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4 - B r o m o - o - x y l e n e  (II), which is an in te rmedia te  in the synthes is  of v i t amin  B2, is obtained by b r o m i n -  
ating o-xylene  (D. 
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The p r o c e s s  of brominat ing  (I) has  been studied fa i r ly  well [1-3]. In industry,  it is p e r f o r m e d  by the 
gradual  addition of b romine  to (I) at a t e m p e r a t u r e  of 15-27~ Under these  condit ions,  in spite of an ex-  
c e s s  of (I) (up to 10%), in addition to the main  product  the by-p roduc t s  4 ,5 -d ib romo-o -xy lene  (III), 3 ,4-  
d i b r o m o - o - x y l e n e  (IV), and, to a v e r y  smff[1 extent,  w - b r o m o - o - x y l e n e  (IT) are  fo rmed .  The b romina t ion  
is c a r r i e d  out in the p re sence  of cata lyt ic  amounts of iodine and i ron.  The technical  product  is purif ied by 
f rac t iona l  dis t i l la t ion in vacuum.  According to the l i t e ra tu re  [3], the ra te  of b romina t ion  i n c r e a s e s  con-  
s ide rab ly  when the t e m p e r a t u r e  is  r a i s ed  to 40~ Under these  conditions the r a t e s  both of the main  and of 
the side r eac t ions  i nc rea se ,  but the se lec t iv i ty  of the p r o c e s s  d e c r e a s e s .  

In o rde r  to improve  the technological  p r o c e s s  for  obtaining (II) we have studied the b romina t ion  of (I) 
in the p r e sence  of wa te r .  By introducing a second (aqueous) phase into the p roce s s ,  we pursued  the a im of 
avoiding a spec ia l  s y s t e m  for  t rapping hydrogen bromide .  At the same  t ime,  the aqueous solutions of h y d r o -  
gen b romide ,  not mixing with (I) and with the reac t ion  products ,  could have no fundamental  influence on the 
d i rec t ion  and m e c h a n i s m  of b romina t ion .  
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Fig.  1. Yield (in %) of b romina t ion  products  
(II, III, and IV) as a function of the t e m p e r a -  
ture  of the p r o c e s s .  T ime  of addition of 
b romine  30 rain; r e s idence  t ime 2 h. 

On the other  hand, it is known that  hydrobromic  
acid d i sso lves  b romine  be t te r  than wa te r  does [4]. Con-  
sequently,  with an inc rease  in the concentra t ion of hydro -  
gen b romide  in the aqueous phase the solubil i ty of the 
b romine  in it  mus t  i n c r e a s e .  This  could lead to some 
slowing down of the b romina t ion  p r o c e s s  because  of the 
fall in the concentra t ion of the b romine  in the organic  
phase .  F u r t h e r m o r e ,  the p re sence  of wa te r  imposed  def-  
inite l imi ta t ions  in the choice of ca ta lys t ,  which made 
n e c e s s a r y  a study of the ro les  of i ts  individual ingredients .  

In o rde r  to find the opt imum conditions for  b r o m i n -  
ating (I) in the p resence  of water ,  we studied the dynamics  
of the convers ion  of (I) into (II), (III), and (IV) as functions 
of the intensi ty of s t i r r ing ,  the t e m p e r a t u r e ,  and the 
composi t ion of the ca ta lys t ,  The study was p e r f o r m e d  
in compar i son  with the brominat ion  of d ry  (I). In con-  
t r a s t  to the invest igat ions p e r f o r m e d  prev ious ly  [2,3], 
b romina t ion  was p e r f o r m e d  at an equ imolecu la r  r a t io  of 
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Fig,  2. Dynamics of the format ion of (II), (III), 
and (IV) in the brominat ion of (I) in the absence 
and in the presence  of water  as a function of 
the composit ion of the ca ta lys t .  1) Dry (I), 
Fe + 12 (the ~ symbols  denote experiments  with 
i ron alone); 2) dry  (I) without a ca ta lys t ;  3) dry  
(I),I2; 4) in the presence of water ,  without a 
catalyst ;  5) in the presence  of water ,  12. Time 
of addition of the bromine 30 min; t empera tu re  
of brominat ion 30~ 

bromine and (I). The weight ra t io  of water  and (I) en-  
suring the complete absorption of the hydrogen bromide 
was found experimental ly  to be 1 . 5 : 1 .  

The experiments  showed tha t  the intensity of s t i r -  
r ing has a fundamental influence on the yield of the 
main product and the by-products  both in the b romina-  
tion of dry  (I) and in the presence  of water ,  but the in-  
fluence of s t i r r ing  was smal le r  in the bromination of 
dry  (I) because of the occur rence  of the p rocess  in a 
single phase.  The experiments  were per formed at 30~ 
The resul t s  are  given in Table 1. 

