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New Compound of Pyridine-4-Boronic Acid Cation and Pt(CN)4 Anion Salt: Synthesis,
Structural Properties, Hirshfeld Surface Analysis and Density Functional Theory Calculations

Elif GUNGOR!*, Resul SEVINCEK?, Hulya KARA SUBASAT?

ABSTRACT: In this work, the novel compound [HNCsHsB(OH)2-4][Pt(CN)4] (1) has been synthesized
and structurally characterized. The compound (1) crystallizes in monoclinic, space group P2i/c,
a=5.6159(11) A, b=14.656(3) A, c=11.619(2) A, a=90°, B= 110.35(3), y=90°, V= 896.6(3) A3, Z=2.
The optimum molecular geometry parameters have been investigated with the DFT/B3LYP method. All
geometric parameters are found in good agreement with crystallographic and computational results.
Contributions of fragments molecular orbitals (HOFO-LUFO) to frontier molecular orbitals (HOMO-
LUMO) are calculated charge transferred from Pt moiety to other fragments.
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INTRODUCTION

The boronic acids are important substances for organic transformations and are known to be
primary precursors in bioorganic and medicinal chemistry (Miyaura and Suzuki, 1995; Hall, 2011). They
have popular cross-coupling properties in natural product synthesis and medicinal chemistry (Suzuki et
al., 1998; Roughley and Jordan, 2011; Li et al., 2019; Diccianni and Diao, 2019; Deng et al., 2020;
Mohammadi and Ghorbani-Choghamarani, 2020). Because these properties have been used in the
structure of several pharmaceutical drugs. Several boronic acids have been evaluated as sources of boron
for their potential use in a form of cancer therapy (Yang et al., 2003; Deagostino et al., 2016; Zhu et al.,
2020; Kumar et al., 2020). Also, boronic acids are generally used in the field of agrochemicals (Torborg
and Beller, 2009), organic chemistry (Yang et al., 2002; Ejsmont et al., 2003), inhibitors of proteases
(Khangulov et al., 1995; Carvajal et al., 1996). Therefore, this research addresses the synthesis and
crystallization of magnetic materials with the use of boronic acid ligands.

Although the use of boronic acid has seen an increase in different industries, it finds limited
application in the field of super chemistry. There are very few studies in supermolecular systems that
contain hydrogen bonds in derivatives of carboxylic and boronic acid (Kara et al, 2006; Campos-Gaxiola
et. al., 2010) Therefore, to form different variants of the supramolecular group by pursuing crystal
engineering principles, this research on pyridine boronic acids with metal complex anions has been
proposed where synthesis and molecular recognition of supramolecules and hydrogen bond interactions
between component tectons have examined.

The boronic acid has been three types of conformation in the literature as syn—anti, syn—syn, and
anti—anti (Scheme 1) (Varughese et al., 2011; Yahsi et al., 2015). These conformations enable the
formation of a variety of hydrogen-bonded networks according to different arrangements of two
hydroxyl groups. The syn-anti-conformation from these arrangements is observed in most structures
while syn-syn and anti-anti-conformations are rare ( SeethalL.ekshmi and Pedireddi, 2007; Yabhsi et al.,
2015).

Recently, our research group has been actively working on the structural and photoluminescence
properties of molecules containing various aromatic carboxylate and pyridine derivatives for the past
few years (Erkarslan et al., 2016; Coban et al., 2016; Kocak et al., 2017; Erkarslan et al., 2018). We have
previously reported a range of charge-assisted hydrogen-bonded aggregations based on [MCls]? (M =
Ni, Cu, Pt, and Pd) anionic salts with 3- and 4-pyridine boronic acid cations (Yahsi et al., 2015). These
studies show that cations allow the synthesis of hydrogen-bonded networks due to their hydrogen bond
donating abilities. Therefore, in this study, we have report synthesis, crystal structure and intermolecular
interactions by Hirshfeld surface analysis of a new compound [HNCsH4B(OH)2-4][Pt(CN)4] (1).
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MATERIALS AND METHODS

Materials and measurements

[HNCsH4B(OH).-4][PtCN4] was prepared according to the published procedure (Kara et al.,
2006). A three-circle CCD diffractometer containing Mo—Ka radiation was used to collect single-crystal
X-ray diffraction data. Then, the measured intensity data were made with the SAINT program (Bruker-
AXS, 2008) absorption, Lorentz, and polarization corrections. The structure of compound solved with
SHELXTL (Sheldrick, 2008) in OLEX2 program (Dolomanov et al., 2009). Hydrogen atoms were
included in idealized positions.

