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Abstract

Co-crystal of  the N,N’-(((3,6-dichloro-9H-carbazole-1,8-diyl)bis(azanediyl))bis(carbonothioyl))bis(2,2-
dimethylpropanamide) as a carbazole-based thiourea derivative (CBT) with acetic acid (AcOH) was prepared and its
molecular structure examined using the single crystal X-ray diffraction study and the Hirshfeld surface analysis. The
co-crystal was designed to explore the supramolecular synthons and intermolecular interactions diversity between
the components of co-crystal. The analysis of the crystal structure and packing revealed that the CBT:AcOH co-
crystal are formed by a strong O-H---S and C-H---O hydrogen bonding interactions between components of co-
crystal. In addition, its’ structure is further stabilized by strong C-H-- ‘& stacking interactions and N-H---O and N-
H---S homosynthons between CBT molecules. The Hirshfeld surfaces and associated two-dimensional fingerprint
plots of the co-crystal were also analyzed to clarify the nature of the hydrogen bond interactions and close
intermolecular interactions in the crystal structure. The Hirshfeld surfaces and the associated two-dimensional
fingerprint plots analysis revealed that the majority of close contacts forming supramolecular structure were
associated with relatively weak interactions such as H---H, C---H and N---H. So, it can be said that these interactions
play a major role in molecular crystal packing.

Keywords: Carbazole-based thiourea derivative, Cocrystal, Hirshfeld surface analyses, Crystal structure, Non-
covalent interactions.

functional ~materials [1-3]. The non-covalent
interactions such as classical/non-classical hydrogen
bonding, C-H--m, @7 stacking interactions,

1. INTRODUCTION

A molecular assembly where two or more compounds
interact with each other via supramolecular interactions
such as van der Waals, electrostatic, dipole-dipole,
hydrogen bonding and C-H--m, =---m stacking
interactions. Recently, supramolecular interactions
have attracted considerable attention due to the
utilization of intermolecular non-covalent interactions
is relied upon for the design and advancement of

* Corresponding Author

electrostatic and charge transfer interactions have been
used in the self-assembly and design a large number of
supramolecular architectures in solids [4-9]. Multi-
component crystalline systems can be separated into
co-crystals, solvates and salts. The co-crystal
supramolecular  structures are  formed by
supramolecular synthons, where molecular moieties
are connected by intermolecular interactions that
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provide useful information about the structure of
crystals [10-12].

The co-crystals improve properties such as stability,
solubility, dissolution rate and bioavailability of
compounds due to the crystal lattice of co-crystals,
which may include solvent and/or water molecules [13-
15]. Therefore, co-crystal formation is a new strategy
to improve the solubility and stability of non-ionizable
drugs and industrial useful materials [16-18].
Recently, our research group focused on the carbazole
derivatives which have useful biological properties
such as antitumor, anti-inflammatory, antihistaminic
and antibiotic [19,20]. In our ongoing research studies,
we prepared a series of carbazole compounds. One of
them is N,N'-(((3,6-dichloro-9H-carbazole-1,8-di
yl)bis(azanediyl))bis(carbonothioyl))bis(2,2-di-
methylpropanamide). This compound has been
obtained in powder form. This compound could not be
crystallized using solvents such as DMF, DMSO,
MeCN and DCM due to its low solubility. Therefore,
we did not obtain enough data to confirm the crystal
and molecular structure of the prepared compound. So,
we ftried to obtain a crystal form by co-crystal
preparation technique. We only obtained the proper
quality crystaline form of this compound using acetic
acid as solvate. That means, the addition of acetic acid
contributed to the formation of co-crystal and increased
the solubility. Therefore, we examined the
supramolecular architecture in solid formed by co-
crystallization of N,N’-(((3,6-dichloro-9H-carbazole-
1,8-diyl)bis(azanediyl))bis  (carbonothioyl))bis(2,2-
dimethylpropanamide) with acetic acid and
investigated the hydrogen bonding, C-H--'w, m-=m
stacking interactions and synthons formed in the
crystalline solid state. Moreover, we visualized and
confirmed all these interactions using Hirshfeld surface
analysis.

