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In a p rev ious ly  publ ished a r t i c l e  we desc r ibed  a l abo ra to ry  method fo r  synthesizing i sova le r ic  acid 
f rom i s .bu ty l  alcohol {I) via i s .bu ty l  b romide  (II) and i sova le ron i t r i l e  (iII) [1]. On the bas i s  of this method, 
we have developed a s e m i - i n d u s t r i a l  method fo r  p r e p a r i n g  synthetic  i sova le r i c  acid (IV) and have solved a 
number  of chemica l - t echno log ica l  p r o b l e m s .  

When we i n c r ea s e  the sca le  of the batches  in the s tage involving the p repa ra t ion  of II, the react ion  
t ime  at a t e m p e r a t u r e  of 82-84 ~ i n c r e a s e s  f rom 14 to 18 ho The neces s i ty  of inc reas ing  the reac t ion  t ime  
is conf i rmed by g a s - l i q u i d  ch roma tog raphy  (GLC) invest igat ions.  The composi t ion of samples  taken f rom 
the appara tus  was de te rmined  f rom the var ia t ion  in the height of the peaks  of the initial  I and the b romides  
fo rmed .  F igure  1 shows a c h r o m a t o g r a m  of the reac t ion  mix ture  and an equi l ibr ium plot of the re la t ive  
content of butyl b rom i des  in the mix tu re  being analyzed v e r s u s  the reac t ion  t ime .  The format ion  of II  is 
comple te  in 15-17 h. An induction per iod (up to 7-8 h) is obse rved  on the curve ,  evidently due to the 
fo rmat ion  of an oxonium compound. A sharp  r i s e  in the ra te  of II fo rmat ion  is c h a r a c t e r i s t i c  in the 10-17 h 
range.  

When the batch s ize  is i nc reased ,  the hydro lys i s  of the b romides  with wa t e r  fo r  5 h at 18-20" fo r  the 
purpose  of des t roy ing  the t e r t i a r y  butyl b romide  does not achieve this purpose  because  of insuff icient ly ef-  
f icient mixing of the aqueous and organic  l ay e r s .  This  difficulty was ove rcome  by adding an alkali  and in- 
c r ea s ing  the hydro lys i s  t e m p e r a t u r e  to 25-28 ~ . The bes t  r e su l t s  a r e  obtained using sodium bicarbonate  as 
the alkali;  the use  of caust ic  soda or  sodium carbonate  resu l t s  in apprec iab le  res in i f ica t ion  of IIo More-  
over ,  the use  of an aqueous sodium b icarbona te  solution for  purifying the technical  II s impl i f ies  appara tus  
design in this s tage s ince it al lows s ta in less  s tee l  appara tus  to be used  instead of enamel led  s teel .  As a 
resu l t  of these  changes ,  the yield of II was inc reased  f rom 52-55% [1] to 54-57%, the pur i ty  being 93%. 

Fo r  the s tage involving the cyanat ion of II, it was shown that a quanti tat ive yield of III is achieved 
when a twofold m o l a r  excess  of sodium cyanide is used.  The yield of HI d e c r e a s e s  ab rup t lywhen the  excess  
of sodium cyanide is d e c r e a s e d  (Fig. 2). 

The isolat ion of IV under  semi indus t r i a l  conditions by acidifying the sodium sal t  with 35% sulfur ic  
acid (according to the l abo ra to ry  method of [1]) is accompanied  by the fo rmat ion  of a solid monoli thic m a s s ,  
which leads to local  overhea t ing  and lo s ses  of up to 15% IV. These  diff icult ies a r e  ove rcome  by adding wa-  
t e r  until the reac t ion  mix tu re  has comple te ly  d isso lved  and subsequent ly  ext rac t ing  the IV with methylene 
chlor ide .  The yield of IV is  86%, calculated on III,  and the pur i ty  is 97%. 

