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A novel methyl (Z)-2-(2-(2-oxonaphthalen-1(2H)-ylidene)hydrazineyl)benzoate isomer ligand has been
prepared instead of (E)-methyl 2-((2-hydroxynaphthalen-1-yl)diazenyl)benzoate isomer in very good
yield. The tautomerization of diazene to hydrazine was computed via DFT; the single proton tautomer-
ization S(6) process was confirmed by XRD. Moreover, the XRD-crystal measurements supported the hy-
drazine form as the preferred kinetic isomer; the structure of the desired ligand was also examined by IR,

Keywords: UV-vis., Carbon, Hydrogen and Nitrogen elemental analysis (CHN-EA), and NMR. Hirshfeld surface anal-
Hydrazine ysis (HSA) computation was performed to support the lattice interactions resulting by X-ray diffraction
XRD (XRD) measurement. Furthermore, the time-dependent density functional theory (TD-DFT) and B3LYP/IR
g:}; computation were used to support the UV-visible as well as FT-IR experimental results.
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1. Introduction

Azo-ligands are essential in the field of dyes and advanced ma-
terials [1] as they possess strong chromophores properties and
have long been used as pigments [2-18]. It has numerous appli-
cations such as the coloring of diverse materials, the dyeing of
textile fibers, coloring polymers and plastics, medicinal-biological
activities, and advanced applications in organic syntheses [2-5].
Lately, Azo-ligands have attracted attention in coordination chem-
istry due to their various industrial applications [6-9]. They have

* Corresponding author.

** Corresponding author at: Laboratoire de Physicochimie Analytique et Cristal-
lochimie des Matériaux Organométalliques et Biomoléculaires, Université Constan-
tine 1, 25000, Algérie.

E-mail addresses: djedouani_amel@yahoo.fr (A. Djedouani), warad@najah.edu (I.
Warad).

https://doi.org/10.1016/j.molstruc.2022.134113
0022-2860/© 2022 Elsevier B.V. All rights reserved.

also many applications in the field of optical data storage and non-
linear optics [10-13]. The optical properties of such material de-
pend on the spectroscopic properties and their crystallographic ar-
rangements [14,15]. In general, 1-phenylazo-2-naphthol can coex-
ist in azo and hydrazone tautomer forms [16-18]. Hydrazone form
have an ionic intra-molecular hydrogen bond (N*-H. . .O~) and
their N*-H bond lengths are longer than the standard interatomic
[19].

The tautomerization azo/hydrazone was discovered in 1884 by
Zincke and his collaborators [20]. Their study was carried out
on an orange dye that was obtained by coupling the chloride
of benzenediazonium with 1-naphthol and condensation by the
phenylhydrazine with 1,4-naphtoquinone, and the products ob-
tained were the azo and the hydrazone dye. This discovery has
stimulated the researchers to invest in the phenomenon of tau-
tomerization; which is extremely interesting for commercial azo-
dye in addition tautomers have different properties [21].
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In our group we are interested in the synthesis of several types
of polychelate ligands and their transition metal complexes for
their application as catalysts and medicinal compounds [22-29].
Following our previous work we describe the synthesis and crys-
tal structure of a new azo compound namely: (E)-methyl 2-((2-
hydroxynaphthalen-1-yl)diazenyl)benzoate and study its structural
isomerization [21,29-31].

Herein, the Diazene<=>hydrazine tautomerization process
of methyl (Z)-2-(2-(2-oxonaphthalen-1(2H)-ylidene)hydrazineyl)
benzoate to methyl (Z)-2-(2-(2-oxonaphthalen-1(2H)-ylidene)-
hydra-zineyl)benzoate in MeOH was figured out by NMR and XRD.
The process was computed by DFT and the final product was
confirmed by XRD-crystal analysis. Hydrazine isomer including
CHN-elemental analysis, FT-IR, NMR and UV-vis spectroscopy. The
experimental bond vibrations and the absorption results have been
compared via B3LYP/IR and TD-DFT respectively.

