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Polymorphism and configurational isomerism in 3-(9-anthryl)-1-(3-
hydroxyphenyl)prop-2-en-1-one

Qi Feng,? Jiali Wang,* Wenhui Huan,? Chao Shen,? Fang Guo,? Jiadan Lu,* Guowang Diao**
#School of Chemistry & Chemical Engineering, Yangzhou University, Yangzhou, 225002

Abstract

In this study, 3-(9-anthryl)-1-(3-hydroxyphenyl)pr@-en-1-one was synthesized and formeddso
isomers ¢ andg polymorphs) and ongans isomer under different crystallization conditio®sngle
crystal X-ray diffraction revealed that all thedbrcrystals exhibit the similar crystal structuies,
which the two adjacent chalcone molecules form dénlerough intermolecular H-bonds between
the phenolic hydroxyl and carbonyl groups, andtthe dimers stack parallel to construct their 3D
structures. In order to rationalize the configumasil phenomenon and investigate the stability ef th
three crystals, Hirshfeld surface analyses, thealetalculation and grinding experiments were
performed. The results revealed that the coexistehél-bonds and C-H« interactions around the
two hydrogen atoms on the C=C double bond may beaarfor formation of theis configuration,
and thetrans isomer is more stable than the other timisomers. Moreover, the optical-physical
properties of these crystals were also investigddee to the similar crystal structures, the simila

fluorescence bands were observed in their spectra.
Keywords: configurational isomerism, chalcone, pudyphism

Introduction

Cis—trans isomerism of organic compounds, also known as géacrisomerism or configurational isomerism, is
always a subject of great interest from both acaalemd industry, for their distinctive physical acttemical
properties, such as solubility, stability and mexbal properties (tabletabilitygtc [1-6].

The importance ofis-trans isomerism in luminescent material system was aigterscored, because the different
configuration of a given molecule usually exhildtstinct optical-physical properties [7,8]. For exale, 5-(-1-(4-
bromo-phenyl)-&’,7a’-hexahydro-H-indazol-3-yl)-3-methyl-1-phenyl-1H-pyrazole-4-caritrile (PZ) displays an
emission band at 396 nmtirans form, whereas its fluorescence emission maximudysnm incis form [9].

Chalcone [10], an important natural compounds Esésg a wide range of bioactivities [11], can Is»alsed as
organic luminescent materials due to their excelgrical-physical properties [12,13]. In this spudn chalcone
derivative, 3-(anthracen-9-yl)-1-(3-hydroxyphenyfp-2-en-1-one (Scheme 1), was synthesized ané som
interesting solid state behaviors have been obdeitee compound afforded three different crystedsifa variety
of different solvents. Single crystal X-ray anakysevealed that two of them adopt tiieconfiguration and only
one exhibits d@rans configuration. Theérans isomer crystallizes in a monoclinic system witlasp groupC2/c, and
its asymmetric units (ASU) accommodates one crggfedphically independent molecule. However, bb#ativo
cisisomers (named asandp polymorphs) crystallize in the triclinic systemtlvspace groupt, and their ASUs
accommodate two and one crystallographically inddpat molecules, respectively. To the best of ouvKedge,
for the chalcone derivative, thieans isomers usually exhibit greater stability than ¢redsomers, and many
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chalcones in the previous reports, such as 3-(&fy)-1-(4-chlorophenyl)prop-2-en-1-onkphenyl-3-(1-
pyrenyl)prop-2-en-1-one and 4-bromo-1-naphthyl Cbiaé, mainly adogtans configuration due to their strikingly
steric effect and stabilities [14,15]. Conformatbpolymorphism was rarely reported for e chalcone
molecules, even rarer an ASU accommodatesctaeoonformers simultaneously [16]. Based on the tlergstal
structures, computational methods were performedationalizing the configuration phenomenon angegiigating
their stability. Meanwhile, the solid-state projestof the three crystals were also investigated.

Scheme 1. Chemical structure of 3-(anthracen-9-yl)-1-(3-topdiphenyl)prop-2-en-1-one.

