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Abstract
Reaction of N-2-(R-pyridyl)-2-hydroxy-1-naphthaldme {R = H (HL1), 4-CH (HL2) and 6-
CH; (HL3)} with copper(ll) nitrate provides the new colep of big2-oxo-1-

naphthaldehydate©,O"lcopper(ll) () via in-situ hydrolysis of the Schiff base back to 2-
hydroxy-1-naphthaldehyde (HL'). Elemental analysasal that there are no nitrogen atoms
in the complex. X-ray diffraction (PXRD) data indte that the complex is monoclinic with
space groujpP2;/a and Z = 2 and that the ligand acts as bidentateitjiin O*O-chelate system
forming a bisscomplex with QO.-coordination sphere around the copper(ll) ion.
Electrochemical results showed two quasi-reversille electron charge transfer processes
attributed to [Cu(LY*/[Cu(L")s]~ and [Cu(L}]/[Cu(L");] (L' = deprotonated aldehyde)
couples in acetonitrile. The magnetic data confdntee paramagnetic property of the
complex with one unpaired electron in the metatlentre. The results suggest that the
complex assumes a geometry between tetrahedralsqndre-planar supported by DFT
calculations. Thermal analysis shows an irrevessiphase transformation from solid to
isotropic liquid phase. EPR spectrum in chlorofeerhibits an isotropic pattern with four
lines due to nuclear hyperfine splitting from trapper(ll) ion with spin 3/2. The structural
analyses, electrochemical and paramagnetic prepedi these complexes explore greater

interests for their use in the supramolecular ckami

Keywords. Copper(ll)-2-oxo-1-naphthaldehydate; PXRD structimesitu hydrolysis of Schiff

base; Electrochemistry; EPR and DSC analyses
1. Introduction

Synthesis of the Schiff base from aldehyde and ansra reversible process, and hydrolysis
shifts the equilibrium to the reverse directioryteld the aldehyde [1,2]. Tha-situ hydrolysis of



Schiff base during complexation and/or slow crystation process, due to presence of a small
amounts of water, has been reported in details,455B However, the metal ion-induced
hydrolytic cleavage of the imine-bond in Schiff basproduces the aldehyde, which in turn leads
to the formation of the metal(ll)-aldehydate conxele [2,5]. We have recently reported a case of
in-situ hydrolysis of the R-pyridyl Schiff base, N-2-(Rfmyl)salicylaldimine during
complexation with the copper(ll)-nitrate, which pides the bigsalicylaldehydato-
KO,O'lcopper(ll) [6]. Similar reaction with the chir Schiff base R)-N-(p-BrCsHj)ethyl-
salicylaldimine in presence of 2,2-bipyridine ip provides the dinuclear (u-

salicylaldehydato)(bipy)(nitrato)-copper(ll) [6].

The (R-pyridyl)-Schiff base mainly reacts with theansition metal(ll) ions to give
mononuclear [M(L)] or polynuclear [(ML)]"™ {M = Cu/Ni/Zn(ll), L = deprotonated Schiff base}
complexes. The structural analyses, electrochemammadlmagnetic properties of these complexes
have been attracted the interests for the useeirstipramolecular chemistry area [7,8,9]. In this
connection, we have reported the syntheses, clawmations and molecular structures of
copper/zinc(ll)-complexes with the N-2-(R-pyridg®licylaldimine or N-2-(R-pyridyl)-2-
hydroxy-1-naphthaldimine [10,11,12]. Molecular sture demonstrates that the two molecules
of N*O-chelates form a XD,-coordination sphere around the zinc atom with gedetrahedral
geometry inbis[N-2-(pyridyl)salicylaldiminatok®N~O]zinc(ll) [10a]. This compound explores
spontaneous resolution to a racemic conglomeratetwb opposite chiral space group¥;2,2
(P-helix) and P4;2,2 (M-helix) via supramolecular weak «Ei---O bonding between the
neighbouring molecules. However, an additional weakrdination between the one or two
pyridyl-nitrogen atoms and the metal atom resultgariable coordination number of 4+1 (R = 4-
CHs) or 4+2 (R = 6-CH) in bis[N-2-(R-pyridyl)salicylaldiminatok®N~O]zinc(ll) [10b]. The
difference in coordination mode is based on thatiposof the methyl group on the pyridyl ring
leading to the supramolecular weak C-H:and Tt - 1t interactions in 4-Ckl substituted or C-
H---O andr - 1t interactions in 6-Cklsubstituted compound. An inversion-symmetric campl
pair with oppositeA- and A-configurations at-metal centre is reportedigN-2-(R-pyridyl)-2-
oxo-1-naphthaldiminate®N,O]zinc(ll) [11]. Packing analysis reveals onetleé Zn-N"O-chelate
ring forms a reciprocal and strong supramolecatam interaction with the pyridyl ring of an
adjacent molecule. While the analogudsigN-2-(R-pyridyl)-2-oxo-1-naphthaldiminato-
k?N~O]copper(ll) show a roughly square-planar geognatound the metal atom with weak: Tt

