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Abstract

Two stilbene based iminopyridine ligandsl{L2) synthesized by a condensation
reaction between N,N-Dimethyl-4,4’-azodianiline and 2-pyridinecarboxaldehyde or 2,6-
pyridinedicarboxaldehyde, with 73% and 65% vyield, are described. The two ligands have
been characterized by elemental analysis and spectroscopic techniques. The complexation of
ligand L1 with ZnCl, afforded neutral tetrahedral zinc(ll) metal comp@k formulated as
[ZnL1Cl ;] with a 2D supramolecular architecture reinforcedtbyn stacking and hydrogen
bonding in the solid state. Interestingly in the case of copper(l) comdekgandL1 acts as
a ditopic ligand since it coordinates one Cu(l) with an iminopyridyl fragment and a second
metal center with am2-olefin binding mode giving rise to a 1D-polymeric structure. The
coordination sphere is completed with an acetonitrile solvent molecule leading to a distorted
tetrahedral geometry around copper cation and the resulting coordination polymer can be
formulated af{[Cu(L1) ,CH3CN]BF,4}. In addition complexation of2 with zinc chloride
afforded complexC3 formulated a$ZnL2Cl ,]. DFT and TDDFT computations permitted to

investigate the frontier MOs of all species and to assign their UV-visible absorption bands.



Keywords: Iminopyridine, olefin, Zinc complexes, copper(l) coordination polymer, X-ray

diffraction, DFT computations.
1. Introduction

Photochromic compounds are defined as being chemical species that undergo a
reversible chemical transformation between two forms having different absorption spectra by
light irradiation [1]. Different types of transformations such cs-trans isomerization,
ionization, pericyclic ring-opening and ring-closing reactions, as well as intramolecular group
transfer reactions, are known [2]. Such chemical changes have been the basis of a variety of
applications ranging from consumer and cosmetic products, photochromic inks, ophthalmic
and sunglass lenses, optical filters, optoelectronic devices and optical memories [3]. Thus,
azobenzene and stilbene derivatives have been reported to possess unique photochromic
properties with stableis and trans geometries related with two efficient and reversible
photoisomerization processes on their -N=N— and —C=C- double bonds, respectively [4].
Moreover, this above mentioned reversible isomerization is the basis for many functional
materials with applications in nonlinear optics [5], optical storage media [6], chemosensors
[7] and optical switches [8]. In contrast combining photochromic units with a coordinating or
a binding unit is a very successful strategy for the design of photochromic transition metal
complexes [9]. On this ground, pyridieentaining Schiff bases, such as 2-iminopyridyls and
2,6-bisiminopyridyls form stable complexes with various transition metals. They have been
used, for instance, in metallo-organic self-assembling media to produce discrete metallo-
supramolecular helicates [10], cages [11] and capsules [12] and have also been utilized with a
variety of transition metals in catalysis [13]. In additioff, metal complexes of Schiff base
ligands have been successfully used in co-sensitized solar cells [14]. In addftmopmer(l)
cation is known to interact with ethylene in biological systems [15] and this has inspired a
great deal of work to prepare and isolate stable copper(1) olefin complexes. This has been
achieved using neutral N-donor heterocyclic compounds, including bis(pyrazolyl)methanes
[16], dipyridylamine[17] phenanthroline [18hnd bipyridines [16-19].

Recently, we described the synthesis of a tetrathiafulvalene based iminopyridine ligand and
demonstrated the increase in its nonlinear optical response upon metal complexation with

zinc(ll) ion [20]. Moreover, we have shown a dramatic increase in the nonlinear optical
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absorption of an azo-based iminopyridine ligand upon complexation with, Z2QI As a
continuation of our work, we are reporting herein the synthesis and full characterization of
two iminopyridine-appended stilbene ligands, which has been reported in the literature
during the ongoing of the present work [22], drfitlas well as the preparation of two new
zinc(ll) and copper(l) metal complexes with ligalntl and a zinc(ll) complex of ligand L2.
Interestingly, coordination of copper(l) with ligahd gives rise to a stable copper(l)-olefin
coordination polymer wherél is acting as a ditopic ligand coordinating with both the
iminopyridyl and olefin fragments. DFT computations were carried out in order to investigate
the electronic structure and properties of the species under consideration. The nonlinear
optical properties of these compounds which will be compared with the corresponding azo-
based materials are currently under investigations and will be published in due time.