2. EXPERIMENTAL

2.1. Instrumentation

The NMR spectra were recorded in DMSO-ds solvent
on Bruker Avance III 400 MHz NaNoBay FT-NMR
spectrophotometer using tetramethyl-silane as an
internal standard. For infrared spectra, each compound
was recorded in the range 400-4000 cm™ on a Perkin
Elmer Spectrum 100 series FT-IR/FIR/NIR
Spectrometer Frontier, ATR Instrument.
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The X-ray single crystal diffraction data were recorded
on a Bruker APEX-II CCD diffrac-tometer. A suitable
crystals was selected and coated with Paratone oil and
mounted onto a Nylon loop on the diffractometer. The
crystal was kept at 7= 100 K during data collection.
The data were collected with MoKa (A = 0.71073 A)
radiation at a crystal-to-detector distance of 40 mm.
Using Olex2 [21], the structure was solved with the
Superflip [22-24] structure solution program, using the
Charge Flipping solution method and refined by full-
matrix least-squares techniques on F? using ShelXL
[25] with refinement of F” against all reflections.
Hydrogen atoms were constrained by difference maps
and were refined isotropically, and all non-hydrogen
atoms were refined anisotropically.

2.2. Hirshfeld surfaces analysis

Analysis of Hirshfeld surfaces and their associated
two-dimensional (2D) fingerprint plots of co-crystal
were calculated using Crystal Explorer 3.1 [26]. The
Hirshfeld surfaces mapped with different properties
dhorm and shape index. The dnom is normalized contact
distance, defined in terms of d., di and the van der
Waals (vdW) radii of the atoms. The combination of d.
and d; in the form of a 2D fingerprint plot displays
summary of intermolecular contacts in the crystal.

2.3. Synthesis and characterization
Precursor materials 3,6-dichlorocarbazole (1), 3,6-
dichloro-1,8-dinitrocarbazole (2) and 1,8-diamino-3,6-

dichlorocarbazole (3) were prepared according to the
previously published method [27-29].

ao—ass

(1)

:

Scheme 1
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2.3.1. Synthesis of 3,6-dichlorocarbazole (1)

The carbazole (5 g, 0.03 mol) and CH>Cl, (500 mL)
were added to a round-bottomed flask and cooled to 0
°C. Then, SO,Cl, (19.2 mL, 0.24 mol) was added
dropwise by vigorous stirring. After the addition, the
cooling bath was removed and the reaction mixture was
stirred for another 4 hours at room temperature. The
solid precipitate was filtered off, washed with CH>Cl,»
and dried (Scheme 1). Color: Pink. Yield: 75%. 'H
NMR (400 MHz, DMSO-ds, 6, ppm): 11.60 (s, 1H,
NH), 8.31 (d, 2H, JI =2.0 Hz, Ar-H), 7.54 (d, 2H, Ar-
H), 7.44 (dd, 2H, JI =8.6 Hz,J2 =2.0 Hz, Ar-H). 1*C
NMR (100 MHz, DMSO-ds, 6, ppm): 138.7, 126.1,
123.2, 122.8, 120.3, 112.7. FT-IR (ATR, cm™): 3405
v(NH), 3245, 3082 v(Ar-CH), 803, 868 v(C-CI). LC-
MS (-ESI, m/z): 202.2 [M-CI]’, 187.2, 167.3, 136.3,
111.0.