In the brominat ion of (I) in the presence  of water ,  
i ron was not used as ca ta lys t  because of the high solu-  
bility of f e r r i c  bromide in water .  

In view of the resu l t s  obtained, all the exper i -  
ments in the study of the other fac tors  were per formed 
in flasks of the same size at a ra te  of s t i r r ing of 220- 
250 rpm.  

The study of the brominat ion of (I) in the presence  
of water at var ious  t empera tu res  showed that ra is ing 
the tempera ture  leads to an increase  in the rate  of 
format ion of (ID but to an even g rea te r  increase  in the 
ra te  of dibromination (Fig. 1). 

As in the case  of the brominat ion of dry  (D [3], 
the t empera tu re  range f rom 30 to 40~ is the optimum. 
At 50~ c0-bromo-o-xylene (about 2.5~) appears in 
the reac t ion  mixture .  The experiments  were p e r -  
formed in the presence  of catalytic amounts of iodine, 
which is used in the industrial  production of (II). 

There  is information in the l i tera ture  [5] accord-  
ing to which the bromination of polyalkylbenzenes does 
not require  the presence  of a cata lys t .  To determine 
the ro les  of the ingredients of the complex industrial  
catalyst ,  we investigated the brominat ion of (I) (dry 
and in the presence  of water) as a function of the c o m -  
position of the cata lys t .  It was established that the 
brominat ion of d ry  (I) takes place at prac t ica l ly  the 
same rate  in the presence of iodine and without it, but 
this ra te  is lower than in the presence of iodine and 
iron or  of i ron alone (Fig. 2, curves  1, 2, and 3). At 
the same t ime, the amounts of dibromides formed are 
s imi la r  (see Fig.  2, curves  2 and 3). A catalytic action 
of iodine in the brominat ion of dry  (I) tha t  is equal to 

TABLE 1. Influence of the Intensity of Stirring on the Composition 
of the Produc ts  of the Brominat ion of (I) 

Conditions of 
brominafion 

Absence of water 

Presence of  
water 

Comp. of reaction mix- 
Stirring rate t ture after bromination, % 

0 
65--80 
220--250 

0 
65--80 

110--250 

3,6 89,7 
3,3 92,4 
3,2 93,0 

13,7 73,7 
12,3 79,9 
8,5 90,1 

5,2 1,7 
3,5 1,3 
2,8 1,3 

9,8 3,9 
5,4 2,2 
1,5 0,3 

Notes 

Bromination performed in the 
presence of catalytic amts. 
of iodine and iron 

3rom.inafion performed in the 
presence, . of catalytic amts. 
of lodme 
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Fig.  3. Chromatogram of technical (II). 
X represen t s  an unidentified product 
[sic]. 

the combined action of iodine and iron begins to appear only 
when it is used in an amount 10 t imes exceeding that used in 
industry.  The amount of dibromides formed under these con-  
ditions is the same as in bromination without a catalyst ,  The 
increase  in the. rate of bromination that we observed on using 
a l a rge r  amount of iodine agrees  well with l i te ra ture  in forma-  
tion on the bromination of  other aromat ic  compounds in the 
nucleus [5,6]. The resul t s  obtained show that the active part  
of the composite industrial  catalyst  leading to an increase  in 
the ra tes  of mono-  and dibromination is the iron (see Fig. 2, 
curve 1). Elimination of the catalyst  evidently permi ts  an in-  
c rease  in the yield of the main product and a stabilization of 
the degree of convers ion of (I) into dibromides at a level of 
1.2-1.5~, with some slowing down of the brominat ion p rocess .  

It follows from a compar ison  of curves  2, 3, 4, and 5 (see 
Fig. 2) that the ra te  of bromination of (I) in the presence of 
water ,  as in the case of the bromination of dry  (I), does not de-  

pend on the presence of iodine but falls considerably.  The fall in the rate of bromination of (I) in the p r e s -  
ence of water ,  especia l ly  at the end of the process  (see Fig. 2, curves  2-5), is connected with the decrease  
in the concentrat ion of bromine in the organic phase as a resul t  of its part ial  passage from the organic 
phase into the aqueous phase with an increase  in the concentrat ion of hydrogen bromide in the la t ter .  Under 
these conditions, as is well known, polyhalide compounds of the type of HBr[Br2], the stabil i ty of which is 
determined by the tempera ture  of the reac t ion  mixture,  are  formed in an aqueous solution of hydrogen 
bromide [7]. 

