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Abstract

To study the influence of drug cocrystal on the solubility of active pharmaceutical ingredients (APIs). The
ETZ-2TMA-MeOH cocrystal was obtained by the solution evaporation crystallization method. The
cocrystal structure was characterized by Single Crystal X-ray Diffractometer. The single crystal belongs to
orthorhombic crystal system with space group P2,2,2,(no.19), a = 12.9863(9) A, b = 16.6603(11) A, c =

25.9260(16) A, V = 5609.2(6) A3,Z = 8, T = 170.00 K. The main forces are the formation of intermolecular
hydrogen bonds between the amide groups on ETZ and the carboxyl groups on TMA and the hydroxyl
group on methanol. In addition, the solubility of ETZ and ETZ-2TMA-MeOH cocrystal was determined.
The results show that, in contrast to most cocrystal systems that improve solubility, the solubility of
ETZ-2TMA-MeOH decreased to 19.30 % of pure ETZ.

1 Introduction

Ethenzamide (CAS: 938-73-8, 2-ethoxybenzamide, ETZ) is a non-steroidal anti-inflammatory drug with

analgesic and antipyretic effects!'l. It can be used to treat mild to moderate pain in muscle, bone and joint
diseases. ETZ belongs to class Il of Biological drug Classification System (BCS), and its main

disadvantages are poor solubility and low bioavailability?]. The structures of cocrystal of ETZ have been
published and deposited in CSD (Cambridge Structural Database), which was obtained with furosemide

(CCDC:2114160, SARQOV)B], sinapic acid (CCDC:1581650, DEYQUW)!!, 2,5-dihydroxybenzoic acid
(CCDC:1522933, FENQEX), 3,4-dihydroxybenzoic acid (CCDC:1522937, FENRIC)[, phenol
(CCDC:1879336, VUKSEC)!®!, 3 5-dinitrobenzoic acid (CCDC:752467, WUZHOP)7!, 2,4-dihydroxybenzoic

acid (CCDC:1825011, JIFHAK)[B], 3,4,5-trihydroxybenzoic acid (CCDC:1468148, ORIKIL), 2-nitrobenzoic
acid (CCDC:1468153, ORIKOR), 3-nitrobenzoic acid (CCDC:1468154, ORIKUX), 2,4-dinitrobenzoic acid

(CCDC:1468159, ORILAE), 3-methylbenzoic acid (CCDC:1468161, ORILEI)®], 2-hydroxybenzoic acid
(CCDC:752480, REHSAA)'0 pentanedioic acid (CCDC:1854255, TIWPIB)'"], (22)-but-2-enedioic acid
(CCDC:1854256, TIWPOH)!'], Flufenamic Acid (CCDC:1448786, FAQXAZ)['2], Ferulic acid
(CCDC:1448786, FAQXAZ)['3] propanedioic acid (CCDC:1854257, TIWPUN)['4, ethylmalonic acid
(CCDC:752465, VAKTOS)!'5] Saccharin (CCDC:711674, VUHFIO)!'6land so on.

Different coformers can cause different trend of solubilities. For example, ETZ-3,5-dinitrobenzoic acid
(19.47 mg-mL™~"), ETZ-2,4-dihydroxybenzoic acid (4.78 mg-mL™~") improved the solubility of ETZ (1.45
mg-mL~"), while ETZ-ferulic acid (1.15 mg-mL™") reduced the solubility of ETZ (1.45 mg-mL™"). In this
research, we discovered the cocrystal of ETZ-2TMA-MeOH, which laid a foundation for the further study
of ETZ new cocrystal.

2 Experimental
2.1 Materials
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Ethenzamide and Trimesic acid were purchased from Energy Chemical Co., Ltd. Analytical grade solvents
were used for the crystallization experiments. All purchased from Shanghai Lingfeng Chemical Reagent
Co., Ltd.

2.2 Cocrystal Growth

Equimolar quantities of ETZ (0.20 mol) and TMA (0.20 mol) were added to a mixed solvent of 2 mL of
methanol and 3 mL of toluene in a 10 mL glass vial. The slurry was stirred at 60°C for 10 min. The
obtained clear solution was cooled down slowly to the room temperature for 2 days.

2.3 Fourier transform-infrared spectroscopy (FT-IR)

The infrared spectra of samples were evaluated by an FT-IR spectrometer (Bruker Alpha FT-IR

T with a resolution of 4

spectrometer). The measurements were performed in a range of 4000 - 400 cm™
cm™!. Powder samples (about 2 mg) were manually mixed with 100 mg of dry KBr in an agate mortar

and pressed into thin pellets. Data were analyzed by Spectrum software.

