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RESUMO

Por causa do crescente interesse na q,u?2jn8 ca
guessas esp®cies demonstram umadeanpmlde napl |
natureza qu?mica dos g rmod ®c-{l4ilagBWb s oaoseant
1-( f eemn ®p fl-o n agl cte t a(mA AdAaR FO)i recent emeirst ecl8dscrut e
gu2z migu®® $fior Aenigaorsa uma caracteriza-«o te-r
estruturais,,eeepeenropdéeéapanaempregandoatr®°s
TeodioRaunci onal daDF@éemoi dBa3dLey P, mP W2 Rl e N
conjunt &3t &+bH@6&\pp )sa staordaacst er i za- »e s, a ativ
est umdard amme oadtoes moi ¢ o Wtiif leimzatodela® soEsdhe s BPH T i d a
tilizando ¢8Il cul oss aldes aa scompales maisttaanam qliog ceunlca
ntipiara i1nibi-«o0 de enzCo@dpori mpaugdg andies ed
anit8ria da pa8demiaa bdac@OYIOD amdpas a @a @ i

en-a nova gque at® ent«oTmkms powsssuli ° g r@m®

pectroscopia de infraverHnedd€hadeemodat bhimnéd:e

® d® d® o u Qv Cc

0
St udpaoddoesm descrever com grande precis«o0 &
S
X

celente concord®O©nci @scomsdid sdhpdtbspr eggdades
l i neares mostraram que a chalconaP®AAPIFmMm,poO
dados experimentai s draaraam vu ma dtea xaant modkaea rdaad
mol ®cul a de DPPH (50, 92%) e este fato foi ¢
Ctomo de Hi ds egdmiic (HAINrtSvse! .nossos raesult
chal cona PAAPBmMentci nccoom ndifdefadyeps f e-b(i fleni | )
penr2t-ddi ¢-onadctet ami da PJABNNANA i 4nEB-8(af e-b(i fl &mii ®R-p

e fl-o n ag cte t adnei ndoamiPR A d&{ 4['H)-3-4-di met if leaati(ilfnesmi b p

2-e fl-o n agctet admeindoamiPA A P B-{ 4] 'H)-3-(4-et f g Rli(If )e-mi ®-p n

l-on agciet admindaniPi & ®PedN-{ 4] 'H)-3-(4&-me t f exnli( If )e-m 1 -®-p -
onaactet aminbaniPAA&id i bemnt errauxocadm a2 c®l ul a
humamas av ®s da l i ga- «o0 N prote2na ACE2 0 |
i mpedi ment o est ®&rimol ®cAalH@hscaddnesessca,hi @ai dade
enzimas i mportantmreasde@aei @m aic ®nsas iorse pplrifscea -i «vad v

Pal achasheal cteow@idanci odeanls i ddeaodpel a melnd u ISP KE;
ACE?2.



ABSTRACT

Due to the growing interest in the chemist:
species demphat ma¢cel bgioadl applicability de
the groups attachedhet omotl re{ecAUl)-8(4&fiNd o Bo plh enngysl
(phemry@plonedciet a(m? AP F) was recently syntt
chemical calcul ations were made for the c
spectroscopic,-leheatropitccabangr opegheinessi)t ya
Functional) Tmeohgdg¢ DEFTch as B3EYXP,winPhWibPa/gdel
311++GAfdt,or) .t he characterization, the antio
mechani sms using the different DFT met hods.
chahes were studied as potential antGoM r al s
2 due to the health-18meraghadreany cofandhda h€O\le
candidates for a new disease, whid¢hturtaiImet
Al | the three DFT methods wused in this wor
precision: the resultid afd i sbtaoedcspadcel di
to be in excellent agr e®im@MAPFwvichha ltchoen ee xcpaen
optical devices Hdueetao ops Frasllpyppkeoei espe
of antioxidant activity showed a moderate r
and this fubé¢towmbtivhpebgiwedr ogen At om Transfer
the mostTdaetomam,| et he results suggest that
der i WNg t4/eds E3-( p h ela(yp hyepry@-p fl-o n egctet ama M B N

N-{ 4'H)-3-( p heh(yp hemry®@pde fi-o n eg cte t anmimPei A BI;{ 4] 'H)-

3(@4di met hphaeanlyiph e;mry@-p fl-o n eg cjet anma ndéed AP N-{ 4
[[B)-3-(4-et hphkeg Ay Ip)h emry-®-p fl-o n egd cte t annaindPed AP E , N-{a4n d

[ B)-3-(4-me t hpohxeyrAly Ip)h emry-®@-p fl-o n egclet amamimBAAPM i nhi bit

virus interaction with human host cell s thr
generating a steric i nmpoelddcmelnes hanv ea dadn ta fofn
enzymestinangloati onal processes, interfering

Keywachdad cdemesfunhgt themadyl;ecdaotkrng; SPIKE; ACE:
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11l NTROOUI ON

The cl ass of mol ecul es de n ecnhianiant endo | cehcaul |

derived from flavonoids and isoflavonoi ds,
constituents of natur al progua@amniTshseu crho laesc utl
structure of chal cone consists of at | east

carbons and Ub-wsn sad lulr ed e tdh emfy ry-®-fe+iro n(d1)2 .3BH e

aromatic ring nearf rteoq ucearktlleyd r b6 o naithh e§ro oarpam4
ring i sTheimgl 8oul ar structure of the chal c
i somerEandtZisdl € u cTthuerrenso.d i ni anmintoashtbtetEes t r uct ur e
mor e .sthkeébrncee, i n Figure 1 is shownsbperbasi

Fi guirTehel basi c mol ecul ar structure of

20

Sour ce: Aut hor hi msel f

The hal acnon escwalne sad Istoa ibreed t hr ou quts i orgg asreivee
met hbdsthe | aboratory, al though there are
specific metdhodymwhalsetuiszgl ahesehimel eeakeson
Schmidt addtdilk.cdmdesnreaction takes pl ace be
t hat has a singl e hydr oggeenn® nvaanirda kabr toimant i acca m | ko
Fi gaTkke solvent used in this reacthpoasasisowm
hydroxide (KOH), [8.s A usetheame & ocat hlkykhown
Figdre
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Il nitially, due to the basic medium, ther
om the acetophenone mol ecyyili®aby,t becausac
utomeric effect, I 't canThoebhntt,aiomcunes e¢mel al
olate ion (nucleophile) to the carbon at
al koxi de iSamsEegturemdtl yrbetillel pl koxi de i on
ner at i mgl aaulaé¢ d@s tamuctthe mendll ) ul e-cuan e g eda
hydt at poheel d hal cone of Tihntse rreesatc t (i otnr u cst ucrc
e most used methodologies in theultaboonat
pends on the nature of the substintduédrhte ¢
action yield[9%Bnh ireakhowp-Stcihand @h e oQldeinse
so be catalyzed using aestedngiobhecd]|] ebotWw
re synthesizatdalutyized meéeéhbasethe text was
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Sour ce: Aut hor hi mself

Chal contelseiandderi vatives arephabhmaanlcegi
terest and have received a great deal of
d the diversity of phgrahTciod ogx icsatj eigad ealfi
uble bonds between the two aromat iCECbr i ngs

i mplies the déedloeattrawi t Dnnombekbewubbae struc

sp
po
tr
S u
sy
ap
an
an

ac

p o

w h

gr
i n

eci al characteristic of chal conesxsi dnatkiesn
tentials and exhibit a high pr obadbeinlsiittyy
anfgdgf eFurther moree ithet Hfeacpgoddialhi Itihtey of a
bstituent grolu@adisemt édbrn @mmatgiicali mgsg i vitie
Nt heldwvearcad sntudi es i n t he l iterature S h
plicat iaoasi dgdamtalng F[vlileBah-¢ ancer ant & ngad]

ti pgraddandl@gaehspiicol i | &@&dttii vme[c2do]jminali c[o2n5v]u | s
ti dj 262 & ptfil a mMiba 8,8 rnye ur o 5 dAt8encdt iamdl,i &) Q@ i c
tivitt iwass. menti oned previously only a few
ssibilities of the chalcone derivates.

Within the huge class of chalcone mol ect
osebstitution occurred in the para positi
ol B36Accortda ntghe | i terature, the presence

creases the posi €btvhee rcehfaorrgee, oiatb &ilred ricdaarshens
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chaldemievati ve acting as an [ed.7e]Dt menplE®.I8d an
and Romnag[rBd8lyint hesi zed the base structure o
measured the cytot oxidciftiw eageainncsetr hcuerhdn | d enl
by these authors were that the aminochalco
canbet, it was found t ®BSimeet dhiecsef drerhwvmanv
proposedr k nby BTer[iestthaadt en chemically transfor
into the acetamide group, there is a decrea
potenti al . Thdeerpetfhorset,uday noofr et hhense deri vatiyv
Amorndie mentioned applications, the possi
tenti al ant i viTrhael sc ucrarne nbte hheiaglhtlhi gehnteerdg.e n c
parmrcdhadamied by the ne@o2paonhei meas QRARIIY
ses and deaths confiThmedumlmpet hef dit et akbkec:
herd 1t0I0®ONn 0DO0, the nNnumb®WO,Pf0Hddati h Braghet
ounting for more than|I2Znbs@Q0®G0OME.ADo dielad |
year and six months af t1ér atsh ea [¥@AO dtblmd sca r
at e, there is no drug or efHe cvaati nateiad |
opul ation, thftaacappmapks atandseooif al di st an
own the spread of the virus. Hence, there

O O T o 99 9 I O B T

ntiviral drugs to be abl1®48¢ control the a

|t is widely keoaowof tiwat ks henwalmbi ng cor
increasing in the mbetiditveabemanths. of t he
notice an increase in the number of works

types of wmbtbhcobhesbe obtained from both nat

SARS0o¥The use of computational cal cul ations
as it i's possible to predict propertiges wi
mol ecules to carry out the experiments in t

Among the computational metthkkbolde c moat D€

antdhgeuant um cal cul ations using the DeWisthy F
the usewof mehbsdsit it iI's possible to study
i nterested molecules andDuédetoathet gpeat eii
chemistry of <c¢chalcones and their knownl ant
theoretical c¢characterization using gquantum
and subsequent application ag@o¥sandhtbe me
host receptor protein to whMohetbhbEtavi Daskbn
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Vi jayekudfirstudi ed 4t mhreiel inaod utr aé n tfyiavveo n o
nthetic antitubercul CARSo¥ nadaktevichpanl ovase
ing the MolTlhral aut lDorcki ggbser oheers thor
cking calcuttapeondsesntt REARNAI ymerase (rsrp
d the SPIKE protein. Only a few syCtOhet i
2, and C23) demon#t Rdeee nidreine r KNtAI po | y mer
natur al flavonoid (Cyanidin) that had t he

d all the synthetic chalcones showed de
teraction ocagmnud st hwet Amit hedE@RB HRAB I9M u eTsh e (
alconaringenin and the indol chalcones C2
erefor e, it can be seen that chal cones de
itnh essitluidcitbes .c he mi c al structures of t hese ¢
Fi guirChedni cal structudesifvanr esome cha

OH (0]

HO OH OH

Chalconaringenin

A\

N
H

C4.R =4-CI-CH;

C8. R =4-OH-C,H,

C12. R = 3,4-OCH,-CH,

C16. R = 4-OH-4-CH,-piperazine
C17. R = 1-C,H.-imidazole

C20. R = 2-thiophenyl

C22. R = 1,3-benzodioxole

C23. R= 2-naphthyl

C25. R = cyclohexyl

Sour ce: Aut hor hi mself
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Duran [4% . studied eight new synthesized
expected -8ARG®»Y eaamitvity. The authors used
with three targedpenrddamrti NnRNA thel yRiNeAr as e, tr
and the SPIKE protein. The resultge-ta€E)YHRis
Di f 1l uor-3(pa,ddr,yidmet h o x y2peheonnyel )epxhoipbi t ed i-nt er a
4. 370 kcal/ mode pweintdhe ntth eRNRANAH ol ymer as e, I nt e
resi &WBelsd S  hydr og eSn? 6b0OGHWdNL , adaehld® A(negatively
i nteraction)-1-(2Z-pbef thalt-8pph,darfiE)et hox ypehe ny | )
one demonstrated the best affinity in the n
i nteracti-8n9B&ekgwnlablfcoolne Tihnitde$cahby edy dr bgeh
wi tBl286 by hydrophobic SBEn8%rankoioGnsy, menglaty
charged interaction. This chalcone was al s
protein with iImMilei7adktciadd meher gayndoft he i nter
resi RBetG3 AAMII 6G occurred by hydrogen bonds.
t he c¢cha&blg®@2bd | (o r-B(ph,ddr,yidmet h o x y2eehdeonny@l E}p r o p
( 3-DBf |l uor-3(pddg n6y Imet h o x y2eehreonnyd ,) pndp ( E( 3-, 5
Bis(trifl uor3drmie-t4h me p h e r yPejteonnyel ) mrhowe d t he
antiviral activity among the eight that wer
i n diffieocremntemplanded the antivirdlheacanoil wictuy
structure of the three chalcones derivates

Dureatn[4ad .are shown in Figure 5.
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Fi guirChad denevlaémiscal. structures
F 0 OCH,
H,CO OCH,

F

(E)-1-(2,5-Difluorophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one

0 OCH,

HaCO OCH,

(E)-1-(3,5-Difluorophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one

0 OCH,

FaC /

HCO OCH,

CF,

(E)-1-(3,5-Bis(trifluoromethyl)phenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one

Sour ce: Aut hor hi mself

So far, it has been seen only studies t
When the quantum calcul ation methodol ogy i s
such as tdhdieng ac@ebPHRBEo®ter, since the mol ecu
calcul ations using Densi ty Functional The.

i nformati on about how i nteractions wi t h t a
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structur al specificity of a series of <cand
seen in theewo4ak tlyatbutrlae aut hors proposed
groups (either the fl uor i nnecraetacsneS & MSd Haen ttir
actilvfi ttyhe aut hors had done quantum calcul a
to begin to understand the rel@gtrioapshiapdbamn
activity.

ClaradptuaéeDFPHPoarmd Mol ecul ar Docking met
SARGo0-¥ propertdtlal cofnet lder i vidtdimien o p-&(ek ol )( |
benzyl oxpyrpdpertoyn @Fi gur el n6)t hi s wor k, the <ch:
geometrical |l yt hoep tBi3gLlY#¢ G( d sphgcomput ati onal
F

-

om the optimized structure, the full t h

spectroscopy anH| as@ISNNR, bavati d&weell,ect roni c
t her mody neamiice spr capnd Nelwarge hanaloy icaul ar Doc
the 6LUZFIXCOWID ein, and the interapptriovredwag
againsfi9Cotvthd ritonavir molecul e. The auth
hi gHercte ophilic character, t he -InBaimr atnaierr ac
due to the hydrogen bonds with the aminoaci
authors also found out t hat the ch#&lo&one ¢
protein when compar edTheor etfhoer er,i tiotn acva m breo |
derivatives have potenti al ant i viCrodZl) .a cTthiivsi
theoretical research is ondgveéehepfarsewsdryp
it has extreme I mportance since it can sel
t heoretical interaction energy (Mol ecul ar
bet ween the mol ecul arar stprw@teurtea eand ot huen d md
i nteractions between the chalcone and the t
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Fi guirTdhe6 chemi cal str UEN #rma noofp-Biedhey Ighal ¢
benzyl oxpyrpdpertro/rl. e

0O

(E)-1-(4-aminophenyl)-3-(4-benzyloxyphenyl)-prop-2-en-1-one

Sour ce: Aut hor hi mself

From the chalcone biological applicatior
forhis class wowhimahtesaokeealrhte r ascetaiewiatly .r ecen
from the[dibibtenateuneng the antioxidant act.i
chal cones, both natural and synthetic, have
The mo | e c utl eetsr acyBlarl4cxoyr2 e , 4t 'red 3r,adhcyhdarl ocxoyn e sho
hi gher a[#faicoxiivdant t han the rebBandihoeopbhmp ©
[G5FY¥Hence, it halkle bpreasasrea afhatihc righaby er xaydli c¢
scavenging hpalteone pho,]dd8 bl &

Il n the wor k edaf[4afRp st besoyanutbhbeosriszed fi fteen
t hehyadrokal cone, which has the hydroxyl gr o
the antioxidant activity of those chalcone:
were synthesitaenke.f dm tthe DPPHt scavengi ng,
met hoxy group and t he al-OoMOymenkdeyld p,motreic
demonstrated weak or i nactive irmatl bi@widses av e
(rindgerBi)vati veel t§ bawWeidke saxulttheo.r s consi dering
hydroxyl group bonded in the ring A cannot
of a strong hydrogen bond between this gr ol

Hencet hehehgdr oxyl groups bonded in ring B
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anti oxi dalnhte aacuttihwirtsy.al so di scussed that th

|l igand can i ncrease antioxidanbramtneitp. po
5" (ring A), the |lipid peroxidation inhibit
compared to the same mol keltairl eef avri ¢ ,h otuh e t htea lb
can be excellent candliasatewhifoh eanopgli @ixn g atnh
studies about this biological activity in t

di fferent compounds from a simple basic str

I n the recent wor ks of thevésteratursd u
experimental and theoretical to understand
those works, the quantum chemical cal cul at.
B3LYB/ALGEG(d, p)/ Ld{nlIIpDfextfmosr Wi t h c @Rl cBIleY Pa/s6
311++G(d, p) B-oohralsfpafrnt eBe3sLiYZPe disi ng t w3l Ib&(sde,sp )s
and3161++G(d, p) for the-(Hdeve nzlydli deme3ddaumi a)ngpth
2y lppr @pAlon[@ L TPSHB/ TZVP t o obtained the opti
vertical and adiabatic energies of excitatdi
agai nst siPBI| eAl soxygteme quantum reactivity
undandtthe relation between the biForogihcal
the four works, the antioxidant activity of
i n t he weotr[Gapo.fb-dvkerailfc one achi eve great resul't
and Hydrogen peroxide scadepgndgnt waof cansho
Therefore, it can be noticed that the chal
actimdtyt as i mportant to understand how t
This study can be done more easielngiuyi Ffyngu
Theomey hod.

Therefore, after it has ®é¢emhtbaheoinmpoilanas
relevance of at | east two of its applicati:
thesis aims to theoretically study a chal cc

its structurascoplecpropmercti speandothe theo

such as antiviral and antioxidant .
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Chapte

Characterization of the structural,
el ectronic properties &fado@m)ti oxi d:
(FIl uor ob(hpemeypl ) &2 fil-o n eaclet ami de
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RESUMO

Amol ®bB-HI4d(-&8) FI| uorldffemiil@p l-ona] } chal cona (PA
recentemente sintetizada devscdhoa |lacoo €c8rl ecsud eorst
dagu22mica qu©ntica foram real btzadocsoargp ded a
(propriedades ssptcasurapsij caspeaectmpbiegaard®s t
m®t odhdsoddanci onal da Densidade (DFT)2 Xcomo
comonjunt o 63kl +b&EGCPLg, 8O das essas caracteri:
antioxidante foi estudada wutilizando a rea-
O mecanismo foi i nvesttgado mPeodscaagmartDed.T
descrever com gr annad eP ApArPeFcBiAs. « 00 sa rcehsaulldocad o s
infravermel ho sotdalpHt @M ddgmmndtraram estar
concord®©necia com o0os dados - pk mneais meinnearses
mostr aan cghuael cona deér abpckde ssmermo chiegaldnde pot e
di sposi-tteiveass e ersdsBubt adamn§t®d at ai s Nat,ur ai
gue mostra como aesdie8rsd iotcmd @ zammbd&®clunliac.a Por
dados exipserdiameanttiavi dade anti oxidante mostra
mol ®cul a de DPPH g$5t0§ 9@2&p @@ =edies mioaitcoo pr o
sendoTroandsef er °nci a gdie co€ monmd sad/eo r Hivaerl a

Pal acehagErer ghi s shbeila g@eopod@enahlhdde cCd-ai sen
Schmidt, Fun-C«ot«idced R b maatiusr ai s de | i ga- «o.
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ABSTRACT
The mol ed Woe-BE) FNuor elff pdepiy®-p-one] } chal c
( PAAPFBA) wast hesiened ydseg to the growing i
chal cone. The quantum chemical cal cul ati ons
characterization (structural, Sspectroscopy
empl oyrieneg Demmsi ty Functional Theory (DFT) n
MO& X &8Btlle+G(d, p) basis set. After al/l t hes
was studied wusing the reaction with the ¢
mec hmnwas investigated theoretically. AlIl t
great accuracy the PAAPFBA chalcon®l: altfde r e

i sotropic shielding demonstrate tal bedatia. el

nonlinear optical (NLO) properties show t ha
i n NLO devices and this result i's in good
analysis, which shows holwi z2zee wilteltcitm otnh &€ rda
the experiment al data of the antioxidant a

DPPH mol ecule (50.92%) and this fact was p
Hydrogen Atom Transmbee (HADYy améehani sm

KeywaBdsesd DissociCéiaiSscehmi der gayl,d o | condensat
Nonlinear Optical, Natural Bond Orbital
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IINTRODUCTI ON

Chal cones are natur al products <consider
flavonoid family. They are chemically chara
phenyl r i ngku nbsoantduerda tbeyd c¢ ari pd@ptyd@demsep (Fb,r3
the chal cones, there are two possible isom
occurs natwurally and it is thermodynamicall
of compound |l ies in the dfraogtent leato msh &lhad n ec:
thus generating the possibility of synthesi
applications. The <chdlecdsmenananal be antsielda cas

i mmunosuppr essi vda,mtfalna nndegigoreeys, ¢ aanntt h y-panont e c ,
[ 111] .

Despite these several applications, the
examples about the great applicability of «
Ar ieft [dlgj udi ed the anti oXil-tHa 83ty |-1pprt md e/FRiPmeosp o0
lone by DPPH radical scavenging and Hydrog
high antioxidantet adatli3yi tysedUst lad asclhi(adl c one
(benzyl i ¢ehredlB8ghiva-yaln) Redwne as an anti oxi dant
FRAP met hods which demonstr ateae d[allbo]Jw satnudioex
chal cones de(r4netalt cexsy-poitf-@-ptstibeh e3 b ya It hpeh etnootl i ¢ ¢
which demonstrated gooedt dHdt5i]o xsitdiadn te sp rsepeerrt
bicshal cone derivates wusing sonication condi
activity was investigatgedanhby ABPBHreaddcaal s
demonstrated moderate antioxidant activity.
antioxidant activity, which 1 mplies the im
correl ate theemetlmati oanrsthii x ibdeamte properties

chal conebds derivatives.

Given the huge and growing applicability
new chal € 46ee&)FNuor ol perepiy®-pl-one] } acet art
( PAAPFBA) was recently experimentalleg mlgygddth
the two hydrogens in the para position of
acetamido group in ring A and the fluorine
result of nontoxicity and greway podeaé¢dab)

withdr awal
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Currently, it is widely known that the <c
an i mportant t ool t o study t he Sstructur a
characterization, bhedbphadestdbowngha mbkEkaemc

medi a.etHé¢dlJe studi ed theoreti aleltyh otxhyen acphha Ihc
1y F1)( t hi @p hpprn@p fl-o n e at DF-3I1LBB8+L&BPAdHP) t o 0

geometrical opftnaneadat cbay adther iizati on, t he
excited st aVies dmpeacttrhoeetWiry7.] Ramedde d&rd h e
t hi e3f ¥ld)i met h-p h a Ay hk@p)rl-o n e chal cone a4 DF

311++G(d, p) tometormpadle dphtei miezati on, the vi
mol ecul ar orbital-¥istéeépeexcumepd sBhat msl| ¢ VI
and the Fukui feunfall8.p nst u d-ir@thna o-Bateh i (e2(BA! )

c olr ophem@pone at B3LYPRBIABRWHRPL Mh&G(6d, p) ba

to calculate the optimize molecul ar structu

el ectronic properties, the moBewcwd!| &r biet 2lct
anal ysi s, and the ther neotdjal8.ini css uprepdenstive.
derivatives usi ng-30R®/+B33 LldY,p )mebtahsoids astet6 t o ¢
optimization, the fr entgiuamtman enou leaxru |l arrb idtea
the i mportance of using the Density Funct.i
chal cones derivatives is demonstrated with

There are also sevehat akcentt hdefoaetitcha
be wused in optoelectronic devices ehpdt phms
del ocalizat i moheaunldart herbitals overlapping.
controlled by dop®rbomdadcieptohegtrwo phenyl
some examples of theoretical researches abo
Custoeio al22] studi ed t 3 DromalpdEmé 2 ) (E

phenyl sul tpohreynpyel @p e nke at EBF3TL/Y@BXM + + G( d, p) I
Kayet [a2l3.] studi ed-1-(-hyg ddex yP(l32e¢,®y,liEES t hoxyphe
pr@pflone at DFI1BBL&PAGpPp) elteyalIb] Shu4dd ad t
chl or o-phmey by 2nlp)r@pflone chalcone derivatiyv

311++G(d, p) level. Al aut hors concluded th
candidates for wuse in optical devices, whi c
chahes for optics in addition to biological

Il n this wor k, the PAAPFBA chal cone was s
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spectrtisadhflyspectroscopy and investigated |
objective 0§ tbi sssewomgluawbum chemical cal c
Functi onal Theory (DFT) at the ground stat
el ectronic properties and the antioxidant m
mMPWLPWOid -MEDP.

