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A Theoretical Study on Antioxidant Activity of Nyasol
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oAl A, sid, AL ok, Fut E FAE LHEZ Ad ACE FFT & AFoA= o] IFEY T4kt
E4& AADCR H9sty] 98l B3LYP sto]lBHE < E 6-311+G(d,p) 71AGE AT ERdS: o2
(DFT)oll 7I5tet o] 82 AAE st Omega2s AHEsto] FFE 24719 27] F+£F Gaussian 1628
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Hokt F, F7bdel AE 9lstol AZ o2 Al A conformer AHstErh WM S Ay Au
nyasolo] S|z 475 714w 4-OH7k 4-OHET o & AYL Holxgith. T} o] 2ute & ¥eidl &
ABHAIEI W BT ) nyasole ATHOR okt i AA5S 2 Aow ArAYOR, olAe ol B

H AY golgdx FARIETE. ESF hydrogen atom transfer (HAT), single electron transfer-proton
transfer (SETPT) ¥ sequential proton loss electron transfer (SPLET)Y Al 7}4] tt& Akt vks fAYUS
< 7IAT dgE 2 & wdoA AT AI7HA WAUES Hlng A3 HATZE @9ty es AgE HA
Uzyd Aoz J=HQich

Abstract Nyasol is a lignan isolated from Anemarrhena asphodeloides Bunge with potent anti-tyrosinase,
antipyretic, cardiotonic, diuretic, antibacterial, and antioxidant activities. In this study, theoretical
calculations based on density functional theory (DFT) using the B3LYP hybrid functional and the
6-311+G(d,p) basis sets were conducted to explain the antioxidant behavior of nyasol. After twenty-four
initial structures had been generated by Omega2 and optimized by Gaussian 16, three distinct
conformers were selected for further calculations. Electronic property results showed that nyasol has
radical scavenging activity and that 4 -OH is more potent than 4-OH. However, nyasol has weaker
radical scavenging activity than well-known antioxidants. And, the results obtained by calculation
agreed with published experimental data. In addition, three different mechanisms for the antioxidant
effect of nyasol, viz., hydrogen atom transfer (HAT), single electron transfer-proton transfer (SETPT), and
sequential proton loss electron transfer (SPLET), were studied and compared in the gas phase and

ethanol and water medium. The results obtained showed HAT was thermodynamically dominant.

Keywords : Anemarrhena asphodeloides Bunge, Antioxidant, BDE, DFT, Hydrogen Atom Transfer, Nyasol

*Corresponding Author : Jongkeun Choi(Chungwoon Univ.)

email: jkchoi@chungwoon.ac.kr

RReceived November 23, 2023 Revised January 17, 2024
Accepted February 6, 2024 Published February 29, 2024

17



Wet7|eetsl =2 A A254E A2E, 2024

1. M2

W - ARl A5ty AEEAE WE L3510 8 Y
Qlojrh, X|&AQl Egath &2 7|v], FI0, Ma
12} 13]—’ RS fsith AL ot F54
‘Q"""} DT Aae A 1B EEY |
= 7% S Z3H1]. ESH nEEE=got9]
AAQ AlEsE IHolAE AH|EE AAO HiE
2%7F SHZAIER HAEE AoR AHFTH2I
oA oF A4S §lo7] SlsiAl Azl WA
Ql ®o]7|HM 2 F superoxide dismutase, catalase 71
2|1 glutathione peroxidase &3} &2 AIst a4
9} vlekdl C, H|EM E, glutathione 5 FABHAI7F &
AHFTH3). ShAIRE 5 2 Q1o ofste] TestA &
Ara7t sk WA Jhakst AA7E FEakE 1
7+E Awo| fUHET4]. T &5 0] EorR| L 4
9] o] FolAHA I} 7R&E3SLE| T Qlo] FAISHA
9] A8} olg o]-&3F FieB} AF o] &3] olF
ojx 1 Sitt.

