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Abstract

Zn(ll) and Cd(Il) coordination compounds containikg(pyridin-4-ylmethylene)amino)phenol ligands
were synthesized and then characterized using regeopic techniques and single crystal X-ray
crystallography. The molecular structure and ctyséaking of these complexes, as well as the drysta
packing of coordination complexes based on 4-suibst-1-(pyridin-4-yl)methanimine ligand,
retrieved from Cambridge Structural Database (CSi¥re investigated using structural, Hirshfeld
surface analyses, and theoretical calculations.cfgtal structure of these coordination complesges
governed by a combination of - stacking, C-H-%, O-H---N, and C-H---X hydrogen bonding
interactions. This study provides further insigttbithe understanding of the role of weak non-caval

interactions in the crystal structure of group d@ntaining Schiff-base ligand coordination compaind
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1. Introduction
In the last two decades, the supramolecular chgmastinorganic compounds has attracted increasing
interest because of their fascinating structurektaeir potential applications in various fieldklas
catalysis[1], gas storage [2], and molecular redamgn[3, 4]. It is now well-established that thearmer
in which molecular building blocks are arrangedhivitsupramolecular structures has a tremendous
effect on their physical and chemical propertiesdp In this regard, supramolecular chemists have
attempted to understand the rules of supramoleadaembly of metal-containing compounds by
studying the solid-state structures of these systesing X-ray crystallography data to provide a
detailed picture of the supramolecular structuref].,, Crystallographic studies on d-block metal
complexes revealed fascinating information aboatithpact of the ligand structures and denticiti®s [
10], nature of the metal center [11, 12], countarsi[13, 14] and reaction conditions [15, 16] oa th
crystal structure of metal complexes [17, 18]. Agpdhese, rational selection of the organic ligands
plays a decisive role in designing well-definedhétectures not only because of their role in diregt
the dimensionality and topology of the final sturetbut also due to providing potential interactttes
to generate pre-designed patterns of intermoledntaractions [19-21]. A variety of supramolecular
synthons based on highly directional intermolecutderactions such as hydrogen bonding, halogen
bonding, and even weak directionalstacking interactions have been identified and leyga as
synthetic vectors for the assembly of metal-com@immaterials [17, 22-25]. It should be noted that
although weak interactions such astacking [26] and non-classical hydrogen bonds [ZB are
usually regarded as weak intermolecular contaatgpemed to the classical hydrogen bonds [28], there
is experimental evidence showing these interactiamseven affect the coordination geometry of metal
complexes [29-33]. Therefore, supramolecular chenfiave a large toolbox of functionalities capable
of non-covalent interactions at their disposal, chhallow them to design the metal-containing buidi

blocks into well-defined crystal structure accoglito the chemical information encoded in their



molecular structure [34, 35]. In this respect, Hiedd surface analysis [36] and the theoretical
calculations can be of great help in understanttegrole of intermolecular interactions governihg t
solid-state structure of coordination compoundstsiifeld surface analysis is a three-dimensional
graphical tool that helps one understands allritexiinolecular interactions present in the crysttide.

As a continuation of our research interest towaedunderstanding of the supramolecular organization
of group 1IB coordination compounds [37-39], thremw crystal structures, namely [ZA®),Cl,] (1),
[CA(L*®"),1] (20 and  [CA(*°™).,*MeOH  (3), containing the  4-((pyridin-4-
ylmethylene)amino)phenol {I®") ligand were synthesized and then characterizét ispectroscopic
techniques and single crystal X-ray crystallographye crystal structures of these complexes, ak wel
as the crystal packing of coordination complexeseaon 4-substituted-1-(pyridin-4-yl)methanimine
ligand, retrieved from Cambridge Structural Dat@hd€SD), were investigated using structural,
Hirshfeld surface analyses and theoretical calmrat This study reveals the rolemfnteractions and

hydrogen bonds in the organization and stabiliratibthese metal-containing crystal structures.

. Experimental Section
2.1 Apparatus and reagents

Starting materials for the synthesis of compoufidsnd 2 were purchased from Aldrich Chemical
Company and used without further purificatidhe Fourier transform infrared spectra were reabiate
room temperature on a Nicolet Fourier Transfornm(Nicolet 100 spectrometer) in the range 500-4000
cm® using KBr pellets. Elemental analyses (carbonsdyehn, and nitrogen) were determined using an
ECS 4010 CHN-O made in Costech, Italy. Melting poiwere measured by an Electrothermal 9100

melting point apparatus and were corrected.