interactions between the two parallel naphthylpymidyl-moieties [12a].



The present paper, in continuation, reports thalte®f synthesis and characterizations of
big2-0x0-1-naphthaldehydatw©,O]copper(ll) () from reaction between N-2-(R-pyridyl)-2-
hydroxy-1-naphthaldimine and copper(ll) nitrate migsitu hydrolysis of the Schiff base (Scheme
1). Powder X-ray diffraction (PXRD) was employeddetermine the molecular structure of the
compound. Further, the optimized structure andteddtate properties were studied by DFT/TD-

DFT and compared with the experimental results.
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CHg}pyrldlne
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CH4 HL2/HL3
Bis[2- oxo 1 naphthaldehydato «O0,0'lcopper(ll),
[Cu(L ) (L' = 2-ox0-1-naphthaldehydato)

Scheme 1Synthetic route to the formation bil[2-oxo-1-naphthaldehydato-
KO,O'lcopper(ll) L)

2. Experimental
2.1. Materials and methods

Electronic spectra of the compound were obtainedth wShimadzu UV 1800
spectrophotometer in chloroform, dichloromethang acetonitrile at 25C. FT-IR spectra were
recorded on a Nicolet iS10 (Thermo Scientific) spmoeter as KBr disc at ambient temperature.
Differential scanning calorimeter (DSC) analysesemgerformed on a Shimadzu DSC-60 at the
range of 36290 °C (i.e., up to decomposition temperature) with @ & 10 K min* under a
nitrogen flow. Elemental analyses were performed an VarioEL from Elementar
Analysensystem. An Epsildfi Instruments (BASi) electrochemical analyzer wasdu®r cyclic
voltammetry experiments in acetonitrile containtaga-N-butyl-ammonium-hexaflorophosphate
(TBAP) as supporting electrolyte. The three-eledrasneasurement was carried out af@%with

a platinum disc working electrode, a platinum wareiliary electrode and a Ag/AgCl reference



electrode. The solution containing the copper(tijpplex and TBAP was deoxygenated with
nitrogen gas for 10 minutes prior to use. The XebBPR spectra were recorded on a ECS-EMX
(Bruker) spectrometer in chloroform at 22 using diphenylpicrylhydrazine (DPPH) as the
reference compoundH NMR spectra were recorded on a Bruker AC 400 tspeeter,
operating at 400 MHz'd) in CDCk and dmso-¢lCDCl; (ca 1 % dmso-g v/v) at 20°C,
respectively. For magnetic measurements, a seakedat insert containing 1% TMS in acetone-
ds was used as an external standard and instrumekit Magnetic susceptibilityy{[M]) and
moment fexpt/[UB]) of 1 (9.8x10* mol dni®) were measured based on the Evans method [13] in
dichloromethane at 2%&C, containing cyclohexane (0.5% v/v) as an interafdrence. Syntheses
of the Schiff bases N-2-(R-pyridyl)-2-hydroxy-1-mdpaldimine {R = H (HL1), 4/6-CHl

(HL2/HL3)} were reported in our previous communioat [12a].
2.2. Synthesis of bis[2-0x0-1-naphthaldehyde@©O’]copper(ll) (1)

