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Summary The compound [(q5-C,H5)Fe(CO),],, in the pres- 
ence of suitable donor ligands, is found to catalyse the 
replacement of ligands, such as CO, group 5 donor ligands, 
and halides, on transition-metal complexes ; a non-chain 
free-radical mechanism for the above reaction is 
proposed. 

RECENT work in our laboratories1 has suggested that the 
isonitrile ligand, RNC, may be a useful probe for the 
investigation of catalytic systems involving free radicals. 
As an extension of our earlier study we have investigated 
the use of [(q5-C,H,)Fe(CO),], (1) as a catalyst in the 
substitution of CO, group 5 donor ligands, and halides 
attached to metal carbonyls or substituted metal carbonyls 
by RNC. I t  has been established that the (q5-C5H,)Fe- 
(CO),. radical is readily generated from compound (1) both 
thermally3 and photochemically4 and the use of (1) as a 
photochemically activated catalyst has been d e ~ c r i b e d . ~ , ~  
Further, i t  was suggested that the substitution reactions 
catalysed by compound (1) proceed via a radical-chain 

[(7#15-C5H5) Fe(CO)212 (q5-C5H5)Fe(C0)d 
(1) (2) 

(3) (4) 

(5) (6) 

(q5-C,H,)Fe(CO) (ButNC)I (q5-C5H5)Fe(ButNC),I 

[ (q5-C,H,) Fe (But NC),] I ( q5-C5H,),Fe, (CO),ButNC 

[ (7 5-C5H5) Fe(CO) 2 j  (7 5-C5H5) Fe(CO) 2 I  1- 
(7) 

Reaction of (q5-C5H,)Fe(CO),I (2) (1 mmol) and ButNC 
(1, 2, or 3 mmol) in refluxing benzene, in the presence of 
compound (1) (0.01 mmol) as a catalyst, rapidly gives the 
new complexes (q5-C,H,)Fe(CO) (ButNC)I (3) and (q5-C5H5)- 
Fe(ButNC),I (4) and, more slowly, the salt [(q5-C,H,)Fe- 
(ButNC),]I (5) in high yield (60-80%). In  the absence of 
compound (l), mixtures of the products (3) and (4) are 
obtained in poor yield even after long reaction times. 
Similar reactions have been carried out with other iso- 
nitriles (e.g. RNC = 2,6-Me,C,H,NC, PhNC,s and PhCH,- 
NC), with group 5 donor ligands [e.g. PPh,,' P(OMe)3,8 and 
AsMe,Ph], and using (q5-C5H5)Fe(CO),Br as the s u b ~ t r a t e . ~  
The new products have been completely characterized by 
i.r., n.m.r., and elemental analysis. 

The above reactions were conducted in benzene at a 
lower temperature (40-45 "C) and gave mechanistic 
information relating to this catalytic reaction. (i) Reaction 
of compound (2) (0.5 mmol), ButNC (0.5 mmol), and 
compound (1) (0.25 mmol) gave the product (3) (>go% 
yield, 90 min). (ii) The reaction (i) above is inhibited by 
hydroquinone and galvinoxyl and is strongly dependent on 
light (irradiation with a 500 W light bulb results in corn- 
plete reaction in ca. 1 min) . (iii) The light-induced reaction 
(500 W light bulb) between compound (2) and ButNC gives 
a slow reaction to produce a mixture of the products (3) and 
(4). These results suggest that  the catalysed reaction 
involves free radicals, in keeping with other studies on the 
use of compound (1) as a catalyst.*J This is further 
suggested by the reaction between [(q5-C5H,),Mo(C0),], and 
compound (2) which yields (q5-C5H5)Mo(CO),I, (q5-C5H5)2- 
MoFe(CO),,1° and (1). 

Further pertinent reactions carried out a t  40 OC, however, 
are not in keeping with the expected radical-chain mechan- 
i s m . * ~ ~  Thus, the reaction of compound (1) and ButNC 
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(both 0.5 mmol) gives <5% of (~-C,H,),Fe,(CO),ButNC (6) 
after 90 min and the reaction of compound (6)11 [a pre- 
cursor to the (q5-C5H5)Fe(CO)L* radical3] and (2) (both 
0.5 mmol) also gives ( 5 %  of the product (3) after 90 min. 
The catalytic substitution of compound (2) by RNC [see (i) 
above] is thus faster than an indirect radical-chain mechan- 
ism involving (75-C5H5) Fe(CO)L-.4s5 The catalytic syn- 
thesis of compound (5) from compound (4) and the syn- 
thesis of compound (4) from compounds (l), (3), and ButNC 
(equimolar) are also difficult to interpret in terms of a 
radical-chain mechanism. 

We have also observed that the reaction between (75- 

C,H,) Fe(C0) (PPh3) I and ButNC6 is catalysed by compound 
(1) to yield the products (3), (4), and PPh3. Irradiation was 
found to increase the reaction rate dramatically. Thus, 
catalytic substitution of ligands other than CO can also be 
achieved by RNC. 

A more plausible explanation is in terms of a non-chain. 
radical mechanism in which (q5-C5H,)Fe(CO),*, generated 
from the catalyst (l), attacks compound (2) to give the 
intermediate (7). This intermediate (7) is activated 

towards ligand dissociation in the presence of suitable 
donor ligands via what is thought to be an associative 
mechanism (qualitative kinetic data suggest that the 
reaction is dependent on the nature of the incoming ligand) . 
The exact nature of intermediate (7) is unknown, but it 
must allow for ligand exchange between metal centres 
under suitable  condition^.^ 

The non-chain nature of the radical mechanism is 
further illustrated by the versatility of catalyst (1). We 
have found that compound (1) catalyses the reaction 
between Fe(CO),ButNC and ButNC to give Fe(CO),(But- 
NC),,12 M(CO),(M = Cr,Mo,W) and ButNC to give M(CO),-, 
(ButNC), (n = 1-3),13 Ru,(CO),, and ButNC to give Ru3- 
(C0),,(ButNC),l4 and Re,(CO),, and ButNC to give Re,- 
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(CO),,-,-,(BUtNC), (n = 1-2). 
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