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Abstract

The hydrogenation of acetoacetanilide in the presence of optically active ruthenium catalysts leads to 3-
hydroxy-N-phenylbutanamide in good yield and high enantioselectivity (ee>95%). Its direct phosphinylation with
chlorodiphenylphosphine affords a new bifunctional amido-phosphinite ligand that can easily be coordinated to
[(arene)RuCl;] and to the CpRuCl(PPh3) moiety with very good stereoselectivity from CpRuCl(PPh3);. © 1998
Elsevier Science Ltd. All rights reserved.

1. Introduction

Efficient asymmetric catalysis in the presence of metal complexes requires the utilization of functional
mono- or polydentate optically active ligands. A breakthrough in this area was the preparation of a variety
of chiral diphosphine ligands with C; symmetry.! Unsymmetrical ligands and molecules containing two
different phosphorus chelating groups have also found useful applications in enantioselective hydro-
genation of olefins, ketones and imines associated with transition metals such as rhodium, ruthenium
or iridium.? Recently, new heterobidentate P-O,3 P-N,24:34 P_S5 ligands exhibiting efficient stereo-
induction properties have appeared. It has also been shown that phosphinite ligands have potential in
asymmetric hydrovinylation of olefins,® dimerization of dienes,” hydrocyanation,® allylic substitution,?
and hydrogenation of C—~C double bonds!? and ketones.!! We report here the synthesis of a new amido-
phosphinite ligand and its use in the preparation of new ruthenium complexes.
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2. Results and discussion

The preparation of optically active 3-hydroxy-N-butanamide 2 has already been reported in a five
step synthesis starting from commercially available sodium 3-hydroxybutyrate.!? This preparation was
considerably shortened by performing the enantioselective hydrogenation of acetoacetanilide 1 in the
presence of an enantiomerically pure ruthenium catalyst containing an atropoisomeric ligand. Thus, 2 g
of acetoacetanilide 1 was hydrogenated in methanol under 30 bar of hydrogen at 60°C in the presence
of 0.2 mol% of [((R)-Binap)RuCl,]NEt3!3 to give (R)-3-hydroxy-N-butanamide 2 in 99% isolated yield
and more than 95% ee (Eq. 1). The absolute configuration of 2 was established from the literature data!?
and the enantiomeric excess was determined by HPLC with a chiral (S,S)-Whelk 0-1 column. Under
similar conditions the catalytic species [((R)-Binap)RuCl,] generated in situ from ((R)-Binap)Ru(2-
methylallyl), and HC1'*!3 led to the same result, whereas ((R)-Binap)Ru(O,CCF3), afforded 2 in almost
quantitative yield but with less than 10% ee. These results are in perfect agreement with the literature
data concerning the nature of the achiral ligands in asymmetric hydrogenation of functional ketones with
ruthenium catalysts. !
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((R)-Binap)RuCl2)2NEt3 (1)
MN’Ph + H2 - /k/lLthh (l)
v MeOH, 60 °C, 48 h, S/C= 500 i)
1 H2 : 30 bar (R)-2

After treatment at room temperature for 72 h of 1 g (5.6 mmol) of (R)-2 with 1.26 ml (7 mmol) of
chlorodiphenylphosphine in 200 ml of diethyl ether in the presence of 10 ml of triethylamine, the new
phosphinite 3 was collected by filtration, redissolved in diethyl ether, purified over alumina and isolated
in 75% yield (Eq. 2) according to a reported protocol. !¢
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Only one signal characteristic of a phosphinite group was detected in 3'P NMR at 111.29 ppm.
Satisfactory elemental analyses and spectroscopic data were obtained for this phosphinite showing an
optical rotation of —82 (c=1 g 1=, EtOH).