2.3.2. Synthesis of 3,6-dichloro-1,8-dinitro-
carbazole (2)

3,6-Dichlorocarbazole (1) (7.08 g, 0.03 mol), acetic
acid (20 mL) and acetic anhydride (15 mL) were added
to a round-bottomed flask. The solution was then
cooled to 1 °C and 100% HNO; (3.6 mL, 0.0875 mol)
was added dropwise. Then, the cooling bath was
replaced by an oil bath. The mixture was heated to 60
°C and kept at this temperature. The reaction mixture

was further heated, until it reached 75 °C. Afterwards,
the suspension was filtered while hot and the product
was washed with boiling acetic acid (30 mL) and
diethyl ether. (Scheme 1). Color: Yellow. Yield: 69%.
"HNMR (400 MHz, DMSO-ds, 3, ppm): 11.28 (bs, 1H,
NH), 8.98 (d, 2H, Ar-H), 8.48 (d, 2H, Ar-H). *C NMR
(100 MHz, DMSO-ds, 6, ppm): 132.73, 132.01, 128.92,
125.79, 125.09, 123.32. FT-IR (ATR, cml): 3454
v(NH), 3088, 1617, 1518, 754. LC-MS (-ESI, m/z):
324.4 [M-2H]', 290.4, 264.4, 224.2, 195.2, 136.5,
111.2.

2.3.3. Synthesis of 1,8-diamino-3,6-dichloro-
carbazole (3)

3,6-Dichloro-1,8-dinitrocarbazole (3) (2.00 g, 6.13
mmol) was dissolved in THF (50 mL) and 5%
palladium on charcoal was added (0.2 g). The mixture
was vigorously stirred under hydrogen atmosphere.
The catalyst was filtered off on Celite after about 2
hours. The solvent was evaporated and the solid
purified by crystallization from methanol. Color: Grey.
Yield: 69%. '"H NMR (400 MHz, DMSO-d, 8, ppm):
10.67 (s, 1H, NH), 7.35 (d, 2H, Ar-H), 6.66 (d, 2H, Ar-
H), 5.35 (s, 4H, NH). 3*C NMR (100 MHz, DMSO-ds,
o, ppm): 135.00, 127.38, 123.79, 123.19, 108.78,
107.91. FT-IR (ATR, cm™): 3395, 3310 v(NH), 3056,
2938, 2890, 1586, 725. LC-MS (-ESI, m/z): 264.1 [M-
2H]", 249, 194.4, 113.2, 69.0.

101
100

4000 3500 3000 2500

cm-1

2000 1500 1000 500450

Figure 1. FT-IR spectra of the CBT.
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2.3.4. Synthesis of N,N'-(((3,6-dichloro-9H-
carbazole-1,8-diyl)bis(azanediyl))bis(carbon-
thioyl))bis(2,2-dimethylpropanamide) (CBT)

A solution of pivaloyl chloride (5 mmol) in dry acetone
(50 mL) was added dropwise to a suspension of
potassium thiocyanate (5 mmol) in acetone (30 mL).
The reaction mixture was heated under reflux for 30
min, and then cooled to room temperature. A solution
of 3,6-dichloro-9H-carbazole-1,8-diamine (5 mmol) in
acetone (10 mL) was added and the resulting mixture
was stirred for 2 h. After, the reaction mixture was
poured into hydrochloric acid (0.1 N, 300 mL), and the
solution filtered. The solid product was washed with
water and dried (Scheme 1). Color: Grey. Yield: 75%.
"H NMR (400 MHz, DMSO-ds, 8, ppm): 12.29 (s, 2H,
NH), 11.40 (s, 1H, NH), 10.85 (s, 2H, NH), 8.31 (d,
2H, Ar-H), 7.55 (d, 2H, Ar-H), 1.29 (s, 18H, CH3). 1*C
NMR (100 MHz, DMSO-ds, 6, ppm): 181.72 (C=S),
179.86 (C=0), 134.80, 128.87, 125.31, 124.67, 123.87,
123.02, 122.84, 119.27, 26.27. FT-IR (ATR, cm):
3395, 3310 v(NH), 3056, 2938, 2890, 1586, 725.