g oY Hlm FRE 7L e EYdlee] &
4‘_}5} L Helrk= A2 g9 &= AoHbl. E2H
2 F1x& EAo]| ug} flavonol, flavone, chalcone
JE]'V g It (lignan) o2 7% ¢ St} 2142 A
9 Bd3} et AlEo] EA5hH ’\Eﬂiolcﬂ' T
ARE F2E 7T Q7] wiEe] AEA oAEREA
(phytoestrogen)_i AR lHol. Bl F9,
o]—/\]—_gl— _g_ 7].x] 01_9_@] A]oﬂ_,_]-}]_q_]._i o]ﬂ- /\].u
E2 B5olF e A4S oY &5 5ol ¢
24 QItH7,8].  cis-Hinokiresinol2tal%® EE]—,——
nyasol:Z 2|1t A QG| &3 SFE9IE Park S110]
of oJsf A& He]9] oerE FEEHE o7 TA 9 o
& AEAERETIHYE AR &2, FHEAT Nyasol
2 ohE FIda Zo] oAERA 84 HEre] g
Al(agonist) &8 7HAL Aom(11], nitric oxide
(NO)Y B4 JAT #9t ofl2} FAEF, FotEr &
A3t tyrosinaseE AAIsk= wHRIT RIS
[10,12].
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£ AFAE nyasol? EHsHH e o|EHoR
AAFBEIL o5 3t 1831l nyasol] FAkstut 4k

3} 7122 9ol sttt Nyasole] 25 |43kt
o2 frontier molecular orbital (FMO), molecular
electrostatic potential MEP)} ¥ ¥R3 Qlx}
=2 124519 nyasol?]

== T«

(global reactivity descriptor)
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S & dEzl ARl Hlwsteilch. E3F Bond
dissociation energy (BDE), ionization energy (IE),
proton dissociation enthalpy (PDE), proton affinity
(PA) 18]3 electron transfer enthalpy (ETE) #E
£ F91al o] ¥ hydrogen atom transfer (HAT),
single electron transfer followed by proton
transfer (SETPT) Z18]1 sequential proton loss
electron transfer (SPLET)Q] @4ts} 71&Hof| st 715
4E g5k

Fig. 1. Molecular structure of nyasol(a), ascorbic
acid(b), quercetin(c) and gallic acid(d) with
numbered atom sites.
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2.1 Nyasol9| 3xtg X I FH]

Nyasol®] 3xMd F#xE& PubChem tHo]gHo]A
(https://pubchem.ncbi.nlm.nih.gov/)°l|4] SDF =Y
galoZ Y urttH{13]. ot nyasol?] conformer
55 5] Yot] Omega2 (OpenEye Scientific
Software, Inc., Santa Fe, NM, USA) HZA 2 5.1.45%
olgste 7l HY x70E oJUAI7F W 24749

conformersS A TH14].

2.2 Alnt LY

Omega2® A3t conformerE9] F%= GaussView
< 0|83l Gaussian 169 ¥+, GJFZ W
shstoict. Egt nyasol F2oA A5 AAT 20
Iz 3R 52 GaussView 65 ARE3Io] FH|513c}
Nyasol & ZE IRIEE9] AR A4 Gaussian
16 package[l6]E& ArEsIATE ESH GaussView 63}
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Schrédinger AF9] PyMOL 2.4 (https://pymol.org/)
= ol-&sto] Akt AT AlASetal EA51dtt.
FASE G2 F2 Ax G g W] wiiEo]
Wr HS o]Z(density functional theory, DFT)<
ARgSte] AR AARE A7, 18] DFT
Aol 6-311+(d. 9] 7IFREE ARBSIC™ B3LYP
(Becke’s exchange functional in conjunction[19]
with Lee-Yang-Parr[20]) =04 72& FZ3}olar
harmonic vibrational frequencyS AASIAT

2.3 M HI2 O[X} HA

Akt o] A&l v g flote] 7]A| Al 8o
AEllA 7P PRt F2E ©l8Sto] ionization
potential (IP), electron affinity (EA), hardness (7),
softness(S), chemical potential (¢) 5 A s}s} =t
4 A5 JIAES the] BARCE AlLbslginh: EA=
-E’Lumo, TP= ~E%omo, Beap= ElLomo - E%Homo, 7 = (IP
- EA)/2, S= 1/27, p= (IP + EA)/2 [21-23]. ©I7]°0|A,
E%omo 2 Flrovo2 ¥HSA Sl B7o du 2 e
A3 A9l HOMOS LUMO oUvAE Yehdtt. &3t
oek29] wjd FHL Solvation Model Density
(SMD) Z&2 AR8-sH3ITH24.