2.4 Powder X-Ray diffraction (PXRD)

The diffraction patterns were measured on Rigaku Ultima IV X-ray Diffractometer (Rigaku, Tokyo, Japan)
using Cu Ka X-ray (A = 1.5406 A) and the generator operated at 40 kV and 40 mA. The scans ran from 5.0

°t0 50.0 ° (28), with an increasing step size of 0.02 ° and the scan rate of 5 °min™".

2.5 Single Crystal X-Ray diffraction(SXRD)

A single crystal of suitable size and good quality was measured by using an area detector on a Bruker
APEX-Il CCD diffractometer with graphite monochromatic Ga-Ka radiation (A = 1.34138 A). Absorption
corrections were applied by using multi-scan program. Using Olex2, the structure was solved with the
ShelXT structure solution program using Intrinsic Phasing and refined with the ShelXL refinement
package using Least Squares minimisation.

2.6 Solubility and Dissolution studies

The dissolution studies of ETZ and ETA-2TMA-MeOH were measured by using equal molar samples at 37

°C for oscillation. Aliquots of 1T mL were withdrawn at predetermined time points (5, 10, 15, 30, 45, 60,
120, 180, 240 and 1380 min) substituting the same with equal quantity of fresh dissolution media.

The solubility and dissolution rate of ETZ and ETA-2TMA-MeOH were quantified by High Performance
Liquid Chromatography. An Waters e2695 series HPLC equipped with a UV detector (2489) and an
automated injector. Methanol-water (80: 20) were used as mobile phase at a flow rate of 1 mL/min in an
isocratic mode on an Agilent Zorbax SB-C18 (4.6 mm x 250 mm, 5 um) column at 25°C. After suitable
dilution, 10 pL of sample was injected, and the absorbance of elute was recorded at 235 nm.

2.7 Hirshfeld surface analysis

Both the Hirshfeld surface image and 2D fingerprint are generated by Crystal Explorer software.
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3 Results And Discussion
3.1 Solid State XRay Crystal Structure analysis

Page 4/15



Table 1

ETA-2TMA-MeOH cocrystal crystallography and refinement data

Empirical formula

Formula weight
Temperature / K
Crystal system
Space group
a/A

b/A

c/A

a/®

B/°

y/*
Volume/A3

Z
pcalcg/cm3

p/mm’

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

Reflections collected

Independent reflections
Data / restraints / parameters

Goodness-of-fit on F2

Final R indexes [l > =20 (1)]

ETZ-2TMA-MeOH
CogH27NO1 5
617.50
170.00
orthorhombic
P2,2424
12.9863(9)
16.6603(11)
25.9260(16)
90

90

90

5609.2(6)

8
1.462
0.660

2576.0
0.08 x 0.06 x 0.03

GaKa (\ = 1.34138)
5.486 to 114.53

-16<h<15,-20<k=<20,31<1<32

42349

11301 [Rip; = 0.0518, Rgigma = 0.0557]

11301/7/821
1.044

R;=0.0525, wR, = 0.1223
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ETZ-2TMA-MeOH
Final R indexes [all data] R, =0.0900, wR, = 0.1462

Largest diff. peak/hole / e A=3 0.21/-0.31

Flack parameter 0.03(11)

The ETZ-2TMA-MeOH cocrystal was obtained from mixed solvent of methanol and toluene at room
temperature by solvent evaporation method. The single crystal belongs to orthorhombic crystal system
with space group P2,2,2, (Table 1).. In the unit cell of cocrystal, the main forces are the formation of
intermolecular hydrogen bonds between the amide groups on ETZ and the carboxyl groups on TMA and
the hydroxyl group on methanol (Fig. 1, Table 2). On the one hand, the O atom on the amide group of the
ETZ molecule is a hydrogen bond acceptor, and the H atom on the carboxyl group (0-H) of the TMA
molecule is a hydrogen bond donor, forming an intermolecular hydrogen bond O-H...0 (symmetry code:
+X, +Y, -1+ Z) [length 2.523(4) A, angle 165.4 °]. On the other hand, the O atom on the hydroxyl group of
methanol molecule is a hydrogen bond acceptor, the H atom on the molecular carboxyl group (O-H) of the
ETZ molecule is a hydrogen bond donor, forming an intermolecular hydrogen bond O-H...O (symmetry
code: +X, +Y, -1+ Z) [length 2.515(4) A, angle 170.2 °]. The methanolate cocrystal of ETZ and TMA were
formed. Views of the calculated ETA-2TMA-MeOH Hirshfeld surface and 2D fingerprint were shown in
Fig. 2. The force of H... 0/0... His 34.5%, and the force of H... N/N... His 0.7%. The force of hydrogen
bond between ETZ and TMA mainly depends on H... 0/0... H force.
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Table 2
ETA-2TMA-MeOH cocrystalline hydrogen bonds

