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This work presents the synthesis and characterization of a novel compound, 4-(2-(2-(2-formyl-
phenoxy)ethoxy)ethoxy)phthalonitrile as the aldehyde functional group substituted as a phthalonitrile de-
rivative. The spectroscopic properties of the compound were examined through Fourier-transform
infrared spectroscopy, Proton nuclear magnetic resonance, Carbon nuclear magnetic resonance, Ultravio-
let-visible spectroscopy, Mass spectrometry and elemental analyses. The molecular structure of the com-
pound was also confirmed using X-ray single-crystal data with a theoretical comparative approach.
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CHUHTE3A, MOJIEKYJICKA CTPYKTPYA U CIIEKTPOCKOIICKA
N NMPECMETKOBHA CTYAUJA
3A 4-(2-(2-(2-@OPMUJI®PEHOKCH)ETOKCH)ETOKCH)®TAJTOHUTPUJI
KAKO ®YHKIIMOHAJIN3NPAH ®TAJTOHUTPNJI

OBOj Tpya TmpeTcTaByBa CHHTE3a M KapaKTepusaldja Ha HOBO coeauHenue, 4-(2-(2-(2-
(hopMHIEHOKCH )€ TOKCH )eTOKCH ) TAIOHUTPUI KaKo ajjaexuaHa (QYHKIIMOHAIIHA TpyIa CYNCTUTYHpaHa
Kako (QranoHuTpuiieH nepuBar. CIEKTPOCKOICKUTE CBOJCTBA Ha COCIMHEHHETO Oea HCTPaXKeHU CO
dypueoBa TpanchopMHa UH(PAILPBEHA CIIEKTPOCKOINHUja, MPOTOHCKA HyKJIeapHA MarHeTHa PE30OHaHIIN]a,
jarjgepojiHa HyKJeapHa MarHeTHa pe3OHaHIUja, YJITPABHOJIETOBA - BHJUIMBA CIIEKTPOCKOINHja, MaceHa
CHEKTPOMETpHja U eJieMEHTHA aHanu3a. MoJieKyJickarta CTPYKTypa Ha COeMHEHUETO Oellle MOTBpIeHA U
co ynotpeba Ha peHreHcka audpakipja Ha MOHOKPHCTAN MPEKY TEOPETCKH KOMIIAPaTUBEH MPHUCTAIT.

Kayunu 300poBu: MmoHokpucta; anaexun; pranonurpwr; DFT; HOMO; LUMO
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1. INTRODUCTION

Phthalonitrile derivatives are the most wide-
ly used precursors for the preparation of phthalo-
cyanines, an important class of molecules [1]. In
addition, phthalonitriles are used for the synthesis
of high-performance polymers that display good
mechanical properties and thermal stability [2].

A comprehensive understanding of phthalo-
cyanine compounds continues to this day due to
increasing interest on the 18-n electronic delocali-
zation, thermal, photostability, coordination and
optical properties. Their architectural flexibility
also allows for the chemical and physical proper-
ties of these molecules to be regulated, which is an
extraordinary feature for material science and al-
lows these compounds to be used in many applica-
tions such as chemical sensors, photodynamic can-
cer therapy, liquid crystals, catalysis and non-linear
optics [3-7].

The preparation of phthalocyanines is car-
ried out via a cyclotetramerization reaction of
phthalonitriles. The synthesis of phthalonitriles
carrying functional groups leads to the formation
of functionalized phthalocyanines. Phthalocyanines
containing reactive groups have been a target of
interest for chemists to switch to new molecular
materials [8].

In this context, the development of alde-
hyde-substituted phthalocyanines from related
phthalonitriles is crucial since they may carry out
further chemical reactions on the macrocycle to
prepare a Schiff base which is important for the
development of coordination chemistry [9].

Using quantum chemistry and computation
methodologies can elucidate atomic structures,
charges and energetic information of the systems
with an accuracy equivalent to or greater than
those obtained experimentally. Therefore, theoreti-
cal calculations have been widely used as an effec-
tive tool for the intelligent design of new structures
and for the investigation of the underlying struc-
ture-activity relationship.