Experiment

Material Synthesis and Characterization

The chalcone molecule was synthesized and chaimedery a previous reported method [18]. A mixtaf&-
hydroxyacetophenone (1.6 g), 9-anthracenecarboxgadiee(2.3 g), and 3 M of aqueous sodium hydrox@&mL) in
ethanol (20 mL) was stirred at 50°C for 16 h. Thele product was collected by filtration and retaljized from
95% ethanol to give pure chalcorigafis isomer) as orange crystals: 2.71 g, yield: 74.8f, 198-200 °CH

NMR (DMSO, Figure 1S of the Supporting Informatios\ppm) 7.03-7.08 (dd, 1H), 7.32-7.38 (t, 1H), 7.46

(t, 1H), 7.53-7.64 (m, 6H), 8.10-8.17 (dd, 2H),18-8.28 (d, 2H), 8.55-8.62 (d, 1H), 8.67 (s, 1HBMs, 1H).**C
NMR (DMSO, Figure 2S)8 (ppm) 115.13, 120.18, 121.00, 125.44, 126.05,287.28.70, 129.32, 129.43, 130.14,
130.47, 131.29, 131.85, 139.10, 140.59, 158.23,1839

Crystals’ Preparation

The preparation of thigans isomer crystals has been mentioned in the syrgipest.a. polymorph of theeis
isomers was recrystallized from ethanol/chlorofenimed solvent (v : v =1 : 3). Slow evaporatiortioé solvent at
room temperature for 4-5 days yielded orange nbkellerystals. However, despite extensive effggtpplymorph
of thecisisomers was obtained only once from acetone/diohtethane (v: v =1: 1) mixed solvent. Sincedsw
difficult to get an adequate amountfpolymorph, only its single crystal data was meagur

Measurement

Single crystal X-ray diffraction experiments wegerted out using a Bruker D8 QUEST diffractometguipped
with a Bruker APEX-II £ = 0.71073 A). Data collection for the three cristaas done at ambient temperature.
Crystal structures were solved with direct methasiag SHELXL-2014 program and refined anisotropjcasing
a full-matrix least-squares proced{8]. All non-hydrogen atoms were refined anisoicafly. All the hydrogen
atoms, including hydrogen atom of the phenolic byglk groups, were inserted at their calculated pmss and
fixed at their positions. The structural data fmee crystals have been deposited as CIFs at tinbi@ge
Crystallographic Data Base (CCDC No. 1868346, 185%hd 1868347) and are also available as Suppgortin
Information (SI). Powder X-ray diffraction (PXRDgafterns were measured with a Bruker D8 advancerspiped
powder diffractometer, which operated at ambiemtgerature, using Cud<radiation § = 0.15405 nm).

UV-Vis absorption spectra were recorded on a ShimadlV/-3600 spectrometer. Fluorescence spectra were
obtained on a Horiba FluoroMax 4 spectrofluoromefrantum yields of the chalcone in different solgent
were also determined dtoriba FluoroMax 4 spectrofluorometer, quinolondae in 0.5 M HSO, was used as a
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standard and excitation was chosen at 365 nm. 8Soticescent quantum yields were obtained by uaimg
Edinburgh Instrument with an excitation wavelengt365 nm.

Hirshfeld surface analysis

Hirshfeld surface graphical representation algs, around each crystallographically independent mdéem the
three polymorphs, and associated 2D fingerprintspheere performed out by using Crystal Explorer[20].

Calculation Details

Comparison of crystals’ stability

The geometry optimization of crystals was performatdting from the X-ray structures. Cambridge Sjal
Total Energy Package (CASTEP) module based onltreRaves Pseudopotential method of density funatio
theory (DFT) was used to optimize three crystaisl, the most stable structures and energy are edbcll
Generalized Gradient Approximation (GGA) and Perdiawke-Ernzerhof (PBE) exchange-correlation funwio
were used. To ensure the correctness of the ctitmul¢ghe cut-off energy was selected as 400.0/dMhe
calculations were performed by Material Studio fr@gram [21].