2.3.5. Synthesis of co-crystal

N,N'-(((3, 6-Dichloro-9H-carbazole-1,  8-diyl)bis
(azanediyl))bis(carbonothioyl))bis(2, 2-dimethyl-
propanamide) were dissolved in 15 mL of acetic acid
and heated at 100 °C for 30 min. After ten days yellow
plates of the CBT:AcOH (1:1) co-crystal were obtained
at room temperature. Color: Grey. Yield: 75%. 'H
NMR (400 MHz, DMSO-ds, 6, ppm): 12.30 (s, 2H,
NH), 11.90 (s, 1H, OH), 11.40 (s, 1H, NH), 10.86 (s,
2H, NH), 8.30 (d, 2H, Ar-H), 7.56 (d, 2H, Ar-H), 1.92
(s, 3H, AcOH-CH3), 1.29 (s, 18H, CBT-CH3). *C
NMR (100 MHz, DMSO-ds, 6, ppm): 181.64 (C=S),
179.77 (C=0), 171.79 (C=0, AcOH), 134.73, 125.22,
124.59, 123.79, 122.93, 119.19, 26.19, 20.91.

3. RESULT AND DISCUSSION

3.1. Spectral characterization

Precursor materials 3,6-dichlorocarbazole (1), 3,6-
dichloro-1,8-dinitrocarbazole (2) and 1,8-diamino-3,6-
dichlorocarbazole (3) were prepared according to the
previously published method and characterized by FT-
IR, 'H NMR, *C NMR and LC/MS technique. The
obtained results are in agreement with the previously
published literature [27-29].

Sakarya University Journal of Science 23(3), 368-381, 2019

The CBT compound has been synthesized by reaction
of pivaloyl chloride with an equimolar amount of
potassium  thiocyanate and  1,8-diamino-3,6-
dichlorocarbazole in dry acetone and characterized by
FT-IR, 'H NMR and C NMR spectroscopic
techniques. The compound CBT shows characteristic
sharp peaks in FT-IR spectrum due to v(N-H), v(C=0)
and v(C=S) stretching vibration modes at 3412, 1669
and 1294 c¢cm’!, respectively. The stretching vibration
bands at 3084, 2955 and 2875 cm correspond to
stretching of v(Cy’-H) and v(Cy>-H) groups of
compound CBT (Figure 1).

In the '"H NMR spectrum of compound CBT, the
signals for the NHiiyoamide, the NHpyrrole and the NHamide
protons are shown at the & 12.31, 11.46 and 10.91 ppm,
respectively. The signals for the aromatic protons in the
compound CBT are observed at the 6 8.31 and 7.55
ppm as doublet. In addition, the singlet peak at 6 1.19
ppm seen in '"H NMR spectrum of compound CBT
corres-ponds to CH; group (Figure 2). In 'H NMR
spectrum of co-crystal, significant shifts were not
observed for the above-mentioned groups. However,
new signals from the acetic acid component of co-
crystal have emerged at 0 11.90 ppm for -OH group as
broad singlet peak and at & 1.91 ppm for -CHj3 group as
sharp singlet peak (Figure 2). In conclusion, it can be
said that in the 'H NMR spectrum of co-crystal,
CBT:AcOH molecular stoichiometry ration is 1:1.

In the C NMR spectrum of compound CBT, the
signals for thiocarbonyl and carbonyl groups are shown
at 6 181.72 and 179.86 ppm, respectively. The signals
for the aromatic carbons are observed in the range of &
119 and 134 ppm and the signals for the -CH3 groups
are shown at § 26.19 ppm (Figure 3). The *C NMR
spectra of the co-crystal and CBT are almost the same.
In addition to these signals in *C NMR spectrum of the
co-crystal, the new signals for carbonyl carbon and
methyl group carbons of acetic acid component
appeared at & 171.79 and 20.91 ppm, repectively
(Figure 3).