Two equivalents of N-2-(pyridyl)-2-hydroxy-1-naphtdimine (HL1) (249 mg, 1.00 mmol)
dissolved in 10 mL of methanol (yellow color sotut), and stirred this solution for 30 min. at
room temperature. Dissolved Cu(B)edH,O (130 mg, 0.50 mmol) into 10 mL of warm
methanol, and poured this solution into the ligantiition, color changed to green immediately.
The mixture was then stirred for 6-7 hours at raemperature, and finally color changed to light
greenish brown. Reduced the volume of the solvert 50% invacuoand left standing this
concentrated solution for crystallizatiama slow evaporation of solvent at room temperature.
Greenish brown microcrystals were precipitated within 4-5 days, filtered off and washed
three times with methanol (2 ml in each). Dried ithierocrystals in air for 3-4 days and obtained
the big2-oxo-1-naphthaldehydaw©,O"]copper(ll) {). The same procedure was followed to
synthesise the complexes using the ligands, N-@Q4s-pyridyl)-2-hydroxy-1-naphthaldimine
(HL2/HL3), respectively. In all cases, we obtainedly the identical greenish brown
microcrystals as ofl, evidenced from elemental data and other analytiezthods (discussed
below). However, several attempts were made to gfenay quality single crystals fot, but

none were succeeded.

2.2.1. Compound synthesized from HL1 (Batch 1)

Yield: 170 mg (82 %. — IR (KBr, cm): 3065, 2905w (HC), 1621, 1603, 1584vs, (C=0),
and 1540s (C=C). —&H1404,Cu-0.5H0 (414.89): calcd. C, 63.69; H, 3.64 found C 6385,
3.49.



2.2.2. Compound synthesized from HL2 (Batch 2)
Yield: 155 mg (75%. — IR (KBr, cmi'): 3062, 2902w (HC), 1620, 1603, 1584vs (C=0), and
1540s (C=C). — &H140,Cu (405.89): calcd. C, 65.10; H 3.48 found C 64H43.47.

2.2.3.CompoundL synthesized from HL3 (Batch 3)
Yield: 160 mg (72 %. — IR (KBr, cm%): 3065, 2902w (HC), 1620, 1603, 1584vs (C=0), and
1540s (C=C)- C;2H1404Cu (405.89): calcd. C, 65.10; H, 3.48 found C 64183.34.

2.3. Hydrolysis of the Schiff base

To checkin-situ hydrolysis of the Schiff bas&H NMR spectra were taken with@a. 5 min of
HL2 dissolution in CDG and in dmso-¢ICDCl; (ca. 1%, Vv/v), respectively. Spectra were further
taken within 3 h of dissolution in dms@/@DCl; (ca. 1%, v/v) to follow the progress of

hydrolysis with time.

2.3.1. HL2 in CDd (only Schiff base)

'H NMR (400 MHz,within 5 min): 3= 2.42 (s, 3H, Es) 6.92 (d,Juy = 9.6 Hz, 1HHz),
7.00 (s, 1HH3), 7.01 (d,J4n = 4.8 Hz, 1HHs), 7.13 (2ddJqy = 7.6, 8.0 HzJ4y = 0.8, 0.8 Hz,
1H, H7), 7.51 (2ddJun = 7.2, 8.4 HzJun = 1.6, 1.2 Hz, 1HHg), 7.62 (d,Jun = 7.6 Hz, 1H,
Hg), 7.75 (dJun = 9.6 Hz, 1HHe), 8.15 (d,Juw = 8.0 Hz, 1HH,), 8.35 (d,Jun = 5.6 Hz, 1H,
Hs), 9.94 (d,Juy = 8.0 Hz, 1H, EIN), and 15.39 (dJyy = 6.4, 1H, 1) (see Scheme 1 for

atoms numbering).

2.3.2. HL2 in dmsogCDCl; (ca. 1%, v/v) (mixture products from hydrolysisSchiff base)

'H NMR (400 MHz, within 5 min)d = 2.26 (s, 3H, €), 9.79 (s, 1H, €N), 14.23 (br, 1H,
OH) for HL2; 2.16 (s, 3H, E3), 2.40 (br, 2H, M) for 2-amino-(4-CH)pyridine, and 10.65 (s,
1H, CHO), 12.87 (br, 1H, @) for 2-hydroxy-1-naphthaldehyde (arometic protons aot
listed).

