632

J. CHEM. SOC., CHEM. COMMUN., 1992

Catalytic Hydrogenation of Aryl Phosphines by Niobium Aryloxide Compounds: High
Yield and Efficient Synthesis of Cyclohexyl Phosphine Ligands

Joyce S. Yu and lan P. Rothwell*

Department of Chemistry, 1383 Brown Building, West Lafayette, IN 47907-1393, USA

The tris(4-methylbenzyl) compound Nb(OCgH3Ph,-2,6),(CH,H4-4Me)s 1 (OCgH3Ph,-2,6 = 2,6-diphenylphenoxide) acts
as a catalyst precursor for the hydrogenation of a variety of aryl phosphine ligands.

There has been considerable recent research interest into the
chemistry of transition metal complexes containing bi- and
tri-dentate phosphine ligands containing electron-donating
substituents at phosphorus.! We communicate here our
development of a new process for the catalytic hydrogenation
of aryl phosphines by a niobium aryloxide compound.? The
process provides an efficient method for the synthesis of more
basic cyclohexyl phosphine ligands from their aromatic
counterparts in a one-step reaction.

The tris(4-methylbenzyl) compound Nb(OC¢H;Ph,-2,6),-
(CH,C¢Hy-4Me); 13 acts as a catalyst precursor for the
hydrogenation of a wide variety of aryl phosphine ligands
(Scheme 1). The reactions are carried out in cyclohexane as
the solvent at 80-100°C with hydrogen pressures of 1200 psi
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Scheme 1 Reaction conditions: i compound 1: 0.1 mmol, substrate: 2
mmol, 80°C, 24 h, solvent: 3 ml of C4¢H,5; ii, compound 1: 0.1 mmol,
substrate: 0.3 mmol, 80 °C, 24 h, solvent: 3 ml of CgH,; iii, compound
1: 0.1 mmol, substrate: 0.3 mmol, 100°C, 48 h, solvent: 3 ml of C¢H 5.
product >99% pure based on 3'P NMR spectra

(1 psi = 6.895 x 103 Pa). During the course of the reaction, the
three Nb-CH,CsH4-4Me bonds undergo hydrogenolysis to
produce p-xylene, while hydrolysis of the final reaction
mixture shows that the two 2,6-diphenylphenoxide groups
initially bound to niobium, undergo hydrogenation to produce
2,6-dicyclohexylphenoxide ligands.*

Hydrogenation of the monodentate phosphine ligands
PMe,Ph, PMePh, and PPh; proceeds to eventually generate
their totally saturated counterparts. Analysis of the reaction
mixture by 3'P NMR spectroscopy at intermediate times failed
to detect any cyclohexenyl- or cyclohexadienyl-phosphine
compounds. Triphenylphosphine was obscrved to produce
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Scheme 2 Reaction conditions: i, compound 1: 0.09 g (0.1 mmol),
substrate: (0.3 mmol, 80 °C, 24 h, solvent: 3 ml of C¢H5; ii, compound
1: 2.2 g (2.5 mmol), dppm (n = 1): 25 g (65 mmol), 100°C, 96 h,
solvent: 55 ml C¢Hz, depm: 25.5 g (62.4 mmol, 96% isolated yield),
compound 1: 1 g (1.1 mmol), dppb (r = 4): 10 g (23 mmol), 80°C, 48
h, solvent: 15 ml C¢Hj, depb: 8.9 g (19.3 mmol, 85% isolated yield):
iii, compound 1: 1.5 g (1.6 mmol), substrate: 4.6 g (7.5 mmol), 100 °C,
48 h, solvent: 15 ml of C¢H)2: product: 4.1 g (6.4 mmol, 85% isolated
yield)
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Fig. 131P NMR spectra of the mixed cyclohexyl and phenyl phosphine
intermediates
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PPh,(C¢H,; ) and PPh(C¢H;,), as the only detectable inter-
mediates. The hydrogenation of the tolyl-phosphine sub-
strates P(C¢Hy-4Me)s and P(CgHy-3Me); generated the corre-
sponding tris(methylcyclohexyl) products. Analysis of the 31P
NMR spectra of the product mixture indicated the sterco-
chemistry of the resulting rings to be prodominately (but not
exclusively) cis in both cases (Scheme 1). It is of interest that
both the benzyl and phenyl substituents in (PhCH,)PPh, are
hydrogenated (Scheme 1).

The catalyst precursor 1 will also allow hydrogenation of a
range of bi- and tri-dentate aryl phosphines (Scheme 2).7
Within the series Ph,P(CH,),PPh, (n = 1, 2, 3, 4, 5, 6) the
ligand dppe [ethylenebis(diphenylphosphine)] (n = 2) was
found to undergo hydrogenation slower than the rest of the
series. This process can be scaled up to produce useful
quantities of the corresponding cyclohexyl phosphines in high
yield. Hence the ligand bis(dicyclohexylphosphino)methane
(dcpm) has been obtained in 96% yield (25.5 gm) from
bis(diphenylphosphino)methane (25 gm). During the course
of this synthesis, all of the mixed cyclohexyl and phenyl
phosphine intermediates were identified by 3!P NMR spectro-
scopy (Fig. 1). There has recently been research interest into
the chemistry of tridentate phosphine ligands containing
cyclohexyl substituents.® The compound 1,1,1-tris(diphenyl-
phosphinomethyl)ethane can be hydrogenated in the presence
of 1 to produce 1,1,1-tris(dicyclohexylphosphinomethyl)-
ethane in 85% yieldf (Scheme 2). Although the exact nature
of the active catalyst in these systems is still under investiga-
tion, hydrogenation of 1 in the presence of PMe; has led to an
isolable tri-hydride, Nb(OCqH3cy;-2,6)-(H)3(PMes),.0

+ A 300 ml stainless steel high pressure reactor was charged under N»
at ambient temperature with a solution of Nb(OCsHsPh;-2,6),
(CH,C¢H-4Me)s 1 (2.2 g, 2.5 mmol) and bis(diphenylphos-
phino)methane (dppm, 25.0 g, 65.1 mmol) in cyclohexane (55 ml).
The reactor was initially pressurized with H, (1200 psi) and heated at
100°C for 4 days. During the course of the reaction the pressure
dropped and the reactor was re-pressurized four times. After cooling
and venting the H, gas, the cyclohexane was removed in vacuo and
H-O (30 ml) was then added to the mixture. Extraction of the
resulting mixture with diethyl ether (4 x 200 ml) gave a clear
colourless solution. Removal of the ether followed by recrystallization
of the crude from hot ethanol (120 ml) produced the product dcpm as
white crystal, yield = 25.5 g (96%). A similar procedure to that used
for the synthesis of dcpm except using 1.5 g of Nb(OCsH3Phy-2,6),-
(CH,CeH4-4Me); and 4.6 g of MeC(CH,PPh,); in 15 ml of cyclohex-
ane allowed the isolation of the white crystalline product,
MeC(CH-Pcy»)s: yield = 4.1 g (85%).
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