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A variety of planar chiral Ru-complexes bearing tropos or-
tho-substituted biphenyl ligands were synthesized. The planar
chirality control of the Ru complexes by enantiopure (R)-Hg—
DABN selectively gave the thermodynamically stable diaster-
eomers via association of solvents employed.

Asymmetric catalysis is the most powerful for the produc-
tion of a various enantio-enriched molecules.! In asymmetric
catalysis, atropisomeric or planar chiral metal complexes bear-
ing particularly ferrocenyl-diphosphine ligands, for example
(R)-N,N-dimethyl-1-[(S)-1",2-bis(diphenylphosphino)ferroceny-
1]ethylamine [(R)-(S)-BPPEA]?> with appendages of stereogenic
centers, are generally used. These planar chiral metal com-
plexes® have been synthesized in diastereofacial selective fash-
ion. There has been no example of enantiofacial selective syn-
thesis of planar chiral Ru complex without any appendage of
stereogenic center. We have already succeeded in axial chirality
control of Ru-complexes bearing chirally flexible (tropos)
bis(phosphanyl)biphenyl (BIPHEP) ligands.* The axial chirality
can be controlled by enantiopure (R)-2,2’-diamino-1,1’-bi-
naphthyl ((R)-DABN). During the course of our study on the ax-
ial chirality control, we have found that the BIPHEP-Ru com-
plex bearing axial chirality could be transformed to BIPHEP-
monoxide-Ru complex bearing planar chirality (Scheme 1).3
We herein report the enantiofacial control of planar chiral Ru
complexes of tropos biphenyl ligands.®

Axial chiral BIPHEP-Ru complex’ was synthesized through
addition of 2 equiv. of BIPHEP to [RuCl,(benzene)], in DMF at
room temperature under argon atmosphere and then at 100 °C
within 10 min. Heating over 24 h gave BIPHEP-monoxide-Ru
complex bearing planar chirality through oxidation of one
phosphine portion in 80% yield, by virtue of the fropos nature
(Scheme 1). In sharp contrast, when the atropos BINAP or SEG-
PHOS? counterparts were used as a ligand, their planar Ru-com-
plexes were not obtained but the axial chiral complexes decom-
posed for their air sensitivity. It was thus clarified that the tropos
biphenyl backbone is the key in obtaining the planar complexes.

A variety of planar chiral Ru complexes 2a—2d bearing or-
tho-substituted tropos biphenyl ligands 1a-1d were thus pre-
pared (Scheme 2). The complexation of [RuCl,(benzene)],
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Scheme 1. Transfer of axial chirality to planar chirality.
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Scheme 2. Synthesis of planar arene Ru complexes.

and two equimolar amounts of tropos biphenyl ligands 1a-1d
in dichloroethane at room temperature was examined to give
first benzene phosphine complexes quantitatively within 2 h.
Subsequently, intramolecular ligand exchange’ was observed
to give planar chiral Ru-complexes 2a-2d bearing tropos
biphenyl ligands over 48 h even at 80 °C in dichloroethane.

Planar chirality control of complexes 3a and 3b was next at-
tempted to convert the less favorable diastereomer to the favor-
able diastereomer (Table 1). A planar chiral Ru-complex was
mixed with one equimolar amount of (R)-Hg—DABN and an ex-
cess amount of AgOTf salt to give a 1:1 (R/aR:S/aR) mixture of
diastereomers quantitatively. No change was observed in the di-
astereomeric ratio at room temperature. However, the isomeriza-
tion of 3a proceeded in 2-propanol/(CH,Cl), at 80 °C for 72 h to
give the S/aR-3a as the major diastereomer (Entry 1). On the
other hand, the complex 3b!! bearing PCy, was decomposed in
2-propanol/(CH;,Cl), (Entry 2). The use of chlorobenzene gave
the thermodynamically stable diastereomer S/aR-3b selectively
(85:15) without decomposition (Entry 3). Complex 3b with
SbFs~ as a counter anion was decomposed under the same con-
ditions (Entry 4). The isomerization rate in chlorobenzene was
influenced by the concentration of 3b (See SI, Figure S1).!2
Two possible mechanisms can thus be envisaged for isomeriza-
tion of 3b. One is intermolecular migration of Ru via the chlor-
obenzene-complex produced by dissociation of biphenyl ligand
2b. The other is intramolecular migration of Ru through direct
assistance of other Ru-complexes.

