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CATIONIC METAL NITROSYL COMPOUNDS 

II CATALYTIC BEIIAVIOUR OF CATIONIC COMPLEXES OF IRON 

D BALLIVET, C BILLARD and I TKATCHENKO* 

Instltut de Recherches sur la Catalyse, 79 bd du Ii Nouembre 1918. 69626 Vdleurbanne Cgdex 
(Fmnce) 

(Recewed October 13th 1976) 

Catlomc mtrosyl compounds obtamed by chionde abstractron from [Fe(NO),- 
CI12 are catalysts for the polymerlsatlon of acrylonrtie and styrene and the 
dnnerrsatlon of norbomadiene 4 

We report below the radical, cationic and coordrnatmg propagatmg abilities of 
[Fe(NO)rCl], and related dmrtrosyhron compounds m the ohgomerlsatlon of 
acrylomtrrle, styrene and norbomadrene, respectmely. 

The catalytrc species were prepared by two methods In method (a) [Fe(NO):- 
Cl] 2 1s mrxed wrth AgPFd, AgBF4, AgClO, or NaBPh,, and the pure or &lute 
substrate added In method (b) the compound [Fe(NO), L, ]Y (L = acetonitnle, 
acrylomtnle, triphenylphosphme; Y = PF6, BFs, ClO., , BPh4) 1s formed before 
the addrtron of the reactmg olefin. Results of catalyses are reported m Table 1 
Blank tests for reactions of silver salts, sodmm tetraphenylborate, mtnc oxide 
wrth neat olefms were negative. 

Acrylomtnle 1s polymem4 to the same extent by type (a) and (b) catalysts 
(L = MeCN) No hght ohgomers were detected The mfrared spectra of the solu- 
tions before the reaction show a drfference m v(N0) and v(CN) frequencies for 
the BPh.,-system compared to the others (BPh4-v(N0) 1770,1705 cm-‘, v(CN) 
2255 cm-‘, ClO,-, PF,, BF,-v(N0) 1815,173O cm-‘, v(CN) 2275 cm-’ ) The 
acrylomtnle coordinatron 1s not exactly the same which can account for the 
counmr-amon dependence of the actwity [ 1,2,3]. The compound [ Fe(NO), L, ]- 
BPhs rs active when L is acetomtnle and mactrve when L 1s tnphenylphosphme. 
Radrcal scavengers such as hydroquinone and chphenylpicrylhydrazyl radical m- 
hrb1t.s the polymerrsation. Paramagnetrc species m the case of the most active 
system are the monomeric iron cation and the phenyl radmals produced by tetra- 
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Cl1 

phenylborate decomposition [4] However, the latter are more commonly trans.- 
fer agents 153 and [Fe(N0)2Cl], + PhlHg does not catalyse the reaction. Thus 
we assume that the metallic centre, by coordmatzon of acrylonrtrile, induces a 
radical which leads to polyacrylonitie through a propagatmg step 

Styrene is polymensed at low temperature when mured with type (a) catalysts 
The loss of actrvlty for type (b) catalysts may arise from the competmg coordma- 
tron between styrene and hgand L The results reported in Table 1 were obtained 
at O”C, but the polymerismg actnnty 1s observed even at -20°C and increases with 
the polarity of the medmm. Moreover (1) the radical drphenylpicrylhydrazyl has 
no effect, (n) acrylomtnle-styrene copolymensatxon does not occur and (m) IXJ- 
butene is also polymensed. According to polymensatzon data on polystyrene [ 51 
these results indicate a cat~omc propagatmg step, the cationic iron moiety bemg 
the effective catalytic precursor. The counter-anron effect observed on the acti+ 
ity has to be related to the tightness of the ion-pairs formed [6-81 

Finally, norbomadrene is dimensed selectively to the exe-truns-exc dimer (95 7%) 
The startmg material [Fe(N0)3Cl] 2 is active as a type (a) catalyst whereas 
[ Fe(NO)z (MeCN), ]PF6 1s not Kmetlc studies have shown that the catalytic 
activity parallels the appearance of the ESR srgnal attributed to the Iron(I) mokety. 
The inactivity of [Fe(N0)7 (MeCN),]PF6 is attributed to the strength of the Iron- 
acetomtnle bond. A sun&r trend has already been observed with the cobalt 
homologues [ 11 _ In this latter case, changmg the counter-anion modifies the activ- 
ity and the selectivity, whereas with the iron systems coordinatmg as well as non- 
coordinating anions exhibit the same selectivny. Only the actiwQ- is altered A 
mechamstrc study of the norbomadiene dnnerisation is being camed out 
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