2. Experimental
2.1. Measurements and materials

2-benzoate aniline and naphtol were used as received. Elemen-
tal analyses were carried out by the service of analyses, physi-
cal measurements and optical spectroscopy (C.N.R.S-University of
Strasbourg, France). NMR spectra were recorded in DMSO-dg on
a Briicker Avence DPX-type spectrophotometer, 300 MHz, TMS as
internal reference, chemical shift in ppm. Infrared spectra were
recorded with a Fourier transform infrared spectrometer (ALPHA)
FTIR from the brand BRUKER, controlled by Opus 6.5 software and
fitted with an Attenuated Total Reflectance (ATR) accessory in di-
amond crystal. UV spectra were recorded on an Agilent UV-vis
spectrophotometer 8453 (spectroscopy system) with G1120A mul-
ticell transport and a computer with ChemStation (Visible Ultra Vi-
olet 1120 A).

2.2. Computational and XRD-analysis details

Gaussian 09W 32 bit software served for all DFT operations in
gaseous state at DFT/B3LYP method and 6-311++G(d,p) as basis set
[32,33]. The Hirshfeld surface analysis was carried out using Crystal
Explorer 3.1 [34].

A single crystal was carefully selected mounted on a Bruker
Apex 1II [31], CCD area detector diffractometer with a graphite
mono-chromated Mo-Ko radiation source (0.71073 A), intensities
were collected at 293 (2)°K. Structure was solved by direct meth-
ods with SIR2002 [35,36], to locate all the non-H atoms which
were refined anisotropically with SHELXL97 [37] using full-matrix
least squares on F2 procedure within the WinGX [34] suite of soft-
ware used to prepare the material for publication [38]. Absorption
corrections were performed with the MULABS program [39]. The H
atoms were included in calculated positions and treated as riding
atoms. The Mercury for Windows program were used for gener-
ating figures of structures [40]. The main crystal parameters are
presented in Table 1. Angles and bond distances of are listed in S1
and S2.

2.3. Synthesis

The (E)-methyl 2-((2-hydroxynaphthalen-1-yl)diazenyl)benzoate
ligand was synthesized through the diazotization of 2-benzoat
aniline followed by a coupling reaction with B-naphthol ac-
cording to the established procedure [41]. The methyl (Z)-2-
(2-(2-oxonaphthalen-1(2H)-ylidene)hydrazineyl)benzoate was pre-
pared via tautomerization of (E)-methyl 2-((2-hydroxynaphthalen-
1-yl)diazenyl)benzoate in methanol. The obtained orange solid, was
washed with ice water, dried and recrystallized from THF-H,0 (1:1
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Table 1
Crystallographic data and structure refinement details of the ligand.

CigH14N,03 Empirical formula
2108225 CCDC
306.31 Formula weight, g/mol

P2, /c, Monoclinic

0.04x 0.03x 0.02

full-matrixleast-squareson F2

3.7983(5), 23.5756(19),
15.8272(18) 94.041(10)

1413.8(3), 4, 640

293(2)

3.369° - 67.825°

Space group, Crystal system
Dimensions du monocristal (mm?3)
Refinement method

a (A), b (A), ¢ (A), B(°)

V(A3), Z, F(000)
Temperature/K
6 Range for data collection (°)

Cu Ko (A= 1.54186) Radiation

1.439 deaica (g/cm™3)

-4< h <4, -27< k <27, -18< 1 <18 Range/indices (h, k, 1)

10,426 Ref Nmb of reflections measured
2466 independent reflections

2056 Reflections with I > 2o(I)
213 Number of parameters

0.816 Absorption coefficient (mm~1)
1.086 Goodness-of-fit (GOF)

0.1508 WR(F2)

0.0580 Rint

v/v) solution, to afford orange crystals, Yield: 88%. Anal. Calc. for
CigH14N,03, C, 68.58%, N, 9.15%, and H, 4.61%, found C, 68.12%,
N, 8.92%, and H, 4.64%. '"H NMR (DMSO-dg, 300MHz), § ppm: 1.6
(s, 3H, O-CH3); 5.5 (d, Hg); 6.1 (d, He) in the naphtol group re-
spectively; the aromatic protons appear as multiple signal in the
7.25-6 range. 13C NMR (DMSO-dg, 300 MHz): 56.1, 122.30 - 135.02,
143.22, 166, 179.

