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Summary 

Ruthenium complexes containing Schiff bases with N,O,, N4 and N, 
donor groups with the general formula [Ru”*(X)Cll oT J, where X = Schiff 
base such as bis( salicylaldehyde)-o-phenylenediimine (saloph), bis( salicylal- 
dehyde)ethylenediimine (salen), bis(picolaldehyde)ethylenediimine (pic- 
en), bis(picolaldehyde)-o-phenylenediimine (pie-opd), bis(picolaldehyde)- 
diethylenetriimine (pit-dien), were tested for their catalytic activity towards 
the reductive carbonylation of nitrobenzene in ethanol to give phenyl- 
urethane. The five Ru(II1) complexes tested towards reductive carbonylation 
showed different catalytic activities in the range 160 - 200 “C and CO partial 
pressure of 15 atm. 

Among the complexes tested, [Ru(saloph)Cl,] showed the highest 
catalytic activity with a turnover rate greater than 80 mol product per mol 
catalyst per hour at 160 “C and 15 atm CO. [Ru(pic-en)ClJCl and [Ru(pic- 
opd)ClJCl complexes with N4 donor systems were found to be less active 
towards carbonylation of nitrobenzene, as indicated by their turnover rates 
of 20 and 15 mol product per mol catalyst per hour, respectively, at 200 “C 
and 15 atm CO. The complex [Ru(pic-dien)Cl]Cl,N, donor system was com- 
pletely inactive even at 200 “C and 15 atm CO, and no conversion of nitro- 
benzene was seen even after 12 h contact time. 

Introduction 

The chemistry of aromatic isocyanates has gained considerable atten- 
tion in the last two decades because of the increase in demand for isocyanate 
raw materials used in making polyurethane foams, fibers and pesticides [l]. 
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Most commercial production of isocyanates is carried out by phosgenation 
of the corresponding amines, which are in turn obtained by the catalytic 
hydrogenation of nitro compounds [2, 31. This phosgenation route involves 
serious corrosion problems due to the byproduct hydrochloric acid. To work 
out an alternative, phosgene-free route, which will eliminate corrosion 
problems, investigations were made using transition metal complexes as 
catalysts in the carbonylation of nitro compounds to their corresponding 
urethanes. Isocyanates can be obtained by the thermal decomposition of the 
resulting urethanes [4 - lo]. This route has the advantages of giving higher 
yields than those obtained by direct carbonylation of nitro compounds to 
isocyanates [ll - 151 and also being free from corrosion problems. Previous 
studies using Pd(I1) complexes [8,14,15] have provided poor turnover rates 
for isocyanates. From the successful utilization of Ru(II1) complexes in our 
laboratory for carbonylation and hydroformylation reactions [16, 171, we 
tried Ru(II1) catalysts for the first time in the reductive carbonylation of 
nitrobenzene. 

In the present study, we report the catalytic activity of [ Ru(saloph)Cl,] 
1, [ Ru( salen)Cl,] 2, [ Ru( pit-en)Cl,] Cl 3, [ Ru( pit-opd)Cl,] Cl 4 and [ Ru( pic- 
dien)Cl] CIZ 5 (where saloph = bis(salicylaldehyde)-o-phenylenediimine, salen 
= bis( salicylaldehyde)ethylenediimine, pit-en = bis(picolaldehyde)ethylene- 
diimine, pit-opd = bis(picolaldehyde)-o -phenylenediimine and pie-dien = 
bis(picolaldehyde)diethylenetriimine) in the reductive carbonylation of 
nitrobenzene at 160 - 200 “C and 15 atm CO in ethanol. 

The Schiff bases in the equatorial positions of complexes 1 and 2 
contain NzOZ, complexes 2 and 3 contain N4 donors and complex 5 is a 
chelated N, system. At 15 atm CO and in the temperature range 160 - 
200 “C, the reductive carbonylation of nitrobenzene gives exclusively phenyl- 
urethane, with turnover rates varying from 15 - 82 mol product per mol 
catalyst per hour. The catalytic activity of the Ru(III)-Schiff base com- 
plexes for reductive carbonylation of nitrobenzene decrease in the order 
[ Ru(saloph)ClJ 9 [ Ru( salen)ClJ > [ Ru(pic-en)Cl,] Cl > [Ru(pic-opd)- 
ClJCl. Complex 5 was completely inactive in the reductive carbonylation of 
nitrobenzene at 200 “C and 15 atm CO even after 12 h contact time. 

Experimental 

Materials 
Ruthenium chloride trihydrate was obtained from M/s. Arora Mathey 

Ltd. (Calcutta). The various ligands used in the preparation of Ru(II1) com- 
plexes, such as salicylaldehyde, picolaldehyde, ethylenediamine, o-phenylene- 
diamine and diethylenetriamine were obtained from Aldrich Chemicals Co., 
U.S.A. The ethanol and nitrobenzene (AR grade) were distilled and dried 
(moisture-free) by passing through a column containing activated molec- 
ular sieves just before use. Carbon monoxide gas was obtained from B.O.C., 
U.K. and had a purity of -99.9%. 
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Preparation of complexes 
Complexes having the general formula K[Ru(X)Cl,_,] (where X = 

Schiff base ligand) were prepared using K2RuCl, as a starting material [IS]. 
In a general procedure, stoichiometric amounts of the Schiff base ligand 
were dissolved in hot ethanol to which K2RuCI, was added in an appropriate 
mole ratio and the resulting mixture refluxed up to 15 h. After the com- 
pletion of the reaction, verified by TLC, the reaction mixture was filtered on 
a sintered glass crucible and the filtrate congenial to a small volume by 
heating on a water bath. To this solution, ether was added to precipitate the 
complexes. All the complexes were purified and dried under vacuum. Their 
compositions were established by C, H and N analysis and other physico- 
chemical methods. The structure of complexes used in the carbonylation 
experiments are given in Fig. 1. 

