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The mononuclear [Ru(bpy)z(bpym)][PFe]. complex (bpy = 2,2'-bipyridine; bpym = 2,2'-bipyrimidine) has been
prepared in its enantiopure A form. Because of the chelating property of the bipyrimidine moiety, it is possible to
use this chiral-at-metal complex as a chiral inorganic ligand for a second metal cation acting as a catalytic center.
Here we report the synthesis and the structural characterization of a novel dinuclear A-[(bpy).Ru(bpym)RuCl(p-
cymene)]** compound (1). The asymmetric-inducing properties of the enantiopure chiral-at-metal metalloligand have
been probed during asymmetric transfer hydrogenation to ketones catalyzed by 1. This provides one of the very
few illustrations of the potential of this original class of chiral inorganic ligands.

Introduction knowledge, such a strategy, based on chiral-at-metal met-
alloligand without any chiral organic ligand, was reported
o _ . > %nly once in the literature and was illustrated by rhodium/
on a combination of a metal ion at which the reaction takes ¢p,i-a| thenjum dinuclear complexes as catalysts for enantio-
place and a chiral organic ligand responsible for the qgjeciive hydrosilylation of ketones and hydrogenation of
asymmetric environment. However, at present, the inherent e droamino acid. Herein, we report our preliminary
chirality of inorganic complexes (chiraliph and A for investigations in the development of an original dinuclear

octahedra] com_plexes for example) as a source of su_ch aythenium complex bearing an enantiopure chiral metallo-
asymmetric environment has been only very rarely expldited. ligand. Synthesis, characterization of this complex and

This approach requires that a method is available for the o\ 4 ation of its catalytic properties regarding asymmetric
preparation of the chiral-at-metal complex in an enantiopure ., cfar hydrogenation to ketones are reported.

(or at least enantioenriched) form. This, in the absence of a

chiral organic ligand, remains a challenging issue. Recently, Experimental Section

using ruthenium based complexes, because of their well-

known relative configurationnal stability, we demonstrated ~ Materials. Ru(bpy}Cl>2H,0 was purchased from Strem Chemi-
that chiral mononuclear complexes, in which the only cals and 2,2bipyrimidine from Alfa Aesar. All the ketones used

. . . as substrates were commercially available. Ru(d@lg¥ was
stereogenic center was the metal ion itself, were able to y (doip)’

. . . prepared according to described procedure. JH][(A,0)-
catalyze asymmetrlc_reacth?\An evolution of our research Binphat] was provided by J. Lacour (UnivefsitGeneva, Geneva,
program was to design “chiral-at-metal”

: 1en ‘metal” complexes so that gyizerland). Solvents used in synthetic procedures were analytical
they dl_splay free_coordlnatlng_m0|et|es for binding a second grade. All the experiments were carried under dark conditions to
metal ion on which the reaction would take place. To our avoid any racemization process and under argon.

Instruments. NMR spectra were recorded on Bruker EMX 300
* To whom correspondence should be addressed. Tel: 33438789108.MHz. Electrospray mass spectrometry was performed on a Finnigan

Fax: 33438789124. E-mail: ohamelin@cea.fr. Oi ; ; _
¥ UniversiteJoseph Fourier/CEA/CNRS, LC-Q instrument. Absorption spectra were recorded with a Hewlett

* Service de Chimie Inorganique et Biologique, DRFMC.

In general, asymmetric metal-dependent catalysts are base
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Metalloligand for Asymmetric Catalysis

Table 1. Selected Bond Lengths (A) and Angles (deg) for Complexes ¢, M~ cm™1) 240 (26 157), 286 (37 985), 425 (6478), 460 (4730);

[1[PFels, [2][PFels, [4l[PFe]2, [SI[CI]® Anal. Calcd for GgHooNgF1,P,Ru,2 HO: C, 37.47: H, 2.92; Ru,
complex bond (A) angle (deg) 11.26. Found: C, 37.73; H, 2.82; Ru, 10.95.
[1[PFels Ru(1)-N(1) 2.067(3) N(1}Ru(1)-N(5) 100.25(11) A-[(bpy)2Ru(bpym)][PFe]2, (A-[3][PFel2). A solution of