2.2 Synthesiof [Zn(L*°™),Cl,] (1), [CA(L ™).l 4] (2) and [CA(L* ™).l ;].MeOH (3)
The synthesis of 1°" ligand was reported previously by some of us [38h(L*°").Cl,] (1),
[CA(L*H),15] (2), and [CA(*M),l]sMeOH (3) were synthesized according to the reported praeed

by some of us [38]. Scheme 1 shows th&'Lligand andl-3 complexes syntheses.

To a solution of 0.1 mmol MX(M=Zn or Cd; X=Cl or 1) in 5 mL methanol, a soloti of L*°" (0.1
mmol) in 5 mL of methanol was added with stirriidhe mixture was heated at 50 °C for about 15
minutes, followed by a reduction of the solventwng, resulting in the immediate formation of bright
yellow solid. Stirring was continued for 10 min athén the mixture was filtered with a filter pap€&he
solid residue was washed with a little cold methadoed invacuo and then dissolved in 20 mL of hot
methanol. Upon slow evaporation of the filtrater@dm temperature, colorless crystalsloand 2
suitable for X-ray diffraction were collected withia week. Notably, two different crystals were
obtained for compound including the yellow prism crystal) and colorless block crysta(8). The
crystal structure analysis revealed that compad@imehs the methanol solvate of compouhdAlso, it
should be noted that other zinc and cadmium halieplexes with £°" ligand that would have been
of interest here could not be studied because mabdel crystals were obtained.

LM FT-IR (KBr pellet, cmt): 3272(w), 3065(w), 2998(w), 2947(w), 2880(w),280% 2737(w),
2677(w), 2603(w), 1603(vs), 1575(vs), 1506(m), 1453 1414(m), 1251(vs), 1155(vs), 1002(m),
840(s). Melting Point: 201-203°C [38].

Compound 1 (yield 75%). Anal. calcd for GsH2oCl.N4O2Zn: C, 54.11; H, 3.78; N, 10.52. Found: C,
54.18 H, 3.86; N, 10.46. IR (KBr pellet, &n 3759(w), 3351(vs), 1619 (vs), 1585(vs), 1503(s),
1429(s), 1373(w), 1334(s), 1267(s), 1206(vs), 14564027(m), 837(vs), Figure S2a. Melting Point:

172-173 °C. Photoluminescence properti@gitatiod{nNm): 400 and.emissioNM):580



Compounds 2 (yield 60% (2+3)*). Anal. calcd for G4H20Cd LN4O, (2): C, 37.80; H, 2.64; N, 7.35.
Found: C, 37.78 H, 2.61; N, 7.35. FT-IR (KBr pelleti®): 3444(w), 3423(br), 3139(br), 1614 (s),
1574(vs), 1540(s), 1509(w), 1458(m), 1423(m), 1876(1284(s), 1238(s), 1160(s), 1010(s), 835(s),
544(w), Figure S2(b) and (c). Melting Point: 17791 . Photoluminescence propertigsgitatiod{NM):

400 and\,em|55|0r(n m)530

Compounds 3. Anal. calcd for GgH2sCd LN4O4 (3): C, 37.77; H, 3.41; N, 6.78. Found: C, 37.75 H,
3.45; N, 6.75. FT-IR (KBr pellet, ch): 3423(br), 3127(br), 1613 (s), 1573 (vs), 1541(5H09(w),
1457(m), 1418(m), 1374(w), 1284(s), 1237(s), 1168(6808(s), 834(s), 541(w). Melting Point: 175—
177 °C. Photoluminescence propertieSsiatod{nm): 405 and.emissio{NM):542

" We were more interested in the crystal than théhsgis so they weren’t completely separated artd tha
further studies will be conducted to investigatd aontrol this formation as it would be interestiog
other complexes too. The lower yields are due woreéng the mother liquor which would contain some
of the compounds but in a mixture of impurities aswolvents that can’t crash out due to the

concentration of the liquid. “(yield 60% (2+3) Cooynds 2 and 3 were formed in 60:40 ratio)”

2.3 Single-Crystal Diffraction Studies

X-ray diffraction data were collected fot at 130(1) K on a Rigaku four-circle SuperNova
diffractometer with Atlas CCD detector and mirroomochromated Cuj¢adiation 4 = 1.54178 A); for

