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Summary 

The reactions of trans-[ RhCl( CO)(DPM)], (DPM = Ph2PCH2PPh,) with di- 
methylacetylenedicarboxylate (DMA) and hexafluoro-2-butyne (HFB) yield 
the novel species [ Rh2Cli (p-CO)(p-Ac&)(DPM), ] (Acet = DMA, HFB). The 
X-ray structure determination of the DMA derivative indicates that the com- 
plex has the acetylene molecule coordinated as a cis-dimetallated olefin and 
also contains a ketonic carbonyl ligand. The long Rh- - - Rh separation (3.3542- 
(9) a) suggests no metal-metal bond and the Rh-C(O)-Rh angle (116.0 (4)“) 
suggestssp’ hybridization of the carbonyl carbon atom. Similarly the geometry at 
the acetylene ligand and the C-C distance of the coordinated acetylene moiety 
(1.32(l) A) are consistent with the dimetallated olefinic formulation. This re- 
presents the first reported characterization of a ketonic carbonyl complex out- 
side the Ni triad. These novel complexes have also been formed by the direct 
insertion of the acetylene molecules into the formal Rh-Rh bond in [Rh,Cl;! - 
(II-CO)(DPM), l- 

The preparation and characterization of polynuclear complexes and their 
chemistry with small molecules are presently of considerable interest, particu- 
larly when the small molecules display unusual coordination modes [l-4]. 
One such unusual coordination mode involves the ketonic carbonyl ligand* 
which, to date, has been structura.lIy characterized for only two very similar 
complexes of Pd [l] and Pt [2] _ No such complex of rhodium has yet been 
characterized, although we have postulated the existence of such species as in- 
termediates in reactions involving trans-[ RhCl(CO)(DPM)], (DPM = Ph,PCH, - 
PPh;?) with small molecules [ 5,6] -Further characterizations of ketonic carbon- 
yl complexes, particularly outside of the Ni triad, would be of tremendous val- 
ue in leading to an understanding of the factors which stabilize this unusual 
bonding mode. 

*The term. ‘%etonic” carbonyl refers to a cvbonyl Wand which bridges two metals not bonded to each 

other. 
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The coordination modes of acetylene molecules in polynuclear complexes 
are also of current interest [3,4,7-111. For an acetylene molecule bridging 
two metal atoms two coordination modes can be considered; the more com- 
mon, being a ~_r~-n* interaction, having a tetrahedral M,C& framework [7,12, 
1,3] and the second, less common mode being viewed as a cisdimetallated ole- 
fin complex, for which few examples have been structurally characterized 13, 
4,9] _ It is of interest to obtain structural information on the coordination of 
acetylenes in binuclear complexes in order to correlate the effect of structure 
on the subsequent chemistry of these species. 

We report here our preliminary results on the reactions of tram-[ RhCI(CO)- 
(DPM)] Z (I) with activated acetylenes, yielding novel complexes containing 
both a ketonic carbonyl ligand and an acetylene molecule coordinated as a 
cisdimetallated olefin. These are the first rhodium complexes to be character- 
ized containing this unusual carbonyl coordination mode and the first com- 
plexes where both a ketonic carbonyl ligand and an acetylene molecule, bonded 
as a cisdimetallated olefin, are present in the same complex_ 