3.2. Molecular structure and conformation

Suitable crystals for X-ray analysis of co-crystal were
obtained from glacial acetic acid. The co-crystal
crystallizes in the monoclinic crystal system, space
group P2i/c with Z =4 and in a 1:1 carbazole-based
thiourea:acetic acid ratio. Further crystallographic data
are presented in Table 1. Molecular structure of co-
crystal is also presented in Figure 4.
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Bond lengths and angles for CBT component of the co-
crystal are presented in Table 2.
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Figure 2. '"H NMR spectra of the CBT (a) and co-
crystal (b) in DMSO-ds.

The bond lengths of the thiocarbonyl and carbonyl
groups in the CBT component are typical for double
bonds, C13-S1 =1.674(4), C19-S2 =1.667(2), C14-01
= 1.225(4) and C20-02 = 1.228(4) A. This difference
between thio-carbonyl bond distances due to the
intermolecular hydrogen bond between sulphur atom of
CBT component and hydrogen atom of the AcOH
component. The C-N bond lengths (N1-C1 = 1.386(4),
NI-C12 = 1.386(5), N2-C2 = 1.430(5), N3-C14 =
1.386(5) A, N3-C13 =1.383(5) and N4-C11 = 1.427(4)
A) for the compound are all shorter than the average
single C-N bond length and are all longer than the
average double C—N bond length. These C-N bond
lengths indicate a partial electron delocalization within
the C(S)-NH-Phcpr-NH-Phepr-NH-C(S)  fragment.
These results are in agreement with the expected

Sakarya University Journal of Science 23(3), 368-381, 2019

delocalization in CBT component and confirmed by
C2-N1-C1 = 129.2(3), C1-N2-C6 = 109.7(3) and Cl-
N1-C12 = 107.8(3) ° showing a sp’ hybri-dization on
the nitrogen atoms.

18172
~17

DMSO

az a ol -CHs
*
% 0, 0

EEEEE DMSO

—2%.19
—2081
—000

TMS

(b)

Figure 3. 3C NMR spectra of the CBT (a) and co-
crystal (b) in DMSO-ds.

In the co-crystal, the CBT component is stabilized by
intramolecular hydrogen bonds, which are N2-H2---O1
and N4-H4---02, with 1.92 and 1.93 A bond distances,
respectively (Figure 4). These hydrogen bonds cause
the formation of two six-membered ring systems. Intra-
and inter-mole-cular hydrogen bonds and geometrical
parameters of C—H---n interactions for co-crystal are
given in Tables 3 and 4, respectively.

On the other hand, the co-crystal has three kinds of
hydrogen bond donors, which are N-H, O-H and C-H.
The C-H donors are the C(sp*)-H donors of the methyl
group while N-H donors are the amide group and N-H
in pyrrole ring. The hydroxyl oxygen atom in the acetic
acid molecule is a good donor atom for tiyocarbonyl
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sulphur atom of the CBT component, while carbonyl
oxygen atom in the acetic acid is an acceptor atom for
methyl hydrogen of the CBT.

In co-crystal, there are two kinds of intermolecular
interactions between the donor and the acceptor atoms.
Firstly, the CBT and AcOH components in the
asymmetric unit of the co-crystal are binding with each
other via strong intermolecular hydrogen bonds O-
H---S between the thiocarbonyl group of CBT
component and hydroxyl hydrogen of AcOH
component, with S---H distance of 2.33 A with
symmetry code: 1-x, 1-y, 1-z (Figure 5, Table 2).
Secondly, within the crystal lattice, the AcOH
component in the co-crystal lock carbazole-based
thiourea mole-cules, forming additional three C-H:--O
intermo-lecular interactions (Figure 5, Table 3).

Figure 4. The structure of co-crystal, with labelling
of atoms in the asymmetric unit and the formation of
the six-membered ring system in CBT component

via intramolecular hydrogen bonds.

Table 1. Crystal data and details of the structure refinement for co-crystal.