2 at 100(1) K on a Rigaku four-circle Xcalibur difttameter, with Eos CCD detector and graphite-
monochromated Moltradiation ¢ = 0.71069 A), and foB at 100(1) Kon a Bruker APEX-II four-circle
diffractometer, with graphite-monochromated MaKdiation § = 0.71069 A). The data were corrected
for Lorentz-polarization as well as for absorptieffects [40]. Precise unit-cell parameters were
determined by a least-squares fit of 32983 {1830 ), and 97933) reflections of the highest intensity,

chosen from the whole experiment. The structurae welved with SHELXT-2013 and refined with the



full-matrix least-squares procedure of] iy SHELXL-2013 [41]. All non-hydrogen atoms weedined
with anisotropic thermal parameters, hydrogen aterme placed in idealized positions and refined as
‘riding model’ with isotropic displacement paramstset at 1.2 (1.5 for methyl groups) timésg, of
appropriate carrier atoms. Inthe central C-CH=N-C group was found disordereerdawo alternative
positions, site occupation factors of 0.5 were ibedr for both sites, Figure S1. The crystallographi
information is listed in Table 1 and further expeental and refinement detail can be found in the Si
CCDC-1993550 (for1), 1993551 (for2), and 1993553 (for3) contains the supplementary

crystallographic data for this paper.

Hirshfeld surface analysis and two-dimensional émgint plots were generated by using Crystal
Explorer 3.1 software [36]. These surfaces visusillgnmarize the spatial arrangement and relevance of

intermolecular interactions by their color code.

2.4 Theoretical methods

DFT calculations of the non-covalent interactiorexevcarried out using the ORCA quantum chemistry
suite [42]. The BLYP exchange-correlation functiof#B] with the recent D3 empirical dispersion
correction (BLYP-D3) was used to evaluate the bigdenergies[44]. The basis set superposition error
(BSSE) is not taken into consideration because |d888E effects are assumed to be absorbed by the
D3 empirical potential [45]. The decomposition lé tinteraction binding energy was also computed at
BLYP-D3/TZ2P. To evaluate the interactions in thaidsstate, we have used the crystallographic
coordinates. This procedure and level of the thdmye been successfully used to evaluate similar
interactions [46-48]. An all-electron triple-zetadis-set with two polarization functions, TZ2P, has
been used to describe all the atoms. The coreretectvere treated by using frozen core approximatio

The zeroth-order regular approximation (ZORA) wpglid for treating the relativistic effect.



3. Results and Discussion

3.1 Synthesis and crystal structure analysis

Schiff-base ligands are easily prepared ligandsdaia form stable complexes with metal ions [49, 50
The substituted-1-(pyridin-4-yl)methanimine ligarate suitable building blocks for crystal enginegri
studies of coordination compounds, since they agalole of coordinating to the metal ion in a
predictable manner while providing potential intgian sites to generate self-assembled structures.
Compounds X) and (2) were synthesized by reacting 4-((pyridin-4-ylmetimg)amino)phenol ligand
with the corresponding metal halide salts. Twoead#ht crystals were obtained for compo@rfcom the
same growth solution, th& entity is referred a& solvate, which is further supported by single talys
X-ray diffraction data. The FT-IR characteristieduencies of compounds3 as well as the free*®"
ligand are summarized in Sections 2.2 and are shioWwigure S2. The FT-IR spectra of complegef
and 3 show v(C=N) stretching frequencies at 1619, 1614 and 1648, respectively. The C-O
stretching frequencies are assigned at 1267, 12841284 crit for 1-3, respectively. The O-H
stretching frequencies of compounti8 have appeared at 3351, 3423 and 3423, amspectively,
which are completely different from the fre&?" ligand O-H frequency. The pyridine in-plane ring
deformation frequencies of complexe8 are assigned at 642, 639 and 635'crespectively. Terminal
M-X and M-Py stretching frequencies as well as giye out of plane ring deformation frequencies are
located in the far IR-spectrum, at lower frequescithan could be observed here. The
photoluminescence properties of complekesare listed in section 2.2. Interestingly, the coemplk2
and 3 have different luminescence properties as fortafon and emission wavelengths. ORTEP
drawings of compound$-3 which are drawn at 50% ellipsoid probability lewaee shown in Figure 1
[51]. Selected bond distances and angles are listddble 2. In1 and2 the complex molecules are
unsymmetrical (however some degree of pseudo-symgnuain be found), so the asymmetric part