In this study, the synthesis and characteriza-
tion of 4-(2-(2-(2-formylphenoxy)ethoxy)ethoxy)
phthalonitrile was performed to prepare an alterna-
tive starting material for the synthesis of different
aldehyde substituted phthalocyanines. The x-ray
crystallographic characterization of the second
phthalonitrile derivative was performed as well as
computational studies, which included geometry
optimizations, HOMO and LUMO energies, de-
termining molecular descriptors and NMR. These
studies were performed with the DFT/B3LYP
method in different solvents. The theoretical re-

sults obtained from the computational studies were
compared with experimental data.

2. EXPERIMENTAL

2.1. Chemicals and instruments

The following chemicals were obtained from
Sigma-Aldrich; salicylaldehyde, 2-(2-chloroethoxy)
ethanoethanol, acetonitrile, K,CQOgz, nitrophthaloni-
trile, dimethylformamide (DMF), hexane, chloro-
form (CHCIs), methanol (MeOH), ethanol (EtOH)
and diethylether. All other reagents and solvents
were reagent grade quality and obtained from
commercial suppliers. All solvents were stored
over molecular sieves (4A) and subsequently dried
and purified, as described by Perrin and Armarego
[10]. An anaerobic, inert atmosphere was supplied
by argon through a dual-bank vacuum-gas mani-
fold system. Thin-Layer chromatography (TLC)
was performed using silica gel 60-HF254 as an
adsorbent. Column chromatography was per-
formed with a silica gel (Merck grade 60) and size
exclusion chromatography was conducted with a
Bio-beads gel (SX-1). Melting points were deter-
mined using a Barnstad-Electrotermel 9200 appa-
ratus and are uncorrected. Electronic spectra were
recorded on a Shimadzu UV-2600 Pc-spectro-
photometer with a 1 cm quartz cell. Infrared spec-
tra were recorded on a Perkin Elmer Spectrum two
FT-IR spectrophotometer equipped with Perkin
Elmer UATR-TWO diamond ATR and corrected
by applying the ATR-correction function of Perkin
Elmer Spectrum software. The *H and *C NMR
spectra were recorded with a Varian Mercury Plus
300 MHz spectrometer. Mass analysis was meas-
ured on a Micro-Mass Quatro LC/ULTIMA LC-
MS/MS spectrometer. The elemental composition
of the sample was analyzed with an element ana-
lyser (Flash 2000, Thermo Scientific).

2.2. X-ray crystallography

A suitable single crystal of the title com-
pound was mounted on goniometer and data were
collected at a STOE IPDS Il (2 image plate
detector) using a graphite monochromated MoKa
radiation (A = 0.71073 A). Cell parameters of the
compound were determined with WinGX software
[11]. The structure of the titled compound was
solved by the direct methods procedure in the
SHELXS-97 program [12]; all the non-hydrogen
atoms were refined anisotropically using the
SHELXL-2014/7 program [13].
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The molecular figures were prepared with
the help of Mercury and ORTEP-3 program pack-
ages [14, 15]. All geometrical calculations were
carried out using the program PLATON [16]. All
non-hydrogen atoms were fixed geometrically.
Selected crystallographic and refinement results
for the compound are presented in Table 1.

CCDC 1585050 contains supplementary
crystallographic data (excluding structure factors)

Table 1

for the compounds reported in this article. These
data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/deposit [or from the
Cambridge Crystallographic Data Centre (CCDC),
12 Union Road, Cambridge CB2 1EZ, UK; fax:
+44(0)1223 336033; e-mail: deposit@ccdc.cam.
ac.uk].

Crystallographic data and refinement parameters for the compound, C1gH1sC1aN4O4S;

Crystal data
Chemical formula

Mr

Crystal system, space group
Temperature (K)
a,b,c(A)

B

V (A%)

4

Radiation type

u (mm)

Crystal size (mm)
Data collection
Diffractometer
Absorption correction
Tmin, Tmax

No. of measured, independent and observed [I > 2o(1)] reflections

Rint

(sin 6/Aymax (A-1)
Refinement

R[F? > 26(F?)], wR(F?), S
H-atom treatment

Apmax, Apmin (¢ A3)

C19H16N204
336.34
Monoclinic, P21/c
296

13.6125 (12), 15.9430 (15), 8.4237 (7)
107.059 (6)
1747.7 (3)

