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In the synthes is  of i soeyanates  by the carbonyia t ion  of ni t ro  compounds,  the act ive f o r m s  of the Rh 
ca ta lys t  a r e  monomer i c  Rh(CO)nClmPY / complexes  (where n is 1 o r  2; m is 1 or  2; and I is 0, 1, or  2) [1], 
in the coordination sphere  of which ni t ro reduct ion and i socyanate  fo rmat ion  apparent ly  take p lace:  

-{-RNO~ 
Bh(CO}nClmPyz > Bh (CO)nCImPyI(B.NOJ'~ 

~+CO § ~-co~ 
Rh(CO)n-lCImPyl ~--l~l~co Rh(C0)nClmPYz(RN) +cO_Co Rh(CO)nCImPYl(RNO) 

It  has been p roposed  s e v e r a l  t imes  [2-4] that  the act ive  f o r m s  of the Pd ca ta lys t  for  this reac t ion  a r e  
the analogous rnonomeric  complexes  Pd(CO)nCimPyz; in con t r a s t  to the rhodium compounds these  cannot be 
isola ted,  because  they a r e  apparent ly  s table  only under  CO p r e s s u r e  in the p r e s e n c e  of excess  CO, C1, and 
pyr idine ligands, and a r e  in dynamic equi l ibr ium with inact ive fo rms  of pal ladium.  

Indeed, in the p r e s e n c e  of pyr id ine  we fa i led to s tab i l ize  the Pd complexes  that  a r e  ca ta ly t ica l ly  
act ive in i socyanate  synthesis ;  under  5.0-16.0 MPa p r e s s u r e  of CO at  413-473~ in pyr idine or its 10% 
solution in chlorobenzene or  d ichlorobenzene,  PdC12 is  reduced  to Pd black.  The reac t ion  mix tu re  does not 
contain PdPY2C12, which is eas i ly  f o r m e d  under  these  conditions in the absence  of CO. Under the s a m e  condi-  
t ions in ch loro-  or  dichlorobenzene without pyr id ine ,  PdC12 is conver ted  to the p o l y m e r i c  carbonyl  chlor ide 
[Pd(CO)Cln], the IR s pec t rum  of which, according  to [5], contains a cha r ac t e r i s t i c  absorpt ion  band vCO = 1995 
cm -1. In the p r e s e n c e  of pyr id ine  at  293~ and a tmosphe r i c  p r e s s u r e  [Pd(CO)C1] n quickly decomposes  to Pd 
black.  In the p r e s e n c e  of a ni t ro  compound and pyr id ine  at 433-473~ PdCl 2 is substant ia l ly  unreduced by CO, 
and is dehalogenated to Pd black.  Under these  conditions Pd  b lack  and pa l lad ium and rhodium oxides ,  in 
con t r a s t  to the i r  ch lor ides ,  a re  inact ive  as ca ta lys t s  for  the carbonyla t ion  of n i t robenzene  (NB) (Table 1). 
Evidently,  when dehalogenation of the Pd ca ta lys t  is poss ib le ,  ana[ogous to that  of Rh [1], deact ivat ion can 
occur;  this  ag r ee s  with the act ivat ing effect  of excess  halide ions on Rh and Pd ca ta lys t s  p rev ious ly  d i scovered  
by us [1, 2]. 

I t  has been shown [4] that  in phenyl i socyana te  synthes is  by NB carbonyla t ion,  some  t r a n s i t i o n - m e t a l  
oxides deact ivate  the PdC12-  Py  cata lys t ;  in the light of what has  been said,  this  m a y  be due to a cons iderable  
extent  to the  dehalogenating act ion of the oxides.  It  may  be a s sumed  that  when oxides a r e  r ep laced  by ch lor idea  
the deact ivat ing ef fec t  m u s t  be reduced.  

