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SUMMARY 

Reac t ion  o f  i s o n i c o t i n i c  [ 1 4 C ]  a c i d  hyd raz ide  (1) w i t h  t h e  Z inke  s a l t  (2) 
a f f o r d e d  N- (4 -py r idy l  [ 1 4 C ]  carbony1imino)pyr id in ium y l i d e  (2) i n  81% chemical  

y i e l d .  

-lY2,3,6-tetrahydropyridine (4) i n  60% chemical  y i e l d  w i t h  a s p e c i f i c  a c t i v i t y  

o f  6.17 m C i  mM'l. A l t e r n a t i v e l y  r e d u c t i o n  o f  N - (4 -py r idy l ca rbony l  i m i n o )  p y r i -  

d in ium y l i d e  (5)  u s i n g  a b s o l u t e  e thano l  and [3H]-water as s o l v e n t  y i e l d e d  N- 

( 4- p y r  i d y l  c a r  bonyl  am i no) - 1 ,2, [ 3H]  3,6- t e t r a  hydropyr  i d i ne (2) i n 52.6% c hemi ca  1 

y i e l d  w i t h  a s p e c i f i c  a c t i v i t y  o f  1.14 m C i  mM''. 

1,2 ,[%]3,6-tetrahydropyridine (E) was s i m i l a r l y  p repared b y  sodium b o r o h y d r i  de 

r e d u c t i o n  o f  3 u s i n g  a b s o l u t e  e thano l  and [3H]-water as s o l v e n t  i n  46% chemical  

y i e l d  w i t h  s p e c i f i c  a c t i v i t i e s  o f  1.31 and 5.66 m C i  mM'' r e s p e c t i v e l y  f o r  [ 3 H ]  

and [ 1 4 C ] .  

Sodium bo rohydr ide  r e d u c t i o n  o f  2 gave N- (4 -py r idy l  [ 1 4 C ]  carbony lamino)  

N- (4-Pyr idy l  [14C]carbonylamino- 
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INTRODUCTION 

Recen t l y  we developed a f a c i l e  p rocedure  f o r  t h e  syn thes i s  o f  N - ( 4 - p y r i d y l -  

carbonylarn ino)- ly2,3,6- te t rahydropyr id ine 5 (1  ). 

screen i n d i c a t e d  t h a t  4 e x h i b i t e d  a n a l g e s i c  and a n t i i n f l a m m a t o r y  a c t i v i t i e s  com- 

pa rab le  t o  A s p i r i n  and Indomethac in  r e s p e c t i v e l y  as w e l l  as a s i g n i f i c a n t  hyper-  

g lycemic e f f e c t  (2). 

f o r  d i f f e r e n t i a l  t i s s u e  d i s t r i b u t i o n  and m e t a b o l i c  s tud ies .  We now d e s c r i b e  

t h e  syn thes i s  o f  N-( 4 - p y r i d y l  ca rbony l  amino)- l ,Z .3,6- t e t r a  h y d r o p y r i d i  ne 1 a be1 1 ed 

w i t h  [ 1 4 C ]  a t  t h e  ca rbony l  carbon and [ 3 H ]  a t  t h e  3 - p o s i t i o n  o f  t h e  1,2,3,6- 

t e t r a h y d r o p y r i d i n e  r i n g .  

A broad spectrum pharmaco log ica l  

I t  was t h e r e f o r e  o f  i n t e r e s t  t o  p repare  r a d i o l a b e l l e d  5 

The r a t i o n a l e  f o r  i n c o r p o r a t i n g  [ 1 4 C ]  and c 3 H ]  i n t o  t h e  p o s i t i o n s  s e l e c t e d  

( i )  The 3 - p o s i t i o n  o f  t h e  1,2,3,6-tetrahydropyr id ine r i n g  i s  expected t o  was: 

be a m e t a b o l i c a l l y  i n a c t i v e  s i t e ;  ( i i )  M e t a b o l i c  c leavage o f  t h e  amide group i n  

t h e  dua l  l a b e l l e d  p roduc t  would a f f o r d  [14C] - l abe l l ed  i s o n i c o t i n i c  a c i d  and [3H] -  

l a b e l l e d  1,2,3,6-tetrahydropyridyl m e t a b o l i t e s .  