2. Experimental

2.1. General remarks

Commercially available reagents and all solvents for synthesis were of analytical grade
and were used without further purification. Reactions were carried out under nitrogen.
Nuclear magnetic resonance spectra were recorded on a Bruker 300 MHz spectrometer. The
following abbreviations are used to represent the multiplicity of the signals: s (singlet), d
(doublet), the spin-spin coupling constants (J) were measured. Infrared spectra were recorded
on a Bruker vertex 70 spectrometer; the measurements were recorded in 400 to 4000 cm
range. Elemental analyses (C, H and N) were performed on a Thermo-Scientific Flash 2000
Organic. Mass spectrometry measurements were carried out on a Bruker Biflex-1Il TM which
uses 1,8,9-trihydroxyanthracene as a matrix. UV-Visible absorption spectra were recorded at

room temperature in quartz cuvettes using a Perkin Elmer spectrophotometer.
2.2. Crystallography

Experimental X-ray diffraction data on single crystals were collected at room
temperature using a Bruker Nonius Kappa CCD diffractometer operating withoMa-K
0.71073A) for complexe€1 andC2. For complexC3 data were collected at 150 K on an
Agilent SuperNova diffractometer equipped with an Atlas CCD detector and mirror

monochromated micro-focus Cuakadiation & = 1.54184 A). All the structures were solved
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by direct methods, expanded and refined &y full matrix least-square techniques using
SHELX97 programs. All non-H atoms were refined atigpically and the H atoms were
included in the calculation without refinement. Mhigcan empirical absorption was corrected
using the SADABS program (Bruker AXS area detectwaling and absorption
correction,v2008/1) for complexe€1l and C2 and using the CrysAlisPro program
(CrysAlisPro, Agilent Technologies, V1.171.37.352§/14) for complexC3. Details of the
single crystal X-ray experiments and crystal daegasammarized in Table 1.

Table 1: Crystal data and structure refinement f0t), (C2) and C3).

compound C1 Cc2 C3
empirical formula GiHio ClyNgZn, | CagHag B, Cy FgNg | Cag Hzz Clo N5 Zn
fw 927.38 1037.64 712.01
T(K) 293(2) 293(2) 150.0(10)
wavelength (A) 0.71073 0.71073 1.54184
cryst syst monoclinic monoclinic monoclinic
space group P 2/c Cc P 2/n

a (A 16.6751(15) 15.75(3) 14.2985(13)
b (A) 10.3663(3) 18.914(10) 9.5166(7)
c(A) 26.0256(2) 8.093(10) 25.751(2)
a(deg) 920 90 90

B(deg) 100.560(8) 107.76(10) 100.456(9)
y(deg) 920 90 920

V(A3 4423(6) 2296(5) 3445.9(5)

Z 4 2 4

D. (g cni) 1.393 1.501 1.372

abs coeff (mri1) 1.364 1.004 2.689




F(000) 1904 1064 1480

cryst size (mm) 0.47x0.09x0.06 0.21x0.03x0.015 0.23x0.064x0.018

6 range for datg 2.19 -25.51 2.79-26.01 3.14-79.20

collection (deg)

reflns collected 17923 6105 13396

indep reflns 4584 3899 6972

completeness (%) 97.5 97.9 99.2

refinement method full-matrix leastfull-matrix least| full-matrix least
squares off ? squares off 2 squares off ?

data/restraints/param 4584 /0 /509 3899/2/310 6972/0/428

GOF onF ? 1.039 1.012 0.919

final R indices | > | R1= 0.0938 , wR2| R1= 0.0671, wR2 = R1 = 0.0439, wRZ
246(1)] =0.2328 0.1468 =0.0936

Rindices (all data) R19.1764 , wR2| R1= 0.1016, wR2 3 R1 = 0.0846, wRZ
= 0.3050 0.1646 =0.1053

largest diff. peak 0.560 and-0.658 1.069 and -0.606 0.430 and -0.447
and hole (e &)

2.3. Synthesis of compoundg C1, C2, L2 andC3

2.3.1. Synthesis of N, N-dimethyl-4-((E)-(pyridigthethylene) amino)styryl) anilin& )
This ligandL1 has been prepared with a slight modification fritve procedure described

earlier [22].

A solution of (E)-4-(4-aminostyryl)-N,N-dimethyldimie (0.200 g, 0.61 mmol) and 2-
formylpyridine (0.065 g, 0.61 mmol) in ethanol (2Q.) and a few drops of acetic acid were
heated under reflux overnight. After cooling to méemperature, the precipitate formed was
filtered off and washed with ethanol. The desireddpct L1 was obtained as an orange
powder with 73% vyield (0.147 g, 0.449 mmdi NMR (300 MHz, CDC}) &ppm: 8.72 (d,

1H, J = 4.20 Hz, H1), 8.66 (s, 1H, H6), 8.22 (d, I 7.92 Hz, H4), 7.85 (m, 1H, H2), 7.53
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(d, 2H, J = 8.40 Hz, H9 and H11), 7.43 (d, 2H,8.80 Hz, H16 and H20), 7.35 (m, 1H, H3),
7.31 (d, 2H, J = 8.50 Hz, H8 and H12), 7.08 (d, 11,16.30 Hz, H13 or H14), 6.93 (d, 1H, J
= 16.30 Hz, H14 or H13), 6.85 (d, 2H, J = 8.80 HA7 and H19), 2.99 (s, 6H, H21 and
H22). **C NMR (75 MHz, CDGJ) d/ppm: 159.46 (C6), 154.80 (C18), 150.21(C5), 149.74
(C1), 149.14 (C7), 137.23 (C3), 136.67 (C10), 199©13 or C14), 127.65 (C9 and C11),
126.85 (C16 and C20), 125.73 (C2), 125.01 (C153.62 (C13 or C14), 121.88 (C8 and
C12), 121.74 (4), 115.31 (C17 or C19), 112.47 (@LT19), 40.48 (C21 and C22). Anal.
Calc. for GoH2iNs: C, 80.70 %; H, 6.46 %: N, 12.83 %. Found: C, 80%7: H, 6.21 %; N,
12.56 %. Selected IR bands (¢nv =1603, 1519, 1348, 1076, 828. MALDI-TOF MS calcd:
m/z = 327.17 Da. Found: m/z = 327.4. HR-MS (M): @pH>1N3: 327.1735. Found 327.1730
(M)