The pur i ty  of the IV depends substant ia l ly  on the quality of the I used fo r  its synthes is .  F r o m  tech-  
nical  I, we obtain IV containingup to 8% of "heavy" impur i t i e s .  When different  ba tches  of chemica l ly  pure  
grade  I a r e  used,  the impur i ty  content of IV ranges  f rom 0.9 to 3%. Table 1 shows the r e su l t s  of a c h r o m a -  
tographic  ana lys i s  of s e v e r a l  s amples  of I and IV. 
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Fig. 1~ C h r o m a t o g r a m  of reac t ion  mix tu re  (a) and plot of the r e l a -  
t ive content of butyl b romides  in the mix tu re  v e r s u s  reac t ion  t ime  
{b). (a): 1) butyl b romides ;  2) I (the dotted line shows the peaks  fo r  
the butyl  b rom i des  and I a t  the s t a r t  of the reaction);  {b): hb r  is  the 
peak height for  the butyl b romides ;  hal is the peak height for  I. 

Fig. 2. Plot  of isobutyl  cyanide {III) yield v e r s u s  the amount of so-  
dium cyanide used in the react ion.  The x axis  shows the yield of III 
(in %) and the y axis  shows the m o l a r  ra t io  of sodium cyanide to II. 

TABLE 1. Gas -Chroma tog raph ic  Analysis  Data for  Isobutyl  Alco-  
hol (I) and I sova le r i c  acid (IV) 

of I (in W t . % )  , ~  Composition 
I sample ~ - n-butyl I "h .... ,, I "light" "heavy" 

impur- I alcohol '}m~:u:[~r -I im~ur- IV* impu{- 
ities P ~ ities ides 

Technical T 0,457 95,68 i 1,36 2,5 0,5 90,5 8,0 
Analytical grade] 0,11 99,19 0,7 O 0,18 99,13 0,6~ 
Chemically pure 0,446 98,94 I 0,25 0,35 0.3 997~1 2,5 

0,028 99,43 0,54 0 015 0,5 

* Toge ther  with methyle thylacet ic  acid, the amount of which is not 
m o r e  than 2%~ 

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

G a s - C h r o m a t o g r a p h i c  I n v e s t i g a t i o n s  

1. Analys is  of I (Fig. 3a): separa t ion  column 500 x 0.3 cm; solid c a r r i e r  Ch romoso rb  WHMDS, 0.25- 
0.40 m m  fraction; s t a t ionary  liquid phase  1.5% polyethylene glycol 400 and 20% mine ra l  oil, based  on the 
weight of the solid c a r r i e r ;  column t e m p e r a t u r e  80-85~ injection b l o c k t e m p e r a t u r e  200~ c a r r i e r  gas flow 
ra te  60 ml /min ;  volume of injected sample  3-4 ~1. The quanti tat ive de te rmina t ion  of impur i t i e s  in the I 
samples  was c a r r i e d  out by means  of an in ternal  s tandard;  i sopropyl  alcohol was used  as the s tandard.  The 
re la t ive  sens i t iv i ty  co r r ec t ion  f ac to r s  for  the identified impur i t i e s  were  de te rmined  exper imenta l ly  us ing 
synthetic mix tu re s .  For  the unknown components ,  the cor rec t ion  f ac to r s  we re  taken to be equal to the sen-  
s i t ivi ty of the s tandard.  

