
2. The act ivat ing effect  of Py  and Py. HC1 apparen t ly  cons is t s  in the fo rmat ion  f r o m  [Rh(CO)2C1]2 
of ca ta ly t ica l ly  act ive  monomer i c  rhodium complexes ,  which contain Py,  CI - ,  and CO as l igands.  
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EFFECT OF CATALYST COMPOSITION AND REACTION 

CONDITIONS ON SYNTHESIS OF PHENYL ISOCYANATE 

BY CARBONYLATION OF NITROBENZENE 

V. I. Manov-Yuvenskii, B. K. Nefedov, UDC 541.12.038:541.128:542.91:547.551.43 
and A. V. Smetanin 

Prev ious ly  we had es tabl i shed [1] that  the carbonyla t ion  of a r o m a t i c  mononi t ro  compounds using PdC12- 
pyr id ine-MoO~ as the ca ta lys t  gives i socyana tes  in high yield and a study was made of the effect  of the nature  
of the meta l  oxide on the ac t iv i ty  of the Pd ca ta lys t .  

In the p re sen t  pape r ,  on the example  of carbonylat ing n i t robenzene  (NB), we studied the effect  of the 
ca ta lys t  composi t ion ,  t e m p e r a t u r e ,  contact  t ime ,  and initial concent ra t ion  of the s ta r t ing  NB on the synthes is  
of phenyl i socyanate  (I). 

C6HsN02 + 3C0 -+ C6HsN=C=O(I) + 2C02 

The ca ta lys t  PdC12-py r id ine -MoO3 r e p r e s e n t s  a homogeneous -he te rogeneous  s y s t e m .  Under the r e -  
action condit ions,  as was shown prev ious ly  [2], f r o m  PdC12 and pyr idine a r e  formed ca ta ly t ica l ly  act ive  c o m -  
plexes of the type Pd(pyridine)2C12 that  a r e  soluble in chlorobenzene.  Molybdenum oxide is insoluble in ch lo ro -  
benzene ,  but it i nc reases  the ac t iv i ty  of the PdC12-pyr id ine  ca t a lys t  by a f ac to r  of 3 (Table 1), which is appa -  
ren t ly  due to the f a s t e r  r a t e  of carbonyla t ing  NB in the coordinat ion sphe re  of the pyridine complex  of Pd,  ad-  
sorbed  on the MoO3 s u r f ace ,  when compared  with that  of the s a m e  complex  in solution. Actually,  when MoO3 
is deposi ted on ~-A1203, despi te  a fivefold d e c r e a s e  in the amount  of MOO3, the carbonyla t ion  ~ t e  does  not 
d e c r e a s e  (Fig. 1). A fivefold d e c r e a s e  in the amount  of PdC12 in the PdC12-py r id ine -20% MoOJA120  ~ c a t a -  
lys t  leads to a ninefold d e c r e a s e  in the reac t ion  ra te  (see Table  1). 

Compound (I) f o r m s  at an initial r a te  of 1.5 m o l e s / l i t e r ,  h when NB i s  carbonyla ted  on the PdC12-py r i -  
d ine -MoO3 ca ta lys t  (h4:2) at 185 ~ and an initial CO p r e s s u r e  of 100 a tm.  With inc rease  in the reac t ion  t ime  
both the NB convers ion  and the (I) yield i nc r ea se  and a f t e r  60 min r e s p e c t i v e l y  r each  100 and 95% (see Fig. 1). 
We will ment ion that  under  the s a m e  condit ions,  without adding MoO~ to the PdC12-pyr id ine  complex ,  the NB 
convers ion  was a total  of 46%, and the yield was 40%. With fu r the r  i nc rea se  in the reac t ion  t ime  the NB con-  
ve r s ion  r ema ins  constant ,  while the yield of (I) drops  due to t a r r ing .  

N. D. Zel inski i  Insti tute of Organic C h e m i s t r y ,  Academy of Sciences of  the USSR, Moscow. Trans la ted  
f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimieheskaya ,  No. 11, pp. 2561-2564, November ,  1980. Or i -  
ginal a r t i c l e  submit ted  D e c e m b e r  10, 1979. 
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T A B L E  1. Effec t  of  Ca t a ly s t  Compos i t i on  and Reac t ion  Condit ions 
on Ca rbony la t i on  Rate  of  Ni t robenzene  (NB) and Ef f i c i ency  (185~ 
PCO 100 a t m ,  pyr id ine  c o n c e n t r a t i o n  in ch lo robenzene  2%) 

