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Abstract - Three flavonoids (FLVs) were isolated from the
EtOAC extract of leaves of Paederia Lanuginose, including
kaempferol (KF), quercetin (QCT), and quercitrin (QCTR).
Their structures were analyzed and confirmed by the
combination of the NMR spectroscopies and literature data.
Their antioxidant activities were also examined in-silico in the
aqueous solution at pH 7.4 by using the density functional
theory. All three of FLVs were predicted to be good
antioxidants in the polar environment, with Koveranl are 6.2x108,
8.0x106, and 1.4x108, respectively. The main distribution into
their capacity of antioxidant in the aqueous solution at pH 7.4
belongs to the dianion state, whereas the anion state does not
make any distribution. The hydroxyl substitution at the O3’ site
as well as the glycosidic linkage at the O-3 site of KF is almost
not impacted its antioxidant ability.
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1. Introduction

Paederia Lanuginosa is a species of the Paderia genus of
the Rubiaecae family, which is a widely used medicinal herb
in Vietnam, China, India, and Japan for the treatment of a
variety of conditions. Previous studies reported the bioactive
constituent of extract from species of Paederia genus, such as
flavonoid [1, 2], iridoid glucoside [3-6], anthraquinone [7-9],
and volatile oils [10-12]. Especially, among them, flavonoids
are secondary metabolism compounds that are also extensively
found in a range of fruits, vegetables and other food crops, with
plenty of bio-activity, including anti-inflammation, anti-aging,
scavenging of reactive oxygen species, activation of
antioxidant enzymes, inhibition of oxidases [13-15].
Numerous experiment research on evaluating the antioxidant
activity of flavonoids has reported recently [16-19]. However,
not many in-silico studies elucidate the relevance between
flavonoid structure and their capacity activity.

In recent years, diverse studies on the antioxidant activity
of natural compounds via computational approaches [20-
25]. The mechanism pathway of radical scavenging
reactions was modeled by investigating thermodynamic
parameters and kinetic calculations. The previous study also
indicated the main distribution of each pathway into the
capacity of antioxidant in particular environments (gas
phase, polar or non-polar solvent), such as the formal
hydrogen transfer (FHT), single electron transfer followed

Tém tit - Tir dich chiét EtOAC cua 14 cdy Mo long (Paederia
Lanuginose) da phan ldp dugc ba hop chit flavonoid, gdm
kaempferol (KF), quercetin (QCT) va quercitrin (QCTR). Chu triic
cta cac hop chit nay dugc x4c dinh bang céc dit liéu phd NMR két
hop v6i tai lidu tham khao. Hoat tinh chéng oxy hoa ciia cac hop chét
trong moi truong nude (pH 7,4) cling da duoc danh gia thong qua
phuong phap tinh toan hod hoc. Két qua cho thay, ca ba hop chat
duoc phan 1ap thé hién hoat tinh chong oxy hoé t6t v6i hang 6 toc
d6 phan ung bét gbc tr do téng quat lan luot 13 6,2x106, 8,0x106 va
1,4x106. Trang thai dianion ctia cac hop cht trong méi truong nude
(pH 7,4) 14 thanh phan chinh dong gop vao kha ning bt gbc tir do
cta cac hop chét nay, trong khi do vai trd cta trang thai anion 1a
khong dang ké. Bén canth d6, nhom thé hydroxyl tai vi tri O3’ ciing
nhu lién két glycosidic tai vi tri O—3 ctia hop chat KF khéng anh
hudng dén hoat tinh chéng oxy hoa ctia céc hop chét nghién ciru.

T khéa - Flavonoid; Paederia Lanuginose; hoat tinh chéng oxy
ho4; hang so toc d¢ phan tng; budc chuyén don dién tu

by proton transfer (SETPT), and sequential proton loss
electron transfer (SPLET) [26-30]. The optimal
computational method not only provides a realistic result but
also saves time and resources in comparison with the
experimental methods [31, 26, 32, 33].

This study focuses on confirming the structure of
isolated flavonoids from the leaves of Paederia
Lanuginose, investigating the capacity and effect of
structural characteristics on their antioxidant activity in
aqueous solution, and comparing these findings to those of
previous experiments.

2. Method
2.1. Extraction and isolation method

Powder of air—dried leaves of Paederia Lanuginose
(2.3 kg) was extracted three times by methanol. After the
solvent was removed under vacuum, 1.5 L of distilled
water was added to the concentrated extract and successive
with n-hexane (1.5L—six times) and EtOAC (2.5L-three
times). After the solvent removal using a rotary evaporator,
the EtOAC extract then was subjected to Sephadex LH-20
column chromatography using CH.Cl,: MeOH (1:1) to
obtain eight fractions (E1-E8). Fraction 6 was subjected to
RP-18 column chromatography eluted with gradient
MeOH: Water (40:1-1:1) to give compounds LMS
(11.2 mg), LM9 (5.0 mg), LM10 (13.6 mg).
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2.2. Structural analysis method

All the isolated compounds were characterized and
identified by spectroscopic methods (*H-NMR, *C-NMR,
H, 'H-COSY, HMBC, HSQC) and comparison with
published data.

