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SUMMARY 

N ico t i n i c  acid, an intermediate i n  the pyr id ine  nucleotide cycle, was 
labeled w i t h  l 3 C  a t  the 7 posi t ion.  The react ion o f  CuCN-13C (prepared from 
NaCN-13C) w i t h  3-bromopyridine, fol lowed by hydrolysis t o  the acid and pu r i -  
f i c a t i o n  by ion  exchange chromatography, gave an overa l l  y i e l d  o f  72% nico- 
t i n i c  acid-7-’%. This greater than 3- fo ld  increase i n  y i e l d  over previous 
methods i s  the r e s u l t  o f  i n  s i t u  hydrolysis o f  the n i t r i l e  intermediate. 
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INTRODUCTION 

Although recent advances i n  methodology and instrumentation have minimized 

experimental d i f f i c u l t i e s  i n  nmr o f  natural  abundance carbon-13, spec i f i c  carbon- 

13 enrichment s t i l l  g rea t l y  f a c i l i t a t e s  13C-nmr studies o f  b io log i ca l  molecules 

(1) and biochemical processes (2).  

t o  examine i t s  metabolism i n  castor bean seedlings. 

thesis was developed by which a th ree- fo ld  y i e l d  increase over previously pub- 

l i shed  procedures i s  obtained (3). 

N ico t i n i c  acid-7-13C was synthesized i n  order 

To conserve NaCN-13C, a syn- 

DISCUSS ION 

N ico t i n i c  acid-7-I4C has been prepared (4) by t rea t i ng  3-bromopyridine w i th  

bu ty l l i th ium,  fol lowed by carboxylat ion w i t h  CO2-”+C. This method i s  unsuitable 

f o r  micropreparations, requires a t  l eas t  four  days t o  complete and y ie lds  only 55% 

o f  l abe l l ed  n i c o t i n i c  ac id  based on BaC03-14C, the COz-”+C source. An a l te rna te  

method (3) invo lv ing  hydrolysis o f  3-cyanopyridine, prepared from the react ion of 

3-bromopyridine w i t h  CuCN, though less time-consuming, resu l t s  i n  a y i e l d  of 23% 

nmr, nuclear magnetic resonance spectroscopy; NAD, Abbreviations used are: 
nicotinamide-adenine dinucl eotide; NADH, reduced nicotinamide-adeni ne d i  nucl eotide ; 
NMN , n i  co t f  nami de mononucl e o t i  de ; NMNH , reduced n i  c o t i  namide mononucl e o t i  de ; TMS , 
tetramethyl s i  1 ane. 
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when NaCN-I3C i s  used as the source of carbon-13. Modification of  the method of  

McElvain (3) has increased the yield of nicotinic acid t o  72% based on NaCN-13C, 

the s tar t ing material. This approximately 3-fold increase i n  yield results from 

the i n  situ hydrolysis of the n i t r i l e  intermediate t o  the acid product. In addi- 

t i o n ,  rather than employing the method suggested by Supniewski (5) for  CuCN-13C 

preparation from NaCN-l3C i n  which 50% of the label is immediately lo s t  i n  the 

form of cyanogen gas, the alternate method of Barber (6) was used which resulted 

i n  an almost quantitative yield of CuCN-I3C. 

The method presented here for  synthesis of nicotinic acid-7-13C, coupled w i t h  

the method of Blumenstein, e t  a l .  (7) for  the enzymatic preparation of NAD-carbonyl- 

13C, N A D H - l  3C , NMN- 3C, NMNH- 13C,  and N-Methyl n i  coti  nami de-7- 3C from nicotinic 

acid-7-13C, make these biologically important molecules readily available for  

13C-nmr studies. 

EXPERIMENTAL AND RESULTS 

The method of Barber (6) for  CuCN-13C production from NaCN-13C was modified 

as follows. CuS01t (13.2 g ;  0.0526 moles) 

i n  42 ml Hz0 a t  40-50°, NaHS03 (3.66 g; 0.0265 moles) i n  10 ml H20 a t  50-60' and 

NaCN (1.78 g;  0.0363 moles) i n  7 ml H20 a t  50-80'. 

NaHS03 solution was slowly added w i t h  stirring to the CuSO4 solution. 

and quickly, this resultant solution was added t o  the NaCN solution and allowed 

t o  stand for  ten minutes. The precipitate formed was f i l t e r ed ,  washed w i t h  boil- 

i n g  water followed by cold E t O H ,  and dried a t  120" overnight t o  yield a beige pow- 

der. The synthesis of nicotinic acid from the reaction of CuCN-13C w i t h  3-brOm0- 

pyridine was based upon that  presented by McElvain et a l .  ( 3 ) .  

moles) CuCN-13C i n  a 100-ml round bottom flask w i t h  a magnetic s t i r r i n g  bar, s e t  

for  refluxing, 4.4 ml (0.0456 moles) 3-bromopyridine was added. 

heated i n  an oil-bath (165-170') for  one hour. 

The following solutions were prepared: 

In a ventil lated hood, the 

Imnediately 

TO 2.7 g (0.030 

This mixture was 

(The mixture should go into a 
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black viscous so lu t ion  upon heating a t  165"-170" and may begin t o  s o l i d i f y  w i th in  

the hour's heating t ime.  ) The s o l i d i f i e d  t a r  was completely resuspended upon addi- 

t i o n  o f  4 g NaOH i n  40 m l  EtOH and ref luxed for three hours. The hydrolysate was 

evaporated t o  dryness, redissolved i n  80 m l  2N NaOH and f i l te red .  The f i l t r a t e ,  

i f  opaque, was f i l t e r e d  again t o  give a c lea r  greenish brown solut ion.  The f i l -  

t r a t e  volume was reduced and applied t o  a water washed Dowex l-X8 formate column 

(50-100 mesh; 41 x 1.7 cm). The e l u t i o n  was begun w i th  120 m l  H20 fol lowed by 500 

m l  0.25 N HCOOH. The UV absorbing fract ions were pooled and the reduced volume 

was applied t o  a Hz0 washed Chelex column (50-100 mesh; 20 x 2.1 cm) i n  order t o  

remve residual  copper ions. The column was then eluted w i th  water and the UV ab- 

sorbing f rac t ions  again pooled. The reduced volume was applied t o  a Dowex 1-X8 

formate column (100-200 mesh; 22 x 2.0 cm). The column was washed w i th  100 m l  

water and the n i c o t i n i c  acid eluted w i th  150 m l  0.25 N HCOOH. The UV absorbing 

f rac t ions  were pooled and evaporated t o  complete dryness t o  y i e l d  a whi te powder, 

mp 235" ( l i t  (4)  value 228-229"), 72% recovery. 

13C-nmr spectrum obtained a t  a l ka l i ne  pH shows peaks a t  174.3, 151.7, 150.4 (d, J 

= 2.8 Hz), 138.9, 133.5 (d, J = 66.7 Hz) and 125.2 (d, J = 2.8 Hz) ppm from TMS. 

These peaks were assigned t o  C-7, C-6, C-2, C-4, C-3 and C-5, respectively, which 

i s  i n  agreement w i th  those assignments made for nicotinamide (8). A v i c ina l  cou- 

p l i n g  constant greater than the geminal coupling constant has also been observed 

i n  subst i tuted benzene r ings  (9). 

obtained from an authentic sample o f  n i c o t i n i c  acid. 

The 15.08 MHz, proton decoupled 

These chemical s h i f t s  are i den t i ca l  w i th  those 
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