2.4 ghikst 7Rt ghitat 2y ALt

R SRkEe] S &7 7132 HAT (Eq. (1),
SETPT (Eq. (2)), SPLET (Eq. (3))7F vH23,25].

ArOH+R"— ArO " +RH (Eq.1)
ArOH+R "— ArOH *+R'—ArO +RH (Fq.2)
ArOH—ArO+H', ArO+R —ArO +R’,

R+H'—RH (Eq.3)

HATolA= ArOHY §H8/d2 O-H Z39] BDEE
d=st 4= 9tk o 2 BDE 3 7HESE o 2 84
< 7K ok 944 4= Stk SETPT 71&elAl=
ArOH9] IP9} ArOH " 2tz ¢ol2] PDE Fto| %
S5 ¢ & 248 7RIt T 4= Stk ArO™9] PAS}
ETE %2 SPLETY] 7|21} &A7} et whebad 298 K
oA BDE, IP, PDE, PA 712]1 ETEZ:S ofefie} Zo]
TFatdon el g HH) Mkl gy
He)e &30l Bad gh& AR8sHtH26,27].

BDE = H(ArO') + HH") - (ArOH) (Eq.4)
IP = H(ArOH %) + H(e) - (ArOH) (Eq.5)
PDE = H(ArO") + H(H") - (ArOH %) (Eq.6)

PA = H(ArO) + H(H") - (ArOH)
ETE = HArO ") + H(e) - H(ArO)
Where, H represents enthalpy.

(Bq.7)
(Eq.8)

3. dap & nE
3.1 Nyasol2| 33Xt conformer?| MM} 71X
#x{}

Nyasol®] 7F W& o] 2& AAHOE M
5171 95l OpenBye ScientificAle] AZLE0]
Omega2 WA 2.5.1.45 ol-§sto] AhF oz & o
HAE 2= conformersS AR THFig. 2a). A4
H 24789] conformer&< GaussView 6& ©]-&5}o]
GJF =2 WEst o+ gaussian 1622 B3LYP/
6-311+G(d,p) &NA AR E A6t o o
A7} e F2= Fig. 2b~2dt Zth. Nyasol 2749
H& 1o 2%HE OH(4-OHS 4'-OH) I5L 7HA
I 9o Fig. 10] Bel Ax} Zo] 18] B ¢ 7{Y] o]
%233 conjugate®lo] QJt} 2D 22 E uf v A
83 C5¢ C9= HHTRE 7 ACoE A7t 5
Aot opxgr HAHskE 3D Fx(Fig. 2b~2d)E=
C9-C109] & Ajo] EAjsto] PriHth= HEH
A 25 7H A0& dFEet. &, H3HE FxR0
A C5-C9-C10-C149] dihedral angle2 60°%2
PubChem®f|A] Wg] -2 %7] F29] 90°)|A 30°9+=
3-8t

Fig. 2. The multi-conformer of nyasol generated by
Omega2 (A) and three different conformers
optimized by B3LYP/6-311+G (d, p) gaussian
16 (B, C and D).
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ﬁﬂ%«l T*METH F4 PR HgE o] AsHg
Zro] "cH28]. YAt A o]2o =W HE 4]
9] O-H 2% Zol7t 445 AF AuA7}F At &, 1
T 4719 Ad dot s 4 AR AgEe
GAksE wkgo] {A dojdtH29,30]. wetA sigtEof
A HE APIEY A% dolg E4ohs A2 E9
= SRR kst ES Aok A W 5
Shutoltt. NyasolQ] @4Hs &gl AHAQl J3Fe +
= 5 O-H 2% 2% 097054 AR 5Y5I3ch w=hA
4'-OHS} 4-OH9| FAksHE FARRE Aol