The NMR spectra were recorded on the Bruker Advance
500 spectrometer using TMS as an internal reference.

2.3. Computational method

Prior research has demonstrated that the SET
mechanism is the primary pathway for the HOO" radical
scavenging activity of phenolic compounds in the aqueous
solution, whereas the FHT reaction contributes less to this
activity [34-36]. Their antioxidant activity was enhanced
by the deprotonation of the OH groups [37-39]. The
deprotonation in water eliminates the activation energy of
the first step (PL-proton loss), driving the reaction directly
to the second step (SET). Thus, in this study, the molar
fraction as well as the contribution of each deprotonated
state to the overall reaction rate constant must be examined.

The proton affinity of OH groups (PA), pKa and molar
fraction were calculated following the literature according
to egn (1), (2), (4) and (5) [26].

PA, = H(H;FLV"™) + H(H*) — H(H;FLV®~D~) (1)

Where H(H;FLV®~Y~), H(H;FLV™") are enthalpies
of each deprotonation state.

Pk = mAGRs + C, 2)
AGRs = AG,‘;iFLVn_ - AG;iFLV(n_l)_ 3)
Where m and C, are empirically fitted parameters [40].
§ 1 @)
TV = S BT
f(HFLV® D7) = B [H*]'f (FLV™) (®)
Where:
B = 10%)=1PK 1)) (6)

The rate constant (k) was calculated using the
conventional transition state theory (TST) and 1 M
standard state at 298.15 K [41, 37, 42-47].

ksT

k = ok —— ¢~ (&G¥)/RT )
h

where o is the reaction symmetry number [48, 49], k
contains the tunneling corrections calculated using the
Eckart barrier [50], kg is the Boltzmann constant, h is the
Planck constant, AG* is the Gibbs free energy of activations.

For the reaction following the SET mechanism, the
Marcus Theory is used to estimate the activation energy
barrier via the free energy of reaction (4G,t) and the
nuclear reorganization energy (1) [51-53]:

yl AGE,
AGE = Z 1+ T)Z

Where AEg; is the nonadiabatic energy difference

between reactants and vertical products.

A correction must be applied for the reaction rate
constant which is close to the diffusion limit for yielding a

(8)

realistic result, following the Collins—Kimball theory,
calculated at 298.15 K in solvents [54].
o = krsrkp
PP kst + kp
Where the kp is steady-state Smoluchowski rate
constant for an irreversible bimolecular diffusion—
controlled reaction [26, 55], krst is the thermal rate
constant, obtained from TST calculation.

kp = 4mR4pDapNa (11)
Where, R, is the reaction distance, N, is the Avogadro
number, D, is the mutual diffusion coefficient of reactants

A and B [54, 56], D, or Dy is estimated using the Stoke—
Einstein formulation [57, 58]:

(10)

D _ kgT (12)
aors 67T77(1A or B
DAB = DA + DB (13)

7 is the viscosity of the solvent and a is the radius of
the solute.

All calculations in this study were carried out with
Gaussianl6 suite of programs with M06-2X functional,
which showed good performance in thermodynamics and
kinetics calculations, especially in the physiological
environments [59, 60, 34, 61]. Due to the large molecules
(>70 atoms), the 6-31+G(d) level of theory was used for
thermodynamic and Kinetic calculation with acceptable
accuracy, proven by the previous study [62, 63, 25]. The
radical scavenging of Trolox also was calculated as the
same method for comparison.

3. Results and discussion
3.1. Structure of isolated flavonoids
3.1.1. Kaempferol (KF)

Compound LM8 was obtained as the yellow powder.
The 'H NMR and *C NMR data (Table S1) indicated
the presence of fifteen carbon atoms, including six methine
groups, and nine quaternary carbon atoms, with the signal
of the carbonyl group (C—4) at & 175.9. The 'H NMR
also had the peak of four protons of AA'-XX' spin-
interaction of aromatic ring, assigned to peaks at on 6.93
(dd, 33y = 9.0, 2Jy—n = 1.8, H-2"/H-6') and & 8.04 (dd,
3Ju—n = 9.0, “Jy—n = 1.8 Hz, H-3"/H-5"), confirmed that the
B ring had the substitution at C—4'. Two of the doublet
signals at & 6.19 (d, “Ju—+ = 2.4 Hz, H-6) and &4 6.44
(d, “Ju—n = 1.8 Hz, H-8) proved the meta substitution of two
moieties of ring A. From the above data and the literature
[64], the structure of LM8 was elucidated as kaempferol.

OH (0]

Figure 1. Structure of LM8
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3.1.2. Quercitrin (QCTR)

Compound LM9 was obtained as the yellow powder.
The *H NMR of compound LM9 (Table S2) showed three
doublet peaks at 54 6.87 (1H, d, 3Jy—+ = 8.4 Hz, H-5"), 64
7.25 (1H, dd, 3Jy—+ = 8.4, *Jy— = 2.4 Hz, H-6") and &y 7.30
(1H, d, 34— = 2.4 Hz, H-2"), representing for protons at the
5’—, 6’— and 2’-postion of aromatic ring B, respectively.
Two resonances at 8y 6.20 (1H, d, *Jy—n = 2.4 Hz, H-6) va
81 6.39 (1H, d, “J4—n = 2.4 Hz, H-8) supported the presence
of two protons located 6— and 8—position of aromatic ring A.
According to this, the 'H NMR data also has the signals of
hydroxyl group at éx 12.65 (1H, s, H-50 ), and methine
group of sugar unit at 6y 0.82 (3H, d, 3Jy— = 6.0 Hz, H-6").

