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Chullikkattil P. Pradeep,?! Panthapally S. Zacharias,*!?! and Samar K. Das*!3l

Keywords: Copper / Helical structures / Hydrogen bonds / Schiff bases / Self-assembly / Supramolecular chemistry

An enantiopure ligand H,L [Schiff base prepared from (S)-
(+)-2-phenylglycinol and 2-hydroxy-5-nitrobenzaldehyde]
reacts with CuCl,-2H,O to yield a chiral copper complex
[Cu(HL)CI] (1) that forms right-handed supramolecular heli-
ces via O-H---Cl-Cu hydrogen bonds.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

The influence of metal centers on hydrogen bonding has
become a topic of intense research recently since metal-di-
rected hydrogen bonding has far-reaching importance in in-
organic supramolecular chemistry, materials chemistry, and
bioinorganic chemistry. Metal-directed hydrogen bonding
can show considerable strength and directionality and
thereby is able to control the self-assembly of the building
blocks, thus resulting in a variety of interesting supramolec-
ular architectures.'!’ Among these, hydrogen-bonded sys-
tems involving metal halides (M—X) have been well studied
in materials chemistry and organometallic chemistry.[?! Hal-
ogens act as strong hydrogen-bond acceptors when bound
to transition metals, in contrast to their limited ability to
serve as weak hydrogen-bond acceptors when bound to car-
bon. The directional properties of metal halides in the for-
mation of hydrogen bonds have been shown independently
by the groups of Brammer and Orpen.!

Among the various metallo-supramolecular architec-
tures, helical structures are of considerable interest because
of their intrinsic chirality and their potential for yielding
materials with novel chemical, electronic, biological, and
optical properties.! Of particular interest are chiral helices
prepared by the self-assembly of chiral building blocks.!
We have recently reported a supramolecular homochiral he-
lical architecture assembled by C-H--CI-M hydrogen-
bonding interactions.[®! However, to the best of our knowl-
edge, there is no report on homochiral helices based on O—
H-+Cl-M interactions. In the present communication we
wish to report a chiral, mononuclear, square-planar copper
complex that self-assembles through O-H:*-Cl-Cu interac-
tions to form homochiral helices in the crystal packing.
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The reaction of a 1:1 mixture of (S)-(+)-2-phenylglycinol
and 2-hydroxy-5-nitrobenzaldehyde in methanol yielded the
tridentate chiral ligand H,L in moderate yield. Reaction of
H,L with CuCl,-2H,O in methanol at room temperature
gave a green solid of [Cu(HL)CI] (1), which on recrystalli-
zation from methanol gave X-ray quality crystals. The mol-
ecular structure of the complex is shown in Figure 1. The
structure consists of a neutral, mononuclear, four-coordi-
nate copper(1) complex with the chiral tridentate Schiff-
base ligand providing the ONO donor atom set. The fourth
position is occupied by a chloride ion. The overall coordi-
nation geometry of the compound is distorted square-
planar, with the copper ion lying approximately at the cen-
ter of the plane consisting of the ligand donor atoms CI(1),
O(1), N(1), and O(2).

Figure 1. Thermal ellipsoidal plot (50%) of 1. Hydrogen atoms are
omitted for clarity. The asterisk mark indicates the chiral center.
Selected bond lengths [A] and angles [°]: Cu(1)-O(1) 1.880(2),
Cu(1)-0(2) 1.968(2), Cu(1)-N(1) 1.954(2), Cu(1)-ClI(1) 2.2482(8),
O(1)-C(1) 1.289(3), N(1)-C(7) 1.265(4); O(1)-Cu(1)-N(1) 94.04(9),
O(1)-Cu(1)-0(2) 172.12(11), N(1)-Cu(1)-0O(2) 81.37(10), O(1)-
Cu(1)-CI(1) 94.99(6), N(1)-Cu(1)-Cl(1) 170.74(7), O(2)-Cu(l)-
CI(1) 89.88(8).
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Figure 2. Intermolecular O-H---Cl-Cu hydrogen-bonding interactions between adjacent molecules that lead to the formation of homochi-
ral helices. Ball-and-stick (left) and wire-frame (center) representations; helical backbone (right) (wire-frame representation).

