
C O N C L U S I O N S  

NMR spec t roscopy  was used to find the s t e r eo ch em is t ry  of a se r i e s  of compounds with bieyelo[3.1.0]- 
hexane s t ruc ture  ~ obtained f rom carane der ivat ives  as a resu l t  of r ea r r angemen t  with t ransannular  part ic ipat ion 
of the cyclopropyl  ring and the s t e r eochemis t ry  of this r e a r r a n g e m e n t  was considered.  
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OXIDATIVE CHLORINATION OF TOLUENE IX THE PRESENCE 

OF CuCl 2 

A. M. P o t a p o v  a n d  S. R. R a f i k o v  UDC 542.943.7:542,944: 
547. 533 

The reac t ion  of toluene with HC1 and 02 at 300-510~ catalyzed by CuC12 on supports  gives benzyl chloride 
(I) and chlorotoluenes (II) as the major  products  with low select iv i ty  [1] 

(1) 
CuCh ---~ PhCH~C1 + H20 

PhCHs + HC1 + O~ ~ (I) (2) 
C1CGH~CHz + H20 

(~I) 

This react ion is accompanied by the format ion of a number  of secondary  products  such as benzene and 
benzaldehyde [2]. The factors  which affect the d i rec t ion  and se lect iv i ty  of the oxidative chlorination of toluene 
have not been studied extensively.  In addition, much remains  unc lear  concerning the part ic ipat ion of CuC12 in 

the convers ion of the reagents .  

In the p resen t  work, we studied the effect  of the reac t ion  conditions on the d i rec t ion and select ivi ty  of the 
oxidative chlorination of toluene in the p resence  of CuC13 supported on hea t - t r ea ted  A1203 with specif ic  surface 
1 m2/g. A high specif ic  surface  of the supports (above 10 m2/g) causes rapid combustion of toluene. 
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TABLE 3. Effect of Added Nitrobenzene in Various Types of 
Vapor-Phase Chlorination of Toluene in the Aromatic Ring (10% 
CuCI 2 relative to the weight of A1203, 0.5% nitrobenzene relative to 
the weight of toluene) 

Type and conditions of toluene 
chlorination (contact time) 

Product composition 
% 

o~her 
G1CsH~CKa products 

Toluene 
composition, % 

without lwith 
added ladded 
nitroben- Initroben- 
zene Izene 

Direct thermal chlorination in the bulk, 
toluene/C12= 1:2, glass packing (1.2sec) 

Direct thermocatalytic chlorination, 
toluene/Clz = 1 : 2 (0.3 sec) 

Oxidative chlorination, toluene: HCI: 02= 
1:2:1 (2 sec) 

Chlorination by means of CuC12 (2 sec) 

40,5 

54,3 

55,7 

53,9 

59,5 

45,7 

44,3 

46,i 

40,3 

80,7 

49,0 

9,5 

195 

70,9 

39,2 

8,0 

A low CuC12 content  (1-2% of the weight  of  A1203) p rov ides  fo r  high s e l ec t i v i t y  r e l a t ive  to (I) and an 
i n c r e a s e  in the CuC12 content  leads to 10-11% (II). F o r  2-3 s ec  contac t  t ime,  the range  f r o m  460 ~ to 470 ~ is 
mos t  f avorab le  f o r  r e a c t i o n  (1) while the range  f r o m  370 ~ to 380~ is mos t  favorab le  fo r  r eac t i on  (2). 

In addit ion to the p roduc t s  of r e a c t i o n s  (1) and (2), we i so la ted  d i c h l o r o m e t h y l b e n z e n e s  ffII), t r i c h l o r o -  
me thy lbenzenes  (IV), 2 - c h l o r o -  (Va) and 4 - c h l o r o b e n z y l  ch lor ides  (Vb), d ich lo ro to luenes  (VIc-e),  and t r i c h l o r o -  
to luenes  (VIIf, g)* 

C6HsCHs_nCI n, n = 2(III), 3(IV) CH2Cl (Va.b) 
C1 

--Me(VIc --e) 
el / CI Me (VIIf, g ) 

C1 

In addition, we ident if ied the p roduc t s  of the oxidat ion of toluene (benzaldehyde,  benzyl  alcohol,  d ibenzyl  
e ther ,  and phenol),  benzene,  ch lo robenzene ,  d ibenzyl ,  s t i lbene,  d imethy lb iphenyls  and gaseous  p roduc t s  C12, CO2, 

and CO. 

