  t h e  
chemical s h i f t s  observed i n  t h e  mixtures wi th  chemical s h i f t s  measured using 
au thent ic  unlabel led samples) and t h i s  allowed a d d i t i o n a l  coupling cons tan ts  t o  
be measured. P u r i f i e d  (1 ,2-13C2)glu tar ic  a c i d  was used i n  t h e  s y n t h e s i s  of 
t h e  b i c y c l i c  amines 12 and 13. 

More obvious routes  t o  (l,2-13C2)glutaric ac id  than t h a t  given i n  Scheme 1 
were considered. Alkylation (wi th  e i t h e r  a l l y 1  o r  but-3-en-1-yl h a l i d e s )  o f  
l i t h i a t e d  esters or s a l t s  of  acetic acid3 was r e j e c t e d  because t h e  y i e l d s  tend 
t o  be  low w i t h  d e r i v a t i v e s  o f  a c e t i c  a c i d  compared w i t h  h i g h e r  a c i d s  and an 
excess of t h e  ac id  d e r i v a t i v e  i s  commonly used. A synthes is  analogous t o  t h a t  
i n  Scheme 1 b u t  based on Gr ignard  r e a g e n t s  d e r i v e d  from 4-bromobut-I-ene and 
from 5-bromo-(5-l 3C)pent-1-ene was thwarted by mediocre y i e l d s  i n  severa l  s teps .  
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a b 

6 * OHC.CH2.CHp13CH2.13CH0 3 
(10) CH 

(12: R:Me) 
(11) (13: R:H) 

a: (COCl$?Et3N; C U ( P ~ ~ P ) ~ B H ~ / P ~  P b: Robinson-Schopf synthesis4r5 
c: Huang-Ninlon$ reduction (to 12); PhSeH at 150' 

Scheme 2 

The preparat ion of  t h e  b i c y c l i c  amines (Scheme 2) r e l i e d  on t h e  long known 
biomimetic synthes is  of pseudopel le t ier ine (9-methyl-9-azabicyclo[3,3,1 lnonan-3- 
one) (1 1 )  from glutardialdehyde (pentane-l,5-dial; It was not  found 
t o  be possible  t o  oxid ise  pentan-1,5-diol t o  the  dialdehyde using a v a r i e t y  of 
s e l e c t i v e  oxid is ing  agents. We therefore  turned t o  t h e  p a r t i a l  reduct ion of  
g l u t a r o y l  c h l o r i d e .  G l u t a r i c  a c i d  was c o n v e r t e d  i n t o  i t s  a c i d  c h l o r i d e  by 

oxa ly l  ch lor ide  and t r ie thylamine.  This combination of  reagents  has not  been 
reported before  but  i s  similar t o  th ionyl  ch lor ide  and pyridine.6 It has the  
advantage  o f  n o t  producing  b y p r o d u c t s  t h a t  were found t o  r e d u c e  y i e l d s  i n  t h e  
c h e m i c a l  r e d u c t i o n  u s i n g  t h e  F l e e t  r e a g e n t 7  a s  wel l  a s  p r e v e n t i n g  c a t a l y t i c  
hydrogenation8 completely. The y i e l d s  of  i so topica ly  normal glutardialdehyde,  
a s  a so lu t ion  i n  water ,  were est imated by conversion t o  t h e  2,4-dinitrophenyl- 
hydrazone. The y i e l d s  i n  t h e  preparat ion of pseudopel le t ie r ine  (11) were found 
t o  be  c o n s i d e r a b l y  b e t t e r  u s i n g  t h e  d i a l d e h y d e  formed by c h e m i c a l  r e d u c t i o n ,  
than by hydrogenation, apparent ly  because of s m a l l  amounts of d imethylan i l ine  

from t h e  l a t t e r .  The crude c r y s t a l l i n e  (2,3-13C2)pseudopelletierine i s o l a t e d  
a f t e r  s t e p  c i n  Scheme 2 was n o t  p u r i f i e d  because  r e c r y s t a l l i s a t i o n  l e a d s  t o  