The molecular packing in the crystal structure of 1 re-
veals strong O-H--Cl-Cu intermolecular hydrogen-bond-
ing interactions involving the hydrogen atom on O(2) and
the CI(1) anion coordinated to the copper center (Figures 1
and 2). This results in the formation of supramolecular hy-
drogen-bonded helices that extend indefinitely throughout
the crystal lattice (Figure 2) [selected hydrogen bonding
parameters: H-O = 0.80(4) A, H-Cl = 2.26(4) A, O-+Cl =
3.024(3) A, and O-H--Cl = 159(4)°].

The O—H--Cl distance observed in this study [2.26(4) A]
is appreciably shorter than the sum of the van der Waals
radii for the H and the neutral Cl atoms (2.95 A). This can
be classified as a strong interaction (those less than 2.52 A
are termed strong).l’#! Similar strong M—X+*H-O bonds are
known in the literature but they do not result in helical
structures. Representative examples include a Cu—Cl---H-O
hydrogen bond (H-O = 0.84 A, H--Cl = 2.25 A, O-+Cl =
3.08 A, and O-H--Cl = 173.3°) in the crystal structure of
[CuCl(C,oH4N;0)]"®! and a Cu—Cl-+*H-O hydrogen bond
(H-O =098 A, H~Cl = 2.26 A, O-~Cl = 3.228 A, and O~
H--+Cl = 171°) in the compound [CuCl(CsHoN3)(C;>,HgN>»)]
CI-H,O.[?I The strength of the interaction can be attributed
to the strong hydrogen-bond donor ability of the O-H
group due to its greater acidity and to the strong H-bond-
ing acceptor property of the metal-bound chloride.

The path of the helix can easily be traced by following
the hydrogen bonds clockwise around the twofold screw
axis of the helix. Three copper complex fragments form one
helix turn in 1 with a pitch of 5.831 A (Figure 2). We believe
that the turn required to generate a perfect periodic self-
assembly of [Cu(HL)CI] (1) in a helical fashion is induced
by the chirality of the building block coupled with the

3406 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

strong O-H---Cl-Cu hydrogen-bonding interactions. The ri-
gidity of the Schiff-base ligand, which occupies three bind-
ing sites of the Cu atom, may also have some role in dictat-
ing such a helical arrangement in this self-assembly process.
The absolute configuration of complex 1 was successfully
determined by refining the Flack parameter [0.029(13)].1%!

Since we have described (above) a supramolecular helical
feature of the copper complex [Cu(HL)CI] (1) in the solid
state, we decided to perform spectral studies in the solid
state. The solid-state circular dichroism (CD) and electronic
reflectance spectra of [Cu(HL)CI] (1) are presented in Fig-
ure 3. The CD spectrum shows both positive and negative
bands. The overall feature of the solid-state reflectance elec-
tronic spectrum is not identical to its solution spectrum (see
Supporting Information). This can be correlated to the
intermolecular interactions in the solid state of complex 1,
as shown in Figure 2. The bands observed in the electronic
and CD spectra of complex 1 at around 700 nm are as-
signed to d—d transitions. The EPR spectrum (Figure 4) of
a powdered sample of complex 1 at liquid nitrogen tempera-
ture exhibits a typical axial feature with gy =2.22 and g, =
2.08 for a Cu'! (d°) system. The feature remains the same
even at room temperature. The solution EPR spectrum (see
Supporting Information) of complex 1 in frozen methanol
shows an axial feature too, but with copper hyperfine coup-
ling for a typical monomeric tetragonal Cu'' complex with
a dxz,},z ground-state doublet.

To summarize, we have synthesized and characterized a
chiral, mononuclear, square-planar Cu" complex [Cu(HL)-
Cl] (1), which self-assembles through strong O-H---Cl-Cu
intermolecular hydrogen-bonding interactions to form a
homochiral helical arrangement. The advantages of this
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Figure 3. Circular dichroism and diffuse electronic reflectance spec-
tra of 1 in the solid state (compound 1 was mixed with KBr to
prepare a pellet).
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Figure 4. EPR spectrum of a powdered sample of 1 at liquid nitro-
gen temperature (the circle highlights the g feature).

system are that it is simple, easy to prepare, and provides
potential for further explorations. The CD and electronic
reflectance spectral studies (solid state vs. solution) of 1
support the intermolecular interactions in the solid state,
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which is consistent with the formation of supramolecular
homochiral helices in the crystal. These intermolecular in-
teractions may be lost in solution phase, as evidenced by
EPR spectral studies.