4

Mo Ka

0.09

0.75 x 0.32 x 0.09

STOE IPDS 2 diffractometer
Integration

0.600, 0.790

13779, 3252, 1352

0.129

0.606

0.085, 0.195, 1.01
H-atom parameters constrained
0.18, -0.19

2.3. Computational methods

A conformational search to determine the
stable structure of synthesized compound was per-
formed with a semi-empirical PM6 method [17]
using the program Spartan'l6 v1.1.4 [18]. The ob-
tained most stable conformer structure was opti-
mized with a semi-empirical PM6 method and the
Density Functional Theory (DFT) B3LYP (Becke's
Three Parameter Hybrid Functional using the Lee,
Yang and Parr Correlation Functional) [19] with
the 6-311++G(d,p) method in the gas and DMF
phases with the IEF-PCM approach [20]. The Ewo-
mo-ELumo were calculated using time-dependent
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density functional theory (TD-DFT) at the
B3LYP/6-311+G(d,p) levels in DMF phase, which
was done by using the Self-Consistent Reaction
Field (SCRF) method. The calculation of nuclear
magnetic resonance (NMR) shielding tensors with
the Gauge-Independent Atomic Orbital (GIAO)
[21] method was computed with same basis set for
the synthesized compound when gas, CDClIs or d-
DMSO were used as a solvent. At the same time
molecular descriptors such as electronegativity (y),
electron affinity (A), hardness (i), softness (S),
electrophilicity index (@) must be defined by the
same computational methods. There is a practical
calculation method to calculate for chemical hard-
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ness () and electronegativity (x) (Eq. 1), as given
by Parr and Pearson [22].

_ I-A

> Eq. 1

where | is the ionization potential and A is the elec-
tron affinity. The Koopman’s theorem was used for
the calculation of I and A values derived from the
frontier orbital energies of optimized neutral mole-
cules, according to this theorem | = —Enomo and A
= —Erumo. Using Koopman’s theorem, the chemi-
cal hardness and electronegativity are defined in
terms of orbital energies (Eq. 2):

E(LUMO) — E(HOMO)
n ~ 2 4
__ —E(LUMO)-E(HOMO)
2

b Eq. 2
The » and S values are calculated by the fol-
lowing Eq. 3:

W=pd2n, S~ —

7 Eqg. 3

All visualizations and calculations were car-
ried out with the methods implemented in
GaussView5.0 [23] and Gaussian 09 package [24].

2.4. Synthesis
2.4.1. 2-(2-(2-hydroxyethoxy)ethoxy)benzaldehyde (1)

The preparation of 1 was carried out by re-
action of salicylaldenyde and 2-(2-chloro-
ethoxy)ethanol according to the published litera-
ture [25]. The spectral data of 1 are in accordance
with the published structure.

2.4.2. 4-(2-(2-(2-formylphenoxy)ethoxy)ethoxy)
phthalonitrile (2)

4-Nitrophthalonitrile (0.5 g, 2.9 mmol) and

(0.61 g; 2.9 mmol) were dissolved in N,N- dime-
thylformamide (15ml), dissolved and degassed by
argon in a dual-bank vacuum-gas manifold system.
After stirring for 15 minutes, finely ground anhy-
drous potassium carbonate (1 g, 7.2 mmol) was
added portion-wise over two hours with efficient
stirring. The suspension solution was maintained at
60 °C for 24 hours. The progress of the reaction
was monitored by TLC using CHCls/Hexane (5/1)
solvent system. When the reaction was completed,
the crude product was precipitated by pouring it
into ice water (100 ml). The water phase was ex-
tracted with diethylether (3 x 25 ml) and the com-
bined organic extracts were washed with water and
dried over Na;SO4. The product was then purified
with column chromatography on a silica-gel and
eluting with a CHCls/Hexane (5/1) solvent system
to yield (2) as white solid (yield = 92 % (0.89 g)).
FT-IR (UATR-TWO™) v max/cm: 3078 (Ar, C-
H), 2935-2873 (Aliph., C-H), 2720 (O=C-H), 2229
(-C=N), 1681 (-C=0), 1597 (C=C), 1485,1454 (C-
C), 1286 (Asym., Ar-O-), 1242 (C-O-C), 1161
(Sym., Ar-O-), 1134, 1097, 1043, 831, 759. 'H-
NMR (DMSO) & (ppm): 10.34 (s, 1H), 8.24 (d,
1H), 8.01-8.06 (m, 2H), 7.74-7.66 (m, 1H), 7.45
(d, 1H), 7.23 (d, 1H), 7.05-7.11 (m, 1H), 4.30 (t,
4H), 3.88 (t, 4H). ¥C-NMR (CDCls) & (ppm):
190.64, 162.51, 159.12, 137.28, 128.12, 125.44,
124.99, 121.57, 120.92, 120.75, 117.78, 116.91,
116.42, 114.62, 111.27, 69.41, 68.96. MS (ESI):
m/z 338.25 [M+1]*, 372.23 [M+2H,0]*, 322.23
[M-CHO]*

Anal. Calc. for CigHisN2O4 (%): C, 67.85;
H, 4.79; N, 8.33; O, 19.03; Found (%): C, 67.68;
H, 4.81; N, 8.30.

