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ara'nrnoiniu (C21H2606)lurruio-udkiornki'ornnr:noruunnara'nirrlriu n:orovilulo'u
d.,n1: a!o?vrlaca l uao{tu 0n o Lovrluoa ua ctl]ytluoa notaonflanylryltlva:JuavulL!flnBl

aden
ln:,iai1iI!Lanatr?uLvrninnl:a1u$4.: dnLdu?u?urnsoi Singte crystaI X-ray diffractometer n]n
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nl l? !n:1vl,rY{u? 1 tn0':8uu tu0ltrJtl9r0tJ Lulu0u0a n'r:fl nu'lLL:.:uor14u u?fl'ru luua vn1ur0 n

hrana'uorar:rnainiunuir Lranatorar:rnoiniuiu:rEnlvururfirtrr{uovlalo:rouao'rtin6o

o-H.'.o lnrrrrurrrYtloc 2.467(17)-3.02g(2) o'.lao:o! uavu:.!6orydul u!!dau6o c-H...o i
nrrlur?r{uou 3.550-3.732 o'lan:orL tr.u';rluu!n1l60Lviulra.lvriuovloln:rouu!! R16o) nr:

AU<
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C21H20O6 (M =368.37 g/mo[): monoclinic, space group Prr" (no. 13), a = 12.6956(3) A, b =

7.2093Q\ A, c = 19.s362$) A, $ = es.n efzl, v = 1816.96(8) A3, z = q.
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Abstract

Curcumin (C2rH20O6) crystal was obtained by the attempt to cocrystattization of

curcumin with amino acid in the mixed sotvent of ethanol and methanot. A suitabte crystal

was setected to resolved and refined by single crystal X-ray diffraction. The curcumin

structure was existed in the enol form. Analyses of the intramotecutar and packing of the

molecules indicated that the crystal structures are assembted via two intramolecular

interactions in the molecute G-H...O distance of 2.467(17)-3.028(2) A and the weak

C-H...O hydrogen bond distance of 3.550-3.732 A. The hydrogen bond graph set notation

was assigned R26(36) pattern. Hirshfeld-surface analysis indicated the curcumin crysta(

structure was stabitized by the weak hydrogen bonds. Crystal Data for C2,H26Oo (M =368.37

g/mol): monoclinic, space group P2,"(no. 13), a = 12.6956Ot A,b = 7.2093(2) A, c = 19.936?(5)

A,p = es.zts{zf, v = 1816.e6(8) A3, z = 4.
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1.1 at1!!tu!,ttsufi ?1rtdlfrrUto{ilruil1

1!ut-u v5o tlu riufitfinulvrul{riuarluL,r::rors.:uoio6n Inuairulraryl{rvirto.rtdrt'u

:ryiliuuryiufru :-nurl:n rira'tioln"r uavriurnio.:rl:.:luoryr: rJo$iun-nr:ur.J:nrnrtr.r

'udut-lar.r uavkifinr:rirarrdu{ulr1i'rj:vlutiluvarurirl rriu rfluairuara urnCordrar.rdt 1

orvr: ravar6orfluuarJqa:"nurl: nrdur rit:vuuvrl16uorr,lr: rtr.roiu ar:iirriqvioq'turvirto.r

tdut-u,'uan.:qrs{yrrraa-tr'rurn'oq z tfo n'oulr!'lrro!:crya*avar:rnaiq:.-louri
(curcuminoid) tn*udu6'r ri u ar1uln: vrorirlriu-n i o-u vY:Ia naulorjrar u a,r-o t i'ut-r. ua v a r: rn o in!
uouriurfinurqr.rfr.,,oo'rr.,,nr'*.nrarurfi:rdu rriu qvrdd'ruorlXa6a:v qvrddrunr:a-nrau qvrd

n"rul6uvrid qvr#oiruwr5': qvrdoiruroultrivr'rn'urr;a,!fi'ul:ndarti!oi uacu-.!frh6nuryr.rrirr

nr:rnusr:Snrira

rJo1l-ui{nrurnr:rirurvrnlula6kir{ruu',,t'ulr n inr:rjra:.1u1n:tdut-urrrrj: vqnoild*av

n6noan,rriua'ud'roir.r 1 vi.: d'rrorl:.rrr arinurl:n orvr:rail vr'rronui'orora rortiu a1j

laril utr{uru*u nirLrirTfir nilvrin trful-runrJnainurl:nrvri,: ti'uroainurl:n r:iouto.r
.,t
a=nira=ur aa-oa"ruri rairarvr:Harrtiut"u [acriu6'rua]au'horvr:rulrtuyr'riu!oi{ ttrioo-no!6r

r)o1u-u uiu unrwr6ar unrnvyi unllnUar uaclarroerriu rtluriu
t- -uonornid.:inr:rjrar:raoinluaurirrrtuoiuutrulunr:riruurln:rairflrikiar:tiorirr 

1

rfiorfirqvrdrr.:i:nrn1#qrdr ri":riutiiut-u6.rrtua1urn:n'irr:vlut !rnuacrtufid'ornr:ror
naru 1!:vrrn !:vrvralvran'nr:rirr{r uaciilaonrrJiuf,uuoroihirrnrin ororiorrrornrJrgur

t{arto.:nr:ara'nuavnr:utr:arnu-.:iriou:rrrirnr:rfioHndr{rn'u,:ornnr:uilnnuavqruardfr

rr'roirunr:acaru i.: d'ori nr:finrgr ua vriunirio'u rfioflie!urlrirf lfitarlub,r: ra:ugnofieirri,ry6n

tinrafi.:1d'uavrirorol'urtinlvridkiornnr:ryerurar:vairi'rgornti'ut-urfilduluournor
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to!1nt!

1.3 raurlrn1tio"u

n1:yroaon1uIvo-lJr,iouJnu"n nr: rnra ln:!r.J.: ca'r6'nrl,{nr:a valurla{6.r: Lnaiqrn urflu
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1r:JLMJ !nU tt?5n'1:1Jr1l?!nUn:n0cu Luyiolrlju n0uul hJflnatdnolu-6-n1rlyruua15d'2riracarflfi

0ruuflrua.t

1.4 n:ourrux60

rnoin!'tlouri (curcuminoids) nlnri'ur-! tt.:riuar:rni!:vrnvrlvr6fiuaa( potyphenolic

phytochemicat) aonqydr''t.:ri1!fi?rn!'ya1uU:vnrl rtiu fiqrdrirunr:dnLau aon.t:airnotl!a
- , - u a - 3 ! .- I0ar110.: Lt!uu,acao:caitiLnLaaLna:0a Llrra=ao io. iul,:aa!oiraa! rilairtauunfrrSu rlasrras.r

lol-- l Avlvll[vrne]L:a !lvar0nltronal:rno5!!ougilualaqao,rrfrannlnqtuar:usnr:avaru"[rj6 6lrirti
ir.: nrulriatn:onnirLar: rnoinirourild'

1.5 d :cL,tridt#:"uo 1 n n1:io'u
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2.1 rqnuila#luoniiufir

rir-r- uf'u uiorf u frf ovrTrivrornrasrir'r Curcumo longo L. oq'lur.!r{ (famity)

Zingiberaceae 6na (genus) Curuma (nrnd 2. t ) iior{orn'o C. domestico Voleton lar

Ammonum curcumo Jacq (Ammon and WahL, tSSt) doyio{n-uturj:v ivratvru fi1{riu n rriu
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tr'ul'a"nuruvvr.:vrqnunrani n'o rtr bid,qn n-rvirloidu uiolua'rydorordl ina'uyolL

L!00nluufi!=6oF?o=u ,r1 xonu,n!,uouturu nanoonttlria v:.:n:vuan *rroonornruir ih]
!:vriurr,,'on Sriu:riorvioitrr riu,rdouryu:0,:yuoanuouusiavoan n6! rdtr.rrio!6n riu
F'd..rlruurlrra 1J-?1] na=loonarl1 lnurtorL60n"uriuviourrriaruuu nrtu 3 [on rna:r aria-nuruc

n{runa'!nan uon rna:ura rl-unrntlrnun: :"lkii : to.: unacdoritdoou z harrir.r:cno!fi

rirn"rydntlutl'udu (Ak and Guncin, 2008) [6ni'lun1:.r{ 2.1

n1 l1.r 2. 1 a,rr,ir.J:v nouvt'yrthlljut'l

ar:vdra'ry Guru (rhuu-n)

tn0tnrJuogo

ullJt.l1401l:vLlnU

rfiulu

u:or4

LU:MU

lllrU
a

A?'I:J{U

nrflulorn:vr

1-6%

3-7%

2-7%

3-7%

6-8%

5-10%

6-13%

60-70%

, bv t
arun-Iri'riuur uava::nnru ldrrri rv.ir'tri6luoriunr.r:-nur uara urarn-nrioa nu..,n,n{u,

florrYuuav:huru^a1un:crflrcorvr: :-nur a r nr:rio.: rf, u rJ:vlvs6uuav6uro'uri.urliri,uoeir.r

ur{iuarulunr ro.:u3rn-unavnir lnuos ur1f,1lnr::-nuruaraao rraavrnt"r urLarfln riau [ac
nr:utlulilrlquavnanlunr:inurl:n6andlauasfioru uonorndtrr6uro-utirrirtdurrl,filunr:

:"nurl':arvril :cu!vrr.: r,'!flaar:v I:nn-u [acriuur0ru uro' (Netson et ot., 2017) o1n