The correlation between *C NMR and HSQC NMR
elucidated that LM9 has twenty-one resonances, including
fifteen carbon atoms corresponding to the number of
carbon of flavonoid frame: one carbonyl carbon atom at &¢
177.7 (C—4), six quaternary carbon atoms of A and C ring
with chemical shifts at 5¢c 156.4 (C-2), 134.2 (C-3), 161.3
(C=5), 164.1 (C-7), 157.2 (C-9), dc 104.0 (C-10), three
quaternary carbon atoms of B ring at 6¢ 120.7 (C-1"), 145.2
(C-3") and 148.4 (C-4'), five methyl carbon atoms of
aromatic rings at 93.6 (C-8), 98.6 (C-6), 115.4 (C-2",
115.6 (C-5') and 121.1 (C-6"), six carbon atoms of sugar
unit at 17.4 (C-6"), 70.0 (C-5"), 70.3 (C-3"), 70.5 (C-2"),
71.1 (C-4"), and 101.8 (C~1"). Combination of *H-NMR
and 'H-'H COSY data showed that the signal of anomeric
proton (H—1") was located at 84 5.25 ppm. The data of 2D
HMBC showed the interaction between anomeric proton of
sugar unit (H-1") and C-3 carbon of flavonoid frame,
confirmed that the link of two moieties via oxygen bridge
at C-3 carbon atom  Besides, the combination of the
chemical shift of C-3" (6¢ 70.3), C-5" (8¢ 70.0), and
anomeric proton H-1" (84 5.25) with the small coupling
constant of 1.2 Hz indicated the configuration of methyl o—
L-rhamnopyranose unit [65, 66]. Based on analyzed data,
the structure of LM9 was known as quercitrin.

4" HO© po

Figure 2. Structure of LM9

3.1.3. Quercetin (QCT)

Compound LM10 was isolated as a light-yellow
powder. The *H NMR (Table S3) had two signals at 51 6.19
(d, 4JH—H = 1.8 HZ) and 5H 6.41 (d, AJH—H =1.8 HZ),
belonged to H-6 and H-8 meta proton of A ring, an ABX
system at o 6.89 (d, 3Ju-n=9.0 HZ), 7.54 (dd, 3Jy—n = 8.4,

4Jy—n = 1.8 Hz) and 7.68 (d, “Ju—n = 2.4 Hz), corresponding
to catechol proton of B ring. Besides, the resonances of two
hydroxyl groups at 4 10.75 (Sor, 7-OH) and oy 12.45
(s, 5-OH) of A ring, a couple of broad—singlet of two
hydroxyls of B ring at du 9.27 (s, 3'-OH) and oy 9.32
(s, 4—OH) were also revealed.

The *C NMR data showed the peaks of fifteen carbon
atoms, including one of a carbonyl moiety at 6c 175.8 (C—4),
the characterized chemical shifts of flavone carbon atoms at
dc 135.7 (C-3), 156.1 (C-5), 163.8 (C-7), 146.8 (C-3") and
147.7 (C—4'). Compare with the known literature [64],
compound LM10 was determined as quercetin.

COH @]

Figure 3. Structure of LM10

3.2. The HOO- radical scavenging of isolated flavonoids
in water at pH 7.40

3.2.1. Acid-base equilibrium

The studied flavonoids have several OH moieties that
can deprotonate. Thus, each substance should be assessed
in the deprotonation order, via comparison of Gibbs free
energies (4G, kcal mol™') of reaction corresponding to the
different deprotonation positions. The pKa values and the
deprotonation order of KF and QCT were from the
literature. The calculated 4G values of each deprotonation
stage of QCTR in water (pH = 7.4) of OH moieties are
presented in Table 1. The pK, values of each protonation
stage are listed in Table 2.

Table 1. The calculated 4G (kcal mol?) of QCTR

First Second Third
deprotonation deprotonation deprotonation
0-5 35.0 0-7-5 414 |0O-7-4-3'| 45.7
0-7 30.1 0-7-3' 36.3 |0-7-4-5| 424
0-3’ 35.6 o-7-4' 31.4 - -
o4 30.4 - - - -

Table 2. The pKa values of the studied compounds
Comp. pKa Positions pKa
pKai 0-7 7.052
KF pKaz o4 9.042
pKas 0-5 11.04°
pKai 0-7 7192
QCT pKaz o4 9.362
pKas 0-5 11.56°

pKa1 0-7 7.45°

QCTR pKaz o4 7.88°
pKas 0-5 11.31°

a: Ref [67]

b: Calculated in this work
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The above data show that the deprotonation order of
QCTRis 7, 4, and 5 site. This order is the same as that of
KF and QCT reported by the previous study [67]. From
the view of the structural difference between KF, QCT and
QCTR, the hydroxyl substitution at O-3' site (QCT) as
well as the glycosidic linkage at the O-3 site with -
rhamnopyranose (QCTR) increasing the pKa values but do
not change the deprotonation order. The populations of
each studied FLVs are shown in Figure 4.