The op t imal  PhCh3: HCI :  O 2 ra t io  was  the s t o i c h i o m e t r i c  rat io.  A HCI :  PhCH 3 r a t i o  above 2 at 460-470~ 
i n c r e a s e s  the yield  of  oxygen-con ta in ing  p roduc t s ,  benzene ,  ch lo robenzene ,  and o ther  p roduc t s  but at 370-380~ 
such  an i n c r e a s e  is not found. 

A c c o r d i n g  to Suvorov and Bukeikhanov [3], the f o r m a t i o n  of C12 in the H C I - O  2 s y s t e m  is a consequence  of 
the oxidat ion of HC1. Ano the r  poss ib le  s o u r c e  of C12 may be CuC12 

2CuCI~ --* 2CuC1 -t- C12 (3) 

D e t e r m i n a t i o n  of the r a t e s  of r e a c t i o n  (3) (0.13 m o l e / l i t e r  ca ta lys t "  h) and HC1 oxidat ion (12.2 m o l e / l i t e r  
ca ta lys t "  h) (450~ 2% CuC12 on A1203) showed that  the t h e r m a l  decompos i t i on  of CuC12 does not p lay  a s igni f icant  

role  in the reac t ion .  

The C12 f o r m e d  l ikely  ch lo r ina te s  to luene on the c a t a l y s t  and in the bulk 
(I) ~- HC1 (4) 

PhCHs@ C12- ---> (I[) -J- HC1 (5) 

* The l e t t e r  indices  in (V)-(VII) c o r r e s p o n d  to the fol lowing chlor ine  a t o m  pos i t ions :  a) 2, b) 4, c) 2, 4, d) 2, 5, 
e) 2, 6, f) 2, 4, 5, and g) 2, 4, 6. 
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The hydrogen in the toluene theore t ica l ly  may be substit~ated by a halide also by d i rec t  halogenation with 
CuC12 [31. The reac t ion  conditions and product  composi t ions  indicate that the oxidative chlorinat ion of tobaene 
in the s ide -cha in  p roceeds  with the fo rmat ion  of a benzyI radical .  

In o rde r  to c la r i fy  the mechan i sm for  the fo rmat ion  of (1) and (II), we studied the composi t ion of the 
products  of toluene chlorinat ion under  conditions for  the reac t ion  proceeding in the bulk and involving CuC12. 
The reac t ions  involving CuC12, in con t ras t  to the chlorinat ion of toluene in the bulk, are  characger ized by a 
s i m i l a r  composi t ion and ra t io  of products  as well  as enhanced se lec t iv i ty  re la t ive  to (t) (Table 1). The f o r m a -  
tion of PhCH 2 and its  convers ion  to (I) occur  in this ease apparen t ly  according  to the scheme [4-G] 

PhCH a q- CuCt 2 -+ PhCtI 3 --' Cu(I)C1 -7 Ct- 

PhdHs -~ PhC'H 2 + H + 

PhCH 2 _u C12 __~ (I) @ CI" 
PhCH 3 @ CI" --~PhCH 2 & HC1 

PhCH2 d- CuC12 -~(I) @ CuC1 

The reac t ions  of the benzyl  rad ica l s  a re  indicated by our  r e su l t s  for  the reac t ion  of toluene with CuC12 
under  conditions analogous to the oxidative chlor inat ion of toluene in the s ide -cha in  when PhCH 2 is genera ted  
f r o m  toluene t h e r m a l l y  in the heating e Iement  and these rad ica l s  come into contact with CuC12. 

We should note that the oxidative chIorinat ion of toluene in the s ide-cha in  leads to the same products  
(PhCH2CI , PhCHO, and PhCH2CH2Ph) as in the l iquid-phase oxidation of toluene by Cu(Ii) compounds [6]. 

