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Six chiral monodentate ligands combining a 1,3-dioxa-2-
phosphacycloheptadinaphthyl moiety [(R)- or (S)-binoP]
either with a phenylalanine- or with an alanine-derived frag-
ment were synthesised. The new phosphoramidites are all
relatively air stable. Related compounds in which the binoP
moiety was replaced by a diphenylphosphanyl group were
also prepared for comparison. The X-ray structures of two
phosphoramidite complexes, cis-PtCl2[(R)-binoP–NMeR]2 [5,
R = (R)-CH(CH2Ph)(CO2Me); 6, R = (S)-CH(CH2Ph)-
(CO2Me)], were determined by single X-ray analysis. In the
solid state, both structures are nearly C2 symmetric, and the
nitrogen atoms lies out of the coordination plane. Owing to
the particular orientation of the benzyl groups in 6, the envi-

Introduction

In the last three decades natural amino acids and their
derivatives have been often used as chiral backbones in the
synthesis of optically active diphosphanes suitable for the
enantioselective rhodium(I)-, ruthenium(II)- or iridium(I)-
catalysed hydrogenation of prochiral unsaturated sub-
strates.[1–4] For example, amino alcohols such as valinol, le-
ucinol and prolinol gave access to a variety of mixed biden-
tate ligands, in particular aminophosphonite–phosphites,[5]

aminophosphonite–phosphinites or aminophosphane–
phosphinites[6–18] many of which turned out to give high
enantiomeric excesses (ee’s) in enantioselective catalysis.

Recently, Feringa and Reetz found that monodentate,
chiral phosphoramidite ligands, such as A, in which the
phosphorus atom is part of a rigid, seven-membered ring
involving a 1,1�-binaphthyl unit may lead to high conver-
sions and enantiomeric excesses in metal-catalysed hydro-
genations.[19–27] In their seminal works, they independently
demonstrated that these readily accessible monodentate li-
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ronment of the coordination sites occupied in this complex
by the chlorine atoms is sterically more crowded than in 5.
In the hydrogenation of 2-(acetylamino)-3-(aryl)propenoic
methyl esters (aryl = 4-X-C6H4, X = H, F, Cl; aryl = 3,4-Cl2–
C6H3), the alanine-derived phosphoramidites turned out to
be ca. twice as active as the corresponding phenylalanine
analogues. The highest ee’s were observed with the phenyl-
alanine derivatives, for example 92% in the hydrogenation
of 2-(acetylamino)-3-(phenyl)propenoic methyl ester, by
using (R)-binoP–NMe-(R)-CH(CH2Ph)(CO2Me).

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

gands give equivalent if not better results than conventional
PIII bidentate ligands.[28] The way these catalysts operate is
still a matter of debate and a better understanding of their
performance requires not only the synthesis and study of
new variants of such ligands, but also solid-state studies
that may establish particular structural features of their
metal complexes.

The present work describes the synthesis and structural
characterisation of chiral monodentate ligands associating,
for the first time, a phosphoramidite coordinating unit with
the bulky and easily accessible phenylalanine backbone
(Scheme 1). We also prepared ligands in which the latter
was replaced by the less sterically demanding alanine frag-
ment as well as some diphenylphosphanyl analogues of
these phosphoramidites. A comparative study of their cata-
lytic properties for the asymmetric rhodium-catalysed hy-
drogenation of α-N-acetaminoacrylic esters was carried out
to assess the importance of the amino acid backbone on
both catalyst selectivity and activity. In the following, the
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indexes “Bn”, “Me” and “bin” refer to molecules contain-
ing –NMeCH(CH2Ph)(CO2Me), –NMeCH(Me)(CO2Me)
and binaphthyl groups, respectively. To date, monophospho-
ramidites that bear oxygen-containing pending groups have
only been mentioned in two publications, one dealing with
an ester[25] and the other with an ether[29] substituent.

Scheme 1. Phenylalanine and alanine derivatives used in this study
as building blocks for the construction of chiral phosphanes.

Results and Discussion

Ligand Synthesis and Characterisation

We began this study by preparing aminophosphanes
(SBn)-2a and (RBn)-2b (Scheme 2). These were obtained in
ca. 85% yield by treating chlorodiphenylphosphane with
(S)- and (R)-N-methylphenylalanine methyl ester, respec-
tively, in the presence of 1 equiv. of diisopropylethylamine.
We noted that the replacement of the latter amine by a less
sterically hindered one, notably triethylamine, produced sig-
nificant amounts of byproducts. The two aminophosphanes
are relatively air stable and can be stored in air without
particular care for months. Both products are characterised
by a single peak at δ = 67.9 ppm in their 31P{1H} NMR
spectra, a value that lies in the range found for similar li-
gands.[30]

Scheme 2. Synthesis of aminophosphanes 2a and 2b.

To increase the chiral load of the molecules, we em-
barked on the synthesis of phosphoramidite ligands incor-
porating a 1,1�-binaphthyl unit in addition to a phenylala-
nine-derived fragment. Thus, the four stereoisomers
(SBn,Sbin)-3a, (RBn,Rbin)-3b, (RBn,Sbin)-3c and (SBn,Rbin)-
3d, all containing a –NMeCH(CH2Ph)(CO2Me) moiety,
were synthesised (Scheme 3) from [(R or S)-(1,1�-binaph-
thalene-2,2�-diyl)] chlorophosphite (binoPCl[31]) and the ap-
propriate amino acid ester according to the method de-
scribed above. The two diastereoisomers (SMe,Rbin)-4a and
(SMe,Sbin)-4b, containing the (S)-alanine-derived –NMeCH-
(Me)(CO2Me) fragment, were obtained by treatment of
[(SMe)-1c]HCl with 2 equiv. of diisopropylethylamine and
1 equiv. of the corresponding chlorophosphite (Scheme 3).
As expected for phosphoramidite ligands, all six com-
pounds can be handled in air without noticeable oxidation,
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but they undergo P–N cleavage in the presence of water.
The NMR spectra of the diastereoisomeric pairs of
enantiomers (SBn,Sbin)-3a/(RBn,Rbin)-3b and (RBn,Sbin)-3c/
(SBn,Rbin)-3d, in particular the 31P{1H} NMR spectra,
which consist of single peaks at δ = 149.0 and 148.6 ppm,[32]

are nearly identical. Similar small spectroscopic differences
are observed between (SMe,Rbin)-4a and (SMe,Sbin)-4b
[δ(31P) = 148.5 and 148.2 ppm, respectively]. We note that
whereas the HC(CO) carbon atom of (SBn)-2a is low-field
shifted with respect to that of the parent amine,
MeNHCHR(CO2Me), in the phosphoramidite (SBn,Sbin)-
3a the corresponding carbon atom has undergone a high-
field shift (Figure 1).

Scheme 3. Synthesis of the phosphoramidites 3 and 4.

