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One of the methods for  p repar ing  nicotinic acid is the v a p o r - p h a s e  oxidative ammon lys i s  of f i - su b -  
sti tuted a lkylpyr id ines  or  quinoline. The 3-cyanopyr id ine  obtained thereupon can be hydrolyzed to nicotinic 
acid or  its amide  in high yield [1]. The Inst i tute of Chemical  Sciences of the Academy of Sciences of the 
Kazakh SSR has worked out such a method of synthesizing 3-cyanopyr id ine  in 70% yield f r o m  f i -p icol ine  and 
has suggested it for  p rac t i ca l  use [2]. With the object ive of broadening the raw m a t e r i a l  base  for  nicotinic 
acid synthes is ,  we have c a r r i e d  out studies on the oxidative ammonlys i s  of technical  quinoline. 

Chekmareva  [1] has  invest igated the possibi l i ty  of p repar ing  3-cyanopyr id ine  (I) by v a p o r - p h a s e  oxi-  
dative ammonolys i s  of technical  67% quinoline over  a v a n a d i u m - t i n  ca ta lys t  of the composi t ion V205: SnO 2 
= 1 : 1.5. The yield of I was 21%, and benzoni t r i le  (II) and 4-cyanopyr id ine  d id  were  p resen t  in the product 
obtained: the ca ta lys t  caked rapidly,  which l imi ted  i ts  s e rv i ce  life to a few hours .  At p resen t  92-95% 
quinoline containing 4-5% isoquinoline has  become  an avai lable  raw m a t e r i a l .  We have used this product 
as a s ta r t ing  m a t e r i a l .  The purpose  of this study was select ing a ca ta lys t  and p roces s  conditions which 
would enable us to i nc r ea s e  the yield of I. Two groups of fused ca ta lys t s  we re  investigated:  v a n a d i u m - t i n  
ca ta lys t s  (V205, SnO 2) and v a n a d i u m -  molybdenum ca ta lys t s  (V205, MoO 3) with component  r a t ios  of 2: 1, 
1.5 : 1, 1 : 1, 1 : 1.5, and 1 : 2. The V205, SnO 2 ca ta lys t  with a component  ra t io  of 1 : 1.5 (yield of I, 28-32%) 
and the V205, MoO 3 ca ta lys t s  with component  r a t ios  of 1.5 : 1 and 1 : 1 (yield of I, 31-35%) proved best .  
P r e f e r e n c e  was given to the v a n a d i u m -  molybdenum ca ta lys t s ,  s ince they se lec t ive ly  c leave  the a roma t i c  
nucleus of quinoline. When they were  used, the impur i ty  of II did not exceed 2%, and no apprec iab le  i m -  
puri ty of HI was detected.  Consider ing possible  r e s in  format ion ,  the ca ta lys t  was diluted with granulated 
quartz in a proport ion of 1 : 1 or  2 : 1 to avoid caking. The reac t ion  products  were  analyzed by the methods 
previous ly  worked out [3-5]. Liquid reac t ion  products we re  p re l imina r i ly  ex t rac ted  f rom the ca ta lyza te  
with e ther  or  ch lo ro form at pH 8.0 or  5.0-6.0; the ex t rac t  was  dr ied over  sodium sulfate and the solution 
was evaporated.  Before  analys is  by gas chromatography ,  the amides  were  conver ted into the c o r r e s p o n d -  
ing n i t r i les  by t r e a t m e n t  with phosgene and d ime thy l fo rmamide  [6] or  with phosphorus oxychlor ide  in 
pyridine;  the carboxyl ic  acids we re  conver ted  into the cor responding  ethyl e s t e r s  [6]. Amides  and ca rb o x y -  
lic acids w e r e  detected in the res idue  a f te r  evaporat ing the aqueous l aye r s  of the ca ta lyza tes .  

