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The design and synthesis of molecules that can organize into
specific supramolecular assemblies in the solid state is an area
of considerable interestsince incorporation of well-ordered
structural components into a crystal lattice may lead to new
materials with desirable chemical and physical properties.
However, it is still difficult to reliably predict crystal structures  mixture of right- and left-handed helices in the solid state, as
because individual molecules within a lattice may adopt several do all metallohelices 012~ studied previously:”
different, nearly degenerate, conformations depending on the  These studies on Qusuggested that modifications in helicity
specific conditions under which the crystals are grown. To can occur by breaking either one or both of the structurally
develop species whose assembly is more controlied and predictimportant Cu-Oumige bonds.  Since these bonds are relatively
able, we are investigating the formation of supramolecular \eak, the Qmisedonors should be readily substituted by more
assemblies with low molecular weight monometallic helical pasjc exogenous ligands. Substitution can indeed happen when
complexes. We are particularly interested in using the intrinsic ¢ 1 is treated with pyridine ligands. Dissolving Cin neat
chirality of helical complexes to form chiral solid state su- pyridine changes the spectroscopic properties of the complex,
pramolecular assembliés. In this communication we report jngjcating that the coordination environment about the Cu(ll)
a rare example of spontaneous resolution of metallohelical center has been alteré These spectroscopic changes include
is driven by multiple edge-to-face intermolecular aromatic spectrum from 624 nm for Qlin CH,Cl, to 598 when measured

We have reported that metal complexes of the multidentate  pg) anda, (180 to 200 G). Similar spectroscopic changes
ligand 2,6-bis[[2-[(2-acetylphenyl)carbamoyl]phenyl]carbam-  gre observed when Qus dissolved in 3,5-lutiding?
oyl]p'yndlne (H2.1)6 are helical and thereforg serve as appropriate 5, X-ray diffraction study on Clpy) confirms that binding
starting material8. The structure of the flve-coord|r)ate Cu of o single pyridine to copper causes a significant structural
complex shows that coordination to the Cu(ll) center is provided rearrangemer®i% The molecular structure of Q(py) is
by three nitrogen donors from the pyridydiamidate chelate presented in Figure 1. The copper in uy) is bound by a

and two inner amide oxygens [O(2), O(2a)] of the appended s \,dq square planar arrangement of nitrogen atoms provided
aryl groups. The CttOamie interactions are significant in by the pyridytdiamidate chelate and the exogenous pyridine.

determining the helical morphology; the unsymmetrical helix \jitrogen atom N(4) of the exogenous pvridine is positioned
in Cul results from different Ct+Oamige bond distances [Cu trans%o the pyridg/l )nitrogen N(g) oflz-, with the CuFiN(4)

O(2a), 1.931(4) A; CtrO(2), 2.315(4) A]. Ca, which crystal- — igiance of 1.988(10) A being slightly longer than the-Cu
lizes in the Centrosymmetrlc space grd?[p exists as a racemic N(3) bond Iength [1914(9) A] The (l(py) Complex has exact

* Author to whom correspondence should be addressed. Cz symmetry where the axis bisects the two pyridine rings,
lKansas_State University. coinciding with atoms N(3), Cu, and N(4). The two,fe
University of Delaware. donors that were coordinated originally to the copper irl Cu
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189. (c) Piguet, C.; Bernardinelli, G.; Bocquet, B.; Quattropani, A.; (9) General crystallographic information: The refined unit cell param-
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Cut(py) Cul(lut)

Figure 1. ORTEP diagrams of Cifpy) (left) and Cd(lut) (right).
Hydrogens are removed for clarity. Selected distances (A) and angles
(deg) for Cu(py) [Cul(lut)]: Cu—N(2), 2.012(6) [1.998(7)]; C&N(3),
1.914(9) [1.921(10)]; CtN(4), 1.988(10) [1.948(9)]; CuO(1), 2.618-

(9) [2.712(10)]; N(2)-Cu—N(3), 80.1(2) [80.6(2)]; N(2y Cu—N(4),
99.9(2) [99.4(2)]; N(3-Cu—N(4), 180.0(1) [180.0(1)]; N(&Cu—
N(2a) 160.2(4) [161.2(4)].

b
and no longer interact with the metal ion [ED(2) distance is
5.89 A]. A chiral cleft about the exogenous pyridine is formed Figure 2. A portion of the crystal lattice for Cl(py) (view of a,b
by the appended groups I8~. The inner aryl moieties of the  plane). Selected intermolecular aromatic centraentroid distances
appended groups are intramolecularbgtacked with the bound  (A) [and corresponding interplane angles (deg)]4.98 [64.5];y, 5.10
pyridine at centroighy—centroig distances of 4.37 A, and all ~ [70.7]; 2, 5.86 [62.7].
three rings are canted in the same direction relative to the planar

pyridyl—diamidate chelate (average angle between ring |OI"’meSpossible if individual metallohelices are of the same helicity.

and the chelate is57°). The outer aryl rings of the appendages ; e
are positioned above and below the equatorial coordination pIaneThus the assembly of the arrays during crystallization appears

with the acetophenone oxygens O(1) and O(1a) located 2 618-tO be enantioselective for one helic#y. . .
(9) A from the copper(ll) center ' These results demonstrate how weak intra- and intermolecular
pp : interactions can be used to assemble metal-based chiral su-

_ The most unusual featu_re .of the crystal structure of(Py) . pramolecular species. The design of 1(hy) and Cua(lut)

