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Synopsis A set of new sulfonamide chalcones hybrids is presk Their structural and optical

properties are investigated

Abstract  Although the optical properties and applicabiliiyalhalcones as potential nonlinear optics
(NLO) materials is well known, hybrids having bathalcone and sulfonamide portions are relatively
scarce yet. In this sense, we are seeking to sliosormbining both into a double functionalized
compound will still have similar or better NLO respses. For this, we have synthetized three
sulfonamide-chalcone analogues by changing thetitugr®t bonded to the sulfonamide ring (I = ethoxy;
Il = Cl and lll = Br). These compounds were chagegged by spectroscopic methods (NMR, IR and
HRMS) and thermal methods (HSM and DSC/TGA). Theystal structures were determined by Single
Crystal X-ray Diffraction (SCXRD) and their moleawl structures were compared. Crystallographic
results showed that one compound crystallizes tirichnic system whereas the others crystallizeain
monoclinic crystal system. Moreover, their cryspalcking is dominated by C-HO interactions. In
addition to this study and to first characterizesth compounds, linear and nonlinear optical (NLO)
properties were performed in all three compoundsaived in dimethyl sulfoxide. One-photon and two-
photon absorption (2PA) spectra and incoherentr&gbbarmonic generation were obtained by employing
different spectroscopic techniques. The interestasglts observed in the linear and NLO measuresnent

showed that different groups bounded to the samia imackbone did not significantly modify their



optical properties, although they strongly afféwdit crystal structures2PA spectra reveal that the first
excited state is allowed by both 1PA and 2PA, wimclicates asymmetry in the charge distributiomglo
the n-conjugated molecule structure. NLO properties @fmpounds I-1ll agree with other chalcones
previously studied, which indicates that adding Hemzenossulfonyl group does not influence these
properties. Considering the similar experimentdues for different substituents, this results meatéy

further investigation on substituent-based opticaperties for other sulfonamide-chalcone hybrids.

Keywords: Sulfonamide chalcone; nonlinear optical properties; hybrid compounds

1. Introduction

Chalcones and their derivatives have been extdgsitedied because of their wide range of
applicability. The presence of the reactive ketogenic group and two aryl rings linked by an enone
group is responsible for most of the biologicalgedies observed for these compounds (Tajuddeah
2018; Singtet al, 2014). Many biological potentials, such as amieas (Kamakt al, 2012; Custodiet
al., 2018), antituberculosis (Liet al, 2002), antileishmanial (Zhat al, 1999) and therapeutical
(Mahapatra & Bhatrti, 2016) have been attributedhalcones, and their use as potential optical ésvic
has also been studied. Chalcones have delocaligettionic charge distribution andorbitals; this leads
to a high electron density mobility making themabeandidates for nonlinear optical (NLO) materials
(Shettyet al, 2018).

Not only is the chalcones backbone, but also thetfution pattern around their aromatic rings is
responsible for observed NLO properties. Abegaocandorkers reported an increase in the 2-photon
absorption (2PA) and hyper-Rayleigh scattering (H&3wo chalcones when an aromatic hydrogen
atom was replaced by the radical methoxyl (Abegfgal, 2016). Also, chalcones derivatives with
different groups (Br and N{ppresented different third order susceptibijityand second order
hyperpolarizabilityy, when measured using picosecond laser pulses bgiZtechnique (D’silvat al,
2012). Similar, structural changes in chalconevdities can modify different optical properties lsas
refractive index, absorption magnitude and spegpialtion , as well the optical energy gap (Makileu
al., 2018). These examples indicate that even witredaawkbone, structurally modified chalcones can
exhibit variable physical properties. Furtherma@ne examples of optically active sulfonamide
compounds are known. Polymeric materials contaisiifpnamide-substituted azobenzene
chromophores were investigated and found to haod §th O response (Raaet al, 1999); benzene

sulfonamide derivatives have also shown good NLiviac (Sarojini et al, 2013). Beyond experimental



results, theoretical calculations determined f@g thass of compounds have also provided excellent

simulations (Govindasamy & Gunasekaran, 2015).

Although the optical properties and applicabilifichalcones as potential NLO materials is well knpw
double functionalized compounds having both chadcamd sulfonamide portions are relatively scarce.
Having in mind these results for chalcones andgalhides separately, we are seeking to show if
combining both into a double functionalized compabwill still have similar or better NLO responses.
Herein, we present a new set of benzenesulfongrpurated chalcones with the sammeonjugated
backbone bearing distinct charge groups. The sgistbeé molecules are sulfonamide chalcones, which
are E)-N-(2-(3-(4-ethoxyphenyl)-1-(2-(phenylsulfonylamingimyl)prop-2-en-1-ond), (E)-3-(4-
chlorophenyl)-1-(2-(phenylsulfonylamine) phenyl)pf@-en-1-onel() and E)-3-(4-bromophenyl)-1-(2-
(phenylsulfonylamine)phenyl)prop-2-en-1-oii J. In addition to their structural study, these
compounds were full characterized using a variégpectroscopic techniques, such@&and'H

Nuclear Magnetic Resonance (NMR), Infrared (IR)gtHResolution Mass Spectroscopy (HRMS),
Differential Scanning Calorimetry (DSC), Thermogragtric Analysis (TGA) and Hot Stage microscopy
(HSM). We determined the linear and nonlinear @btizoperties of all compounds dissolved in dimethy
sulfoxide. One- photon (1PA) and two-photon absonst (2PA), as well as incoherent molecular second
harmonic generation, were measured to elucidatdependence of these properties with the molecular

structure.
2. Experimental

2.1. Materials and Apparatus

'H NMR and**C NMR spectra were recorded by a 400 MHz Brukern®ealll 11.75 T NMR
spectrometer. Infrared studies were performed aviflerkinElmer Frontier Dual Range FTIR/IR
Spectrometer, measured in Attenuated Total Refieetanode. Mass spectrometric analyses were
performed using a MicroTOF-Q® IlI spectrometer gq&id with a commercial ESI ion source (Bruker
Daltonics, Bremen, Germany). The degree of puffithe compounds was determined from tHe&NMR
spectrum, by peak area integration assigned tsttheture and the total area of all peaks attribtrethe

material under analysis.

