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Summary

From the cheap and readily available amino alcohols (S )-pyrrolidinemethanol
((S)-prolinol), and (S)-a-N-ethyl-aminobutanol, we have obtained two new
aminophosphine-phosphinite ligands: (.5)-N-(diphenylphosphino)-2-diphenylphos-
phinooxymethylpyrrolidine ((S)-Prolophos) and (S)-1-diphenylphosphinoxy-2-N-
ethyl-N-diphenylphosphinoaminobutane ((.S)-Butaphos). The rhodium(I) complexes
of these phosphines act as efficient homogeneous hydrogenation catalysts at ambient
temperature and pressures for dehydro N-acetyl amino acids, dehydro N-benzoyl
amino acids and itaconic acid.

An X-ray diffraction study of the complex [Rh(COD)(S )-Prolophos)][CIO,}-
THF has been shown that the crystals belong to the monoclinic space group P2,
with a 10.680(2), b 10.448(2), ¢ 18.207(3) A and B 104.97(1)°. Refinements based on
2105 significant counter reflections led to a final R value of 0.060. The cation is in a
distorted square planar geometry, the rhodium atom being bound to the two
phosphorus atoms and to the two double bonds of the diene molecule.

Introduction

Since the discovery of highly active homogeneous rhodium catalysts by Wilkinson
in 1966 a large number of chiral diphosphines have been shown to be effective in
asymmetric reductions [1,2]. Up to now more than hundred chiral phosphines have
been prepared and tested as ligands in asymmetric catalytic homogeneous hydro-
genation of hundreds of substrates [3]. Despite the success so far obtained in
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asymmetric catalysis it is still desirable to find new types of ligands which are more
easily made and more versatile. Many of the ligands used, at least the most
successfull ones, are difficult to prepare either because the synthesis involves many
steps, some of them under strictly anaerobic conditions, or because they are difficult
to obtain pure enough for use in asymmetric hydrogenations. Of the various chiral
phosphine ligands so far reported, aminophosphines and phosphinites have attracted
much interest because 1,2-diamines and 1,2-diols are chiral sources easy available in
a variety of forms [4-6]. We have used aminoalcohols (§)-prolinol and the related
(S)-a-N-ethyl-aminobutanol as sources of chiral starting materials because of their
ready availability and low price *. In this paper we describe the synthesis of two new
chiral aminophosphine-phosphinite ligands, (S )-N-(diphenylphosphino)-2-diphenyl-
phosphinoxymethylpyrrolidine ((S)-Prolophos) and (5)-1-diphenylphosphinoxy-2-
N-ethyl-N-diphenylphosphinoaminobutane ((S)-Butaphos). From these ligands we
have prepared the corresponding cationic rhodium complexes, and have used them
in asymmetric homogeneous catalytic reduction of a number of prochiral substrates.
The results of an X-ray investigation of the complex [Rh(COD)((S)-
Prolophos))[C10,]- THF are also reported and discussed.

Experimental section

(S)-Prolinol, (S)-a-aminobutanol, and diphenylchlorophosphine were purchased
from Aldrich and used as received. Solvents were purified by standard methods and
degassed with a vigorous stream of argon before use.

Infrared spectra were recorded on a Nicolet NX-1 spectrometer; The 'H and 3'P
NMR spectra were recorded on a Bruker WP80 spectrometer. Microanalyses were
performed by the microanalysis service of the Istituto di Chimica Organica (Milano).
MS spectra were recorded on a MAT 112 mass spectrometer; optical rotations were
measured on a Perkin-Elmer polarimeter with a precision of approximately 0.01°.

Preparation of (S)-Prolophos

To a vigorously stirred solution of 10.0 mmol (S)-Prolinol, [a]= +3.4 (¢ =2;
MetOH) and triethylamine, 50.0 mmol, in toluene (20 ml) under nitrogen, 20.5 mmol
of diphenylchlorophosphine are added dropwise at 0°C during 30 min; precipitation
of triethylammoniumchloride occurs almost immediately. The mixture is stirred
overnight at room temperature, filtered, and evaporated to dryness. The oily residue
is kept under vacuum (10”2 mmHg) for two days at 40°C. The (§)-Prolophos is left
as a viscous transparent oil in almost quantitative yield. The IR spectrum shows no
»(OH) or »(NH) stretching bond. [a]3’ = —15 (¢ =1, CHCl;). Anal. Found: C,
72.92; H, 5.83; N, 2.78. C,;H,,NOP, caled.: C, 74.2; H, 6.11; N, 2.99%. M*,469.