We studied the ef fec t  on Pd  ac t iv i ty  of some  t r a n s i t i o n - m e t a l  ch lor ides  and oxides,  where  the oxides 
e i ther  do not af fec t  PdC12- Py ca t a lys t  (Fe, Cr),  or  deact ivate  it  (Co). The data in Table  1 show that  CoCI 2 
deact iva tes  cons iderably  less  than do CoO and Co304, the s t ronges t  known inhibitors of this react ion:  under 
ident ical  conditions CoC12 reduces  ca ta lys t  act iv i ty  to 1/3.5 of i ts  value,  whereas  CoOand Co304 reduce  it to 
1 /15-1 /16 .  Fe, Cr,  and Cu chlor ides  i n c r e a s e  the output of both PdCl  2 and RhC13 ca ta lys t s ,  and reduce  the t e m -  
p e r a t u r e  of phenyl i socyanate  (PD synthes is  by ~20  ~ (see Table  1, Fig. 1). 

The carbonyiat ion of NB to PI  is usual ly  c a r r i e d  out in chlorobenzene med ium [1-4]. But C6H5C[ is not 
a lways convenient to use  as a solvent  because  of the difficulty of sepa ra t ing  ca t a lys t  and i socyanate  product  
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TABLE 1. Effect of Some Transition-Metal Oxides and Chlorides 
on Phenyl Isocyanate Synthesis by Nitrobenzene Carbonylation 
(8 M P a  CO) 

Additive, ~ output, g I" isocyanate/g Catalyst I mole per Temp., OK rain catalyst "h 
] mole of Pd 
/ orRh 

Pd Black 
8% PdO/A12Q * 
5%% Rh2OdAl.,O~ "~ 
PdClz 

)) 

)) 

>) 

) 

>> 

>> 

>) 

>> 

>> O RhCI~'3H2 

�9 200 m g  c a t a l y s t .  
260 mg catalyst. 

FezOa 
Cr20a 
CoO 
CoaOr 
CoC12 

Cr20a 
CrCI~ 
Fez03 
FeC13 
Cu0 
CuC12 

- - I  

Cr203 
CrCI~ 
CuCI2 

Fez03 
FeC13 

FeCla 

463 
473 
433 
473 
473 
473 
473 
473 
473 
413 
413 
413 
413 
413 
4i3 
413 
433 
433 
433 
433 
443 
443 
443 
463 
463 

~0 
}0 
~0 
~0 
;0 
~0 
30 
30 
30 
30 
30 
30 
30 
30 
30 
3O 
30 
30 
30 
30 
30 
30 
30 
3O 
30 

0 
0 
0 

38 
38 
38 
2,3 
2,6 

t l  
0 
0 
2,t 
0 
4,2 
0 
2,6 
5,8 
5,0 

t0,4 
12,t 
t,0 
1,0 
5,4 

10,3 
20,1 

Selectivity, 
% 

79 
80 
77 
96 
90 
90 

85 

87 

40 
80 
80 
86 
40 
84 
84 
90 
85 
9i 

c~ 
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Fig. I. Effect of reaction temperature on 

(i, 3, 5, 7) nitrobenzene conversion and 

(2, 4, 6, 8) phenyl isocyanate yield inpresence 

of (3, 4) PdCI2,(I, 2) PdCI 2 + CuCl2,(7 , 8) 

RhC[ 3 �9 3H20,and (5, 6) RhCI 3 �9 3H20 + FeCI 3 

catalyst at 8 MPa CO and 0.5 h. 

f r o m  the r e a c t i o n  m i x t u r e .  The  i n f o r m a t i o n  on the u se  of o t he r  so lven t s  in  the s y n t h e s i s ,  p a r t i c u l a r l y  a l ipha t i c  
and a r o m a t i c  h y d r o c a r b o n s  and n i t r i l e s ,  i s  c o n t r a d i c t o r y .  Thus ,  a c c o r d i n g  to pa t e n t s  [6,7] CH3CN can  be  u s e d  
as r e a c t i o n  m e d i u m ;  and the  addi t ion  of o -  o r  p - b e n z o d i n i t r i l e s  to C6H5Cl ac t iva te s  the Pd c a t a l y s t .  On the 
o the r  hand,  i t  was  shown in  [8] tha t  CH3CN and  C6HsCN have a deac t i va t i ng  effect  on PdCI  2 tha t  i s  o v e r c o m e  in  
the p r e s e n c e  of p y r i d i n e .  

