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SUMMARY 

2 Methyl nicotinate-5- H was prepared in dry tetra- 
hydrofuran by palladium-catalyzed deuterolysis of methyl 
5-bromonicotinate. Acid hydrolysis of the crude reac- 
tion mixture resulted in a 92% yield of deuterium-labeled 
nicotinic acid of which 80 mole% was nicotini~-5-~H acid 
and 12 mole% was nicotini~-5-~H acid containing an addi- 
tional deuterium atom elsewhere in the molecule. The 
structure assignment was based on the results of nuclear 
magnetic resonance spectroscopy, mass spectroscopy, ultra- 
violet spectroscopy, and elemental analysis. 
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INTRODUCTION 

The protons attached to carbon atoms, 2, 4, 5 and 6, of 

the pyridine ring of nicotinamide and nicotinic acid are non- 

exchangeable under physiological conditions. In N -alkylpyri- 

dinium compounds, however, the protons on carbon atoms, 2 and 6, 

are rendered slowly exchangeable as a result of the strong in- 

ductive effect of the adjacent, positively-charged quaternary 

nitrogen atom (1). Nicotinamide adenine dinucleotide “AD’) is 

an N1-alkylpyridinium derivative that participates in many en- 

zyme-catalyzed redox reactions in living cells. In biological 

oxidations involving NAD’, a hydride ion is transferred from 

a redox substrate to carbon atom 4 of the pyridiile ring of NAD 

thereby generating NADH. Either the a or f3 proton attached 
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to carbon atom 4 of the pyridine ring of NADH may be enzymati- 

cally transferred, along with a pair of electrons, to a hydride- 

ion acceptor thereby regenerating NAD'. 

attached to carbon atoms, 2 ,  4 and 6 ,  of the pyridine ring of 

NAD' may be exchanged in biochemical systems. 

carbon atom 5 remains as the only potentially non-exchangeable 

proton. For these reasons, a specific synthesis of nicotinic- 

5-*H acid was sought which could be utilized in a commercial 

custom synthesis of nicotini~-5-~H acid. 

Thus, the protons 

The proton on 

Alkyl and aryl halides are easily hydrogenolyzed in the 

presence of basic palladium catalysts to the corresponding 

alkanes and aromatic compounds ( 2 ) .  5-Bromonicotinic acid is 

available commercially f o r  which reason it was chosen as the 

starting material for a three step-synthesis of nicotini~-5-~H 

acid by the reactions in Figure 1. 

H CI 
N Br a''': N CH30H reflux 

Figure 1. 
acid from 5-bromonicotinic acid. 

Reactions employed to synthesize nicotinic-5-*H 

MATERIALS AND METHODS 

Materials--5-Bromonicotinic acid was purchased from Columbia 

Organic Chemicals, Columbia, S.C. Deuterium gas was purchased 
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from Liquid Carbonic,  San Car los ,  C a l i f .  N ico t in i c  ac id  was a 

product  of Matheson Coleman and B e l l ,  C inc inna t i ,  Ohio. The e s t e r ,  

methyl n i co t ina t e ,was  purchased from Sigma Chemical Co., S t .  Louis ,  

Missouri .  Palladium (5%) /ca l c ium carbonate  was obta ined  from 

Matheson Coleman and Be l l ,  C inc inna t i ,  Ohio. Tetrahydrofuran,  

a product o f  Mall inckrodt  Chemical Works, S t .  Louis,  Missour i ,  

was r e d i s t i l l e d  over  l i t h i u m  aluminum hydr ide  j u s t  be fo re  use .  

Prepara t ion  of Met’iyl 5-Bromonicotinate--Five grams o f  5-bromo- 

n i c o t i n i c  a c i d  was d i s so lved  i n  2 0 0  m l  dry methanol t o  which 2 m l  

a c e t y l  c h l o r i d e  had p rev ious ly  been added a t  - 2 0 0 .  The s o l u t i o n  

was r e f luxed  f o r  24 h r  a f t e r  which t h e  so lven t  w a s  removed i n  a 

water -asp i ra ted  r o t a r y  evaporator .  The r e s i d u e  w a s  d i s so lved  i n  

a small amount of  h o t  water  from which methyl 5-bromonicotinate 

c r y s t a l l i z e d  upon cool ing .  The c r y s t a l s  were c o l l e c t e d  and re- 

c r y s t a l l i z e d  from water s e v e r a l  times. The s t r u c t u r e  of t h e  

product was v e r i f i e d  by n u c l e a r  magnetic resonance spectroscopy.  