RESULTS AND DISCUSSION 

I s o n i c o t i n i c  [ 1 4 C ]  a c i d  hyd raz ide  (1) was prepared f rom t h e  r e a c t i o n  o f  

4-1 i t h i o p y r i d i n e  w i t h  [1'+C]-C02 u s i n g  t h e  r e a c t i o n  sequence r e p o r t e d  by Murray 

and Langham ( 3 )  and t h e  s i m p l i f i e d  appara tus  desc r ibed  by Mayor and Wentrup ( 4 )  

as i l l u s t r a t e d  by Scheme 1 i n  46% chemical  y i e l d .  

SCHEME 1 

C l '  H 1 - 

React ion  o f  i s o n i c o t i n i c  [ 1 4 C ]  a c i d  hyd raz ide  (1) w i t h  2 .4 -d in i t ropheny l -  

py r  i d i n  i um c h l  o r  i d e  (2) a f f o r d e d  N- ( 4 - p y r i d y l r  14C]carbonyl i m i  no) p y r i  d i  n i  um y l  i d e  
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- 3 (81% chemical  y i e l d )  wh ich  on subsequent r e d u c t i o n  u s i n g  sodium bo rohydr ide  w i t h  

e thano l  as s o l v e n t  a t  0" gave r i s e  t o  N-(4-pyridyl[14C~carbonylamino)-l ,2,3,6- 

t e t r a h y d r o p y r i d i n e  4 i n  60% chemical  y i e l d  (Scheme 2)  w i t h  a s p e c i f i c  a c t i v i t y  o f  

6.17 m C i  m M - l .  

SCHEME 2 

14CONHNH2 
I 4 

L - 
3 - 4 - 

The mechanism f o r  t h e  sodium bo rohydr ide  r e d u c t i o n  o f  t h e  p y r i d i n i u m  y l i d e  5 
has n o t  been i n v e s t i g a t e d  b u t  i t  i s  expected t o  be analogous t o  t h a t  o f  p y r i d i n i u m  

s a l t s  ( 5 ) .  

would y i e l d  t h e  dienamine 6 which  on p r o t o n a t i o n  (3H @ o r  'H @ f rom s o l v e n t )  and 

subsequent r e d u c t i o n  o f  t h e  immonium spec ies  1 would a f f o r d  9 ( 1 )  as i l l u s t r a t e d  

by Scheme 3. 

A t t a c k  by h y d r i d e  an ion  a t  carbon ad jacen t  t o  t h e  qua te rna ry  n i t r o g e n  

SCHEME 3 0 \+ Na6H4bcQ: ___* 3 H 0  'lo \+  3 3:a Hz0 :Ho 
I I 

N- 1 rH(3H)  yH(3H) I 

R R R R R 

I 
I i H (  3 H )  FI H 

6 - 5 - 
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N- (4-Pyridyl carbonyl amino)-l,2, [ 3H]3,6-tetrahydropyridine 9 was therefore 

prepared by reduction of 2 (0.5 mmol) using sodium borohydride (1 mnol) with 
absolute ethanol (4.25 ml, 92.4 mmol )  and tritiated water ( 5  Ci/ml, 0.25 m l ,  13.88 

mmol) as solvent in 62.5% chemical yield with a specific activity of 0.756 mCi 

mM-1. 

specific activity of the solvent is 10.40 mCi mM-' available l H  and 3H. 

attempt to increase the specific activity of 3 the reaction was repeated as above 
using absolute ethanol (0.25 m l ,  5.43 mol) and tritiated water ( 5  Ci/ml, 0.25 ml, 

13.88 mmol) as solvent. The specific activity of 9 should theoretically be 38.20 
rnCi mM-l since the specific activity o f  the solvent i s  38.20 mCi mM-' available 

l H  and 3H. 

activity o f  1.14 m M - l .  

tritium isotope affect. 

Theoretically 2 should have a specific activity of 10.40 mCi m W 1  since the 

In an 

Radiolabelled ?was obtained in 52.602 chemical yield with a specific 

The lower than expected specific activity may be due to a 

Reduction of N-(4-pyridyl [14C]carbonyl imino)pyridinium ylide 2 (0.395 mmol) 

u s i n g  sodium borohydride (0.79mmol) with absolute ethanol (0.25 ml, 5.43 mmol) and 

tritiated water (5 Ci/ml, 0.25 m l ,  13.88 mmol) as solvent afforded N-(4-pyridyl 

[ 14C]carbonyl ami no)- l ,2,  ["H] 3,6- tetrahydropyridi ne lo in 46% chemical yiel d with 

specific activities of 1.31 and 5.66 mCi mM-l  respectively for C3H] and [I4C]. 