Fluorescence and linear absorption over the UVNIR-region were performed in solution, respectively
by using HITACHI F7000 fluorimeter and SHIMADZU U¥800 spectrometer. The solutions were
prepared with the samples dissolved in dimethydlsakide (DMSO) in a concentration of about 10
*mol/L. For both measurements, a fused silica ceveith optical path length of 10 mm was used as

solution confinement tool.



2.2. Synthesis and Crystallization

2.2.1. General procedures

2'N-phenylsulfonylacetophenona)( was synthesized by reaction between benzenestiébloride and
2-aminoacetophenone in dichloromethane (Schenza&gd on a literature preparation previously
described(de Castet al, 2017). Compoundslll were synthesized using the methodology reported by
Castro(De Castret al, 2016) via base catalysis (Scheme 2).

2.2.2. Synthesis of the intermediate 1-(2-(phenylsulfonylamino)phenyl) ethanone (a)

Benzenesulfonyl chloride (70.65 g, 0.40 mol), 2+awaicetophenone (67.58 g, 0.50 mol) and
triethylamine (50.55 g, 0.50 mol) were dissolve®@® mL of dichloromethane and kept in the
refrigerator for 37 h, following Scheme 1. The sign was filtered and the resulting crystals ringétth

(@]
(@]
CI_! TEA; DCM
+ || 0°C;37h
TH

methanol.

NH, ¢}
a2 s0,Ph
Scheme 1 General conditions for the synthesis of 2’'N-pfisalfonylacetophenone)

2.2.3. Synthesis of compounds |, Il and IlI

Precursom, the substituted benzaldehyde and catalytic amofymbtassium hydroxide (141 mmofL
reacted at room temperature. Then, water (0.088)heydrochloric acid were added, following Scheme
2. The product was extracted with dichlorometharkthe crystals were obtained by direct evaporation
of this solution. The benzaldehyde, time of reaciad amount of each reactant are presented i Tabl
S1.

(o} 0 (o}

H

KOH; EtOH
+ 1 R1

1102 room temperature

TH (1to2eq) TH
I: Ry = p-EtO; IR, = p-CL; III: R| = p-Br

SO,Ph 1P 1P 1P SO,Ph



Scheme 2 General conditions for the synthesis of compaunt andllil .

2.3. Physico-chemical Caracterization

1-(2-(phenylsulfonylamino)phenyl) ethanone (a)Yield, 55.1 g (50.1%) of a white crystalline softtll
NMR (CDCk) & 2.56 (s, 3H)p 7.08 (ddd,) 7.98 Hz, 7.33 Hz, 1.18 Hz, 1H), 7.42 — 7.46 (m),ZH46
(dddd,J 8.44 Hz, 7.34 Hz, 1.56 Hz, 0.41 Hz, 1H), 7.51547m, 1H), 7.70 (ddd] 8.40 Hz, 1.15 Hz,
0.45 Hz, 1H), 7.80 (ddd),8.01 Hz, 1.59 Hz, 0.46 Hz, 1H), 7.84 — 7.87 (m),2H..50 (s, 1H)**C NMR
(CDCly) 6 28.17, 119.25, 122.41, 122.77, 127.24, 129.05,9131.33.01, 134.97, 139.48, 139.92,
202.43; HRMS (High-Resolution Mass Spectrometrygudated for [GH1,NOsS + H]' 276.0694, found
276.0725.

(E)-N-(2-(3-(4-ethoxyphenyl)-1-(2-(phenylsulfonylamie)phenyl)prop-2-en-1-one (1):Yellow
crystalline solid, yield 76.1%, purity of 98.1%, g7 — 140C. 1H NMR (CDCI3)5 1.45 (t, J 7.00 Hz,
3H),3 4.09 (g, J 7.00 Hz, 2Hj,6.91 — 6.94 (m, 2H} 7.13 (ddd, J 1.25 Hz, 7.38 Hz, 7.88 Hz,1#1),
7.20 (d, J 15.50 Hz, 1H),7.35 — 7.39 (m, 2H) 7.40 — 7.44 (m, 1H} 7.47 (ddd, J 1.45 Hz, 7.40 Hz,
8.38 Hz, 1H)$ 7.53 — 7.56 (m, 2H} 7.65 (d, J 15.50 Hz, 1H),7.75 (dd, J 1.03 Hz, 8.33 Hz, 1K),
7.80 —7.84 (m, 3H} 11.22 (s, 1H) (Fig S1 and Table S2); 13C NMR (C®)G114.7, 63.8, 115.0,
119.5,120.9, 123.2, 125.3, 127.0, 127.3, 129.0,41330.5, 132.8, 134.0, 139.5, 139.7, 146.1,6161.
192.7 (Fig S2 and Table S3); IR 1637 (m), 1497 @89 (s), 927 (m), 761 (s); HRMS calculated for
[C23H2:NO,S + NaJ 430.1089, found 430.1103.