This ligand was expected to cleave the [(arene)RuCl;], dimers to give the corresponding
(arene)RuCl; (phosphinite) complexes via monohapto coordination of the phosphinite group. Indeed, 3
reacted with [(p-cymene)RuCl,]; in methanol at room temperature for 20 h to afford complex 4 as red
needles in 95% vyield after evaporation of the solvent, washing with diethyl ether and recrystallization
from a dichloromethane-hexane mixture (Eq. 3). The chemical purity of the compound was confirmed
by a single 3!P NMR signal at 115.50 ppm.
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Our attempts to prepare a cationic ruthenium(II) complex via elimination of a chloride by NH4PFg and
n?-coordination of the ligand 3 involving both the phosphinite and the amido group failed. This can be
explained by the high lability of the amido group and can be compared to the difficulty of phosphinoesters
to give a bidentate ligand,!” but contrasts with the easy obtention of cationic ruthenium(II) complexes
from aminophosphine—-phosphinite ligands,'® showing that the coordinating ability of an amido group is
much weaker than that of a phosphorus group.

It was also possible to prepare a cyclopentadienyl ruthenium(II) complex by treating the
(Cp)RuCl(PPh3); precursor with 3 in benzene at 80°C for 1.5 h. After evaporation of the solvent,
washing with diethyl ether and recrystallization from a CH;Cl,/ether mixture, orange crystals of § were
isolated in 90% yield (Eq. 4).
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The 3!P NMR analysis of the crude mixture indicated a diastereomeric excess of 95%, similar to the
enantiomeric excess of the free ligand. This result shows that the coordination of the phosphinite to the
prochiral CpRuCl(PPh3) moiety takes place with an excellent diastereoselectivity. One recrystallization
of the crude reaction mixture made possible the isolation of only one diastereomer 5; its 3'P NMR
spectrum exhibited two singlets at 43.9 and 143.51 ppm, corresponding to the phosphine and phosphinite
group, respectively.
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The cleavage of the Ru—Cl bond could be easily achieved in methanol in the presence of K>CO3
(Eq. 5) but racemization occurs and the ruthenium hydride complex 6 was isolated as a mixture of two
diastereomers in a 70:30 ratio.

3. Conclusion

We have synthesized a new optically active bifunctional amido-phosphinite ligand via enantioselective
hydrogenation of a B-ketoamide, and prepared optically pure ruthenium complexes containing this
ligand. The use of the new complexes 4 and 5 for the reduction of the ketonic C=0 bond of ketoamides
either under hydrogen pressure or hydrogen transfer conditions is under investigation.
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4. Experimental section
4.1. (R)-(—)-3-Hydroxy-N-phenylbutanamide 2

Acetoacetanilide 1 (2 g) and [((R)-Binap)RuCl; ], -NEt; (20 mg) were placed into a 125 ml autoclave.
After degassing, 125 ml of distilled methanol was added and the autoclave was pressurized to 30 bar with
dihydrogen. After heating at 60°C for 48 h, the resulting 3-hydroxy-N-phenylbutanamide was purified
over a silica column eluted with diethyl ether and collected as a white powder. The enantiomeric excess
was determined by HPLC with an (S,S)-Whelk 0-1 column eluted with a hexane:isopropanol (90:10)
mixture. Yield 99%, mp 105°C. IR v (cm™'): 1552, 1607, 1672, 3290, 3410. 'H NMR (200 MHz,
CDCls), 6 ppm 1.26 (d, 3H, J=6.3 Hz, CH3), 2.36-2.55 (m, 2H, CH;), 3.20 (s, 1H, OH), 4.10—4.31
(m, 1H, CHOH), 7.09 (t, 1H, J=7.2 Hz, Ph), 7.30 (dd, 2H, J=7.6 and 7.2 Hz, Ph), 7.47 (d, 2H, J=7.6
Hz, Ph), 7.83 (s, 1H, NH). 13C NMR {'H} (50 MHz, CDCl3), 8 ppm 23.12 (s, CH3), 45.23 (s, CHa),
65.06 (s, CH), 120.29 (s, 20-C(Ph)), 124.58 (s, p-C(Ph)), 129.01 (s, 2m-C(Ph)), 137.62 (s, ipso-C(Ph)),
170.60 (s, CO). [a]p?® —37 (c=1.0 g 17!, CHCl3); ee 95%. Anal. found: C 66.91, H 7.31, N 7.81; calcd
for CjoH;3NO;: C 67.02, H 7.32, N 7.81.