Figure 1. Part of the 13C NMR spectra (CDCl3) of SBn-1a, SBn-2a
and (SBn,Sbin)-3a. The arrows show the signals of the HC(CO2Me)
carbon atoms.
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To verify that the phosphoramidites described above are
suitable to form square-planar complexes having two cis
disposed phosphanes, which is the typical stereochemistry
in most hydrogenation catalysts, we investigated the coordi-
nation properties of (RBn,Rbin)-3b and (SBn,Rbin)-3d
towards platinum(II). The reaction of these ligands with
[PtCl2(cod)] (cod = 1,5-cyclooctadiene) or [PtCl2(dcpd)]
(dcpd = dicyclopentadiene) afforded complexes 5 and 6,
respectively (Scheme 4; see Experimental Section). The ste-
reochemistry of the complexes was inferred from the corre-
sponding 31P NMR spectra, which both consist of a singlet
flanked by two Pt satellites, with a JP,Pt coupling constant
(5579 Hz for both complexes) in accord with the value re-
ported by Hope et al. for another platinum phosphoramid-
ite complex, namely cis-[PtCl2(monophos)2] (where mon-
ophos stands for ligand A).[33,34]

The stereochemistry of the complexes was further con-
firmed by single-crystal X-ray diffraction studies (Figure 2).
The unit cell of 5 contains two inequivalent molecules (5a
and 5b), which structurally differ only a little, whereas that
of 6 contains a single type of molecule. In both structures
the molecules are nearly C2 symmetric, and the nitrogen
atoms are located out of the coordination plane [N to plane
distances in 5a: +1.31(1) and –1.31(1) Å; in 5b: +1.32(1)
and –1.31(1) Å; in 6: +1.38(1) and –1.39(1) Å]. In all these
molecules, the metal centre lies in an almost planar coordi-
nation environment, but the P–Pt–P angles are considerably
larger than 90° [97.5(1)° and 97.6(1)° in 5; 100.6(1)° in 6],
thus reflecting the steric bulk of the phosphane moieties.
Similar deviations from an ideal square-planar coordina-
tion geometry were observed in the few structurally charac-
terised binaphthyl-containing [MX2(phosphoramidite)2]
complexes.[20,33] In both structures the nitrogen atoms are
in a quasiplanar environment, and hence show that the elec-
tron-donating effect of the nitrogen atom onto the phos-
phorus atom is operating. The bond lengths about the
metal centres are normal (see caption of Figure 2).

If the coordination plane is taken as a reference plane,
the halide atoms of complex 5 may be viewed both as api-
cally protected by a –CO2Me moiety and a naphthyl group;
these fragments belong to the same PIII ligand and are lo-
cated on either side of the plane. In complex 6, the steric

Scheme 4. Synthesis of platinum complexes 5 and 6.
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Figure 2. X-ray structures of compound 5a (top) and compound 6
(bottom) showing the steric protection of the chloride atoms. Im-
portant bond lengths [Å]: 5a: P(1)–Pt 2.207(3), P(2)–Pt 2.200(3),
Pt–Cl(1) 2.336(3), Pt–Cl(2) 2.336(3), P(1)–N(1) 1.62(1), P(2)–N(2)
1.63(1); 6: P(1)–Pt 2.222(2), P(2)–Pt 2.213(3), Pt–Cl(1) 2.349(3), Pt–
Cl(2) 2.339(3), P(1)–N(1) 1.59(1), P(2)–N(2) 1.62(1). Dihedral
angles [°] between the linked naphthyl units, in 5a: 58.6 and 57.8;
in 6: 60.5 and 56.3.

protection about each halide is markedly increased on one
side of the plane, because here the benzyl groups occupy
domains previously occupied by the smaller ester moieties.
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Catalytic Studies

For the catalytic study, we focussed our attention on the
reduction of 2-(acetylamino)-3-(4-fluorophenyl)propenoic
methyl ester. A literature search revealed that this fluori-
nated amino acid has been relatively little studied. Some
related compounds were also studied for comparison
(Scheme 5).

Scheme 5. Hydrogenation of 2-(acetylamino)-3-arylpropenoic
methyl esters.

All catalytic runs (Table 1) were performed with in-situ-
generated catalysts under 5 bar pressure by using an olefin/
rhodium ratio of 100:1. It turned out that operating at r.t.
afforded slightly higher yields than at 0 °C (Table 1, En-
tries 4 and 21). Further, among the solvents tested (thf,

Table 1. Enantioselective hydrogenation of α-dehydroamino esters by a Rh–monodentate phosphoramidite catalyst.[a]

Entry R Ligand Solvent Time [h] Conversion[b] [%] ee[c] [%] Configuration

1 (4-F)-Ph 3a thf 16 100 47 R
2 (4-F)-Ph 3a MeOH 16 100 37 R
3 (4-F)-Ph 3a EtOAc 16 100 35 R
4[d] (4-F)-Ph 3a CH2Cl2 16 75 86 R
5 Ph 2a CH2Cl2 24 93 2 R
6 Ph 2b CH2Cl2 24 90 2 S
7 Ph 3a CH2Cl2 24 100 90 R
8 Ph 3b CH2Cl2 24 100 92 S
9[e] Ph 3b CH2Cl2 24 100 69 S
10[f] Ph 3b CH2Cl2 24 100 83 S
11[g] Ph 3b CH2Cl2 24 100 90 S
12 Ph 3c CH2Cl2 24 93 87 R
13[e] Ph 3c CH2Cl2 24 86 79 R
14[f] Ph 3c CH2Cl2 24 85 81 R
15[g] Ph 3c CH2Cl2 24 86 85 R
16 Ph 3d CH2Cl2 24 93 90 S
17 Ph 4a CH2Cl2 18 100 81 S
18 Ph 4b CH2Cl2 18 100 78 R
19 (4-F)-Ph 2a CH2Cl2 65 94 8 R
20 (4-F)-Ph 2b CH2Cl2 65 93 7 S
21 (4-F)-Ph 3a CH2Cl2 24 90 85 R
22 (4-F)-Ph 3b CH2Cl2 24 94 88 S
23 (4-F)-Ph 3c CH2Cl2 24 12 67 R
24 (4-F)-Ph 3d CH2Cl2 24 14 68 S
25 (4-F)-Ph 4a CH2Cl2 18 100 78 S
26 (4-F)-Ph 4b CH2Cl2 18 100 76 R
27 (3,4-Cl)-Ph 3a CH2Cl2 24 98 85 R
28 (3,4-Cl)-Ph 3b CH2Cl2 24 96 84 S
29 (4-Cl)-Ph 3a CH2Cl2 24 98 89 R
30 (4-Cl)-Ph 3b CH2Cl2 24 99 92 S
31 Ph 3b+3d CH2Cl2 19 14 89 S
32 Ph 3d+4a CH2Cl2 19 32 92 S