3. RESULTS AND DISCUSSION

3.1. Synthesis and spectroscopic characterization

Scheme 1 shows the synthetic route for tar-

2-(2-(2-hydroxyethoxy)ethoxy)benzaldehyde (1) get compound 2.
CN
O,N CN
OH . 0] o) OH CN o ) o) CN
1
— .
=0 =0 ! —0
1 2

Scheme 1. Synthesis route: (i) 2-(2-chloroethoxy)ethanol, K2COs, (1), CHsCN, reflux (ii) DMF, K2COs, 4-nitrophthalonitrile, 60 °C
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As a first step, 2-(2-(2-hydroxyethoxy)eth-
oxy)benzaldehyde (1) was prepared by reacting of
commercially available salicylaldehyde with 2-(2-
chloroethoxy)ethanol in acetonitrile in the presence
of K,COs3 using an established procedure [25]. The
compound  4-(2-(2-(2-formylphenoxy)ethoxy)eth-
oxy)phthalonitrile (2) was obtained as a white
powder from the reaction of 2-(2-(2-hydro-
xyethoxy)ethoxy)benzaldehyde (1) and 4-nitro-
phthalonitrile, using K,COs as a catalyst in DMF
through stirring at 60 °C for 24 hours. The purifi-
cation of 2 was performed by column chromatog-
raphy (silica gel, eluent: CHCls/Hexane — 5/1),
resulting in 92 % vyield. A suitable crystal of mole-
cule 2 was isolated for x-ray analysis upon crystal-
lization from a CHCls/methanol solution.

The characterization of product (2) was
carried out through combination of methods in-

cluding FT-IR, 'H-NMR, BC-NMR, mass spec-
troscopy and elemental analysis. All the spectral
data are in accordance with the proposed structure.
More specifically, when comparing the FT-IR
spectra of 1 and 2, the disappearance of -OH vi-
bration at 3399 cm™ and the appearance of new
absorption bands at 2229 cm clearly indicated the
formation of 2. The peak attributed to the —-C=0
stretching was observed at 1657 cm™ in the FT-IR
spectra of compound 1, but shifted to 1681 cmin
the FT-IR spectrum of compound 2. In addition,
the typical aliphatic —C-H vibrational bands at
2935-2873 cm! were assigned to —~C-H stretching
of the ethylene groups of compound 2. The other
sharp peaks at 1286 cm™, 1242 cm™, 1161 cm*
and 1134 cm were attributed to asym. Ar-O-, C-
0O-C, sym. Ar-O- and sym. Ar-O- stretching bands,
respectively (Fig. 1).

4000 3200 2800 2400 2000
IR250610-3

1800 1600 1400 1200 1000 800 600

1/cm

1485
1400 -

1597

Figure 1. FT-IR spectrum of compound 2

The 'H-NMR data provided satisfactory in-
formation about the proposed structure of the tar-
get compound (2). When comparing the *H-NMR
spectra of compound 1 and 2, the disappearances
of the OH proton signal of 2-(2-(2-hydroxy-
ethoxy)ethoxy)benzaldehyde (1) in the 'H-NMR
spectra in compound 2 and the appearance of new
peaks in aromatic region at 8.24 ppm, 7.45 ppm,
7.23 ppm arising from phthalonitrile unit are evi-
dence of the substitution of the phthalonitrile de-
rivative 2 (Fig. 2). Aliphatic peaks belonging to
ethylene chains were observed at 4.30 ppm and
3.88 ppm as a triplet; these peaks were expected
results. The other aromatic peaks where the alde-

Maced. J. Chem. Chem. Eng. 38 (1), 63-74 (2019)

hyde is present were seen at 7.74-7.66 ppm, 7.45
ppm and 7.11-7.05 ppm. The characteristic alde-
hyde proton was detected as a singlet at 10.34
ppm.