2Theoretical procedur es
The quantum chemical calcul ations were
el ectroni cl irneeaacrt iovpittiyc,alnopnr operti es, and t

PAAPFBA and to simulate their v. bThad i @gen@arhe te
optimization was carripead aoett eusihrydprti de fReck
Le¥anPgarr correlation functional [-2& 1 r € IBEBtLIY
functional [ 27] adjusted BPWIWAdamandanidheaMio
hybrid metcorextcangaea f uhX)tiwintah (RO] G MOSDI

311++G(d, p) i n Gaussian 09 program package
i nput mol ecules. The optumedatbsbngcaheuPata
Modeli3BB2with the I ntegral-PEMu aftoront HFe ramall v
with methanol as an implicit solvent to sin

application foacthei apwtobxtdanPAAPFBA mol ec
were obtained using the same | evels of the
using met hanol as an implicit solvent. The
t he trhoruenedsg state optimized geometries to

mi ni mum of energy. The calcul ated vibratior
scaling factors: 0.967 for the B3LYR2XaQ. 957
the8ld++G(d, p) | evels of theory. The infrar

the Potenti al Energy Distribution (PED%» us:

were used to perform the final assignment o

ThieH and 7TJC NMR isotropic chemical shif
At omi c Or bi tiadl9s] (pGloAdAD)s a[l3Gavail able i n Gaus:
theoretical and the experi ment al dla tsah iwealsd in

constant of ,bot)h ahrydrparehecayd oms t o the calc
constantan(d ) for the same el ements prese

tetramethyl sil aneul(el:M$) foll ownidg ,t he r
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The -INiomear optical (NLO) cal cul at)i,ontshe
pol ari Zabibndiebe(first 7o) daetr thhyep esrapactiuacraitzeae
at the same | evels of theory. For compari s
|l iterature, the NLO propS83tLiyes [ MANVE &KLdd, c«
YBO7XD [43N1wrHGHd6p) | evel s ofmptlhiecarty swiltvhe n
three DFT met hods -B3LYRM)g [t43 ,a4 Bh ¥Priwl QITaKg ( |
[ 44, 45] range separ at eRl3 LhYyPb rsihdo wisu nac tci oornrad c.t
nonl ocal exchange at asyiBptret iacBdiT ¥RPasbew]

correct 1.00 fraction of nonlocal exchange
The Frontier Molecul @ QCanbd t adrsd (tFiM&) g lec
el ectronic properties called quant @@ o©hemi

i oni zation potenti al (1), .21l egt onba+t g h @i bbby
softness (S)}]) . ,ela&a&rcd ropd)l ¢wgihntdyi tfhe yBILYP, m
MO X at31he+®(d, p) |l evels of theory.

To emsit and the chemical behavior of each
calculated from the electronic density and
the Hirshfeld charge popul ation wusionfg tthhee
PAAPFBA mol ecule. Therefore, the | ocal),el ec
|l ocal &pftphsbki ¢i,t yduian d®f}e,s(canidp tnourl &i)p hwielriec
estimated at the saméalreEt¢lestofostaeorcy PoTrlea
computed using the Gabedit 2.5.0 software |
i nvestigation about the possibility of the

The Natural BbB®) Omabatgsis was carried o
MO& X &tlle+G(d, p) basis set to investigate
within the title moleculienpdsimeqgtt hen NGBQ s3.i I

To under stama tahcda ianttiyoxifda he titl e cha
three mechani sms pr5dp5o4sTehde tHoy dtrhoigse na Ad loyns iITy
mechani sm occur s v@heenxtar afcrt e ea rhayddircoagle n( Rat o

mol ecul e.l Tpheocgelseba s shown in the equation
Single Elef®rooonTTaRibéend( SEToccurs when &
from the antioxidant and the foll owirhg rdt ep
mechanism is the Sequenti al Proton Loss EI

proton is | ost and followed by the transf e
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mechani sms can occur si mul tia5nleeous!l y, but wi
YE QOO YT GF (1)
YE OOOYY  DUF (2¢
Y  OUEO YT F (2t
wo° ® O (3¢
®»  YEO GF Y ( 3¢k
Y ‘C °9Y0 (3¢

I n the HAT mechanism, the tendency of th

Bonbd ssociation EneHgghdmBiDEgdl obondcde( X = C o
| ower the BDE wvalue the higher is t#HEg rea
mechani sm, the reactivity is descri boend by

Di ssociation Enthalpy (PDE) Av‘srpoem:itehse. aMhat i eocxt
| ower values of the I P and PDE are expected
the propensity to reddtfiinstygompPh)eadfby heha
antioxidanj)] &andethkeeE[(&ctron Transfer Entha

removal of the electron. The reactivity 1is
guantities. Thhea emat bematfiodalt heoxse quantiti
equati8&.nsThe geometrical optimization of th

speci es were carried out using t-hXx ®DFTO6 m
311++G(d, p) Iwevxdl anedsthanioé o dy&FC Mp moAllell ) tshod sve
ent hal pies were calculated at 298atlé&mK @pmat

and electron solvation enthalpie<xfiEm[&e] han

6 00 00F OCF 0G0 (4)
00 OOF 0Q O®O (5)
000 0 "0 OOF (6)
06 0 OO0 0O (7)

O'YO'OM '0Q 0 (8)



33

3 Experimental details

31Synt hesi s of the PAAPFBA chalcone

The title chalcone was synthesized accor
et. aJ 16] . The first st ep cPommisniosatceedt oiprhetio@
FIl uorobenzal de hScdhemibdyt tahled odl aciosnedne nsad o e |
step was the reaction with the acetic anhyd

under magnetic stirr.ing at room temperature

3.2Fourier transform infrared spectroscopy (FR)

The sample 2 mg chalcone PAARMKBA OWwa smgp oov
which then was pressed pell ets and -l10mal y s
Shimadzu (Kyoto, Japan). The pell et was sc:
scans at a spectrallamanage rdkfsod{udi®)o.d t o 400

3.3 DPPH Free Radical Scan

A methanol solution of DPPH was added to
chalcone (490 mL9 . 10r.hGGOO0O est was per f-mirmetde |
interval, absor ban\ies wsapse cnteracspulr cetdo nmhentx éard dJavit
capacity was compared with asowasandetr@h exsnceot
cont-y owag met hanol and DPPH and the control
(Ascorbic acid) and DPPH. | n tahte ap rcoocnecdeunrter,

23.7 O0g / mL was added to each concentratio

4Results and Discussion

4.1 Geometrical Optimization and Thermodynamic properties

The theoretically forecasted optimikzed g
B3LYB/LGa++G(d, p), -ShPWwWtBWd]l p@ X/@dgaad + MGEOGd, p) me
are shown in Fig. 1. The optimized geometr

achieved by accepting the C1 point group sy
The PAAPFBA mol ecaékprC €xan ds ,t-ktdb icrede@nnt @o

andN Cbonds a-hld ashEnifLd md IN. The PAAPFBA struct

anh wnsatur at ed wchaircbho nnfdbaongsd oab e t|waereldhc atrhbeo n s
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closer to & kiletbomwme Yy.ouPphdr efiios ee qwaflelneak a¢ h
phenyl gi#fiosu pe qaunad c & toapriniedaoy 4 gr oup, thus the
formul at ed20,THER2C IR B30 -H2B52 an®2C1H%onds | engt

t hiff unsaturated carbonyl group are respect
1.087023.p238r@ | (B3LYP) ; 1.47459 1.34377
i (mMPWLIPW91): 1.48436 j, 1.33991 | ;2Xl)..08Tlh8e4
three DFT methods describe the molecule in

di ffoea ebet ween the bond I ength is aboe2ud 0. C
met hods conc€r2®i rbgo ntdhK2T30G E®0G200 | engt h predi
met hods are al most the same value 1.08111 |
i ( MOX6)Wu et [abl6.] ,et Cjabl 7.] , and ePtr qdblBg wastyu di e c
crystallographic met hods, the-Phed@kyRowi 6¢g
tri met hoxry@me-oné ) [ 56] ,-1( Me t(hEO)x y-Bh2nR4 ]| ©
tri met hoxwy@pr-oy[ed7] ,-(Bhdorldo-B-h2 nptgrj]igmet hoxyphe
pr@pfdone [58], respectively,| Hwhnscaht thraavtee ¢ iar
gr oaarpd the twot@hetehgl molage)le investigated
chalcone heHemadaes of the bonds obtained fr
Wuet [&l6.] et @abl7.] , and eRr [adbl8.]s wamg r&s(ple.ca6 vlel
1.4703 j, 1.4510 ), C=C {HL (D3 VOB ji,, D.AdIHL3GF ,
C=0 (1.2244 ;, 1.2275 j, 1.2251 ). These e
the theoretical values computed from this w

The plane dléfir-ui vadteurbayt eedhecar b-€2EZRL-ZP40oup
angdred then its value is 179.66871U0 (B3LYP)
( MB26X) . Therefore, the molecul e iC4-@A-@R2pl ar
(176.87920U0 for B3LYP, 176.556752XprdmPiWwaiPW\
the angl e pifjfeusnesnatt uirnattelde car bonyl-2 X rnoeutph omda itn
showed the highest difference from the tors
from the planarity. The pl anre adigsé&GL-8R40 n cC ¢
(9.90162U010040BBLYPfor mPWLPWILRX)amrhHA-B.2MS8 8
c2€26 (0.03126U0 for B3LYP, 0.34113XY.orThmP
MO X met hod predi ¢t evdor @ b o thta n 8 .BI138LAY@PR ea ntdh ath
MPW1PW91 method in thaeaepglagamedogdlef gmewdp bygnd ha
more than B3LYP and 1.0267U-pimame dlean mmP wi
fl upheonyl group.
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The two phenyl ri ng£s blowmidishitmet Wal arepodt ¢
(double bond) to 1.54 | (ClC2g(®. Hb0BAF psf

[
1.40108 | for mMPW1PW91;2Xanada3l( 8038107 if offo
1.38317 | for mPW1PW91;2Xand3d 1( B846B323 if offo
1.39835 for MPW1PW91;2Xanad@sCa( B96BGBSH873 if ofro
1.39987 | for mMPW1IPW91;2Xana@deCh( BI9BR®FTB83 if offo
1.38190 for mMPW1PW91;2Xand2C6( B8&G@&3 7B 3Ly P,
1.40033 § for mPW1IPW912Xan@ega4 4012686835 fprf
1.40342 | for mPW1PW912X)an@e4a4 602838649 fprf
1.40156 § for mPW1PW912Xan€ea6 ¢00238785fpr f
138366 | for mPWLIPW91l,-2Xhd-C293836B9{L3boy M
1.38714 i for mPW1IPW912X)@an€8G8R8 3893838911 fprf
1. 38592 for MPW1PW91-2X@ana@88RA9 38688477 fprf
1.38167PW1RWI1I m and 1.-38P2 0 ejsef ovral M6 of b c
good agreement with the experieehdléel]l ed&édla. o
[ 57], and €r alpbs8Wywamwi t h t he cPakB8gBed, doer
t r i mepthheopynyl-@p -0 n e [ 56] ,-1( Me t(hEO)x y-Bh2nR4 ]| ©

tri met hoxwy@pm-oyé )[ 5 A]E!| uaonrdo-fith 2 ptgrjidmet hoxy p he
pr@pflone [ 58] respectively.
The -E3® bond demonstrated to have about

DFT method: 1.35827 {§ (B3LYP), 1.32X%%5 I|jn(tm
Prabuswa[ni8.] work forZFltbher oc-f@2 gtorhiemelt h o xy phe
pr@pflone, the experimentaffly ibondbowtl ué. DG 2.

demonstrate agreement bet ween these cal cul
carbonyl groups sh€w®diltkalBboBa@s52b¢| &fo€rl B3 L
mP W1 P W91, and 1142X)388«&di-cecdr ( MD&. 88284 U

118. 75276U for mPW1PW9 12, X)a nedk plelc& .e4d0 7a6pOpU ofxa
this functional group due to the double b
compamnmrilset ween theoretical bond | engths and
met hods can describe the PAAPFBA mol ecul e s
al so show an excell ent agreement i ni i d ap e c
structures Ramdedtre[ aw/m]r kvei tohf 4 Be oadpdli cjivd ) 1

(di met hphemyh@dp)lone at -BBL¥PEGEOGI, pot, [ABA mar al
t he chal cdi &@r o-Boh kE e3( ylh)l or o-ph@-p#i-bhe at
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B3LYP/ B3PWOXU/Z6MD6+ G( d, @) , [a2dKBaly awi t h t Rlg 3c hal
hydr ox yP(h2e iy limet hoxry@mpmd-oy é ) at DF-3I1BB8+LE&PAdHPp
and Setuk2lda] with {#dl oh aphmmed hy 12 tp)radp n
lone at DF3IL1LBBL&PAdHGP) | evel

The thermodynamic data were obtained fro
and -MEP -3altl1 6+G(d, p) basis set (T = 298.15 K
(O) of the mostn sstaaxhkl enedg encorde torfy RIRAREFBAX 61R3dIB &
Hartree -98BLY¥RPPA2329 Hartrieél( MmBWIYRWSSH) Haamn
2X) . T-pbei reter oi br a®i opalcaccetgyed to the P,
169. 41171 ( BEYIR)N0o01311( wkPWIPWMD»1), and 171.1
(' MO26X). These values for the ZPVE are si mi
slightly more stphhli@atmecloecelce.i ohhether @ herr
energynwermé torrection to the enthalpy and
Energy are respectively 0.269975, 0.288811
0.272527, 0.291261, 0.292205, 0.221810 Hart
0.292559, 0. 2213342 XHar tTrheeer/epfaorrtei,c liet (cMaOn6 b e
thermodynamic properties: the I nternal Ene
Gi bbs Free Energy--96&). 28%6 Dr88pe&6Gt4B 0 606.$0,0 0 2
961. 357311 HaPttrled®d BBBRLYPJ 218, 0 .-906010.213067269183
Hartree (mMPWDPWRDEM®.3§89159, 0 -906000. 2936900388445 2HDét

( MB26X) . The H&gt aCapmgamisttyan(t vol umev adause sa |l asrc
70. 602 K4 B3myP), 7O0KU I8P WilaPIWIMo I, 7W1(1M®6 c al
2 X) . Finally, the rotation constants were

(B3LYP); 1.17178, 0.08161 and O0. Oarad 20 .GHZG6 ]
GHz (-a0)6. Therefore, the three DFT met hods
the PAAPFBA chal cone.
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(a) B3LYP/6-311++G(d,p)

0@ HO N@ FJU CO
Fi gi.Oplt i mi zed geometries of the PAAPFBA cha
and (€)X M6l6r+G(d, p) | evels of theory.

42Structural spectroscopic analysis
The theo-t Rt ivaalraFTonal spectra were o0b

(B3LYP/ mPWME2BX9)1-alt1+6+G(d, p) computational | €
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Fig. S1 (supplementary materliRIVYiI Wrogteitdreal
The absence of negative frequencies shows
mi num of energy for each functional. The P/
which corresponds to a total -06f) .9 9T hfeu ntdhaenoe
results were scaled by 0.967 (B3LZ®). ©Dhea&
Pota@iht Energy Distributions (PED) were <cal ct

were computed in the vibrational assignmer
experi mental wavenumbers, the |ineasqt@ateéedn
(R]) are respectively 0.99791 (B3LYK), wot &c
the | inear equationi 8e342c®i yBBYYR)6= 6y DOBH13B
(MPW1PW91), andOoy 9% 110270 J( AMDBIxe c al cfurl eaq wean oii €
are in excellent agreement with the experi
accurately the PAAPFBA mol ecul e. I n Fig. S

intensities for both theordtasablbmang etkeem
peak one and the others were determined frc
only the principal vibrational modes. To sSeE€
of the vibrationRAAMBOBA smo Ipe ewslean,t ti mey hweer e
iS3 (supplementary material).

The strong polar bond bet wekhO)t haet aimd r it
a theoretical vibratt(oBn3alYPst,r e3P Watm) 3 & 0
3643. 42 ( MB26X) agai nstf r304nm8 7t.hle5 ecxnper i ment al da
for each DFT method. There'laretheftbaeenets:s
experi ment al dat a. Therefore, t he doceal itnhge
calculated frequencli e840 amde GmaOr3essIplecdnsi vce
with an appropriate scale factor to the DF
fluorine and ©t@3®m)ns mdwens I(F 3%BL el BSLPiYds at7
cmM( MPW1IPW91) anl MO26XP. Bt bmPED respectively

The -wedwn car Bonytlrdtching wer e Lsli7gnme
Cl12) and?!(1le201 )1 fcow B3LYPQI@TBHN.28ndm1723
ltoac19) for mPW1IPWS(1OQI@h2a) 1dwdé . 2 702&HPY c m
for -206wi th PED respectively 73%, 41%, 76 %,
the reasdmnwhy st hsios i mportant to characterd.i
stretching mode is responsible for most of

The tw&€1R1Bndc2Nbbnds showed( M0thersaad 9537
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cmM(25%) for BBHEYB3I%W2%29d 1126%) 68Boc mmPWI1PW91
cmM(22%) and YX2%566)6 A206.m MOh6e uni que methyl g
PAAPFBA mol ecul e sheéwstrehahaab(esaytnsnBedDtdr8iCc8abl |,
for C13H143H33%ahdr 40% f or E(1a3sHylmeme t r3ilcladl.,5
C13H15 and 52% for CHM(ZHMly6nmednd cxal131.70% dmr
for C13H15) for thésBameRy iatal302®.%1 2 oemC13
and 39% for3CaA8damymmatLbical, 42% for C13H:
and 316¢9ag8ymemmtrical, 27% for C13H15 and 67
at 308®B(Fg¥Hmmenrical, 17% for C13H15. 29% f
3154. 69asymmes8®i daolr, C8H16 and 51% fot C13
(asymmetrical, 20% for Cl3HX2AX.and 77% for C

The symmetrical bending moadneds 1wieSrlé. o0Bs scir
B3LYP; at 'a8851é83o0m5 mPWILIPW91; tand 14H08'3 .358 c
for -2W0.6 The asymmetrical bendi ngd(MeBeandeHe
and 1464 H3% amd H16) forBBLYPandhtHIL®Slal®d
'(H15 and H16) for mPW$§PWSsprangl#Haad. aadcmil
and H16)2X.or MOG6

Thebond from tIC&23| KéGreanGC20hk dtwoetCc hi ng
calculated respelct832e8y5as’3y mk6 IMBRB)cmhor B3
as 1723 .63124ctht H23 ¢ m 34(7H2.54)2 fcom mMPWLIPWH1,; ac
3227 .80H28m , 3M(7THR.541 f200n MO 6

Thef ldvph @ny | ring shows chaHacteriitcthi ag |
iH3031801829xuW) H3£203203,5.7171%;cnmM3R2035%) HE®2 8
(31891912%x% 3200100 GERO052%BLcBR0B5%) @md C
H32 (3190786, -132R@4 % mfor iB3LYP3287.%BB%)c,m C2
iH34 (3233.60%cm32333% HB8EB28323,3.59%;cnB233. 9
Y 52 %; 39161.83%) damA2 C2H233. 5D%,cm32167.73%8) cfno
MPW1PW91;iHi3tl 287211 .532%)cH3 £2032 3,7 .9713%)cHB T 2 8
(3B. 84 crh%, 323BO®%) w@3d2 2362 3,7. DU%;,cm3237. 0:
74%) f-8KX. MOG6

TheiCCstretching were computed W(CR6IC2@he
18%), 162T830C20m 13%)C28CA0,891 4% C2BC27.,217
and 162 3.ceaocem, 22%) for 'BERBE28at 166J1. 1B
(C30C29, 15%)C28@8306518%W)(,C2194CR57., 7@ 1c%) *and
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(C27C24, 21%) for mPWLE2M®A28 ,at 1l A%IH,5C.3BFE2MO.N (
28%), 1311 T28E3O0mMm 19%)(,C204LRY., 871 8¢h (a7 AB4,7.
14%) f@X. MO B&E24C2s6t r et ching did not show the
thus it was not céapet adhiedndyil n a liflihg, s ¢$fimceny ct@h en
3247 .44H7c,m 99 %) ,1(HBY9S8 9BM) M HADML . ¥®E ¥ mand 3
YCH9, 95%) for B3UWWHA,;, &8 %3 26@2B2@ .97880)c,th 3227
(H10, 47%) an#Ho32«wn)0f»8 oPWIPWO(LH7at 99 %p2. 80
cmMm(H8, 99%) ,Y(HAD7. HB %Y m a'{ H93 2 ®4 .%P3Kf onMih K0 €
C ring stretching werC8 eotnidmaatteé (112423%, . f5SB63 Lcvrah
1447 . 442 6com MPW1IRWE114431 72X f oiCH hleondC6
at 1431(B5B%,cmB3LYP)L( 22847 mPAWLIPWI 1) 1aad %l44
MO & X) ; fonC6hdwoacgd at!1(1BB%, 6B3IlcHviP) ! ( 112%9,4. 6
MPW1PW91) and(28852MP6dmiC8hkolRd atl(NLF3I6. 6
B3LYP), 1%57.%6 3 mPrivl PW9 1) *(ah&l%,123M06 3f6d x4m h e
bond 13361%%, cB3LYP)!( 12663 mMPW1@WI1) 1@anhid%,166
MO & X) . Al l the DFT methods can describe t
mol ecul e appropriately, as it was shown by

assignments of fundament al modes.
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The 'H and *C NMR chemical isotropic shifts analgswas carried out from the
optimized molecular geometry in methanol with {EEM model of the PAAPFBA using the
DFT methods (B3LYP/mPW1PW9l/M&&X) at 6311++G(d,p) level of theory with GIAO
method by using the same chemical environment as the geometpitalization. The
tetramethylsilane is the reference compound and it was optimized at the same level of theory
as the PAAPFBA molecule followed by the NMR calculation. The mean value of the calculated
isotropic shielding constants for the hydrogen () and carbon ( ) atoms were
respectively:,, = 31.9640 ppm and = 184.6196 ppm (B3LYP);, =
31.8849 ppm and = 189.1702 ppm nfPW1PW9}; = 32.0609 ppm
and, = 189.6430 ppm (M0O&X). In Table S4 (supplementary material) is shown the
values of the calculated isotropic shielding constants for the PAAPFBA molecule at DFT
methods, the experiment#H and*3C isotropic shifts from the Ferreirt al. [16] and the
calculated isotropic magnetic shielding for the hydrogéns) (and carboni( ) atoms of
PAAPFBA compound. The experimental and the theoretidaind**C spectra are shown in
Figs. S2 and S3 (supplementary material) respectively. These results showelane
agreement with the experimental data; hence the linear fitting was made using the calculated
isotropic magnetic shielding versus the experimental isotropic shifts (Fig. 3) and the values of
the Rsquared (R2?) for the DFT methods are respectiveBO&b65 (B3LYP), 0.99860
(mPW1PW91) and 0.99844 (M&®X) with the linear equation respectively y = 0.95561x +
0.02651 (B3LYP), y = 0.9662B80.16585 (mMPW1PW91), and y = 0.86899R.11064 (M06
2X). The B3LYP and the mPW1PW91 methods can describe the NMRapémost similarly
and both are slightly better than the MP® method. However, all DFT methods can be used
satisfactorily to describe tHel and**C NMR spectra.
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(a) B3LYP/6-311++G(d,p)
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4.3 Nonlinear Optics Analysis

The research feosrs hniognhl | @fefae c toipvteinc a | ( NL
increasing due to its technological appl ic
candidates due to its great optical transpa

TherefdcL®, caheul ations for the PAAPFBA mol €
met hods (B3LYP/ 2RWIEBMWO#HY AMOB, p) computati ona
| EFCM model with methanol as implicit sol v
conceonitmg@ treference substance with those
commonly wused for t6BVE. tHHeperpcef Bhal ysea nmbé]
and its NLO properties were computeduatd.t he
The dipol‘¢, mbmentpo|)aranzdabtindg tfiiersst( ofr)deat hy
the stagt3a ¢0 weatecal culated for each cartes
mol ecul es.