[a] General conditions: P(H2) = 5 bar; T = r.t.; substrate/Rh/ligand, 100:1:2.2. [b] Conversions were determined by means of 1H NMR
spectroscopic analysis. [c] Enantioselectivities were determined by chiral GC analysis by using a CHROMPAK chiral fused silica 25 m �
0.25 mm i.d. and/or specific rotation. Coating Chirasil--Val column. [d] Reaction carried out at 0 °C. [e] Substrate/Rh/ligand, 100:1:1.
[f] Substrate/Rh/ligand, 100:1/1.5. [g] Substrate/Rh/ligand, 100:1:2.5.
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MeOH, AcOEt, CH2Cl2), dichloromethane gave the highest
enantioselectivity (Table 1, Entries 1–3 and 21). In the fol-
lowing, we will therefore only discuss those runs performed
at r.t. and in dichloromethane. As expected, we found that
enantiomeric complexes (e.g. 3a and 3b) gave enantiomeric
hydrogenation compounds; the ee’s were the same within
experimental error.

As a general trend, and consistent with literature reports,
the hydrogenation rates observed with the phosphoramid-
ites were ca. 2–4 times better than those obtained with the
aminophosphanes. We also found that aminophosphanes 2a
and 2b resulted in very weak ee’s in the hydrogenation of
2-(acetylamino)-3-(phenyl)propenoic methyl ester and
2-(acetylamino)-3-(4-fluorophenyl)propenoic methyl ester
(Table 1, Entries 5, 6, 19 and 20). This may be attributed to
the fact that in the corresponding aminophosphane com-
plexes the stereogenic centres are relatively far from the
metal centre. We further observed that higher enantio-
selectivities were found for L/Rh ratios � 2 (Table 1, com-
pare Entry 8 with Entries 9–11, and compare Entry 12 with
Entries 13–15) than for lower ratios. It is likely that L/Rh
ratios below 2 result in part in the formation of [RhL(cod)]-
BF4 complexes in which the phosphoramidite behaves as a
chelating ligand (possibly as a P,O rather than a P,N che-
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late), which in turn give lower ee’s than the corresponding
[Rh(phosphoramidite)2(cod)]BF4 complexes. Note that
complexes of the latter type are generally formed when
2 equiv. of a monophosphoramidite are reacted with
[Rh(cod)2]BF4.[20]

The highest ee’s, 92%, were obtained with phosphoram-
idite (RBn,Rbin)-3b (Table 1, Entries 8 and 30) in the hydro-
genation of 2-(acetylamino)-3-(phenyl)propenoic methyl
ester and 2-(acetylamino)-3-(4-chlorophenyl)propenoic
methyl ester. The use of the same ligand for the hydrogena-
tion of the fluorinated dehydroaminated ester (Table 1, En-
try 22) gave an ee of 88%. It must be emphasised here that
the performance of this ligand lies slightly below that of the
reference ligand A [ee’s of ca. 95% for 2-(acetylamino)-3-
(phenyl)propenoic methyl ester], which in contrast to 3b
contains an achiral amino substituent.[35] Interestingly, the
number of binol-derived phosphoramidites in which the
amino groups contains a stereogenic centre is limited. A
literature survey revealed that, among this class of com-
pounds, only Zheng’s phosphoramidite 7, which is derived
from an expensive ferrocenyl–amine, gave better ee’s in the
hydrogenation of cinammic acid esters than A.[36] Signifi-
cantly lower enantioselectivities than those obtained for 3b
were obtained with proline derivative 8[25] as well as with
phosphoramidite 9,[35] which contains two stereogenic
centres in the amino group. Overall, these findings show
that an improvement in the performances of A by using
variants obtained from cheap, chiral amines remains a diffi-
cult task.

The most surprising result came from diastereomers
(RBn,Sbin)-3c and (RBn,Rbin)-3b. Hydrogenation of the fluo-
rinated olefin with (RBn,Sbin)-3c gave only 12% yield after
24 h (Table 1, Entries 23), whereas in the same time the re-
action carried out with (RBn,Rbin)-3b was almost complete.
Note that such a difference in activity was not observed
with these ligands in the reduction of the slightly shorter
2-(acetylamino)-3-(phenyl)propenoic methyl ester (Table 1,
Entries 12). Molecular models based on the X-ray structure
of complex 6, which contains ligand (SBn,Rbin)-3d, clearly
show that in the hypothetical catalytic intermediates of type
α and β (Figure 3), bidentate coordination of the fluori-
nated olefin results in considerable steric hindrance between
the Arolefin group and the benzyl groups. In the related 3b-
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containing intermediates γ and δ, in which the amino acid
ester moiety has a stereochemistry opposite to that of
(SBn,Rbin)-3d, coordination of the olefin becomes much
more favourable. The olefin–ligand interactions here mainly
involve the smaller CO2Me group.

Figure 3. Possible coordination modes involving either complex 5
(α and β) or 6 (γ and δ) and 2-(acetylamino)-3-(4-fluorophenyl)-
propenoic methyl ester.

To verify that these interactions have a determining im-
pact on the catalyst activity, we tested ligands (SMe,Rbin)-4a
and (SMe,Sbin)-4b, which contain a methyl group in place of
a benzyl group. As anticipated, the hydrogenation reactions
carried out with these ligands occurred much faster than
those performed with their benzyl analogues (full substrate
conversion within 18 h).

Furthermore, in the case of (SMe,Sbin)-4b, a nonnegligible
drop in the asymmetric induction was observed with respect
to (SBn,Sbin)-3a in the catalytic reduction of 2-(ace-
tylamino)-3-(phenyl)- and of 2-(acetylamino)-3-(4-fluo-
rophenyl)propenoic methyl ester as well; the ee’s decrease
by 12 and 9%, respectively (Table 1, Entries 18/7 and 26/
21). The same trend was observed on going from (SBn,Rbin)-
3d to (SMe,Rbin)-4a in the hydrogenation of 2-(ace-
tylamino)-3-(phenyl)propenoic methyl ester; ee’s decreased
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by 9% (Table 1, Entries 17/16). Of course, we have to re-
main cautious in correlating the observed selectivities and
activities, as the rate-determining steps are not known.
Note that the hydrogenation of 2-(acetylamino)-3-(4-fluo-
rophenyl)propenoic methyl ester with 3d was too slow to
allow comparison of the corresponding ee value with that
obtained with the faster catalyst 4a.