4.2. (R)-(—)-3-Diphenylphosphinito-N-phenylbutanamide 3

Amidoalcohol 2 (1 g, 5.6 mmol) and degassed triethylamine (10 ml) were added to a Schienk tube
containing 200 ml of diethyl ether. Ph,PCI (1.26 ml, 7 mmol) was added dropwise under nitrogen and a
white solid immediately appeared. After 72 h of stirring at room temperature, the solution was filtrated
and the solvent was removed. The remaining white solid was redissolved in diethyl ether and purified
over a neutral alumina column. Yield 75%, m.p. 104. IR v (cm™1) 351, 1433, 1539, 1600, 1675. 3P NMR
(81 MHz, CDCl3), 8 ppm 111.29 (s, OPPh;). 'H NMR (200 MHz, CDCl3), & ppm 1.39 (d, 3H, CHs,
J=6.3 Hz), 2.54-2.77 (m, 2H, CH3), 4.39-4.62 (m, 1H, CH), 6.95-7.49 (m, 15H, Ph), 7.79 (s, 1H, NH).
I3C NMR (75 MHz, CDCl3), § ppm 22.05 (qd, CH3, J=125.8 Hz, Jcp=5.8 Hz), 42.27 (td, CH,, J=127.9
Hz, Jcp=5.2 Hz), 74.55 (dd, CH, J=142.1 Hz, Jcp=21.9 Hz), 119.74 (d, CH(Ar), J=162,6 Hz), 124.07
(d, CH(Ar), J=160.2 Hz), 127.30-130.84 (m, CH(Ar)), 137.87 (s, ipso-C PhNH), 141.50 (d, ipso-C(Ph),
J=30.5 Hz), 141.80 (d, ipso-C(Ph), Jcp=32.0 Hz), 168.75 (s, CO). [&]p —82 (c=1 g 1!, EtOH). Anal.
found: C 71.72, H 5.97, N 3.76; calcd for C;;H2,NO,P: C 72.71, H 6.10, N 3.85.

4.3. (p-Cymene)(n' -amido-phosphinite)RuCl, 4

Amido-phosphinite 3 (0.348 g, 0.95 mmol) and 0.264 g (0.43 mmol) of [(p-cymene)RuCl,], were
dissolved under an inert atmosphere of nitrogen in 14 ml of degassed methanol. After stirring for 20 h, the
solvent was evaporated and the resulting red solid was purified by washing with 2Xx5 ml of diethyl ether.
Yield 95%. IR v (cm™!) 1539, 1600, 1617, 1630, 1682, 3414, 3445, 3478, 3550. 3'P NMR (81 MHz,
CDCl3), & ppm 115.50 (s, OPPh,). '"H NMR (200 MHz, CDCl3), & ppm 0.83 (d, 3H, CH3, J=6.9 Hz),
1.03 (d, 3H, isopropyl CHj3, J=7.0 Hz), 1.04 (d, 3H, isopropyl CHj3, J=5.9 Hz), 1.86 (s, 3H, CH3-AIr),
2.36-2.65 (m, 3H, CH;+isopropyl CH), 4.53—4.81 (m, 1H, OCH), 5.03 (d, 1H, =CH p-cymene, J=5.8
Hz), 5.15 (d, 1H, =CH p-cymene, J=5.4 Hz), 5.22-5.40 (m, 2H, =CH p-cymene), 6.96-7.93 (m, 15H,
Ph), 9.04 (s, 1H, NH). 13C NMR {!H} (75 MHz, CDCl;), 8 ppm 15.32, 17.35 (2s, CH; p-cymene),
21.23 (d, CH3CHOPPh;, Jcp=3.2 Hz), 22.48 (s, CH3; p-cymene), 30.09 (s, CH p-cymene), 53.54 (d,
CH,, Jcp=2.9 Hz), 73.76 (d, CHCH;, Jcp=6.0 Hz), 86.30 (d, =CH p-cymene, Jcp=5.1 Hz), 88.80 (d,
2=CH p-cymene, Jcp=7.5 Hz), 93.46 (d, =CH p-cymene, Jcp=5.9 Hz), 96.14, 110.81 (2s, C quat., p-
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cymene), 119.54-133.88 (15s, =CH(Ph)), 135.59 (d, C ipso Ph, Jcp=46.1 Hz), 138.88 (s, C ipso PhNH),
139.24 (d, C ipso Ph, Jcp=54.4 Hz), 168.71 (s, CO). [a]p —12 (c=1.2 g I"!, CHCl3). Anal. found: C
57.88, H 5.38, N 2.09, P 3.55; calcd for C3H3sNO,PClRu: C 57.40, H 5.42, N 2.09, P 4.62.

