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Of the existing methods for  prepara t ion  of 4-methyl-5-f l -hydroxyethyl thiazole  (VII), which is an in t e r -  
mediate in the synthesis  of vitamin B 1 [1-12], the condensation react ions  of thiourea (IV) with ~ - c h l o r o - ~ -  
ace to -  T-butyrolactone (I) and its acid hydrolys is  products  T -ch lo ro -T-ace top ropy l  alcohol (II) and its di-  
mer i c  e s t e r  are  of pa r t i cu la r  in te res t  [8-9, 13]. The hydrochlor ide of 2 -amino-4-methy l -5 - f i -hydroxye thy l -  
thiazole (V) is fo rmed in this case .  An acidic solution of V is diazotized and the 4 -methy l -5 - f l -hydroxy-  
e thyl thiazolyl-2-diazoninm sal t  (VI)is reduced to VII [4-5, 8-9] .  
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TABLE 1. Diazotization of V and Reduction of VI in a Solution of 
Hydrochlor ic  (experiments Nos. 1-3) and Sulfuric (experiments 
Nos. 4-11) Acid* 

. . . .  Yield of VII Concentration I Method of conductm diazouzaiion roduct % Experimcnt i g [ calculated p . 
No. and reduction processes with respect 

�9 I t o v , ~ o  [ v i i  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Additionof acidic solut.ion of VIm a 
solution of sodium hypophosphite 

Ditto 

Addifionof solution of sodium hypo- 
phosphite to an acidic solution of 
VI 

Simultaneous diazotization of V and 
reduction of VI 

27,3 63,7 
26,9 59,2 
24,5 60,8 
34,6 83,2 
41,5 83 
41,0 87,8 
38,2 84,3 
40,3 83,4 
41,2 86,8 
23,7 79,5 
22,4 81,2 

in crude 

VIII 

36,3 
40,8 
39,2 
[6,8 
14,9 
12,2 
15,7 
16,6 
13,2 
20,5 
18.8 

*The concentrat ions of reagents  pe r  mole of  V are:  sodittm hypo-  
phosphite 2 mole, hydrochlor ic  acid 5.2 mole, sulfuric acid 2.6 mole. 
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According to the l i t e r a t u r e  da ta ,  one of the bes t  reducing agent  s fo r  VI is hypophosphorous acid [5, 
7-9].  Diazot izat ion of V in 12 N hydroch lo r i c  acid and subsequent  reduct ion of VI with 30-32 % hypophos-  
phorons  acid in t h e  cold gives  a y ie ld  of 70% VII ca lcula ted  with r e s p e c t  to V [9]. According to the l i t e r a -  
9are data [9], the r e q u i r e d  conditions for  p r e p a r a t i o n  of VII in s a t i s f ac to ry  y ie ld  involve the use  of a l a rge  
excess  of hypophosphorous acid (12-15 mole  pe r  mole  of V) which makes  the method uneconomic .  The s y n -  
thes i s  de sc r ibed  in the l i t e r a t u r e  involved sepa ra t ion  of in t e rmed ia te  p roduc t s ,  leading to additional l o s se s  
and making the method unsui table  for  indus t r ia l  appl icat ion.  

T h e  a im  of the p r e s e n t  work  was the study of the influence of excess  hypophosphorons acid  on the 
yield of VII and a lso  invest igat ion of the poss ib i l i ty  of synthes is  of VII without s epa ra t ion  and pur i f ica t ion 
of the in t e rmed ia te  products  II ,  HI, V, and VI. At the s a m e  t ime  a study was made of the different  var iants  
of the technological  des ign of the s tages  of diazot izat ion of V and reduct ion of VIo The pr inc ipa l  e x p e r i -  
menta l  r e su l t s  a re  shown in Tables  1 and 2. 