Theoretical study of spectra

Structural, electronic and optical properties wattelied in the framework of the density functiotiedory (DFT).
The M062X functional with 6-31+G (d,p) basis setdliewas chosen to calculate excited state [22]cAltulations
were performed using the Gaussian 09 version Bullé ef programs [23]. The absence of imaginargdiency
modes for the optimized structures at the DFT lewefirms a true minimum on the potential energyaue.
Further analyses of electronic and optical propsnvere performed by calculations of both vertioal adiabatic
ionization potentials and the calculation of theiblie-UV absorption and emission spectra in theméaork of
time-dependent DFT (TD-DFT).

Result and Discussion

Crystal structure

Single crystal X-ray diffraction analyses were peried for the three crystals to determine theurcdtres. Thermal
ellipsoids of the chalcone molecules in the thr&JA were shown in Figure 1. It was worth noting #ibthecis
isomers exhibit the similar conformation with eather, in which the dihedral angles between tharacene and
benzene rings are 80.07° (type Adipolymorph), 83.08° (type B ia polymorph) and 82.43%(polymorph),
respectively (Figure 2). In contrast, tinans isomer shows a nearly planar structure with thedial angle of
29.95°, The crystallographic data was presentécbie 1.
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115 Figure 1. Thermal ellipsoids plots of the twas isomers (a and b) arichnsisomer(c).
e type A m e polymorph
= type B in a polymorph
= /B polymorph
116
117 Figure 2. Comparison of the conformation for the thoegisomers.
118 Table 1. Numerical details of the solutions and refinemeafitthe three crystal structures
Crystals o polymorph g polymorph transisomer
Formula Gz Hi60; Ca3 His O, Ca3 Hi6 O,
Morphology needle needle needle
Crystal system triclinic triclinic monoclinic
Space group Pi Pi C2lc
alA 5.4651(6) 5.4587(6) 33.809(4)
b/A 16.891(2) 11.5366(14) 5.5199(7)
c/A 19.743(3) 13.5526(16) 21.394(2)
aldeg 68.888(4) 96.297(4) 90
B /deg 89.737(4) 96.784(4) 124.694(2)



y Ideg 89.614(4) 90.865(4) 90
Vi A3 1700.2(4) 842.04(17) 3282.8(7)
Z 4 2 8
p (calcd)/Mg n® 1.267 1.279 1.313
ORangefordat@a 19 57581 152327576 2.316-27.548
collectior/
F(000) 680 340 1360
0.0571, 0.0601,
Ry, WR (I > 20(1)) 0.0577,0.1132 %) 0.1490
0.1211, 0.1057,
Ri, WR, (all data) 0.1735,0.1424 50 0.167¢
Goodness-of-fit 1.002 1.098 1.068
CCDC 1868346 1855435 1868347
119 It was interesting that the three crystals havesthmlar structures. As shown in Figures 3-5, duthe
120 intermolecular H-bonds (O-H---O, summarized in @&)lbetween the phenolic hydroxyl and carbonyupgsp the
121  chalcone molecules in all the three crystals paiand generate the molecular dimers. Ingipelymorph andrans
122 isomer, the molecular dimers are parallel stackedggthea, b andc axes to give their 3D structures. The analogous
123  structure could be found in the monoclinic polynogd 1-phenyl-3-(3-hydroxyphenyl)-2-propen-1-ondwere the
124  molecular dimer constructeda H-bonds (O-H- - - O) is also the repeating motif [2fmpared with above two
125  crystals, thex polymorph possesses two types of chalcone molecnéenely types A and B. In this crystal, the two
126 adjacent chalcone molecules connect with each attiform A-A or B-B dimers. These dimers are staick
127  alternately along the axis and adopt parallel arrangement alongathadb axes to provide its 3D structure.
128  Furthermore, in the three crystals, the closestreiehdistances between the anthracene rings §953 thus no
129  strongr-overlap exist among them.
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131 Figure 3. Crystal structure of polymorph. (a) The two types of the hydrogen bogdiimers. (b) 3D packing diagram of
132 polymorph projected in thiec plane. The types of A and B chalcone moleculeshogvn in purple and green, respectively.
133 Hydrogen atoms not participating in the interaciitvave been omitted for clarity.
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135  Figure4. Crystal structure g8 polymorph. (&) The hydrogen bonding dimer. (b) 3i2king diagram of polymorph projected
136 in thebc plane. Hydrogen atoms not participating in theriattions have been omitted for clarity.
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138 Figure5. Crystal structure of theansisomer. (a) The hydrogen bonding dimer. (b) 3Dkpagdiagram of théransisomer
139 projected in thec plane. Hydrogen atoms not participating in thered@ons have been omitted for clarity.