Ru(1)-N(2) 2.053(3) N(1)Ru(1)-N(3) 172.63(11) A-[(bpy)Ru(py)][dibenzoyl+-tartrate] (623.0 mg, 0.67 mmol) and
238)*_“8; g-gg%g; “8;238?“8 2‘6‘-2883 2,2-bipyrimidine (106.3 mg, 0.67 mmol) in ethylene glycol (240
RU(1)-N(5) 2:083(3) N(1}-Ru(1)-N(7) 89:74(11) mL) was heated at 12TC for 5 h indark then cooled to RT. Water
Ru(L-N(7) 2.081(3) N(2-Ru(1)-N(3) 95.04(12) (150 mL) then NHPFK; (876.0 mg, 5.4 mmol) were added to the

Ru(2-N(6) 2.109(3) N(6)-Ru(2)-Cl 83.45(9) solution. Three extractions of the aqueous phase with dichlo-
Ru(2)-N(8)  2.120(3)  N(8r-Ru(2)-Cl 81.99(9) romethane, concentration in vacuo, and subsequent recrystallization
Ru(2-Cl  2.3978(12) Ru(yRu(2)-Cl 68.5

[2IPFds Ru(1-N(1) 2.095(3) N(1}Ru(l}-N(5) 93.85(13) by slow vapor diffusion of ether in an acetone solution of the
Ru(1-N(2) 2.105(3) N(2-Ru(1)-N(3) 100.59(14) complex gave the pure complex (472 mg, 81.5%) as a dark powder.
Ru(1)-N(3) 2.103(3) N(4*Ru(1)-N(7) 80.36(13) Spectroscopic data are similar to the racemic mixture. CD for
Ru(1)-N(4)  2.122(3)  N(4yRu(1)-N(5) 95.76(13) A-[(bpy)Ru(bpym)][PF]> (dichloromethane):Anax (Ae) = 223

Ru(1)>N(5 2.093(3 N(1}Ru(1)-N(4) 101.66(13 -
Rﬂgl)tN%g 2_092233 NE3;R3E1)tNgSg 171_10513; (—0.1), 235 (2.7), 305 (0.8), 376-¢.3), 500 (1.02 M cm™Y).

Ru(2-N(6) 2.118(3) N(6}-Ru(2)}-Cl 85.10(10) rac-[(dmp).Ru(bpym)][PFe¢]2, (rac-[4][PF¢]2). The dmp com-
Ru(2)-N(®)  2.098(4)  N(8rRu(2)-Cl  82.85(11) plex was prepared in an analogous manneate(bpy),Ru(bpym)]-
Ru(-Cl 2.4067(15)  Ru(tyRu(2)-Cl 85 [PFe], except that Ru(dmpll, was used in place of Ru(bpfl,.

[4][PFel2  Ru—N(1) 2.100(6) N(2yRu—N(4) 101.7(2) Th | btained in 93% vield. Sinal |
Ru—N(2) 2.104(6) N(1Ru—N(3) 101.5(2) e complex was obtained in o yield. Single crystals were
Ru—N(3) 2.111(6)  N(2)Ru—N(6) 81.6(2) obtained by slow diffusion of ether in a solution of the complex in
Ru—N(4) 2.098(6)  N(3)-Ru—N(5) 81.4(2) acetone!H NMR (300 MHz, acetonel) 6 9.01 (dd, 2HJ = 1.9,
Eﬂjm% 382258 4.7 Hz), 8.88 (d, 2HJ = 8.4 Hz), 8.59 (d, 2H) = 8.4 Hz), 8.42

[5][C] Ru—N(1) 2.090(4) N(1}-Ru—Cl 81.79(13) (d, 2H,J=28.7 HZ), 8.31 (d, 2H) =8.7 HZ), 7.98 (d, 2H) =8.7
Ru—N(2) 2.075(55) N(2}Ru—Cl 83.53(13) Hz), 7.81 (dd, 2HJ = 1.9, 5.9 Hz), 7.68 (d, 2H] = 8.4 Hz), 7.38
Ru—Cl 2.4016(15) (dd, 2H,J= 4.7, 5.9 Hz), 2.18 (s, 6H), 2.10 (s, 6H); mass spectrum

aThe estimated standard deviations in the least significant digits are given (ES!, acetone):m/z (relative intensity) 82X [4][PFe]} * (31), 338
in parentheses. {[41}?" (100); MS (EST, acetone):m/z (%) 1111 {[4][PF¢]s} ~

