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Abstract Isocyanates are important chemicals, widely used in medical and agricultura fields, and
they are mostly produced by phosgenation, which, however, has severe environmental disadvantages. This

paper reviews non-phosgenation methods for synthesis of isocyanates, including oxidative carbonization,
reductive carbonization, CO, method, dimethylcarbonate method and amide pyrolysis, which are considered

as green processes.
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Tab.1 Catalytic systemsfor direct carbonylation of nitrobenzene or of 2,3-TDI to the corresponding mono- or diisocyanate
°C /bar 1% 1% 1%

[HRu5(CO)4,] CH,CN 140 22 100 95 5 16

RhCI(CO),],-5Py - HCI-20Py cB 205 50 100 90 60 17

(PPhy),RN(CO)H-MoCl, CB 25 80 100° 100° 10 18

Rh(10%)/Al,04 oDCB 200 240 100 70 =18 19

PdCI-V ,05-4Py 200 100 100 90 122 20

PdCl,(CO)(Nbu,)-VCl, - 3THF ODCB 120 1 9g¢ 96¢ 28 21

Pd,Mo,cluster/AlO;-30Py oDCB 240 200 100 71 86 22

Pd(Py).Cl,-10Fe,05-FeVO, ODCB 260 330 100 90 6 23

PdCl,-5Py + M0O;-2FeCl, CcB 190 200 98 67/94 56 24

Pd(4-MePy),Cl(CO)x-FeCl, 200 85 100 70.9 25

= (mol)/ (mol); = (mol)/ (mol);
. d 2,4,6-
12
_N CO s s s
) (6/0) )
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Tab.2 Catalytic systemsfor indirect carbonylation of nitrobenzene or of 2,3-TDI to the corresponding carbamate or dicarbamate
/°C /bar 1% 1%
Ru(phpy)(CO).Cl -13NaOMe DMSO-MeOH 150 90 100 80 15 27
Rh(Py),Cl/Al,O5-19FeCl, MeOH 165 100 99 98 80 28
(PPN),RuRh,(CO),-8hipy HF-MeOH 170 60 98 88 37 29
(PPN),0sRh,(CO),¢-8bipy MeOH 170 60 100 89 =59 29
Pd(dmphen),(BF,)-4dmphen MeOH 135 80 86 86 271 30
Pd(dmphen),(OTf),-4dmphen MeOH 135 80 100 84 311 30
Pd(Ph;P),Cl -dppp-1.5K,CO;4 Benzene-MeOH 160 20 100 89" 2 31
[Pd(tfa),] - 70phen-Ag(tfa)-30P-TSA MeOH 135 60 95 83 788 32
= (mol)/ (mol); = (mol)/ (mol);
s s s
s o I
( ) ’
o I s
s o I
, BVIII , N N
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QNHCOOCH3 — @‘NCO + CH,OH

) . Bendini (¥
. , , . 1992 , Leung®
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42
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M=Pd, CO, Au

+

RNH,
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Q
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