contains one molecule; Bithe complex i,-symmetrical, central Cd ion lies across crystatpdpic



two-fold axis in the space groupba2, and only one ligand molecule and one solventethanol
molecule is symmetry-independent. The moleculaucttire of all three compounds shows discrete
mononuclear four-coordinate zinc(ll) or cadmium{bits, coordinated by two pyridyl nitrogen atoms
of two different [*°" ligands and two terminal halide ions. Accordinghe four-coordinate geometry
index () defined by Houser and his co-workers, within do&tinuum between square plana=Q)
and tetrahedrak{=1), the coordination geometry around M(ll) candascribed as tetrahedrdl) (@and
trigonal pyramidal Z and3), with t4 values of 0.98, 0.88, 0.73 for compourid®, and3, respectively
[52]. The dihedral angle between the planes of phand pyridyl rings of free £°" ligand has been
reported as 8.84°[53]. For compourid8, the defined dihedral angle between the aromatigsrof L+

©H ligand lies between 5.50-52.81° and thus the tigean adjust itself to meet the requirement of
coordination geometry of the metal atom and thénmgtinter-atomic distances in the crystal struetur
Table S1. The molecular overlay of compoutdand 3 and the structural overlay of*t" ligands,
which adopttrans conformation, in compounds3 and the free £° ligand [53] are shown in Figure
S3. In this regard, Vittal and his co-workers réghbe crystal structure of [ZnE#@-styrylpyridine}] in
which Zn(ll) is in perfect tetrahedral geometry d@hd dihedral angle between the two aromatic rofgs
4-styrylpyridine ligand is similar to that for comynd 1 [54]. In Hg(ll) complexes containing
substituted styrylpyridine ligand, the two aromatiggs of the corresponding ligand no longer shbev t
large dihedral angle, but instead the two aronraigs adopt a nearly coplanar geometry [55-57].

In the crystal structure df, adjacent mononuclear units are linked to eachrdtirough a combination
of m-interactions, namelyyriaym-mohenyl Stacking (ring centroid to ring centroid distare®.753 A),
pyridylC-H" * TTphenys phemyC-H- - Tpyriayi, @s well aspyriayiC-H---O non-classical hydrogen bonds in the
crystallographicb-direction. The overall supramolecular structursutes from linking the[Zn(L“'
OM),Cl,] units via jmineC-H- - -Cl, O-H---Cl and C-Hmpnenyinteractions in thec-plane, Figure 2. For

compound® and3, while 3 is a solvate form o2, they exhibiting both striking similarities as \Wwak



some significant differences in their supramolecwucture. In the crystal structure 2f discrete
neutral [Cd(L)I;] units are linked to each other, along the cristmiphica-direction, throughyriayim-
Tpyridyl (ring centroid to ring centroid distance =3.975 A)ayiC-H- - Moheny @and |- -mipyriayl interactions,
Table 4 and Figure 3(a). The O-H---MNenyC-H---O RZ(8) graph set notation] anghen,C-H- - "I
hydrogen bonds link these units in theplane to form the three-dimensional (3D) networiguFe
3(b). Analysis of the crystal structure 8freveals that the [Cd{[®"),l,] units are stacked on one
anothervia iminet-Mphenyl, imine-Tpyriayi (bONd centroid to ring centroid distances of 3.30@ 3.555 A,
respectively), and O(lone pairpenyinteractions along the crystallograplucirection, Figure 4(a).
The methanol molecules of crystallization link dete molecular units, in thab-plane,via meoHO—
H: - - Nmine andmeonC-H- - - Qu hydrogen bonds, which is further assistedfyC-H- - I interaction to

