TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetn (1998) 3421-3430

New chiral aminophosphine carboxyphosphinite ligands
(AMPCP). Synthesis and application in asymmetric
hydrogenation and hydroformylation

Said Naili, André Mortreux and Francine Agbossou

Laboratoire de Catalyse Hétérogéne et Homogene, UPRESA 8010, Groupe de Chimie Organique Appliquée de 'ENSC Lille
Université des Sciences et Technologies de Lille, BP 108 - 59652 Villeneuve d’Ascq Cedex, France

Received 28 July 1998; accepted 8 September 1998

Abstract

The synthesis of the first three aminophosphine-carboxyphosphinite diphosphanes derived directly from
amino acids is presented. These ligands were applied in the asymmetric hydrogenation of dihydro-2,4-dimethyl-
2,3-furandione giving the corresponding pantolactone with up to d2%hey were also involved, in association
with platinum, in the asymmetric hydroformylation of styrene giving the branched aldehyde withelpxb%).
© 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Chiral bisphosphines in which each of the two phosphorus atoms are bonded to three carbon atoms
have so far been the most successful ligands for enantioselective hydrogehaTioeg.have also
been of interest for application to other asymmetric catalytic procéss@song these ligands, at-
ropisomeric diphosphines of the BINAP type have found the more general applications and are now
widely used in asymmetric catalysis (hydrogenation ef@and G=C, isomerization, hydroformylation,
etc.)? Nevertheless, other&ymmetric diphosphines also exhibit fascinating properties with practical
applications in rhodium and ruthenium based enantioselectiv€,GC=0, and G=N hydrogenation,
i.e. the bis(phospholantand biphenyl based bisphosphirfet addition, some studies were aimed at
synthesizing ligands with the phosphorus atoms bonded to one or more heteroatoms that could be either
O or N. An interesting advantage was that some ligands were synthesized in a few steps from diols or
amino alcohols. They found use, for example, in asymmetric hydrogehatowell as in asymmetric
hydroformylation® For the latter reaction, much interest has also been devoted to the use of diphosphanes
in platinum and rhodium based cataly8is.

* Corresponding author. E-mail: agbossou@ensc-lille.fr

0957-4166/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
Pll: S0957-4166(98)00363-2



3422 S. Naili et al./ TetrahedronAsymmetry9 (1998) 3421-3430

Table 1
31P NMR properties of ligan® and of the corresponding complexes

: 3P 5 J ] JPN-
Ligand or Complex* (ppnc‘-)) (pll:rllj) GEE) P(I({):-zl)vI l;gzl)w
> 106.0 35.6 ] ] ;
8b 111.3 89.4 48.0 200 192
10a 145.4 94.1 10.0 . ;
10b 164.7 98.4 31.0 ! ;
12¢ 92.9 50.7 11.8 3883 3938
12 + SnCly¢ 87.4 54.2 13.1 3330 3909

a 31p(IH)RMN CD;Cly ; referenced to external H3PO4 85% in D20. PM =Rh. M =Pt.

In earlier reports, we described the easy synthesis of nesy@metric chiral diphosphanes, the
aminophosphine-phosphinites (AMPP) derived fromamino alcohols and-amido alcohols, as well
as their successful application in asymmetric proce$8eale anticipated that diphosphanes derived
directly from amino acids may be as easily accessible and prove effective in asymmetric processes. We
describe here the synthesis of the first homochiral aminophosphine-carboxyphosphinites (AMPCP) and
their involvement as ligands in asymmetric hydrogenation and hydroformylation.