(E)-3-(4-chlorophenyl)-1-(2-(phenylsulfonylamine)pheyl)prop-2-en-1-one (I1): Yellow crystalline
solid, yield 70.9%, purity of 98.2%, mp 150 — 1%65 'H NMR (CDCL) ¢ 7.14 @dd J 1.16Hz, 7.34Hz,
7.94Hz, 1H),0 7.33 @, J 15.55Hz, 1H),6 7.37 — 7.4210, 4H),0 7.43 — 7.46r6, 1H),0 7.50 @dd J 1.55
Hz, 7.40Hz 8.40Hz 1H),0 7.52 — 7.55r6, 2H),0 7.63 @, J 15.55Hz, 1H),¢ 7.75 @d, J 1.08Hz, 8.33
Hz 1H),0 7.82 — 7.851, 3H),5 11.18 §, 1H) (Fig S3 and Table SZJC NMR (CDCE) § 120.7, 122.5,
123.2,124.6, 127.3, 129.0, 129.4, 129.7, 130.8,91332.9, 134.5, 137.0, 139.5, 140.0, 144.5,5192.
(Fig S4 and Table S3); IR 1641 (m), 1492 (m), 1888 928 (m), 756 (m); HRMS calculated for
[C21H1CINO;S + HT 398.0618, found 398.0462.

(E)-3-(4-bromophenyl)-1-(2-(phenylsulfonylamine)pheniprop-2-en-1-one (l1): Yellow crystalline
solid, yield 52.0%, purity of 97.1%, mp 157 — 1%92 '*H NMR (CDCk)  7.14 @dd, J 1.15Hz, 7.35Hz,
7.90Hz, 1H),0 7.34 @, J 15.55Hz, 1H),6 7.37 — 7.4010, 2H),0 7.42 — 7.47r, 3H),0 7.49 @dd J 1.54
Hz, 7.34Hz 8.41Hz 1H),0 7.55 — 7.58r6, 2H),0 7.61 @, J 15.55Hz, 1H),¢ 7.75 @d, J 0.80Hz, 8.35



Hz, 1H),5 7.81 — 7.84rh, 3H),5 11.17 6 1H) (Fig S5 and Table SZYC NMR (CDC}) ¢ 120.7, 122.6,
123.2,124.6, 125.4, 127.3, 129.0, 129.9, 130.8,413.32.9, 133.3, 134.5, 139.4, 140.0, 144.5,5192.
(Fig S6 and Table S3); IR 1640 (m), 1489 (m), 188), 924 (m), 751 (s); HRMS calculated for
[CoiH16BrNO;S + H] 442.0113, found 442.0004.

2.4. Refinement

Single crystals of were selected and mounted in an Agilent SuperNiffi@ctometer, whereas for

single crystals off andlll a Bruker APEX Il CCD diffractometer was used. Datxe recorded with
graphite-monochromated MoKa radiation=0.71073 A) at room temperature. The data catiactell
refinements and data reduction were performed GiggAlis PRO(Rigaku, 2015) fot, and SAINT
software (Bruker, 2009) fdt andlll . The structures were solved with ShelXS (Sheld2€08) by

direct methods and refined with ShelXL (Sheldri2@15) by least squares minimization. As
implemented in Olex2 (Dolomanat al, 2009) all the hydrogen atoms were placed in tated

positions and refined with fixed individual disptament parameters f(H) = 1.2U{(C) or 1.5U{C)]
according to the riding model. The structural asialyvas performed using Mercury (Maceteal,

2008). The possible interactions and hydrogen bamge checked by using PARST (Nardelli, 1995) and
PLATON (Spek, 2009). The crystallographic informatfiles of I, Il andlll were deposited in the
Cambridge Structural Data Base (CCDC) (Allen, 26B&)om & Allen, 2014) under the codes 1949073,
1949070, 1949072, respectively. Copies of the databe obtained, free of charge, via

www.ccdc.cam.ac.uk.

2.5. Nonlinear optical measurements

2.5.1. Two-Photon Absorption

Z-Scan technique(Sheik-Bahetal, 1990), using a tunable 120 femtosecond coheigiritdource, was
employed to determine two-photon absorption (2RA¥s section spectra. This technique consists of
measuring the transmittance as function of thetijposof the sample along the z-direction, focusimg
laser beam by a convergent lens. The transmitignoermalized by taking the ratio of the transnnita
at z-positions over the transmittance far fromftws, thus the normalized transmittantEéz{) is
calculated by:

1

T(z) = m_f l?’l[l + qO(Z, O)B_tz]dt (D

0



-1

in which, z is the position of the sample with mespto the focus (z = 0§y = aypalol (1 + j—z) s
0

the intensity of the laser pulsg, is the Rayleigh length, L is the optical path ldm@nda,p, is the

nonlinear absorption coefficient. The 2PA crosgisado,,4) can be calculated by:

hw
O2pa = W“ZPA (2)
in which, w is the frequency of the light, is Planck constant, and N is the density of mdécper cri
The unit used for the 2PA cross section is GM (@ipMayer;1 GM = 1 x 107°° cm* - s - photon™1)
(GoppertiMayer, 2009).

To perform this experiment, the experimental sétgfudes a tunable optical amplifier (TOPAS), a
Ti:Sapphire (CPA 2001 from Clark-MXR Inc.) laseticon photodetectors and locking amplifiers. The
Ti:Sapphire emits at 775 nm wavelength with a puigth of 150 fs in a repetition rate of 1 kHz.dt i
used to pump TOPAS, which tunes the wavelengthefight in a range from 470 nm to 800 nm with
pulsewidths of about 120 fs. A 15 cm convergers lecuses this tuned light in the region that the
sample is translated. Two Silicon photodetectoesuaed to collect signals from the Z-Scan
measurements; one uses to measure the transmngtieébl each position, z, of the sample, and other
used as reference of laser intensity fluctuatibnsking amplifiers amplify and average the sigrfedsn

the two photodetectors in order to increase theasigoise ratio.