The treatment of I (200 mg in 10 ml CH,C12 ) with 50 mg of dimethylacetyl- 
enedicarboxylate (DMA) under a dinitrogen atmosphere and precipitation after 
15 mins with diethyl ether yields a green solid (II) having a broad carbonyl 
stretching vibration at ca. 1700 cm-’ and a 31P(1H} NMR spectrum (6 9.9 ppm, 
I’J(Rh-P) + XJ(Rh-P)I = 141.6 Hz)* characteristic of a symmetric species. Ex- 
posure of a methylene chloride solution of I to one atmosphere of hexafluoro- 
2-butyne (HFB) results in the precipitation, after several hours, of a green high- 
ly insoluble solid (III) having a medium intensity band in its infrared spectrum 
at 1705 cm-’ and a symmetrical 31P { ‘H} NMR spectrum similar to that of the 
DMA species (6 8.9 ppm, l’J(Rh-P) + “J( Rh-P)l = 131.8 Hz). No evidence of a 
perturbed acetylene stretching vibration is observed for either complex_ The 
low value for v(C0) in the HFB complex suggests a ketonic carbonyl species**; 
the analogous vibration in the DMA complex is masked by the carboxylate vi- 
brations near 1700 cm-’ . The presence of the bridging carbonyl ligand in the 
DMA complex is confirmed by the infrared and 13C{31P{‘H}} NMR spectra of 
a 13C0 enriched sample which have Y(‘~CO) 1660 cm-’ and an unresolved 13C 
resonance at 6 181 ppm***, respectively_ Elemental analyses for both II (C, H, 
Cl, 0) and III (C, H, Cl) are consistent with the formulation [Rh,Cl,(p-CO)- 
(p-acetylene)(DPM)Z 1. The structure of the DMA derivative was undertaken, 
owing to a lack of suitable crystals of the HFB analogue, in order to verify the 
ketonic carbonyl formulation and to establish the acetylene bonding mode. 

[Rh,Cl,(D-CO)(p-DMA)(DPM), ] (II), crystallizes in the space group P41212 
with a 15.021(2) A, c 25.738(6) A, V 5807 A3 and 2 = 4. Intensity data were 
collected on an automated Picker.four circle diffractometer using nickel filtered 
Cu-K, radiation in the range 3” < 20 S 124”_ Of the 5023 unique reflections 
measured 4566 were observed (I 2 30(I)) and were used in the solution and 

*All positive shifts downfield from external H,PO,. 
**The value of v(C0) is obviously in the range of organic carbonyls since it is masked by the carboxylate 

vibrations In complex II. However, it is recognized that CO stretches in DPM-bridged comp?exes are 
not strongly correlated to structure. See ref. 2 and 14 for example. 

***COmplex [RhlC$(Ir-CO)&-DMA)(DPhI)2] is not very soluble so well resolved 13c (3’P p H }I NMR spec- 

tra were not obtained_ The analogous bromo and iodo complexes. however. show the expected well 

resolved triplets at 6 184.5 and 191.8 ppm. respectively. 
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Fig_ 1. A perspective view of CRh2C15(~-CO)U-DMA)<DPM)2 I showing ail non hydrogen atoms with 20% 
thermal ellipsoids. Only one set of disordered Positions for O(2). O(3) and C(5) is shown. hkthylene hy- 
drogen atoms are drawn artificially small. 

Fig. 2. A representation of the coordination in the approximate plane of the acetylene 
ands showing some relevant bond lengths and angles. Rh- --Rh 3.3582(g) A. 

and carbony lig_ 
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refinement of the structure, which was solved by conventional Patterson and 
Fourier methods and refined by full matrix least-squares techniques to R = 
0.049 and R, = 0.066. At the present stage of refinement the carboxylate 
groups (O(2), O(3) and C(5), see Fig. 1) are disordered between two positions. 
The disordered atoms were refined isotropically with 50% occupancy of each 
position. All other non-hydrogen atoms were refined anisotropically. The 
phenyl rings are refined as rigid groups with C-C 1.392 A, fixed hydrogen con- 
tributions are included and the data are corrected for absorption effects. 

