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INTRODUCTION 

Wit h i n our broad i n t e r e s t on the study of the redox and e l e c t r o n i c 
(1) 

p r o p e r t i e s of c o o r d i n a t i o n compounds by el e c t r o c h e m i c a l methods, we embarked 
upon the i n v e s t i g a t i o n of the redox behaviour of s e r i e s of ferrocene d e r i v a t i v e s , 
FcX [where Fc stands f o r FeCn^-Cj-H,.) (n 5-C H ) ] f with d i f f e r e n t types of 

(2) 
s u b s t i t u e n t s (X); the l a t t e r may l i g a t e an aromatic r i n g through, f o r 3 2 . . instance,a sp or an unsaturated sp h y b r i d i z e d C atom, and some homo- and 
hetero-annular d i s u b s t i t u t e d ferrocenes have a l s o been i n v e s t i g a t e d . However, 
i n t h i s p r e l i m i n a r y communication, we wish to report the r e s u l t s we have 

(3-5) 
obtained with a type of s u b s t i t u e n t s we are p a r t i c u l a r l y i n t e r e s t e d from 
a c o o r d i n a t i o n p o i n t of view: that w i t h the isocyano f u n c t i o n a l group. 

In the ferrocene d e r i v a t i v e s under study, CNR [J_; R=Fc (a), CH2FC (b)or 
CH(Men)Fc (c) where Men=(lR,2S,5R)-2-isopropyl-5-methylcyclohexyl] , the isocyano 
group i s prone to c o o r d i n a t i o n to a metal centre and the derived f e r r o c e n y l -
- i s o c y a n i d e complexes [Cr(CO)^(CNR)] (2) can be prepared by r e a c t i o n of the 
former with [Cr(CO) ( t h f ) ] . 
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The e l e c t r o c h e m i c a l study, by CV and CPE, of these species was 
performed at a Pt e l e c t r o d e , i n NCMe - 0.2 M [NBu^][BF^]. 

FERROCENYLISOCYANIDE COMPOUNDS (1) 

Each of the f e r r o c e n y l i s o c y a n i d e s (_J_) shows a q u a s i - r e v e r s i b l e 
one-electron o x i d a t i o n , and r e l e v a n t CV data are quoted i n Table 1. 

The E^°2 v a l u e s f a l l i n the usual range o b s e r v e d ^ f o r other 
s u b s t i t u t e d ferrocene compounds and, as reported f o r the l a t t e r , the anodic 
wave i s assigned to the o x i d a t i o n of the f e r r o c e n y l redox centre. 

Although compounds (J_b) and (1c) present E ?~ values which are only 
,(2) 

s l i g h t l y more anodic than that known f o r the o x i d a t i o n of ferrocene 
(0.545 V vs. SCE), complex (1a), with the el e c t r o n - a c c e p t o r isocyano group 
d i r e c t l y bound to an aromatic r i n g , d i s p l a y s a much higher E^/* (0.85 v> a 

value which i s ca. +0.30V more anodic than that of f e r r o c e n e ) . This observation 
i n d i c a t e s a much stronger e f f e c t of the isocyano s u b s t i t u e n t on the f e r r o c e n y l 
redox centre, p o s s i b l y as a r e s u l t of the i n t e r a c t i o n of a IT o r b i t a l of 
the former with the Tf-system of the l a t t e r . A somehow r e l a t e d type of . . 2 u - i n t e r a c t i o n , although i n v o l v i n g the p o r b i t a l of a sp h y b r i d i s e d carbene Z (2 7) carbon atom, has been suggested f o r ferrocenylcarbene species. ' 

FERROCENYLISOCYANIDE COMPLEXES WITH 
PENTACARBONYLCHROMIUM (2) 

C y c l i c voltammograms of complexes (2) (Table 1) e x h i b i t two successive 
one-electron q u a s i - r e v e r s i b l e anodic waves which are assigned to the stepwise 
o x i d a t i o n of the two metal s i t e s , the f e r r o c e n y l redox centre being e a s i e r to 
o x i d i z e than the {Cr(0)^} moiety (equation 1). 

