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Small-molecule chiral catalysts are capable of effecting © PFe”
reactions with enzyme-like enantioselectivity, without sacrificing festyrene
the substrate generality associated with simple synthetic re-
agents. Synthetic catalysts and enzymes both exert stereoin-
duction through molecular recognition events, yet the former
are usually analyzed in terms of stedestabilizationof the
pathway leading to the minor enantiomeric product, while the
latter are thought to operate by transition ststibilizationin
the pathway leading to the major enantiorhemn reality, the
basis for selectivity in reactions of these catalysts may not be
so different, as several examples of effective synthetic chiral
catalysts have been uncovered wherein attractive, noncovalent
secondary interactions between substrate and catalyst are
suggested or strongly indicated by experinferithe incorpora-
tion of enzyme-like recognition elements into simple catalysts
is clearly an appealing design feature, since attractive interac-
tions can, in principle, reduce conformational degrees of freedom
and enhance chiral discrimination in selectivity-determining Figure 2. Space-filling representation of the X-ray crystal structure
transition state3. of 1-styrene highlighting the orthogonal disposition of the ligand

We recently discovered th&@,-symmetric 1,2-diimines are  aromatic groups.
effective ligands for Cu(l)-catalyzed enantioselective aziridi-
nation and cyclopropanation reactich<losely related Cu(ll) that its two aromatic groups are almost perfectly orthogonal to
complexes of the same ligands have also been applied to theeach other, with the aromatic group of the styrene lying squarely
catalysis of highly enantioselective Dieldlder reactions. in the resulting cleft (Figure 2). No intermolecular contacts
These diimine ligands thus establish highly differentiated are apparent in the structure.
asymmetric environments for copper-mediated reactions of g pstantial experimenfabind theoreticdl effort has been
alkenes, a phenomenon that is somewhat surprising given their,

NS . : o directed toward characterizing noncovalent interactions between
simplicity and apparent high degree of conformational flexibility. * 5o matic groups in well-defined systems. The distance between
During the course of our studies on these catalyst systems, w

. €he centroids of aromatic groups in documented edge-to-face
successfully crystallized complet bound to styrene and group g

. oo .
characterized its solid-state structure (Figuré This structure ;?ég?g?é(gas of;(lilrs;]g: gi\:t;irggeo?gﬁ?iﬁ,thg\.nstg/;g;egorrentgzlzl)l(y
has . ungntlmpated che.lracterllstlcs which may h.°|d broader this distance is 5.2 A. In addition to one of the aromatic ortho
implications for the design of ligands for asymmetric catalysis. hydrogens, thecis-8-hydrogen on styrene also enjoys an
The X-ray crystal structure reveals a complex with a distorted yarogens, hecisp-hydrog ; Y . JOYS
trigonal planar copper center bearing a chelating diimine ligand apparent bonding Interaction with the centrpld of the ligand
and ar-bound styrene. The BFcounterion is noncoordinating. aromatic. group .(Flgure 3A). The. separation betwegn the
The distances between Cu and the vinylic carbons C1 and cparomatic _planes in the faz_:e-'go-fac_e mteractlomm‘tyrgne IS
(Figure 1) are 1.98 and 2.05 A, consistent with other crystal- 3.26 A (Figure 3B), again |n11|ne with the measured distance in
lographically characterized Cuffplefin complexes. Most reported structures<@.6 A).
significant, theC,-symmetric diimine ligand is arranged such Simultaneous faceface and edgeface aromatic interactions
. — . S between substrate and chiral ligand have been proposed to play
oD Ei?{)? rﬁ.c%rl;ﬁggl}(lls'éﬁfeﬁqe.'efrf't‘."gd".‘ Eﬁ%egtg and biological catalysts, 4 critical role in defining the enantioselectivity in the Sharpless
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Figure 1. Line drawing and thermal ellipsoid plot (50% probability
level) of the X-ray crystal structure dfstyrene
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o Table 1. Enantiofacial Selectivity of Complexation of Selected
@ @ Olefins to1 As Determined byH NMR at —90 °C (CD,Cl,)
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Figure 3. (A) Edge—face aromatic interactions (B) facéace aromatic ‘Q_/SWB 80:20 O—/ 50:50

interactions in the solid-state structure Bétyrene

(A) . (B) Low-temperaturédH NMR spectra ofl-styrenealso provide
strong evidence for exclusive binding of one styrene enantioface
to the chiral copper complex, with a single set of diastereotopic
imine proton resonances present-é880 °C. The importance
of the secondary aromati@romatic interactions to the enan-
tioselectivity of complexation was evidenced by analysis of the

b 1H NMR spectrum ofl in the presence of 2,6-difluorostyrene.
TN | O With this substrate, two sets of diastereotopic proton resonances
were present in an 86:14 ratié. The reversal in polarization
T Py om0 of the C—F bond relative to the €H bond at the ortho aromatic
Figure 4. 3C NMR spectra ofl-styrene complex: (A) Solution positions of this substrate results in the loss of available edge
spectrum (CRCl,) at—90 °C (peak marked withx is due to solvent); face interactions with the ligand aromatic groups, and this is
(B) CPMAS spectrum taken at a spinning rate of 3.99 kHz (peaks the apparent source of diminished enantiofacial selectivity in
marked withx are spinning sidebands). the complexation.
This NMR method for evaluating the enantiofacial selectivity
context of such attractive aromatic interactiéhAsHowever, to of olefin complexation was extended to a series of other alkenes

our knowledge, the structure @fstyrene constitutes the first (Table 1). Enantiofacial selectivity in binding of 2,4,6-
example of a crystallographically characterized chiral complex trimethylstyrene tol (87:13) was almost identical to that of
displaying both types simultaneously and intramolecularly with 2,6-difluorostyrene, reinforcing the notion that eedace

a chiral or prochiral guegg interactions with the chiral ligand are precluded for both

The relevance of the X-ray crystal structurelestyreneto substrates. Interestingly, the presence of electron-donating or
the structure of the complex in solution was assessed in a serieglectron-withdrawing substituents on the styrene derivative (e.g.
of NMR experiments. The room temperatutéC NMR p-methoxystyrene anai-nitrostyrene) had no detrimental effect
spectrum (CRCly) exhibits the expected resonances faZa on binding selectivity. Aliphatically substituted alkenes such
symmetrical compleX} consistent with rapidly reversible olefin  as vinylcyclohexane were found to bind with no measurable
complexation on the NMR time scale. At90 °C, this selectivity.

equilibration is slowed, as evidenced by resonances correspond- The solution and solid-state structures of alkene complexes
ing to a complex withC; symmetry (Figure 4A). Preferential  of 1 thus provide strong evidence that attractive edigee and
binding of one enantioface of the alkene to the chiral complex face—-face aromatic interactions can play a determining role in
is evident upon inspection of the imine carbon region, which enantioface discrimination in binding of prochiral substrates to
displays only two equivalent resonance$ 166 and 172) this class of chiral catalysts. Such secondary catakysibstrate
corresponding to the diastereotopic imine carbons. e interactions may also play an important role in catalysis, and
CPMAS spectruri? (Figure 4B) corresponds almost perfectly we are currently exploring the design and application of chiral
with the the solution spectrum at90 °C, indicating that the complexes which incorporate this design principle.
edge-to-face and face-to-face aromatic interactions evident in
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