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Abstract

The optically active indenyl-linked phosphane ligands (S)-[2-(3H-inden-1-yl)-1-phenylethyl]diphenylphosphane (L1) and (S)-[2-(4,7-
dimethyl-3H-inden-1-yl)-1-phenyl-ethyl]diphenylphosphane (L2) were synthesized in three steps from (R)-1-phenylethane-1,2-diol in
excellent yields. Their lithium salts reacted with [Rh(l-Cl)(g2-CH2CH2)2]2 at �78 �C in THF affording the planar chiral complexes
(S,Rpl + Spl)-[Rh(g5-indenyl-CH2CH(Ph)PPh2-kP)(g2-CH2CH2)] and (S,Rpl + Spl)-[Rh(g5-4,7-dimethylindenyl-CH2CH(Ph)PPh2-
kP)(g2-CH2CH2)] as 61:39 and 15:85 mixtures of diastereomers. The complexes were isolated in optically pure form by column chroma-
tography. The stereochemical configuration of one of the diastereomers was determined by X-ray crystallography. The complexation of
L2 was studied in different solvents and with several Rh precursors and diastereomeric excesses up to 76% were achieved. The ability of
the chiral ligands to control the stereochemistry at the metal center was tested by oxidative addition of methyl iodide. Diastereomeric
excesses greater than 98% were observed.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Chelating ligands containing a cyclopentadienyl and a
heteroatom connected by an appropriate spacer have
received considerable attention in recent years. A special
attraction of these ligands is the possibility to indepen-
dently vary its three structural components, namely the
cyclopentadienyl ring, the spacer and the heteroatom and
its substituents in order to modify the chemical and physi-
cal properties of classical cyclopentadienyl metal com-
plexes [1]. The additional coordination of the heteroatom
leads to increased rigidity of the complex; accordingly,
these chelating ligands are today referred to as constrained
0022-328X/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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geometry ligands (CGLs). Comprehensive reviews on
cyclopentadienyl ligands bearing pendant donor heteroa-
toms have appeared that focused on nitrogen, oxygen,
phosphorus, arsenic and sulfur donors [2]. An additional
feature of the CGLs is that the introduction of chirality ele-
ments in this system may assist in controlling the stereo-
chemistry of reactions taking place at the metal center
and therefore could eventually increase the stereoselection
in asymmetric catalytic reactions, particularly if the chiral
elements are in close proximity to the metal. Several
attempts have been made to introduce chirality into the
CGL-system [3]. In principle, there are four possible ways
to achieve this goal: (i) chiral substituents in the Cp ring
(e.g. menthyl group) or non-symmetric substitution pattern
of the Cp ring; (ii) stereogenic center(s) in the connecting
chain; (iii) stereogenic heteroatom or chiral substituents
at the heteroatom; (iv) chiral ancillary ligands. In order
to control the stereochemistry at the metal center, the
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incorporation of only one element of chirality in the CGL-
system might probably not be enough, and a judicious
combination of two or more types of chirality should be
appropriate.

Rhodium compounds with CGLs are mostly limited to
phosphinoalkyl-functionalized cyclopentadienyl ligands
[4]. This fact is not surprising, if one considers the soft nat-
ure of the rhodium metal, which prefers to form strong
bonds with soft ligands like phosphanes [5]. There is indeed
an example of dialkylaminoalkyl-substituted Cp complex of
rhodium, but according to the hard nature of the amino
group, a hemilabile coordination has been observed [6].
Chiral rhodium complexes with CGLs have been reported
by the groups of Hidai and coworkers [7], Tani and Kat-
aoka [8], and Whitby and coworkers [9].These systems con-
tain central chirality, planar chirality or even a combination
of both.

In our group, we have concentrated on the investigation
of chiral cyclopentadienyl metal compounds with a phos-
phane functionality tethered onto the Cp ring via an ethyl-
ene-spacer. We have developed a synthetic route to obtain
optically active cyclopentadienyl-linked phosphane ligands
from optically active vicinal diols, and we have already
reported on the rhodium [10], iridium [11] and ruthenium
[12] compounds derived from these ligands. As part of an
ongoing study, we were prompted to find out whether the
introduction of planar chirality into the ligand could better
control the stereochemistry at the metal center. In this con-
tribution, we describe the preparation and characterization
of a series of planar chiral rhodium(I) complexes with opti-
cally active indenyl-phosphane ligands and report on the
reactivity of such complexes in the oxidative addition of
methyl iodide to afford rodium(III) compounds. The abil-
ity of the ligands in controlling the generation of metal chi-
rality is also addressed.

2. Results and discussion

2.1. Synthesis of the ligands

The indenyl-linked phosphane ligands were obtained by
a slight modification of the procedure developed by us for
the synthesis of the cyclopentadienyl-containing ligands
(Scheme 1) [12a]. Treatment of (R)-1-phenylethane-1,2-diol
with methanesulfonyl chloride and triethylamine in
CH2Cl2 affords in almost quantitative yields the bis-
methanesulphonate ester 2. Displacement of the methane-
sulphonate groups by indene or 4,7-dimethylindene in the
presence of excess LDA in THF affords the spiro com-
pounds S1 and S2, respectively, in excellent yields. This
modified procedure requires the use of LDA instead of
NaNH2, otherwise the yields drop down due to the forma-
tion of elimination products of 2. Interestingly, the two
compounds were obtained as pure diastereomers [13].
The ring-opening reaction of S1 and S2 with lithium diphe-
nylphosphide proceeds with complete regiospecificity by
attack of the nucleophile at the activated benzylic position
of the cyclopropane ring and with complete inversion of
the configuration at the stereogenic center [9,10c], affording
the ligands L1 and L2, which after quenching with water are
isolated as slightly air-sensitive white crystalline solids. The
overall yields on three steps (starting from the diols) are
excellent (75–79%).

In order to ensure that no racemisation is occurring, the
optical purity of the ligands was determined by diastereo-
meric derivatization [14]. L2 was reacted with the commer-
cially available, optically pure binuclear Pd complex 3.
The chiral phosphane splits the dimer by coordination to
the metal and forms the monomeric complexes 4, which
combine the stereogenic centers of both components
(Scheme 2). As the derived complexes exhibit a single peak
ascribed to a single diastereomer in 31P NMR spectroscopy
(48.6 ppm, CD2Cl2), the finding confirms an optical purity
of the ligands of better than 98% ee (the diastereomers
derived from the racemic ligand give rise to two well sepa-
rated signals in the 31P NMR spectra at 50.9 and 48.6 ppm).

