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The chiral Zn(II) complex [ZnLCl2], 1 {L ) 4-methyl-2,6-di[(S)-
(+)-1-phenylethyliminomethyl] phenol}, self-assembles via C−H‚‚‚Cl
hydrogen bonding into supramolecular helices. Complex 1 exhibits
emission in solution at room temperature in the visible range.
Crystal data for 1: orthorhombic space group P212121, a )
9.614(2) Å, b ) 13.825(3) Å, c ) 18.667(3) Å, V ) 2481.1(8) Å3,
Z ) 4.

There has been considerable interest in helical supramo-
lecular architectures, particularly helices from coordination
compounds.1 In most of these helical structures, the building
units (e.g., coordination compounds) are linked via covalent
bonds.2 Even though supramolecular architecture has largely
taken advantage of noncovalent (e.g., hydrogen-bonding)
interactions,3 hydrogen-bonded assemblies of coordination
compounds that lead to helical structures have not been
explored much. We report here a supramolecular left-handed
helix, formed by C-H‚‚‚Cl hydrogen-bonding interactions,
using the chiral Zn(II) complex [ZnLCl2], 1 {L ) 4-methyl-
2,6-di[(S)-(+)-1-phenylethyliminomethyl] phenol}, as the
building unit. As expected, compound1 exhibits both
chirality and emissive properties. Coordination compounds
that give both circular dichroism and emission signals at
room temperature are well documented in literature.4

The enantiopure ligand L (Scheme 1) is prepared in a
Schiff-base condensation reaction of 1 equiv of 2,6-diformyl-
4-methyl phenol with 2 equiv of (S)-(-)-1-phenylethylamine
in acetonitrile. Reaction of zinc(II) chloride and optically
pure ligand L afforded the neutral complex [ZnIILCl2] (1) in
good yield (Scheme 1).5

The crystals of [ZnLCl2] (1) were characterized by
elemental and spectral analyses6 including single-crystal
X-ray structure determination.7 The molecular structure of
the Zn(II) complex1 is presented in Figure 1. The zinc atom
in 1 is four-coordinated with N(1), an O(1) donor (from the
ligand L), and two chloride ligands in a distorted tetrahedral
geometry. The chiral ligand L [chiral centers are C(18) and
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1 week, yielding 5.62 g of pale yellow crystals of1 (74%).

(6) Spectral data for1: Optical rotation [R]D
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λmax (∆ε) (CH3CN): 411 (+24.79), 302 (+0.51), 256 (+52.71), 217
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Scheme 1
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C(10)] has two arms with two donor nitrogen atoms. One
nitrogen [N(1)] of one arm is coordinated to zinc, and the
nitrogen [N(2)] of the other arm remains uncoordinated. This
is due to the fact that phenolic hydroxyl [O(1)] gets
deprotonated and N(2) gets protonated during complexation
(Figure 1). This is also evidenced in the IR spectrum of the
complex, in which the hydroxyl stretching of the free ligand
L at ∼3400 cm-1 is not observed. This kind of proton transfer
is known in the current literature.8 There are two intramo-
lecular hydrogen bonds: N(2)-H(2)‚‚‚O(1) [2.615(5) Å] and
C(17)-H(17)‚‚‚Cl(1) [3.533(7) Å]. Complex 1 self-as-
sembles via hydrogen bonding into supramolecular helices.
It is the C(13)-H(13)‚‚‚Cl(2) intermolecular hydrogen bond
[3.665(6) Å in length] that drives the formation of the helix
as shown in Figure 2. A systematic investigation of C-H‚‚‚Cl
hydrogen-bonding interactions, using inorganic supramo-
lecular synthons, has recently been reported.9 The hydrogen-
bonding parameters of the C-H‚‚‚Cl bond (present work)
are quite comparable to those of C-H‚‚‚Cl bonds in other
reported systems.9,10 The path of the helix (Figure 2) can be
traced by following the hydrogen bonds counterclockwise
around the 2-fold screw axis of the helix. At the molecular
level, the crystal contains a single enantiomer of the complex
1. This local chirality translates throughout the crystal into
the formation of only left-handed helices at the supramo-
lecular level (Figure 2). Three zinc complex fragments form
one helix turn in1 with a pitch of 13.825 Å. The absolute
configuration of the compound molecule was successfully
determined by refining the Flack parameter [0.017(19)].11

The optical activity of Zn complex1 is induced by the
chiral ligand L.12 The UV-visible spectrum of zinc complex
1 is characterized by an intense band at 243 nm and two
peaks at 353 and 414 nm, as shown in Figure 3. The circular
dichroism (CD) spectrum of the synthesized chiral ligand L
shows positive bands at around 350 and 245 nm. As
expected, the CD spectrum of1 exhibits positive bands
(Figure 3).

