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ylmethanone oxime and its CuXy(oxime); complexes: Thermal,

Hirshfeld surface and DFT analysis
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Dipyridin-2-ylmethanone oxime (C11HgN30), was prepared using di-2-pyridyl ketone. The oxime ligand
and its neutral CuX; (oxime); (X = Cl or Br) complexes have been identified with the aid of several
spectroscopic techniques such as: IR, EI-MS, EA, UV—visible, TG, TH-NMR and finally the structure of the
free oxime ligand was confirmed by X-ray diffraction studies. The oxime crystallizes in the monoclinic
space group P2;/c, with cell parameters a = 8.8811 (8) A, b = 10.6362 (8) A, c = 11.2050 (8) A, B = 109.085
(4)°, V =1000.26 (14) A? and Z = 4. The molecular conformation is stabilized by a strong intramolecular
O—H---N hydrogen bonding between the hydroxyl group of the oxime moiety and the nitrogen of the
pyridine ring.

Since the oxime structure was solved by XRD, the ligand structure parameters like bond length and
angles were compared to the DFT computed one, the UV—visible to TD-SCF and Hirshfeld surface to MEP
analysis.

XRD

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Synthesis of oximes from carbonyl functionalities is an impor-
tant reaction in organic synthesis and medical applications [1].
Oximes are prepared classically by refluxing an alcoholic solution of
a carbonyl compound with hydroxylamine hydrochloride in basic
media [2]. Oximes are stable crystalline materials that find appli-
cations in many chemical fields such as, purification and protection
of carbonyl compounds [1,2], conversions into nitro [3], nitriles [4],
nitrones [5], amines [6], and synthesis of azaheterocycles [7]. They
serve as intermediates for the synthesis of amides through the
Beckmann rearrangement [8,9] and also as herbicides and fungi-
cides [10]. In inorganic chemistry, oxime (C=N—OH) and oxidate
(C=N-0") groups can bind metal ions in a variety of coordination
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modes and are thus ideal candidates for reactivity chemistry [11].
Oximes act as a versatile neutral polydentate ligand especially if
pyridine derivatives were incorporated in their backbone [12]. The
activation of oximes though coordination reaction with metal ions
is also becoming a fruitful research area [ 13,14]. For the same reason
the synthesis of a polydentate oxime chelate ligand is still a chal-
lenge and has attracted many coordination chemists [13—16]. In
view of this, dipyridin-2-ylmethanone oxime and its CuX; (oxime);
(X =Cl or Br) were synthesized and spectroscopically characterized
by FT-IR, EI-MS, UV—visible, TG, NMR techniques and finally the
structure of the oxime was confirmed by X-ray diffraction analysis
then computed by DFT calculations.

2. Experimental
2.1. Instruments

Solution UV—visible spectra were measured by using a TU-
1901 double-beam UV-—visible spectrophotometer. The IR
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Table 1

Crystal data and structure refinement.
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CCDC number

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

Fro00)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected/unique
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [I > 20(I)]

R indices (all data)
Extinction coefficient
Largest diff. peak and hole

1401887
C11HoN30

199.21

293 (2)K

154178 A

Monoclinic, P2;/C
a=88811(8)A

b =10.6362 (8) A

c=11.2050 (8) A

# = 109.085 (4)°

1000.26 (14) A3

4,1.323 Mg/m>

0.727 mm~!

416

0.3 x 0.27 x 0.25 mm

5.90° to 64.06°
—9<h<10,-11<k<12,-13<1<13
4799/1538 [R (int) = 0.0319]
Full-matrix least-squares on F?
1538/0/137

1.175

R1 = 0.0477, wR2 = 0.1234

R1 = 0.0594, wR2 = 0.1405
0.037 (4)

0.319 and —0.321 e. A3

spectra for solid samples were recorded using Perkin Elmer
Spectrum 1000 FT-IR Spectrometer. High-resolution (400 MHz) 'H
NMR spectrum was recorded on a Bruker Advance I 400HR
spectrometer at 293 K, with 5 mm PABBO BB-1H TUBES, using
CDCl3 as a solvent and TMS as internal standard (chemical shift in
6 ppm). EI-MS data was obtained on a 711A (8 kV) Finnigan. TG/
DTA spectrum was measured by using a TGA-7 PerkinElmer
thermogravimetric analyzer.

