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complex  (Srn,Rc)-[Cp*Rh{(R)-Prophos}(H20)]1[SbF¢lo  (Prophos = propane-1,2-diyl-bis
(diphenylphosphane) catalyses the asymmetric Friedel-Crafts (FC) alkylation of 1,3,5-trimethoxybenzene with
trans-f-nitrostyrenes. Only the monoalkylated adduct was obtained in all cases with enantioselectivities of up to
93/7 e.r. Solution NMR measurements have allowed us to detect and characterise catalytic intermediates such as
metal-trans-f-nitrostyrene and metal-aci-nitro complexes, as well as free aci-nitro compound. Based on these
studies, a Michael-type Friedel-Crafts mechanism is proposed.

1. Introduction

The catalytic enantioselective Friedel-Crafts (FC) alkylation of aro-
matic substrates with electron-deficient alkenes represents an efficient
method for introducing new stereogenic centres into aromatic com-
pounds [1-4]. Since 2005, when the groups of Bandini [5], Ricci [6] and
Jorgensen [7] published the first enantioselective reactions of nitro-
alkenes with indole catalysed by [AlCl(Salen)] (Salen = N,N’-bis(sali-
cylidene)ethylenediamine), thioureas and bis-sulfonamides,
respectively, significant progress has been made in this field. Among the
metal catalysts, zinc [8-24] and copper [25-35] based compounds
dominate the area, while organocatalysts such as thioureas [6,36-41]
and phosphoric acids [42-46] are the most successfully employed.
Among the various electrophiles used in these reactions, g-nitrostyrenes
have attracted considerable attention. This interest stems from the
pronounced electron-withdrawing nature of the nitro group and the
adaptability of f-nitrostyrenes to be transformed into versatile organic
building blocks [47]. On the other hand, heteroarenes, including de-
rivatives of indole and pyrrole [4-7,15-21,23,24,31-35,41,44-46] as
well as arene derivatives such as phenols and naphthols [36,38,39],
have been found to be effective nucleophiles.

In this context, it is worth noting that the FC alkylation of various

electrophiles, especially indoles, with nitrostyrenes has become a
benchmark for assessing the performance of novel catalysts. However, it
is surprising that the mechanism of these reactions particularly the step
that determines the enantioselectivity has not yet been fully elucidated.
In particular, in the realm of transition metal-based systems, there have
been mechanistic proposals where the activation of the nitroolefin oc-
curs through a bidentate interaction [24,48]. Likewise, bifunctional
mechanisms have been suggested involving the simultaneous interac-
tion of the nitroolefin and indole with the catalyst (Fig. 1a) [16,21,23,
30,31]. Furthermore, in the context of a copper-catalysed system using
an imidazoline-aminophenol ligand as the chiral source, Arai et al.
proposed a reaction mechanism in which a nitronate species plays a key
role, but this species lacks experimental support (Fig. 1b) [28,33].

We have recently reported on the FC alkylation of indoles with
nitrostyrenes catalysed by the rhodium complex [Cp*Rh{(R)-Prophos}
(H20)]1[SbFgl2 (Prophos = propane-1,2-diyl-bis(diphenylphosphane)
(1) [49-51]. The detection and characterisation of intermediates such
as the free aci-nitro compound and the aci-nitro complex [Cp*Rh
{(R)-Prophos}(aci-nitro)][SbFs]5 depicted in Fig. 1c have played a key
role in proposing a plausible mechanism for the catalytic reaction.

The excellent enantioselectivity achieved with rhodium catalyst 1 in
the alkylation of indoles with nitrostyrenes inspired us to explore its
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application to the more challenging reaction between 1,3,5-trimethoxy-

benzene and trans-p-nitrostyrenes. This work aims to demonstrate that a

1,4-Michael-type Friedel-Crafts mechanism, rather than the tradition-

ally assumed Friedel-Crafts mechanism, is at play with aromatic sub-

strates such as 1,3,5-trimethoxybenzene and trans-f-nitrostyrenes.
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2. Results and discussion

2.1. Reaction of trans-p-nitrostyrenes with 1,3,5-trimethoxybenzene
catalysed by the rhodium complex 1

We have studied the reaction of 1,3,5-trimethoxybenzene (4) with
trans-2,3-dimethoxy-#-nitrostyrene (2a), trans-2-fluoro-f-nitrostyrene
(2b), trans-p-nitrostyrene (2c), and trans-2,4-dichloro-g-nitrostyrene
(2d) mediated by the previously reported [52] rhodium complex (Sgp,
R¢)-[Cp*Rh{(R)-Prophos}(H>0)1[SbF¢]2 (1). In selecting the systems to
be studied, we considered the results previously obtained with the
related iridium catalyst. Therefore, in addition to the unsubstituted
trans-f-nitrostyrene (2c), we chose the alkenes 2b, 2a, and 2d, which
showed the best activity, best selectivity and worst selectivity, respec-
tively, with the related iridium-based catalyst [53]. Table 1 collects the
results obtained together with the reaction conditions employed. The
results are the average of at least two comparable reaction runs. Re-
actions are clean with the monoalkylated adduct being the only product
detected spectroscopically. Generally speaking, the rhodium catalyst 1 is
more selective but less active than its iridium homologue [53] (Sp,
Re)-[Cp*Ir{(R)-Prophos}(H20)]1[SbF¢]ls. The most active nitrostyrene is
trans-2-fluoro-p-nitrostyrene, achieving quantitative conversions in 23 h
(entry 2). The results indicate that while an electron-withdrawing sub-
stituent on the phenyl ring such as fluorine leads to an improvement in
the conversion, electron-donating substituents such as methoxy groups
produce a decrease in the catalytic rate (entry 1). This electronic effect
in  trans-2-fluoro-f-nitrostyrene  (2b) and  trans-2,3-dimethox-
y-p-nitrostyrene (2a), has been attributed to the increase (2b) or
decrease (2a) in its electrophilic character, making them more or less
prone, respectively, to react with the aromatic substrate. However,
probably due to steric factors, for the electrophile trans-2,4-dichlor-
o-f-nitrostyrene with electron-withdrawing substituents in the ortho and
para positions a decrease in rate was observed (entry 4). The highest
enantiomeric ratio (e.r.) = 93/7 is obtained with electrophile 2a, which
has two methoxy substituents at positions 2 and 3 of the aromatic ring
(entry 1).