2. Results and discussion
2.1. Synthesis and characterization of the ligands

Among the several AMPP ligands synthesized so far, those with a cyclic chiral skeleton derived from
proline, pyroglutamic acid and indoline carboxylic acid have been the most successfully applied to
asymmetric hydrogenationTherefore, we chose to use such types of chiral backbones for the synthesis
of the first AMPCP ligands. The quite general procedure developed earlier involving the reaction of
a chlorophosphine with the organic precursor was applied for the syntheses. Thus, comr8grcial (
proline 1, (9-2-pyrrolidinone-5-carboxyli2, and §)-indoline-2-carboxylic acid3 were reacted with
chlorodiphenylphosphine as detailed in the experimental section. The end of the reaction was monitored
by 3P NMR and was observed with complete disappearance of the chlorophosphine involved. The
only signals remaining in the spectrum were two singlets corresponding to the PO and PN residues
of the diphosphanes. The general workup, i.e. alumina column chromatography in order to eliminate
EtsN-HCland both some undesirable phosphine oxides and an eventual excess of chlorophosphine, led to
a decomposition of the ligand. Thus, workup was performed with only a single filtration through a fritted
glass funnel. Accordingly, and because of the equimolar stoichiometry between reagents, care had to be
taken to be under rigorously deoxygenated conditions in order to avoid phosphine oxide formation. The
diphosphanesS-Ph,Ph-ProliNOR}, (S-Ph,Ph-oxoProliNOPB, and §-Ph,Ph-IndoliNOF6 (Scheme 1,

Table 1) were isolated in 91-95% yields and characterized as reported in the experimental section.

2.2. Synthesis and characterization of the catalyst precursors

Following our best results in asymmetric hydrogenation in the presence of rhodium- and
ruthenium—AMPP complexés and in asymmetric hydroformylation with platinum-AMPP
catalyst€ we sought to synthesize analogous AMPCP complexes. The complexes of rhodium



S. Naili et al./ TetrahedronAsymmetry9 (1998) 3421-3430 3423

il gph f | 1|>Ph
PPh, T prny |1 i PPh, 2

(5)-Ph,Ph-ProliNOP 4 (5)-Ph,Ph-oxoProliNOP § (5)-Ph,Ph-IndoliNOP 6

Scheme 1.

[Rh{(9-Ph,Ph-ProliNOP}CH (7), [Rh{(9-Ph,Ph-oxoProliNOP}CH (8), and [Rh{(S-Ph,Ph-
oxoProliNOP}(OCOCHER)]2 (9) were prepared in situ prior to catalysis starting from the corresponding
rhodium complexes, i.e. [Rh(COD)Gland Rh(COD)(OCOCH]. (Scheme 2, Table P).

CH,(Cl,, r.t.
[Rh(COD)X], + AMPCP ——» [Rh{AMPCP}X],

AMPCP: 4 X=Cl 7
5 Cl 8
5 CF3CO2 9

Scheme 2.

The ruthenium precatalyst bearing ligaBdvas synthesized next. For this purpose, Ru(COD)(2-
methylallyl'® was reacted witts in dichloromethane at reflux for 2 h (Scheme 3). After workup,
Ru{(9-Ph,Ph-IndoliNOP}(2-methylallyp) (10) was isolated as a pale yellow powder in 70% yield.
However, efforts to isolate pure complé® were unsuccessful and the latter could only be isolated
as a spectroscopically pure species and characterizeédPolNMR (Table 1). The’!P NMR spectra
presented two AB systems of equal intensities attributed to two diastereomeric comfpl@s&el) in
an approximate 50:50 ratio resulting from different configurations at ruthehiumthe *H and *3C
NMR spectra, the resonances patterns were excessively complex, especially because of the presence of
the two diastereomers rendering chemical shift and coupling constants difficult to assign unambiguously.

CH,CI
Ru(COD)(2-methylallyl), + (S)-Ph,Ph-oxoProliNOP ——=—2%  Ru(5)(2-methylallyl),

5 10a/10b

Scheme 3.