Syntheses of [HNCsH4B(OH)2-4][PtCN4] (1)

[HNCsH4B(OH)2-4][PtCN4] (1) was synthesized by mixing of pyridine-4-boronic acid
hydrochloride (34.7 mg, 0.21 mmol) in 5 ml of water and K>PtCN4 (0.82 mg, 0.21 mmol) in 10 ml of
water. The resulting precipitate was obtained, collected by filtration and dried. Single crystal of 1 was
obtained by slow diffusion of in stoichiometric quantities of pyridine-4-boronic acid hydrochloride and
[Pt(CN).] salt reagent. Yield % 71. Elemental analysis (%). Found: C, 30.74; H, 2.58; N, 15.36.
Calculated: C, 29.40; H, 2.64; N, 14.80.

Hirshfeld Surface Analysis (HS)

Hirshfeld surface analysis was carried out to identify the intermolecular interactions within the
structure. Input file for Hirshfeld surface analysis was generated on CrystalExplorer (Wolff etal., 2013)
using the Crystallographic Information File (CIF) file. Intermolecular interactions in a crystal structure
using 3D HS and 2D fingerprint plots was verified. HS defines a volume around a molecule like a van
der Waals surface or an outer surface of the electron density (Spackman and Jayatilaka, 2009).

Computational Procedure

Quantum mechanical calculations were performed on Gaussian09W (Frisch et al., 2009) package
program using DFT with the B3LYP (Becke, 1993) hybrid functional. Since the studied molecules
contain heavy atoms, different basis sets are used for Pt and others. While Lanl2DZ (Becke, 1988) basis
set was used in all calculations for the Pt atom, for other atoms 6-31G* (Hehre et al., 1972) basis set is
used for geometry optimizations, and 6-311G(d,p) (Krishnan et al., 1980) is used for energy and Natural
Bond Orbital (NBO) calculations (Glendening et al., 2003). Fragment and charge decomposition
analysis also performed using the AOMix (Gorelsky et al., 2006) package which uses as the input of the
NBO outputs from G09.

RESULTS AND DISCUSSION

The structure of [HNCsH4B(OH)2-4][PtCN4] (1) compound contains the expected planar anions
of [PtCN.] and 4-pyridine boronic acid cations. On the other hand, the hydrogen atoms of the boronic
acids in 1 is syn-anti conformation as shown in Scheme 1, which is convenient for the formation of a
pair of charge-assisted hydrogen bonds with the N-atoms of [PtCN4] anion.

Compound 1 crystallizes in the monoclinic P2/c space group (Table 1). The asymmetric unit of 1
contains a protonated acridine cation and one half of a [Pt(CN)4]?  anion. The Pt'" ion in the anion of 1
is four-coordinated by four CN bounds and located on an inversion centre (see Figure 1). The cis C-Pt-
C bond angles are 88.80(15)° and 91.20(15)° for 1, which deviates from the ideal square geometry angle
(90°). Therefore, the coordination of each Pt ion is described as slightly distorted square planar
geometry. The Pt-C bond lengths are nearly equivalent [1.981(4) A and 1.999(3) A for 1] (Table 2). The
anions are almost linear displaying Pt-C-N average bond angles of 177.79° for 1.
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The sums of the angles around the boron (B1) atoms located on the pyridine ring are 360° (Table
2). On the other hand, the average B-C and B—O bond length of 1 is 1.6035 (5) A and 1.3515(5) A
which are comparable to those of the previously reported similar systems (Parry et al., 2002).