With the intention of shedding light on the course of the reactions,
we monitored the processes by NMR spectroscopy. As a representative
example, we detail below the results obtained for the catalytic reaction
of trans-2,3-dimethoxy-#-nitrostyrene (2a) with 1,3,5-trimethoxyben-
zene. For the remaining substrates, detailed spectroscopic information
is gathered in the Experimental Section.

2.1.1. Reaction of catalyst 1 with trans-2,3-dimethoxy-f-nitrostyrene (2a)

The addition of 2 equivalents of 2a to catalyst 1 results in the for-
mation of a new compound 3a (Scheme 1). After one hour of treatment
under argon at 248 K, in the presence of 4 A molecular sieves, the
conversion to 3a is complete. The 'H and 3!P NMR spectra reveal that
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the new complex is the result of substituting the water molecule coor-
dinated in 1 with a molecule of 2a. Compound 3a is the sole
phosphorous-containing compound observed in solution from 193 K up
to RT and has been characterised in situ by comparing its spectroscopic
NMR data with those previously described [53].

2.1.2. Addition of 1,3,5-trimethoxybenzene to 3a

The next step of the catalytic cycle should be the reaction of complex
3a, in which the nitroalkane is coordinated, with the nucleophile 1,3,5-
trimethoxybenzene. At this point, it should be noted that in compounds
containing the Cp*Rh{(R)-Prophos} fragment, the nucleus of the phos-
phorus P2 (see Scheme 1) is particularly sensitive to changes in the metal
coordination sphere. In the 3!P NMR spectra, this nucleus gives rise to a
double doublet due to coupling with rhodium and P! nuclei. Therefore,
the emergence of new double doublets and their evolution in the 3'P
NMR spectra provide valuable information about the number of metal
complexes present in the reaction medium as well as the progress of the
reactions monitored using this technique.

When a CD4Cl; solution of complex 3a or a mixture of catalyst 1 and
trans-2,3-dimethoxy-f-nitrostyrene, is treated with 1,3,5-trimethoxy-
benzene, up to three metal complexes, as well as a new organic com-
pound, are detected by NMR spectroscopy. The sets of signals recorded
in the NMR spectra indicate that the new metallic compounds are iso-
mers of each other. The number of new compounds detected in the re-
action medium and their relative concentrations depend on the initial
composition of the reactant mixture, the temperature, and the reaction
time. For example, if at 203 K, a solution of the compound 3a, obtained
as indicated above, is treated with 3 equiv. of 1,3,5-trimethoxybenzene
in the presence of 4 A MS, after 14 h of reaction, two new metal com-
plexes are observed in a molar ratio of approximately 60/40 (Fig. 2).

We propose that the new metal complexes (5a in Scheme 2) result
from a formal Michael-type Friedel-Crafts substitution, rather than the
usually assumed Friedel-Crafts reaction, of the nucleophile 1,3,5-trime-
thoxybenzene with the electrophile trans-2,3-dimethoxy-g-nitrostyrene,
which is activated by coordination to the metal. The resulting aci-nitro
compound [49-51,54] remains coordinated to the metal center. Ac-
cording to this proposal, these complexes exhibit a broad peak in the 'H
NMR spectrum at low field (9.76 and 12.02 ppm), which we attribute to
the OH functionality. In addition, for one of them, it is possible to detect
a new aliphatic carbon nucleus at 32.97 ppm in the 3C NMR spectrum,
which we assign to the stereogenic carbon atom generated by the
addition reaction (C2 in Scheme 2). The Experimental Section provides a
more detailed description of the 1H, 13C, and ®'P NMR spectra of these
compounds, exhibiting the expected features for the proposed structure.

On the other hand, in a reaction mixture with an initial molar ratio of
1/2a/4 = 1/2/3, after 8 days of reaction at 203 K, a third metallic
isomer is observed, exhibiting spectroscopic characteristics comparable
to those of the two previously mentioned counterparts (Fig. 3).

Table 1
Reaction of trans-f-nitrostyrenes with 1,3,5-trimethoxybenzene®
NO,
7 OMe OMe
1 (5 mol %) NO;
7 + MeO R.
R—_ | MeO OMe CHqClp, 4 AMS, 263 K 2
OMe
2 4 7
Entry R Adduct Reaction time Conv. (%)° er.©
1 2,3-(OMe), (2a) 7a 7 days 84 93/7
2 2-F (2b) 7b 23 h > 99 67/33
3 H (2¢) 7c 45h > 99 77/23
4 2,4-Cl, (2d) 7d 4 days 83 52.5/47.5

* Reactions conditions: Catalyst (0.03 mmol), trans-g-nitrostyrene (0.60 mmol), 1,3,5-trimethoxybenzene (0.60 mmol), CH»Cl, (4 mL), 4 A MS (100 mg). b Based on

1,3,5-trimethoxybenzene. Determined by 'H NMR. € Determined by HPLC.
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Scheme 2. Reaction of 3a with 1,3,5-trimethoxybenzene.

Separately, in the addition of 1,3,5-trimethoxybenzene to the trans-
p-nitrostyrene 2c catalysed by 1 (molar ratio of 1/2¢/4 = 1/10/5, in
CD,Cly, after 1 h at 203 K, and then, 30 min at 223 K in the presence of 4
A MS) four metal complexes with the corresponding aci-nitro compound
coordinated with the metal, two of which in very low abundance, are
detected.

Regarding the stereochemistry of the detected metal isomers 5a, it
should be noted that these compounds contain three stereogenic centres,
namely, the metal, a carbon atom of the Prophos ligand, and the c?
carbon atom to which the nucleophile has been added. Additionally, the
Z/E isomerism around the C = N double bond of the coordinated adduct
must be taken into account. In this context, it should be considered that
the initial R configuration on the carbon of the Prophos ligand in the
fragment (Sgrp,Rc)-Cp*Rh{(R)-Prophos} is not modified during the pro-
cess since it does not participate in it. On the other hand, it is important
to emphasize that no epimerization at the metal has been observed in
any of the reactivity studies that we have conducted to date on com-
pounds that contain it [49,50,55-58]. Assuming this premise, the

detected metal isomers would be diastereomers in which the carbon G2
adopts either the R or S configuration, along with those in which the
arrangement around the C = N double bond is either Z or E. The analysis
of molecular models of 5a compounds suggests that Z isomers are likely
the least abundant because, in this configuration, steric strain occurs
between the aci-nitro coordinated group and one of the phenyl groups of
the (R)-Prophos ligand.