Next, platinum complexes were obtained easily and quantitatively through reaction of Pt(G&D)CI
with the ligands 46 in dichloromethane at room temperature (Scheme 4). After workup,
complexes Pt{H-Ph,Ph-ProliNOP}G (11), Pt{(9-Ph,Ph-oxoProliNOP}Gl (12, and PH{Q-
Ph,Ph-IndoliNOPNOP}GI (13) were isolated as white solids and characterized as outlined in the
experimental section. Thef*P NMR properties were identical to the trends generally observed for
Pt{AMPP}Cl, complexes (Table B,i.e. a pattern of two sets of signals. The two doublets of major
intensities were assigned, respectively, to tie¢PPh (most upfield) and-OPPh moieties (downfield
signal) with coupling between the twais phosphorus atoms in the 11.8-12.8 Hz range. These signals
are flanked by two doublets of minor intensity constituting tf2Pt satellites. Interestingly, because
of the neighbouring carbonyl group, the OP signals were downfield from those of the corresponding
AMPP ligands (caAd=10 ppm). Also, contrary to the free ligands, platinum complexes in the solid
state are much more stable and can be handled in air**FhBIMR properties of the PtCI(Sng}l(5),
obtained from reaction of the platinum compl&2 with one equivalent of Snglin dichloromethane
at room temperature, are also given in Table 1. The tin complex shows an anafégduMR pattern.
Interestingly, while theJpi_pn coupling remained almost unchanged when compared to the parent
complex (3909 vs 3938 Hz), th#bi_po decreased significantly (3330 vs 3883 Hz). Such a variation
is attributed to atrans effect resulting from the coordination of the SgQpeciestrans to the PO
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Table 2
Vco Infrared properties of ligan8 and of the corresponding compleXes

Compound ve=p(amide) (cm!) vc=0(CO0) (cm 1)
pyrroglutamic acid 1720 1630
5 1730 1704
12 1777 1731
12 + SnClp 1779 1738
9K Br pellets.

moietyl2® Thevco infrared properties of the series of species related to ligeare presented in Table 2.

The presence of the phosphorus atoms and, further, the coordination of the ligands to the platinum,
induced an overall shift oAvco=77 cnt! and 101 cm? for the amide and carboxyphosphinite-O,
respectively when compared to the starting organic precursor (Table 2). More, the presence of the
SnCk residue after reaction af2 with SnCh induced a further 7 cmt increase in theveo of the
carboxyphosphinite £0 corroborating théransposition of the tin species as already deduced from the
31P NMR properties described earlier.

CH,Cl,
PY(COD)Cl, + AMPCP  ——=—=»  Pt{AMPCP}Cl,
b gl el
AMPCP : (§)-Ph,Ph-ProliNOP 4 complex: 11
(S)-Ph,Ph-oxoProliNOP 5§ 12
(§)-Ph,Ph-IndoliNOP 6 13
Scheme 4.

3. Asymmetric catalysis

The asymmetric hydrogenation of our test substrate dihydro-2,4-dimethyl-2,3-furant®neading
to the corresponding hydroxy compountb) (Scheme 5), in the presence of the above rhodium and
ruthenium precatalysts, was investigated and the key results are presented in Table 3. For comparison
purposes, selected results obtained earlier with rhodium and ruthenium catalysts are also given.

0 OH
Rh or Ru/ AMPCP ﬁ
%
0 (@]

(o] H, O
14 15
Scheme 5.

The rate and enantioselectivity of the AMPCP based rhodium catalysts resemble those of the corre-
sponding AMPP complexes with a general lower chiral induction. Namely, the reaction needs a pressure
of hydrogen and heating to progress at reasonable rates. The highest enantiomeric excess was obtained
with ligand 5 (precatalyst9; run 6). With the catalyst precursd, the hydrogenation was complete
with no chiral induction (run 7). This result could be attributed to a hydrogenolysis of the P—O bond.
Such reactions have been reported already elsewh&ue. also carried out the synthesis &-Cy,Cy-
oxoProliNOPL’ The hydrogenation reaction performed with that ligand in conditions identical to those
described earlier for run 5 led to a complete conversion into pantolactone with no asymmetric induction.
Here again, a decomposition of the OCOP moiety is highly expected.
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Table 3

Asymmetric hydrogenation df4 in the presence of rhodium and ruthenium catafysts

3425

Run Ligand (Pp) Precatalyst TCC) Py Time Conv.t  ee (%)
(atm) (h) (%) Config.
1 (S)-Ph,Ph-ProNOP4 [Rh(P3)Cl], 30 40 20 100 45 (R)
2 (5)-Ph,Ph-oxoProNOPe [Rh(P2)Cl]2 20 50 48 100 51.8 (R)
3 (S)-Ph,Ph-oxoProNOPf Ru(P;)(2-meth),8 20 50 18 100 79 (R)
4 4 [Rh(P2)Cl]2 7 50 50 17 20 (R)
5 5 [Rh(P)CII; 8 solllyinsof Nt v MY 56 34 (R)
6 5 [Rh(P2)(02CCF3)]2 9 20 50 17 42 (R)
7 5 Ru(P2)(2-meth), sollllEz=7saliath I Moo 0

