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Abstract

The mixed chloride-azide  [4r(N3)1.6£Clo.35 (1) and chloride-isocyanate
[CAL(NCO) 6Llosd (2) complexes with the condensation product of 2-
quinolinecarboxaldehyde and trimethylammonium dogloazide chloride (Girard's T
reagent) L Cl) have been prepared and characterized by X-nygtatlography. In
complexesl and2, Znl and Cd1 ions, respectively, are five-coortidan a distorted square
based pyramidal geometry with NNO set of donor atahdeprotonated hydrazone ligand
and two monodentate ligandg™and/or N”and CT in the case ol and OCN and/or OCN
and CT in the case o2. The structural parameters bfand2 have been discussed in relation
to those of previously reported M(ll) complexestwihe same hydrazone ligand. Density
functional theory calculations have been employestudy the interaction between the?Zn
and Cd" ions and ligands. High affinity of ligands towarttee Zrf* and Cd* ions are
predicted for both complexes.
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1. Introduction

Hydrazones are multipurpose class of ligands hawotpble biological and chemical
activities [1-5]. Therefore, the design and prepamaof new complexes with d-metals and
hydrazone based ligands with aim to improve—and-tthe their proprieties through the
discovery of new structures is still a great safenthallenge. A basic possibility to improve
the structural features of the hydrazone based lex@p is the use of auxiliary ligands, such
as pseudohalides §N NCS, NCO, etc.). These are versatile ligands which can be
coordinated as monodentates [6—8] or as bridgeseleet metal centers in the end-to-end or
end-on bridging modes [9-11]. Homoatomic azido rdjaexhibits many bridging
coordination modes (Scheme 1): single and doubeNs (end-to-end, EE) angh 1-N3 (end-

ambidentate ligand exhibits linkage isomerism aray the coordinated through nitrogen or
oxygen donor atoms as monodentate or bridging dideand-onu; 1-xn andg 1-xo or end-to-
end u; 3 [11]. Exchange interactions between two paramiégreenters which propagate
through discrete polyatomic bridging moieties (NNCS, NCO, etc.) have been the subject
of several review$ocusing on the ability of these pseudohalide ldgato coordinate with

metals in a variety of ways [12-14].
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Scheme 1. Coordination modes of azido ligand.

Recently, we have reported the crystal structufes series of d-metal complexes with the
condensation product of 2-quinolinecarboxaldehyu @imethylammonium acetohydrazide
chloride HL CIl, Scheme 2) and N\ OCN or CI as auxiliary ligands ([GdL (Ns)3] [15],
[CooL 2(1-1,1-N3)2(N3)o] H20ICH;OH  [15],  [NizL 2(u-1,1-N3)2(N3)2] HOICH:OH  [16],
[ZnL(N3)2] [17], [ZnL(NCO)] [17] and [Cd.Cl;]-CH;OH [18]). The geometry and



nuclearity of these coordination complexes arectie by a central metal ion and ligand’s
charge. Nickel(ll) ion with HLCI and N preferred the formation of dinuclear
ferromagnetically coupled dif; ;-azido) complex of octahedral geometry [16]. Howeve
Co(ll) ion with HLCI and N preferred the formation of octahedral mononuclear
[CoHL (N3)3s] complex, while the dinuclear ferromagnetically upted [CoL a(u-11-
N3)2(N3)2] [H,OICH3;0OH [15] complex has been obtained in traces. Coatdin of metal ions
(Zn(l) and Cd(Il)) withHLCI and Ny, OCN or CI' as auxiliary ligands afforded the
formation of mononuclear complexes of distortedasguoyramidal geometry [17,18]. As a
continuation of our study of d-metal complexes witie condensation product of 2-
quinolinecarboxaldehyde and trimethylammonium dogdoazide chlorideHL Cl), here, we
report the crystal structures and DFT calculatiohsixed chloride-azide [4n(N3)1.65Clo.3g]

(1) and chloride-isocyanate [CANCO), 6.Clo 3¢ (2) complexes.