Finally, we found that by using equimolar mixtures of
(RBn,Rbin)-3b and (SBn,Rbin)-3d in the hydrogenation of 2-
(acetylamino)-3-(phenyl)propenoic methyl ester did not sig-
nificantly modify the ee (Table 1, Entry 31), although in this
experiment the activity unexpectedly dropped. Similar ob-
servations were made by using the (SBn,Rbin)-3d/(SMe,Rbin)-
4a couple (Table 1, Entry 32). Thus, these results contrast
the recent findings of Reetz et al. who showed that the com-
bination of different phosphanes, in particular mixtures of
chiral phosphites and achiral phosphanes, may produce a
selectivity increase in hydrogenation experiments.[37]

Conclusions

In the present study we described the first monodentate
PIII ligands combining a chiral 1,3-dioxa-2-phosphacy-
cloheptadinaphthyl unit with a cost effective and readily
available phenylalanine- or alanine-derived fragment. De-
spite their relative bulkiness, these ligands were found to
readily form [PtCl2L2] complexes adopting a cis stereo-
chemistry. When used in the rhodium-catalysed hydrogena-
tion of prochiral olefins, the alanine–phosphoramidites dis-
played considerably higher hydrogenation rates than the ste-
rically more crowded phenylalanine analogues. The highest
enantioselectivities, 92%, were found with (RBn,Rbin)-3b.
These are higher than those obtained with related, cheap
phosphoramidites in which the amino group contains at le-
ast one stereogenic centre, but remain slightly below the
performances of the “Feringa–de Vries” ligand A when
used under similar conditions. Overall, this study confirms
previous studies that have already established that the
bulky, binoP moiety has a major impact on the enantio-
selectivity of hydrogenation reactions, overwhelming that of
other stereogenic centres present in the molecule.

Experimental Section
General Procedures: All manipulations involving aminophosphanes
and phosphoramidites were performed in Schlenk-type flasks un-
der an atmosphere of dry nitrogen. Solvents were dried by conven-
tional methods and distilled immediately prior to use. CDCl3 was
passed through a 5 cm-thick alumina column and stored under an
atmosphere of nitrogen over molecular sieves (4 Å). Routine 1H,
13C{1H} and 31P{1H} spectra were recorded with Bruker FT In-
struments (AC-200 and AC-300). 1H NMR spectra were referenced
to residual protonated solvents (δ = 7.26 ppm for CDCl3 and
7.16 ppm for C6D6), 13C chemical shifts are reported relative to
deuterated solvents (δ = 77.16 ppm for CDCl3 and 128.06 ppm for
C6D6), and the 31P NMR spectroscopic data are given relative to
external H3PO4. Mass spectra were recorded with a Bruker Micro-
TOF spectrometer (ESI) and with CH2Cl2 as the solvent. Optical
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rotations were measured with a Perkin–Elmer 341 digital polarime-
ter with a 1 dm cell. The 13C{1H} NMR assignments for (SBn)-2a
and (RBn)-2b are partially based on a literature reference.[38] The
chlorophosphite binoPCl was prepared according to a procedure
described in the literature.[31]

Synthesis of Amino Esters

Methyl (S)-2-(Methylamino)-3-phenylpropionate [(SBn)-1a]: A solu-
tion of methyl (S)-2-(benzyloxycarbonylmethylamino)-3-phenyl-
propionate (3.196 g, 9.732 mmol), in MeOH (100 mL) was treated
with 10% Pd/C (0.320 g, 10 wt.-% equiv.) and H2 (1 atm) at 30 °C.
After stirring for 2 h, the reaction mixture was filtered through Ce-
lite, and the solvent was evaporated under vacuum to afford a
colourless oil. Yield: 1.891 g, 100%. [α]D20 = +25.6 (c = 0.30, CHCl3)
[ref.[38] [α]D20 = +24.9 (c = 0.30, CHCl3]. 1H NMR (300 MHz,
CDCl3): δ = 7.27–7.11 (m, 5 H, arom. H), 3.60 (s, 3 H, OCH3),
3.42 [t, 3JH,H = 6.8 Hz, 1 H, HC(CO)], 2.91 (d, 3JH,H = 6.8 Hz, 2
H, PhCH2), 2.32 (s, 3 H, NCH3), 1.76 (s, 1 H, NHCH3) ppm. 13C
NMR (75 MHz, CDCl3): δ = 174.49 (s, C=O), 137.04 (s, quat. C),
128.96 (s, arom. CH), 128.74 (s, arom. CH), 128.31 (s, arom. CH),
128.00 (s, arom. CH), 126.59 (s, arom. CH), 64.47 [s, HC(CO)],
51.42 (s, OCH3), 39.26 (s, PhCH2), 34.52 (s, NCH3) ppm.
C11H15NO2 (193.24): calcd. C 68.4, H 7.8, N 7.3; found C 68.6, H
7.8, N 7.3.

Methyl (R)-2-(Methylamino)-3-phenylpropionate [(RBn)-1b]: (RBn)-
1b was prepared according to the above procedure from methyl
(R)-2-(benzyloxycarbonylmethylamino)-3-phenylpropionate (5.240 g,
15.96 mmol). Yield: 3.100 g, 100%. [α]D20 = –25.5 (c = 1.00, CHCl3)
[ref.[38] [α]D20 = –25.1 (c = 1.00, CHCl3)]. C11H15NO2 (193.24): calcd.
C 68.4, H 7.8, N 7.3; found C 68.3, H, 7.9, N 7.4.

Methyl (S)-2-(Methylamino)propionate Monohydrochloride {[(SMe)-
1c]HCl}: Thionyl chloride (1.300 g, 11.30 mmol, ca. 0.83 mL) was
added dropwise to MeOH (15 mL) at 0 °C. To this mixture was
added a solution of (S)-2-(methylamino)propionic acid (0.400 g,
3.80 mmol) in MeOH (10 mL). After stirring at r.t. for 4 d, the
solvent was evaporated to dryness in vacuo to afford the product
as a white solid. Yield: 0.600 g, 100%. [α]D20 = +0.5 (c = 2.00, EtOH)
[ref.[39] [α]D20 = +1.0 (c = 2.00, EtOH)]. 1H NMR (300 MHz,
CDCl3): δ = 10.06 (br., 1 H, NH), 3.94 [d, 3JH,H = 6.9 Hz, 1 H,
HC(CO)], 3.84 (s, 3 H, OCH3), 2.79 (s, 3 H, NCH3), 1.73 (d, 3JH,H

= 6.9 Hz, 3 H, CHCH3) ppm. 13C NMR (75 MHz, CDCl3): δ =
169.09 (s, C=O), 56.20 [s, HC(CO)], 53.46 (s, OCH3), 30.88 (s,
NCH3), 14.49 (s, CHCH3) ppm. C5H12ClNO2 (153.61): calcd. C
39.1, H 7.9, N 9.1; found C 39.2, H 7.8, N 9.1.