OH O 3
[e2]

7.79

QCTR (45.7%)

pKaz

&H
QCTR-70-4'0-dianion (13.5%)

Figure. 4. The deprotonation of studied substances in
water at pH = 7.4

From the data of Table 2 and Figure 4, the pKal, pKa2
and pKa3 of KF are 7.05, 9.04 and 11.04 respectively, at pH
7.4 yielding state populations of 30.4% of neutral, 68.1% of
anion, and 1.6% of dianion. The pKal, pKa2 and pKa3 of
QCT are 7.19, 9.36 and 11.31, corresponding to 37.9% of
neutral, 61.4% of anion, and 0.7% of dianion populations.
The state proportions of QCTR are 45.7% of neutral, 40.8%
of anion, and 13.5% of dianion (Figure 4). Thus, these
populations were used for the kinetic calculation.

3.2.2. Kinetic of the HOO* radical scavenging reaction of
studied substances in water (pH 7.40)

The overall reaction rate constant (Kovera) Was
calculated following the QM—ORSA protocol [37, 62],
according to equations (13 and 14), and the results were
listed in Table 7.

ke = f X kapp (13)
Koverall = Y ki (SET—neutral) (14)
+ Y KF (SET-anion) + Y, KF (SET—dianion)
Table 3. Calculated activation Gibbs free energies (AG7er, kcal
mol-!), nuclear reorganization energy (A, kcal mol™, Kapp ,

kt, Koverail (M~ s™) and branching ratios (7; %) for the HOO*
scavenging of the FLVs in water following the SET pathway

?uplzsst::;%e AGPer| A Kapp ke r Koverall
KF | 315 |17.8]5.1x10 | 1.5x1011 | 0.0 |6.2x10°
KF-70- | 181 |141| 3610 | 24x101 | 00 | -
anion

KF-70-

40- | 57 |12.1| 40x108 | 6.2x10° |100.0| -
dianion

QCT | 299 [17.9]7.7x10%0 | 2.9x10%0| 0.0 |8.0x108
QCT=70-1 183 1140| 2.2x10% | 1.4x10 | 00 | -
anion
QCT-70-

40- | 50 |152| 1.2x10° | 8.0x10° |100.0| -
dianion

QCTR | 380 |16.9]9.0x1016 | 4.1x10%6 | 0.0 |1.4x10°
QCTR- | 160 |145| 8.3x10? | 3.4x102 | 00 | -
70-anion

QCTR-

70-40- | 7.0 |153| 5.0x107 | 6.8x10° | 1000| -
dianion

Trolox
(f —anion | 11.3" [9.8"| 3.0x10° - _ | 3.0x10
~100%)

* Activation Gibbs free energies for the HOO" scavenging of
Trolox—anion in water following the FHT pathway;

** Eckart transmission coefficients.

As per calculated data, the Koveran 0f HOO® radical
scavenging reaction of KF, QCT and QCTR are 6.2x10°,
8.0x10°, and 1.4x10°, respectively, nearly 5 to 27 times
faster than that of reference Trolox (k = 3.0x10° M1 s7%).
The radical scavenging activity reactions of FLVs +
HOO* are all dominated by the SET mechanism of
dianion, with 100% of branching ratio, while the anion
state does not make any distribution. The above data
also show that, the hydroxyl substitution at the O-3’
position (QCT) and the glycosidic linkage at the O-3
site. with l-rhamnopyranose (QCTR) almost do not
make any significant effects on antioxidant activities of
studied FLVs.

Based on calculated data, It can be concluded that
three studied FLVs are the good HOO?® radical scavengers
in the aqueous solution, better than that of Trolox
(k =3.0x10° Mt s,
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4. Conclusion

In this investigation, three FLVs were isolated and
structurally confirmed using the NMR spectroscopy and
comparison to reference data. The dianion states are
primarily responsible for their effective HOO® radical
scavenging activity at pH 7.4 in aqueous solution. The
specific substitution at various sites of rings B and C of the
investigated FLVs raises the pKa values of each
protonation stage but does not affect the deprotonation
order or the HOO®* radical scavengers in an aqueous
solution at physiological pH.
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SUPPORTING INFORMATION (SI)
Table S1. NMR spectra data of kaempferol (KF)