[ F e ( I I ) , Cr(0)J _" e -- [ F e ( I I I ) , C r ( 0 ) ] + - " e - [ F e ( I I I ) , C r ( I ) ] 2 + (1) 
I„ox H^ox 

E l / 2 E1/2 
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Table 1 - Relevant CV d a t a ( a ) f o r f e r r o c e n y l isocyanides CNR (V. 

and t h e i r complexes [Cr(CO) 5<CNR)] (2) ; P L l i g a n d 
parameter f o r the o x i d i z e d isocyanide CNR+ l i g a n d s 

Compound h" h1/2 
ox 

I X E b l / 2 
P L(CNR +) 

CNR 

CNFc ( l a ) 0.85 

CNCH 2Fc ( l b ) 0.60 

CNCH(Men)Fc (j£) 0.62 

[Cr(C0) 5(CNR)] 

[Cr(CO) 5(CNFc)l (2a) 0.85 1.31 

[Cr(CO) 5(CNCH 2Fc)] (2b) 0.67 1.25 

[Cr(CO) 5iCH(Men)Fc} (2c) 0.65 1.25 

CNR+ 

CNFc + 
-0.22 

CNCH2Fc + 
-0.28 

CNCH(Men)Fc + -0.28 

(a) Values i n V o l t r e l a t i v e to SCE, measured i n 0 2 M [ N B u 4 ] [ B F 4 ] / 

/NCMe at a Pt wire e l e c t r o d e 
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The evidence i s as f o l l o w s : 

i - The f i r s t anodic wave presents E°i, at values which f a l l i n the usual 
(2) 

range of the f e r r o c e n y l compounds, " whereas the second anodic wave 
occurs at E values which are i n the range known f o r the o x i d a t i o n 

(8) (9) 
of r e l a t e d [Cr(CO> 5L] complexes [e.g., L=C(T or CNMe, wi t h 
corresponding E °* 2 at 1.53 or 1.10 V vs SCE]. 

Moreover, since the f e r r o c e n y l and the methyl s u b s t i t u e n t s appear 
to have s i m i l a r e l e c t r o n donor a b i l i t i e s (as measured by the Hammett's 
constant, w i t h values of ̂ a . -0.18 and -0.17, r e s p e c t i v e l y ) , ^ 1 0 ^ the 
h y p o t h e t i c a l o x i d a t i o n of Cr(0) at complex (2a) should occur at a value 
of E ^ * cl o s e to that known (1.10 V ) ( 9 ) f o r [Cr(CO) 5(CNMe) ] ; the 
observed value of 0.85 V f o r the f i r s t anodic wave of (2a) i s w e l l 
below t h i s estimated value. 

i i - CPE at the f i r s t anodic wave of (2b) a f f o r d s [ C r ( C O ) 5 ( C N C H 2 F C ) ] + 

(equation 2 ) , i s o l a t e d as the B F ~ s a l t , which d i s p l a y s the expected CV 
. -1 

behaviour, and shows, i n the i . r . spectrum, v(CN) at 2105 cm 
(a value which i s lower than that observed, 2165 cm , i n the n e u t r a l 
parent complex), whereas v(C0) i s only s l i g h t l y s h i f t e d from 1905 

-1 
( i n the parent compound) to 1915 cm . These observations are only 
r a t i o n a l i z e d by c o n s i d e r i n g the o x i d a t i o n at the F e ( I I ) r a t h e r than at 
the Cr(0) s i t e . 
[Cr(C0) 5(CNCH 2Fc)] ~J^f~ [Cr(CO) g(CNCH^Fc ) ] + (2) 

Other r e l a t e d complexes w i t h a f e r r o c e n y l - c o n t a i n i n g l i g a n d are known 
to present a s i m i l a r e l e c t r o c h e m i c a l behaviour, with d i s c r e t e o x i d a t i o n steps 
f o r the d i s t i n c t redox a c t i v e metal centres. 