Scheme 2. Structure @)-N,N,N-trimethyl-2-ox0-2-(2-(quinolin-2-
ylmethylene)hydrazinyl)ethan-1-aminium chloridé(ClI)

2. Experimental section

2.1. Synthesis

2.1.1. Synthesis of azidochloro(E)-N,N,N-trimetwixo-2-(2-(quinolin-2-
ylmethylene)hydrazinyl)ethan-1-aminium zinc(ll) @bew [Zn_(N3)1.6:Clo.39 (1)

In the previously reported reactiondt. Cl with Zn(BF,),- 6HO and NaN in the molar ratio
1:1: 2 in methanol diazido Zn(ll) complex [iZ(N3),] was obtained as a main product
together with a trace of compleix[17]. Due to low quantity of compleX its structure is

determined only in solid state by X-ray analysis.

2.1.2. Synthesis of chloroisocyanato(E)-N,N,N-ttimle2-oxo-2-(2-(quinolin-2-
ylmethylene)hydrazinyl)ethan-1-aminium cadmiungdimplex [CAL(NCQ)s«Clo.3d (2)



Few crystals of comple® were obtained in the previously reported reactbdiiL Cl with
Cd(NG;)2-4H,O and NaOCN in molar ratio 1 : 1 : 4 in methanot&vanixture together with
the main product [Ad(NCO),] [18]. Since low amount of compleR was obtained its
structure is determined only in solid state by }-emalysis. Crystal structure of the main
product of this reaction [QdNCO),] was not determined due to inappropriate quality o
obtained crystals. Its structure was proposed ftbenresults of elemental analysis, NMR

spectra, molar conductivity and DFT calculatiorssitavas previously described [18].

2.2. X-ray structure determinations

The molecular structure of complexésand 2 were determined by single-crystal X-ray
diffraction methods. Crystallographic data andnefhent details are given in Table 1. The X-
ray intensity data forl were collected at room temperature with Nonius p&aCCD
diffractometer with graphite-monochromated Mokadiation £ = 0.71073 A) and processed
using DENZO-SMN [19]. The X-ray intensity data fwere collected at 150 K with Agilent
SuperNova dual source diffractometer using an Atlagector and equipped with mirror-
monochromated Mo radiation £ = 0.71073 A). The data were processed using CRYSAL
PRO [20]. Both structures were solved by directhrods (SIR-92) [21] and refined by full-
matrix least-squares procedures basedo(SHELXL-2016) [22]. All non-hydrogen atoms
were refined anisotropically. The C10 bonded hydrogtoms in both structures were located
in a difference map and refined with the distarestraints (DFIX) with C—H = 0.98 A fat
and C-H = 1.00 A for2 and with Uiso(H) = 1.2J(C). All other hydrogen atoms were
included in the model at geometrically calculatedifpons and refined using a riding model.
Both structures are mixed crystals and were refingh the use of PART instructions [23].
The occupancy of f and CT in 1 was refined to a ratio of 64.7% and 35.3%, th® rat
OCN and CT in 2 was found to be 63.6% and 36.4%. ORTEP-3 for Wivelwas used to

prepare drawings [24].

2.3. Computational details

Density functional theory was used to determinedptmized geometries, and to calculate
the interaction energies of €dand zri* with ligands. All the DFT calculations were
performed in gas phase with the Gaussian 09 [2&jram at B3LYP level [26, 27]: the basis
set used were LANL2DZ [28] for Cd and Zn atoms adlas 6-31G(d) [29] for the other



atoms. In addition, solvent effects for the freetaheons are calculated in water and
methanol. Calculations were carried on the PARADEDercomputing facility [30].