140 Table 2. H-bonds geometry (A, deg) in the three crystals.
Crystals D-X---A D-X XA D---A D-X---A
0O1-H16---02 0.82 2.14 2.916(2) 159.2
a polymorph
04-H32---03 0.82 2.09 2.900(2) 169.3
§ polymorph O1-H16---02  0.82 210  2.8973(19) 163.3
transisomer O1-H1-.-02 0.82 2.07 2.8637(18) 162.0

141  Powder X-ray Diffraction (PXRD) Patterns and FT-IR Spectroscopy

142  As shown in Figure 6, PXRD patternscopolymorph andransisomer are distinctly different and are in agreeme

143  with that simulated from their crystal data. Thilg powder product could be used for the solidegpadperties
144  investigation later.
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146 Figure 6. Comparison of the experimental asichulated PXRD patterns of thegpolymorph (a and c) artdans isomer (b and d).

147  FT-IR spectra were also recorded to identifydtssandtrans isomers. From the fingerprint spectra, the twdkpea
148  with medium intensity at 773 and 993 ¢ruould be observed in their fingerprint areas (Fégta, the entire spectra
149  were shown in Figure 3S), corresponding to thepemks at 793 and 1039 thywhich were calculated in ideal gas
150 phase conditions (Figure 7b). The two peaks areifspéor the nonplanar deformation vibrations béthydrogens
151 of an ethylenic bond in thes or trans isomer, suggesting that the opposite configurdbetwveen the two crystals.

(a) (b)

— a polymorph — @ polymorph

frans isomer trans 1somer

1200 1100 1000 900 800 700 600 500 1200 1100 1000 900 800 700 600 500

152 wavelength/nm wavelength/nm

153 Figure 7. The experimental and simulated fingerprint speatr@polymorph (a) antransisomer (b).

154  Configuration and stability analyses of 3-(9-anthryl)-1-(3-hydroxyphenyl)prop-2-en-1-one
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In contrast to many other chalcone molecules ethihbthetrans configuration, the chalcone in this study mainly
exhibits thecis configuration. Aiming to rationalize the configticamal phenomenon of this chalcone, computational
methods were performed.

First, Hirshfeld surface was performed to give ghss regarding the important intermolecular intéoes in the
three crystals. The inspection of the intermolecingeractions was normalized by van der Waals tadbugh a
red-white-blue color scheme, where the red spatstéecloser contacts of molecules. The non-covatgetactions
occurring within the structures have clear sigregwon the fingerprint plots.

two red spots

only ope spot

f polymorph trans isomer

Figure 8. Hirshfeld surface mapped with,m for the four independent molecules in the thrgstais.

From the Hirshfeld surface (Figure 8), it was ologly observed that all the four chalcone molecabdsbit two red
spots on the phenolic hydroxyl and carbonyl grogpssesponding to the H-bonds (O-HD) for constructing the
molecular dimers. That is to say, these H-bondg alkey role in crystal packing for the three caystIn addition,
for each molecule in andg polymorphs, another two red spots could be foundrad the hydrogen atoms on C=C
double bond (one red spot on type A molecule polymorph is not very obvious), which should berdsed to the
interactions among the 1D chain motifs in crystalcures (Table 3). Take type A molecule for exin{pigure 9),
one spot should be assigned to the weak H-bond (CHPassociated with carbonyl group from the neighigpr
chalcone molecule, another spot could be assigneddrmolecular C-H- « interaction. However, for thieans
chalcone, only one red spot corresponding to ttezrimlecular H-bond (C=0 H) was observed around C=C
double bond. Based on the Hirshfeld surface ansjyseonclusion could be drawn that the coexistefht&bond
(C=0-- H) and C-H - « interactions around C=C double bond are cruciafdomation of thecis isomer, which like
two hands pull the two hydrogen atoms to the sdadeaf C=C double bond. In contrast, disappearaficme
interaction would result in formation of thmans chalcone configuration.
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Figure9. H-bond (C=Q- H) and C-H - « interaction around the hydrogen atoms on C=C dobbhd.