The fluorescence properties of L and [ZnLCl2] (1) were
studied in MeCN solutions. The experiment reveals that the
Zn2+ ion enhances the fluorescence. The fluorescence spectra
of L and [ZnLCl2] (1) are shown in Figure 4. There is a
significant band shift and increase in fluorescence intensity
for [ZnLCl2] (1). The maximum excitation of the zinc
complex is at 414 nm, and the maximum emission is at 504
nm. The fluorescence intensity at 504 nm is ca. 12 times of
that of the ligand at 580 nm (Figure 4).
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measured, direct methods with SHELXS-97 and refinement onF2
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Figure 1. Thermal ellipsoid plot of the structure of1. Hydrogen atoms
have been omitted for clarity (hydrogen atoms involved in the intramolecular
hydrogen-bonding interactions are shown). C(18) and C(10) are chiral
centers.

Figure 2. View illustrating intermolecular C-H‚‚‚Cl hydrogen-bonding
interactions between adjacent molecules that lead to the formation of
hydrogen-bonded helices. All hydrogen atoms except those involved in
hydrogen bonding have been omitted for clarity. Left, ball-and-stick
presentation; center, wire-frame presentation; and right, space-filling plot
(helical backbone).

Figure 3. Circular dichroism (solid line) and electronic (dashed line)
spectra of1 in 1 × 10-5 M MeCN solution.
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The emission band (at 580 nm) of the free ligand L does
not shift with varying concentration in MeCN solutions. On
the other hand, the emission band of [ZnLCl2] (1) is
concentration-dependent: the band maxima gradually shifts
to lower energy with increasing concentrations (see Sup-
porting Information). This shift could be due to the inter-
molecular hydrogen-bonding association of [ZnLCl2] (1) (see
Figure 2) at relatively higher concentrations. The emission
quantum yield (φem) of the free ligand L at ambient
temperature, using 1,6-diphenyl 1,3,5-hexatriene (dpht) in
MeCN as the standard, was found to be 0.0053, and that of
the complex [ZnLCl2] (1) was determined as 0.051 (see
Supporting Information).

The blue shift of the emission band (504 nm) by complex
1 as compared to the emission band at 580 nm of free ligand
L is quite unexpected (Figure 4), as one would expect the
emission maximum of the free ligand L to be at higher energy
relative to that of the complex because of its relatively high
energy excitation band. This anomaly can be explained by
the fact that excited states resulting from complexes of Zn(II)
are typically ligand-centered (LC) in nature, owing to the
inability of the d10 metal center to participate in low-energy
charge-transfer or metal-centered transitions.13 Therefore, the
emission from [ZnLCl2] (1) is believed to arise from an
excited state, centered on L, which contains a phenolic proton
(for the formula of L, see Scheme 1). It is well-established
that the emissive organic phenol 2,6-diformyl-4-methylphe-
nol undergoes a blue shift of its emission band (from 530 to
445 nm) upon treatment with a base B (e.g., piperidine or
triethylamine), and this observation is interpreted to support

the existence of an equilibrium between undissociated phenol
and a proton-transferred species of phenol with the formation
of phenoxide anion and BH+ cation.14 The same analogy
can be extended to the present system, because the phenolic
proton of the ligand L (Scheme 1) is deprotonated upon
complexation with Zn2+ and this proton is transferred to the
adjacent imine nitrogen (of the same ligand L) with the
formation of NH+. This proton transfer is also evidenced by
IR spectral studies and crystal structure determination of
complex [ZnLCl2] (1; see Figure 1). Indeed, this proton is
nicely located on uncoordinated imine nitrogen in the crystal
structure of1. An emission experiment on the free ligand L
in the presence of an added base, namely, triethylamine, in
MeCN solution indicates the existence of an equilibrium
between an undissociated L and a proton-transferred species
of L (see Supporting Information).

We were interested to know whether the Zn(II) coordina-
tion center can be replaced by other metals, and we carried
out similar syntheses5 using other metal chlorides in place
of ZnCl2. However, we were not successful in obtaining
crystalline compounds of [MLCl2] for M ) Mn2+, Cu2+,
Co2+, and Ni2+.

In summary, we have designed and synthesized a chiral
zinc complex, [ZnLCl2] (1), that self-assembles via hydrogen
bonding into supramolecular helices. It seems that the
uncoordinated arm of the ligand plays an important role in
forming these helices. Complex1 not only shows chirality
(circular dichroism at the molecular level and chiral helices
at the supramolecular level), but also exhibits emission
properties at room temperature.
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Figure 4. Fluorescence spectra of L and1 at 298 K in 1× 10-5 M MeCN
solution (left halves are excitation spectra and right halves are emission
spectra). The dashed line corresponds to ligand L and the solid line to zinc
complex1.
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