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Isoniazid,  the hydrazide  of isonicotinic acid,  is a highly act ive  tuberculos ta t ic  compoundwhich is widely 
used  for  the medical  t r ea tmen t  of all f o r m s  of tubercu los i s  of the lungs in both chi ldren and adults .  In the 
Soviet Union isoniazid is der ived  f r o m  the fl-picoline f rac t ion  containing T-Picoline or  f r o m  pure  T-picoline 
which is conver ted  to a mix ture  of its methylol  de r iva t ives ,  which a r e  in turn oxidized with ni t r ic  acid to 
isonicotinic acid; the l a t t e r  is conver ted  to the ethyl e s t e r  through its acid chlor ide,  and by reac t ing  the 
e s t e r  with hydrazine  hydra te ,  the hydrazide  is obtained. This method cons is t s  of five s teps  and is a s s o c -  
iated with the use  of such reagen t s  as  ni t r ic  acid,  thionyl chlor ide ,  e tc .  

Late ly ,  work  on the s e a r c h  for  new, m o r e  ideal methods of synthesizing isoniazid is being c a r r i e d  
out in a number  of count r ies .  One of them is based  on the employment  of 4-cyanopyr id ine ,  which can be 
p r e p a r e d  by the oxidative ammonio lys i s  of T-picol ine with a 9070 yield* [1] as the s ta r t ing  raw ma te r i a l .  

The method of synthes iz ing isonicotinic acid hydrazide f r o m  4-cyanopyr id ine  has been desc r ibed  in 
the patent  l i t e r a tu r e  [2-4]. According to these  patents ,  4-cyanopyr id ine  is r e ac t ed  with hydrazine  hydrate  
in an aqueous alkaline medium,  and the hydrazide is obtained with a yie ld  of 50 to 6270 of theore t ica l .  A 
s i m i l a r  method of synthesiz ing isoniazid has a lso  been desc r ibed  which differs  by the fact  that the i sonico-  
t inamide f o r m e d  during the alkal ine hydro lys i s  of 4-eyanopyr id ine  is i sola ted and then r eac t ed  with h y d ra -  
zine hydrate ;  the isoniazid  yie ld  based  on the amide  is about 557o [5]. 

L a t e r ,  it was  shown that  when the alkal ine hydro lys i s  of 4-cyanopyr id ine  is c a r r i e d  out in the p r e s -  
ence of hydraz ine  hydra te ,  a difficultly soluble by -p roduc t  is f o r m e d  consis t ing chiefly of 3 ,5 -b i s - (py r idy l -  
4 ) - 4 - a m i n o - l , 2 , 4 - t r i a z o l e ;  f r ee ing  the isoniazid f r o m  the l a t t e r  has been comple te ly  unsuccessfu l  [6]. T h e r e -  
fo re ,  it was  p roposed  that  the alkal ine hydro lys i s  of 4-cyanopyr id ine  to the amide  be c a r r i e d  out f i r s t ,  and 
then, without isolat ing the l a t t e r ,  r e a c t  it with hydrazine  hydrate .  The hydrazide fo rmed  is c rys ta l l i zed  
f r o m  w a t e r  and 60 to 657o of the pure  isoniazid based  on the ni t r i le  is obtained (the product  obtained f r o m  
the mothe r  l iquors  was  accounted for)  [6, 7]. 

During the development  of a l abora to ry  p rocedure  for  p repa r ing  isoniazid f r o m  4-cyanopyr id ine ,  we 
used the l a t t e r  method [6, 7], whereby  the t e m p e r a t u r e  regulat ion,  ra t io  of r eagen t s ,  and the i r  r a t e  of ad-  
dition were  defined m o r e  accura t e ly .  In addition, the t r e a t m e n t  of the reac t ion  mix ture  was  changed; in- 
s tead  of par t ia l ly  concentra t ing  the aqueous mothe r  l iquors  and c rys ta l l i z ing  the technical hydrazide  f r o m  
wa te r ,  the aqueous mothe r  l iquors  we re  evapora ted  to d ryness  and the c rys ta l l i za t ion  was c a r r i e d  out f r o m  
methanol .  This  method of t r e a t m e n t  provides  a higher  isoniazid yield (65-6970) and be t te r  quality; when we 
e rys t a l l i zed  the isontazid f r o m  wate r ,  the m a x i m u m  yie ld  in our expe r imen t s  amounted to 5870, and the p r e p -  

*The 4-eyanopyr id ine  obtained by this method was kindly submit ted  to us by B. V. Suvorov and c o - w o r k e r s  
at  the Inst i tute of Chemical  Sciences ,  Academy of Sciences of the Kazakh SSR in o rde r  to c a r r y  out t h i swork .  
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arat ion did not always meet  the color  requi rements  of the 10th Edition of the State Pharmacopoeia  because 
of the presence  of a slight yellow color.  

The residue left af ter  evaporating the methanolic mother  l iquors was saponified with an aqueous alka- 
line solution, and isonicotinic acid was isolated in a 15 to 20% yield based on the original 4-cyanopyridine.  
We ca r r i ed  out experiments  on the convers ion of this isonicotinic acid through its methyl es te r  (without 
additionally purifying it) to isoniazid. Isoniazid which met all the requirements  of the 10th Edition of the 
State Pharmacopoeia  was thereby obtained; its yield was about 60% based on the isonicotinic acid. 