As the next step in the catalytic reaction under consideration should
be the replacement of the coordinated aci-nitro compound by a new
molecule of nitroalkene (Scheme 3), we suspected that the organic
compound detected in the reactions between nitroalkenes and 1,3,5-tri-
methoxybenzene is the free aci-nitro compound displaced from the
metal coordination sphere. To verify this aspect and characterise this
organic compound, we designed an experiment where catalyst 1 was
present in sub-stoichiometric proportions. Under these conditions, it
should be favoured that the catalytic cycle operates and, consequently,
an increase in the concentration of the free aci-nitro compound. Indeed,
the 'H NMR spectrum of a mixture with an initial molar ratio of 1/2a/4
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Scheme 3. Substitution reaction of the coordinated aci-nitro compound by the nitroalkene 2a.

= 1/25/20, dissolved in CDyCly, at 213 K, in the presence of 4 A MS,
after 16 h of reaction shows a broad peak centred at 13.36 ppm, assigned
to an OH group. Furthermore, two doublets centred at 6.73 ppm (J = 7.8
Hz) and 5.79 ppm (J = 7.4 Hz) are observed, attributed to the « and g
protons respectively, of the aci-nitro compound 6a shown in Scheme 3.
Additionally, in the 3C NMR spectrum, two signals are recorded at
32.71 and 124.91 ppm, which we attribute to carbons 1 and 2, respec-
tively, of this same compound (see Experimental Section and Supple-
mentary material).

Notably, in mixtures 3a/2a/4 treated as we just mentioned, the
progressive formation of the corresponding FC adduct 7a at the expense
of 6a, most probably, through the prototropic tautomerism shown in
Scheme 4 is observed. At temperatures above 243 K, the transformation
of 6a into 7a is quantitative in a few minutes. Compound 7a has been
characterised in situ by comparing its spectroscopic NMR data with those
previously described [53].

Finally, in some of the catalytic assays carried out, signals assignable
to two metal complexes were observed, distinct from any of the metal
intermediates discussed so far. Furthermore, when the catalytic re-
actions were carried out with a deficiency of nitroalkene, it was
observed that these new complexes constituted the resting state of the
catalyst. We suspected that they were the diastereomers of stoichiom-
etry [Cp*Rh{(R)-Prophos}(7)][SbF¢]2 (8) in which the two enantiomers
of the corresponding FC adduct were coordinated to the metal. The
origin of these complexes could be either the displacement of ligands
coordinated to the metal in the catalyst (H2O) or the intermediate

species (nitroalkene, aci-nitro compound) by the FC adduct formed in
situ in the catalytic reaction itself, or the result of a 1,3-prototropism of
the aci-nitro ligands within the corresponding aci-nitro complexes [49].
We propose that complex 8 can eventually slow down the process by
trapping the catalyst becoming the resting state at high conversions.

To verify this hypothesis, a racemic mixture of the FC adduct 7a was
added to a CD,Cl; solution of catalyst 1 with a molar ratio of 7a/1 =
1.2/1, in the presence of 4 A MS. Indeed, two diastereomers, 8a’ and
8a” (see Supplementary material), epimers at the C2 carbon of the co-
ordinated FC adduct (Chart 1), were obtained and characterised in situ
by NMR spectroscopy. In particular, a multiplet and a pseudotriplet in
the 4.20-5.25 ppm interval of the proton NMR spectrum along with
resonances around 79 (C1) and 32 (C?) ppm in the 13c{'H} NMR spec-
trum are indicative of the aliphatic nature that the C'H,—C?H fragment
should exhibit in the FC 8a product (Chart 1).

Compounds 8b-d (Chart 1) were characterised in situ by NMR spec-
troscopy during the corresponding catalytic reaction carried out under
stoichiometric conditions. Preparative and spectroscopic details are
gathered in the Experimental section.

2.2. The catalytic cycle

From the sequential reactions discussed above, the catalytic cycle
(route A) depicted in Fig. 4 could be proposed (solid lines). The coor-
dinated water molecule in 1 is displaced by the corresponding nitro-
styrene 2 to give the nitroalkene complexes 3. Attack of 1,3,5-
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trimethoxybenzene 4 at the activated C? carbon of the coordinated
nitroalkene renders aci-nitro complexes 5. The reaction of 5 with a
further molecule of nitrostyrene 2 releases the aci-nitro ligand 6 and
regenerates complex 3, which restarts the cycle. Finally, the free
aci-nitro 6 rearranges to the corresponding FC adduct 7.

According to this cycle, the enantioselectivity-determining step
would be the attack of the nucleophile 4 on the complex with the co-
ordinated nitroalkene 3 and the R¢y/Sco ratio measured for aci-nitro
complexes should match the e.r. of the processes. However, e.r. higher
than the measured ratios for the obtained aci-nitro complexes have been

obtained (Table 2, entry 1). Table 2 collects the ratio of the aci-nitro
complexes 5 and the e.r. of FC adducts 7 achieved in the corresponding
catalytic process.

In this regard, it is important to note that DFT calculations carried
out for the reaction between trans-f-nitrostyrenes and indoles catalysed
by compound 1 establish that one of the coordinated aci-nitro enan-
tiomers requires less energy to dissociate from the metal than the other
[49]. If we assume that in the reaction between trans-f-nitrostyrenes and
1,3,5-trimethoxybenzene, the aci-nitro complexes 5 behave analogously
and demonstrate that the proposed cycle is reversible, a dynamic kinetic
resolution will take place in the catalytic process under study. This
would explain the observed e.r. values.

2.2.1. Reversibility of the proposed catalytic cycle

To assess the reversibility of the proposed cycle, a CD5Cl; solution
containing catalyst 1, trans-2-fluoro-g-nitrostyrene (2b) and 1,3,5-trime-
thoxybenzene 4 in a 1/10/5 molar ratio was prepared. The mixture was
allowed to react, at 193 K, until the complete consumption of electro-
phile 4. At this point, 'H and *'P{*H} NMR spectra indicate that the
predominant compounds in the mixture were the aci-nitro complexes 5b
and free aci-nitro 6b (Fig. 5a and Chart 2). Then, the electrophile trans-
p-nitrostyrene 2¢ was added in a molar ratio of 1/1 concerning the
initially added 2b. After 3 additional days of reaction at 213 K, com-
pounds derived from the reaction of 1,3,5-trimethoxybenzene with
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Table 2
The molar ratio of aci-nitro complexes (5) and e.r. of FC adducts (7)

0
[ MeO OMe
O—N
H
H H OMe
Me =3
7 R
7
Entry R Aci-nitro complexes, molar Adducts, e.
ratio*(((((ratio=comccomplex r.
1 2,3- 5a’/5a”, 60/40 7a, 93/7
(OMe), 0
2 2-F 5b’/5b’/5"”’, 85/9/6 7b, 67/33
3 H 5¢’/5¢”/5¢’/5¢”°*°, 67/17/9/7 7¢, 77/23
4 2,4-Cl, 5d’/5d”, 79/21 7d, 52.5/
47.5

* For reaction conditions see Section 4.4. of Experimental section.
b For reaction conditions see footnote of Table 1.

trans-f-nitrostyrene 2c such as the aci-nitro compounds 5c¢, free aci-nitro
compound 6¢ and the FC adduct 7c (Fig. 5b and Chart 2) were spec-
troscopically detected in the reaction medium. When the reaction is
complete, a molar ratio of 7b/7¢ = 60/40 for the FC adducts is observed
by 'H NMR.