'H NMR (400 MHz, within 3 h)d = 2.24 (s, 3H, 63), 9.75 @, Ju = 7.6 Hz 1H, CHN) for
HL2; 2.18 (s, 3H, E3), 2.41 (br, 2H, M) for 2-amino-(4-CH)pyridine, and 10.67 (s, 1H,
CHO), 12.92 (br, 1H, @) for 2-hydroxy-1-naphthaldehyde (arometic protoresraot listed).

2.4. Powder X-ray diffraction (PXRD)
PXRD data for compound$ and 2-hydroxy-1-naphthaldehyde were collected dMRG
Expolrer Powder X-ray Diffractometer operating ire tBragg-Brentano geometry with CuK



radiation { = 1.5406 A). The experiment was carried out ak¥0and 30 mA using standard
Aluminum sample holder. Data were collected at @5/th 2 step size 0.02° and integration
time 3.0 s over an angular range ebB° (d). Partial recollection of data was taken to confir
sample integrity, which showed no significant evice of sample degradation upon exposure to
the X-ray beam. Structure was solved using thectispace approach and refined by the
Rietveld method implemented in the program EXPO42(14]. The background of PXRD
patterns was modeled by a shifted Chebyshev fumaid indexed using the N-TREORO9
code [15] for the most intense 18 peaks yieldinghortinic unit cell. Considering the unit cell
volume and density, the number of formula unitshi@ unit cell were found Z = 2. Using the
FINDSPACE module, the most probable space groupedi@n the highest frequency of
occurrences in CSD (version 5.35, 2014 release)tlamd-oM-values ar@2;/a, P2;/n, P2,/c,
P2/a andP2;. The space group?2; is for chiral symmetry andP2/a is very rare in CSD
(0.65%). Thus, the probable space groups are cemesidoP2;/a, P2;/n andP2;/c, which show
same frequency of occurrences in C&@A. 34.57%), but the highest MoF-valuefts P2,/a.

All these three space groups are tested for streicteterminations, respectively. The structure
solution was carried out by global optimizationstfuctural models using simulated annealing
technique. Finally, the structure with lowest cdanction was submitted for Rietveld
refinement [16,17,18], where only planar restraingse applied to the naphthyl ring [17,19].

The summary of crystal data and structure refindrmparameters are listed in Table 1.

Table 1.Crystal data and structure refinement parametersoimpoundl.

Compound GH14CuO,
Formula weight 405.02
Temperature (K) 298
Crystal system monoclinic
Wavelength &) 1.54056
Space group P2i/a (14)
a @) 25.9929

b &) 5.4563

c d) 5.7279
a(®) 90

B () 95.297

v () 90

Volume @&3) 808.89

z 2

Density (calculated) g cth 1.535




20 interval {) 4.994-50.004
Step size (@°) 0.02
Counting time (sec) 3

No. of Counts 4502

No. of Reflections 135

No. of background points 21

Ro 4.967
pr/Rexp 6.283/6.616
P 0.902
Goodness-of-fit 0.950

2.5. Computational method

Computational procedure on compouhdavas performed with the Gaussian 09 software
package [20]. For computation, the initial geometfyhe compound was generated from the
PXRD structureDFT optimization was done using the functional BFL¥nd the basis sets
6-31G(d) and SDD, respectively [6,12,21]. To radiime the experimental electronic
spectrum, excited state properties by TD-DFT wergleyed using different functionals
B3LYP, cam-B3LYP and M06 and the basis sets TZV® @DD on the optimized structure,
respectively. PCM (Polarization Continuum Model)swiacorporated using chloroform as
solvent and 72 excitation states were considered@¢dmputation (Table S2). The computed
spectra thus obtained were compared with the exjetial spectrum, and the maximum fit
was found with MO6/TZVP//B3LYP/6-31G(d) calculat®n (discussed below). For
assignments of excited state properties, the mhaearbitals (MOs) calculations were
performed at the same level of theory.