*uio'uvuajrulrrnoi4!urtrar:arioo::rtrfir'l'qro'n.r.:arlunr:fnuruavrJoln-ul:nr,,arutin

tdr.r oi'runr:o'nrau riruraori rirurdauunvr'6uuavrdo:r t.,cri.r rurylru an:cr-u'[r!-! d,ruorlxa
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6a:v torn"unruiirra'orL uavo'altuoi ornnr:6'urwqrua! 6y1.:u.ryindrrrirrir.:rir.r rooiniu
6lrirar:vr'o'ronn:uaulotoru-nio'uriuiirurulrnluria.rnru!aooriu (generatty recognized

as safe, GRAS) uacarrr:ndrlrriudluararLorvr: uavurkiqrfir 20 iaa'nir rnoiniuirqnrjrrr

riuriruara uorrar:rairdilri:nnr::-u:0.:n.:u!aooryoorno.rrinr:oryr:uavur

2.2 raaiaiu (Curcumin)

2.2.t quaufBur.rrai

rnoia n'uyia rnoiniuouri (curcuminoid) !'1n:.:air.:rJ:c nourir u rlor.r_1o6lnu (p-

diketone) 1,i phenoric z r.r rf o:Lsron-! r! rir -lfldlfltlrir u o'an'u (nrrvi 2.2) l'an:rr.:rni
c2rH2oo6 ttar!']aI!rana 368.38 rJ:vnorhJri'ruor{Yr.rdradn r arir{r.rii o-.rd curcumin (1F,6Er

1,7-bls(4-hydroxy-3-methoxypheny(I1,6-heptadiene-3,5-dione, A) nlrrnn'riauav 60-70

demethoxycurcumin rriouav 20-27 vaz bisdemethoxycurcumin (B) nriauav 1o-15 h
t!"ur'r.r uonor nu'o-.rnuarfiutitioo'u 1 rtu tetrahydrocurcumin, hexahydrocurcumin [as

octahydrocurcumin (C) filn:.:airln"luanlluarr,rfi 2.1

c c

B B

nrnfi z.z In:.:airltolrnoiniu (A B-oit<etone ui'a keto-eno[ (B) phenotic (c) atkene linker
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B

Bi ldar|.rhorvcr',cut!')

C.

nrui z.: ln:lairrtarrnoiniu*avorpriuif

filr : Ravindranath and Chandrasekhara (1980)

nr:rirti'urLrldrj:clut hnr:riuaryl:rdi!Llavuiu-.ul'lrirr n riorornrnoinr:ravar o

u:rlrirjou (Modasiya and patet, 2otz) inr:qn{lr-hl6i.rqnrir,l.,ooonor nirr nruodrr:.:o rir
nr:flnurrJoTiuitiulrirtfillllf,luri'runr:l6nnildr1lfi.:raioorvrfiuf.i (Anand lracnus,

2007) odr.r1: finrlnr:flnu.flud.l.:arr.,yal::ur'drurr rn'orrilnr:on6l n1:n:vo.rB nr:!,.1.1

a1ruo1v1:rlasn']:rirdntortdut-u fid.:rrr r ui n'rJ ry r.r rlu riolrirunr: oo6r ua v nr: rarr ruarrg

a , - c , . an - , .0'rx1:aur.::?or5? rri.lLd! r!0.:olnrRaiqlulrrazarulur:-l oi rriu l,ut 1990 Ravindranath Lrac

nruv ldf,nurlnulri'yr;fiutf,u ooo iadnil va-rornld':-rtduf,uoi.:uri rs urfi fir 24 r,rhr rac

rirnr:i rn:rt nruirrru curcumin lulirLrsufi riounr r 5 "hln:nirzl'a6fi q: va-.!or nfuhi
1998 Shoba uavnruc lei'finur1uvu1ua-nurucrn'uldrrYr Ravindranath Llauarus loolriurlfiu

rnoiqr-ulvrJi:Lrru z nirzfiIanirr nudrdilto.:vuinrurdrtiuta.:rnoi4n'rqrqni 1.35 (0.23

1l1n:n:"lzia66n:1unar 0.83 {rI!.:) tsucfilu6ilria.rnddirrnoiqnuturn16urrir uoi"[:.i

aur:nn:rorlkiyiol'rjilrrunturn (0.005 'l,lln:nirLno!a66o:rio t tirh.:) ornnr:6nur

;o-.rr^--Cr;
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-

Dihrdrora.ulic acid

7

,i .ec,: -ne -a,rvririuaorlfrriu'irt!ur-nr:avaruluiilriauo-.:bjqnqoir:rtr{rratiuavqnrirdoo onrr nirl nru

adrr::nrir n:v'rJ?un1:L:ruyrlJolaoiro.:ti'ut'ud,ruao.:1unrr,rfi 2.q

i.rli.9

Olhydrocureumln
Curcumh glucurorida

Curcunio rulgh.b Talrahydroau.Glr,tran

Harrhydrccurcuminol

F.rulk rcid

)..
rl'r fr 2.4 uLuvuolasi?0.lr,iu

-l
YilJl : Ravindranath and Chandrasekhara (1980)

I

I

ll..xahydrocu?Er,'tr ln

I

1. \
n-L) i

Curcumin

Io'"

.^.,Lt

I

{

tro "u
o.

:xy
l1

ol
\o

:]) :::.
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2.2.2 qildfr1uar{ta6drs

ru'oror n nr:yra'lo: vriu rtadoc rn'o nr:1t'oon0lol'l,unr: roirg rfirlntor ltadovrlrh.]q'nr:
,)

tJ!-fr:-uroiaru-a,:talaonirou (RoS) r,rioriun.jr olXada:v nr:16ooulao'a:vnrtrlurtadrfiold'

ornvarnraartjrJn'fi3ur !!u nr:air.:ni{!riu nr:vru1o oq!a6a:vdlndr.:!:vnaud'ro lir.Joi

oonkri (or.-) 1an:on0au:6noa (oH.) laln:rruuloioanlos{ (H2or) nll L6oa!laaa:crua'rd

riotirfiol:nr{oirrir,: 1 liu nr:o-nrauto.:Hf.:rtad nr:argritinr:rirrrltorn:oirn66n nr:r6n
t .i -! .

LInY? !n t|acyaooLa Anut,to? [au [:aduUlJioUI:n (Ak and Guncin, 200g; otiyada$in\ 2o1qi

Putido-Moran *asn c,2016) rnoiqiuirlfrfiiurnr:riro'oallaoa:crYt Llao{lunrrfi 2.5

ocHr

OH

H

OH

OH

o

(rcH!

o'

OH

tr8r

OH

oo

ooH

Curcumln

ooR.
o8

-xi x', e'

H dono. / Ascorbic acid

I

oo

phenoxyl radlcal

nrnfi z.5r.J j]'6:'urnr:riro-oarllaoa:roirurnainl'u

ilr : Ravindranath and Chandrasekhara (1980)

nr:dnurqvrdd'ruoqra6a:vaur:nflnurldlounr.:rjrtilut'udari'oki'rrriLlfrfiiorn-trar:

orlXn6a:v ni! 1,1-dipheny[-2-picryt-hydrazyt (Dppt.) 2,2t -aztno-bis(3-ethytbenzthiazotine-

6-sutfonic acid, ABTS) N,N-dimethyt-p-phenytenediamine dihydrochtorrde (DMpD) ravinur
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,. {v . a!5rJ'rrunro-ei,uaq!ao-a:Jri?uiS ferric thiocyanate t-.rrt lnr:fonr: rtl6 uutal rer' hJ.tu

Fe2* ornnr:flnurro.! Ak [ac Guncin (2008) nll r!'ufuinruaur:olunr:aoorlXaaa:vld
a - qy4' : e- u-J dl .ea
o=.: uaorlrirfiur r tiludul-nruarfpr-yt-arrr: ndrl!{ruur rfio1{riua'rurl:vnol'luo na.u n::!

- .,1 rra " - ) ! ) ,aryr:ra5lrfr alf hnr:io.:niuarnr:rao:rtalrio16orirr 1 uavtvaoiu'loi

z.z.s qnddrunr:dnrau

* -- ,t .
rri ut'rl'qvr 61u n r: oi'ru nr:o-n ralal rio.:or nrn oiniul'alr{l:c nau ua vlrJ ra qavr'un noir.r

rYu6rfiuvrvryeir6'rulunr:d'runr:a"nrat rrarilouranrvya".lnr:airor-n (Jurenka,20O9) tnaiqi!

arrr:orirunr:o-nrallounr:u-ruJ.:nr:yirrruto.:rallltri rycLooxygenase-2 (cox-2),

tipoxygenase rrn n:voiunr:vir.:rutol raulgri nitric oxide synthase (iNOS) lrr.riduornraaro

tJ:cryaru'ir rnoiql'unonr:ririruro.l nuctear factor-kappa B (NF-KB) [avno n.]: [ar],loofl

tordu proinflammatory Iounr:u-l d.rnr:ro'lra4,lloa rr'{nlrinil rouhri t-kappa B kinase (tKB)

nr:nonr:rir.rrutar NF-rB 6lrilaral#l6rn.,, nrr4rn.,rri1.:iuro.i CoX-2 llau tNoS n'rar oi'lril

raainl-u6rarlr:naernl:!?! uonornuju-.!l'nr:ir-u r,rurrrnai4fiuoari aur:nldrturnido.rn-l

tiu uv': n r: uni n: v or ur o.r rra ii!c 15.:'[d'lua-fliy oa o.!

z.z.a qndf,rulvril
< tr . --.-l. -v-.r .v 4 a, r u-v Js a,edn1:anu1qrin1Llu! L:,i110nrlJu{tJ LuLrluutI.: r!ufrurauhto.!fni,i'ur-?lan t-.r!i':r n r:

voaorludn{vroaorvrlr rril'ifuaur:ou-! u&{ rtaii!crirki 3 :vuvn-.rri :vuvriroiu (initiation)