D H A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/°
N1 H1B 02 0.88 1.97 2.654(4) 133.5
03 H3A 01 0.84 1.70 2.523(4) 165.4
05 H5A 029 0.84 1.68 2.515(4) 170.2
08 H8 024 0.84 1.89 2.725(4) 172.1
011 H11 0262 0.84 1.85 2.664(4) 161.3
020 H20 063 0.84 1.82 2.636(4) 162.9
N2 H2B 022 0.88 1.98 2.663(5) 133.0
023 H23A 021 0.84 1.69 2.511(4) 165.0
025 H25A 030 0.84 1.68 2.510(4) 171.6
028 H28 04’ 0.84 1.91 2.739(4) 171.0
030 H30A 0124 0.84 1.82 2.655(4) 171.6
010 H10 0175 0.87(3) 1.81(3) 2.674(4) 171(9)
013 H13 015 0.88(3) 1.73(3) 2.596(4) 172(8)
016 H16A 014 0.86(3) 1.82(3) 2.662(4) 165(8)
018 H18 096 0.87(3) 1.72(3) 2.590(4) 177(9)
029 H29 019" 0.87(3) 1.79(3) 2.644(4) 168(7)
TUX1/2+Y1/2-2, 24X, 4Y,1 + 2, 31-X,1/2 +YA1/2-Z; A4X 41+ Z; 5+ X1 +Y,A4Z; 94X,1 + Y42

3.2 PXRD analysis

The crystal structures of ETZ, TMA, and ETA-2TMA-MeOH were measured by PXRD (Fig. 3). The peaks at
206=9.64"°,14.54°,14.70 °,19.36 °, 25.32 °, and 33.78 °, which are the characteristic peaks of ETZ,
disappeared in the PXRD result of ETA-2TMA-MeOH. Meanwhile, a number of new peaks belonging to
ETA-2TMA-MeOH emerged at 26 = 26.84 °. Thus, the formation of ETA-:2TMA-MeOH can be confirmed by
the notable changes through the PXRD.

3.4 FT-IR analysis
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The synthesized ETA-2TMA-MeOH was analyzed by FT-IR spectroscopy. FT-IR spectra of ETZ, TMA and
ETA-2TMA-MeOH were compared in order to confirm the cocrystal formation. All the molecular cocrystals
exhibited a change in carbonyl stretching frequency of acid group with respect to their starting material.

In the ETA-2TMA-MeOH, significant shift of carboxylate (-C = 0) and amino (—~NH,) stretching vibration
was observed (Fig. 4). The characteristic peak of N-H in the molecular structure of ETZ was shift from
3370.51 cm™ ' t0 3453.93 cm™ ', the characteristic absorption peak of C = O in the molecular structure of
TMA was shift from 1644.27 cm™ " to 1705.51 cm™ ™.

3.5 Solubility study

It is well known that the solid form of APIs has a substantial impact on the solubility and dissolution
profiles of drug. Therefore, it is important to select an appropriate API solid state forms for successful
drug development. According to the Biopharmaceutical Classification System (BCS), ETZ was classified
as a low solubility drug (BCS class ). Solubility can be enhanced either by salt formation or by cocrystal
formation. The ETZ molecule does not have any ionization site for salt formation; therefore, improvement
in the solubility of ETZ drug molecule can only be done by cocrystallization. The solubility of ETZ and
ETA-2TMA-MeOH in 37°C water was determined. The results in Fig. 5 clearly show that the solubility of
ETA-2TMA-MeOH decreased to 19.30% of pure ETZ.

4 Conclusions

ETA-2TMA-MeOH cocrystal was prepared by solution evaporation crystallization, and the cocrystal was
characterized by SCXRD, PXRD and FT-IR. It was proved that 1 molecule ETZ, 2 molecule TMA and 1
molecule MeOH formed cocrystal by hydrogen bonding. The synthesis of the new cocrystal was
confirmed by Fourier Transform Infrared and Powder X-ray Diffraction. The crystal structure of the
ETA-2TMA-MeOH crystal was characterized by Single Crystal X-ray Diffractometer. In addition, the
influence of cocrystallization on the solubility of ETZ was determined by HPLC. The results showed that
the solubility of ETA-2TMA-MeOH decreased to 19.30% of pure ETZ. Its pharmacological and
toxicological properties need further study.
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Figure 1

Cocrystallization of ETA-2TMA-MeOH
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Figure 2

Views of the calculated ETA-2TMA-MeOH Hirshfeld surface
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Figure 3

The powder X-ray diffraction (PXRD) patterns of ETZ, TMA and ETA-2TMA-MeOH
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Figure 4

Comparison of FT-IR spectra of ETZ TMA and ETA-2TMA-MeOH
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Figure 5

Solubility of ETZ and ETA-2TMA-MeOH in aqueous solution

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e GraphicalAbstract.png

Page 15/15


https://assets.researchsquare.com/files/rs-2396758/v1/71407ad8a6beee9ddb6585a0.png