2.3.2. Zinc(Il) complex [ZnL1g)I(C1)

In a test tube, a solution of ligahd (0.020 g, 0.06 mmol) in Ci&l, (5 mL) was mixed with

a solution of ZnCJ (0.008 g, 0.06 mmol) in GIEN (5 mL) and ultrasonicated for 2 minutes.
On top of the resulting solution, a layer of didtagher was added, which led to the formation
of single crystals of comple®1 after two days. Yield: 81% (0.023 g, 0.049 mmi#).NMR
(300 MHz, CDC}) &/ppm: 8.86 (d, 1H, J = 4.4 Hz, H1), 8.76 (s, 1H)HB17 (m, 1H, H2),
7.92 (d, 1H, J = 7.60 Hz, H4), 7.75 (d, 2H, J =184 H9 and H11), 7.75 (m, 1H, H3), 7.56
(d, 2H, J = 8.4 Hz, H8 and H12), 7.44 (d, 2H, J#18z, H16 and H20 ), 7.13 (d, 1H, J=16.4
Hz, H13 or H14), 6.90 (d, 1H, J= 16.0 Hz, H14 or3H16.72 (d, 2H, J= 8.8 Hz, H17 and
H19), 3.01 (s, 6H, H21 and H22C NMR (75 MHz, CDCJ) &/ppm: 159.46 (C6), 154.76
(C18), 150.19 (C5), 149.74 (C1), 149.11 (C7), 137@3), 136.70 (C10), 128.98 (C13 or
C14), 127.66 (C9 or C11), 127.19 (C9 and C11),826C16 and C20), 125.70 (C2), 125.39
(C15), 125.04, 124.63, 123.66, 121.90, 121.75, 315112.46, 40.49. Anal. Calc. for
Co2H21N3ZNnCly: C, 56.98 %; H, 4.36 %; N, 7.21 %. Found: C, 5661H, 4.31 %; N, 6.95
%. Selected IR bands (€ v =1591, 1520, 1363, 1098, 827. MALDI-TOF MS calodz =
425.59 Da. Found: m/z = 426.0 HR-MS (M): fo$,8,:N3ZnCl: 426.0715. Found 426.0722
(IznL1CI]Y).

2.3.3. Copper (1) complefCu(L1) ,CH3CN]BF4} (C2)



In a test tube, a solution of ligahd (0.020 g, 0.06 mmol) in Ci&l, (5 mL) was mixed with

a solution of Cu(CECN)4BF4 (0.0094 g, 0.03 mmol) in GEN (5 mL) and sonicated for 2
min. On top of the resulting solution, a layer a¢tdyl ether was added which led to the
formation of single crystals of compl¢lCu(L1) ,CH3CN]BF,} C2 after one week. Yield :
57% (0.013 g, 0.017 mmol). Anal. Calc. foss4sN;CuBF,: C, 65.29 %; H, 5.36 %; N,
11.56 %. Found: C, 64.97 %:; H, 4.92 %; N, 11.13Sglected IR bands (¢ht v = 1593,
1597, 1473, 1440, 1050, 848. MALDI-TOF MS calcdzm/717.28 Da. Found: m/z = 717.5
HR-MS (M): for CH42NeCu: 717.2767. Found: 717.27G8¢(L1),]+).

2.3.4. Synthesis of 4,4-((1E,1TE)-(((1E,1L’E)-(mine-2,6-diylbis(methanylylidene))
bis(azanylylidene))bis(4,1-phenylene))bis(etherded?yl))bis(N,N-dimethylaniline)L(2)