3.2 FMO &4

FMO 412 §7]5189] w843} A4 052 of
sk Eoha]l o ket E4S Lok 4 9
£ %83 E4olt}H{31]. HOMO oUAE ARE F=
st #=lo] 9lom HOMO ofuA7F YE45 9|
Z} AR} obAste] kdglo] WrH32]. T3 HOMOY
e} QA= Blrjzo] A= 9xE AASHH HOMO
9 LUMOS] o 44] ol ¥-g-dat o] Slek. FMO

ol

olge] waw SIES e WSAHES HOMOSH
LUMO v 2] 2h& ofulx] Afole] 542 7hxjul,

ol= olZgt el FA% A% +=8A2 8 5
Aot AL Quigtci28]. Fig. 3°] nyasol conformer
37H°ﬂ gt 714 AeollA A4E FMO £33z} oA
£ YerfiSlth Fig. 3914 & 4 QU%°l, nyasol9]
FMO—':— ABAA 7 4 A= 54L& Uehfi B ring
o] 124 Bx=o] Qlt}y. Conformerd® xjo]& &9l

2~ 0ol

LUMO+1

LUMO

MO Energy (eV)

Conformer A

Conformer B

517]+& o392 nyasol®] HOMO ofluR]=-5.99 eVo]
3 LUMO 9YA]&= -0.98 eVoltKTable 1). o]& &
o] Huxo] Sl thE AIEA9] AlirETtel vl wst
At HOMO A= vl thiide] gr4tstA]of Hlste]

=%om LUMOE #ARHH. 3o 1 nyasol
9] A3t EAdo] Ay or Fe AL Aisi= Ao

2} AZrEch ®3t Fig. 20 291 A3} Zo] conformer
of Aol HOMOE B ol A5hH HOMO-12
Axzle] 91X & & QA9 o= 4'-OH9| ¥4

a= 2 T
o] 4-OHe] Hlsto] 2 Zolgks 2 2u|gtt.

7

M

3 x99 HOMOE} LUMO °|AE °ol&
sto] M9 BhS Q1A =2 Fokal E3o EauH 4k
SIS ALt Aot H]Lo}ﬁEHTable ). 1P, EA,
hardness, softness Z18]31L chemical potential 5=
EA9 wrdE At /-851H38,391. 1P7t 2
255 g7 golog ¥sk= Aol Zsith. EAE
sfskdRtol YR ARE Hold7 e Axolrh Hardness
=249 ?l';ﬁ*é% IRIT 5= U= AHE 3 3 F
4 W A2 Biee 4ov|= bt 84 g 24
u

O

9] AL wrdett. WA softnesse £A7F AR
£ WolEole 53oltt. E3 chemical potential

Aol w3 *JﬂMW Aol & AYH Yotk
Nyasol®] %1% §Hg- <14} %kE" ohE F 4R At

E43} 8| ud o GARE ES HolFEtHTable 1).
whebA Bl de] FAEHAe Hlaste] 4] gHEtE
nyasol®] FAtsH o] 21| ¢k A o' A5 & Qirt

-0.65 ——

=1.01 re—"

AE =|4.98

-5.99 %
6.30 —1—}

Conformer C

Fig. 3. Energy diagram of the frontier molecular orbitals of three nyasol conformers, along with their energy

gaps (eV)
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Table 1. Comparison of the global reactivity descriptors (eV) of nyasol with reference to the antioxidant
molecules in the gas phase and in ethanol and water medium.

Nyasol Ascorbic acid Quercetin Gallic acid
Parameters
Gas Ethanol Water Gas Gas Gas Water
Enomo -5.99 -5.90 -5.93 -6.50 -6.85 -6.51 -6.32
Erumo -0.98 -0.89 -0.91 -0.90 -0.95 -1.59 -1.51
ABgap 5.01 5.01 5.02 5.60 5.90 4.93 4.81
P 5.99 5.90 5.93 6.50 6.85 6.51 6.32
EA 0.98 0.89 0.91 0.90 0.95 1.59 1.51
“" -3.48 -3.40 -3.42 -3.70 -3.90 -4.05 -3.92
7 2.46 2.50 2.51 2.70 2.95 2.47 2.41
S 0.20 0.20 0.20 0.19 0.17 0.20 0.21
Caleulation Method B3LYP/ B3LYP/ M062X/ B3LYP/
6-311+(d,p) 6-311(d,p) 6-311 + G(d,p) 6-311++(d,p)
Ref. Current work [33] 1341 (351
DPPH scavenging
activity (ECso, M) 175 11.8 5.5 5.1
Ref. [36] (371 [37] (371

