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Abstract : Syntheses of new easily accessible chiral alkylarylamidophosphinephosphinite chelating
ligands are described. Their rhodium complexes [Rh(Lz*)Cl]z are highly effective precursors for the
catalytic asymmetric hydrogenation of functionalized ketones. Ketopantoyllactone and N-benzylphenyl
glyoxamide are converted to the corresponding alcohols up to 96 and 79.6 % ee respectively.

Considerable efforts have been devoted to the elaboration of functionalized ketones to optically active
hydroxy compounds.! As such, increasing attention is being directed at asymmetric hydrogenation involving
rhodium and ruthenium catalysts. Thus, rhodium and ruthenium complexes bearing chiral diphosphines are
now readily available and offer a great variety of activities and selectivities for that reaction.2

We have had an ongoing interest in the synthesis and application in asymmetric catalysis of easily accessible
chiral diphosphine ligands.3 Thus, we recently reported on the enantioselective hydrogenation of a ketoester
(ketopantoyllactone)* (1) and a ketoamide (N-benzylphenylglyoxamide)S (2) in the presence of chiral
diphosphine rhodium catalysts ([Rh(COD)Cll2/L2*) (COD : 1,5-cyclooctadiene).6 We have described the easy
synthesis of chiral bidentate aminophosphinephosphinite (AMPP) ligands bearing different substituents at the
aminophosphine and phosphinite residus (general formula 3 and 4), and we have shown that these mixed
ligands were the most active and selective for the asymmetric hydrogenation of activated ketones 1 and 2.6
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Also, we proposed that the reaction rate and the enantioselectivity of the asymmetric hydrogenation are both
controlied by the phosphinamino moiety.62 Hence, we sought to study the synthesis and application of new
closely related diphosphines with specific constraints and electronic properties in order to improve both activity
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and selectivity for the hydrogenation. In this communication, we report the synthesis of new chelating
diphosphine ligands derived from amidoalcohols and their use in enantioselective hydrogenation of ketones 1
and 2.°

Amidoalcohols § and 6 were easily synthesized through standard procedures starting from (S)-(+)-mandelic
acid and L-lactic acid, respectively. Then, under nitrogen, the reaction of these amidoalcohols with one
equivalent of chlorodicyclopentylphosphine? (diethyl ether, room temperature) in presence of an excess of
triethylamine and subsequently one equivalent of chlorodiphenylphosphine gave unsymmetrical diphosphines 7
and 8 as white powders in 76 and 94 % yield respectively after work up.

Commercial (8)-5-(hydroxymethyl)-2-pyrrolidinone (9) was similarly converted to the corresponding (S)-
Cp,Ph-5-0x0-ProNOP (10) (scheme 1) in 85% yield by subsequent additions of chlorodicyclopentylphosphine
and chlorodiphenylphosphine. Reaction of the precursor 9 with two equivalents of chlorodiphenylphosphine or
chlorodicyclopentylphosphine gave the ligands (S)-Ph-5-oxo-ProNOP) (11) (80% yield) and (S)-Cp-5-oxo-
ProNOP (12) (81% yield) (scheme 1). These synthesized ligands were characterized by NMR (1H, 13C and
31p)‘8

Next, optically active neutral rhodium catalysts of general formula {Rh(L,*)Cl]; were generated from the
dimeric [Rh(COD)CI}»9 and 2.2 equivalents of ligands 7, 8, 10, 11 or 12 (PhMe, room temperature). These
catalysts were prepared either in situ or isolated quantitatively as orange powders prior to catalysis. They were
characterized analogously to the previously reported complexes.6b

Ph ¢ CH;y g Ph o)
XL el e
HW i NHCH,Ph HY A NHCH, HY | NCH3Ph
OH § H ¢ /O I
CpoP PPh;
CH;
\ Cp=cyclopentyl
.i—( oH
W NCH3 S
- O H
VA Y
PPh
CpoP 8 2 H 9