Methyl (S)-2-(Methyldiphenylphosphanylamino)-3-phenylpropionate
[(SBn)-2a]: To a solution of (SBn)-1a (2.110 g, 10.86 mmol) in tolu-
ene (30 mL) was added successively diisopropylethylamine (1.404 g,
13.90 mmol, ca. 1.88 mL) and chlorodiphenylphosphane (2.397 g,
10.86 mmol, ca. 1.95 mL). The mixture was stirred overnight at r.t.,
then filtered through Al2O3. The solvent was evaporated to dryness,
after which the residue was purified by flash chromatography over
silica (cyclohexane/ethyl acetate, 70:30). Product (SBn)-2a was ob-
tained as a white solid. Yield: 3.510 g, 86%. M.p. 72–74 °C. [α]D20 =
–84.3 (c = 1.00, toluene). 1H NMR (300 MHz, C6D6): δ = 7.50–
7.44 (m, 2 H, arom. H), 7.18–6.99 (m, 13 H, arom. H), 4.51 [ddd,
JH,H = 6.2 Hz, JH,H = 9.8 Hz, JH,P = 11.6 Hz, 1 H, HC(CO)], 3.22
(s, 3 H, OCH3), 3.23 and 3.02 (ABX spectrum, 2JA,B = 14.3 Hz,
3JA,X = 6.2 Hz, 3JB,X = 9.8 Hz, 2 H, PhCH2), 2.43 (d, 3JHP =
2.6 Hz, 3 H, NCH3) ppm. 13C NMR (75 MHz, C6D6): δ = 172.74
(d, 3JC,P = 3.1 Hz, C=O), 139.44 (d, 1JC,P = 16.2 Hz, quat. C of
PPh2), 139.28 (d, 1JC,P = 11.8 Hz, quat. C of PPh2), 138.46 (s, quat.
C of benzyl), 132.76 (d, JC,P = 20.5 Hz, arom. CH of PPh2), 132.65
(d, JC,P = 19.9 Hz, arom. CH of PPh2), 129.65 (s, arom. CH of
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benzyl), 128.83 (s, arom. CH of benzyl), 128.54 (d, JC,P = 11.8 Hz,
arom. CH of PPh2), 128.28 (s, arom. CH), 128.27 (d, JC,P = 8.8 Hz,
arom. CH of PPh2), 128.25 (s, arom. CH), 126.66 (s, arom. CH),
69.32 [d, 2JC,P = 40.3 Hz, C(CO)], 50.96 (s, OCH3), 36.77 (d, 3JC,P

= 9.3 Hz, PhCH2), 32.57 (d, 2JC,P = 8.7 Hz, NCH3) ppm. 31P NMR
(121 MHz, C6D6): δ = 67.9 (s) ppm. MS (ESI-TOF): m/z (%) =
378.18 (88) [M + H]+. C23H24NO2P (377.42): calcd. C 73.2, H 6.4,
N 3.7; found C 73.1, H 6.5, N 3.6.

Methyl (R)-2-(Methyldiphenylphosphanylamino)-3-phenylpropionate
[(RBn)-2b]: Compound (RBn)-2b was prepared according to the
above procedure from (RBn)-1b (2.480 g, 12.77 mmol). Yield:
4.240 g, 88%. [α]D20 = +85.2 (c = 1.00, toluene). MS (ESI-TOF):
m/z (%) = 378.18 (100) [M + H]+. C23H24NO2P (377.42): calcd. C
73.2, H 6.4, N 3.7; found C 73.1, H 6.5, N 3.6.

General Procedure for the Synthesis of Phosphoramidites 3 and 4:
To a solution of MeNHCHR(CO2Me) (R = CH2Ph, Me) in tolu-
ene (30 mL) was added diisopropylethylamine (1 equiv.) and
chloro-(S or R)-2,2�-O,O�-(1,1�-binaphthyl)phosphite (1 equiv.).
The mixture was stirred overnight at r.t. before being filtered
through Al2O3. The solvent was removed in vacuo to afford the
product as a white solid.

Methyl (S)-2-{N,N-Methyl-[(S)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]dioxa-
phosphepin-2-yl)]amino}-3-phenylpropionate [(SBn,Sbin)-3a]: Pre-
pared according to the general procedure from (SBn)-1a (1.000 g,
5.15 mmol), diisopropylethylamine (0.665 g, 5.15 mmol, ca.
0.89 mL) and chloro-(S)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(1.806 g, 5.15 mmol). Yield: 1.502 g, 58%. M.p. 70–71 °C. [α]D20 =
+281.2 (c = 0.26, toluene). 1H NMR (300 MHz, CDCl3): δ = 7.95–
7.73 (m, 4 H, arom. H), 7.48–7.15 (m, 12 H, arom. H), 6.66 (d,
JH,H = 8.8 Hz, 1 H, arom. H), 4.53 [ddd, 3JA,X = 6.1 Hz, 3JB,X =
9.8 Hz, 3JH,P = 11.5 Hz, 1 H, HC(CO)], 3.76 (s, 3 H, OCH3), 3.36
and 3.09 (ABX, 2JA,B = 14.4 Hz, 3JA,X = 6.1 Hz, 3JB,X = 9.8 Hz, 2
H, PhCH2), 2.23 (d, 3JHP = 4.0 Hz, 3 H, NCH3) ppm. 13C NMR
(75 MHz, CDCl3): δ = 172.41 (d, 3JC,P = 6.2 Hz, C=O), 149.67–
122.10 (arom. C�s), 61.27 [d, JC,P = 43.4 Hz, HC(CO)], 52.35 (s,
OCH3), 35.51 (d, JC,P = 6.2 Hz, PhCH2), 28.64 (s, NCH3) ppm.
31P NMR (121 MHz, CDCl3): δ = 149.0 (s) ppm. MS (ESI-TOF):
m/z (%) = 530.16 (100) [M + Na]+. C31H26NO4P (507.52): calcd.
C 73.4, H 5.2, N 2.8; found C 73.5, H 5.3, N 2.6.

Methyl (R)-2-{N,N-Methyl-[(R)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]di-
oxaphosphepin-2-yl)]amino}-3-phenylpropionate [(RBn,Rbin)-3b]: Pre-
pared according to the general procedure from (RBn)-2b (1.560 g,
8.03 mmol), diisopropylethylamine (1.047 g, 8.10 mmol, ca.
1.40 mL) and chloro-(R)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(2.840 g, 8.10 mmol). Yield: 2.703 g, 66%. [α]D20 = –285.3 (c = 1.00,
toluene). NMR as for (SBn,Sbin)-3a. MS (ESI-TOF): m/z (%) =
530.16 (100) [M + Na]+. C31H26NO4P (507.52): calcd. C 73.4, H
5.2, N 2.8; found C 73.4, H 5.4, N 2.6.