. . . ; —VIS 2; Amax NM; €, MI~= cm™ )
(100); UV—vis (CH,Cly; A M-t 1)) 232 (62 212)

Packard 8453 spectrometer. Circular dichroism spectra were 5o (72 439), 305 (19 583), 385 (9573), 432 (8685), 482 (4588);

recorded on a JASCO J-810 spectropolarimeter &tQ%ith a 1 Anal. Calcd for Q6H30N3F12|52RU 310: 'C 4240 H. 356' N.

cm path length cell. Data collection was performed at 298 K using 10.99: Ru. 9.91. Found: C. 42.88' H. 3.28: N. 11.10° Ru. 9.33:
a Bruker SMART diffractometer with a charged couple device crystallographic data: monoclini®2(1)kc, a = 17.768(3) Ab =

(CCD) area detector, with graphite-monochromated Morkdia- 13.746(2) A.c = _ _ _
: = . . ,c =18.781(3) AV = 4586.2(14) R, Z=4,R=
tion (1 = 0.71073 A). The molecular structure was solved by direct 0.0876,R, = 0.2270. (CCDC 615941).

methods and refined d? by full matrix least-squares techniques
using SHELXTL package with anisotropic thermal parameters. All  @¢-[Ru(bpy)2(bpym)RuCl(p-cymene)][NGs, (rac-{1][NO ).
A solution ofrac-[3][PFs]2 (30 mg, 34.&mol) in absolute ethanol

non-hydrogen atoms were refined anisotropically, and hydrogen
atoms were placed in ideal positions and refined as riding atoms (® ML) and [RuCj(p-cymene); (10.6 mg, 17.4:mol) was heated

with individual isotopic displacement parameters. Pertinent crystal- [© 35 °C for 3 h under argon atmosphere. The resulting solution
lographic data are summarized in Table 1. was concentrated and purified by silica gel chromatography (30%
Synthesis of Compoundsrac-[(bpy).Ru(bpym)][PF], (rac- of (10% aqueous solution of saturated KN€blution)-acetone.
[3][PFg]»). To a solution of Ru(bpyCl, (500 mg, 1.03 mmole) in After evaporation of the solvent, the excess of KN@as
absolute ethanol (90 mL), 2;Bipyrimidine (163.3 mg, 1.03 mmol) precipitated by addition of ethanol and then filtered off. This
was added at once. The resulting solution was refluxed for 4 h. Procedure was repeated twice and afforded the pure complex (28
After concentration in vacuo, dissolution of the residue in water Mg. 78%) as a dark powdeitd NMR (300 MHz, methanot) o
(addition of a small volume of ethanol is sometimes required for 9-84 (dd, 1H,J = 5.6, 1.2 Hz), 9.78 (dd, 1H) = 5.7, 1.3 Hz),
complete dissolution), the complex was precipitated by addition 8-72 (d, 1H,J = 8.0 Hz), 8.71 (d, 1HJ = 8.0 Hz), 8.62 (t, 2H)
of NH4PF; (1.67 g, 10,3 mmoles), filtrated, and washed three times = 8.3 Hz), 8.46-8.60 (m, 2H), 8.35 (dd, 1H) = 5.6, 1.2 Hz),
with water. The resulting powder was dissolved in a minimum of 8.05-8.30 (m, 4H), 7.88 (t, 1H] = 5.7 Hz), 7.84 (t, 1H) = 5.7
acetone, and the complex precipitated once again by addition ofHz), 7.72 (t, 2HJ = 5.2 Hz), 7.60-7.70 (m, 2H), 7.36-7.60 (m,
the solution in a large volume of ether. After filtration, the complex 3H), 6.30 (m, 2H), 6.17 (m, 2H), 3.29 (h, 1Bi= 6.7 Hz), 2.26 (s,
was purified by silica gel chromatography (10%, 30% then 50% 3H), 1.32 (d, 3HJ = 6.7 Hz), 1.30 (d, 3HJ = 6.7 Hz); MS (EST,
of (10% aqueous solution of saturated K\N&lution)-acetone).  H20): Mz (%) 967{[1][NO3],} * (3), 452{[1][NO3]}** (100), 286
Metathesis of the anion was achieved after evaporation of the {[3]}?*; mass spectrum (ESI, methanolwz (relative intensity)
solvents, dissolution with a minimum of water and addition of NH 936 {[1][MeO,NOs]2} * (3), 436{[1][MeQ]}>* (23), 286{[3]}**
PFs (1.67 g, 10.3 mmol). After filtration and drying in vacuo, the  (100); UV—vis (HO; Zmax NM; e, M~1 cm™1)) 243 (26 264), 277
complex (755 mg, 85%) was obtained as a dark brown povider. (40 121), 310 (10 897), 415 (23 414), 575 (3296); HRMS (ES) for
NMR (300 MHz, acetonel) o 9.20 (dd, 2H,J = 2.0, 4.7 Hz), CsgH3eNsF12P,CIRW; caled 1133.0122; Found 1133.0101; Anal.
8.88 (d, 4H,J = 8.1 Hz), 8.46 (dd, 2HJ) = 2.0, 5.7 Hz), 8.26 (d, Calcd for GgH3gN1109RW,CI-2KNO5-2EtOH: C, 38.14; H, 3.66;
2H,J = 5.6 Hz), 8.15-8.28 (m, 4H), 8.05 (d, 2H) = 5.1 Hz), N, 13.77; Cl, 2.68. Found: C, 37.95; H, 3.42; N, 13.71; CI, 3.17,
7.72 (t, 2H,J = 7.2 Hz), 7.56-7.65 (ddd, 4HJ = 6.6, 6.6, 1.4 crystallographic data: triclinid®1, a= 13.271(2) Ab = 13.698(2)
Hz); mass spectrum (ESI, acetonejvz (relative intensity) 717 A, ¢ =16.882(3) A,V = 2540.1(7) R, Z = 2, R= 0.0595,R,, =
{[3][PFe]}* (37), 286{[3]}2" (100); UV—Vis (CH,Cly; Amax, NM; 0.1133. (CCDC 615939).
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Scheme 1. Preparation of the Catalyst&]f* and P]3*
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93 % for [4]*
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K X

