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SYNTHESIS, EXPERIMENTAL AND THEORETICAL CHARACTERIZATION OF N,N’-
DIACETYL-1,13-DIAZA-24-CROWN-8

ABSTRACT

This work presents the characterization of N,N’-diacetyl-1,13-
diaza-24-crown-8 (I) by gquantum chemical calculations and spectral
techniques. The molecular geometry and gauge including atomic orbital
(GIAO) 'H and '3C NMR chemical shift values of I in the ground state
have been calculated using the density functional method (B3LYP) with
the 6-31G(d,p) Dbasis set. The calculated results show that the
optimized geometry can well reproduce the crystal structure, and the
theoretical chemical shift values show good agreement with
experimental values. The predicted non-linear optical properties of I
are greater than ones of wurea. In addition, DFT calculations of
molecular electrostatic potentials and frontier molecular orbitals of
I were carried out at the B3LYP/6-31G(d,p) level of theory.

Keywords: N,N’-diacetyl-1,13-diaza-24-crown-8, DFT, NMR, Single-

Crystal X-Ray Study, MEP

N,N’-DIASETiL-1,13-DIAZA-24-CROWN-8’IN SENTEZI, DENEYSEL VE TEORIK
KAREKTERIZASYONU

OZET

Bu <c¢alisma da N,N’-diasetil-1,13-diaza-24-crown-8’in spektral
teknikler ve kimyasal hesaplamalar ile karakterizasyonu sunulmaktadir.
Molekiiliin geometrisi, 'H wve *C kimyasal kayma dederleri yodunluk
fonksiyon metoduna (B3LYP) gbdre 6-31G(d,p) seti kullanilarak temel
halde hesaplanmistir. Hesaplanan optimize vyapi ve kimyasal kayma
degerleri deneysel sonucglar ile iyi bir uyum icerisindedir. Molekilin
dogrusal olmayan optik 0©0zellikleri Ure’ye gdre daha biyiiktir. Bunlara
ek olarak, molekiiler elektrostatik potansiyel (MEP) ve sinir molekiiler
orbitaller B3LYP/6-31G(d,p) teori seviyesinde DFT hesaplamalari ile
gerceklestirilmistir.

Anahtar Kelimler: N,N’-diacetyl-1,13-diaza-24-crown-8, DFT, NMR,

Single-Kristal X-Isini Calismasi, MEP


mailto:mkoparir@firat.edu.tr
http://www.wsa.com.tr/

e-Journal of New World Sciences Academy 4ERI
NWSA-Physical Sciences, 340062, 8, (1), 11-23. NUSA
Koparir, M.

1. INTRODUCTION (GIRiS)

Synthetic macrocycles, in particular crown ethers, have been
known for over three quarters of a century, although a real spate of
publications in this area was observed in the late 1960s [1 and 2]. In
that period, thousands of macrocyclic compounds were reported, and
since then their number has increased markedly from year to vyear.
Crown ethers contains “hard” ether-oxygen-bridges and show a binding
preference toward “hard” metals (such as alkali and alkaline earth
metal cation). The replacement of oxygen-bridge with “soft” sulfide or
amine linkages can shift their preference towards “soft” heavy metal
cations [3]. Thus, selectivity can be tuned by combining different
hard/soft donor atoms in one ring system.

In recent vyears, density functional theory (DFT) has been
extensively used in theoretical modeling. The development of better
exchange-correlation functionals has made it possible to calculate
many molecular properties with comparable accuracies to traditionally
correlated ab initio methods, with more favorable computational costs

[4]. Literature survey has revealed that the DFT has a great accuracy
in reproducing the experimental values in geometry, dipole moment,
vibrational frequency, etc. [5, 6, 7, 8 and 9].

The aim of this study 1is to investigate the energetic and
structural properties of the crown compound, N,N’-diacetyl-1,13-diaza-
24-crown-8 (Figure 1), using density functional theory calculations.
In this study, the optimized geometry, frontier molecular orbitals
(FMO), molecular electrostatic potentials (MEP) and nonlinear optical
properties of I have been studied. These calculations are valuable for
providing insight into molecular properties of crown ether compounds.