3. Results and discussion

Reaction of pyridyl Schiff bases N-2-(R-pyridyl)H3droxy-1-naphthaldimine {HL: R = H
(HL1) or 4/6-CH (HL2/HL3)} with copper(ll) nitrate provides thebig2-0xo-1-
naphthaldehydat@O,O"lcopper(ll), [Cu(L?] (1) (L' = 2-oxo-1-naphthaldehydato) (Scheme
1). The in-situ hydrolysis of the Schiff bases reproduces the aideh 2-hydroxy-1-
naphthaldehyde (HL') due to presence of a smalluatof water in the system. This
aldehyde in turn coordinates to the copper(ll)asr2-oxo-1-naphthaldehydate (L") to produce
the compound.. Elemental data show no nitrogen atom4 {synthesized from three batches

of reactions using three ligands) and reproducé twehe calculated values, respectively (see



experimental section). Vibrational spectra show/\strong bands/shoulders at 1610/1596 and
1527 cni', attributed toC=0) and/(C=C), respectively.

3.1. Hydrolysis of the Schiff base

To checkin-situ hydrolysis of the Schiff base, we rdH NMR spectra of N-2-(4-Cid
pyridyl)-2-hydroxy-1-naphthaldimine (HL2) in CD€and dmso-glCDCl; (ca. 1 % dmso-gl
v/v), respectively (Fig. 1 and Table 2). The spactin CDC} corresponds well to the peaks
associated to the HL2 [12a]. However, the speciradmso-d/CDCl; show several peaks
resulting from mixture products of HL2, 2-hydroxyaaphthaldehyde (HL") and 2-amino-(4-
CHg)pyridine, respectively (Fig. 1 and Table 2). TheH(phenolic) peak in HL2 is found at
0 15.39 ppm in CDG| which is disappeared in dmsg@DCl; within 3 h of dissolution,
while the G-H (aldehyde) peak is appeareddt2.92 ppm in HL'. Spectra taken withaa. 5
min and 3 h of HL2 dissolution in dms@/@DCl; show that the ratios of GHbeaks
integration values in HL2 to 2-amino-(4-@)dyridine areca. 5:1 (5 min) orca. 2:1 (3 h).
The same ratios of CHN/CHO-peaks integration vahresfound in HL2 to HL'. The results
strongly suggesh-situ hydrolysis of the Schiff base (HL2) back to thdeddyde (HL') and 2-
amino-(4-CH)pyridine in reaction mixture (Scheme 1), due tesgnce of a small amount of

water in dmso-gl(see HO peak in Fig. 1).

(Aromatic Protons)

HL2
(HL2) CH3

CHN




3 min (Aromatic Protons)
H,0
CHN (HL2)
CHO (Alde.)
OH (Alde.)
OH (H1.2)
14.0 13.0 12.0 1.0 10.C ac 8. 7.0 6. 3.00
3h
14.0 13. 12.0 1.6 10.€ 9. 8.C A 6. 3.00 2.50 2.0¢

Fig. 1. '"H NMR (400 MHz) spectra of HL2 in CD€[top) and in dmso«ICDCl; (ca 1 %
dmso-d, v/v) within ca.5 min (middle) and 3 h (bottom) dissolution (fotroa of hydrolyzed

mixture products) at 2fC.

Table 2.

'H NMR (400 MHz) spectral data for HL2 in CDChnd dmso-¢lCDCl; (ca 1 %, V/v),

respectively at 26C.*

Entity (solvent) Time CHs (CHy)® (NH,)? CHN (CHOY OH (OHY

HL2 (CDCl) within 5 2.42s 9.94 (dJyy =8.0 | 15.39(d,

min Hz) Jun = 6.4)

Mixture products of within 5 | 2.26s (2.16s) 2.40br 9.79s (10.65s) 14.23br
hydrolysis in solution: HL2, | i (Ratioca.5:1 (Ratio 5:1) (12.87br)
i:mgg;yde' 2-amino-(4Within 3 1| 2.24s (2.185)|  2.41br | 9.75 (=76 | Notseen
CH,)pyridine (dmso- (Ratioca. 2:1) Hz) (10.67s) (12.92br)

de/CDCly) (Ratioca2:1

* Aromatic protons are not listed; Values in pares#s are fof 2-amino-(4-CH)pyridine

and® 2-hydroxy-1-naphthaldehyde.