The synthesis of ligantd2 was similar to that of ligandl. Thus, 4-(4-aminostyryl)-N,N-
dimethyaniline (0.200 g, 0.61 mmol) was reactechvid6-pyridinedicarboxaldehyde (0.041
g, 0.30 mmol) using ethanol as a solvent (20 mlid) afew drops of acetic acid. The resulting
mixture was refluxed overnight and after cooling@om temperature, the precipitate formed
was filtered and washed off with ethanol to yie&#@ofL2 (0.112 g, 0.194 mmolfH NMR
(300 MHz, CDCY}) d/ppm: 8.73 (s, 2H, H6 and H6’ ), 8.28 (d, 2H, J.Z Az, H2 and H4),
7.54(d, 4H, J= 8.5 Hz, H9, H11, H9 and H11"), 7(4R 4H, J= 8.9 Hz, H16, H20, H16’ and
H20"), 7.34 (d, 4H, J= 8.4 Hz, H8, H12, H8' and ¥12.19(d, 1H, J= 7.7 Hz, 1H and H3),
7.08 (d, 2H, J= 16.4 Hz H13 and H13' or H14 and }16.93 (d, 2H, J= 16.4 Hz, H14 and
H14' or H13 and H13'), 6.72 (d, 4H, J= 8.9 Hz, H1¥19, H17’ and H19"), 2.98 (s, 12H,
H21, H22, H21’ and H22'$3C NMR (75 MHz, CDC)) &ppm: 154.76, 151.20, 149.94,
147.01, 138.24, 137.67, 129.98, 127.66, 127.19,1127126.89, 125.73, 124.63, 123.69,
121.88, 121.55, 115.76, 112.53, 41A%al. Calc. for GgH3/Ns: C, 81.36 %; H, 6.48 %; N,
12.16 %. Found: C, 80.98 %; H, 6.03 %; N, 11.87S¢lected IR bands (cfh): v =1608,
1519, 1346, 967, 826, 545. MALDI-TOF MS calcd: m/575.74 Da. Found: m/z = 575.6
HR-MS (M): for GgH37Ns: 575.3049. Found: 575.3053 (M+).

2.3.5. Zinc(Il) complex [ZnL2g)I (C3)

In a test tube, a solution of ligan@ (0.020 g, 0.034 mmol) in Gi&l, (5 mL) was mixed
with a solution of ZnGl (0.004 g, 0.034 mmol) in GEN (5 mL) and ultrasonicated for 2
minutes. On top of the resulting solution, a lagkdiethyl ether was added which led to the
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formation of single crystals of compl&3 after one week with 48 % vyield (0.012 g, 0.017
mmol). *H NMR (300 MHz, CDC}) &/ppm: 8.74 (d, 2H, J = 8.0 Hz, H2 and H4), 8.72,
H6 and H6"), 7.97(d, 4H, J= 7.9 Hz, H8, H12, H&\daH12"), 7.91 (d, 1H, J= 8.1 Hz H3),
7.56 (d,4H, J= 8.6 Hz, H9, H11, H9’ and H11"), 7(¢4 4H, J= 8.90 Hz, H16, H20, H16" and
H20), 7.11 (d, 2H, J=16.3 Hz, H13 and H13’ or Kl H14’), 6.92 (d, 2H, J= 16.8 Hz, H14
and H14’ or H13 and H13’) 6.72 (d, 4H, J = 8.9 H4,7, H19, H17’ and H19’) 3.01 (s, 12H,
H21, H22, H21' and H22’). Anal. Calc. fors6H3/NsCloZn: C, 65.79 %; H, 5.24%; N, 9.84
%. Found: C, 65.70 %; H, 5.02 %; N, 9.53 %. SetkdR bands (cr): v = 1608, 1516,
1350, 1071, 825, 601, 545. MALDI-TOF MS calcd: m/Z12.03 Da. Found: m/z = 676.5
HR-MS (M): for GgH37/NsClZn: 674.2029 Found: 674.202Z{L2CI]+).

3. Results and discussion

3.1 Syntheses

The synthesis of the stilbene derivative was diattg the reaction of Horner-
Wadsworth- Emmons, using commercially availabletistg compounds 4-dimethylamino-
benzaldehyde andp-itrobenzyl)-phosphonic acid diethyl ester, to ifA) which was
reduced by tin chloride to afforthe corresponding amino precursd) (as previously

reported in the literature (Scheme 1) [23].

PO(OEt), DMF/EtOH \N Q / Q NO: gucr, \ Q / O NH,

N

|
Scheme 1Synthesis of stilbene derivatiBe

This amine B) was reacted with one equivalent of 2-pyridineocagddehyde or a half
equivalent of 2,6-pyridinedicarboxaldehyde in ethlarsing a catalytic amount of acetic acid
to giveL1 orL2 to the tune of 73% and 65% respectively (Scheme 2
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Scheme 2Synthesis of ligandsl andL2.
LigandL1 was reacted with one equivalent of zinc chlormiéorm the mononuclear zinc(ll)
complex C1 formulated a§ZnL1Cl ;] and with a half equivalent of [Cu(CNG}4BF, to
produce the corresponding coppei2 formulated ag[Cu(L1) ,CH3CN]BF4} (Scheme 3).
Whilst the reaction of2 with one equivalent of zinc chloride yielded coeypC3 formulated
as[ZnL2Cl ).

rOﬁ

N
\
Complex C1 Complex C2

N\Z /N
‘/I/‘/ Complex C3
Scheme 3Structure of complexesl, C2 andC3.