C ocha octP o (J, Hz)
2 146.8 146.8 —
3 135.6 135.6 —
4 175.9 175.9 —
5 156.2 156.1 -
6 98.2 98.2 6.19 (d, 2.4)
7 163.9 163.9 -
8 93.5 93.4 6.44 (d, 1.8)
9 160.7 160.7 -
10 103.0 103.0 —
1 121.7 121.6 -
2! 129.5 129.5 6.93 (dd, 9.0, 1.8)
3’ 115.4 115.4 8.04 (dd, 9.0, 1.8)
4’ 159.2 159.2 -
5' 115.4 115.4 8.04 (dd, 9.0, 1.8)
6 130.5 129.5 6.93 (dd, 9.0, 1.8)
3-OH — — 10.75 (br s)
5-OH - - 12.47 (s)
7-OH — — 10.08 (br s)
'—OH — — 9.36 (brs)

#6c of kaempferol [64], 2measured in DMSO, ? 125 MHz, ¢ 600 MHz
Table S2. NMR spectra data of quercitrin (QCTR)

C acha dca P on° (3, Hz)

2 156.7 156.4 _

3 134.2 134.2 _

4 177.7 177.7 _

5 161.4 161.3 _

6 99.2 98.6 6.20 (1H, d, 2.4)
7 165.6 164.1 _

8 94.0 93.6 6.39 (1H, d, 2.4)
9 157.3 157.2 _

10 103.8 104.0 _

I’ 120.8 120.7 _
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2! 115.7 115.4 7.30 (1H, d, 2.4)

3 145.4 145.2 -

4 148.8 148.4 -

5' 115.8 115.6 6.87 (1H, d, 8.4)

6 121.2 121.1 7.25 (1H, dd, 8.4, 2.4)

1" 101.9 101.8 5.25 (1H, d, 1.2)

2" 705 705 3.99 (1H, br s)

3" 70.7 70.3 3.50 (1H, m)

4" 714 71.1 3.15 (1H, dd, 9.0, 4.2)

5" 70.2 70.0 3.22 (1H, m)

6" 17.7 17.4 0.82 (3H, d, 6.0)
5-OH - 12.65 (1H, s)

#oc of quercitrin [65, 66], 2measured in DMSO, ® 125 MHz, ¢ 600 MHz

Table S3. NMR spectra data of quercerin (QCT)

C och? ochb on*° (J, Hz)

2 145.0 145.0 —

3 135.6 135.7 —

4 175.8 175.8 —

5 156.1 156.1 —

6 98.1 98.1 6.41 (d, 1.8)

7 163.8 163.8 -

8 93.3 93.3 6.19 (d, 1.8)

9 160.7 160.7 —

10 102.9 103.0 —

1’ 121.8 121.9 -

2! 114.9 115.0 7.68 (d, 2.4)

3 146.8 146.8 —

4’ 147.6 147.7 —

5’ 115.5 115.6 6.89 (d, 9.0)

6’ 119.9 119.9 7.54 (dd, 8.4, 1.8)
3-OH — - 10.75 (br s)
5-OH - - 12.49 (s)
7-OH — — 9.56 (br s)
3'-OH — — 9.27 (br s)

'“OH — — 9.32 (brs)

#5c of quercetin [64], 2measured in DMSO, ? 125 MHz, ¢ 600 MHz

Table S4. The Cartesian coordinates and energies of FLVSs,
ANION, DIANION in water

C  3.90522100 -1.56213300 0.46785200 |thermal Free Energies=
C  4.42217500 0.60163900 -0.49319700 |-1028.445139

C  4.84017800 -0.63676500 -0.00182000

H  -1.59856100 -2.88427700 -0.18213400

H  -5.31439700 -0.67817000 -0.01256700

H  1.83413700 -1.96245400 0.82276600

H 275699100 1.87719100 -0.90058200

H 424113600 -2.52391600 0.84654400

H 516077800 1.30321200 -0.86860700

H 021527300 3.42438100 0.26673000

H  -3.55257900 2.41139300 0.13925000

H  -3.70830500 -3.80795800 -0.16833200

H  6.35170800 -1.77925600 0.36422600

Name KF-70-anion
Cartesian Coordinates Energy

O  0.10829500 -0.82774500 0.09479700 |Zero-point correction=
O  -0.78756500 2.67945300 -0.15474400 |0.213864

O 425111400 1.61125700 -0.10717800 |(Hartree/Particle)

O  1.87047600 2.82520300 -0.16868000 | Thermal correction to
O 422293100 -3.11528200 0.16455100 [Energy=  0.230284
O  -6.17208200 -0.84865400 0.00564300 | Thermal correction to
C 213568600 0.46244600 -0.00995300 |Enthalpy= 0.231228
C 147328200 -0.78450800 0.07069200 &'&%Tﬂé‘;”?;‘g%;g
C  -065621600 030260200 0.02821700 |q')eocce

C 137873500 166316700 -0.07615900 | g " coioreo i
C  -0.06794900 152281200 -0.05273900 |,0ro-noint  Energies=
C  -2.09431200 0.00722000 0.02543600 |_1027 954995

C 356292400 0.43549900 -0.02921400 | Sum of electronic and
C 2.14089300 -1.98791800 0.13002300 |thermal Energies= -
C  3.56941000 -2.01154200 0.11117800 |1027.938574

C  4.25355700 -0.74812600 0.02940400 | Sum of electronic and
C  -2.54726500 -1.23059400 -0.45638800 |thermal  Enthalpies=
C  -3.03779900 0.92922400 0.50650600 |-1027.937630