In the ¥*C-NMR spectrum of compound 2
(Fig. 3), the presence of the signal at 116.91 ppm
and 116.42 ppm attributed to the nitrile carbon at-
oms are distinct differences from compound 1. The
aromatic carbon atoms peaks were appeared at be-
tween 162.51 ppm and 114.62 ppm. The aliphatic
carbon peaks linking two aromatic rings emerged at
69.41 ppm and 68.96 ppm. The theoretical *H and
13C chemical shift values of the title compound are
comparative with the experimental ones (Table 2).
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Figure 3. 13C-NMR spectrum of compound 2
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The mass spectrum of compound 2 was ob-
tained by the LC-MS/MS spectrometer, thus con-
firming the proposed structure. In the mass spec-
trum of 2, the presence of molecular ion peak (m/z:
338.25 [M+1]*) indicates the formation of desired
product. Apart from the 2 moles of H-0O, there was
an adducted ion peak at m/z: 372.23 [M+2H,0]*
and the fragment ion peak at 322.23 [M-CHO]" in
the mass spectrum (Fig. 4)

Table 2

322.23

338.256
i §

372.23

0
100 120 140

180

180 200 220

240

260

280

300 320 340

360 380

400 "7

Figure 4. Mass spectrum of 2.

Theoretical (according to the calculations of B3LYP/6-311+G(d,p) in different solvents) and
experimental **C and *H isotropic chemical shifts with respect to TMS. All values are given in ppm.

Atom number In gas In d-DMSO In CDCls Experimental
C19 195.357 198.3438 198.8295 190.64
Cc4 172.7184 174.6568 175.0534 162.51
C13 171.5166 173.067 173.4391 159.12
C6 127.2665 129.3075 129.7005 137.28
C15 145.2828 147.1157 147.4991 128.12
C17 138.538 138.0221 138.1751 125.44
C18 133.2326 133.5225 133.7743 124.99
C16 129.4018 129.2806 129.5107 121.57
C5 130.3418 132.3476 132.7441 120.92

20 C3 144.8431 146.0819 146.4103 120.75

C2 117.5702 115.5764 115.6195 117.78

C1 123.4168 126.3592 126.8614 116.91

C8 124.0669 126.4402 126.8804 116.42

C14 116.9981 118.9701 119.3954 114.62

c7 126.8688 126.022 126.1841 111.27
C10 79.945 80.244 80.504 69.41
Cl1 77.845 78.032 78.279 69.41

C9 75.141 76.207 76.529 68.96
C12 73.092 74.12 74.445 68.96

s, 1H; H19 11.16 11.1326 11.1321 10.34
d, 1H; H6 8.2259 8.3852 8.40 8.24
s, 1H; H3 8.3009 8.5082 8.5277 8.07
d, 1H; H17 8.8364 8.7732 8.7681 8.01
m, 1H; H15 8.3119 8.465 8.4809 7.74
T m, 1H; H5 7.8965 8.0819 8.099 7.45
d, 1H; H14 7.4251 7.6498 7.6744 7.23
t, 1H; H16 7.8211 7.8667 7.8717 7.05
t, 2H; H12 4.9296 4.9517 4.9561 4.3
t, 2H; H9 4.9217 5.1713 5.0827 4.3
t, 2H; H11 4.5015 4.563 4.5693 3.88
t, 2H; H10 4.5296 4.6735 4.6894 3.88

Maced. J. Chem. Chem. Eng. 38 (1), 63-74 (2019)
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3.2. Crystal structure description of the compound

The compound crystallizes in the monoclinic
space group P2:/c with one molecule in the asym-
metric unit. The single crystal X-ray structure is
shown in Figure 5. In the title compound, the
phthalonitrile ring and the formylphenoxy ring are
non-planar, while the dihedral angle between the
two rings is 79.4(1)".

The selected geometric parameters (Table 3)
at oxygen and nitrogen atoms also show substantial
variations from threefold symmetry. The similarity
of the C—O bond lengths, apart from the C19—
04 bond length, indicates localized bonding ar-
rangements rather than delocalized bonds. The
04—C19—C18 angle around the carbonyl carbon
of the aldehyde group is 122.5(6)°. At the same
time, this angle was calculated with the theoretical
method, which reported the O—C—C angle as

124.886° and —124.906° in gas and DMF phases,
respectively.