The experimental  resu l t s  show that when bromination is per formed in the presence of water at 30~ 
without a catalyst ,  a degree of convers ion of (I) into (II) of 78~c is achieved in 1~ h and 90% in 6 h, while in 
the bromination of dry  (I) an 890/c convers ionof  (I) into (II) is achieved in 3 h when the p rocess  is per formed 
at the same tempera ture  (see Fig.  2, curves  2 and 4). 

We have established that it is possible considerably to increase  the ra te  of brominat ion in the p r e s -  
ence of water  if, after the mixture has been held at 30~ for 1~ h, the tempera ture  is r a i sed  to 50~ Under 
these conditions, the degree of convers ion of (I) into (II) amounts to 90~ after 3~ h with no reduction in the 
quality of the product  obtained (the total degree of convers ion of (I) into (III) and (IV) is 1.2-1.5%). Atten- 
tion is also at t racted by the fact that in all the experiments  which we performed the bulk of the dibromides 
of (I) (800/0) was formed in the f i rs t  1~ h of the p rocess .  

On the basis of the resul ts  obtained, the best  conditions for brominating (I) in the presence  of water  
may be considered to be a molar  rat io of (I) and bromine of 1 : 1, a weight rat io of (I) and water of 1 : 1.5, 
the addition of bromine after 30 rain, and a holding t ime of 1 h at 30~ with subsequent heating to 50~ and 
holding at this tempera ture  for 2 h. 

The technical  (II) obtained under these conditions, after the removal  of the aqueous layer  and washing 
free f rom acid, was analyzed by gas-l iquid chromatography (GLC) and found to contain 2.9~ of (I), 95~ of 
(II), and 2% (total) of (III) and (IV). As a resul t  of the investigations performed,  an industrial  method for 
brominating (I) in the presence of water  is proposed which enables the apparatus for the brominat ion stage 
to be simplified, the yield of technical  (II) to be increased,  and its quality to be improved. The possibil i ty 
of bromination at an equimolecular ratio of (I) and bromine without a catalyst has been shown, 

EXPERIME NTAL 

Analysis of the Technical 4-Bromo-o-xylene (II) by the GLC Method. The investigations were carried 

out on a Tsvet-5 chromatograph in the therP~lostat of which a standard thermal conductivity detector was 
set up, The bridge current was 220 mA. Fluorinated plastic column, I00 • 0,3 cm containing 10~ of poly- 

(ethylene adipate) on Chromaton N-Aw-HMDS (0.25-0.315 mm).  The tempera ture  of the column thermos ta t  
was 170~ of the thermosta t  of the detectors  180~ and of the evapora ter  200~ The c a r r i e r  gas was 
helium and the rate of flow 100 m l / m i n .  

The components of the mixture were identified by the method of tes t s .  To determine the amounts of 
the components the method of normalizing the areas  with cal ibrat ion factors  was used~ The cal ibra t ion 
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f a c to r s  were  ref ined with the aid of a g a s - d e n s i t y  detector :and had the following values:  for (I), 0.7; for  
(II), 1; for  (HI), 1.3; for  (IV), 1.4; and for  (V), 1.6. 

The e r r o r s  in the de te rmina t ion  did not exceed • 2% r e l .  for  (I) and (II) and • 10% re l .  for  (HI), (IV), 
and (V). 

A c h r o m a t o g r a m  of technical  (II) is shown in Fig.  3. 

4 - B r o m o - o - x y l e n e  (ID. With s t i r r ing  (220-250 rpm) ,  80 g of b romine  was added over  30 min to a 
mix tu re  of 53 g of (I) and 80 m l  of water  in a black f lask at a t e m p e r a t u r e  of the r eac t ion  mix ture  of 30~ 
After  the addition of the b romine ,  the mix tu re  was kept at 30~ for  1 h and was then heated to 50~ and was 
kept at this  t e m p e r a t u r e  for  2 h. After this per iod,  the r eac t i on  mix tu re  was cooled to 25~ and, a f ter  
sett l ing,  the aqueous l ayer  was sepa ra t ed  off. The technical  product  was washed with a smal l  amount of a 
1-2% aqueous solution of ammonia  and was analyzed by the GLC method.  The yield amounted to 87.4 g of 
a product  containing 2.9~c of (I), 95~ of (II), and 2~c (total) of (III) and (IV), sp.  g r .  1.3-1.33.  The yield of 
(II) was 90% calcula ted  on the (I) charged .  The expe r imen t s  were  p e r f o r m e d  with technical  b romine  ac -  
cording to GOST 4109-64 and with "pure"  o-xylene according to MRTU [Interrepubl ican Technica l  Speci f ica-  
tion] 6-09-3837-67.  
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