C  -3.90209400 -1.53688500 -0.47361800 | Sum of electronic and
C  -439332000 0.62764600 0.49569000 |thermal Free Energies=
C  -482619800 -0.60355500 0.00009800 |"1027-999292

H 158478400 -2.91800800 0.19120100

H 533978800 -0.73931400 0.01314900

H  -1.83529200 -1.95932800 -0.83044100

H  -2.71241900 1.88169200 0.90873900

H  -4.24851000 -2.49358900 -0.85589800

H  -5.12343000 1.33647400 0.87435000

H  -0.12748300 3.39608300 -0.25338200

H  3.59300200 2.34499400 -0.14853800

H  -6.35180100 -1.72780200 -0.36932800

Name KF-70-4'0O-dianion
Name KF Cartesian Coordinates Energy
Cartesian Coordinates Energy O  0.07226600 -0.82896300 0.08308400 |(Zero-point correction=
O  -0.09380400 -0.79914700 -0.09439700 |Zero-point correction=| |O  -0.83783900 2.67898300 -0.15363500 0.200666
O  0.85327000 2.68945800 0.16300300 |0.227035 O 420193100 1.62837300 -0.08285500 |(Hartree/Particle)
O  -420621900 1.67349300 0.09740800 |(Hartree/Particle) O  1.82180300 2.83137100 -0.14737300 | Thermal correction to
O  -1.81697100 2.86198700 0.16611500 | Thermal correction to| |O  4.19698700 -3.10438700 0.14080400 |Energy= 0216804
O  -4.27931800 -3.02079400 -0.14166400|Energy=  0.243639 O  -6.19293500 -0.95735400 -0.01828900| Thermal correction to
O 618137100 -0.89671800 -0.00732300 | Thermal correction to| | 2.09349200 046769700 -0.00227400 (ENthalpy= 0.217748
C 210393400 050341000 0.00573500 |ENthalpy=  0.244583| | 143693500 -0.78027300 0.06195500 | 1nermal correction to
C  -1.44809600 -0.73473700 -0.07059400 | Thermal correction to| | ¢ .0.70500000 0.29486200 0.02112100 06'1b5b§525ree Energy=
C  0.68529900 0.31828900 -0.02656200 06'1b8b2580§ree Energy= | c 132544500 1.66620500 -0.06230600 sum of electronic and
C  -1.32543000 170981600 0.07518200 | g " < ciocironic and| |C 011083000 152006300 -0.04818000 |z0ro point  Energies=
C  0.11289100 1.55003300 0.05720200 ; ios=| |C  -2.13132200 -0.00930600 0.01696100 |.1027.502396
zero-point  Energies=
C 211773000 0.00513300 -0.02524700 |-1028.400907 C  3.51867000 0.44757700 -0.01786100 | sym of electronic and
C  -3.52448600 0.50607900 0.02436100 | sym of electronic and| | C  2-11005800 -1.98305600 0.10973300 |thermal Energies= -
C -2.13447200 -1.94240900 -0.12631700 |thermal Energies= _ C 3.53755400 -2.00070700 0.09625500 |1027.486259
C -3.52515700 -1.89157200 -0.10097300 [1028.384303 C 4.21567800 -0.73434200 0.03041300 | Sum of electronic and
C  -4.22971700 -0.67979600 -0.02983800 | Sum of electronic and| |C  -2.58395200 -1.27699100 -0.40601800 |thermal  Enthalpies=
C 255460500 -1.24078000 0.45131500 |thermal —Enthalpies=| |C  -3.10217000 0.92077600 0.44261400 |-1027.485315
C 307105900 0.91940000 -0.50250500 |-1028.383359 C  -3.92928600 -1.59586000 -0.42041400 | Sum of electronic and
C

Sum of electronic and

-4.44955000 0.60581800 0.43670900

thermal Free Energies=
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C  -4.93016900 -0.66569500 -0.00194100[-1027.546538 H  -2.00950300 -2.90363000 0.22807300

H 155708400 -2.91581700 0.15934300 H 255810800 1.72047800 0.67707400

H 530197400 -0.71965400 0.01721300 H  -5.65107700 -0.53631800 0.10497000

H  -1.86190000 -2.01766400 -0.73909700 H 142149300 -2.17973400 -0.79089000

H  -2.79185700 1.89652400 0.80127100 H  3.81491700 -2.83559100 -0.83859100

H  -4.25201500 -2.57701000 -0.76173500 H  0.00815500 3.30621600 -0.34771300

H  -5.17804000 1.33733000 0.77943000 H  -3.75243300 2.45053100 -0.15254900

H  -0.17713000 3.39476300 -0.24911500 H 484323600 2.03864900 0.91786300

H 353626400 2.35673200 -0.12179700 H  6.37411500 -0.58249200 0.14958400

Name QCT Name QCT-70-4'0O-dianion
Cartesian Coordinates Energy Cartesian Coordinates Energy

(6] -0.40894100 -0.86406300 0.05980100 |Zero-point correction=| |O -0.39815200 -0.89806200 0.05777900 |Zero-point correction=
O 070106900 2.57184100 -0.25218600 [0.230076 O  0.68534800 2.55383100 -0.26229600 |0.204787