Deutero lys i s  of Methyl 5-Bromonicotinate--One hundred m i l l i -  

grams of  methyl 5-bromonicotinate,  50  mi l l ig rams 5 %  pal ladium on 

calcium carbonate ,  and 1 0 0  mi l l ig rams dry  barium carbonate  powder 

were added t o  a 1 2  m l  c o n i c a l ,  screw-top c e n t r i f u g e  tube  and 2 . 5  m l  

r e d i s t i l l e d ,  d ry  t e t r ahydro fu ran  w a s  added. The tube  w a s  s t i r r e d  

on a Vortex mixer and immediarely placed i n  a 500  m l ,  th ick-wal led  

g l a s s  hydrogenation v e s s e l  and connected t o  a P a a r  hydrogenat ion 

appara tus .  The hydrogenat ion v e s s e l  w a s  f l u shed  f i v e  t i m e s  wi th  

dry deuter ium before  s e a l i n g  t h e  system which conta ined  deuter ium 

gas a t  1 atmosphere p re s su re .  The r e a c t i o n  mixture  was shaken i n  

t h e  Paar appara tus  a t  room temperature  f o r  8 h r .  The c e n t r i f u g e  

t u b e  con ta in ing  t h e  r e a c t i o n  mixture  w a s  then  removed from t h e  

hydrogenation v e s s e l  and 1 0  m l  t e t r ahydro fu ran  w a s  added. The 

tube  w a s  topped wi th  a Teflon-l ined cap,  shaken, and spun i n  a 

c l i n i c a l  c e n t r i f u g e  f o r  5 min. The superna tan t  w a s  t r a n s f e r r e d  

t o  a 50 m l  round-bottom f l a s k  and t h e  p r e c i p i t a t e  w a s  r e e x t r a c t e d  
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with  two, 5 m l  volumes o f  t e t r a h y d r o f u r a n .  The r i n s e s  were 

combined wi th  t h e  supe rna tan t  i n  t h e  50 m l  round-bottom f l a s k ,  

and t h e  t o t a l  volume w a s  evapora ted  t o  dryness  a t  40 i n  a water- 

a s p i r a t e d  r o t a r y  evapora to r .  

*H: 6 0  mg; % y i e l d :  9 4 .  

Yield of c rude  methyl n i co t ina t e -5 -  

Hydrolysis  of  Deuterium-labeled Methyl Nicotinate--The crude 

d e u t e r o l y s i s  product  w a s  d issol \ ;ed i n  2 . 0  m l  6 N  H C 1  and allowed 

t o  s t a n d  i n  t h e  da rk  a t  room tempera ture  f o r  7 days.  The r e s u l -  

t a n t  a c i d  hydro lysa t e  w a s  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 2 5  m l  

round-bottom f l a s k  and evapora ted  t o  dryness  a t  5OoC i n  a water- 

a s p i r a t e d  r o t a r y  evapora to r .  The r e s i d u e  w a s  d i s so lved  i n  d i s -  

t i l l e d  water, evapora ted  i n  o r d e r  t o  remove H C 1 ,  and r ed i s so lved  

i n  d i s t i l l e d  water. 

A 10 a a l i q u o t  w a s  removed and d i l u t e d  t o  1 0  m l  wi th  0 .01M 

sodium a c e t a t e - a c e t i c  a c i d  b u f f e r ,  pH 4 . 7 .  The absorbance w a s  

measured a t  262-  and 285 nanometers i n  o r d e r  t o  determine t h e  

y i e l d  of deuter ium-labeled n i c o t i n i c  a c i d  by comparison wi th  

absorbances of  s t anda rd  s o l u t i o n s  o f  n i c o t i n i c  a c i d  and 5-bromo- 

n i c o t i n i c  a c i d .  Yie ld  of  deuter ium-labe led  n i c o t i n i c  a c i d :  5 3  mg; 

% y i e l d :  9 2 .  

P u r i f i c a t i o n  and C h a r a c t e r i z a t i o n  of Deuterium-labeled Nico- 

t i n i c  Acid--The d i s t i l l e d  water s o l u t i o n  of t h e  acid-hydrolyzed 

product  w a s  l y o p h i l i z e d  and t h e  r e s i d u e  was d i s so lved  i n  h o t  e th -  

ano l  and c r y s t a l l i z e d .  A f t e r  r e c r y s t a l l i z a t i o n  once irom e thano l  

and once from d i s t i l l e d  w a t e r ,  t h e  c r y s t a l s  were d r i e d  over  

concent ra ted  s u l f u r i c  a c i d  i n  a vacuum d e s i c c a t o r  and samples of 

t h e  dry product  were sub jec t ed  t o  e lementa l  a n a l y s i s ,  mass spec- 

t ro scopy ,  u l t r a v i o l e t  l i g h t  abso rp t ion  spec t roscopy and me l t ing  

p o i n t  de te rmina t ion .  