A-[Ru(bpy)2(bpym)RuCl(p-cymene)][NOs]s, (A-[1][NOg]s).
The compound\-[1][NO3]; was prepared following the procedure
used forrac-[1][NOg3]3 and was obtained in similar yield. CD for
A-[1][NOg]3 (H20): Amax (A€) = 220 (11.3), 242 (3.2), 292 (3.1),
276 (3.0), 391 {2.1)(Mt cm™3).

rac-[Ru(dmp)z(bpym)RuCl(p-cymene)][NCsls, (rac-[2][NO3]s).
The compoundrac-[2][NOg]; was prepared using the same
procedure as forac-[1][PF¢]. and was obtained in 64% yieléH
NMR (300 MHz, methanotl) 6 9.65 (dd, 1H,J = 5.1, 1.5 Hz),
9.56 (dd, 1HJ = 5.4, 0.9 Hz), 8.79 (d, 2H] = 8.4 Hz), 8.51 (d,
1H, J = 8.1 Hz), 8.36 (d, 1HJ = 8.4 Hz), 8.20-8.40 (m, 3H),
8.13 (d, 1H,J = 8.7 Hz), 7.89 (d, 1H,) = 8.7 Hz), 7.86 (d, 1H,
J=8.4 Hz), 7.79 (dd, 2H) = 5.7, 1.2 Hz), 7.60 (d, 1H) = 8.1
Hz), 7.55-7.35 (m, 4H), 6.16 (t, 2HJ = 6.3 Hz), 5.99 (m, 2H),
2.88 (h, 1H,J = 6.9 Hz), 2.34 (s, 3H), 2.10 (s, 3H), 2.00 (s, 3H),
1.99 (s, 3H), 1.97 (s, 3H), 1.26 (d, 38= 7.2 Hz), 1.24 (d, 3H,

J = 7.2 Hz); mass spectrum (ESI, watenyz (relative intensity)
1071{[2]INO3]2} * (2), 504{[2][NOs]}*" (55), 338{[4]}*" (100);

MS (ESI, MeOH): m/z (%) 1040{[2][MeO,NOs],} * (6),436{[2]-
[MeO]}2*+ (27), 286{[3]}2+ (100); UV—Vis (H20; Amax NM;e, M1
cm™1) 265 (38 900), 295 (18 284), 370 (7294), 430 (9256), 600
(3612); Anal. Calcd for for GsH44NsRW,CIPsF;g, 4H,0: C, 38.01;

H, 3.61; N, 7.71; ClI, 2.44. Found: C, 38.28; H, 3.16; N, 7.77; Cl,
2.44; crystallographic data: monoclinie2(1)fc, a = 15.566(5)

A, b=17.247(5) A,c =25.599(8) AV = 6711(4) B, Z = 4,R

= 0.0963,R, = 0.1745. (CCDC 615940).