2 ~ The ana lys i s  of the mix tu re  of butyl b romides  (Fig. 3b) was c a r r i e d  out under  the same  conditions, 
except  that the chromatographic  column t e m p e r a t u r e  was reduced to 55-60 ~ . The quanti tat ive de terminat ion  
of the components  of the butyl b romide  mix tu re  was c a r r i e d  out by a normal iza t ion  method; the ca l ibra t ion 
fac to r  for  all  the components  was taken as unity on the ba s i s  of expe r imen ta l  data.  
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Fig~ 3o C h r o m a t o g r a m s  of s t a r t ing  
m a t e r i a l s  and i n t e rm ed i a t e s  in the 
synthes is  of i sova le r i c  acid (IV)o a) I- 
1) unidentif ied impuri ty ;  2) i sopropyl  
alcohol; 3) n -p ropy l  alcohol; 4) I; 5) n- 
butyl alcohol; 6,7) unidentified i m p u r -  
i t ies;  b) II" 1) unidentified impur i ty ;  2) 
t e r t i a r y  butyl b romide ;  3) s econda ry  
butyl b romide ;  4) II; 5) n -bu ty lb romide ;  
c) aqueous alcoholic solution of III: 1) 
wate r  and ethanol; 2) III; 3) o-xylene  
(standard); d) synthet ic  IV: 1) ethyl a l -  
cohol; 2) methylene  chloride;  3) water ;  
4) IV (together with methy le thy lace t i c  
acid). 5) n - v a l e r i c  acid; the impur i t i e s  
were  r e g i s t e r e d  at 8 t imes  h igher  sen-  
s i t ivi ty  than IV. 

3. Invest igat ion of the ra te  and t e rmina t ion  of the fo r -  
mat ion of Ih  ch roma tog raphy  column 100 x 0.3 cm; solid 
c a r r i e r  Ch romoso rb  WHMDS, 0.25-0.4 m m  fract ion;  s ta t ion-  
a ry  liquid phase  15 wt.% t r ie thanolamine;  column andblock 
t e m p e r a t u r e s  80 and 150 ~ , respec t ive ly ;  c a r r i e r  gas  flow 
ra te  40 ml /mino  

4. Content of III  in aqueous alcoholic solution (Fig. 3c): 
ch roma tog raphy  column 200 x 0.3 cm; solid c a r r i e r  Chro-  
m o s o r b  WAWDMCS, 0.25-0.4 m m  fract ion;  s ta t ionary  liquid 
phase  1070 polyethylene glycol adipate;  column and block 
t e m p e r a t u r e s  80 and l40 ~ respec t ive ly ;  c a r r i e r  gas flow 
ra te  50-55 m l / m i n .  The amount  of IH was de te rmined  using 
an in terna l  s tandard,  o-xylene  being used  as s tandard .  

5o Monitoring the pur i ty  of IV (Fig~ 3d); c h r o m a t o g r a -  
phy column 200 x 003 cm; solid c a r r i e r  Ch romoso rb  P with 
a pa r t i c l e  s ize  of 0~176 m m  modif ied with 2% s t ea r i c  
acid; s t a t ionary  liquid phase  10 Wto70 polyethylene glycol adi-  
pate;  column and block t e m p e r a t u r e s  130 and 250~ - 
tively; c a r r i e r  gas flow ra te  40 m l / m i n .  The impur i ty  con- 
tent  was  detez,mined by normal iza t ion ,  taking into account  
co r r ec t ion  fac to r s  de te rmined  exper imen ta l ly .  

The total  ana lys is  of the aqueous alcoholic solution 
and the de te rmina t ion  of the methyle thylace t ic  acid content 
of IV were  c a r r i e d  out by methods  desc r ibed  in [1]. 

With the exception of the total  ana lys is  of the aqueous 
alcoholic solution of III, all  the g a s - c h r o m a t o g r a p h i c  inves-  
t igat ions were  c a r r i e d  out on F r a c t o v a r  C and B ins t ruments  
with t h e r m a l  conductivity de tec to r s .  The c a r r i e r  gas  was 
hel ium,  the flow ra te  of which was m e a s u r e d  at the out le tof  
the column~ 

I s o v a l e r i c  A c i d  { I V ) .  