Ionization Potential (IP), Electron Affinity (EA), Electronic chemical potential (1), Hardness (), Softness (S)

Conformer B

ConformerC

Fig. 4. MEP isosurface diagram of three nyasol
conformers.

Table 2. The O-H BDE (kcal mol-1) in the gas phase

and in ethanol and water medium.
Compound Sites Gas Ethanol Water Ref.
4-OH 81.4 81.6 82.2
Nyasol
4'-OH 79.6 79.1 79.8
Ascorbic | 3-OH | 795 75.8 756 |
acid 4-OH | 74.5 74.8 74.8
3-OH 85.1 82.0 79.6
5-OH 100.9 94.8 91.9
Quercetin 7-OH 92.7 94.4 92.2 [34]
3'-OH 88.4 86.2 83.8
4'-OH 77.9 82.3 80.3
3-OH 84.6 - 81.5
Gallic Acid | 4-OH 77.2 N 76.0 [35]
5-OH 77.9 - 78.6

3.4 MEP surface

GaussView 6 AZEJo]E 0]83}9 nyasol?] Al
7} conformerE°] gt MEP tholo]1gg It
(Fig. 4). ol Bl B/ Bt Axt&olal A2t o
2 ZRIT 4= o} ARt FHoto] 245 we /A
= W0 E HAISHIL AR HESte] AjH o QF
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3.0
AT

AsE o= Yo 2 FAISHT wEkA] ot
A QA= HZAA}F qRgo] EIHRS A dkgo] dojd
7FsAdo]l &tH29]l. Fig. 4°] HQA AI} o] A
conformerg LEFolA EAY] & Eof X3t OH
287171 8 SAAAS & & Aok

3.5 HAT 7|&t

iz 4719 A ovAE 7Rssl] Yslisle O-H
Agto] Agt 4ol o= BDE7} ltt. BDEQ] A7]&
gitjzo] Hz 4|9 $AE A s fol ) vt
S 5 A REY S g AdE o] ot
[40]. &, FASHA9] 471 AE o] gtrjzdo] $AA]
2 ] £A7F dojuk= HAT 7123 2 2Ql &
A7} ek, gubEoE HE $417]9] BDE #o] A2
5 o 9A19] iz 4104 4 GRS Eiolr] i
PASE Edo] Artar & 4= JITH40]. B3LYP/6-311+(d,p)
20| A AAKSE nyasol®] BDE S-S Table 29 Y
Witk Nyasol®] 4-OHe]l B|ste] 4-OH BDE 32 &
o z0] wet 1.8 ~ 2.5 keal mol™ 7HE Yol 4'-OH
9] ¥kg-Ao] ©f & Ao JEHItt 3t A2 EX

= 71AVgel 2702 ALt BDE gol FHARE 1
Z}o]7} 0.8 keal mol™ o]st2 ZA] gttt B30 =
1H FAstA Y] AxETel Bl E @ nyasol®] BDE
H2 AdHoR Z S Bylon oA 1o B1
H AAT o)A nyasol®] ECso kol st SHdAI
Hste] 108 ol =2 A& AWol= Aijoltt,

T AE 20
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oa’iﬁsjo e 018 yo.w
0. 8 018 0.23
2o 2, 016
@’?ﬁ‘
42
wm% ,.th‘ 87 s,
0.28

0.19 -0.13

Fig. 5. Spin density maps of the 4'-O and 4-O
radicals formed from OH groups of nyasol.