The product  V was obtained by  condensation of IV with the ac id -hydro lys i s  products  of I without i s o -  
lat ion and pur i f ica t ion  of the l a t t e r .  This  made it  poss ib le  to obtain V in a yie ld  of not l e s s  than 90% of the 
theore t i ca l  ca lcula ted  with r e s p e c t  to I because  of e l iminat ion  of loss  of II  throngh isola t ion and pur i f ica t ion  
of III ,  the y ie ld  of which is around 70% with r e s p e c t  to I accord ing  to the data in [7]. F r o m  Table  1 it  may  
be seen  that  the crude VII contains the product  VIII as impur i ty .  We es tab l i shed  that  this is  2 . c h l o r o - 4 -  
methy l -5- /3 -hydroxye thy l th iazo le .  The concentra t ion  of VIII in the crude VII obtained by ca r ry ing  out d iazo-  
t iza t ion of V and reduct ion  of VI in a solution of hydroch lo r i c  acid at tains a value of 40%. This  cas t s  doubt 
on the y ie ld  and pur i ty  of VII given in a s e r i e s  of invest igat ions  [4-5, 8-9].  Substitution of hydroch lor ic  
acid by su l fur ic  acid  leads to a cons iderable  i n c r e a s e  in the ave rage  y ie ld  of VII (to 39%) and in i ts  quali ty.  
However ,  this does not exclude the fo rmat ion  of the by -p roduc t  VIII (its concentra t ion is only d e c r e a s e d  to 
12-17%) which is explained by the use  of the hydroch~oride V as s t a r t ing  product .  

The r e su l t s  obtained in using different  var ian ts  of the p r o c e s s e s  of diazot izat ion of V and reduct ion 
of VI indicate that  the p r o c e s s  should be ra t iona l ly  c a r r i e d  out by addition of a solution of sodium hypophos-  
phite to an acid solut ion of diazonium sa l t  VI and th is ,  in our opinion, is a lso  m o r e  advantageous t echno-  
logical ly  s ince it  allows both p r o c e s s e s  to be c a r r i e d  out in the one r e a c t o r .  It  may  be seen  f r o m  Table 2 
that  s imul taneous  diazot izat ion and reduct ion by the addition of a solution of sodium ni t r i te  to an acidic 
solution of V and sodium hypophosphite sha rp ly  d e c r e a s e s  the y ie ld  of the r equ i r ed  product  VII and i n c r e a s e s  
the concentra t ion  of s econda ry  product  VIII to 40-50%. 

Table  2 p r e s e n t s  the r e s u l t s  of expe r imen t s  on the synthes is  of VII  f r o m  I without isola t ion of the 
in t e rmed ia t e  V for  di f ferent  mole  r a t i o s  of sodium hypophosphite and I .  Analysis  of the r e su l t s  shows that  
with i nc r ea se  in the concentra t ion  of reducing agent  the yield of VII i nc reases ;  however ,  even a cons iderable  
i nc r ea se  in the concentra t ion  of sodium hypophosphite does not lead  to such a m a r k e d  i nc r ea se  in the y ie ld  
of VII  (resul ts  of expe r imen t s  12-14,  15-19,  22-23).  Consequent ly ,  the m a x i m u m  yie ld  of VII cannot be a 
fac tor  de te rmin ing  the op t imum ra t io  of sodium hypophosphite and I.  In the choice of the opt imum ra t io  
it is bes t  to compare  the consumption coeff icients  of the bas i c  raw m a t e r i a l  (I, IV, sodium hypophosphite)  
which a re  p r e s e n t e d  in Table  3. 

F r o m  Table  3 it  follows that ,  f r om the point of view of m a t e r i a l  consumption,  the opt imum ra t io  of 
sodium hypophosphite and I l ies  in the range  1.5-3.  

Since the crude VII obtained by the method indicated contains on ave rage  up to 12-17% of VIII, f u r -  
the r  condensat ion with 2 - m e t h y l - 4 - a m i n o - 5 - b r o m o m e t h y l p y r i m i d i n e  can give the 2 -ch lo rode r iva t ive  of 
v i tamin B 1 as a s econda ry  product .  This  may  compl ica te  the pur i f ica t ion  s tage  of the vi tamin.  

The methods desc r ibed  in the l i t e r a tu r e  for  r e p l a c e m e n t  of the halogen by hydrogen in VIII [1, 14] 
and i ts  ace ta te  [14] by the act ion of zinc in g lac ia l  ace t ic  acid with heating and a lso  in 2 -bx ' omo-4 -me thy l -  
5-f l -hydroxyethyl th iazole  [12] by a s i m i l a r  method or by  reduct ion with hydrogen over  pal ladium on c h a r -  
coal  in alcohol  in the p r e s e n c e  of alkal i  a re  dis t inguished by incomple teness  of the data on y ie ld  and qua l -  
ity of the VII obtained.  Meanwhile,  reduct ion  in a med ium of g lac ia l  ace t ic  acid  will p robab ly  be a c c o m -  
panied by pa r t i a l  e s t e r i f i ca t ion  of VII with the fo rmat ion  of i ts  ace ta te .  

