JIAIC[S

COMMUNICATIONS

Published on Web 03/06/2004

Enantioselective Guest Binding and Dynamic Resolution of Cationic
Ruthenium Complexes by a Chiral Metal —Ligand Assembly

Dorothea Fiedler, Dennis H. Leung, Robert G. Bergman,* and Kenneth N. Raymond*

Chemical Sciences bision, Lawrence Berkeley National Laboratory, and Department of Chemistry,
University of California, Berkeley, California 94720

Received October 24, 2003; E-mail: raymond@socrates.berkeley.edu

Enzymes achieve remarkable selectivities in enantiomeric rec-
ognition and efficient catalytic activityWe propose that artificial
container molecules can fulfill similar functions, mimicking
recognition processes or enzyme-catalyzed conversions. Synthetic
supramolecular assemblies have demonstrated their ability to
encapsulate organic guests based on their size, shape, and functional
group complementarity Also the encapsulation of chiral organic
guest molecules into chiral cagelike host structures has been
reported to proceed with moderate to good diastereoselectivity.
We report here the encapsulation of organometallic complexes,
which have been reported to be catalytically active, into a chiral, Figure 1. (Left) General schematic of [GuesBal !t~ assembly: only
well-defined cavity. The encapsulations of the chiral ruthenium one of fhe ligands is drawn, the others are reprgsented as stic’ks. (Right)

complexes proceed with diastereoselectivities up to 70%, and thepjodel of [Cp*Ru(2-ethylbutadiene)d@)cGail ¢~ showing theA,A,A,A-
resolved assembly is exploited for a dynamic resolution of one of (S) sterecisomer. (CAChe Workstation Pro, Fujitsu Limited, 5.04, 2002.)

the organometallic species.
The host-guest chemistry of the tetrahedral [{&g]*%~ structure
(L = 1,5-his(2,3-dihydroxybenzamido)naphthalene) has been in-
vestigated by Raymond and co-workéiSelf-assembly of achiral
components leads to formation of a racemic mixture of homochiral B
clusters withA,A,A,A- or A,A,A,A-configuration with respect to
each metal center (Figure 1). The capsule is soluble in water and
other highly polar solvents but contains a hydrophobic cavity of
approximately 306350 A3 which can encapsulate a variety of

A

monocationic species, including [CpRE&CsHe)] "> These obser- A A A 2B A
vations led to the present investigation of the half-sandwich B BA/B wj A ‘ Ap ﬁ J B
complexes CpRu(diene)Cl and Cp*Ru(diene)Cl (€|CsHs, Cp* .
= 15-C5(CHs)s) which have been reported to mediate a variety of
C—C bond-formation reactiorfsin polar media these complexes
undergo halide dissociation to form cationic ruthenium species
which are potential guest molecules.

Upon combination and vigorous stirring of an aqueous solution

of [NMesCGaL¢'t™ (1a) and an ethereal layer of CpRu(2,3- different species. For both hesguest complexes§ and [CpRu(iso-
dimethylbutadiene)Cl, guest exchange took place, and the-host prene)(HO)CGaylg]'t™ (4), the two diastereomers were obtained

10 05 00 05 -0 -15 20 25 ppm

Figure 2. H NMR spectrum of [Cp*(Ru(2-ethylbutadieney®)c GayL g%,
illustrating the large diastereomeric excess=Anajor diastereomer, B
minor diastereomer).

guest complex [CpRu(2,3-dimethylbutadienef{itcGayl ¢]**~ (24) in a 1:1 ratio.
was isolated from the aqueous layer in almost quantitative Yield. ~ To promote stereoselectivity in the encapsulation reactions, the
The product shows the characteristic upfield shift in tHeNMR interaction between the ruthenium guest and the self-assembled host

spectrum that is diagnostic for inclusion of one equivalent of was increased by changing the Cp fragment to the sterically more
ruthenium guest species in the asymmetric cavity. In an analogousdemanding Cp* moiety. A series of 1- and 2-substituted Cp*Ru-
fashion the unsymmetrically substituted (and therefore chiral) (diene)Cl complexes were synthesized by methods analogous to
precursors [CpRu(isoprene){B)]* and [CpRu(2-ethylbutadiene)-  those described in the literatéi@nd encapsulated into the assembly.
(H20)]" were encapsulated into the kg tetrahedral assembly.  Formation of the two diastereomeric hegfuest complexes of

An interesting stereochemical feature of these encapsulation reac{Cp*Ru(isoprene)(HO)C GaL ¢]*~ (5) was observed biH NMR

tions is the formation of two diastereomeric heguest com- spectroscopy, with one of the diasteromers present in slight excess
plexes, which occur due to the placement of a chiral guest inside (4% diastereomeric excess). The encapsulation of Cp*Ru(2-
a chiral host. ThéH NMR spectrum of [CpRu(2-ethylbutadiene)-  ethylbutadiene)Cl proceeded similarly to yield two diastereomers
(H20)cGalLe]* (3) shows two separate data sets for the two of [Cp*Ru(2-ethylbutadiene)(#0)CGal¢)*t (6). Here a diaster-
diastereomers, e.g., two peaks for the Cp resonances at 2.08 anéomeric excess of 70% is obsed

2.00 ppm and two signals for the methyl groups-8t63 and—0.71 The 'H NMR spectrum of [Cp*Ru(2-ethylbutadiene)}{8)c

ppm. Further evidence was obtained from the NOESY spectrum, GayLg]**" illustrates how every signal of the major diastereomer is
which shows two separate sets of peaks, corresponding to the twoaccompanied by a much smaller signal for the minor diastereomer
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Table 1. Observed Diastereoselectivities in the Encapsulation In summary, it has been demonstrated that the chiral metal

Reactions ligand assemblies have a high potential for asymmetric recognition
[Cp*Ru(\_(Ri(HZO)cGa,,LGF1' compound de(%) processes, illustrating the assemblies’ large influence on the bound
R, substrate. Moreover, a dynamic resolution of the reactive catalyst
precursor was accomplished by utilizing the resolved supramo-
R'=H, R? = Me 5 4 lecular assembly. The present results highlight the potential of chiral
R'=H, R? = Et 6 70 assemblies to mediate catalytic organometallic reactivity asym-
R'=H, R? = j-Pr 7 26 metrically. This would extend the known application of hegtest
R'=H, R%=n-Pr 8 64 reactivity'2 and is currently being pursued in our laboratory.
R = Me, R?=H 9 15 . )
R' = Et R? = H 10 18 Acknowledgment. This work was supported by the Director,
R'= n-;Dr, R2=H 1 17 Office of Energy Research, Office of Basic Energy Sciences,

Chemical Sciences Division, of the U.S. Department of Energy
under Contract No. DE-AC03-7600098. We thank Ms. Anna V.
Davis for helpful discussions and Mr. Robert M. Yeh for assistance
with mass spectrometry.

aThe de values were determined by integration of #tHeNMR spectra
and have an estimatetd3% error

(Figure 2). We suspect that this product distribution is the
thermodynamic ratio, since heating the sample td®@Gloes not Supporting Information Available: Experimental details and
change the diastereomeric excess. To the best of our knowledge SPectroscopic data for ruthenium complexes @rd.1 (PDF). This
diastereomeric excesses larger than 60% for inclusion of chiral guestmaterial is available free of charge via the Internet at http://pubs.acs.org.
molecules into chiral, self-assembled cavities have not been
observed previousl§gk

Other Cp*Ru(dieneynanovessel complexes also show diaste-
reoselectivity; their diastereomeric excesses are given in Table 1.
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