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In this paper, two correlation equations are established. Substituent electron effect
displays important effects on the dihedral angle (71 is the value of the dihedral angle
between the Cu-O-N plane and O-C=N plane) and the coordinate bond length (Lcy-n)
in the crystal structure of the complexes.
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Abstract: The relationship between molecular conformatiord asubstituent effects of salicylaldehyde
Schiff-base Cu(ll) complexes was explored. For $figly, eight samples of the complegSal-X} (X= OMe,
Me, H, F, CI, Br, Ckand CN) were obtained by reaction of Cu(GAwjth Schiff base ligands (Sal-X) derived
from Salicydaldehyde, and their crystal structurese characterized by the X-ray diffraction teclueiqThe
QSPR methods were employed to achieve deeper tnisighgeometry structure of Cu(Sal-X)The results
show that the main geometrical parameters of CuXgaare dominated by the substituents on the anilimg r
That is, the dihedral angle between the Cu-O-N plane and O-C=N plane increasts the increase of
electron-donating effect and electron-withdrawinife@ of substituents, whereas the electronic éffetc
substituents has the opposite effectrgrwhich isthe dihedral angle between the aniline ring plam @-N-Cu

plane. Moreover, the bond length, decreases with growing excited-state parametgr of substituents

which enhances the energy of C-N bond.

Key words: Copper complexes crystal; substituent effecthedral angle; QSPR; bond length;

1. Introduction

Schiff bases are the popular chelating ligands,ardble to easily coordinate various metal fbils Many
Schiff bases metal complexes have versatile aphﬂhﬁf'gl for their characteristic properties such as
photochromism, magnetism, catalysis propertiesranthrkable biomedical activities. Some of thesepleres
have been reported as magnetic matéffhlsnticancer agerty, catalyst? or energy materidf€’. Also, a
variety of metal complexes have been designed IEmtren transport hosts in organic light-emittingades
(OLEDs)*.

It is well known that the structure dominates theperties and use of materials. Recent resedrth
demonstrated that the steric structure and elesgativity of substituents on aniline ring of ligankad a large
effect on the photophysical and electrochemicaperties of the corresponding complexes. In additibhas
been reported that the electronic effect of sulmstits on the aniline ring has an important infleemn
properties of the complexes such as the chelatatglisy *®, oxidation potential§” and the reactivit{®. On
the other hand, molecule configuration can be fimed by the substituerttd. Some copper complexes exhibit
the change of molecular configuration from squdengr to tetrahedral coordinatidf? > by introduction of
different substituents. It was also reporﬁ?aa that the size and nature of the substituent onntii@ nitrogen
of the Schiff base ligand affected the coordinateometry around copper(ll) in complexes. Therefor@rder
to the design of new materialsr a specific purpose, we may change configuratfmough the substituent
electronic effects.

Owing to the difficulty in cultivating single cryass of compounds, the correlation between molecular
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configurations and substituents is rarely studieahg et df®>" explored the relationship between molecular
configuration and the longest wavelength maximiay of ultraviolet absorption for Schiff bases witHfelient
substituents on the aromatic rings. A conclusios @awn that the dihedral angtenfluenced the electronic
effects of substituents on thg,., and the effect of thein(7) on spectroscopic properties of Schiff bases was
guantified.However, up to now, the influence rule of substitseon molecular configuration of Schiff bases
complexes has not been reported.

In coordination chemistry, copper complexes of Bdbhses have received considerable interest fioen t
researchefé% Therefore, in this work, to clarify the influenodes of substituents on molecular configuration
of Schiff bases complexes, eight samples of coppemplexes Cu(Sal-X)X= OMe, Me, H, F, Cl, Br, Cfand
CN) was synthesized. Their crystal structures wegasured experimentally, and the influence of sulesits on
the dihedral angle and the bond length in crystatture was quantified.

2. Experimental methods

2.1.Sample preparation

The copper complexes Cu(SalxX)1-8) were all prepared by the same methods as deddrittbe literature
[31,32], as shown ifrig. 1.

@]

1-8 X=OMe, Me, H, F, CI, Br, C; CN
Fig.1. Schematic representation of the Cu(Sal{4}8) molecules with geometrical definitions.

The Schiff-base ligands Sal-X were prepared byisgira mixture of salicylaldehyde and corresponding
substituted aniline in a 1:1 molar ratio for 20 rairroom temperature. The precipitated ligands Viikeeed off,
purified by recrystallization treatment with abgelethanol and dried in a vacuum desiccator.

