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Abstract: The synthesized compound 5, (Ci3H1sN2S2)[PFs], was fully characterized with X-
ray diffraction method. In this compound, the asymmetric unit contains a 1,3-(2-
thiophenylmethyl)-4,5-dihydroimidazolidinium cation and a hexafluorophosphate anion. Due
to an 180° rotation about the thiophene-CH2 bonds, the thiophene rings in the cation are
disordered [site-occupancy factors = 0.903(4)/0.097(4) and 0.837(5)/0.163(5),
respectively]. The short C—N bond lengths [1.303(4) and 1.287(4) /3\] in the imidazolidine
ring display partial electron delocalization within the N—C—N fragment. Anion and cations
are connected through intermolecular C—H...F hydrogen bonds and three =-n stacking
interactions [centroid-centroid distances = 3.890(3), 3.852(5) and 3.816(7) A] between the
thiophene rings of the adjacent cations, forming layers parallel to (011). Furthermore, we
studied theoretical studies of this compound, too. Geometry optimization was carried out in
gas phase by Density Functional Theory (DFT) method with B3LYP applying 6-311++G**
basis set. The obtained results from experimental and theoretical structural properties of
compound 5 had been compared to each other.
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INTRODUCTION

Heterocyclic salts are significant in terms of being used as a carbene ancillary ligand in
catalytic reactions. Complexes containing heterocyclic groups have high catalytic activities
for many useful organic transformations such as C—C and C—N cross-coupling reactions,
C—H bond activation and metathesis [1-7]. The catalytic activity can be changed with the
substituents on the N atom of the salts such as imidazolium, imidazolidinium or bis-
benzimidazolium [5, 8]. Carbon-carbon cross-coupling reactions, which play an important
role in the synthesis of natural products, drug design and industrially important starting

materials, have been an area of interest for organic chemists for a long time [9-11].

To estimate the structural properties of the compounds, ab initio methods such as DFT in the
computational chemistry are significant tools. Some chemical and physical properties of the
chemical compounds and materials are extensively investigated due to ab initio calculations
based on the quantum mechanics [12]. DFT is the most widely used for "ab initio"
calculations of the structure of molecules, atoms, surfaces, crystals and their interactions

[13].

Herein, we prepared a heterocyclic salt (5) containing thiophene moiety (Scheme 1). The
crystalline structure of 1,3-bis(2-thiophenylmethyl)-4,5-dihydroimidazolidinium
hexafluorophosphate salt (5) was reported in this study. Moreover, we studied the

compound’s theoretical structural properties with DFT software.
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EXPERIMENTAL SECTION

General Method for the Preparation of the Imidazolidinium Salt

The study was made according to method defined in the literature [14, 15]. To a solution of
diamine 1 (15 mmol) in toluene (20 mL), heteroaryl-2-carbaldehyde 2 (29 mmol) was
added at ice bath temperature. After the obtained mixture was stirred at 0 °C for 18 h, the
solvent in the medium was removed in vacuo. The formed Schiff base 3 was crystallized
from diethyl ether/hexane (1:2) mixture at 25 °C. To a solution of Schiff base 3 (24 mmol)
in methyl alcohol (40 mL), NaBH4 (48 mmol) was added. After the mixture was stirred for 24
h, the solvent was removed. The heteroaryl-substituted diamine 4 as the product was
crystallized from a mixture of dichloromethane/diethyl ether (1:1). Ammonium
hexafluorophosphate (NH4PFe¢) (1.0 mmol) was added to a solution of heteroaryl-substituted
diamine 4 (1.0 mmol) in CH(OEt)s (5 mL) and the reaction mixture was heated for 12 h at
80 °C. A solid was seen to precipitate. Then the heteroaryl-substituted heterocyclic salt 5
was crystallized from ethyl alcohol/diethyl ether (1:2) mixture. Results of 'H NMR, 13C NMR
(by using Bruker AC300P FT spectrometer operating) and melting point (by using an

Electrothermal 9200 melting point apparatus) can be found in a previous study [15].

