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Supramolecular Helical Chirality of Schiff Base Copper(ll)
Complexes and Their Chiroptical Spectroscopy
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Abstract: Three pairs of N2O.-type Schiff base ligands were synthesized by condensing dehydroacetic
acid (dha) with chiral 1,2-diaminopropane (pn), trans-1,2-diaminocyclohexane (chxn), and
1,2-diphenylethylenediamine (dpen). These chiral ligands were used to coordinate copper(ll) ions to
produce the corresponding Schiff base Cu(ll) complexes: [Cu(dha-R/S-pn)] (1a and 1b),
[Cu(dha-R,R/S,S-chxn)] (2a and 2b), and [Cu(dha-R,R/S,S-dpen)] (3a and 3b). Detailed analyses using
electronic circular dichroism (ECD) and vibrational circular dichroism (VCD) spectroscopies reveal that
these Schiff base Cu(ll) complexes retain the main coordination modes and the absolute configurations of
the metal centers, both in solution and the solid state. In addition, according to the crystal structures, the
central Cu(ll) ions of 2a/2b and 3a/3b were found to not only coordinate to the chiral dha-en ligands, but
were also axially coordinated to the carbonyl groups of the contiguous lactonic rings, providing
one-dimensional supramolecular helical chains through self-assembly. In this work, we deeply studied the
relationship between the chiral coordination units and the supramolecular helical structures of 2a/2b and
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3a/3b. By comparing our experiment VCD spectroscopic data with related VCD spectral features reported
in the literature, a specific correlation between the VCD spectral properties and absolute configurations
was investigated, which provided fingerprint characteristics for chiral coordination structure.

Key Words: Schiff base Cu(ll) complex; Electronic circular dichroism; Vibrational circular dichroism;
Single-crystal structure; Supramolecular chiral assembly
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Fig.1 Structures and abbreviations of chiral Schiff base Cu(l1) complexes.
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Fig.2 Three shells of the inner sphere in mononuclear chiral [M(dha-chxn)] complexes.
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[Cu(OAc)rH20] [Cu(dha-en)] 2 x 107
mol-L™" ( ) 2 x 107 mol-L™(
) J-810 ECD
Esquire 3000 plus 1 cm 200700 nm
JASCO J-810 500 nm-min™! 2 nm
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SPIDER Image Plate X
SMART Apex CCD X 50 mg
FwW-4 ECD ECD
2.2 200-700 nm 500 nm'min™!
221 [Cu(dha-R-pn)] (1a) 3 nm
5.7,16-18,21,25 2.4 VCD
dha-R-pn 50
mL (R-pn, 74.1 mg, 1 0.05-0.06 mol-L™! 150 uL
mmol) (336.3 mg, 2 mmol) 30 mL 100 pm VCD
5h 4 cm™! 2.75s (PEM)
20 mL 10 min 1400 cm™
30 min 6
dha-R-pn
( [Cu(dha-R-pn)] 2.5 X
) 50 mL ( )
dha-R-pn (187 mg, 0.5 mmol) 6 mL X
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mmol) Cu(OAc),-H,O 10 mL Mo-K, (A=0.071073 nm) /26
65 °C
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Table 1 Color, yield, and MS analysis of chiral Schiff base CCDC 1059507 1059508 1059509 1522855
Cu(ll) complexes. 3.1.1
Complex Color  Yeld%  MS(caled) [M + HJ 13,14 15
[Cu(dha-R-pn)] (18)  purple 73 436.1 (436.05) 10,23,26-29 Cu(I)
[Cu(dha-S-pn)] (1b) ~ purple 70 436.1 (436.05)
[Cu(dha-R.R-chxn)] (2a) purple 67 476.1 (476.08) 2005
[Cu(dha-S,S-chxn)] (2b)  purple 69 476.1 (476.08) Scheurer
[Cu(dha-R,R-dpen)] (3a)  purple 79 574.2 (574.09) salen-Ni(II) 30
[Cu(dha-S,S-dpen)] (3b)  purple 79 574.2 (574.09)
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Table 2 Crystallographic and structural refinement parameters.
Item Value
Crystal form 2a 2b 3a 3b
Empirical formula C22H24CuN:O¢ C22H24CuN2O¢ C30H26CuN206,C1H10 C30H26CuN205
Formula weight 475.97 475.97 606.11 574.07
Solvent CH;OH CH;O0H CH;OH CH;OH
K 293(2) 293(2) 203(2) 293(2)
Crystal system Orthorhombic Orthorhombic Orthorhombic Orthorhombic
Space group P212:2 P2,2:2 P2,2;2 P2,2:2
Wavelength/nm 0.071073 0.071073 0.071073 0.071073
Unit cell dimensions
a/nm 1.08446(10) 1.08461(13) 1.2198(2) 1.22615(6)
binm 2.4195(3) 2.42690(19) 1.3929(2) 1.39623(8)
c/nm 0.75091(8) 0.75087(7) 1.6318(3) 1.63697(8)
BI(°) 90 90 90 90
Volume/nm? 1.9703(3) 1.9765(3) 0.27725(8) 2.8025(3)
V4 4 4 4 4
Calculated density/(g-cm™) 1.605 1.600 1.452 0.653
F(000) 988 988 1260 1188
Final R indices [/> 20(])] R=0.0581 R =0.0649 R=10.0454 R=10.0874
Flack parameter -0.01(2) -0.01(3) 0.019(15) 0.03(3)
CCDC No. 1059507 1059508 1059509 1522855
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Fig.3 Tetrahedral distortion and nomenclatures of the absolute configurations for [M(salen)] complexes’.
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