losses and reduces t h e  o v e r a l l  y i e l d s  of  12 (by reduction9) and 13 (by demethyl- 
a t i o n "  of 12). It i s  w o r t h  n o t i n g  t h a t  t h e  a m i n e s  1 2  and 13 were d r i e d  by 
subl imat ion from excess BaO a t  low pressure and had m.p.s considerably higher  
and sharper  than those previously published. S i m i l a r  increases  i n  t h e  m.p.s of 
s a t u r a t e d  amines  d r i e d  w i t h  bar ium o x i d e  have been noted  i n  t h i s  l a b o r a t o r y .  
High f i e l d  carbon n.m.r. s t u d i e s  of i s o t o p i c a l l y  l a b e l l e d  1 2  and 13 showed t h a t  
each  c o n t a i n e d  1-2% o f  t h e  o t h e r  and no more t h a n  a b o u t  1% o f  i s o t o p i c a l l y  

s u b s t i t u t e d  i m p u r i t i e s  which may be  d e r i v a t i v e s  o f  t r o p a n e  (no p o s i t i v e  
i d e n t i f i c a t i o n  was made). We have n o t  d e t e r m i n e d  whether  t h e  trace o f  1 3  
present  i n  12 was formed by demethylation during t h e  Huang-Minlon reduction of 
pseudopel le t ier ine or or ig ina ted  i n  t r a c e s  of ammonium chlor ide  i n  t h e  methyl- 

ammmonium c h l o r i d e ,  which was p u r i f i e d  by c r y s t a l l i s a t i o n ,  used i n  t h e  syn- 
t h e s i s .  

10).4,5 
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Reactions were developed using i s o t o p i c a l l y  normal compounds and products, a l l  
of which have been reported i n  t h e  l i t e r a t u r e ,  were p u r i f i e d  and charac te r i sed  
i n  s t a n d a r d  ways. Except  f o r  12 and 13 i s o t o p i c a l l y  s u b s t i t u t e d  compounds 

were not f u l l y  p u r i f i e d ,  although t h e  proper t ies  of t h e  t a r g e t  compounds showed 
t h a t  good chemical p u r i t y  a s  well a s  s p e c i f i c i t y  i n  l a b e l l i n g  had been achieved, 
b u t  were c h a r a c t e r i s e d  s p e c t r o s c o p i c a l l y  by comparison with t h e  i s o t o p i c a l l y  
normal spec ies  a t  t h e  same s tage  of pu i f ica t ion .  

Carboxv1ations:- Grignard reagents  (u .5-1 M) were prepared from t h e  ha l ide  
(1 or  3) and Mg i n  equivalent  amounts i n  e t h e r  i n  a s imple  vacuum line. I3CO2 

was prepared by heat ing Ba13C03 (90  a t %  I3C) with an excess of lead( I1)  ch lor ide  
a t  mm (y ie ld  taken t o  be q u a n t i t a t i v e )  and condensed d i r e c t l y  onto Grignard 
reagents  a t  -196'. The mixtures were allowed t o  melt and carboxylat ion of t h e  
Grignard reagent  took place a t  -20 t o  -30' during 1-2 hours. The mixture  was 
a l l o w e d  t o  warm t o  room t e m p e r a t u r e  and a c i d i f i e d .  The e t h e r e a l  l a y e r  was 
washed with water  and t i t r a t e d  w i t h  1M sodium hydroxide t o  a phenolphthalein 

endpoint. The r e s u l t i n g  s o l u t i o n  of  t h e  sodium s a l t  was evaporated t o  dryness 

f o r  storage. When required t h e  free a c i d  was obtained by a c i d i f i c a t i o n  of the  

sodium s a l t  and i s o l a t e d  by e x t r a c t i o n  wi th  ether .  The s a l t s  of t h e  i so topic-  
a l l y  s u b s t i t u t e d  a c i d s  were c h a r a c t e r i s e d  by t h e i r  ' H  and I 3 C  n.m.r. s p e c t r a .  
The y i e l d s  of t h e  sodium s a l t s  of t h e  a c i d s  were 60% (4 
f rom 3).  