2.2. Complexation of the ligands to rhodium

The ligands were deprotonated with n-BuLi and reacted
in THF at �78 �C (dry ice/i-propanol) with the rhodium
ethylene complex [Rh(l-Cl)(g2-CH2CH2)2]2 (5). The reac-
tion mixtures were slowly warmed up to room temperature
overnight and then checked by 31P NMR spectroscopy in
order to determine the diastereomeric ratios. L1 afforded
the diastereomers (S,Rpl)-Rh1 and (S,Spl)-Rh2 in a 61:39
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ratio, respectively (de = 22%). Interestingly, Whitby
obtained the related rhodium carbonyl complexes (S,Rpl)
and (S,Spl) in a 75:25 ratio, respectively (50% de), reacting
L1 with the complex [Rh(l-Cl)(CO)2]2 (6) [9]. He proposed
that complexation of phosphane to rhodium precedes chlo-
ride displacement by the metalated indene, which takes
place via a cyclic transition state, as already suggested by
Poilblanc and coworkers [4b]. The real situation seems to
be more complicated. In fact, the homochiral ligands L1

and L2 show very different and, interestingly, opposite dia-
stereoselectivity. The complexation of L2 to 5 affords the
diastereomers (S,Rpl)-Rh3 and (S,Spl)-Rh4 in a 15:85 ratio,
respectively (de = 70%); that is, the major diastereomer
derived from L2 has the opposite planar configuration of
the major diastereomer obtained from L1 (Scheme 3).

The two pairs of diastereomers were easily separated by
column chromatography on alumina and were obtained in
optically and analytically pure form. Some selected NMR
data are reported in Table 1. Interestingly, the proton sig-
nals of the ethylene ligand are not broad at room temper-
ature. Two well-separated multiplets are observed; each
one integrates to two protons. The separation between
the multiplets varies from 0.06 ppm to as much as
0.98 ppm. As a comparison, the ethylene ligand in
(S)-[Rh(g5-C5H4CH2CH(Ph)PPh2-jP)(g2-CH2CH2)] (7),
gives rise to two very broad signals centered at 1.78 and
2.82 ppm [10c,15]. The different behavior could be ascribed
to a rapid rotation of the ethylene ligand, causing its pro-
tons to interchange in pairs rapidly on NMR time scale.
The 1H NMR resonances of the bridge protons in the pairs
Rh1,3 and Rh2,4 are very well comparable. This relationship
should reflect the planar chirality of the complexes. Indeed,
the same sign and the similar magnitude of the specific
Scheme

Table 1
Selected NMR dataa and specific rotations for Rh1–4

H1, td H2, ddd H

(S,Rpl)-Rh1 2.81 (14.0) 3.06 (59.5) 5
(S,Spl)-Rh2 3.13 (14.0) 2.80 (60.4) 4
(S,Rpl)-Rh3 2.83 (14.3) 3.17 (58.3) 5
(S,Spl)-Rh4 3.59 (14.0) 2.87 (60.7) 4

a CD2Cl2, 500 MHz (1H) and 202 MHz (31P); JHP in parentheses (Hz), d in
rotations suggest that Rh1 and Rh3 have the same chirality,
as well as Rh2 and Rh4. The planar configuration of Rh3

was determined to be R by an X-ray structure analysis
[16]. Thus, the configuration of the other complexes could
be easily assigned (see Scheme 4).

X-ray-quality crystals of Rh3 were obtained by slow
evaporation of a toluene/hexane solution. Details of the
crystal structure determination are given in the experimen-
tal section, a displacement ellipsoid plot is shown in Fig. 1,
important geometric parameters are compiled in Table 2.
The introduction of planar chirality into the CGL does
not significantly change the bonding geometry: the dis-
tances between the metal center and the ligand atoms
C12 and P as well as the angle subtended at Rh are very
similar to the values encountered for the Cp derived ligand
[10c]. Comparable geometries with slightly smaller C–Rh–
P angles have been found for two closely related complexes
with a carbonyl instead of the ethylene ligand [9]. The bond
length in the coordinated ethylene amounts to 1.386(8) Å
and matches the mean value for this class of compounds:
a search in the CSD data base [17] resulted in an average
C–C bond length of 1.387 Å in 137 error-free observations
of ethylene coordinated to rhodium.
3.

3, m H4, H5 [Dd], m P [a]D

.40 1.99, 1.93 [0.06] 87.0 �75

.93 2.10, 1.31 [0.79] 91.9 196

.46 2.04, 1.73 [0.31] 89.5 �90

.91 2.16, 1.18 [0.98] 92.7 139

ppm. For the numbering system, see Scheme 4.



Fig. 1. ORTEP view of Rh3 with 50% displacement ellipsoid probability.

Table 2
Selected bond distances (Å) and angles (�) for Rh3

C1–Rh 2.113(5) C1–Rh–C2 38.3(2)
C2–Rh 2.113(5) C1–Rh–P 98.27(18)
C10–Rh 2.346(5) C2–Rh–P 97.78(19)
C11–Rh 2.323(5) C12–Rh–P 86.62(12)
C12–Rh 2.129(4) Rh–C11–C24 129.3(3)
C13–Rh 2.215(5) Rh–C10–C21 125.8(3)
C14–Rh 2.262(4) C14–Rh–C2 105.2(2)
P–Rh 2.1909(11) C10–Rh–C1 105.6(2)
C10–C11 1.437(6) C12–C30–C31 114.5(3)
C11–C12 1.457(6) C30–C31–P 108.4(3)
C12–C13 1.411(7) C31–P–Rh 104.95(15)
C13–C14 1.416(7) P–C31–C30–H30b 157.0
C1–C2 1.386(8) P–C31–C30–H30a 86.3
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The difference in diastereoselectivity between the two
ligands should be of kinetic origin as the complexation
reaction is carried out at low temperature [18]. Subtle
changes in the structure of indene give rise to very different
results and the indenyl group seems to play a pivotal role in
the complexation. The preferred formation of Rh4 is partic-
ularly remarkable: if one considers the steric hindrance of
the methyl substituent at the C-7, one would expect the
inverse diastereoselectivity than experimentally observed.
Several variations of the ligand backbone could be con-
ceived in order to improve the diastereoselectivity. As an
Table 3
Complexation of L2 in different reaction conditionsa

Reagents Solvent (S,Rp

5, L2, n-BuLi THF 15
5, L2, n-BuLi Et2O 85
5, L2, n-BuLi THF/Et2O, 1:1 43
5, L2, n-BuLi DME 12
8, L2 THF/EtOH, 40:1 12
9, L2, n-BuLi THF 27

a The reaction mixtures were warmed from �78 �C to room temperature ov
example, Tani reported the 1-neoisomenthyl-3-(2-(diph-
enylphosphino)ethyl)indenyl ligand, where the chiral neo-
isomenthyl group on the indene directs the selective
complexation of 6 affording the mixture of diastereomers
in 87:13 ratio (74% de) [8c]. In contrast, a chiral center a
at the indene, as in the (R)-[2-cyclohexyl-2-(3H-inden-1-
yl)ethyl]diphenylphosphane ligand reported by Whitby
[9], gives only minor improvements (56% de) in the coordi-
nation of 6.

We preferred to concentrate on the reaction conditions
and tested the coordination behavior of L2 in different sol-
vents and with different rhodium precursors. The results
are summarized in Table 3. When the reaction was per-
formed in Et2O, we observed the opposite diastereoselectiv-
ity to that one achieved in THF and the isomers Rh3 and
Rh4 were obtained in an 85:15 ratio, respectively. This is
likely due to the different aggregation state of the lithium
salt of the ligand in the two solvents. Indeed, the diastereo-
mers formed in almost equal amounts in a 1:1 THF/Et2O
mixture. When the reaction was performed in the presence
of TMEDA, a complex mixture of unidentified species was
obtained. The greatest diastereomeric ratio was obtained
performing the reaction in DME (76% de). The same selec-
tivity was achieved using as starting material the ethoxy-
bridge ethylene complex [Rh(l-EtO)(C2H4)2]2 (8), which
was generated in situ by the addition of sodium ethoxide
to the chloro-bridge ethylene complex 5 [19]. The use of a
monomeric rhodium precursor like [Rh(acac-jO)(g2-
CH2CH2)2] (9) did not provide any improvement.