For  this r e a s o n  we have developed a method of pur i f ica t ion  of crude VII by convers ion  of the impur i ty  
VIII into the r equ i r ed  produc t  VII using zinc dust in a medium of 15--20% hydrochlor ic  acid a t  50-59~ 
The y ie ld  of VII at the s tage  of pur i f ica t ion  is not l e s s  than 85% (with r e s p e c t  to crude VII). Pur i f i ed  VII, 
according  to the gas- - l iquid  ch romatography  data ,  does not contain VIII (within the l imi t s  of accu racy  of 
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TABLE 2. Results of Experiments on the Synthesis of VII from I 
without Isolation of Intermediate Product V and with Diazotization 
Vand Reduction of VI in a Solution of Sulfuric Acid* 

Concen~a- -' ~Yield of VII IConcentratlonin 
Experio Method of 'conducting process tion of sod- ]wit.h~spect [crude product 
mont No, of diazotization and reduction [um hypopho~-[ to l, w ' - -  

~l~e per mole ]  VIII 
~ ~ mole . ] 

2 
3 
4 

5 
6 
7 
8 

9 
IO 
11 
12 
13 
14 
15 
16 
16 
17 
18 
19 
2O 
21 
22 
23 

Addition of acidic solution of VI 
toa solution of sodium hy- - 
popho6phir~ 

Addition of sodiumhypophos- 
sol,lute solution to an acidic 

tion of Vl 
Simultaneous diazotiza~ion of 

V and reduction of VI 
Addition of acidic solution of 

VI of a solution of sodium 
hy.po.phosphite 

Adtlttion otsoaiu m hypophos- 
phlte solution to an acidic 
solution of VI 

22,9 
f,48 24,6 

26,5 
23,0 
35.8 

!,48 30,1 
34.1 
7,05 

1,48 6,92 
29.7 

1,9 38,6 

39,7 
1,9 42.3 

36,9 
47.2 
37,2 

2,38 38,5 
40,9 
36.8 
47,8 
46.9 2.85 

5.02 T- 47,6 
�9 �9 50,0 

C o n c e n t r a t i o n s  of  r e a g e n t s  p e r  m o l e  of  I a r e :  IV 
ium n i t r i t e  0.99 m o l e ,  and s u l f u r i c  a c i d  1.91 m o l e .  
t 3 . 5  m o l e  s u l f u r i c  a c i d  p e r  m o l e  of I .  

8,5 
II,2 
8,4 
8,1 
8,5 
7,7 
6,8 

41,0 
49,8 
15,2 
1,0 

13,9 
4,4 
7,32 
9,8 

16,0 
15,0 
16,6 
8,8 
8,5 

[0,2 
14,8 
9,3 

of 

0 .99  mole ,  sod- 

T A B L E  3. C o n s u m p t i o n  C o e f f i c i e n t s  of I ,  
I V ,  and  Sodium Hypophosph i t e  p e r  Unit  of  
VII wi th  D i f f e r e n t  Mole  R a t i o s  of Sodium 
t Iypophosph i t e  and I 

1.48 
1,9 
2,38 
2,85 
52 

Average consumption cocfficient~ 
per unit of 100% VII 

I IV 

==--r-I  tW- ' ~  o. 
E ~e I~ 

"1 "E 
13,4913,97 5,17 3,83 3,471 1,84 

32915,5314,1 ~19~[ l.Sa 
3,32 7,0 I 5,18 1,55 

] 2,37 [ 2,7 [ 6,75 I 5,0 2,35 1 1,25 
1,28 2,75 112,151 9.0 1 431 2401 

~ O  
~ o  

9,64 
8,92 

10,05 
8.95 

13,03 

the m e t h o d  of d e t e r m i n a t i o n )  and has  a c o n c e n t r a t i o n  
of  b a s i c  s u b s t a n c e  of not  l e s s  than  97-98%. 

C o m p a r i s o n  of  the  d a t a  o b t a i n e d  with the  l i t e r a -  
t u r e  d a t a  [15] i n d i c a t e s  the  h igh  qua l i t y  of the  VII o b -  
t a i n e d .  