'"H NMR (CDCl,, TMS): & (ppm) 1.6-2.0 (m, 4p), 2.5-3.0 (m, 2p), 3.6-4.1 (m,
3p), 7.4 (d, 20p).

3P NMR (CDCl,, H,PO, ex. stand.): 8 (ppm): P(O) 113.8; P(N) 46.1.

The (S)-Prolophos obtained as described is almost pure enough to be used in
asymmetric hydrogenation but the *'P NMR spectrum shows the presence of small
amounts of phosphorus containing impurities. The (.S )-Prolophos is obtained com-

* (8)-Prolinol and ( $)-a-aminobutanol are commercially available in high optical purity at approximate
prices of $2.0 and $0.2 per g, respectively.
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pletely pure by column chromatography on silica gel with ethylacetate /diethylamine
(98,/2) as eluant. The rotatory power increases to [a]} = —18 (¢ =1, CHCl;) but
there is no appreciable differences in asymmetric catalysis between the purified
(8)-Prolophos and that obtained by prolonged exposure of the crude product to
high vacuum.

(S}-a-N-ethyl-aminobutanol

A solution of (S)-a-aminobutanol (20 ml) in 50 ml acetic anhydride is refluxed
for two hours. The mixture is allowed to cool and added to 500 ml of ice-water,
neutralized with NH, (25%), and extracted with CH,Cl,. The organic layer is dried
over sodium sulphate and evaporated to dryness to give (§)-a-N-acetyl-aminobu-
tane-1-acetate as a white solid. This is reduced with LiAlH, in' THF without further
purification.

A solution of 28 g of (S5)-a-N-acetyl-aminobutane-1-acetate in 50 ml THF is
added dropwise to a suspension of LiAIH, (25 g) in 400 ml THF. The solution is
refluxed overnight and the mixture then treated successively with 25 ml water, 25 ml
of 15% aqueous NaOH, and 75 ml of water. The THF solution is filtered, dried over
sodium sulphate, and evaporated. The oily residue is distilled in vacuum to give 16.2
g (86% yield) of (S)-a-N-ethyl-aminobutanol; [a]f = —36.5 (¢ =1, CHCl,), b.p.
85°C/15 mmHg.

Preparation of (S)-Butaphos

(S)-Butaphos is prepared in tha same way as (S)-Prolophos but starting from
a-N-ethyl-aminobutanol (10.0 mmol) [a]d = —36.5 (c= 1.3, CHCl,). After
evaporation to dryness the IR spectrum shows no »(OH) or »(NH) stretching band.
The >'P NMR spectrum shows that the desired compound is produced in about 50%
yield. It is purified by column chromatography on silica gel with ethylacetate/
diethylamine (98 /2) as eluant.

[a]¥ = +3 (¢ =1, CHC],). Anal. Found: C, 72. 14 H, 6.54; N, 2.72. C;,H;,NOP,
caled.: C, 74.23; H, 6.80; N, 2.89%. M ™, 485.

'H NMR (CDCl,, TMS): & (ppm) 0.6—1.0 (m, 8p), 1.7 (g, 2p) 3.0 (d, 2p) 3.9 (m,
1p), 7.4 (d, 20p).

3P NMR (CDCl,, H,PO, ext. stand.): § (ppm): P(0), 113.2, P(N) 43.9.

Rhodium complexes

The rhodium complexes were prepared. either by the method of Schrock and
Osborn [7) or by displacing one of the COD ligands in [Rh(COD),]- C10, by the
appropriate phosphine.

[Rh{COD)((S)-Prolophos)] [CIO, ] - CH,CI,

The complex [Ri(COD), JIC10,] (0.418 g, 1.0 mmol) is dissolved in 5 ml CH,Cl,
under argon, and a solution of (§)-Prolophos (0.516 g,1.1 mmol) in 5 ml CH,Cl, is
added dropwise during 5 min. The deep red solution is reduced to 2 ml, then a layer
of 2 ml THF is introduced above the solution and 30 ml ether are carefully added.
On standing overnight yellow orange microcrystals separate. The crystals are filtered
off, washed with ether, and vacuum dried (yield 85%). The complex is solvated with
one molecule of CH,Cl, as indicated by the 'H NMR spectrum (8 5.30 ppm).