BDE®] A& d5l7] 918l nyasol ZHZE9] &
¥ U(spin density) EEE FARBIYtHFig. 5). 2%
D=7} Wolx|H BDE gfo] AAagttH41]. FAkS} vk
9,] 733’,}- Aﬂ/\éﬂ x]-_f_l’_ 3}1—471—91 O]—Z%Aé,Q_ _Q]-‘:]’E_,] o]—/K]—
3} &7 a3 Aydol Ut Pl A 2
73t grgsto] Ap4lo] Ahg 2heZo] EARt g 2
tizo] ergsty] wizo] dAaf ¥heZ oA e

.5 & A B F 2AkEE H PERE o] 3
g0l gatstEo]l o A "ok Ax, A dWhe
BDEQ} z];gxi_i _L]-E:]o] o] ocq /\lquy} ZF BA}
HH A7 WS HEpA| AL AfUETE ¥ oW BDE
#= ATh Fig. 504 & 4 R0l T AAHA
4 -OH ojzo] Audnrt o & EAtElo] glon oA
S w2 B C7-C8 Y o]FZg0| conjugation¥] o]
7] wiEoltt. E3t 409 AkA AL 40HTEH
0.05~0.07%F &9 D=7t R} webs o] F AIAF
9] BDE %9 AJol& wte= Zog A7t 4= it E
T EolA 9] AW W 7|Aol Hste] o & Rale
of glom oA EoA §H3/o] & Ao J&SH

RIRI R T

Table 3. Ionization potentials (IPs, kcal mol™) of
nyasol in the gas phase and in ethanol
and water medium.

compound Gas Ethanol Water Ref.
Nyasol 166.6 127.8 126.7
Ascorbic 196.8 126.2 125.6 (33]
acid
Quercetin 175.3 128.1 127.8 [34]
Gallic acid 189.3 - 118.8 [35]

3.6 SETPT 7|t

A o2 7%} Fol shvks SETPT= A ¥A &
AloNA gzl WA AAE AlFohal Fol2o 2wt
o gAY sEl7t dojuks 71&oltt. IP ¥ PDE gt
2 SETPT HAUEZ #AE §HE dgmolw &aj<
S0l & YFS w=rH40]. 1P9F PDES] AXE Aiks
Table 33t Table 40l HeFSit. A WA A2 =t
£ Fofole 582 AR HHAS} w39 A} 4
AE Fol9] rstel #7o| 9tk Nyasol9] IP FHE
2 819l S7d0] Sl wet AAasiltt. &, IP @
o] 255 A7 MRS Foiske Zlo] ol Ao|
B& nyasol?] A%, F40] & &Md4E A} AE 5
Ho| ot= A ulglit). o] AL A A ¥heo 2
1 e Okoli"] =43 |ollA F3l=o] Z|AoA B
o o Z2 AUAE 27| gioltt. B IP 32 A
9 AA| ?¢9} x A9 HlHASt JFS won, ol
A9 A AY s A¥HQ] AT Ach42l.
Nyasol2 B ring® C7'-C8' 9] o5 Zgo] 24 v|HA]
ste ¢ AR Qich

Table 4. Proton dissociation enthalpies (PDEs) and IPs+PDEs of nyasol in the gas phase and in the ethanol

and water medium.

PDE (kcal mol™) IPs + PDEs (kcal mol™)
compound Sites Ref.
Gas Ethanol Water Gas Ethanol Water
4-OH 230.7 14.2 17.8 397.3 142.0 144.5
Nyasol
4'-OH 2289 11.7 15.4 395.5 139.5 142.1
-OH 198. -10. -19.2 95.1 115.9 106.4
Ascorbic acid 5 5 3 5 2 — [33]
4-OH 193.4 -11.3 -20.6 390.2 114.9 105.0
3-OH 223.1 -2.6 -0.5 398.4 125.5 127.3
5-OH 2389 102 118 4142 1383 139.6
Quercetin 7-OH 230.7 9.8 12.0 406.0 137.9 139.8 [34]
3'-OH 226.4 1.6 3.6 401.7 129.7 131.4
4'-OH 320.0 25.7 25.2 495.3 153.8 153.0
3-OH 211.5 - 7.2 400.8 - 126.0
Gallic acid 4-OH 204.1 - 1.4 393.4 - 120.2 [35]
5-OH 204.6 - 4.3 393.9 - 123.1