The source of 1,3,5-trimethoxybenzene, necessary for the formation
of the trans-f-nitrostyrene derivatives 5c¢, 6¢, and 7c, must be the
pathway 6 — 5 — 3, meaning the cycle shown in Fig. 4 has to be
reversible (solid plus dashed lines) and, in addition, the significant
formation of 6¢ from 6b suggests that the rate of the 6 — 7 step is slower
than the combined reaction rates of the steps6 -5 -3 and3 > 5 - 6
(Fig. 4). In summary, if it is assumed that enantiomers of different signs
coordinated in complexes 5 have sufficiently different dissociation
barriers to yield aci-nitro compounds 6, a reversible catalytic cycle like
the one proposed explains how the experimentally measured e.r. can be
achieved.

3. Conclusions

The complex (Spnh,Rc)-[Cp*Rh{(R)-Prophos}(H20)][SbFsl2 (1) is
well suited to catalyse the alkylation reaction between 1,3,5-trimethox-
ybenzene and trans-g-nitrostyrenes. High conversions and enantiose-
lectivities of up to 93/7 e.r. were achieved. The spectroscopic detection

and characterisation of catalytic intermediates allow us to propose a
plausible reversible catalytic cycle. Notably, the achieved enantiose-
lectivity can be explained by assuming that dynamic kinetic resolution
occurs on the aci-nitro complex 5 within the cycle. Based on all the
spectroscopic data of the metallic intermediates (nitro-, aci-nitro- and
adduct-complexes) and the catalytic cycle, we conclude that the studied
reaction of 1,3,5-trimethoxybenzene and trans-g-nitrostyrenes proceeds
through a Michael-type Friedel-Crafts mechanism.

4. Experimental section
4.1. General information

All solvents were treated in a PS-400-6 Innovative Technologies
Solvent Purification System (SPS) and degassed before use. NMR spectra
were recorded on a Bruker AV-300 (300.13 MHz), a Bruker AV-400
(400.16 MHz), or a Bruker AV-500 (500.13 MHz) spectrometer. In
both 'H NMR and !'3C NMR measurements, the chemical shifts are
expressed in ppm downfield from SiMe4. The 31p NMR chemical shifts
are relative to H3PO4 (85%). Coupling constants (J) are given in Hz.
COSY, NOESY, HSQC and HMBC 'H-X (X = 'H, 3¢, 3'P) correlation
spectra were obtained using standard procedures. Analytical high per-
formance liquid chromatography (HPLC) was performed on an Alliance
Waters (Waters 2996 PDA detector) instrument using a chiral column
Chiralpack IB (0.46 cm x 25 cm) and an IB guard (0.46 x 5 cm).

4.2. General procedure for the FC reaction of 1,3,5-trimethoxybenzene
with trans-f-nitrostyrenes

Under argon, 34.2 mg (0.030 mmol) of (Sgn,Rc)-[Cp*Rh{(R)-Pro-
phos}(H20)][SbFelo (1), CH2Cly (4 mL), the corresponding trans-
p-nitrostyrene (0.600 mmol) and 4 A MS (100 mg) were placed in a
Schlenk flask equipped with a magnetic stirrer. The resulting mixture
was stirred for 20 min at 263 K and then 1,3,5-trimethoxybenzene (4)
(100.9 mg, 0.600 mmol) was added. The reaction was monitored by thin
layer chromatography. After the appropriate reaction time, the reaction
was quenched by the addition of a methanol solution of [N(nBu)4]Br
[59]. The resulting suspension was concentrated under a vacuum until
dryness. The residue was extracted with EtsO (2 x 3 mL) and the
resulting oil was analysed by NMR spectroscopy. The e.r. was deter-
mined by HPLC.
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Fig. 5. Selected regions of the Y and *'P{'H} NMR spectra of (a) mixture of 1/2b/4 and (b) mixture after adding 2c.
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Chart 2. Aci-nitro complexes 5b and 5¢, aci-nitro compounds 6b and 6¢ and FC adduct 7c.

4.3. Characterisation of the complexes (Srn,Rc)-[Cp*Rh{(R)-Prophos}
(2)][SbFs]2 (3)

At RT, in an NMR tube, to a mixture of complex 1 (30.0 mg, 0.026
mmol), the corresponding trans-f-nitrostyrene (0.056 (2a), 0.030 (2b),
0.260 (2¢), 0.056 (2d) mmol), CD,Cl; (0.45 mL) and 4 A MS (20 mg)
were added. After 1 h under argon at 248 K, the conversion to the cor-
responding (Sgrn,Rc)-[Cp*Rh{(R)-Prophos}(2)][SbF¢la (3) compound
was complete. Complexes 3 were characterised in situ by NMR spec-
troscopy. In some resonances of the 'H NMR spectra, the coupling
constant J is not indicated because it is not discernible due to signal
overlap. Complexes 3a [53] and 3c [49] have already been previously
characterised.
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3b. 'H NMR (500.10 MHz, CD5Cly, 233 K): § = 7.83-7.10 (m, 24H,
Hap), 7.16 (1H, Hy), 7.15 (1H, Hy), 3.56 (dm, J = 53.3 Hz, 1H, Hj1), 3.13
(m, 1H, Hy1), 2.65 (t, J = 15.1 Hz, 1H, Hay), 1.40 (pt, J = 3.0 Hz, 15H,
CsMes), 1.26 (dd, J = 13.6 Hz, J = 6.3 Hz, 3H, Me). 3C{'H} NMR
(125.77 MHz, CD,Cly, 233 K): 6§ = 162.66 (d, J(F,C) = 260.7 Hz, Cy,),
139.81 (Cy), 135.94 (Cy), 137.58-125.29, 116.77 (Ar), 125.37 (d, J =
39.7 Hz), 125.02 (d, J = 46.7 Hz), 123.62 (d, J = 47.1 Hz), 121.15 (d, J
= 46.3 Hz) (CipsoPPhy), 117.10 (d, J(F,C) = 9.8 Hz, C3), 107.36 (CsMes),
33.34 (d, J = 32.2 Hz, CHy), 31.23 (d, J = 31.1 Hz, CMe), 15.84 (d, J =
18.2 Hz, Me), 10.12 (CsMes). 3'P{'H} NMR (202.46 MHz, CD,Cl,, 233
K): 5 = 75.89 (dd, J(Rh,P) = 130.7 Hz, J(P,P) = 38.1 Hz, P!), 51.48 (dd, J
(Rh,P) = 133.0 Hz, P).