Table 3. Weak H-bonds and C-Hr interactions geometry (A, deg) in the three cigsta

Crystals D-X---A D-X XA D---A D-X---A

C16-H11.--02 0930 2670 3434 13991
" C15-H10-m  0.819 2673 3566  161.20
polymorph  c39-H27...03  0.930 2517  3.353  149.67
C38-H26-n 0929 2877  3.802  173.34
C16-H11.--02 0971 2465  3.331 14850
polymorph  c15 H10-% 0930 2857  3.766  166.22
transisomer C16-H16---02 0.930 2.608 3.486 157.78

Table 4 summarized the contacts contributing tdhighfeld surface represented in normal mode al$ found that
weak H- - -H contacts display the major contributioall the three polymorphs, with 44.2%, 41.9%,898.and 43.0%
of total surface area, respectively. The C- .- Hamistwith second major contribution comprise 38.2%1%, 38.2%
and 37.1% of total surface area. Apart from that, 8 contacts in the three polymorphs also shovertapt
contribution for the supramolecular architecturesf 12.3 to 14.6% of total surface area and apae&wo wings

in the left (H---O) and right (O- - -H) areas ofrilated plots (Figure 10).
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Figure 10. Two-dimensional fingerprint plots for O---H / H- -c@ntacts: types A (a) and B (b)arpolymorph,s polymorph (c)
andtransisomer(d).

Table 4. Contributions of the intermolecular contacts.

Chalcone molecule HH% C-H% O-H% C-C% C-O%
o. polymorph(type A) 44.2 38.2 14.3 2.3 1.1
o. polymorph(type B) 41.9 40.1 14.6 1.8 1.7

S polymorph 43.8 38.2 14.3 25 13
transisomer 43.0 37.1 12.3 5.2 24

Second, according to former research, the mostohalmolecules contained largeonjugated groups, such as
anthryl or pyrenyl, usually exhibit twisted struct25,26]. However, in our system, the dihedrajles between
the anthracene and benzene rings in altthé&somers are nearly vertical. In contrast, titams chalcone molecule
shows a nearly planar structure. In order to ingast stability of the three crystals, theoretizaiculation and
correlative phase transition experiments were peréal.

Calculation details has been described in expetimart. Fixed the unit cell parameters, the moleswvere relaxed
to obtain the energy of each unit cell, and theltagas summarized in Table 5. It could be fourat thetrans
isomer exhibits lowest energy of 4690.19 eV, whiels 0.18 and 0.1eV lower tharandg polymorphs, suggesting
it is more stable than the other twig polymorphs. Moreover, as shown in Figure 11, ihreversion energy barrier
from cisisomer totrans isomer was also calculated by DFT in gas phasdition at M062X/6-31+G(d,p) level.
Thecisisomer need to overcome 181.453 kcal/mol for ftansing intotrans isomer.
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In order to verify the above result, the phaseditaoms were investigated. Analysis of the grindprgduct by
PXRD patterns (Figure 5S), whether or not the salveas added, the polymorph always transformed into the
trans ismoer polymorph. This result further proved tthegttrans isomer is more stable, which may be also
responsible for unavailability ¢f polymorph, despite extensive efforts.

Table5. The energy (eV) of the three polymorphs calculée&GA-PBE method (cut-off energy 400.0 eV) [27].