3. Results and discussion
3.1. Crystal structures df and2

Mixed chloride-azide [Zb(N3)1.6:Clo.35 (1) and chloride-isocyanate [CNCO) 6.Clozd (2)
complexes have been obtained in the reaction&)eN(N,N-trimethyl-2-oxo-2-(2-(quinolin-
2-ylmethylene)hydrazinyl)ethan-1-aminium chloridéL(Cl) and the corresponding Znand
Cd?* salts by adding the NaNind NaOCN, respectively. The molecular structofesand?2
are displayed in Figs. 1 and 2, respectively. $Settbond lengths and anglesloénd?2 are
given in Table 2. The solid state structurela a superimposed 65 : 35 mixture of di- and
mono-azide complexes [ZiN3);] and [Zn_(N3)CI]. The structure of complexX is a
superimposed 64 : 36 mixture of di- and mono-isoey@ complexes [AANCO),] and
[CAL(NCO)CI]. In complexesl and 2, Znl and Cd1l ions, respectively, adopt fivefold
coordination with tridentate ligaridd and two monodentate ligandg Nind/or N"and CTin 1
and OCNand/or OCN and CI'in 2. The ligandL is coordinated to metallic centers (Znl1 and
Cdl) in the zwitter-ionic form through NNO set obrebr atoms forming two fused five-
membered chelation rings. The dihedral angles mtweo five-membered chelation rings
fused along Zn1-N2 and Cd1-N2 bondslirand2 are 4.2 and 1.8, respectively. Other
complexes [Zh(N3)2] [17], [ZnL(NCO),] [17] and [Cd.Cl,]- CH;OH [18] with the same
ligand L show greater deviation from planarity of the mdigdnd system, as evidenced by
larger values of 577 6.2 and 11.1, respectively, of the corresponding dihedral asgléhe
distortion in the five coordinated systems is diésct by an index of trigonallity = (8 -
a)/60, wheref is the greatest basal angle aadis the second greatest angle [31]. The
parameterr is O for regular square based pyramidal forms &arfdr trigonal bipyramidal
forms. The 7 value of 0.33 calculated fot (for both complex species [EiiN3);] and
[ZnL (N3)CI]), indicates that the irregular coordination geomeatogut Znl is 3% trigonally
distorted square based pyramidal. The Zn1 is liftedof the plane of the four in-plane ligand
atoms (N1, N2, N5 and O1) by a distagref 0.5648(2) A. The coordination geometry about
Cd1l in2is 18% trigonally distorted square based pyramidal. Tdé G lifted out of the plane
of the four in-plane ligand atoms (N1, N2, N5 antl) ®y a distance of 0.7072(3) A. The



Zn(ll) complexes are more trigonally distorted frordeal square based pyramidal
configuration compared with the Cd(ll) complexeshwthe same chelate ligand )( as
indicated by calculatedvaluesof 0.04, 0.18, 0.31, 0.33, and 0.34 for [2l,]- CH;OH [18],
complex 2, [ZnL(N3);] [17], complex1 and [ZiL(NCO),] [17], respectively. The metal-
ligand bonds in comple® are longer than corresponding ones in comgdlgXable 2), as
expected for larger metal ion of°dconfiguration. The Zn1-N5-N6 and Zn1-N8-N9 angles
between Zn(Il) and the N ligands are 118.8(2)and 120.8(9) respectively, reflecting the
bent coordination of the azido ligands. The azidards are quasi linear with the N5-N6-N7
and N8-N9-N10 angles being 176.7(2nd 176.2(8) respectively. The N-N bond distances
in disordered W group are almost equivalent (N8-N9 = 1.155(11)ndl &19-N10= 1.159(8)
A). The ordered B group exhibits relatively asymmetric N-N bond distes (N5-N6 =
1.185(3) A and N6-N7=1.152(3) A) which are compéeab those observed in [Gih (N3)3]
[15]. The shorter Nzidoy-Nzido) bONds are more remote from the metal atom. Thengea
parameters of OCNanions in2 are: Cd1-N5-C16 = 155.3(4)Cd1-N6-C17 = 119.5(8) N5-
C16-02 = 177.4(5), N6-C17-03 = 173.9(10) N5-C16 = 1.078(5) A, C16-02 = 1.212(6) A,
N6-C17 = 1.30(2) A, and C17-03 = 1.371(11) A. Th&Nnd C-O bond distances observed
in ordered OCN group are similar to those observed in [ZNCO),] [17] complex. The
disordered OCNgroup exhibits significantly longer N-C and C-Onbis.