[Rh(CODX(S)-Prolophos)][C10,]- CH,Cl, : Anal. Found: C, 53.13; H, 4.90; N,
1.79. C,,H,;NOP,RhCIQ, - CH,Cl, caled.: C, 52.75; H, 4.97; N, 1.62%.
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[Rh(COD)((S)-Butaphos)] [CIO,] - CH,CI,

The complex is prepared in the same way as the (S)-Prolophos complex. Anal.
Found: C, 53.21; H, 5.50; N, 1.74, C;;H,;NOP,RhClO, - CH,Cl, caled.: C, 53.15;
H, 5.34; N, 1.60%.

[Rh(COD)((S)-Prolophos)] [CIO,] - THF

The [Rh(COD)((S)-Prolophos)][C10,] - THF complex chosen for the X-ray crystal
structure study was made by the method of Schrock and Osborne [7]. To a solution
of [Rh(COD)Cl),, (0.468 g, 9.95 mmol) and NaClO, (0.4 g) in acetone (5 ml) a
solution of (.S)-Prolophos (1 g, 2.13 mmol) in 5 ml CH,Cl, is slowly added under
nitrogen. A further 15 ml of CH,Cl, is added, the suspension is filtered, and the
precipitate washed with CH,Cl,. The filtrate is concentrated to 5 ml, then 5 ml THF
are added and 30 ml ether then introduced as a layer above the 10 ml of the orange
THF /CH,CI, solution. On standing at room temperature overnight a crop of yellow
orange microcrystals separates, giving a few well-formed crystals on the walls which
were suitable for X-ray diffraction studies.

The bulk of the material obtained is solvated with 0.5 molecule CH,Cl, as shown
by '"H NMR spectroscopy (8 5.30 ppm). Anal. Found: C, 53.97; H, 5.31; N, 1.79%.
C,,H, NOP,RhCIO, - 0.5CH,Cl, caled.: C, 54.74; H, 5.31; N, 1.70%.

X-Ray analysis of [Rh(COD)((S)-Prolophos)][CIO,] - THF

Crystal data. C,H ,CINO,P,Rh, M = 852.2, Monoclinic, a 10.680(2), b
10.448(2), ¢ 18.207(3) A, B 104.97(1)°, U 1962.7 A%, D, 1.44 g cm~> for Z =2,
F(000) = 884, Mo-K_ radiation A 0.71073 A, p(Mo-K,) 6.2 cm™ !, space group P2,
(No. 4).

Intensity data. A single prismatic crystal of dimensions 0.07 X 0.08 X 0.31 mm
was mounted on a NONIUS CAD-4 diffractometer and the setting angles of 25
random intense reflections,in the range 20° <28 < 26°, were used to determine
accurate cell parameters by the least-squares method. 3244 reflections, correspond-
ing to the + A, k, / quarter of the sphere, in the range 3° < 8 < 24° were collected by
the w-scan method, at a constant rate of 2.5° /min, the scan width being (1.00 +
0.35 tan 8)° with a 25% extension at each end for background determination. The
intensities of three standard reflections were measured every two hours during the
exposure to X-rays and no decay was observed.

Data reduction, structure solution and refinements. The structure was solved by
the heavy-atom method, on the basis of 2105 significant reflections, with I > 3¢(/[),
corrected for Lorentz, polarization, and absorption effects (the maximum, minimum
and average relative transmission factors were 1.00, 0.92 and 0.96, respectively, from
an empirical correction based on y-scan). The space group was assigned on the basis
of systematic absences and successful refinements. The non-phenyl atoms of the
cation and the chlorine atom of the anion were refined with anisotropic thermal
parameters. The hydrogen atoms were located in their idealized positions (C-H 0.95
A) after each full-matrix least-squares cycle, with an isotropic factor of 5.0 A2, but
not refined. At this stage a difference-Fourier map showed the presence of a
clathrate THF molecule (confirmed also by GLC analysis of few crystals dissolved
in CH,Cl,). Refinements of the five peaks attributable to THF, in spite of
convergence, gave an unreliable geometry for the solvent molecule because of some
disorder difficult to rationalize, but lowered the conventional agreement indices. The

(Continued on p. 86)
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final values of R and R, were 0.0604 and 0.0599, respectively. The final difference-
Fourier map showed some residual peaks of no more than 0.8 e/A3, near to the
disordered solvent molecule.

Because of the previous knowledge of the absolute configuration of the proline
moiety [8], we chose the correct enantiomer at the initial stage of the refinement.
After the conclusive refinement, we also refined the other enantiomer, which gave
slightly higher R and R, values of 0.0607 and 0.0602, respectively.