Optimized crystal structulfé energy
a polymorph -4690.01
S polymorph -4690.09
transisomer -4690.19

@ Optimized super cell were shown in Figure 4S.

transition state

trans isomer
cis isomer ¥ 181.453 kcal/mol

2 2 ’
; ’J/‘JJ Jj‘ , Jf‘:’b 5 JJ:;‘.J
2,2 &% 90909,
& ﬁf ? JJ‘ 2 d I
J )

0 kcal/mol -12.514 keal/mol

Figure 11. Conversion energy barrier froas isomer taransisomer.

Optical-physical properties

The absorption and fluorescence spectra of theghalin various solvents with different polaritigsre shown in
Figure 12. The absorption spectra show very ldtlange with an increase in the solvent polarity extabit the
narrow absorption bands with the absorption maxanaand 250 nm. Besides, several weak absorptiodshian
340-420 nm could be also observed, which are attribto anthracene chromophore [28]. Agreeing thithabove
experiments, TD-DFT calculation revealed that thaleone moleculérans isomer) has two dominant absorption

bands (Figure 13a). The one band was found até&d/1(@243 nm), which is associated with HOMG-RUMO
transition. The other band is around 3.24 eV (383, torresponding to HOM&LUMO transition.

In Figure 12b, the fluorescence spectra in vargmigents were presented. Compared with the absarppectra,
the intensity of fluorescence peaks exhibits obsiciange with an increase in the polarity of salveWhen the
solvent was changed from chloroform to acetonitfileorescence intensity decrease / increase dmifdund
around 280-330 and 360—460 nm in the spectra, cteply. The spectrum of the chalcone in acetdeishows
vibration peaks at 393, 415 and 438 nm, correspgnidi anthracene chromophore emission [28]. Howevieen

measured in the other solvents, the vibration aireds less clear, even disappears almost contyplatethanol.
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The emission spectrum of the chalcone moleduémgisomer) in gas phase calculated at the MO62X/6=3+p)
level of theory were plotted with respect to thiegrated amplitude and were shown Figure 13b.ulkdcbe
observed that the dominant emission bands arereena¢ 3.10 eV (404 nm) and 4.03 eV(308 nm), whiieh
attributed to the LUMG-HOMO and LUMO+2-HOMO transitions, respectively.

(a) (b)

—— chloroform
—— ethyl acetate

g - —— ethanol

kﬁ o —— acetonitrile

Q —— chloroform \Sﬁ

% —— ethyl acetate E'

"E —— ethanol 5

8 —— acetonitrile %

Nl b

= 330 360 390 420 450

240 270 300 330 360 390 420 450 270 300 330 360 390 420 450 480

wavelength/nm wavelength/nm
Figure 12. UV-Vis (a) and fluorescence (b) spectra of the obiaé in various solvents.

(a) b) | g
Y ’\)‘
S LUM6+2
© o ' J,%
@ - ; . .9
= = )-’% Sas gd
o -
= L —d e » : LUMO
o 2 * Homo ’
2 2
a £
(1]
210 240 270 300 330 360 390 420 270 300 330 360 390 420
wavelength/nm wavelength/nm

Figure 13. UV-Vis (a) and fluorescence (b) spectra of the obiaé¢ calculated in gas phase at M062X/6-31+G(d, p).
Apart from that, the optical-physical propertiesxgfolymorph andrans isomer were also investigated. As shown
in Figure 14, thex polymorph andransisomer have similar absorption spectra, which exhitwo broad
absorption bands around 245 and 300 nm, respecti@elmpared with that measured in solvents, theralisn
bands in 340-420 nm range almost disappear.

Excited at 365 nm, the weak fluorescence coulddserved in both the polymorph andransisomer in our system,
they exhibit a broad band with only one peak cauteit 592 and 586 nm, respectively. Compared vih t
measured in solvents, the solid-state emission meashift to the longer wavelength region with a shift of about
160 nm. The solid-state properties of a given madéare usually closely related to its arrangeménis, the

similar optical-physical properties of the two dats should be ascribed to their similar crystal@ures.
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Figure 14. Absorption (a) and fluorescence (b) spectra ofsthelymorph andransisomer

Table 6. Optical-Physical Properties Data.

solvents / crystals (MM Agm(m? @
ethanol 252 377 0.003
chloroform 254 201 0.002
ethyl acetate 251 292 0.002
acetonitrile 250 394 0.001
a polymorph 249 592 0.003
transisomer 309 586 0.002

3 Maximum wavelengths of absorption spectid/avelengths of fluorescence emission spectraezkeit 365 nm for the chalcone in
solvents or crystal$.Fluorescent quantum yields excited at 365 nm.