4.4. (Cyclopentadienyl)(n' -amido-phosphinite)RuCIl(PPh3) 5

Amido-phosphinite 3 (0.15 g, 0.40 mmol) and 0.24 g (0.33 mmol) of (cyclopentadieny)RuCl(PPhs3 ),
were dissolved under an inert atmosphere of nitrogen in 10 ml of benzene. After stirring at 80°C for 1.5
h, the solvent was evaporated, the resulting orange solid was washed with 15 ml of diethyl ether, dried
under vacuum, dissolved in dichloromethane and recrystallized by diffusion in the presence of diethyl
ether. Orange crystals were obtained in 90% yield. IR v (cm™!) 696, 1434, 1538, 1598, 1679, 3052. 3'P
NMR (81 MHz, CDCl3), 8§ ppm 43.90 (d, PPhs, Jpp=59.0 Hg), 143.51 (d, OPPh,, Jpp=59.0 Hz). 'H
NMR (200 MHz, CDCl3), 6 ppm 1.01 (d, 3H, CH3, J=6.5 Hz), 1.83 (dd, 1H, CH3, J=13.5 and 4.0 Hz),
2.23 (dd, 1H, CH;, J=13.5 and 3.8 Hz), 3.64-3.90 (m, 1H, CH), 4.14 (s, 5H, Cp), 6.81-6.93 (m, 30H,
Ph), 9.53 (s, 1H, NH). 13C NMR {!H} (50 MHz, CDCl3), 8 ppm 21.22 (s, CH3), 46.09 (s, CH3), 72.74 (d,
CH, Jcp=16.7 Hz), 82.55 (s, Cp), 120.14-134.73 (20s, =CH(Ph)), 137.56 (d, C ipso PPh3, Jcp=40.3 Hz),
139.41 (d, C ipso OPPhy, Jcp=34.6 Hz), 139.56 (s, C ipso PhNH), 142.16 (d, C ipso OPPhz, Jcp=40.1
Hz), 169.26 (s, CO). [&]p +190 (c=0.7 g 1-!, CHCl3). Anal. found: C 65.34, H 5.08, N 1.88, P 7.35;
calcd for C45sH4NO,P,CIRu: C 65.33, H5.11, N 1.69, P 7.49.