[(bpym)RuClI(p-cymene)][Cl], ([S][CI]). A solution of [RuC}-
(p-cymene)} (200 mg, 653.kemol) and 2,2bipyrimidine (105 mg,
664.0umol) in absolute ethanol (50 mL) was refluxed for 4 h. The
resulting yellow solution was concentrated in vacuo. The crude
product was solubilized in a minimum of ethanol, and the complex
was precipitated by addition of the solution in a large volume of
ether. After drying in vacuo, the complex was obtained as a yellow
solid (285 mg, 94%)'H NMR (300 MHz, acetonek) 6 9.89 (dd,
2H,J=5.7, 2.1 Hz), 9.31 (dd, 2H] = 4.8, 2.1 Hz), 8.00 (d, 2H,
J=5.7,4.8 Hz), 6.31 (d, 2H]) = 6.3 Hz), 6.12 (d, 2HJ = 6.3
Hz), 2.91 (h, 1HJ = 6.9 Hz), 2.27 (s, 3H), 1.19 (d, 6H,= 6.9
Hz); mass spectrum (ESI, methanoljvz (relative intensity) 429
{[5]}*" (100); UV—vis (MeOH; Amax NM; €, M~1 cm™1) 211
(20 493), 240 (17 152), 425 (4826), 635 (2354); Anal. Calcd for
for CigHo0N4RUCh, 3H,0: C, 41.70; H, 5.06; N, 10.81; ClI, 13.68.
Found: C, 41.26; H, 4.09; N, 10.84; Cl, 13.58; crystallographic
data: monoclinicP2(1)h, a = 14.272(6) A,b = 16.680(7) A,c
=16.871(7) AV =3976(2) B, Z=8,R=0.0924R, = 0.1743.
(CCDC 615942).

Standard Conditions for Transfer Hydrogenation of Ketones.

f
-

EtOH, 35°C

0>’

iPr

78 % for [1]°~
64 % for [2]*

then added. The resulting solution was then heated f&€88efore
addition of the substrate (434.0@nol).The reaction mixture was
then stirred at 80C for 24 h, and the product was extracted three
times with CHCI,. After concentration in vacuo, the resulting
mixture was analyzed and quantified (TON and ee}dyNMR
and chiral GC.

Enantiomeric Excesses DeterminationEnantiomeric excesses
of the alcohols were determined by GC using two different chiral
columns (Lipodex E from Macherey-Nagel and B-PM from
Chiraldex).

Results and Discussion

Preparation of the Complexes.The syntheses of two new
original dinuclear ruthenium complexeac-[(diimine),Ru-
(bpym)RuCl(p-cymene)][N€)s (diimine = bipyridine (bpy)
for compound IJ[NO4]s or 2,9-dimethyl-1,10-phenanthroline
(dmp) for compoundd][NOs]s; bpym= 2,2-bipyrimidine)
were easily and efficiently achieved in two steps from
commercially available [Ru(bpygl;] for [1]3t and [Ru-
(dmp)Cl,]® for [2]°* (Scheme 1). Firstrac-[3][PFe]. and
rac-[4][PFs]. were obtained by substitution of the two chloro
ligands by the bpym bridging ligand. Subsequent reaction
of rac-[3][PFe]. andrac-[4][PFe], with [RuCl(p-cymene)]
followed by anion metathesis during the chromatographic
purification afforded the complexeac-[1][NO3]; andrac-
[2][NOg]s in 66% and 60% overall yield, respectively. The
complex B][CI] was easily prepared in high yield (94%) by
refluxing an ethanolic solution of [Rugp-cymene)] in the
presence of 1 equiv of bpym for 4 h.

