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The chiral Zn(ll) complex [ZnLCly], 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 P2;2:2;, a =
9.614(2) A, b=13.825(3) A, ¢ = 18.667(3) A, v = 2481.1(8) A3,
Z=4

There has been considerable interest in helical supramo-

lecular architectures, particularly helices from coordination
compounds.In most of these helical structures, the building

units (e.g., coordination compounds) are linked via covalent
bonds? Even though supramolecular architecture has largely

taken advantage of noncovalent (e.g., hydrogen-bonding)

interactions’ 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(ll) complex [ZnL@G], 1 {L = 4-methyl-
2,6-di[(9-(+)-1-phenylethyliminomethyl] phenp|] as the
building unit. As expected, compoundl exhibits both
chirality and emissive properties. Coordination compounds
that give both circular dichroism and emission signals at
room temperature are well documented in literature.
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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 of9)-(—)-1-phenylethylamine
in acetonitrile. Reaction of zinc(Il) chloride and optically
pure ligand L afforded the neutral complex [Z1Cl;] (1) in
good yield (Scheme ¥).

The crystals of [ZnLG] (1) were characterized by
elemental and spectral analy%dacluding single-crystal
X-ray structure determinatiohThe molecular structure of

Nthe Zn(Il) complexl 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

For example, see: Hanessian, S.; Gomtsyan, A.; Simard, M.; Roelens,

(4) (a) Barron, J. A.; Glazier, S.; Bernhard, S.; Takada, K.; Houston, P.
L.; Abruna, H. D.Inorg. Chem2003 42, 1448. (b) Bilakhiya, A. K.;
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Inoue, Y.; Villani, C.; Vos, J. GJ. Chem. Soc., Dalton Tran2003
2597. (g) Browne, W. R.; O’Connor, C. M.; Villani, C.; Vos, J. G.
Inorg. Chem.2001, 40, 5461. (h) Fletcher, N. C.; Keene, F. R.;
Viebrock, H.; von Zelewsky, Alnorg. Chem.1997, 36, 1113.
Synthesis of [ZnLG] (1): To a solution of 2,6-diformyl-4-meth-
ylphenol (2.46 g, 15 mmol) in 40 mL of acetonitrile was add&g (
(—)-1-phenylethylamine (3.63 g, 30 mmol) in 10 mL of acetonitrlile.
The reaction mixture was refluxed for 4 h. To the resulting Schiff
base, formed in situ, was added anhydrous 2204 g, 15 mmol),
and the mixture was refluxed for another 2 h. It was then filtered, and
the filtrate was kept in an open conical flask at room temperature for
1 week, yielding 5.62 g of pale yellow crystals bf{(74%).

Spectral data fot: Optical rotation §]p?> = +86 (c 1, ethanol). CD
Amax (A€) (CHsCN): 411 (+24.79), 302 £0.51), 256 (52.71), 217
(—123.74).*H NMR (CDCl) 6: 1.76 (d, 3H,J = 6.82 Hz, CH),
2.06 (d, 3H,J = 6.82 Hz, CH), 2.13 (s, 3H, Ar-CHj3), 4.58 (q, 2H,
J=6.84 Hz, CH), 7.16:7.48 (m, 12H, Ar-CH), 7.97 (s, 1H, HEN),

8.18 (s, 1H, HEN). IR vmax (cm™1): 1660, 1628, 1547. Anal. Calcd
for CasH26N20ZNnCh (My = 506.78 g mot?): C 59.25, H 5.17, N
5.53%. Found: C 59.26, H 5.24, N 5.47%. BVis (CHsCN) [Amay

nm (e/M~cm™Y)]: 414 (4400), 353 (6700), 243 (34 500).

®)

@)

Inorganic Chemistry, Vol. 44, No. 8, 2005 2585



COMMUNICATION

Figure 1. Thermal ellipsoid plot of the structure df 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 €H-+-Cl hydrogen-bonding
C(10)] has two arms with two donor nitrogen atoms. ONe interactions between adjacent molecules that lead to the formation of