(0}
\ \ NH,OH.HCI
| —
_— N N / NAOAc/ EtOH

2.2. Materials and methods

All the reagents [dipyridin-2-ylmethanone, hydroxylamine hy-
drochloride and sodium acetate, copper (II)bromide] and solvents
[ethanol and methanol] used in this study were of analytical grade
and purchased from Sigma—Aldrich and used as received. The pu-
rity of the compounds was confirmed by thin-layer chromatog-
raphy using Merck silica gel 60 F254 coated aluminum plates.

2.2.1. Procedure for the preparation of Dipyridin-2-ylmethanone
oxime

A mixture of dipyridin-2-ylmethanone (1 mmol), hydroxyl-
amine hydrochloride (1.2 mmol), and sodium acetate (1.2 mmol)
was refluxed for 4 h in 50 mL ethanol solvent. The solution was
concentrated down to approx. 5 mL, then water added to it when
product precipitated out from the solution. The precipitate formed
was filtered off and recrystallized from methanol. Yield 70%, m.p.
105—-110 °C. MS m/z = 199.0 (199.2 theoretical). Calcd. for
C11HgN,0: C, 66.32; H, 4.55; N, 21.09. Found: C, 66.45; H, 4.31; N,
20.85.

2.2.2. Synthesis of the complexes

A solution of oxime ligand (0.10 mmol) dissolved in 10 mL of
EtOH was added to (0.05 mmol) of CuX,.2H,0 dissolved in 5 mL of
EtOH. The occurrence of the complexation process was confirmed
by color changes. The Cu(Il) complex precipitant was collected by
solvent evaporation (Yield ~ 85%).

2.2.2.1. Complex 1. MS m/z = 531.0 [M"] calc. MS = 532.9. Anal.
Calcd for CyyH1gCloCuNgO5: C, 49.59; H, 3.40; N, 15.77, found: C,
49.46; H, 3.38; N, 15.67%. Conductivity in water: 80 (uS/cm).

2.2.2.2. Complex 2. MS m|z = 620.0 [M*] calc. MS = 621.77. Anal.

Cqu.ZHZO
X =ClorBr
EtOH

Scheme 1. Synthesis of oxime ligand and its complexes.
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Table 2

Hydrogen-bond geometry (A, °).
D—H---A D—H H---A D---A D—H---A
O—H--N 0.82 2.03 2.7971 155
C—H:--N 0.93 2.69 3.292 123
C—H:--0 0.93 2.71 3.378 129

Calcd for CyoH1gBroCuNgO,: C, 42.50; H, 2.92; N, 13.52. Found: C,
42.33; H, 2.89; N, 13.42%. Conductivity in water: 65 (uS/cm).

2.2.2.3. Single crystal X-ray diffraction. Single crystals suitable for
X-ray diffraction study were obtained by a slow evaporation tech-
nique using ethanol as a solvent. A white coloured prism shaped
single crystal of dimensions 0.3 x 0.27 x 0.25 mm of the oxime was
chosen for an X-ray diffraction study. The X-ray intensity data were
collected at a temperature of 293 K on a Bruker Proteum2 CCD
diffractometer equipped with an X-ray generator operating at 45 kV
and 10 mA, using CuK, radiation of wavelength 1.54178 A. Data
were collected for 24 frames per set with different settings of ¢ (0°
and 90°), keeping the scan width of 0.5°, exposure time of 2 s, the

0

sample to detector distance of 45.10 mm and 26 value at 46.6°. A
complete data set was processed using SAINT PLUS [17]. The
structure was solved by direct methods and refined by full-matrix
least squares method on F> using SHELXS and SHELXL programs
[18]. All the non-hydrogen atoms were revealed in the first differ-
ence Fourier map itself. All the hydrogen atoms were positioned
geometrically (C—H = 0.93 A, O—H = 0.82 A) and refined using a
riding model with Ujso(H) = 1.2 Ueq and 1.5 Ueq (O). After ten cycles
of refinement, the final difference Fourier map showed peaks of no
chemical significance and the residuals refined to 0.0477. The
geometrical calculations were carried out using the program PLA-
TON [19]. The molecular and packing diagrams were generated
using the software MERCURY [20]. The details of the crystal struc-
ture and data refinement are given in Table 1.