:cucanal! (promotion) :vuvaqyiruyianr:utr:n:cotu (progression) (Jurenka, 2009) 6.:

tdut'u16'n:v{ulri'rfinnr:v:ruanirjdu (transcription) ra,!lraii6{rflun1rnr!n!nr:acalar:rio

lcri u:cuvvr' 1 uac:cuvvi z ld' ri':u1u:cucfi 2 uac:cucd 3 inoinl'uaur:orir'tfituroto.r

ttaeirv15.:ana$ounr:d!ii nr:fr.:r!ro,r NF-KB and Ap-r LLacn:vqiun:vurunr: riro-orsarifi

nru (apoptosis) 'lririrl ruo'du
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2.2.4 qildiluleuniduavr{a:r
4 4r . J .nr:frnurqrd frru1a-uvritiki:r-nr:fr nu1rJ1ad1.:rio ru oilqu Singh uavnzuc (2010) ki

-s-.-. - - -a, v 4 .ranlntlcya'r:fl1urt 0Lr!ny r: u [av L2:a !ou n1:dntnllcyrRoSn!.]ut ?! n! l!lqlu n:o LiJliu [a3
t,- ..i ie & w I

nSuLY{4fi t.!1ru?1a1tulvn0!r a{Ln:1v14 !o!qy0 Lunllgt'luLtorL!nxL5ul'rnt!1J? n Lrn:!a! rtac

1::7k{0- loul-rir minimum inhibitory concentration (utc) o{fi O.O9 fii 0.67 lui 2Ot3 rnn:c

laln:rnoiqn'u (tetrahydrocurcumin, THC) rd uaqvludytol'nl rl ra n'u:lr n n.r'1!na inrJ-u [0i

qfuartu"sl'uauUrsayrBnl,rlndrn'ul riu LnoiQrJ'! Manjunath ttaunru, kidl THC !rd,:rn:rc1i

:urYun:oov!1u rrju auariu (alanine) lofuaiu (isoleucin) In:6u (protine) l6u (vatine) fl

iaovarriu (phenytatanine) lna6u (gtycine) uav Q6! (teucine) uarrrraouqrdlunr:drrrrdo

LrunfiLi'u vr!'i1 a1:!tvnouLnoiniuri'u:oovilu:.r'qv,6'1unr:oi'.,urt*ouu afitiu Boci us cereus

Stophytococcus oureus Escherich,o coli uas Yersinio enterocolrtrco lrnn.jr THC rfiuladrl

16ur :r!ri.!d.:ru?rar:!:cnournoiaiun\rr6uuacaiun'qvrdlunr:oi'rurda*unfi6uun:rrrn

ffivunr!a!1d'6

2.2 n1:nnH6fl i,:! (CocrystatLization)

u-nio-uy-rla nkin ururrJ finur nr: u ri'rJ rgvr n r: a var ut o { !n oin !-tl ra; ! r.,,,n drl, t, n..,:

a-{rn:rcfrnoin!-ulri'oqflunrntalar:ut:uaouurlu (Carvatho Iasnruu,2015) a1l!:uno!

rs.rdouur1u (chen [acnruv, 2016) alrl:vnourduuaslrlnardnfiiuii (uorran $aznttc,2012)
e .: --n'Da{LA:luyljriut-un-un:o0v!-lu (Manjunath !!asn c,2013) u,acnl:nn 6ni.)rr (Goud uav

A !, 201,2)

ardni:rL (cocrystats) ylru6r ardnvrtiar:#.:usi 2 tl'nviorLrnn.irfi6nryfiur riuriruriuov

tnl'uaru 1 niuoc Gunir qr.l:rhranaari €uorou (supramotecutar synthons) 6rarlr:nnu'ki'

rrnrruluar:fiaonqrdrrruruarar:vrrdurornndn:u (Fukte [acnuv,2014) nr:nni.]a'ni.r!

riunr:rJ:"rrJllqruaw-firr.: nruRrfluavrrr rnn'to.:Lr raqavr'oo nqrdr..,oar1fil'nrrririrn"qrtr
4trrrrttiuavriufiurrrnr':r,riruurorur:rairuavorhntruurfirflutorud.: (Goud [aunruv,2012)
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nr:nn a-ni1!ar!'n0lilleiualuLrninrriu nr:!er:r!n-lJfravaru nr:ln nr:onardnlutruvfou

n1:nnirenlounr::vryu nr:nnardnloBnr: [i'i: d't u: c! r.] ao r oYr riracar u
a , a a - ) -.i'q - ) - J" -n'Dfin an:?1ln.: r!u0nruiLynunyl Lt Lunllf,nulnr:15u.:o110{a1:XrRnt! Lyu Lun111lnj1J

c I e.n'ruin'ln::rta.:rar ui.rrfior{r'[onqs]'n::!rto.i r aartasaiu lravn?1!aur:n1unr:atarutri

(Good and Rodriguez-Hornedo, 20 t 0) rfio'ldril,tiunr:n::on-nn:ol nrrd.:rn:rcd qfua'nuruu

n:vlrunr:araoluon6'ryn::!u'r o'ry'r:LLauoryltrail nr:nnrf,nirriarr:,:rirrirytfllodr.:lrn

'luvrlma"tn::rlnu lourc nr:l:n!:rnruarLutyrr rnl'nruarl,iLLavil mdtn::ltorurlou'triufiFr
.J r a" - i-nllLUauu Ln:.la:1.irTnta! 61lyru']lJlnn anl?:Jy5o Lpy{oil.tL!05 (coformers) ylnu!UMqtn a-n

rfiorJ:"r.nJlqruart6nr:aya1u uavnlr!n.:sr-l!0.!ar:lrnfianrinoqlualrtos rn6o n:o uia rta
J.

tialorn!nruaru5-lunr:unnn-r'l'rin' (ionizabte functionat group)

n'',rr*rroO*uruhyrinrunru$acln:rairlrnito.:rnoiqn'uri'rui6nr:nnrinirrLrtu
; - -.i e )n'r:a{LR:1!ya1lytaM:nao!:ll1 n1: Lt9i?vi, aval u |'taJtiju!n: n=!Ai u,?oao! {{n1td{rar1ul,i

orur:railyiaurlounr:nn inir!.lrtunr:dnrjr'lrir6onr:air.:rilov'lsln:rou (hydrogen bond)

-.d lIounr:Urar:tiloduy-aur:orfroyiuov'lalo:roudurnoinluti rdu lsln:niluu (hyd,oquinone)

uavitot-uoa (resorcinot) (Sanphui rLauntuc, 20tt) yiorn'onr:airln"uovlnlrraud

(covalence) :vyrrlhran'rto.:rnoiql'lln'llauvrir.: 1 rtu d.:nva- einc, Zn) y]o,i!!n.! Copper,

Cu) lrurn'ur (v) (Wanninger [aunoJs, 2ots) ri.:rfunr: 16onar:drjrrLrn nardnirlr,tiolnvloil

uaiir riura"rlorirri'rplrnr:nn dniurfioU:-urll,rqruarLu'6vrr.:rnn'to.:rnoiniu Inuar:fifrr:ro'.r

-.<- -!_- - - !,1 q- d ,q .n J - - r "nan:?!n?lava'ruUr tdduaclv!fllnduyr-arr:r:nrfro{uoclalo:roun"lrnaiqiuloio'

nr:6nurln:lair.:^6nto.ra',r:roaiqiurfinnt u:nlou Tonnesen uavnruc (t982) dldr,.n
J - d e a{ - ? .,tao:n!!!1aua1u LuLovt'tl]0a[au lvn']uiaurqruvn! z0 alnltarfraalufr n rsr-lrjrnana.:'ir,flr...

ar: acaru rnoin lr'urfiu'r l5 nria u rdr'luriro"uua v: al:u! 1ru 2-3 il ara'n rnoiqrrun'ld'rruror

0.6x0.4x0.1 rr. \.I6uio1a1n:rairrdrurrnin x-ray crystattographic ornnr:finurnu.jr nryr

dr.udno"ooqlunq, rouoaa-u'n ..au space group riu p2/n fi4u a = 20.028(3) b = 7.073(1)

uav!! c = 12.609(2) o-lan:ol ,u-lo.',nrfr.,loiin.,:6nurln:lafrly rla:a-nt o.r rnoin l-loufi.:
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rJolfu (lshikami uauRru, 1999; Parimita ua!f, u,2007; Sanphui [avRfuu, 2011) 6.:a"nuruc

a J v--
1a.:Ranr Lo!anuuv Lnatnunfl 1]

ar:firjrlr1t1unr:nnar6n:'rlL1u':ruio-ufirjruur rrju :'toi€uoa (resorcinoat) lttI:una:aa

(oyrogaltot) 1v{I:nqt'uaa (phorogtucino[) 4,4'- bipiridine-N,N'-dioxide hydroxyquinone

dextrose nicotinamide Lra! l-tysine 'tui zOt t Sanphui et ol. lridl rn: rvliara'n:?tLta{ Lnai

A!'tlrilils{'uoa (resorcinot) uacl l:unaaoa (pyrogaltol) ri'ltttvninnr:unLr!! liquid-

assistea yruir kiaindtLtoqnoi4iuri!fltiuoaluo'n:rdru t:l IouLaorldro-u uavrnoiqiu

i nr :a v ar uld6rr n n'jr rnaiqiu ur'a.: o d r r rdur

Su uavn6uv (2015) a-ltn:lu{ 6n:rlrnoinnuuay 4,4'-bipyridine-N,N'-dioxide oiru

Lrninn'n:urxunuutr rjtrdnyild'hl6nullnl{ailiyrunl:rfitrfiuoclalo: rou o-H"'o n1u'hh

ran? (lntramotecu[ar hydrogen bond) tolrnoiqiu riru'lu z rYusv lnurfintiu: vu'jr.lovnol

aontLou!o.rl,r{lso:on0a GOH) lurr6uoa (enot ring) nlrutrYuovfit'rui!urq 2.518(2) Ltav

2.672g(1g) d.:an:or uanrrnda-rnuvi-uoc'lo1n: rounruuanLrafir (intermotecuLar hydrogen

