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FULLY ALKYLATED CHIRAL DIPHOSPHINES, RDIOP, AND THEIR Rh(I) COMPLEXES

* *
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Tetraalkyl analogs of DIOP, (-)-EtDIOP, (-)-i-PrDIOP, and (-)-CyDIOP, have
been prepared for the first time by the reaction of (+)-2,3-0-isopropylidene-2,
3-dihydroxy-1,4-difluorobutane and the corresponding 1ithium dialkylphosphides.
These diphosphines form cationic Rh(I) complexes, [Rh{(-)-RDIOP}(NBD)]C104 (R=Et,

i-Pr, and Cy), which show remarkable reactivity toward dihydrogen.

Rhodium(I) complexes of a variety of optically active chelating diphosphines or aminophos-
phines have been proposed as asymmetric hydrogenation catalysts.]) A11 the chiral diphosphines or
aminophosphines reported so far have at least one aromatic substituent on the phosphorus atom, and
their rhodium(I) complexes are less active for the hydrogenation of ketones than for olefins. Al-
though high optical yields have been obtained in the production of chiral alcohols with some of
these complex cata]ystszz the catalytic rates were very slow under ambient conditions employing
atmospheric pressure of hydrogen. Recently we prepared cationic Rh(I) complexes of a cis-chelate
alkyldiphosphine, [Rh'[(i-Pr)zP(CHz)nP(i-Pr)z}(NBD)]C'IO4 (n=3,4; NBD=norbornadiene) which show
excellent catalytic activity for the hydrogenation of carbonyl compounds.3) This finding led us to
synthesize chiral diphosphines with similar electronic properties. Among the ligands frequently
used for asymmetric catalysis is DIOP [2,3-0-isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)-
butane].])This chiral, tetraaryldiphosphine is readily prepared from the natural product tartaric
acid?) Replacement of the aryl substituents with alkyl groups has not hithefto been reported. In
this paper we wish to describe the first successful synthesis of the tetraalkyl analogs, RDIOP,
and their cationic Rh(I) complexes, which are expected to be highly active for ketone hydrogenation.

An obvious route to RDIOP, is through the conventional nucleophilic substitution reaction of
the ditosylate l, The reaction of ] with alkali metal dialkylphosphide, however, produced only
untractable substances. Since fully alkylated diphosphines, R2P(CH2)nPR2 (n=3,4) can be prepared
by reacting X(CHz)nX with RzPLi§)the reactions of the dihalides (gg-s), with R2PLi were studied
under various conditions. The reactions produced mainly diphosphane, RzPPRz, and unidentifiable

products, only a very small amount of the desired diphosphine 3 being formed. However, to our
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surprise, 3 could be isolated in substantial yields from the reaction of the difluoride 2d with

RZPL1.

1 2 a X=I ;b X=Br
¢ X=Cl; d X=F
LiPR, :x<:°‘~[::::PR2 3 a R=Et [(-)-EtDIOP]
_—>
(X=F) - b R=i-Pr [(-)-i-PrDIOP]
0 PR, 2
¢ R=Cy [(-)-CyDIOP]

The key substance, (+)-2,3-0-isopropylidene-2,3-dihydroxy-1,4-difluorobutane, 2d, was obtained
in 63% yield by heating (130°C/11-12 Torr) the ditosylate l/with an excess of anhydrous potassium
fluoride in absolute diethylene glycol. It is a colorless 1iquid6{ bp 56-57°C/16 Torr, [a]g5 +
23.4° (CHC13, cl1.64); ]H-NMR(CDC13) 81.45 (s, 6H, Cﬂs), 4.13 (m, 24, -CH-), 4.50 (dd, JHH=3.5HZ,
JyF=49Hz, 4H, CH,F); |PF-NMR(CDC1,) (upfield from CgFg) 668.0 (dt, 20, c=49Hz, 33, =21Hz). The
reaction of the difluoride, 2d (20 mmol) with R,PLi (60 mmol) in dioxane or a dioxane-THF mixture
proceeds smoothly at ambient temparature to give the expected optically active alkyldiphosphine
3 as an air-sensitive colorless liquid [(-)-EtDIOP and (-)-i-PrDIOP] or solid [(-)-CyDIOP] in
practical yields. These air-sensitive phosphines can be purified by vacuum distillation or re-
crystallization and characterized spectroscopically (Table 1). More conveniently, however, the
purification can be carried out by recrystallization of their air-stable solid CSz-adduct, espe-

)

cially in the case of (-)-CyDIOP-7 The free diphosphine is readily and quantitatively recovered
from the CSz-adduct by simply heating in refluxing EtOH under nitrogen.