4.5. (Cyclopentadienyl)(n! -amido-phosphinite)RuH(PPhs ) 6

Complex 5 (0.233 g, 0.28 mmol) and 0.071 g (0.56 mmol) of K;CO; were dissolved in 15 ml of
degassed methanol under nitrogen. The solution was stirred at room temperature for 20 h. After filtration,
the solvent was evaporated and the solid was dissolved in diethyl ether, filtered again and the solution
was evaporated to dryness. A yellow powder was collected. Yield 80%. IR v (cm~1) 683, 1088, 1477,
1499, 1540, 1599, 1669, 1959, 3130. 3!P NMR (81 MHz, C¢Dg), 8 ppm dia I: 67.77 (d, PPhs, Jpp=36.6
Hz), 158.15 (d, OPPh,, Jpp=36.6 Hz); dia 2: 68.48 (d, PPhs, Jpp=36.6 Hz), 158.15 (d, OPPh;, Jpp=36.6
Hz). 'H NMR (200 MHz, C¢Dg), 8 ppm (dia 1/dia 2=1/2) dia 1: —11.57 (dd, 1H, Ru-H, J5p=32.3 and
30.5 Hz), 1.23 (d, 3H, CHj3, J=6.1 Hz), 2.25-2.62 (m, 2H, CHy), 4.70 (s, SH, Cp), 5.12-5.56 (m, 1H,
CH), 6.95-7.93 (m, 31H, Ph+NH); dia 2: —11.55 (dd, 1H, Ru-H, J4p=33.6 and 31.2 Hz), 1.40 (d, 3H,
CHjs, J=6.2 Hz), 2.25-2.62 (m, 2H, CH>), 4.76 (s, SH, Cp), 5.12-5.56 (m, 1H, CH), 6.95-7.93 (m, 31H,
Ph+NH).

Acknowledgements

The authors wish to thank the E. U. for an Erasmus grant to M. O. from the University of Graz
(Austria).

References

1. (a) Dang, T. P.; Kagan, H. B. J. Chem. Soc., Chem. Commun. 1971, 481; (b) Vineyard, B. D.; Knowles, W. S.; Sabacky,
M. J.; Bachman, G. L.; Weinkauff, D. J. J. Am. Chem. Soc. 1977, 99, 5946-5952; (c) Miyashita, A.; Yasuda, A.; Takaya,
H.: Toriumi, K.; Ito, T.; Souchi, T.; Noyori, R. J. Am. Chem. Soc. 1980, 102, 7932-7934.



2284

2.

N2 B B~ ))

11.

12.
13.

14,

15.

16.

17.

18.

P. Le Gendre et al. / Tetrahedron: Asymmetry 9 (1998) 2279-2284

(a) Oliver, J. D.; Riley, D. P. Organometallics 1983, 2, 1032-1038; (b) Morimoto, T.; Nakajima, N.; Achiwa, K. Synlett
1995, 748-750; (c) Achiwa, K. J. Am. Chem. Soc. 1976, 98, 8265-8266; (d) Hayashi, T.; Kumada, M. Acc. Chem. Res.
1982, 15, 395-401.

. (a) Hayashi, T.; Hayashisaki, K.; Hiyoi, T; Ito, Y. J. Am. Chem. Soc. 1988, 110, 8153-8156; (b) Uozumi, Y.; Hayashi, T.

J. Am. Chem. Soc. 1991, 113, 9887-9888; (c) Minami, T.; Okada, Y.; Otaguro, T.; Tawaraya, S.; Furuichi, T.; Okauchi, T.
Tetrahedron: Asymmetry 1995, 6, 2469-2474; (d) Keim, W. Angew. Chem. Int. Ed. Engl. 1990, 29, 235-244; (e) Nakagawa,
Y.; Kanai, M.; Nagaoka, Y.; Tomioka, K. Tetrahedron Lett. 1996, 37, 7805-7808.

. (a) Hayashi, T.; Konishi, M.; Fukushima, M.; Kanehira, K.; Hioki, T.; Kumada, M. J. Org. Chem. 1993, 48, 2195-2202;

(b) Kubota, H.; Koga, K. Tetrahedron Lert. 1994, 35, 6689-6692; (c) Wimmer, P.; Widhalm, M. Tetrahedron: Asymmetry
1995, 6, 657-660; (d) Sprinz, J.; Helmchen, G. Tetrahedron Lett. 1993, 34, 1769-1772; (e) Dawson, G. J.; Frost, C. G;
Williams, J. M. J. Tetrahedron Lett. 1993, 34, 3149-3150; (f) von Matt, P.; Pfaltz, A. Angew. Chem. Int. Ed. Engl. 1993,
32, 567-568; (g) Brown, J. M.; Hulmes, D. L.; Guiry, P. J. Tetrahedron 1994, 50, 4493-4506; (h) Togni, A. Chimia 1996,
50, 86-93.