3.2. Description of crystal structures
3.2.1. Crystal structure o1

Suitable crystals for X-ray structural determinatiwere grown by the slow diffusion
of the mixture of the above-mentioned reactant€iiCN:CH,Cl, (1/1, v/v) into an ethylic
ether layer. Comple€1 crystallizes in the monoclinic space group/B2he crystal structure
being shown in Fig. 1. Note that the asymetric wifithis complex is composed of two

chemically identical molecules.



The zinc(ll) ion is tetracoordinated with the exiget tetrahedral geometry, the
coordination sphere being formed by two chlorinerat (Cl1, Cl2) and two nitrogen atoms
from the iminopyridyl from the chelating ligandL. The stereochemistry around the zinc(ll)
ion is slightly distorted as evidenced by the ddfece between the values of the angles
formed by the metal center and the donor atomss diisitortion is caused by the small bite
size of ligandL1, a common feature of iminopyridyl type ligands Jj2&hich results in a
significantly narrow N-Zn-N angle (N1-Zn1-N2 79.8¥) in comparison with the other
angles around the zinc atom as well as the iddgedhtedral angle. In comple€l, the
Zn1-N1(pyridyl) bond is somewhat shorter than timdZN2(imino) bond, and the length of
1.265(1) A for the C6—-N2 bond confirms no delocatian as has already been found for a

similar azo-based complex [21].

Fig. 1. Crystal structure of comple21 with atom numbering scheme.

Within the crystal, each molecule of the complexeiacts with two other neighboring
molecules via weak hydrogen bonding establishedd®t the chlorine atoms coordinated to
zinc(ll) ion and the hydrogen atoms belonging te gyridyl ring ring (H3) (C3-H3---CI1:
H3---Cl1 2.85 A), resulting in the formation of @ira that are formed with a rare’@4)
pattern (Fig. 2).
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©

Fig. 2. Two molecules are linked by pairs of weak C—HI hy@rogen bonds forming&14)
cyclic pattern in comple1.

These interactions lead to the formation of 2D aomilecular layers parallel to thec
crystallographic plane (Fig. 3).

, -

-. : '\5 x‘L

e .“""'%'OQ%‘
PR oS a®a® e et ?f:"' o
'w'w &

M !'
“‘ :.“3 ,‘ . - .'."

o .
Fig. 3. Pattern of intermolecular contactsGi in the ac plan.

Within the layer, the molecules stack in infinitargllel columns with an offset tail to tail

arrangement due to - «t interactions involving, two by two, the aromatiegs from adjacent

molecules (centroid- - -centroid: 3.64 A, 3.77 A arit2 A). The supramolecular interactions

between the neighboring molecules are representdetail in Fig. 4.
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Fig. 4. A perspective of the 2D supramolecular sheet geeévian- - © stacking interactions

between the aromatic rings of the ligands.

3.2.2. Crystal structure a2

Employing the same crystallization technique, ngnsédw diffusion, single crystals
of complex{[Cu(L1) ,CH3CN]BF4} C2 were grown and the corresponding crystal structure
solved. ComplexC2 crystallizes in the monoclinic syste@¢ space group, with half of the
complex cationic unit, [Cu(LLEENCHs]", and half of the uncoordinated BEountermnion.
The X-ray crystal analysis of this complex revealeat Cu(l) ion inC2 is coordinated in a
distorted tetrahedral geometry, which is definedthmge nitrogen atoms (two from imino-
pyridine fragment and one from acetonitrile sotvemlecule) and the C=C moiety of the
olefin from the second ligand (Fig. 5a). Thus ehgand acts as a neutral ditopic spacer to
link two Cu(l) ions by two nitrogen atoms and arefml moiety to give rise to a 1D
coordination polymer, as depicted in Fig. 5b). Thaymer is further stabilized by - Tt
stacking interactionscé. 3.75 A) which are probably stabilizing the copper(blefin
coordination. Similar copper(l) coordination polymdave been obtained using 4-
pyridylacrilic acid (which acts as bidentate ligasphcer) in combination with 2,2’-bipyridine
[18].

12



b)
Fig. 5. a) Crystal structure of the monomeric compikwith anatom numbering scheme; b)

part of the polymeric chain formed G2.

The dihedral angle between the least-square plaihtge stilbene fragment and NN-chelate
imino-pyridine fragment is 37.26° i62. The lengths of the two €W bonds are very close
(Cul—N1 2.051(7) A, Cul—N2 2.158(9) A, and Cul—N86K(7) A), as in comple€],
the formal double bond character in the imino fragtris maintained (C6-N2 1.276(11) A).
The C=C bond distance [1.389(11) A] of the coortiidaolefin being longer than the C=C
bond in complexC1 (C=C equal to 1.34(2) A) is coherent with the coation of the olefin
bond and is comparable to the ones found in thpWj@-hpya)Cu(l)](BF4)} coordination
polymer [1.361(6) A] [18] and in monomeric complexeeported in [24]. In addition, the
crystal packing ofC2 (Fig. 6) reveals the presence of two sets of stumtacts, €H---F and
C—H- - = which connect the different polymeric chains.
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Fig. 6. Crystal packing in comple®2 with various GH---F and €H- - & interactions.