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

The p e r c e n t a g e  c o n c e n t r a t i o n  of c r u d e  V a f t e r  
s e p a r a t i o n  and in the  r e a c t i o n  m i x t u r e  was  d e t e r m i n e d  
s p c c t r o p h o t o m e t r i c a l l y  at  265 n m .  The  m o l a r  a b s o r p -  
t i on  c o e f f i c i e n t  of  p u r e  V i s  e2~ = 7 .7 .103 .  As the  
p r i n c i p a l  m e t h o d  of a n a l y s i s  of the  c r u d e  p r o d u c t  we 
u s e d  the  g a s - l i q u i d  c h r o m a t o g r a p h y  m e t h o d .  The  
c h r o m a t o g r a p h s  UKh-2  and  T s w e t t - 1  w e r e  u s e d .  In the  
UKh-2  the c a r r i e r - g a s  was h e l i u m ,  the  i n l e t  p r e s s u r e  
0.8 a t m ,  t h e r m o s t a t  t e m p e r a t u r e  204-210~ and f i l a -  
m e n t  c u r r e n t  190 mA;  the  s o l i d  c a r r i e r  was  TNDM, 
f r a c t i o n  0 .143 -0 .250 ,  and  the s t a t i o n a r y  p h a s e  Ap iezon  
M; the co lumn  l eng th  was 3 m;  the  vo lume of  the  s a m -  

p l e s  was 2-3  # l i t e r .  In  T s w e t t - 1 ,  the  c a r r i e r - g a s  was  h e l i u m ,  the  i n l e t  p r e s s u r e  0.9 a r m ,  t h e r m o s t a t  t e m -  
p e r a t u r e  140~ f i l a m e n t  c u r r e n t  230 m A ,  and e v a p o r a t o r  t e m p e r a t u r e  190~ the  s o l i d  c a r r i e r  was  C h r o m -  
o s o r b ,  f r a c t i o n  80-100  m e s h ,  and  the  s t a t i o n a r y  p h a s e  E - 3 0  (3%); the  coh tmn  l eng th  was  1 m;  the  s a m p l e  
vo lume was  0.4 ~ l i t e r .  To c o n f i r m  the p r e s e n c e  of  VII in  the  p r o d u c t  we r e c o r d e d  a c h r o m a t o g r a m  of  VIII 
o b t a i n e d  by  the known m e t h o d  [14] and  thus  d e t e r m i n e d  i t s  r e t e n t i o n  t i m e .  A s s i g n m e n t  of  the  p e a k  of  the  
b a s i c  p r o d u c t  was  c a r r i e d  out  by  c o m p a r i s o n  with the  c h r o m a t o g r a m  of  the  p r o d u c t  o b t a i n e d  by  the t h i o -  
f o r m a m i d e  m e t h o d  [2, 11].  D e t e r m i n a t i o n  of  the  p e r c e n t a g e  c o n c e n t r a t i o n  of  the  p r o d u c t  was  c a r r i e d  out  
by  r e l a t i n g  the  a r e a  of  the  p e a k  of  the  b a s i c  p r o d u c t  to  the  t o t a l  a r e a  of  a l l  the  p e a k s  in the  c h r o m a t o g r a m .  
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2 - A m i n o - 4 - m e t h y l - 5 - f l  - h y d r o x y e t h y l t h i a z o l e  ( V ) .  A m ~ e o f l 9 . 6 g f r e s h l y d i s -  
f i l led I [ 7 ,  11], 20 m l  wa te r ,  and 0.5 ml  concent ra ted  su l fur ic  acid was hea ted  with s t i r r i n g  on a boiling water  
bath for  2 h.  After  cooling the r eac t ion  mix tu re  9.2 g IV were  added and heat ing  continued for  a fu r the r  2 h 
at 98-100~ The y ie ld  of V is not l e s s  than 93% (with r e s p e c t  to I).  The solution of V obtained was sub -  
matted to s epa ra t i on  or  p a s s e d  on without s epa ra t ion ,  to the diazot izat ion s t age .  Fo r  s epa ra t ion  of V f r o m  
the solution the wa te r  was boi led off under  vacuum (residual  p r e s s u r e  200 m m )  with heating on a boiling 
wa te r  bath.  30 ml  acetone were  added to the cooled m a s s  which then crYsta l l izes  , The res idue  is f i l t e red  
off and washed with 15 ml  ace tone .  T h e y i e l d  of crude V is 22.2 g with a concentra t ion of not l e s s  than 95% 
(90% yie ld  with r e s p e c t  to I) .  The mel t ing  point is  140-145~ according to the l i t e r a tu r e  data the mel t ing  
point is 148-150~ [13] or  153-154~ [9]. 