10a/10b

9Reactions were carried out by using 6 mmol of recrystallized substrate in 30 mL of dry degassed dichloromethane. Substrate/Rh or
Ru: 200/1. The conversions were determined by GC. €Determined by GC analysis (FS-cyclodextrine.-I/P 25 m x 0.32 mm
column, 130 °C. ¥Taken from reference 14, €Taken from reference 15. /Taken from reference 11. £2-meth: 2-methylallyl,

Table 4

Hydroformylation of styrene in the presence of Pt{AMPP3}@h Pt{AMPCP}Cl, catalyst precursots

Ligand Solvent Time Conv.l PhEt bint eed (%)
(e (IO M) (conf.)
8 (S)-Ph,Ph-ProNOPf  PhCHj3 36 100 2 40/60 42 (S)
9 S)-Ph,Ph-ProliNOP 4 CHyCly 112 73 3 66/34 2(5)
10 (S)-Ph,Ph-oxoProNOPf PhCH3 16 100 3 30/70 40 (5)
11 (5)-Ph,Ph-oxoProNOP  CH,Cly 16 98 5 33/67 38 (5)
12 (S)-Ph,Ph-oxoProliNOP § CH3Clp 16 93 7 65/35 5(8)
13 (S)-Ph,Ph-IndoNOP2  PhCH3 45 100 7 43/57 36 ()
14 (S)-Ph,Ph-IndoliNOP 6 CHCl 16 55 3 65/35 <1

Reactions were carried out in a 50 ml autoclave in the mentioned solvent (10 mL), at 50 °C, initial pressure 135 bar, H2 /CO = 1.5,

Pt = 0.06 mmole ; Pt / Sn / Styréne = 1/ 1/ 100. b Total conversion. €b/n 9Determined by GC analysis (FS-cyclodextrine.B-1/P

25 m x 0.32 mm column) on the corresponding alcohols/Taken from reference 8c. &See reference 18.

Next, the platinum precursorkl-13 were applied, in the presence of Sp@k a cocatalyst, in the
hydroformylation of styrene (Scheme 6, Table 4). Results obtained with the corresponding AMPP ligands
are also given for comparison. The solvent used generally for AMPP based complexes, toluene, could not
be used here because of the rather low solubility of the catalyst precursor. Accordingly, dichloromethane
has been used. The reactions (Table 4) gave the expected aldehyde mixtures of the bfan2hed (
phenylpropanal) and the normal (n, 3-phenylpropanal) regioisomers (Scheme 6). Moderate branched to
normal aldehyde ratiof3(n) were obtained. These selectivities are higher than those usually obtained
with platinum catalysts and have the opposite regiochemistry to that usually obtained in the reaction.
Hydrogenation to ethylbenzene occurred as a competing reaction to an extent of 11%. The presence of
the 5-oxo moiety in the pyrrolidine cycle had a beneficial effect on the catalytic activity, as a reasonable
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rate could be reached (run 11 vs 9). However, in the best case, the enantioselectivity induced in the
branched product remained very low (586. The effect of the aromatic ring of ligan@l presented

an intermediate effect on the rate of the hydroformylation reaction (run 14 vs 12 and 9). The presence
of the higher electron-withdrawing carboxyphosphinite moiety when compared to the corresponding
phosphinite residues of the AMPPs induced an increase in the regioselectivity of the system (run 12 vs
11). Thus, for an identical chiral skeleton, the effect of the electron-deficient diphosphanes related to
solely their carboxyphosphinite residues is quite interesting in terms of regioselectivities. Nevertheless,
the reaction is impracticable as a dramatic decrease in the activities and enantioselectivities is observed.