3.2. Electronic spectra and excited state propsertie

Electronic spectrum df in chloroform (Fig. 2) features very strong bankeldders below

300 nm due to intra-ligand-ntt /Tt Tt (L-L) transitions. A moderate broad band at 300-45



nm is attributed to ligand-to-metal (L-M) chargartsfer transitions. Further, a weak broad
band at visible region (450-800 nm) is assignedstgoerposition of several metal-centered d-
d electrons transitions (Fig. 2, inset) [6,11,12,2Computed electronic spectrum by
DFT/TD-DFT (Fig. 2) shows similar patterns of satdsands/shoulders at varying position
to the experimental spectrum. It has been repatttatl a simplified and straightforward
assignments on computed spectrum are complicatethéoopen-shell copper(ll)-complex
(due to spin contamination) and the existences laffge number of transitions at a single
excitation state (Table S2) [6,12,21,22]. Thuspmigined band composed of d-d and L-M
transitions is found ata. 639 nm Anay with the highest MOs contributions. This band is
attributed to HOMG12 to LUMO transitions, which is close to the expmntal band ata.
625 nm (Fig. 2, inset and Table 3). However, a smhected and simplified assignments,
based on orbital and population analyses, releteatite experimental data are listed in Table
3. The HOMG-12 and LUMO forf3-spin consideration are presented in Fig. 3.

7
- 0.08
6 F
0.06 F
Ig 5F 0.04 (d-d)
g 4 | 0.02 F
% 3 | 0450 5;0 6;0 750 8;0 950
5 i
= 2 L / Exptl. Calcd.
W
RV <
O " " 1 1 1 1 1 1 1 1 |\;- 2 1 " i 2 M Il M M M M
200 300 400 500 600 700
Alnm

Fig. 2. Experimental (1.16xI8 mol dni®) and computed electronic spectra fbrin
chloroform at 25C (computed at MO6/TZVP//B3LYP/6-31G(d)).

Table 3.

Excited state properties for compouhcomputed with MO6/TZVP//B3LYP/6-31G(d) f@+

spin consideration in chloroform.

10



Anm? Oscillator MOs contributions (%) Assignments$
strength (f)

639 (625) 0.0023 H-12L (92), H-9-L (19) d-d, L-M

469 (385, 415sh)  0.1228 H-4L (41), HoL (85) d-d, L-M

348 (337) 0.5825 H-16L (24), H-4-L (82) L-M

271 (270sh) 0.1455 H-13L (65), H—L+3 (33) d-d, L-M, L-L
252 (260sh) 0.1868 H-2-L+3 (21), HoL+5 (22) d-d, L-M, L-L
236 (245sh) 0.5960 H-6-L+2 (18), H-55L+1 (43)  L-M, L-L

2Values in parentheses are from experimental spagtid = HOMO and L = LUMO;
¢ d-d = metal-centred, L-M = ligand-to-metal and |=lligand-ligand transitions bands.

’ =
e

LUMO

HOMO - 12

Fig. 3. The HOMG-12 and LUMO for compount for 3-spin consideration, computed with
MO6/TZVP//B3LYP/6-31G(d) in chloroform.

3.3. PXRD and optimized structure

Powder X-ray diffraction (PXRD) patterns (Fig. 4ndirm the crystalline nature of the
compoundl1 and the 2-hydroxy-1-naphthaldehyde (HL'). Compmaristudies of PXRD
patterns show several identical peaks at sligtiiftisg positions, and few new peaks in
(e.g., D =6.79, 21.25, 27.48 and 29.65), merely indicatiffarent structure for the product
[17,18,23,24]. The crystal structure has been sblwysing the direct space approach and
Rietveld refinement method integrated in the progr&XPO 2014 [14,17,18,19]. The
Rietveld refinement plots exhibit good agreemerttvben the experimental and calculated
PXRD profiles (Fig. 5) [17,18]. The compound cry&as in a monoclinic system with =
25.9929 A b = 5.4563 A,c = 5.7279 A, B = 95.30°, space group2,/a andZ = 2. The
molecular structure (Fig. 6) explores that two Qf@@late ligands form a non-planas@-
coordination sphere around the copper atom. More@a#eZ = 2, the Cu centre must be on a
symmetry element (i.e., possesses an inversiomecantl asymmetric unit must be half of the
molecule) and therefore only two €0 distances are independent. Indeed, in Tab. 4, the
Cu-0 distances are equally pairwise. The observed lbemgths and angles are comparable

to those reported from X-ray single crystal stroetior the relatedig[salicylaldehydato-

11



KO,O'lcopper(ll) [6]. DFT optimized structure, cadated with b3lyp/6-31g(d) [6,12,21], is
identical to PXRD structure of the compound (Fig.T@ble 4). However, little differences
between these two structures, specially in theelstrgngles values lma. 7°, could be because
of PXRD results refer to the molecule in the salidte, while DFT implies isolated molecule

in gaseous phase.