4 - M e t h y l - 5 - / ~ - h y d r o x y e t h y l t h i a z o l e  ( V I I ) .  a )  4 - m e t h y l - 5 - / ~ - h y d r o x y e t h y l -  
t h i a z o l y l - 2 - d i a z o n i u m  c h l o r i d e  ( V I ) .  A mix tu re  of 22.2 g crude V, 16 ml  concent ra ted  su l fur ic  
acid  or  46.7 ml  hydroch lor ic  acid ,  and 25 ml  wa te r  was cooled to - 1 2  to -14~ and then over  a pe r iod  of 
15-20 min  a solut ion of 8.30 g sodium ni t r i te  in 25 ml  wa te r  added with cooling and s t i r r i n g ,  keeping the 
t e m p e r a t u r e  below -10~  The mix tu re  was held  at  thi s t e m p e r a t u r e  for  a fu r ther  15 min  and then s u b -  
mi t ted  to reduct ion .  

b )  R e d u c t i o n  o f  VI  a n d  I s o l a t i o n  o f  V I I .  A solution of sodiumhypophosphi te  in 60 ml  
water  cooled to - 5  to -7~  was added over  a pe r iod  of 3-5 min to a solution of VI cooled to -14~  the o r -  
der  of mixing may  be changed (see Table  1). The r eac t ion  mix tu re  foams in tensely .  The mix tu re  is s t i r r e d  
a t - 5 ~  for  a fu r the r  3-31/2 h until  complete  d i sappearance  of the dia~o compound (absence of color  r e a c -  
tion with Schaef fe r ' s  sa l t )  and a lka l ized  with a 42% solution of sodium hydroxide to a pH of 9.0-10.0.  VII 
is f o r m e d  as an oil and is ex t r ac t ed  with ch lo ro fo rm (twice with 50 ml) .  

The ch lo ro form ex t r ac t  is d r ied  with 10 g anhydrous sodium sulfa te  and  the sulfate  f i l t e red  off. The 
ma in  volume of ch lo ro fo rm (80-83%) is d is t i l led  off at n o r m a l  p r e s s u r e  and the r e m a i n d e r  r e m o v e d  under  
vacuum.  The oil r ema in ing  is d is t i l led  under  vacuum at a r e s idua l  p r e s s u r e  of 1-5 m m  and a s t i l l  t e m p e r a -  
ture  of 150-155~ The y ie ld  of VII is shown in Table  i .  

P r e p a r a t i o n  o f  V I I  w i t h o u t  I s o l a t i o n  o f  V .  C o n e e n t r a t e d s u l f u r i c  acid (13ml )  a n d 2 0 m l  
water  a2e added to a solution of V obtained by the method above and the mix tu re  cooled to - 1 2  to - 14 ~  
Then a solution of 8.3 g sodium ni t r i te  and 25 ml  water  is  added at  -12~ over  a pe r iod  of 30 rain and the 
mix tu re  main ta iued  at  this t e m p e r a t u r e  for  a fu r ther  15 min .  A solut ion of sodium hypophosphite in 100 ml  
water  cooled to - 5  to -7~  was poured  into the cooled solut ion (the o rde r  of mixing may  be changed, see  
Table  2). The r eac t ion  mix tu re  is s t i r r e d  a t - 5 ~  for  a fu r ther  3-31/2 h until complete  d i sappearance  of 
diazo compound (absence of color  r eac t i on  with Schaef fe r ' s  sa l t ) .  The mix tu r e  was a lka l ized  to pH 9.0-  
10.0, the VII ex t r ac t ed  with ch lo ro fo rm (twice with 75 ml)  and t r e a t ed  as above.  The y ie ld  of VII is  shown 
in Table  2. 

S e p a r a t i o n  o f  I m p u r i t y  V I I I  f r o m  C r u d e  V I I .  To a solution o f 1 4  g crude VII in 60 ml  
15-20% hydroch lo r i c  acid  5.3 g zinc dust added in s m a l l  portio~.s with s t i r r i n g  at 35-38~ at such a r a t e  
that  the t e m p e r a t u r e  did not exceed  50-55~ The r eac t i on  mix tu re  is then s t i r r e d  at  50-55~ until the zinc 
is p rac t i ca l ly  comple te ly  d isso lved  ( l i /2 -2  h). The mix tu re  is cooled to 20~ a lka l ized  with a 42% solution 
of sodium hydroxide to pH 9.0-10.0,  the VII ex t r ac t ed  with ch lo ro form (twice with 100 ml)  and t r e a t e d  by 
the above method,  

The yie ld  of VII is 11.9-12.2 g (85-87% with r e s p e c t  to crude VII). According to the gas--Liquid c h r o -  
ma tography  data the concentra t ion  of bas ic  subs tance  is 97-98% and the re  is  no secondary  product  VIII. 

1. 
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