The gaseous  reac t ion  products  w e r e  r e p r e s e n t e d  by carbon oxides and hydrogen cyanide. In the r e -  
action mix tu re s  we detected benzene,  pyridine,  benzaldehyde,  benzoni tr i le ,  3-cyanopyridine ,  quinoline, i so -  
quinoline, benzoic acid, and also sma l l  amounts  of benzamide  and nicot inamide.  Other subs tances  w e r e  
also r e p r e s e n t e d  on the c h r o m a t o g r a m ;  these  were  not identified. We identified fumar i c ,  benzoic,  nicotinic, 
and quinolinic acids as the i r  ethyl e s t e r .  

The influence of t e m p e r a t u r e  on the quanti tat ive composi t ion of the a romat i c  by-p roduc t s  is shown in 
Fig. 1. The opt imum t e m p e r a t u r e  for  fo rming  mos t  of them is 370-410 ~ The content of each of these  by-  
products  did not exceed 2%. 
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Fig.  1. Dependence of 
yield of impur i t i es  on 
reac t ion  t e m p e r a t u r e  in 
the p rocess  of oxidative 
ammonolys i s  of quinoline. 
1) Pyridine;  2) benzene; 
3) benzaldehyde; 4) benzoic 
acid; 5) benzoni tr i le .  
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Fig. 2. Dependence 
of yield of 3-eyano- 
pyridine (1), carbon 
monoxide (5), carbon 
dioxide (6), and hydro-  
gen cyanide (4) on r e -  
action t e m p e r a t u r e  in 
oxidative ammonolys i s  
of quinoline. 2) Benzo-  
ni tr i le;  3) r e c o v e r e d  
quinoline. 

We have invest igated and se lec ted  opt imum conditions for  ca r ry ing  out this p rocess .  The max imu m 
yield of I (34% based on quinoline taken, or  41~c af ter  allowing for  quinoline recovered)  was attained under 
the following reac t ion  conditions (calculated per  1 l i ter  of ca ta lys t  per  hour): 30 g of quinoline; a i r  velocity,  
1400 l i t e r s /h ;  600 ml  of 25% ammonia  solution; reac t ion  t empe ra tu r e ,  460-480 ~ When the reac t ion  t e m -  
pe ra tu re  is fu r ther  increased ,  the yield of nicot inonitr i le  is apprec iab ly  reduced and the fo rmat ion  of gaseous 
react ion  products is inc reased  (Fig. 2). 

An inc rease  in the charge  of raw m a t e r i a l  onto ca ta lys t  d e c r e a s e s  the yield of nicotinonitr i le,  which 
can be explained by the smal l  specif ic  su r face  (S ) of mos t  of the fused ca ta lys t s  (according to our data, sp 
Ssp---1-3 m ~ g  for  tin or  molybdenum vanadates) .  The max imum yield of nicotinonitr i le  was observed  at 
space  veloci t ies  of 1600-2400 l i t e r s / h  per  l i t e r  of cata lys t  and a contact t ime  of 0.19-0.2 sec.  It was  found 
that a 15-20-fold amount of 15% aqueous ammonia  solution based on weight of quinoline i s  requi red  to sup-  
p r e s s  format ion  of res inous  by-produc ts .  A study of the r a t e  of fo rmat ion  of gaseous  products on fused 
vanadium - molybdenum cata lys t  showed that oxidation of quinoline se ts  in and then grows rapidly f rom a 
t e m p e r a t u r e  of 430-450 ~ and above (see Fig. 2). 

Studying the effect of amount of ammonia  on the yield of gaseous  products ,  we es tabl ished that addi- 
tion of ammonia  supp re s se s  deep-sea ted  oxidation p roces se s .  

A mix tu re  composed of I (33-35%) and unreac ted  quinoline is usual ly obtained a f te r  v a p o r - p h a s e  oxida- 
t ive ammonolys i s  of technical  quinolines. To obtain nicotinic acid and nicotinamide,  I was hydrolyzed in the 
p resence  of quinoline with potass ium hydroxide or sodium hydroxide,  or  also using AV-17 ion-exchange 
r e s in  [7]. 

EXPERIMENTAL 

Preparatio'n of Fused Catalyst, A mixture of 273 g (1.5 mole) of vanadium pentoxide (VzO ~) and 144 g 
(I mole) of molybdenum trioxide (MoO~) was roasted in a muffle furnace for 3-4 h at 1000-1100 ~ The melt 
obtained was poured onto a tray, it was cooled and ground, and the particles 2-5 mm in size were selected. 
Ssp =2.4 m2/g. 

