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Aryl  i socyana tes  a r e  impor tan t  in t e rmed ia te s  in the industr ia l  product ion of polyure thanes  and pes t ic ides  
and may  be obtained by the catalyt ic  carbonyla t ion  of a roma t i c  ni t ro compounds by carbon monoxide [ 1]. 

In the p r e s e n c e  of ca ta ly t ic  amounts  of Fe (CO) 5, mono-  and polynitro de r iva t ives  of benzene a r e  reduced 
by carbon monoxide to azo compounds [2].  Ni t roso complexes  [Fe(CO)3RNO] 2 and Fe(CO)3RNO [3, 4] a r e  
s epa ra t ed  during the reduct ion of ni t ro compounds by s to ich iomet r i c  amounts of i ron carbonyl  upon UV and 
g a m m a  i r rad ia t ion ,  while n i t rene  complexes  (RN) 2Fe2 (CO) G, (RN) 2Fe2 (CO) 7, and (RN) 2Fe3 (CO) 9 a r e  fo rmed  in 
this case  upon heating [5, 6]. 

Ni t renes  not bound in complexes  fo rmed  upon the decomposi t ion  of azides  r e a c t  with CO under  p r e s s u r e  
to yield azo compounds and i socyana tes  [ 7-9] .  Azo compounds a r e  capable  of reac t ing  with CO to fo rm i socy -  
anates  e i ther  without ca t a lys t  or  with typical  ca ta lys t s  for  the carbonylat ion of ni t ro and n i t roso  compounds as 
Pd, Rh, Ru on A12Os, C, BaSO 4, CaCO~, pal ladium black,  PdC12, and Co2(CO) 8 [10-14].  

We might  expect  that  i socyana tes  a re  obtained e i ther  upon the reduction of ni t ro compounds to n i t renes  
and i ts  subsequent  earbonyla t ion  o r  by the carbonyla t ion  of azo compounds which m a y  f o r m  by two pathways 
(see  Scheme 1): by recombina t ion  of n i t renes  or  reduct ion of azoxy compounds.  The a im of the p r e s e n t  work 
was de te rmina t ion  of which of these  two pathways is  r ea l i zed  under  CO carbonylat ion conditions. Since azo 
compounds under  the carbonyla t ion  conditions a re  e x t r e m e l y  reac t ive  and read i ly  undergo carbonyla t ion into 
i socyanate  and o ther  n i t rogen-conta in ing  products ,  the m e c h a n i s m  may be c lar i f ied  by using ca ta lys t  addit ives 
which slow the convers ion  of_azo compounds and p e r m i t  the i r  isolat ion and identification. 

S c h e m e  1 

o 0 
RNO~ +co, -co, [ ] --> RNO ~ RN=NR 
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The bas i s  of m o s t  of the known ca ta lys t s  for  the synthes is  of i soeyanates  by the carbonyla t ion of ni tro 
compounds is  the PdC12-pyr id ine  (Py) sys t em.  In the p r e s e n c e  of this sys t em,  i socyanates  a r e  readi ly  fo rmed  
both f r o m  azobenzene (AB) and n i t robenzene  (NB) (Tables  1 and 2). We have found that the addition of Ca(VO3) 2 
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TABLE 1. The Effec t  of Ca (VO3) 2 Added to the P d C 1 2 - P y  Ca t a ly s t  
on the C o n v e r s i o n  of N i t r obe nz e ne ,  A z obe nz e ne ,  and Azoxybenzene  

over  l h  at  453~ with 10 MPa  In i t ia l  CO P r e s s u r e  

Starting 
compound * 

NB 
NB 
AB 
AB 
NB+AB 
NB +AB 
AOB 

Addi- 
tive? 

+ 
+ 

+ 

+ 

AOB + 
NB + AOB 
NB + AOB + 

*AOB) azoxybenzene .  

Conversion, % 

nitro- azo- 
benzene benzene 

57 
83 

s 
99 

58 

a z o x ~ -  
b e n z e n e  

t0 
30 
0 

- 99 
- 9 9  

- 9 8  

- 9 2  

Yield,% 

phenyliso- aniline 
cyanate 

36 
62 
47 
6 

39 
7t 
27 
2t 
37 
43 

azobenzene 

0 
0 

4 5  

58 
42 
65 

~+The "+" sign indicates "with additive," while the " - "  sign indi- 

c ates ' 'without additive.' ' 

TABLE 2. Effect  of Addi t ives  on the C o n v e r s i o n s  of Azobenzene ,  

N i t r o b e n z e n e ,  and Ni t ro to Iuenes  (10 MPa  in i t i a l  CO p r e s s u r e ,  

453~ 
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CdMoQ 
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Pd(VO,)2 