..1 - ) ,

bond) firfionr':rtorrio:vra'jr.:ovororLro.:oonirnuv{1En:onialo.:rnoiniuttacocno!oon€tou

ro{ 4,4'-bipyridine-N,N'-dioxide rfin ri uyr"uovlalo: rnuu!u o-H...o iarr! urrr-utc rtr

2.614(2) sas 2.653(2) o-iasr:orJ uonornulri.:nr:rin [:ru'oryu'ur rlrlrl 7t-7t nr1!u'r?ryirfru

3.548 d.:an:o! :cu'jr.!rlrlufiurlo.: 4,4'-bipyridine-N,N'-dioxide rfinnr:rdarLsiortura'usr:.rut

lnrioirrrloi (skieneh [aua c,20t7) vr-uraulolunr:rjurnn a'n: lL rniorJiurJl r

nruauri6nr:ayaruuavnr:oo6ltalrnaiaiuliirJ:vdvrBnrnti60.rdu (flrrr,r 2.2)
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n1r1.! 2.2 Inr,loir:rr:oid!qruar:tirrurca!1unr:rlrlrnnerdnirlrYlrnoi4iu

Coforn.r

Adipic rcid

Lrrgioin.

t-butylhydrory.nisolc

Crps.lcin

Ethyhr13bcn

Folic rcid

L€lulimic rcid

_i_,.^_,.^",r*
I

Cotormer

L-methionine

L-phenylalaninc

Propylpamben

Sorbic acid

Suberic acid

Succinic acid

L-tryproph8n

L-tyrosine

Structure structure
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2.3 n:ioyiilu (Amino acid)

n:oocifu (nrr,rvrr z.n) rtur,rrirui16ndaota{rl:6ustlrfluvraa'uloi6rntrdinrrrLeirri'qJ

. tr -r- hr. u , j.-, * -J .i. ---ludrl-tr-n qrua!Je'vl-li1dzuta{n:oou! [u[!.: [0e]{, nl1!luunlo n'l1lJ111l? n?11J41!''ll0 Lunl:

Z I - ff 's ,i 4-.V.
aualudl Ltavn1:9rnr]dn qrua!1mYr1{ Ln!tualI'[uoqriuvl]tl.in$u0v:J !u v{a1l!0ntan vl0Yl't

n

,r - tr?

H HrN

Glrdr.(Gf.c)
lN : tt.O6

Alniog.ll,r : .0..

sobltlh : :5.1!

]N : lr.lr9
E$ro?.rir r.t

S.b{rn : la.6r

lnr' : loS.lrt
Et&.p.llt : -lr.t

It$': I lt.ll

lNl : llr,la
EylhcD.th : a.l Ey&.?.llr : r,

SolrDUi' : l.!t

Inr' : l.a.:l
qldroFilt : l.t

!.rloh : ,.r,

lllt : l'a.:O

lnr : ll!.1!

Sclt&lll : lla.Ot

",gr'o

ll$ : l:l.l!
lllarop.ill. ::,S

(

a"

t"..;\" ,.;{"
s8

+"
o

HH

U\, i lll.rr

$&UrllY : !.lt

o

A..^Y.
rt-!L ,t.1, ,l - 1.7r rl. t-!,

Pr-r'Llrtlt.(?r.. D
lN : l6!.lc llir' : lll-ll

IrytloDL..O.l$) l?.nk tclt (.{t. Dl Ghr..k..Ll(ch'E)
Iltl : loall l,1l' : l$.lo lnl: !at.l:

llgr.c.ab : {.t [r.lrop.U_ : .!.! EIdroP.t\ : !.5
O<or*.: 1.. O.(rr*.:3.! O..ttr..(.: aJ
!o$rQ : rJ: !ora&!' r o.5l lollb0rl} r O.tl

rt = !,al

,t-ta3 ,l-r,
ll\

a
\N' : l!:.ll

S.tilth : :.31

IN : !a6.la
Elr6..(Br! IO
lN : l!!.1! Il1l : laa.tl

nllrfi 2. 3 1n:.:airlto.ln:nocilu zo tiorrru'luo::tttri

ot
(.*

,,.:Y

.,3Y
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nroovfiluttaEo!firdriorn:novllunuldri':ltfiuar6nrYruriur orvr:tail uacH6nJYrudeirl

lut'iflU:viiriu ri'r ou rlvtttrlur nvt'Eo6ofl riaa va ru'u (phenytataninel tt6g nstrLrsa!rfin

(aspa rtic) tr.: rfl uo.:rirJ:vnouto.r uaarJri*vl

nr:frn:oavl-11 LLavou,lt-ud!1,tou''1.: Lt'1.1 [eucine, lsoleucine, vatine, alanine,

phenytatanine, methionine norvaline, norleucine vion:o 2-aminobutyric lrnnaa'n::ltiu
.eL..sJ

uavf,nurnr::rrd'rton chiraI tf o'!n']nnln0ctl lurnruauutl Lun'l:L!u zwitterion loulu0lln!

a':urtun:o+ra 6.rriudiuilurjtnnnndniurir'orJiurJl4uarLi6to.rurvio 6ndruc{arur:

rai,Jvt'acarBurn (Titborg, Norberg and Wouters, 2014)

Bernat (1931) rjrlnaiu (gLycine) d.: riun:oac!-lutiou: nfiqnrjurflnurln:lair'rri'ltl

rvnin6v,luv{:ndu Gorbitz (2015) biflnuruac:tu:tuiolaln:.rairlnr6nta{n:oociluuarutio

orngrurioLarntaiil [unIn:.:ai']ito,i n:oocilu nlntiu Botdyreva (2008) rirn:oovnluqnrLr

anJloroui',on',rtfior{uoclslo:ro! (hydrogen bond) rdoinurlJirltolrrdladrusr! ltrunll

nnara'nuav6nurqrua!!5n1:Ltuaiqrnoflaoou (zwitterion) flo1Jun:noviluqnrirrLrl{1unr:

, - Y J<
ifurarlcra15l:vnau rt,itoulirJ laxcrllua?uu:3na! LLac LorJnl:u1nto0c! LLl!uo9l1,uJ1fi nu1

) a- -t50u1r'r0un{!n1lJu

ln:6u(ProLine)ttun:novl'Iuvr'n'nlrrLdirYqJlunl:0rnadnitLlouriorJf,'fi iurki6rdl
) , -r i.

nr:riodnrvfiur:cv'it.! c[-ammonium-carborytate 1ur1,lo:.!niu{1!11r:6uriun:oovl-Iuv-!
< e i ' Zqv- v A
[nl ia:1nYru{.i tt:.r LtJUovuu LLasaualuulLr]fl tLfl l!Laqa LIl.rrr1,r?uvlLua u!!qfua!!r] !:Jrv110LJ

-- . f. o-)- ,a- !
nroac! [u n1nntua!1] 9l nrtiou L?r:auo.!lrntua!1.r9lvlo Lunlt 11411a.!,11uttn Lnllo:LlLl]o:ylLnolu

(fitUorg, l,,lorUerg and Wouters, Zof a) uoa-In:6u (L-Protine) qnrirrLrltlunr:onardniuril6

- - , &e- a.e
L5UlJ l'lnrLaO! LnnrUUara n:2! LaAaUn LLAVT{anr2lJU LOtUnl:Ua!:Uu:!1rur L$ LUnltt nUl Lln

or nr:vt.:auo.rtiounr rnr:1i6 rs'urL rfia.:odrr rn'ur (Ong, Kavuru, Nguyen, CantwetL, Wojtas,

and Zaworotko, 2011)

hI:6u (Tyrosine) 1vr1:6u riun:oovl-Iutiorau'.:fiirrn1u61rJ1:nd.rrnt1vilki'ir.:nru
a { a-

61:J1:04{Ln:1v1,r lyrLtsl.l lonln ltuaovaluu riitrua0!a1uu r!un:9tou:J ludl Llu i1.:nluh
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'JraM: naT{ Ln:1ul,i t0,l Lo fro{tuu:vvt1un1n011l1: Lvlluu !o u t0lJ Lt!lluaocall]1J Lgo50 nt laa

(phenytataninehydroxytase) riud'rrilrJ[fi5urrrJ6uu fliaocariu hirtu 1vr1:6u rdarorn 1v1:

z, , .l ,

dr riualio-.!qru10.:a1:n1.i .l ylna1?!111.lslu li.lrln1:u1 lYlLltu lJ'lLlu aqnfuflLa:!o1v''l: Lou

n'nr:finurio"ur,iu'jr ri:un:v{'uaro.: aontlxLniuet aoornl16!tflir (Deijen $avnruc, 1999)

fiiaovariu (Phenytalanine) 6o n:oovllu (amino acid) tiovfil 6lo'oriun:oovllu
) , s - J- v q".

iirLiu LIo,inl n:1.1n'u UallJ.E06 !rnllvv La.r Ln n:o0v Lutl.,/ouQ{910.: Lell!Q1n01r'l: Yiua0v

aru'un'qn:ln:lair.!yn': Ln!-n'o c6H5cH2cH(NH2)coou ujolor n: rr niuaul:nr!euuf,iaov
)-) , " -s .i-

alu- lina1u t!un:oa3! lun-!-t 0?1Lvr[:ltu l0 luu LYIL:tuL! un:o0c! Lur !n?1lJa']nfu Lunl:

a"lrn:rc aofltttluaiutio trju lofituYh-u (epinephlrne), uairofiruriiu (norepinephrine) ttav

lyt:oueiaoiltLu (thyroid hormone) uavru'olornnr:fiooilrlr.rrofi rr.r'{iuriuaoflruvl'a'l a aoio

