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IFe2(o-C,H,),(CO),(L)(CN(Me)H}l + AND IFe,(~-C,H,),(CO),{CN(Me)H),JZ+ 
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Summary 

The protonated species [Fe,(@Z,H,),(CO),(p-CO){ p-CN(Me)H}]X, [Fe,(n- 

C,H,),(C~)fCNMe)l~-CO){y-CN(Me)H}lfXl, and IFe,(~-C,H,)2(C0)2(IU” 
CN(Me)H),][X], react with one equivalent of AgY. The Ag+ and one H’ act 
together as a two-electron oxidant. Silver metal is precipitated quantitatively and 
the substrates cleaved to give mono-nuclear products of the type (a) [Fe(q- 

C,H,)(CO)(L)X] and [Fe(~-C~H~)(CO)(L)Y] or (b) Fet71-CgH5)(CO)(L)(CNMe)llXl 
(L = CO, CNMe). If X- and Y- are both coordinating anions such as NO,--. I-, or 
Br or the solvent is MeCN products of type (a) are usually obtained with 
X = Y = MeCN+ if acetonitrile is used as the solvent. However, if either X-- or Y- 
is a non-coordinating anion such as BF,- or PF,- and methanol is the solvent, the 
products are usually those of type (b). When X- = [ p-MeC,H,SO,]-, both types of 
products are obtained in significant amounts. If two equivalents of Ph,P are added 
to the methanol solution of [Fe,(n-C,H5)Z(C0)2{ p-CN(Me)H},][BF,12, no reac- 
tion takes place until the third equivalent of AgNO, has been added. The products 
have been isolated and characterised by analysis and infrared spectroscopy. The 
previously unreported [Fe2(n-C,H,),(CO)(CNMe)( p-CO){p-CN(Me)H}] X salts 
are described for X- = BF,-, PF,-, Br- .2H,O, 1-e H,O, NO,-. 0.5H20, and 
p-MeC,H,SO,~. 

Elsewhere we have shown that [Fe~(~-~~H~)~(CO)~(CNMe)~] (II), reacts with 
one equivalent of AgNO, to give a 1 : 1 adduct formulated as [Fe,(r)- 

C,H,),(CO)(CNMe)(p-CO){ CL-CN(Me)AgNO,}] [1,2]. It is quite stable in methanol 
or chloroform solutions, but it reacts very rapidly with a second equivalent of 
AgNO, to give virtually quantitative yields of silver metal and [Fe(q- 
C,H,)(CO)(CNMe)(NO,)]. The overall reaction is a two-electron oxidative cleavage 
of II. 

~22~32~X/%6/$03.50 Q 1986 Elsevier Sequoia S.A. 
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Preparation of (Fe,(rl-C~~H5)2(CO)2(CN.~e)(C1YfMe)li/J[XJ sails 
(a) A methanol solution (50 ml) containing eyuimolar amounts of [Fe,(n- 

C*H~)~(C~)~(~~~~)~l (1 g) and IFe,(rl-C,H,),(CO),{CN(Me)H},l[Xl, VP = 
PF,- (1.77 g) or BF;- (1.4 g)) was stirred for 30 min. Slow removal of the solvent 
gave single products [Fe,(n-C,H,),(C0)2(CNMe)fCN(Me)H}][X] as analytically 
pure red solids in ca. 25% yield. 

(b) The addition of ~-MeC~H~SO~H f H,O (0.5 g) to a solution of [Fe,(n- 
C5Hs)2(C0)2(CNMe)2] (1 g, mole ratio l/l) in dichloromethane or methanol (50 
ml) gave a single product. It was identified spectroscopically as containing the 
[Fe,(n-C,H,),(CO),(CNMe){CN(Me)H}]+ cation, presumably as its [p- 
MeC,II,SO,]~ salt. It was generally used in situ. but it could be isolated as a red 
oil. 

(c) Various [Fez(r-C,H,),(CO),(CNR){CN(R)H}][X] have been obtained from 
a wide variety of reactions 121. These are mentioned in the Results and Discussion 
Section. 