Single crystals suitable for X-ray analysis were obtained
by slow diffusion of diethylether into solutions of the
complexes in acetone fot][ [PFg]s, [2][PFe]s, and B][PFe]2
and slow diffusion of an etheracetone mixture into a
solution of the complex in an ethanehcetonitrile mixture
for [5][CI]. The X-ray crystal three-dimensional structures
of the complexes are shown in Figure 1. FBIf€Cl], angles
and bond lengths are in the range to those reported for the
complex [§7°-CsMeg)Ru(bpy)(HO)]?".5 Selected bond lengths
and angles are listed in Table 1. Complé{{iPFs]. shows
an highly distorted octahedral geometry, probably due to the
steric repulsion generated by one of the two methyls
substituents of each of the dmp ligands in combination with

The reaction was carried out under argon atmosphere, and care wathe fact that the bite angle of the phenanthroline chelates is

taken to avoid exposure to light. To a solution of HB@ (897.5
mg, 13.20 mmol) in water (6 mL) whose pH was adjusted to 4 by
addition of pure HC@H (295 uL); the catalyst (2.1 mol) was

5356 Inorganic Chemistry, Vol. 46, No. 13, 2007

less than 90 Indeed some cis NRu—N angles are increased

(5) Hogo, S.; Abura, T.; Watanabe, Drganometallic2002 21, 2964.
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Figure 1. ORTEP views of the structures of]f*, [2]3", [4]%", and B]*. Hydrogen atoms have been omitted for clarity.

by as much as Flwith regard to those of a pure octahedron, zoyl-L-tartrate] was prepared according to literature proce-
whereas some others are decreased by alfolihés is also dures® Displacement of both pyridine ligands by bipyrimidine
true for complex 2]3" and was also observed in the case of was then achieved in hot ethylene glycol solutioafter

other members of the [(dmBuXX']?" family.t It is anion metathesis, extraction with dichloromethane and re-
noticeable that such a deformation is not as high when bpy crystallization by slow diffusion of ether in a solution of the
is use in place of dmp ligand. For example, the NRu(1)— crude complex in acetone3][PFg]. was obtained in 81%
N(3) angle is 101.7 in [2]®" and M]?>', whereas the yield. The latter was then converted to compldf®] as
corresponding N(2yRu(1)-N(3) angle is 95.0%4in [1]3". described for the racemic complex with similar yield. The

Also, it is worth noting that a steric repulsion between the absolute configuratio\ for [1][NOgs]s and B][PFe]. was
isopropyl residue and one of the two bipyridines in complex assigned by comparison with the CD spectrum obtained from
[1]®" generates an important curvature of the bridging bpym the initial A-[Ru(bpy):py.][(—)-O,0'-dibenzoylt-tartrate]
ligand. Such a phenomenon is not observed in com@gx.[ complex (Figure 2}° Indeed, the three complexes show a
This leads to an important effect on the position of the chloro similar spectral pattern with with Cotton effects of the same
ligand with regard to the Ru(3)Ru(2) axis. Indeed, the Ru-  sign in absorption wavelength regions of electronic transitions

(1)—Ru(2)-Cl angle is 68.%in [1]*" and 78.7 in [2]3*. common to all off them. In contrast, we were unable to obtain
Preparation of the Enantiopure Complexes.It was [4]?" and thus 23" in their enantiomerically pure or enriched

reported that substitution by mono- or bidentate ligands of forms by resolution.

one or the two pyridine ligands of the chiral compound ( The enantiomeric purity ofA-[1]*" was determined by

or A-) [Ru(bpy)py.]?" could be done without any racem- *H NMR using Binphat! as a chiral shift reagent. The NMR
ization” Consequently,A-[Ru(bpy)py:][( —)-O,0'-diben- spectra ofac-[1][PFg]s and A-[1][PFe]3 obtained from their

(6) Hamelin, O.; Peaut, J.; Fontecave, MChem. Eur. J2004 10, 2548. (8) (a) Hua, H.; von Zelewsky, Anorg. Chem 1995 34, 5791. (b) Hua,
(7) (a) Brissard, M.; Convert, O.; Gruselle, M.; Guyard-Duhayon, C.; X.; von Zelewsky, A.Inorg. Chem 1995 34, 992.
Thouvenot, RInorg. Chem 2003 42, 1378. (b) Hui, C.; Jin-Gang, (9) Tzalis, D.; Tor, Y.J. Am. Chem. S0d 997, 119, 852.
L.; Cai-Wu, J.; Liang-Nian, J.; Xiao-Yuan, L.; Chuan-Li, Forg. (10) (a) Bosnich, BAcc. Chem. Red.969 2, 266. (b) Richardson, F. S.
Chem. Commur2001, 45. (c) Hua, X.; von Zelewsky, Anorg. Chem Chem. Re. 1979 79, 17. (c) Ziegler, M.; von Zelewsky, ACoord
1995 34, 5791. Chem. Re. 1998 177, 257. (d) See also ref 8c.
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Figure 2. Circular dichroism spectra ofA-[Ru(bpy):Py:][(—)-O,0'-
dibenzoylt-tartrate] in water (3@M) (a), of [3][PFe]2 in dichloromethane
(30 uM) (b), and of fL][NO3]s in water (65u«M) (c).