2.5.2. Incoherent second harmonic generation (First order hyperpolarizability)

The first hyperpolarizabilityf) of the chalcone derivatives was determined byHeer-Rayleigh
Scattering technigue (HRS) (Clays & Persoons, 1882nzeret al, 2008) in which a Nd:YAG Q-
Switched and mode-locked laser that delivers a whpulses at 1064 nm wavelength was employed.
This pulse train contains of about 30 pulses of @®@ach, separated by 13.2 ns from each otharzgma
et al, 2008). Laser was set to operate at 100 Hz otiteperate. Pulses are focalized at the sample tha
scatters the second harmonic (532 nm) of the intilight and then is collected by a photomultiplier
positioned at an angle of 90° with the incidenitilign addition to that, an optical filter centeratdb32

nm with 10 nm of bandwidth is positioned in frofitiee photomultiplier to block extra light that ddu
interfere with the desired signal. The intensitytaf scattered lighf(2w), and the incident laser light,

I(w), are related by:

M
12w) = ) GNP @) ®)
i=1



in which, G is an instrumental constant determidedng experimental setup based on a well-known
standard sample, ai\] is the molecular concentration. The calibratiomgie chosen wagara-
Nitroaniline (pNA) dissolved in DMSO that preseatg(1064nm) = 26.2 x 1073° ¢m® /esu (Franzen

et al, 2008). Acquisition of data for several concemdrabf a chalcone derivative gives a linear relatio
between (2w) andN;, in which an angular coefficient {,,;c0one) IS determined. The angular coefficient
of the pNa ¢,y,4) can be found by repeating this procedure for céfiepNa molecular concentrations.

The first hyperpolarizability of the chalcong.£,:cone) i related to these angular coefficients by:

Xchalcone
Bchaicone = :BgNa— 4)
XpNa

- - _ 2 _ 2
in Whmhv“chalcone - Gﬁchalcone ar]dapNA - G.BpNA-

2.6. Thermal characterization

Thermogravimetric analyses (TGA) were carried suadghimadzu TGA-60 thermobalance, using
approximately 5.0 mg of sample placed on aluminpams and heated from room temperature up to 500
°C, at 10 °C.mifl, under nitrogen flow (50 mL.mih). Differential scanning calorimetric (DSC)
measurements were performed on a Shimadzu DSCs80rnment. Samples (2.5 + 0.5 mg) were placed at
aluminium pans and heated from room temperatute 4p0 °C, at 10 °C mih under nitrogen flow (50
mL.min™). All data were processed using the Shimadzu TAk&@mal data analysis software (version
2.2). Hot-stage microscopy (HSM) was performed deiga DM2500P microscope connected to an
Linkam T95-PE hot-stage apparatus. Data were vimdlvith the Linksys 32 software for hot stage
control. The crystals of compountddl andlll were placed on a 13 mm glass coverslip, placeal 2

mm diameter pure silver heating block inside ofstame. The samples were heated at a ramp rate of 1

°C.min* up to a temperature required to melting of allemiat.

3. Results and discussion

3.1. Solid state characterization

The synthesized compounds have a common chalcakbdize, composed of two aromatic rings
connected through a three-carbon bridge (withagpeinsaturation) having a keto carbonyl group, and
an o-benzenesulfonamide group attached to ringomgdundd -1l differ each other by the substituent

at p-position of ring Cl(= OEt,ll = Cl, andlll = Br). Compound crystallizes in the space groB@./c
8



whereadl| andlll , each with two independent moleculesafidw) in asymmetric unit, crystallize in
space groupl. Experimental details are shown in Table 1 anit DBTEP diagrams are presented in
Fig. 1.

Table 1 Crystal structure and refinement datd ,df andlll

0] (1 (1
Table 2

Crystal data

Chemical C,3H1NO,S G1H16CINOSS 2(G1H16BrNOsS)
formula

M, 407.47 397.86 884.63

Crystal system, Monoclinic, P2,/c Triclinic, P1 Triclinic, P1

space group

Temperature 294 296 296

(K)

a, b, c(A) 8.8384 (5), 26.6514 (16), 8.4130 (4), 9.8066 (5), 13.1211 8.5051 (9), 12.1557 (15), 19.520
8.7741 (4) ) 2)

o, B,y (°) 90, 90.963 (5), 90 73.231 (2), 85.049 (2)862.(2) 101.955 (4), 99.056 (4), 92.558 (4)

V (A3 2066.5 (2) 973.22 (9) 1943.5 (4)

VA 4 2 2

Radiation type Mo Mo Ka Mo Ka

g (mnih) 0.19 0.32 2.24

Crystal size X X 0.48 x 0.40 x 0.28 0.42 x 0.30 x 0.29

(mm)

Data collection

Diffractometer SuperNova, Dual, Cu at BrukerAPEXII CCD BrukerAPEXII CCD
zero, AtlasS2

Absorption Multi-scan Multi-scan Multi-scan
correction CrysAlis PROL.171.38.46 SADABS2015 (Bruker,2014/5) SADABS201/5 (Bruker,2014) was

9



Tminy Tmax

No. of

measured,

(Rigaku Oxford
Diffraction, 2015)

Empirical absorption

was used for absorption

used for absorption correction.

correction. wR2(int) was 0.1499wR2(int) was 0.1590 before and

before and 0.0735 after

0.0451 after correction. The Ratio

correction using sphericalcorrection. The Ratio of minimu of minimum to maximum

harmonics, implemented to maximum transmission is

SCALE3 ABSPACK

scaling algorithm.
0.686, 1.000

71464, 5570, 4391

independent and

observed| >

20(1)]

reflections
Rint

(Sin 6/A) max
A7
Refinement

RIF? > 26(F%)],
wRF?), S

No. of

reflections

No. of

parameters

0.039

0.694

0.054,0.131,1.11

5570

267

No. of restraints0

H-atom

treatment

Apmaxs APmin (e
A3

H atoms treated by a

mixture of independent alindependent and constrained

constrained refinement

0.28, -0.29

transmission is 0.7271. Thé2

0.8342. The\/2 correction factor correction factor is 0.00150.

is 0.00150.