It is expected that high specific activity N-(4-pyridylcarbonylamino)-l ,[3H] 

2,3,[3H]6-tetrahydropyridine 11 would be readily accessible. Reduction of 5 

Q I ____+ ."b I 
N -  
I 

14co 

4 
NH 
I 

14co 

I 3H 

NH 
1 

1 1  - 10 - 3 - 

using [3H1-sodiurn borohydride as illustrated by Scheme 3 would incorporate a 3H- 

atom into both the 2- and 6-positions of the 1,2,3,6-tetrahydropyridine ring. 
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EXPERIMENTAL 

[14C]-Barium carbonate  (53 m C i  m M - l  and C3H]-water ( 5  C i / m l )  were purchased 

from New England Nuc lear .  

L i q u i d  S c i n t i l l a t i o n  coun te r .  

( t l c ,  mp) t o  a u t h e n t i c  samples. 

I s o n i c o t i n i c  [ 1 4 C ]  a c i d  

R a d i o a c t i v i t y  was de termined u s i n g  a S e a r l e  Mark I 1 1  

The r a d i o l a b e l l e d  compounds prepared were i d e n t i c a l  

The p r e p a r a t i o n  f o l l o w e d  was s i m i l a r  t o  t h e  procedure  o f  Murray e t  a1 ( 3 )  

u s i n g  t h e  s i m p l i f i e d  appara tus  o f  Mayor e t  a1 ( 4 ) .  

sodium hyd rox ide  (25  m l )  was added t o  a s o l u t i o n  o f  4 -bromopyr id ine  h y d r o c h l o r i d e  

(1.49, 7.19 mmol) i n  25 m l  water  w i t h  s t i r r i n g .  4-Bromopyr id ine, wh ich  separa tes  

as an o i l ,  was e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 35 m l ) .  

d r i e d  f o r  1 h u s i n g  sodium s u l f a t e  and then f o r  18 h u s i n g  L inde  3A mo lecu la r  

s ieves .  T h i s  d r y  e t h e r  s o l u t i o n  was p laced  i n  t h e  r e a c t i o n  f l a s k  and coo led  t o  

-78". 

t h e  m i x t u r e  was s t i r r e d  g e n t l y  f o r  5 min  a t  -78'. 

degassed by c o o l i n g  t o  -170°, evacua t ing  t o  2 x 

T h i s  s o l u t i o n  o f  4-1 i t h i o p y r i d i n e  was carbonated  by  t h e  dropwise  a d d i t i o n  o f  

concen t ra ted  s u l f u r i c  a c i d  (12  m l )  on to  0.5 g [14C]-barium carbonate  (2.54 mmol, 

25 mCi) ove r  a p e r i o d  o f  1 h and 20 m in  d u r i n g  wh ich  t h e  con ten ts  o f  t h e  r e a c t i o n  

f l a s k  were s t i r r e d  v i g o r o u s l y  a t  -55" t o  -65". The carbon d i o x i d e  genera to r  f l a s k  

was heated  t o  50" t o  complete t h e  g e n e r a t i o n  o f  [14C]-carbon d iox ide .  The r e a c t i o n  

m i x t u r e  was hyd ro l yzed  w i t h  25 m l  2.5N n i t r i c  a c i d  and c o n t i n u o u s l y  e x t r a c t e d  w i t h  

e t h e r  f o r  4 h. 

hyd rox ide  and e x t r a c t i o n  con t inued  f o r  a f u r t h e r  24 h. 

carded. 

f o r  5 days. 

[14C]acid (250 mg, 20 m C i ,  80% chemical  and rad iochemica l  y i e l d ,  9.85 m C i  mM-') 

wh ich  was i d e n t i c a l  ( t l c ,  mp) t o  an a u t h e n t i c  sample. 

A s o l u t i o n  o f  10% aqueous 

The e t h e r  e x t r a c t  was 

n - B u t y l l i t h i u m  ( 5  mmol as a 2.2 M s o l u t i o n  i n  hexane) was added dropwise  and 

The r e a c t i o n  m i x t u r e  was 

mm and then  warming t o  -55". 