CHO CHO

"Pt(Py)"
+Hy/CO 3 +

b (branched) n (normal)

Scheme 6.

4. Conclusion

The aminophosphine-carboxyphosphinite ligands are easily accessible directly from the corresponding
x-amino acids. However, they are exceedingly sensitive and unstable leading to rapid decomposition.
The performances presented by these new ligands are very close to the related phenyl substituted AMPP
ligands for the hydrogenation of dihydro-2,4-dimethyl-2,3-furandione with close asymmetric inductions.
Unfortunately, when applied in the hydroformylation of styrene they proved to be impracticable, pre-
senting low enantioselectivities, although with an interesting selectivity towards the branched aldehyde
nevertheless.

5. Experimental section

All reactions were carried out under nitrogen by using standard Schlenk techniques. Solvents were
dried under nitrogen by standard procedures, distilled before use, and stored under nitrogen. The
transition-metal complexes [Rh(COD)g/]JRh(COD)(OCOCE)]»,° Ru(COD)(2-methylallyl},’° and
Pt(COD)Cb!? and the two ligands §)-Ph,Ph-ProNOP and §)-Ph,Ph-oxoProNOPwere prepared
according to reported procedurési, 13C and3'P spectra were recorded on Bruker AC 300 and AC
200 spectrometersH and*3C NMR chemical shifts were reported relative to TM& NMR chemical
shifts were reported relative to external 85%R@, in D,O, with downfield values taken as positive.

IR spectra are expressed in wavenumbers—fgmThe elemental analyses were performed by Wolff
Laboratories, Clichy, France. For the hydrogenation product, evaluation of conversiopssaharing

the course of the catalytic reactions were determined using a Delsi Série 30 gas chromatograph, on a
Chrompack FS-CYCLODEX BETA-I/P capillary column (25x0.32 mm, film depth 0.25 mm). The
determination of the optical purity of the alcohol obtained from the reduction of the branched aldehyde
was performed on the same chiral column.
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5.1. Synthesis o§}-Ph,Ph-ProliNOP4

In a Schlenk tube under nitrogen, the organic precurSpipioline (L) (0.289 g, 2.5 mmol) was
suspended in a mixture of diethyl ether (40 ml) and triethylamine (5 ml, 36 mmol). Then, under vigorous
stirring, a solution containing CIPRI1.1 g, 5 mmol, 2.02 equiv.) in diethyl ether (15 ml) was added
dropwise over a period of 15 min. The stirring was maintained and the reaction was monitot&el by
NMR. The end of the reaction was observed with the complete disappearance of the chlorophosphine
(average of 24 h). The ligan®)-Ph,Ph-ProliNOP4) was isolated, via a single filtration through a fritted
glass funnel followed by evaporation of the solvent under reduced pressure and drying under vacuum, as a
white air sensitive gum in 95% yield (1.15 g). IR (KBr, ci): vco 1729. Anal. calcd for goHa7NO2Ps:

C, 72.04; H, 5.62; N, 2.89. Found: C, 71.59; H, 5.74; N, 289 NMR (CD2Cly, 8, ppm): 7.62 (m,
20H, Ph), 3.27 (m, 1H, CHN), 3.03 (m, 1H), 2.28 (m, 2H), 2.19 (m, 1H), 1.98 (m, 1H), 1.83 (m, 1H).
BC(*H) NMR (CD2Cly, §, ppm): 175.2 (s, CO), 132.9-128.9 (m, Ph), 66.6)¢¢=35 Hz,CHCO), 47.7

(d, Jcp=6 Hz, NCHH), 31.9 (d,Jcp=6 Hz, NCHHCHH), 26.2 (s, NCKCHH). 3!P(*H) NMR (CD,Cly,

0, ppm): 101.4 (s, PO), 49.9 (s, PN).