Thus, the overall  isoniazid yield, upon taking into account the nicotinic acid that was isolated, amounts 
to about 80% (without taking into considerat ion the mother  l iquors which remain  af ter  synthesizing the iso-  
niazid through the methyl es te r ,  f r o m  which an additional amount of isonicotinie acid can be obtained after  
saponification). 

E X P E R I M E N T A L  

S y n t h e s i s  o f  I s o n i a z i d  

Synthesis of Technical  Isonieotinie Acid Hydrazide. Into a 500-ml three-necked  flask equipped with 
a s t i r r e r ,  t he rmomete r ,  and reflux condenser  was charged 104.11 g (1 mole) of 4-eyanopyridine (rap 79- 
81~ and 112 ml of distilled water .  The mixture was heated to 40~ and 25 ml of 8% aqueous sodium hy-  
droxide was added at this t empera tu re  over  a 30 rain period; the sediment quickly dissolved at this t ime. 
The react ion mixture was boiled for  1 h, then slightly cooled, and 152.6 ml (1.5 mole) of a 49.2% aqueous 
hydrazine hydrate solution was added dropwise at 95~ and with agitation over a 20 min period.* The r e -  
action is accompanied by the ra ther  energet ic  evolution of ammonia.  After the addition of the hydrazine 
hydrate,  the tempera ture  within the flask was ra ised  to 100-104~ and the solution was s t i r r ed  at this t em-  
pera ture  for 3 h; then the react ion mixture was maintained for 12 h at 0~ The precipitate of isonicotinic 
acid hydrazide was f i l tered off, washed f i r s t  with 25 ml of distilled ice water ,  then with 31 ml of methanol 
cooled to -5~  and a i r  dried for 3-4 h. A total of 83 g of the technical hydrazide was obtained. 

The aqueous mother  l iquor was evaporated in vacuo at 20-25 ram and at a t empera ture  not higher than 
60~ until the liquid had ceased distilling off; the remaining moist  mass  was rec rys ta l l i zed  f rom 100 ml 
of methanol containing 3.5 g of carbon. After maintaining it for  12 h at 0~ the isoniazid residue was f i l -  
t e red  off, washed with 25 ml of methanol cooled to -5~  and a i r  dried. A total of 20.23 g of technical iso-  
nicotinic acid hydrazide was obtained. The methanolic mother  l iquor (A) was evaporated and the remainder  
was saponified to isonicotinic acid (see below). 

Synthesis of Pharmacopoe ia -Grade  Isonicotinie Acid Hydrazide (Isoniazid): In a 1500 ml flask equipped 
with a reflux condenser  was dissolved with heating in 760 ml of methyl alcohol 83 g of the technical grade 
isonicotinic acid hydrazide isolated f rom the react ion mixture.  The hot solution was t rea ted  with 7.5 g of 
carbon and af ter  f i l tering and cooling to 4-6~ for 12 h, the isoniazid precipi tate  was f i l tered off, washed 
with cold methanol, and dried at a t empera tu re  not higher than 50~ A total of 69 g of isoniazid was iso-  
lated as a white crystal l ine substance with a m p  of 170-174~ which meets  the requirements  of the 10th 
edition of the State Pharmacopoeia .  

The methanolie mother  l iquor (containing about 14 g of isoniazid) was combined with the wash meth-  
anol, evaporated in vaeuo (20-25 ram) to a volume of about 270 ml, and was used to ree rys ta l l i ze  the hy- 
drazide obtained f rom the aqueous mother  l iquors (20.23 g). After the usual t rea tment  and drying, an ad-  
ditional 26 g of pharmacopoeia  grade isoniazid was obtained. The overall  isoniazid yield was 95 g, which 
amounts to 09.27% of theoret ical  based on the 4-cyanopyridine.  The methanolic mother  l iquor (B) was evap- 
orated,  and the residue was saponified to isonicotinic acid. 

Trea tment  of the Mother Liquors  f rom the Isoniazid and the Isolation of the Isonieotinic Acid. The 
combined methanolie mother  l iquors A and B (after the f i r s t  and second crysta l l iza t ion of the isonicotinic 
ac id  hydrazide obtained f rom the evaporated,  aqueous mother  liquors) were  evaporated to dryness  invacuo 
at 20-25 ram; to the residue was added 62 ml of 10% aqueous sodium hydroxide, and the mixture was r e -  

*We used 47-49% hydrazine hydrate solutions in all the experiments;  an accura te  assay was obtained by 
ti tration. The use of a large excess  of hydrazine hydrate is expedient, as our experiments  demonstrated.  
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fluxed for  3 h. To the yellow, slightly turbid solution was  added 62 ml of wate r ;  it was  again hea ted toboi l ing .  
Three  g of carbon was added, and it was  boiled 2-3 min and f i l t e red  while hot. After  cooling the f i l t ra te ,  
concent ra ted  hydrochlor ic  acid  (d 1.178) was added to it dropwise to pH 3.0 while s t i r r ing .  

The l ight -yel low crys ta l l ine  res idue  of isonicotinic acid that s epa ra t ed  out was f i l t e red  off, washed  
with wa te r ,  and dr ied at  50~ A total  of 25.35 g of 92% isonicotinic acid  was obtained (23.32 g calculated 
on the 100% acid  basis)  with decomp,  point 307-309~ The isohicotinic acid y ie ld  (calculated on the 100% 
basis)  amounts  to 19% of theore t ica l  based  oa the amount  of 4-cyanopyr id ine  used in the reac t ion .  
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