Conclusions

In summary, we discovered an interesting polymanphin 3-(9-anthryl)-1-(3-hydroxyphenyl)prop-2-erstie. The
compound formed three crystals, two of them adogtits configuration and only one exhibits ttrans
configuration. All the three crystals exhibit the#ar structures, in which the two adjacent chakeanolecules
form the dimers and stack parallel to construdtr ttwystal structures. Hirshfeld surface analysasaled that the
intermolecular H-bonds (O-H- - - O) between the phemgidroxyl and carbonyl groups play a key roleigstal
packing for the three crystals. However, the cderise of H-bonds (C=0---H) and C-H-interactions around
C=C double bond are crucial for formation of thieconfiguration. Moreover, the theoretical calcudatand
grinding experiments revealed that thans isomer is more stable than the two ottisisomers. The optical-
physical properties of the polymorph andransisomer were also investigated. Due to their sindfgstal
structures, no obvious change could be found im thwrescence spectra.

Conflicts of interest
There are no conflicts to declare.

Acknowledgements

This work is partly supported by the National Natucience Foundation of China (Grant No. 217732G8)tificate of China
Postdoctoral Science Foundation Grant (No. 2018M83p the Natural Science Foundation of the Jiardjginer Education
Institutions of China (No. 18KJB150035), and Inntiwa and Cultivation Fund of Yangzhou UniversitygN2017CXJ012).



262

263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

Notes and references

Zhao, Y.; Sken, X. F.; He, S. L; Han, X. G.; Ni, Z. ISYNTHETIC MET. 2018, 245, 175-1181.

Dey, D.; Chopra, DCrtstEngComm 2015,17, 5288-5298.

Swapna, B.; Suresh, K.; Nangia, @hem.Commun. 2016,52, 4037—-4040.

Hodges, J. M.; Schaak, R. Eccounts Chem. Res. 2017,50, 1433-1440.

Klein, C.; Fischer, C.; Seichter, W.; Schwarzer, Weber, ECrtstEngComm. 2011,13, 1931-1938.

Couzijn, EPA.; Schakel, M; de Kanter, FJJ; Ehlé&¥/; Lutz, M; Spek, AL; Lammertsma, Kingew. Chem. Int. Edit.

2004,43, 3440-3442.

Geng, J.; Tao, T.; Chen, H. Q.uahg, W.Inorg. Chem. Commun. 2014,42, 23-28.

Li, J. T.; Luo, X. L.; Zhou, Y.; Zhang, L. R.; Hu@. S.; Liu, Y. L.Cryst. Grow. Des. 2018,18, 1857-1863.

Mati, S. S.; Sarkar, S.; Sarkar, P.; Bhattacha®yaZ.J. Phys. Chem. A. 2012,116, 10371-10382.

10 Go, M. L.; Wu, X.; Liu, L. X.Curr. Med. Chem. 2005,12, 483—499.

11 Labib, M. B.; Sharkawi, S. M. Z.; El-Daly, MBioorg. Chem. 2018,80, 70-80.

12 Cheng, X.; Wang, Z. Y.; Tang, B. L.; Zhang, H. Qin, A. J.; Sun, J. Z.; Tang, B. Adv. Funct. Mater. 2018,28,
1706506.

13 Karuppusamy, A.; Vandana, T.; Kannan,JPPhotoch. Photobio. A. 2017,345, 11-20.

14 Zhang, R. M.; Wang, M. L.; Sun, H.; Khan, A.; Usmah; Wang, S. Z.; Gu, X. T.; Wang J.; Chun, C.Néw J.
Chem. 2016,44, 6441—-6450.