5.2. Synthesis of§}-Ph,Ph-oxoProliNOF5

The organic precursof§-pyroglutamic acidZ) (0.3 g, 2.3 mmol) and chlorodiphenylphosphine (1.04
g, 4.7 mmol, 2.03 equiv.) were reacted following a procedure identical to that describéd Aor
analogous workup gavé&)-Ph,Ph-oxoProliNOP as a white powder in 91% vyield (1.05 g). Anal. calcd
for CooH25NOsP,: C, 70.02; H, 5.06; N, 2.82. Found: C, 70.53; H, 5.31; N, 27%.NMR (CD,Cl,,

0, ppm): 7.45 (m, 20H, Ph), 4.17 (m, 1H, NCH), 2.42 (m, 3HHKICHH), 2.09 (m, 1H, CHHCHH).
BC(*H) NMR (CD.Cly, 8, ppm): 179.8 (dJcp=4 Hz, NCO), 175.2 (s, CO0), 135-128 (m, Ph), 62.54
(s, NCH), 31.2 (s, OCHH), 26.2 (s, NCHCHH).

5.3. Synthesis of}-Ph,Ph-IndoliNOP6

The organic precursoff-indoline-2-carboxylic acid3) (0.32 g, 1.96 mmol) and chlorodiphenylphos-
phine (0.874 g, 3.96 mmol, 2.02 equiv.) were reacted following a procedure identical to that described
for 5. An analogous workup gavesfPh,Ph-IndoliNOP6 as a white gum in 93% yield (0.97 g). IR
(KBr, cm™1): vco 1726. Anal. caled for ggHa7NOoP,: C, 74.57; H, 5.12; N, 2.63. Found: C, 74.02; H,
4.93; N, 2.42H NMR (CD,Cly, §, ppm): 7.50 (m, 24H, Ph), 4.90 (m, 1H, CH), 3.75 (ddyy=10.8 and
6.21 Hz, G4H), 3.24 (m, 1H, CHH). 13C(*H) NMR (CD,Cl, §, ppm): 174.3 (s, CO), 152.2 (s, NC(C)C),
137.7-113.3 (m, Ph), 66.93 (m, NCH), 37.19J8p=Hz, CHH).3'P(*H) NMR (CD,Cl>, §, ppm): 102.3
(s, PO), 43.5 (s, PN).

5.4. Synthesis of RU|-Ph,Ph-oxoProliNOP}(2-methylallyd)10

In dichloromethane, under stirring, a solution containing the precursor Ru(COD)(2-methytéllyl)
(0.167 g, 0.5 mmol) andSj-Ph,Ph-oxoProliNOP (0.271 g, 0.56 mmol) was heated at reflux for 2 h.
After cooling to room temperature, the crude reaction mixture was filtered through a pad of Celite (1
cm). After concentration of the mixture under reduced pressure (1-2 ml), hexane (10 ml) was added to
precipitate a yellow—brown powder which was collected by filtration, washed with hexareni® and
dried under vacuum. Complé2 was isolated in 70% yield (0.276 g) with a spectroscopic purity of 90%
as determined b§'P NMR.
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5.5. Synthesis of Pt§)-Ph,Ph-ProliNOP}C} 11

Under nitrogen, the platinum complex Pt(COD)EI (0.166 g, 0.45 mmol) was reacted with
(0.215 g, 0.46 mmol) in dichloromethane (40 ml) under stirring for 3 h at room temperature. After
removal of the solvent from the colorless solution and drying under reduced pressure, chfnpiex
isolated in quantitative yield as a white solid (0.33 g). IR (KBr, @ vco 1777. Anal. calcd for
C29H27C|2N02P2Pt C, 46.50; H, 363, N, 1.87. Found: C, 45.90; H, 39, N, l.lFBNMR (CD2C|2, 8,
ppm): 7.53 (m, 20H, Ph), 5.61 (dd, 18+5.5,J=7.5 Hz, CHN), 2.53 (m, 6H, BoCH>CH>). 3C(*H)

NMR (CDCly, &, ppm): 165.9 (dJcp=6 Hz, CO), 134.9-127.8 (m, Ph), 64.77 (m, NCH), 49.9 (s,
NCHy), 28.1 (d,Jcp=5.8 Hz, NCHCH>), 27.1 (d,Jcp=4.4 Hz, NCHCH,). 31P(*H) NMR (CD,Cl,, §,
ppm): 91.4 (dJpp=11.8 Hz,Jpip=4014 Hz, PO), 53.0 (dlpp=11.8 Hz,Jpip=3871 Hz, PN).