. )

Figure 1. Chemical diagram of N,N’-diacetyl-1,13-diaza-24-crown-38
(Sekil. 1. N,N’-diacetyl-1,13-diaza-24-crown-8’ in kimyasal formiili)

2. RESEARCH SIGNIFICANCE (CALISMANIN ONEMI)

Computational chemistry and molecular modeling 1is a fast
emerging area which is used for the modeling and simulation of small
chemical and biological systems 1in order to understand and predict
their Dbehavior at the molecular level. It has a wide range of
applications in wvarious disciplines of engineering sciences, such as
materials science, chemical engineering, biomedical engineering, etc.
Knowledge of computational chemistry 1is essential to understand the
behavior of nanosystems; it 1is probably the easiest route or gateway
to the fast-growing discipline of nanosciences and nanotechnology,
which covers many areas of research dealing with objects that are
measured 1in nanometers and which 1is expected to revolutionize the
industrial sector in the coming decades.

The analysis of such substances in the field of computational
materials science and technology is limited, so this study has been
important contribution in this field.
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3. MATERIALS AND METHODS (MATERYAL VE METOD)
3.1. Physical Measurements and Synthesis
(Fiziksel Olgiimler ve Sentez)

Melting points were determined on a Thomas Hoover melting point
apparatus and uncorrected, but checked by differential scanning
calorimeter (DSC). The I.R. spectra were measured with Perkin-Elmer
Spectrum one FT-IR spectrophotometer. Electronic spectral studies were
conducted on a Shimadzu model UV-1700 spectrophotometer in the
wavelength 1100-200 nm. The 'H and '3C spectra were taken on Bruker AC-
400 NMR spectrometer operating at 400 MHz for 'H, 100 MHz for !*C NMR.
Compound was dissolved in CDCl; and chemical shifts were referenced to

™S ('H and '*C NMR). Starting chemicals were obtained from Merck or
Aldrich. N,N’-diacetyl-1,13-diaza-24-crown-38 (I) was prepared
according to a method given in the literature [10].

(W\o 0/“7 (f‘o bﬂﬂ7

o
(NH 0j Ac,0, (DMAP) X E"\( 5 °j
- oy dry CH.CI, o /“\N
k/o D\) k/’o 0\.)
Nt __/

i

To a solution of 1,13-diaza-24-crown-8 (820 mg, 2.34 mmol), 4-
dimethylaminopyridine (DMAP, 57 mg, 0.468 mmol) and Et3N (824 mg, 8.1
mmol) in dry CH,Cl, (40 ml) was added freshly distilled Ac,0 (529 mg,
5.2 mmol), and the resulting mixture was refluxed for 2 d. The
reaction mixture was allowed to cool gradually to ambient temperature
and then was washed with water (3 X 50 ml). The organic layer was
dried (MgSO,) and filtered, and the filtrate concentrated in vacuo. The
residue was purified via column chromatography on silica gel by
eluting with 5% MeOH-CHCl;. Workup of the eluate afforded the title
compound (280 mg, 27%) as a colorless waxy solid. Single crystals,
m.p. 85.5%86.5°C, were obtained via fractional recrystallization from
CH,Cl,-hexane. IR (KBr) 2880 (m), 2865 (m), 1638 (s), 1100 cm™ (s);
'HNMR (CDCl;) & 2.09 (s, 6H), 3.48%3.65 (m, 32H); '°C NMR (CDCl;) & 21.6
(g, 2C), 46.6 (t), 46.8 (t), 49.9 (t, 2C), 69.4 (t), 69.6 (t), 69.7
(t), 70.0(t), 70.3 (t), 70.4 (t), 70.5 (t), 70.56 (t, 2C), 70.62 (t),
70.8 (t), 71.0 (t), 171.0 (t, 2C). Analysis calculated for C,yH3sN,04: C
55.26, H 8.82%; found: C 55.35, H 8.76%.

3.2. Computational Methods (Hesaplama Yontemleri)

The molecular geometry was taken directly from the X-ray
diffraction experimental result without any constraints. In the next
step, the DFT calculations with a hybrid functional B3LYP (Becke’s
Three parameter hybrid functional using the LYP correlation
functional) with the 6-31G(d,p) basis set using the Berny method [11
and 12] were performed with the Gaussian 09W software package [13]. To
investigate the reactive sites of I the molecular electrostatic
potentials were evaluated wusing B3LYP/6-31G(d,p) method. The mean
linear polarizability and mean first hyperpolarizability properties of
I were obtained from molecular polarizabilities based on theoretical
calculations. In addition, frontier molecular orbitals (FMO) for the
title compound were performed with B3LYP/6-31G(d,p) the optimized
Sstructure.
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4.