Cationic Rh(I) complexes of (-)-RDIOP can be prepared following the conventional method. Name-
1y, [Rh{(-)-RDIOP}(NBD)]C104 (4) was obtained by treating [Rh(NBD)2]0104, prepared in situ from
[Rh(NBD)C]]Z, NBD, and AgC10,, with (-)-RDIOP in acetone or methanol at ambient temperature. Re-
crystallization of the complexes from acetone-ether gave crystalline products. These complexes
were fully characterized from their IR, ]H- and 3]P-NMR, and elemental analysis (Table 2).8)

One of the remarkable properties of these Rh(I) complexes is their high affinity toward di-
hydrogen. Thus a facile addition of H, to e.g. [Rh{(-)-CyDIOP}(NBD)]0104, (ambient temperature,
1 atm) takes place to give a cis-dihydridorhodium adduct [Rh{(-)-CyDIOP}HZ]C104 as yellow crys-
ta]sgz mp 148-150°C (under Nz), IR(nujo1) 2100 and 2075cm'] for Rh-H; ]H-NMR(CDZCIZ) § -8.2 (br) and
-19.8 ppm (br) for hydride signals. This successful isolation of a cationic cis-chelating diphos-

phine dihydridorhodium complex is unprecedented. Similar cationic Rh(I) complexes of conventional
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Table 1. Properties of (-)-RDIOP
. . 1
Reaction Yield bp(°C/Torr) 20/, H-NMR
(-)-ROIOP  condition (%)  [mp(°C)] [ady (*) (CDCT )
3a R=Et r.t./dioxane 83 90-9'|/10-3 -25.5(CH013, c6.63) 61.06(dt, JPH=14HZ, JHH=5HZ,
22h 12H, CH,CHy), 1.38[s, 6H,
(CH3),c<], 1.42(m, 8H, CH,-
CHg), 1.70(m, 4H, CH.P),
3.86ppm(m, 2H, -CHO-)
3b R=i-Pr r.t./?iox§ne 34 125-130/1073 -31.0(CgHg» €2.97)  61.30[m, 24H, (CHy),CHI, a)
~ -THF(1:1
o3h 1.37[s, 6H, (CHy),C<], 2.10
(m, 8H, CH + CﬂeP), 4.23ppm
(m, 2H, -CHO-)
3c R=Cy 35°/dioxane 74 [90-92] -24.1(CGH6, c0.97) 51.24 and 1.80(br, 48H, Cy +
~ 42h

CHpP), 1.42[s, 6H, (CHg),0<],
3.81ppm(m, 1H, -CHO-)

a) Measured as disulfide.

Table 2. Properties of [Rh{(-)-RDIOP}(NBD)]ClO4

Complex RDIOP  Yield(%) Color mp(dec)©C 3:26??2;) Igag?g)
25 EtDIOP 72 red 124 § 6.4ppm §0.9 — 1.5(m, 12H, CH3)’ 1.41(s,
(d,J=150Hz) 6H, Qﬂ3)’ 1.76(6r s, 2H, Cﬂz of
NBD), 1.80 —2.70(br, 12H, CH,),
3.82(br, 2H, -CHO-), 4.15(br s,
2H, CH of NBD), 5.14ppm(m, 4H, Qﬂ=)
QB i-PrDIOP 69 red 145 §22.3ppm 81.00 — 1.56(m, 24H, Cﬂa), 1.42(s,
(d,J=152Hz) 6H, Cﬂg)’ 1.80(br s, 2H, Cti__2 of
NBD), 2.0 — 2.8(br, 8H, CH + CH,),
3.76(br, 2H, -CHO-), 4.12(br s,
2H, CH of NBD), 5.02ppm(m, 4H, CH=)
QS CyDIOP 86 orange 182 816 .5ppm 81.00— 3.0(complex signal, 48H,

(d,J=151Hz)

Cy + Cﬂz), 1.43(s, 6H, Cﬂa),
3.79(br, 2H, -CHO-), 4.12(br s,

2H, CH of NBD), 4.79(br s, 2H CH=),
4.92ppm(br s, 2H, CH=)

a) Downfield from external H3P04.
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cis-chelating aryldiphosphines such as bis(diphenylphosphino)ethane'®), p1op'")12), prpawp!1)»12)

Chiraphos]l)’lz)

» etc., fail to give the corresponding cis-dihydride species. The complexes :L
proved to be highly active catalysts for asymmetric hydrogenation of ketones, as will be described

separately.
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