
CHEMICAL COMMUNICATIONS, 1970 417 

The Homogeneous Palladium-catalysed ortho- Chlorination of Azobenzene 
By DARRYL R. FAHEY 

(Research and Development Division, Phillips Petroleum Company, Bartlesville, Oklahoma 74003) 

Summary The ortho-positions of azobenzene are chlorin- 
ated upon reaction with chlorine in the presence of 
catalytic quantities of PdCl,. 

WE report here the first example of a homogeneous co- 
ordination-catalysed chlorination reaction , that of azo- 
benzene in the presence of PdC1,. Azobenzene (5.5 mmole) 
and PdCl, (1.1 mmole) were stirred in 75 ml of a 2: 1 
mixture of dioxan and water a t  85". When the mixture 
became maroon, chlorine gas was slowly bubbled into the 
solution. The rate of C1, addition was controlled to main- 
tain the colour of the solution between yellow-orange and 
maroon. After 16 hr., the mixture became orange, and the 
reaction was stopped. The azobenzene products obtained 
from the reaction were isolated as an orangered solid. 
This mixture was separated into its individual components 
by preparative g.1.c. to afford 2-chloroazobenzene (12%), 
2,6-dichloroazobenzene (22y0), 2,2'-dichloroazobenzene 
(30%) , 2,6,2'-trichloroazobenzene (33y0), and 2,6,2',6'- 
tetrachloroazobenzene (3%). Spectral data are consistent 
with the assigned structures. Upon increasing the PdCl, 
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concentration fivefold and with an extended reaction time, 
2,6,2',6'-tetrachloroazobenzene, m.p. 93-94', was obtained 
as the major product in a 39% recrystallized yield. 

A productivity determination was conducted by treating 
30mmole of azobenzene and 1.0mmole of PdCl, with 
chlorine. After 35 hr., the azobenzene product mixture 
was composed of azobenzene, 2-chloroazobenzene, 2,6- 
dichloroazobenzene, and 2,2'-dichloroazobenzene in a 
molar ratio of 11 : 29 : 1 : 1.4. This ratio corresponds to a 
turnover number of 24 for palladium. 

The reaction mechanism likely involves the addition of 
C1, to a 2-(pheny1azo)phenylpalladium complex. The 
maroon colour of the solution is characteristic of chloro- 
2-(pheny1azo)phenylpalladium dimer (1) .l Indeed, we have 
isolated this complex from the reaction mixture during early 
stages of the reaction. The cleavage of the carbon-metal (T- 

bond by C1, would produce a carbon-chlorine bond and rege- 
nerate the PdCl, catalyst. At a later stage of the reaction, 
a red-brown solid, m.p. 281-283' (decomp.), was isolated 
which analysed for a 2- (2-ch1orophenylazo)phenylpalladium 
complex (IIa) , a 2-phenylazo-3-chlorophenylpalladium com- 
plex (IIb) , or an azobenzene-PdC1, complex (111). Chlorin- 
ation of this complex afforded a mixture of 2,2'-dichloro- 
azobenzene and 2,6-dichloroazobenzene in a 4 : 1 ratio. 
The complex exhibits i.r. absorptions (CsI) a t  232 (m), 
262 (m,sh), and 282 (s) em-f which may be attributed to 
bridging Pd-CI stretching vibrations. These data, along 
with the absence of a strong terminal Pd-Cl stretching 
vibration a t  ca. 355cm-lJ2 suggest that the complex is a 
4 : 1 mixture of (IIa) and (IIb). 
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