The quantities usedse¢efouldre s mMmbhet hdemplos
shown in the foll2windheqgbgpeopsl &8i zabil i
el ements (3 x 3 x 3), and this matrix can L
Kl ei nman t heahemh[ €d,ns6é l]eriem that the per mi
( i I B . The Vailsueofotfen express in el ec
8.6398%xdhbhls, the results of dipole moment
S5, and the results of the Kgpeppemanit aali I

T (9

| E| | | (11
o

0 e e @ 7 (1

N R S SR S S S A O

It can be observed that t|he3RAARFB/A cnoil vee
1.399972, 8.27574, 20.54705 and 119.2839 (
138.8324 (mPWlpw91l), 1.375916, -ZXB80i7mds di6
than the same quantities of uread NLOr efhanr e
and it may be used as a nonlinear optical n

The NLO properties were al-B3dLYR)mpaunede d ouns
BLYP «BMdl XD) range separated hybrid methods
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parametersnafMablsdhoB8B8 B@nd S9. The )t ottale di
pol arijzapiamndyt If eUsgpndd manee etrtse eeval ues respecH
(CABIBLYP), 8. 657ALIYPDebyyand( IBGBEABAUB) ;Dedly&. 53
(CABI3BLYP)298. 507#BLY®P.)uy. a(mdC 3¥BDB.7XDYg7 &B.0H.. 54¢
( CABIBLYP), 270 .-B76Y7P8) ,a .aun.d (IB&7 XBB2 24Bshg8s8.
( CABI3BLYP) , 28% sUO-FUY®R ), and *%XuwBHI KD) 10 The
parameter s heh®AAPRBA chal cone has a good N
shown the ratios for each NLO propXErmeebods
and the short/ | ong r aBh3gleY PsBeLplPBH QT ¥0) met hods
For the total dipole moment, theheoval up
bet ween the DFT methods are in dgoond ya dg-rhese nv
2X method shows a good agreement Therehershc
PAAPFBA chalcone has a good NLO character a:
with the urea meI3ddPBd CEBIU7 XM)e mHeCtAlMods . Al |
met hods (B3LYP/ 2RWl1EPWa1lbkOGsed attoe|ldye stchrei bteot
moment , tot al pol ari z@hiowiever a@amd® Xt imédée pdid
described MheadKkgoadtheterati on to the standar

4. 4 Quantum mol ecul ar properties analysis
The Highest Occupied Mol ecular Orbital (
Orbital (LUMO) wuswually denominated Frontier
role in describing the electronic mprgopearetdi
firstly by Fukui [ 70] and explained from th
of nucleophilicity, and the LUMO is associ :
the value of the HOMO enetbhy ogoéeaecetei Heh
nucl eophilic or donate electronic density,
the tendency of the molecule to accept el ec
4 is shown the tFiMOsDERBI|I met aoeds OB 32AX)P/ antP Wa

311G++(d, p) computational |l evel rendered by
they are very identical with only a few
wavefunction, whithlke poeodbabmot i sftfiec i nt er pr et

The HOMO is mainl“yposipgirse apd eczveet time bot h
cC20=C22 bond, the dislocated el eCi-Rbh)xs amnd |
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the fluorine (F35) atemtdamredat iitist yh.i ghlea L
spread over the ant-hbocdsii ag pbei samep ettthb
before. Therefore, It can bLeU MO0 noccl cuudresd bt eht aw
bondi ng mol ec dbloadri nogr bmotlaelt Gtl‘ca ra rbthid i ¢ @ll c | at e
energy varies according to the DFT method wu
HOMO ene6gy8®30 eV -2axndmetthheo dMOper edi ct ed t he

HOMO ene®.g8¢s odfhe mMPW1PW91 method estimated

(6. 81297 eV), however, t hee. 8vla2d u7e e \s5) cwiotshe ra
0.22967 eV. The method dependence was al so

t he t ewadse ntchye same as before, the B3LYP met
LUMO en2r@g80Q7 eX)X, mehdeéroMO@G@ he hi ghelst7 3vbabl6u ¢
eV), and the . mBMBFWRIV)( cl oser than B3LYP w
Despe the FMO to indicate the possible chen
Energy OGapdéteined by the difference between

mor e used. The | owe st IS t he val ue of
nucl eophilic/electrophilic character of thi
t heory: Pearsonbés Hard Soft Acids Bases The

ranked with method depBrxjerce:: 2692W&H1YN<dV
3.903232 eV (B3LYP).
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B3LYP mPW1PW91 MO06-2X
ELumo = -1.73556 eV

ELumo = -2.53367 eV

ELumo = -2.68007 eV

9

A
AEcar = 3 903232 eV AEcar = 4 279296 eV AEcar = 6.114447 eV

v
EHOMO = -6. 58330 eV m

]

Eromo = -6.81297 eV

Eromo = -7.85000 eV
Fi gi.Cadl cul ated Frontier Mol ecular Orbitals

B3LYP/ mPW1PWX1 wWwhMolélL +6+G( d, p) basis set.

To study more detail the molecul aemekatt
descriptors, and they are computed frem th
supplementary material).

The lonization Potenti al (') and the EI e
Koopmansd theorem [ 74]uadas odes ((rli3bhe amedl awl 4by

0 O (13)

5 O (1.

According to the results, the B3LYP meth
6. 583302 eV) and the highest ei{2entettrhoond apfrfeidn
a higher ionization potential (I = 7.85 eV)
descriptors mean that the valence el ectron
mol ecul e receives ebeotanbhectdenhbet PAAPEBWI

extra negative charge.
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The electr.ophegani wiet yex(pressed mathemat.
derivative of the energy in respect to the
(equat[i7o5n] .1 5T)he el ectr b)niics cthheeminceag a tpiovt ee not fi .
[ 76]. According to the work of Il czkowski an
in function of the FMO energies (equation 1

T O )
1o (15)
‘ O o (6] @)
C C (16)
The natur al fl ow of the electronic densi

to the region with high electronegativity,
el ectr on.eeg 2t. i6WB)0t0g’/n de M he hi ghest Val2.e6&®00%h
eY. Th2XMmMmét hod predicted the hi.ghed. ¥Ad Uk
eY and the | owest value-9f797%7%Tdet me il &V
met hod predicted a value i.mF BetbWS881R2 =@fV tam
4.67332eV.

The globa) hardeéssef deg tdleg isvemddmnwdke of t
do the number onft eelxetcetrrnoan s paott ecnotnisatla [ 78] .

in terms of the FMO energies as seen in equ

08 © (0
c c (17)

According to the Maxi mum Hardness Princ

mol eicaaltteoward the highest value of the hard

the | ower is the nucleophilic/lelectrophilic
hardness was computed as 1.95161)6 eaw d( B33 LOY5P
eV (-MEPH. This order is the same as the i1incr
i s defined as the inverse of the global har

the highest value of ettheagl elhplecsefit hessm (
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gl obal hardness, followed) bygnd heX enPWMLE2VRAI9 4
1
) .

The gl obal el elc)t r[o8p3h]i laincdi ttyh ei ngdleoxb a([ 8 4 1 c

can be seen iptr emati bpeematni ealuadx ons 18 and 1!

are related to the electrophilic and nucl eo
good nucleophilic S degcandeldi dplye -l owadrmudevs
consemt | vy, a good electrophijlarcd ilsowers.cvy albwe

Unl i ke the previ2Xusmertenoul tpsr,e dtitcd sMGthe el ec
characters for the PAAPFBA (n3o.17e5c6u7l 97 weiWV)h atnhc
val u-e 00.f2661 8d4gaVvnst 5. 4960%1r &% Lwvm dardd 13.1190
eV and 0.1195N3MP®WYPW91 met hod.

C—
P
] (19)
To complete the gl obal anal ysis of t he

necessary to use the |el gctcrailcutliapelde apoltadre
properties. The mat hemati cal expression is
measure of chemical stability and the pol a
The Mini mum Piodairplzeeb[i 86t ystPat es that a c¢he
state of minimum polari zabill ihiyghehri cihs ntehaen s
reactivity. Thus, according to this 2d3esacrui.p
( MG26X), 330.815 a.u. (mPW1PW91), and 341.58
met hods (B3LYP/2aRW1IEPWalb®IOGsed to describe
the FMO for the PAAPFBA chal cone caamd beal lu stelt

descri be appropriately the nucleophilic/ele
4. 6 Electronic Fukui Functions and | ocal re

|t i's I mportant to understand how each
enrtei chemical behavior of the molecul ar spe
descriptors and the | ocal analysis, it is p

and the reactivity for the compowuobdaradher



50

nucl eophil i c, the electrophilic, and the r.
func®Qi dams (expressed by the UWerfiowatte eo fn utnbee re

at constant extieornna20 )p.otTehnet irad a c(teiquuiatty si t e

el ectronic density of tiRe8.FMO as shown in e
. T 7
@ T o (20
Q gi T (23

TheéQ i s related to the molecule acting
nucl eophili@iattdadek) molteltaul e acting | i ke a
el ectrophilicQadeéeésarckhbe ande tpeopensity to
clacul ated using the Multiwfn software [ 87]
calcul ated isosurface of the Electronic Fuk
5. The green and the blue isoswefamcd che r e
region of the "@dlkwmictfiwomctaippre.arBhe emar kabl y
met hods. The atoms C19, 021, and C22 are n
mol ecul e acts as an elTaatibphidiing) dtdhestoat
positive rfQegiOGdrmefrorattohms | i ke C2, C3, C5, C2
to a nucleophilic attack, but the positive
t he@, the BShLh&PmMBWHPWI1l predicted functions
cz2, c3, c4, C5, c6, N11, cl2, 017, c20, C
susceptible to an electrophilic attack (th
posi timnvse af@atintlle i n these atoms bamei mgi mloy e ¢
orbitals that can be used to d@8Xatmet abdctn
predicts that the atoms Cl1, C2, C3, C4, C5,
el ectrophili™@ athecB3L¥Y¥RrandhemPW1I1PWI91 funct
again. The atoms C1, €2, €3, C4, CC5, C6, N1
C30 are more susceptible to a riadns a®f. att h &
Besi des;2Xt pegedd&ts only the atoms Cl, C2, C
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021 susceptible to a radical attack.

mPW1PW91

Fi gi.Cad cul ated isosurfaces for the El ectron
and computed by the DFT me2 X)o e85l 1(+3 LW YR /pmP Wi
set .

The Fukui Functions can be approxi mated
charge analysis and they are called Conden:

Hi rshfeld popul ation analys26 ama dhewmad $ e

Q Nno p o (24)
Q o6 o op (25)

. L o6
o MU P : no p (26)

Thg 0 p,A 0 angg 06 p are respectively the at
on the atom k iandheattainomine cspaeciues al Accor c
more susceptible to a nucleophilic attack
c24, C28, C29, €30, and F35 (B3LYP); C1, C2
and F35 (mBWl1PW21): C3, C4, C5, C6, 2K)1, TGE2
foll owing atoms are more susceptible to an
C27 (B3LYP); Cc3, cC1l9, c20, 021, c22, C26, (
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021, C22,CZ24,CZ26,C29, -ZRD, Bkaoe XFhee thosalq

atomic susceptibility for the electrophilioc
of the Electronic Fukui function. Foowa:rad
ci12, C13, C24, C28, C29 and F35 (B3LYP); C1
Cci2, C13, Cc24, C26, C27,-2X)28(Ta&Bl2ep pEBIe an d

material). The Condensed Fukui functbaonarea
i n good agreement with those Fukui functi ol
the B3LYP and mPW1PW91 met hods.

Together with the gl obal descriptors | ik

it can be geneorcaatledd eas cseatptofr shdwlklec dlo)cadf th
and the phi)itotyndedekaifd the reactivgdty i

il lustrates the relations of gl obal descrip
- -0 (27
I 1'Q (28
1 10 (29

Where+-and U refer respectivelyywntdoriale c
attack, the indiceshihkretéesstoothbeghobambk, |
el ectrophilicity index respectively. The |

mai nly contri buti on fttonetshse dgul roibnagl ah acrhdenme scsa |

el ectrophilic or radical attack). The phildi
site to favor a nucleophilic, el ectir,opthhd i
atomite Iis most favorable to a nucl eopthhd i
atomic site is most favorable to an el ectr

t hhe, the atomic site is faevadalB3aWPemeohadr ad:

suppl ementary material), the atoms that ma
N11, C12, C13, and 017 (nucleophilic attack
attack). The atomsothae gbobal bsobét massl ar .

N11, Cl2, C1l3, o17, CcC24, C26, ca27, c28, c2
¢ci13, C€ci19, 021, C24, C26, C27, C28, C29, and
ci2, C13, ®1l7¢c2Tr24C2&2 C29, and F35 (radica
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for the nucleophilic attack are Cl1, C2, C4,
and F35; for the electrophilic attack are C
F35; for the radical attack are Cl1, C3, C5,
and F35.

For the mPW1IPWI91 met hod, the atoms t hat
are C1, C4, C6, N11, C12, Cl13,cOavtacCkux; C2

c28, and C29 (electrophilic attack); clz2,
contribute mainly to the gl obal softness a
(nucl eophilic attack); Cl1l2 amd CUB ((ealaead tcrac
favorable nucleophilic attack (electrophili
el ectrophilic attack (nucleophilic site) i:

Slduppl ement ary material).
For t h2eX Mfe6t hod, the set of atoms that
hardness are C4, N11, C12, C13, and 0O17 (nu

and F35 (electrophilic attack); €slari B, ma
by C1, c4, N11, clz2, Cl3, O17 (nucl eophili
C30, and F35 (electrophilic attack); €13, C
for nucleophilic attack fare t@fe, eNetr©bad, I

ci9, C24, C24, C26, C27, C28, C29, C30, anc
C29, and F33up(pTeebrHeentRrsy materi al ) .

Finally, the Condensed Fukui f uancctiivansy ce
they are c&d#H) | p89]f handusah e[daeds]ctrii phislQased (1 f b

are positive, the reactive 2Qardg hase aregalte
the site has a nucleophilic character.
3’Q "Q "Q (30)
3 13Q (31)
The electrophilic sites of the molecul e

N11, €12, C13, O17, C20, C24, (C28, C29, anc
C1l3, o017, C24, and, F@G3, (@PWIEW91LC5, CLC6, N1

(MB26X) . The nucl eophilic sites are in atoms
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¢ci9, cCc20, ©O21, C22, C26, C27, C28, and C30
c27, C28, C29, - XBO( Tamsde pFpBIESE nfeMDt6d hy smates il a
good agreement with the Fukui functions a

previously.

47Mol ecul ar El ectrostatic Potenti al ( MEP)

The Mol ecul ar El ectrostatic Potenti al (N
(B3LYP/ mPW1RW91 /-3M016+6+ G( d, p) |l evel o f theory
I mportance concerning the nucleophilic and
MEP i s colored from red to blue. The red co

bl ue color describes a positively charged 1
t he yoerlanogne col or characteriegisom, pamd i aheéy
color is related to the partially positive
with flmhé ored regions due to the negative ¢
occur with the Wwd uteo ctoHe rpeasirteig @nc dar ge. A
three MEP computes from the DFT methods are
mol ecul e are over the oxygen atoms (017 an
expecteldedhiegher tval ues of el ectryalelgawi volt

regions appkeanrdoveue tthe the el ectronic dens

some ecarrbboom bonds due to equal v alyde gofo utph
(C13), and the Dblue col or regions are the
nucl eophilic interaction due to the high e

analysis predicts that theibkggantatkmandr

atoms have i1isosurf a,e twhud tploiss tfiacet vad ruresb
suitable to nucleophilic interaction.
B3LYP mPW1PW91

-0.080 m—— e— s 0.080 -0.050 m—" e s 0.050  -0.050 mm— == s 0.050

Fi gi.Cad cul ated Mol ecul ar Electrostatic Pot el
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4.8 Natural Bond Orbital (NBO) analysis

The Natur al Bond Orbital (NBO) analysis i
and antibonding molecular orbitals can stab
compute the intrametelcat arnfedadtnitemsn and
interaction of bonds (delocalization of el e

stabil i zaMOi)onf reome raghye e( oo r charge transfer

usesteh®ndermd&torcikx as seen in equation 32 [ 2

(32

Wherenitdethe occupancy- ahdahe tddiaaogoofnbarlb
el ements of t héOy Fosc kt hnea t d ii & g oannadl . The higl
stabilization energy higher is the probabil
can occur between tihtelbsomdidnd omoel dpcau le asN Brct
and antibonding mol ecul ar or bi {alws samMdORyd|
NBO analysis was carried out wusing2X)heatDF6T
311++G(d, p) | evels mdl @chweloa ys hdwed PRAWFPEBAO N
of weak, moderate angOstt®nag ' Pnt, &l j‘tayndi ncl
O ““transitions.

For the B3LYP method, it can be seen in
of ®heéupbation theory energy analysis. The
due to del oc¢qICizga} 76 €11(3f) tain&i @2 1°) “*( Ci4C5)
transitions witahdl1866444kkapcmmbel y. This |
strong is the interaction {aetewammediohle grhaunp
the carbonyl (C19=021) group and the stabil
there is modematki stabngi dei“‘6wi thevalaes.i
range of 1%5t.03824k.c3ad. . kTodad r.emoils a weak( G4 abi l
C19),(tGilC3),°( CIi€20) ,4€dD21) with the vdal ue c
0.86. kbadanld 1. 19r &specmbVvely. The modeérdte st
transition is also pr+<$emwrhienney [t hger opuhpe nwilt hr
range of 1% .03 3 1k i34 .kigha€ I OP),"( BIH33) transi
is responsible for a weéakThset,@iNdirtHdl 8 at can dbr
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weakly electroAi(dCC@nAintdgilat1d )t wét h the ene
kcallamal 4. 59r ksakcmolvelay.r THe)l ofe the nitr
responsible to stabilize the catbdrmel |(0Qlk2:-
of the two oxygen atoms can stabilize® anti
,o(N1Q12) with a2, 48Pk QarCd213) with 17,49
LP(O0221)( Ci4C19) with 8. 809d kEeR{(C2dH20) with 1°¢
kcall m&Fkmwend between C20 and C22 caf(@¥%Ansf
021) “a2ddC2)7 with 21anad Kdabb5meslpaict id@ay. T
iC22) bond is stabil i Za®0Byg) t'A@AILCRVIt iwdnt ho fi
energy of 52n&888&cabr.ekspbelc.tmoviel y. The Oel ect
bonds ioH23C2a0nidH2G22have weakfmolseaewlaar ovrelbi t a
the met hyl group is responsible for,%a° weak
which the htbbeeeneanbguyei $§dfomr yt e OI7C IBLk6l X. imo
O (Ci©17) (TashupeplSelmlent ary material).

For the mPW1PW91 met hod, the higher val
kcallfmaol t he “( CRQG&GY ¢ 6dC3) . This value diffe
met hod of abodt MNewertkhedlesmgl this resul t
del ocalization of t he el ectronic density
(supplementary mat elriilail2gat,i drh“‘e@ rerirgae s icdarfi dtrite
in the rangéef dp CiaB69k“¢(@CilCBg!l t o 2671f408( &z al . m
C69 ““(CiaC5). The weak stabil(iGaL£tlBInaerelgOs]|
1,°C1iC3)30 2kca(l°.CBio€4) and 21¢45C4C%A). mdbhe phe
ring effl utepriaennky | group shows a moder at(e sta
C2PC30 “"C26C28) to 23M42uC8PI“ @BBC27) .,-The
bond between the carbon C30 and fltwordiometE
electronic,t€al33)y.,t(N\ieHle8) bond donate its
t g°( CitC2) ,d(n@IiD17) with ft hde. 3eOnelrmgeyl dom@d P kcal
respectively. The | one pairs from the nitr
charge transfex“pCo@esp,;, LP(ALEJ12), °P( 017
,(Cig13), LprP(@OQ4a)1)9, and oL P(ORQ@20) which the
values are respelcti2beloy?!, &2 88 3 3k tkall®d.l aBib Ik c a |
and 19.25 Kh@CI@®DdA) can int"dcdd2 1yi“tghCdtsh e
C27) witthi st abneérigywy dan@21879%ckthaumo iohle el
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densi tybofidtdha&e&n spread over the resonance e
mol ecul,d&rontlsé L2 andHZXR 2can slightly etabi
,(C2H25) ,4c@KH23) with the enamdy5o07 34kmad okm
those bonds cafd(Ch@22acwi whthhe henlamgy 10f3 6
kcal® md@dhe methyl group is responsible for
(C12=017) group WiQiB1tRe  tCHBDLT) i wintsh 4. 41
land(CiB16e9)“*(Ci®17) with §.63 kcal. mol

For tHReX MEa bbd STI&), the higher value o
the transition of the | oneée?(pCadi@rl 790f wihen ntihter
of 72.62. kThismolesult shows a great diffe
del od alni zdde | telted r ons oc¢ Curasdd el it ®RtCBEAS
(35. 76 kcallemcl5iC6 (23. 1% ;kic@34°. muIC2 (25.01
kcall) malC3d C5C6 (31. 4% ;kicC8BP .Qrio0l0O21 (21.79 Kkc:
h :51C60 C1iC2 (30.0%9 ;kicCh? CBcCl4 (23. 1% .k dTanlermoli
weak donation of el ecdaaetnapnhieddoghsiri wgCwH r omg
Cl19) to(E€M3R), (CB4) ,AndC€5) with st gbiolfi z2at4i:
kcall mal 531krcchl 2 .modr &spéc miofflel gorhieinyel 4 i ng s
del ocal i z‘agliemt rodnitch eti’emmoslietcyu locavre ro rtbhiet al s o f
of the ring anidC2a®th€20CRD2 C2129. 72 4ki@224?. Grod
iC28 (29.0%; kic%8 mdAC27 (24. 5P; kicadp0. md#
C27 (31.2%; kce@a®»0 @a@lBC28 (24.3H . kdTdhle. molne pa
nitrogen atom is responsible for -bbaedhnghpa
can also infedil£®) with the energyhefl dnelp
the oxygedomnabe mégat i, vl 1loChla2r g(e2 9t. o7t tkd | . m
CleC13 (20. 82. kElmé¢ .Imohe pair of° CG4h@l190O2(12 1 .n6"
kcall) mahd@10©C20 (22. 1. KE@20CRARI can st €Hi9l i ze
i021 (24. 2% #m@Gdacmol (12. 119. kEbdagn.dnsolbet ween
TH23 aniiH2G2Z an spread the electronic densit
with,”CREC22 (2.1% ;kcalH2mol( 4. 9H khadl2.0md 3B
(6.27 RgaC2#®A6 (5. 09 .k cTahle. melt hyl group car
the foll owi©€dBHLIAnsC1ta®In7: (3. 99 ;klclaBH.1Mo |
,N11C12 (4.4 ,ICA8BHL1EqgiC1RPO17 (7.59Y KcTalb.lmolS
supplementary matiXi @l d. nDes pirteelitche aM@6 c h-
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a | argeYOvalaud dfhe energies computed for thi
Alhetresults exhibit that the PAAPFBA mc
which agrees with the NLO properties, t he

di fference of each atom behavior obtained i

4.9 Antioxidantactivity
The experiment al data from the DPPH fre

chal cone exhibit a moderate antioxidant act

o f ascorbic acid. According to tmhensesdulFtuk
functions show that there are several at oms
results and in the NBO analysis, to underst

antioxidant compound the ateomshoNleln, tMl3gon
parametersieqluati eash4anti oxidant mechani g
were <calculated wusing the DFZIX)neahloi#+sG ((dB 3pL
|l evel s of theory. Each ent hkalapnyd vilialauwem wafs pcr
results of the BDE, I P, PDE, PAl18ndBEBE2par
iH23 aniidH @52 are shown in Table 1.