@ ~| [SbFg2

3d

3d 'H NMR (300.13 MHz, CD,Cl,, 233 K): 5 = 8.40-7.10 (m, 23H,
Hap), 7.61 (1H, Hy), 7.18 (1H, Hy), 3.62 (dt, J = 52.9 Hz, 1H, Hy), 3.29
(m, 1H, Hy1), 2.72 (t, J = 14.6 Hz, 1H, Hay), 1.38 (bs, 15H, CsMes), 1.34
(m, 3H, Me). '3C{'H} NMR (125.77 MHz, CD5Cl,, 233 K): § = 140.17
(C2), 135.60 (C1), 141.60-125.35 (Ar), 125.75 (d, J = 50.8 Hz), 124.93
(d, J = 48.5 Hz), 123.77 (d, J = 47.3 Hz), 121.74 (d, J = 46.7 Hz),)
(CipsoPPhy), 107.58 (CsMes), 34.22 (d, J = 31.7 Hz, CHa), 31.27 (d, J =
31.1 Hz, CMe), 16.16 (d, J = 17.1 Hz, Me), 10.08 (CsMes). 3'P{'H} NMR
(121.42 MHz, CD5Cl,, 233 K): § = 76.42 (dd, J(Rh,P) = 133.7 Hz, J(P,P)
= 37.0 Hz, P1), 51.96 (dd, J(Rh,P) = 132.8 Hz, P?).

4.4. Characterisation of the aci-nitro complexes [Cp*Rh{(R)-Prophos}
(6)][SbFs]2 (5)

In an NMR tube at RT to a mixture of complex 1 (30.0 mg, 0.026
mmol), the corresponding trans-g-nitrostyrene, CD-Cl; (0.45 mL) and 4
A MS (20 mg) were added. After 10 min under argon at 213 K, 4 was
added at the corresponding temperature. The reaction was monitored by
'H and 3'P NMR spectroscopies. The resulting complexes were charac-
terised in situ by NMR spectroscopy. Some coupling constants are not
given in the 'H and 3'P{'H} NMR spectra due to signal overlap. The
reaction conditions are as follows: 5a: A mixture of 1/2a/4 =1/2/3, 8
days at 203 K; 5b: A mixture of 1/2b/4 = 1/2/3, 7 h at 193 K; 5¢c: A
mixture of 1/2¢/4 = 1/10/5, 1 h at 203 K and, then, 30 min at 223 K.
5d: A mixture of 1/2d/4 = 1/2/3, 20 h at 203 K.
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5a’. 'H NMR (500.10 MHz, CD,Cl, 243 K): § = 12.02 (brs, 1H, OH),
7.22 (d, J = 10.6 Hz, 1H, H,), 7.03 (t, J = 8.1 Hz, 1H, Hp), 6.93 (d, J =
8.1 Hz, 1H, Hy), 6.60 (d, J = 7.0 Hz, 1H, H,), 6.29 (s, 2H, Hq, He), 5.66
(d, J = 9.3 Hz, 1H, Hp), 3.7-4.1 (m, 15H, 5 x OMe), 3.05 (brd, J = 52.4
Hz, 1H, Hy;), 2.90 (m, 1H, Hj;), 2.30 (m, 1H, Hy,), 1.30 (brs, 15H,
CsMes), 1.11 (dd, J = 12.9, 6.5 Hz, 3H, Me). 3C{'H} NMR (125.77
MHz, CD,Cly, 203 K): 5 = 161.62, 161.17 (C4, Cs, Cg), 151.93 (C13),
142.44 (Cy4), 135.41 (Cy), 129.47 (Cg), 126.72 (C11), 120.74 (Cio),
112.21 (C12), 104.30 (CsMes), 101.84 (C3), 90.80 (Cs, C7), 61.28-55.99
(5 x OMe), 32.97 (Cy), 31.29 (CHy), 29.35 (CMe), 14.43 (Me), 9.39
(CsMes). *'P{'H} NMR (202.46 MHz, CD5Cl,, 243 K): § = 76.05 (dd, J
(1311,19) =129.4 Hz, J(P,P) = 42.8 Hz, P'), 49.99 (dd, J(Rh,P) = 131.8 Hz,
P?).

5a’”. 'H NMR (500.10 MHz, CD5Cl,, 243 K): § = 9.76 (brs, 1H, OH),
7.05 (1H, Hy), 6.94 (1H, Ho), 6.49 (d, J = 7.9 Hz, 1H, Hy), 6.36 (d, J =
8.3Hz, 1H, Hy), 6.19 (s, 2H, Hy, He), 5.36 (d, J = 8.1 Hz, 1H, Hp), 3.7-4.1
(m, 15H, 5 x OMe), 3.21 (m, 1H, Hy;), 2.92 (m, 1H, Hy1), 2.32 (m, 1H,
Has), 1.29 (brs, 15H, CsMes), 1.17 (dd, J = 13.8, 6.1 Hz, 3H, Me). '°C
{!H} NMR (125.77 MHz, CD5Cl,, 203 K): 6 = 104.30 (CsMes), 9.39
(CsMes). 3'P{'H} NMR (202.46 MHz, CD,Cl,, 243 K): § = 75.93 (P1),
48.62 (dd, J(Rh,P) = 131.0 Hz, J(P,P) = 41.4 Hz, P?).