Parameters Co-crystal
Empirical formula C26H31C1aN504S:
Formula weight 612.58
Temperature (K) 103.97
Crystal system Monoclinic
Space group P2i/c

a, (A) 8.8066(4)
b, (A) 16.3049(7)
¢, (A) 20.6178(9)
B, () 99.978(3)
Volume (A%) 2915.7(2)
VA 4

Pealc (g/cm?) 1.395

i (mm™) 3.685
F(000) 1280.0

Crystal size (mm?®)
Radiation
20 range for data collection (°)

Index ranges

Sakarya University Journal of Science 23(3), 368-381, 2019

0.32 % 0.14 x 0.1
CuKo (A = 1.54178)

6.952 to 144.578
S10<h<10,-19<k<20,-25<1<24
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Reflections collected 34815

Independent reflections 5726 [Rint = 0.2405, Rsigma = 0.1018]
Data/restraints/parameters 5726/0/361

Goodness-of-fit on F? 1.037

Final R indexes [[>20 (I)] Ri1=0.0732, wR, =0.1926

Final R indexes [all data] R1=0.0885, wR2=10.2132

Largest diff. peak/hole / e A3 0.69/-0.84

Table 2. Selected bond lengths (A) and angles (°) of the co-crystal.

Atom Length (A) Atom Angle (°)
cI(1) C4) 1.743(4) c() N(1) C(12) 107.8(3)
Cl2) C(9) 1.739(4) C(13) NQ2) cQ) 121.13)
s(1) Ca13) 1.674(4) C(13) NG3) C(14) 127.23)
5(2) C(19) 1.667(4) C(19) N(4) can 125.2(3)
o(1) C(14) 1.225(4) N(1) () cQ) 129.2(3)
0(2) C(20) 1.228(4) N(1) ca) C(6) 109.7(3)
N(1) () 1.386(4) N(1) C(12) c) 110.23)
N(1) c(12) 1.386(5) N(1) c(12) c(i1) 128.7(3)
NQ) cQ) 1.430(5) c(11) C(12) C(7) 121.13)
NQ2) ca13) 1.340(5) NQ) ca13) s(1) 122.7(3)
NG3) C(13) 1.383(5) NQ2) c(13) NG3) 116.7(3)
NG3) C(14) 1.386(5) NG) ca13) s(1) 120.6(3)
N(4) can 1.427(4) o(1) C(14) NG3) 120.9(3)

Table 3. Intra- and inter-molecular hydrogen bonds for co-crystal (A,°) *.

D-H-A d(D-H) d(H-A) d(D--A) 2 (D-H-A)
N(1)-H(1)--S(2) 0.88 2.67 3.418(3) 144
N(1)-H(1)---O(1) 0.88 1.92 2.595(4) 133
O(2A)-H(24)---S(1) ¥ 0.84 2.33 3.172(4) 176
N(3)-H(3)--O(1A) i 0.88 2.23 3.076(5) 157
N(4)-H(4)--0(2) 0.88 1.93 2.630(4) 136
N(2)-H(2)---O(1) 0.88 1.92 2.595(4) 135
C(2A)-H(2AB)---O(1) i 0.98 2.55 3.323(5) 136
C(18)-H(18C)--O(1A) 0.98 2.56 3.469(6) 154
C(24)-H(24C)--S(1)’ 0.98 2.83 3.780(4) 163

* Symmetry codes for co-crystal: i = 1-x, 1-y, 1-z; ii = x, -1+y, z; iii= -1+X, y, z.

Table 4. Geometrical parameters of C—H---xt interactions for co-crystal (A, °) 2.