Hamelin et al.

NO; salts by simple anion metathesis were recorded after
dissolution in acetonds in the presence of [M&IH,][(A,S)-
Binphat] and compared to those of the same solutions in the
absence of the chiral salt (Figure 3). Addition of an excess
(2.8 equiv) of [MeNH;][(A,S-Binphat] to the solution of
the racemic mixture results in an impressive shift of the
resonances corresponding to the protons ofgfeymene
moiety, suggesting a— interaction between the cymene
ring and one of the aromatic rings of the Binphat. For
example, the singulet at 2.32 ppm corresponding to the
methyl substituent of thp-cymene was shifted and split into
two singulets at 1.49 and 1.71 ppm (localized by a star in
Figure 3). Such ar-stacking involving the Trisphat anion
was also observed by Amouri in thieans[(Sp,Sp)-bis-
(Cp*Ru)-carbazolyl]A-Trisphat] complex bearing a planar
chirality.? On the other hand, when Binphat was added to a

Figure 3. 'H NMR spectra (300 MHz, acetorte) of the aromatic and aliphatic protons of the&ymene moiety for the racemid][PF¢]s in the absence
(a) and in the presence (b) of 2.8 equiv of [NMél2][(A,S)-Binphat] and for theA-[1][PFg]s in the presence of 1.7 (c) and 4.8 (d) equiv of Meél,]-

[(A,9-Binphat].
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nuclear p][CI] species. Thus, coupling of the active Ru(
cymene) moiety to a Ru(diimine) moiety is beneficial.
Moreover, we observed that when nitric acid was used in
order to adjust the pH, as was described by Watanabe and
co-workers, the reaction did not work.

The enantiopure catalygt-[1][NO3]; was then assayed
during hydrogenation of a variety of ketones using the
previously described procedure (catalyst/substrate/fiaO
= 0.36:72:2160 mM, pH 4). All the reactions were stopped
after 24 h, and the resulting products were extracted with

Figure 4. Catalytic hydrogen transfer to acetophenone usiJiND3s, d|chloromethane. Conversion and TON were both calculated

(@); [2INO4]3, (b); [BI[CI], (c) and [RuCh(p-cymene)} (d). Inset; evolution from the resultingtH NMR spectrum and from the amount

of the enantiomgric excess during the course of the hydrogenation of of remaining substrate. The enantiomeric excesses (ee’s) of

acetophenone with-[1jNO:]; as a catalyst. the products were determined by chiral GC with the
exception of 2-(2-hydroxyethyl)-pyridine for which the ee

solution of A-[1]3*, only one singlet and one doublet were Was determined byH NMR using a large excess off

observed for the two types of methyl groups, thus demon- 1,1-binaphtol as a chiral shift reagent. As can be observed
strating the enantiopurity ofl[*" (Figure 4). in Table 2, conversions of aryl methylketones are moderate