X-ray Crystal Structure

Single-crystal diffraction data were gathered by a STOE IPDS II diffractometer with graphite
monochromated Mo-Ka radiation (A = 0.71073 A), in the rotation method, at 25 °C. All data
were made accurate for polarization, Lorentz and absorption effects [16]. Crystal structure
was solved by direct methods using program SHELXS97 and refined by the full-matrix least-
squares method for all F2 data using the SHELXL97 [17] programs. With the anisotropic
displacement parameters, all non-hydrogen atoms were refined. All H atoms were positioned

geometrically and were refined using a riding model with Uiso(H) = 1.2Ueq(C). The fluorine
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atoms of the hexafluorophosphate anion are disordered over two sites with occupancies of
0.588(13) and 0.412(13). The crystallographic data and the refinement procedure details for
the title compound are summarized in Table 1. The list of selected geometric parameters is

given in Table 2.

Table 1. The crystallographic data and the refinement procedure details for 5

Chemical formula C13H15FsN2PS2

M 408.36

Crystal system, space group  Monoclinic, P21/c

Temperature (K) 293

a, b, c (R) 20.3151 (12), 6.0059 (3),
14.9112 (9)

B (°) 109.987 (4)

Vv (R3) 1709.74 (17)

Z 4

K (MoKa) (mm™1) 0.46

Crystal size (mm) 0.50 x 0.45 x 0.39

No. of measured, independent 10743, 3743, 2447
and observed [I > 20(l)]

reflections

Rint 0.026

0 values (o) Omax = 27.1, Omin = 2.1

(sin 8/N)max (A1) 0.642

Range of h, k, / h = -25-25, k = -7-6, | = -
18—18

Refinement on F?

R[F? > 20(F?)], wR(F?), S 0.060, 0.182, 1.08

No. of reflections 3743

No. of parameters 262

No. of restraints 40

H-atom treatment H-atom parameters
constrained

(A/o)max < 0.001

Apmax, Apmin (€ A'3) 0.62, -0.48

The computations were carried out at 6-311++G"™ levels using the SPARTAN 10 software

package [18], with operating density functional methods. The calculations were done for the
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optimized structures in the gas phase. SPARTAN software [19] is a molecular modeling and

computational chemistry application from wavefunction.

RESULTS AND DISCUSSION

Characterization of the Heteroaryl-substituted Heterocyclic Salt

In a previous study, the structure of 1,3-bis(2-thiophenylmethyl)imidazolidinium salt was
determined by elemental analysis, 'H and '3C NMR [15]. Furthermore, the structure of this
compound was completely characterized with X-ray studies. The 'H NMR spectrum of the
salt assigned the structures. The resonance for C(2)-H was observed as a sharp singlet 8.71

ppm [15]. The imino carbon atom was observed at 158.0 ppm in 13C NMR.
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Scheme 1. Synthesis of imidazolidinium salt [15].
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Single crystal and molecular structure
A single crystal of the imidazolidinium salt, which is adequate for X-ray diffraction, was
acquired by slow diffusion of dichloromethane into diethyl ether solutions at 25 °C. The

molecular view of compound is represented in Figs. 1 and 2.

Figure 1. An ORTEP plot [20] of the molecular structure of 5. At the 30 % probability level,
displacement ellipsoids for non-H atoms are drawn. Only major disorder component is
shown.

In compound 5 (Figure 1), 1,3-bis(2-thiophenylmethyl)-4,5-dihydroimidazolidinium cation

has a thiophenyl-ring flip disorder. Two positions of both thiophene rings in the cation are

obtained by an 180° rotation about the thiophene-CH2 bonds.

A similar thiophene ring disorder has been observed in a thiophene derivative, 1,3-bis(2-

thiophenylmethyl)-4,5-dihydroimidazolidinium trichlorido([eta]6-p-cymene)ruthenate(II)
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[21]. The bond lengths and angles in 5 were found to be similar to those reported for the

structures of the related compounds with furfuryl or thenyl moities [22, 23].

