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Abstract 

The crystal structure and characterization in solution are described for a very regioselective hydroformylation catalyst, RhH(CO),(di- 
phosphite) with {2(3,3’,5,5’-tetra-tr~-butyl-l,l’-biphenyl-2,2’-diylphosphite~,2’~bis~4-Cl-phenyl~hosphite)-3,3,5’,5’-tetra-~er~-butyl-l-l’- 
biphenyl} as the diphosphite. The complex is formed under CO-H, pressure from Rh(CO),Acac and has a distorted TBP geometry with 
both phosphorus atoms in equatorial positions. 
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Bidentate phosphorus ligands are widely studied be- 
cause of their potential as ligands in the hydroformyla- 
tion of various alkenes [ 11. Bryant and coworkers [la] 
used bulky diphosphite modified rhodium carbonyl cata- 
lysts for the hydroformylation of propene and observed 
a huge enhancement in the normal-to-branched alde- 
hyde ratio. Cury and Buchwald [lb] reported the selec- 
tive hydroformylation of functionalized alkenes with 
one of these catalysts. Casey et al. [lc] showed that a 
natural bite angle of diphosphines of approximately 
120” induces an equatorial-equatorial (ee> coordination 
of the phosphorus atoms. He and others [lc,d] suggested 
that this geometry is responsible for the high regioselec- 
tivity in the rhodium-catalyzed hydroformylation of 
hex-1-ene [le]. Recently we suggested [2] that diphos- 
phite-modified catalysts also require an ee coordination 
in order to achieve the observed high regioselective [If] 
and enantioselectivity [3]. We now report the X-ray 
structure and the characterization in solution of a 
diphosphite coordinated rhodium complex 1, a highly 
regioselective hydroformylation catalyst [4]. 

The catalyst complex was obtained by the reaction of 
Rh(CO),Acac with {2(3,3’,5,5’-tetra-tert-butyl-l,l’-bi- 
phenyl-2,2’-diylphos-phite),2’(bis(4-Cl-phenyl)phos- 
phite)-3,3,5’,5’-tetra-tert-butyl-l,l’-biphenyl} (2) under 
syngas pressure [5]. The 31P NMR spectrum shows that 
the two phosphorus atoms are almost magnetically de- 
generate, although they are chemically inequivalent. 
The small differences in chemical shifts and the large 
values of Jp(Ijp(2j lead to second-order spectra, as ob- 
served for most asymmetric diphosphites [lf]. 

Fig. 1 shows the observed (m,lH) and simulated 
hydride region of the ‘H NMR spectrum [7]. The cou- 
pling constants of both the phosphorus atoms with the 
hydride proton ( - 15 and 66 Hz) do not give an unam- 
biguous indication of the position of the proton in 
relation to the phosphorus atoms since 66 Hz fits neither 
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Fig. 1. Measured (lower) and simulated (upper) ‘H NMR spectra of 
hydride region (100 MHz). 3 

a tram nor a clear cis disposition [8]. The 13C NMR 
spectrum of the l3 CO-enriched complex reveals the 
presence of two different CO ligands: one coupled to 
the phosphorus atoms with relatively large Jcp values 

(JCP(Ij = 48 Hz; Jcpc2) = 36 Hz) and the other to the 
phosphorus atoms with very small Jcp values (Jcpcl) = 
-2.5 Hz; Jcpc2) = 14 Hz). IR spectra showed three 
bands, assigned to the RhH and two CO absorptions [9]. 
The deuterio analogue shows two CO absorptions in 
which the peak shifts are in accordance with one CO in 
an axial and the other in an equatorial position. These 
data indicate a trigonal bypiramidal (TBP) structure in 
solution, with two equatorial phosphorus ligands (1). 

The X-ray structure of 1 (Fig. 2) reveals a distorted 
TBP geometry around the rhodium and confirms the 
suggested structure, although the hydrido ligand could 
not be located [lo]. Both phosphorus atoms occupy 
equatorial positions; the P(l)-Rh-P(2) angle is 
115.95(9)“. The angles made by the phosphorus atoms 
with the equatorial CO are 115.2(4)” and 118.5(3)“. The 
dihedral angles of the diphenyl rings are respectively 
60.6(4)” for C(29)-C(34) with C(35)-C(40) and 61.9(4) 
for C(l)-C(6) with C(7)-C(12). The rhodium aoom is 
situated above the equatorial plane (0.395(l) A) and 
resides towards the axial CO ligand. The axial CO 
ligand deviates from the molecular axis the P-Rh-C 
angles are P(l)-Rh-C(ax) = 92.1(3)” and P(2)-Rh- 
C(ax) = 104.2(3)“. The P-Rh distances are longer than 
those in the AcacRhP, complex [ll] (P = bis(pheny1 

Fig. 2. ORTEP 30% probability plot (PLMON) for RhH(diphosphiteXCO), (1). The hydrido ligand could not be located. Hydrogen atOm are 
omitted for clarity. 
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3,3’,5,5’-tetra-tert-butyl-lfl’-biphen~l-2,2’-diyl)phos- 
phite) (2.1549(9) and 2.1566(9) A compared with 
2.239(3) and 2.255(3) A in 1). Alternatively, the geome- 
try of 1 can be described as highly distorted tetrahedral 
with a hydride on one of the faces, accounting for the 
unusual NMR coupling constants [8]. 

This is the first X-ray structure of a hydrido rhodium 
diphosphite complex and, to our knowledge, also the 
first structure of a rhodium hydrido dicarbonyl complex 
with a bidentate phosphorus ligand. The structure is 
analogous to that of the [lc] 2,2’-bis(diphenylphos- 
phinomethyll-(l,l’-biphenyl) (BISBI) coordinated irid- 
ium complex. The TBP structure of the diphosphite 
rhodium complex is more distorted than that of 
(BISBI)IrH(CO), , indicating that there is greater steric 
crowding around the metal center in 1. The ee coordina- 
tion and the steric bulk lead to a high selectivity in the 
hydroformylation reaction. Little space is available for 
the incoming substrate to coordinate at the remaining 
equatorial position. Upon migration of the hydride to- 
ward the n-bonded alkene the steric interactions can be 
most efficiently minimised by the formation of a linear 
alkyl-rhodium intermediate. [ la,2]. Thus, upon coordi- 
nation of the substrate and subsequential hydride migra- 
tion, linear alkyl species are obtained almost exclu- 
sively, resulting in a high n/b ratio [4]. The importance 
of both bulk and rigid bite angles in inducing formation 
of linear alkyl complexes has been revealed by hydro- 
formylation experiments involving less bulky or more 
flexible (yet ee coordinating) diphosphites, which lead 
to n/b ratios of only 2 and to higher rates [If]. 

The new structural data for this active catalyst can be 
used for parametrization in molecular mechanics calcu- 
lations. Such calculations are widely used to study 
structure-performance relationships in hydroformyla- 
tion, but until now no structural data have been avail- 
able. 
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