Catalyst Initial NB Average forma- I Catalyst effi i 
(weight ratio of components) eonc. tion rate of iso~ ciency, g iso- 

(mole/liter) cyanate,mole/| cyanate/g Pd 
liter, h | in 1 h 

PdCl z + pyridine (t : 4) 0,46 0~25 
PdC~ + pyridine (t : 4) 1,63 0,55 
PdCI~ + pyrictine (t : 4) * 0,4t 0,t6 
PdCI~ + pyridine+MoO, (t : 4 : 2) 1,63 1,53 
PdCL+ ovridine :+Mo0a/Al~0a (1 : 4 : 2) t,63 t,82 
PdC~ +~#/ridine +Mo0JA120, (t : 20 : t0) 1,63 0,2 

�9 Phenyl isocyanate (1.22 moles/liter) was added to the starting solution. 
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Fig.  1 Fig.  2 
Fig.  1. Ef fec t  of  r e a c t i o n  t i m e  on NB c o n v e r s i o n  (1, 3,  5, 7 ,  9) and yield of (I) (2, 4 ,  
6, 8,  10) at  185 ~ and a CO p r e s s u r e  of  100 a tm  in the p r e s e n c e  of  the ca t a ly s t s :  PdC12-  
p y r i d i n e - 2 0 % M o O J A 1 2 0  3 (1:20:10) (1, 2); P d C 1 2 - p y r i d i n e  (1:4) (3, 4); PdCI  2 -  p y r i -  
dine - M o O  s (1 : 4 : 2) (5, 6); PdCl~ - p y r i d i n e - 2 0 %  MoO3/A120 3 (1 : 4 : 2) at 185" (7, 8) and 
at  205" (9, 10). 

Fig.  2. Effec t  of  r e a c t i o n  t e m p e r a t u r e  on NB c o n v e r s i o n  (1, 3) and yield  of  (I) (2, 4) 
in the  p r e s e n c e  of P d C 1 2 - p y r i d i n e - 2 0 %  MoO3/A1203 c a t a l y s t  (1:4:2) at  a r e a c t i o n  
t i m e  of  0.25 h (1, 2) and 1.5 h (3, 4). 

With i n c r e a s e  in the r e a c t i o n  t e m p e r a t u r e  t h e y i e l d  of  (1) p a s s e s  th rough  a m a x i m u m ,  whi le  the  NB c o n v e r s i o n  
i n c r e a s e s  and r e a c h e s  100% (Fig.  2). Se lec t ion  of  the o p t i m u m  t e m p e r a t u r e  is d e t e r m i n e d  by  the r e a c t i o n  
t ime:  A m a x i m u m  yield  o f  (I) of  92%, with a NB c o n v e r s i o n  of  96-98%, was  obtained e i t h e r  a t  190 ~ and r = 1 .Sh ,  
o r  at  205 ~ and r = 0.25 h. Consequen t ly ,  the c a t a l y s t  e f f i c i ency  can  be va r i ed ,  main ta in ing  the yield of  (I) and 
the s e l e c t i v i t y  of  i ts  f o r m a t i o n  cons t an t ,  by  a coord ina ted  change  in the t e m p e r a t u r e  and r e a c t i o n  t ime .  

As was  s e e n  f r o m  Fig.  3 ,  the  yield  of  (I) and the e f f i c i ency  of  the  c a t a l y s t s ,  of both P d C 1 2 - p y r i d i n e  and 
P d C 1 2 - p y r i d i n e - 2 0 %  MoO3/A120 3, pass  t h rough  a m a x i m u m  with i n c r e a s e  in the  init ial  NB concen t ra t ion .  
H e r e  the  o p t i m u m  NB c o n c e n t r a t i o n  is h ighe r  in the c a s e  of  the  m o r e  ac t ive  c a t a l y s t ,  conta in ing  MoO 3 (3 m o l e s /  
l i t e r  as  c o m p a r e d  to  0.4 m o l e / l i t e r  f o r  the  P d C 1 2 - p y r i d i n e  ca ta lys t ) .  The o b s e r v e d  c h a r a c t e r  of  the change  
in the yield  o f  (I) as  a funct ion of the ini t ial  NB c o n c e n t r a t i o n  is a p p a r e n t l y  due to  inhibi t ion by the  r e a c t i o n  p r o -  
duc t ,  n a m e l y  the  i socyana te .  