C-H---Cg()) " H---Cg H-perp ¢ <2C-H---Cg yd C--Cg*
C22-H22C---Cg(3) ! 2.68 2.65 141 8.63 3.500(4)
C23-H23A---Cg(1) # 2.75 -2.75 117 3.01 3.313(4)
C23-H23C---Cg(3) 2.73 -2.68 133 11.41 3.475(4)
C24-H24A---Cg(1) 2.62 2.61 139 4.49 3.475(4)

# Symmetry codes for co-crystal: i = 2-x,1-y,1-z; ii = 1-x,1-p,1-z. Cg(1) and Cg(3) are the centroids of the rings N1-C1-C6-C12
and C7-C12 of the CBT component, respectively.

b Center of gravity of ring J (Plane number above).

¢ Perpendicular distance of H to ring plane J.

Sakarya University Journal of Science 23(3), 368-381, 2019 374
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4 Angle between Cg-H vector and ring J normal.

¢ Distance between C-atom and the nearest carbon atom in the benzene ring.

In co-crystal, intermolecular interactions bond
carbazole-based thiourea molecules to form a
continuous one-dimensional chain through the b plane
(Figure 5).

In the crystal structure, the CBT molecules are also
linked by intermolecular hydrogen bonds. The N-
H---O and N-H:--S intermolecular hydrogen bond
interactions form among the CBT molecules. These
interactions cause the formation of molecular dimers,
generating R»*(12) and R»*(14) homosynthons.

The N-H---O interactions occur between the tiyoamide
hydrogen of CBT atom and the oxygen atom of
carbonyl group, while N-H---S interactions form
between the pyrrole amine of CBT and sulphur atom of
the thiocarbonyl group. These motifs could play an
important role in the stabilization of the co-crystal
(Figure 6, Table 3).

(@)

In addition, the presence of trimethyl groups in CBT
component lead to the presence of strong C-H--'n
intermolecular interactions which cause lattice
stability. The dimeric entities between the CBT
molecules are further supported through strong two
type C-H- - intermolecular interactions.

The first occurs between the trimethyl group hydrogen
atom and the phenyl ring of the carbazole skeleton,
while the second one forms between the hydrogen atom
of trimethyl group and the pyrrole ring of the carbazole
skeleton. The crystal packing of the co-crystal is
layered through these interactions (Figure 7, Table 4).
All of these interactions construct a stable framework
for co-crystal.

(©)

Figure 5. (a) The O-H---S hydrogen bond and intermolecular C-O---H interactions in co-crystal, (b) the
intermolecular interactions shown in space-filling representation of acetic acid, (c) the one-dimensional chain
formed along the b direction.
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R>2(14) %y

Figure 6. The formation of R?(12) and R*(14) synthon generated through N-H---S and N-H---O hydrogen
bonds.

Figure 7. C-H---m interactions between CBT molecules of co-crystal.

and close intermolecular interactions in the crystal
structure and are illustrated by using the dyo-» and shape

The Hirshfeld surfaces of the co-crystal were analyzed index Hirshfeld surface. In addition, all interactions
to clarify the nature of the hydrogen bond interactions were summarized by fingerprint plots. The Hirshfeld

3.3. Hirshfeld surface snalysis
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surface mapped with d,om is the normalized contact
distance, which is normalized from d. (the nearest
external distance), d; (the nearest internal distance) and
the van der Waals radii of the two atoms to the surface.
The two dimensional fingerprint plot is derived from
the Hirshfeld surface, these 2D fingerprint plots ensure
a visual summary via combination of d; and d. across
the surface of a molecule. In order to understand the
interactions of the co-crystal, Hirshfeld surface
calculations were performed on both CBT and AcOH
crystals and all of the Hirshfeld surfaces were mapped
over duorm and shape index.

The duorm surface of CBT molecule displays the close
contacts of hydrogen bond donors and acceptors, but
other close interactions are also evident. In duom
surfaces of the CBT molecule, the large red spots are
signs of hydrogen bonding interactions whereas other

visible spots are due to weaker interactions. The
dominant C-S---H and N-H---O interactions are
prominent in the Hirshfeld surface plots as the dark red
area. The small and light color red areas on the surface
indicates weaker and longer contacts other than
hydrogen bonds between CBT molecules. An
additional intramolecular C-H---Cl hydrogen bond in
dnorm surfaces of CBT molecule is observed as a weak
red spot due to the presence of the chloro group (Figure
8). In the 2D fingerprint plots of CBT molecule,
reciprocal strong S---H and H---O intermolecular
interactions, with a contribution of 12.9 and 10.8%,
respectively, appear as two distinct spikes. The region
in the middle of the fingerprint plot represents the
H---H interactions, with a contribution of 33.5%.