The oxidative chlorinat ion of toluene in the ring, including the reac t ion  catalyzed by CuCI2, is c h a r a c t e r -  
ized by an enhanced para  direct ion,  the absence of meta  i somer ,  and high se lec t iv i ty  re la t ive  to (II) (Table 2). 
The reac t iv i ty  of toluene and benzene in this reac t ion  differs  f r o m  the i r  reac t iv i ty  in the l iquid-phase d i rec t  
eatalyr chlorination.  Thus,  at 280~ CsH G 3delds d ichlorobenzenes  in 70% yield and higher  [7, 8] while toluene 
yields 2-ffIa) and 4-C1Cstt4CH 3 (IN) in 7-8%; the yield of ffI) r eaches  40% and h igher  only at 380~ [9]. These 
findings indicate different  m e c h a n i s m s  for  the r ing chlor inat ion of toluene and benzene.  

The rad ica l  nature  of the oxidative r ing chlorinat ion of toluene is indicated by expe r imen t s  with added 
ni t robenzene (Table 3) in light of the inhibiting effect  of n i t robenzene on this reac t ion  as well  as on the CuC12- 
cata lyzed chlor inat ion of toluene. 

The oxidative ring chlorinat ion of toluene probably  p roceeds  through ~ -complexes  of toluene with a 
chlorine a tom (VIII) and (IX) whose fo rmat ion  is ene rge t i ca l ly  more favorable  than the toiyi  rad ica l  [10]. 

The p r e sence  of dimethylbiphenyls  in the products  of all  the v a p o r - p h a s e  ring chlorinat ion (see Table 2) 
is an ind i rec t  indication of the exis tence  of such complexes .  

S imi la r  complexes  a re  apparent ly  also obtained in the d i r ec t  reac t ion  of toluene with the ca ta lys t  as 
indicated by the fo rmat ion  of o- and p -b rom oto luenes  at the onset  of the oxidative chlorinat ion of toluene 
cata lyzed by CuBr 2. 

Me 

2 Cl 

Me 
F 

[t CI 

(v I I I ) -~  

~(MeC6H4) 2 -}- 2gCl  

(ix) 

Complexes  (VIII) and (IX) a re  conver ted by the act ion of CuC12 to (1I) by means of a chlorine t r a n s f e r  f r o m  
CuC12 to the complexes  and s tabi l iza t ion  of the oxidation product  by HC1 el iminat ion [5] 

(VIII) q- Cue12 --, (IIa) + CuCl q- HCi 
(IX) -[- CuC12 - + ( I I b ) +  CuC1 q- HC1 

l~9[ 



EXPERIMENTAL* 

The catalyst was prepared by impregnation of silicon carbide (2-3 mm fraction) by an aqueous solution 
containing the calculated amount of metal chloride. 

The vapor-phase chlorination of toluene was carried out according to our previous procedure [Ii]. Di- 
methylbiphenyls were obtained from the catalysate; 2- and 4-BrC6H4CH 3 were isolated in special experiments. 
The remaining products were identified by gas-liquid chromatography on an LKhM-72 chromatograph with a 
katharometer flow-meter and hydrogen gas carrier using a 3 m • 3 mm stainless steel column packed with 20% 
FM-16 oil on INZ-600 and with 1,2,3-tris(2-eyanoethoxy)propane on Chromaton N-AW. 

The gaseous reaction products were analyzed by gas-liquid chromatography on a KhL~6 chromatograph 
with a katharometer flow-meter and nitrogen gas carrier on 3 m• 3 mm columns packed with 30% dibutyl 
phthalate on Poropaek  Q and 4 m • 3 m m  columns with WaX s ieves .  

The compounds obtained were  identified by compar i son  with the cor responding  r e fe rence  samples  p r ep a red  
by known methods.  

CONCLUSIONS 

1. The oxidative chlorination of toluene in the presence of CuCl 2 proceeds concurrently in the side-chain 
and in the aromatic ring. The direction of the reaction is determined by the temperature, reagent ratio, and 
amount of CuC12. 

2. The chlorinat ion of the toluene s ide-cha in  is accompanied  by the fo rmat ion  of 1,2-diphenylethane and 
has a composi t ion s i m i l a r  to the chlorinat ion products  of toluene by CuC12, C1C~H~CH 3 (II). The r ep l acemen t  of 
hydrogen by a halide in the a r o m a t i c  r ing p roceeds  predominant ly  in the para  posi t ion and is inhibited by ni t ro-  
benzene.  

3. React ion schemes  were  proposed  entail ing the fo rmat ion  of the benzyl rad ica l  and or-complexes of 
toluene with a chlorine a tom which are  conver ted into chlor inated products  by the action of chlorine and CuC12 
(II). 
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