O  -4.39876000 1.80339200 -0.08734200 |(Hartree/Particle) O  -4.39812700 1.76678400 -0.07883600 |(Hartree/Particle)

O  -1.95388500 2.87358000 -0.21134500 | Thermal correction toj | o  -1.96085600 2.84283000 -0.21087200 | Thermal correction to
O  -4.59896100 -2.93888300 0.26436100 |ENergy=  0.248231 O  -4.63242400 -2.95238700 0.26749300 [Energy=  0.222177
O 522119600 1.12134100 0.66248100 | Ihermal correction tof | 5 520804500 1.17769700 0.65941100 | 1hermal correction to
O 582581000 -1.36705800 -0.16126400 |ENthalpy= 0249175/ | 5erg91000 -1.32035200 -0.14755200 |ENthalpy= 0.223122
C  -2.35485300 0.53422300 -0.02045200 ;ﬁ%’sma'ﬁgg”ega'gg;g C  -2.35122700 0.49972900 -0.01619000 &'&%Tﬂé‘;”?;‘g%;g
C 175876500 -0.73427600 0.06375900 |10,y C  -1.75855300 -0.77901100 0.06331100 |3 conre

C 042347200 0.21146100 -0.03868900 | g\ < cioctronic and| | €~ 043519400 0.18253800 -0.04155400 | g "o oire o oo
C 183732900 -0.17945300 -0.06608900 |rero noint Energies=| |C 184291900 -0.19671200 -0.06685800 (1aro.noint Energies=
C  -0.08925500 1.46929700 -0.12384600 |-1103.600517 C  -0.09663700 1.43544500 -0.12279800 |_1102 701612

C  -151912500 1.69930800 -0.11798900 | Sym of electronic and| | C ~ -1.52422600 1.65521100 -0.11373600 | sum of electronic and
C  -3.77236500 0.60654700 -0.00833900 |thermal Energies= -| |C  -3.77570800 0.55375400 -0.00047100 |thermal Energies= -
C  -250037900 -1.90396300 0.15834900 |1103.582362 C  -2.49135400 -1.94366300 0.15436300 |1102.684221

C -3.88707100 -1.78610600 0.16845800 | Sum of electronic and C -3.91787700 -1.88681500 0.17574000 | Sum of electronic and
C 284632300 0.71557900 0.32808900 |thermal — Enthalpies=| |C  2.86471900 0.70463500 0.31075000 |thermal  Enthalpies=
C  -4.53417200 -0.54350100 0.08505100 |-1103.581418 C  -4.53129400 -0.58876100 0.09205200 |-1102.683277

C  2.18867600 -1.47166700 -0.48083200 | Sum of electronic and| | C  2.21916700 -1.49193900 -0.45724800 | Sum of electronic and
C 417303600 0.31863900 0.29377100 |thermal Free Energies=| | 418825400 0.32021300 0.28433300 |thermal Free Energies=
C 352336900 -1.86207300 -0.51329200 |"1103.646352 C 355493600 -1.86959300 -0.48711500 |"1102.747073

C 451930700 -0.97322500 -0.12707800 C  4.60753600 -0.98921600 -0.12294500

H  -2.01502000 -2.87104500 0.22323200 H  -1.98623900 -2.90247000 0.21574100

H 260913100 1.71433900 0.67814400 H 261949800 1.70766900 0.64675600

H  -5.61824900 -0.48125500 0.09309900 H  -5.61536400 -0.51793100 0.10302400

H 142117700 -2.17278500 -0.78922700 H 145820000 -2.20814400 -0.75254300

H  3.80610200 -2.85806200 -0.84033200 H  3.82824200 -2.87374900 -0.80319700

H  0.09572500 3.33590000 -0.34128200 H  0.05945500 3.30065700 -0.35515900

H  -3.71164000 2.50828600 -0.15375400 H  -3.69673200 2.45842100 -0.14748600

H  -555243300 -2.74708400 0.26675000 H  4.82788000 2.03794100 0.90204700

H  4.89884700 2.00279000 0.91594000 Name QCTR

H  6.39297500 -0.63700500 0.14614700 Cartesian Coordinates Energy

Name QCT-70-anion O  1.98586400 -1.12059900 1.35375100 |Zero-point correction=
Cartesian Coordinates Energy O  0.51438100 -0.76286200 -0.42200100 |0.400798

O  -0.43098900 -0.89434000 0.06085200 |Zero-point correction=| |O  3.52289900 -3.50573700 -1.70149200 |(Hartree/Particle)