ICShtiII:]E;Eta” tg?nccc;mglf);gsa\’gmg tik;]e Ig%?ﬁﬁ)gi\ﬁﬁge jgsr,g?\,g%“cal allows for modifications either at thg exogenous ligand sitg or

helicit Y. cul ¢ It f i ' luti at the appended groups obH granting convenient synthetic

helicity in Cul(py) must result from spontaneous resolution as ;. oqs 't a variety of other helical complexes. We are

|nd|(\j/|dual crystals form. Crylst.'-,_1|||zat|or|1 frombsolutlg‘n ShOU||d ¢ investigating currently how these modifications affect the

produce enantiomeric crystals in equal numbers. A crystal of _ . bv of supramolecular species

the other handedness has been characterized fi{tu@y this y P ) P o )

crystal belongs to the tetragonal space gré4g2;2,1% the Acknowledgmentis made to the National Science Foundation (OSR-

enantiomorph of thé®4;2;2 space group found for Q(py) 9255223), the NIH (GM50781 to A.S.B.), and Kansas State University

The crvstal lattices of the two structures are almost ideﬁtical for financial support of this research. We thank Professors Dan Stack
. y . . . . . and Rob Scarrow for helpful discussions and Professor David Benson

with only slight deviations £8%) observed in their unit cell (" <c of the CD spectrometer.

parameters. Moreover, the obtained molecular structure of

Cul(lut) is similar to that described above for Gpy), the major Supporting Information Available: ~Packing diagram for Cl(lut)
difference being the opposite helicity (Fi ureli)’ (Figure S1) and structure determination summaries and tables of X-ray
o 9 . PP . y (F19 ; structural data for Cl(py) and Cd(lut) (16 pages). This material is

The similar lattice architecture shared by XQoy) and contained in many libraries on microfiche, immediately follows this

Cul(lut) provides insights into the observed chiral resolution. article in the microfilm version of the journal, can be ordered from the

The lattices contain ordered arrays of metallohelices irathe ACS, and can be downloaded from the Internet; see any current

plane. Each metallohelix is positioned at the center of a hexagonmasthead page for ordering information and Internet access instructions.

composed of six surrounding metallohelices; between neighbor-JA953227G

ing helices there are 12 edge-to-face aromatic interactions.

Three of these interactions are unique by symmetry, which for  (15) Edge-on interactions are weakly electrostatic and depend on the

Cul(py) are at aryl ring centroidcentroid distances of 4.98,  orientation 3“ the two aryl rings. T?eoreti%al invebstigaticén;i ;;ggezt that

. : H attractive e ge-on interactions similar to those observe an

5.10, and 5.86 A W't,h corresponding mterplane angles of%%4.5 Cul(lut) can contribute between 0.5 and 2 kcal/mol (per interaction) to the

70.7, and 62.7 (Figure 2)* The clustering of edge-on stabilization of a structural motif

interactions within an array undoubtedly contributes to the (16) (a) Burley, S. K.; Petsko, G. A. Am Chem Soc 1986 108 7995.

i ati ; _ (b) Burley, S. K.; Petsko, G. AAdv. Protein Chem 1988 39, 125. (c)
S.tab"l'Sz_‘ig'on of this supramolecular assembly of metallohe- py 0 "3 A" Sanders, J. K. M. Am Chem Soc 1990 112 5525. (d)
lices: This type of stabilization necessitates the nearly Hunter, C. A.Chem Soc Rev. 1994 101 and references therein. (e) Hobza,

P.; Selzle, H. L.; Schlag, E. W. Am Chem Soc 1994 116 3500.

perfect alignment of helices within an array which is only

(11) In solution, H1 is a mixture of right- and left-handed helices which (17) For examples of other systems that use edge-on aromatic interactions,
are in rapid exchange at room temperature. see the following. (@) Protein secondary and tertiary structure: Burley, S.

(12) Physical separation of the enantiomeric crystals and further char- K.; Petsko, G. AScience (Washington,.D.) 1985 229 23. (b) Crystal
acterization of their solid state properties are under investigation. lattices of aromatic molecules: Desiraju, G. R.; Gavezzotti,) AChem

(13) For Cud(lut), two unique edge-on interactions are observed at Soc, Chem Commun 1989 621 and references therein. (c) To effect
centroid-centroid distances of 5.39 and 6.30 A. Four weak metayy! stereoselectivity in metal complexes: Karpishin, T. B.; Stack, T. D. P.;

interactions between the methyl groups of the coordinated lutidine and the Raymond, K. N.J. Am Chem Soc 1993 115 6115. (d) In molecular
aromatic rings of neighboring helices are also observed at distances of 4.07recognition: Muehldorf, A. V.; Van Engen, D.; Warner, J. C.; Hamilton,
A A. D. J. Am Chem Soc 1988 110 6561. Hunter, C. AJ. Chem Soc,

(14) Additional lattice structural parameters for IQpy): (a) Each Chem Commun 1991, 749.
metallohelix has two additional edge-to-face interactions with helices in (18) The structural properties observed forl(ay) and Cd(lut) appear
adjacent arrays; centroigtentroid distances are 5.74 and 6.35 A. (b) Two to be present only in the crystalline state. Preliminary electronic absorbance
Cu—Cu distances of 14.988(3) and 10.598(2) A are observed between and circular dichroism results suggest that the complexes racemize upon
neighboring metallohelices within an array. redissolution at room temperature.