2.2.3. Computational details

Gaussian 09 program was used for the calculations [21,22].
B3LYP method and 6-31G (d,p) basis set was performed. Hirshfeld
surface analysis was performed using the CRYSTAL EXPLORER 3.1
software [23].

Noxime

Nt

() #@....7t stack interactions

Fig. 1. (a) ORTEP diagram of the molecule with thermal ellipsoids drawn at 50% probability and (b—f) Packing of the molecules together with all the intermolecular force types.
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Table 3
Experimental and DFT bond lengths and angles for desired oxime.

Bond type Bond length [A] Angle type Angle value (°)
DFT XRD DFT XRD
N1 2 13429 1339(2) 2 N1 C6 117.81 1163 (2)
N1 9 1.3358 1.348(4) 09 N8 Cc7 11323 113.5(1)
c2 Cc3 1.4031 1383(3) Ci10 N11 C12 1177 117.0 (1)
Cc2 C11 14903 1482(3) N1 c2 C3 12276  123.4(2)
3 c5 13909 1.376(5) N1 2 Cc7 116.03 1153 (2)
C5 c7 13953 1.356(5) (3 2 Cc7 121.2 1213 (2)
Cc7 c9 13955 1.374(5) (2 c3 C4 118.64 118.2(2)
C11 N12 12881 1.282(2) (3 c4 5 118.92 119.7 (3)
C11  C15 14963 1497(2) C4 5 6 118.1 118.7 (3)
N12 013 14009 1392(2) NI C6 C5 123.77 123.6(3)
013 H14 09703 0.82(2) N8 c7 c2 11548 116.2(1)
C15 N16 13421 1.34(2) N8 c7 C10 12575 124.6(1)
C15 (€23 13996 1.377(2) (2 c7 C10 11878 1193 (1)
N16 C17 13355 1341(2) N11 C10 C7 11533  1159(1)
C17 C19 13962 1374(5) N11 C10 Ci15 123 122.8 (1)
C19 (€21 13939 1368(3) (7 C10 C15 12167 121.3(1)
C21 (23 13926 1378(3) NI11 (C12 C13 1237 123.6 (2)
C12 C13 (14 11819 1186(2)
C13 C14 C15 11884 119.0(2)
Cl10 C15 C14 11856 119.0(2)

3. Results and discussion
3.1. Synthesis

The reaction scheme for the synthesis of desired oxime and its
complexes are depicted in Scheme 1. Dipyridin-2-ylmethanone
oxime product was obtained in a good yield by condensation of
dipyridin-2-ylmethanone with hydroxylamine hydrochloride in
basic medium using ethanol solvent under refluxing condition.

Water soluble neutral complex 1 and 2 were made available by
reacting two equivalent amounts of oxime ligand with hydride
CuX; dissolved in ethanol. The desired complexes have been iso-
lated as halide salts in very good yields. The color change from light
brown to green or to blue indicated the formation of complex 1 and
complex 2, respectively. Since we did not solve the X-ray structure
of any of the complexes, the neutral nature was supported by their
conductivity, solubility, elemental analysis, UV—vis. spectral
method and DFT calculation, as seen in Scheme 1.

3.2. Crystal and structure optimization

The list of bond lengths and angles of the non-hydrogen atoms
are given in Table 2. Fig. 1 represents the ORTEP and packing system
of the oxime molecule with thermal ellipsoids drawn at 50%
probability.