The rema in ing  s o l u t i o n  was t h e n  b a s i f i e d  w i t h  30 m l  3N sodium 

These e x t r a c t s  were d i s -  

The a l k a l i n e  s o l u t i o n  was a c i d i f i e d  t o  pH 3(+0.1) and e x t r a c t e d  w i t h  e t h e r  

Removal o f  t h e  e t h e r  f rom t h e  e t h e r  e x t r a c t  a f f o r d e d  i s o n i c o t i n i c  



626 J .  R .  Mercer, L. I .  Wiebe and E .  E. Knaus 

I sonico t in ic  [l4C] acid hydrazide (1). 
I sonico t in ic  [14C]carbonyl ch lor ide  hydrochloride was prepared by t r e a t i n g  

t h e  acid (250 mg, 2.03 mmol) with 2 ml pur i f ied  thionyl ch lor ide ,  heating under 

re f lux  f o r  1 5  min and removal of  excess thionyl ch lor ide  under high vacuum ( 2  x 

mm) a t  25". The ac id  ch lor ide  hydrochloride was converted t o  t h e  e s t e r  

hydrochloride by reac t ion  w i t h  4 m l  abso lu te  ethanol , heat ing under re f lux  f o r  

1 h and removal of the so lvent  under reduced pressure. The ester was i s o l a t e d  by 

treatment with 500 mg sodium bicarbonate i n  25 ml water followed by continuous 

e ther  ex t rac t ion .  

under re f lux  with 85% hydrazine hydrate (0.23 g )  i n  10 ml absolu te  ethanol f o r  

4 days. Removal of t h e  solvent  and drying i n  vacuo f o r  48 h gave i s o n i c o t i n i c  

[ 1 4 C ]  acid hydrazide (0.16 g ,  57.6% chemical y i e l d )  ident ica l  ( t l c  and m p )  w i t h  

a n  au thent ic  sample. 

N-(4-Pyridyl[14C]carbonylimino)pyridinium y l i d e  (a). 

Evaporation of t h e  e t h e r  afforded t h e  e s t e r  which was heated 

I sonico t in ic  [ 1 4 C ]  acid hydrazide 1 (0.16 g ,  1.17 mmol) in  10 ml methanol was 

added dropwise t o  an ice-cooled so lu t ion  of  2,4-dinitrophenylpyridinium chlor ide  

- 2 (0.335 g ,  1.19 mmol) in  5 ml methanol, a f t e r w h i c h t r i e t h y l a m i n e  (0.12 g ,  1.19 

mmol) was added. 

t o  cent r i fuga t ion  t o  remove t h e  s o l i d  which had prec ip i ta ted .  

was washed with 5 ml each of methanol, water ,  methanol andether .  A suspension 

of the  s o l i d  obtained above i n  dioxane-water (4 : l  v /v) ( lO ml) was heated under 

re f lux  f o r  4.5 h t o  a f ford  a c l e a r  so lu t ion .  Removal of the  solvent  i n  vacuo 

gave a dark red so l id  which was pur i f ied  o n  a 2.5 x 30 cm s i l i c a  gel column. 

column was eluted s ta r t ing  w i t h  5% methanol i n  methylene ch lor ide  and gradual ly  

increasing t h e  composition t o  15% methanol i n  methylene chlor ide.  Fract ions 

h a v i n g  a volume of 25 ml were co l lec ted  and analyzed, using pure reference s t a n -  

dards ,  by micro t l c  o n  s i l i c a  gel G p la tes  with 15% methanol in  methylene ch lor ide  

a s  development solvent .  

solvent  removed in  vacuo t o  y i e l d  2 (0.164 9 ) .  

in addi t ion  t o  o ther  components were rechromatographed on t h r e e  20 x 20 cm 

The reac t ion  mixture was allowed t o  s tand a t  25" f o r  1 6  h p r ior  

The s o l i d  product 

The 

Fractions containing only y l i d e  3 were combined a n d  the 

Those f r a c t i o n s  containing some 3 
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p r e p a r a t i v e  s i l i c a  ge l  G p l a t e s ,  0.75 mm i n  th i ckness ,  w i t h  15% methanol i n  

methy lene c h l o r i d e  as development so l ven t .  The band hav ing  a R f  i d e n t i c a l  t o  

a u t h e n t i c  y l i d e  was removed and e x t r a c t e d  w i t h  20 m l  warm methanol  t o  g i v e  24.2 

mg 2. 
rep resen ted  an  81% chemical  y i e l d  o f  3 (188.2 mg, 0.946 mmol). 

N-( 4 -Py r idy lC  14C]carbonylamino)- l  ,2 ,3 ,6 - te t rahydropyr id i  ne (A) .  

