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The carbonylation of aromatic dinitro compounds to form diisocyanates is catalyzed by 
Pd compounds activated by organic, organometallic, and inorganic compounds [i]. The oxides 
Fe=03 +MOO3 and Fe203 + V2Os have an activating effect on PdCI2 [2, 3]. 

We have studied the influence of pyridine (Py) and transition-metal oxides, and also 
the effect of temperature and CO pressure, on the activity of PdCI2. 

At 200~ and 125 atm, PdCI2 does not catalyze the carbonylation of 2,4-dinitrotoluene 
(2,4-DNT) (Table I). When Py is added to the reaction system (PdCI2:Py molar ratio i:i), 
l-methylbenzene-2,4-diisocyanate is formed in a yield of 24% under the same conditions. 
Addition of V20~ or MoO3 to PdCI2--Py in an amount of 10%, based on 2,4-DNT, increases the 
yield of the diisocyanate, and a mixture of MoO3 and Fe203 (weight ratio 1:2) is even more 
effective. The oxides of Sc, Mn, Ta, Nb, Cr, and Ni reduce the yield of diisocyanate, giv- 
ing significant amounts of mononitromonoisocyanates, while CuO and Co304 inhibit the forma- 
tion of isocyanates, although the 2,4-DNT is reduced. 
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TABLE i. Effect of Transition-Metal Oxides on Carbonylation 
of 2,4-DNT in the Presence of a PdCI2--Py Catalyst (200~ 
125 arm) 
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Fig. i. Effect of temperature on the yield of l- 
methylbenzene-2,4-diisocyanate in the presence of 
the following catalysts: i) 7% PdO+5% Fe203 +10% 
Mo03/AI203--Py (i:i); 2) PdCI2--Py (i:I); 3) PdC12-- 
Py--Fe203--Mo03 (1:1:0.3:0.6); 4) PdCI=--Py--10% 
Fe203+20% Mo0s/AI203 (1:1:3); 5) PdCI2--Py--Fe203-- 
MoO3 (1:1:0.5:1). CO pressure, atm: 300 (2), 190 
(i), 125 (3), 100 (4), and 50 (5). 

Fig. 2. Effect of CO pressure on the synthesis of 
l-methylbenzene-2,4-diisocyanate in the presence of 
the following catalysts: I) PdCI2--Py--Fe203--Mo03 
(1:1:0.3:0.6); 2, 3) PdCI=--Py--Fe203--Mo03 (1:1:0.5: 
i); 4) PdCI2--Py--10% Fe20~+20% MoO3/AI203 (1:1:3); 
5) PdCI2--Py (i:i). Temperature, ~ 200 (I, 4), 
210 (2), 190 (3), and 180 (5). 

Thus, the above oxides have the same effect on the PdCI2--Py catalyst in the carbonyl- 
ation of 2,4-DNT as in the carbonylation of nitrobenzene to form phenyl isocyanate [4, 5]. 
In the presence of the oxides of Mn, Cr, and Ni, a considerable amount of mononitromonoiso- 
cyanate is formed together with l-methylbenzene-2,4-diisocyanate, the total yield of mono- 
and diisocyanates being the same as in the presence of the unpromoted PdCI2--Py catalyst. 
Since increasing the temperature decreases the m0nonitromonoisocyanate yield and simultane- 
ously increases the diisocyanate yield [6], we can assume that the carbonylation of the 
dinitro compounds proceeds consecutively 

.. NO 2 N0 2 NCO 

Palladium chloride without added Py in the presence of Fe203 +Mo03/AI203 (PdCl2:promo- 
ter = 1:3) is inactive in the synthesis of l-methylbenzene-2,4-diisocyanate at 120-160~ and 
a CO pressure of 100 atm (Table 2). At 120~ the diisocyanate is not formed in the pres- 
ence of Py either. At 160~ the yield of diisocyanate increases with increasing ~ concen- 
tration, and the yield of mononitromonoisocyanatespasses through a maximum at a Py concen- 
tration of 0.5%. Thus, as in the case of nitrobenzene [7], the activity of the Pd catalyst 
in the carbonylation of 2,4-DNT depends on the Py concentration. 