3.2.3. Crystal structure o3

ComplexC3 (Fig. 7)crystallizes as dark plates in the monoclinic systepace group
P2/n with one independent molecule in the unit c@lithin this complex the zinc ion is
pentacoordinated, the coordination sphere beingddrby the three nitrogen atoms of the
pincer and two chlorines ions.
The distortion of the geometry around the Zn(Ih) is caused by the specific requirements of
the bis-chelating ligand with small bite angles fN2n1—N3 74.42(10)° and N3—Zn1—N4
74.23(10)°). The Zn—N (pyridyl) bond (Zn1—N3 2.023{s shorter than the Zn—N(imino)
bonds (Zn1—N2 2.336(3) A and Zn1—N4 2.328(3) A) éime formal double bond character
in the imino fragments is maintained (C17—N2 1.289 ) and C23—N4 1.285(4) A).

Fig. 7. The crystal structure of compl€&3 with an atom numbering scheme. Hydrogen atoms

have been omitted for clarity.
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In the solid state, each chlorine atom in the cexpholecule establishes a C-H- - - Cl weak
hydrogen bonding with the hydrogen atoms from thdgl unit, the imine as well as with a
hydrogen atom form the phenyl ring of the neighibgninolecules with distances of 2.723 (7)
A, 2.804(8) and 2.713(8) A, respectively (Fig. 8).

Fig . 8.C—H-- - Cl weak hydrogen bonding in comp&X

As can be seen in Fig. 9, the above mentionedacitiens lead to a remarkable molecular
arrangement within the metallic complex crystalsonhresults in parallel chain formations
along the b axis. In addition, these chains arbilstad by C—H--m contacts that occur
between the carbon atom from the phenyl ring ardhydrogen atom from the following
methyl groups (C7-H1B 2.810(3) A, C6-H1B 2.787(3) &d by GH--« interactions
(H1B- - -centroid 2.70 A).

15



Fig. 9. Molecular arrangement in compl&3

3.3. UV-Visible absorption spectroscopy

The UV-Visible absorption spectra of the ligantl and the two metal complex€&sl
and C2 were recorded in a dichloromethane solution (C x Z0° M) at room temperature
(Fig. 11a). The ligand exhibits two strong absamptbands ak = 309 and 397 nm which are
assigned to the—z* and n—r* transitions of the stilbene moiety and the imiwogyl group
together with a slight intramolecular charge trangiCT) from the dimethylamino donor
group to the iminopyridine accepting unit [25]. Skebands display a bathochromic shift for
both complexesC1l and C2 indicating a strong electron accepting behavior tioé
iminopyridine fragment upon complexation with zidkloride or with copper cation. As in
L1, ligand L2 exhibit two strong absorption bandd € 308 and 398 nm) that are
characteristic oft—n* and n—=n* transitions of the stilbene moiety and the imigpogyl
group together with a slight intramolecular chatgensfer (ICT) from the dimethylamino
donor group to the iminopyridine accepting unite¥@ bands are red shifted about 100 nm

upon complexation with zinc chloride as it can bersin Fig. 11b for comple&3.

1.0 —u

0.8 4
0.8

0.6 0.6

0.4 0.4

Normalized Absorbance
Normalized Absorbance

0.2 0.2

0.0 T T T T T
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300 400 500 600 700

Wavelength/ nm
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b)

a)

Fig. 11.UV-visible absorption spectra of: a) ligabh#l and complexe€1-C2and b) Ligand
L2 and complexC3 (C = 2.5 1¢ M) in CH,ClI, solution, at roonmemperature.

In order to confirm the presence in a solutionaofingle zinc(ll) and copper(l)
complex species, photometric UV-visible titratiowere performed by adding increasing
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amounts of zinc(ll) (Fig. 12a) or copper(l) (Fi@h) to a CHCI, solution of ligand_1. These
additions result in the appearance of a new ahsorfand around 349 and 328 nm in the
case of zinc(ll) and copper(l) respectively, whicbrresponds to a ligand centered (LC,
n—7*) transition. In addition, a significant bathochriw shift of the absorption band in the
visible region can be observed. This shift is iatlimy an increase of the electron acceptor
behavior of ligand-1 upon complexation with zinc(ll) or copper(l) whielst as strong Lewis
acids [21]. The presence of three isosbestic pan&l3, 364 and 446 nm for zinc(ll) and at
306, 361 and 436 nm for copper(l) clearly indicatesformation of just one complex specie
in both cases. Note that no additional absorptitanges were observed upon the introduction
of more than one equivalent of ZnRCas expected for the formation of a 1:1 complex,
additional absorption changes were observed upen irtkroduction of more than 0.5
equivalent of [Cu(CHCN)4BF,4] indicating the formation of a 1:0.5 complex. Thissult
together with the UV-visible spectrum recorded fo2 (fig. 11a) indicate that in this
complex, the polymeric chain observed in the X caystal structure is “dissociated” to the
mononuclear specie [Cu(LOHsCN]BF,4 in which Cu(l) is coordinated to one ligabdl with

the iminopyridyl fragment and to the second onéhvtiite olefin fragment as can clearly be

seen in fig. 5a.