15 Nithya, R.; Santhanamoorthi, N.; Kolandaivel P.ntBdkumar, K.J. Phys. Chem. A. 2011,115, 6594—-6602.

16 Ramos, R. R.; da Silva, C. C.; Guimaraes, F. Frtikkg F. T.CrtstEngComm. 2016,18, 2144—-2154.

17 James, J. P.; Bhat, K. I.; More, U. A.; Joshi, SMed. Chem. Res. 2018,27, 546-559.

18 Sheldrick, G. MActa Crystallogr. 2015,C71, 3.

19 Wolff, S. K.; Grimwood D. J.; McKinnon J. J.; Jajyaka D.; Spackman M. A. CrystalExplorer 3.1, Theikérsity of
Western Australia, Perth, Australia, 2012.

20 Rajan, R.; Ravindran, T. R.; Venkatesan, V.; Sijhar, Pandey, K. K.; Chandra, S.; Mishra, K. KaNeese, A. AJ.
Phys. Chem. A. 2018,122, 6236—6242.

21 Jennings, G.; Smith, M. D.; Kuang, S. M.; Hodges, NL; Tyrell, J.; Williamson, R. T.; Seaton, B. Chem.
Crystallogr. 2012,42, 159-164.

22 Pandeti, S.; Feketeova, L.; Reddy, T. J.; Abdoult@e, H.; Farizon, B.; Farizon, M.; Mark, T. D. Chem. Phys.
2019,150, 014302.

23 Koraiem, A. |.; EI-Shafei, A.; Abdellah, I. M.; Alad-Latif, F. F.; Abd El-Aal, R. MJ. Mol. Sruct. 2018,1173, 406—
4186.

24 McKinnon, J. J.; Spackman, M. A.; Mitchell, A. Acta Crystallogr. 2004,B60, 627—-668.

25 Yu, F. F.; Wang, M. L.; Sun, H.; Shan, Y. Q.; Du,;Mhan, A.; Usman, R.; Zhang, W.; Shan, H. B.; Xu,X. RSC
Adv. 2017,7, 8491-8503.

26 Zhang, R. M.; Wang, M. L.; Sun, H.; Khan, A.; Usma&h; Wang, S. Z.; Gu, X. T.; Wang J.; Chun, C.Néw J.
Chem. 2016,44, 6441—-6450.

27 Nisar, J.; Arhammar, C.; Jamstorp, E.; AhujaPRys. Rev. B. 2011,84, 075120.

28 Hanulia, T.; Inami, W.; Ono, A Kawata, Y. Opt. Commun. 2018, 427, 266-270.

OB WNPE

© 00~



Dear Referees:

We would like to submit the manuscript entitled fpoorphism and configurational isomerism in
3-(9-anthryl)-1-(3-hydroxyphenyl)prop-2-en-1-one’lie published in Journal of Molecular
Structure. Chalcone have been studied extensivelyever, the most chalcone molecules exhibit
thetrans configuration. In this work, an chalcone,
3-(anthracen-9-yl)-1-(3-hydroxyphenyl)prop-2-eniepwas synthesized, which afforded three
polymorphs under different solvents. To our sumrig/o of the three polymorphs exhibit ttie
configuration, whereas only one exhibit the tramsfiguration. Hirshfeld surface analyses and
theoretical calculatiowere performed for rationalizing the configuratjposlymorphism
phenomenon and investigating the stability of thergstals. The results revealed that the
coexistence of H-bonds and G-Hr interactions around the two hydrogen atoms on th@ C
double bond may be crucial for formation of thgconfiguration, andhetrans polymorph is
more stable than the two othes polymorphs Meanwhile, several solid-state properties were
also investigated. We believed that the study cpubdide reference for controlling the
polymorphism and configuration in chalcone deriwedi We also deeply appreciate your
consideration of our manuscript, and look forwardeceiving comments from the reviewers. If
you have any queries, please don't hesitate tcaconos at the address below.

Thank you and best regards.

Yours sincerely,

Corresponding author:

Name: Guowang Diao

E-mail: gwdiao@yzu.edu.cn