For the HAT mechanism, the | diver whéuB3Db
96. 79 mbft@ad t he mMPWLIPWI91,fonmnd t R 6WIs6kfcarl . tmod
attack on the carbon atom (C13) of the met/l
Fukui functions, which predicts tchaalt atthtea cCkl
to the high®dtorv alhwee tdhfr eteheDFT met hods. Al s
anal ysis, the sitbaomidlsi Zfatoinon hdeu emettchytlthed s ve
to the del ocali zati onetohfy It hcea no tbhee rt hbeo nbdess, t t
react. The carbon C20 shows t helfhdrghtelrse B3l
105. 82 Wwal trhel mPW1PW91, famrd t14De . M@BGe ktal t M

of the electronic delocalization procédss, t
H23 break, thus this radical i's t helfloers & hset
B3LY®PS.Kcrallfrnool t he mPWIL.POAD 1k ¢ tabntdmokRex ) Mm@ y

present stabilization of the radical struc

hi gher t han t he BDE values for t he met hy
el ectronegativity (orygehranddeftcbgeoy. wilh
104. 36 Wwal tmdlOB3BBPK owal tmhel mPW1IPW91, and
'for t4#e& ,M06 t hough it can also stabilize t
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effect, thiocrcaulroovattihon hved bloeenygphengly gfoulp
this ring has an electronic deficiency bec
which hinders the resonant effect amwdltulee .r
For t& BEThanism, the first step is equ
(I'P = 125589 kod2BaonRBkealt Mm@l mMPW1PW9 1, e
kcallfmal t#¢& Mkicause it is the molsesc wlfe.t hEh
step is the Odog wefacthhde omrdaoat dmme met hyl gr ou
PDE in each met héfdor (thé&. B&4 YkP¢fadlrd mobed nkRVE1 P
and 9. 60%5f okrc atl2 etoMvbié € hwiatglh t he HAT mechani .
the nitrogen N11 is very silrhiolrart hteo Bt3HL& Pm
kcallfroorl the mPW1IPW91, ldmd 1 269 6VIs6 knccael . tnhoe y
similar effect obnewbdenhr ohecrddioadaliiHA®&8t or m
i's shorteriHt baoamdt hd h@3 more eneiH ybadmd nweleidc
explains the slightly higher value of the F
the PDEf va3 .uks5tbakdabk3mdaiWdokcahem®BIBLYP;? 23. ¢
and 22. 07Bokctahe moPWI1PW91; taamd 1183.. 140880 kkcctahl e. 1
MO& X respectively. These values reflect in
possible the stabilization due to the resor
and it shows the hi gdrestt hRReTo3niETc heame rsgny ((LI5R . 4
'for the B3LYP,' fDb50t425 mPNdIPWad!, *dond 1He. MO
2X) differing from tthefomethhe oitBdHBd thkitea B
C22 atom of Y BBLYPkcalf omolt he mefbyl tBeOB8t
7.054 Raxzmad . moé C22 at oh( nPFWILIP.WO612) ; k cfaolr. nmohle
kcall, mbbr the nitr dagred tolfe 5C 523 6atkad@MaZK)0.. 3 9 !
For tLhEeT SR chani s m, the nitrogen N11 ex
(50. 500*1fkocralt.hmeo IB3 LY PIf brl . t98¢6 mRRW1 P Wl ,  and
'for tBX)MOGor the four atoms chosen, the ni
chhrge in the formation of the anion in the
formed in the methyl drooug hePMB3LYPGl BASBRA:
mP W1 P W91, and BH40oR76RXEHMO0B6 Mbs namabeée veelchaa
over the carbonyl group (C12=017) with part
The carbon C20 (A r= t7h3e. 2BO30L YkPd 1 6714 miihle2 nkRoVE1 P
and 70.301okcaRXmo@® ows et H ®wRA welan t he ca
88. 426 Wwal trmel B3ILYPIf &9 .t468 wRWIPWD1, and
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'for t##&€)MB6nce in C20 the delocalization o
which spread the aoarggénvaetomarpget ovbebe €BARB c
carbons at omsf lpueprdiernmdy | i mi nige 4However, t he
second step is more difficuldt to the nitroc
structurrer ewshpiocnhd scot o the higherlfwal ueheofB3HE
91.507 Wooal .tntoel mMPW1PW9 1, 'haod BBXj B6dkealc.an
C22 shows the | ower vidfiwar the EFELYBE .E60.35MHec
mP W1 PW, and 651f2&r5 tkiee) MGh@& ke t o the stabili
when compared with the anion. The carbon at
of 75.50%anrkdc alT7 mo3'F okcalhemoB3LYP, anhad. 8268 218«
kcallfmal the mPW1IPWI91l, amd 7%. 82680 kc @i Xmblld 6

respectively. The tot al energy change (PA +
< N11 < C22 < C20. This tendencwndsagheeda
the previous results of the Fukui functions

The theoretical antioxidant activity an:
susceptible to the radical attack due to t}
Theal ues of the gl obal parameters (BDE; I P

higher tham 8@Gukcal. nsl expected that the P/
antioxidant activity. The nmcshtavproab ol &€ hmee a
is the Hydrogen Atom Transfer (HAT) due to
met hods wused in this calculation present S

therefore the antivaxivdaretd acotdiepienyeamahybef

Tabli€allcul at ed ent hBad npdy [Opiasrsaonteitaetrisoon tEhneer gy

Potenti al (I1'P) and the Proton Dissociation
El ectron Transfer Ent hal py (ETE) for t
B3LYP/ mPW1PWX1®BMA&+G(d, pheloeyel s of

Bond BDE I P PDE PA ETE DFT

kcalYHhrkcal?l (kcalHhrkcal?l (kcalW Met ho

N1LH1¢ 97.5( 125.
C2PH2! 105.9 125.
C2PH2! 104.3 125.

5 16.58 50.5( 91. 61
5 25.05 73.20¢ 77. 473
B3LYP
5 23.44 88.47 60. 6¢(
5

C1lB6H 96. 9§ 125. 16. 06/ 66.14 75. 5(
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N1LH1¢ 98. 71 126. 9 16. 48 51.93 91. 5(¢(
C20H2! 105.8 126. 9 23.53 74.21 76. 2¢
mP W1 P W
c2preH2! 104. 3 126. 9 22.07 89.4¢ 59. 57
C1lB6H 96. 79 126. 9 14.49 67.64 73. 87
N1LHI¢ 99.9¢ 131.6 12.96 49.07 95. 5¢
C20H2 105. 95 131.6 18.49 70.3¢ 79. 8¢
MO @ X
c2peH2¢ 105.1 131.6 18.10 84.54 65. 27
C1lB6H 96. 63 131.6 9.60 64.971 76. 372

5Conclusi on

The DFT methods werglobmpablme nt osnuaic loif e ¢ é
PAAPFBA mol ecule. Al so, they predicted that
2X method showed the highkaocoradiureg otfo tthlee d
results and t he ctosmpoafr iostohne rwictahl ctuhlea trieosnusl,
we-described by all DFT met hods.

The thermodynamics properties predicted
Al so, the infrared fundament al vi brati onal
experimental data regardl ess o fs gtuhaer ende t(hRold).
are respectively 0.99791 (B3LYP) /2X0..99T7h7e9
anl® NMR also exhibited an excel Iwintth gaByarreeedme

(RJ]) o f 0.99865 (B3LYP), 0.9982BD. (MP¥W1RWN1
optical properties predicted by the DFT met
as NLO materi al because of theeamhighalirl ivtay ,ue
first hyperpolarizability. Although the Frc
similar electronic density distribution of
guantum mol ecul ar desvcalpesrwhehowhegeemgt ot
the change of the mathemati cal approximati o

To understand how each atom behavior dur
unctions, the Condense®edr Fputkarns fuamrcditomes , Na
NBO) were calcul ated. The B3LYP and mPW1lP
ery similarl y2 X hiolwlewstrr, attehe diOf6f er ences i n

nd the el ect rdancitce dd e nos ibtey moas pred ocal i zed

nergy). According to those results, the a
met hods to investigate t-R&, tAnde SmMEThaAl &
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thermodyammter pacomputed (BDE, |l P + PDE, F
kcallfmol every method used, which explains t
The mechanism thermodynamically favorabl e i
met hode.f orhreer all t he DFT met ho@X)( B3leMdP,i nmR W
are in excellent agreement to a structural,

characterizati on.

Acknowl edgment

This study wa8rBzndnaeedalbgntwes: Coorder
de Pessoal de N2 vedonSsueplehroi oNa c(i@APaH S )d ea nlde s e
e Tecnol -gieondqdrCNPqP. da Silva t haFrkasncGCARBD
Wagner Q:NeAlomedhi®agqk $ or Pleids og etNeertfoi mananks t he
support received fr om TChNeP ga wptrlogresc tal s3d 4tlhbazn
de Processamento de Alto Desempenho (CENAPA

for prowiudiandg omm@armh resources.

Ref erence

[1]M. N. Gomes, E. N. Mur at ov, M. Pereira, J.
Andrade, B.J. Neves, Chalcone Derivative
Designdo{(nld@. B390/ mol ecul es22081210.

[ 2]S. F. Ni elsen, S.B. Christensen, G. Cruci
Chal cones : StatisticaDi nbeerssigmnnal SQ@ua rhteist
StrucAcurievi ty Rel ati oB4di®i8@82Anal ysis, (199

[ 3]R. Selvam, The -rddectchd|l aonndraercineat i ve:
reduction assay mechani spmss iftoirv eénhsapait nGuesst
bacteri al and fungal infection 1R25JNew J.

[ 4]Y. R. Prasad, P. R. Kumar , C. H. A. Deept i, .'
Novel Cha-HgdndAgetfoBapt-hoateylan@o@dBmar i n,

2384 1.

[ 5]B. P. Bandgar, S. A. Patil, B.kkntKesbadan8
bi ol ogical -evlabmwatviomylofcithal ccanasa avkilLtimh
antimicrobial activity, TEur. J. Me d . Che

2633.doi :10.12016/j).ejmech.2010.01.050.



6 3

[ 6] M. Liu, P. W lairat, rSucLi.AcQei ovfitt,y ARel.atTiaol
Antil ei shmani al and Antimarvasgi al Chal con
doi : 10. 1-088685809p5.80233

[ 7]H. Hegde, R. K. Sinha, S. D. Kul karni , N. S
Photobiology A : Chemistry Synthesis , p
chal cone and nicotinonitrile derivatives

11222210db016/j.j)jphotochem. 2019.112222.

[ 8]C. Thirumurugan, P. Vadivel, A. Lalitha,
novel gadaroddxemi de based chalcone deri v:
docking , photochemicdl202®)diles, Synt h.

doi :10.1080/00397911.2020.1720737.

[ 9]S. Khanapure, M. Jagadal e, P. Bansode, P
ruthenocenyl chal cones and their mol ecul
(2018)4742doi :10.101®691. mol struc.2018.06

[ 10D. Kar, S. Kumar, V. Asati, S. Kumar, Eul
Perspectives of medicinally privileged c
for biomedical applicationdb8Eur. J. Me d
doi : 10 .me@h6/2j0.19j. 04. 03 2.

[ 11. Singh, A. Anand, V. Kumar , European J«
devel opments in biological activities of
85 (20i¥x&)y .7%58®i:10.1016/j.ejmech.2014.08.

[12R. A4 i fRAana, S. Yasmeen, S. Khan, M. Abi d
chal cone derivatives as antibacterial ag
docking |, DFT and antioxidant studies, J
doi :10.1016/327Mmo0A5%.t ruc. 2020.

[ 13R. Ust aback, N . S¢leymanoj | u, N. ¥zdemir,
Chalcone Derivati ve: Synthesi s, Characte
Antioxidant A6BLvidioy, 1022204/ 46701786166

[ 14Nl. NddUn, M. N. H. Knock, M. Uzzaman, M. M. H
Shumi , H. M. Sadrul, Amin, Mi crowave assi
docking and pharmacol ogihgadlr oagttihail cioee d
J. Mol 12@6r u2620) 127678. doi:10.1016/ ]

[ 158. Pol oyarh.l |lamhag,a Ha.l oRragh@Ay udMioo al &s Henac
Gal d8mez, M. Guti®rrez, Bseosgaedi sy@Ghami



6 4

chal cone hdtreshatbaheoderawmdti ves and t
antioxidant properties and as acetyl chol
103034. doi :10.1016/j.bioorg.2019.103034

16N. K. A. Ferreira, A.W da SilBarr dsc, O1. Sc
Lima, A.E. Vieira Neto, A.R. Campos, P. N.
Lemos, S.M.C. Siqueira, F.E. A. Makeal h«es
effect of{f (ANNE()dd ue r d-p(hemhed W26 A-ome]p}
acetamide on adult zebrafish (Danio reri
Behav. Brain IBResdo3740(201%)Y j3bbr.2019.0

17R. Ramesh, M. Lydia Caroline, S. Muthu,
Spectroscopi c asntdr ucRTu rsatlu ddieetser mi nati on,
mol ecul ar -(ddrc &itohgi eBf W ldl)i met hphamy e pr op

lone, J. Mol. Strwuct. 1200 (2020) 127123
184. Thamarai, R. Wadamag !l aBr., NM.r aRajnaa,, 3. R
S. Aayi sha, Mol ecul ar st r ueetluerce rcoonn fco rsnhau

through theoretical st udi(edsr amtah ibeBrfoy@dlo)gi c
chl oroph@psbphe, StrMot. 1202 (2020) 1273
doi :10.212016/j) . mol struc.2019.127349.

19A. Chaoui ki, H. Lgaz, R. Salghi, M. Cha,
el ecddoncas ulmgt i t uted chalcones on inhibitdi
sol ut ieorni me neEtxapl resluével andsimghesul 888 ( z
doi :10.212016/j).col surfa.2019.124366.

200. Coskun, B. Gunduz, M. Fatih, Synthesi
optoel ectroni-C-mMeda hdnmgn zodwlod)n Isubstitut ec
derivatives, J. MoiRP67Stdaorct 1011086 ( R0MB)

2 1A. Praveen, A. Jayar ama, H.J. Rawawtndnaopf
physical , Spectral and ther mal propert.
el ectronic device applications, Mater. T
doi :10.1016/j).matpr. 2020.02.543.

22)J. M. F. Custodio, C. Noda, pGl i Valnwer Ea,h amh
nonlinear optics properties of a bromine
Phys. Lett. 738 (2020) 136852. doi:10.10

2 33. Kay a, H. G°kce, T. Arsl an, G. Al pasl a
DFT computations, nonlinear optical prof
chal cone derivative, i1Jd.. Mol . Struct. 120



65

doi :10.212016/j) . mol struc.2019.127270.

[243. Shukla, A. Srivastava, K. SKNowastava,
coval ent interactions and spdgeétroscopic
chl or o-ph#mey hyi2# U ) aZperdeopn e, J. Mol . Struct.
127145. doi:10.12016/j.molstruc.2019.1271

[ 25A. D. Becke, Density .fulnctThoen adf ftehcetr nmoofc htel
gradient correction, i216Chedoi Ph9s1068/

[26. Lee, W Yang, R. G. BarlwnvetbDavaloommd ratt i
formula into a functiy:m.alReWV. tBE 8. e(clt I 8¢
doi :10.1103/ PhysRevB. 37.785.

[ 2 7K. Burke, J.P. Perdew, Y. Wang, Derivati c
The PW91 Density Functional, ETlelclt.r on. D
doi : 10.-1D0DDBIB3B.

[ 280. Adamo, V. Barone, Exchawmame gfeu meethiaon aolr
adi abatic connection methods without ad|]j
model s, J. Chem.i6Fbys .doliQ80(NLDEB) 16614 542

[ 29Y. ZhaouyuhDaiG, The MO06 suite of density f
thermochemistry, thermochemical kinetics
transition elements: Two new fuwttisenal s
functional snatmidon,2 Dhéeenr. fCGhe2md 1l . Acc. 120
doi :10. 10®MUTRBXx0214

[ 30N. J. Frisch, G.W. Trucks, H. B. Schlegel,
G. Scal mani, V. Barone, G.A. Petersson,
JBl oi no, B.G. Janesko, R. Gomperts, B. M
|l zmayl ov, J. L. SeYomuemrgherFg, DD.ngWi IFl.i dm$ p a
Goings, B. Peng, A. Petrone, T. Henderso
N . RegaZheng, W Li ang, M. Had a, M. Ehar

M. |l shida, T. Nakaji ma, Y. Honda, O. Ki t
Mont gomery, J. E. Peralta, F. Ogl i ar o, M.
V. N. &Stav,0vT. Keit h, R. Kobayashi, J. Nor
J.C. Burant, S.S. |l yengar, J. Tomasi, M.
Cammi , J. W. Ochterski, R. L. Martin, K. M

Fox, GausssaonO08, ORev (2009) .

[ 31R. Dennington, T. Keith, J. Mi | I am, Gaus



6 6

[ 32]. Tomasi, R. Cammi, Remarks on the Use
Met hods i n Solvation Prlomveernssi:on tRrroadaéd dviel
Renormalization of the Apparentil@hbar.ges,

[ 33. Mennucci , E. Canc s, J. Tomasi, Evalu
ani sotropic dielectrics and i n metnhad:s ol
Theoretical bases, computational i mpl eme

Chem. B. 10i1Qq3®®.7)ddio5DG. 1021/jp971959k.

[ 34§. Canc s, B. Mennucci, J. Tomasi, A new
pol arizabl edebnt Thaamemi cal background a
anisotropic dielectricgs3041. Cheim.1®P.hlyG6 3,

[ 35Nli chal, H. Jamroz, Vibrational Energy Di

[ 36R. Mc Weenyi,onPelrhteuorrbyeDtf oac t Ben&iotck Matri x,
(1962910130428 doi : 10.1103/ PhysRev. 126.1028.

[ 37R. Ditchddredidst eretl fpertur bati on -itnhveaorriya noti
LCAO method for N. M. R. Qhle9nvi4c3a0l7 8% i ft s,
doi :10.1080/00268977400100711.

[ 384. Wolinski, J.F. Hinton, P. Puhdgpehk#Eeni
At omic Orbital Met hod f or NMR Chemical S
(1990718282051 doi : 19a0®@2.1/jad01l

[ 39J. R. Cheeseman, A comparison of model s f
shielding tensors, Ji5%th®.m.ddihyls0. 10643 /(1.

[ 40T. Yanai, D. P. Tew, N. C:c oHared ya,t i A sin ehivg nhcyt b
t he Coautltoermbu at i ng-B&eYMR,d CICAmMN. Phy 857 .Lett
doi :10.1016/j) .cplett.2004.06.011.

[ 41H. i kura, T. Tsunedmaande YanaectKonHsrca:
gener-gt adaepdnrtoxi mati on exchange functi ons:e
35830544. doi:10.1063/1.1383587.

[ 42]. Da Chador dww.n-tHeehagde gcorrected hybrid der
dampedataadmmdi spersi on cGhemctPloyns, TPOYyE2(
6620. doi:10.1039/b8101895b.

[ 4 3N. Kosar, K. Shehzadi, K. Ayub, T. Ma h mo ¢
doped graphdiyne compl exes: Uni que appro



67

nonlinear optiModl. rGxsapanseModle! . 97 (202040
doi :10.212016/j).)mgm. 2020.107573.

44H. Sajid, K. Ayub, T. Mahmood, Exception.
transparency of superalkali doped macroc

(2020)26216 0080 : 10. 1039/ c9nj05065e.

454. Tahir, N. Kosar, K. Ayub, T. Ma h mood,

thermodynamically stable single and mult
full erene, J. Mo | . Liq. 305 (2020) 11287
4 6A. Boruah, M. P. Borpuzari, R. Kar, Perfo
Functional i n Sol vemnatan@oenitHarcwku ng:g cThuanmigneg f

| mproved Orbital Energi esi30d4. Comput. Ch
doi :10.1002/jcc.26101.

473. Munsi f, Maria, S. Khan, A. Al i, M. A.
Remar kabl e nonlinear optical response of
boron phosphide nanocl uster d,l iHl.s2e0vli8e r0 8B

48A. R. Al l ouchegr aGmtbieda lt auser i nterface for
softwares, J. Compia82. CHem: 18210R2@4Ap¢rc1l?2

49g. D. Gl edening, A.E. Reed, J.E. .Gappente

50Y. Xue, Y. Zheng, L. An, Y. Dou, Y. Liu,
St r uicatnutrieoxi dant activity of polyphenolic
(2014208698doi :10.212016/j).foodchem. 2013. 11

51]. Ri marc2kleVn,LMkedg)] cEn, KJournal of Mo
THEOCHEM Study of the solvent effect on
NiH bond clepaeagéenedpami-pphamng!| eetedaayna
952 (2iIBD0) da5: 10. 1AD6/0j4..t020ochem. 20

52Y. Zheng, G. Deng, Q. Li ang, D. Chen, R.
Quercetin and Its Glucosides from iPropol
11. doi :1001MOBBI4AS 41598

53]. Chen, J. YaShgah zlad,MaC. Kla nHKLiim,x iNgltarnu ¢ tawr
relationship of methoxy, phenolic hydrox
acids,ii9.2020) 1

54D. Q. Huong, T. Duong, P.C. Nam, An exper



6 8

antioxidaNpheaoyil tihi pbefegl aptdeNourea anal
46i979. doi:10.1002/vjch.201900091.

[ 559. M. Mor ai s, K.S.B. Lima, S. M. C. Siqueir
Menezes, M. T.S. Trevisan, Calkrela-«o0o ent
antiacetilcolinesterase e teor de fen-is
farm8cias viv&xs.,, (2013) 575

[ 56]. Wu, L. Zhang, JPhaMEnR ,t4r, 36meyidhragk, ¥ pXr.o pL i
2efllone, Acta Cryst.alReopgorr.t sSe@nl.i nee .Stér5u c(t2
doi :10.1107/S1600536809041877.

[57Y. Cai, Z. Wang, Z:1(ke,tohMy p E-&(a3n,g4r, iGine t Wu ,
oxyphendd-pmeo,p Acta Crystallogr. Sect. E
(2011). doi :4®11AaD7788360053

[ 58N. Prabuswamy, S. Madan Kumar, D. Bhuvan
LokandtHhH uok of-h2 ntyr]idme t h o x y2Zpehrdeonnye ,) pA cotpa
Crystallogr. Sect. E Struct. Reports Onl
doi :10.1107/S1600536812043139.

[ 5391 . N. Ri beir o, R. L. G. de Paul a, P. R.S. We
G. R. Ol'iveira, C. Valverde, H. B. Napol it
a new chlorine substituted chal donbol A t
Struct. 1201 (2020) 127137. doi:10.1016/

[60D. A. Zainuri, M. Abdull ah, S. Arshad, M.
Razak, Crystal strucdmuder, m@rlsiunsaarp oq@tcil
of | i near f ussuebds triitnuge ndti cchhlaolrcoone 1 somer s,

(20184)5.32doi :10.1016/ ) .optmat. 2018.09. 0372

[ 61D. Hal eshappa, A. Jayarama, R. Bairy, S.
nonl i nearudadpetsi codl as novel thiophene subst
Condens. MatteXr325560i(2D09)01@&5) . physb. 2

[62]. M. F. Custodidetd, I RA. ABadmad«Es Queiro
Mottin, B.J. HNevé&s ]l . B8. HAgAndoad C. Val ver
Baseia, H.B. Napolitano, Molecular model
fluorinated chalcone, i AF7alb.. J. Chem. 13
doi :10.1016/j.arabjc.2018.11.010.

[ 63R. P. Vinaya, uAbrNah nfarnaybah uB h akt., SV. Upadhyay
character i zcahtaitormn jod g at il @mgbased met hoxy
single crystal; a third order nonlinear



69

Opt . Mater . (4Ai@s2t9).. d8&89 (1200 1PV)16/j . opt mat .

[ 640. Val verde, F.A.P. Os-rio, T-:ob.dekFomwoedad,
susceptibility of a chalconeilc/rdy.st al, Ch
doi :10.1016/j .cplett.2018.06.001.

[ 65 Mat hew, V. V. Sali an, l-or lebendonlbDobereaB.
studies of two novel-schhal tecédndeguievanidv &
Opt . Laser Technol . 120 (2019) 105697. d

[ 663. R. MaiRAurJ,ahagirdar, P. S. Patil, T.S. C
characterizations, Hi r ohhfdelrd nowd fi acarama
properties of two novel chalconeid%®4.i vat

doi :10.1016/j00®t mat . 2017.11

[ 673. Veeramani kandan, H. B. Sherine, A. Dha
solid state structur e, Hi rshfeld surface
bi schalcone derivativej(821J1l. Mol . Struct .
doi : 10. 50t@flc] 2@dlI8. 12. 045.

[ 68KH. S. Thanthiriwatte-] i Keklr BDNplioadepBobea
fluorenyl-Abeirnvaiovgsantum chemical cal c
THEOCHEM. 6171712.00®29i :15®280(016200869

[ g9D. A. Kl ei nman, Nonlinear dielectric pol a
(196201917977 doi : 10. 1103/ PhysRev. 126.1977.

[ 70K. Fukui, Role of frontier orb)ta2k8inMle
7475doi :10. 1126/ science. 218.4574. 747.

[ 71R. G. Parr, W Yang, Density Functional TI
University Press, Oxford, 1989.

[ 72dhemcgataphi cal software for viswualizatio
(2004) .

[ 73R. G. Pear son, Hard and Soft Acidsi and Ba
3539. doi:10.1021/ja00905a001.

[ 74T. Koopmans, ' ber die Zuordnung von Well
Einzelnen El ektronen EinkEkd@8Ait oG, 1-CPh§g/ss @
8914(342).90011

[ 75H. Cher mette, Chemical reactivity indexe



70

Chem. 20 1059990 01290.-280X((199€0)198PBO0: 1<
JCC13>3:A0. CO; 2

760. H. Mélmd aaa, -ReyHs , Rihse mi c all reactivity
the Fukui function, J.ilM&x. Chem. Soc. 5

77R. P. l czkowski, J.L. Margrave, El ectrone
3551. doi:10.1021/ja01478a001.

78W. Yang, Rdmes®arsoftHaess, and the fukui
of metals and catalysis., Prde72@&atl . Ac
doi :10.1073/ pnas. 82.20.6723.

79J. F. Janak, Probh -fliamdst iOdFd Olnit ke olr8y ,( 1POn7ys:
7167/516 8. doi :10.1103/ PhysRevB. 18.7165.

80. Von Szentp8ly, Studies on electronega
partial charges, J. Mol . i18Slt.r udcoti.: 1FOH E1COCIHGE/
1280(9109.85055

81R. GrrPaP. K. Chattaraj, Principle of Maxi
(1991918158654 doi :10.1021/ja00005a072.

