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Non-noble Metallic Fe Catalyst Systems for the Reductive
Carbonylation of Nitrobenzene
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(College of Chemistry and Chemical Engineering, Luoyang Normal University, Luoyang 471022)

Zhang, Jun Li, Yunping

Abstract A silica-supported chitosan-iron complex SiO,-CS-FeCl; has a good conversion for reductive
carbonylation of nitrobenzene. The high activity and selectivity of the catalyst have been achieved by the

synergic effect of Fe-Ni bimetallic system and the effect of polymer protection.
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Table 1 Effect of different catalyst systems

Selectivity/%
Catalyst Conv./% —
Isocyanate Aniline Carbamate
FeCly 9.3 0.0 74.6 254
Si0,-CS-FeCl; 97.4 59 339 60.2
PVP-FeCl; 96.0 9.5 35.4 55.1
MCM41-FeClsy 22.1 8.2 49.5 423
SiO,-FeClsy 19.6 9.2 523 38.5

“ Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); V(nitrobenzene)=0.5
mL; V(C,HsOH) =35 mL; n(NiCly) =0.16 mmol; n(PPh;)=0.48 mmol;
n(p-TsOH) = 1.6 mmol; Temperature =180 ‘C; CO Pressure =4.0 MPa;
Time=4 h.
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Table 2 Effect of the second metal on the reaction
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Table 4 Effect of n(PPh;)/n(Fe) on the reaction

Selectivity/%

Entry n(PPh;)/n(Fe) Conv./%
Isocyanate Aniline Carbamate

Selectivity/%

Entry Catalyst Conv./%

Isocyanate Aniline Carbamate

1 0 10.9 0 41.8 58.2
2 2 73.2 6.8 27.8 65.4
3 4 90.6 9.7 27.6 62.7
4 6 97.4 5.9 33.9 60.2
5 8 98.9 42 53.0 42.8

1 SiO,-CS-FeCl; 62.8 16.4 46.6 37.0
2 Si0,-CS-FeCly/2FeCl,  69.8 22.8 48.4 28.8
3 Si0,-CS-FeCl3/2CuCl, 35.1 15.8 72.2 12.0
4 Si0,-CS-FeCly/2CtCl;  75.1 21.1 54.7 242
5 Si0,-CS-FeCl3/2MnCl, 90.1 16.8 36.4 46.8
6 Si0,-CS-FeCl3/2CoCl, 80.7 16.7 44.6 38.7
7 Si0,-CS-FeCl3/2NiAc, 49.1 17.8 61.3 21.0
8 Si0,-CS-FeCly/2NiCl, 97.4 59 339 60.2
9 Si0,-CS-FeCly/4NiCl,  96.6 42 31.0 64.8

“ Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); V(nitrobenzene)=0.5
mL; V(C,HsOH)=35 mL; n(PPh;)=0.48 mmol; n(p-TsOH)=1.6 mmol; Tem-
perature=180 °C; CO pressure=4.0 MPa; Time=4 h.
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Table 3 Effect of temperature on the reaction

Entry Tem./C  Conv./% Selectivity/%

Isocyanate Aniline Carbamate
1 120 253 3.6 96.4 0.0
2 140 333 6.0 68.7 25.2
3 160 96.8 16.3 359 47.8
4 180 97.4 5.9 33.9 60.2
5 200 84.9 1.5 53.7 44.8

“ Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); V(nitrobenzene)=0.5
mL; V(C,HsOH) =5 mL; n(NiCl,) =0.16 mmol; n(PPh;) = 0.48 mmol;
n(p-TsOH)=1.6 mmol; CO pressure=4.0 MPa; Time=4 h.
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“ Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); V(nitrobenzene)=0.5
mL; V(C,HsOH) =5 mL; n(NiCl,) =0.16 mmol; n(PPh;) = 0.48 mmol;
n(p-TsOH) = 1.6 mmol; Temperature =180 ‘C; CO Pressure =4.0 MPa;
Time=4 h.
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Table 5 Effect of different solvent on the reductive carbonyla-
tion of nitrobenzene

Selectivity/%
Entry Sol.  Conv.% —
Isocyanate Aniline Carbamate
1 EtOH 974 5.9 33.9 60.2
2 n-PrOH  82.1 9.0 48.8 422
3 i-PrOH  65.7 18.8 69.0 12.2
4 n-BuOH  59.6 12.5 62.2 253
5 i-BuOH 224 0.0 98.1 1.9

“ Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); V(nitrobenzene)=0.5
mL; W(CHsOH) =35 mL; n(NiCl,) =0.16 mmol; n(PPh;) = 0.48 mmol;
n(p-TsOH) = 1.6 mmol; Temperature =180 ‘C; CO pressure =4.0 MPa;
Time=4 h.
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Table 6 Effect of different substrates
Selectivity/%
Substrate Product 1 Product 2 Product 3 Conv./Yo———m——
2 3
NHCO,Et NH, NCO
<i%mo2 © @f @f 97.4  60.2 33.9 5.9
NHCO,Et NH,
HscONoz Q ©/ — 95.1 52.1 47.9 —
HsC HsC
NO, NHCO,Et NH, NCO
oo
NO, NHCO,Et NO, NO,
©/ Q/ ©/ Q/ 90.1 30.8 63.7 5.5
NO, NHCO,Et NH, NHCO,Et
NO, NHCO,Et NO, NH,
/@ /©/ /©/ /©/ 92.6 56.1 34.7 9.2
O,N EtO,CHN H,N EtO,CHN

Reaction conditions: Cat.=0.20 g (0.4 mmol Fe/g); n(raw material)=0.1 mol; V(C,HsOH)=5 mL; n(NiCl,)=0.16 mmol; n(PPh3;)=0.48 mmol; n(p-TsOH)=1.6

mmol; Temperature=180 °C; CO pressure=4.0 MPa; Time=4 h.
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Table 7 SiO,-CS-NiCl, catalyst systems

Selectivity/%
Entry Catalyst Conv./%
Isocyanate Aniline Carbamate

1 Si0,-CS-NiCl, 30.5 7.16 79.8 13.0

2 Si0,-CS-NiCl/2CrCl; 133 0 100 0

3 Si0,-CS-NiCl,/2CuCl, 19.1 2.68 89.0 8.30

4 Si0,-CS-NiCly2MnCl, 14.4 0 96.6 3.34

5 Si0,-CS-NiClL,/2CoCl, 24.7 5.35 86.7 7.96

6  Si0,-CS-NiCl,/2FeCl,  47.0 11.2 60.1 28.7

7 Si0,-CS-NiCl/2FeCl;  53.1 17.7 472 35.1

“ Reaction conditions: Cat.=0.20 g (0.4 mmol Ni/g); V(nitrobenzene)=0.5
mL; V(C,HsOH)=5 mL; n(PPh3)=0.48 mmol; n(p-TsOH)=1.6 mmol; Tem-
perature=180 C; CO pressure =4.0 MPa; Time=4 h.
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