The copper complexes Cu(Sal,Xyere synthesized through a reaction between Cufsa corresponding
Schiff base ligands Sal-X. A solution of Cu(OA¢p mmol) in absolute ethanol was gradually addech t
solution of Schiff base ligand (10 mmol) in abselethanol. The mixture was heated at reflux overand then
cooled to room temperature. All the products aghtlibrown precipitates. The crude products weterét,
washed with absolute ethanol, and finally driedimacuum desiccator. Suitable Crystals of the cergsll-8
were obtained by slow evaporation from absolutareth All the complexes were characterized by ihgls
crystal X-ray diffraction.

2.2.X-ray crystallography

The structure determination of Cu(SakXjas carried out by X-ray diffraction metd&iThe diffraction data
of the complexes were collected on a Bruker ApeRdID diffractometer with monochromatic MaxKadiation
(=



0.71073 A) at 296(2) K, which was integrated anduced applying SAINT with absorption and scalingrection being undertaken with SADABS program. The
structure was resolved by the direct method andaithydrogen atoms were refined by the full-maleast-square procedure ohusing SHELXL-2014 in conjunction
with the Olex2 prografif’. Anisotropic thermal parameters were designated! twon-hydrogen atoms. H atoms linked to N, C @natoms were geometrically added and
isotropically refined by the riding modéthe CIF files of the crystatk-8 were available in the Supporting Information. Taetial crystallographic data for the complexes
Cu(Sal-X} (1-8) were summarized in thable 1

Table 1 The partial crystallographic and experimental datadhe complexe&-8.

Complex 1 2 3 4 5 6 7 8

Formula GgH24CUN,O,4 CagH24CUN;O; Ca6H20CUN;O; Ca6H18CURN0O, Ca6H18CUCKLN,0, Ca6H18CUBLNLO, CagH1CURN,O, CagH1sCUNO;
Temp[K] 296 296 296 296 296 296 296 296

Space group P 21/c P 21/c P 21/n P-1 P 21/c P 21/c Pbca R -3

Z(Z") 2 2 2 2 2 2 2 9

a(A) 13.414(3) 12.1444(8) 11.920(3) 10.1622(14) 573(4) 13.828(9) 10.6858(14) 42.964(3)
b(A) 11.167(2) 7.4760(5) 7.9269(17) 10.5001(14) 728(3) 10.711(7) 8.2782(12) 42.964(3)
c(A) 7.8922(19) 13.5037(9) 12.226(3) 10.5911(13) 188(2) 8.203(5) 27.768(4) 3.8200(3)
a(°) 90 90 90 94.384(4) 90 90 90 90

B(e) 97.057 111.082(4) 112.154(3) 106.284(5) 98.92(2) 99.260(18) 90 90

v(°) 90 90 90 92.239(3) 90 90 90 120

V(AY 1173.2(5) 1143.96(13) 1069.9(4) 1079.4(2) 118).7( 1199.3(13) 2456.4(6) 6106.6(9)
Deadg.cm®) 1.461 1.405 1.415 1514 1.480 1.700 1.601 1.238
Mu(cm ) 0.969 0.983 1.046 1.056 1.180 4.268 0.965 0.834
F(000) 534 502 470 502 534 606 1196 2331

Mr 516.04 484.03 455,98 491.96 524.86 613.78 591.98 506

Rint 0.0244 0.0414 0.1306 0.0471 0.0702 0.0455 0.0457 .076Q

GOF onF? 1.036 1.022 1.047 1.014 1.102 1.090 1.127 1.088

R WR," [I1>20(1)]  0.0261,0.0700 0.0361,0.0843 0.0482,0.1185 0.M6376 0.0716,0.1615 0.0512,0.1201 0.0661,0.1789  .039@,0.0958
R WR" [all data]  0.0313,0.0739 0.0484,0.0922 0.0437/8311  0.0990,0.1419 0.1168,0.2126 0.0829,0.1550 0,098183 0.0561,0.1156
Apmaddpmin (€ K3 0.273/-0.224 0.267/-0.274 0.452/-0.707 0.393/-0.654 0.540/-1.083 0.636/-0.827 0.781/-0.626 0.297/8.39




3. Results and discussion

3.1.Structure description of the complexes

Single-crystal X-ray diffraction shows that the quexes are structurally similar mononuclear copper(
complexes Kig. 2 for the complexed4—8. Table 2 summarizes the selected dihedral angles, bondherand
bond angles for the complexds8. Complexes4, 7 and 8 crystallized in the triclinic space group P-1,
orthorhombic space group Pbca and rhombohedrakesgamp R-3, respectively, while, 2, 3, 5and 6 all
crystallized in the monoclinic space groups P2The results are in good agreement with the corredipg
values observed in other similar copper (I1) compi®=>7]