The conformation about the two cyano
groups C1—N1 and C8—N2 bonds are 1.141(6)
and 1.140(7) A (where the N1—C1—C2 and N2—
C8—C7 dihedral angle is 179.0(6) and 178.4(6)°,
respectively (Table 3). These lengths follow litera-
ture values [26]. The optimized geometric structure
with DFT/B3LYP/6-311++G(d,p) method in the
gas and DMF phases is also compared with the
experimental values in Table 3. These C1—N1 and
C8—N2 bonds lengths are computed 1.15505 and
1.15561 A in gas and 1.5523 and 1.15621 A in
DMF phase, respectively. Furthermore, the N1—
C1—C2 and N2—C8—C7 dihedral angles are cal-
culated 177.890 and 178.628° in gas and 178.939
and 179.101° in DMF phase, respectively. The ob-
tained values in the solvent phase overlap more
according to the gas phase.

(b)

Figure 5. (a) The molecular structure of the C19H16N204 with the displacement ellipsoids of non-hydrogen atoms
drawn at the 30 % probability level. (b) Optimized structure of the title compound

Maced. J. Chem. Chem. Eng. 38 (1), 63-74 (2019)
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Table 3

Selected bond lengths (4) and angles (°) for C1sH1sN204 structure.
These data include those obtained experimentally and those calculated
with the DFT/B3LYP/6-311++G(d,p) method in both gas and DMF phases

Calculated
Exp

In gas In DMF
Bond lengths (A)
02—C10 1.414 (5) 1.41523 1.41824
02—C11 1.416 (5) 1.41931 1.42122
01—C4 1.346 (5) 1.35697 1.35117
01—C9 1.432 (5) 1.43439 1.44090
03—C13 1.352 (6) 1.36243 1.35733
03—C12 1.426 (5) 1.42580 1.43249
04—C19 1.226 (6) 1.21533 1.22016
Cl1—N1 1.141 (6) 1.15505 1.5523
C8—N2 1.140 (7) 1.15561 1.15621
Bond angles (°)
C10—02—C11 112.1(3) 114.548 113.519
C4—01—C9 119.3 (4) 121.749 119.635
C13—03—C12 119.4 (4) 119.867 119.742
01—C4—C3 116.3 (5) 124.886 124.906
N1—C1—C2 179.0 (6) 177.890 178.939
N2—C8—C7 178.4 (6) 178.628 179.101
04—C19—C18 122.5 (6) 124.886 124.906
Torsion angles (°)
C4—01—C9—C10 -173.2 (4) 96.523 97.656
C12—03—C13—C14 1.2 (7) -4.198 -1.24
03—C12—C11—-02 719 (5) 72.452 71.732
01—C9—C10—02 68.9 (5) 71.750 70.756
C10—02—C11—C12 175.3 (4) 165.865 170.314
C13—C18—C19—04 176.3 (5) 179.696 179.329

In the crystal, hydrogen-bonding and Van H12a atom bonded to the C12 atom [C12—
der-Waals interactions are dominant. The H atoms H12a...Cg(2)"; symmetry code; (iii) x,1/2-y,1/2+z].

in the phthalonitrile ring form intermolecular C— Furthermore, the m-n stacking interactions between
H...N and C—H...O interactions, linking mole- the phthalonitrile rings with a centroid-centroid
cules to form chains (Figure 6b). Intermolecular [Cg(1)-Cg(1)] distance of 3.592 A [Cg (1) are the
C—H...n interactions support hydrogen bond ge- centroid of the C2-C7 ring (symmetry code: —X,1—
ometry. An interaction occurred between the centre y,1-7)]. The detailed geometric parameters of the

of the Cg(2) ring identified with C13-C18 and the hydrogen bonds are given in Table 4.

Table 4
Hydrogen-bond geometries (4, ) for C1gH16N204
DH-A DH H-A DA D-H--A
C19-H19---03 0.93 242 2.740(7) 100
C3-H3---04 0.93 2.454 3.336 158
C5-H5---N1i 0.93 2.586 3.348 140
C12-H12a---Cg(2) i 0.97 2.75 3.56 142

|Symmetry codes|: i: X, —y+3/2, z-1/2; ii: —x+2, y+1/2, —z+3/2; iii: x,1/2-y,1/2+z; Cg(1):C2-C7.
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@

(b)

Figure 6. (a) Crystal-packing diagram of the title compound, C19H16N204, along the c-axis. (b) In the crystal-packing diagram,
hydrogen bonds are shown as dashed lines along with C5—HS5--N1 (purple) and C3—H3:---04 (yellow).