5.6. Synthesis of Pt§j-Ph,Ph-oxoProliNOP}C] 12

The ligand5 (0.15 g, 0.30 mol) and Pt(COD)£(0.113 g, 0.30 mmol) were reacted following a
procedure identical to that reported fbt. An identical workup gavd 2 as a white solid in 98% vyield
(0.225 g). Anal. calcd for €gH27CIoNOsP,Pt: C, 45.6; H, 3.30; N, 1.83. Found: C, 45.20; H, 3.30; N,
1.74.*"H NMR (CDCly, §, ppm): 7.45 (m, 20H, Ph), 5.60 (dd, 1B£5.6,J=7.5 Hz, NH), 2.35 (m, 4H,
CH,CHp). 3C(*H) NMR (CDCly, 8, ppm): 176.1 (dJcp=3 Hz, NCO), 164.4 (dJcp=5 Hz, COO),
135.2-126.4 (m, Ph), 64.7 (m, NCH), 32.3 (s, NCH}), 23.1 (s, NC@H>).

5.7. Synthesis of Pt§)-Ph,Ph-IndoliNOP}C} 13

Theligand6 (0.2 g, 0.38 mol) and Pt(COD)&({0.14 g, 0.38 mmol) were reacted following a procedure
identical to that reported fdkl. An identical workup gavéd3 as a white solid in 97% vyield (0.29 g). IR
(KBr, cm™1): vco 1779.1H NMR (CD2Cly, §, ppm): 23C(*H) NMR (CD,Cl,, §, ppm): 164.9 (s, CO),
135.0-123.4 (m, Ph), 46.7 (s, NCH), 31.5 Jgp=35 Hz, NCHCH,). 3'P(H) NMR (CDCl,, &, ppm):
91.9 (d,Jpp=12.8 Hz,Jpp=3933 Hz, PO), 49.7 (dlpp=12.8 Hz,Jp;p=3918 Hz, PN).

5.8. General procedure of hydrogenation

Reactions were carried out in a magnetically stirred and double-walled 50 ml stainless steel reactor
by using 6<10~2 mol of recrystallized dihydro-2,4-dimethyl-2,3-furandion&4y and the M-AMPCP
catalyst (substrate:M=200:1) dissolved in 30 ml of distilled dichloromethane. The mixture was charged
in the stainless steel autoclave. Hydrogenations were carried out under the specified pressuse of H
the given temperature and for the times reported in the table. At the end of the reaction, the solvent
was evaporated under reduced pressure and diethyl ether was added to precipitate the complexes. After
filtration on silica gel (X1 cm), diethyl ether was evaporated under vacuum and the products were
analyzed by chiral capillary chromatography.

5.9. Procedure for hydroformylation

As for previous sections, all catalytic hydroformylations were performed in a magnetically stirred
and double-walled 50 ml stainless steel reactor. In a typical experiment, a solution of the cocatalyst
SnChb-2H,0 (0.1 mmol) and of the platinum complex (0.1 mmol) in dichloromethane (10 ml) was
introduced in the reactor under dinitrogen. Then, styrene (10 mmol) and the internal standard (n-decane)
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were introduced. The reactor was sealed, pressurized to 135 atm with, QO3 and heated at 50°C.

The reaction was monitored by GLC analysis of aliquots of the reaction mixture. When the reaction was
stopped, the reactor was cooled to room temperature and depressurized. The pale-yellow solution was
analyzed by GLC to determine the selectivities into hydroformylated (branched and normal) products
and ethylbenzene. Pentane was added to the crude reaction mixture to precipitate the catalyst. The
resulting solid was filtered off and the filtrate was concentrated under reduced pressure. Diethyl ether
(20 ml) was added followed by an excess of NaBAfter stirring at room temperature for 30 min, water

was slowly added to the reaction mixture (10 ml). The alcohols were extracted with diethyl ether and
washed with water. After drying with MgS@and filtration, the solution was analyzed by chiral capillary
chromatography.
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