The molecule is non-planar; the two aromatic rings are bridged
via the N-pyridine of oxime ligand. The bond lengths and angles are
normal in their values, the molecular conformation is characterized
by a dihedral angle of 83.06 (11)° between the mean planes of the
two aromatic rings indicating that they are nearly orthogonal to
each other, as seen in Fig. 1, the collected result in this work is
consisted with same reported structural data [24]. The rotation of
the aromatic rings is characterized by the torsion angles relative to
the oxime plane. The molecular conformation is stabilized by a
main strong intramolecular O—H---N hydrogen bonding between
the hydroxyl group of the oxime moiety and the nitrogen of the
pyridine ring. The hydrogen bond (H---N) in O9—H9---N11 has a
length of 2.03 A and an angle of 155° which links the molecule to
form a chain like structure, as seen in Table 2 and Fig. 1b—c. The
packing of the molecules reflected many short contacts between
molecule and neighbor molecule, as seen in Fig. 1b. Two S6 moiety

were formed around each molecule in the lattice by O—H ... Npyand
new Cpy—H ... Noxime (2.69 A length) H-bonds, as seen in Fig. 1d.
Each molecule in the lattice was dimerized with its neighbor
through two Cpy—H...0 (2.71 A length) H-bonds, as seen in Fig. le.
Three 7 ....  stack interactions per molecule have a length of 3.35
and 3.57 A were detected as in Fig. 1e. These hydrogen bonded
chains stabilized the lattice into the 3D network.

The crystal data (cif files) for desired oxime was used to compare
the bond lengths and angles structure parameters with the theo-
retical DFT result, as seen in Table 3. The plot of the X-ray experi-
mental bond lengths against computed bond lengths (Fig. 2a) and
experimental angles against DFT theoretical (Fig. 2b) reflected an
excellent matching with R> = 0.977 and R?> = 0.961 correlation
coefficient respectively.

3.3. Hirshfeld surface and MEP analysis

Hirshfeld surface (HAS) and MEP analysis was computed using
CIF file of the desired oxime. HAS comprising of dyorm surface and
MEP electrostatic potentials were recorded, as in Fig. 3a. The dporm
reflected two big-red spots on the surface of each molecule which is
consistent with the presence of a hydrogen bond. Two types of O—H
.... Npy H-bonds were detected crucially stabilized the molecular
crystal structure [24—27].

In the MEP map the nucleophilic (Npy) and electrophilic (O—H)
positions as a preferred position for the H-bonding formation
(Fig. 3b). The blue region in the structure indicated the e-poor
(electrophilic) functional group while the red region is due to the e-
rich nucleophilic functional group, for that MEP indicated that the
two nitrogen atoms of the pyridine rings act as bi-dentate ligand,
while the = N—O—H side is blocked and not suitable for metal ion
coordination since it is busy with O—-H ... Nyy hydrogen bonding.

1.6 1
R2=0.977
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n
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Fig. 2. Graphical correlation of: a) DFT vs. experimental bond lengths (A) and (b) DFT
vs. experimental angles (°).
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The protons of H—C belong to pyridine groups are green in color
which reflected their electrophilicity natural. These observations
are consistent with HSA results.

3.4. 'H NMR analysis of the oxime

The H NMR spectrum of the crystal structure was very simple;
only two types of signals were recorded. 'TH NMR spectrum showed
sharp singlet at 6 9.7 ppm due to = NOH protons. The four pyridle
protons resonated as a multiplet in the region of § 7.3—8.6 ppm.

3.5. UV—Vis analysis

UV—Vis. spectrum of the oxime and its complexes were recor-
ded in ethanol at room temperature as shown in Fig. 4. The ab-
sorption bands of the oxime are TD-DFT/B3LYP/6-311 (d,p) were
computed in gaseous state and ethanol solvent. From the graph, it
was observed that the oxime showed experimentally two absorp-
tion peaks at Apmgx = 225 and 275 nm attributed to the 7-7* tran-
sition. Hence, the material may be useful for optoelectronic
applications (Fig. 4a). The time-dependent DFT UV—Vis. spectrum
absorption maximum was found with mean broad maxima at
Amax = 250 nm in both vacuum and ethanol solvent (Fig. 4b), which
reflected no solvent effect was detected.