generate the 3D crystal packing, Table 3, Figubg.4(

A search in the Cambridge Structural Database (CG8Dj)he coordination compounds based on (4-
substituted)-1-(pyridin-4-yl)methanimine ligand ueted 13 hits [58]. All of these coordination
compounds contain Hg(ll) as metal centers that liEéerent molecular structures and supramolecular
features, which are listed in Table 5. These restdveal that the variation ofL ligand para-
substituents can have a profound effect on the duoation geometry of metal atom as well as
supramolecular arrangement of these coordinationpoonds. In this regard, the [CA{DI,] is a 1D
coordination polymer with the cadmium atom in aati®d octahedral configuration, while both [C8(L
©M)1,] polymorphs are discrete coordination complexesvitich the cadmium atoms are found in a
trigonal pyramidal environment [59, 60]. Also, thidg(L*°™)Br;] and [Hg(L*®"),Br,] are discrete
complexes with four-coordinate seesaw geometriedHfy(ll) ions, while [Hg(L*“)Br,] and [Hg(L*
ABr,], [Hg(L*")Br,] are all 1D coordination polymers with a four-cdimate seesaw and five-
coordinate square pyramid geometries [38, 59]. @Hdifferences are also observed for the [Hg(L

ORIFICIBTMY,1,] series which the data are presented in Table 5.



3.2 Hirshfeld surface analysis and theoretical caidation

Analysis and calculations of the Hirshfeld surfaamalysis were carried out to analyze the
intermolecular contacts present in the crystal paglkf coordination compounds3. The Hirshfeld
surface analysis is a powerful graphical tool fotaining additional intuition into the intermoleeul
contacts in crystalline systems [36]. A bar chdrpercentage contributions of the different typés o
intermolecular contacts and the (2D) fingerprinbtplof the coordination compounds are shown in
Figure 5 and Table S2. The Hirshfeld surface amalgsd associated fingerprint plots reveal that the
crystal packing of compounds-3 is supported by H---H, C-Hg;-C-H---X, C-H---O, and-- =«
stacking interactions, Figures 5 and S5. The Han#ll C-H- & intermolecular contacts are the most
abundant contacts and play important roles in gomgrthe crystal packing and C-H--- X (X=Cl, 1), C-
H---O/O-H---0O, and - & interactions are the next priorities, respectiva@lye small contribution from
the other interatomic contacts, namely Nt to the Hirshfeld surface of compounts listed in Table

S2, show negligible influence upon the packing. Tdrge contribution for the van der Waals H---H
interactions is typical of organic molecules andassistent with the presence of CH groups aloeg th
ligand backbone [61]. The comparison of the Hirkhfurfaces of compoundsand3 reveals that in
the crystal structure & the C-H- -z interaction is dominant to the C-H- - - | interactiahile this is vice
versa for3. Hirshfeld surfaces of complexds(a), 2 (b) and3 (c) are also mapped with shape index
(-1.0 (red) and +1.0 (blue)) and curvedness (betwéd (red) and +0.4 (blue), Figure S4. Distinetiv
features can be identified on the left and rightde sides of shape index and curvedness plots of
compoundsl and2, leading to patterns of intermolecular interacsidhat are different on each side of
these two complexes. The pattern of red and biaegles on the same region of the shape index
surface and the presence of a large flat greeracardn the curvedness surface indicate ithe
stacking interactions. This feature is observedlinthree compounds plots, whereas in the case of

compound3 it is more significant. The C-H interactions manifests itself on the shape indetsppf



compoundsl-3 as large red depression in the surface abovertmaagic ring of concave curvature,
while C-H donor regions have the opposite curvatiiree hydrogen bond dominates the appearance of
all these plots, appearing as a pair of sharp spikeh the upper spike (where de >di) correspondbe
hydrogen-bond donor and the lower spike (wherediecorresponds to the hydrogen-bond acceptor.
The theoretical study is devoted to analyzing tbe-covalent interactions that direct the self-agdgm

of coordination compound$-3 in the solid-state, focusing our attention to thed---X hydrogen
bonding, C-H- %, andzn-n stacking interactions. The binding energies olifrom the BLYP-D3
calculation on two relative fragments provide ugshwan opportunity to evaluate the intermolecular
contacts between [ME®"X,] molecular units, Tables 3 and 4. The selectednfients were cut out
directly from the CIF file and are shown in Figi8&. The energies of intermolecular interactionsirare
the range of those found for a series of neutredgexes [32, 46, 62]. The non-classical C-H---X and
C-H---O and classical O-H---N hydrogen-bondinggeeein compoun@ calculated to be in the range
of 3.20-10.20 kcal/molvhich is in agreement with the reported valuesHgdrogen bonding in the
crystal structure of molecular solids, Table 3 [68]. Also, the CH- = interaction energy in compound
1is calculated to be -15.32 kcal/mol, while thattof® and |- -& interactions in compouri2are -25.50
and -17.47 kcal/mol. Not surprisingly, the interactenergies of dimeric fragments containing sdvera
n-interactions and hydrogen bondslirand3 are larger than that of the fragments in whichyame

aromatic ring is involved in-interactions, Tables 3 and 4, Figure S6.

