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SYNTHESES WITH STABLE ISOTOPES: PYRIDINE-15NI 
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S U M M A R Y  

The acid-catalyzed condensation o f  e i ther  L?-ethoccy-3,4-dihy- 
dro-2g-pyran or pentanediat (glutaraldehydel wi th  anon~niwn-~'N 
chloride i n  the presence of methylene blue i s  a convenient one- 
s tep  synthesis o f  pyridine-"N. 

INTRODUCLION 

P ~ r i d i n e - ~ ~ N  was r e c e n t l y  requi red  at t h i s  Laboratory both  as an i s o t o p i c  

tracer i n  s tudying  molecular rearrangement r e a c t i o n s  and f o r  spec t roscopic  

s t u d i e s .  A s i n g l e  prepara t ion  of pyridine-15N has  been repor ted  -- t h a t  of Bak 

e t  aZ. [ l ] ,  who obta ined  a y i e l d  of 5% whi le  n o t i n g  t h a t  t h e  method (condensation 

of 2-pentenedial  wi th  ammonium 

experiments. Colchester  and Corran [2] repor ted  t h e  prepara t ion  of pyr id ine  i n  

y i e l d s  of  20-80% from pentanedia l  o r  2-methoxy-3,4-dihydro-2g-pyran and ammonium 

s u l f a t e  i n  t h e  presence of  a number of reducib le  dyes. 

r e a c t i o n  under condi t ions  i n  which ammonium i o n  w a s  no t  used i n  excess as a pos- 

s i b l e  method f o r  prepar ing  pyridine-I5N. 

15 N n i t r a t e )  gave y i e l d s  of  10-13f i n  pre l iminary  

We i n v e s t i g a t e d  t h i s  

DISCUSSION 

An o u t l i n e  of t h e  condensation of 2-ethoxy-3,4-dihydro-2g-pyran o r  pentane- 

d i a l  wi th  ammonia t o  g ive  3,4-dihydropyridine which i s  then  dehydrogenated t o  
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Scheme I 

NH 
OHCCH2CH2CH2CH0 3 OHCCH2CH2CH2<T 

pyr id ine  by methylene b l u e  is shown i n  Scheme I. 

ethoxy-3,4-dihydro-ZH-pyran a s  an in situ source  of pentanedia l ,  s i n c e  t h e  

l a t te r  tends t o  polymerize i n  aqueous s o l u t i o n .  The r e a c t i o n  w a s  found t o  pro- 

ceed smoothly when s to ich iometr ic  amounts of a m n i u m  i o n  were used, and y i e l d s  

of 60-65% (by uv a n a l y s i s )  could b e  r e a l i z e d .  

I t  i s  p r e f e r a b l e  t o  use  2- 

Pyr id lne  w a s  convenient ly  i s o l a t e d  as an aqueous azeotrope a f t e r  s t e a m  

v o l a t i l e  subs tances  were removed from t h e  a c i d i c  r e a c t i o n  mixture. Anhydrous 

pyr id ine  was prepared by d i s t i l l i n g  pyr id ine  from a mixture of anhydrous 

pyridinium chlor ide  and N,~-dibutyl-l-butanamine ( t r ibu ty lamine)  o r  by t reatment  

of aqueous pyr id ine  wi th  mlecular s i e v e  and vacuum t r a n s f e r  of  t h e  anhydrous 

pyr id ine .  The o v e r a l l  conversion of ammonium- N c h l o r i d e  t o  anhydrous 

~ y r i d i n e - ~ ~ N  could be  accomplished i n  y i e l d s  of 50-55%. 

15 

EXPERIMENTAL 

1 5  
Materials and Methods-Axrunoniunr N c h l o r i d e  w a s  obtained from t h e  hydrol- 

1 5  * y s i s  of  calcium n i t r i d e -  N2. 

60 MHz spectrometer  us ing  TMS as an i n t e r n a l  s tandard .  

on a Perkin-Elmer 710 spectrophotometer. Absorption s p e c t r a  were measured on a 

Unicam SP-800 u l t r a v i o l e t  spectrophotometer. 

Varian Aerograph 90-P gas chromatograph wi th  Porpak-Q and FFAP on Chrom. W 

columns i n  series using helium as a c a r r i e r  gas. 

N m r  s p e c t r a  were recorded on a Perkin-Elmer R-24 

Ir s p e c t r a  w e r e  recorded 

Gc ana lyses  w e r e  performed us ing  a 

Pyridine-15N--A 5-l . ,  three-neck f l a s k  equipped wi th  a r e f l u x  condenser, 
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addition funnel, and magnetic s t i r r e r  was charged with water (1.7 l . ) ,  concen- 

t ra ted  su l fu r i c  acid (50 ml), methylene blue (157 g, 0.42 m l ) ,  and ammonium- 

15N chloride (22.7 g, 59.8 atom % %, 0.42 mol). 

gentle reflux, and a solution of 2-ethoxy-3,4-dihydro-ZH-pyran (53.8 g, 

0.42 mol) i n  ethanol (50 ml) was added dropwise over a period of 2 h r .  

addition of the  ace ta l ,  t he  mixture w a s  r e f lwed  gently for 10 hr.  

ing, t he  r e f l w  condenser and addition funnel were replaced with a d i s t i l l i n g  

The solution was brought t o  

After 

After cool- 

head, condenser, and receiver. Additional water (500 ml )  was added, and the  

mixture was d i s t i l l e d  u n t i l  no odor of Blutaraldehyde could be  detected i n  the  

d i s t i l l a t e  (5. 1.2 1 . ) .  

basic by the  gradual addition of 50% sodium hydroxide solution (200 ml) and then 

d i s t i l l e d  u n t i l  about 500 m l  of d i s t i l l a t e  w a s  collected.  Redis t i l l a t ion  of t h e  

d i s t i l l a t e  through a short  (6-cm) f rac t iona t ing  column packed with glass he l ices  

gave a pyridine-water mixture (115 g, ambient t o  93". 580 to r r )  which contained 

20.7 g (62%) pyridine as determined by uv absorption of a su i tab ly  d i lu ted  

aliquot. 

evaporated t o  a semisolid mass which w a s  made bas ic  with t h e  minimum amount of 

50% sodium hydroxide solution. 

the ch i l led  pyridine-water-salt so lu t ion ,  and pyridine was collected from t h e  

mixture by bulb-to-bulb vacuum t ransfer  (moderate heating of th'e molecular 

sieve w a s  necessary). 

t races  of water (by gc) which w a s  removed by a second bulb-to-bulb vacuum 

t ransfer  from molecular sieve (3A, 10 g) t o  y ie ld  anhydrous pyridine-15N 

(18.2 g, 55% yie ld ,  88% recovery): 

(lH, m, H-4), 8.5 (2H, m, H-2, H-6, complex 15N s p l i t t i n g ) ;  i r  (vapor) 3100, 

3060, 1580, 1440, 1420 cm-'. 

The reaction mixture was allowed to  cool and made 

The pyridine-water mixture w a s  ac id i f ied  with hydrochloric acid and 

Molecular s ieve  (3A, 300 g) was added slowly t o  

The pyridine collected i n  t h i s  manner (18.6 g) contained 

nmr (CC14)6 7.1 (2H, m, H-3, H-51, 7.4 

* 
Produced by the Los Alamos Sc ien t i f ic  Laboratory Isotope Separation Fac i l i t y ,  
Groups CNC-2 and CNC-4. 
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