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Summa.: 4

Cyclo-octa-1,5-diene is resistant to autoxidation at a

Rhodium (I) centre under conditions wherg cyclo-octene is rapidly
oxidised. This obse;vatioﬁ is consistent with the known chelating
ability of the diene and with the concept that metal-centred autoxi-
dation requires cqordination of dioxygen within a square-planar
intermediate. The autoxidation is compared with other metal—
centred reactions in which cyclo-octa-1l,5-diene reacts more readily

than do monoenes.

Introduction

Rhodium (X} species promote the 1iqui;i—phase metal-centred
autoxidation of ‘styrene [}] to acetophenone and <.;:f cyclo~octene [2]
'to chclo-oct—rz—eEn-:l-one and cyélo—oci:aﬁone. ';'hese reactions do
not involve freé—fadical chains or Wacker cycles. The cbservations
are cor;sistgnt wj.tlx the reaction of oxvgen with the co—ordinated
olefin possibly within the m_e}:_a;l.'s boordination sphere. Both
these ‘autoxidations -are promoted by [{RhC1(CpHy)5},] and by the

analogous complexes containing the olefins undexgoing oxidation.



?undergoesotnerneta_-centxed reactlons (vlde infra), and’ autoxldatlon_

fof the COD followed by ltS dlsplacement from the metal mlght be
;rexnected The fate of the COD ln these sysyems, whlch is renorted
';here, throws lzght on ;he méchanism of the styrene “and cyclo—octene

’ oxidations,

Results and Discussion

Non—géﬁjﬁgaféd'chelating'dieneé; e.g. COD, readily undergo
rmetal—cen re&'reactions“sﬁéh as hydrogenation [3], hydroformvlation
[4], and.hydrocarboxylat.on CS] and Wacker oxidation [5]. In these
‘catalytic reactlons, the major product is usua;ly‘that formed by
reactién of just one of the diene's olefinic bonds. This selectivity
isiattzibugea to the greater cé—o:dinating poéer of fhe chelating
) diene cdmparedrwith monoéﬁes_ Thus, following reaction of éne of
the céfordinated diene's double bonds, the product is_displaced
f:ém ihe meéal by unreacted diene. This ready reaction of and
removal of thé dieﬁe froﬁ thé ﬁeﬁal cehﬁre permits the use of
complexes of Rh(I) with chelating dienes as catalyst precursors
e.g. in the hydrcgenation of moncenes [7].

It might be expected that [ {RhC1(cOD) 151 would 's:l.mi..larly
yvield catalytic spééieé undexr conditioﬁs where éhe caﬁalytic

. R - - -« - -
oxidation of styrene or of styrene/cyclo~octene mixtures' proceeds

T Cyclo-octene alone Goes not undexgo catalytic-autoxidation
on Rh(I) in non-complexing solvents because of,preéiéit;tion

of the catalyst [2].- .
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1atfcéﬁ£res derived from [{Rhc1(C234)2}2]. The inactivity of
fthCl(CbD)}z] in these-systems does not result from conversion of
the CQD into’some otﬁer tiéhtly bound, but oxidation resistant,
chelatigg ligand. At 74°, under conditions [2] where coordinated
cyclo-octene is oxidised rapidly, [{RnCl(COD)Cll;] is completely
unchanged by treatment with oxygen during 1 hr. and no oxygen is
consumed. Furthermore, at 30°, both [{RhCI1(PhCECH,)21}5] and
[{RnC1(CgH; 4)12}2]1 form adducts [1,8] with molecular oxygen, but
[{rnC1(coD) },] does not adduct oxygen.

At temperatures sufficient for metal-centred autoxidation
of styrene and of cyclo—octene (2902 and 70° respectively), and in
the presence of added olefin, solutions of their Rh(I)Cl complexes
give N.M.R. spectra in which free and coordinated olefin are not
distinguishable. Instead, broad bands (up to 50 Hz wide) result
from the vinylic protons so indicating rapid exchange between free
and coordinated olefin. Addition of COD to these solutions rapidly
leads to the spectrum of L{RhCL(COD)},]. The N.M.R. spectrum of
this complex is not affected by added styrene, cvclo-octene or
COD, so co-ordinated COD does not exchange readily with these
olefins.

All these results agree with the known co-ordinating ability
of ¢cob [9] and with the suggegtion that metal-centred autoxidation
requires the coordination of molecular oxygen within a square-planar
intermediate. Thus, oxygen can replace styrene and cyclo-octene lost
from their Rh(I)Cl complexes, so taking up an eguitorial position which
can lead to autoxidation. While being coordinatively unsaturated, the
COD complex is stable to autoxidation since oxygén can approach only
the axial positio#s.

Hartley and Perie [10] have argued that other ligand combination
réactions, also occurring at d8 metal centres, involve reaction

between ligands bound in the sguare-plane. These authors rationalise



‘an ad}acent olefzn llgand.~ _5‘~j;l74:;;lfé;[g,; t,;_,«{lgg;t»lz»{ﬂvi..

The act:.vxty of d)D and its square—pla.nar complexes J.n

rether reactlons is. reedily understood 2 The Wacker ox:.datlon obfr Tl
iCDD is ‘a trane—orocess. hydroxylatlon 1nvolves exo-attack.on COD

by non—cooruinated water [11]. The hydrogenatlon and hydroformylatlon

of COD catalysed by e.g-_Rh(I) ‘species lnvolves oxldatlve aedltlon

cf hydrogen to Square planar ent;tles ‘so. glvlng octahedral :
}hvdr:.de sp=c1e= :Ln wl:u.ch transfe.. of hyd.ride to the coordma.ted {COD
'cccurs read;ly* Elz, 7b].: Like hydrofbrmylatlon, the hydrocarboxylatlon.
'of COD Drobably ;anolves metal hydr:.de :.ntermed::.ates, tnough here
fhydrldes result frcm oxldatlve addltlon of e. g. hydrogen halide to

'the metal. {5, 13}.  The metal hydnde and metal—halide bonds ‘are
sufficiently strqng to allow cleavage of molecular'hydrogen and;of'
jhydroéen naliée;fbﬁtrthe analogous oxidative addition of dioxygen

to the‘metaljappears to be energetically unfavourable.

- It bas been reported recently [14] that the Hydrosilvlatlon
of ncn-chelating dlenes is catalysed by cobalt—hydrlde
~spec1es, but that COD is completely unreactlve. The catalyst

. was for— =d in situ rrcm LCoz(CD)B] but the nature of the Co

';spec1es fbrmed during attemnts to. hydr0511ylate COD was not

,determined nor was the effect studled of adding COD to reactlng

"mixtures.
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irggggrimental i
Stabillgy of [{RhCl(cOD)},]. The complex (0.5 mmol) was

B chssolved in toluene ‘{8.6 ml) at 74° under oxygen. After 1 hr. ‘no
Lprecipltate ‘had separated, no oxygen was absorbed, and no volatile
7 products were detected-by g-l.c. Removal of the solvent left

- a‘residue having I.R. and N.M.R. spectra identical to those of

the d;iginal complex.

‘Absence of oxygen adduction. Addition of [{RhCi(COD)}Z]

(0.44 mmol) to toluene (10 ml.) at 30° thoroughly equilibrated with
an oxygen atmosphere did not result in the uptake of oxygen by'the
scolution during 2 hr.

N.M.R. Spectra. Typically, samples contained the Rh{I)}

complex (30 mg) dissolved in 1.25 ml of the appropriate nitrogen-
saturated olefin. Solutions were examined in a Varian HR220

instrument.
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