82R. G. Pearson, Recent advances in the con
Chem. Educ. 1567 .( 1O®Bi7:)1 ®.611021/ ed064p561

83R. G. Parr, L. V. Szentps8ly, S. Liu, El ec
19P12924. doi :10.1021/ja983494x.

84R. K. Chattaraj, S. Giri, S. Dul ey, Updat
(2011). doi:10.1021/cr100149p.

851]. B. Obot, D.D. Macdonald, Z. M. Gasem, D
power f ul t ool for designing new organic
Corros. Scid0.9do(2aD5)10016/j.corsci.2015.

86R. K. Cha&tetngmuapjt,.a, S.Popul ar el ectronic stru
context, J. Phys.ilGhe3r.. 1d®mA0A : (1109 96)2 11 § pDOE&E

87T. Lu, F. Chen, Mul tiwfn : A Multifuncti
doi :10.1002/jcc.22885.

[ 8 8H. Mo mma] zumi , VE®BTRAeRBsifomal hvietual i zati

volumetric and morphar6gy data, (2011) 1



71

doi :10.1107/S0021889811038970.
[ 89d. Morel-lllgagb®e, TNew Dual Descriptorifor C

212.
[ 907. Pattmam, R. Parthasarathi, M. EIlango,
D. R. Roy, P. K. Chattaraj, Multiphilic de

(200799 18183 0

[916F. Shahab, M. Shei khi, L . Fil]j pRQoanchm M
chemical model i nlgR, sepxeccittreods csotpa tce s(,F TUV Vi
Dichroism) studies of two new benzo[ d] ox
(2020) 127352. doi:10.12016/j) . molstruc. 20

[ 92A. Viji, V. BBlabclyaméram, HNarayana, V. \
and guantum chemi canlet hepaZl &4 h b or o-hk4 noyfl )
(pr o-pywin)e PHENYDhyldobgpr ely el ,-t Bi-dglb} phenol ,
Mol . Struct. 12030@080POMolgavabe. 20abD: 1027



72

Suppl emantarnyal M

1.0

0.8

0.6 4

0.4

INTENSITY (a.u.)

0.2

—— PAAPFBA (EXPERIMENTAL)|

Voo }

0.2

I M

0.4

0.6

INTENSITY (a.u.)

0.8 -

| —— PAAPFBA (B3LYP)|
V S

0.0

0.2

0.4 4

0.6

INTENSITY (a.u.)

0.8 4

1[——PAAPFBA (mPW1PW91)]

T

0.0

0.2 4

0.4 -

0.6 -

INTENSITY (a.u.)

0.8

1[—— PAAPFBA (M062X)|

1.0 T T T T v T T T T T v v T
4000 3500 3000 2500 2000 1500 10I00 500

Wavenumber (v /cm™)
Fi 8T Experi ment al and calculated I nfrared S

DFT methods: (a) B3LYP, -2Xb EBtlnmMBWIG( WY, 1p )a nbda s(i ct



73

(a) 'H NMR Experlmental

‘s
rrrrrrrrrrrrrr

\\\\W V4 |

RN RV

M o

Fl§2Experilhhealt?:ellspectra of the PAAPFBA chalc

peas




74

(a) TH NMR B3LYP 3¢ NMR B3LYP
2 3
(b) TH NMR mPW1PW91 13¢ NMR mPW1PW91
(c) TH NMR M06-2X 13¢ NMR Mo6-2X
10 éé 7" é 5 4 :". é [ 220 2‘;0 2(‘)0 1!‘30 11‘!0 1;0 1(‘50‘1;0 14‘.0 15‘!0 150 110
CALCULATED ISOTROPIC SHIFT (5.5,c/pPm) CALCULATED ISOTROPIC SHIFT (5,41~/PPM)
Fi 83 Theor #t iact®l NMR spectra of the PAAPFBA
met hods: (a) B3LYP, (BX 8BWHERWI D, pnd b@cs) sMGE
TablieCallcul ated, scaled and experi ment al
B3LYP/ mPW1lPWXlti3MBal6+t + G(d, p) basiss set.
B3LYP mP W1 P W9 1 MO & X
/1 t£O0d {OFt|/fOd {OFf|/ftOd {OFft9ELSNR
nMA® odpc ¢ nMOoDP opp P¢ nmMn P odc Py N MHDPT ¢
PHO® pnc ®r poT® pmMn®d®y poyd® pmn®d®j pmo dPnc
cnnd® pyndq cnp® ptrpPy cHC D phy ®Pq p PpT D¢
cnpd® cHy P cpnd cHCcPE cnTPcmydpg condTt
cyn® ccm®] chpP ccpdPq cyydcprtdq ctT DA
TCMP TOCD), TTMD TOYDPH TCPDP TOPp PH THMDO1
TCPHPP TN P TTPP® TNHP| TTODP TOydPq TNncCcdngyg




75

the fundan

a2RS ' aaArdyyvys

ync® ymy®y ypod® ymMmcd®l yprd® ymy dqg yHo dcJ
MAHNO phpnd®¢ MAHP Py MdP] Mmanomchy pdn gy p dct
Mmann MmaadPq MAPTCMAMHG MACACMAMHY Mno0O0 Dy
MMTN(MMOPY¢ MMYTCMMH®PI MMY T CMMHT ¢ MMH T P
MMPY CMMPY ¢ MHAND MMPHC MHOACMMTpPJ{ MMCYy Py
MHHT¢CMMYNn| MHOT(CMMTT{ MHPOCMM®PT (I MMY ndn
MHONH(MHAM MHPACMM®PC { MHTCCMHM®PY MHHNO DT
MOOC(MHMPHY¢ MOH/NT(MHCO{ MOHACMHC/T{ MHCO®O
MOCPMOHNY¢ MOYP(MOHPY MOTOCMOMM{ MOMODPO
Monn«modgod MNNT¢ MOYpP| MONOCMOTY{MOTO®oO
Mocn«cmnmMcq MOCH(MOMpDP] Mmncn Moy < Mmnn pdc
MOYM(MNOHY¢ MOyo¢«MNnM®p| Mmonyo«cmMnmMmcd{¢ mnnco
Mpod Mnyyq¢ Mmpcn«cmMn®oqd MmpcocMndod¢ mMmpMH PcC
MPpPM(MPOY ¢ MCHY(MpPpPY{ MCTpPCMPTM{ MpPOdIPN
MCMC(MPCH¢ MCcNnNn(MPTOYq MCTM Mpdcq Mp hp ®wv
MTMM(MCPPYd MTpn MmcTnq¢ MTTC(MC Ppc ¢ Mmcpn dd
onny tHdpnyq onTcHPN o onyncHPNHHGDOMOPDY
OMTH(ONCT{ OHNNCONCH OHMMCONCcTqoncc Py
OHNM(OoNMppPpq¢ oHooCoNPN ¢ OHOT CONPHIC OMMO DN
OHNptomMnNnng oHootondpnd¢ oHNNncondgy ¢ o MpH dN
OHMY (OMMH{ OHNM(OMANM{ OHYH oMonqoonpody
ocndptondpng ocpm ondnd¢ oconconTtTnd¢onoT ®wN
Tabl eTB&or et i cal assignments for
chal cone uslillhg +E3 Y Bp/)6 | ev el of theory.
B3LYP
2| Sy dzydsN Lw AydSy +AONIGA2YV I €
MT ®np noénnnc I HH/ Hn/ M/ mTdmmbd HEH / H AN
HM Dy ¢ pdPTHYO [ vn/ mgp/ n/ o b6cod
ogpdnc MPAOHCT A/ HH/ HNn/ MpHOHRB/ BAHOANMD/ b
nnoyy o domdy /| MHbMM/ H//cHO/pAN/ bBH/ H AN
/ Mo/ MmHbwMM/Imcd ovtold mit bimmp Omo O mibbMmraH I nam O
pH®ON TONnTAD omMno




CT®O®NMm
Tndod
MAOH®NC
MMPDPC P
MPT ®PMnN
MTC®PTH
HAM®np
HAy ®Tn
Hy Mm®nc
oMmdnp
oHn ®dpp

oTndprT

oTpPpwM™m
nMmanomy

nmy ®T1t 0

nNHO®PMp
npmdno
pnH®dnp
pMH®NY
PHO®T ™M
poT®Tn
pym®TC
cnnomrt
cncdc
cny ®H ™
cnagperT
ynodoy
CYPDPHM
Hc ®dnc
TCMODOHM

TChdco

YHHDON
yondon

yonaoyd

yncd®mo

HPHNpPM
odmnny
M®PHY OM
MPAHNDP
odmMcyy
naonc dgH
nNnoOMy HO
chdPTpyo
MO ®y cCcy )
HodnndH
Tdynyn

TdPTCYycC

M®POOOH

MPPdhy n ¢
ndémpoo

noHpnn
H®PT Cc o
CM®PT C H(
MM®yYy Cp |
TNn®dc o (
OH®PHYI
y d®mo mn
nc eopTH(
cdyoHnN
ndonnc
np ®c mm(
ny ®comH 1
MH®nNn oMYy
odHC NP
pddcop
odnoTT

néncnrt
TN dPc on (
CCPT MH (

MHT ®PHMT

76

/| Hd/ HT/ HN//HHH /oM /OMd/ N O MM
/ H@/ HT/ Hn//HHN /OHD/OH B/ M O My O
I HT/ HNn/ HH//HHH /OnOM B/ I O MmN U
tbMmm/ H/ M/ @tHbB@Mmb B/ wdg/n/ pb 6 MmO
[/ Mo/ MHb MM/ mdd oM p / ta

4/ HAal md/ o/ HOTM MHOM /BH H

[/ Hn/ HH/ HAn/l/vHy /6HT/OH dbf Giarp /OHYI/OH B/ 0 N

omMc O
OMnu
Y HH/ HN/ MbvBapm/ B dmMno
thHMm/ M/ HHAMmad pbaeot MHbMMHOEMeDd / Wd ¢

./ mcp/ o/ p/ "AHdm@T P/ B OMCDU
A mdp/ o/ p/ AHOd@mp /B O6MNL
tbvMm/ H/ M/ @ohwmHbMM OHOU

.Cop/ HY /! Hd//oHwid/OHTP/OH b/ /HHC /O Y/00 b/ /HHIN /OHVH /0|

omMnu
1Cop/on/ Hdd o6pno

[ m/ ol n/ p/ co/om/0On /bol MMH/ypd/ b/ H yd wd m/ B 0O
[ Hc/ Hy !l on//uHy /6HmM/OH g/ /HH P/OH T/ OH b/ IHHH /6H /0|
omMmmM0O otm/ HT/ HpP/ on O MmO
thMT/ MH/ vOMPARMOUDHLMDPOHB/ HH
Y unl mdp/ n

,Cop/ HY/ Hd/bovim/6cwWpM)/ Hbo 6 mn O

,Cop/ HY/ Hd/bovmim/6cwWTM)/ Hb G McC O
Y/ Hn/ Hn/ HAHAOHAMPp/ B HOOMOHUT /BHHAHO MH D/ BH

thMT/ MH/ wvWwobmeO OO

omMno

O MU

| MmybMm/ H/ kemDlopdbmm/ MmH dopol
1t/ c/ p/ ni/dbwpod nb 6 mn 0

i/ on/ Hp/ HFHPHBO/ BAHOMBEY/ BN OomMno
| MmybMm/ H/ emDhbaobm/ mH SdomO
N Mo/ MHihHMIV OM dE H N
s hum/ n/ Hn/ Mp nd HTI HB / H N
[ on/ Hd/ HT//HHc /6oy/00 b/ /HHY /oaum/OH dd/ H T
ACop/ oni/HMpP HTE WMIHD MA B

s bmMm/ ¢/ m/.4 mad @V pt n

|l oo/ Hy/ on/IHapn /Owda/00 b/ IHyH /OWMEP/OH Y/ loam /6 H M/

omMno

omno

HBMHO

omno

oMy 0
| d/ ¢/ Hb MM moT PU cB H
N Hy ! onACowpwn o N ¢inpd ® b O MH O

6onbo

l oM/ HT/ H ¢l @ap /OWH/OH B/ loamH /OHVCM UH yb/ 0 N



YyPT PTP
yTM®PHPp

y gy ®n o
onndTH

bpy ®np
thc p ®c P
T 0 DCy

PTCcPno
MAananc ®T H
MAMYy ©OPp
MAHHDPHM

MAHMD®Y N

MNHC ®on

Mannaemn

MNpPpHDPY

MMHHDY H
MMN M®Pp C
MMT N ®n o
MMMy PHO
MHHN DM
MHOM®nN 0
MOHT ®Yy H
MHNH®HT
MHT C ®@do
MoMMNO ®M~N
MOHM®DnNT
MOHPON G
Mooc ®dco
MopM®N g
MOC (pdcy
MO T ®dn ™
MOnOM®DPp M
MnnnanodyH

Mmncnadoy

PPHNPT
HMOYy Ny J
M®PYy MIH

MPC MY T

HdPynowm
hbPnHAP

MdPcyco

nonHTP
ndértyno
ntT ®chomo ¢
odyonn

Hnc dynn

HdodPnnpi
MTC®PnTC

MH®PDO T ¢

MO MMM
cpdnTny
OOH®CcpN
ToOH®NnoON
MOpPHPOHY
Hy ndHnn
PHO®ATY C
HY hPmdn
MPT Py nM
Mpc ®o o
dhbPnynn
HNnPdy d)
nopednTtn
To®yoc|
HMO ®C T p
THDPOY PP
MOT ®PMHY
My n ®o o o

M PO T NH

1/ ol nlp

OHOU

77

| T/ M/ HbMM yd op v/l WOWH/MHON/BHH/ HN

| Ho/ HA/ HH/MWM/OpP/loWwNn B O MHDO

Y/ HH/ HNn/ MtpbHo Mp O/ BhH O MM P/ BN

| oM/ HT/ Hd/logiH /O @ /OH YW/ login /owda/bo b/ IHy o /6w /O

omMc U

N Mo/ MHNWMHIY MHb O H IO

| mn/ p/ c/ H ddry i bimM HI LT (p / B

l y/ o/ m/ HI ©O/oMyOH lbmM MY op (n / B

| Hp/ HH/ HNn/ Han /Okd/OH B/ HN

OHNU

4/ m/ o/ ni/ocH ypd nB/ooMpny/ pb O MmO

| Mmc/ mo/ mMmobivmp Obmg O Mmibb MMm
1t/ Hc/ Hy/ ohHobadp/ BhHYHMD/ BhodMRY/ bn

il on/ Hd/ on

OMMU

N Mmdp/ HaN®OIdmML oM T U

omMmno

t1'y/ m/ otléto/HOO/ Mo G H PO

11 oo/ Hy/ odhoamy¢/ BMoa@op

BMMO

U mn/ p/lcil phpbhHBOHMU

N onCopll®uwH HTE HitbHomMpa/ Bn
N HH/ HON@OM™ED B Mo 0

MM/ H NOBH PO

N onCop

N MM/ MH

OMMDO

6mMmc O

& mipylb mbv / H

OMHDO

N HH/ HONEHMDT H B HMAd H Db 6 ML

1l oOH/ HC/ WYy o@kMHAET /B OMmMpPoL

N HI c

dnodpn wWMTO

N HN/ HTL{IOHWMUHHY HMT H O MMB

N m/ o

N Hc/ HyN®HWMY H dil domy/ OH d& 0 n

Il Ho/ HNn/ HH

00 ¢

1 mc/ mol wp Mmard mo | e Mm@ M@ |

& H(p W mdgnd py c

Bmno

o6mMno

omMno

U mn/ mol wid Mm@ M@ | tmrd MBId v /tMH b M ™

)

omMnou

6HCO

o6mMo0U

omMno

6mMc O

OmMMDO

)

P

| oH/ Hc/ Hy/looiMm/OWMM/OH dB/ logio /omY/O0o b/ IHapn /G /O

(

I Mmn/ Mo/ MHbivmT H@oldmis/AIMvp /6 mapld Mib Mdl M M@ | w
1l on/ Hdp/ oM HPAMODIIBOMT/OHYE olhodédmMed/ By oOMMHD
OMMY) HBHY

1l Ho/ HN/ HWhH o mka LIBVWIWOp /bcll g mmb mb o mn L

6000

N



MOy My
MPOH®HC
MpocCdyn
Mpodhdpn
Mp MDD M
MCMC DPAM
MCHO®MN
Mconodmp
McnmMmbdMp
MC (hbn @H N
MTMM®T O
onny dyc
ommMmn ®pn
oMomM®PT p
OMpPH®TO
OMTH®HM
oMy no®dyH
oMy hbPdm
oMy ®PH N

OHNM®PMG

nnondH-I
nHY ®dp M
Hc Mm®Pdon
HCT®ynn
occdnyc
ynnodpmp
HNncd®nmp
MOY ®noOH
Hnc ®@dH N
Hdy ®c cH
nHc ®nnn
chPpTMD
c PHY Py
HM®NooT
odnnTn
MT @y Hp N
Tdonyc
pdPyHNY
ndnyoH

MPoNT M

78

I mp/ Mol mimh MG mo | i MO Mm@ | tmd mMPOMaud / B H b ™

| Mmc/ Mo/ MmHbMM O0MAU
1l om/ HT/ HHdD oDOMAHY /BiA oHMPHE /By coakAd/ bn
1/ m/ odlémyThOm M/ W od/mMin VO NMbn 0
1t Mmybmvmm/ wl d/HaOH itbomwy/Op /bcN B Mp O 6 O U
MHM/ MPNOHIAM UH HB O MH U
N HI c &wold HE) O MHDU
N HT/ HnANGOHHWH B Hyd o nb 6 MM U
N HCc/HY OMCU
N M/ o omno
N MdphHMANOHOM/ OHHD 0 0HU
N MH homTo 0
N mol mc ~Novron ompbY dvooH O(M b O H Yy U
N Mol Mc NoMpoH lMpb 6 n p U
N Mol MmnANoOMmonOmMpb 6 HOU
0 v
Ncld 6dpo

NHTl oM OdHDU

N HHI Hp

N Hcl OHANOHTYyoOl b0 Ob 6 H M U
0y
Nplvmn NORpDHBANOMHIYMUo ob O M0

N oly

OHNM®OMp ndpnpH N Hdl on NOHTYTIV0 Ob 6 MH U
OHNp OPT pdnppo N Hy |l 00 N 6Hpcpl b0 HBY GHHGM blo Mb 0 M p U
oOHMYy ®pc My ®T c C N HAnl HoANOplowin O Nnoo
oOHNT dMmn HdDYyYyHC N Ml T 6ddyo
ocngpodmy Cy ®PT HANJ ADMMlI My o6mnnbo
Tabl eTS80or et i cal assignments for the fundan
chal cone usi nrxyl ImPAWIA(PAWIpL)! 6] evel of theory.
mP W1 PW9 1
2 @Sy dzydSN Lw AyaSy +AONIGA2YyIFf a2RS ! 3aA3yYS
MpdPcn ndoprt I HH/ Hn/ mp/ mTdemd HEH / /HHIA /OM/ON /Bom HObvNT M)/ Hb
Ho ®cCcH poyTddn [ Hn/ md/ n//oH O/ncO/ HoH / /HHIH /OmdOMm dy/ N O
opPHp MDOHT ¢ A/ HH/ HNn/ MpHOHRB/ BAHOHB®O/ B OMPpPDU
np oyy MbDH TP /| MmHbMM/ H/ ¢ O6ncdy
/ Mo/ MHbwMM/ mHOmMEU HE IcM @ /Mpa/ wH bimmp O o O
pmady ¢ y OH AT OMOU




cCp®PpH
Tn®pp
Mn1o0PHO
MHA DY H
MPT PO M
MTYy ®oy
Hno®dyH
HNpPHO
HY M®H N
OMHO®T

p

n

oyn®dcH
nModnm

nMmpdPpo

nHN®PHC
npodnwm
pnn®pp
pmMc ®n o
PHT ®pm™m
poT ®pc
pyc®yo
cnpdoy
cnpodyrT
cnydno
cpndoy
cpndHO
c thp ®HT
TOM®M
TTMdDOYyY

TTp®dPyc

yononc
ynnorty
ynp®cp
ypodnd

M®DPPoOHO
odnyTT
M®npyy
nodgcen
oPMOTH
ndHOMp
nomcTT
c doy

MpPp PM MM
M®PYy HAC
TOPTYy MY

TPTCHO

M®PonHN

MPPH H dog
néndnn

ndooTC
MPDPT M
pPpPPT M
MM®DPOTDPpPI
TOoOdMA Y
OH®c ncl
p®dPpcym
np ®mo c (
codynyp
nondgor
ncondpi
pM®nc o(
MH®TY O
0®c pp
ndpoyy
oDy HN

nd®THOO
Yy TOHOCT

py ®n My I

MO DN MT

79

/ Mmn/ Mo/ MHb/MMP/OMMIOHDB/ HH O MAU
[/ H/ HT/ Hn//HHN /O /OH B/ /mHn /O6Mdn/On /bo O
I HT/ HnNn/ HH//HHH /Onp/OMd/ 1 O MmN U
tbMmm/ H/ Mt/ @aHB W Mmb B/ MwgVdg/ pb dmMn 0
/ Mo/ MHb MM/ mdd oM p / ta

Y unl mdp/ n

/[ Hn/ HH/ HA/l/vHy /6HT/OH gl Giarp /OHYI/OH B/ 0 N

OomMp L
OMMO
Y HH/ HN/ MbvBa M/ B dMNO

thHMm/ Mmdp/ HHAMmad pbaeotE MHbMMHOGME 0/ g

./ mcp/ o/ p/ "AHdmy P/ BB OmMCOU
I mdp/ o/ p/n o6mno
tbvMm/ H/ M/ Mok HbBMM OHpPU

,Cop/ HY /! Hd//oHwid/OHTN/OH b/ /HHC /OHYI/00 b/ [HHIN /OHVHT /U

omc O
1Cop/on/ Hd O6pmO
[ m/ ol n/ p/ co/opw/On /bol MMH/TRY b/ H yd g m/ B O
[ Hy/ on/ H d//HHc /6y OO0 /b/ /HHD /ORVITT /OH b/ ITHAHM /O HTP /L

OMMUOOH/ HCc/ HY/ on o6mMnOU
thMT/ MH/ vOMPAROUDHBMTOHB/ HH OMANU
Y Hnl/ mdp/ n O0HANO
sbmm/ ¢/ m/ - CoMHY /i dp/ on O MHD

,Cop/ HY/ Hd/bovim/6cwWdMm)/ Hb G Mo O
Y Hn/ Hn/l HAHAA MG/ & HOOM HHUT /BHA HD MB O/ B H
thmMT/ MH/ MO OOMRAROOMHDU
| MmybMm/ H/ kemDlbamadbmm/ MmH o000
1 c/ p/ ni/owyol nB/oHM ccO/ pbY oM 0 OBv N O

t/ on/ Hp/ HF HDH DO/ BEGopMmMp O/ B O mnl

| MmybMm/ H/ RmDlbomodb®m/ MmH Gd0HO
thum/ mdp/ HMiMOMmE BMoOU
s hum/ n/ Hn/ M ndwHppd HE/ HN G MU

[ on/ Hd/ HT//HHc /6roy/00 b/ /HHY /6aum/OH dd/ H T
Y Hp/ HT/ HNEGO P MP ON B HHD OMHD
I HM/ n/ Hn/.bhdmdrh mm/ W
|l oo/ Hy/ on/IHapn /Gwwda/00 b/ IHyH /OWMEP/OH b/ loa M /6 H M/

omMnu

OMT U
| d/ ¢/ Hb MM moT PU cB H
N Hd/ onNEHWI D NBCoOWwd b Nnb  MH U
l oM/ HT/ H /) @aip /OmH/OH dB/ loaTH /OHVICMW UH yb/ loy1/ @ /mw/

6onbo



ycodHy
yTToOnT
pnp dPHC
PMH DT T

PCHDPHY
PTYy PHO
dhy HDOp

dbyy dmT

MITMHO®Mp
MAOHP D

MAHC ®nNH
Mnonaaco
MAOM®PC M
MApmadyp
MApT dco
MMHC ®H M
MMNOD®MT
MMY n®p d
MHAN ®M

MHO/T®CH
MHpPpANn®oOM
MHPp OOPMT
MHCNOhD
MH N dc o
MOHANDMPp
MOHY ®T n
MooT ®no
Mopp®yp
MOTH®D®OH
Moy podnT
MO tbp dcp
MaonTtTo®nn
MonppodTC
MNCH®p®
MOy o®DHDPp

MO PMHT |
MpPncy T
MPhy M

MPCHOCD

H®n hpy
H®ndco

yPOHTP

nonHnNo
ndéyprTo
pMdmMn C (
ndéamT
Tpdnyp(
ppPoo i
Mp Ppp TN
HMAOPNHM
MO ®PPT H |
nMmedp o
HAH®ppW
npo®dpon
CH®PHCDPT (
CCT DNHHY
HMO ®0O T C
MMH®Yy pT
MOYy ®T Ty
ydnncrTt
MMGbpDPPdN
HMT ®y ™M
yp ®dy o
cndoT Py
ntTc®drtT1d
MNo®HPC
MPH®NCT
MppdPyn
Mp Pdhdm
PH®PHMOTY