0.622, 0.745

37156, 4007, 2917

0.050

0.626

0.044, 0.121, 1.02

4007

248

0

0.542, 0.745

68586, 78825
0.038
0.625

0.040, 0.1@3
7942
495
36

H atoms treated by a mixture of H atoms treated by a mixture of

refinement

0.30, -0.26

independent and constrained

refinement

0.73, -0.75

10



Computer program<rysAlis PR0OL1.171.38.46 (Rigaku OD, 201 5HELXS(Sheldrick, 2008)SHELXL
(Sheldrick, 2015), Olex2 (Dolomane¥ al, 2009).

Figure 1 The ORTEP diagram of ellipsoids at 50% probablétyel with the atomic numbering scheme
for the asymmetric unit df (a),!l (b) andlll (c). The atomic numbering labels formolecule (c) is
equal too molecule but differ by asterisk (*) symbol. Hydeogatoms are represented as spheres with

arbitrary radii and its labels attributed followda corresponding attached atom

Molecular planarity is an important parameter dmolgd be considered when studying the physical
properties of a compound. Nevertheless, highentimber of donor-receptor interactions in a molecule
better will be the electron transfer and nonlinafihus, more planar is a molecule with conjugated
electrons bridge, more these characteristic interag will be expected to occur (Kumetral, 2011;
Menezest al, 2015). | andll could be considered planar molecules, observiagttte angle between
the planes of rings A andiB these molecules are 4.56° and 7.72° respectivanwhile inlll, thea
molecule also could be considered planar, witheegual to 4.24°. However, in this planarity is
decreased, and the rings form an angle of 16.37werlay of moleculek Il , llI- a andlll- ® is

depicted in Fig. 2. There are four previously répaistructures ad-sulfonamide-chalcones (de Caséito
11



al., 2017). One of them (ref-code: QERNEJ, here maaticas NAB) has only substituentgata
position of the ring B. Structural parameters ofNandl, Il , andlll differ each other by the angle

formed between rings A and B, as well as the tarairgle N1-S1-C16-C17.

Figure 2 Conformational differences between the compourdgan], |l [blue], lll a [white] andlll o
[black]

The crystal packings of Il andlll, shown in Fig. 3, are dominated by G~B interactions, as shown in
Table 2, leading to a dimer-stabilized arrangenaauitbifurcated intermolecular interactions. Such
arrangements are also present in similar compof{ded€astreet al, 2017; Castret al, 2013; Set al,
2010; Custodio, Vaet al, 2019; De Castret al, 2016; Custodi@t al, 2018). The crystal packing bf
(Fig 4a) is stabilized by three C~HD interactions involving the atom O2 and chaimmglthec-axis.
Similar to NAB, the aromatic ring C is almost pardieular (74.03°) to the plane formed by the chaéco
backbone along this chain. In contrast, the C-@Hinteractions in the extended structurel offFig. 4b) is
composed of dimers witRZ(14) motif, involving SQ group and the ring A, through C8—+H®2 and
C12-H12--01 interactions (Fig. 4c). Thus, the crystal pagkimll is stabilized by a chain parallel to the

a-axis. In addition, the dimer has an inversion eeathich orients the C rings in opposite directions

Table 3 Non-classical hydrogen-bond geometry (A, ©)Ifdt andIll.

D—H--A D—H H-- A D--A D—H--A
|

C8—H8---02 0.93 2.47 3.355 (2) 159

C5—H5- .- 02 0.93 2.56 3.399 (2) 150

C11—H11---02 0.93 2.54 3.388 (2) 151

12



C8—H8---0? 0.93 2.49 3.308 (3) 148
C12—H12---01 0.93 2.53 3.360 (3) 148
C3—H3.--0% 0.93 2.65 3.418 (3) 141
I
C8—H8---0? 0.93 2.41 3.283 (3) 156
C11—H11---02 0.93 2.49 3.262 (4) 140
C12—H12---01 0.93 2.59 3.442 (4) 153
C8*—Hg*---02* 0.93 2.49 3.321 (3) 148
Cl4*—H14*...01* 0.93 2.61 3.422 (4) 147

Symmetry code: (i¥, y, z+1; (ii) x+1,y, z (i) —x+1, y+1, —z+2.

On the other hand, in the packinglibf, there are, i molecule, two C—H-O contacts leading to

Figure 3 Molecular packing of (a),Il (b) andlll (c).

propagation parallel to theeaxis (Fig 4d). The first involves S@roup and H atoms of ring B (C11—

H11:--02) and vinyl group (C8-H802) forming aR2(7) motif, whereas C12-H1201 interaction

involves carbonyl group and H atom of ring B. Abaumolecule, C8*-H8*-02* and C14*—

H14*..-01* interactions form ®2(14) motif parallel toa-axis (Fig. 4e).

13



Figure 4 C-H--O interactions present in the crystal packing, ®f andlll .