We t e s t e d  a l ipha t ic  and  a r o m a t i c  h y d r o c a r b o n s ,  n i t r i l e s ,  and  h a l o h y d r o c a r b o n s  as so lven t s  in  i s o c y a n a t e  

s y n t h e s i s .  The  s tudy was  c a r r i e d  out on NB e a r b o n y l a t i o n  with PdPY2C12 as c a t a l y s t s ,  b e c a u s e  in  the p r e s e n c e  
of e x c e s s  l igand the PdL2C[ 2 c o m p i e x e s  (where L is  p y r i d i n e ,  2 - m e t h y l p y r i d i n e ,  or  3 , 5 - d i me t hy l py r i d ine )  show 
s i m i l a r  r e s u l t s  in  the s y n t h e s i s  of v a r i o u s  m o n o i s o c y a n a t e s  (Table  2). 

As T a b l e  3 shows,  when the  r e a c t i o n  is  c a r r i e d  out  in  CHC13, in  c o n t r a s t  to C~HsCI the c o n v e r s i o n  of 
NB r i s e s  to 90 %, but  no P I  is  f o r m e d .  The  addi t ion  of CHC13 to C6H5C1 i n c r e a s e s  NB c o n v e r s i o n b u t  c o m p l e t e l y  inh ib i t s  
PI  f o r m a t i o n .  CCI 4 has  an  even  g r e a t e r  i nh ib i t i ng  effect;  when added to C~HsC1 i t  even  d e c r e a s e s  NI3 comrers ion .  
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TABLE 2. Aromatic Isocyanate Synthesis with PdCl 2 Pyridine Com- 
plexes in Chlorobenzene 473~ i0 MPa CO, 1 h reaction time) 

Starting nitro Conver- Selectiv- Output, moles 
compound sion, % Isoeyanate formed ivy, % isoeyanate/g-atom Pd�9 h 

Nimobenzene 
2-Ni~otoluene 
3-Ni~otoluene 
2-Chloroni~obenzene 

Nitrobenzene 
2- Chloronilrobenzene 

22 
25 
16 
26 

PdPyzCl s catalyst * 
7t Phenyl isocyanate I 
76 2- Methylptienyl isocyanate 

I 52 3-Methylphenyl isocyanate 
79 2-Chlorophenyl isocyanate 

Pd(2' methylpyridine)2C12 catalyst* 
75 Phenyl isocyanate I 
80 2-Chlorophenyl isocyanate I 

pd(3, 5-dimethylpyridine)2Cl z catalyst* 
89 Phenyl isoeyanate 
78 2-Methylphenyl isoeyanate 

66 
92 
79 
68 

73 
70 

so I 75 

25 
26 

Nitrobenzene 29 
2- Nitroto luene _, 

*Excess  f ree ligand, 4 m o l e s / g - a t o m  Pd. 

ioo 

80 

t~ 25 I I I I I 
20 60 YO0 

Hexane, % in ehlorobenzene 

Fig. 2. Effect of hexane concentrat ion in chloro-  
benzene on (1) yield and (2) select ivi ty of phenyl 
isocyanate format ion,  at 473~ 10 MPa CO p r e s -  
sure ,  1 h contact  t ime, and 1 : 2 (by weight) PdPY2Cl2: 
pyridine.  

In cont ras t  to the patent  data, we show that in the ni tr i les  (CH3CN and C6HsCN ) no PI is fo rmedand  only 10-20% 
of the NB reac ts  at all. In benzene and toluene PI is formed in yields of 26 and 17%, respect ively.  In toluene, 
16% of aniline and res ins  are also formed.  The C6-Ci0 normal  paraffin hydrocarbons are good solvents; in 
their  p resence  the PI  yield is 30-50% and the NB conversion is 41-79%. The synerg i sm between hexane and 
chlorobenzene is unusual and so far  unexplained. As Fig. 2 shows, when 20-80% chlorobenzene is added to 
hexane, the PI yield and the select ivi ty increase  sharply,  reaching 72-81 and 91-97%, respect ively.  