- H:--H H-+S/S--H

d e

d di

U6 08 10 1.2 T4 16 18 20 176 28

Figure 8. The Hirshfeld surface of the CBT mapped with d0 function and decomposed fingerprint plots showing
relative contributions of reciprocal H---H, S---H and O---H intermolecular interactions.
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Figure 9. The Hirshfeld surface of the AcOH component in the co-crystal mapped with d.mm function and
decomposed fingerprint plots showing relative contributions of reciprocal H---H, S---H and O---H intermolecular

interactions.
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Figure 10. The Hirshfeld surface of the CBT mapped with shape index function and decomposed fingerprint plot
showing relative contribution of reciprocal C---H intermolecular interactions.

The Hirshfeld surface analysis of the AcOH molecule
reveals C-S---H and N-H---O interactions, which can
be seen on the Hirshfeld surfaces as dark red spots
corresponding to the short S---H and H---O contacts,
respectively (Figure 9). The other light red spot on the
Hirshfeld surface are caused by weak C-H---O
contacts. The strong S---H/H---S intermolecular
interactions, with a contribution of 5.2%, appear as one
spike in the 2D fingerprint plot while the strong
O---H/H---O intermolecular interactions, appear as two

Sakarya University Journal of Science 23(3), 368-381, 2019

distinct spikes with a contribution of 39.7%. The H---H
interactions in AcOH contain 42.9% of the total
Hirshfeld surfaces and are intensely visible in the
middle of the fingerprint plot.

The shape index Hirshfeld surface can be generally
used to assign characteristic packing modes, planar
stacking arrangements, and the ways in which
neighboring molecules contact one another. The
hollow red and bulging blue areas on the shape index
surface of CBT molecule shows that the C-H--'m
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stacking interactions are dominant identical in the total
crystal structures (Figure 10). These regions on the
shape index surface are characteristic of C-H:-'m
stacking interactions. These interacions contain 42.9%
of the total Hirshfeld surfaces and are visible as “wing”
in the fingerprint plot.

4. CONCLUSIONS

In this study, N,N'-(((3,6-dichloro-9H-carbazole-1, 8-
diyl)bis(azanediyl))bis(carbonothioyl))bis(2, 2-
dimethylpropanamide) as a carbazole-based thiourea
derivative has been prepared. This compound was
obtained in powder form due to its low solubility in
many solvents. For a detailed analysis of the molecular
structure of the compound, we wanted to obtain it in
crystalline form by increasing solubility. For this
reason, we aimed to make the compound soluble by
increasing interactions between the molecules in the
compound.

To achieve this purpose, we have prepared a new
supramolecular cocrystal containing 1:1 ratio of the
CBT and acetic acid, increasing intermole-cular
interactions. So, the obtained co-crystal was
characterized by single crystal X-ray analysis and
molecular structure was examined in terms of
supramolecular interactions. The structure deter-
mination shows that the co-crystal is primarily
stabilized by strong O—H---S hydrogen bonding and C-
H:--O interactions between the components of co-
crystal. The co-crystal is also stacked in a parallel
fashion, forming a layered 3D structure held together
by C-H:-m stacking interactions forming between
molecules of CBT component. These supramolecular
interactions observed by X-ray single crystal
diffraction analysis were also examined by using
Hirshfeld surface analysis and related fingerprint plots
and reveal that the structure is stabilized by H---H, O—
H---S, C-H:--O and C-H:-m intermolecular
interactions.
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