The configuration of the diastereomer R/aR-3b bearing
SbFs~ was determined by X-ray analysis of a single crystal ob-
tained in dichoromethane solution of 1:1 diastereomer mixture
(Figure 1).'2

The complexes 3c and 3d bearing OMe instead of NMe,
were next examined (Table 2). The isomerization of 3¢ proceed-
ed in 2-propanol/(CH,Cl), at 80°C to give the S/aR-3c as the
major diastereomer (Entry 1). Using 3d with sterically demand-
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Table 1. Enantiofacial control of planar chiral complexes 3a
and 3b in 2-propanol /(CH,Cl), or chlorobenzene
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Entry Complex R X Conditions ~ S/aR:R/aR
1 3a Ph OTf IPQ/O(SEZZC}II)Z 72:28
2 3b Cy OTf Ipé?)/ O(SH;ZC }?2 decompose
3 3b Cy OTf 10 022?17 h 85:15
4 3b Cy SbFg 10 052?17 h decompose

Figure 1. ORTEP drawing for the diastereomer R/aR-3b bear-
ing SbF¢ ™. Two counter anions (SbFg ™) were omitted for clarity.

ing xylyl substituent, the isomerization completely proceeded
to give solely S/aR-3d (Entry 2). The use of SbF¢~ instead of
OTf~ also led to the single diastereomer (Entry 3). In chloro-
benzene, in contrast, the isomerization of 3d did not take place.
Since the isomerization rate was not influenced by the concentra-
tion of the complexes (See SI, Figure S2),!? isomerization may
involve the intramolecular migration of Ru via the arene-com-
plex;'3 2-Propanol presumably stabilizes the arene-complex
intermediate generated through dissociation of phosphine—Ru
bond.

In conclusion, we have succeeded in the enantiofacial con-
trol of planar chiral Ru-complexes by virtue of tropos biphenyl
ligands. Further mechanistic studies on the planar chirality con-
trol and applications of the enantio- and diastereopure Ru-com-
plexes in asymmetric catalysis are in progress.
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Table 2. Enantiofacial control of planar chiral complexes 3¢
and 3d in 2-propanol /(CH,Cl),

MeOQ,
\
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IPA/(CH,Cl),

2 H,N 80°C,72h
2X
R/aR-3
Entry  Complex R’ X S/aR:R/aR
1 3c Ph OTf 84:16
2 3d 3,5-Me,—CgHs  OTf 100:0
3 3d 3,5-Me,-CgH;  SbFg 100:0

We are grateful to Dr. K. Yoza in Nippon Brucker Co. for
X-ray analysis of complex R/aR-3b.

References and Notes

1 Catalytic Asymmetric Synthesis, ed. by 1. Ojima, Wiley-VCH,
New York, 1993, Vol. I; Catalytic Asymmetric Synthesis, ed. by
I. Ojima, Wiley-VCH, New York, 2000, Vol. IIl; Transition
Metals for Organic Synthesis, ed. by M. Beller, C. Bolm, VCH,
Weiheim, 1998; Comprehensive Asymmetric Catalysis, ed. by
E. N. Jacobsen, A. Pfaltz, H. Yamamoto, Springer, Berlin, 1999,
Vols. 1-3; New Frontier in Asymmetric Catalsis, ed. by K.
Mikami, M. Loutens, Wiley, New York, 2007.

2 A. Togni, T. Hayashi, Ferrocenes, VCH, Weinheim, 1995; H. B.
Kagan, O. Riant, in Advances in Asymmetric Synthesis, ed. by
A. Hassner, JAI Press, London, 1997, Vol. 2, pp. 189-235.

3 T. Hayashi, M. Konishi, M. Fukushima, T. Mise, M. Kagotani,
M. Tajika, M. Kumada, J. Am. Chem. Soc. 1982, 104, 180; T.
Hayashi, A. Ohno, S. Lu, Y. Matsumoto, E. Fukuyo, K. Yanagi,
J. Am. Chem. Soc. 1994, 116, 4221 and references therein.