3. Results and discussion
3.1. Synthesis

The (E)-methyl 2-((2-hydroxynaphthalen-1-yl)diazenyl)benzoate
(HL) was synthesized via the diazotization then tautomerization
of 2-benzoate aniline followed by a coupling reaction with -
naphthol in a high yield, as describe in Scheme 1. The synthe-
sized azo-dye is air stable, soluble in polar solvents and insolu-
ble in non-polar, moreover, the desired ligand was characterized
by NMR, IR, CHN-EA and UV-vis. spectroscopy, and single crystal
X-ray diffraction analysis. The hydrazine isomer methyl (Z)-2-(2-
(2-oxonaphthalen-1(2H)-ylidene)hydrazineyl)benzoate was found
to be favored over the diazenyl isomer methyl (E)-2-((2-
hydroxynaphthalen-1-yl)diazenyl)benzoate since the first one
structure has been confirmed via XRD structure for the first time.
The DFT simulation was performed to explain the single proton
intra-migration transfer process.

3.2. XRD-crystal and DFT-optimization analysis

It can be seen that the (E)-methyl 2-((2-hydroxynaphthalen-1-
yl)diazenyl)benzoate diazene isomer has undergone a fundamen-
tal tautomerization in its structure where the hydrogen atom has
moved from the hydroxyl group to form the hydrazine methyl
(Z)-2-(2-(2-oxonaphthalen-1(2H)-ylidene )hydrazineyl)benzoate via
tautomerization in methanol. The final product hydrazine isomer
was crystallized in the monoclinic system in P2;/c space group, the
unit cell contains four molecules, scheme of the molecule struc-
ture, with the atom numbering, is shown in (Fig. 1a). The final 3D-
structure computed by the DFT as shown in the (Fig. 1b) is con-
sistent with the experimental crystallographic measurements re-
sults. In both methods, the molecule is the Z-isomer with quite
planar and the most important deviation is observed for the car-
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Scheme 1. Synthesis of desired ligand.
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Fig. 1. (a) ORTEP with intra-H-bonds, and (b) DFT-optimization structures.

bon C18:0,141 A, the rings of benzene and naphtol are in the (E)
position with the -N=N- bond, the same configuration is observed
for same compounds [42,43]. Moreover, all the angles and bond
lengths of benzene and naphthol were consistent with previous
studies [44-46].

3.3. XRD-packing and Hirshfeld surface analysis

The molecule adopts zwitterionic form (i.e. the proton from the
hydroxyl in the naphthol group is transferred to the azo-group),
the two groups are linked by an intramolecular N1—H1...01 hy-
drogen bond, enclosing an S6 ring motif [47,48]. The same hydro-
gen atom participates in a second intramolecular hydrogen bond
N1—H1...02 enclosing another S6 ring motif (Fig. 2). The dihedral
angle between the two rings is 1.97°. C1-Olyyqgroxy bond length

[1.238(2) A] is intermediate between double and single oxygen to
carbon bond lengths (1.362 A, 1.222 A) [49]. The distances O1-
C1/C1-C10/C10-N2 and N2-N1 exhibit intermediate distances be-
tween a single and a double bond because of resonance [50,51]. In
the crystal molecules deploy in zig zag and are aligned head to tail
along the b axis, in columns parallel to [001] plan giving rise to an
infinite chain directed by two interactions C18—H18B---O1 and C18-
H18A...02 (Table 2), generate RZ,(10) loops (Fig. 2). In addition,
... interaction is observed, involving naphthalene ring systems
and benzene ring of adjacent molecules along a axis, the centroid-
centroid distance equal 3.798(7) A, helps to stabilize the crystal
structure.

Table 2
Distances [D—H---A, D—H, H.--A, D---A] (A) and angles [D—H---A] (°) of H-
bonds for (HL).

Ligand

D—H---A D—H H--A DA D—H---A
N1-H1---01 0.881 (5) 1.897 (19) 2.597 (3)  135.15 (18)
N1—H1.--02 0.881 (5) 2.045 (16)  2.674 (3) 127.48 (2)
C18—H18A--02  0.960 (4) 2.570 (12) 3.484 (2) 159.30 (4)
C18—H18B---01 0.960 (4) 2.689 (14) 3.166 (2) 107.58 (5)

3.4. Diazene<=>hydrazine isomerization via single proton
intra-migration

As the final product obtained by the XRD-diffraction showed
that, the final structure of the desired ligand is methyl (Z)-
2-(2-(2-oxonaphthalen-1(2H)-ylidene)hydrazineyl)benzoate instead
of (E)-methyl 2-((2-hydroxynaphthalen-1-yl)diazenyl)benzoate the
expected isomer. For this reason, it was necessary to conduct the-
oretical calculations to figure out which structure is favored (more
stable) and simulate how structural isomerization was performed.
The methanol phase Diazene<=x>hydrazine proton transfer was
examined via DFT/B3LYP-simulation, and the transition state (TS)
was stimulated by the TS(gerny) method [6,19].