5a”. 'H NMR (500.10 MHz, CD5Cl,, 243 K): 5 = 9.29 (brs, 1H, OH),
7.31 (1H, Hy), 6.84, 6.60 (2H, Hy,, H), 5.87 (d, J = 8.2 Hz, 1H, Hy), 6.22
(s, 2H, Hg, He), 4.54 (d, J = 9.4 Hz, 1H, Hy), 3.7-4.1 (m, 15H, 5 x OMe),
3.00 (m, 1H, Ha1), 2.90 (m, 1H, Hy1), 2.42 (m, 1H, Hy,), 1.34 (brs, 15H,
CsMes), 1.01 (dd, J = 13.4, 6.4 Hz, 3H, Me).

| 1SbFel;
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5b’. 'H NMR (500.10 MHz, CD,Cly, 203 K): 8 = 9.60 (brs, 1H, OH),
7.11 (1H, Hy), 6.94 (pt, J = 7.5 Hz, 1H, Hy), 6.46 (pt, J(F,H) = 7.3 Hz,
1H, H,), 6.15, 6.30 (2 x s, 2H, H, Hq), 4.85 (brs, 1H, Hp), 3.79-3.39 (9H,
3 x OMe), 2.91 (brd, J = 53.5 Hz, 1H, Hy;), 2.77 (m, 1H, Hy1), 2.37 (m,
1H, Hay), 1.29 (brs, 15H, CsMes), 0.95 (m, 3H, Me). *C{'H} NMR
(125.77 MHz, CD4Cly, 203 K): § = 162.66-157.68 (3 x COMe), 160.57
(CF), 128.50 (CH,), 124.37 (CHp), 115.51 (J = 21.8 Hz, CHCF),
137.07-113.30 (CH,, CCHp, 24Cay), 103.96 (CsMes), 90.63, 90.39 (CH,,
CHy), 56.72, 55.80-55.55 (3 x OMe), 33.40 (CHy), 32.72 (CHp) 29.51
(CMe), 14.96 (Me), 9.77 (CsMes). 3'P{'H} NMR (202.46 MHz, CD,Cl,,
203 K): 5 = 75.25 (dd, J(Rh,P) = 128.4 Hz, J(P,P) = 40.7 Hz, P'), 49.23
(dd, J(Rh,P) = 132.0 Hz, P?).

5b”. 'H NMR (500.10 MHz, CD4Cly, 203 K): § = 8.77 (brs, 1H, OH),
7.03 (pt, J = 7.6 Hz, 1H, Hy), 6.66 (pt, J(F,H) = 7.5 Hz, 1H, H,),
6.40-6.00 (2H, H, Hy), 5.74 (d, J = 7.7 Hz, 1H, Hy), 5.60 (d, J = 7.7 Hz,
1H, Hp), 3.79-3.39 (m, 9H, 3 x OMe), 3.14 (m, 1H, H,y), 2.85 (m, 1H,
Hi1), 2.21 (m, 1H, Hy,), 1.26 (brs, 15H, CsMes), 1.20 (3H, Me). 13c{'H}
NMR (125.77 MHz, CD,Cly, 203 K): § = 103.73 (CsMes), 14.42 (Me),
9.14 (CsMes). 3'P{'H} NMR (202.46 MHz, CD5Cl,, 203 K): § = 75.27
(P1), 48.28 (J(P,P) = 39.4 Hz, P?).

5b>’. 'H NMR (500.10 MHz, CD,Cl,, 203 K): § = 10.18 (brs, 1H,
OH), 7.01 (1H, Hy), 6.72 (pt, 1H, J(F,H) = 8.4 Hz, H,), 6.43 (d, 1H, H,),
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6.40-6.00 (2H, H, Hy), 5.78 (d, J = 9.1 Hz, 1H, Hp), 3.79-3.39 (m, 9H, 3
x OMe), 1.19 (brs, 15H, CsMes). >C{'H} NMR (125.77 MHz, CD,Cly,
203 K): 6 = 104.16 (CsMes), 9.06 (CsMes). 3'P{'H} NMR (202.46 MHz,
CD,Cly, 203 K): 6 = 75.27 (PY), 49.93 (J(P,P) = 40.9 Hz, P?).

| [SbFgl
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5¢’. 'H NMR (500.10 MHz, CD5Cl,, 223 K): 5 = 9.80 (brs, 1H, OH),
7.35 (d, 1H, Hy), 6.24 (m, 2H, H,, Hp), 6.20 (s, 2H, He, Hy), 4.48 (d, J =
9.0 Hz, 1H, Hy), 3.73 (s, 9H, 3 x OMe), 3.15 (brd, 1H, Hazy), 2.93 (m, 1H,
Hi1), 2.48 (m, 1H, Hy,), 1.34 (brs, 15H, CsMes), 1.03 (dd, J = 13.0, 6.6
Hz, 3H, Me). 3c{'H} NMR (125.77 MHz, CD.Cly, 223 K): § =
162.20-155.38 (C4, Cg, Cg), 138.01 (Cy), 134.58-126.86 (C1, C11—C13),
126.74 (C1o, Ci4), 107.71 (CsMes), 105.33 (C3), 90.73 (Cs, Cy),
55.97-53.59 (3 x OMe), 37.53 (Cy), 30.50 (CH,), 29.56 (CMe), 15.38
(Me), 9.97 (CsMes). 3'P{’'H} NMR (202.46 MHz, CDyCl,, 248 K): 6 =
76.20 (P1), 51.40 (dd, J(Rh,P) = 131.4 Hz, J(P,P) = 42.4 Hz, P).

5¢”’. 'H NMR (500.10 MHz, CD5Cl,, 223 K): § = 9.65 (brs, 1H, OH,
193 K), 7.35 (1H, Hy), 4.79 (d, J = 6.3 Hz, 1H, Hp), 1.23 (brs, 15H,
CsMes). 3c{H} NMR (125.77 MHz, CD,Cl,, 223 K): § = 107.44
(CsMes), 38.76 (Cy), 9.70 (CsMes). *'P{'H} NMR (202.46 MHz, CDCl,,
248 K): 5 = 76.20 (P1), 51.40 (P?).

5¢”. 'H NMR (500.10 MHz, CD,Cl,, 223 K): 6 = 6.03 (1H, Hy), 5.79
(d, J = 9.1 Hz, 1H, Hp), 1.21 (brs, 15H, CsMes). '3C{'H} NMR (125.77
MHz, CD5Cl,, 223 K): 5 = 8.96 (CsMes). >'P{'H} NMR (202.46 MHz,
CD,Cly, 248 K): 6 = 76.20 (P'), 46.95 (dd, J(Rh,P) = 132.1 Hz, J(P,P) =
42.5 Hz, P?).

