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O R G A N I C  PREPARATIONS AND PROCEDURES INT. 3 ( 3 ) ,  131-133 ( 1 9 7 1 )  

3,5-PYRIDINEDICARBOXYLIC ACID (Din ico t in ic  ac id )  

Bruce E. Maryanoff and Robert 0. Hutchins 
Department of Chemistry 

Drexel University 
Phi lade lphia ,  Pennsylvania 19104 
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I n  connection with another study, w e  requi red  a s u b s t a n t i a l  quan t i ty  

of b i sp id ine  (3,7-diazabicyclo[3.3.l]nonane) which is a d i r e c t  precursor 

t o  1,3-diazaadamantanes and a s e l e c t i v e  complexing agent.  lS2 The var ious  

procedures a v a i l a b l e  f o r  t h e  prepara t ion  of b i sp id ine  a r e  r e l a t i v e l y  low- 

y i e l d  and/or inconvenient. 1-4 

workers lS2  appeared t o  be the  one of choice.  

s u f f e r s  from a low-yield (30-40%), t i m e  consuming, inconvenient f i r s t  s t e p  

5 involving t h e  oxida t ive  decarboxylation of 3,5-dicarbethoxy-2,6-lutidine 

t o  d i n i c o t i n i c  ac id ,  using a very cumbersome quan t i ty  (1311) of 6% aqueous 

potassium permanganate.lY6 

def ic iency  i n  t h e  mul t i s tep  s y n t h e t i c  scheme, i t  w a s  our i n t e n t i o n  t o  f ind  

a more e f f i c i e n t ,  r ap id ,  and less tedious method f o r  t h e  aforementioned 

conversion. 

Of these,  t h e  method of S t e t t e r  and co- 

Their procedure, however, 

Since t h i s  r eac t ion  was r e a l l y  t h e  only 

We have found t h a t  t h i s  conversion can be e f f e c t e d  i n  good y ie ld  

(60-75%) by employing selenium i n  conc. s u l f u r i c  The r e a c t i o n  

and t h e  work-up can be ca r r i ed  out i n  a s h o r t  period of t i m e  and t h e  

product i so l a t ed  wi th  ease. 

F ina l ly ,  i t  should be  noted t h a t  ox ida t ive  decarboxylation using 

selenium i n  s u l f u r i c  ac id  has  received l i t t l e  recogni t ion  i n  t h e  chemical 
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B. E. MARYANOFF AND R. 0. HUTCHINS 

l i t e r a t u r e  a l though i t  appears  t o  b e  a g e n e r a l  and e f f i c i e n t  technique .  

EXPERIMENTAL' 

3,5-Pyridinedicarboxylic a c i d .  A 311. one-neck f l a s k  wi th  a thermometer 

c a v i t y  w a s  f i t t e d  w i t h  a h e a t i n g  mantle  and a thermometer. It  w a s  charged 

5 w i t h  crude,  dry  3,5-dicarbethoxy-2,6-lutidine (167.7 g, 0.67 mole), 

selenium powder (100 g ) ,  and 750 ml of conc. s u l f u r i c  a c i d ,  s w i r l e d  

g e n t l y ,  and f i t t e d  f o r  d i s t i l l a t i o n .  The mixture  w a s  hea ted  ( k l O " / m i n ) .  

Gas e v o l u t i o n  began when t h e  r e a c t i o n  mixture  reached ca. 110°C and a 

l i q u i d  began t o  d i s t i l l  a t  ca. 160°C. 

pot  temperature  w a s  between 280" and 300°C (& 2 h r s .  t o t a l  h e a t i n g  

t ime) .  Approximately 300 m l  of d i s t i l l a t e  w a s  c o l l e c t e d .  The mixture  w a s  

cooled t o  room temperature  and poured i n t o  2.011 of cold water. The appa- 

r a t u s  w a s  r i n s e d  w i t h 4 0 0  m l  of water" and t h e  combined 

f i l t e r e d  with s u c t i o n .  

sodium hydroxide,  hea ted  on a steam b a t h  w i t h  10 g of a c t i v a t e d  carbon 

(Norit-A), f i l t e r e d  w a r m  w i t h  s u c t i o n ,  and a c i d i f i e d  t o  ca. pH = 3 

(pHydrion paper or  Thymol b l u e )  w i t h  conc. hydrochlor ic  a c i d .  The mixture  

Heat ing w a s  cont inued u n t i l  t h e  

aqueous s o l u t i o n  

The f i l t r a t e  w a s  n e u t r a l i z e d  w i t h  50% w/w aqueous 

w a s  w e l l  cooled i n  ice  and t h e  p r e c i p i t a t e d  s o l i d  w a s  f i l t e r e d  w i t h  

s u c t i o n .  The t a n  product  w a s  washed w i t h  ca. 250 ml of ice water and 

d r i e d  i n  a n  oven a t  100°C. The y i e l d  of l i g h t  brown, powdery, d i a c i d  w a s  

84.5 g (75%) mp. 323" (dec.)?  The product  i s  s u f f i c i e n t l y  pure12 f o r  m o s t  

s y n t h e t i c  uses  i n c l u d i n g  t h e  n e x t  s t e p  e n r o u t e  t o  b i s p i d i n e .  l a 2  
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(a) 
wi th  care. 
(c) 
equipment dur ing  the  course of t h e  reac t ion .  
treatment wi th  conc. n i t r i c  ac id  ( i n  a hood). 

Selenium is a very poisonous substance and i t  should be handled 
The r e a c t i o n  should be ca r r i ed  out  i n  a good hood. 

Red amorphous selenium ' ' s t e a m  d i s t i l l s "  and coa t s  d i s t i l l a t i o n  
(b) 

It may be removed by 

A mass of fused selenium remained i n  t h e  r e a c t i o n  vesse l .  It may be  
recovered, bu t  w e  found i t  convenient t o  d i s so lve  it  i n  conc. n i t r i c  
ac id .  

Handbook of Chemistry and Physics,  p. C-502, The Chemical Rubber Co.,  
47th e d i t i o n  r epor t s  a melting po in t  of 323' with decomposition. 

Fur ther  p u r i f i c a t i o n  w a s  deemed unnecessary. The nmr spectrum of t he  
product i n  dimethyl s u l f  oxide-dg with sodium 3-trimethylsilylpropane 
Wl fona te  as a n  i n t e r n a l  r e fe rence  revealed no unexpected peaks; nmr 
( i n  ppm), 8.80 ( t r i p l e t ,  lH), 9.40 (doublet ,  2H), 10.8 (broad 
s i n g l e t ,  2H). 
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