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Summary 

Infrared spectroscopic studies using Rh(acac)Lz (acac = acetylacetonate; L = 
CH2 =CHCl, CH? =CHMe) complexes have demonstrated for the first time that 
v(C=C) can be used to characterise unstable species in matrix isolation experi- 
ments on metal-olefin complexes at ca. 12 K provided that the olefin is asym- 
metric such that v(C=C) is a relatively high intensity mode in both the metal 
complexes and the “free” ligand. 

Photosubstitution reactions of complexes of the type M(&diketonate)LL’ 
(M = Rh, Ir; L, L’ = CO, PPhJ, AsPha, olefin) have been the subjects of a 
number of recent papers. These complexes react differently under various 
circumstances. For example, the complexes M(acac)(T’ -C,H,), (M = Rh, Ir; 
acac = acetylacetonate) have been shown to react in solution by SN2 associative 
mechanisms [ 11, while for M@-diketonate)(CO), (M = Rh, Ir) complexes SN 1 
dissociative pathways have been proposed [ 21. 

Flash photolysis studies point to the existence of short-lived radical species 
in both isomerisation and substitution reactions [ 31. Although no firm struc- 
tural evidence was presented, it was suggested that the primary process was 
cleavage of a metal-p-diketonate bond [ 3, 41. Matrix isolation studies for 
M(p-diketonate)(CO), complexes in frozen gas matrices at ca. 12 K observed CO 
loss and, to a lesser extent, metal-_P-diketonate bond cleavage [ 2 1. 

Matrix isolation studies of organometallic complexes have primarily used 
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metal carbonyl IR active stretching bands to characterise unstable species [ 51. 
This is because other metal-ligand vibrations and internal ligand vibrations are 
relatively weak or do not show sufficiently characteristic shifts to allow 
characterisation of unstable species. For example, ca. 30 cm-’ shifts were ob- 
served in Y(CO) for M(p-diketonate)(CO) versus M(@-diketonate)(CO)z com- 
plexes whereas no apparent shifts could be detected for the vibrations of the 
M(fi-diketonate) fragment under the same circumstances [ 2, 61. In a comparable 
matrix isolation study of (q5 -C,H,)Rh(q’ -CPH4)2, reversible loss of CzH4 was 
claimed to occur but no definitive proof was presented because Y(C=C) is infra- 
red inactive in “free” CzH4 and is at best very weak in (Q’ -CSH,)Rh(~2 -C2H4)2 [7]. 

In this communication we demonstrate that matrix isolation studies* of 
olefin complexes can employ v(C=C) for characterisation if the olefin is 
rendered asymmetric by substituting a H by a Me or a Cl ligand. 

Isolation of Rh(acac)(n2-CH2=CHC1)2 in 5% CO doped CH4 matrices at high 
dilution (ca. l/2000) at 12 K affords well resolved bands in the terminal CO 
stretching region (Fig. 1 and 2) and ligand vibration regions (Fig. 2). Irradiation 
of the matrices with UV light (A < 280 nm and h > 550 nm) caused dramatic 
changes in the terminal CO region associated with the ejection of CH,=CHCl and 
the formation of Rh(acac)(CO)(q2 -CH,=CHCI) and Rh(acac)(CO), (Table 1). 
Changes in the region associated with the ligands are less marked although after 
90 min photolysis a new band can be clearly observed at 1606 cm-’ (band 
marked * in Fig. 2). This band was positively identified as “free” CH,=CHCl from 

2200 2100 1900 iitcm-‘) 1800 

Fig. 1. IR spectra (Nicolet 7199 FTIR interferometer (1 cm-’ resolution) in the terminal u(C0) region 
from an experiment with Rh(acac)(q’-CH ,=CHCI), in a 6% CO doped CH4 matrix at 12 K: (a) before 
irradiation, (b) after 10 min photolysis. CC) after 90 min photolysis. (d) after 3 h photolysis. (e) after 
10 h photolysis and (f) after 30 h photolysis. 