In the crystals ofl complex molecules connected by intermolecular raai®ons of
C-HlMmquinoline ring) type form chains running parallelith c-axis direction. The
neighboring chains are linkeda intermolecularrtlir interactions between quinoline rings
related through the center of symmetry at 000 (B)g.The shortest distance is between the
centers of gravity of the pyridine rings and sum6481(12) A. Geometric parameters
describing C-HIit and it interactions are listed in Tables 3 and 4, respagt Similar
chain-like motif parallel witha axis was observed in the crystals of octahedraHIQN3)3]
complex [15]. In the crystals of [€t. (N3)3] [15] the neighboring chains are also linkad
intermolecular rillit interactions between quinoline rings. In the aigstof 2 complex
molecules form dimer around the center of symmatryd %2 Yzvia intermolecularmtilit
contact between quinoline rings (Fig. 4). The swirdistance of 3.544(2) A is observed
between the centers of gravity of the pyridine sindable 4). In the crystals & no

interaction of C-HIi(quinoline ring) type was observed.

3.2. DFT optimized structures and calculated intdi@n energies



In order to calculate the ground-state geometridheocomplexed and2, DFT calculations
of di- and mono-azide complexes [Z{Ns3),] and [Zri(N3)Cl], as well as di- and mono-
isocyanate complexes [CENCO)] and [Cd.(NCO)CI] have been performed, as described
above. DFT calculations predict fivefold coordioatifor both Zn(Il) and Cd(ll) complexes
with tridentate ligand. and two monodentate ligandg Nind/or N and CTin complexl and
OCN and/or OCN and CI in 2 (Fig. 5), thereby supporting the experimental XRBults.
Selected bond lengths and values of valence arajessummarized in Table S1 in the
supplementary material. The calculated geometnarpaters of mixed ligand complexes are
compared with the X-ray diffraction structures asldow good agreement. The highest
occupied and lowest unoccupied molecular orbitAIONIO and LUMO) and their energies
were calculated to locate the high and low denggrons in both complexes and are shown
in Fig.6. The HOMOs of all complexes are delocalizeainly at the linear monodentate
ligands N~ and/or N and CT'in complex1 and OCN and/or OCN and CT in 2 and metal
centers, whereas the LUMOSs are delocalized on lgreap ring of Schiff base in equatorial
plane (Fig. 6). Influences of monodentate ligands,NCI" and OCN ligands inl and2 are
estimated by comparing energies of frontier molacurbitals (Eumo, Eqomo) and their
energy gap (Egap). Substitution of M OCN with CI" ligands in complexe$ and2 has the
similar influence on HOMO and LUMO energy levelsg(F6). Since azido group is stronger
electron donating group in comparison to isocyan#ite Zn(ll) complexes have smaller
energy gap in comparison to Cd(Il) complexes. Sir| stabilization of HOMO orbitals is
larger for monoazido/monoisocyanato and mono chidngll) and Cd(Il) complexes in
comparison to di-azide Zn(ll) and di-isocyanato I§diomplexes, respectively.

In order to explain the factors responsible forftirenation of mixed chloride-azide Zn(IIL
and chloride-isocyanate Cd(II2)(complexes we calculated the intrinsic bindingrgres of
metal ions, using the density functional theorydoysidering in vacuo conditions and then
taking the solvent effect for the free metal iomsvater and methanol into consideration. The
binding energy between the ligands and each metalacuo or water is defined as:
AE(binding energy) = E(metal-binding ligands in varu [E(ligands in vacuo) + E(free
metal ion in vacuo or water)].