2.3. Oxidative addition of methyl iodide

Oxidative addition is a fundamental organometallic
reaction step, which plays a key role in many catalytic pro-
cesses [20]. The oxidative addition of alkyl halides has
attracted much academic attention as a result of the appli-
cations of this reaction in industrial processes. In particu-
lar, the addition of CH3I to carbonyl rhodium and
iridium complexes has been studied in mechanistic detail,
since it is the key step in the catalyzed carbonylation of
methanol on an industrial scale [21]. Oxidative addition
of methyl iodide to a rhodium(I) center affords the corre-
sponding iodo-methyl-rhodium(III) species; if this reaction
is performed with a three-legged piano-stool metal com-
plex, the resulting product will exhibit chirality at the
l)-Rh3 (%) (S,Spl)-Rh4 (%) de (%)

85 70
15 70
57 14
88 76
88 76
74 47

ernight.
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metal. Much interest has been devoted to the controlled
generation of metal-centered chirality. Some chiral transi-
tion metal complexes having a stereogenic center on the
metal have been prepared and applied to asymmetric syn-
thesis, but the controlled generation or resolution of the
chiral center at the metal is still a challenging project
[22]. A major goal in preparing our rhodium complexes
with chiral chelating ligands was their application in stere-
oselective stoichiometric and catalytic reactions. With sev-
eral optically pure rhodium complexes in hands that
incorporate planar and central chirality, the first issue to
be addressed was to determine the ability of the chiral scaf-
fold to control the stereoselectivity of the reactions occur-
ring at the metal. We chose the oxidative addition of
methyl iodide as a model reaction. Treatment of the com-
plexes with a 10-fold excess of CH3I in CH2Cl2 at room
temperature afforded the expected rhodium methyl iodide
products in good yields. The results are depicted in Scheme
5.

The diastereomeric ratios were determined on the crude
reaction mixtures by 1H and 31P NMR. Interestingly, Rh1

showed no selectivity and Rh5 was obtained as an equimo-
lar mixture of diastereomers. This might be due to a mis-
match between the planar and the central chirality. On
the contrary, Rh3, which is homochiral to Rh1, afforded
Scheme 5.

Scheme
Rh7 in 92% de; clearly, the methyl substituents on the
indene play a crucial role. Complete control in the forma-
tion of the new stereogenic center at the rhodium could be
achieved with the complexes Rh2 and Rh4: only the signals
of one diastereoisomer could be detected by 31P and 1H
NMR. The configuration around the metal in the products
Rh6–8 was unambiguously determined to be S by means of
1H NMR NOE-difference experiments. For example, irra-
diation of the coordinated methyl group in Rh6 and Rh8

at d = 1.30 and 1.29, respectively, enhanced the signals
(d = 4.90) of the benzylic H3 proton of the linker and of
a proton of the g5-ring (d = 5.15 and 5.00). For the major
diastereomer (S,Spl,SRh)-Rh7, irradiation of the methyl
group at d = �0.20 enhanced the signals (d = 5.17) of the
benzylic H3 proton of the linker and of the protons of
the methyl groups on the indene (d = 2.29 and 2.54). The
S metal configuration can be rationalized looking at
Fig. 1. From the figure, the chiral environment around
the metal created by the phenyl groups of the phosphane
can be appreciated; one phenyl group is almost parallel
(dihedral angle = 26.7(2)�) to the phenyl substituent on
the bridge and shelters a side of the metal.

On the basis of many studies, several mechanisms have
been proposed for the oxidative addition reaction of alkyl
halides. The most common mechanisms noted in the litera-
ture are the SN2, the concerted cis-addition mechanisms,
and mechanisms involving free alkyl radical intermediates
[23]. We have shown that in (S)-[Rh(g5-C5H4CH2CH
(Ph)PPh2-jP)(g2-CH2CH2)] (7), the oxidative addition
reaction of CH3I follows a SN2 mechanism and occurs via
a two-step pathway involving (i) nucleophilic attack by
the metal on the methyl carbon to displace iodide and form
a metal carbon bond and (ii) coordination of iodide to the
cationic methyl-ethylene intermediate [10a,24]. If we
assume that the first step occurs from the less hindered side
of the metal, the observed S metal configuration of the
product can be thus explained for Rh7 [25] (Scheme 6).
We might assume that for Rh6 and Rh8 a similar spatial
arrangement of the phenyl groups is maintained. The
arrangement influences the diastereoselectivity indepen-
dently of the planar chirality present. In the case of 7, the
methyl-ethylene intermediate is also formed diastereomeri-
cally pure [10a], but then it epimerizes in the second step. On
the contrary, no epimerization occurs in Rh6 and Rh8. The
higher rigidity of the ligand backbone and/or the ability of
the indenyl group to switch from an g5- to an g1- or g3-coor-
dination could be responsible for this fact [26].
6.
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3. Conclusion

The results presented in this paper illustrate that the
indenyl-linked phosphane ligands L1 and L2 coordinate
to rhodium in both oxidation states +I and +III as chelat-
ing (6 + 2)-electron donor ligands. The chiral center in the
linking chain b to the indenyl group is able to discriminate
between the enantiotopic faces of the indene. The result of
the complexation is unpredictably controlled by several
factors like ligand backbone, metal salt of the ligand [27],
rhodium precursor and solvent. More experiments are nec-
essary to find the right match. The ability of the chiral
ligands in controlling the generation of a stereogenic center
at the metal has been also tested. While the planar chirality
appears to be an indispensable factor for inducing high ste-
reoselectivity around the metal center, the stereochemistry
seems to be governed by the chiral pocket around the metal
generated by the phenyl groups.

4. Experimental

4.1. General remarks

All reactions, involving air- or moisture-sensitive com-
pounds and subsequent work-up were carried out under
nitrogen using standard Schlenk techniques. The solvents
were dried and purified by standard methods. They were
deoxygenated and stored under nitrogen. Reagents and
solvents were transferred under nitrogen via syringe or
cannula. Solutions of crude reaction mixtures were filtered
through Celite (Fluka 535), neutral or basic alumina (ICN
Alumina N, B, activity super I), deactivated with H2O.
Flash column chromatography of organic compounds
was performed using silica gel 60 (230–400 mesh). Melting
points were measured in a sealed capillary on a Büchi 510
melting point apparatus and are uncorrected. 1H,
13C{1H} and 31P{1H} NMR spectra were recorded on a
Varian Unity 500 (500 MHz, 1H; 125 MHz, 13C;
202 MHz, 31P) at ambient temperature. 1H and 13C chem-
ical shifts (d) are given in ppm relative to Si(CH3)4 and
were referenced to the residual signals of the deuterated
solvents. 31P NMR chemical shifts were referenced to an
85% H3PO4 sample used as an external standard. 1H
and 13C NMR signal assignments were confirmed by
1H–1H COSY, NOE-difference experiments, APT and
1H–13C HETCOR. Optical rotations were measured on
a Perkin Elmer 341 Polarimeter at k = 589 nm at 20 �C
using CHROMASOLV� grade solvents. Mass spectra
were obtained with a Finnigan MAT 95 spectrometer by
electron impact (EI) or fast atom bombardment (FAB).
Elemental analyses were performed by Institute of
Organic Chemistry of the RWTH Aachen. 4,7-Dimethyl-
1H-indene [28] and (R)-Phenyl-1,2-bis(methanesulfonyl-
oxy)ethane [12a] were prepared following a published pro-
cedure. The complexes [Rh(l-Cl)(C2H4)2]2 and [Rh(acac-
jO)(g2-C2H4)2] were prepared as described in the litera-
ture [29]. All other chemicals were purchased and used
without further purification.