80
bl T/ M/ HbMM oMU
OHHDU

[OHHOWOH MY HH/ H N

1/ ol nlp
| T/ M/ HbvM I §d @b Mt H
|l Ho/ HA/ HH/IHM/ M/pwHDMM® O MDD
Y/ HH/ HN/ MbHY Mo/ B OMOD
| oM/ HT/ H ]/ logiH /Oma/OH b/ logio /omd/bo b/ Hyn /dmd /L
omc O
| mn/ p/ c/ H ddre? Wi bimM HI P (p / B

N Mo/ MHNMHT M Hb 6 MU

O6HNO

| oM/ HT/ Hd/logH /W@ /OH b/ logio /omw /0o b/ H D
l on/ Hdp/ on/ HY OHNO

l'y/ o/ m/ Hl ©/oy/OH bMM MO P N/ O MHDU
| Hp/ HH/ HN/ HC O6cnVU
4/ m/ o/ n lompp/om s/ MHbIMmc bm@ O mbbmMm O |
t/ m/ o/ nit/écMnpd nb ldmecn/OMmob/ MHb MM 6 mn
i/ Hc/ Hy/ ohoaHhm®p/ BFfFHY MB B/ bBn

| Mmn/ Mo/ MHbivmT Dol misAlmmp /0 maplO il Mo th m@ | iy

N M@/ HANEHJITCO 6T O

1l oo/ Hy/ oMHOMAO{ oM OH TH HItbo B M H G/ BAY HO MY |

om0

tly/ m/ otloto/nod/ Mo OHTO
1l oo/ Hy/ odhodhR$p/ BlhomAEG/ Bitho dadi/HHY bBoO ™
W mn/ plcil @htbHbOHCU
Al Hp/ HH/ Hh oA PO/ BlbHOMPpDB/ BMHOMHD B WM
Nnl/l mgp NompOHbBLIaTMMY ob O MM O
A MM/ MH NOwHoo/ OMHB 6 MmO 0
NACop/ onNdHad HnbldomiMOHCH HY 6dmMnoO
A MM/ MH NOHH ccO Obwpylb MM/ H O Mp O
N HH/ HONEHMDT H B HMA H b 6 ML
Il oH/ Hc/ Hyydomihen BMANO
1l Hp/ HH/ Hho&ke o/ BApHY Mo B mMANO

Il Ho/ HAN/ HH O6MCU

Noln Qwmpd HBINEHMEKO OBHPY HEH/ HOD O M~
il Ho/ HA/ HH AGHND
i mc/ Mol mip moip daw | e Mm@ | N O ML
N v/l o drdp WHHU
N HC/ HYN®HHH H TBIOOHIMUKH Y on OomMno

tmn/ mol wid Mm@ wo | md MOIld mbD /tMHb MM 0O |

U mp/ mol wh M@ o mo | tp MmOl mm@ | wd mMPMaud / tmH b



81

Mpnddnc oopdhpT oM/ HT/ Hd oOMAHY /A oHMMHE /By oake b/ bn
MPPHDT @ MHY ®Mon 1 g/ ¢/ HAUIOM/Op /bcll eitmbinMbH OMpO
Mpcnodpd cny ®np( {0 mybwmm/ #l TO/HM /00 ABOMVMM OMVHE U
MCHY ®Hp Hpp PHHO MHM/ MdANOHO ncO oty HB O MmN U
McnnodpT TMHO®T qy| N onl/ HONEHMEPHAAD 6MAU
MCPpHDC O Hy nomT ( N HT/ HNnNOHMHGW HwH 0 nb 0 M 0
McCcCoO®DPTH onogodT HPp N m/ o dwpnn WwmeLcy Hy oMU
MCTM®DPMO MTNndmMpC N Hc!/ Hy N owmp H di HMH HHDb 6 M1 U
MTHO®CM ONHDPT( N MphHMANOHIM/OHHD OHTOU
MT pa®H NTH®PY T N MHhmMT O0TcCVU
onTcod®mMH ndcnpec N Mol Mc N omoodhom pbY GMooM UM b 0 H U
OMpP O DdMH ndnTTC N Mol MmcANOMonltMmpb 6 nHU
oMCc PPPT MC Py g N Mol mMmnANOovcoTlompb O HTO
OMTT®nH odnnnp N HHI Hp Oddo
OHNNOHY MpPp PT H (Y Ncld 6ddpno
OHNT ®dcy chdmcTp NHTl oM OcHDU
oHMC ®ooO pdocTm N HCl oOHANOHTYTIVDO Ob O MYy O
OHHHODTY 0o dy cho c Noly &6dyo
OHHT ®nn ndTndogo Nplmvmn ARmMDH® oO6nod
OHOO ®p @ ndpcHT N Hy |l o0 N 6HpdHl Lo NbY GHocol Lo Hb 6 M M U
OHOODPT c dhpc N H gl on AN oHeyn Vo obY 6HHepl L0 Hb 6 M M U
OHN MbOMY MT OHT MY N HNl HoANOGp HWN B Nnoo
oHNMOMmMY oddoc N ml T 0O6cdyo
ocpmMPd TN AOY MT ( D MMl My omano
Tabl eTiSelor et i c al assignments for the fundan
chal cone -2uXsf36h g+ MG6d, p) | evel of theory.
MO & X
2} @3Sy dzyo § Lw AydsS +AO0ONIGA2YIEf a2RS !1'aaA3dyyYs
mMc dc c nomnmy / HT/ Hn/ HH//HHH /OHT/OMdB/ N 00y U
HH®TT pdTtnnan /' Hn/l md/ n//oH TO/nHPO/ HoH / /HMIH /OMaMH/OH /b O ™
ocdnwm Honddhm A/ HH/ Hn/ MtpHOoOMepB/ BAHAMMP/ B Smp O
ogpdPH M cdcTOT [ Hn/ md/ n//omwmmpd/ H/ ¢ O MHD
ngpdnm M®p T MM | mc/ mo/ mobivmn bm@bOmibbiMmpOoMacOMmbb Mm
podcrT odmcTn /| Mo/ mHbwvmm/ K/ PMad obHO™OHIN /bH H/ /Hwmd/6aw/mpd/ o
/ Hd/ HT/ HNO//HHH /OHIY/OM B Mo d my b mim/ A H 1/ GHVHO/ Ul
cpPnH M®dndnn 0OMMDU



dpc PHY
MHC ®dPMC

Mnn®gpm
Mnnddpm
HAMDM D
HMp ®yn
HYH®py
onnodr

oynodnm
nMnoeT ™M

nMy ®yn

npno®HM™m
PAM®PHM
pMc dnwm
pHC ®mcC
poy ®HT
pyna®dn
pdndcH
CHCc ®dpc
cnnoyy
cnToT
cyy ®cpwm
c pp dT O
THY ®PM @
TChoyy
TTO®DN M

y ogp®pH
ynnodnm
ynconrt
yptToprT
ycTmT ®dcT

yTcdcn

nd®Honc
noeTTyy
odnpno
H®ddomo
noopyy
y PHAYH
MH®nMOpnH
ndoyn
cdyTno
pPdp dH

M®PPT HPp
My ®y ncy
MOMTY

nonmnaH
MPp MHY
nnopTyi
MH®PT YT (
Thbno
HNn ®cdnH |
PHOPTY P
MO PPN H(
Ho ®noni
poynnd
noénogno
nnodgdn(
on®doHPpN
ndncHYy
cPdPTncH

ndncHN

M®PHN H
y p®ycof
pmdccy
MOH®H D
MT ®n MYy

MT dCcyp

8 2

[ Hn/ md/ n//oH /v Hon [/ /MHH /6mm/Om dy/ N O
tbvMm/ H/ M/ ermtpbsnmb W/ vodwnno/ b/ mmhwmHbB MM/ H

/| Mo/ MHbMM/ mddwodp/thvabhpo/ b

U Hnl md/ n

[/ Hn/ HH/ HAn/l/vHy /6HTOH db/ Giorp /6HY/OH b/ 0 n

4/ MHbMM/ M HOHWCHON /BMEMO MBI A b M

U mdp/ n/ p/ mewpuHbMaHOMaH/ BHBAHGMa D/ M ¢

o6mMo0D

OMMO

omno

I mdp/ o/ p/ AHOdEMP/®B O6MNDU
I mdp/ o/ p/n omMmMU
tbMmm/ H/ M/ oA WMHbMM O6HNO

[ HP/ HT/ HNn/GadHp /6HY/OH dv/ /oHnc /6Hyn/ 0o b/ /HHPN /OHHT /0|
OmMp o
1Cop/on/ Hd 60T0O
/ m/ o/l n/ p/ o/HW/ON /boC obpH/ MoUN /BEH thmamp D cbH
/| Hy !/ on/ H d//HHc /6y /00 b/ /HHIP /O HTO/OH b/ IHEHM /OHTP/0|

OMMUOH/ HC/ HY/ on OMMU

NmMmdbp/ nibumplivb/ MO HGdgd / BH OMMU
s bMmMm/ cbmElhHB/ Mmdp/ n OmMp O
.Cop/ HYy/ Hp/ on O ML

bvmm/ c/ m/ . -Copvpiy /i dp/ on O MmO

Y/ Hn/ Hn/ HAHAM®DG/ B HOQM PHOT /BH N O M U

| MmybMm/ H/emDhbmobim/ MMHpbOHmMaOMmbb MM ¢
| MmybMm/ H/kmDlobmedb®m/ mH 0000
4 M7/ MH/ \WoMO MrpB |&wynbOm M/ H/ C

1 c/ p/ ni/owyol nB/oHM ccO/ pbY oM mO 6bvm N 0

oOMnu
| MmybMm/ H/ RmDbomodb®m/ MmH G0HO
W/ on/ Hp/ HFHBDbRO/ BAHOMYY/ bn

N Mo/ MHihHMwO OM dH H N

[ on/ Hd/ HT//HHc /6oy/00 b/ /HHY /oaum/OH dd/ H T

6mMc 0

omMno

t/ Hp/ HT/ HNEGO P MP ON B HHD O MH D
s/ Hm/ n/ HAl/ Mmp OmMMO

|l oo/ Hy/ on/IHapn /Oww/00 b/ IHYH /OWaT /OH b/ loaim /OH T/

omc O
| ¢/ c/ HbmM MO U cB H O60o0no0
N Hy loawnnEop/ on oOomMno

| T/ M/ HbMM yd nod v/l @M/HHT /bH ol ©@aip /OMHIOH B/
t/ o/ nlp 6dmMdpO

|l T/ M/ HbMmM I §dPdb MmbH OHMDU



hn pPpm
dmn dcc

PT MDA M
oy ndcH

dpy c dDhm

DpT O
MamMndn g
MAHNDT O
MAHC®cn
MNHODPPpT
Mnomodyc
MAPT Oy M
Macndpp
MMHO DYy p
MMP M®DC H
MMy ndo
MHAND®NH
MHO DY p
MHPO®CwM™
MHCT ®ccC
MHTC ®dy
MHY C ®c T
MOMT ®n p
MOHTOMD
MOONn®dn
Monm®»oc
Mopndnm
MOTO®DTC
Mnnmdonp
MO NOoODHT
MOoppoyT
Mncnom
MOyodmMy
MppnaoT
MPpPCDPHM

MPCHHC

odnocH

HdPYy oMC
PPTHO

p®dopp

neénHND
noyypn
HndonTHT
pn®pmMmp i
ypPdPmo T
pp PPy M
Mc ®nnc(
Mdpn dny p
MHODT N dyf
My ®n ocf
MMy @y H

NHH®PHY M

HN ®y N dd
PPH®PPHDP
MOAPMT M
MOT ®p MC
MHA®c oYy
pmdmMoPp )
chnynwm
HT ®HMT T
nNT PPT C 1
dhc PH N
Hy m®nnp
Mo ®dPmMpC
HcC®PHMO
MMy ®Mp p
Hp ®y HC N
op dPp mp ¢
MO M®PYy oM

HN pdy p

83

| Ho/ HAN/ HH/MHEM/OmiyWNn b S MMO
Y HH/ HNn/ MbHY Man/ B OMHD
| oH/ Hc/ Hy/looiM/OWMTO/OH B/ logio /omd/bo b/ Hyn /OH |/
omno
lomwy/Op /bc / H hd eH &t btv M HO neM (p / BY  MOVIM MVIOH
| mn/ p/ c/ H HE kH /Bl dd/mMcy/OH oM M

| oM/ HT/ Hd/logH /6T /OH b/ logio /omw/00 b/ H ¢

N Mo/ MH

oOmMp oL

l on/ Hdp/ on/ HY OHMO
l' y/ o/ m/ Hl ©/om/OH bMM MO d N/ O MM
| Mmc/ Mo/ MmHbiMmn OBMmabmibbmMMm O0mMO0O
/| Hp/ HH/ HNn/ HCc bcno
1t/ c/ p/ ni/dwyold nb 6 mc 0
i/ Hc/ Hy/ ochoaHhp®/ BT omno

| Mmn/ Mo/ MHbivmT OMmpldmMb/ MMpbObMPpOMBb MM
N Mg/ HaN@Od poLu 6tmc 0
1l oo/ Hy/! oM HPMY DLIBOMT/OHCH HY oM ME / BAPpH O MmO
11 y/ m/ ot16to/Mo0/ NMoN OMH MOO Obv N1 0
11 oo/ Hy/ oohodhR®p/ Blhomyd/ Bihboadmad/ BY
W mn/ plcil @GhpbHbOHOU
A Hp/ HH/ HMTHO AHON BIMN H b 4d wovd HE / HIGDH O K H B,
O MMU
Nn/ v bHopbwmhe OomMmMU
A MM/ MH A OvHOH OM HBOGuMid (M HB 0 M H 0
ACop/ onNMHEMHYD O MH O
N H/l c d&dwmpl Hbid Mmp b M/ H

N HY! onNEHMPH diy HMP H N HwO Hnb 0 MM U

OMMO
1l oH/ Hc/ Wy oMy o / BithbooOmpy/ BN OdMNO
1 g/ ¢/ HAlOMwP/Op /bcil g Mo b mblotTWnM)/ ob 0 MH U
Nn/ o &wmdaec bhwmmmd HbAO®mhp HBmmO

Al Hp/ HH/ HN O6NHOU
{lHo/ HA/ HH ONnNVU
U mc/ mol mip mtnd g | mc G000
N m/l o

N Hc!/ HyNHMxhH Tl domy/ OH dE 0 N

dHrMp wWwy pgd ¢ omno
omMno
{0 vman/ mol wdé mecrt mo | vmpg MEH D /MHb MM O W
U mp/ mol wih mééd mo | mgd MmOMmMD /tMHb MM O W
1t g/ c/ H

1 p/ c/ H

O6MMO

omMno
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MpcodcwMm cny ®ppn il Mmybmm/ H 6opb0
Mcnp®yH MTT®p MO NHIlc dmwprdh wWHwwhbMm/ H OMMO
MCpT ®n My n dc ¢o N on/ HPNEHHEY HNb 0 MO0
MccT dpc HMNn dcdnn N v/ o &wpwMni ®HMNO
MCTM®n nnTtdncH N HCc/ HyNAGMMoUO O6tmH O
Mcypoddhdo nnano®tT Mo N HH/ H A MEHHD M dbBY oHVgI/ 00 b 6 M a1 0
MTpc dc o00nNdPpTH N MphHMANOHCUVUOH HB 6 MU
MTTC®D®HM PHODPHANY MMT/ MH O6TYy0
onynoTp ndpTM™ N Mol Mc N ovponl M Ny GvHodbUM pb 6 M T U
ompn®dcd ndppprT N mol MmnANOpoMimch 6noo
OMT pdn ™ M®DHMC N N HHI Hp O ddu

oM®po dDmy cdonct N Mol MmpANovmontmnb 6 H U
oHnnoyo Mnadndpy Ncld o6dmo
OHMM®pH odnHMYy NHTlom 06dgodo

OHMY ®yn oddnH N Hcl oH NOHTYNl blo obY GHMIM UH ob 6 M 1 U
OHHNO®OM MPT PdH N oly 06ddo

OHHT Oy noy dmp Nplmn oeobH® O0MQU
OHOT ®nwm™m ndénnmy N Hy|l oo NOHycniblo Hb 6 MM U
OHOT ®T O HOpTpT N Hpl on o6 dmU
oHnnopy bdnnapH N HAl HoNOGclymn BOHH O
OHY H®C c dp pr N MI T 6ddo
ocon®dnH PnPT Ny ( ADMMI My o6mnnbo

Tabl éESperi ment al

11 sotraecmilcushit eds i 6)o,t rampd

calcul ated i sotropgic )mafgonreti e sRAARAPEBAQJgCH:E

B3LYP/ mMPW1P®R18MA6+G(d, p) basis set.

B3ILYR/16 ++G( mMPW1PW9-3216++G( MO XE6L1++ G

At o fgem Gitud Hptad | Qtuy Hetud Gtad  Fptey

H7 7.7 22.92 9.0394 22.7 9.1759422. 3 9.6810
H8 8.0 23.2¢& 8.674423.0 8.8027422.9 9.1596
H9 7.7 24.7¢ 7.169424.6 7.2324424. 3 7.6775
H10 8.0 23.5¢ 8.408]23. 3 8.5098423.0 8.9908
H14 2.1 30.0 1.889430.0 1.8774429. 7 2.2793
H15 2.1 29. 72 2.227%29.6 2.2153430.0 2.0108
H16 2.1 29.62 2.341]729.5 2.3482429. 4 2.5964
H23 7.7 23.8« 8.121423. 6 8.2306423. 3 8. 7155
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H25 7.8 23.7C 8.261123. 4 8.3866423.1 8.8790
H31 7.7 24.1C 7.855123.9 7.9561423.5 8.4807
H32 7.7 23.52% 8.424(23. 3 8.5014422. 8 9.2025
H33 7.1 24.4¢ 7.483{ 24. ¢ 7.5449424.0 8.0290
H34 7.1 24.5C 7.462%24. 3 7.5256424.0 7.9635
cCl1 122, 60.7¢ 123.8/66. 3 122.83751. 3 138. 31
C2 144 32.0€ 152.5138. 8 150.27123.1 166. 46
C3 131 45.4¢ 139.1750. 5 138.63035.0 154.57
cC4 132 43.87 140.7450. 8 138.34934.1 155. 47
C5 131 47.5t 137.0152. 8 136. 307 36. 8 152. 80
cCé6 122, 60.87 123.7466. 3 122. 77851.9 137.67
ci2172 6.10: 178.5]12.6 176. 481 -2. 22 191. 86
C19190 -9.16 193.7({-2. 41 191.588 -22.9. 212.5
c20120 61.17 123.4466. 2 122.92149.9 139. 65
C22144 30.61 154.0]35. 4 153.75419. 4 170. 19
cC24133] 45.7C 138.9]52.9 136.22537.0 152. 63
C26131 49. 42 135.1454.5 134.58239. 2 150. 42
C27131 40. 32 144.2445.7 143.43829. 8 159. 83
C28116| 61. 11 123.566. 3 122.78251. 9 137.70
C29116] 61.81 122.8(67.0 122.12652. 3 137. 26
C30164, 8.54( 176.07]16. 2 172.968 2. 56 187. 07

Tabl eCaSlécul ated the dipole monlemnd)n thehto

di pol e ‘mogmernthe( polUX hiez a@ wit lail t ipeod a( i zabot ity

the urea and the PAAPFBA mod3 Eru+@Gdup) nigev énl
B3LY mMPW1PW! MO& X B3ILYPmMPW1PW MO&X
(Ur e (Urea (Ure (PAAPF (PAAPF ( PAAPF

‘* (Deby -0.70 -0.683 -0.75 -0.632 -0.655 -1.03¢

‘ (Deby 2. 29 2.294 2. 27 -7. 831 -7.809 -7.54¢

‘ (Deby 5. 07 5.073 5.02 0.281 0. 326 0. 836

5.61 5.609 5.56 7. 862 7. 844 7. 663

| (a.y 30. 2 29.21 28. 6 544.7 523. 2 461. 3
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| (a.uy 45.9 44.38 43.4, 303.9 296. 6 288. 7
| (a.u 47.5 46. 09 45. 3 176.1 172.5 175. 7
| (a.y -3.25 -3.13% -3.14 93.64 89. 81 80. 3C
| (a.y -0.54 -0.51« -0.54 -6.098 -6.29¢ -3.51

| (a.y 1. 27 1.323 1.49 5. 97! 5.861 3.49:
| (a.y 41. 2 39.89 39.1 341. 5 330. 8 308. 5
3 (a.Uu17.65 17.1617.072 362.38 345. 3! 285. 4

Tabl & Ca&T cul ated hyperpol arifzdmirluttieee samddt
PAAPFBA mabkeéeaoagl| ebe DRTL 1ImettGy(odd sp )atl evel s of

B3LYI MPWLIPW{MO®X B3LYPmMPWLPW MO® X
(Ure (Urea (Ure (PAAPEF (PAAPF ( PAAPF

r (a.u 25.3« 22.94 24.7 188.7 -37.90 -408.1
I (a.u 2.88. 0.438:-1.54 -290.0 -251.6 -152.1
r (a.uy-0.237 -1.108-2.18 176.6 146. 4 63. 27
I (a.u120.¢ 116.9 128. -37.3%7 51.02 -16.40
a.u -114. -108. 7 -108.] 251. 8 228.1 164. 0
a.u-22.6 -20.36 -19. 2] 5046. 4583. 3327.
a.u-19.6 -16.810.74] 48. 93 42.09 39. 08
a.u-41.9 -36. 76 -33.3 469. 3 372.1 122.9
a.u31.2¢« 30.38 37.0|] 41.64 -37.21 -16.94
a.u 14.0: 14.21 15. 4 1134. 1036. 783.9
(x %l 0sul 3.82¢t 2.973 1.85 456 . 4 412.7 303. 5

Tabl eC&l8cul ated the dipole monfeminhd)n thehto
di pol e ‘mgmenthe( poUMdriez & titlailt|ipe)d amidz a thiel iptay
@J or the PAAPFBA mol ecs | € 6BAMSsYiPiBBJ OPBO® 7RPYT me
at-3b1++G(d, p) Il evels of theory.
CAMB3LY LGBLYP 71B97XI
(PAAPFI ( PAAPF ( PAAPF

‘* (Deby 0p.988 -1.188 -0.942
“ (Deby g8 552 8.573 -8.491
‘* (Deby p.193 0.222 0.183
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(Deby 8.611 8.657 8.545
(a. 4y 487.5 442.6¢ 484.5
- (a. U4 296.1 286.8. 296.5
l(a. 4 171.8 166.0: 172.8
(a. 4y g81.09 71.81 80.08
| (a.{ -5.15¢ -3.446 -5.06"
l(a. Y 5.917 5.910 5.895
| (a.y 318.5 298.5( 317.9
s (a. U 309.5 270.7¢ 305. 4

TablieCal9%c ul ated hyperpol arfizabithei BAARBRBATLI
using t he (DFFABI3nNeYtPRBOLACPBI 7 XaDt}3 b1 ++G(d, p) | evel
CAMB3LY LGBLYP 71B97XI
(PAAPFI ( PAAPF ( PAAPF
f (a.u 587.7( 624.7 -642.3
f (a.uy -191.7! -123.7 -177. 4
T (a.u 81.12+ 45. 41 71. 42
I (a.u -48.62 -71.15 52.47

i (a.u 189.7¢ 151.0!' 183.0
i (a.d 3770.3 2940.4 3611. ¢
i (a.u 20.99' 6.543 16.46
i (a.u 171.5:z 88.56 144.4
i (a.d 26.22 -13.62 -23.009
i (a.u 854.0¢ 674.8( 818.0

I(x %lsu 343.5€¢€ 268.0( 329. 8

Tabl aC8MMPputed rati o bet ween -22Xh emeBt3nLordPs nmePrindl Pi
separ at e(dC A3 LhYORdBSL CPB9 7 XdDt-3 b1 ++G(d, p) fevwel s
the PAAPFBA mol ecul e.