The [Pt(CN)4]? anion is connected to pyridinium boronic acid cations via four B(OH)---NCPt and
two N-H---NCPt-hydrogen bond interactions in 1 (Figure 1b). The two (B)OH---NCPt" hydrogen bonds
(H-N, 1.95 A; O--N, 2.77 A, and 2.81 A; 153" and 170°) in 1 indicates relatively strong interactions
(Table 3). Because these hydrogen bond lengths are much shorter than the sum of the standard van der
Waals radii (Bondi, 1964). All of the remaining hydrogen bond interaction geometries are within
predetermined limits (Bondi, 1964). The primary hydrogen bonding motifs of 1 (Figure 2a) are ribbons
with the parallel orientation of the pyridinium boronic acid cations that are linked by [Pt(CN)4]?  anions
having an approximate parallel orientation to the mean planes of the pyridine rings. These hydrogen-
bonded ribbons form a 1-D supramolecular chain that runs parallel to along the b axis for 1. Pt---Pt
separations within hydrogen-bonded ribbon are 14.650 A for 1. The coordinating functions of the
pyridinium boronic acid molecules are directed alternately above and below the corresponding glide
plane (Campos-Gaxiola et al., 2010). Therefore, the 1-D networks of 1 are arranged as double ribbons
in a parallel fashion in the bc plane and forming 2D networks (Figure 2c¢). Additionally, double ribbons
motifs with O-H--:N, C-H---O, C-H--:N, and N-H---N hydrogen bond interactions generate 3-D
hydrogen-bonded networks (Figure 2d).

(b)

Figure 1. (a) View of the structure of 1 (b) The arrangement of hydrogen-bonded cations around the
[PtCN4]? anion in 1.
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o

(d)
Figure 2. (a) 1-D chain view with B(OH) ---‘NCPt- and N-H---NCPt" hydrogen-bonded of 1 (b) Space-
filling representation of 1 (c) 2D network of 1 in the bc plane (d) 3D packing of the hydrogen-bonded
network of 1.
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Table 1. Crystallographic information for 1

1
CCDC 2054948
Chemical Formula CaN4Pt, 2(CsH7BNO2)
Crystal System Monoclinic
Space Group P2i/c
Molecular Weight (gmol-t) 547.02

Unit cell parameter

V (A3)

T (K)

z

d (g/cm)

u (mm*)

Reflections collected
Independent reflections (Rint)
Final Ry [I>20(I)], WR2

a=5.616(11)A
b=14.656(3) A
c=11.619(2) A
a=y=90°

£ =110.353)°
896.6(3)

173(2)

2

2.026

7.859

6172

2 050 [Rint = 0.086]
0.0306, 0.0701

Table 2. Selected geometric parameters of 1. Given values are compared to X-ray crystallographic and

computational results.

Bond Distances Bond Angles
X-ray Optimized X-ray Optimized

Pt1-C6 1.981(4) 1.997 C6-Pt1-C7a 88.80(15) 85.93
Pt1-C7 1.999(3) 2.017 C6-Pt1-C7 91.20(15) 93.80
N1-C4 1.341(6) 1.346 C6-Pt1-C6a 180.00 179.7
N1-C3 1.333(5) 1.343 01-B1-02 120.8(4) 119.1
N2-C6 1.149(5) 1.169
01-B1 1.346(5) 1.366
02-B1 1.358(6) 1.364
C1-B1 1.607(6) 1.580

Table 3. Hydrogen-bond parameters of 1
D-H---A* D-H H---A D---A D-H---A Symmetry
N1-H1---N2 0.87 2.02 2.85 161
O1-H1A---N2 0.84 2.03 2.81 153 -X,1/2+y,3/2-z
02-H2A---N3 0.84 1.95 2.77 170 X,1+y,z
C2-H2---N2 0.95 2.48 3.39 163 -X,1/2+y,3/2-z
C3-H3:--01 0.95 2.52 3.17 126 -X,-1/12+y,3/2-z
C5-H5---02 0.95 2.57 2.90 101
C5-H5---02 0.95 2.59 3.33 136 1-x,2-y,1-z
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Hirshfeld Surface Analysis of 1