All computations were made on a PDP 11 /34 computer using the ENRAF-NON-
IUS structure determination package (SDP) and the physical constants listed therein.
Final positional and thermal parameters are given in Table 1. A list of computed
and observed structure factors can be obtained from the authors.

Asymmetric hydrogenations

All asymmetric hydrogenations are carried out in EtOH at 20°C with one atm
partial pressure of hydrogen and with a molar ratio substrate/catalyst 200. The
approximate amount of substrate (2 mmol) is introduced into a thermostated reactor
provided with a serum cap and connected to a gas burette. The reactor is evacuated
and filled several times with purified hydrogen; 18 ml EtOH are added with a
syringe through the serum cap and the solution is equilibrated for 30 min. 1072
mmol of catalyst are dissolved in 2 ml EtOH, rehydrogenated, bubbling H, for 15
min, transferred into the substrate solution and hydrogen uptake is monitored.
When reaction is complete, 1 g of Dowex SOW-X2 resin is added and the mixture
stirred for 30 min, as described by Bosnich [9], in order to remove most of the
catalyst. Subsequently different procedures are followed for the various substrates as
follows.

(a) N-Acetyl-alanine. The reaction mixture is filtered and the resin washed with
warm ethanol. The solvent is pumped off and the oily residue is shaken with hexane.
The white precipitate is filtered off and air dried, and its identity and the degree of
the conversion determined by 'H NMR spectroscopy.

(b) N-Acetyl-phenylalanine, N-acetyl-leucine and methylsuccinic acid  The solution
is filtered into a volumetric flask and the resin is washed with warm ethanol. The
solution is allowed to cool and the rotatory power is measured. To confirm the
rotatory power values the solution is pumped off, the oily residue is dissolved in
NaOH 0.5 N (10 ml), then the solution is extracted twice with chloroform, neutral-
ized with HCl 0.5 N, and extracted with ether. The ethereal layer is dried over
sodium sulphate, filtered, and evaporated to dryness. The identity and the conver-

TABLE 2
OPTICAL YIELDS (%) AND ABSOLUTE CONFIGURATIONS

Substrate [Rh(CODX( S )-Prolophos)}- [Rh(CODX(S )-Butaphos)}-
[C10,4] {C10,}

CH ~C(COOH)CH,COOH 20-(R) 10- (R)

CH ~C(NHCOCH,)COOH 80 -(S) 55 -(S)

C¢H; CH=C(NHCOCH,)COOH 78 - (S) 23-(S)

C¢HCH=C(NHCOC H ;)COOH 62 -(8) 49 - (S)

(CH,),CHCH=C(NHCOCH, YCOOH 96 - (8) 64 -(S)

(CH,),CHCH-=C(NHCOC(H;)COOH 45 - (S) 57-(5)
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sion are determined by '"H NMR spectroscopy. An approriate amount of the
product is weighed into a volumetric flask and the rotatory power is measured again.
The values are usually lower (3%) for N-acetyl-phenylalanine and N-acetyl-leucine
but higher (3-5%) for methylsuccinic acid.

(¢) N-Benzoyl-phenylalanine, N-benzoyl-leucine. 'The isolation of the products was
by the usual method [10].

Results and discussion
The routes to (5)-Prolophos and (S )-Butaphos are indicated in Scheme 1;

< OH <>\/O /@
(N>\/ P(CgHs),Cl ~p

| (Et)3N
H CeHsCH3

\
(5)-protin @(@ @

(S) - Prolophos

(o]
H——N/Q/OH (CHACO) 20 )I\N/(/Oﬁ'/
o]

H
(S) - & - aminobutanol (5) - % -N -acetyl —aminobutone -1-acetate
LiAlHg
THF
kN/Qr/O\ /© P(CeHs), CI k /C/ OH
| P (Et)sN T
P @ CgHaCH3 H
©/ : (S)~ % - N -ethyl-aminobutanol
(S) - Butaphos
SCHEME 1

Both ligands are obtained by a one-step process in high yield, which is almost
quantitative in the case of (S)-Prolophos.

In Table 2 are shown the results of asymmetric hydrogenation of a series of
prochiral substrates.