Asymmetric Catalytic Transfer Hydrogenation. Hy- to excellent ranging from 15% to 100%. As was expected,
drogenation of acetophenone to the corresponding alcoholthe more electron-attracting the aryl substituent, the more
using sodium formate as hydrogen donor in water was thenefficient the reaction. For instance, the hydrogenation of
investigated as the probe reaction with racemic compléxes. 4-methoxyphenylacetone was achieved with 44% conversion,
Assays were carried out first with the water solutae-[1]- whereas 100% conversion was obtained whith trifluoro-
[NOs]; and rac-[2][NO3]; complexes and their reactivity ~methyl as the substituent (entries 1a and le, respectively).
compared to that oFJ[Cl] and of the commercially available  Interestingly, in the case of 4-nitrophenylacetone, a selective
[RuClx(p-cymene)} (Figure 2). All the experiments were and quantitative hydrogenation of the nitro group was
achieved under argon atmosphere and care was taken to avoidbserved (entry 1d). Due to the very low reactivity of the
exposure to light. After dissolution of the complex (0.36 mM) resulting 4-aminophenylacetone, no further hydrogenation
in an aqueous solution of sodium formate (2.16 M), whose could be observed. Reduction of ethylacetoacetate afforded
pH was adjusted to 4 by controlled addition of pure formic the ethyl-3-hydroxybutyrate as the unique product resulting
acid and subsequent heating to°8D) the substrate (72 mM)  from the chemioselective hydrogenation of the keto group
was added. The reaction product was identified and quanti- (entry 7). Finally, hydrogenation of two—j unsaturated
fied by GC-MS and*H NMR. While [RuCk(p-cymene)} ketones yielded to the resulting saturated alcohols (entries 9
was inactive, moderate to good catalytic activities were and 10).
obtained with P][NO3]; (68% vyield, 120 TON after 4 h), Finally, we observed that only alkyl aryl ketones afforded
[1][NOg];5 (85%, 180 TON after 20 h), and][Cl] (95%, significant, albeit low, ee’s ranging from 18% to 26% with
190 TON after 35 h) (Figure 4). Examination of the initial the exception op-methoxyphenylacetone which, in addition,
rates shows that the dinuclear compounti$NO3]; and showed low reactivity (entry 1a). However, while these ee
[2][NOgs]s were significantly more active than the mono- values are relatively smaller than the ones reported in the

Table 2. Enantioselective Transfer Hydrogenation of Ketones witfil][NO3]; as a Catalyst

entries substrate product(s) TON conversiof ee (%)

la R= OCHs; p-methoxyphenyl ethanol 88 44 3

1b R= CHj3 p-methylphenyl ethanol 146 73 18

1c R=H 1-phenylethanol 156 78 26\

1d R=NO; p-aminophenylacetone 400 100 -

le R R=CRK; p-trifluoromethyl phenylethanol 200 100 21

2 2-acetylpyridine 2-(2-hydroxyethyl) pyridine 168 84 b22

3 2-acetonaphtone methyl-2-naphthtalene methanol 170 85 26

4 1'-acetonaphtone methyl-1-naphthtalene methanol 156 78 21

5 4-methyl tetralone 4-methyl-1,2,3,4-tetrahydro-naphtalen-1-ol 30 15 not
(diastereomeric ratio; 1:1.1) determined

6 indan-2-one indan-2-ol 165 82,5 -

7 ethylacetoacetate ethyl-3-hydroxybutyrate 191 95.5 a0

8 4-phenylbutan-2-one 4-phenylbutan-2-ol 148 74 0

9 cyclohex-2-en-1-one cyclohexanol 224 100 -
cyclohexanone (1.3:1) 88

10 (E)-4-phenyl-but-3-en-2-one 4-phenylbutan-2-ol 91 100 0
4-phenylbutan-2-one (1:3.4 ratio) 155

aThe reaction was carried out at 8C using a ketone (0.43 mmol) in,® (6 mL) with A-[1][NO3]s/ketone/HCOONa= 1:200:6000° Work up after
24 h of reaction; measured Bid NMR. ¢!H NMR determination using a large excess 8f-(—)-1,1-binaphtol as a chiral NMR shift reagefit!tH NMR
determination using Tris[3-(trifluoromethyl-hydroxymethylemgamphorato]-europium as a chiral NMR shift reagent.
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literature for the most efficient hydrogen-transfer asymmetric Conclusion
catalystd? an interesting amplification of the chirality during

the course of the hydrogenation of acetophenone was The novel class of chiral catalysts, based on a chiral-at-
observed (Figure 2, Inset). Indeed, while the enantiomeric Metal metalloligand, for asymmetric catalysis opens a new

excess was only of about 8% after 72 TON (L.5 h), it reached research direction. Obviously, further developments are

20% after 169 TON (22 h). The same was observed with required to rival with the most efficient asymmetric transfer
2'-acetonaphtone (from 17% ee (6 h) to 26% (24 h); data hydrogenation catalysts developed to date bearing chiral

not shown) suggesting an asymmetric autoinduction. Such?r9anic ligands. How.ever,.thls f'.rSt generation of catalysts
el - showed good catalytic activity with several hundred TON.
an amplification of the chirality has been rarely observed,

. . , s Other reactions will be investigated in the future using this
however, in most cases with much larger final ee’s than thosestrate
reported heré? Further experiments are required to define gy
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