Reaction qf [Fe,(9-C,f~~)2(CO).!(CN(Me)H~IJ(PF,J, with Ag-NO, 
A solution of IFe~(~-C~H~)~(CO~*{CN{Me)H~~][PF~]~ (0.8 g) in methanol (50 

ml) was stirred for 3 h without change or decomposition. The addition of one 

equivalent of AgNO, (0.2 g, mole ratio l/l) brought about an immediate reaction 
and the complete disappearance of the substrate. Silver metal precipitated as a grey 
powder and was filtered off. The solvent was removed at reduced pressure from the 
filtrate and the resultant residue chromatographed on alumina. The various prod- 
ucts were recrystallised from suitable solvents. In this particular case [Fe(q- 
C,H,)(CO)(CNMe),][PF,] was the sole product and it was recrystallised from 
dichloromethane/hexane mixtures. Infrared spectroscopy was used to monitor the 
reaction and the subsequent work-up to ascertain that the initial and the isolated 
products were the same. There was no evidence that they were not in any of the 
reactions that we investigated. 

The above procedure was used for all of the reactions which are mentioned in the 
Results and Discussion Section or are listed in Table 1. This Table lists the reaction 

products; the yields quoted are for purified complexes and are based on the 
proportion of the initial Fe which they contain. Table 2 gives the melting points, 
analyses and infrared spectra of the various reaction products. Table 3 gives the 
melting points, analyses and some infrared spectral data of some ].Fe,(q- 
C,H,),(CO),(CNMe)(CN(Me)H}][X} salts. 

Results and discussion 

Reactions of (Fe~(9-C,H.~))(CO)j(CN(Me)H)J[X] suits 
As for most of the reactions described herein, that of [Fe,(r-C,H5)2(CO),~~- 

CO)(~-CN(Me~H}][X] ([~I)H]+[X]-) (X-I = BF,- or PF,-) with one equivalent of 
AgNO, proceeds with the complete and virtually instantaneous cleavage of the 
Fe-Fe bond to give mononuclear complexes which do not contain p-CO, p-CNMe 
or p-CN(Me)H ligands. In the process EL-CN(Me)H ligands have been converted to 
terminal CNMe. If the reaction is carried out in methanol two products were 
obtained, the benzene-soluble [ Fe( V-C, H s )(CO) zNO,] and the benzene-insoluble 
[Fe(r]-C,H,)(CO),(CNMe)][X] in yields of 8 and 2X%, respectively. Similar results 

(Cof7rlmmf 011 p. 330) 
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were obtained using dichloromethane solutions. but tn acctotti trilc lu<? product.5 

were formed in ca. equal amounts, the benzene-soluble [Fr(q-C‘,lI, )(Ci>)_,YO;j and 

the benzene-insoluble [Fc( rl-Cy5H5 )(CO)~CNMe)(NC‘M~)j1>(1 (tsolatcd !:ic*lds of N 

and SOS. respectively). In all Cabt’s. motiiWring the infrared qx~‘lt-;i ol the rra~tion 

mixture suggests that the txtsttons arc quantitati\c. 

AgNO, may be replaced h! Cu(NC),)-. 3H,<) or C’u(~‘l 1 ” 21-I .O. In both in- 

stances [Fe{ o-C< H, )(CO)(CNMe),][X] is obtained. Howler. \VhL’J~;l?, i)tli~v 1 Ill,11 Of 
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the former is required to consume all of the [(II)H2]2’, 4 mol of the latter were 

necessary. 
In the presence of two equivalents of Ph,P, [(II)H2][PF,], fails to react with two 

equivalents of AgNO, in methanol solution but a third converts it to [Fe(n- 
C,H,)(CO)(CNMe),]’ salts. In a related reaction, [(II)H,][PF,], did not react with 
~Ag(PPh~}~Cl] in either methanol or acetonitrile solution even in the presence of 
excess KPF,. It was consumed completely on the subsequent addition of one 
equivalent of AgNO,. 

If acetonitrile is used as the solvent for the reaction of [(II)H,][X, ] with AgNO,, 
there is a single product. [Fe(q-C,H,)(CO)(CNMe)(NCMe)][X] is obtained in ca. 
80% yield (X- = BF,- or PF,-). 

Preparation and some properties of fFe,(ll-CgH~)_71GO)(CNMe~f~-CO)1C~-CN- 
(Me)H}][XJ salts 

There are two obvious routes to these previously unreported complexes: (a) the 
reaction of [Fe,(_rl-CSHS),(CO),(CNMe),] (II) with one equivalent of a protic acid 
and (b) proton exchange between [Fe~(~-C~H~)~(CO)~(CNMe)~] (II) and the 
readily obtained [Fe~(~-C~H~)~(~O)~{CN(Me)H}~][X]~ salts ([(II)H~][X]~). Route 
(a) has been used to prepare [(II)H][p-MeC,H,SO,] in high yields and (b) to 
prepare its PF,- or BF;- counterparts in lower yields (25%). 

