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Abstract

The reaction of 2-lithiophenyldiphenylphosphine with phosphorus trichloride afforded the new unsymmetric
phosphine, dichloro(2-diphenylphosphinophenyl)phosphif)e Condensation off with (a) (2R,3R)-dimethyl
tartrate or (b) §-binaphthol in the presence of triethylamine gave new chiral phosphine-phosphonite ligands,
(2R,3R)-[2-(2'-(diphenylphosphino)phenyl)-4,5-bis(carbomethoxy)-1,3,2-dioxaphospholaRe3R)25) and §)-
[2-(diphenylphosphino)benzene][1-dinaphthalen-2,2diyl]phosphonite] (§)-6). The analogous reaction df
with (1R,29)-ephedrine usingN-methylmorpholine as the base, gave [2«(@iphenylphosphino)phenyl)-3,4-
dimethyl-5-phenyl-1,3,2-oxazaphospholidiné] &s a 95:5 mixture of diastereoisomers. © 1999 Elsevier Science
Ltd. All rights reserved.

Non-C, symmetric bidentate organophosphorus ligands have been the focus of attention of late, in
transition metal catalyzed asymmetric synthéditotable examples are the use of phosphine-phosphite
ligands such as§R)-BINAPHOS? and §R)-BIPHEMPHOS? and phosphine-phosphinite ligands such
as R9-EPHOS? in the rhodium catalyzed hydroformylation of olefins, and bisphosphinites in the
nickel catalyzed hydrocyanation of olefindheir success has been attributed to the highly asymmetric
environment around the metal center that such ligands provide. It is surprising therefore, that alternative
bidentate chelating ligands based on phosphine-plooégis 1 (Fig. 1) have not been the subject of inves-
tigation, particularly as monodentate TADDOL-type phosphonite ligands have been used with success
in the asymmetric rhodium catalyzed hydrosilylation of ketdh@he rhodium catalyzed asymmetric
hydrogenation of olefins has also been studied using a chiral bisphosphonite ligand based on a ferrocene
backboné€. Various chiral bidentate, chelating ligands basedoatho-substituted triphenylphosphine
such a and3 have recently been applied to enantioselective catalytic reactions including the ruthenium
mediated hydrosilylation of ketones and imihesid palladium catalyzed Heck reactiché.To the best
of our knowledge there are no reported examples of phosphonite functionalized phosphine ligands. In
addition to exploring the coordination chemistry of a new ligand class, several additional features of chiral
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phosphine-phosphonites were attractive to us: (1) the chelating ligands ha& rsymmetry which
has recently been shown to be an important consideration for certain classes of transition metal catalyzed
asymmetric carbon—carbon bond formation; and (2) a wide variety of inexpensive, readily available chiral
diols, amino alcohols and diamines of both antipodes would allow us to investigate a large number of
optically active ligands in enantioselective catalytic reactions. This communication describes the first
synthesis of optically active phosphine-phosphonite ligands derived from the chiral vicinal diYBR):2
dimethyl tartrate andS)-binaphthol, and the chiral amino alcoholR2S)-ephedrine. Representative
transition metal complexes are also described.

Cyclic phosphonites and 1,3,2-oxazaphospholidines may be prepared readily via the nucleophilic
attack of mono and bi-functional diols or 1,2-amino alcohols on phosphorus dichlétidesl one of
the initial problems associated with this strategy was the lack of synthetic accessibility of unsymmetric
dichlorophosphino-phosphines. While symmetric dichlorophosphines have been known for soffe time,
there are no reports on the synthesis of phosphines of theotgigP GsH4PR.. The synthetic methods
available for the synthesis of arylphosphonous dichlorides include chlorination of primary phosphines
using phosgene or thionyl chloridé; decomposition of pentavalent dichloridesthe reaction of
PCk with diarylmercury compounds: and the Friedel-Crafts reactiéh.The use of either Grignard
reagents or organolithium precursors is often deliberately avoided due to facile formation of mixtures
of monoaryl-, diaryl- and triarylphosphines, even at low temperattfr@he reaction of phosphorus
trichloride with o-lithiophenyldiphenyl phosphine generated fraabromophenyldiphenylphosphitie
and two equivalents dfbutyllithium in THF at —78°C resulted in the clean conversion to the desired
dichlorophosphind as evidenced b$*P NMR and mass spectral data (Scheme 1). It seemed reasonable
to suggest that the steric bulk of the diphenylphosphino-substituted aryllithium suppresses additional
substitution reactions and subsequent formation of the diaryl and triaryl derivatives*FHeMR
spectrum o# in THF contained two sets of doublets at —20.7 and 156.7 ppm typical of a triarylphosphine
and an arylphosphonous dichloride, respectively, with a coupling constant of 347 Hz. Compwasd
isolated as a viscous, air sensitive, yellow oil which could not be distilled or crystallized without extensive
decomposition, and further condensation reactions were performed4isirgifu.