The gaseous state-DFT-computational of H transfer process sug-
gested that the proton OH of phenol group moved toward the
N=N functional group via intramolecular hydrogen bond proton
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R2,(10)

Fig. 2. (a) Cell packing along the axis c, (b) view of part of the crystal structure along the a axis of the title compound. C-H...O interactions, (c) comprising cage-like
aggregates containing R%,(10) rings, (d) HSA dnorm including H...O H-bonds, (e) 7 to 7 interactions, and (f) shape index showing stack bonds.

COOMe

COOMe

Single proton intra-migration transfer

(E)-methyl 2-((2-hydroxynaphthalen-1-
yl)diazenyl)benzoate

methyl (Z)-2-(2-(2-oxonaphthalen-1(2/)-ylidene)
hydrazineyl)benzoate

Scheme 2. Prototropic diazene (-OH)<=x>hydrazine (-NH) isomerization.

migration constructing S6 O-H...N transition state as illustrated in
Scheme 2. The [0~...H-N*] interaction can be suggested with pro-
totropic process includes shorted N-H bond 0.838 A and longer
O-H distance 1.798 A. Hammond postulate the T.S properties to
be with hydrazine more than diazene and Epg = 138.9 kJ/mol, as
illustrated in (Fig. 3). However, DFT calculation reflected the hy-
drazine form as a more stable than diazene isomer since it is less
with —24.2 kJ/mol, such energy amount is not significant, there-
fore, the possibility for such isomerization increased since MeOH
as polar solvents with high solvation energy was used here experi-
mentally as well as theoretically. Moreover, such result is harmonic
with what XRD-achievement.

3.5. 'H- and BC-NMR analysis

In the 'H NMR (S3a), most of the protons are observed in aro-
matic area as multiple signals in the 7.25-6.0 range [48], the two
doublet signals appeared at 6.1 and 5.5 ppm (d, ] = 7.8 Hz) as-
signed to H; and H, hydrogens in the naphtol group respectively,
peak at 1.6 ppm attributed to methoxyl group [52,53]. Moreover,
the absence of H-N peak as high chemical shift is attributed to D-
exchanged process between the DMSO-d6 solvent and the desired
compound.

In the 13C NMR (S3b), the signal resonated at 56.1 ppm is as-
signed to the methoxyl carbon [54,55]. The appearance of a col-
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Fig. 4. (a) Exp. FT-IR, (b) B3LYP-IR, and (c) B3LYP/FT-IR graphical correlation.

lection of signals in the region (122.30-135.02) ppm are assigned
to aryl carbons and C=N signal resonated at 143.22 ppm. Interest-
ingly, two peaks in carbonyl region were detected, one is attributed
to ester C=0 at 179 ppm and the other one at 166 ppm can be at-
tributed to the hydrazine C=0, therefore, '3C NMR supported the
presence of ketone C=0 due to hydrazine isomer formation that is
consistent with result observed by the XRD.

3.6. FT-IR analysis

The vC-H of phenyls peaks are observed at ~3050 cm~! and
vC-H of MeO at 2980-2885 cm~!. The N-H stretching bands was
not observed in the range of 3300 cm~! due to the N-H...0=C
intra hydrogen bond formation [56]. The vC=0 absorption band

of ester is detected at 1700 cm~!, meanwhile, the vC=0 absorp-
tion band of ketone at 1620 cm~! and the IR spectra showed
bands around 1555 cm~! which can be assigned to the vC=N
[57-59]. The bands appearing between 1400 and 1600 cm~! can
be assigned to the stretching modes of the benzene rings [59].
Furthermore (-OCH3) stretching vibrations are observed around
1000 cm~! [60]. To understand better the stretching vibrations be-
havior of the desired ligand, IR/DFT-theoretical calculations were
carried out under DFT/B3LYP/611++G(d,p) level as illustrated in
(Fig. 4a). All the signs of functional groups that appeared by IR/DFT
are in agreement (Fig. 4b) with the experimental IR, moreover,
a high graphical correlation (0.9885) was recorded as seen in
(Fig. 4c).
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Fig. 5. (a) HOMO/LUMO, (b) DOS, and (c) UV-vis./TD-DFT/B3LYP and (d) Tuac’s optical diagram in MeOH.