nitrogen [N(1)] of one arm is coordinated to zinc, and the hydrogen-bonded helices. All hydrogen atoms except those involved in
nirogen [N(2)] of the other arm remains uncoordinated. This Y4292, bndng have been omied for clnty. Lef bl andsic
is due to the fact that phenolic hydroxyl [O(1)] gets (helical backbone).
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 cn1tis not observed. This kind of proton transfer
is known in the current literatufeThere are two intramo-
lecular hydrogen bonds: N@H(2)---O(1) [2.615(5) A] and
C(17)-H(17)---ClI(1) [3.533(7) A]. Complex1 self-as-
sembles via hydrogen bonding into supramolecular helices.
Itis the C(13)}-H(13)---CI(2) intermolecular hydrogen bond
[3.665(6) A in length] that drives the formation of the helix
as shown in Figure 2. A systematic investigation eft&--Cl
hydrogen-bonding interactions, using inorganic supramo-
lecular synthons, has recently been repoftéHe hydrogen- 150 00
bondin_g parameters of the----Cl bond (preser_wt work) 200 300 Wavelength (gg% 500
are quite comparable to those Of—G"'.CI bpnds in other Figure 3. Circular dichroism (solid line) and electronic (dashed line)
reported system%i® The path of the helix (Figure 2) can be  spectra oft in 1 x 105 M MeCN solution.
traced by following the hydrogen bonds counterclockwise
around the 2-fold screw axis of the helix. At the molecular ~ The optical activity of Zn compleA is induced by the
level, the crystal contains a single enantiomer of the complex chiral ligand L2 The UV—visible spectrum of zinc complex
1. This local chirality translates throughout the crystal into 1 is characterized by an intense band at 243 nm and two
the formation of only left-handed helices at the supramo- peaks at 353 and 414 nm, as shown in Figure 3. The circular
lecular level (Figure 2). Three zinc complex fragments form dichroism (CD) spectrum of the synthesized chiral ligand L
one helix turn in1 with a pitch of 13.825 A. The absolute shows positive bands at around 350 and 245 nm. As
configuration of the compound molecule was successfully expected, the CD spectrum df exhibits positive bands
determined by refining the Flack parameter [0.017(39)]. (Figure 3).
The fluorescence properties of L and [Znk[0l1) were
(7) Crystal data fofl: CasHagN2Cl.0Zn, My, = 506.75, pale yellow prism,  studied in MeCN solutions. The experiment reveals that the
grft;‘_'e‘mg)”?f’g‘ioig%%?%XA%‘E gg’egr(g‘)ojr_\h\(}”;bggf}f@) Zn?* jon enhances the fluorescence. The fluorescence spectra
A3,Z=4, (Mo Ka) = 1.224 mn1L, T = 293(2) K; 3197 reflections of L and [ZnLCl] (1) are shown in Figure 4. There is a
measured, direct methods with SHELXS-97 and refinemenfén  gignificant band shift and increase in fluorescence intensity

using SHELXL-97. R1= 0.0352 and wR2= 0.0743. . e .
(8) Pizzala, H.; Carles, M.; Stone, W. E. E.; ThevandJAChem. Soc.,  for [ZnLCl;] (1). The maximum excitation of the zinc
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©) 15?653993 Vo runaal .= Mukheree, Ehem. Eur nm. The fluorescence intensity at 504 nm is ca. 12 times of
(10) (a) Xuan, R.; Hu, W.; Yang, Z.; Xuan, Rcta Crystallogr 2003 that of the ligand at 580 nm (Figure 4).

C59 m112. (b) Vembu, N.; Nallu, M.; Garrison, J.; Youngs, W. J.
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04 Y B the existence of an equilibrium between undissociated phenol
S0gnm and a proton-transferred species of phenol with the formation
of phenoxide anion and BHcation!* The same analogy
- excited by 414 nm can be extended to the present system, because the phenolic
proton of the ligand L (Scheme 1) is deprotonated upon
complexation with ZA" 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 [ZnLC}] (1; see Figure 1). Indeed, this proton is
nicely located on uncoordinated imine nitrogen in the crystal
00 T = =t T structure ofl. An emission experiment on the free ligand L
200 300 400 500 600 700 . . . .
Wavelength (nm) in the presence of an added base, namely, triethylamine, in
Figure 4. Fluorescence spectra of L aficit 298 K in 1x 1075 M MeCN MeCN solution indicates the existence of an equilibrium
solution (left halves are excitation spectra and right halves are emission hatyween an undissociated L and a proton-transferred species
spectra). The dashed line corresponds to ligand L and the solid line to zinc . .
complex1. of L (see Supporting Information).
We were interested to know whether the Zn(ll) coordina-
The emission band (at 580 nm) of the free ligand L does tion center can be replaced by other metals, and we carried
not shift with varying concentration in MeCN solutions. On out similar synthes@susing other metal chlorides in place
the other hand, the emission band of [ZnkIC(1) is of ZnCl. However, we were not successful in obtaining
concentration-dependent: the band maxima gradually shiftscrystalline compounds of [MLG] for M = Mn2*, Cut,
to lower energy with increasing concentrations (see Sup- Co?", and N#*.
porting Information). This shift could be due to the inter- In summary, we have designed and synthesized a chiral
molecular hydrogen-bonding association of [ZnfCl) (see zinc complex, [ZnLC]] (1), that self-assembles via hydrogen
Figure 2) at relatively higher concentrations. The emission bonding into supramolecular helices. It seems that the
guantum vyield ¢e) of the free ligand L at ambient uncoordinated arm of the ligand plays an important role in
temperature, using 1,6-diphenyl 1,3,5-hexatriene (dpht) in forming these helices. Compleixnot only shows chirality
MeCN as the standard, was found to be 0.0053, and that of(circular dichroism at the molecular level and chiral helices
the complex [ZnLCj] (1) was determined as 0.051 (see at the supramolecular level), but also exhibits emission
Supporting Information). properties at room temperature.
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charge-transfer or metal-centered transitittherefore, the

emission from [ZnLC]] (1) is believed to arise from an Supporting Informa_tiqn Available: X-ray crystallographic da_ta
excited state, centered on L, which contains a phenolic protonfor 1 (CIF). Text describing the synthesis and spectral data for ligand
(for the formula of L, see Scheme 1). It is well-established L and figures depicting concentration-dependent emission studies
that the emissive org;anic phenol 2 6-dif0rmyl-4-methylphe- of ligand L and complex [ZnLG] (1), quantum yield determinations

. . S of ligand L and complex [ZnLG] (1), a figure of preliminary
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