FINDINGS (BULGULAR)

4.1. Description of the Crystal Structure

(Kristal Yapinin Tanimlanmasi)
The crystal structure of I is triclinic and space group P1,

molecule makes up the asymmetric unit,
through the crystallographic inversion center.
a rough plane with the acetyl groups roughly orthogonal to that plane,

Table 1. Crystallographic data for title compound

[10].

(Tablo 1. Baslik bilesigi ig¢in kristalografik veriler [10

Chemical formula Co0H3gN,0g
Formula weight 434.5
Temperature (K) 100
Crystal system Triclinic
Space group Pl

Unit cell parameters

a (&) 7.4145 (12)
b (&) 8.145 (2)
c (&) 10.299 (3)
B(®) 105.103 (18)
Volume (A% 550.2 (3)
Z 1

Dcalc (g/cm’) 1.311

Crystal size (mm)

0.52 x0.43 x

0.30

Reflections observed [I >20(I)]

2357

Data/parameters 2644/137
R [F*>20 (F7) ] 0.015
wR (F7) 0.087
Goodness-of-fit on Indicator 1.03
Structure determination SHELX97

Refinement

Full matrix

Apmax, Apmin (e/ A%

0.34, -0.23

M, =

a= 7.4145 (12) A, b= 8.145 (2) c= 10.299 (3) A, p= 105.103
and V= 550.2(3) A%, Dx= 1.311 g/cm%. Additional information for
structure determinations are given 1n Table 1. Half of the

the other half 1is generated
The crown ring lies in

but placed on opposite sides. The crown ether 1is collapsed in on
itself, as 1s commonly observed the structures of 1large,
uncomplexed crown ethers [14].

This is the first X-ray structure of a 24-crown-8 ether without
sterically constraining groups on the crown backbone (such as benzo or
cyclohexano). As such, 1t may represent a relatively 1low energy
conformation for 24-crown-8. The collapse of an uncomplexed crown ring
typically leads to favorable intramolecular C-H--:0 bonding [19],
which may influence the observed conformation. Only one such bond is
observed here (Cl-H1B---03), but an intramolecular H bond is also
observed between one of the acetyl methyl H atoms and 01 (Table 2).
The orientation of the acetyl group may also be affected by a short
contact between 04 and H8B (2.42 A, see Table 2).
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Table 2. Hydrogen bonding geometry (A,°) for the title compound.

(Tablo 2. Baslik bilesigi icin hidrjen badi geometrisi (&,°) )

D - H---A D - H H---A D---A D - H---A
Cl - H1B---03 0.99 2.49 3.1181 (15) 121
Cc2 - H2A---04% 0.99 2.52 3.4804 (16) 163
C6 — H6A---02% 0.99 2.58 3.5592 (16) 169
C8 — HB8A---04 0.99 2.42 2.6822 (15) 94
C10 - H10B---01 0.98 2.42 3.2613 (16) 144

Symmetry code: (i) - x, 1 - vy, 1 - z ; (ii) X, y, 1 + z.

4.2. Optimized Geometry (Geometrinin Optimizasyonu)

The optimized parameters (bond lengths, bond angles, and dihedral
angles) of I were obtained using the B3LYP/6-31G(d,p) method. The
atomic numbering scheme of the theoretical geometric structure 1is
shown in Fig. 2B. Calculated geometric parameters are listed in Table
3 along with the experimental data. When the X-ray structure of I is
compared with its optimized counterparts (see Figure 3), slight
conformational discrepancies are observed between them. We note that
the experimental results are for the solid phase and the theoretical
calculations are for the gas phase. In the solid state, the existence
of a crystal field along with the intermolecular interactions connects
the molecules together, which results in the differences in bond
parameters between the calculated and experimental values.

ﬁ.
’ ;zﬁ{& >
J‘}f‘ P

J“

o4

(a) (B)

Figure 2. (A) Ortep-3 diagram of the title compound (B) The
theoretical geometric structure of the title compound (with B3LYP/6-
31G(d,p) level).