I s .bu ty l  Bromide  (1I). A suspension of 52.5 moles  so-  
dium b romide  in 40 moles  of pure  I is t r ea t ed  with 6.2 l i t e r s  
of 65% sulfur ic  acid at 8-12 ~ The reac t ion  mix tu re  is heated 
to boil ing (82-84 ~ and kept at  this  t e m p e r a t u r e  for  18 h, af-  
t e r  which 3.84 l i t e r s  of technical  II (bp 75-105 ~ is dis t i l led 
off under  a tmosphe r i c  p r e s s u r e ~  The II  is t r ea t ed  s u c c e s -  
s ive ly  with 450 ml  of ba t t e ry  sul fur ic  acid,  200 ml  water ,  
200 ml  of 270 po ta s s ium pe rmangana te  and a fu r the r  200 ml  

of wa te r .  Af te r  washing with water ,  4o12 kg of the mix tu re  of II  with t e r t i a r y  and secondary  butyl b romide  
is s t i r r e d  v igorous ly  with 10.3 l i t e r s  of 7% aqueous sodium b icarbona te  solution at 25-28 ~ fo r  5 h. Af te r  
t e rmina t ion  of hydro lys i s ,  I I  is s epa ra t ed  and washed with 200 ml  wa te r .  

Yield 3.2 kg, pur i ty  95%, D 2~ 1.2530-1,2588; n~ 1o4360-1.4370. The yield c o r r e c t e d  for  10070 pure  sub-  
s tance is 55.5% calcula ted  on Io 

I s .bu ty l  Cyanide {III)o A mix tu re  of 45 moles  sodium cyanide, 22.2 moles  II, 10.6 l i t e r s  of 96% ethyl 
alcohol,  and 2.66 l i t e r s  w a t e r  is  s t i r r e d  and heated  to boil ing (75-80 ~ in the bulk) and kept at this t e m p e r a -  
tu re  for  32 h, a f t e r  which a t e r n a r y  mix tu re  is dis t i l led off under  a tmosphe r i c  p r e s s u r e f o r l 0 h  (bp 75-98~ 
The mix tu re  contains about 73.470 ethyl alcohol,  10.170water, and 16.5% III.  

The yield of the mix tu re  is 10.7 kg (13.2 l i t e r s ) i  The yield of III  ca lcula ted on 100% pure  subs t anee i s  
1.83 kg (quantitative).  

I sova le r i c  Acid (IV). A mix tu re  of 10,7 kg of 16.5% aqueous-a lcohol ic  III  solution and 4.04 kg of 4470 
technical  caus t ic  soda solution is  hea ted  to boil ing (79-80 ~ in the bulk) and s t i r r e d  at this  t e m p e r a t u r e  for  
32 h, a f t e r  which 11 l i t e r s  of ethyl alcohol (sp. gr .  0~ was dis t i l led off under  a tmosphe r i c  p r e s s u r e .  
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The thick res idue  is cooled to 80-81 ~ t r ea t ed  with 9.5 l i t e r s  of hot (60") wate r ,  and s t i r r ed  at this  t e m p e r -  
a ture  for  about 1 h. The resu l t ing  solution (13 l i ters)  of the sodium salt  of IV is cooled to 25 ~ and t r ea t ed  
with 5.55 l i t e r s  of 35% sulfur ic  acid over  1 h, the t empera tu i  ~ being kept at 20-25~176 

Af te r  adding the sulfur ic  acid, the IV is ex t rac ted  with ,nethylene chloride (3 x 1200 ml).  The ex t rac t  
obtained (5.9 l i t e r s )  is  dis t i l led under  a tmosphe r i c  p r e s s u r e  for  6 h to r emove  3 l i t e r s  of methylene chlo- 
r ide (bp 37-44~ The res idue  (technical IV) was dist i l led in vacuo and the f rac t ion  with a bp of 83-85 ~ (20- 
25 mm) col lected.  

The yield of IV is 1o95 kg, pur i ty  97~ The yield co r rec ted  for  100% pure  substance is 1.89 kg, i.eo, 
84% calculated on II o r  45% calculated on I. 
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