The molecule, shown in Fig. 1, sits across the crystallographic two fold axis 
which is colinear with the bridging carbonyl group (C(l)O(l)) and bisects the 
Rh--- Rh axis and the acetylene molecule. Only one set of disordered positions 
for O(2), O(3) and C(5) is shown. This structure determination confirms the 
unusual ketonic carbonyl bonding mode and establishes the cis-dimetallated 
olefin formulation for the acetylene molecule_ Figure 2 shows a representation 
of the coordination in the plane of the acetylene and carbonyl ligands along 
with the relevant parameters_ All structural parameters involving the bridging 
carbonyl ligand are consistent with its formulation as a ketonic carbonyl spe- 
cies. Therefore, the long Rh. l - Rh separation (3.3542(g) a) indicates no formal 
Rh-Rh bond and the angles about C(1) indicate sp2 hybridization of this atom. 
Similarly the parameters about the acetylene ligand agree with its formulation 
as a cisdimetallated olefin. The C(3)-+(3)’ bond, at 1.32(l) a, is consistent 
with a C=C double bond and the angles about C(3) are close to the expected 
value of 120” and agree well with the related palladium complex [3]. The ole- 
finic moiety is twisted slightly about the C(3)-C(3)’ bond with an average tor- 
sion angle (e.g. Rh-C(3)-C(3)‘<(4)‘) of ca. 10”. 

The structural characterization of this acetylene species suggested that these 
complexes could also be prepared by the direct insertion of the acetylene mole- 
cules into the formal Rh-Rh bond of [Rh2C12(p-CO)(DPM)2 ] [14]_ This has 
been verified for both the HFB and DMA molecules, the reactions taking place 
immediately in CH,Cl, solution yielding green solids having the expected spec- 
tral properties and elemental analyses. Attempts to remove the ketonic car-bony1 
ligand from complex III with trimethylamine oxide at room temperature in 
CH2C12 did not succeed. However, on refluxing complex III in CHCL, with a 
lo-fold excess of trimethylamine oxide the carbonyl group is slowly re- 
moved over a period of 24 h yielding the carbonyl-free complex, [Rh2C12 - 
(,u-HFB)(DPM), ] (IV) which shows a perturbed acetylene stretch at 1638 cm-’ 
and has a ‘lP{lH} hMR spectrum characteristic of a symmetrical species (6 7.5 
ppm, I ‘J( Rh-P) + “J( Rh-P)I = 111.8 Hz) [ 153 _ Species IV has been prepared 
by another route and has been shown to react readily with CO [15] yielding 
complex III. A crystallographic study of complex IV is underway in order to 
establish the acetylene bonding mode. The difficulty in removing the carbonyl 
ligand from complex III is in contrast to the facile CO removal from the related 
DPM palladium 1161 and platinum [17] ketonic carbonyi species and resem- 
bles more the sluggish CO loss reported for the DAM* palladium and platinum 
analogues [16,17] _ 

The characterization of these unusual species represents a significant contri- 

*Abbreviations used: Cp = $C,H, . DAM = Ph,AsCH,AsPh, _ 
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bution to the understanding of the factors which stabilize ketonic carbonyl 
ligands, with [Rh,Cl,(p-CO)(p-DMA)(DPM), ] being the first structurally char- 
acterized ketonic carbonyl complex outside the Ni triad. The Rho l l Rh separa- 
tion observed is by far the largest distance yet to be bridged by a carbonyl ligand. 
This observation is even more significant when one considers that the ketonic 
carbonyl and associated cis-dimetallated olefin coordination of the acetylene 
molecule in the present complex are favoured over the alternate structure 
which would have a stable closed shell configuration, a “normal” bridging car- 
bony1 @and, a formal metal-metal bond and a ~~17’ acetylene coordination, as 
was observed for [Cp,Rh, (cl-CO)(p-HFB)] 1131. 

Based on these results and those of the related Pd [l] and Pt [ 21 species it is 
clear that previous ideas on the bonding in bridging car-bony1 complexes must 
be reconsidered_ When the only bridging group is a carbonyl ligand, previous ar- 
guments [IlS, 191 that a formal metal-metal bond is required still seems valid. 
However in the presence of bridging groups such as DPM and DAM it is now 
evident that a formal metal-metal bond is not a prerequisite to a stable bridging 
carbonyl complex. 

Tables of atomic positions, thermal parameters and selected bond lengths 
and angles and observed and calculated structure factors are available*. 
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