4.2. (1S,2S)-trans-2-Phenyl-spiro(cyclopropane-1,1 0-

indene) (S1)

LDA (43 mL of a 2 M solution) was added dropwise to
a solution of indene (4.34 g, 37.4 mmol) in THF (50 mL),
cooled by an ice-water bath. The mixture was stirred for
30 min at room temperature and then cooled again to
0 �C. A solution of (R)-phenyl-1,2-bis(methanesulfonyl-
oxy)ethane (10 g, 34 mmol) in THF (150 mL) was added
dropwise and the mixture was allowed to reach room tem-
perature overnight. A saturated solution of NH4Cl was
then added. The mixture was diluted with Et2O and the
layers were separated. The aqueous phase was washed with
Et2O (3 · 50 mL). The combined organic extracts were
washed with brine, dried over MgSO4, and treated with
decolorizing charcoal. After filtration, the solvent was
removed under reduced pressure and the oil obtained was
purified by flash chromatography on silica gel with tolu-
ene/hexane 1:4 as eluent (Rf = 0.4). Yield: white crystalline
powder, 7.6 g (82%). M.p.: 90–91 �C. 1H NMR (CDCl3): d
2.04 (dd, 1H, 2JHH = 5.19 Hz, 3JHH = 8.85 Hz, CH2), 2.36
(dd, 1H, 2JHH = 5.19 Hz, 3JHH = 7.63 Hz, CH2), 3.25 (t,
1H, 3JHH = 8.24 Hz, CHPh), 6.01 (d, 1H, 3JHH = 5.49 Hz,
CH), 6.82 (d, 1H, 3JHH = 5.49 Hz, CH), 7.09–7.40 (m, 9H,
ArH). 13C NMR (CDCl3): d 19.26 (CH2), 33.07 (CHPh),
40.84 (Cspiro), 117.43 (CH), 121.38 (CH), 124.32 (CH),
125.71 (CH), 126.59 (CH), 128.14 (CH), 128.26 (CH),
129.62 (CH), 137.34 (CH), 139.07 (C), 143.17 (C), 147.64
(C). [a]D = +790 (c = 1, CHCl3). MS (EI): m/z 218 (M+,
100%), 202 (50%). Anal. Calc. for C17H14: C, 93.52; H,
6.48. Found: C, 93.33; H, 6.42%.

4.3. (1S,2S)-trans-2-Phenyl-spiro(cyclopropane-1,1 0-(4,7-

dimethyl)indene) (S2)

The title complex was prepared analogously to S1 from
10 g of (R)-phenyl-1,2- bis(methanesulfonyloxy)ethane and
5.4 g of 4,7-dimethyl-1H-indene. Yield: white crystalline
powder, 7.0 g (83%). M.p.: 110 �C. 1H NMR (CDCl3): d
2.19 (dd, 1H, 2JHH = 5.50 Hz, 3JHH = 7.63 Hz, CH2),
2.38 (s, 3H, CH3), 2.39 (s, 3H, CH3), 2.52 (dd, 1H,
2JHH = 5.50 Hz, 3JHH = 8.54 Hz, CH2), 3.81 (t, 1H,
3JHH = 8.24 Hz, CHPh), 5.83 (d, 1H, 3JHH = 5.49 Hz,
CH), 6.81 (d, 1H, 3JHH = 5.49 Hz, CH), 6.84 (d, 1H,
3JHH = 7.63 Hz, ArH), 6.94 (d, 1H, 3JHH = 7.63 Hz,
ArH), 7.18–7.30 (m, 5H, ArH). 13C NMR (CDCl3): d
14.97 (CH2), 17.27 (CH3), 18.10 (CH3), 28.16 (CHPh),
42.27 (Cspiro), 126.51 (CH, Ar), 126.78 (CH, Ar), 126.83
(CH, Ar), 127.33 (CH), 128.16 (C), 128.23 (CH, Ar),
128.42 (C), 128.58 (CH, Ar), 138.21 (CH), 139.38 (C),
142.78 (C), 143.16 (C). [a]D = +592 (c = 1, CHCl3). Anal.
Calc. for C19H18: C, 92.63; H, 7.38. Found: C, 92.46; H,
7.28%.
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4.4. (S)-[2-(3H-Inden-1-yl)-1-phenyl-ethyl]-

diphenylphosphane (L1)

LiPPh2 was prepared by treating a solution of HPPh2

(5.0 g, 26.7 mmol) in THF (50 mL) with n-BuLi (1.1 equiv.)
at �78 �C. The deep orange solution thus formed was stir-
red for 15 min at room temperature and then cooled again
to �78 �C. A solution of S1 (6.4 g, 29.3 mmol) in THF
(10 mL) was added dropwise and the reaction mixture
was allowed to reach room temperature overnight. The sol-
vent was removed under reduced pressure and the oil left
was washed several times with hexane until precipitation
of the lithium salt of the ligand. The pale pink solid was
dissolved with THF and degassed H2O was added at room
temperature. The ligand was extracted with CH2Cl2
(3 · 50 mL) and the combined organic extracts were dried
over MgSO4 and treated with decolorizing charcoal. The
solution was filtered on a short column of basic alumina
(activity I), and the solvent was removed under reduced
pressure affording the analytical pure ligand. Yield: white
crystalline solid, 9.9 g (91%). M.p.: 88–90 �C. 1H NMR
(CDCl3): d 3.10–3.29 (m, 2H, CH2), 3.26 (br s, 2H, CH2,
Cp), 3.99 (m, 1H, CHPh), 5.99 (br s, 1H, CH, Cp), 7.16–
7.95 (m, 19H, ArH). 13C NMR (CDCl3): d 31.69 (d,
2JCP = 23.61 Hz, CH2), 37.71 (CH2, Cp), 43.91 (d,
1JCP = 13.21 Hz, CHPh), 118.71 (CH), 123.56 (CH),
124.33 (CH), 125.79 (CH), 126.06 (CH), 127.76 (d,
JCP = 6.53 Hz, CH), 128.00 (CH), 128.27 (CH), 128.58
(d, JCP = 7.04 Hz, CH), 129.11 (d, JCP = 7.67 Hz, CH),
129.41 (CH), 129.93 (CH, Cp), 133.15 (d, JCP = 17.46 Hz,
CH), 134.19 (d, JCP = 20.35 Hz, CH), 136.73 (d,
JCP = 14.82 Hz, C), 141.02 (d, JCP = 7.66 Hz, C), 141.58
(d, JCP = 13.06 Hz, C), 144.14 (C), 145.15 (C). 31P NMR
(CDCl3): d 1.67 (s). [a]D = �144 (c = 1, toluene). MS
(EI): m/z 404 (M+, 10%). Anal. Calc. for C29H25P: C,
86.11; H, 6.24. Found: C, 85.96; H, 6.17%.