*See ref. 2 for details of matrix isolation equipment, the photolysis source and wavelength selective filters. 
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Fig. 2. IR spectra in both terminal v(CO) and ligand vibration region experiments: (a) after deposition and 
(b) after 90 min photolysis. ‘Ibe band marked l is v(C-C) for “free” CH,=CHCl. 

TABiE 1 

INFRARED BAND POSITIONS (cm-’ ) OF CH,=CHCl,, Rh(acac)(CO),. Rh(acac)($-CH,=CHC1)2 

AND ITS PHOTOPRODUCTS IN EXPERIMENTS EMPLOYING 5% CO DOPED CH, MATRICES AT 

12 K 

Experiment= Band, assignment 

A B C D E F 

2087.9 2086.7 1 

1579.4 

1522.2 

1435.0 

1565.2 

1435.0 

1372.4 1372.4 

1273.4 1273.4 
1031.0 1031.0 

1022.0 1022.0 

898.8 898.8 

684.0 684.0 

615.6 615.6 

2028.1 
2019.6 2015.0 

1605.8 1605.8 

1433.7 

1373.1 

1362.6 
1276.8 

1031.1 

1022.0 

955.3 

898.7 
703.5 
684.0 

629.1 
615.6 

1438.5 

1425.2 
1377.4 

1363.7 1363.8 

1278.5 1281.6 

1033.4 
1029.0 

1020.2 

949.2 955.3 
899.3 

703.5 707.0 

683.3 
629.0 

NCO) 

1607.0 v(C=C) for “free” CH,=Cl, 

bands for bound 

CH,=CHCl and 
acetylacetonate 

1365.5 band of CH,=CHCl 

1281.8 band of CH,=CHCl 

1027.0 band of CH,==CHCl 

943.7 band of CH,=CHCl 

899.6 band of CH,=CHCl 
710.7 band of CH,==CHCl 

bands of bound 

acetylacetonate and 
M-CO 

cA = after deposition; B = after 10 min photolysis; 

C = after 90 min photolysis: D = pure Rh(acac)(CO),, in a 5% CO coped CH, matrix. 
E = subtraction spectrum for lower wavenumber region; F = pure CH, =CHCl, in a 5% CH, matrix. 
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separate experiments (Table 1). On careful expansion and subtraction of spectra, 
the other stronger bands of CH2=CHC1 were detected for the experiments with 
Rh(acac)(v 2 -CH2 =CHC1)2 in CO doped CH, matrices (Table 1). Definitive 
identification of Rh(acac)(CO), was also afforded by a separate experiment 
(Table 1). 

The stepwise formation of “Rh(C0)” and “Rh(C0)2 ” fragments and the 
growth of for “free” CH2 =CHCl indicates that first one and then the other 
CH2=CHC1 ligands are lost, giving the coordinatively saturated lgelectron 
species Rh(acac)(CO)(n’ -CH, =CHCl) and Rh(acac)(CO), rather than the for- 
mation of the coordinatively unsaturated 14-electron species Rh(acac)(CO). 
The latter can be eliminated because the band position in this work for “Rh(C0)” 
(2028 cm-’ ) does not correspond with that for Rh(acac)(CO) generated 
in a pure CH4 matrix (2002.9 cm-’ ) [2] . 

Similar observations were obtained in experiments starting from the propene 
complex Rh(acac)(v2-CH2= CHMe)2. It is apparent, therefore, that creation of 
asymmetry in olefins will allow feasible characterisation of unstable olefin- 
containing organometallic species. Further work will seek to establish whether 
Rh(acac)(q’ -CH2 =CHCl), affords Rh(acac)(q’ -CH2 =CHCl) + CH2 =CHCl 
reversibly in non-reactive matrices (Ar), Rh(acac)(N2)(q2 -CH, =CHCl) in 
N2 matrices and will seek to extend the concept to acetylene complexes 
using v(CZ) of MeC-CH, CF,C=CH and PhC=CH. 

We thank Drs. R.B. Hitam and K.A. Mahmoud for carrying out early ex- 
ploratory experiments and NATO for a Research Grant (to A.O. and A.J.R.) to 
enable reciprocal visits between Amsterdam and Southampton. 
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