3.7. UV-vis. and TD-DFT analysis

The experiment electronic behavior, computation HOMO/LUMO,
DOS and absorption TD-DFT/B3LYP spectra of the desired ligand
was recorded in methanol solution at room temperature [56-66].
HOMO/LUMO and DOS energy gabs showed very similar values
3.010 eV (Fig. 5a) and 2.922 eV (Fig. 5b) respectively, therefore, in
the event that the electron moved from HOMO to LUMO, the value
of the wavelength energy needed to exit it will go with 412 nm in
the case of AEyomojumo and 424 nm in the case of AEpgs. In the
experimental UV-vis. spectrum, Amax at 282 nm can be assigned to
the w—m* transitions in the aromatic rings [61]. The Apax at 285
and 303 nm assigned to the w—7* transition which involve the 7
electrons of the azo group [62]. Another band with two peaks at
478 and 494 nm is attributed to hydrazine structure (Fig. 5c). The

TD-DFT/B3LYP was performed in the MeOH solvent; in order com-
pare the result with the UV-vis. absorption under identical con-
ditions as illustrated in (Fig. 5c). The TD-DFT/B3LYP [63-65] cal-
culations reflected the presence of several transitions, the ener-
gies, excitation wavelengths, oscillator strengths (f) and percent
composition in forms of LUMO and HOMO dissolved MeOH solu-
tion are illustrated in Table 3 (only the first ten transitions with
f>0.03 were recorded). The mean three peaks at 232 nm attributed
to H-9=>LUMO (27%), and H-3=>L+1(68%), 302 nm attributed to
H-5=>LUMO (71%), HOMO =>L+1(23%) and H-1=>L+1(3%), and
467 nm attributed to HOMO =>LUMO (100%) as be seen in Ta-
ble 4 and Fig. 5c. A very small (1-10 nm) absorption shift be-
tween experimental and calculated Amax values were noted [56-
69]. The bandgap energy (Eg) of the desired ligand was calculated
from Tauc’s equations [70] using Eq. (1). The experimental value of
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Table 3
TD-DFT/B3LYP data in MeOH.
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No. E(cm™')  A(nm) Osc St(f)  Major contribs Minor contribs

1 21530.9 476.8 0.515 HOMO->LUMO(100%)

2 23650.6 422.8 0.166 H-1->LUMO(97%)

3 308314 3243 0.0367 H-5->LUMO(17%), H-3->LUMO(34%), HOMO->L+1(45%)

4 31097.5 321.6 0.0696 H-3->LUMO(62%), HOMO->L+1(29%) H-5->LUMO(6%)
5 33519.6 304.1 0.1756 H-5->LUMO(71%), HOMO->L+1(23%) H-1->L+1(3%)
6 36169.1 276.5 0.0836 HOMO->L+2(93%) H-1->L+ (2%)

7 39622.8 252.4 0.0189 H-7->LUMO(87%) H-1->L+3(3%), H->L+3(3%)
8 40764.9 245.3 0.0303 H-1->L+2(71%), HOMO->L+3(24%)

9 43166.8 233.9 0.0416 H-9->LUMO(27%), H-3->L+1(68%)

10 43845.9 228.1 0.0703 H-9->LUMO(57%), H-3->L+1(25%), HOMO->L+4(10%)

the indirect Eg was found to be 3.078 eV as seen in Fig. 5d which
is very close to Epps and Eyomopumo theoretical values.

ahv = A(hv — Eg)" (1)

4. Conclusion

The novel hydrazine methyl (Z)-2-(2-(2-oxonaphthalen-1(2H)-
ylidene)hydrazineyl)benzoate ligand isomer, was directly pre-
pared via tautomerization of (E)-methyl 2-((2-hydroxynaphthalen-
1-yl)diazenyl)benzoate in MeOH solvent with 88% yield. The ki-
netic favored hydrazine isomer has been confirmed by XRD-
crystal measurements; moreover, IR, UV-vis, CHN, and NMR
were used to support the physicochemical properties of hydrazine
ligand form. The single proton [O-H to N-H] intra-migration
[diazene<=>hydrazine| tautomerization has been computed via
the DFT in order to prove the superiority of hydrazine isomer over
diazene one. The HSA computation interactions reflected the pres-
ence of several [H...O and H...N] intra-hydrogen bonds supporting
the XRD-packing results. Moreover, the B3LYP/IR and TD-DFT com-
putation results were agreed to a very high degree with the exper-
imental FT-IR and UV-vis results respectively.
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