(Sekil 2. (A) Baslik bilesiginin Ortep-3 yapisi (B) Baslik bilesiginin
hesaplanan geometrik yapisi (B3LYP/6-31G(d,p) seviyesi ile).
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Table 3. Selected molecular structure parameters.

(Tablo 3. Se¢ilmis molekiiler yapi parametreleri)

Parameters Experimental B3LYP/6-31G(d, p)
Bond lengths (A)
O(l)-C(2) 1.4297 (13) 1.4228
0(1l)-C(3) 1.4218 (11) 1.4176
0(2)-C(4) 1.4209 (13) 1.4146
0(2)-C(5) 1.4292 (14) 1.4171
0(3)-C(6) 1.4268 (12) 1.4134
0(3)-C(7) 1.4202 (12) 1.4215
0(4)-C(9) 1.2342 (12) 1.2308
N-C (1) 1.4666 (13) 1.4655
N-C(8) 1.4642 (14) 1.4638
N-C(9) 1.3511 (14) 1.3754
RMSE? 0.013
Bond Angles (°)
C(2)-0(1)-C(3) 112.18 (8) 113.03
C(4)-0(2)-C(5) 111.43 (7) 113.05
C(6)-0(3)-C(7) 115.90 (7) 115.86
C(1l)-N-C(8) 116.92 (8) 117.25
C(1l)-N-C(9) 125.10 (9) 125.14
C(8)-N-C(9) 117.65 (8) 116.82
N-C(1)-C(2) 112.65 (8) 114.07
O(1l)-C(2)-C(1) 108.27 (8) 110.04
O(1)-C(3)-C(4) 109.16 (8) 110.10
0(2)-C(4)-C(3) 109.46 (8) 109.59
0(2)-C(5)-C(6) 108.89 (8) 109.12
0(3)-C(6)-C(5) 109.48 (7) 109.09
0(3)-C(7)-C(8) 108.01 (8) 108.41
N-C (8)-C(7) 110.81 (8) 112.03
0(4)-C(9)-N 121.24 (10) 120.98
0(4)-C(9)-C(10) 120.40 (10) 121.24
N-C(9)-C(10) 118.36 (9) 117.78
RMSE® 0.489
Dihedral angles (°)
C(3)-0(1)-C(2)-C(1) 175.08 (8) 169.60
C(2)-0(1)-C(3)-C(4) 174.85 (8) 174.02
C(5)-0(2)-C(4)-C(3) -178.31 (7) -176.92
C(4)-0(2)-C(5)-C(0) 173.89 (7) 175.87
C(7)-0(3)-C(6)-C(5) 143.41 (9) 154.89
C(6)-0(3)-C(7)-C(8) -148.26 (9) -151.92
C(1l)-N-C(8)-C(7) -93.00 (9) -90.74
C(8)-N-C(1)-C(2) -87.04 (10) -91.53

a

Between the bond lengths and the bond angles computed
by the theoretical method and those obtained from
X-ray diffraction.
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A logical method for globally comparing the structures obtained
with the theoretical calculations 1is by superimposing the molecular
skeleton with that obtained from X-ray diffraction, giving a RMSE of
0.137 A for B3LYP/6-31G(d,p) (Figure 3). This magnitude of RMSE can be
explained by the fact that the intermolecular Coulombic interaction
with the neighboring molecules are absent in gas phase, whereas the
experimental result corresponds to interacting molecules in the
crystal lattice [16].

Figure 3. Atom-by-atom superimposition of the structures
calculated (red) over the X-ray structure (black) for the title
compound.
(Sekil 3. Hesaplanan yapi (kirmizi) ve X-1sinl yapisinin (siyah)
Uist Uste c¢akistirilmasi)

4.3. NMR Spectra (NMR Spektrumu)

GIAO 'H and *°C chemical shift values (with respect to TMS) were
calculated wusing the B3LYP method with 6-31G(d,p) Dbasis set and
generally compared to the experimental 'H and !*C chemical shift
values. The results of this calculation are shown in Table 4.

We have calculated 'H chemical shift values (with respect to TMS)
of 2.60-4.24 ppm at B3LYP/6-31G(d,p) level, whereas the experimental
results are observed to be 2.09-3.65 ppm. The singlet observed at 2.09
ppm is assigned to C(10)H, and multiplet observed at 3.48-3.65 ppm is
assigned to C(1)H,-C(8)H, that have been calculated at 2.60 and 3.60-
4.24 ppm.