Experimental Section

General: Microanalytical (C, H, N) data were obtained with a Flash
EA 1112 Series CHNS Analyzer. A Shimadzu 3101 PC UV/Vis/
NIR spectrophotometer was used to record the electronic spectra.
Infrared spectra were recorded on KBr pellets with a JASCO-5300
FT-IR spectrophotometer. 'H NMR spectra of the ligand in
CDCl; solution were recorded with a Bruker 400 MHz spectrome-
ter using Si(CH3)4 as an internal standard. The CD spectra were
measured with a JASCO J-810 spectropolarimeter. The EPR spec-
trum was recorded with a JEOL JES-FA200 spectrometer.

Synthesis of Enantiopure Ligand H,L: (S)-(+)-2-Phenylglycinol
(0.137 g, 1 mmol) and 2-hydroxy-5-nitrobenzaldehyde (0.167 g,
1 mmol) were stirred together in methanol (15 mL) at room tem-
perature for 3 h. The resulting yellow solution was filtered and the
filtrate was allowed to slowly concentrate. The resulting yellow so-
lid was collected by filtration, washed with hexane, and dried at
room temperature (0.25 g, 87%). C;sH4N,O4 (286.28): caled. C
62.93, H 4.93, N 9.79; found C 63.11, H 4.76, N 9.87. '"H NMR
(CDCl3): 0 = 4.00 (d, J = 7.2 Hz, 2 H, CH,), 4.61 (t, J = 6.4 Hz,
1 H, CH), 7.00-7.45 (m, 6 H, Ar), 8.20-8.27 (m, 2 H, Ar), 8.52 (s,
1 H, H-C=N). IR (KBr): ¥ = 3272, 1649, 1615, 1545, 1350, 1225,
1070, 901, 835, 696 cm™'. UV/Vis (CH;0H): 4. (€) = 390 nm
(6141 M 'em™), 324 (9655), 259 (18238), 240 (16123).

Synthesis of the Chiral Copper Complex [Cu(HL)CI] (1):
CuCl,2H,0 (0.17 g, 1 mmol) was added to a methanolic solution
of the ligand H,L (0.286 g, 1 mmol). The mixture was stirred at
room temperature in air overnight. The resultant green solution
gave a green, needle-shaped crystalline product on slow concentra-
tion, which was collected by filtration and recrystallized from meth-
anol (0.265 g, 69%). C;sH3CICuN,O, (384.27): caled. C 46.88, H
3.41, N, 7.29; found C 47.02, H 3.49, N 7.18. IR (KBr): v = 1634,
1600, 1549, 1468, 1387, 1308, 1094 cm'. Diffuse electronic reflec-
tance (KBr pellet): An.x = 270, 375, 700 nm. UV/Vis (CH3;CN):
Jmax (€) = 252 nm (20271 M tem™), 235 (20105), 355 (18137), 690
(104).

X-ray Crystallographic Study: C,;sH;;CICuN,O,, M =
384.26 gmol !, monoclinic, space group P2,, a = 11.3232(8), b =
5.8314(4), ¢ = 12.3108(9) A, p = 112.3110(10)°, ¥ = 752.03(9) A3,
Z =2, Deyieq. = 1.697 gem 3, 1 = 1.651 mm~!, F(000) = 390, crystal
size 0.31 X 0.08 X 0.08 mm. A total of 8757 reflections were collected
of which 3368 unique reflections (R, = 0.0262) were used. R =
0.0338 for 3056 reflections with 7 > 2o(/). Data were collected at
298(2) K with a Bruker SMART APEX CCD area detector system

NO,

MeOH, r.t. |

H,L
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[A(Mo-K,) = 0.71073 A] fitted with a graphite monochromator;
2400 frames were recorded with an w-scan width of 0.3°, each for
15s; crystal-detector distance: 60 mm; collimator: 0.5 mm. Data
reduction with SAINTPLUS,! structure solution with SHELXS-
97,19 and refined with SHELXL-97.'' All non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were introduced in
calculated positions and included in the refinement as riding on
their respective parent atoms. The final Fourier difference synthesis
showed minimum and maximum peaks of 0.566 and —0.223 ¢ A3,
CCDC-265514 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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