However, these salts have turned up as unexpected products from other reactions 
(c) one equivalent of [Fe(&H,),][PFJ reacts with II in dichloromethane or ether 
solutions at 20°C to give high yields of [(Il)H]~PF~]. (d) II reacts with 1 mol of NiI,, 
NiBr, .3H,O or Ni(NO,), .6H,O in wet tetrahydrofuran solutions to give [(II)H][X] 
where X- = [I. H,O], [Br- .2H,O] or [NO,-. 0.5 H,O], respectively. (e) Dilute 
solutions of [(II)H,]” salts in acetonitrile rapidly lose H’ to give [(II)H]+. A 
similar but slower reaction takes place in methanol. The dissociation is reversible. It 
is not observed in more concentrated solutions and attempts to isolate [(II)H[+ salts 
by removal of the solvent at reduced pressures results in the reformation of 

KW%12+. 
Infrared spectra of [(II)H]+ salts show absorption bands due to the anion where 

appropriate, together with those due to the cation. In particular (Table 3) there are 
intense bands at ca. 1578, 1810, 1984 and 2193 cm-’ due to the C-N or C-O 
stretching vibrations of the p-CN(Me)H, p-CO, CO or CNMe ligands respectively. 
These have frequencies and relative intensities (Table 3) which are similar to those 
of the related [Fe~(~-C~H~)~(CO)~(CNMe){ E;1-CN(Me)Mef]I [S]. 

It is therefore reasonable to suggest that like them [(II)H]’ has the structure 
[Fez(v-C,H,),(CO)(CNMe)(p-CO){ p-CN(Me)H}]+ (Fig. 1) with a ca. planar 
Fe,(p-C)2 moiety. Both cis and tram isomers are possible and the H may be syn to 
the MeNC or anti to it. The cis, anti isomer is shown in Fig. 1. The spectra of the 
[(II)H]” salts also show an absorption band at ca. 3300 cm-’ due to their y(N-H) 
vibrations. Its frequency is a function of the anion and it cannot be detected at all 
when water of crystallization is present This behaviour is probably due to hydrogen 
bonding involving the N-H group. It has been observed previously for [Fe,(n- 
C,H,),(CNMe),(p-CNMe){ p-CN(Me)H}][X] salts derived from weak acids HX 
such as acetic acid [9]. 

The [(II)H]X salts are red solids or oils which are soluble only in polar solvents 
such as chloroform, ethers, or alcohols. They are markedly less stable in solution 
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than are those of [(II)H,]’ ’ and attempts to recrystallize them arc ~>ften not 
successful. Unless air is ewluded they are oxidised to (Fe( 71-c ‘,:f-l; )(<‘O)((‘NMc)2] ’ 
salts. 

Comments and conclusion* 



e CpFelCO)(L)A + CpFdCOI(CNMe)B 
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’ ” FeICO)Cp CpiOClFe,C, 

II 

H/?\Me 

’ I! ’ FelCO) Cp CpiLIFe, c, 
2a. 

t 

iCpFe(CO)(Li(CNMell++‘[CpFeiCO)l” 

(: 
2b ;CpFe(C0)2(CNMe!~t+‘[CPFe(Lll+’ 

SCHEME 1 

L= CO or CNMe Cp = n- C,d5 

[(I)H]+ and exclusively by it for [(II)H]+ and [(II)H2]2’. The fate of the ‘[Fe(n- 

C,H,)(CO)I+ ’ and ‘[Fe(n-C5H5)(L)]+ ’ fragments is unknown. 
These results show that the anions X- and Y- are not innocent bystanders; they 

actually participate in the reaction. Different products are obtained when both X- 
and Y- are coordinating anions * (route 1) and when one is not (route 2). This 
suggets that there are two stages in the reaction in which the coordinating abilities 
of X-/Y ~. are called into play. 

Ph,P prevents AgNO, from oxidising [(II)H2]*‘. This suggests that the 
‘PhsPAgNO,’ which is probably formed cannot attack the substrate. Preformed 
[Ag(PPh,),Cl] is similarly inactive. However three equivalents of Ph,P do not 
prevent Ag+ salts from attacking [(II)Ag]+ adducts [2]. Therefore it is probable that 
the Ph,P complexes of Ag’ fail to attack [(II)H,]*’ because they are weak oxidants 
and not because steric factors prevent them from doing so. 
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