.J ,, .
a'ltlni drvrnii'!nlullrof,iaosalilufrnr 1L14 tnoo1n15dl-uau uov t'lon?1!n:cU: nlu t!t'l !
-t
1.1tI] v'tt:0.: n? 1! n 1 r!unu

flo1l-uqnarun::!u1Lrauo1v1rld'orvx!-ndinT^!a'lrYqflunr:ldnroosilu'lunr:lfin

!luAvdnr Llavlirull1n fua!u-frvr1.: Ln! nlunryr qola:JuoY]1.it? Lrat n:l ! [att!ua'!nn11:Ji
,t.-..J"-)-;!.-X-
ir'ugrulunr:ninrur uflvri 1 rfionr:rirl"ofio0rfiu'[unr:finurun-rr]rvrru'l,unr:a"rtn:rvr,ia":

ndnirltolrnaiq:r'uuac n:oocilurnno6nurln: rair.:nr:rn o irt!rir.r 1'hhraqa rfiolorn

r{uovqluqrnoiiul'nrru6oratjuq.:6wirlrinrnirr uavqrua!utra':1!Lala ul6truurJarld'.irtruav

t --,rirlrl-ouurriluurdrurt-ott!nvr-riulul'[uauroo
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Uild 3

i6rirriunrridu

,fua,.rvr1unr:io-uo{ldr.irndrroL'!druara,toloqryuiitr!'uuarst0oorn!iu-r Merck

(Darmstadt, Germany) ar:avaiufrldriulunr:i{urJ':vnoUoi'lUlOYlluoa (Ethanol, EtOH) t11vl1

uaa (Methanot) uaclo rrifi ar-adanltri (dimethytsufoxide, DMSO) vr''lddtlriu nr:i rn: rcli

qour1lr0lvIr5 Ltauu'l tvl'luu

l.r f,irn:r#ar:rJ:!noulaoiiiun'un:tocfrlu

d{rn:rcliar:!:cnoltduuavn:oovilu In:6u (protine) 1vr1:6u (tyrosine) ttacfiiaoc

ariu (phenylatanine) luo-o:ra'ru t:t IoUIla n1:Jdrri! rar:oYrodrlatalfiuuavlooi'raln:l

riurrar 30 urfi louyuoar: rOyruoaa.:ldu:vyi'l.!1ln 3-5 uun ydlornriudrar:ot-rodrlfilolr

acarud'luroyruoauavloufiat'aylonltriludn:ra'ru 1:1 lirrn: ZO ia66n: uavdrhjiriinrifi

qruvQi 50 a{firtqatiua rtut?a'l 60 urfi rjrar:avarafilpin: olrirun:vo1un:antuln 0 45

hn:ou uac rar:avaruvttn:olloinnta'nriruio'nr::vtvun"rviracaruourl{r (stow vapor

diffusion) v'qrur.14!ri'ol ua-.:ornnnrufinrtuL?a1 4 a'!ollidrhdnvrldurdrlrirnrl!asolod'?uli'l

nd'u dflriuri':rdoldtunr:irn:rc sio'[

3.2 nlrirnllcdln aoltt a?tollr6nlCu?

l-oloraqltualtolzu6nti"uoiruradal{olnraaaltuar KRUSS meLting point meter1u

" -_!n1t?nLLnau9l?au1,l03vl1n1l?o J n:.i

j
3.3 ni:irnlls$ln:{di'l{d2uln-a{ ATR Fourier Transform lnfraRed Spectrometer

, a aau .v
U1t1=?au1n anvl Lnuo Lxactauoo'tL Ln:.1!o LLaculnl0u'l,l!oauLouol',].1!uLvluul0tJlllla?

nnlri'uritlriruuviunosr-rodr.r ltrnr:aunud'ruirf,auv'l:rr:onrud 200 - 4000 cmI
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3.4 n1:i16:1lfln:lairl'al^6nrCur6urniol Singte Crystat x-ray oiffractometer

-)
'.la 

nto u'l.tjontno:}Ju, e21nr6O6 iln:tv rilu SuperNova, HyPlx3000 diffractometer 'l

aa'nn-.lodrl6nuuuyiuriroeir{oirunrrriry:-u6srrirourl uavrirnr:r6udaxad'radrlfiqrur,l4i zea

rnaiu (K) tLacirn:rc,fln:lAirlLLavsirLLuilrolocno!ghodr,!ri']ultl:*n:l olex2 (Dotomanov

et al., 2009) SheLXT (Sheldrick, 2015a) LLav SheLXL (Sheldrick, 2015b)

3.5 n1:i !ff :1$itiuoclala:roufi iluf 2uI :ttn:! Hirshfetd-surface anatysis

nr:i ta:rvrilalo: rouaur: n virLil,n u n r: rjr rio:1aI n a oi6 rltlufikYo r n n r:i tn:rc1i

In:lair.:n6nro'arornl :un:l SHELXL !1itn:lctid'ru[]: rrn:l Hirshfe[d-surface anatysis dl

ria raioa"unr:irn:rvfl :un:l Hirshfetd-surface anal'ysis ac51ao.l nrflovnousir uvu lrr16o

n-uoclolo:tou lnUocalo!fi16oYiuoclaln:ttuocuauldraf,uotl rirufirtuf;u'rriuoc!!Ao!fi'!rrri60

rydurrvy.irrasnort.rlainli!outtaylslr]:rou lravf,ryrouLLaoieilLLv ifi Lno u:rCnruEu?:vu?rl

ocoo:.rto alo:tol.lrYulaln:rououdroil
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Uilfi 4

Hanl:d1riu{1uuavonilt1t,

a1n n1t a-.! Ln:1vli[av ni:nnua'ntoial:taaieiu'[ul? a1 4 fiJ n11't'[d?rjrHa'nfiloihJ

.t-
irn:rc14ln:.:airlri'rutnio.:r-olouaoltua'l FT-lR LLactniol SingLe Crystat X-ray diffractometer

-tlo anltroao':o.!11

c.t nr:ira:r#lnraao!ruar?ac,{6n
-i-s!ornnr:ira:rvr,ilouao!10.:611tn05QI1r1J-qvl5[avtriin:x!t0itn0:n!un!n:ooulJ !L/Y] i

3 rifl 60 1n:6u 1v1:6u uavn:oovllu rnoiq:run'rirloraaaltuar tvir 183 o{flrttatiua lutruv

vr'ara'niuvi.r r q li'uri rnaiql'u:In:6u rnoiqiu:1vr1:6u [avLaoiqi!:fliaovarrlu l'1n

vaa!Lva?oghd?{ 139.0-141.5 179.2-181.0 LLav 178.1-179.1 oifl',lltar6ua srurirrirl ornnr:

irn:rv vruirlor,lao!rxa'rto'! 6rlitLiriroirn'irlor,raoutr,tarlaltnoi4iufirf udorou 6o raoi
.; - e

nl-u:ln:6u o-.:durlrruk'lirarnncLnoLiu a nt1! LLavulBla nO.:na 1'l L!'l tn:1J14lYl! tu!o 1u

rrnin FT-IR [as Single crystal X+ay diffractometer

4.2 nllerflrlcdlir{6h{f,iu FT-lR

rrnnrdrl6nrnoSaiudldrruosirulndluacdrllirn:rclirirurnSo.l FT-lR (r1vrfi 4.1) u

r0!nliduro.rv{fl.:,it'udi,r,iru1,iuri u{ o-H stretching 6ruanltatn6unr:*ufi tsoo cm'r v{

c=o x:Jlurarndud 1626 c.'' ra{ c=c d 1504 cm-r r,l{ c-o fi 7427 cml uavvri enot c-o
-J.i 1273 cm'' st']!ai1o1 atnnl:-tnt'tyvlniia51.:1j0.:uar'tl1lt tna:Qr]u:Lriau uao.: !14!1'lu11alafl

le t t ) i 'r, r, d
r-ld'ornnr:a'.:rn:tclirnuflAntdu?ta{6't:tnatnttu tua{01n I! 1.1Llnunl:auY]Llnnn1{o1nu0!n1:

i . - )a J "au10{a1t rn0: nrJrvl l!ua'l lo.:ouสถ
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I

E

!l
E i!

I

f,

3500 1500 1000 5002500 2000

wavetruber o '

)
n1y{fr 4.1 ar nlo un:rra.r ar a- n rna5nlun r n nr:i rn: rvr,ioir u Attenuated totat reftection

Fourier transform infrared

4.3 nr:ira:rcfi a:rairrzu6nro'ur

. a ) .j.q,' A a i v
01nn15u'rria nLo u?vrlo LlJ01uira ntLaurn!10{a1]0.ri]a n o?u !n:0i a1u r.ra n Lou') ta{at0.r

a ; Je .
riantoslvl Lottaoi tun151,i 4. 1

nlrl{ 4. 1 rluavLoue'Iar{ail.woifl 6nL6ur Lnoinir"l-,nr:Frurd

Crystai data

ChemicaI formuta

M,

Crystal system, Space group

Temperature

o,b,cG)

a.P,re)

CzrHzooe

368.37

Monoclinic, PZn

298 K

12.69563),7.2093(2),

90,95.276Q),90

19 .9362(5)

3000
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qtlrl.l 4.1 (ria)

CrystaL data

vG3)

z

D."1.6,/g cm'3

Radiation type

p (mm-t)

CrystaI cotlection

Diffractometer

No. of measured, independent

and

observed U > 2dl)j reflections

o

kin 0/)")max(kt\

Refinement

RtF 2 > 2o(F 21, wR(F 2), S

No. of reflections

No. of parameters

No. of restraints

H-atom treatment

1816.96(8)

4

1.347

Mo KQ

0.099

HyPix3000

\2874

0.0418

0.052,0.1662, 1.067

3956

249

0

H atoms treated by a mixture

of independent and constrained

refinement

0.26, -0.30Apmax, Apmtn (e a'-3)
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nlnnr:AnuluavrUiurtfiuuln:rairrer6nlvrirYrardnfirnun-nr:finurlou Tonnesen Lrar