For quantitative analysis of coordination geome#itpng with the optimized structure, we
measured the degree of distortion from tetrahetiradquare-planar based on the dihedral
angle @°) and its normalized functioRet.sq (490°) [21,25,26]. The values @ are 0° (OrTe-
sq = zero) for square-planar and 90° @t.sq= 1.0) for tetrahedral geometry (not considering
the inherent distortion induced by the chelate fiognation). In compound, these values
are 39.06° §) and 0.43 f{er-sq, Close to the optimized structure (i.e., 37.4d4d 8.42). Based
on these results, we conclude the geometry of dmpound to more or less in-between

tetrahedral and square-planar around the copper. ato

25 ¢

—— Aldehyde (HL')

N
T T

——Compound (1)

[ —
T

Intensity (counts/1%)
H
(6

o
a1
T

O PR TN TN SN NN Y TN TN N AN TN T TN SN NN Y N TN N NN TN SN TN N AN T T Y AN TN N TN TN N TN Y T TN N T N S 1
5 10 15 20 25 30 35 40 45 50
26 ()

Fig. 4. PXRD patterns for the aldehyde (HL") and compo{ind
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Fig. 5. PXRD patterns for compourid experimental, calculated, difference and background

after final Rietveld refinement.

Fig. 6. PXRD (top) and DFT optimized (botom) structuresculated at B3LYP/6-31G(d),
for compoundL.

Table 4. Selected bond lengths (A) and angles (°) in campd.

PXRD structure DFT structure X-ray crystal

structure®
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Cul-0O1/Cul-02 1.8525/1.8526 1.8760 1.8891
Cul-03/Cul-04 1.9405/1.9429 1.9081 1.9423
C3-01/C14-02 1.2876/1.2890 1.2882 1.3042
C2-03/C13-04 1.2648/1.2638 1.2643 1.2462
01-Cu-03 92.87 93.15 93.40
02-Cu-04 92.82 93.15 93.40
01-Cu-02 161.56 154.19 180.00
03-Cu-04 144.93 151.92 180.00
04-Cu-01 92.68 93.06 86.60
03-Cu-02 92.70 93.06 86.60

* For big[salicylaldehydata<O,O']copper(ll) [6].

3.4. Thermal stability

Transition metal(ll)-O,0/N,O-chelate complexes éxted thermally induced phase

transformation from solid (low temperature) to spic liquid phase (high temperature, well
studied by Differential Scanning Calorimeter (DS[@2,21,25-26]. DSC analyses curves
show identical thermal behavior f@r synthesized fronthree batches of reactions (Fig. 7).

The compound shows thermal stability upctéo 255°C and a subsequent phase change with

both exo- and endo-thermic heat of transformatiboaa 274 °C [12]. While, the cooling

curve shows no peaks on the reverse direction, estigg an

transformation.

Heat Flux [mW]

Fig. 7.DSC curves for compourid(heating: solid line, cooling: dashed line).

irreversible phase
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3.5. Cyclic voltammograms (CV)

CV for 1 were recorded at-1.00 to 0.60 V ys. Ag/AgCl) with varying scans rates in
acetonitrile at 25°C, respectively (Figs. 8, S1 and Table S1). Thaait wave shows a
strong broad reductive peakc) atca. —0.70 V (c), corresponds to two electrons charge
transfer processes for [Cu@JCu(L);]”~ and [Cu(L}] /[Cu(L),]>* (L' = 2-oxo-1-
naphthaldehydate) couples (one electron in eadig.pbtential difference between these two
peaks is very narrow, results in overlapping tovate a strong broad peak. On the other hand,
the anodic wave shows two separate oxidative p@aksandal) atca.— 0.20 (Ea2) and 0.40
V (Eal) for [Cu(L'}]?/[Cu(L");]” and [Cu(L'}] /[Cu(L’),] couples, respectively. Analyses of
voltammograms demonstrate that the cathodic pealerdu(c) or anodic to cathodic peak
current ratio alAc) increases with faster scans rates, Wiaigd c ratio decreases (Figs. 9A-C,
S2 and Table S1). The peaks potential differehEal Ec — Eal) orAEa2 Ec — Ea2) is
independent of faster scans rates (Fig. 9D andeTalh). Thus, CV results best describe two
quasi-reversible one electron charge transfer pese for Cti/Cu" and CU/CW’ couples,
respectively, as reported for the related coppec@mpounds [6,11,12,21]. Further, the linear
relationships between peak current and square oboscans rate i) (Figs. 9A-C)

