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In recent years there has been a renewal of interest in helical 
chirality in inorganic and coordination Helicates,& 
which are polynuclear metal complexes having helical topology 
of the ligands, not only are the objects of molecular architecture 
but also are utilized as asymmetric  catalyst^.^,^ Although a 
variety of helicates have been reported,4v5 most of the works 
have been limited to racemic mixtures of the left-handed and 
right-handed ones. Except for the spontaneous resolution of 
the helicates?,'"' only two precedents have been reported for 
the enantiospecific synthesis of helicates using diastereoisom- 
erism with optical activity of a bridging and therefore, 
the relationship between helicity of helicates and chirality of 
ligands has not been well-known. Moreover, the role of optical 
activity (either an enantiomerically pure form or a racemic 
mixture) of the ligand in the structures of such complexes has 
not been understood. In order to elucidate the relationship and 
the role of optical activity of the ligand, we designed CZ 
symmetric didentate ligands, (4R,5R)- and (4S,SS)-4,5bis(2- 
(2-pyridy1)ethyl)- 1,3-dioxolane (R,R-L and S,S-L), prepared 
silver(1) complexes with the ligands, and characterized the 
structures of these complexes by X-ray analysis. As a conse- 
quence, a remarkable structural change in the silver(I) complexes 
was observed: helical arrays with extended structure for the 
enantiomerically pure ligands and an optically inactive dinuclear 
complex for the racemic mixture of the ligand. 

The ligands were prepared from L- or  t tartaric acid via 
coupling reaction of chiral triflate intermediates' (Scheme 1). 
Treatment of the optically pure ligand (R,R-L or S,S-L) with 
silver(1) trifluoromethanesulfonate (AgOTf) in methanol gave 
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colorless prismatic crystals in nearly quantitative yield.8 The 
X-ray diffraction analysesg of these complexes revealed that they 
are crystallized in the orthorhombic space group P212121 with 
the same lattice constants (within the standard deviations) and 
are completely enantiotopic with each other. Each complex 
cation has an extended structure'" consisting of Ag+ with a 
slightly distorted linear geometry and the bridging ligands as 
shown in Figure l a  for [{Ag(R,R-L)},](OTf),. The Ag+ cation 
has a weak interaction with the 0 atom in O T f  (the shortest 
distance between them is 2.893(8) A). The array with extended 
structure runs toward a crystallographic 2-fold screw axis, but 
the Ag+ ion is not sited on the axis and the extended array has 
a "helical" structure. Projection of the array along the screw 
axis for each isomer exhibits the left-handed helicity for [{Ag- 
(R,R-L)},](OTf), (Figure lb) and the right-handed for [{Ag- 
(S$-L)},](OTf),. In addition, the bridging ligands at both sides 
of the main helix also have peripherally helical conformations: 
the R,R-L ligand has a right-handed helicity, and the S,S-L, a 
left-handed helicity. There is no doubt that the peripheral 
helicity in the bridges as well as the helicity in the extended 
arrays is induced stereospecifically by the asymmetric nature 
of the didentate pyridine ligand. 

From a similar reaction with a racemic mixture of the ligands 
(rac-L), a 1 : 1 mixture of R,R-L and S,S-L, colorless prismatic 
crystals were obtained.8 X-ray analysisg confi ied that the 
crystal has a monoclinic centrosymmetric space group, P2Jc. 
The complex is not a mixture of [{Ag(R,R-L)},](OTf), and 
[ { Ag(S,S-L)},](OTf), but has a completely different dinuclear 
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helically extended arrays and the dinuclear complex, is just 
accompanied by an alteration of optical activity of the ligands 
used in complexation. Why does not the reaction with an 
enantiomerically pure ligand form a dinuclear complex ([Agz- 
(R,R-L)zI(OTf)z or [Ag2(S,S-L)2](OTf)2)? Why does not the 
reaction with rac-L yield a racemic mixture of each helical 
array, although the arrays have lower solubility? As shown in 
Figure 2 the two dioxolane rings in the bridging ligands (R,R-L 
and S,S-L) in the dinuclear complex are close to each other. 
Molecular recognition which stabilizes the dinuclear framework 
probably exists between R,R-L and S$-L by the assistance of 
the two Ag+ ions. The distance between H10 and 02' is 
2.491(7) A, shorter than the sum of a van der Waals radius of 
H and 0 (2.72 A)," and the angle of ClO-O2*~HlO' is 
103.7(5)". This might suggest the presence of a hydrogen bond- 
like interaction between these atoms,8,12 and the recognition 
between the two ligands might be ascribable to such an 
interaction stabilizing the meso-formed dinuclear framework. 
On the other hand, a presumed dinuclear structure of [Ag2(R,R- 
L)2](OTf)2 or [Ag2(S,S-L)2](OTf)2 may give rise to a serious 
repulsion between the dioxolane rings. Thus, the preferential 
formation of helically extended arrays in the reaction with 
R,R-L or S,S-L is reasonable. 

Mixing of methanolic solutions of [{Ag(R,R-L)},](OTf), and 
[{Ag(S,S-L)},](OTf), (1: 1) also provided the same meso- 
formed dinuclear complex, [Ag2(rac-L)2](0Tf)2, as that from 
the racemic ligand and AgOTf.8 This indicates that the extended 
structure is not maintained in solution. Both 'H NMR and CD 
spectroscopic titrations for the systems of AgOTf and any free 
L display the formation of 1:l ([AgOTfl:[L]) species in 
methanol.8 All complexes described above give the same 'H 
NMR, NOESY NMR, or electronic spectra as one another in 
methanol because of the fluxionality based on a rapid cleavage 
and recombination of the Ag-N bond.8 Further studies on the 
structures in solution of these complexes are in progress. The 
conditions required to form the specific structures in the solid 
state are met upon crystallization of the complex from the 
methanolic solution, where the interligand steric effect and the 
hydrogen bond-like interaction induced by the asymmetric 
centers of the ligands may play an important role. 
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Figure 1. Perspective drawings of the helically extended array in [{Ag- 
(R,R-L)},](OTf),: (a) from the side of the crystallographic b axis that 
is a 2-fold screw axis; (b) along the axis (for (b) only a part of the 
array is shown for clarity). 
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Figure 2. Perspective drawings of the complex cation in [Agz- 
(rac-L)z](OTf)l: (a) top view; (b) side view. 

structure with an inversion center, [Agz(rac-L)z](OTf)z (Figure 
2). Since the two bridging ligands consist of a pair of each 
enantiomer (R,R-L and S,S-L), the complex should have a 
meso-formed diwclear framework. No methanolic solution of 
one single crystal is circular dichroism active, which indicates 
that the optically inactive dinuclear complex is specifically 
formed. 

The drastic structural change of the complexes, that is, the 
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