The oxime-complexes 1 and 2 revealed two signals in the UV
area similar to the free oxime; DMSO-dg electron transition broad
band in the visible area at Apmax = 615 nm (complex 2) and Apax =
660 nm (complex 1) were recorded, as in Fig. 4c.

(a) -

Fig. 3. dporm (@) and MEP map (b) of the oxime.

3.6. FT-IR spectral analysis

The FT-IR spectrum of the solid powder of oxime is shown in
Fig. 5a. IR spectra showed several modes of vibrations; the main
absorption vibration bands only were cited. The vibration bands at
3165 cm™! cited to the hydroxyl function group, vibration bands at
3020-2850 cm ™! due to C—H groups stretching vibration of pyri-
dine. The absorption peak at 1680 cm~' is due to the stretching
vibration that corresponds to C=N group. The absorption at
960 cm~! is characteristic of N—O stretching vibration in oxime
moiety. The powder of the complexes revealed similar IR behavior,
complex 1 showed no water broad peak vibrations of vo—p)
at ~ 3400 cm~! indicating the absence of water molecule in the

200 400 600 800
— Wavelength (nm)
®»
é (b) = Vacuum
a— EtOH
600 +
-200 190 2(')0 3;)0 400
b Wavelength (nm)

21 ©
=

= Complex 1

= Complex 2
0.0 =
. L) hd L hd . hd L)
500 600 700 800
Wavelength (nm)

Fig. 4. (a) UV—Vis spectrum of 1 x 10~> M oxime in EtOH at RT, (b) TD-DFT/B3LYP/6-
311 (d,p) in gaseous state and ethanol solvent, (c) 1 x 10~* M of complex 1 and 2
dissolved in ethanol at RT.
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Fig. 5. The FT-IR spectra: (a) for the free oxime ligand and (b) complex 1.

crystal lattice of molecule. The IR of the free oxime and complex 1
are very similar compared to the free ligand, the existence of a
sharp peak at ~500 cm~! for the complex (not the free oxime)
indicated the N—Cu(Il) bonds formation (Fig. 5b).

3.7. Thermal analysis

To understand the thermal properties, TG analyses of the free
oxime and its complexes have been performed individually under

j (111 SN
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\.\
3
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Fig. 6. TG thermal curves of the free oxime (a) and complex 2 (b).

an open atmosphere in the range of 0—1000 °C with heating rate of
10 °C/min (Fig. 6). The TG-curve showed that the oxime exhibits a
remarkable thermal stability at about 100 °C. The oxime decom-
posed mainly in one broad step, a typical decomposition started
from ~105 °C and end at ~180 °C, with weight loss ~99%, no inter-
mediate decomposition steps were detected (Fig. 6a).

The TG spectrum of complex 2 illustrated mainly two steps of
weight loss. First step was losing of both oxime ligands from 180 °C
and end at 370 °C losing around 64% of weigh to form CuBr,. The
second decomposition stage started from 560 °C to 650 °C which
lead to the removal of bromide from CuBr, and reacting with O,
(open atmosphere) to form copper oxide product, 18% final (Fig. 6b).

4. Conclusions

The dipyridin-2-ylmethanone oxime and CuX; (oxime), com-
plexes were synthesized and characterized by means of various
spectroscopic tools like: IR, UV—visible, MS, EA, TG, 'H-NMR and
finally the structure of the free oxime was confirmed by X-ray
diffraction studies. DFT/B3LYP theoretical optimization of the
oxime matched with experimental XRD structural result. The
Hirshfeld surface and MEP analyses are consistent with the pres-
ence of strong O—H---N hydrogen bond formation as seen in the
XRD packing analysis. The theoretical TD-SCF and experimental
UV-—visible showed no solvent effect on the electron transition in
the oxime. TG-result revealed the oxime ligand and its complex 2
are decomposed completely through different thermal decompo-
sition mechanisms.
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