5¢”””. 'H NMR (500.10 MHz, CD,Cly, 223 K): § = 6.21 (d, J = 7.8 Hz,
1H, Hy), 5.22 (d, 1H, Hy), 1.28 (brs, 15H, CsMes). 1*C{'H} NMR (125.77
MHz, CD2Cl,, 223 K): 5 = 9.06 (CsMes). 3'P{'H} NMR (202.46 MHz,
CD,Cly, 248 K): 6 = 76.20 (P1), 49.12 (dd, J(Rh,P) = 129.5 Hz, J(P,P) =
40.3 Hz, P?).
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5d’. 'H NMR (500.10 MHz, CD2Cl,, 203 K): 6 = 13.50 (brs, 1H, OH),
7.12(d,J = 8.4 Hz, 1H, H,), 4.78 (d, 1H, Hy), 1.21 (brs, 15H, CsMes). *'P
{'H} NMR (202.46 MHz, CD,Cly, 203 K): § = 75.63 (dd, J(Rh,P) = 127.7

10
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Hz, J(P,P) = 40.1 Hz, P'), 49.50 (dd, J(Rh,P) = 132.6 Hz, P?).

5d”. 'H NMR (500.10 MHz, CD5Cl,, 203 K): 6 = 6.68 (d, J = 8.2 Hz,
1H, Hy), 5.63 (d, 1H, Hp), 1.25 (brs, 15H, CsMes). >'P{'H} NMR (202.46
MHz, CD5Cl,, 203 K): 6 = 76.63 (P1), 48.06 (dd, J(Rh,P) = 130.5 Hz, J(P,
P) = 41.6 Hz, P?).

4.5. Characterisation of the aci-nitro compounds 6

In a NMR tube at RT, a mixture of complex 1 (30.0 mg, 0.026 mmol),
the corresponding trans-g-nitrostyrene, CDCl, (0.45 mL) and 4 A MS
(20 mg) were added. After 10 min under argon at 213 K, 4 was added at
the corresponding temperature. The reaction was monitored by 'H and
31p NMR spectroscopies. The resulting compound was characterised in
situ by NMR spectroscopy. The reaction conditions are as follows: 6a: A
mixture of 1/2a/4 =1/25/20, 16 h at 213 K. 6b: A mixture of 1/2b/4 =
1/10/5, 11 days at 193 K. 6c: A mixture of 1/2¢/4 =1/10/5,1 h at 203
K and, then, 30 min 223 K.

6a

6a. 'H NMR (500.10 MHz, CD2Cly, 223 K): § = 13.36 (brs, 1H, OH),
6.90 (pt, J = 7.9 Hz, 1H, Hy,), 6.77 (d, J = 8.5 Hz, 1H, Hy), 6.73 (d, J =
7.8 Hz, 1H, H,), 6.51 (d, J = 5.9 Hz, 1H, H,), 5.79 (d, J = 7.4 Hz, 1H, Hp),
6.13 (s, 2H, Hq, He), 3.85-3.71 (m, 15H, 5 x OMe). *c{'H} NMR
(125.77 MHz, CD,Cly, 223 K): § = 160.62 (C), 158.77, 152.75 (Cs, Cg),
146.38 (C13), 133.18 (C14), 124.91 (Cy), 124.05 (Co), 123.83 (C11),
120.29 (C10), 110.88 (C12), 106.03 (C3), 90.20 (Cs, Cy), 60.49-57.70 (5
x OMe), 32.71 (Cy).

6b

6b. 'H NMR (500.10 MHz, CD,Cly, 193 K): 6 = 13.25 (brs, 1H, OH),
6.88 (overlapped by Hp,, 1H, Hy), 6.10 (m, 2H, H,, Hyp), 5.74 (d, J=7.1
Hz, 1H, Hp), 3.79-3.64 (m, 9H, 3 x OMe)."*C{'"H} NMR (125.77 MHz,
CD4Cly, 193 K): 5 = 161.75, 159.79, 158.40 (C4, Ce, Cg), 158.61 (d, J(F,
C) = 159.9 Hz, Ci4), 134.24-124.15 (C10—Ci2), 129.37 (C1), 125.46
(Co), 115.31 (d, J(F,C) = 20.7 Hz, C13), 103.50 (C3), 89.83 (Cs, C7),
55.80-55.55 (3 x OMe), 31.78 (Cy).
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6¢

6c. 'H NMR (500.10 MHz, CD,Cly, 223 K): = 12.87 (brs, 1H, OH),
7.26-7.13 (m, 5H, Hy-He), 7.09 (dd, J = 7.7 Hz, J = 2.8 Hz, 1H, H),
6.12, 6.13 (2 x s, 2H, Hy, Hy), 5.69 (d, 1H, Hp), 3.78 (s, 9H, 3 x OMe).
13¢{1'H} NMR (125.77 MHz, CD5Cl,, 203 K): 6 = 160.47, 158.21 (C4, Ce,
Cs), 139.75 (Co), 127.31 (Cy), 128.55-126.68 (C190—Ci14), 105.88 (C3),
89.92 (Cs, Cy), 55.83 (3 x OMe), 36.84 (C2).

4.6. Characterisation of complexes [Cp*Rh{(R)-Prophos}(7)][SbFs]2
8

Complex 8a. In a NMR tube, at 243 K, complex 1 (20.0 mg, 0.017
mmol), a racemic mixture [60] of 7a (7.54 mg, 0.021 mmol), 4 AMS (30
mg) and CD»Cly (0.45 mL) were added. The resulting mixture was
analysed by NMR spectroscopy at 223 K.

Complexes 8b-d. In an NMR tube, at RT, to a mixture of complex 1
(30.0 mg, 0.026 mmol), 0.052 mmol of the corresponding trans-
p-nitrostyrene and CD,Cl; (0.45 mL) 4 AMS (30 mg) were added. After
maintaining the mixture under argon for 10 min, 0.078 mmol of 1,3,5-
trimethoxybenzene was added. The below reported spectroscopic data
were recorded for 8b after 20 days of reaction at 193 K, for 8c after 1 day
of reaction at 193 K and, then, 12 h at 223 K and for 8d after 20 h of

reaction at 203 K.

