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Reactions of rhodium(X) and iridium(I) chlorocomplexes of cyclohexa-1,3- 
diene, cyclohepta-1,3-diene, and cyclo-octa-1,3,!%riene with AgBF4/CH&12 
afford respectively the cations [M(C,H&l,3-C&H,)]‘, CM(rl’-C,H,)(~‘-C,Hs)I’ 
and tM(t76-CsH10)(r14-CaHlo)]‘; the latter complex is a hydrogenation catalyst 
for olefins. 

In continuing a study [1,2] of the chemistry of cationic rhodium(I) and 
iridium(I) complexes we have obtained evidence for hydrogen-transfer reac- 
tions, and also interesting differences in bonding modes depending on the 
nature of the metal. 

Treatment (room temp.) of a solution (CH$l,) of [RhCl(1,3-C&),] or 
[IrCl(1,3-C,H&] with a molar equivalent of AgBF4 in the presence of excess 
cyclohexa-1,3-diene leads to the precipitation of AgCl and the formation of 
the benzene complexes” I eand II. The reaction involves a disproportionation 
of co-ordinated cyclohexa-1,3-diene f23 to benzene and cyclohexene, the 
benzene remaining coordinated, the cyclohexene being displaced by cyclo- 
hexa-1,34iene. Although arene rbodiumjf) cations have been previously 
obtained 121 by displacement of cod from [Rh(cod)s]+BF4- by arenes, 
attempts to extend the reaction to iridium failed. Thus, the disproportiona: 
tion reaction provides a route to these coordinatively saturated molecules. 
Reaction of either I or’II with 1,3,5trimethylbenzene led to the displacement 
of benzene and the formation of the corresponding substituted arene cation. 
In contrast, MeCN, pyridine PMe, or, PMe,Ph, for example, displace benzene 
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from I and II to form tke respective five-coordinated cations III*, isostructural 
witk tricarbonyl(cyclokexa-l&diene)iron. 

A similar reaction of the cyclokepta-1,3-diene complexes [RkCl(l,$-C,H,,),] 
and [IrCl(1,3-C,H,&] led to an unusual hydrogen-transfer reaction, and the 
formation of the cations IV and V. It is likely that a disproportionation reac- 
tion occurs as in the cyclokexadiene system forming cycloheptene and cyclo- 

(I,M = Gh) 

c 

6F,- 

(I;,M = It->. 

(PI, M = Rh .Ir.L = Me,SO, 

Py , PEt? ) 

I 
LAM\, 

a 
L 

t 

a F,- 

(EI,M=.Rh.Ir.L=MeCx. 

Py , PMepPh , P,Me,) 

H H 

(ZTij 

-j- 

I 

i 

t- 

fiF,-- 

CI5Z.M = Rh) 

(5Z.M = Ir) 

Ir 

keptatriene, a further cycle of this reaction would then afford a bis(cyclo- 
heptatriene)rhodium(I) or ;lidium(I) cation, which then via a single hydrogen 
transfer reaction [Rk(I) + Rk(III) + Rk(1) J gives the C,H, and C7H9 ligands 
present in IV and V. It is interesting that a co-condensation reaction of iron 
atoms and cycloheptatriene forms a complex [Fe($-C,H,)(q5-C7H9)] [43, 
which is presumably formed by an analogous H-transfer reaction within the 
molecule [Fe(C,H&]_ Variable temperature NMR experiments (13C and ‘H) 
indicate that the rkodium and iridium cations are isostructural witk the iron 
system, and undergo related dynamic processes. 

If the reaction of Ag13F4 witk the cyclokepta-l,$-diene chloro-complexes 
is conducted -%I the presence of dimetkylsulpkoxide**, pyridine or trietkyl- 

*The 3*P N?KR spectxum of, for example. [~(1,3-C,H*)(P~e,)lI+BF,- showed a single resonance 
at room temperature. collapsing (AG 8.7 2 0.6 kcal/mol-‘) to two resonances (intensity 2:l 
respectively at -87.1 nprn (d, ‘J(PP) 17.5 Hz.) and -101.5 ppm (t. WPP) 17.5 Hz.). The value 
of A0 for [Pe(l.3C,W,)(CO),l has been reported C31 as 7.1 f 0.2 kcai mol-‘. 

**The IR spectrum of the Me+=0 complex suggested tbat S-bonding is involved. 
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phosphine then a straightforward reaction occurs with formation of the five- 
coordinate cations VI, which showedsimilar dynamic behaviour to that 
observed with the cyclohexa-1,3=diene cations. 

Incon-trast,ahalideabstractionreactionwithAgBF,/CH,~,ont'necyclo- 

act-z-1,3,5-triene complexes [RhCl(C,HI&] f5] and [IrCl(C8H&] [S]* 
leads to the formation respectively of~the cations VII and VIII, there being 
no evidence for H-transfer reactions. Interestingly, examination of the 13C 
and *H NMR spectra of these species showed that different bonding modes 
were adopted for these 18-eIectron cations. The rhodium cation is bonded as 
a q9 and 1,2,5,6-q4-system, whereas, in the case of the iridium cation a q6- 
andi 1,2,3,4q4-bonding arrangement is preferred. In this connection it is inter- 
esting that Lewis and coworkers [5] obsenred that the low-temperature 
protonation of [Ir(~5-C,-H,)(1,3,5-CsHlo)l gave the isomeric cations 
E~~~(-r15~~H~)(~,2,5,6~4-CsH1,)l+ and fIrH(q5-CSHS)(1,2,3,4-7.14-CSHIO)]+ in 
the ratio of 1:4. 

Bicycfo[2,2,1]heptene, 2,3_dimethylbuta-1,3diene and 1,3,5-C6H3MeX 
react (room temp., CH,C!l,) with VII or VIII forming the cations 
EM(1,2,5,6-r14-CsHlo)(C,~s~]* (M = Rh, W, [Ir(l,2,5,6174-C8Hro>(2,3- 
dimethylbuta-1,3-diene)]’ and [Rh(l,2,5,6-o’-C,H,,-,)(1,3,5-C,H,hle,)l’, 
which can also be obtained directly by reaction of the corresponding chloro- 
complex with AgBF4/CH2C!12 and the respective diene or arene. A similar 
reaction with cyclohexa-1,3&ene led to a catalytic disproportionation reac- 
tion and the formation of IM(C6H6)(1,2,5,6-a4-CsHlo)3+ (M = Rh, Ir). The 
cations VII and VIII are also active catalysts for the hydrogenation (1 atm, 
room temp.) of ofefins, the rhodium system being more reactive. Initial 
studies with hex-lene have shown that olefin isomerisation also occurs, there 
being a non-linear relationship between hydrogen uptake and reaction time. 
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*‘Exe complex [IrCI(C,H, ,&I can be prepared more satisfactorily by reaction of cyeloocta- 

1.3.~triene with bis<cyclcoct.ene)iridium chloride dimer. 