“ (Deby | (a.u 3 (a.uft (x 310su
CAMB3LYP
B3LYP M®Pnadp nodgoH ndypo NO®T pPpHI

mP W1 P WY M®dn T nodgcH noy gc nody oH
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MO & X | M®PMH O MPnoH MPnyn MPMO M
LCBLYP

B3LYP M®PMAM noyTo noTnc neépyTHt

mP W1 P W¢ M®Pmno neodnH noTyn nodcn g

MO & X M®PMH nogerT nogny noyyol
1 B97 XD

B3LYP M®dnyc nodgon nedéynH NOT HHY

mP W1 P W¢ My o nodge m noyyn noT gt

MO & X M®PMMPp M®nion MPnI TN M®Pny c(

Tabl eeCa@alul ated

guant um

reactivity

descrip

DFT met hods (B3LYRXNZWPWLIPMOG( MO ®) evels of
Quantum reacti v B3LYP mP W1 P W9 ] MO & X
HOMOO ( / eV) 6. 5833 6.8129 7. 8500
LUMGOO (/ eV) -2.6800 -2.5336 -1. 7355
Ener gy Y&@Gape ) 3.90323 4.279209 6.11444
|l oni zation Pot ¢ 6. 58330 6.81296 7.85000
El ectron Affin 2.6800°" 2.53367 1. 73555
El ectr onelgeaM)i v 4. 63168 4.6733: 4. 79277
El ectronic Che'rthied 4. 6316 4. 6733 4. 7927
Gl obal Hal/red\Wh)e s 1.95161 2.139614 3.05722
Gl obal Sof+tnes 0.51239 0.46736 0.327009
El ectrophi(dB V)t 5.496009 5.10362 3.75679
Nucl eophi |-l eyt y 0.18194 0.19593 0.26618
El ectric Dipole 341.586 330.81¢ 308.592
Tabl eéCé8h@densed Fukui functions calcul ated
PAAPFBA mol ecul e.
B3LYP mP W1 P W9 1 MO & X
At o Q Q Q Q Q Q Q Q Q
[ M| m®nH mdan mdPnomdam mdPnp mdno|lmdnm mdnTtT mdnani
[ Him®dPno mdnp mdPann mdPno mdnp mdan mdPno mdny mdnp
[l olm®dno mdno mdPno mPdPno mdPno mdPnol mdno mdnan mdnni
I nimdnm mdnc mPnomdam mdnt mdanmdnanm mdPmn mdnc

k
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Tabl eirCal12ul ated | ocal reactivity descripto
311++G(d, p) basis set
B3LYP

At ol - — - i i i T ] 1
I M| mono mony: mdnc| md®anms mO®aH mPam{ mPMMS MPHPO MPMY N
/ H montT mdnd mbdny | mdamy mOPAHf MmMPAH| MOPMPc MPHTT mMmDPHOY
I o menT | mdacr mePnTtT| mPaAMc MPAMC MPAM) MPHME MPMYH mMPMPT
/' n m®dno mMPMHN MPAT| mPanny mPdPnon m>PaH mdndgpr mdonm mDPHMY
I p mdnp moénpc mednp] medamg mdamg medéam| mdPmcr mdPmcy mdDMcC [
l'c| monni mbnyr mdnc{ mdams mPanHEr mPamM{ MmMPMMT MPHOT MPMT T
| T | monn: modnoc mdno| mdnng mdnanms mdnan mdnc: MmMOPMMH mdPnyy
'Y | monne monoc monn| mdamn mdanc md®amM| MOMHC MOMANO mMDOMMC
(¢4 m®nH| mdnanns mdno| mdnannc mdPnanms meénn) mdPanT N MmMPMMO ™mMPA P
) monHY md®nor mdno] mdnanT medanny mdnann] mednysr mdndhpn mdnyg
b mn mdnmy mdmMAr mdnc| med®anr mePAHT MmPamM| mPapr MPHY d MOMT s
I MH monn modnany mdno| mdnat mdamr mdam] mdPnyr modmop mdPmnac
I MQ monne moamTt modnm| mdant moéanr mdnn{ mOAHT mdnnd mdnoy
| MM monnc moamr mdnn|{ modnnn mdnnc mdnn| mdam1 m®dnop mPNHC
| Mg monn monmt modam|{ modnnt mdnar mdnn{ mENHT mdnpn mdnoy
| MC monn modnamy mdamy mdnar mdaar mednanny mPnH1T mdapn mdPnoc
hMT mono mondpc mdPnc|y mdPnnanc MmMPAHE MPAM] MPMAC MPHTM MPMY T
| MY monmi monny modnH modnnc mdams mdnn| mdans mOEMMT monTy
I mq meémMdp) mPanonrN mPMM| MmPApr mMmPan mPno|, mPpp1T MPAyT ™WMPOHE
| HJ momMmMy mOMHN MmOvMM| mdnon mdno mdno| mdoor mdonH mdooOT
hHN moHH mobonp modmo] mdnpy mdPamr mdPno( mPcHC MmPmpp ™M DPo PN
I HH mom@pr mdPnyc medmMmo| mdnps mPaHN mPno( mPpnr mPHon mPoyy
e mednpr mdnor mean| mePamMc mePaanc meam| mdémnr mMmPAPT WMPMH N
I HIl monn: monrtr mdnpl mdams mdPamc mPam| mAPMMT MPHANY mMmDPMC C
| Hg mont( modnoc m®dnp)y mPnHs mPannc mPamMm| MPHMC MPMAM MPMpPC
/| HO mont modncn mdnc| mdanm modamc mdnm] MmOHAT mMOMT H mdmy c
I HT monc- modncr mdnc|{ mdnmt mdam mdam medmprN MPEMY M TMDEPMY C
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I HY monne monpsr moénn{ mdamn mdAMc mdAmM| MOPMHF mdMNM mOMO +
| HO monn| monpc mednn|{ mdamn mdamMr md®amM|{ mMOMH' mPMpM mOMN J
I o7 mbnTty mdanyc medny| mePaH. MPAHE MPAH| MPHHN MPHNON 1M PHOLE
| ON mono« mdnos mdno| modnn: moénny md®nn| medndhc mdnyc mdnds
| OH modnor mdnuH mPno| mdnn mdanatT mdnn mongptr meNTT MOy
| O monH mPAHy MPAH| mPance md®nn mdnn] mdAT MENTE MONTC
l O monu: mPnHcec mdaH| mdnnT mdnnT mdnn]l mANT C mPAyH mMmMPATC
COfl monni monpc mdnp| mdamn mdamg mPamM|{ MPMHE mMPMcT mdMnNC

Tabl ei 6alhcul at ed | ocal reactivity descriop

mP W1 PW®B11/16+ +G(d, p) basis set

mP W1 P W9 1

At o] - — - i i i 1 1 1
/'™ ©0.04: 0.21212C-0.07} 0.00¢ -0.02¢2-0.012} 0.20C -0.263 -0.181
I'H| 0.07 -0.12:-0.09| -0.01¢ -0.02¢-0.02| 0.182 0.292 0.23¢
/o -0.08 -0.077%-0.08 -0.01 -0.01 0.01f -0.19¢ -0.185 -0.109:
/I'm| 0.03. 0.152-0.09| 0.007 -0.03%2-0.02 -0. 08 -0.364 0. 22¢
/p -0.06 0.071-0.06| 0.01: 0.01t-0.01y 0.125C -0.171 -0.16C¢
/' ¢l 0.04. 0.10¢-0.07| 0.00¢ -0.02% -0.01] 0. 10t -0.254 -0.18¢
' T| 0.02. 0.04¢-0.03| -0.00¢ -0.01C-0.00| 0.057 0.114 -0.08
'Y | 0.041 0.042 0.04/ -0.01C -0.00¢-0.00| 0.111 -0.102 -0.107
(s 0.02 0.04¢-0.03|, 0.00t-0.02C-0.00f( 0.06¢ -0.117 -0.0091
| M7 0. 03. 0.03¢-0.03| -0.00€¢€ -0.00¢ 0.00| -0.07% 0.092 -0.08¢
bMN 0. 01 0.13 -0.07 -0.002 0.02¢-0.01| 0.047 -0.311 -0.17¢
/M|'-0.031-O.05E-0.04‘ -0.00 -0.02122-0.00| 0.072z -0.1239 -0.10¢
/' Md 0. 00' -0.021 -0.01] -0.00Z 0.00<-0.00| 0.02% -0.051 -0.037
l Mn 0. 00 -0.01¢ -0.01 -0.001 -0.00% -0.00/ 0.01% -0.036 -0.02¢
|l Mg 0.00' -0.027-0.01| -0.00z -0.00<-0.00| -0.02% 0.052 -0.037
| Md 0.01(-0.021-0.01| -0.00z -0.00. 0.00| 0.02¢2 0.052 -0.03¢
hMT-O.OS:-O.llE-O.O? -0.00¢ 0.02¢-0.012f -0.091 -0.284 -0.18":
| MY 0. 01! 0.0517-0.03| 0.00% -0.011-0.00| -0.03€ -0.122 -0.07¢
/MC-0.221-O.031-0.12 -0.04¢ 0.00€¢€-0.02| -0.53: -0.075 -0.30¢




~ ~ ~ ~ ~ -

HJ 0.13: 0.112-0.12| -0.02¢ -0.02¢2-0.02| 0.31¢ -0.267 -0.29:
HM 0.25 0.05 -0.15| 0.05¢ -0.012-0.03| -0.597 -0.13¢& -0.361

HH 0.21¢ 0.082-0.15|] -0.047 -0.01 -0.03| -0.51

"
'
o

. 200 -0.35¢

HO 0.05 -0.03 -0.04|] -0.01

NA
|
o

.007-0.00] 0.13% -0.078 -0.10

HI 0. 04. -0.067-0.05| -0.00

[Za)
|
o

.01¢24-0.01] -0.10¢ -0.160 -0.13:

HE -0.08 -0.03

rm
1
o

.06 -0.01¢ -0.007-0.01| -0.20 -0.085 -0.14¢:
H4 0.08(-0.057-0.06[-0.017 -0.012z -0.01 -0.191 -0.136 -0.16¢
HTl o0.07. 0.06C(-0.06[-0.01€¢€ 0.01%-0.01{ -0.17¢ 0.144 0.16
HY 0.041 -0.04€¢-0.04 -0.01C -0.01C-0.01| -0.111 -0.109 -0.11¢

HO 0.04¢ 0.04¢-0.04| 0.01" -0.01 -0.01] -0.11

e
1
o

. 117 0. 11¢€
0/l 0o.08'-0.0817-0.08-0.01¢ -0.017-0.01| -0.20« -0.193 0.109¢

ONM 0.03! -0.02¢-0.03| 0.007 -0.00¢€¢-0.00| -0.08

rm
'
o

.068 -0.077

OH 0.03 -0.02

rm
|
o

.03 0.00¢ -0.00¢-0.00( -0.08

I7a)
|
o

. 060 -0.07¢

04 0.02¢: 0.02

rm
1
o

.02| -0.00€¢€ -0.00f -0.00/ 0.067 -0.061 -0.06:¢
on o0.02¢ 0.02¢ -0.02| -0.00 -0.00f-0.00| -0.06¢ -0.063 -0.06¢

Cof.0.04:-0.05¢-0.05|/-0.01C -0.011-0.01| 0.11% -0.129 -0.12%

Tabl eéeCalsul ated | ocal reactivity deg2Xriiépt or
311++G(d, p) basis set

MO & X

At o - — - i i i 1 1 1

M| 0.05¢«-0.21 0.13¢ -0.00:-0.02 -0.014-0.06 -0.26¢'-0.16

H| -0.101-0.24 -0.17

Al
1
o

.01¢-0.02 -0.01¢§ 0.122Z2 -0.30"-0.21
.11¢0.124 0.122% 0.01:-0.01 -0.01-0.23 0.17t-0.15
ny-o0.042-0.33 0.18¢§ -0.00«4-0.03 -0.02¢(-0.05 -0.41¢-0.23

p| 0.08:¢0.2122 0.10% -0.00 -0.0121 0.01{0.10 0.15¢-0.13

-~ -~ ~ ~ -~ -~
o
1
o

c| 0.05¢4-0.25 0.15y 0.00¢:-0.02 0.01|-0.06 -0.31:-0.18

_‘
)

.0817-0.09 0.06§ 0.00 0.01 -0.00,0.03 0.122° -0.07
Iy -0.06 0.08 0.074 0.00¢6-0.00 -0.00(0.07 0.10:-0.08
|l | 0.03«-0.120 -0.07(¢ -0.00:-0.01 -0.007-0.04 -0.13(-0.08
|l m7q 0.04tr0.07 -0.06(¢ -0.00<-0.00 -0.00¢-0.05 -0.09:-0.07

bmN -0.02¢-0.29 -0.164 -0.00:-0.03 -0.017-0.03 -0.36" -0.19




/ My 0.03:-0.112 -0.071-0.00:-0.01 -0.00717-0.03 -0.13 -0.08
/ Mmqg 0.01:-0.04 0.02%7 -0.00:-0.00 -0.00J-0.01 -0.05:-0.03
| Mmn 0.00 0.03 -0.021 -0.00C(-0.00 -0.002-0.01-0.04:-0.02
|l mg 0.01 0.0« -0.02(-0.00:.-0.00 -0.002-0.01 -0.05:-0.03
|l Mg 0.01(-0.04 -0.02¢ -0.00:-0.00 -0.002-0.01 -0.05:-0.03
hmtm 0.04¢-0.24 -0.145 -0.00¢-0.02 -0.015-0.05 -0.30:-0.17
|l My 0.01¢-0.11 -0.06¢ -0.00:-0.01 -0.007-0.02 -0.13¢-0.08
/ Mg 0.34:-0.05 -0.19§4 0.03¢-0.00 -0.0271-0.42 -0.06 -0.24
/ H7) 0.19 0.00 0.104 -0.02:-0.00 -0.01[-0.24 -0.01: -0.12
hwN -0.38:2:-0.14 -0.263 -0.04(-0.01 -0.024-0.47 -0.17(-0.32
/| HH -0.33¢-0.05 -0.19{ -0.03¢-0.00 -0.021-0.41 -0.07(-0.2%4
|l Hg 0.08¢-0.01 -0.054 -0.00¢-0.00 -0.00[-0.10 -0.01¢-0.06
/ HTl -0.06(-0.00 0.034-0.00¢-0.00 -0.003-0.07 -0.00 -0.04
|l Hg 0.13:-0.02 -0.074 -0.01<-0.00 -0.00§-0.16 -0.03(-0.009
/ Hq 0.11¢-0.01 0.06§ -0.01:-0.00 -0.007-0.14 -0.01¢( -0.08
/[ H1 0.1207-0.01 -0.062 -0.017 -0.00 -0.00¢-0.13 -0.02:-0.07
/| HY 0.064-0.01 -0.03|-0.00¢-0.00 -0.004-0.07 -0.01: -0.04
/ Hg -0.06f-0.01 -0.03§ -0.007-0.00 -0.004-0.08 -0.01:-0.04
/ong0.12:2-0.02 -0.071-0.01:-0.00 -0.0071-0.15 -0.02«-0.08
l oy 0.057-0.00 -0.03¢ -0.00¢:-0.00 -0.003-0.06 -0.01(-0.03
|l oy 0.05<-0.00 -0.03¢ -0.00:-0.00 -0.003-0.06 -0.00 -0.03
|l og 0.03¢-0.00 -0.024 -0.00-0.00 -0.0042-0.04 -0.00{(-0.02
l on 0.03¢-0.00 -0.029 -0.00<-0.00 -0.002-0.04 -0.00¢-0.02
Cog 0.06:-0.01 -0.03|-0.007-0.00 -0.004-0.08 -0.01:-0.04
Tabl eiCal@ul at ead) tahnechubtuhadpen@ driept or st hbe PAAP
chal cone.
B3LYP mP W1 P W9 1 MO & X
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CognodnntndannNn®nnH ndaml mdPnm mdPnc

Tabl ee Na1Tr al Bond Orbital ( NB Ga)c creepstud rt st roaf n

and theorgdeaconpderturbation theory analysis
chal cone usi-3iglt+ve@( B3L)YPh&Hsi s set .

Ty pe Donor Typ¢ Accept 30 (kc.mdbl O O (a. O (a.
CilC2 " F ClC3 2.6 1.28 0. 05.

B Cil-C3 T F C2C6 23. 2 0. 27 0. 07
} ClC3 T F C4C5 17.03 0.28 0. 06
B C2C6 T F ClC3 15. 38 0.29 0. 06
} C2C6 T F C4C5 24 . 3 0.29 0. 07
B C4C5 T F ClC3 20. 99 0.29 0.07
B C4C5 " F C2C6 18. 65 0. 27 0. 06.
B C4C5 T F Cl19021 20. 97 0. 27 0. 06"
C4C19 W, F C20 1.32 1.65 0. 04
C4C19 W, F 021 0. 8 1. 46 0.03
C4C19 F ClC3 2. 22 1. 23 0. 04
C4C19 " F cl9o9C20 0.86 1.009 0. 02:
C4C19 T F Cl19021 1.19 1.21 0. 03.
C4C19 T F C20C22 1.61 1.28 0. 04
C5C6 " F C2C6 3.07 1. 26 0. 05
C5C6 T F C2N11 3. 1.13 0. 05
C5C6 " F C4C5 3.25 1. 28 0. 05
C5C6 T F C4C19 3.214 1.14 0. 05
C5C6 " F C5H10 1.02 1.16 0.03
C5C6 “F C6H9 1.21 1.15 0. 03:
N14H1 8 T F ClC2 4. 16 1. 21 0. 06.
N14H1 8 " F Cl12017 4.59 1. 25 0. 06
C12017 T F N14H1 8 1.13 1. 46 0.03
C12017 T F Cl12C13 1. 1. 44 0. 03

B Cl12017 T F Cl12017 0. 86 0. 38 0. 01
Cl3H114 " F N14C1 2 0.58 0. 96 0. 02




— ~—— r~— o~ e

Cl3H1
Cl3H1
Cl3H1
Cl3H1
Cl3H1
Cl19C2
C1902
C1902
C1902
C20C2
C240C2
C20H2
C20H2
C20H2
C22H2
C22H2
C22H2
C22H2
C24C2
C24C2
C26C2
C29C3
C29C3
C30OF 3

N11

N11

017

017

o17

021

021

. . . s . s . s s . . . s
-n -n -n -n -n -n -n | -n -n -n -n -n -n -n -n -n -n -n -n -n - -n - -n -n

Cl12017
N141C1 2
Cl12017
N141C1 2
Cl12017
C22C24
C4C5
C4C5
C20C2
C1902
C24C2
C1902
C20C22
C22H25
cCl19C20
c20C22
C20H2 3
C24C26
c20C22
C26C28
C24C27
c24C27
cC26C28
C284H43 3
C2-C6
Cl12017
Cl2
N14C1 2
Cl12C13
Cl9
C4C19

4. 78
2.06
4. 18
1.56
5.07
3.93
1. 33
4. 35
3.55
21. 72
11.55
3. 88
1.59
4. 35
0.6

1.27
5.49
4. 88
17.65
20. 65
17. 33
21. 34
17. 32
1.58
35. 2
59. 71
16. 55
24 .48
17.49
13. 3
18.09
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[EEN

. 95
. 51
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. 02
. 03.
. 06
. 06!
. 06"
. 06"
. 06
.07
. 06
. 08.
.09
.11
.15
.11
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.13
.10



[t ¢ 021 T F ci19C20 18.19 0.7 0. 10

" F C2C6 " F CilCs3 186. 4 0.01 0.08

T F C19021 " F C4C5 196. 4 0.01 0. 07

" F C19021 " F cC20C22 52.58 0.02 0. 07:
Tabl e Nat1&r al Bond Orbital ( NB ®Gac creepstud rt st roaf n

and

t heordeaconpder turbation

theory

anal ysi s

chal cone using-3tthe+@PWLIPWODAGBI S set.
Type Donor Type Accepi30(kcmbdbl ©O O (a. "Of (a.
ClcC2 F CilC3 HPT M®Po H nonpi
) ClC2 F ClH7Y M®PMY M®PH M nonoil
ClC2 F C2C6 noH M®PH D nonc
) cilcCs3 " F C2C6 Hp @ m noH o nonrt-
) ClC3 T F C4C5 My ®HY noo ndénc-
) C2C6 T F ClC3 Mc ®n o noom nonc|
) C2C6 T F C4C5 HC ®no noo nony
) C4C5 T F ClC3 HH®CoO noo noenT
} C4C5 " F C2C6 MPDPT p noH nonc)
) C4C5 T F C19021 HM®T p noH o nenT«
C4C19 F ClC3 H®PHD M®PHT nonny
C4C19 F C3CH4 Hdo M®H N nonny
C4C19 F C4C5 Hdnp M®H C nonp
C5C6 F C2C6 0O PHT M ®o nonp)
C5C6o F C2N11 o®dcp MOPMT nonp
N14H1 8 W, F c2 M®Py o H®PmMO nonp
N14H1 8 W, F Cl2 Mdn g HOPpT nonp)
N14H1 8 T F Cl-C2 ndo M®PHPp nonec
N14H1 8 " F Cl12017 naeoTH M ®o noenrt
Cl3H14 W, F Cl2 noTH H®nH ndéno-
Cl3H14 " F N14C1 2 nocp M ndnH
Cl3H14 " F C12017 nodgr M®MnN nonc-
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[ ©© ML 021 W, F C1l9 Mo ®nn mdc p no®mMo «
[t O 021 T F C4C19 MpPny noTo nomn
[t O 021 T F cl19C20 MGPDPH p noTn nomn
[t ¢ F35 W, F C30 y ®m H®HC nNO®MH I
" F C2C6 T F ClC3 Mdo Pt nonH nony
T F Cl19021 T F C20C22 pddno nonH nonT |
T F cC24C27 T F cC20C22 ynaoyo nonH nonc
Tabl e Na1@&r al Bond Orbital ( NB Ga)c creepstud rt st roaf n

and theorgdeaconpderturbation theory analysis
chal cone u2KBaltth&s(MOQGBp) basi s set .

Type Donor Type Accepi3O(kcmbl) O O (a. O (a.:
ClC3 T F ClC2 odnp M ®n nonct
ClC3 " F CLH7 M®pp M®o H nonana
ClCs3 T F C2N11 nodpdog M®PHT noenTa
Cil-C3 T F C3C4 nomMmm M®Po P noncy

) ClC2 T F C3CH4 op dTC n®oc noemMmna

) ClC2 T F C5C6 HO ®M M nooc nonyc
C2C6 T F ClC2 nonp M ®n noenTa
C2C6 " F CLH7 H®OT M®o o nonp
C2C6 T F C2N11 M®PH O M®PHT nonor
C2C6 T F C5C6 odoc M®dno nonct
C2C6 " F C5H10 H®o0oO M®Po M ndnnec
C2C6 T F C6HO9 VRORY: M®PH nonor
C2C6 T F N141C1 2 o®doc MDPH ¢ ndnc

) C3C4 " F ClC2 Hp ®nwm noon nonyc

) C3C4 " F C5C6 om®dnn nodop nonohr

) C3C4 " F Cl1921 HMOT b ndooc nonyc
C4C5 T F C3C4 ndco M®Po P noenTr
C4C5 " F C3HS8 H®pC M®POo M nonpt
C4C5 " F C4C19 M®Pdhp M®HT nonnyg
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RESUMO
A emerg°ncia sanit8§diCaOVdHDY adastpieda P abds ma
cient2ficas para npetliagadoeons- ad aan oki fcearuesnatdeoss
doen-a causada pedoc¥ jc&trionngaivi? r2uls6, pSaARsSes/ t er
20 mil h»es depopetssoadasocam a infec-«o. De s
Di ante dassitaa®gobas envolvendo o desenvolyv
S«0 extremamente i mportantes. O presente t|
mol eculaar i ndser gde miedsHjdle s cdiacceo na com al vos e
estruturatCeX¥ de BARSa ACE2 do hospedeir o, (
faci lastssinmho entrada nas c¢c®lelcmwse, Peom traeslt - «a
das chalconas com a protea(seN BEM uiopalf e Mp
(feni-Rgflpmnalp) acetamida (PAAPF) tem potenci
gue o0 inibidor natural FJC pormr nmei«om de fdarats
| i ga-»es de h i-(daf ¢ @3 )f iedr(i fleerptn rkep vl-Bln a] ) acet al
(PAAB) e 0 het-M3PHG mmetoi INtSPPdrmsf er Asechalmb®m
N-(@&d ( 2E()4net oxilf(dreimhi R-pfl-orn] ) acet ami da@d (REAPM
-3-(4toxilf(efnrani)pg-pmap) acetamida (PAAPE) mos
forte icoteer@ar&«toe? AaciS®&NKEn(@BEM i met i | ami nof e
(fepi®Rpflona] ) acetamieae( MAARATr afoi hiodpea ec

humamaomst rfaonrdoe s Vv ind elrdaeg ahe«or oy ;msd or esul t ados

ad-acetacrhiadason bem a intera-«o do v2rus com
l i ga-«o ° prote?2na ACE2 ou SPI KE, provavel
di sso, as chal conas apresentam afinidade

traducionandp hateepkica-«o viral

Pal axha€kal cbhohaknmlgecul ar, SPI KE, ACE2.
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ABSTRACT

The sanitary emergency gefdratiendstbyathkes pi
scientific strategies to midigadeeenhesedamag
The disease caused -boy¥ t hreexoho®d a2l 6 usq u IStArRIS
about 20 million people were reported with
view of t he si todartiingn ,t het rdaetveeglioepsmeinrtv o f n
extremely important. ,Thteh rporuegshe nmo |lwvweocrukd ae v adl
i nteracit-aoeasamifddchal cones with enzyCmnatic a
and with thehholsti s AEEBgnized by the viru
Therefore, it was observed that, regarding
( Mpr o) , t h-ed[chZBE XM d ue o N @ i e In y2e)flpor noep] ) acet al
( PAAPFmas the potential for coupling in the
stronogg ennydoronding. The formation o{4f®AE¥PTLTT
( phenh(yphemry®ps-one] ) acet ami de (NSAPAIBG r haealtid meé h «
met hyl transferasdgq 4w@f Enat Is ®x yrpbghtedndy.n Y2e)slp r o p

onel]) acet ami deg 4( PHA® Mh o xayqdh phh g h ¥2e)ripor noep] )
acetamide (PAAPE) chal cones showedo fatt hlee aSspPt

protei-04[ (32NE) met i | a mi-(npohpelpeyr@yplil}jo ne ] ) acet al
( PAPA) chalcone had a better affinity with A
our resul t ¢ -ascueg gaensitd etcthaatl c4rraecs i iomh iolf i tt hteh ev i
cells through binding to ACE2sorer &kl Kbhppdot
addition, chal cones have an -tarfdnsalidgtyi ofnoarl i

interfering with viral replication.