The HOMO-LUMO energies are directly
related to ionization potential and electron affinity.
The energy and distribution of the HOMO-LUMO
orbitals and difference between Enomo-ELumo gap
are an essential point of stability for the molecules.
A molecule with a small gap is more polarized and
known as soft molecule. HOMO-LUMO orbital
distribution and bandgap values of a synthesized
compound were calculated by theoretical methods
gathered in gas and DMF phases (Fig.7).
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-0.24816 -0.24621
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An important point that the HOMO orbitals
are mainly localized on the formylphenoxy,
whereas the LUMO orbitals are distributed within
the phthalonitrile groups of the molecule. This
means that the formylphenoxy group in the mole-
cule would be more easily attacked. Another point
is that Enomo-ELumo bandgap (0.15926 eV) in
DMSO is smallest value in all studied phases,
showing that the molecule in the DMSO solvent
has a stronger electron donating ability.

‘.
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Figure 7. The HOMO-LUMO energies (eV) of the title molecule calculated by DFT/B3LYP/6-311+G(d,p)
and bandgaps are in gas, DMF, DMSO and CDCls phases
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Molecular descriptor values obtained from
the total energy for the title molecule in both gas
and different solvents such as DMF, DMSO and
CDClI; are listed in Table 5. The hardness value (1))
is one-half the HOMO-LUMO gap of title mole-
cule. Therefore, the larger the gap, the greater the
hardness and thus stability of the title molecule.
This property is therefore a powerful indicator that
ultimately determines that hard molecules are less
reactive than softer molecules. Table 5 shows that
hardness is affected by solvent selectivity. In the gas
phase and the phases of all of the studied solvents,
the molecule has larger hardness value in when dis-
solved in DMSO. This finding is according to the

Table 5

greater hardness value of the molecule, indicating its
greater stability. As hard molecules are less reactive
than softer molecules [27], the stability order is
therefore DMSO>CDCI;>DMF>gas phase. A mol-
ecule with low chemical potential is a good elec-
trophile, while an extremely hard molecule has
feeble electron acceptability. Electrophilicity de-
pends on both the chemical potential and the chem-
ical hardness [28]. The calculated y and ® values
show that the more polar a solvent, the more it
contributes to accentuate the parametric represen-
tation of activity. Additionally, we observed that
solvent selection has a considerable effect on elec-
trophile/nucleophile interactions.

Molecular descriptors values of the title molecule calculated by DFT/B3LYP/6-311+G(d,p) level of theory

Molecular descriptors

Solvent Enomo ELumo A | ] X o S

Gas -0.24816  -0.08422 0.24816 0.08422  -0.08197  0.16619  -0.16847 —6.09979
DMF -0.24621  -0.08634 0.24621 0.08634  -0.07994  0.16628  -0.17294 -6.25508
DMSO -0.24730  -0.08804 0.24730 0.08804  -0.07963  0.16767  -0.17652 —6.27904
CDCL3 -0.24622  -0.08659 0.24622 0.08659  -0.07982  0.16641  -0.17347 -6.26449

4. CONCLUSION

In this work, 4-(2-(2-(2-formylphenoxy)
ethoxy)ethoxy)phthalonitrile (compound 2) was
synthesized and characterized by FT-IR, 'H-NMR,
BC-NMR, UV-vis, MS, elemental analyses. This
compound was obtained as single crystal, suitable
for X-ray analysis. All crystallographic data agree
with the theoretical bond lengths, angles, dihedral
angles of compound 2. The *H- NMR and *3C-
NMR results of the theoretical spectra agree with
the experimental data. The value of the energy
separation between the HOMO and LUMO pro-
vides important information about the title com-
pound studied in gas, CDCIl; and DMSO. The
Eromo-ELumo bandgap (015926 eV) in the DMSO
is the smallest value in all studied phases, indicat-
ing that the molecule in DMSO solvent has strong-
er electron donating ability. Molecular descriptor
values allow us to evaluate the molecule in terms
of reactivity. These results imply that the molecule
has larger hardness value in DMSO solvent, mean-
ing that it is less reactive there than in any of the
other studied solvents.
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