4.5. (S)-[2-(4,7-Dimethyl-3H-inden-1-yl)-1-phenyl-ethyl]-
diphenylphosphane (L2)

The title compound was prepared analogously to L1

from 5.1 g of S2 and 3.5 g of HPPh2. Yield: white crystal-
line solid, 7.7 g (95%). M.p.: 99–101 �C. 1H NMR (CDCl3):
d 2.36 (s, 3H, CH3), 2.47 (s, 3H, CH3), 3.06 (m, 2H, CH2,
Cp), 3.35–3.54 (m, 2H, CH2), 3.78 (m, 1H, CHPh), 6.12 (br
s, 1H, CH, Cp), 6.95–7.95 (m, 17H, ArH). 13C NMR
(CDCl3): d 18.16 (CH3), 20.10 (CH3), 34.11 (d,
2JCP = 23.0 Hz, CH2), 36.37 (CH2, Cp), 43.67 (d,
1JCP = 13.82 Hz, CHPh), 125.55 (CH), 125.94 (CH),
127.80 (CH), 128.01 (CH), 128.18 (C), 128.40 (d,
JCP = 7.04 Hz, CH), 128.99 (d, JCP = 7.16 Hz, CH),
129.24 (CH), 130.14 (CH, Cp), 130.32 (C), 133.41 (d,
JCP = 18.72 Hz, CH), 133.82 (d, JCP = 19.72 Hz, CH),
136.43 (d, JCP = 7.16 Hz, C), 136.56 (d, JCP = 4.40 Hz,
C), 140.75 (d, JCP = 8.29 Hz, C), 142.45 (C), 143.39 (d,
JCP = 13.19 Hz, C), 143.65 (C). 31P NMR (CDCl3): d
3.60 (s). [a]D = �178 (c = 1, toluene). MS (EI): m/z 432
(M+, 60%). Anal. Calc. for C31H29P: C, 86.08; H, 6.77.
Found: C, 86.15; H, 6.73%.

4.6. (S,Rpl)-[Rh(L1)(ethylene)] (Rh1) and (S,Spl)-

[Rh(L1)(ethylene)] (Rh2)

L1 (2.0 g, 4.9 mmol) was dissolved in THF (20 mL/g)
and treated with n-BuLi (1.1 equiv.) at �78 �C. After stir-
ring for 30 min at room temperature, this solution was
added dropwise to a suspension of 5 (0.960 g, 2.45 mmol)
in THF (10 mL) cooled at �78 �C. The mixture was
allowed to slowly warm up to room temperature overnight.
The solvent was removed under reduced pressure and the
residue was dissolved in a hexane/toluene mixture (1:1)
and filtered through a short pad of neutral alumina (activ-
ity IV). The solvent was evaporated and the product dried
under high vacuum.

Rh1 and Rh2 were obtained in a 61:39 diastereomeric
ratio respectively (de = 22%). The two diastereomers were
separated by chromatography on neutral alumina (activity
IV) first eluting with hexane and then with toluene/hexane
1:1. Rh1 eluted first. The analytical data (elemental analysis
and MS) were obtained on the mixture of the two
diastereomers.

Rh1. Yield: yellow solid, 1.4 g (52%) M.p.: 189–192 �C.
1H NMR (CD2Cl2): d 1.93 (m, 2H, C2H4), 1.99 (m, 2H,
C2H4), 2.81 (td, 1H, 3JHP(Rh) = JHH = 14.04 Hz, JHH =
6.41 Hz, CH2), 3.06 (ddd, 1H, 3JHP(Rh) = 59.51 Hz,
JHH = 6.10, 14.04 Hz, CH2), 5.32 (m, 1H, Ind), 5.40
(m, 1H, CHPh), 6.36 (m, 1H, Ind), 6.70 (m, 2H, ArH),
7.00–7.75 (ms, 17H, ArH). 13C NMR (CD2Cl2): d 30.29
(d, 2JCP = 8.67 Hz, CH2), 39.04 (d, 1JCRh = 14.45 Hz,
C2H4), 65.62 (d, 1JCP = 19.22 Hz, CHPh), 73.87 (dd,
2JCP = 2.89 Hz, 1JCRh = 14.45 Hz, CH, Ind), 93.92
(t, 1JCRh = 2JCP = 4.77 Hz, Cipso, Ind), 94.09 (t, 1JCRh =
2JCP = 3.89 Hz, CH, Ind), 109.45 (C), 117.32 (d,
J = 2.01 Hz, CH), 117.65 (C), 118.55 (CH), 120.05 (CH),
123.26 (CH), 127.10 (d, J = 1.88 Hz, CH), 127.60 (d,
J = 9.55 Hz, CH), 128.08 (d, J = 2.01 Hz, CH), 128.27 (d,
JCP = 2.89 Hz, CH), 128.45 (CH), 128.54 (CH), 129.11
(d, J = 1.88 Hz, CH), 130.73 (d, J = 1.88 Hz, CH), 131.07
(d, J = 9.55 Hz, CH), 133.73 (d, J = 30.65 Hz, C), 137.40
(d, J = 12.56 Hz, CH), 138.0 (d, J = 8.54 Hz, C). 31P
NMR (CD2Cl2): d 86.95 (d, 1JPRh = 229.7 Hz) [a]D = �75
(c = 0.5, toluene). MS (FAB): m/z 506 (M+�(C2H4),
22%). Anal. Calc. for C31H28PRh: C, 69.67; H, 5.28.
Found: C, 69.51; H, 5.57%.

Rh2. Yield: yellow-orange solid, 0.84 g (31%). M.p.: 115–
120 �C (dec.). 1H NMR (CD2Cl2): d 1.31 (m, 2H, C2H4),
2.10 (m, 2H, C2H4), 2.80 (ddd, 1H, 3JHP(Rh) = 60.43 Hz,
JHH = 6.10, 14.04 Hz, CH2), 3.13 (td, 1H, 3JHP(Rh) =
JHH = 14.04 Hz, JHH = 6.72 Hz, CH2), 4.93 (m, 1H,
CHPh), 5.76 (m, 1H, Ind), 6.40 (m, 1H, Ind), 6.80 (m, 2H,
ArH), 7.0–7.45 (ms, 16H, ArH). 13C NMR (CD2Cl2): d
26.89 (d, 2JCP = 7.66 Hz, CH2), 37.16 (d, 1JCRh = 14.45 Hz,
C2H4), 66.45 (d, 1JCP = 20.23 Hz, CHPh), 79.13 (d,
1JCRh = 12.44 Hz, CH, Ind), 90.21 (t, 1JCRh =
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2JCP = 2.89 Hz, CH, Ind), 93.50 (t, 1JCRh = 2JCP = 2.77 Hz,
Cipso, Ind), 110.26 (C), 113.71 (C), 115.37 (C), 122.93 (d,
J = 1.88 Hz, CH), 127.25 (CH), 127.37 (CH), 127.46
(CH), 128.14 (d, JCP = 2.01 Hz, CH), 128.34 (CH), 128.43
(d, J = 3.77 Hz, CH), 128.50 (d, J = 6.65 Hz, CH), 131.06
(CH), 131.82 (d, J = 9.54 Hz, CH), 133.01 (d,
J = 35.42 Hz, C), 138.98 (d, J = 13.44 Hz, CH). 31P NMR
(CD2Cl2): d 91.93 (d, 1JPRh = 230.0 Hz). [a]D = +196
(c = 0.5, toluene).