Hence, e.g., [M(C0) L] (M=Mo or W, L=PPh 3_ nFc n > n=1-3), with a 
ferrocenylphosphine l i g a n d ( L ) , undergo a sequence of anodic processes at the 

(1112) 
f e r r o c e n y l and the coordinated M centres. ' For example, c y c l i c voltammograms 
of [W(C0) 5(PPh 2Fc)], i n CH 2C1 2/0.2M [Bu^N][ClO^], at a Pt e l e c t r o d e , show the 
f e r r o c e n y l r e v e r s i b l e redox wave at E = 0.76 V and an i r r e v e r s i b l e tungsten 

anodic wave at 1.54 V vs. SCE, whereas [W(C0) 5(PFc 3)] e x h i b i t s three 
r e v e r s i b l e redox waves at 0.64, 0.82 and 0.90 V (due to the stepwise o x i d a t i o n 
of the three f e r r o c e n y l centres) f o l l o w e d by a f o u r t h , i r r e v e r s i b l e , anodic 
wave at E O X = 1.92 V vs. SCE ass o c i a t e d with the W centre. 

P L LIGAND PARAMETER FOR THE OXIDIZED FERROCENYLISOCYANIDES, CNR+ 

The d e t e c t i o n of the o x i d a t i o n of the {Cr(CO),-} centre a t . the c a t i o n i c 
[Cr(CO) 5(CNR +)] complexes allows one to estimate the values of the P L l i g a n d 
parameter f o r the c a t i o n i c f e r r o c e n y l i s o c y a n i d e l i g a n d , CNR+ [R=Fc,CH 2Fc or 
CH(Men)Fc]. 

(13) 
This parameter i s defined by equation (3) which, i n these systems, 

assumes form ( 4 ) ; i t i s a measure of the net e l e c t r o n donor/acceptor character 
of the l i g a n d : the stronger i n t h i s c h a r a c t e r , the lower ( i . e . , the more 
negative) i s P . 

P L = E1/2 t C r ( c ° ) 5
L ] - E!/2 [ C r( C°) 6] ( v o l t> (3) 

P L = I l E 1 / 2 [ C r( c°) 5(CNR)] - 1.53 (4) 

The P L values estimated f o r those f e r r i c i n i u m - i s o c y a n i d e l i g a n d s 
(Table 1) f a l l i n a narrow range (-0.22 to -0.28 V) which i n d i c a t e s that they 
do not d i f f e r considerably i n t h e i r e l e c t r o n donor a b i l i t y , the CNFc + l i g a n d 
being, as expected, a s l i g h t l y poorer donor than the others. These li g a n d s 
behave as b e t t e r net e l e c t r o n donors than, e.g., P( 0 P h ) 3 , or CO (with P L = -C.18 
or 0.00 V, r e s p e c t i v e l y ) ^ 1 3 ^ but are weaker than PPh 3 (P = -C.35 V ) / 1 3 ^ 

The P L values of CNR+ are much higher than those known f o r r e l a t e d 
n e u t r a l isocyanide 1igands, *' 1 i n agreement with the increase of the 
e l e c t r o n withdrawing a b i l i t y of the isocyanides as a r e s u l t of the o x i d a t i o n 
of the s u b s t i t u e n t . Since P L of the n e u t r a l CNFc l i g a n d i s not expected 
to d i f f e r s i g n i f i c a n t l y from that of CNMe (see above), with a value of -0.43 V, 
t h i s suggests that the p o s i t i v e charge at the isocyanide s u b s t i t u e n t has a 
p o s i t i v e e f f e c t of ca. +0.2 V on the P value. 



— 184 — 

FINAL REMARKS 

Up to t h i s study we ap p l i e d e l e c t r o c h e m i c a l methods to the 
i n v e s t i g a t i o n of the e l e c t r o n i c p r o p e r t i e s of isocyanide l i g a n d s b i n d i n g 
d i f f e r e n t t r a n s i t i o n - m e t a l phosphinic s i t e s of M o , ^ W, ^ Re or Fe, 
but we were l i m i t e d to the common case where the isocyanide s u b s t i t u e n t was 
a redox i n a c t i v e group at the p o t e n t i a l range under study. We have now 
extended our research to a s i t u a t i o n where the isocyanide R moiety i s 
redox a c t i v e , p r e s e n t i n g the f e r r o c e n y l group, and the l i g a t i n g metal s i t e 
i s pentacarbonyl-chromium. 
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