The ammonium salts, NHtVO 3 and (NHt)6MoTO24.4H20 , can be used to prepare the catalyst instead of 
V205 and MoO 3. The fused catalysts with other ratios of ingredients are prepared similarly. 

538 



Ammonolysis  of Quinoline. A mixture  of 10 g of quinoline, 200 ml of 15% aqueous ammonia  solution, 
and 550 l i ters  of air  was passed through a catalyst  tube 1000 mm long and of 30 mm internal d iameter ,  
filled with 250 ml  of catalyst  (V205 : MoO~ = 1 : 1, the 2-5 mm fraction) mixed with granulated quartz (1 : 1), 
at 455-465 ~ in the course  of one hour. The react ion products f rom the catalyzate and wash waters ,  after  
extraction and drying, were  concentrated,  and there was obtained 4.98 g of a mixture composed of 2.79 g 
(33.3%) of 3-cyanopyridine (40.'7% after  allowing for quinoline recovered) ,  2.55 g (25.5%) of unreacted 
quinoline, and 0.21 g of other substances.  

Nicotinamide. A. A mixture  of 3 g of 3-cyanopyridine and 2.8 g of quinoline was heated with 75 ml 
of distilled water  and 15 g of AV17 • 84 ion-exchange res in  in the OH-form for 2 h at 55-60 ~ The res in  was 
separated and washed with 25 ml  of distilled water,  the quinoline was removed f rom the combined f i l t rates ,  
the aqueous solution was boiled with activated charcoal ,  it was fil tered, and the f i l t rate  was evaporated 
under a vacuum of 40-60 ram. The yield of nicotinamide was 3.02 g (85.8%), rap 128-129 ~ 

B. A mixture  of 10 g of 3-eyanopyridine and 9.34 g of quinoline with 40 ml  of water  was boiled for  
15 rain, 0.1 g of potassium hydroxide was added, the mixture was boiled for another 45 rain, it was cooled, 
the quinoline was separated,  and the aqueous solution was evaporated to dryness  under mild conditions. 
The res idue was crushed, dried at 60-70 ~ and dissolved in 150 ml  of acetone; the solution was boiled in the 
presence of 0.2 g of activated charcoal ,  the hot solution was fil tered, it was evaporated, and was cooled to 
0-2 ~ to cause nicotinamide to crys ta l l ize .  There  was obtained 6.35 g (54.3%) of mater ia l ,  mp 128.5-130 ~ 
(87.4% after  allowing for  3.8 g of 3-cyanopyridine recovered  in the quinoline). 

Nicotinic Acid. A mixture of 10 g of 3-cyanopyridine,  9.34 g of quinoline, and 5.7 g of potassium hy-  
droxide in 50 ml of water  was boiled for 3-4 h; it was cooled, the quinoline was removed,  the mixture  was 
boiled for another 30 rain with 0.2 g of activated charcoal ,  it was fil tered, an 18% hydrochlor ic  acid solution 
was added to pH 3.4, and the solution was evaporated and cooled; the product obtained was rec rys ta l l i zed  
f rom water ,  with boiling with activated charcoal .  The nicotinic acid which separated was f i l tered off, it 
was dried at 100-105 ~ and 9.94 g (84.0%) of product was obtained, mp 235-236 ~ 

Ethyl Nicotinate. To the mixture of nicotinic acid and inorganic salts obtained after  evaporation (pre- 
ceding example) was added 75 ml of dry alcohol and 30 ml of sulfuric acid (sp. gr.  1.84), and the mixture 
was heated for 4 h. After neutral ization with sodium carbonate and isolation of the product there  was ob- 
tained 8.95 g (61.4% based on 3-cyanopyridine) of the ethyl es ter ,  bp 85.8-86.5 ~ (3 ram). 

CONCLUSIONS 

I. The vapor-phase oxidative ammonolysis of technical quinoline on a fused vanadium-molybdenum 
catalyst has been studied. 

2. Nicotinic acid and nicotinamide have been synthesized from 3-cyanopyridine. 
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