. (a) Togni, A.; Rihs, G. Organometallics 1992, 11, 613-621; (b) Gladiali, S.; Dore, A.; Fabri, D. Tetrahedron: Asymmetry

1994, 5, 1143-1146.

. Buono, G.; Siv, C.; Peiffer, G.; Triantaphylides, C.; Denis, P.; Mortreux, A.; Petit, F. J. Org. Chem. 1985, 50, 1781-1782.
. Denis, P; Jean, A.; Croizy, J. E; Mortreux, A.; Petit, F. J. Am. Chem. Soc. 1990, 112, 1292-1294.

. RajanBabu, T. V.; Casalnuovo, A. L. J. Am. Chem. Soc. 1992, 114, 6265-6266.

. (a) Trost, B. M.; Murphy, D. J. Organometallics 1985, 4, 1143-1145; (b) Trost, B. M.; van Vranken, D. L. J. Am. Chem.

Soc. 1990, 112, 1261-1263; (c) ibid 1993, 115, 444-458.

. (a) Heller, D.; Kadyrov, R.; Michalik, M.; Freier, T.; Schmidt, U.; Krause, H. W. Tetrahedron: Asymmetry 1996, 7,

3025-3035; (b) Ait Ali, M.; Allaoud, S.; Karim, A.; Roucoux, A.; Mortreux, A. Tetrahedron: Asymmetry 1995, 6, 369-370;
(c) Tanaka, M.; Ogata, 1. J. Chem. Soc., Chem. Commun. 1975, 735; (d) RajanBabu, T. V.; Ayers, T. A.; Halliday, G. A,;
You, K. K.; Calabrese, J. C. J. Org. Chem. 1997, 62, 6012-6028.

(a) Carpentier, J. F.; Mortreux, A. Tetrahedron: Asymmetry 1997, 8, 1083-1099; (b) Hapiot, F.; Agbossou, F.; Mortreux,
A. Tetrahedron: Asymmetry 1997, 8, 2881-2884; (c) ibid, 1995, 6, 11-14.

Sakaki, J.; Kobayashi, $.; Sato, M.; Kaneko, C. Chem. Pharm. Bull. 1989, 37, 2952-2960.

Ikariya, T.; Ishii, Y.; Kawano, H.; Arai, T.; Saburi, M.; Yoshikawa, S.; Akutagawa, S. J. Chem. Soc., Chem. Commun.
1985, 922-924.

Genét, . P; Pinel, C.; Ratovelomanana Vidal V.; Mallart, S.; Pfister, X.; Bischoff, L.; Cano de Andrade, M. C.; Darses, S.;
Gallopin, C.; Laffite, J. A. Tetrahedron: Asymmetry 1994, 5, 675-690.

(a) Noyori, R. Asymmetric Catalysis in Organic Synthesis; Wiley Interscience Pub: New York, 1993, pp. 56-94; (b)
Kitamura, M.; Ohkuma, T.; Inoue, S.; Sayo, N.; Kumobayashi, H.; Akutagawa, S.; Ohta, T.; Takaya, H.; Noyori, R. J.
Am. Chem. Soc. 1988, 110, 629-631.

Roucoux, A.; Thieffry, L.; Carpentier, J. F; Devocelle, M.; Méliet, C.; Agbossou, E.; Mortreux, A.; Welch, A. J.
Organometallics 1996, 15, 2440-2449.

Demerseman, B.; Renouard, C.; Le Lagadec, R.; Gonzales, M.; Crochet, P.; Dixneuf, P. H. J. Organomet. Chem. 1994, 47,
229-239.

Hapiot, F.; Agbossou, F.; Mortreux, A. Tetrahedron: Asymmetry 1994, 5, 515-518.