The combined p roduc ts  wh ich  were i d e n t i c a l  ( t l c ,  mp) t o  an a u t h e n t i c  sample 

A s o l u t i o n  o f  N-(4-pyridyl[14C]carbonylimino)pyridinium y l i d e  9 (83.2 mg, 

0.418 mmol) i n  95% ethano l  (1.2 m l )  was added dropwise  t o  a s o l u t i o n  o f  sodium 

bo rohydr ide  (34  mg, 0.9 mmol) i n  95% e thano l  (2.5 m l )  a t  0" over  2 min. 

r e a c t i o n  was a l l o w e d  t o  proceed f o r  4 h a t  0"  b e f o r e  p o u r i n g  o n t o  50 m l  crushed 

i ce .  

w i t h  c h l o r o f o r m  ( 3  x 20 m l ) .  The c h l o r o f o r m  e x t r a c t  was d r i e d  (Na2S04) and t h e  

s o l v e n t  removed i n  vacuo t o  g i v e  impure 4 (57.3 mg) wh ich  was p u r i f i e d  on t h r e e  

20 x 20 cm s i l i c a  ge l  G p l a t e s ,  0.75 mm i n  th i ckness ,  w i t h  15% methanol i n  c h l o r o -  

fo rm as development so l ven t .  

a u t h e n t i c  4, gave pure  4 (51.1 mg, 0.2514 mmol, 60% chemical  y i e l d ,  6.17 m C i  m M - l ) .  

T h i s  sample o f  4 was d i l u t e d  w i t h  u n l a b e l l e d  4 t o  g i v e  1.351 g o f  p roduc t  w i t h  a 

s p e c i f i c  a c t i v i t y  o f  1.15 vCi/mg. 

N-( 4 - P y r i d y l  ca rbony l  ami no) -1 , 2 , [ 3H]3 , 6 - t e t r a  h y d r o p y r i  d i  ne (I) . 

The 

The i c e  was a l l owed  t o  m e l t ,  a f t e r  wh ich  t h e  aqueous s o l u t i o n  was e x t r a c t e d  

E l u t i o n  o f  t h e  ma jo r  band, hav ing  a R f  i d e n t i c a l  t o  

Sodium bo rohydr ide  ( 3 8  mg, 1 mmol) was added t o  a s o l u t i o n  o f  5 (100 mg, 

0.5 mmol) i n  4.25 m l  a b s o l u t e  e thano l  (92.4 mmol) and [3H]-water ( 5  C i / m l ,  0.25 m l ,  

13.88 mmol) a t  0". 

completed as desc r ibed  above f o r  t h e  p r e p a r a t i o n  o f  4, t o  y i e l d  9 (53.4 mg, 

0.3123 mmol, 62.5% chemical  y i e l d ,  0.756 m C i  m M - l ) .  

The r e a c t i o n  was a l l owed  t o  proceed a t  0" f o r  4 h, and 

R e p e t i t i o n  o f  t h e  procedure  used f o r  t h e  p r e p a r a t i o n  o f  2 above u s i n g  a b s o l u t e  

e thano l  (0.25 m l ,  5.43 mmol) and [3H]-water ( 5  C i / m l ,  0.25 m l ,  13.88 mmol) as 

s o l v e n t  a f f o r d e d  9 (53.4 mg, 0.2631 mmol, 52.6% chemical  y i e l d ,  1.14 m C i  m M - l ) .  
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N -  ( 4-Pyr i dyl [ 4C]carbonyl ami no) -1 , 2[ 3H]3 , 6- te t ra  hydro pyr i d i ne ( L[)) . 
Sodium borohydride (30 mg, 0.79 mmol) was added t o  a s o l u t i o n  of  N-(4- 

pyridyl[14C]carbonylimino)pyridinium y l i d e  2 (78.6 mg, 0.395 mmol) i n  abso lu te  

ethanol (0 .25  ml, 5.43 mmol) and [3H]-water ( 5  Ci/ml, 0.25 ml, 13.88 m m o l )  a t  

0'. 

scr ibed f o r  the prepara t ion  o f  4, t o  y i e l d  lo (36.8 mg, 0.1813 mmol , 46% chemical 

y i e l d ) .  The dual l a b e l l e d  product lo was d i l u t e d  w i t h  300 mg unlabel led N -  

(4-pyridylcarbonylamino)-l,2,3,6-tetrahydropyridine t o  a f f o r d  lo (336.8 mg) 

w i t h  s p e c i f i c  a c t i v i t i e s  o f  0.709 and 3.05 V C i  mM'l r e s p e c t i v e l y  f o r  c 3 H ]  and 

The reac t ion  was allowed t o  proceed a t  0' f o r  4 h, and completed, as  de- 

c 14CI .  
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