, -. ,&er - J
n6uu (1982) uar Sanphui $asnfuv (2011) 111J?1 alan LxlJvl LorJn?1l]llqr6llauqrunl1lll0'ialan

roudnt-orourriu16urn-urruiduo'udairurLr In:rairtar6n!o.itfuduttaoilun'',nr' 4.2 nr',t,t,.l,

nluo v ua vrlld'.: ua n{unr n rur n

r-1
T

1

\,,/\./\,2 \

I I,.

l*
o/ 

1ra

Jt
n't$ti 4.2 !n5iaii{ a.rto,ltnolnlJu

:.:fiuoaluh ra qaaorrnaiqiurfin nr:rlo rl.riurlo u nr: rnol! - 152 o.:ar rfiurrirn-uov

c8-c9 rirhqrruraru A to{l:raqafidoquaio'lruraru B oYrr'ao ,r.nrvrvr q.3

Tonnesen uavnruv kiinur nrndr.:oa"rumurola6nrnoiniun{r rL:n'[ut 1982 rtalldfi

-),;nr:riunto'jr vloirL t uavriorrlrii nr:dnurlnr.:airrto': rnoiairtia u6u I (tt Lrau tlt)Iou

Sanphui rraun s (20t l) 1n:':air':lrarivilpilunr:frnuruii:ruavto'uoot'rq]r:rl +.2 nl,rirlardnlvri
J"'[unr:f,nurfinn:ru.:ruluna'! monoclinic, Prr^LLav:rBavla'unln:lair.:ua-n'tna-rnurriu

, . - a a_!llJllr{o:!n!r ryr ronnesen tracnruu (1982) lririrnr:6nur1{ Ribas [avn u (20t9) "lriinur

..li'aJ
nfualllJon't:aualula{ anLo0t LnotnrJu Lnunl: ln trnunto.: lvauiu?n tlau u?1i]anLou1!n0l

niuaur:navarulddn'lrluorriravarufi rilurir

"_1., .

(- I
\

Iv\..- \
f'
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ntnd q.l nr:iolujurtou.:f,roaluln:lairltolrnainir,
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,-4
n111{ 4.2 tof;aaJa n ro ulta t Ino: ?lJu

Crystal data l V (n1:finu'rlJ)

Space group

Temperature (K)

o, G)

C

b

a" (")

B
r
v(A3)

D-1.6/g cm'3

7D,

Rlu > 20(Dl

wRz (atl)

Goodness-of-fit

P2/n

100

12.5676(11)

7.0425(6)

19.9s82(18)

90

94.987(1)

90

17s9.8(3)

1.390

4/t

0.0435

0.1163

1.054

Pco21

100

35.417(3\

7.7792(7)

12.6482(11)

90

90

so

3484.7(5)

1.404

8/2

0.0513

0.1218

1.083

Pbco

100

12.s36(3)

7.9916(17)

34.462(7)

90

90

on

3452.3(13)

1.417

8/1

0.0893

0.1681

0.930

PUn

298

12.69s6(3)

7.2093(2)

19.9362(5)

90

9s.276Q)

90

1816.96(8)

1.347

4/1

0.0512

0.1575

1.087

(s)

n'r:1)"luunovoo!h?i enot-ring rraollflunrr,rvi q.q d':er"r*vir H-atom fi[ao.:uuocna!

03 u,av 04 usuhjrvioun-u Inu occ[H3O] = 0.508(31) [ac occ[H4O] irirrvirrir 1.000 -
occ[H30] lruloroiosoo!'[d'ao:crY!nrrr] roviilulvi1ri! 50% arsro:Jtolo: roudnno'roan:rr rflu

a,!
vll.lna:Jtul0tan[110n?1!xotou lufl 1:lto.:ty!nlvr:'].i0!n0!

ll
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ET*'"?*j.-.. \/,,..b,*dr(,-\-( /r''

*-( -l'I

1
1

\
\I

".t)

J - - s<
n'rflS 4.4 n''r:Lao{uDy !aln:roulur': erol

-itln't:flnu'ruavoDlrurn ur rit o::lttqr-r o.r osn o:r1g1o: rol (H) ourl:Lrnlru rdu

a u \vnr:6nurrtwquianruvto.rui.wo.: NMR nrausr'rlrr.:rni to.:sir*vrj.rlolor: roufrarrr:o uri-ltki
a)

tl1.r0{ tn [?nun1: LtonLLonn':1Ltu'']i! LlJu1Jain1Llvtun L!to0tJ10.l03fia! H t0itn0:n,)!u (KOnq

uacn c 2014) Kong uaunruu (zotq) kil:cLiurdrlrutor#.:arlaoruvfirfiurrior ritir]:nou

0ufidAo Hlo luhrna tt, H3oc hlrLrna c, uac H4o 1u1!roa H) stln'ndrrrurvirrYu 0, 5.3,

uac C.Z ilaOarioha nr:JrirrYu Parimita u.avnfus (2OOz) lri:ru.rrlornnr:irn:rcrfln:{airl r:
I . q u 44
Ituuuruavioor"ufrrfrarrlolri'ur{uovlolo:ror.r 'Lu:ru.:ru'[ri:vrlirovnol enot I 'luln:,raitarfin

oqlumiur,nj.:auro:6lrirl#dn:rnr:r{ru::1luor'r ur,lrj.r16! o u rr1: risrrlo r n ro na r: ariu aqu
qec t e - i.c- r r < ,-ryJuao.:lrirriuirioo-ufirirti'ocarotlloltlvrrJfiki'riuq,:rfiouao.l rvir6o u = 0.126 A, riurn'urfi'u

Jvvea. -r - -i- ,..esiruv r H fif,i'nnnn drv:Ulroa c 'lu:ru.rruf,olfuiiruaa'nrifindrun'uLirqnrir.lornnr:6nur

1ro,r Parimita ltnvn v (2007) nr:n'ru ruuatuvt'nlu tlqnsir.tt oia?rlvur uultol6rSnn: ol
, r i qe1-

n0uvrnct?l.t !!:nauu [ao,! [yl,rud.t n1ttu1ufl?t a,: R ? llr,lur urt ut ol o- ta'no:outo.tltJ:nau11r
.J

uSrrru enotizable yr-turu:vy'ir.:ovno!ao{ o fin'nrrrLyurur.ir_rto.:o'rHnn:ouriou'[ndn"l o3

n1 u1j!n?1!Lrernqir.!ro,:nlr].Jyur[riu616no:oufindruriuqnrrulunr:dnurnr:r*urr!uto.:i.:i
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.a a .l
LOnrrrq v{!ro.!lr0n Ln:{a:1.r tetrahydocurcumin vlLnu?1o.lfluau1,i Lnaio tou GiriJa, tsegum,

Syed, & Thiruvenkatam (2004) trrtl: vaunrrrdr tSolunr:o'ra o': uuu ov qlorlltYri uo u r l6
t-- , ic,c,

uanorniti.:r:nr:dr:ronrn urunr:oiraa{I!roavalu!r!!rirvi!sl"rur l eno[ fi'lrir! u: v rr.t- ul

nurra6fiarufiorJnfi (vd.:druaa.:ovnourro.: H) vr'fi':vuclirr o - H firtu:vrriuuna'run"l Giri.la

uasafuu (2004) |ta yn'l:11]'Lno in'n n:?o-on:ua''t u lsotropic atomic displ.acement to;ur1i'

aradniivialuaqaraiafiu utH3ol = utH4ol = 0.068 A2 6'ru

nr:aiouaara:yavvi1,ito.! o - l1u rl enot tilrirlrirfionr:uil:cuclalocnol rirlr6.r

nr:uth isotropic u a.:orr6r 0.057 A2, ttrrrJu:savdn:run'ud.ta.rsl'ruv .:rlo.: H ocato! lunr:au

dadrn-otarrir u drvirniueirv:n H ovoa!nv{ao.:siruui.:'[ur.: enot rirti' I avnoldoqlniiril 03

ituro16na.: uanr'lriniuirio'ru?!6!6nnlouxurLniuun uavovnorioqj o+ fiwrolraqjdu t'.r

rflua"nuruv'uornltlr,turu utar6tdnn:o!NM.: uuuriraalqoriruoyrirrYo:cucrr{tol 03 -

H3o rac oq-Hqo 1!flndr6urriuuacfinr:lir.rrir u ra'rhluavrjiriodunrrlrauru uitSnor:au

alrv:-u H:o uac H4o irarirlvinrtLuururiutordrf,nn:outo! H3o arniur6nriau LLloaani'ru

t- ii
iiranr::ruuuodrr'lndtoniubrnatoi Girija [a!nruu (2004) 6r'[rilfionr: disordered uavrir

na-rrtruavnlrn:vo10n?.rrlirovLiuto.:LJ:nouvrt:ru'rrulou Kong uacnrus (2014)

rYuovlolo:roduln:lair.:r.rdnrdur rnoiniuq'ruaor'luo1:1.r 4.3 vr-uovtalo:rouvr'rwkiriri

o1-H1...o2 ri uyr"uoclalo: rou uurJ rrto.: rL:.: n'nr rrLor:rYuov: vur r.: etectron donor Llav

electron acceptor oq'hiri 2.q6707) - 3.043(2) o'raor:o:r firriua'nurucroy{rcrolnr:yluoc
)- l

[a[Oltnurtnolunlu lu !utana
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n1:1! 4.3 uan.i:'rua!16unlr"irovlslo:rou (A', o)

D-H, . .A D-H H. . .A D, . .A D-H. . .A

o1-H1...02

o3-H3...04

o6-H6...O5

o1-H1...O4

o6-H6...03

0.820

0.820

0.820

0.820

0.820

2.250

1.730

2 217

2.100

2.600

2.685Q)