Ligand/ZnCl,
1:0

—1:0.1
—1:0.2
—1:03 5 034
—1:.04
—1:05

Ligand/Cu(CH,CN),BF,
—1:0
—1:0.1
—1:0.2
—1:03
—1:04
—1:05
—1:0.6
—1:07
—1:0.8
—1:0.9
—1:1

2

04

0,4

0,3 4

0,2

—1:0.6
‘ ‘ — 107
—1:0.8
—1:09 o4
\ —1:1
\ —1:15
N —— 1:2
00

T T 0 T
300 400 500 600 700
Wavelength/ nm

0,2+

Absorbance / a. u.
Absorbance / a. u

0,14

T T T ¥
300 400 500 600 700
Wavelength / nm

0,0

a) b)

17



Fig. 12 UV-Visible titration of ligand_1 (C = 2.5 1 M) in CH,Cl, a) with ZnC} and b)
with [Cu(CH;CN)4,BF,] at room temperature.

3.4. Computational study

The Density Functional Theory (DFT) computationsenheen performed with the Gaussian
09 program [26] using the standard B3L[27] functional and the LANL2DZ atomic basis
set [28] augmented with polarization function oh abms, except hydrogen ones. Full
geometry optimization in the solvent (gE,) using the PCM ModgR9] of the two ligands
(L1, L2) and their corresponding complex€xl (= [ZnL1Cl ], C2 = [Cu(L1),CH3CN]. and
C3 = [ZnL2Cl ;] ) have been carried out first. Then, the computaiwd the vibration
frequencies of all species has been carried ootdar to check that the optimized geometries
are true minima on the potential energy surfaces.

The computed geometries compare very well with ¥xeay ones, but with a small
overestimation of the metal-ligand distances ofual#r5%; such behavior is rather common
at the used theoretical level of computation.

The computed frontier Molecular Orbitals (MOs) drgplayed on Figure 13.

compounds HOMOs LUMOs

L1

C1




C2

compounds

HOMOs

LUMOs

L2
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Fig. 13. Frontiers molecular orbitals for ligandsl, L2 and complexe<1, C2 and C3
(H=HOMO and L=LUMO)

The HOMO and HOMO-1 for ligantl are delocalized over the whateconjugated system
with a large contribution from the donating dimd#mginobenzene group and a slight
contribution of pyridine for the HOMO-1, whereas @spected the electron withdrawing
pyridine moiety is dominating in the LUMO and LUMQ@+~or the ligand.2 the HOMO and
HOMO-1 spread all over the whateconjugated system but on different “arms” of tigauhd,
with a strong contribution of the dimethylaminobene group whereas the LUMO and
LUMO+1 are mainly localized on the central pyridigeoup. It is interesting to note that
HOMO and HOMO-1 ot.2 andC3 are quasi degenerate as well as LUMO and LUMO+1.
Considering the zinc complexes, it is worth notingt the metal center does not contribute to
the highest occupied MOs, so that the lowest engaggitions which mainly involve HOMO
and HOMO-1 yide infrg do not exhibit any MLCT character. For these wemnplexes the
occupied MOs with a significant 3d character ang/V@w in energy. In the case of the copper
complex C2, HOMO and HOMO-1 do not involve the 3d metal catst but HOMO-2,
HOMO-4, HOMO-5 and HOMO-6 contain a significant @aebrbital contribution, so that
transitions from these MOs should exhibit a MLCRictter.

Vertical excitations energies were calculated gisiime Dependent DFT (TD-DFT) [30]

using the optimized geometries of the ligands, (L2) and the complexe<(, C2 andC3),
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in order to assign the observed bands in the Ulbleisspectra. The TD-DFT computations
have been carried out using the CAM-B3LYP [31] fumeal, taking into account the solvent
CH.Cl,, our experience showing us that this functionalegi spectra in agreement with
experimental results [32] for similar species, whixhibit a long distance charge transfer
upon excitation. Nevertheless, we checked that (B3UYP leads to a better agreement with
experiment than B3LYP, as expected. The obtainesipatational results, namely the

absorption wavelengthsieo and oscillator strengths.d, as well as the observé@xp are

given in Tables 2 and 3.