Ac tua l ly ,  f r o m  the da ta  g iven  in Tab le  1 and Fig.  4 ,  it c an  be s e e n  that  the ca rbony la t ion  of NB is in-  
hibi ted by  the  f o r m e d  i socyana t e .  Thus ,  when (I) is added to  the  s t a r t i n g  so lu t ion  of  NB in c h l o r o b e n z e n e  the 
r e a c t i o n  r a t e  d e c r e a s e s  by ~1.6 t i m e s ,  with a s imu l t aneous  i n c r e a s e  in the  d e c o m p o s i t i o n  of  (I). Ev iden t ly ,  
with i n c r e a s e  in the  amoun t  of  (I) in the r e a c t i o n  mix tu re  it d i sp l aces  by  adso rp t i on  the NB f r o m  the  c o o r d i n a -  
t ion  s p h e r e  of  the  Pd c o m p l e x e s ,  which ,  on the  one hand,  l o w e r s  the ca rbony la t i on  r a t e  of  NB, and on the o t h e r  
hand ,  leads  to  f u r t h e r  t r a n s f o r m a t i o n s  of  (I), e s p e c i a l l y  if  the  con tac t  t i m e  is i n c r e a s e d .  
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Fig. 3. Effect  of initial NB concent ra t ion  on NB conver s ion  (1, 3), yield of (I) (2, 4), and ef f ic i -  
ency (5, 6) {n p r e s e n c e  of ca ta lys t  P d - p y r i d i n e  (1:4, 185 ~ (3,4,5) and PdC12-pyr id ine-20% MOO3/ 
A1203 {1 : 4 : 2, 205 ~ (1, 2, 6). React ion t ime  1.5 h. 

Fig. 4. Change in concent ra t ion  of (D (1, 2, 3) and NB (4, 5, 6) with t i m e  dur ing carbonyla t ion  
of NB in p r e s e n c e  of PdC12-pyr id ine  ca ta lys t  (1:4) at  185 ~ [NB]0 = 1.63 (1, 4), 0.46 m o l e / l i t e r  
(2, 6), and [(I}] 0 = 1.22 m o l e s / l i t e r  (3, 5). 

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

Carbonyla t ion  of Nitrobenzene (NB). Into a ro ta ted  0 .15- l i t e r  s tee l  autoclave were  charged  0.01-0.05 g 
of PdC12, 8 g of ch lorobenzene  (solvent),  0.2 g of pyr id ine ,  2 g of NB (or 0.2-16 g when studying the effect  of its 
concentra t ion) ,  and 0.1 g of MoO3 (or  20% of MoO3/y-A1203). The autoclave  was purged with CO, the CO p r e s -  
su re  was r a i sed  to 100 a t m ,  and the autoclave was heated a t  the given t e m p e r a t u r e  for  a p rede te rmined  t ime.  
Af t e r  s epa ra t ing  the ca ta lys t ,  the r eac t ion  products  w e r e  analyzed on an LKhM-SMD ch roma tog raph  (phase 5% 
of XE-60  deposi ted on Chromaton  N-AW-DMCS, 0.16-0.22 m m ,  and he l ium as the c a r r i e r  gas at a flow r a t e  of 
40 m l / m i n ) ,  with a p r o g r a m m e d  elevat ion of the t h e r m o s t a t  t e m p e r a t u r e  f r o m  80 ~ at  a r a t e  of 20~ The 
quanti ta t ive composi t ion  of the reac t ion  products  was de te rmined  re la t ive  to ch lorobenzene  as the in ternal  
s tandard .  Molybdenum oxide was obtained by  decompos ing  molybdic acid at 500 ~ fo r  5 h, and the MoO3 was 
deposi ted on 7-A120~ by impregna t ion  with aqueous H2MoO4 solution and subsequent  heat ing at 500 ~ fo r  4 h. 

CONC LUSIONS 

1. The addit ion of MoO3 or  MoO3/A120 3 to the PdC12-pyr id ine  ca t a ly s t  i nc rea se s  the carbonyla t ion  r a t e  
of n i t robenzene  by  ~ 3 t i m es .  

2. The yield of phenyl i socyana te  pa s s e s  through a m a x i m u m  with change in the t e m p e r a t u r e  (in the 
range  185-220~ reac t ion  t ime  (0.25-1.5 h), and initial  n i t robenzene  concent ra t ion  (0.5-5 m o l e s / l i t e r ) .  

3. The carbonyla t ion  of n i t robenzene  is acce l e r a t ed  with i nc r ea se  in its concent ra t ion  and is  r e t a rded  
in the p r e s e n c e  of phenyl i socyanate .  
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