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R - PHENYL BIS DIPHENYLPHOSPHINOETHANE; STRUCTURAL STUDIES
PERTAINING TO RHODIUM — CATALYSED ASYMMETRIC HYDROGENATION

John M. Broun* and Barry A. Murrer

Dyson Perrins Laboratory. South Parks Road. Oxford OX1 3QY

Summary : Intermediates in asymmetric hydrogenation by the

title phosphine are defined by NMR techniques.

The mechanism of homogeneous hydrogenation by Wilkinson's catalyst, (PPh3)3Rth. is now
established and with simple olefins hydrogen addition to rhodium precedes olefin co-ordina-
tion1 although the reverse is true for acrylonitrile and other electrophilic olefins.2
Cationic rhodium complexes derived from monophosphines normally form stable dihydrides
on hydrogenation in protic solvents.3 but cis-chelating diphosphine-derived complexes
give rise to solvent adducts with no affinity for hydrogen under normal conditions.4
We present experiments which provide insight into the structure of these adducts and

on selectivity in substrate complexation.
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R - Phenylbisdiphenylphosphinoethane (1a) which has recently been synthesised
ind:pendentlyS was prepared from E:mandelic acid via the dimesylate of S-phenylethanediol
in 53% overall yield. (Lit5 20%). It differs from the majority of chir;l biphosphines in
having inequivalent phosphorus atoms. giving considerable additional structural information
by NMR. Mixing (1a) with bis(norbornadiene)rhodium tetrafluoroborate (2)6 gives the mixed
complex (3a)(<3P1 = 70.6, 6P2 = 43.9 p.p.m.; JP1Rh = 158, JP2Rh = 154, JPP = 37 Hz)
Hydrogenation of this solution (0.04M. 1 ml, 5 min.) gives rise to the 24~Line NMR spectrum
of Figure 1a. The major species is a monomeric solvent adduct of the conventional type (4)
and the two minor species are stereoisomeric dimers (5) and (6). Thus (4) predominates
in dilute solution (0.02M) but is the minor component at higher concentration (0.08M).

Furthermore, hydrogenation of the complex(3b) prepared from racemic(1) gives two new species
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(7) and (8) at the same concentration as (3) and (6)., the total concentration of d'imers7
being unchanged (Figure 1b). This is precisely the result which would be expected on
simple symmetry considerations. since there are two possible optically active dimers and
two racemic (meso) dimers, each giving rise to an eight line spectrum. The bridging unit
is most probably two or three solvent molecules8 and not an arene. the high values of

JpRh (197 - 210 Hz) being inconsistent with the latter.9 In 2-methoxyethanol the analogue
of monomer (4) is strongly favoured over dimers.
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Complex (3a) is an effective catalyst for hydrogenation of a range of dehydroamino

acids (optical yields typically 85%) and our results are in accord with those previously
reported.5 Since the ligand lacks C2 symmetry there are four possible rhodium enamide

complexes.10

With (9a). two of these are formed (Figure 2) and it proved possible to
demonstrate that these are regioisomers rather than stereoisomers by two further
experiments. Dideuterated phosphine (1b) showed little broadening (<3Hz) of its
31P NMR resonances. The corresponding norbornadiene rhodium complex (3b) shows selective
broadening of about 8 Hz in its low-field resonance, reflecting a substantial vicinal

1 1t has been shown elseuhere10

coupling to the equatorial B-deuterium., as in (10).
that complexation of the carbon-13 enriched enamide (9b) causes an 8 Hz splitting in
the cis-phosphine resonance. In the present caser coupling to the two phosphorus nuclei
at 74.5 and 41.8 p.p.m. is observed on complexation of (9b). Taken together these
experiments demonstrate that the two enamide complexes are regicisomers. presumed to be
(11a) and (11b) to accord with the optical course of hydrogenation. The fact that

racemic (1a) gives identical enamide complexes to the optically pure phosphine proves
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the 1:1 stoichiometry.
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