Methyl (R)-2-{N,N-Methyl-[(S)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]di-
oxaphosphepin-2-yl)]amino}-3-phenylpropionate [(RBn,Sbin)-3c]: Pre-
pared according to the general procedure from (RBn)-1b (1.230 g,
6.33 mmol), diisopropylethylamine (0.818 g, 6.33 mmol, ca.
1.10 mL) and chloro-(S)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(2.230 g, 6.33 mmol). Yield: 1.502 g, 58%. M.p. 70–71 °C. [α]D20 =
+542.6 (c = 1.00, toluene). 1H NMR (300 MHz, CDCl3): δ = 7.95–
7.89 (m, 4 H, arom. H), 7.46–7.19 (m, 13 H, arom. H), 4.48 [ddd,
JA,X = 5.5 Hz, JB,X = 10.0 Hz, JH,P = 11.6 Hz, 1 H, HC(CO)], 3.90
(s, 3 H, OCH3), 3.29 and 3.01 (ABX, JA,B = 14.3 Hz, JA,X = 5.5 Hz,
JB,X = 10.0 Hz, 2 H, PhCH2), 2.26 (d, JHP = 3.2 Hz, 3 H, NCH3)
ppm. 13C NMR (75 MHz, CDCl3): δ = 172.46 (d, 3JC,P = 5.0 Hz,
C=O), 150.15 (d, JC,P = 5.6 Hz, quat. C), 149.32 (s, quat. C), 137.43
(s, quat. C), 132.85 (d, JC,P = 1.2 Hz, quat. C), 132.63 (s, quat. C),
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131.48 (s, quat. C), 130.90 (s, quat. C), 130.29 (s, arom. CH), 130.15
(s, arom. CH), 129.52 (d, JC,P = 1.2 Hz, arom. CH), 128.60 (s,
2�arom. CH), 128.44 (s, arom. CH), 128.39 (s, arom. CH), 127.12
(s, arom. CH), 127.01 (s, arom. CH), 126.82 (s, arom. CH), 126.17
(s, 2�arom. CH), 124.90 (s, arom. CH), 124.73 (s, arom. CH),
123.97 (d, JC,P = 5.0 Hz, quat. C), 122.67 (d, JC,P = 1.9 Hz, quat.
C), 122.21 (s, arom. CH), 122.04 (s, arom. CH), 122.02 (s, arom.
CH), 61.99 [d, 2JC,P = 45.3 Hz, HC(CO)], 52.33 (s, OCH3), 34.96
(d, 3JC,P = 6.2 Hz, PhCH2), 28.23 (d, 2JC,P = 3.7 Hz, NCH3) ppm.
31P NMR (121 MHz, CDCl3): δ = 148.6 (s) ppm. MS (ESI-TOF):
m/z (%) = 530.16 (41) [M + Na]+. C31H26NO4P (507.52): calcd. C
73.4, H 5.2, N 2.8; found C 73.3, H 5.2, N 2.6.

Methyl (S)-2-{N,N-Methyl-[(R)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]di-
oxaphosphepin-2-yl)]amino}-3-phenylpropionate [(SBn,Rbin)-3d]: Pre-
pared according to the general procedure from (SBn)-1a (1.897 g,
9.77 mmol), diisopropylethylamine (1.262 g, 9.77 mmol, ca.
1.69 mL) and chloro-(R)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(3.440 g, 9.81 mmol). Yield: 3.400 g, 69%. [α]D20 = –533.5 (c = 1.00,
toluene). NMR as for (RBn,Sbin)-3c. MS (ESI-TOF): m/z (%) =
530.16 (100) [M + Na]+. C31H26NO4P (507.52): calcd. C 73.4, H
5.2, N 2.8; found C 73.4, H 5.2, N 2.6.

Methyl (S)-2-{N,N-Methyl-[(R)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]di-
oxaphosphepin-2-yl)]amino}propionate [(SMe,Rbin)-4a]: Prepared ac-
cording to the general procedure from [(SMe)-1c]HCl (0.300 g,
1.95 mmol), diisopropylethylamine (0.530 g, 4.10 mmol, ca.
0.69 mL) and chloro-(R)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(0.720 g, 2.05 mmol). Yield: 0.767 g, 91%. M.p. 62–64 °C. [α]D20 =
–475.8 (c = 0.85, toluene). 1H NMR (300 MHz, CDCl3): δ = 7.98–
7.90 (m, 4 H, arom. H), 7.54 (d, JH,H = 8.8 Hz, 2 H, arom. H),
7.45–7.35 (m, 4 H, arom. H), 7.31–7.23 (m, 2 H, arom. H), 4.32
[dq, 3JH,H = 7.2 Hz, 3JH,P = 9.6 Hz, 1 H, HC(CO)], 3.84 (s, 3 H,
OCH3), 2.28 (d, 3JH,P = 4.8 Hz, 3 H, NCH3), 1.42 (d, 3JH,H =
7.2 Hz, 3 H, CCH3) ppm. 13C NMR (75 MHz, CDCl3): δ = 173.43
(d, 3JC,P = 3.1 Hz, C=O), 150.08–122.04 (arom. C�s), 55.09 [d, 2JC,P

= 42.2 Hz, HC(CO)], 52.22 (s, OCH3), 28.10 (d, 2JC,P = 3.1 Hz,
NCH3), 16.08 (d, 3JC,P = 6.8 Hz, CCH3) ppm. 31P NMR
(121 MHz, CDCl3): δ = 148.5 (s) ppm. MS (ESI-TOF): m/z (%) =
454.11 (91) [M + Na]+. C25H22NO4P (431.42): calcd. C 69.6, H 5.1,
N 3.3; found C 69.7, H 5.2, N 3.3.

