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The kinet ics  of the r eac t ion  of chloroaceta ldehyde with th iourea  in water  at  the C = O  and 
C - C I  bonds were  s tudied.  The f i r s t  s tep of the fo rmat ion  of the 2-aminoth iazole  is  the 
r eac t ion  of the NH 2 group of th iourea  with the C = O  group of ch loroaceta ldehyde .  Hydro-  
gen chlor ide  evolution and the fo rmat ion  of a th iazole  r ing  a r e  secondary  p r o c e s s e s  that  
occur  s imul taneous ly .  

I t  is gene ra l ly  accepted  that  the f i r s t  s tep in the H a n t z s c h - T r a u m a n n  reac t ion  [1] of a - h a l o c a r b o n y l  
compounds with th ioamides  cons i s t s  in condensat ion with the fo rmat ion  of a C - S  bond through HHal evolu-  
t ion,  and the second s tep r educes  to r ing  c lo su re  of the enol f o r m  of the ca rbonyl  compound, which is a c -  
companied  by  the c leavage of water  (see, for example ,  [2]): 

. o - c - z  . ~  . o - c - z  N?_iVz ?," . ,, , - .2o ~ )  
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A s imi l a r  s cheme  is a l so  acknowledged for the fo rmat ion  of 2 -aminoth iazo les  [3]. Moreover ,  it is 
a s s u m e d  that  the th iourea  r e a c t s  as the iso fo rm,  although the ex is tence  of i so th iourea  has  not been proved.  
The r e s u l t s  of our invest igat ions do not agree  with the p roposed  r eac t ion  scheme  (1). 

In pr inciple ,  it is poss ib le  that  the r eac t i on  p roceeds  via one of the following s chemes :  
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F r o m  the avai Iable  data r ega rd ing  the synthes is  of thiazole  de r iva t ives  by the condensat ion of th io-  
amides  with ~ -ha l oca rbony l  compounds (see, for example  [6-20]) it follows that,  in all  c a ses ,  the C - S  and 
C - N H  2 groups  of the th ioamides  r e a c t  with the C - C 1  and C = O  groups  of the ha locarbonyl  compounds,  r e -  
spect ive ly ,  i .e . ,  paths III  and IV in scheme  (2) a r e  l e s s  l ikely than paths I and II .  
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Fig.  1. Kinetics of the reac t ion  of ch loroace t -  
aldehyde ~dth thiourea at a molar  rat io of 1 : 1 
in water at var ious t empera tu re s :  1,3,5) yield 
of aminothiazole (with r e spec t  to bonded hydro-  
chlor ic  acid); 2,4,6,7) consumption of ch loro-  
acetaldehyde with r e spec t  to the C = O group; 
1,2) at 0~ 3,4) at 40~ 5,6) at 70~ 7) a t - 5  ~ 

Fig.  2. Kinetics of the formation of HC1 in the 
reac t ion  of chloroacetaldehyde with thiourea 
(1 : 1) in the presence  of f ree  HCI: 1,3) consttmp- 
tion of 0.1 N NaOH in the t i t rat ion of free HC1; 
2,4) the same for the total amount of HC1; 1,2) 
at 0~ 3,4) at 30 ~ 

In order  to choose between I and II, we investigated the kinetics of the reac t ion  of thiourea and ch lo ro-  
acetaldehyde in water at var ious t empera tu res .  The reaet ionwas followed f rom the decrease  in the percent -  
age of carbonyl  groups (by means of dinitrophenylhydrazine) and the formation of 2-aminothlazole (with r e -  
spect  to the hydrochlor ic  acid bonded to the aminothiazole by t i trat ion with alkali using phenolphthalein and 
methyl  orange).  It  is apparent  f rom Fig. 1 that in water at 0 ~ at an equimolar ra t io  of the ingrdients the de- 
c r e a s e  in the percentage of carbonyl  group leads the production of C1 ions and the formation of 2-amino-  
thiazole.  At 40 ~ the difference in the ra tes  of these p rocesses  becomes less,  and no difference at all is 
noted at 70-80 ~ 

Data on the change in the amount of hydrochlor ic  acid in the react ion,  into which hydrochlor ic  acid 
was introduced before the p rocess  began, are  presented in Fig.  2. It is apparent that the total amount of 
acid increases  with t ime,  while the amount of f ree  acid remains  constant.  Consequently, HC1 evolution and 
the formation of the 2-aminothiazole bonded to it occurs  simultaneously.  This provides a basis  for suppos-  
ing that the formation of the thiazole r ing is actually a two-step p rocess ;  in the f i rs t  step chloroace ta lde-  
hyde r eac t s  with thiourea at the C = O group, and in the second step the aldehyde r eac t s  with thiourea at 
the CH2CI group; in the p rocess ,  the r ing is closed, and the amine, bonded to the evolved hydrogen chloride,  
is formed.  

It is l~own [4] that alkyl halides r eac t  with thiourea to form S-alkylthiourontum salts,  which are  con-  
ver ted  to bases by the action of alkalis .  

The kinetic curve  of the consumption of chloroacetaldehyde with r e spec t  to the C = O group (Fig. 1, 
curve 7) is S-shaped, which is cha rac te r i s t i c  for autocatalytic p rocesses .  The induction period of the r e a c -  
tion is eliminated when acid is added. The reac t ion  of the carbonyl  group of chloroacetaldehyde is apparent-  
ly catalyzed by acid, as was noted also in other cases  of the react ion of chloroacetaldehyde at the carbonyl  
group in polar solvents and in water ,  with which it forms hydrates  [5]. 2-Aminothiazole is not formed in a l -  
kaline media,  and chloroacetaldehyde undergoes aldol condensation. This once more  confi rms that the 
p r i m a r y  p rocess  is reac t ion  at the C = O group of chloroacetaldehyde.  Thus, path II of scheme (2) can be 
cons idered  to be more  likely than path I, and the mechanism of the formation of 2-aminothiazole in water 
can be represen ted  by the following sequence of reac t ions :  

+ 
C|CH2_CH~ H +1t+ CICH2_CH/OH2 -H20 

�9 ~ ~ =~ CICH2...CH + 
\OH \OH 

C+H~OH § NH--CHOH~ H-~-H A N= N~CH N~CH 

NH,- + 2 ": N"2--~ ' - - - " ' ~ -  N"2-- ", ~ N",=~s..CH ~ ~ HC,.N 2--C-..s..CH (3) 

On reac t ion  with the acetals  of bromoacetaldehyde and ~, f l -d ibromoethyl  ether in alkali, 2 -mereap to -  
imidazole p r imar i ly  forms products involving reac t ion  at the S - H  and C - B r  bonds with subsequent closing 

867 



of the thiazole ring and water evolution [3]. Consequently, two paths for the formation of thiazole rings via 
the Hantzsch-Traumann reaction are  possible. The f irs t  path involves pr imary reaction at the C - S  bond 
of the thioamide compound and the C - H a l  bond of the a-halocarbonyl compound. To real ize this path it is 
necessary  that the thioamide compound be in the mercapto form and that the activity of the C ~ O group of 
the carbonyl compound be reduced, for example, by acetylation. The process is real ized in alkaline media. 

The second path involves pr imary  reaction at the C-NH 2 group of the thioamide and at the C ~ O  group 
of the carbonyl compound and is real ized in acidic media, in which the thioamide exists in the keto form, 
and the C ~ O  group of the carbonyl compound is active. 
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