The solvation energy of each free metal ion wasutaled using the DFT method with a
metal ions coordinated by six water molecules ia tittahedral geometry as a solvation
model. Furthermore, PCM model [32-36] was usedaicutate the solvation effect for the
surrounding water and methanol molecules under itond that are similar to the

experimental ones. The calculated absolute metaliiig energies in vacuo are presented in



Table 6 (intrinsic binding energies). The bindimgrgies which take in account the solvation
effect for free metal ions are also shown in Tdbleeal metal-binding energies). The results
of this part of the study allow us to suggest tbatresponding ligands have high affinity
towards the Zn(ll) and Cd(ll) ions under experinaéntonditions. Further, these results
provided good explanation of the possibility of En@nd Cd(ll) to efficiently bind two
monodentate ligandssNand/or N and CrI'in complex1 and OCN and/or OCN and CT in

complex2.

Conclusion

Zn(Il) and Cd(ll) ions with the condensation prodwt 2-quinolinecarboxaldehyde and
trimethylammonium acetohydrazide chloridéiL(Cl) form five coordinate complexes
[ZnLX3] (X = N3 or OCN) [17], [CALX;] (X = CI" or OCN) [18], 1 and 2 of distorted
square-based pyramidal geometry. The Zn(ll) congdexdisplay the greater degree of
trigonal distortion from the square-based pyramaardination geometry compared with the
Cd(ll) complexes. The crystalline [EiiN3)165Closg (1) and [CA (NCO)eLlosd (2)
complexes were obtained from the reaction solutiomstaining the [Zb(Ns),] [17] and
[CAL(NCO),] [18] complexes, respectively, as the main prosluot the corresponding
chemical reactions. We calculated the binding eesrgf metals to all ligands in complexes
and2 by DFT and by considering the solvent effectsffee metal ions. These results give
theoretical explanation of the possibility of Zn(land Cd(ll) to efficiently bind two
monodentate ligandssNand/or N~ and CTin complex1 and with OCN and/or OCN and
Cl"in 2.
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Table 1.Crystal data and structure refinement detaild.fand2.

1 2
formula GsH15Clo 3Ns.040Zn Ci6.64118CACl 3dN5 6402 64
Fw (g mot™) 417.44 464.38

crystal size (mm)

0.20x% 0.10x 0.05

0.20x 0.18%x 0.15

crystal color yellow yellow
crystal system triclinic triclinic
space group P-1 P-1

a(h) 8.5326(2) 7.8143(4)
b (A) 10.1887(4) 10.3420(4)
c(A) 11.1952(4) 12.4059(5)
a (°) 113.052(2) 76.279(4)
B ©) 90.948(2) 80.148(4)
7 (9) 97.611(2) 73.700(4)
V (A3 885.16(5) 928.94(7)
4 2 2

calcd density (g ci) 1.566 1.660
F(000) 429 465

no. of collected reflns 6990 8482

no. of independent reflns 3996 4261

Rint 0.0156 0.0302

no. of reflns observed 3606 3634

no. parameters 260 254

Rl > 25 (1)]° 0.0316 0.0400
wR; (all dataf 0.0848 0.1052
Goof, S 1.140 1.070
maximum/minimum residual ~ +0.27/-0.32 +0.94/-0.79

electron density (e A)

"R=Y|Fol = FlIX[Fol. * WR: = {3 [W(Fo” — F) VX W(Fo') T}~
©S={Y[(F —F5))(n/p} ¥? wheren is the number of reflections apds the total
number of parameters refined.



Table 2.Selected bond lengths (A) and angles (°)ifand2.

1

2

Zn1-N8 1.980(9)
Zn1-N5 1.990(2)
Znl-N2 2.057(2)
Zn1-N1 2.240(2)
Zn1-01 2.222(2)
Zn1-Cl1 2.289(5)
N2-N3  1.387(2)
N2-C10 1.276(3)
N3-C11 1.330(3)
01-C11 1.255(3)
N5-N6  1.185(3)
N6-N7  1.152(3)
N8-N9  1.155(11)
N9-N10 1.159(8)

N5-Zn1-N8
N5-Zn1-N2
N8-Zn1-N2
N5-Zn1-N1
N8-Zn1-N1
N2-Zn1-N1
N5-Zn1-O1
N8-Zn1-O1
N2-Zn1-O1
N1-Zn1-O1
N2-Zn1-Cl1
N5-Zn1-Cl1
01-zZn1-Cl1
N1-Zn1-Cl1
N6-N5-Zn1
N9-N8-Zn1
N7-N6-N5
N8-N9-N10