4 K. Mikami, K. Aikawa, Y. Yusa, J. J. Jodry, M. Yamanaka, Synlett
2002, 1561.

5 Presented at the 84rd Annual Meeting of the Chemical Society of
Japan, Nishinomiya, March 26-29, 2004, Abstr., No. 2 B8-41.

6 For diastereofacial control of arene Ru complexes: J. W. Faller,
B. P. Patel, M. A. Albrizzio, M. Curtis, Organometallics 1999,
18, 3096; J. W. Faller, J. Parr, Organometallics 2000, 19, 1829;
J. W. Faller, J. Parr, A. R. Lavoie, New. J. Chem. 2003, 27,
899; V. Alezra, G. Bernardinelli, C. Corminboeuf, U. Frey, E. P.
Kiindig, A. Merbach, C. M. Saudan, F. Viton, J. Weber, J. Am.
Chem. Soc. 2004, 126, 4843.

7 K. Mikami, T. Korenaga, M. Terada, T. Ohkuma, T. Pham,
R. Noyori, Angew. Chem., Int. Ed. 1999, 38, 495; T. Korenaga,
K. Aikawa, M. Terada, S. Kawauchi, K. Mikami, Adv. Synth.
Catal. 2001, 343, 284.

8 T. Saito, T. Yokozawa, T. Ishizaki, T. Moroi, N. Sayo, T. Miura,
H. Kumobayashi, Adv. Synth. Catal. 2001, 343, 264.

9 B. Therrien, A. Konig, T. R. Ward, Organometallics 1999, 18,
1565; B. Therrien, T. R. Ward, Angew. Chem., Int. Ed. 1999,
38, 405.

10 J. W. Faller, D. G. D’ Alliessi, Organometallics 2003, 22, 2749.

11 For the DABN complex rather than Hg-DABN counterpart: J. W.
Faller, P. P. Fontaine, Organometallics 2005, 24, 4132.

12 Supporting Information is available electronically on the CSJ-
Journal Web site, http://www.csj.jp/journals/chem-lett/index.html.

13 K. Kamikawa, K. Norimura, M. Furusyo, T. Uno, Y. Sato, A.
Konoo, G. Bringmann, M. Uemura, Organometallics 2003, 22,
1038; K. Kamikawa, T. Sakamoto, Y. Tanaka, M. Uemura, J.
Org. Chem. 2003, 68, 9356.

Published on the web (Advance View) November 17, 2007; doi:10.1246/c1.2007.1482


http://dx.doi.org/10.1021/ja00365a033
http://dx.doi.org/10.1021/ja00089a011
http://dx.doi.org/10.1055/s-2002-34228
http://dx.doi.org/10.1055/s-2002-34228
http://dx.doi.org/10.1021/om981053g
http://dx.doi.org/10.1021/om981053g
http://dx.doi.org/10.1021/om000014d
http://dx.doi.org/10.1039/b302054c
http://dx.doi.org/10.1039/b302054c
http://dx.doi.org/10.1021/ja0374123
http://dx.doi.org/10.1021/ja0374123
http://dx.doi.org/10.1002/(SICI)1521-3773(19990215)38:4%3C495::AID-ANIE495%3E3.0.CO;2-O
http://dx.doi.org/10.1002/1615-4169(20010330)343:3%3C284::AID-ADSC284%3E3.0.CO;2-L
http://dx.doi.org/10.1002/1615-4169(20010330)343:3%3C284::AID-ADSC284%3E3.0.CO;2-L
http://dx.doi.org/10.1002/1615-4169(20010330)343:3%3C264::AID-ADSC264%3E3.0.CO;2-T
http://dx.doi.org/10.1021/om980949i
http://dx.doi.org/10.1021/om980949i
http://dx.doi.org/10.1002/(SICI)1521-3773(19990201)38:3%3C405::AID-ANIE405%3E3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1521-3773(19990201)38:3%3C405::AID-ANIE405%3E3.0.CO;2-0
http://dx.doi.org/10.1021/om030080q
http://dx.doi.org/10.1021/om0501226
http://dx.doi.org/10.1021/om020971i
http://dx.doi.org/10.1021/om020971i
http://dx.doi.org/10.1021/jo0302307
http://dx.doi.org/10.1021/jo0302307
http://dx.doi.org/10.1246/cl.2007.1482