demonstrate a diffusion-controlled electrochemjrakess in acetonitrile.

Potential [V]vs.Ag/AgCI

0.8 (B) 0.3 -0.2 -0.7 -1.2
60 T T T T T T T T T T T T T T T T T T
- ——0.02 [V/s] (o)
0.05 [V/s]
= 40 I —o.10(vrg]
= ——0.15 [V/s] [
© 0.20 [V/s] //
5 20 | 0.30 [V/s] |
O 0.40 [VI/s] / /
: (1ad) (a9
-20

Fig. 8. Cyclic voltammograms for compouddsynthesized from HL1; 0.5 mmol diwith

varying scan ratew{Vs™); TBAP (0.1 mol dm) in acetonitrile at 25C.
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Fig. 9.Plots oflc vs v? (A), lallc orla2lc vs v (B or C) andAEL (orAE2) vs v/ (D)

for compoundL (synthesized from HL1) in acetonitrile at %5.

3.6. EPR spectra and paramagnetism

X-band EPR spectrum fdr(Fig. 10) displays an isotropic pattern resultirggn tumbling

motion of the molecules in chloroform solution apected for the copper(ll)-complexes with

distorted tetrahedral to square-planar geometryb,PI228]. Spectrum with four lines

represents a nuclear hyperfine splitting from tbpper(ll) ion with spin 3/2 [12b,27,28a].

The relatively lowgiso value (2.13 < 2.30) indicates considerable covatéwiracter in the

metal-ligand bonds [12b,27,28b]. The hyperfine ¢iogpsplitting value ofca. 7.6 mT A)

indicates an electron interacting with only one pmpnucleus [12b,27]. The copper(ll)-

complex with one unpaired electron is essentiallyapnagnetic in tetrahedral or square-

planar geometry. The observed magnetic moment aB&B (Lexpt) in dichloromethane at

25°C, calculated with the Evans’ method [12,13,29jlicates the paramagnetic nature of the

copper(ll)-complex [12,27,30].
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Fig. 10.EPR spectrum for compourddfrom HL1) in chloroform at 22C.
4. Conclusions

The big[2-o0x0-1-naphthaldehydatowo,O"lcopper(ll) L) is isolated vian-situ hydrolysis of N-
2-(R-pyridyl)-2-hydroxy-1-naphthaldimine back toet-hydroxy-1-naphthaldehyde. Powder X-
ray diffraction (PXRD) structure explored the fotma of a QO,-chromophore around the
copper atom in-between tetrahedral and squaredplgeametry as supported by the DFT
optimized structure- !
spectrum-tr-chloreform. CV studies in acetonitdemonstrate two quasi-reversible one electron
charge transfer processes for [CuY[Cu(L),]” and [Cu(L'}]/[Cu(L");] (L' = 2-oxo-1-

naphthaldehydato) couples, respectively. DSC aizalyeveals an irreversible phase

transformation from solid to an isotropic liquidgse. The EPR spectrum in chloroform shows
the giso Value of 2.13, characteristic of tetrahedral agdase planar copper(ll)-complexes. The
magnetic moment valugu,:. = 1.354B) in dichloromethane indicates paramagnetic nabdire

the copper(ll)-complex with one unpaired electron.
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Highlights

PXRD structure obis[2-ox0-1-naphthaldehydato©,O"lcopper(ll).

In-situ hydrolysis of the Schiff base back to aldehyde.

EPR spectrum showing isotropic pattern with foned from nuclear hyperfine splitting
of copper(ll) with spin 3/2.

Two quasi-reversible one electron charge transfecgsses for [Cu(L)[Cu(L’),]” and

[Cu(L")s] /[Cu(L")2]* couples.