85% ( 2  from 1) and 

l-Iodo-3-phenyl( l-13C)propane. 3-Phenyl( 1-I 3C)propanoic  a c i d  (14.0 g )  was 
reduced ( 2  h)  w i t h  l i t h i u m  aluminium h y d r i d e  ( 4  g )  i n  b o i l i n g  e t h e r  (100 m l ) .  

The m i x t u r e ,  c o o l e d  i n  an ice  b a t h ,  was t r e a t e d  w i t h  s u l p h u r i c  a c i d  (2M, 100 

m l )  and the  r e s u l t i n g  e t h e r e a l  s o l u t i o n  of  3-phenyl( 1-I 3C)propanol was washed, 
dr ied  and concentrated t o  remove ether .  The crude product (12.5 g )  was boi led 
under  r e f l u x  ( 2  h)  w i t h  h y d r i o d i c  a c i d  (d. 1.94, 125 m l ) ,  c o o l e d ,  d i l u t e d  w i t h  
water ,  and ex t rac ted  with pentane (3 x 20 ml) .  The e x t r a c t s  were washed with 
2% KOH, f i l t e r e d  through a s h o r t  column of alumina, d r i e d ,  and d i s t i l l e d  to  g ive  
l-iodo-3-phenyl( l-13C)propane, b.p. -40°/0.001 m m  (19.7 g, 87%). 

(1  ,2 -13C2)Glutar ic  a c i d .  Sodium h y p o c h l o r i t e  (1.47M, 218 ml) was added t o  

sodium 4-phenyl( 1 ,2-13C2)butanoate (4.32 g, 23 mmol) and ruthenium(II1) ch lor ide  
(0.023 g )  i n  w a t e r  (312 m l ) .  After 40 hr. t h e  pH was a d j u s t e d  t o  2 and t h e  
s o l u t i o n  was f l u s h e d  w i t h  n i t r o g e n  f o r  1 h r .  Sodium h y d r o x i d e  ( 2  g )  and 
hydrogen p e r o x i d e  (33%, 40 m l )  were added and a f t e r  1 day t h e  m i x t u r e  was 
a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  (5M) t o  pH=l and t h e  water was removed by 
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d i s t i l l a t i o n  followed by drying i n  a vacuum desiccator .  The r e s i d u a l  s o l i d s  
were ground t o  a f i n e  powder and ex t rac ted  wi th  dry ether (200 ml) i n  a Soxhlet 
e x t r a c t o r  (5 hr.), t h e  e x t r a c t i o n  b e i n g  twice i n t e r r u p t e d  t o  a l l o w  t h e  s o l i d  
mat te r  t o  be reground. Evaporation of  t h e  ether l e f t  (1,2-13C2)glutaric acid 
(2.575 g, 83%) containing approximately 15% of  (1 ,2-13C2)succinic acid. 