112.5(3)
128.68(8)
118.3(3)
107.27(7)
95.3(3)
75.44(6)
93.23(7)
98.8(4)
72.97(6)
148.40(6)
125.8(2)
105.0(2)
99.9(2)
97.7(2)
118.8(2)
120.8(9)
176.7(2)
176.2(8)

Cd1-N6 2.170(12)
Cd1-N5  2.179(4)
Cd1-N2  2.263(3)
Cd1-N1  2.416(3)
Cd1-01  2.370(3)
Cd1-Cll  2.480(4)
N2-N3  1.383(4)
N2-C10  1.279(5)
N3-C11  1.334(5)
01-C11  1.255(4)
N5-C16  1.078(5)
N6-C17  1.30(2)
C16-02  1.212(6)
C17-03  1.371(11)

N6-Cd1-N5
N5-Cd1-N2
N6-Cd1-N2
N5-Cd1-N1
N6-Cd1-N1
N2-Cd1-N1
N5-Cd1-01
N6-Cd1-01
N2-Cd1-01
N1-Cd1-01
N2-Cd1-Cl1
N5-Cd1-Cl1
01-Cd1-Cl1
N1-Cd1-Cl1
C16-N5-Cd1
C17-N6-Cd1
N5-C16-02
N6-C17-03

106.7(4)
127.77(13)
124.8(4)
101.47(12)
110.9(4)
70.09(10)
102.26(12)
94.3(4)
68.34(10)
138.39(9)
127.8(2)
104.5(2)
103.8(2)
102.64(14)
155.3(4)
119.5(8)
177.4(5)
173.9(10)




Table 3.Intermolecular C—HIi{quinoline ring) interaction parameters for complex

C-H Cg(J) HIICg (A) Hi(quinoline Jj(A) C-HIICg ) y°() | Sym.code on (J)

C13

‘H13C Cg(2) 2.98 -2.82 131 18.84| x,vy, 14z

#Perpendicular distance of H to ring plane (J) (Ang.
®y = Angle between HITg line and perpendicularHring plane) line (Deg.).

Table 4.Intermoleculantit interaction parameters for complexXeand?2.

Cg(l  Cg(f cCg()-Cg@fA) a°() B*() () Slippage(A) Sym.code on (J)
complexl

Cg(1) Cg(l) 3.6481(12) 0.0 18.2 18.2  1.139 2-2:%,
Cg(1) Cg(2) 4.2043(13) 1.34(10B4.6  35.1 2-X,-y,2-Z
complex2

Cg(1) Cg(l) 3.544(2) 0.0 19.6 19.6  1.186 -x,1-%,1
Co(1) Cg(2) 4.903(2) 0.7(2) 468 474 -X,1-y,1-z

?Labels of aromatic rings: compldx(1) = N(1),C(1}C(4),C(9); (2) = C(4C(9);
complex2 (1) = N(1),C(1y¥C(4),C(9); (2) = C(HC(9).

®Cg(l) -Cg(J) = Distance between ring centroids (Ang.).

‘a = Dihedral angle between planes (I) and (J) (Deg.)

93 = Angle between Cg@#Cg(J) vector and normal to plane (1) (Deg.).

% = Angle between Cg(KFCg(J) vector and normal to plane (J) (Deg.).

'Slippage = Distance between Cg(l) and perpendiquajection of Cg(J) on ring | (Ang.).

Table 5.DFT calculated binding energies.

Intrinsic binding energy Solvatation energy Real binding energy
(kcal/mol) (kcal/mol) (kcal/mol)
[CAL(NCO)] -698 -224 (methanol)/-222(water}474(methanol)/-476 (water)
[CAL(NCO)CI] -696 -224 (methanol)/-222(water}472(methanol)/-474 (water)
[ZnL (N3)] -745 -229 (methanol) -516 (methanol)
[ZnL (N3)Cl] -751 -229 (methanol) - 522(methanol)




Scheme captions

Scheme 1Coordination modes of azido ligand.