Table 2: Measured Aeyp and computed wavelengths (nmMymeo at the CAM-
B3LYP/LANL2DZP level and assignment absorption@&lenergy bands @fl, C1 andC2

a8 | Main transitions (% weights
Compound hexp Mheo f theo (% weights)

397 403 1.832 | H->L(74%)

309 | 314 | 0.060 |H->L+1(41%) H-1->L(24%)
L1 H-5->L(17%)

288 | 0.048 | H->L+4(49%) H-5->L(16%)

505 459 1.592 | H->L(79%)

351 | 323 | 0.129 | H->L+1(40%) H->L+2(26%)
307 | 0.358 | H-1->L(19%)

c1

258 | 287 | 0.022 | H-1->L(50%) H->L(18%)
285 | 0.091 | H-3->L(55%) H->L+3(21%)
H->L+4(63%) H->L+5(13%)

468 | 439 | 1.288 | H->L(72%)

423 | 0.147 | H-1->L(86%)

329 | 394 | 1.691 |H-1->L+1(61%)

c2 366 | 0.115 | H-4->L(46%) H-2->L(32%)

257 | 323 | 0.108 | H-2->L+1(30%) H-1->L+3(15%)
319 | 0.098 | H-1->L+2(13%)

H->L+2(33%) H-3->L(13%)

%scillator strength

In agreement with our previous discussivité supra the longest absorption wavelength for
L1 atiexg= 397nM Lineo = 403 Nnm) corresponds tara—n* HOMO-LUMO transition whereas
the second absorption band with low intensityegt= 309 NM Kineo = 314 nm and 288 nm) is
a mixedn—n* + n—na* excitation, since the HOMO-5 which is involved the relevant

transitions exhibits a lone pair character.
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The same situation occurs fo2 namely that the low energy band is-an* transition and

the high energy one exhibiting also not only-an* character but also a small nzone,

due to the fact that HOMO-3 and HOMO-10 are lonie lgDs.

The batochromic shifts which are observed upon dexapion ofL1-L2 with Zn(ll) or L1

with Cu(l), are perfectly reproduced by the TDDEdmputations.

In the case of the zinc complex@% andC3, the nature of the absorption bands are the same
as in ligandL1, mainly an—=* one. In the case of comple@2, the high energy bands
involving transitions from HOMO-2 and HOMO-4, exhimot only an—a* but also a
MLCT one, since the latter MOs possess a signifi@a@nmetal character, their weights being

respectively equal to 21 and 52%.

Table 3: Measured Aexy, and computed wavelengths (nMyneo at the CAM-
B3LYP/LANL2DZP level and assignment of low enerdpsarption bands df2 andCs3.

Compound Aexp Mheo f theo | Main transitions (% weights)

399 | 419 | 2.706 | H->L(38%) H-1->L+1(19%)
397 | 0.919 | H-1->L(34%) H->L+1(28%)

327 | 0.169 | H-2->L(20%) H->L+2(19%)
H-1->L+1(16%)

L2 308 | 317 | 0.037 | H-1->L+2(19%) H->L+2(12%)
H-3->L(12%)

310 | 0.018 | H->L+1(29%) H->L(18%)
307 | 0.024 | H-1->L+1(28%) H-1->L(17%)
H-10->L(11%)

293 | 0.033 | H-10->L(27%)

449 | 470 | 2.076 | H->L(57%) H-1->L+1(19%)

435 | 1.042 | H-1->L(53%) H->L+1(28%)
331 | 358 | 0.263 | H-1->L+1(55%) H->L(20%)
355 | 0.139 | H->L+1(49%) H-1->L(38%)

C3 323 0.028 | H-2->L(29%) H->L+2(14%)
H-1->L+3(13%)

316 0.024 | H->L+3(31%) H-1->L+2(28%)
308 0.345 | H-2->L(22%) H-1->L+3(20%)
H->L+2(19%)

297 0.155 | H-3->L(31%) H-2->L+1(16%)

4. Conclusion
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To summarize, this work should be seen as the rugetion of our previous work
consisting in the synthesis and the study of thd@inear optical properties (NLO) of new azo-
based iminopyridine ligands and metal complexes.Hake therefore reported the synthesis
of the two stilbene ligandsl and L2. While the complexation of ligandl with zinc(ll)
afforded a neutral zinc(ll) complex formulated [@aL1Cl ;] C1, interestingly its reaction
with copper(l) afforded a new stable 1D coordimati polymer formulated as
{[Cu(L1),CH3CN]BF,} C2. In addition, complexation of ligand2 afforded the neutral
zinc(ll) complex C3. X-ray crystal structures of these complexes ineictdtrahedral
geometry around the Zn(Il) metal ions 64 and a distorted tetrahedral geometry around
Cu(l) ion forC2 in which ligandL1 is unusually acting as a ditopic spacer for tw¢lwith
both iminopyridyl and olefin fragments. DFT and TI-T computations permitted to assign
confidently the observed UV-vis absorption bandéath the ligands and the corresponding
metal complexes. The nonlinear optical behaviouni¢tv is an important phenomenon that
opens new perspectives for both photonic and oleirenic applications) of these reported
compounds are currently under investigations anidl vd compared with those of their

corresponding azo based compounds and will be tegbor due time.
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Highlights

» Two stilbene based iminopyridine ligandsl{L 2) have been prepared.
» Corresponding Zinc(ll) and copper(l) have beencstmally characterized.
» TDDFT calculations used to assign the UV-Visibls@trtion bands.