We have calculated '°C chemical shift values (with respect to
TMS) of 30.97-162.02 ppm with B3LYP/6-31G(d,p), while, the
experimental results were observed to be 46.6-171.0 ppm. As can be
seen from Table 4, theoretical 'H and 3C chemical shift results of the
title compound are generally closer to the experimental chemical shift
data.
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Table 4. Theoretical and experimental 'H and “c isotropic
chemical shifts for the title compound.

(Tablo 4. Baslik bilesigi igin 'H and “c kimyasal kayma

degerleri)
Atom Experimental (ppm) Calculated (ppm)
(CDC15) B3LYP/6-31G(d, p)
C1l 49.9 50.67
Cc2 70.62 71.15
C3 70.0 70.32
c4 69.4 69.7
C5 69.9 69.93
Cé6 71.0 71.37
c7 70.03 70.42
Cc8 46.66 46.37
C9 171.0 162.02
C10 21.6 30.97
2H (C(1)Hy) 3.60 4.04
2H (C(2)Hy) 3.65 4.10
2H (C(3)Hy) 3.45 3.94
2H (C(4)Hy) 3.63 4.22
2H (C(5)Hy) 3.49 3.6
2H (C(6)Hy) 3.60 4.23
2H (C(7)Hy) 3.56 4.15
2H (C(8)Hy) 3.62 4.24
3H (C(10)Hsj) 2.09 2.6

4.4. Molecular Electrostatic Potential
(Molekiiler Elektrostatik Potansiyel)

Molecular electrostatic used extensively for interpreting
potentials have been and predicting the reactive behavior of a wide
variety of chemical system in both electrophilic and nucleophilic
reactions, the study of biological recognition processes and hydrogen
bonding interactions [17].

V(r), at a given point r(x,y,z) in the vicinity of a molecule,
is defined in terms of the interaction energy between the electrical
charge generated from the molecule electrons and nuclei and positive
test charge (a proton) located at r. Unlike many of the other
quantities used at present and earlier as indices of reactivity, V(r)
is a real physical property that can be determined experimentally by
diffraction or by computational methods. For the systems studied the
MEP values were calculated as described previously, using the equation

[187:
B Zy p(")
V(T)_ZWA f|r—1"|

where the summation runs over all the nuclei A in the molecule
and polarization and reorganization effects are neglected. Z, is the
charge of the nucleus A, located at R and p(r') 1is the electron
density function of the molecule. To predict reactive sites for
electrophilic and nucleophilic attack for the investigated molecule,
molecular electrostatic potential (MEP) was calculated at
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B3LYP/6-31G(d,p) optimized geometries. Red and blue areas in the MEP
map refer to the regions of negative and positive potentials and

correspond to the electron-rich and electron-poor regions,
respectively, whereas the green color signifies the neutral
electrostatic potential. The MEP surface provides necessary

information about the reactive sites.

vyl

)/“J

-0.064 a.u-

0.040 a.u.

Figure 4. Molecular electrostatic potential map calculated at
B3LYP/6-31G(d,p) level.
(Sekil 4. B3LYP/6-31g(d,p) seviyesinde yapinin molekiiler elektrostatik
haritasi.)

The negative regions V(r) were related to electrophilic
reactivity and the positive ones to nucleophilic reactivity. As easily
can be seen in Figure 4, this molecule has several possible sites for
electrophilic attack in which V(r) calculations have provided in-
sights. Negative regions in the studied molecule were found around the
04 atom and N atom. The negative V(r) values are -0.064 a.u. for 04
atom, which is the most negative region, -0.038 a.u. for N atom which
is a less negative region. According to these calculated results, the
MEP map shows that the negative potential sites are on electronegative
atoms as well as the positive potential sites are around the hydrogen
atoms. These sites give information about the region from where the
compound can have intermolecular interactions.