The imidazolidine ring (N1/N2/C6-C8) is essentially planar [maximum deviations = -
0.008(2) A for N1 and 0.007(3) A for C8]. Because of the n-electron delocalization on the
imidazolium ring, the N1—C8 and N2—C8 bond lengths of 1.303(4) and 1.287(4) A in the
imidazolidine ring are shorter than the average single C—N bond length of 1.48 A. This case
shows double bond character in these C—N bonds and demonstrates a partial electron

delocalization within the N1—C8—N2 fragment.

Figure 2. View of the hydrogen bonding and molecular packing of 5 in the unit cell. H atoms
not involved in H bonding are omitted for clarity and only major disorder component is
shown.

In the crystal structure of compound 5, adjacent anion and cations are connected by C—

H---F hydrogen bonds and slipped n-n inter actions [Cg2...Cg2'= 3.890(3) A; where Cg2 is
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the centroid of the S2A/C10/C11A/C12/C13 thiophene ring; symmetry code (i): 1-x, 1-y, 1-
z], with an interplanar distance of 3.660(2) A and resulting a slipping distance of 1.320A4,

forming a three-dimensional network (Table 1 and Figure 2).

Table 2. Selected geometric parameters (R, 0) for 5

Cc1—C2 1.330 (5) C10—S2B 1.616 (11)
C1—C3B 1.492 (19) C10—S2A 1.704 (4)
C1—S1A 1.679 (4) C11A—C12 1.420 (9)
C2—C3A 1.389 (7) S2A—C13 1.667 (4)
C2—S1B 1.544 (13) C11B—C13 1.518 (18)
C3A—C4 1.402 (7) S2B—C12 1.566 (10)
S1A—C4 1.709 (4) C12—C13 1.317 (5)
C3B—C4 1.526 (16) F1A—P1 1.511 (8)
S1B—C4 1.544 (13) F2A—P1 1.548 (9)
C4—C5 1.494 (5) F3A—P1 1.605 (7)
C5—N1 1.455 (4) F4AA—P1 1.593 (6)
C6—N1 1.471 (4) F5A—P1 1.544 (7)
C6—C7 1.529 (4) F6A—P1 1.562 (7)
C7—N2 1.465 (4) F1B—P1 1.507 (12)
C8—N2 1.287 (4) F2B—P1 1.534 (11)
C8—N1 1.303 (4) F3B—P1 1.433 (13)
C9—N2 1.454 (4) FAB—P1 1.484 (13)
C9—C10 1.497 (5) F5B—P1 1.514 (12)
C10—C11A 1.420 (8) F6B—P1 1.512 (8)
C10—C11B 1.519 (16)
C1—S1A—C4 92.45 (17) C8—N1—C6 109.5 (3)
C4—S1B—C2 98.3 (6) C5—N1—C6 123.9 (3)
N2—C8—N1 114.5 (3) C8—N2—C9 125.2 (3)
C13—S2A—C10  92.74 (19) C8—N2—C7 110.4 (3)
C12—S2B—C10  94.9 (4) C9—N2—C7 123.8 (3)
C8—N1—C5 126.3 (3)
C4—C5—N1—C8 -119.8 (4) C10—C9—N2— -125.8 (4)
cs
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Table 3. Hydrogen-bond parameters (R, ©) for 5

D—H H...A D...A D—H...A
C6—H6A---F2Ai 0.97 2.48 3.413 (9) 162
C8—H8:--F3A 0.93 2.38 3.266 (10) 159
C9—HO9A---F6AIi 0.97 2.55 3.231 (11) 128

Symmetry codes: (i) x, 1/2-y, 1/2+z; (ii) x, 1+y, z.