Asymmetric hydrogenations of 1 and 2 were carried out in toluene at a temperature ranging from room
temperature to 50 °C, under hydrogen from 1 to 60 bar. The substrates were hydrogenated quantitatively in fair
to high optical yields (47 - 96% ee) to the corresponding optically active alcohols (isolated in > 90% and > 95%
yield, respectively). The results are summarized in table 1. The higher ec's were associated with the more basic
and constraining ligand 12 (for 1 96% ee, run 5 and for 2 79.6% ee, run 11). As expected from our previous
hypothesisfa related to the control of the N-PR> coordination site on the activity as well as the selectivity of the
hydrogenation of 1, a cyclopentyl substituted ligand (12) (run 5) gave similar results as compared to a ligand
bearing only one cycloalkyl ligand on the P-N moiety (10) (run 3). Accordingly, in the presence of a less basic
ligand (11), more drastic conditions were required to obtain reasonable reaction rates (runs 4 and 10). If we
compare the asymmetric induction obtained under the same catalysis conditions with (§)-Cp-ProNOP (3,
R=R'=Cp) based catalysts (tj/2 = 19 mn, ee = 75.6% (R))6b and run 5 (t12 = 17 mn, ee = 96% (R)) we
observe a net increase in enantioselection. This is attributed to a higher constraint of the pyrrolidinone ring
compared to the pyrrolidine ring. Nevertheless, for both ligands the activities are the same. Noteworthy is the
inversion of configuration for the hydrogenated products if compared to the cyclic ligands (runs 1 and 2 vs 3 to
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Sandruns 7and 8 vs 9 to 11).

Temperature effect on the selectivity was also investigated. We could observe that the enantioselectivity
increased slightly with the temperature in the hydrogenation of 1 (96% ee at 20 °C and 96.9% at 70 °C for ligand
12). In contrast, for substrate 2, an increase of temperature gave a decrease in ee for the hydrogenation of 2
(79.6% ee at 20 °C, 75.5% ee at 50 °C with ligand 12). When the substrate to catalyst ratio was increased to
10000:1, there was no loss in enantioselectivity (run 6). In this case, the hydrogenation of 1 went to completion
within 2 hours under 60 bar of Hj and at room temperature (95% ee). To the best of our knowledge, the neutral
rhodium complex of the new chiral ligand 12 is the most effective catalyst so far reported for the asymmetric
hydrogenation of 1 (96% ee).
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Scheme 1.

Table 1 : Hydrogenation of actived ketones 1 and 2 in presence of rhodium-amidophosphiniphosphinite

catalystsa,
Reaction
Substrate Run Ligand Py, T time ee (%)°
(bar) C) (hyP (config.)
1 7 50 50 20 904 (S)
2 2 8 50 50 20 86.2 (S)
3 10 1 20 26 90.7 (R)
0 4 11 s 20 48 518 (R)
! 5 12 1 20 12 96 (R)
6d 12 60 20 2 95 (R)
7 LARD TN S 17 533 ®)
°>_<° 8 8 50 50 24 70 (R)
Ph NHCH,Ph 9 10 60 20 18 61 (S)
2 10 11 50 50 19 474 (S)
11 12 50 50 23 79.6 (S)

a Reactions were carried out by using 6.10-3 M of recristallized substrates in dry degassed toluene. Substrate:Rh : 200:1, For the
reactions done under pressure a 100 ml stainlesss steel autoclave was used. P The total conversion was determined by GC for 1 and
‘H NMR for 2. © Determined by GC analysis (FS-Cyclodex beta-I/P) for hydrogenation product of 1 and based on the specific
rotation value [o]p26 = + 82.2 (¢ 1.09, CHCI3) for (S) - (+) - N - benzylmandelamide.10 d Substrate:catalyst : 10000:1.

In summary, this study has shown the ready accessibility of new diphosphine ligands. Also, they are of
considerable interest when used for high efficient asymmetric hydrogenation of ketones. The results presented
confirm our previous hypothesis that activities and selectivities are both controlled by the phosphinamino
moiety.62 New catalysts and asymmetric induction studies are under way and will be described in subsequent
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reports. 11
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