4. Conclusion

Herein, the crystal structures of three new grolip doordination compounds containing the 4-
((pyridin-4-ylmethylene)amino)phenol ligand are aged. The crystal structures of these compounds,
as well as the crystal packing of coordination clax@s based on (4-substituted)-1-(pyridin-4-

yl)methanimine ligand, retrieved from Cambridge uStural Database (CSD), were investigated.



Structural analysis show the tetrahedrBl énd trigonal pyramidal2(and 3) coordination geometry
around the metal centers in these structures slbkan revealed that th&©" adjusts its conformation
to adopt the coordination geometry requiremenhefrhetal atom and the optimal inter-atomic distance
in the supramolecular structure. The crystal stmectanalyses revealed that the main interactions
governing the crystal structure ater, C-H--w, as well as O-H---N, C-H---X hydrogen bonding
interactions. The results reported herein are udefuunderstanding the coordination chemistry and

solid-state structure of group 1IB containing Sthidse ligands.
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Figure 1. ORTEP diagram of compoundga), 2 (b), and3 (c), drawn at 50% probability ellipsoids



Figure 2. Representation of the crystal packing of compadlstowing the association of molecular units throagh
combination oft-n stacking C-Heer, as well as C-He++O non-classical hydrogen bond$é crystallographib-direction.
The overall supramolecular structure results frikihg the [Zn(L)Cl,] unitsvia C-HeesCl, O-HeeC| and C-Hee
interactions in thec-plane.



Figure 3. Representation of the crystal packing of compdtishowing the supramolecular association of discrete
molecular units along the crystallographidirection throught-n stacking, C-H- & and |- -& interactions (a) View showing
the three-dimensional crystal packing; the O-H; -R¥(8) C-H---O and C-H- - -1 hydrogen bonds link thests in thebc-

plane (b).



(b)

Figure 4. Representation of the crystal packing of compdisdowing the supramolecular association of disaretkecular
UNitSimineT-Tiphenys imine-Tpyrigyl, O(IONE pair)- wnenyiinteractions along the crystallograpkidirection (a) View showing the
three-dimensional crystal packing; the methanolemales of crystallization link discrete moleculaits, in theab-plane,

via peorHO—H***Nimine @aNdyeorC-He**Ooy hydrogen bonds, which is further assisteg hyC-Heeel interaction (b)



: Zi
ey . =ore]
FAPN T T8 A T Ho

da ’
di
06 08 10 12 14 16 18 20 22 24 26 28

2_5ﬂ | y | 7

(b) o~ :

06 08 10 12 14 16 18 20 22 24 26 28

1 e

A

A

: d

(' ) 06 08 10 12 14 16 18 20 22 24 26 28

Figure 5. Hirshfeld surface area and two-dimensional fingatgplots of complexes 1 (a), 2 (b) and 3 (c).
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Table 1. Structural data and refinement parameters for comgsl-3.

formula

fw

MA

TIK

crystal system
space group
alA

b/A

c/A

al’

Bl

W

VIA®
Dcalc/Mg-m-3
z

w (mm)
F(000)

20 ()

R (int)
GOOF
Ri*(1>20(1))
WR,(1>24(1))
CCDC No.

1 2 3
GaHz0Zn CbN4O;, CygHo0CdLNO, CoeHoeCdlN, Of
532.71 762.6 826.72
0.71073 0.71073 0.71073
130(1) 100(1) 100(1)
Monoclinic Monoclinic Orthorhombic
P2,/n 12/a Pba2
9.3689(6) 10.5408(3) 9.1610(13)
12.9152(7) 19.3211(4) 32.257(4)
19.1424(13) 25.6456(7) 4.7290(7)
90 90 90
93.373(6) 91.511(2) 90
90 90 90
2312.2(2) 5221.2(2) 1397.4(3)
1.530 1.940 1.965
4 8 2
3.847 3.229 3.029
1088 2896 796
65.5 50.0 55.1
0.2152 0.0264 0.0604
0.968 1.052 1.131
0.0641 0.0174 0.0284
0.1249 0.0389 0.0678
1993550 1993551 1993552

AR, =Z|Fo| - FellEIFo|. ® WR, -[Z(W(Fy” - F)?)/Zw(F,)2]™



Table 2 Selected bond distances (A) and angles (°) forpdexesl-3.