Methyl (S)-2-{N,N-Methyl-[(S)-(dinaphtho[2,1-d:1�,2�-f][1,3,2]di-
oxaphosphepin-2-yl)]amino}propionate [(SMe,Sbin)-4b]: Prepared ac-
cording to the general procedure from [(SMe)-1c]HCl (0.581 g,
3.78 mmol), diisopropylethylamine (1.026 g, 7.94 mmol, ca.
1.33 mL) and chloro-(S)-2,2�-O,O�-(1,1�-binaphthyl)phosphite
(1.393 g, 3.97 mmol). Yield: 1.452 g, 89%. M.p. 61–63 °C. [α]D20 =
+481.2 (c = 0.85, toluene). 1H NMR (300 MHz, CDCl3): δ = 7.97
(d, JH,H = 8.8 Hz, 1 H, arom. H), 7.93–7.87 (m, 3 H, arom. H),
7.53 (d, JH,H = 8.8 Hz, 1 H, arom. H), 7.44–7.38 (m, 4 H, arom.
H), 7.34–7.21 (m, 3 H, arom. H), 4.24 [dq, 3JH,H = 7.2 Hz, 3JH,P =
9.9 Hz, 1 H, HC(CO)], 3.74 (s, 3 H, OCH3), 2.33 (d, 3JH,P = 5.7 Hz,
3 H, NCH3), 1.51 (d, 3JH,H = 7.2 Hz, 3 H, CCH3) ppm. 13C NMR
(75 MHz, CDCl3): δ = 173.24 (d, 3JCP = 6.8 Hz, C=O), 149.80 (d,
JCP = 5.6 Hz, quat. C), 149.42 (s, quat. C), 132.89 (d, JC,P = 1.2 Hz,
quat. C), 132.69 (s, quat. C), 131.54 (s, quat. C), 130.87 (s, quat.
C), 130.44 (s, arom. CH), 130.02 (s, arom. CH), 128.46 (s, arom.
CH), 128.36 (s, arom. CH), 127.12 (s, arom. CH), 127.07 (s, arom.
CH), 126.22 (s, arom. CH), 124.96 (s, arom. CH), 124.78 (s, arom.
CH), 124.01 (d, JC,P = 5.0 Hz, quat. C), 122.69 (d, JC,P = 1.9 Hz,
quat. C), 122.12 (s, arom. CH), 122.09 (s, arom. CH), 122.07 (s,
arom. CH), 55.14 [d, 2JC,P = 37.2 Hz, HC(CO)], 52.19 (s, OCH3),
28.79 (d, 3JC,P = 6.8 Hz, CCH3), 16.54 (d, 2JC,P = 6.2 Hz, NCH3)
ppm. 31P NMR (121 MHz, CDCl3): δ = 148.2 (s) ppm. MS (ESI-
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TOF): m/z (%) = 454.14 (87) [M + Na]+. C25H22NO4P (431.42):
calcd. C 69.6, H 5.1, N 3.3; found C 69.7, H 5.3, N 3.1.

Synthesis of Complexes

cis-Dichloridobis[methyl (R)-2-{N,N-methyl-[(R)-(dinaphtho[2,1-
d:1�,2�-f][1,3,2]dioxaphosphepin-2-yl)]amino}-3-phenylpropionate]-
platinum(II) (5): A solution of phosphoramidite (RBn,Rbin)-3b
(0.250 g, 0.50 mmol) in CH2Cl2 (8 mL) was added to a solution of
dichlorido(dicyclopentadienyl)platinum(II) (0.100 g, 0.25 mmol) in
CH2Cl2 (10 mL). The solution was stirred at r.t. for 24 h. The solu-
tion was then concentrated to ca. 5 mL, after which n-pentane was
added (30 mL). Cooling this solution down to –10 °C precipitated
5 as a white solid. Yield: 0.290 g, 91%. M.p. � 250 °C. 1H NMR
(300 MHz, CDCl3): δ = 8.35 (d, JH,H = 8.9 Hz, 1 H, arom. H), 8.12
(d, JH,H = 9.1 Hz, 1 H, arom. H), 7.98 (d, JH,H = 8.1 Hz, 1 H,
arom. H), 7.91 (d, JH,H = 8.3 Hz, 1 H, arom. H), 7.71 (d, JH,H =
8.8 Hz, 1 H, arom. H), 7.52–7.42 (m, 3 H, arom. H), 7.36–7.32 (m,
2 H, arom. H), 7.03 (t, JH,H = 7.5 Hz, 1 H, arom. H), 6.74 (t, JH,H

= 7.7 Hz, 2 H, arom. H), 6.63 (d, JH,H = 7.3 Hz, 2 H, arom. H),
6.36 (d, JH,H = 8.8 Hz, 1 H, arom. H), 4.12 [ddd, 3JH,H = 8.6 Hz,
3JH,H = 6.8 Hz, 3JH,P = 11.3 Hz, 1 H, HC(CO)], 3.41 (s, 3 H,
OCH3), 2.65 and 2.37 (ABX, 2JA,B = 14.3 Hz, 3JA,X = 8.6 Hz, 3JB,X

= 6.8 Hz, 2 H, PhCH2), 2.24 (d, 3JH,P = 10.4 Hz, 3 H, NCH3) ppm.
13C NMR (75 MHz, CDCl3): δ = 171.13 (s, C=O), 148.11 (virtual
t, 3JC,P + 5JC,P� = 3.7 Hz, quat. C), 147.93 (d, JC,P = 6.2 Hz, quat.
C), 136.13 (s, quat. C), 132.25 (s, quat. C), 131.90 (s, quat. C),
131.77 (s, quat. C), 131.46 (s, quat. C), 131.42 (s, arom. CH), 130.65
(s, arom. CH), 129.24 (s, arom. CH), 128.70 (s, arom. CH), 128.43
(s, arom. CH), 128.20 (s, arom. CH), 127.27 (s, arom. CH), 126.97
(s, arom. CH), 126.73 (s, arom. CH), 126.50 (s, arom. CH), 126.04
(s, arom. CH), 125.77 (s, arom. CH), 123.19 (s, arom. CH), 122.59
(s, quat. C), 122.19 (s, quat. C), 120.51 (s, arom. CH), 59.75 [virtual
t, 2JC,P + 4JC,P� = 6.5 Hz, HC(CO)], 51.80 (s, OCH3), 35.78 (s,
PhCH2), 30.93 (virtual t, 2JC,P + 4JC,P� = 2.5 Hz, NCH3) ppm. 31P
NMR (121 MHz, CDCl3): δ = 94.9 (JPt,P = 5578 Hz) ppm MS
(ESI-TOF): m/z (%) = 1244.17 (61) [M – Cl]+. C62H52Cl2N2O8P2Pt
(1281.02): calcd. C 58.2, H 4.0, N 2.0; found C 58.0, H 4.2, N 2.0.

cis-Dichloridobis[methyl (S)-2-{N,N-methyl-[(R)-(dinaphtho[2,1-
d:1�,2�-f][1,3,2]dioxaphosphepin-2-yl)]amino}-3-phenylpropionate]-
platinum(II) (6): A solution of phosphoramidite (SBn,Rbin)-3d
(0.110 g, 0.22 mmol) in CH2Cl2 (8 mL) was added to a solution of
[PtCl2(cod)] (0.040 g, 0.11 mmol) in CH2Cl2 (10 mL). After stirring
for 24 h, the solution was concentrated to 6 mL, after which n-
pentane (30 mL) was added. Cooling the solution down to –10 °C
afforded 6 as a white solid. Yield: 0.130 g, 95%. M.p. � 250 °C.
1H NMR (300 MHz, CDCl3): δ = 8.34 (d, JH,H = 8.9 Hz, 1 H,
arom. H), 8.12 (d, JH,H = 9.1 Hz, 1 H, arom. H), 7.98 (d, JH,H =
8.1 Hz, 1 H, arom. H), 7.89 (d, JH,H = 8.9 Hz, 1 H, arom. H), 7.69
(d, JH,H = 8.9 Hz, 1 H, arom. H), 7.47 (m, 3 H, arom. H), 7.35 (m,
2 H, arom. H), 7.17 (m, 1 H, arom. H), 7.01 (t, JH,H = 7.4 Hz, 1
H, arom. H), 6.73 (t, JH,H = 7.7 Hz, 2 H, arom. H), 6.62 (d, JH,H