3.2. One-, two-photon absorption spectra and molecular second harmonic generation.

Fluorescence emission signals for all three sutfida chalcones dissolved in DMSO solvent were not
observed by exciting the sample at different wawgtles in the absorption bands. This indicatesttiet
decay from the first singlet excited state to thmugd state take place in a nonradioactive relarati
process when molecules are in DMSO solutions. Ei§ushows molar absorptivities (dashed blue lines)
of the three chalcones derivatives, in which tiveeloelectronic transition is located around 355fam

moleculel, and it is blue shifted of about 30 nm for moleslil andlll , now located at 320 nm.
14
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Figure 5 Molar absorptivity §) (dashed blue lines) and two-photon absorptiosse®ction (open red
circles) spectra of chalconkga),ll (b) andlll (c) dissolved in DMSO solvent. The black lines tie
adjustments obtained with Sum-Over-States modelaMabsorptivity was measured using a

concentration of 1&mol.L™" at room temperature.

Maximum values of the molar absorptivity were fouade of about 23000 mibL cm™* for moleculel
(see Fig. 5(a)), and for moleculésandlll (see Fig.5(b) and (c) respectively of about 25880 28000
mol™ L cm* respectively. For wavelengths longer than 500 thexcompounds do not present any
additional absorption bands at the UV-VIS-NIR regiBurthermore, Fig. 5 also depicts 2PA spectra
(open red circles) along with their Sum Over Statgsroach model adjustment (continuous black line).
Each open red circle is the two-photon absorptios<section value obtained by adjusting the Z-Scan
measurements with Eq. (1). As can be seen, thestsveergetic 2PA band matches with the lowest
energetic one photon absorption, which indicatasttie electronic state is allowed by one- and two-
photon absorption spectrum. The charge asymmetheisulfonamide chalcones allows that the
transition selection rules for the dipole electrioment, in this type of conjugated molecules, may b
relaxed, permitting an electronic state to absori#sor two-photons.

The 1PA absorption is red-shifted for molecluigith respected to moleculéisandlll , this effect may

be assigned by the higher molecular planarity costiwith the electronegativity of the ethoxy group
when compared to bromine and chlorine atoms. Hewahanges between chlorine and bromine atoms,
in thepara position of the sulfonamide chalcones, do not riyaglgnificantly both molar absorption
magnitude and, as well, the energy value of thetiwenergetic band. As mentioned before, a sntll re
shift is observed only for chalcone with ethoxyupoindicating a small reduction in the energyhaf t
lowest electronic state. Similar characteristiesaso observed in the 2PA spectrum: the highe&t 2P
cross section of about 26 GM at 720 nm (see F&)) 5(as observed farand it is red-shifted, as well,

when compared tbh andlll , following the same behavior of 1PA absorption.
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Compoundsdl andlll , showed small values of about 14 GM and 17 GMeetyely (Fig. 5(b) and (c)).
These two molecules present a two-photon allowewdtcantered approximately at 560 nm with
maximum values of 18 GM and 14 GM respectively sThand does not have a similar in the 1PA at 280
nm, which means that the electronic state locat@®@nm is allowed by 2PA. This band was not
measured for compourddue to the red-shift of the lowest energetic statso, all 2PA spectrum
presented a monotonically increase of the 2PA @estons for wavelengths shorter than 510 nm, lwhic
is caused by the resonance enhancement effectefféid occurs when the photon energy is close in

energy to the first excited transition state, imsiag the 2PA probability to occur.

Both, one- and two-photon absorption results indithat the electronic states of the chalcones netre
affected by replacing chlorine atom with bromin&lytthe ethoxy group showed a slight difference
between the three molecules. This can be expldigede distinct electronegativities of the differen
substituents, which should be responsible by diffecharge distribution in the molecules. As can be
seen in the structures bfll andlll , the main molecular skeleton is identical for afiich may
indicatesa priori, the same conjugation length. However, the redndti planarity can also decrease the
magnitude of the one- and two-photon absorptioseections as well blue shift the optical traosgi
As mention in section 3.1 (Solid state charactéion® moleculdll shows to have the lower degree of
planarity comparing to the other two molecules, miik is in w conformation. However, the optical
properties show to be close in values betweermadktsamples, which indicates that in solution,etule
Il majority conformation may be. In summary, as the main structures look essentiadiysame, it is

expected that optical properties should also bdagiin magnitude.

The transition dipole moment related to the lovedsttronic state, which gives the strength of the
transition was evaluated considering the experiaienolar absorptivity. As all sulfonamide chalcones
studied here present one absorption band at appatefy 350 nm (lowest energy band), the transition
dipole moment related to the transition from theugrd state to the first singlet excited statg, is
determined by:

_3:10°In(10)hc n

2, = — do (5
Ho1 (ZH)SNAa)Ol 12 S((‘)) w ( )

in which, ¢ is the speed of light; is Planck’s constan, is Avogadro’s numbeg, is the transition

frequency of the first excited statejs the refraction index of solvent (for DMS®= 1,42), L? = 2733;
is the Onsager local field factor (Onsager, 19863¢ is the molar absorptivity. Calculated values for
U1 are depicted in Table 3 together with other patarsaletermined by Sum-Over-States approach, this

one used to describe the 2PA spectra and is erpldater.
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Table 4 Permanent dipole momentum difference and transitipaole momentum for three compounds

studied in this work, in Debye unit.