Keyow dCshal cone, Mol ecul ar Docking, SPIKE, AC
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1l ntroducti on

The health proble#th9cpanadembhy tclaem OG@VIME as
of cases and deaths confirmed by the disea
observed, with the collapse of thkheildaalktthg$
by a new cor-€on&Zyi,ruahe( AR ophlyds iiosl olgiyt tolfe &K
there is no speciffkt, 2featment for the dise

The search for new candidates for antivi:
with the discovery of molecular targets, th
of new bioactives substanceen WAsbdgi numbers
antiviral drugs. Despite the great|[ pPrbogrebs
sense, strategies involving the devel opment

considered.

Chal conesybwkkmsamnu rasst ed i k2pyroonpdesmet L, 8r e a
f naturally occurring compoluthnedys chaenl doreg iobd &

tural sources or by synthesis, an[d3]JafTleewi

» O S o

a

oubl e connection t oget herre swiotnhgiichaleebofmoytd i @lr
ctivities such as a-nnfibammat bpal,h [adn]da na nitoixp a
Antiviral properties of <chalcones have b
human r hii ®md VAinrtu svalgbali t st calkalecsones containi ng

9
a

-~

oups, confirm that the activity is depend

-

omatic r[iTMmgportSanitmsa recent study the e

hydr oxyecshalncdonsynt hetic cur cumi noiindsyiatgrad ns-

Therefore, in this work, for the first t|
by the Mol ecular Docking to characterize th
Mpr o, met hyl transferase, t he SPonKEenearngdy AaC

di stance of the compounds and the target pr
2Mat eri al and met hods

2.1Chalcones

Using the methodol ogi cal -Sgrhimn dihplre acft i YV
medi uni)8] chal cones wer e synt hesi zed f
4-ami noacetophenone, both at a concentratio

volumetric flask (25 mL), to which 5 mL of
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adding the ethanol solution, t48e hmiux tsu r(east
temperatushexan&@€bL Ce(hyl acetate, 2 . 1) was
reaction. After 48 h, the reaction mixture
added. The products weorne toebcthaniingeude uusnidnegr trt

washing with cold water and r earcydtaani Idiexatl i
(b)) (Figure 1), the aamtygbdtadl oonasaC?i onmo
anhydride (2 mmol()5 imlL )b wftf eorHe & e dDi wrj ©9h Ac C

(0] ) (0]
A, A, o
H
1 2 3

o 3 o
0 0 g 0 %
270 Y0
)J\N N T/ )J\N OCH,CH;
L -
4 6

Fig. Stlructur al reghas ednaRsA (BN PAMRBPRE READ M (
PAACSHE (PAKPAPAAPE.

From the data available hntipobke/ dawabtalses b
structures of the following tsaer gCe@VIA D Mpe o h:
NSPN&EP10 -GARS SPI KE, and ACE2. Then, the pr
by removing al/l residues and adding polar |
for molecular dockingl9 ThparN@)i lempt off ¢ 2sle | G
as AThe crystall%tmaiicn upreotodasCOVilrD compl e x

I D: 6LU7). The structure of this enzyme is
of 2.16 |, d ertaeyrf mdia wof ¢\ilad fure®nfr r Xe-é¢a | We 2Wdr, k :R 0.
Val ue Observed: 0.204), c H a sksei fcioerdo naasv i wiursa |

EscheriBh2a2h CDE3) expt@lssion system

The enzyme structure of the -MBPHhOI-SARSS
Co¥ heterodi mer, was identified in the r1ep
Structur eNSPfLONFRIIGErodi-Ghe¥ mno@oBARSEX with
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(PDB WKQ) .6 The structure was deposited in t
1.98 j, det errany nddf fffaabomei Xofr e(dRa | e 1801 k:R O
classified as viral protein, severe aaoaut e
systEemher i Blh2h (dHExskc3h)er i BIh2[H.1dol i

The structures of the SPIKE protein anc
repository as fACr-¢e¥als psekpetbarrtecr g ol o AR b
ACE20 (PDB | D: 6 MOJ) . The structures were
resolution of 2. 4r5ay ,didfefVred ameindEmd e @& | oude 2Eo7r, k
0. 1923l Re Observed: i0r.all9 4p)r,o tcel ians/shiyfd reodl aasse ,v
severe acute respiratory syndrome corlo2navir

22Mol ecul ar docking

The interaction simulations between the
using AutoDock Vina cedhyg Mmudrnsitoimehdling), L
Al gor[ilt3hmhe docking parameters: grid box si

the proteins are given in Table S1 (Supplen
fit all the protein in thedsiimultahe omnelf®ct is
positions. As a standard procedure, one hun
for all the target proteins, and it was obt

simul ations ithhrmg wihtolwefdr g@®)sblit éld dw ¢ b indpy (
RMSD (Root Mean Square Deviation)][ 1lviad rue s

anal yzed.

For trsesanal ysi s, i mage plot«iomgtrgndiapge
Di scovery StludGjod VUGSRIChéméesa wer dousestat
anal ysi s, the MorpheusE online server (ht1
used, in which heat maps wesedgenenaeedct oo
profiles by the|[R8&rson statistical t est

Based on observations of the interactic

hydrogen bonds were plotted and classified
with distances between 2.5 and 3.1 as str
we d kL.9 ]
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3Resul t s

3.1lInteraction between théNjicetamidechalconesolecules and the Main protease (Mpro)

The positions shown inthegsreulAtwens ob
INpcet ami dechal cones with Mpro by molecul ar
noted that the PAAPF interacted with the en
PAAB interactseid eatast htehesamet i bi oti c Azithro

Anakinra and Remdesi vir interacted in ¢ommi
PAAPM, PAACN, and PAAPE interacted with dis

any otrheenrc er eifrehi bi t or .

(8)

PAAPF A paaB

FigThoretical calculations of the interact
and the chalcone derivativesli mebh&i drhal emap
hydrogen bonds and thédehydhrropghoki deirntvarn a wt
Mpro (B).

To analyze the intensity and affinity of
simul ati ons, the values of the interaction
compared (Tameat 82y ®appltial ) . -6l.mMt ercdamahtdinmon s
RMSD < 2.0 were considered satisfactory. Th
PAACN showed -anl aké¢wint mgl néd enzyme Mpr o, al
doest have a binding site in common with th
Concerning the reference inhibitor, azithroc

ener ¢y 8ofkd.al . mol
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To examine and descrtigrei sthes i ofritnksa c
INpcet ami dechal cones mol ecules with the enz
interactions were highlighted and compared
PAAPM, PAACN, iachdnd®PAAPEoOoW similarities wit
mol ecul es were not considered for anal ysis

i nteraction distances between chalcones and

detail ead iiomf abmout the interactions of the
Il nitially, for the PAAPF chalcone, which he
the FJC inhibitor, it has two si gniwhiiccanti si

a strong hydrogen bond. The PAAB chalcone ¢
residue ARG298, which the Azithromycin di
presents most hydrophobic inte3r.abctiji.onBhe aPR/

chal cone interacted with the enzyme throug
residue in common with Anakinra and Remdes
reference drugs, Remdesi vihr fiinvtee rhaycdtreodg ewi tbt
of moderate to strong intensity.

3.2nt eraction with the NnRRKNGPIO LCB0AREr ase he

The interactions oENSPhla0l caornee si |wiutsht rtahtee dN S
t he sstturduicetdur e s, PAACN and PAAPE did not sho

Besides, the other chal conesSuipnptleernaecntteadr yi nm
|l ists the energies of the interaichiensoaaols
affinity.Vakdfadr mtohe four chalcon&s2 lobdla.im
'for PAAPF. Al RMSD values were |l ess than
bet ween the molecules and the enzyme.

The spevci dictthe interactions of chal-cone:c
di mensi onal maps contained in Figure 3B. T
Table S4 (Supplementary material ). mlhefr etfvoa

strong hydrogen bonds between PAAB and the
two hydrogen bonds each, however, with an i
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PAAR PAAPK
SR

a5
5

y s % o : = .
* There was no signilicant chemical interaction. [ carbon Hycrogen Bond [ Fraiy

Fi gSi dul ated interaction betweenNSRP&AGPHLDI co
SARS0o¥ heterodi mer me t h ydlitnreannssi foenraal s ema(pA) o f
bonds and the hydrophobic 1inter adthieone nlze tms
NSPNG&P10 -S&ARSheterodi mer methyltransferase

3.3 Interactions with the SPIKE protein of the SAB®/2 and with the ACE2

To study the potenti al of the chalcone a
the virus th-d4® watéed h€OViabget cell s, a si

chal cones with the heterodi meric proteins o

il lustrations of the coupling simulations a
that all chal cones had commreoctteiionns Awictolr ds in
i nteraction energy and RMSD contained in Te
t hat al |l chal cones -©ha@ Kaal shalct otp pafitnc
PAACN derivatives wvhabuwed -aned, beesspatfinelty)
the |l ink of greater stability between chalc

The interactions with the amino acid re

chal cones mol ecul es-diwme s iroenparle smnagb £wi tchor th
i nformation collected in the molecul ar doclk
i nteractions of the chalcones derivatives
(Suppl ementary material ). dltcadme pdoesrsiivodtei vte
pattern of interaction with the protein, a
interacted through the hydrogen of moder at ¢

chal cones showed, atohgashteonsetyntaendcthen
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show hydrogen bonds with the Spike protein.

Additionally, i1t is known that the intera
for the virus to enter the haostti omesl losf, thheen
derivatives with this enzyme were perfor med
that the chalcones interacted in similar si
a nsopneci fic site. dthobygy tHheaabfenireynénecg)
RMSD, which the PAACN presented higher valu
PAAB and PAAPA had | ower affinstuggealedsi ntwi
wi t h an -&fOf iKrciatly mofl associated with a | ow |

Those results are reinforced when <chara
derivatives with the ACEI npernostieoinna, | amsa pisl |(uFs
the interasctaroen gdhoeswmnice Table S5 (Suppl en
PAAPA and PAAPF stood out for presenting tw
the chalcones derivatives had common bindin
PAAPAnekhad a hydrogen bond.
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through strong hydinogemfbandi sgr ohlge hfyamr mnate
and t heNSNPSR16heterodi mer met hyl transferase
showed at | east one strong intensity inter
affinity with AC&R,i wiehasctiromg. hydrog
These results are relevant, as sever al C
activity. A work peehoweddt bgt Pah&al edtnead i
Kei skei inhibit the chymotrypsin protease
SARGo V. Pr ot pas e an atrréeaonrsmpaotsiton al modi ficati
in the viral particle. Therefore, the i nhidl
prodedfgdLi terature data suggest the inhibiti
compounds. For exampl ejinfl avsvomaivas h-&ttc dn e,
glucoside and helicrysetin have been descr
respiratocygreyadir ome -CworVo t3eCalsper o) MERSYTdi cat i
and <chal cones ar e bfiaawdd rigt et osttriuect acmaeal ¥toir
modi fications in the more hydrophobic mol ec

structures have p2f§§pod inhibitory effect

I n fact, synthetic flavonoids and chal cor
I n a previous study, &tubstiobnted whabhtobhean
with hepatitis C virus (HCV) by the 4RI2dt i o
Additionally, several reports in the |litera
antiviyabeatervithan the reference drugs 1in
effects with these. For examptekeal @aomea ede roiu
showed moderate to excel liemtyiatnrea ¢ yhuayaanac ¢

cytomegal ovirus compared [tZ3]tThe s®t almd ar ¢ od |
findings of the present study, i n which t|
protease witt sigiemi lasnrd affinities to the cl
i nhi bitor FJC.

Binding and inhibiting the enzymatic act
l ead t o a disruption i n the viral capsid
transmission. I n thins ss@meceon i 1 d eoli npdom it auricd
is ratified, all owing a preliminary and r a
exampl e, an investigation of phytochemical s
secondary phenolic pl anternpeetnaobiod si,t ecsh asluccohn ¢
coumarins, and quinones have the pd&NSSmptriogl,
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helicase (NS3 helicase), methyltrang24}) ase
Therefore, it i1 s evident that it is feas
mol ecules with structur al proteins of t hes

derivatisvdsut eoudm and semisynthetic derivat
potenti al bi ACdoeVr ss utrof atchee SFPAKE protein and,
the entry of the virus into its hostt hcaglrlesa.
avidity, with surface proteins |Iinked to n

chromatography coupl pd85With mass spectromet

The inhibition of the interaction of vir.
a line of research that has been highlighte
t o atnhgei o-t engéenti ng enzyme 2 (ACE2) in the |
the cells, releasi-mgbiplriotgigsospchormsltpmeoth
the occurrence of sepsis. Phenbti cnbompbant
i nteraction of the viral structure with ACE
[ 2.6 ]

Together, these results suggesiton haft tcheal

with host cells through binding to ACE2 o
i mpedi ment. I n addition, chalconesrhaskatno

processes, interfering with viral replicat.

5Concl usi on

TheNpdet ami dechal cones presented -CioZhi bit
proteins, detaching the PAAPF that has the
natur al i nhibitor FJC through stNSoPRINGSR Y @ r o
met hyl transferase, PAAPM and PAAPE that cal
t hat demonstrated a strong affinity with A
phar macol ogi &§ad e tpaomiedhd d md | aednnzeysmeos 1 iaim Epdorasttt a 1o
processes, interfering -Co¥,thlkeivhgabdnrepdic
feasi binl ivteystasf. Emphasi zing that the presen
the process of dewgelcapi nglbh pPpiae diO¥d Dc hal co
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Suppl ementary Materi al

Tabl ePr®lt.ei n, grid boxndertxmassst s vEeaesssSpa
docking simulations.
Prote Center Si ze Spac/Exhaust
X y z X y z
Mpr o - 13.(56.7]7 94 112 108 0. 6 1 8
26 .
NSPN&P178. ¢-1.0-9. 3 102 12¢ 108
SPI KE - 29.021.7 92 104124 0. 4
31.(
ACE?2 - 19. . 12€ 12¢€¢€ 124 0.5 8
20 . ¢ 27 . (

LegeMedt:hyl tr HaBNBP A6 E. (

Tab® el nteracti omMS®Bnemgymodrec uRar docking as
Met hyl tr,armPll KEasasend ACE?2
Mpro Methyl trze SPI KE ACE?2

Ligand

Ener RMSI Ener RMSD Ener RMSIEner RMS|
Chal col
PAAB 5.21.6 7.4 1.74 6.¢1.7 -8.2z 1.8
PAACN 6.1 1.8 6. ¢ 1.5 -7.4 1.8
PAAPA 5.8 1.8 8.0 1.93 6.¢ 1.1 -8.C 1.3
PAAPE 5.8 1.6 6.¢ 1.4 7.7 1.6
PAAPF 5.€21.7 8.2 1.94 -7.C1.7 7.7 1.6
PAAPM 5.2 1.5 7.1 1.26 6. ¢ 1.2 -7.¢ 1. 4
Il nhi bi-
FJC 6. 7

Anakin -6.
Azithro -5. €
€

Remdesi -6.

n

N
o N © O

Legend: Energy ¢)Kcal/ mol ) ; RMSD (

Tab$el nteracti(@n bdetsweaennc etshe @amimpouadsdands
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the eMpiyoe

Chal con/ RPAAIPAAPPAAP FJCAnaki Azit hr Remde:

LYSS5 2.6 3. 23
THR25 2. 9¢

GLN1O 2.40*
LYS137 3. 6! 3. 1¢ 3.54
LEU141 3.2

ANS142 2. 3!

GLY143

SER144 3.4

CYS145

TYR154 - 3.93

HI S164 2
MET165 3.8
GLU166 3. 1
GLU166 2.
GLN189 3.0

ASP197 3. 0¢ 2. 31 3.22°
ANS238 3. 4¢

| LE249 3.67
GLU288 2.49
ASP289 3. 41 1. 88"
GLU290 3. 7! 2. 3. 3.61
PRO293 3.65
PHE294 3.59
PHE294 3.58
VAL297
ARG2938

N w w w w
® o o o o

Legend: *Hydrogen bounds.

Tab$¥d nt er act i(wn bdeitsweaennc etesh e amimpm uanaisd arnas it ¢
enz WNSeP NG P10 -SARSheterodi mer. methyltransfer
Chalcon/ Res PAAB PAAPA PAAPF PAAPM

GLY6869 3.30"
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ASP6873 3.70

LEU6898 3.52 3.43 3.23 3.22
LEU6898 3.46 2.57" 2.98*
LEU6898 3.00" 3.49*
ASNG6899 2.29

TYR6930 2. 87

MET6929 3.76 3.81
CYS6913 2. 11*

ASP6931 3.75 3.80 3.88
PRO69 32 3.90

PHE6947 3.53 3.60 3.70

Legend: *Hydrogen bounds.

Tabl d nS%2racti(on) dbettvaenecre st heambmpoandsd

SPI KE protein

and

ACE?2.

Chal con/ FPAAEPAAC PAAP PAAP

PAAPF PAAPN

SPI KE

PHE338 3.5 3.4t 3.71 3.4 3.58 3. 46
GLY339 3.5 3. 2¢ 3.3 3.31
PHE342 3. 3. 4.

VAL367 3.7 3.7 . 6! 3.7 3.67 3. 72
LEU3638 3.6 3.7. 3.6!1 3.6 3.66 3.67
SER371 3.4 3. 37 - 3. 3. 3.52 3. 33
PHE374 3.4 3. 9 .40 3. 4 3.50 3.58
TRP436 3.5 . 9! 3.4 3.55 2.58
TRP436 7!2. 6 4 .72 3.58
LEU441 3.9

ACE?2

ANS290 2.61

I LE291 2.1 3.0¢€¢ 3.8 3.64 3.67
Il LE291 3.5 3.9 3. 42 3.89
| LE291 3. 3.7 3.64
LEU370 3.9 3.93

apdi



123

LEU370 . 8 3.93

SER409 3.6

ALA413 . 6 4.00

PRO415 - - . 86

GLU430 . 6 - - .7

THR4 34 - - - 3. 71

GLU435 .3 - -

PHE438 .3 - 3.22 . 69

PHE4 38 . 6 - 3.514 . 40

LYS441 - - 3.01 3.83

GLN442 - - - 2. 93"
Legend: *Hydrogen bounds.
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CONCLUSI ON

All the structural ,-lehearropitccasppcbpes
activity characterizations were possible si
achieve an optimized geometFruyr miiieteh ndhei mac
met hods predicted that the PAAPFBA mol ecul
pl ane del iUnineat bryatdvde 2KXsmemhoTBhéadMOé he hi
angl ewiveadiiufef e rfe Mbed 5€2fU i nhcompabpt BTehre mitrucd s
parameters were compared with experimental
ot her calculations. The results were that t
DFT met hods t haetx cweelrlee nuts ecdo rdrueel attoi on .

The thermodynamic properties were simil .z
modes were in excellent agreement with the
The values caosnpauviesd tflhoer eRxmtel behweamr erg mer
t heoretical resul ts., who c hBt3Slw& Pe Of 0o etct9 a
MPW1PW91), dmadMOEBMNASt3Hohde! ad heoreticabk chel
al so exhibited excell ental agrae¢e aandvi t0 hiDtBIS I tRh
B3LYP, O0o9®BWBPWO1, ahdr U0 &8medtdhAdd t hree me
showed that the chalcone #PAARRBA opan chhd uwWse
mol ecul e has hi ghernt alvaldi ol o mo meret , pol
hyperpol &8ahEzabtli ety Mol ecul ar Orbital anal vy
LUMO distribution MHetweeenrgtaet mmt modeeudl! ar
di fferent valobdes swhkédhifsk@lamphshe change in

approximation within the method itself.
The Fukui El ectronics and Condensed func
of the Natur al Bond Orbitldtsalwley et ltarel edt n

of the PAAPHBA dBhBalYPomen.d mMPW1PW91 met hods
very similarly2XHoWwWéwest,r atlese HMOSG6ferences i
and the el ectron dmeonrsei tdye |wacsa |pirzeedd c(thel dg hteor bs

Next the antioxidant uacmnhigviatlyDFwWahsne d ¢éhio eren
i nvest pgasastehbrteeee mechanPImsanASLESETAI |l gl ob
par amet er swe doau ncdu laddoetke 8 O'rlegalr dih@®ls s, ofvht b h
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explains the moder at e ienx ptehrei nleMR H | F levéad eueeg iotf

modgther modynamically favorabl e mechanism i s
Finally, once the quantum calculation m
chal cone derivates, six chalcone derivative

PAAPA, and PAACN were used to sTthued yr etsheia tasn ts
an inhibitory -Qood enaragét opr StARISn s, highlig

protease (Mpro) in the same region as the
t he PAAPFBA Tmel ecchudlec.one PAAB i nt NIS®@dt0ed
met hyl transferase, while the PAAPM and PAATF
these chalcones can interfere in the replic
t he human host <cell s. I n addhawestr ohg ichtt
with the ACE2 of the human host. Hence thi s
proteinCo® WARS the human cell s.

These results are a strong indication
derivatinesg-avoaaktam do group on i-mpanshati «
processes, i nterfering wiotgh, tbheei nwi raanl irnedpilc

viability of in vitro tests.
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ABSTRACT

The molecule N-{4'-[(E}-3-(Fluorophenyl)-1-(phenyl}-prop-2-en-1-one]} chalcone (PAAPFBA) was
recently synthesized due to the growing interest in the chemistry of the chalcone. The quantum chemical
calculations were carried out to make a complete theoretical characterization (structural, spectroscopy,
nonlinear optical, and electronic properties) employing three Density Functional Theory (DFT) methods
like B3LYP, mPW1PW91, and M0G—2X at 6—311++G(d,p) basis set. After all these characterizations, the
antioxidant activity was studied using the reaction with the compound DPPH in methanol solution and
the mechanism was investigated theoretically. All the three DFT methods used can describe with great
accuracy the PAAPFBA chalcone: the results of infrared spectroscopy and the 'H and '3C isotropic
shielding demonstrate to be in excellent agreement with the experimental data. The nonlinear optical
(NLO) properties show that the title chalcone can be used with great potential in NLO devices and this
result is in good agreement with the Natural Bond Orbital (NBO) analysis, which shows how the elec-
tronic density is delocalized within the molecule, Finally, the experimental data of the antioxidant ac-
tivity showed a moderate rate of reaction with the DPPH molecule (50.92%) and this fact was proved by
the theoretical mechanisms with the Hydrogen Atom Transfer (HAT) mechanism more favorable.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

isomers, the E (trans) and Z (cis), being that E isomer occurs
naturally and it is thermodynamically more stable [1]. The greatest

Chalcones are natural products considered as the most impor-
tant subgroup of the flavonoid family. They are chemically char-
acterized by the presence of an open chain with two phenyl rings
bonded by a,f-unsaturated carbonyl group (1,3-diphenyl-2-
propen-1-ones). For the chalcones, there are two possible

+ Corresponding author. Departamento de Quimica Analitica e Fisico-Quimica,
Universidade Federal do Ceard, Campus do Pici, Bloco 938/933, 60020-181, For-
taleza, CE, Brazil.
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https:{{doi.orgf10.1016/j.molstruc.2020.128765
0022-2860/© 2020 Elsevier BV. All rights reserved,

interest in this class of compound lies in the fact that chalcones
have many hydrogen atoms that can be replaced, thus generating
the possibility of synthesis routes for several compounds with
different possible applications. The chalcone can be used as anti-
leishmanial, antibacterial, antimicrobial, immunosuppressive, an-
tidepressant, anti-inflammatory, anti-obesity, hypnotic, and anti-
cancer [1-11].

Despite these several applications, the chalcones exhibits anti-
oxidant properties. Some examples about the great applicability of
chalcone derivatives as antioxidants are given next. Arif et al. [12]
studied the antioxidant properties of the 3-(1H-indol-3-yl)-1-p-
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