4.5. Frontier Molecular Orbitals (Sinir Molekiiler Orbitaller)

In principle, there are several ways to calculate the excitation
energies. The simplest one involves the difference between the highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) of a neutral system, which is a key parameter in
determining molecular properties [19]. Moreover, the Eigen values of
HOMO (m donor) and LUMO (m acceptor) and their energy gap reflect the
chemical activity of the molecules. Recently, the energy gap between
HOMO and LUMO has been used to prove the Dbiocactivity from intra-
molecular charge transfer (ICT) [20 and 21]. Figure 5 shows the
distributions and energy levels of the HOMO-1, HOMO, LUMO and LUMO+1
orbitals computed at the B3LYP/6-31G(d,p) level for I. As seen from
Figure 5, both in the HOMO and HOMO-1, electrons are delocalized on
the 04 atom and N atom. For the LUMO and LUMO+1l electrons are mainly
delocalized on the N, C9, Cl0 and 04 atoms. The value of the energy
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separation between the HOMO and LUMO is 7.124 eV. This large HOMO-LUMO
gap automatically means high excitation energies for many of excited
states, a good stability and a high chemical hardness for I.

HOMO

22
y ad
J \

-6.0563 eV -6.0767 eV

1.068 eV 1.1573 eV

Figure 5. Molecular orbital surfaces and energy levels given for the
HOMO, HOMO -1, LUMO and LUMO + 1 of the title compound computed at
B3LYP/6-31G(d,p) level
(Sekil 5. Baslik bilesiginin B3LYP/6-31G(d,p) seviyesinde hesaplanan
HOMO, HOMO -1, LUMO ve LUMO + 1 molekiiler orbitalleri ve enerji
dizeyleri)

4.6. Nonlinear Optical Effects (Dogrusal Olmayan Optik Etkileri)

NLO properties has been of great interest by the recent years.
Because some synthesized novel materials show efficient nonlinear
optical that are used telecommunication, potential applications in
modern communication technology, optical signal processing and data
storage.

The calculations of the total molecular dipole moment (u),
linear polarizability («a) and first-order hyperpolarizability (B) from
the Gaussian output have been explained in detail previously [22], and
DFT has been extensively used as an effective method to investigate
the organic NLO materials. It is well known that from the literature,
the B3LYP approach provides fairly reliable wvalues 1in electric
hyperpolarizability calculations when compared with accuracies of
traditional ab initio methods and this predictive capability of widely
used B3LYP method is of interest to a wide audience of computational
scientists [23,24]. In addition, taking into account reliability and
the computational time required [25], the basis set 6-31G(d,p) was
chosen for the calculations of the hyperpolarizability in this study.

The electronic dipole moment p;(i= x, y, z), polarizability oy,
and the first hyperpolarizability B;5x of I were calculated at the
B3LYP/6-31G(d,p) level using Gaussian 09W program package. Urea 1is one
of the prototypical molecules used in the study of the NLO properties
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of molecular systems. Therefore it was used frequently as a threshold
value for comparative purposes. The calculated values of oo and Biot
for I are, 37.849 A% and 2.727 x 107°° cm®/esu, which are greater than
those of urea (the ., and Bior of urea are 3.831 A and 0.37 x 1073
cm’/esu  obtained by B3LYP/6-31G(d,p) method) . According to the
magnitude of the first hyperpolarizability, I may be a potential
applicant in the development of NLO materials.

5. CONCLUSIONS (SONUCLAR)

The investigation of the ©present work is illuminate the
spectroscopic properties such as molecular parameters and magnetic
properties of title compound by using 'H and '*C NMR techniques and
tools derived from the density functional theory. Due to the lack of
experimental information on the structural parameters available in the
literature, the optimized geometric parameters (bond lengths and bond
angles) was theoretically determined at B3LYP/6-31G(d,p) level of
theory and compared with the structurally similar compounds. The X-ray
structure is found to be very slightly different from its optimized
counterpart. It was noted here that the experimental results belong to
solid phase and theoretical calculations belong to gaseous phase. In
the solid state, the existence of the crystal field along with the
intermolecular interactions have connected the molecules together,
which result in the differences of bond parameters Dbetween the
calculated and experimental wvalues. Despite the differences observed
in the geometric parameters, the general agreement 1is good and the
theoretical <calculations support the solid-state structure. The
magnetic properties of the title molecule were observed and calculated
the same method. The chemical shifts were compared with experimental
data in CDCls; solution, showing a very good agreement both for **C and
'H chemical shifts. When all theoretical results scanned, they are
showing good correlation with experimental data.
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