(2,3-13C2)Piperidine. ( 1  ,2-13C2)Glutaric a c i d  (not  pur i f ied ;  1.206 g, 9 mmol) 
was t r e a t e d  for 45 min. with t r i f l u o r a c e t i c  anhydride (10 m l ) ,  t h e  excess of t h e  
l a t t e r  was evaporated, and t h e  s o l i d  res idue  was dissolved i n  dichloromethane 
(30 m l )  and poured i n t o  l i q u i d  ammonia (50 m l ) .  The so lvents  were evaporated 
and t h e  residue i n  hydrochloric a c i d  (2M, 60 m l )  was washed wi th  e t h e r  and water 
was e v a p o r a t e d  ( a t  20 mm). The r e s i d u e  was s t i r r e d  w i t h  b r i n e  (10 m l )  and 
w a t e r  was removed. T h i s  was r e p e a t e d  t o  g i v e  a p r o d u c t  f r i a b l e  enough t o  be 
ground and ex t rac ted  wi th  e t h e r  i n  a Soxhlet e x t r a c t o r  t o  g ive  the  crude (1,2- 
1 3 C 2 ) g l u t a r i c  a c i d  monoamide (1.022 g ,  85%). The l a t t e r  (1.0 g )  i n  t e t r a -  
hydrofuran  (65 m l )  c o n t a i n i n g  d i b o r a n e  (50 mmol) was b o i l e d  under  r e f l u x  ( 5  
hr . ) ,  more d i b o r a n e  (15  m l  o f  a 1M s o l u t i o n  i n  t e t r a h y d r o f u r a n )  was added and 
b o i l i n g  c o n t i n u e d  (10  hr.). Excess d i b o r a n e  was d e s t r o y e d  w i t h  methanol .  
After  t h e  addi t ion  of hydrobromic a c i d  (48%; 1.2 m l )  t h e  so lvents  were removed 
under  reduced p r e s s u r e ,  more hydrobromic a c i d  (48%; 10 m l )  was added and t h e  
m i x t u r e  was b r i e f l y  boiled. The m i x t u r e  was d i l u t e d  wi th  water, made s t rongly  
a l k a l i n e  w i t h  potassium hydroxide and d i s t i l l e d  i n  steam. The d i s t i l l a t e  was 
neut ra l i sed  wi th  hydrochloric ac id  (1M; 3.7 m l )  and water  was removed by d i s t i l -  
l a t i o n  under  reduced  p r e s s u r e  f o l l o w e d  by a d d i t i o n  o f  methanol  (ca .  5 m l ,  
t w i c e ) ,  which was removed by d i s t i l l a t i o n  l e a v i n g  (2,3-l 3C2)piper id in ium 
chlor ide  (0.51 g, 48%) containing 15% of  (2,3-l 3C2)pyrrolidinium chloride. 

N-Methyl( 1 ,2-13C2)granatanine [ g-Methyl-g-azabicyclo(1 ,2-13C2)[3,3,1]- 
nonanel .  (1 ,2-13C2)Glutar ic  a c i d  (1.34 g ,  10 m m o l )  was warmed w i t h  o x a l y l  
ch lor ide  (4  ml) and 2 drops of t r ie thylamine  u n t i l  effervescence ceased and then 
was boi led under re f lux  (2.5 hr.) before  the  excess oxalyl  ch lor ide  was removed 
i n  vacuo. The crude (1,2-13C2)glutaroyl ch lor ide  i n  acetone (10 m l )  was added 
(10 min) t o  a s t i r r e d  s l u r r y  o f  bis(triphenylphosphine)copper(I) t e t r a h y d r o -  
borate7 (13.26 g, 22 mmol) and triphenylphosphine (11.53 g,  44 mmol) i n  acetone 
(40 m l ) .  The mixture was s t i r r e d  a t  room temperature (2 hr.) and f i l t e r e d ,  the  
f i l t e r  cake  b e i n g  washed w i t h  w a t e r  (50 m l )  and t h e  combined f i l t r a t e  and 
washings was r e f i l t e r e d .  Acetone was removed a t  <20° under reduced pressure 

leaving a s o l u t i o n  of  (l,2-13C2)glutardialdehyde i n  water  (35 ml ) .  'he y i e l d  
of glutardialdehyde was est imated as 60% (by i s o l a t i o n  of the  2,4-dinitrophenyl- 
hydrazone) i n  experiments wi th  i s o t o p i c a l l y  normal g l u t a r i c  acid. 
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Methylammonium chlor ide  ( r e c r y s t a l l i s e d  from e thanol ;  1 g ,  14.8 mmol), 1,3- 
acetonedicarboxylic ac id  ( f r e s h l y  c r y s t a l l i s e d  from e t h y l  ace ta te ;  1.66 g, 11.4 
mmol), disodium hydrogen phosphate (0.71 g, 5 mmol) and sodium hydroxide (0.144 
g ,  3.6 mmol) were added t o  t h e  aqueous s o l u t i o n  o f  ( 1  ,2-13C2)glutardialdehyde 
and t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  under  n i t r o g e n  (20 h). Hydrochlor ic  
a c i d  (d. 1.18; 0.67 m l )  was added and s o l u t i o n  was s t i r r e d  a t  70-80' u n t i l  
e v o l u t i o n  o f  C 0 2  c e a s e d  ( 1  h ) ,  made a l k a l i n e  w i t h  sodium hydroxide  (1.5 g )  and 
immediately ex t rac ted  wi th  dichloromethane (5  x 30 m l ) .  The combined e x t r a c t s  
were shaken successively with sodium su lpha te  and n e u t r a l  alumina, f i l t e r e d  and 
t h e  so lvent  was removed under reduced pressure  t o  g ive  c rude  c r y s t a l l i n e  (1,2- 
13C2)pseudopelletierine (0.45 g, 65%). The l a t t e r ,  i f  i t  is  t o  be  kept ,  may be 

