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A b s t r a c t  - The vapor-phase r e a c t i o n  o f  imines  with s u l f u r  d iox ide  t o  produce 

t h i a z o l e s  h a s  been s t u d i e d  a t  450-500'~. Of the imines  i n v e s t i g a t e d  a c e t o n e  

methyl imine was t h e  most s t u d i e d  which produced 4 -me thy l th i azo l e  i n  70% y i e l d .  

Over t h e  l a s t  c e n t u r y  numerous syn these s  of t h i a z o l e s ,  u s e f u l  as  i n t e r m e d i a t e s  f o r  t h e  a g r i -  

c u l t u r a l  and p h a r w c e u t i a l  i n d u s t r y ,  have been publ ished.  One method of p o t e n t i a l  i n d u s t r i a l  

impor tance  i s  t h e  vapor-phase r e a c t i o n  of s u l f u r  w i t h  imines over s u i t a b l e  c a t a l y s t s  a t  

0 1,2  
300-500 C  . These r e a c t i o n s  are b e l i e v e d  t o  occur via hydrogen a b s t r a c t i o n  t o  produce 

i n t e r m e d i a t e s  which give s t a b l e  t h i a z o l e s  by a r o n a t i s a t i o n .  

T h i s  p roces s  y i e l d s  t o x i c  and o d i f e r o u s  by-products  which p r e s e n t  envi ronmenta l  problems. The 

o b j e c t i v e  of t h e  work r e p o r t e d  h e r e i n  was t o  f i n d  an  inexpens ive ,  g e n e r a l  r o u t e  t o  t h i a z o l e s ,  

i n c l u d i n g  4 -me thy l th i azo l e ,  a n  i n t e r m e d i a t e  i n  t h e  product ion  of 2-(4-Thiazolyl)-1H-benzimi- 

3  dazo l e  . I t  appea red  t o  u s  t h a t  s u l f u r  d iox ide  would be a more p r a c t i c a l  source of  the  s u l f u r  

atom. The p r o c e s s  o u t l i n e d  h e r e ,  r emin i scen t  of t h e  syn thes i s  of th iophene  from bu tad i eae  

and s u l f u r  d i o x i d e  4 produces only  water  as  a v o l a t i l e  by-product. 



 he imines f o r  t h i s  s tudy were prepared by condensation of a ketone and an  amine wi th  50% 

caust ic  f o l l w e d  by p u r i f i c a t i o n  by d i s t i l l a t i o n .  These imines could be s t o r e d  a t  -20% 

fo r  seve ra l  weeks wi thout  decomposition. The reac t ions  of t h e  imines wi th  SO2 t o  form 

various t h i a z o l e s  were c a r r i e d  ou t  over a s t r o n g l y  b a s i c  c a t a l y s t  ( e . g . ,  CaO, HgO o r  soda- 

lime doped with  %. 1% z ~ o ~ ) ~  i n  a f ixed  bed c a t a l y t i c  r e a c t o r  which cons i s t ed  of an  8 x 318" 

s t a i n l e s s  s t e e l  pipe heated wi th  a n  e l e c t r i c  c o i l  hea te r .  The imines were ca rbura ted  w i t h  

nitrogen, the vapors mixed with  SO2 and t h e  mixture was passed over t h e  c a t a l y s t  bed heated 

t o  450%. The e f f l u e n t  from t h e  r e a c t o r  was passed through a n  aqueous HC1 scrubber  or 

diver ted t o  a g l c  equipped with  a heated i n j e c t o r  valve. The progress  of t h e  c a t a l y t i c  

react ion was monitored by g l c  . The scrubber  s o l u t i o n  was n e u t r a l i z e d  wi th  NaOH and t h e  

~ r a d u c t s  were i s o l a t e d  by e x t r a c t i o n  wi th  methylene ch lo r ide .  A f t e r  concen t ra t ion  i n  vacuo, 
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the products  were i d e n t i f i e d  by H n. m . r .  The data  i n  t h e  t ab le  i l l u s t r a t e  t h e  t h i a z o l e s  

that were produced by t h i s  procedure us ing  t h e  zirconium doped soda-lime c a t a l y s t .  

Imine Products  Yield  
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The conversion of  acetone methyl imine t o  4-methyl th iaro le  was s t u d i e d  i n  d e t a i l .  The 

e f f i c i e n c y  of  t h i s  condensa t i on  i s  s t r o n g l y  c a t a l y s t  dependent. C a t a l y s t s  such as  CaO and 

MgO gave 50% y i e l d s  of 4 -me thy l th i azo l e  f o r  s h o r t  periods of time (20 mi"), producing  0 .5  g 

of  4  methyl t h i a z o l e  pe r  gram of  c a t a l y s t .  Soda-lime, be ing  more b a s i c ,  ~ a v e  a h i p h e r  y i e l d  

o f  60% and longer  l i f e t i m e  of 1 h ,  t h u s  producing  1.5 g  of 4 -me thy l th i azo l e  per  eram o f  

c a t a l y s t .  S m l l  amounts of  t r a n s i t i o n  meta l  ox ides  such as  1% ZrO i n c o r p o r a t e d  i n t o  t h e  soda 
2  

lime have been found t o  r a i s e  t h e  y i e l d  of  the  t h i a r o l e  t o  p r e a t e r  than  70% f o r  even longer  

p e r i o d s  (3  h r s ) ,  t hus  producing  &. 3  g  of  L - m t h y l t h i a z a l e  p e r  pram of  c a t a l y s t .  The c a t a l y s t  

r e a c t i v i t y  d e c r e a s e s  g r a d u a l l y  because  of coking a n d  su lEa t e  f o r m t i o n .  The coke can be removed 

by pas s ing  s team through t h e  r e a c t o r  a t  4 0 0 - 5 0 0 ~ ~ ,  leading t o  r e a c t i v a t i o n  o f  t h e  c a t a l y s t .  

Slow s u l f a t e  format ion  however, l e a d s  t o  i r r e v e r s i b l e  d e a c t i v a t i o n  o f  t h e  c a t a l y s t .  
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