4.7. (S,Rpl)-[Rh(L2)(ethylene)] (Rh3) and (S,Spl)-

[Rh(L2)(ethylene)] (Rh4)

The title compounds were prepared according to the
same procedure used to synthesize Rh1 and Rh2 from
1.8 g of L2 and 0.81 g of 5. They were obtained in a
15:85 diastereomeric ratio respectively (de = 70%). The
two diastereomers were separated by chromatography on
neutral alumina (activity IV) first eluting with hexane and
then with toluene/hexane 1:1. Rh3 eluted first. The analyt-
ical data (elemental analysis and MS) were obtained on the
mixture of the two diastereomers.

Rh3. Yield: brown-orange crystals, 0.32 g (14%). M.p.:
168–170 �C. 1H NMR (CD2Cl2): d 1.73 (m, 2H, C2H4),
2.04 (m, 2H, C2H4), 2.15 (s, 3H, CH3), 2.83 (td, 1H,
3JHP(Rh) = JHH = 14.34 Hz, JHH = 5.80 Hz, CH2), 2.85 (s,
3H, CH3), 3.17 (ddd, 1H, 3JHP(Rh) = 58.29 Hz,
JHH = 6.10, 14.35 Hz, CH2), 5.36 (m, 1H, Ind), 5.46 (m,
1H, CHPh), 6.25 (m, 1H, Ind), 6.70 (m, 2H, ArH), 6.76
(m, 2H, ArH), 7.08-7.44 (m, 13H, ArH). 13C NMR
(CD2Cl2): d 18.60 (s, CH3), 20.10 (s, CH3), 32.80 (d,
2JCP = 8.67 Hz, CH2), 37.98 (d, 1JCRh = 13.44 Hz, C2H4),
70.08 (d, 1JCP = 18.22 Hz, CHPh), 72.59 (dd, 1JCRh =
11.43 Hz, 2JCP = 2.89 Hz, CH, Ind), 93.85 (t, 1JCRh =
2JCP = 3.89 Hz, CH, Ind), 96.38 (t, 1JCRh = 2JCP

= 4.77 Hz, Cipso, Ind), 109.28 (C), 114.46 (C), 122.32
(CH), 122.96 (CH), 124.62 (d, JCP = 1.9 Hz, C), 126.58
(C), 127.14 (CH), 127.56 (d, JCP = 9.55 Hz, CH), 128.14
(d, JCP = 2.0 Hz, CH), 128.39 (d, JCP = 2.89 Hz, CH),
128.59 (d, JCP = 8.67 Hz, CH), 128.98 (d, JCP = 2.89 Hz,
CH), 129.76 (d, JCP = 34.54 Hz, C), 130.63 (d,
JCP = 2.89 Hz, CH), 131.20 (d, JCP = 9.67 Hz, CH),
133.84 (d, JCP = 30.65 Hz, C), 137.28 (d, JCP = 13.44 Hz,
CH), 137.93 (d, JCP = 8.67 Hz, C). 31P NMR (CD2Cl2): d
89.50 (d, 1JPRh = 229.8 Hz). [a]D = �90 (c = 0.5, toluene).
MS (FAB): m/z 533 (M+�(C2H4)�1, 60%). Anal. Calc.
for C33H32PRh: C, 70.46; H, 5.69. Found: C, 69.98; H,
5.57%.

Rh4. Yield: yellow-orange solid, 1.75 g (75%). M.p.:
175–180 �C. 1H NMR (CD2Cl2): d 1.18 (m, 2H, C2H4),
2.16 (m, 2H, C2H4), 2.17 (s, 3H, CH3), 2.51 (s, 3H, CH3),
2.87 (ddd, 1H, 3JHP(Rh) = 60.74 Hz, JHH = 6.41, 14.04 Hz,
CH2), 3.59 (td, 1H, 3JHP(Rh) = JHH = 14.04 Hz,
JHH = 6.11 Hz, CH2), 4.91 (m, 1H, CHPh), 5.81 (m, 1H,
Ind), 6.28 (m, 1H, Ind), 6.66-7.45 (ms, 17H, ArH). 13C
NMR (CD2Cl2): d 18.60 (s, CH3), 21.83 (s, CH3), 29.15
(d, 2JCP = 7.66 Hz, CH2), 35.98 (d, 1JCRh = 14.32 Hz,
C2H4), 66.01 (d, 1JCP = 20.10 Hz, CHPh), 78.65 (dd,
1JCRh = 11.56 Hz, 2JCP = 2.89 Hz, CH, Ind), 89.66 (dd,
1JCRh = 4.77 Hz, 2JCP = 2.89 Hz, CH, Ind), 95.42 (t,
1JCRh = 2JCP = 4.77 Hz, Cipso, Ind), 109.01 (C), 110.52 (d,
1JCRh = 4.77 Hz,C), 122.20 (d, JCP = 2.01 Hz, CH),
122.48 (CH), 124.75 (d, JCP = 2.89 Hz, C), 127.24 (CH),
127.44 (CH), 128.16 (d, JCP = 1.88 Hz, CH), 128.34 (d,
JCP = 9.55 Hz, CH), 128.58 (d, JCP = 2.89 Hz, CH),
129,16 (CH), 129.90 (d, JCP = 29.67 Hz, C), 131.10 (d,
JCP = 2.89 Hz, CH), 131.79 (d, JCP = 9.67 Hz, CH),
133.40 (d, JCP = 35.43 Hz, C), 137.95 (d, JCP = 13.32 Hz,
CH), 138.11 (d, JCP = 11.43 Hz, C). 31P NMR (CD2Cl2):
d 92.67 (d, 1JPRh = 227.3 Hz). [a]D = +139 (c = 0.5,
toluene).