Hirshfeld surfaces (HS) of 1 with mapped dnorm is illustrated in Figure 3. Over the Hirshfeld
surfaces, the inter-contacts included in hydrogen bonds are represented by red spots. The surfaces of 3D
dnorm are plotted over a fixed colour scale of —0.6409 A (red) to 1.0748 A (blue) with a standard (high)
surface resolution for 1. The surfaces are shown as transparent to allow visualization of the molecules.
The vivid red spots are due to dominant N---H distances corresponding to N-H--:N and O-H---N
interactions. The characteristics of the surfaces verify the dominant role of the hydrogen bonds in the
solid-state packing. The 2D fingerprint plots for 1 are depicted in Figure 4. For 1, the interactions in
between the N---H are featured by the spikes in the donor and acceptor sites of the fingerprint graph with
de+ di= 1.8 A (32.2%). The contributions to the HS due to H---H contacts are 14.8% in 1.

Figure 3. The red circular collapsing on the dnorm surface for visualizing the intermolecular contacts of
1.

Computational Results

Due to the symmetry, the asymmetric unit consists of half of the studied structure, but the whole
structure was considered in the calculation. All geometric parameters are in good agreement with
crystallographic and computational results as shown in Table 2.

Since low dependency on the basis sets, NBO charges are calculated. Although the formal charge
of Pt moiety is -2e, the calculated charge is -1.70e. In 1; Pt moiety donates -0.15e to each pyridinium
boronic cations.

To examine the charge decomposition analysis in detail, the studied compound was considered in
3 fragments. 1%t fragment is C4N4Pt part, 2" and 3" fragments are pyridinium boronic cations as shown
in Figure 5. In 1; Pt moiety donates 0.397e and 0.412e to neighbor fragments. There is an unremarkable
back-donation to Pt moiety from other fragments in 1. Due to the charge transfer on the whole compound
is only from Pt moiety to pyridinium boronic cations, we can conclude the interaction between fragments
is charge assisted.
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Contributions of fragments molecular orbitals (HOFO-LUFO) to frontier molecular orbitals
(HOMO-LUMO) of 1 are as follows (shown in Figure 5): Compound 1: HOMO: 99.7% HOFO of
Fragment 1. LUMO: 97.6% LUFO of Fragment 2, LUMO+1: 97.6% of Fragment 3. Considering the
HOMO and LUMO of 1, during the excitation of the compound, the charge is transferred from Pt moiety
to other fragments.

U6 OF 10U 12 T& 1% 1§ 70 27 2% 7% 2% 16

H--C/C--H
d

P U8 10 T 1A T8 T8 0 27 2% 26 1%

e

V6 U8 TU T2 TA T6 1% 20 27 Z%4 26 1%

de

] H.N/N..H w H-H © H.C/CH H'"O/O"'H

V6 U8 TOUO T2 TA T8 T8 0 372 28 7% 1% 06 U8 1 T T T8 TR IV IT I8 76 1%

Figure 4. The contribution rates and 2D fingerprint plots of 1.

LUMO+1 of 1

Figure 5. Frontier molecular orbitals of 1. LUMO-HOMO energy gaps are 3.05 eV for 1.
1997



Elif GUNGOR et al. 11(3): 1990-2000, 2021
New Compound of Pyridine-4-Boronic Acid Cation and Pt(CN)4 Anion Salt: Synthesis, Structural Properties, Hirshfeld
Surface Analysis and Density Functional Theory Calculations

CONCLUSION

In this study, a new compound [HNCsH4B(OH)2-4][Pt(CN)4] (1) has been investigated synthesis,
crystal structure, geometry optimizations, and HOMO and LUMO molecular orbitals by the use of
quantum chemical calculations. In the crystal structure of 1 found formation charge-assisted -
B(OH)---NCPt and N-H---NCPt hydrogen-bonded containing pyridinium boronic acid. The O—H---N,
C-H---0, C-H--:N, and N-H---N hydrogen bond interactions also play a significant role in stabilizing
the resulting 2D and 3D supramolecular networks. Also, analyses of intermolecular interactions in the
crystal structure of 1 have been performed by visualizing Hirshfeld surface and 2D fingerprint plots.
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