pur i f ied5  but t h i s  decreases  t h e  o v e r a l l  y i e l d s  of  12 and 13. 

The p s e u d o p e l l e t i e r i n e  was i m m e d i a t e l y  t r e a t e d  w i t h  h y d r a z i n e  h y d r a t e  
(1.5 m l )  and diethylene g lycol  (12 m l ) .  The mixture was boi led under re f lux  

(10 m i d ,  cooled, and t r e a t e d  with potassium hydroxide (1.5 g)  and more hydraz- 
ine  hydrate (0.7 m l )  before being s lowly d i s t i l l e d  u n t i l  t h e  s t i l l h e a d  tempera- 
ture reached 200'. The d i s t i l l a t e  was ext rac ted  with pentane ( 2  x 50 m l ) ,  each 
e x t r a c t  being washed with water  (3 m l ) ,  and t h e  combined pentane e x t r a c t s  were 
t i t r a t e d  w i t h  h y d r o c h l o r i c  a c i d  ( m e t h y l  o r a n g e  e n d p o i n t )  t o  g i v e  an aqueous 
s o l u t i o n  of N-methyl( 1 ,2-13C2)granatanine hydrochloride (2 mmol, 20% from (1,2- 
13C2)glutaric acid). The amine was l i b e r a t e d  by an excess of sodium hydroxide, 
p u r i f i e d  by steam d i s t i l l a t i o n ,  and reconverted once more i n t o  t h e  hydrochlor- 
ide,  from which it was i s o l a t e d  by t rea tment  wi th  concentrated potassium hydrox- 
i d e  s o l u t i o n  followed by subl imat ion (0.001 mm) from an excess of  barium oxide. 
The sample  p u r i f i e d  i n  t h i s  way had a m.p. 52-52.5' ( l i t . ' '  49-50']. Carbon 
n.m.r. ( s e e  d i s c u s s i o n )  i n d i c a t e d  t r a c e s  (1-2%) o f  (1  ,2-13C2)granatanine and 
a n o t h e r  doubly i s o t o p i c a l l y  l a b e l l e d  compound t h a t  may have been N-methyl- 
tropane. 

( 1  ,2-13C2)Granatanine [9-azabicyclo(l,2-13C2)[3,3,11nonane]. N-Methyl(l,2- 
'3C2)grana tan ine  (0.127 g ,  0.90 m m o l )  and benzene s e l e n o l  (0.2 m l )  were s e a l e d  

i n  a t u b e  u n d e r  n i t r o g e n  and h e a t e d  a t  150' ( 4 8  h). A f t e r  c o o l i n g  t h e  t u b e  
was opened and the  conten ts  were ext rac ted  severa l  times wi th  e t h e r  and water. 
After a c i d i f i c a t i o n  ( t o  pH=l) t h e  aqueous l a y e r  was d i s t i l l e d  i n  steam t o  remove 
non-basic  v o l a t i l e  m a t e r i a l  and t h e  (1  ,2-13C2)granatanine was i s o l a t e d  and 
p u r i f i e d  by t h e  methods used f o r  12 (above)  and t h e n  had m.p. 73-73.5' (lit.12 
50-60°). Carbon n.m.r. indicated t h a t  the  demethylation was 98-99% complete. 
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