Both complexes [Rh(COD)((S)-Prolophos)][C1O,] and [Rh(CODX(S)-Buta-
phos][C10,] are efficient homogeneous asymmetric catalysts. The (S)-Prolophos
ligand gives better results than (S )-Butaphos. Both catalysts give 100% conversion in
10-60 min and the products of hydrogenation have the (S)-configuration of the
natural amino acids.

The higher optical yields obtained with the (S)-Prolophos ligand are probably
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TABLE 3
BOND DISTANCES AND ANGLES WITHIN THE CATION {Rh(CODX(S )-Prolophos)]*

Distances (A)

Rh-P(1) 2.283(3) C(3)-C4) 1.48(2) P(2)-C(221) 1.791(13)
Rh-P(2) 2.271(3) C(4)-C(5) 1.53(2) P(2)-O 1.609(8)
Rh-C(1) 2.292(13) C(5)-C(6) 1.27(2) N-C(10) 1.420(15)
Rh-C(2) 2.255(14) C6)-C(7 1.54(2) N-C(13) 1.482(15)
Rh-C(5) 2.260(14) C(7)-C(8) 1.49(2) C(10)-C(11) 1.55(2)
Rh-C(6) 2.224(13) P(1)-C(111) 1.851(12) C(11)-C(12) 1.47(2)
C()-C(2) 1.44(2) P(1)-C(i21) 1.794(16) C(12)-C(13) 1.51(2)
C(1)-C(8) 1.48(2) P(1)-N 1.638(10) C(10)-C(9) 1.50(2)
C(2)-C(3) 1.48(2) P(2)-C(211) 1.810(12) C(9)-0 1.442(15)

Angles (deg.)

P(1)-Rh-P(2) 93.0(1) N-C(13)-C(12) 105.8(12)
Rh-P(1)-C(111) 120.0(4) C(13)-C(12)-C(11) 105.0(13)
Rh-P(1)-C(121) 102.0(5) C(12)-C(11)-C(10) 104.1(13)
Rh-P(1)-N 120.3(4) C(11)-C(10)-N 105.7(11)
Rh-P(2)-C(211) 113.3(4) C(11)-C(10)-C(9) 109.5(12)
Rh-P(2)-C(221) 114.3(5) N-C(10)-C(9) 12.6(11)
Rh-PF(2)-O 120.3(3) C(10)-C(9)-0 115.0(10)
C(111)-P(1)-C(121) 106.1(6) C(9)-0-P(2) 121.2(8)
C(111)-P(1)-N 101.5(5) C(2)-C(1)-C(8) 124(1)
C(121)-P(1)-N 105.4(6) C(1)-C(2)-C(3) 124(1)
CQ1D-P2)-C(221) 106.8(7) C(2)-C(3)-C(4) 118(1)
C11)-P2)-0 102.7(5) C(3)-C(8)-C(5) 113(1)
C(221)-P(2)-0 97.5(5) C(4)-C(5)-C(6) 1312)
P(1)-N-C(10) 125.4(9) C(5)-C(6)-C(7) 123(2)
P(1)-N-C(13) 122.6(8) C(6)-C(7)-C(8) 116(1)
C(10)-N-C(13) 109.7(10) C(N-C(8)-C(1) 115(1)

attributable to the presence of the five-membered ring fused with the seven-mem-
bered ring generated by the chelation of the aminophosphine-phosphinite ligand to
the rhodium atom. This rigid backbone plays an important role in determining the
conformation of the chelating ring as well as the chiral array of the phenyl groups of
the phosphine, as revealed by the X-ray structure. This increases the stereodis-
crimination of the catalyst in respect to the prochiral face of the incoming substrate
and may account for the high and comparable optical yields obtained from (.S)-Pro-
lophos and DIOP. The absence of the fused ring in (.S)-Butaphos allows a less rigid
conformation or a large number of possible chelate conformers, leading to lower
optical yields.

The mechanism of hydrogenation using rhodium(I) complexes with chelating
phosphines has been elucidated in detail [11,12], and appears to involve four steps:
substrate coordination, oxidative addition of hydrogen, formation of o-alkyl(hy-
drido)rhodium complexes, and insertion of hydrogen to give the hydrogenated
substrate. In contrast the origin of the stereodiscrimination is still uncertain, and the
optical yield may be determined by kinetic and/or thermodynamic factors acting
separately in each step of the process [13].Because of the complexity of the overall
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process, additional stereoelectronic effects cannot be excluded in aminophosphine-
phosphinite rhodium complexes, since one of the phosphorus atoms is bound to a
nitrogen while the other is bound to an oxygen atom. Such effects could have a
significant influence, at least in the formation of the o-alkyl(hydrido)rhodium
intermediate. Further studies on the correlation between electronic effects to asym-
metric induction are in progress.