As can be seen frofig. 2, there are two different molecular conformationghie crystal structure of the
complex 4. For all complexes, the coordination sphef Cu atom is found to be formed by two bidentat
ligands. Each Cu atom in the complexes is fourdimated by two imino N and two phenolic O atomdhe
corresponding Schiff base ligand, forming a squeagar coordination.
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7 (X=CF3) 8 (X=CN)

Fig.2. Molecular structures of complexes Cu(Saj-§)-8) with thermal ellipsoids set at the 50% probayilit

Table 2 Selected bond lengths (&) and angles ( °) foctmaplexes -8

1 2 3 4 5 6 7
bond lengths
Lewo(A) 1.8829(14) 1.8793(18) 1.8773(19) 1.878(3) 1@$1  1.872(4) 1.886(4) 1.9139(19)
Lean (A) 2.0361(14) 2.013(2) 1.9952(17) 1.995(3) 2.B)9(  2.025(4) 2.016(4) 2.045(2)
Ly (A) 1.309(2) 1.300(3) 1.306(3) 1.305(5) 1.322(8) .31B(7) 1.317(6) 1.315(3)
L, (A) 1.420(3) 1.414(4) 1.422(3) 1.414(6) 1.410(9) .411(7) 1.415(7) 1.419(4)
Ls (A) 1.428(3) 1.434(3) 1.424(3) 1.436(6) 1.419(8) .42D(7) 1.423(7) 1.428(4)
Ly (A) 1.295(2) 1.287(3) 1.291(3) 1.293(5) 1.299(7) .291(7) 1.300(7) 1.296(3)
Ls(A) 1.433(2) 1.441(3) 1.442(3) 1.442(6) 1.439(7)  440(7) 1.430(6) 1.437(3)
bond angles
4.9 90.61(6) 88.58(8) 91.54(7) 88.91(14) 89.23(19)  BAB) 90.95(17)  89.22(8)
() 124.80(12) 128.69(16) 128.21(14) 131.0(3) 126.1(4) 126.1(3) 125.3(3) 122.89(17)
) 121.34(12) 122.17(17) 123.15(15) 123.6(3) 122.4(4) 121.6(4) 121.7(3) 120.57(17)
dihedral angle
(%) 23.37 21.51 18.84 19.82 20.91 21.65 22.9 29.56
5(°) 47.97 67.77 75.97 67.49 53.6 54.08 52.34 36.14

The letterd ;-Ls correspond to distances depictedFig. 1.

The lettersoy-d; correspond to bond angleshig. 1.

1, is the value of the dihedral angle between the @u4ane and O-C=N plane Fig. 1.

1, is the value of the dihedral angle between thineniing plane and C-N-Cu planefig. 1.

3.2.Effect of substituents on molecular conformation

To elucidate the influence of the substituent Xtle aniline ring of the ligand on the peculiariti@sthe
molecular conformation of the copper complexes,investigated the crystal structure of the compleXds

Hammett constantgp and excited-state parametegs of the substituent X were listed Trable 3.

Table 3 The Hammett constarutyp and excited-state paramete@fc‘ of substituent X

X OMe Me H F Cl Br Ck CN
Upa -0.27 -0.17 0 0.06 0.23 0.23 0.54 0.66
o=® -0.5 -0.17 0 0.06 -0.22 -0.33 -0.12 -0.70

cc




The values were taken from Referéffte
®The values were taken from Referéfit&’

In crystal structure, the dihedral angle is an ingu parameter testimate planarity of a molecule. As
shown inTable 2, the dihedral angle; between the Cu-O-N plane and O-C=N plane varighenrange of
18.84°-29.56°, whiléhe variation range of the dihedral anglebetween the aniline ring plane and C-N-Cu
plane is from 36.14° to 75.97°. It should be ndked the dihedral angle is clearly affected bygshbstituent of
the aniline ring, and that the influence reguladfysubstituent on them is opposite: the dihedrgjle z,
becomes smaller as the electronic effect of thestgubnt increases, whereas the dihedral amglecreases
with the increase of electron-donating effect aledteon-withdrawing effect of the substituent X.