Compounds Ho1 Aoy M2 Hi3
I 6.2 9.0 7.8 -

Il 7.3 5.1 2.3 3.7
1] 8.4 4.2 3.2 5.0

Combininguy, and the 2PA spectrum, it is possible to determait@itional information about the
molecules and charge distribution at different &xtstates by determining the magnitude of traorsiti
dipoles moments from the higher excited statgsandu,; respectively. Additionaly, the difference of
permanent dipole momentum between the first exatat: and the ground statyy; = py1 — Koo, CAN
also be evaluated. These parameters were phenagaaily determined by employing Sum-Over-State
(SOS) approach (Kamaah al, 2003; Neveet al, 2007) and, for this purpose, the two-photon

absorption spectra were phenomenologically adjuseetd black line at Fig. 5) by using:

128 ° w? |H01|2AH51F01 |H12|2|H01|2F02
o395 () = ' [

L
5(Chn)2 (0)01 - (J))Z + Fozl ((1)01 - 20))2 + Fozl (0)02 - 20))2 + FOZZ

|H13|2|H01|2F03
(6)

(o3 — 2w)? + Ty
in which, w,,, represents the transition frequency from grouategb excited state; n can assume
values 1, 2 and 3, is the damping constant corresponding to the satransition, ando is the laser
frequency. In most cases, the damping constamtrf@anic molecules in the UV-VIS is about 0.3 eV and
it was used in this work to all states. Terms iasifithe brackets describe the states involveddr2PA
spectra. The product of the transition dipole mamé&nrelated to the amplitude of the 2PA band, and
is a fixed parameter obtained from the linear ghtsmm. This makes the others transition dipolelseo
determined independent of each other. The paraseltained with the SOS model combined with the
2PA spectra (solid black line, Fig. 5) are listedable 3. It is important to say that the firgatonic
state energy was obtained from the linear absorgiiectra, which gave values of 3.5 eVI{d8.8 eV
for Il and 3.9 eV fotll . The energy of the second 2PA band calculatee tof approximately 4.43 eV
was obtained from the 2PA spectra, related toctreleic state located at 280 nm. For the third bared
used the energy of about 6 eV, related to an eleictistate at approximately 205 nm.

Both, transition dipole moments and the differeotpermanent dipole moment between first excited

state and ground state, are similar in magnituaetter chalcones already reported (Lewriesl, 2018;

Abegéoet al, 2016), as well to small conjugated organic mdkes;usuch as oxyzoles (Abegétoal,

2018). The highest value 6fiy,, obtained for moleculk explains the red shift observed in the 1PA and
17



2PA spectra, as well as the highest magnitude ¢dmatvsorptivity and 2PA cross section. It indisate
that the charges distribution is more delocalizedhe ground and first excited states compared with

other two molecules. Also, the slightly higher @ety of | is in agreement with the increment/qf,; .

First hyperpolarizability values of the chalconeietives at 1064 nm were obtained with Hyper-
Rayleigh scattering measurements (HRS). Calibratfahe experimental setup was performed by using
the well-knownpara-nitroaniline (pNA) compound dissolved in the sasob/ent as the chalcones
studied. HRS signals, illustrated as symbols innket of Fig. 6(a), have a quadratic dependentieeof
generated nonlinear scattered sigh@w), at 532 nm as a function of the laser intendity), at 1064
nm. The inset also depicts for samphgistinct quadratic results (different colors) whigre related to
different solute concentrations. Solid lines repréghe best second order polynomial fittings.csHer

samples and pNA standard molecule have shown sigridghics.
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Figure 6 Linear dependence of /1) as function of the molecular concentrations fAp
(squares) and chalcone derivativie@green square), (wine triangles) dhd(red circles). Lines represent
the best linear fits. The inset, in (a), represémdirst hyperpolarizability scattering signatsaafunction

of the pump intensity for distinct molar conceritras of sampléll . Lines are the best second order
polynomial fits. Similar curves were obtained foe tother compounds. The inset, in (b), depicts the

calculated3 values for all compounds and pNA.

With the quadratic coefficient obtained by fittingRw) versus'? (w) following Eq. (3), a linear

dependence of this coefficient as a function ofrttidecular concentration is observed. Figures &(al)
(b) displayl (2w)/1?(w) (open symbols) as a function of the concentrétonhe derivatives-1ll and
pNA. Solid lines represent the best linear fitpinich the angular coefficients were used to deteerfi
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values by using Eq. (4). The valueffia is known from the literature. One can see thatitiear fits
have different slope comparing each sample with ppMA shows a greater slope comparing-tt ;
thus it is expected thgts for all three samples are smaller than the stahsimmple. From the inset of
Fig. 6(b), it is possible to see, as column graphie experimentally calculated first hyperpolabiita
values of all samples studidtlvalues of the three compounds are very similanhiich compoundil
has the lower value. In general, the first hypeappabilities of these compounds are in agreeméht w

other chalcone derivatives found in the literatifaz et al, 2016; Custodio, D'Oliveirat al, 2019).

The order of magnitude of the first hyperpolaritisibs (8) of all three chalcones derivatives can be
predicted by knowingy,; andAuy, values. The greater these quantities are, thehitje incoherent
optical second harmonic generation is. Thusan be estimated employing a simplified two-leweldel

approach (Lemest al, 2018). It consists of, firstly, determining stdfirst-order hyperpolarizabilit,
by:

. _ E(M012'AM01)
.80(01 0!0!) - 2 (hwm)z (7)-

in which, iw,, is the energy of the first electronic transitidstained from the linear absorption spectrum
(3.5 eV forl, 3.8 eV forll and 3.9 eV folll ). The optical frequency dispersi(n) is taken into account
in order to evaluate the dynamigaby employing the undamped two-level model (Oud8r,7; Campo

et al, 2008; Orr & Ward, 1971), which is enhanced bygheximity of the electronic resonance

(resonance enhancement). The dynanfical estimated by:

Borm(—2w; w, w) = vy Bo (8).