2.467(17)

3.043(2\

2.842(2)

3.028Q)

173.3

148.6

114.4

150.7 lx-1/2, -y+1/2, z+1/21

113.7 lx+7, y, z)

n-uoclalo:rou:vrir.:llranauuuiiouinu 6o c-H"'o nurrnlunr:6otuiu?:yl.ii1,r

" - u d -- e
uJranaronrna:nrun! L!ranat'r{rnu{ n!nry{vr 4.5 yruEc LE rn:Laurirfinia'nuruvrilu Bifurcated

u ,t- - .i
tasion:unluovoorl,o.i O lu?iiluoadrunruulYiiuov 3.562-3.732 drao:o! i'{novlaln: rouvr-

- J - J d u r r id
rfiot-u:vv'ir lran6!4.:Lnoiniu 6a rYuoclaln:rourin C-H...o qlliu{ulalo: rouyl-inrr!

uiru:.rLjqrrrn uaclti:.J'nr::rulirioulou Sanphui uavnruv (2011) odrrl:finr! ld'lnr:dru

doa'rgn:nj1on':rlldl. n]:Ol (Bernstein, Davis, Shimoni and Chang, 1995; Etter and

MacDona[d uacBernstein, 1990) ri'urnvr] a.o nr:rfinrluoctoln:rouy,'uar nnaruororfluf,oo'uir

u,irnan:vyruodrlrirn'rgoionr:avaruuavnr:qofilaolraainiu (Girija, Begum, Syed [ac

Thiruvenkatan, 2004)
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n1ild 4.5 r{uovlalo:rouuw n2u(36) luln:lairltolrnoiqlu

\

e__
nly{yl 4.6 n,]ttnolll]ov L6Lottolrtvl/r11.i l!Larlat0iLn0:?Iu

I
I
i )

I

II
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4.4 n1iilff :1#fi'uocloln:roudruldlun:! Hirshfel.d-surface anatysis

lu:ruuuld'!nr:f,nrrrjIdlr{uii:vr,r'jr rranatorar:!:vno!doosQn?-orJirrrulouldnr:

irn:rclitirul!:un:tJ Hirshfetd-surface anatysis rth.lnio.r!ofiirl:vlutrjlunr:irn:rvrirr:fi

rJn'a'r:riuri:ar,t'jr.rllranaluln:.:air.:adn (Spackman Llas Mckinnon, 2002; Spackman uav

iayati[aka, 2009). ornarnyr 4.7 raniocqo!irfior{uovtsln:roulullaqa loiuolllfilfir:rr1
.J.l ).) )- ) , -:n1:Lno uSu LUlo:t0uytL!0!oan1]:!14?1.: Ll!LanaylLnu?t0.t lulruor !0 Lo:tausi!n't:tt0!n00.i11

O1-H 1...O4 C 1-H la.'.O4 [au C 14-H 14...O2 nrltirril

nlrrd 4.7 Hirshfetd-surface analysis In:lairla6nrdurraoinilr

arnyt q.8 uao.:nr:rfiou:linrvdur:cy.irl H...H C-HLL6gH...O rwiouav 41..1,25.6

$ar 25.2 qudrn"u 'tunr:finurozuiuirrJidlrYuf,lunr:u::lhraqar,olrnoinluriju:vrrvrr.:

- wJ t e
airLilafiuruiu6raoondo'rfi'r-r Desiraju (2005) io6rrunr:16otr-uovloln:routo.rrlrru6uorUrfio

nl:a11{ruDU La Lo:rol.lrifl C-H'..O (Sarma uav Desirajr,, 1987) uonorniadntol rnoi4iuov

t
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i , .,1 - J. s r 1a i - c
Irr:.: nrvilaraur.:a-urnFr0ulu[n:i451'! ttacli']vulliUotxuu?tnoLluLo:otluuacna LrLnon?u

laf]ur Lu urana{a.irRo:RlJu ttu ut.:60Lxiu1 H...H

ctc

2.4

2.2

!.4

1.4

1.0

0.4

2.6

22

t.a

IA

!.0

0.6

2.2

o.G ,t.o l.a r., 2.2 2,4

dt

tt-C I C-H htenctloa, (25.c,t4) dt

N-.-H t^t nctbn. (11., xt dt

,1-O t 6-H lnt.,lctlons (25.2ai Cli

0.c 1.0 l.a l.t 2.2 La

2.6

1.E

1./t

1.0

0.6

o.a 1.0 t.a 1.1 ?.2 2.4

nly{d 4.8 nr:irn:rvil#ufi'l Hirshfeld ro.iyr-r0u1a1o:!a! a) u:rionriurlntio u) u:.:do

rvdui H...H c) u:rdouadur H...C d) u:rdorvdur H...o

fr
/,-ul

0.3 .!.0 l.a 'r.a 2.2 2.3

2.4

22

't.l

1.4

t.0

0.3

7r I
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6I{uav{orduauuv

s.1 6lu
- -<. gJ a 4q,-

01nn1:?0un'Dnnetanl?!14{41:Lno:n!u:?!nun:nav! Ll.,/ Lual!u ru'11 flanvLn!:J!no

-;a - - a
anl?llnuntooc! tLltLttl to 'l flanvtuutlru{ antou?ljo.:a1: Lnoln:Jutuotou? ilnnltu'r an

J Jcq.- ) , - ). lt --l
LU U',tvtLU LU? Ln:M 1n5.i451.:FrlULn:O.:O1Ufla nLnU? I!n: {U LLAO.:114 L Un.!}rU5vv tnfl1U,l',r U lU

. , - J a v sJ'.v- q 
- : 

'.L!talala.:LRa:nllu snolnacL!uunouvrna Lutno!Q141a1nry1ana1:a nflo1nt:Jlrtu Lufl1lu1xl Lt

dlriuar:oanqvrirr!arrul : viooir4r:fiirJ:vlutil 6o n'lrraur:n'hn1:aca1u [acn1:no6rJel'1

- ta i -.n1:finulutuun1: tula!a10.i ln:{a:'].:1r1rutu lunl5 rno u5svl'tiLn! Luura 'tu rltovLa!0lLiu
) a - J r . .( . r .,'
t.triunTuovfrr,rul nluall6uyri-rjLLaual:i?hLana r,iiuoc'laler:roufi tlrl1n'hla:,r6i1,il.rAnrdu?

rnoia!-! kiun O-H...O C-H...O tlau 7I-1t interaction olr]a'rri! O-H...O rdun"uoc

)^ I I -- J
laln:roufi rfint'uvr"rnru'tullra qato.!ar: rnainr.J-u a'ru C-rr...o riunluoclo'[n: rouvr- rffoiu

, Jf r t, < a
,]1UUOn L!LanayrlvulyrLt0lJ [u.::u14']1,i U]lana?0.1tn0:!utl]'tn?unu u0n01nuu.:Yr! [:.:uuLylJU?

J. I A
ulj1J 7I-7I vrLn001n?iruusuiJ0nal:afrntn0:a!u!'rtauliunu v5arxaa!flurlluo'r1.1?urJ'rnan

!,t .J{s no a ,.r <
n?u o1nn'DflnuTn:.ruaMl0u1t0l]avl Lo LU tt lunl:!i1J1Jl.ry:01!au! Ln:,!a:1.r1oirn0:n!u Lu

a """u J - "."- z,-d I
!lJLtuut o.r nt.!ra!a1uu1lou'rntu viorirlri'rionr:acarUrirldririulfiorirhll{rirr,lirnr:nis!ur

- I i.
u1lnu1$n a''ty1:ta:I [acrn:a.lru] Luaulnqt

5.2 {oGuauuc

5.2.1 n?:iliui6nirroao.:y6or!6uui6nr:a'lrn:rufrfioy'tari.tvfiry!lualrlifiiur nr:

d':rn:rcli finir!

5.2.2 rUauu!iolorar:firrirfrrJfrfiiurlou16anar:firir6rdnlor:runrior'fiq.:du yioar:fi

1ln?1!A1r.t',r:0 L!n1: !y0tanfl :0ua.:

5.2.3 n?:rfi !nltyto6oun'naca'tuLdoduujuU:ulyinrnnr:a-lrn:rcditdnir!
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5.2.4 n'r'r!.J Lfi!n1:irn:rcfrr'.:nruiourru DSC TGA rfioirn:ru yrL fi.: riy'r:-Ia:,r a ir r

LnaLnu,inu
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Supporting information

Table 1 Crystal data and polymorphs.

Crystat data t

C

Space group

Temperature (K)

4 (A)

b

q.e)

p

r
v63)

D."66/g cm'3

Z/2,

Rr[' > 2O(/[

w8z (at()

Goodness-of-fit (5)

P2ln

100

t2.5676(LL]-

7.042s(6)

19.9582(18)

90

94.987(1)

90

1759.8(3)

1.390

4/7

0.0435

0.1163

1.054

Pco21

100

35.417(3)

7.7792(7)

12.6482(tr)

90

90

90

3484.7(51

1.404

8/2

0.0513

0.1218

1.083

Pbco

100

12.536(3)

73916$7)

34.462(7)

90

90

90

3452.3(13)

t.4t7

8/l

0.0893

0.1681

0.930

P2/n

298

12.6956(3)

7 .2093(2)

19.9362(s)

90

95.276(2)

90

1816.96(8)

1.347

4/1

0.052

0.1662

1.067
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Tabte 2 Crystat data and structure refinement for curcumin

ldentifcation code curcum!n

Empirical formula C21H2eO5

Formula vveight 368-37

Temperature,/K 298

Crystat system monoctinic

Space group P2/n

a/A 12.6956\3)

b/A 7.2093\2)

c/A 19.9362(5)

a.r 90

9r es.276(2)

Yr 90

Votume/A3 1816.96(8)

Z4

P."r.S/cm3 L347

U/rnr'' 0.099

F(000) 776.0

CrystaL sizelmmr 0.3 x 0.2 x 0 18

Radiation MoKO (tr = 0.71073)

20 range for data cottectionf 3.656 to 55.034

lndex ranges -16 s h < 16, -9 sk<9,-24 <l <25

Reflections coftected 25648

lndependent reftections 3956 [R",r = 0.0418, R,Bi,u = 0 0298]

Data/restraints/parameters 3956/0/249

Goodness-of-fit on F2 1.067

Fina[ R indexes [>=2O (l)] Rr = 0.0523, wR, = 0.1515

Finat R indexes [atL data] Rr = 0.0731, wR, = 0.1662

LaBest diff. pealVhote / e A-r 0.26/4.30
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Tabte 3 FractionaL Atomic Coordinates (x1Oo) and EquivaLent lsotropic DisPtacement

Parameters (A2x103) for curcumin. U- is defined as 1/3 of of the trace of the

orthogonatised U! tensor.