Crystal structure of [Rh{(COD)((S)-Prolophos)][CIlO,] - THF

[Rh(COD)((S)-Prolophos)][C10,]- THF has an ionic packing, which seems to be
predominantly determined by Van der Waals’ interactions between the bulky
rhodium cations. The cavities between the cations are occupied by the comparatively
small [ClO,]” anions and by disordered THF molecules. A view of the cation is
given in Fig. 1, together with the numbering scheme adopted.

The relevant bond parameters are listed in Table 3.

The rhodium cation is a 16 valence electron, somewhat distorted square planar
complex, the vertices of the square being occupied by the phosphorus atoms of the
(S)-Prolophos and by the two n*-bonded double bonds of the 1,5-cyclooctadiene.
The dihedral angle between the plane defined by P(1)-Rh-P(2) and the plane
containing Rh and the middle points of the two double bonds is 22.7°. The Rh-P

Fig. 1. A view of the cation [Rh(COD)(S )-Prolophos)] *.
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TABLE 4
DEVIATIONS FROM THE Rh-P(1)-P(2) PLANE (A)

ci ~0.499 N —0.804
c(121) 1.734 C(10) —1.718
c@in —1471 ) —1.046
c@2n 1.420 o 0.101

distances (mean 2.277 A) are comparable to those found in similar complexes
[Rh(CODXLL)]*; for instance, when LL = trans-1,2-bis(diphenylphosphinamido)-
cyclohexane (LLC) the mean value is 2.300 A [14] and when LL = (25,35)-2,3-
bis(diphenylphosphino)butane (LLB) it is 2.270 A [15]. In the LLC analogue there is
a seven-membered chelate ring fused with a six-membered cyclohexane ring, and the
P-Rh-P angle is 89.91°. In our compound there is a seven-membered metallocycle
fused with the five-membered proline ring. The proline ring is directly connected to
the P(1) atom and this implies an increased rigidity of the metallocycle reflected in
the larger P-Rh--P angle (93.0(1)°).

The P(1)-N bond distance is 1.638(10) A and the coordination around the N
atom is essentially planar (the sum of the angles at the N atom is 357.7° and this
atom is out of the plane C(10)-C(13)-P(1) of 0.13 A).

Fig. 2. A view of the dispositions of the phenyl groups. The COD molecule is omitted for clarity.
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The seven-membered chelate ring has a boat conformation, with the oxygen atom
in the plane P(1)-Rh-P(2) (its out-of-plane displacement being 0.10 A only, see
Table 4).

The conformations of the seven-membered rings of this type have been discussed
recently by Kagan et al. [16] examining the structure of the complex [Fe(n’-
Cp)((—)DIOP)I}. The analysis was based on the comparison with the conformations
of cycloheptane, and cannot be simply extended to (S )-Prolophos complexes since
this diphosphine differs from DIOP in not possessing a C, local symmetry and in
containing an atom in the ring (N) which is closer to sp? than sp hybridization. The
structural data for DIOP complexes indicate a preferred chair conformation, but
examples of boat conformation are also known [16 and references therein]. For
(S)-Prolophos an analysis based on models suggests that a chair or a chair-twisted
conformation would give lead larger steric repulsions than the boat conformation
which is present in the solid state.

The phenyl rings bonded to the P(2) atom (Fig. 2) are symmetrically displaced
with respect to the P(1)-Rh-P(2) plane (apart from the torsion angles around the
P-C bonds) and the out-of-plane displacement for the first carbon atoms is — 1.47
and +1.42 A respectively. In contrast the phenyl groups bound to P(1) are
unsymmetrically disposed, and the out-of-plane displacements are —0.50 and + 1.73
A, respectively. The bond parameters within the phenyl rings as well as those within
the COD molecule, although somewhat scattered, can be considered normal. The
good optical yields given by the rhodium(I) complexes with these new ligands
demonstrate that a single asymmetric center is enough to lead to a high stereodif-
ferentiating ability of a catalyst, not only when this single chiral center is in a
five-membered ring but also when it is in a seven-membered ring provided the higher
flexibility of the latter is suppressed by a fused ring.

Our results justify studies on the use of these readily available chelating
aminophosphine-phosphinite ligands in reactions other than carbon—carbon double
bond hydrogenations.
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