(w§1—4w?)(w§;~w?)

The estimated values for dynamiga} ,, were calculated at 1064 nm (~ 1.17 eV) and athefame
order of magnitude far-1ll . For compound, which has the highe&,,, 8.; (2w) has a value of

about 30 x18° cnt/esu. Compounds andlll have values g8,;,,(2w) smaller than compourigl of
about 21 x18° cnv/esu and 19 xI¥ cnr/esu respectively, because the difference betweescited

and ground state permanent dipole moments givamles number than fdr. In Figure 7, one can see
the estimated values obtained by using the sireglifindamped model compared with the experimental
for all three studied samples, the error bars ansidered to be of about 15%, due to laser intgnsit

fluctuation.
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Figure 7 Estimated dynamic first-order hyperpolarizabilitythe simplified undamped model

compared to the experimental of all five studiethpounds.

The experimental values obtained feltl are of the same order of magnitude to the estidnate
values, obtained from amdamped two-level model (Eq. 8). Considering eixpental error, we can
state thap values of compountd andlll are identical when compared to their respectitienesed

values, showing that the parameters obtained wigh and two-photon absorption are in agreement with
the HRS signal. However, the measuf€dr compound is 30% lower than that from the estimated
Sam- One explanation for this difference is associatethhe energy of the lower absorption band.
For this molecule, the energy of the transitioreiduced because of the redshift in the absorption
band. The energy value is part of Egs. 7 and 8@sl¢nominator. Also, in Eq. 8 the dispersion
term, which enhances the effect due to the proyiwifithe transition, is also influenced by this
energy. With a redshift, the effect at 1064 nmvisrestimated by thendamped two-level model.
However, if the error bar of the measurement isiciered (about 15%), all values, for measured and
estimated ones, are considered statistical idéntica

3.3. Thermal characterization

The thermal behaviour offie crystalline compoundsll andlll was studied by a combination of

DSC, TGA and HSM techniquesnd the results are presented in Figure 8. Bdthandlll are stable
between 25 and 130 °C and their DSC curves exriltibthermic melting peaks between 130 and 160 °C.
DSC curves of andlll are characterized by a single endothermic mefigak at 137.66 °C (fset=

131.47 °C) and 157.63 °C (= 149.03 °C), respectively, which were attributedhe fusion of the
samples. Meanwhile, in DSC curves of compounasdlll, over 320 °C, exothermic events can be
observed; folll there is a clear exothermic peak at 328.25 %as{F 316.13 °C). In both cases these

peaks are attributed to the decomposition of thepées. These values agree with the gradual mass los
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that occurs in the TGA curves which begins aroud@ ZC (Tonset= 264.85 °C fot and Tnset= 283.22 °C
for 111 ).
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Figure 8 Thermal analysis. DSC, TGA curves and Hot-stageanampy images of compounidl and

Ill, respectively.

The melting point ofl is assigned to dual endothermic peaks at 149.281¢C155.47 °CTonse=
144.17 °C) in the DSC curve. Unlikeandlll , compoundl presents a new endothermic-like pattern
over 280 °C, related to decomposition of the sanifiés event is accompanied by the thermal
decompositiomf the sample because of a gradual mass loss ihGlkecurve up to 280 °C (lse=
287.08 °C) can be observed. In comparison, compbinag the lowest thermal stability. HSM was
also performed in order to visualize the therma&nds described above. Although HSM and
DSC/TGA experiments were performed under diffeentospheres, the results are in good
agreement to each other. From HSM images (Figt 8)possible to saatl, Il andlll crystals
undergo fusion at around 138 °C, 153 °C and 160¢és€pectively. The images also show the

beginning and complete melting of the crystals Wlace in agreement to DSC curves. It is worth to
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mention that, according to DSC curves, there idewie of other peaks that could be associated with
different phase transitions such as evaporationsioch behaviour was not observed in HSM.

4. Conclusion

The three sulphonamide chalcone derivatives digculssre have a common backbone with different
substituents gtara position of ring B. Compounidcrystallizes in monoclinic system whereas thetetys
packing ofll andlll are triclinic.l, Il , andlll a could be consider planar molecules whillaw is not,
because there is an angle of 18.B&tween the planes of ring A and B. The effedialbgen
substituents changing, chlorinié)(by bromine [[I ) can be noticed itll a due to the greatest angle
formed by the A and B rings. Finally, C~HD interactions dominates the packing of these camgs.

All compounds form dimers and arrangements wheoea@cepting sites share one donor atom.

Nonlinear optical properties showed that the atongroup added to the main structure of chalcone
studied do not modify significantly values®hor ozpa. o2pa. The spectrum obtained shown that the first
excited state is permitted both by 1PA and 2PAicaithg that there is an asymmetric charge distidiou
along ther-conjugated molecule structumpa spectra of compoundk andlll show an excited state
that is permitted by 2PA. NLO properties of compasiitlll agree with other chalcones previously
studied, which indicates that adding the benzetifossd group does not influence these properties.
Comparing HRS experimental results and theoretizalel, estimated and experimentalalues

obtained are in good agreement. Considering thigasiexperimental values for different substituents
these results motivate further investigation orssitieent-based optical properties for other sulfoiukz-

chalcone hybrids.
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Highlights

A set of three new sulfonamide chal cones was synthesi zed,
Their chemical structures were analyzed from SCXRD and were found to be different
from each other;

NLO properties of the synthesized compounds were not affected by the structural
differences,
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