We studied the effect of cer ta in  fac tors  on NB carbonylat ion in heptane in the presence  ofPdPY2C12 
supported on 20% MoOJA1203 (Table 4). At 473~ 10 MPa CO p r e s s u r e ,  and 5-10% NB in heptane, it is 
70-74% converted to PI  with a select ivi ty of 95-96%. Reduction of the ca ta lys t  : NB weight rat io to 0.05 reduces 
the PI yield to 20.2%, and at a rat io of 0.025 PI is no longer formed.  Raising the p r e s s u r e  to 17 MP, and in 
par t i cu la r ,  ra is ing the tempera ture  by even 10 ~ dec reases  the PI yield sharply.  

E X P E R I M E N T A L  

IR spec t ra  were r ecorded  on a UR-20 apparatus.  In a rotat ing steel  autoclave of 0 .15-l i ter  volume were 
heated 0.5-3 g of ni t ro compound (Table 1, 3 g; Tables 2 and 3, 1 g; Table 4, 0.Sto 2 g), 8-10 g of solvent 
(Table 1, 10 g chlorobenzene; Table 2, 8 g chlorobenzene; Table 3, 4-8 g solvent), 0.2 g of pyridine,  cata lyst  
(Table 1, 50 rag; Tables 2 and 3, 100 rag; Table 4, 50-100 rag), and additive. The sy s t emwas  purged with CO, 
the CO p r e s s u r e  was ra i sed  to 8-17 lVEPa, and the mixture was heated at 413-473~ 0.1-1 h. 

[Pd(CO)C1] n was synthesized at 433-453~ from PdC12 and CO at 5-15 MPa p re s su re ,  analogously to 
[5]. Pyr id ine  complexes of PdC12 were obtained by the p rocedure  of [3]. Before the tes t  the s t a r t ingmator ia t s  
were dr ied and distilled. PdPy2C12 was supported on 20% MoO3/A1203 by impregnat ion f rom CHC13 solution 
and drying in a ni trogen cur ren t  for 4 h at 473~ Catalyst output was found f rom the average earbonylation 
ra te  over  the 5-50% conversion range. 
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TABLE 3. Phenyl  I socyana te  Synthesis in Var ious  Solvents with 
1 : 2 PdPY2C12 : Pyr id ine  (473~ 10 MPa CO, 1 h reac t ion  time) 

Solvent 

Acetonitrile 
Benzonitrile 
Benzene 
Toluene 
Chlorobenzene 
Chloroform 

od 

t0 
19 

57 
90 

Phenyl 
isocyanate 
yield, % 

0 
0 

26 
t7  * 
44 

0 

So lvent 

Chloroform -- 
chlorobenzene, 1:4 

CCI 4 - chlorobenzene 
1:4 , 

Hexane 
Heptane 
Oet ane 
Deeane 

Phenyl 
o ~ .~ isoevanate 

~l~_~j ~ _  [ yield, % 

79 
59 
4t 
49 

0 

0 

30 
56 
34 
38 

*16% Ani l i ne  f o r m e d .  

TABLE 4. Pheny[ Isocyanate Synthesis by Nitrobenzene Carbonyla- 
tion in Heptane, in Presence of Pyridine, with 20% PdPy2Cl 2 + 20% 
MoO3/AI20 a (i h reaction time) 

I 
Catalyst : I CO 
nit~obenzene ! pressure, 
(by wt.) MP 

0,2 
O,i 
O,l 
0,05 
0,05 
0,025 

i0 
t0 
17 
t0 
i0 
10 

Temp., %< 

473 
473 
473 
473 
48a 
473 

Ni~obenzene Nitro- 
cohen,, % benzene 

coNver~on, 
% 

5 74 
t0 70 
t0 97 
t0 2t 
t0 59 
20 67 

Phenyl isoeyan- 
ate yield, % 

7t 
63 
1t,6 
20,2 

0 
0 
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CONCLUSIONS 

i. In the synthesis of pheny[ isocyanate by nitrobenzene earbonylation, when transition-metal oxides 
are replaced by their chlorides, inhibition by the Co compound is reduced, activation by the Mo and V com- 
pounds is retained, and the Fe, Cr, and Cu compounds become activators. 

2. Carbonylation of nitrobenzene to phenyl isocyanate can be carried out in an aliphatic hydrocarbon 
medium or in a hexane-ehlorobenzene mixture. Nitriles and aliphatic halohydrocarbons inhibit tl~e process. 
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