The influence of temperature on the yield of l-methylbenzene-2,4-diisocyanate was 
studied for the following catalysts: PdCI2--Py (i:i); PdCI2--Py--Fe203--Mo03 (1:1:0.5:1 and 
i:i:0.3:0.6); PdCI2--Py--Fe203+MoO3/AI203 (1:1:3); and PdO+Fez03+Mo03/Al20s (Fig. i). In 
all cases the yield and selectivity for diisocyanate formation increase with increasing tem- 
perature and pass ~rou~ a maximum at 200-220~ The maximum diisocyanate yield depends 
on the composition of the catalyst and the pressure of CO; this is in accord with the data 
in [8]. 
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TABLE 2. Influence of Pyridine Concentration on the 
Activity of PdCI2--Py Catalysts Containing 10% Fe203 + 
20% MoOs/Al20s in the Carbonylation of 2,4-DNT (Pc0 
i00 atm, time 2 h, concentration of nitro compound 
10%) 
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At a CO pressure of 25 atm, practically no diisocyanate is formed on any of the cata- 
lysts studied (Fig. 2). As the CO pressure is increased, the diisocyanate yield on the 
PdCI2--Py--Fe203--Mo03 catalyst passes through maxima at 150 atm (200~ and 200 atm (190~ 
In the case of the PdCI2--Py--Fe203 +MoO3/AI203 catalyst, increasing the CO pressure from 
30 to i00 atm increases the diisocyanate yield by a factor of i0, after which it remains 
practically unchanged in the 100-200 atm range. 

Other dinitro compounds also undergo reaction in the presence of the studied catalysts 
at elevated pressure (Table 3). 

We may conclude that effective catalysts for the production of diisocyanates by car- 
bonylation of aromatic dinitro compounds must contain a Pd compound, an organic base (Py), 
and V205 or Mo0s as essential components. 

EXPERIMENTAL 

The experiments were conducted in a 50-ml steel autoclave with a magnetic stirrer and 
in a 150-ml steel rotary autoclave. The autoclave was charged with i0 ml of o-dichloroben- 
zene, 1-2 g of the dinitro compound, PdCI2, and Py (nitro compound:PdCl2:Py=10:l:l), and 
with the metal oxides in powder form or supported on A1203. The autoclave was purged with 
CO, pressurized with CO, and heated for 2 h. The reaction products were analyzed in a 
LKhM-8MD or Tsvet chromatograph (l-m column packed with 5% KhE-60 on Chromaton N-AW-DMCS, 
0.16-0.2 mm; the carrier gas was He, 40 ml/min). The compounds were identified against 
standards. The quantitative composition was calculated relative to the internal standard 
o-dichlorobenzene. The diisocyanates were isolated from the reactio~ mixture and charac- 
terized by IR spectroscopy (vNC 0=2270-2285 cm -I) and by elementary analysis. 

The transition-metal oxides were prepared as described in [9]. The supported oxides 
were prepared by impregnating y-AI20~ powder with aqueous solutions of FeCI3, (NH4)2Mo04, 
and PdCI2, followed by drying at 200~ and calcining in an air stream at 500~ for 5 h. 

TABLE 3. Synthesis of Aromatic Diisocyanates by Carbonylation 
of Nitro Compounds in the Presence of 7% PdO+5% Fe203+10% 
MoO~/AI203 (1) and PdCI2--Fe203--MoO3--Py (1:0.5:1:1) (II) 

Starting nitro 
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Diisocyanate yield, % 
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CONCLUSIONS 

i. The catalytic activity of PdCI2 in the synthesis of aromatic diisocyanates by car- 
bonylation of dinitro compounds depends on the presence of an organic base (pyridine) and a 
transition-metal oxide in the reaction system, and on the temperature and pressure. 

2. The oxides V=O5 and MoO3 activate the PdCl2--pyridine catalyst, the oxides of Sc, 
Cr, Mn, and Ni reduce the yield of diisocyanates, and Co304 and CuO inhibit their formation. 

3. The yield of aromatic diisocyanates in the presence of Pd catalysts increases with 
increasing CO pressure and passes through a maximum at 190-200~ 
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