J_K IRu iSoloph)C121 

11 

3, IRu tpic-enlCl2lCl 

J_KtRu (Solen) Cl21 

C [Ru (pit-opd)CkJCl 

5_tRulpic-dientCllCt2 

Fig. 1. Schiff base complexes of ruthenium. 

Reductive carbonylation of nitrobenzene 
The reductive carbonylation of nitrobenzene was conducted in a 300 

ml stainless steel pressure reactor (Parr Instrument Co., U.S.A.) as described 
in an earlier publication [ 171. In a typical experiment, the carbonylation run 
won ns&fi#q fi,,, k*. ,.l...w..&...” l*w.‘w-- ------A- -fl ---A--- *. . .* _. 
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CO to the desired value when the required temperature was attained. The 
reaction was initiated by starting the agitation of the cell mixture. Liquid 
samples were withdrawn at different time intervals and were analyzed for 
nitrobenzene and phenylurethane using GLC (Shimadzu, GC-9A) to monitor 
the progress of reaction. A stainless steel column having 5% SE-30 support 
on Carbowax SO/l00 mesh (2.5 m in length) was used in the GLC with FID 
detector. Other conditions of GLC analysis were column ~mperat~e 
programmed in the range 120 - 250 “C, injector temperature 275 “C and Nz 
carrier gas (30 ml mm’). 

Results and discussion 

The Ru(III) complexes tested for their catalytic activity towards reduc- 
tive carbonylation of nitrobenzene to phenylurethane in ethanol solvent 
(Fig. 1) are classified as: 

(a) those containing Schiff bases with two nitrogen and two oxygen 
atoms (NzOz system), which include fRu(saloph)C&] 1 and [Ru(salen)ClJ 
2; (b) those containing four nitrogen donor atoms (N4 system) which include 
[ Ru(pic~n)~l*]Cl 3 and [Ru(pic-o~)Cl~]Cl 4; (c) complex containing five 
nitrogen donor atoms (N, system) [Ru(pic-dien)Cl]Cl, 5. 

Complexes 1 to 5 tested for the reductive c~bonylation of nitro- 
benzene to phenylurethane in the temperature range 160 - 200 “C and 
15 atm CO showed different catalytic activities. 100% conversion of nitro- 
benzene is achieved in cases 1 and 2, but for relative comparison only the 
turnover rates obtained with different complexes at 25% conversion of 
nitrobenzene are presented in Table 1. It is seen from the results in Table 1 
that the highest turnover rate of 82 mol product per mol catalyst per hour 
was obtained with 1 at 160 “C and 15 atm CO, and the lowest turnover rate 
of 15 mol product per mol catalyst per hour with 4 at 200 “C and 15 atm 
CO. But 5 under similar conditions and at 200 “C did not show any activity, 
even after 12 hours contact time. The activities of five complexes tested for 
reductive carbonylation of nitrobenzene to give phenylurethane lie in the 
following order: 

{Rut ~oph)~l~] s [ Ru( salen)ClJ > [ Ru(pi~-en)Cl~] Cl > [Rufpic-opd)Cl,] Cl 

> [ Ru(picdien)C1]Clz or 1 s 2 > 3 > 4 > 5. 

The observations made with respect to catalytic activity towards 
c~bonylation of nitrobenzene clearly show that the complexes with (NzOz) 
Schiff base systems showed higher catalytic activity, followed by N4 sys- 
tems, while the Ns system is ca~yti~~y inactive. 

On comparison of the catalytic activity of complexes with 5, it is 
evident that the presence of labile trans chlorides in the coordination sphere 
of the metal ion is essential for catalytic activity. The blocking of a trans 
.- ---L:_- L-_.. ̂ ,l.#.,,c..rl -:(=nc.r\r. *+nm in FI mtalrrrr *he mmnbn inactive m a 
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TABLE 1 

Catalyst activity towards reductive carbonylation of nitrobenzene to phenylurethanea 

Sample No. Catalyst precursor Temperature 
(“Cl 

Turnover rateb 

1 K[ Ru(saloph)C& ] 160 82 
2 K[Ru(salen)Cls] 160 30 
3 (Ru(pic-en)Cls]Cl 200 20 
4 [Ru(pic-opd)Cls]Cl 200 15 
5 [ Ru(pic-dien)Cl]Cls 200 - 

aReaction conditions: nitrobenzene 0.04 M, ethanol 96.0 ml, catalyst precursor 1 mmol, 
Pm 15 atm. 
bTurnover rate = mol product per mol catalyst per hour. 

trans chlorides thus provides vacant coordination sites for the coordination 
of CO and C6H5N02 to the metal ion, a requirement essential for catalytic 
activity. Complexes with N,O, coordination on the Schiff bases, which form 
more flexible complexes than a rigid N4 system, allow rearrangement in the 
coordination sphere of the metal ion. This explains the higher catalytic 
activity of the NzOz Schiff bases over the N4 systems. 
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