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Alcohol induced stereospecific P–C bond cleavage in a Ru–
P(OH)Ph2 fragment affords new chiral-Binap and MeO-
Biphep based complexes containing three different forms of
stereogenicity: ligand atropisomerism plus stereogenic Ru
and P atoms; these represent the first reported transition
metal complexes of the ligands P(OH)(OR)Ph.

The atropisomeric chelating phosphines, Binap 1 and MeO-
Biphep 2 are well known to be excellent chiral auxiliaries

though there is relatively little known with respect to their Ru-
organometallic chemistry.1– 5

It is now known6,7 that both of these bidentate ligands are
capable of acting as six-electron donors to Ru(II), in that one of
the biaryl double bonds, immediately adjacent to one of the two
P-donors, can complex the metal, e.g. 3 and 4.

Once the proximate double bond complexes to Ru(II), it is
relatively easy to cleave a P–C bond,7 with the metal attaining
an 18e configuration by sliding from the h2 mode to the h6 arene
form, e.g. complex 6 of eqn. (1).

(1)

We report here an extension of the chemistry of eqn. (1) in
which compound 6 reacts with aliphatic alcohols to afford the
Ru–phenyl products, 7 [eqn. (2)]. These arise from a stereo-
specific P–C bond splitting and P–O bond making reaction of
the P(OH)Ph2 ligand to afford P(OH)(OR)Ph complexes.

(2)

The Binap complexes 7 and the MeO-Biphep analogues 8
have been prepared using MeOH, EtOH and PriOH, by simply
stirring the starting materials 6 in the appropriate alcohol8 [eqn.
(2)] The new phenyl complexes 7 and 8 are unique in that (a)
they are produced in only one diastereomeric form, i.e. the
phenyl migration and P–O bond formation are specific, (b) they
contain three different forms of stereogenicity: atropisomerism,
from the biaryl moiety,9 a chiral transition metal and the newly
formed stereogenic P atom and (c) these are the first reported
transition metal complexes of the ligands P(OH)(OR)Ph. We
know of only one example in which a marginally related species
arises through P–C bond protonation, i.e. a Mo–P(OH)PhMe
moiety can be formed by protonation of one of the two P–C
phenyl bonds of a PMePh2.10 In this chemistry the PMePh2 is
complexed as an h6-arene and not as a tertiary phosphine.

In solution the formation of 7a from 6 is conveniently
followed by 31P NMR spectroscopy in that the disappearance of
the signal for the complexed P(OH)Ph2 ligand of 6, d = 114.5,
is accompanied by the appearance of a new signal for the Ru–
P(OH)(OMe)Ph moiety at d = 144.7. The presence of the new
P(OR) fragment was confirmed by a 31P–1H-correlation, e.g.
see Fig. 1 for the ethanol analogue 7b. This NMR spectrum
shows cross-peaks for the P(OH), at high frequency, and the two
non-equivalent (diastereotopic) methylene protons as multiplets
(one of which is almost completely covered by the OCH2 of the
solvent, THF-d8) all correlated to the new 31P signal at d 142.4.
In addition cross-peaks are observed from the ortho (intense)
and meta (weaker) P–phenyl aromatic protons. The ipso 13C
resonance of the new h1 phenyl ligand is found at d 150.3.

The solid-state structure of the Binap PriOH analog 7c, was
determined by X-ray diffraction methods  (Fig. 2).12 The
immediate coordination sphere consists of the two phosphorus
atoms, the p-arene and the h1-phenyl ligand. Whereas four of
the Ru–C(arene) separations are normal,11 the remaining two
distances, from the bridgehead carbons C2 and C3, are quite
long (see 9) and suggest little or no bonding to the metal.
Selected bond lengths and bond angles are given in the caption
to Fig. 2.13

Fig. 1 Slice through the 31P–1H correlation (d 142.4) showing the cross-
peaks arising from the hydroxy P(OH), at high frequency, and the two non-
equivalent methylene protons of the EtO moiety as multiplets (one of which
is almost completely covered by the OCH2 of the solvent, THF-d8). There
are also cross-peaks from the  ortho and meta protons of the remaining P–
phenyl ring.
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Complexes 7 and 8 are relatively reactive and offer unique
opportunities for studying the stereospecificity of subsequent
reactions. Details of this chemistry are in preparation.
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