Complex
1 2 3
M1-N1A 2.032(4 2.293(2 2.290(1
Bond M1-N1B 2.019(4) 2.283(2) 2.290(1)
distance M1-X1 2.234(2 2.6932(5 2.7304(2
M1-X2 2.228(2 2.7117(6 2.7304(2
N1A-M1-N1B 107.5(2) 107.19(6) 119.8(1)
X1-M1-X2 114.75(7 129.33(2 137.48(1
Bond N1A-M1-X1 107.1(1 105.77(5 99.4(2
angle N1A-M1-X2 108.1(1) 104.00(5) 101.5(1)
N1B-M1-X1 106.1(1 105.18(5 99.4(2

N1B-M1-X2 112.9(1 103.87(5

101.5(1




Table 3. Selected hydrogen bond geometries for coordinationpoundd-3

Compound D-H---A d(D-H)/A d(H--A)YA d(D--AJA <D-H--A° Binding Energy (kcal/mol) Sym. Code
O12A-H12A.--Cl1 0.840 2.331(1) 3.127(5) 158.1(1) -29.78 x,1-y,1-z
012B-H12B.--CI2 0.840 2.312(1) 3.135(4) 167.2(1) -33.78 2-x,1-y,z

1 C7B-H7B---Cl1 0.950 2.916(1) 3.85(2) 169.0(1) 20,25 1-x,1-y,-z
C10B-H10B---Cl1 0.95 3.145(3) 4.022(7) 154.5(2) ' -z
C10A-H10A.--012B 0.950 2.618(2) 3.538(8) 162.9(1) 1.5-X, Yoty Yo-z
C6A-HBA.--O12A 0.950 2.453(2) 3.083(8) 123.7(2) Yokx, Yoy, -Yo+z
O12A-H12A.--N8B 0.840 1.990(1) 2.828(2) 175.0(1) Yotx, Yoty,- Yotz
012B-H12B---N8A 0.840 1.964(2) 2.803(2) 177.7(2) -10.20 Yao+X, Yoty Yotz
C13A-H13A.--N8B 0.950 2.651(2) 3.363(3) 132.1(1) XYty Yotz
C13A-H13A---11 0.950 3.1065(1) 3.837(2) 135.0(2) .327 1-X, Yoty Yo-z
2 C11A-H11A---O12A 0.950 2.618(3) 3.522(3) 159.1(2) 2-x,1-y,-z
C14A-H14A..-012B 0.950 2.716(2) 3.327(3) 122.6(2) Yotx, Vaty, Yotz
C14B-H14B..-012A 0.950 2.696(3) 3.286(3) 120.9(1) 2-X,- Yoty Yo-z
C11A-H11A.--O15A 0.950 2.511(1) 3.404(3) 156.7(1) 3.20 Yotx,Vaty,-Yatz
C3B-H3B:--012A 0.950 2.712(3) 3.571(3) 150.8(1) XYty Yotz
01S-H1S---N8 0.840 2.012(1) 2.848(6) 172.5(1) Yorx, Yoy, Yotz
012-H12:---01S 0.840 1.841(3) 2.677(6) 172.9(2) -5.34 XY,z
3 C11-H11...012 0.950 2.579(3) 3.314(8) 134.4(1) XYoty,z
C7-H7---11 0.950 3.1568(2) 4.064(6) 160.3(1) byltz
C5-H5---01S 0.950 2.423(1) 3.341(7) 162.5(1) Yot bz
C10-H10.--01S 0.950 2.585(1) 3.354(8) 138.2(1) Yohxl+z

' The dimer binding energy connected to each otlzetwo C11A-H11A: Tyiayniaces and two O112A-H12A. .- CI1-- - Cl1 interactions.
" The dimer binding energy connected to each OtREIO (1 cos)pyridyT* * Mphenyicos-c1asy@nd two O12B-H12B. - - CI2 interactions.