4.8. (S,Rpl)-[Rh(L1)(CH3)I] (Rh5)

0.509 g of Rh1 were dissolved in CH2Cl2 (10 mL) and
excess amount of CH3I (10 equiv.) was added. The progress
of the reaction was monitored by 31P NMR. After comple-
tion, the solvent was removed under reduced pressure and
the compound was recovered as a crude product. It was dis-
solved in CH2Cl2 and filtered through neutral alumina
(activity IV). Evaporation of the solvent afforded the pure
compound. The two epimers (S,Rpl,SRh)-Rh5 and
(S,Rpl,RRh)-Rh5 were obtained in a 1:1 ratio (de = 0%,
checked by 31P NMR of the crude reaction mixture). After
filtration through alumina the de changed to 74%. Yield:
dark-red solid, 0.60 g (98%). 1H NMR (CD2Cl2): d (major)
�0.28 (dd, 3H, 2JHRh = 5.19 Hz, 3JHP = 1.84 Hz, CH3),
2.72 (m, 1H, CH2), 2.83 (m, 1H, CH2), 4.96 (m, 1H, CHPh),
5.98 (d, 1H, JHH = 2.74 Hz, Ind), 6.71 (t, 1H,
JHH(Rh) = 3.05 Hz, Ind), 6.81 (d, 2H, JHH = 7.93 Hz,
ArH), 7.02-7.65 (ms, 17H, ArH); (minor) 1.14 (dd, 3H,
2JHRh = 5.80 Hz, 3JHP = 2.75 Hz, CH3). 13C NMR
(CD2Cl2): d (only the major diastereomer) 3.77 (dd,
1JCRh = 18.2 Hz, 2JCP = 9.6 Hz, CH3), 20.80 (d,
2JCP = 5.78 Hz, CH2), 65.36 (d, 1JCP = 22.11 Hz, CHPh),
92.90 (t, JCP(Rh) = 2.89 Hz, CH, Ind), 93.08 (dd,
1JCRh = 7.66 Hz, 2JCP = 1.88 Hz, CH, Ind), 98.69 (m, C),
100.09 (dd, 1JCRh = 7.66 Hz, 2JCP = 5.78 Hz, C), 108.11
(d, 1JCRh = 6.66 Hz, C), 117.44 (CH), 122.06 (d,
JCP = 3.77 Hz, CH), 124.85 (d, JCP = 2.76 Hz, CH),
127.84 (d, JCP = 10.5 Hz, CH), 127.94 (C), 127.98 (CH),
128.00 (CH), 128.12 (d, JCP = 9.5 Hz, CH), 128.25 (d,
JCP = 1.88 Hz, CH), 128.32 (CH), 128.46 (C), 129.24 (d,
JCP = 3.89 Hz, CH), 130.40 (CH), 131.93 (CH), 132.48 (d,
JCP = 7.66 Hz, CH), 136.03 (C), 138.77 (d, JCP = 10.55 Hz,
CH). 31P NMR (CD2Cl2): d 86.09 (d, 1JPRh = 186.39 Hz,
major), 76.49 (d, 1JPRh = 171.57 Hz, minor). MS (FAB):
m/z 506 (M+�CH3I, 70%). Anal. Calc. for C30H27IPRh:
C, 55.58; H, 4.20. Found: C, 56.01; H, 4.12%.

4.9. (S,Spl,SRh)-[Rh(L1)(CH3)I] (Rh6)

The title compound was prepared according to the gen-
eral procedure used for Rh5 from 0.300 g of Rh2. Only
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one diastereomer could be observed (de > 98%, checked by
31P NMR of the crude reaction mixture). Yield: yellow
solid, 0.345 g (95%). M.p.: 173–175 �C. 1H NMR (CD2Cl2):
d 1.30 (dd, 3H, 2JHRh = 5.80 Hz, 3JHP = 2.44 Hz, CH3),
2.65 (ddd, 1H, 3JHP(Rh) = 60.73 Hz, JHH = 7.32, 14.65 Hz,
CH2), 3.17 (td, 1H,3JHP(Rh) = JHH = 14.04 Hz, JHH =
5.19 Hz, CH2), 4.90 (m, 1H, CHPh), 5.15 (dd, 1H,
3JHH = 2.74 Hz, JHRh(P) = 1.52 Hz, Ind), 5.91 (dd, 1H,
3JHH = 2.74 Hz, JHRh(P) = 7.93 Hz, Ind), 7.01-7.57 (ms,
19H, ArH). 13C NMR (CD2Cl2): d �9.98 (dd,
1JCRh = 23.12 Hz, 2JCP = 7.66 Hz, CH3), 27.92 (d,
2JCP = 5.78 Hz, CH2), 65.70 (d, 1JCP = 21.11 Hz, CHPh),
76.90 (dd, 1JCRh = 18.21 Hz, 2JCP = 2.89 Hz, CH, Ind),
89.87 (t, JCP(Rh) = 3.77 Hz, CH, Ind), 99.12 (m, C), 108.90
(C), 120.40 (CH), 122.64 (CH), 124.14 (C), 125.59 (CH),
125.76 (CH), 127.48 (d, JCP = 10.55 Hz, CH), 128.06
(CH), 128.14 (CH), 128.45 (CH), 128.51 (CH), 129.32 (C),
129.65 (CH), 130.35 (d, JCP = 2.89 Hz, CH), 131.06 (CH),
132.07 (CH), 133.12 (d, JCP = 7.66 Hz, CH), 136.37 (d,
JCP = 10.55 Hz, C), 139.26 (d, JCP = 10.55 Hz, CH). 31P
NMR (CD2Cl2): d 77.06 (d, 1JPRh = 171.31 Hz).
[a]D = +8 (c = 0.5, toluene). MS (FAB): m/z 506
(M+�MeI, 70%). Anal. Calc. for C30H27IPRh: C, 55.58;
H, 4.20. Found: C, 55.23; H, 4.32%.

4.10. (S,Rpl)-[Rh(L2)(CH3)I] (Rh7)

The title compound was prepared according to the gen-
eral procedure from 0.150 g of Rh3. The two diastereomers
(S,Rpl,SRh)-Rh7 and (S,Rpl,RRh)-Rh7 were obtained in a 25:1
diastereomeric ratio respectively (de = 92%, checked by 31P
NMR of the crude reaction mixture). Yield: dark-red solid,
0.170 g (95%). 1H NMR (CD2Cl2): d (major)�0.20 (dd, 3H,
2JHRh = 5.50 Hz, 3JHP = 1.83 Hz, CH3), 2.29 (s, 3H, CH3,
Ind), 2.54 (s, 3H, CH3, Ind), 2.81–2.98 (ms, 2H, CH2),
5.17 (m, 1H, CHPh), 5.91 (d, 1H, 3JHH = 3.35 Hz, Ind),
6.68 (t, 1H, JHH(Rh) = 3.05 Hz, Ind), 6.79 (m, 1H, ArH),
6.90 (m, 2H, ArH), 7.11 (m, 1H, ArH), 7.13–7.63 (ms,
13H, ArH); (minor) 1.16 (dd, 3H, 2JHRh = 6.10 Hz,
3JHP = 2.44 Hz, CH3). 13C NMR (CD2Cl2): d (only the
major diastereomer) 5.61 (dd, 1JCRh = 20.10 Hz,
2JCP = 10.55 Hz, CH3), 19.00 (CH3, Ind), 19.44 (CH3,
Ind), 32.68 (d, 2JCP = 5.78 Hz, CH2), 70.12 (d,
1JCP = 21.99 Hz, CHPh), 93.16 (d, 1JCRh = 6.66 Hz, CH,
Ind), 94.45 (d, 1JCRh = 2.89 Hz, CH, Ind), 97.77 (m, C),
105.24 (m, C), 122.83 (d, JCP(Rh) = 3.77 Hz, CH), 123.69
(C), 127.78 (d, JCP = 9.67 Hz, CH), 127.99 (CH), 128.08
(CH), 128.48 (CH), 129.30 (C), 129.48 (d, JCP = 3.89 Hz,
CH), 129.63 (C), 129.80 (C), 130.18 (d, JCP = 2.89 Hz,
CH), 130.29 (d, JCP = 2.89 Hz, CH), 130.62 (d,
JCP = 4.90 Hz, C), 131.89 (CH), 132.80 (d, JCP = 7.66 Hz,
CH), 135.48 (d, JCP = 10.55 Hz, C), 136.26 (d,
JCP = 9.55 Hz, C), 138.80 (d, JCP = 11.43 Hz, CH). 31P
NMR (CD2Cl2): d 88.05 (d, 1JPRh = 187.8 Hz, major),
77.66 (d, 1JPRh = 170.50 Hz, minor). MS (FAB): m/z 534
(M+�CH3I, 100%). Anal. Calc. for C32H31IPRh: C,
56.82; H, 4.62. Found: C, 56.51; H, 4.49.
4.11. (S,Spl,SRh)-[Rh(L2)(CH3)I] (Rh8)