Scheme 2 Structure of E)-N,N,N-trimethyl-2-o0x0-2-(2-(quinolin-2-
ylmethylene)hydrazinyl)ethan-1-aminium chlorid¢L(Cl).

Figure captions

Figure 1. ORTEP diagram of showing separated representations of (aL[&h).] and (b)
[ZnL(N3)CI] derived from the X-ray crystal structure of ethmixed chloride-azide
[ZnL (N3)1.65Clo.35. Thermal ellipsoids are drawn at the 30% prohighi¢vel.

Figure 2. ORTEP diagram o2 showing separated representations of (alL[CkCO),] and

(b) [CAL(NCO)CI] derived from the X-ray crystal structuré tbe mixed chloride-cyanate
[CAL (NCO),6.Clo.3d. Thermal ellipsoids are drawn at the 30% prohighigvel.

Figure 3. Crystallographic autostereogram bf1D chains generated by intermolecular C-
HIt interactions extend parallel with [001]. Dashede$ indicate C-Hit and Tdllit
interactions. Thermal ellipsoids are drawn at td&3robability level.

Figure 4. Packing diagram a2 showing dimers formedia intermolecularrtit interactions
around the center of symmetr at 0 Y% #li{t interactions are indicated by dashed lines).
Thermal ellipsoids are drawn at the 30% probabidtsel.

Figure 5. DFT optimized geometries of a) [CENCO),]; b) [CdL (NCO)CI]; c) [ZrL(N3),]
and d) [Zr. (N3)CI].

Figure 6. Molecular orbital plots and energy levels of th®@MO, the LUMO and HOMO-
LUMO transitions of a) [CH(NCO),]; b) [CdL (NCO)CI]; c¢) [ZrnL (N3)2] and d) [Zr (N3)CI].
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Scheme 1. Coordination modes of azido ligand.
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Scheme 2 Structure of E)-N,N,N-trimethyl-2-ox0-2-(2-(quinolin-2-
ylmethylene)hydrazinyl)ethan-1-aminium chloridé(Cl).
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Figure 1. ORTEP diagram of showing separated representations of (al.[Bh),] and (b)

[ZnL(N3)CI] derived from the X-ray crystal structure ofethmixed chloride-azide
[ZnL (N3)1.65Clo.35. Thermal ellipsoids are drawn at the 30% probighliével.
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Figure 2. ORTEP diagram o2 showing separated representations of (a)L[GkCO),] and
(b) [CAL(NCO)CI] derived from the X-ray crystal structuré tbe mixed chloride-cyanate
[CAL (NCO)1.64Clo.3¢. Thermal ellipsoids are drawn at the 30% probghligvel.



Figure 3. Crystallographic autostereogram bf1D chains generated by intermolecular C-
H{T interactions extend parallel with [001]. Dashede$ indicate C-Hit and tdllit

interactions. Thermal ellipsoids are drawn at tb&3robability level.

Figure 4. Packing diagram a2 showing dimers formedia intermolecularrtit interactions
around the center of symmetr at 0 % #Ii{ interactions are indicated by dashed lines).

Thermal ellipsoids are drawn at the 30% probabidtsel.
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Figure 5. DFT optimized geometries of a) [CENCO)]; b) [CdL (NCO)CI]; c) [ZnL (N3),]
and d) [Zi (N3)CI].
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Figure 6. Molecular orbital plots and energy levels of th®@MO, the LUMO and HOMO-
LUMO transitions of a) [CH(NCO),]; b) [CdL (NCO)CI]; ¢) [ZrnL (N3)2] and d) [Zr (N3)CI].
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Highlights

» Structures of [ZnL (N3)165Clo3s] and [CdL (NCO)164Clo.36] were found by XRD.
» Zn(Il) and Cd(Il) ions adopt distorted square based pyramidal geometry.
» DFT method was applied to cal culate metal -binding energies.