Then, we choose the excited-state paramej&l) @nd Hammett paramete@—p() of substituent X attached to

aniline ring to correlate the dihedral angleThe equation (1) is obtained.
7, = 1983+ 11190%” + 9940 (1)

R=0.9857, S=0.6548, F=85.31, n=8
R,=0.9774, $~0.6765
Where R is the correlation coefficient, S is standadalion, F is F-statistics and n indicates the nemuf
sample. The correlation result of equation (1) is géadshown in equation (1), the dihedral angldetween

the Cu-O-N plane and O-C1=N plane becomes biggen e value ofap2 or a‘g‘CZ is higher. The distortion

of the Cu chelating ring increases with the incredsglactron-donating effect and electron-withdrawing effect
of substituents. To test the predictive ability of &ipn (1), we carried out the leave-one-out cross Mabida
(LOO). Here R, and S, were the correlation coefficient and standard deviatbbhOO, respectivelyFig. 3
shows that the calculated valuggcal.) and the predicted valuggpred.) are in highly agreement with the
experimental oneg(exp.).The result of LOO demonstrates good performanceuattiog (1).

< calculated values

30 ~ Opredicted values

24 -

T,(cal./pred.)

22 A

20 -

18 T T T T T T 1
18 20 22 6 28 30 32

2 24 2
Ty(exp-)
Fig. 3 The plot of the calculated(cal.) by equation (1) and the predictg¢pred.) by LOO versus the experimentgexp.) for

the Cu(Sal-X),

Bond angle is another important parameter in crystattsire. Here, we discuss the coordinate bond lengths
related to the Cu atoms only. Through the comparigdrond lengths for the complexes Table 2, it clearly
shows that the substituent X mostly affects Cu-O @ndN bonds. The Cu-O bond lengtly (o) of complexes
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increases from 1.872A to 1.914A, while the Cu-N coartéinbond lengthl,.\) of complexes varies from
1.995A up to 2.045A. Thus, we attempt to carry owoaelation analysis fokc,.n, and find the correlation

result ofLc,.n and excited-state parameter* is good. The equation (2) is established, and leaesout cross

validation (LOO) was carried out to test predictivdigbfor this equation.

Lo, = 2000~ 009702 — 004672 @)

R=0.9870, S=0.0034, F=94.21, n=8
R.~0.9733, §=0.0038

Therefore, we can conclude that the excited-state gdearg> of substituent X has an important effect on

the bond lengthl(c,.n). Bigger g value shortens the bond lengtix(y), and enhances the energy of Cu-N

bond.As shown in Fig.4 Lcyn(cal.) andLc,.n(pred.)are in good agreement witly, n(exp.) What's more, the
leave-one-out cross validation gave the similar refts with the calculated valudsy equation (2) Thus, the
equation (2) is reliable and has good predictive ality.

2.05 4

< aleulaled values

2.04 { Opredicted values

)

=]

o

w
1

Leypfcal/pred.
[ =] [
o o
s o

~
<O

1.99 8

1.99 2 2.01 2.02 2.03 2.04 2.05
Leyn(exp.)

Fig. 4 The plot of the calculatdd., \(cal.) by equation (2) and the predictad \(pred.) by LOO versus the experimental
Lcun(pred.) for theCu(Sal-X),

4. Conclusion

In this study, a series of the complexes Cu(Sal{X)8) with different substituents X=0OGHCHjz, H, F, Cl,
Br, Ck and CN in para-position of aniline ring, were synthedj and eight single crystals were obtained. The
influence of the substituents X on the crystal configareof Cu(Sal-X} was investigated. The Conclusions are
drawn as follows:

1. The dihedral angle between the Cu-O-N plane and O-C1=N plameges with the substituent X is

bigger when the value oa‘yp2 or agxcz is higher. The distortion of the Cu chelating ring irges with the

increase of electron-donating effect and electron-withithg effect of substituents. However, the substituent
electronic effect has the opposite effect onzhe

2. The excited-state parametef* of substituents X has an important effect on the blemgth (c,n).

Bigger g= values shorten the bond lengti(y), and enhance the energy of C-N bond.
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3. Two correlation equations between the geometrieahmeters § and Lc,.n ) and the substituent
parameters are obtained. It is helpful to understandnfiuience of the substituent effect on the molecular
conformation of the complex crystals, and also provalesw theoretical reference for the research of this field
and the molecular design of new materials with spepifoperties.
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Appendix A. Supplementary data

CCDC 1909136, 1909139, 1909123, 1909141, 190914P9145, 1909144 and 1909143 contain the
supplementary crystallographic data for this papees€hdata can be obtained free of charge via http://www
ccdc.cam.ac.uk (or from the Cambridge Crystallographi@ [@sntre, 12, Union Road, Cambridge CB2 1EZ,
UK; fax: +44 1223 336033).
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Highlights

1. Eight crystals of copper complexes with different substituents were cultivated, and the main
geometrical parameters were obtained.

2. The quantitative correlation between dihedral angle r; and substituent effects was obtained.

3. The quantitative correlation between the coordinate bond length (Lcy.n) and excited-state

substituent parameter (o) was established.
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