Table 4. n-interactions for compounds3

nm
O
i . .. Offset to y
Compound Interaction C-H/atom: - d(ﬁ-cg angle plane () Sym. code
A (°) angle
0
C11A-H11A. * Tpyridyl(N1A-C6A) 2834(1) - - - - -2975 —x,l—y,l—z
C2B-H2B- * Tlphenyl(CA-C14A) 2638(1) -15.32 -X,l-y,l-Z
1 C3A-H3A- - TphenylC9B-C14B) 2817(2 2—x,1—y,—z
C13A-H13A.: * Tpyridyl(N1B-C6B) 2922(3) 1/2+X,]/2-y,-1/2+2
(N1B-C6B)pyridyiT* * Tphenyi(COB-C14B) - 3753(2) 19.58 5.88 1.25 -33”78 2-X,l-y,-Z
(N1B-C6B)pyridyTT" * Tpyridyl(N1B-C6B) - 3975(2) 18.39 24.45 1.28 -25.50 ]/Z-X,y,l-Z
2 C3B-H3B: * Mphenyi(cor-cias; 3.161(1) 15xy1-z
|- Tpyridyl(N1B-C6B) 3875(2) -17.47 -1/2+X,l-y,Z
O(lone pair)- Tpheny 348¢(2) - - - - X,y,-14z
3 imineT* * Tlphenyl(N1-C6) 3-497(2) - - - - '36-32” x,y,—1+z
imineTC* * Tphenyi(CLC14 3.355(1) - - - - X,y,-1+z

' The dimer binding energy connected to each othetv0 wa.cigypyridyT - Tphenyiczo-cosyand two C15-H13. - - CI3 interactions.
" The dimer binding energy connected to each OtEIWO wa-c13)pyriyft - Tphenyiccz-c7)@nd two C8-H8- - - 11 interactions.
" The dimer binding energy connected to each otiRet0 Sets Ofnindt: * Mpnenyini-Co) iminet * Tphenyicco-c1y@nd O(lone pair)- a-interactions.



Table 5. Molecular features of coordination compounds aimihg (4-substituted)-1-(pyridin-4-yl)methanimitigand

Ref Code Space group  Metal atom coordination geonmgt Molecular structure Reference
- 12/a 4-coordinate tetrahedral Discrete coordinationglesn  This work
- P2,/a 4-coordinate trigonal pyramidal Discrete coordimatomplex  This work
- Pba2 4-coordinate trigonal pyramidal Discrete coordioatcomplex  This work
KOWWEB 12/a 6-coordnate octahedral 1D coordination polymer 1038
KOWWIF Pba2 4-coordinate seesaw Discrete coordination complex [38]
KOWWOL Pba2 4-coordinate seesaw Discrete coordination complex [38]
ZUNSUY P2,/c 6-coordnate octahedral 1D coordination polymer 1[60
HOYLIS P1 5-coordinate square pyramidal 1D coordination &y [59]
HOYLOY P2:2,2, 4-coordinate seesaw 1D coordination polymer [59]
HOYLUE Fdd2 4-coordinate seesaw Discrete coordination complex [59]
HOYMAL P2,/c 5-coordinate square pyramidal 1D coordination paly [59]
HOYMEP Fdd2 4-coordinate seesaw 1D coordination polymer [59]
HOYMIT P2,2,2, 4-coordinate seesaw 1D coordination polymer [59]
HOYMOZ Pna2, 4-coordinate seesaw 1D coordination polymer [59]
HOYMUF P2,/c 4-coordinate seesaw 1D coordination polymer [59]

ZUNTAF C2lc 6-coordnate octahedral 1D coordination polymer 1059




Group 1B complexes containing Schiff-base ligands were synthesi zed.

The molecular structure and crystal packing of these compounds were
investigated.

The crysta packing was governed by m-stacking and non-classical hydrogen

bonds.
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Graphical abstract (synopsis):

Zn(ll) and  Cd(ll) coordination = compounds  containing4-((pyridin-4-
ylmethylene)amino)phenol ligands were synthesizedl @ahen characterized using
spectroscopic techniques and single crystal X-raystallography. The molecular
structure and crystal packing of these complexseswall as the packing of related
compounds, were investigated using geometrical shfifd surface analyses, and
theoretical calculations. The supramolecular aecitre of these coordination complexes
is governed by a combination ofeen stacking, C-Heex, O-HeeeN, and C-HeeeX
hydrogen bonding interactions. This study provifiether insight into the understanding
of the coordination chemistry of group IIB contaigiSchiff-base ligand and the role of
weak non-covalent interactions in the solid-stétiecsure of coordination compounds.