A1 (VOw) 
Ca (VO3) 2 
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HzMoO~ 
(NH~) 2MoO~ 
CdMoO~ 
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Conversion[ % l Yield, o~ 

[q 09 [ ,~ t9, ,~ [ 

2 5  

98 
57 

- 5 7  
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' 97 
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t00 
i00 

- 8 i  
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s = 
48 

45 
f7 48 
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0 t8 

39 

10 

2i 
27 
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25 
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- 6 i  

62 
15 
5 

- 9 

9 

0 

35 8 
32 1 
34 3 

*4-MNT) 4-mononitrotoluene; 3-MNT) 3-nlononitrotoluene. 

to the PdCl  2 -  Py  s y s t e m  l eads  to an i n c r e a s e  in  the c o n v e r s i o n  of NB f r o m  57 to 83% and of the y ie ld  of phenyl  
i socyana te  (PI) f r o m  36 to 62% but  to a d e c r e a s e  in  the c o n v e r s i o n  of AB by  a f ac to r  of 8 r e l a t i v e  to tt~e e x p e r i -  
m e n t  without  addi t ive .  In the c a r b o n y l a t i o n  of a 2:1 m i x t u r e  of hrB and AB in  the p r e s e n c e  of added Ca(VO3)2, 
the c o n v e r s i o n  of NB i n c r e a s e s  f r o m  39 to 99%, whi le  the c o n v e r s i o n  of AB i s  r e d u c e d  f r o m  30 to 0% (see 
Table  1). The addi t ion  of Ca(VO3) 2 does not  affect  the ex ten t  of r e d u c t i o n  of a z o x y b e n z e n e b u t b l o c k s  the sub -  
sequent conversions of AB. We also studied the effect of addition of V205, AI(VO3)3, Pb(VO3)2, MOO3, H2]YloO4, 
(NH4)2MoO4, and CdMoO4, which are inactive'in the absence of palladium compounds on tile carbonylation 
of nitrO compounds and AB. These additives lead to an increase in the conversion of NB from 57 to 81-100% 
(see Table 2). The addition of MOO3, H2MoO4, (NH4)2MoO4, and CdMoOa produce an increase in the conversion 
of 4-nitrotohlene from 25 to 57-100% and concurrent decrease in the AB conversion from 42 to 0-31%. Addi- 
tives of V205 and Pb(VO3) 2 increase the conversion of 3-nitrotoluene from 30 to 48-58% and decrease in the 
conversion of AB from 39 to 2-18%. Thus, vanadium and molybdenum compounds increase the earbonylation 
of nitro compounds and hinder the carbonylation of AB on palladium catalysts to a different extent. 

Azo compounds were not found in the reaction products of any of the carbonylation reactions of NB and 
2-, 3-, and 4-mononitrotoluenes in the presence of the PdC12-Py system either with or without the vanadium 
and molybdenum compounds studied. 

Hence, nitro compounds are converted to isoeyanates on palladium catalysts containing vanadium and 
molybdenum compounds bypassing the formation and carbonylation of azo compounds, apparently as a result of 
the direct carbonylation of nitrenes. The carbonylation of azoxybenzene is accompanied by its reduction to AB. 
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E X P E R I M E N T A L  

The carbonylat ion was ca r r i ed  out in a 0 .15-l i ter  s teel  autoclave, in which 2 ml (19.5- 10 -3 mole) n i t ro -  
benzene and /o r  an equivalent amount of nitrotoluene,  azobenzene,  and azoxybenzene (see Tables 1 and 2), 10 
ml chlorobenzene,  50 nag PdC12 (2.8" 10 -4 mole) ,  200 mg (2 .5 .10  -3 mole)  pyridine,  and an additive containing 
4 .7 .10  -4 g-a tom molybdenum or vanadium were  charged.  CO was bubbled into the autoclave and heated up to 
453~ and 10 MPa CO p r e s s u r e  over  0.5-1.0 h, then cooled, and the solution was analyzed by g a s - l i q u i d  chro-  
matography using our previous  procedure  [1]. 

C O N C L U S I O N S  

1. Nitro compounds a re  conver ted by the action of CO into isoeyanates  on palladium catalysts  containing 
vanadium and molybdenum compounds bypassing the format ion  and carbonylat ion azo compounds, apparently 
as a resu l t  of the d i rec t  earbonylat ion of ni t renes .  

2. The addition of Ca (VO3) 2, A1 (VO3) 3, Pb (VO3) 2, H2M~ (NH4) 2M~ and CdMoO 4 to the PdC12-pyr i -  
dine catalytic sys tem promote  the carbonylat ion of nitro compounds and inhibit the convers ions  of azo com-  
pounds by the action of CO. 
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