Theoretical studies

Molecular structure and physical properties of the molecule can be predicted accurately by
the help of computational methods based on DFT. The theoretical and experimental
structural properties of compound 5 were examined. Experimental geometric parameters
(bond angles and lengths) were compared with computed values from density functional
theory with B3LYP 6-311++G™ basis set. The lowest energy conformation of compound 5
was used in theoretical calculations. Theoretical calculation results were obtained in good

agreement with experimental data.
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Table 4. Experimental and calculated selected geometric parameters for 5

Bond Lengths (A) Experimental Calculated(Vacuum)
Ci—C2 1.330 (5) 1.364
S1A—C4 1.709 (4) 1.748
C4—C5 1.494 (5) 1.497
C5—N1 1.455 (4) 1.473
C6—N1 1.471 (4) 1.482
c6—C7 1.529 (4) 1.548
C7—N2 1.465 (4) 1.479
C8—N1 1.303 (4) 1.317
C9—N2 1.454 (4) 1.475
C9—C10 1.497 (5) 1.500
C10—S2A 1.704 (4) 1.748
C11A—C12 1.420 (9) 1.425
C12—C13 1.317 (5) 1.366
F3A—P1 1.605 (7) 1.652
Bond Angles (°)
C1—S1A—C4 92.45 (17) 91.54
C8—N1—C6 109.5 (3) 109.17
C5—N1—C6 123.9 (3) 122.59
N2—C8—N1 114.5 (3) 114.36
C13—S2A—C10 92.74 (19) 91.53
C8—N2—C9 125.2 (3) 125.34
C8—N2—C7 110.4 (3) 109.90
C9—N2—C7 123.8 (3) 124.73
CONCLUSIONS

In this work, the synthesized salt was characterized by using single crystal X-ray diffraction
method. The molecular structures were theoretically investigated by the DFT calculations.
The obtained geometrical parameters of the optimized geometries were in agreement with

X-ray structure results.
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Tiirkce Oz ve Anahtar Kelimeler

Sentezlenmis 1,3-bis(2-tiyofenilmetil)-4,5-dihidroimidazolidinyum
heksaflorofosfat Tuzunun DFT Calismalari ve Kristal Yapisi

Senem Akkog, Sevim Turktekin Celikesir, Yetkin Gok, Sevtap Caglar Yavuz, Mehmet Akkurt
ve Namik Ozdemir

Oz: Sentezlenen 5 bilesigi (Ci3HisN2S2)[PFs] X-isini sacilmsi ydntemiyle tam olarak
karakterize  edilmistir. Bu  bilesikte, asimetrik  birim  1,3-(2-tiyofenilmetil)-4,5-
dihidroimidazolyum katyonu ve bir heksaflorofosfat anyonu icermektedir. Tiyofen —-CH:
baglan etrafinda 180 °C donmeden o6tiri, katyondaki tiyofen halkalari dizensizdir [bolge
kullanim faktoérleri = sirasiyla 0,903(4)/0,097(4) ve 0,837(5)/0,163(5)]. Imidazolidin
halkasindaki kisa C-N bad uzunluklari [1,303(4) ve 1,287(4) A] N-C-N kismi icinde kismi
elektron delokalizasyonu gdstermektedir. Anyon ve katyonlar intramolektiler C-H...F hidrojen
baglan ve l¢ n-n istiflenmesi ile komsu katyonlarin tiyofen halkalari arasinda baglanmistir
[merkezler arasi uzaklik = 3,890(3), 3,852(5) ve 3,816(7) /3\], (011)’e paralel tabakalar
meydana gelmistir. Bunun o6tesinde, bu bilesigin teorik calismalari da yapilmistir. Geometrik
en uygunlastirma gaz fazinda Yodunluk Fonksiyonel Teorisi (DFT) yontemiyle B3LYP 6-
311++G™ temel seti kullanilarak yUrGtilmuistir. 5 bilesiginin  deneysel ve teorik
calismalardan elde edilen sonuclari birbiriyle karsilastirilmistir.

Anahtar kelimeler: imidazolidinyum tuzu, sentez, kristal yapisi, DFT, C-H...F hidrojen
baglari.

Sunulma: 15 Temmuz 2016. Diizeltme: 9 AJustos 2016. Kabul: 22 Adustos 2016.
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