Atom v z U(eq)

o1

02

o3

o4

o5

c1

c2

c4

C5

LO

c7

c8

ao

c10

c11

c12

c13

c14

c15

Llo

cl7

c18

c19

c20

c2l

-1063.7(13)

-1176.6(13)

1315.5(10)

2990.7(10)

8758.3(10)

-1186(2)

-527 .!15)

466.2(16\

238.8(t7)

860.(18)

781.8(1s)

79.0(15)

1417.9(16)

116s.6(15)

1807.6(15)

289t.5J4)

34s9.7$4)

4588.1(14)

5129.304)

6261.0111\

6949.2(13)

8013.4(14)

8442.1(17)

8411.5(14)

77 4t.1(15')

6678.3(14)

6671(2\

393lQ)

614512)

6s01(2)

879612)

237s@t

s375{3)

67qO3\

8179(3)

8286(3)

6983(3)

s51213)

7 \5213)

6442(3)

6s37(3)

6968(3)

6931$)

7335$)

7377(3)

7 677(2)

8110(3)

8358(3)

8782{4)

81se(3)

7736(3)

7510(3)

8613.(7)

7 697 .817)

4678.6(7)

4155.1(6)

s234.80)

7267.8i3\

7584.8(9)

8080.7(9)

8040. ( 10)

7508.9(11)

6999.3(10)

7043.8(9)

6423.1(10)

5820.9(10)

52s2.8(10)

s306.4\9\

4743.49)

4789.6(9)

4246.x10)

4214.0(9)

4780.2(91

4723.4\10\

s899.1(10)

4095,0( 10)

3s35.9(10)

3595.6(10)

68.0(4)

72.2$J

66.5(5)

60.4{4)

63.3G)

77.7(71

s0.9(s)

52.4\5\

60.3(6)

60.7(5)

51.e(5)

s1.s(s)

55.3(s)

52.915)

47.!,41

46,s(4)

45.5(4)

48.1(5)

47.3@)

43.(4)

4s.8(4)

46.1(4)

67.36)

47.6(.5)

s2.0(s)

s0.(5)สถ
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Table 4 Anisotropic Oisp[acement Parameters (A2x10r) for curcumin The Anisotropic displacement

factor exponent takes the form: -2rt2[h2a'2ull+2hka'b'Ur2+ ]'

Atom Ull uu Urr U23 Urr U,,

o1

02

o3

o4

o5

o6

c1

c2

c4

c6

c8

c9

c10

c11

cr2

c13

c14

LI)

c16

c77

c18

c19

c20

czr

74.(10)

73.0(10)

40.1(7)

39.9Q1

41.3(7\

34.8(7)

79.1(16)

47.8(10)

54.7(i 1)

70.1(14)

62.4(r3)

50.7(11)

53.2(11)

51.0( 11)

44.1(10)

4s.7(10)

42.8(10)

3e.9(9)

37.2B)

38.6(9)

36.3.9)

38.s(9)

35.1(9)

s6.r02)

34.3(B1

44.6(10)

41.4(10)

79.0(11)

89.0(12)

108.5(13)

100.0(12)

90.1(11)

93.1(11)

80.5(17)

60.6(12)

62.0$2)

5e.9(13)

60.0(13)

s5.0(12)

59.3112)

54.9(12)

58.202\

s0.1(10)

54.1(11)

51.4(10)

59.7(12)

s3.3(11)

45.4(10)

52.301\

48.2(10)

89.s(17)

52.4(11)

64.812)

61.3(12\

s4.(9)

57.4{9)

51.(8)

41.8(7)

57.7(8)

69.1e)

74.5(16)

4s.0(10)

41.6(10)

52.102)

60.7(13)

s0.9(11)

43.0(10)

6t.3$2\

s7.8(12)

47.s(10)

42.6(10)

45.(10)

47.0(10)

49.6(10)

47.7(10)

47.2(10)

s3.3(11)

55.0(12)

57.0(11)

47.6(11)

47.1(10)

-8.5(8)

-13.0(8)

3.9(8)

0.3(7)

-3.2(8)

3.9(e)

-9.203)

0.6(9)

-1.3(9)

-7.8(10)

-1.8(10)

4.7(9)

-s.7(9)

3.3(10)

7.9(10)

8.(e)

1.(8)

7.8(8)

4.6(9)

8.3(e)

8.3(8)

4.2(8\

2.\9)

-s.21u2\

9.3(9\

8.2(9\

7.0(9)

26.9(8)

21 317)

7.1(6)

s.6(6)

0.5(6)

t0.20\

12.1(13)

7.4{8)

10.7(9)

12.3( 10)

10.7(10)

9.8(e)

e.4(8)

12.1lB)

12.1(9)

11.6(8)

4.3(8)

4.4(8)

1.8(8)

2.1(8)

3.7(8)

7.3(8)

0.0(8)

-2.6(10)

e.2(8)

10.6(8)

1.6(8)

-1.0(8)

-20.8(8)

-11.1(8)

-6.1(7)

-11.9(7)

-5.4(7)

- 19.5( 13)

-4.4(el

7.0(e)

2.4( 10)

-3.7(10)

4.4(9)

-0.8(e)

-4.2(e)

-0.5(8)

3.3(8)

{_s(8)

0.7(8)

-3.1(8)

-2.4(8)

-1.0(7)

{.e(8)

-2.1(1)

-9.s(11)

0.0(7)

-0.2(e)

-1.7(8)สถ
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Table 5 Bond Lengths for curcumin

Atom Atom Length/A Atom Atom Length/A

o4

o5

o5

o6

o3

o1

UI

02

c15

c15

c15

ct2

c12

c17

c12

c17

c18

c19

c10

c3

c2

c1

c16

cl4

c2r

cl1

c13

c16

1.303Q)

r.362Q)

r.4t9Q)

1.368(2)

1.284(2)

1.362(2)

1.359Q)

1.411(3)

1.398(2)

1.460(2)

1.391(3)

1.389Q)

1.4s60)

1.378Q)

c17

c10

c10

c19

c14

c2l

c6

c6

c2

c3

c9

c4

c19

c11

c9

c20

c13

c20

c6

c8

c5

c3

c4

c8

c5

1.401(3)

1.40s(3)

1.4s7(3)

1.3730)

1.33413)

1.37 6(3)

1.394(3)

1.385Q)

1.469(3)

1.381(3)

1.39213)

1.377(3)

1.317(3\

1.3793)
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Tabte 6 Eond Angtes for curcumin

Atom Atom Atom nngte/ Atom Atom Atom Angte/

ctl

c16

c21

c21

o4

o4

c11

o5

c16

c17

o3

o3

c11

o6

o6

c20

c13

02

c15

c15

c15

cl2

c72

cr2

c17

c17

cl7

Llb

c10

c10

c10

c19

c19

c19

cl4

c18

c1

c14

c16

c14

c11

cl3

c13

c16

c19

c19

c15

c11

c9

c9

c17

c20

c17

c15

117.41(15)

118.64(17)

122.78(16\

118.32(1s)

118.90(16)

120.23(r6',t

118.04(16)

121.72(17)

125.95(17',t

114.22(ts)

119.83(17)

120.50(17)

120.61(17)

114.93(16)

124.4308)

121.13(17)

118.76(17)

120.10( 16)

128.45(18)

cr2

c14

c20

c19

c5

c5

02

c7

o1

o1

c4

c8

c9

c3

c11

c13

c21

c7

c20

c6

c6

C6

c2

a')

c3

c9

c8

c4

c5

c10

ct2

c15

c6

c21

c8

c7

c8

cl

c3

c3

c2

c4

c2

c10

c6

c5

c6

120.79(17)

122.01(17)

121.53(18)

120.60(18)

1 19.71(17)

120.96(18)

118.29(18)

120.7s(19)

124.9s118)

114.76/.11)

120.24\18)

r21.95(19)

119.02(18)

119.00( 18)

125.71(19)

125.12(19)

r20.52(19)

12l.3i.'2)
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Tabte 7 Hydrogen Atom Coordinates (Axt0a) and tsotropic

Disp[acement Parameters (A2x 1 03) for curcumin.

Atom x v z U(eq)

H6

H3

H1

H16

H14

H11

H13

H21

Hl

N20

H9

H8

H4

H5

H18A

H188

H18C

H1A

H1B

H1C

9789

1743

-7354

6687

4734

3233

4942

6228

17

8005

521

2048

297

1341

7900

9039

8773

- 1560

-1532

-472

8510 4398

6038 4397

5657 8622

8233 5198

7192 3836

7281 5724

7574 5210

7238 3214

4615 6747

7 604 31_1_9

5826 57 52

7813 6489

9086 8373

9255 7494

9695 5936

9065 6213

7 578 5997

2618 6841

1359 7468

2031 7242

98

100

102

57

56

58

60

62

62

63

66

73

i01

101

101

117

117

117
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