RESULTS AND DISCUSSION 

A nuc lea r  magnetic resonance spectrum of t h e  c rude  d e u t e r o l y s i s  

product  does n o t  c o n t a i n  t h e  pro ton  s i g n a l ,  cen te red  a t  6 = 7 . 3 5 ,  
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t h a t  i s  a s soc ia t ed  wi th  t h e  pro ton  a t t ached  t o  r i n g  carbon 5 o f  

a u t h e n t i c  methyl n i c o t i n a t e .  A l s o ,  t h e  doub le t  proton s i g n a l s  

centered  a t  6 = 8.25 and 6 = 8 . 7 5 ,  a s soc ia t ed  wi th  t h e  pro tons  

on r i n g  carbon atoms, 4 and 6 r e s p e c t i v e l y ,  appear  as s i n g l e  peaks 

i n  t h e  spectrum of  t h e  d e u t e r o l y s i s  r e a c t i o n  product .  The reac-  

t i o n  was e s s e n t i a l l y  q u a n t i t a t i v e  s i n c e  none of  t h e  s i g n a l s  cor- 

responding t o  protons of  t h e  unreac ted  s t a r t i n g  material ,  methyl 

5-bromonicotinate,  appear  i n  t h e  spectrum o f  t h e  r e a c t i o n  product .  

The l a c k  of  absorp t ion  a t  285 nanometers i n  t h e  u l t r a v i o l e t  

absorp t ion  spectrum of  acid-hydrolyzed product  r e v e a l s  t h a t  es- 

s e n t i a l l y  no 5-bromonicotinic a c i d  i s  p resen t  s i n c e  t h e  l a t te r  

absorbs apprec iab ly  a t  t h i s  wavelength. Assuming t h a t  deuterium- 

l abe led  n i c o t i n i c  a c i d  has a molar absorbance equal  t o  t h a t  of 

a u t h e n t i c  n i c o t i n i c  a c i d ,  t h e  t o t a l  reac t ion-product  absorbance 

a t  262  nanometers i n d i c a t e d  t h a t  9 2 %  of  t h e  s t a r t i n g  material 

had been recovered i n  t h e  a c i d  hydro lysa te .  

The s h i f t  of a l l  t h e  major peaks by one molecular-weight u n i t  

i n  t h e  mass spectrum of t h e  r e a c t i o n  product  compared t o  t h e  mass 

spectrum of  a u t h e n t i c  n i c o t i n i c  a c i d ,  v e r i f i e s  t h a t  t h e  major 

product of d e u t e r o l y s i s ,  a f t e r  a c i d  hydro lys i s  , i s  n i c o t i n i ~ - 5 - ~ H  

ac id .  

The mole percentages  o f  molecular  i ons  wi th  weights  of 1 2 3  (no 

deuter ium) ,  1 2 4  (one deuter ium) ,  and 1 2 5  (two deuter iums)  were 

computed from t h e  molecular  ion  peak i n t e n s i t i e s  of  t h e  mass spec- 

trum f o r  deuter ium-labeled n i c o t i n i c  ac id .  Eighty mole% w a s  nico-  

tinic-5-'H a c i d ,  8 mole% w a s  un labe led  n i c o t i n i c  a c i d  which prob- 

ab ly  formed as a r e s u l t  o f  t h e  presence o f  hydrogen i n  t h e  deu- 

te r ium gas and/or  water i n  t h e  r e a c t i o n  mixture ,  and 1 2  mole% 

w a s  n i c o t i n i ~ - 5 - ~ H  a c i d  con ta in ing  an a d d i t i o n a l  deuterium atom 

elsewhere i n  t h e  molecule.  

The uncorrec ted  mel t ing  po in t  range o f  t h e  deuter ium-labeled 

n i c o t i n i c  a c i d  was 2 2 6 - 2 2 8 O ;  t h e  r epor t ed  va lue  for a u t h e n t i c  
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n i c o t i n i c  a c i d  i s  2 3 0 - 2 3 2 O  ( 3 ) .  

An e l e m e n t a l  a n a l y s i s  of t h e  r e c r y s t a l l i z e d  deuter ium-labeled 

n i c o t i n i c  a c i d  gave: carbon,  58.19 ( t h e o r e t i c a l  = 58.04);  hydro- 

gen p l u s  deuter ium,  4 . 3 2  ( t h e o r e t i c a l  = 4 . 8 8 ) ;  n i t r o g e n ,  1 1 . 2 2  

( t h e o r e t i c a l  = 1 1 . 2 8 ) .  

p roduct  was a l s o  c a l c u l a t e d  from t h e  mass s p e c t r a l  d a t a  and w a s  

found t o  be 4 . 8 7 .  These d a t a  a l o n g  w i t h  t h e  n u c l e a r  magnet ic  

resonance  and m a s s  s p e c t r a ,  show t h a t  t h e  p r i n c i p a l  product  of 

d e u t e r o l y s i s  o f  methyl  5-bromonicot inate  was methyl n i ~ o t i n a t e - 5 - ~ H .  

The p e r c e n t a g e  of 'H p l u s  2H i n  t h e  pure  
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