= 6.9 Hz, 2 H, arom. H), 6.36 (d, JH,H = 8.8 Hz, 1 H, arom. H),
4.11 [ddd, 3JH,H = 8.6 Hz, 3JH,H = 6.9 Hz, 3JH,P = 11.3 Hz, 1 H,
HC(CO)], 3.39 (s, 3 H, OCH3), 2.65 and 2.37 (ABX, 2JA,B =
14.2 Hz, 3JA,X = 8.6 Hz, 3JB,X = 6.9 Hz, 2 H, CH2Ph), 2.22 (d, 3JHP

= 10.9 Hz, 3 H, NCH3) ppm. 13C NMR (75 MHz, CDCl3): δ =
169.97 (virtual t, 3JC,P + 5JC,P� = 7.4 Hz, C=O), 148.37 (virtual t,
3JC,P + 5JC,P� = 12.4 Hz, quat. C), 147.82 (virtual t, 3JC,P + 5JC,P�

= 6.8 Hz, quat. C), 137.38 (s, 2 � quat. C), 132.41 (s, quat. C),
131.67 (d, JC,P = 0.6 Hz, quat. C), 131.60 (s, arom. CH), 130.96 (s,
arom. CH), 130.44 (s, arom. CH), 129.23 (d, JC,P = 0.6 Hz, arom.
CH), 128.53 (d, JC,P = 0.6 Hz, arom. CH), 128.39 (d, JC,P = 0.6 Hz,
arom. CH), 127.47 (d, JC,P = 0.6 Hz, arom. CH), 127.06 (s, arom.
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CH), 126.55 (d, JC,P = 0.6 Hz, arom. CH), 126.48 (s, arom. CH),
126.30 (d, JC,P = 0.6 Hz, arom. CH), 126.11 (d, JC,P = 0.6 Hz,
arom. CH), 125.36 (s, arom. CH), 122.88 (d, JC,P = 1.2 Hz,
2�quat. C), 122.19 (s, arom. CH), 122.01 (s, quat. C), 120.45 (s,
arom. CH), 51.86 [virtual t, 2JC,P + 4JC,P� = 21 Hz, HC(CO)], 51.71
(s, OCH3), 35.37 (d, 3JC,P = 1.9 Hz, PhCH2), 31.07 (s, NCH3) ppm.
31P NMR (121 MHz, CDCl3): δ = 95.0 (JPt,P = 5579 Hz) ppm. MS
(ESI-TOF): m/z (%) = 1244.25 (12) [M – Cl]+. C62H52Cl2N2O8P2Pt
(1281.02): calcd. C 58.2, H 4.0, N 2.0; found C 58.0, H 4.2, N 2.0.

X-ray Crystal Structure Determination of 5: Crystals of 5 suitable
for X-ray diffraction were obtained by slow diffusion of pentane
into a chloroform solution of the complex. 2(C62H52Cl2N2O8Pt)·
2(0.5CHCl3)·0.5C5H12, M = 2717.41, tetragonal, P41, a = b =
11.5731(2) Å, c = 89.444(2) Å, V = 11979.8(4) Å3, Z = 4, Dcalcd. =
1.507 gcm–3, λ(Mo-Kα) = 0.71073 Å, µ = 26.08 cm–1, F(000) =
5468, T = 100 K. The sample (0.25�0.20�0.20 mm) was studied
with a Bruker AXS X8-APEX II diffractometer with graphite mo-
nochromatized Mo-Kα radiation. Data collection was carried out
by using the Bruker collect suite.[40] 51864 Reflections were col-
lected (1.76�θ�27.54°), of which 20757 had I�2.0σ(I). The
structure was solved with SIR-97,[41] which revealed the non-hydro-
gen atoms of the molecule. After anisotropic refinement, many hy-
drogen atoms could be localized on Fourier difference map. The
whole structure was refined with SHELXL-97.[42] Hydrogen atoms
were included and refined by using a riding mode in SHELX-97.
Final results: R1 = 0.065, wR2 = 0.152, goodness of fit 1.135, 1465
parameters, residual electron density: min/max = –2.47/1.89. Flack
parameter: 0.064(7).

Crystal Data for 6: Crystals of 6 suitable for X-ray diffraction were
obtained by slow diffusion of pentane into a dichloromethane solu-
tion of the complex. PtCl2P2C62H52O8N2·3H2O, M = 1335.03, or-
thorhombic, space group P212121, a = 9.9546(3) Å, b =
26.5366(9) Å, c = 26.8868(9) Å, V = 7102.5(4) Å3, Z = 4, Dcalcd. =
1.249 gcm–3, λ(Mo-Kα) = 0.71073 Å, µ = 21.47 cm–1, F(000) =
2696, T = 292(1) K. The sample (0.40�0.22�0.22 mm) was
studied with an Oxford Diffraction Xcalibur Saphir 3 dif-
fractometer with graphite monochromatized Mo-Kα radiation. The
data collection was carried out by using CrysAlis RED.[43] 22955
Reflections collected (1.76�θ�27.54°), 7763 observations with
I�2.0σ(I). The structure was solved with SIR-97,[41] which re-
vealed the non-hydrogen atoms of the molecule. After anisotropic
refinement, many hydrogen atoms could be localized with a Fourier
difference. The whole structure was refined with SHELXL97.[42]

Hydrogen atoms were included and refined by using a riding mode
in SHELX-97. Final results: R1 = 0.060, wR2 = 0.165, goodness of
fit 0.917, 722 parameters, residual electron density: min/max =
–0.957/1.526. Flack parameter: 0.069(10).

CCDC-613420 and -286303 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

General Procedure for Asymmetric Hydrogenation and Determi-
nation of Enantiomeric Excesses: To a solution of [Rh(cod)2]BF4

(0.010 g, 0.025 mmol) in CH2Cl2 (10 mL) was added a solution of
the ligand (2.2 equiv.) in CH2Cl2 (10 mL), and the resulting mixture
was stirred for 30 min. before being used in the catalytic run. For
those runs carried out with another solvent, the previous solution
was evaporated to dryness; the residue was then dissolved in the
desired solvent (20 mL). The solution was introduced by syringe
into a 100-mL glass-lined, stainless steel autoclave containing a
magnetic stirring bar and the substrate (2.5 mmol); the autoclave
was then placed under an atmosphere of hydrogen (5 bar). At the
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end of the catalytic run, the autoclave was depressurized and the
mixture was passed through a short silica column to remove the
catalyst. Conversions were monitored by 1H NMR spectroscopy.
Enantioselectivities were determined by chiral GC analysis by using
a CHROMPAK chiral fused silica 25 m�0.25 mm i.d. and/or spe-
cific rotation. Coating Chirasil--Val column.
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