Pph2 Pth PPh,

PCl,
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Et20/ -78 °C Et20/ 78 °C

Scheme 1. Synthesis of dichlorophosphine

Compound4 was then reacted with either RBR)-dimethyl tartrate, §-binaphthol, or (R,29)-
ephedrine in the presence of base or in,CH to give the new mixed phosphine-phosphoniteR, 8R)-5
and ©)-6, respectively (Scheme 2).

After removal of hydrochloride salts by filtration, solvent removal and column chromatography of the
resulting residues, the diastereomerically pure binaphthol and dimethyl tartrate deriva®\a8y-Land
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Scheme 2. Synthesis of chiral phosphine-phosphonifeSR-5 and §)-6

(9-6 were isolated as white solids in good yield. The phosphonites are particularly sensitive to hydrolysis
and oxidation, and all attempts to obtain analytically pure samples8R-5 and §)-6 using repeated
column chromatography or crystallization were unsucces8fiihe sensitivity of phosphonite ligands to
hydrolysis has been previously documentéthe 3P NMR spectra of (R,3R)-5 and ©)-6 show typical
chemical shift values for triarylphosphiriésand arylphosphonitée¥.

Using the same methodology but withmethylmorpholine as the base, the 1,3,2-oxazaphospholidine
7 was formed as a mixture of diastereomers (Schen& Ajtempts to separate the diastereomers using
chromatography or fractional crystallization led to varying degrees of oxidation. However, the formation
of 7 was followed in situ using’P NMR and the initial spectrum contained two doublets at 142.6
and —17.0 ppm?Jpp=119 Hz), and 154.2 and -18.6 ppflgr=115 Hz), in a 95:5 ratio which have
been assigned to the major and minor diastereom@&g$BR)-7 and (54S5R)-7 respectively (90%
de). The stereochemical assignment of individual diastereomers was made on the bes@dflP
NMR chemical shifts-’ In addition, the formation of the major isomeR2S,5R)-7, which contains the
diphenylphosphino and phenyl groups in thensdisposition, would be favored on steric grounds.

The new phosphine-phosphonites form metal complexes in which the ligands are coordinated via a
bidentate chelate ring as expected. The thermal displacement of carbon monoxide froms\W{tBO)
(2R,3R)-5 in refluxing toluene for 36 hours yielded a new yellow comptes{W(CO)4(L—L")] 8 for
which the IR and®'P NMR spectra are consistent with a structure in which the phosphine-phosphonite
ligand is binding in bidentate, chelating mode as shown in Schetfe 4.

Other phosphine-phosphonite complexes have been prepared in situ and show similar binding proper-
ties. For example, the, slow, controlled addition of a pre-cooled THF solutio8)«f {0 [RhCl(cod)}
in THF at —-78°C resulted in a color change from yellow to orange adtPaNMR spectrum of the
solution contained two sets of doublets of doublets at 182.9 gpra<€346 Hz,Jpp=47 Hz) and 78.0 ppm
(JrnP=197 Hz,Jpp=47 Hz) which we have tentatively assigned to the phosphine-phosphonite complex
[RhCI(L-L")(cod)]2°

In conclusion, we have prepared the first examples of chiral phosphine-phosphonite ligands and
representative organometallic derivatives. The application of these new ligands in enantioselective
catalytic reactions will be presented in future publications.
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Scheme 3. Synthesis ofR12S)-ephedrine-derived phosphine-phosphoﬁlite
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Scheme 4. Synthesis of tungsten comg8ex
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