The title compound was prepared according to the gen-
eral procedure from 0.450 g of Rh4. Only one diastereo-
mer could be observed (de > 98%, checked by 31P NMR
of the crude reaction mixture). Yield: yellow solid,
0.50 g (93%). M.p.: 179–180 �C. 1H NMR (CD2Cl2): d
1.29 (dd, 3H, 2JHRh = 6.10 Hz, 3JHP = 2.75 Hz, CH3),
2.37 (s, 3H, CH3, Ind), 2.39 (s, 3H, CH3, Ind), 2.71
(ddd, 1H, 3JHP(Rh) = 59.81 Hz, JHH = 7.93, 14.65 Hz,
CH2), 3.61 (td, 1H,3JHP(Rh) = JHH = 14.34 Hz, JHH =
4.27 Hz, CH2), 4.90 (dt, 1H, 2JHP = 13.12 Hz, 3JHH =
7.93 Hz, CHPh), 5.00 (dd, 1H, 3JHH = 2.75 Hz,
JHRh(P) = 1.22 Hz, Ind), 5.79 (dd, 1H, 3JHH = 2.75 Hz,
JHRh(P) = 7.93 Hz, Ind), 6.86 (d, 1H, JHH = 6.72 Hz),
7.03–7.55 (ms, 16H, ArH). 13C NMR (CD2Cl2): d
�10.73 (dd, 1JCRh = 22.24 Hz, 2JCP = 7.79 Hz, CH3),
19.12 (CH3, Ind), 22.35 (CH3, Ind), 29.98 (d,
2JCP = 6.67 Hz, CH2), 66.64 (d, 1JCP = 21.11 Hz, CHPh),
76.01 (dd, 1JCRh = 17.84 Hz, 2JCP = 3.39 Hz, CH, Ind),
88.38 (dd, 1JCRh = 6.66 Hz, 2JCP = 4.39 Hz, CH, Ind),
101.50 (m, C), 108.60 (C), 121.84 (C), 126.16 (CH),
127.58 (d, JCP = 11.06 Hz, CH), 127.99 (CH), 128.06
(CH), 128.52 (CH), 129.55 (CH), 129.81 (CH), 129.85
(d, JCP = 6.66 Hz, CH), 129.89 (C), 129.93 (C), 130.16
(C), 130.20 (d, JCP = 2.14 Hz, CH), 132.12 (d,
JCP = 2.26 Hz, CH), 133.00 (C), 133.15 (d, JCP = 7.79 Hz,
CH), 136.68 (d, JCP = 8.92 Hz, C), 139.17 (d,
JCP = 12.19 Hz, CH). 31P NMR (CD2Cl2): d 77.55 (d,
1JPRh = 171.30 Hz). [a]D = +11 (c = 0.5, toluene). MS
(FAB): m/z 661 (M+�CH3, 10%), 534 (M+�CH3I,
100%). Anal. Calc. for C32H31IPRh: C, 56.82; H, 4.62.
Found: C, 56.61; H, 4.43%.

4.12. X-ray structure determination of Rh3

Geometry and intensity data were collected with Mo
Ka radiation at 213 K on an Enraf-Nonius CAD4 dif-
fractometer equipped with a graphite monochromator
(k = 0.71073 Å). Crystal data: monoclinic space group
P21 (no. 4), a = 8.889(3) Å, b = 13.3152(17) Å, c =
11.3186(14) Å, b = 99.27(2)�, V = 1322.1(5) Å3, Z = 2,
dcalc = 1.413 g cm�3, l = 0.726 mm�1, F(000) = 580. Nine
thousand one hundred and eighty-eight intensity data
were collected in the range 3.0 < h < 26.0� on an orange
plate of approximate dimensions 0.38 · 0.30 · 0.03 mm3.
A numerical absorption correction based on GAUSSIAN

integration [30] was applied. The structure was solved
by direct methods [31] and refined [32] on F2 with aniso-
tropic displacement parameters for all non-hydrogen
atoms; H atoms of the coordinated olefin were refined
isotropically, remaining hydrogen atoms were included
as riding in standard geometry. 5149 independent data
(4371 observations with I > 2.0r(I)) for 334 variables
resulted in xR2 = 0.0734 (R = 0.0382), GOF =
0.0991, and an enantiomorph polarity parameter [33] of
0.03(3).
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5. Supplementary material

CCDC 612001 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge via http://www.ccdc.cam.ac.uk/conts/retriev-
ing.html, or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
(+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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(c) H. Brunner, A. Köllnberger, A. Mehmood, T. Tsuno, M. Zabel,
Organometallics 23 (2004) 4006;
(d) F. Morandini, G. Pilloni, G. Consiglio, A. Sironi, M. Moret,
Organometallics 12 (1993) 3495.

[23] (a) M. Feliz, Z. Freixa, P.W.N.M. Van Leeuwen, C. Bo, Organo-
metallics 24 (2005) 5718;
(b) S. Henderson, R.A. Henderson, Adv. Phys. Org. Chem. 23 (1987)
1;
(c) J.A. Labinger, J.A. Osborn, Inorg. Chem. 19 (1980) 3230;
(d) J.A. Venter, J.G. Leipoldt, R. van Eldik, Inorg. Chem. 30 (1991)
2207;

http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://www.ccdc.cam.ac.uk/conts/retrieving.html


A. Doppiu et al. / Journal of Organometallic Chemistry 692 (2007) 4495–4505 4505
(e) T.L. Hall, M.F. Lappert, P.W. Lednor, J. Chem. Soc., Dalton
Trans. (1980) 1448.

[24] (a) T.R. Griffin, D.B. Cook, A. Haynes, J.M. Pearson, D. Monti,
G.E. Morris, J. Am. Chem. Soc. 118 (1996) 3029;
(b) F.M. Bickelhaupt, T. Ziegler, P. Von Ragué Schleyer, Organo-
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