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Coordination-driven self-assembly of inorganic and organome- Scheme 1
tallic cycles and cages has witnessed tremendous growth over the o I
past decad&:®> Numerous metallocorners such eis-[M(phos- O vs—=—

: . = L,, R=Et, 67%
phine}]?*,! cis-[M(en)]?+,2 fac-(COxReX* and My(carboxylate) RO OO PA(PPhy),Cl/Cul RO OO Ly, R=Me, 68%

Ci

units® have been utilized to construct metallosupramolecular as- ro KeCOs, THFMeOH 1O OO t:: R=TBOMS. 56%J029%
semblies that have not only exhibited interesting structures but also OO ol cl

shown promises for applications in cataly&ishemical sensing, Br cisPPEL,Cl, ||

and selective inclusion of guest molecutd3espite the importance Cul, NHEt, CH,Cl

of asymmetric catalysis in the production of chiral compouhds, L) () /

there have been few reports on the design of chiral metallosu- \/P\p(P\,

pramolecular assembliés Moreover, none of the known chiral

metallosupramolecular assemblies have been explored for applica- =Et, 38%
. . . . . . . - 10/
tions in asymmetric catalysis. We surmise that incorporation of a e 455
. . - . . . = ’ oy
chiral ligand into a conformationally rigid metallosupramolecular =H 91%

system would lead to a well-defined enzyme-like chiral pocket or
functionality, which could find applications in chiral sensing and
asymmetric catalysis. Our proof of principle experiments use 1,1
bi-2-naphthol (BINOL) as the key building block for the construc-
tion of functional chiral metallosupramolecular assemblies with the
hope of taking advantage of the well-documented utility of its
chirality for enantioselective processésVe have recently reported
a chiral molecular square that is capable of enantioselective sensin
of chiral amino alcohols via fluorescence quenchiffgiVe report
here the self-assembly and characterization of the first chiral
organometallic triangle<is-(PEE).Pt(L 1-4)]5 (WhereL ;—4 is enan-
tiopure 4,4-bis(alkynyl)-1,1-binaphthalene) and their applications
in highly enantioselective diethylzinc additions to aldehydes to
afford chiral secondary alcohols.

Enantiomerically pure atropisomeric 6dichloro-2,2-diethoxy-
1,2-binaphthyl-4,4bis(acetylenel. ; was synthesized in two steps
in 67% overall yield starting from 6'&lichloro-4,4-dibromo-2,2-

B =%
N &
A O~

Cl

and 3'1P{*H} NMR spectroscopy, mass spectrometry, elemental
analysis, and IR, UVvis, and circular dichroism (CD) spec-
gIroscopies.
NMR data of1—4 showed a single ligand environment, sug-
| gesting the formation of cyclic species. For example,*tf¢H}
NMR spectrum ofl exhibits a single peak at 3.51 ppm with a set
of 19%Pt satellites Jpr—p = 2282.8 Hz). There is also only one single
set of signals for the acetylenic and aromatic carbon atoms in its
13C{1H} NMR spectrum. The aromatic region$1 NMR spectrum
of 1 is deceptively simple with only three singlets, apparently a
result of accidental overlap of+&nd H; signals. Mass spectroscopic
data showed the presence of molecular ions due to trinuclear species

dieth binaphthal hich ious| db for 1—4 and thus unambiguously established their cyclic trimeric
iethoxy-1,1-binaphthalene which was previously reported by us nature’* The »(C=C—H) stretches at~3280 cm® in Li_s

(Scheme 13> Dimethoxy analogué., and bisfert-butyldimeth- 455 neared upon the formationif4, and the IR spectra df—4
ylsilyl) analogueL s were similarly prepared, while dihydroxy — oypihit expected/(C=C) stretches at-2100 cnr. The formula-
analogud. , was prepared in quantitative yield by treatingwith tions of 1—4 are also supported by microanalysis results. All of
tetra-butyllammonium fluoride (TBAF) in THF. All of these  {hese spectroscopic data are consistent with a cyclic trinuclear

ligands have been characterizedbyand**C{*H} NMR, UV— " gycture with approximatéds symmetry for 1—4. Numerous
vis, circular dichroism (CD) spectroscopies, and high-resolution attempts have however failed to produce X-ray diffraction quality
mass spectromgtry. . . . . single crystals ofl—4.

Treatment of ligand.;—3 with 1 equiv ofcis-Pt(PE$),Cl, in the The electronic spectra of ;—, show three majorr — n*

presence of Cul in a mixture of diethylamine and dichloromethane {ransitions at~240,~300, and~357 nm. While the absorption at

at room temperature afforded chiral cycles3 in moderate yields ~240 nm is due to the naphthyl— x* transition, the absorptions
(38—45%) after purification by silica gel column chromatography. at ~300 and~357 nm are probably due to acetylenic— z*
Attempts to synthesize the hydroxy cyeleoy treatingl 4 with 1 transitions that have been delocalized into naphthyl ring systems.
equiv ofcis-Pt(PE).Cl, have failed, presumably due to competitive  Upon the formation of metallocycleis-4, the absorption at240
coordination of the 2,2dihydroxy groups to the Pt centers. Instead, nm of L,_, remains unshifted, while the lower energy transitions
cycle4 was obtained in quantitative yield by treatiigvith TBAF of L;—4 have red-shifted by more than 15 nm. Such bathochromic
in THF. Compound4—4 have been characterized By, 13C{1H}, shifts have been well-established in platinum acetylides, owing to
the mixing of Pt p-orbitals into the acetylenic— z* bands!4 A

* To whom correspondence should be addressed. E-mail: wlin@unc.edu. new band also appeareda202 nm, probably due to thas-Pt-
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B8.0E+06 alcohols in very high selectivity, yield, and enantioselectivity.
In comparison, when free ligarid, was used instead & a lower
E4.UE+06 ee (80%) was obtained for the addition of diethylzinc to 1-naph-
= thaldehyde. The broad substrate scope for catalytic diethylzinc
E additions usingd and Ti(OPr), suggests that there is significant
5”‘”5001 flexibility in the dihydroxy groups to accommodate aldehydes of
"t”.i various sizes. This result is entirely consistent with the CD data.
2-4.DE+06 In summary, a family of chiral organometallic triangles has been
readily assembled on the basis of robust Pt-acetylide linkage.
BOE+06 Metallocycle4 has been used for highly enantioselective catalytic
Wavelength (nm) diethylzinc additions to aromatic aldehydes.
Figure 1. CD spectra o4 and4 in acetonitrile. Acknowledgment. We thank NSF (CHE-0208930) for financial

support. W.L. is an A. P. Sloan Fellow, a Beckman Young
Investigator, a Cottrell Scholar of Research Corp., and a Camille
Dreyfus Teacher-Scholar.

Table 1. Diethylzinc Additions to Aldehydes Catalyzed by Ti(IV)
Complexes of 42

Entry Aldehyde Temp  Conversion” e.e. (%)

5 Supporting Information Available: Experimental procedures,
1 ©/‘L rn >95% 91 analytical data, and seven figures (PDF). This material is available free
of charge via the Internet at http:/pubs.acs.org.
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