8a

8a’. 'H NMR (500.10 MHz, CD5Cl,, 223 K): § = 7.83-6.64 (m, 22H,
Hp, He, Hay), 6.05 (brs, 2H, Hg, He), 6.03 (1H, Hy), 5.25 (pt, J = 7.2 Hz,
1H, Hp), 4.25 (m, 2H, Hy, Hyw), 3.77-3.52 (m, 15H, 5 x OMe), 3.42 (1H,
Hz]), 2.70 (III, 1H, H]]), 2.53 (III, 1H, sz), 1.24 (bI’S, 15H, C5Me5), 1.15
(3H, Me). 3c{'H} NMR (125.77 MHz, CD.Cl,, 203 K): § =
161.06-111.19 (Ca,), 107.94 (CsMes), 101.84 (C3), 119.48 (CH,), 90.51
(CHq, CHe), 79.32 (C1), 60.35-54.46 (5 x OMe), 32.95 (Cy), 33.21
(CHa), 31.85 (CMe), 16.21 (Me), 9.71 (CsMes). 3'P{'H} NMR (202.46
MHz, CD,Cly, 223 K): § = 74.74 (dd, J(Rh,P) = 133.43 Hz, J(P,P) =
38.14 Hz, P1), 50.22 (dd, J(Rh,P) = 134.83 Hz, P?).

8a”. 'H NMR (500.10 MHz, CD,Cly, 223 K): § = 7.83-6.64 (m, 22H,
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Hy, He, Hay), 6.44 (d, J = 7.4 Hz, 1H, Hp), 6.05 (brs, 2H, Hy, He), 5.10 (pt,
J = 7.3 Hz, 1H, Hp), 4.20 (m, 2H, Hy1, Hy2), 3.77-3.56 (m, 15H, OMe),
3.53 (1H, Hy;), 3.06 (m, 1H, Hj1), 2.61 (m, 1H, Hyy), 1.22 (brs, 15H,
CsMes), 1.24 (3H, Me). '3C{'H} NMR (125.77 MHz, CD,Cl,, 203 K): § =
161.06-111.19 (Cpy), 119.62 (CHy), 107.94 (CsMes), 90.51 (CHy, CH,),
79.51 (C1), 60.35-54.46 (5 x OMe), 32.41 (Cs), 33.82 (CH), 31.55
(CMe), 16.23 (Me), 9.71 (CsMes). 3'P{'H} NMR (202.46 MHz, CD,Cl,,
223 K): 6 = 74.74 (dd, J(Rh,P) = 133.43 Hz, J(P,P) = 38.14 Hz, P1),
50.95 (dd, J(Rh,P) = 135.17 Hz, P?).

8b

8b’. 'H NMR (500.10 MHz, CD4Cly, 213 K): 6 = 7.90-6.90 (m, 23H,
Hp, He, Hg, Hap), 6.06 (s, 2H, He, Hp), 6.93 (pt, J(F,C) = 7.2 Hz, 1H, H,),
4.87 (pt, J = 7.2 Hz, 1H, Hy), 4.45 (dd, J = 15.2 Hz, 1H), 4.23 (dd, 1H)
(Hq1, Hyz), 3.90-3.50 (m, 9H, 3 x OMe), 3.50 (1H, Ha1), 2.96 (m, 1H,
Hi1), 2.63 (m, 1H, Hap), 1.20 (brs, 15H, CsMes), 1.20 (3H, Me). 3'P{'H}
NMR (202.46 MHz, CD5Cl,, 203 K): 5 = 74.88 (dd, J(Rh,P) = 131.9 Hz, J
(P,P) = 37.9 Hz, P1), 50.79 (dd, J(Rh,P) = 134.5 Hz, P?).

8b”. 'H NMR (500.10 MHz, CD5Cl,, 213 K): § =7.90-6.90 (m, 23H,
Hy, He, Hg, Hap), 6.64 (pt, J(F,C) = 7.0 Hz, 1H, H,), 6.06 (s, 2H, He, Hp),
4.82 (pt, J = 7.3 Hz, 1H, Hy), 4.54 (dd, J = 14.7 Hz, 1H) 4.27 (dd, 1H)
(Hoa, Haz), 3.90-3.50 (m, 9H, 3 x OMe), 1.20 (brs, 15H, CsMes), 1.20
(3H, Me). 3'P{'H} NMR (202.46 MHz, CD,Cl,, 203 K): 6 = 74.23 (dd, J
(I;h,P) =129.7 Hz, J(P,P) = 38.8 Hz, P1), 50.67 (dd, J(Rh,P) = 134.5 Hz,
P?).

] 1SbFel

8c

8c’. 'H NMR (500.10 MHz, CD5Cly, 213 K): 5 = 7.93-7.03 (m, 23H,
Hp, He, Hy, Hay), 6.79 (d, J = 7.1 Hz 2H, H,, He), 6.09 (2H, Hy, Hy), 5.05
(1H), 4.08 (dd, J = 14.3 Hz, J = 3.2 Hz, 1H) (Hy1, Hy2), 4.65 (dd, J=9.9
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Hz, 1H, Hp), 3.96-3.57 (m, 9H, 3 x OMe), 3.40 (brd, J = 50.7 Hz, 1H,
Hzl), 3.02 (m, 1H, H]]), 2.54 (m, 1H, sz), 1.19 (brs, 15H, C5Me5), 1.19
(3H, Me). 3'P{'H} NMR (202.46 MHz, CD,Cl, 213 K): 6 = 74.96 (dd, J
(I;h,P) =133.1 Hz, J(P,P) = 37.5 Hz, P}), 50.10 (dd, J(Rh,P) = 133.5 Hz,
P?).

8¢”’. 'H NMR (500.10 MHz, CD4Cly, 213 K): § = 7.93-7.03 (m, 23H,
Hy, He, Hg, 20Hy,), 7.00 (d, J = 7.5 Hz 2H, H,, H), 5.96 (s, 2H, Hy, Hy),
4.83(dd, J = 13.5 Hz, J = 9.3 Hz, 1H), 4.29 (dd, 1H), (Hy or Hyp), 4.47
(dd, J = 9.3 Hz, J = 5.9 Hz, 1H, Hj), 3.96-3.57 (m, 9H, 3 x OMe), 1.11
(brs, 15H, CsMes). 3'P{'H} NMR (202.46 MHz, CDyCl,, 213 K): § =
74.00 (dd, J(Rh,P) = 131.4 Hz, J(P,P) = 38.7 Hz, P1), 50.26 (dd, J(Rh,P)
= 133.5 Hz, P?).

_| [SbFe]>
OMe

o]
+!/l MeO

~Rh
N \O’N

P1Ph, /

Me

Cl

8d

8d 'H NMR (500.10 MHz, CD4Cl,, 203 K): 5 = 5.97 (d, J = 8.1 Hz),
5.52 (m, 1H), 5.27 (m, 1H) (Hy1, Hez, Hp), 1.25 (15H, CsMes). *'P{'H}
NMR (202.46 MHz, CD,Cly, 203 K): 6 = 49.24 (P?).
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