22
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A5k HAT 7]&o] SETPT 7|&o] Hlsle] ghAlst
vkgo] gold AoR ASHUt 7AV, e 2 &
oA nyasol9] IP Z+ 4'-OH®} 4-OHS] BDEZO] H|
Slo] Z+7} 85, 46, 45 keal mol™ @ 87, 49, 47 keal
mol ™! g 2 Zto|t}. =, nyasol?] 4'-OH®} 4-OHY
HAT712ol| oJ3t A7} o]5o] AX o Hotal & 4= 9l
t}. Eq. 590 wet 75t 1P 3k 8ulf 2ol uhet A4
o2 W3t o HOMO ouA] grog At IP=
7¥7+ 138, 136, 137 keal mol™? O& Eq. 5] we} 4
Akgt Aol zjolzh Qlitt.

PDEE= 3RMES] 44 dig] 523t T=o] Qirt
71419k 8ol A1) nyasol®] PDE+= Table 4] UeRY
At NyasolollAl /A7t sizj=lo] BA4H iz 5
oA 4'-OH 9AI7F 4-OH YAHT 1.1 ~ 1.8 kcal
mol ™! ¥ ket wWabA B ring® 4'-OH7F FA#
st At &4l Aot & 4 Qirh E3
Table 494 & 4 31%°] nyasol PDE 9] A4+ 7]
A ) &) dgkgoltt. o]R2 gl 3t A7t
B3} ogke g 2AolA zkzt -252 keal mol”, -
255 keal mol ™9l Zo] 7]Q13cH38]. Nyasol# -S-AFs}
Al GAsIA 9] ALol® 71AAFTE & AFEjo A 9]
PDE 9] &ol:= 200 kcal mol™! o]Ato]gich.

=

g

3.7 SPLET 7|%t

FASHA 7} A5 B2 AASH: Fas HAUR
% shuh= SPLETO|tt. PA ¥ ETE: SPLET 71%9] 7}
58S Bkl ol ARRETE Nyasold AXHETNE
Table 591 Y QIc}. SPLET 712+ HA] 4:40]L.9]
FEjet AAE ooz e gr]gao] A} o)Fo]

ojuf= 712ttt HY wlsA Ao gt A+
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Table 5. Proton affinities (PAs), electron transfer enthalpies (ETEs) and PAs+ETEs of nyasol in the gas phase

and in ethanol and water medium.

. PA (kcal mol™) ETE (kcal mol™) PA+ETE (kcal mol™)

compounds Sites Ref.
Gas Ethanol Water Gas Ethanol Water Gas Ethanol Water
N | 4-OH 342.7 141.3 143.8 54.7 102.4 105.4 342.7 141.3 143.8
yase 4-OH | 3385 | 1388 | 1413 57.0 | 1012 1040 3385 | 1388 | 1413
3-OH 342.1 51.7 38.2 53.1 64.2 67.4 395.2 115.9 105.6

Ascorbic acid [33]
4-OH 328.1 37.6 26.4 62.1 77.4 78.5 390.2 115.0 104.9
3-OH 335.3 29.3 27.7 64.3 96.5 99.5 399.6 125.8 127.2
5-OH 340.6 31.3 29.5 74.8 107.2 110.0 415.4 138.5 139.5

Quercetin 7-OH 326.1 26.4 25.5 81.1 111.8 114.3 407.2 138.2 139.8 [34]
3'-OH 340.4 31.7 30.1 62.5 98.3 101.4 402.9 130.0 131.5
4 -OH 320.0 25.7 25.2 72.5 100.3 102.7 392.4 126.0 127.9
3-OH 417.8 - 51.1 -25.3 41.1 71.7 392.4 - 122.8

Gallic acid 4-OH 406.1 - 44.9 -23.7 42.8 71.5 382.4 - 116.4 [35]
5-OH 404.4 - 44.9 -19.6 46.4 74.3 384.8 - 119.3
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