O  0.63551500 2.55920900 -0.25966500 |0.217355 O  5.02898400 -1.30399700 -0.64428900 | Thermal correction to
O  -4.44619500 1.75268100 -0.08370200 |(Hartree/Particle) O 198241100 -3.94018600 0.56081000 |Energy=  0.429386
O  -2.00720000 2.84017600 -0.21474500 | Thermal correction to| |0 -2.29234200 1.48535800 -0.00014400 | Thermal correction to
O  -4.65442000 -2.96327600 0.27631500 |Energy= 0235164 | | 161842700 -250712100 -0.34326900 |ENthalpy=~ 0.430330
O 517816900 1.16206400 0.66406600 | Thermal correction tol | o 421820000 -2.91438100 -0.09122700| INérmal correction to
O 581729200 -1.31999900 -0.15846400 [ENthalpy= 0.236108) |5 699850500 0.96921100 0.38158900 g'&bzs&gree Energy=
C  -2.39109900 0.49694900 -0.01927600 C;g%’;”aérgzrreé;':r’;;g O 3.25735700 303918100 106926800 | < eloctronic and
C  -179183600 -0.78112900 0.06705200 |1 71eoy O 275756000 5.15723100 -0.49737500 | ero.noint  Energies=
C  0.39019600 0.19281100 -0.04089800 | g~ coi o | [C 291646300 -2.42914200 -1.00332500 (1638795251

C 181023400 -0.18151100 -0.06821400 |rero noint Energies=| |C 388001600 -1.82300500 0.00908400 | Sum of electronic and
C  -0.13648700 1.44071900 -0.12734000 |.1103 154294 C 163564600 -2.87014500 -0.30705300 |thermal Energies= -
C  -157499300 1.65507600 -0.11936300 | Sym of electronic and| | C  3.20435700 -0.66504100 0.74047100 |1638.766663

C  -3.81800800 0.54412600 -0.00260100 |thermal Energies= -| |C  1.04214600 -1.71611600 0.50525500 | Sum of electronic and
C  -2.51847000 -1.94721200 0.16313900 |1103.136485 C  4.05782400 -0.10171500 1.85671200 |thermal  Enthalpies=
C  -3.94639600 -1.89671300 0.18245000 | Sum of electronic and| |C  -0.75862600 -0.31352800 -0.17201400 |-1638.765719

C  2.80847600 0.72475700 0.32707900 |thermal Enthalpies=| |C  -1.02196800 1.02012600 -0.10230900 | Sum of electronic and
C  -456670700 -0.60099200 0.09393100 |-1103.135541 C  -1.84059800 -1.28550800 -0.18743100 |thermal Free Energies=
C 217970200 -1.46861600 -0.48235800 | Sum of electronic and| | C  -317222800 -0.74598100 -0.03063300 |~1638.853236

C 414070400 0.34483500 0.29396600 [thermal Free Energies=| | .335044500 0.64144000 0.05326400

C 351975300 -1.84276300 -0.51260500 | 1103.199966 C  -0.04383600 2.11408900 -0.20091200

C 450419900 -0.94204200 -0.12580600 C  -4.32771200 -1.57001300 0.00647700
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-4.60843600 1.22749200 0.19117200 H 429444500 -0.92525700 255266100
1.16528200 2.05993900 0.50342500 H 492850000 0.32468200 1.45437300
-0.33962300 3.22079600 -1.00386800 H 346777100 0.64475400 2.40859300
-5,58670200 -1.01314200 0.14864000 H 353783900 -4.26552000 -1.09140700
-5.71279600 0.38008800 0.24138300 H 533233600 -2.02108500 -1.22345800
2.07826400 3.09502200 0.38038500 H 112604900 -4.44701800 0.77244100
058166400 4.25762500 -1.12711300 H  -471324000 234513300 0.27229300
1.78953900 4.19456000 -0.44202100 H  1.36142900 1.23173800 1.19290100
267517600 -1.67060400 -1.75608600 H  -1.26541600 3.25511500 -1.56544000
417749100 -2.58878000 0.74073900 H  -6.50716000 -1.61029500 0.17163200
0.89966000 -3.19865700 -1.04711800 H 040331000 5.08994800 -1.78898400
2.96688800 0.11563200 0.00308600 H  -3.31181700 -3.09395900 -0.20691000
025130300 -2.08056800 1.16278100 H 376856200 3.82870500 0.90434400
433736000 -0.89910300 2.55386300 H 251435800 5.84692000 -1.11240400
496729800 0.34924400 1.45137900 Name QCTR-70 -4'O-dianion
350470800 0.66725700 2.40337500 Cartesian Coordinates Energy

3.59583100 -4.25248100 -1.08060500
5.38171300 -2.00687000 -1.21596000
1.17825200 -4.43911800 0.77809800
-4.71829300 2.30390500 0.25682300
1.38797600 1.22718100 1.16398800
-1.27801300 3.26611700 -1.54722300
-6.46361800 -1.65265600 0.18330900
0.37323000 5.11834200 -1.75693200
-3.26215900 -3.13203300 -0.21337700
-7.63240800 0.29807700 0.41467800
3.76631400 3.85186000 0.89963200
2.48091100 5.88742900 -1.07694400

2.02912000 -1.05021000 1.34298700 |Zero-point correction=
0.50649000 -0.72783600 -0.39785700 [0.375014
3.48972700 -3.51263200 -1.68424100 |(Hartree/Particle)
5.02984800 -1.29642900 -0.71084000 | Thermal correction to
1.99375300 -3.88686000 0.61379300 |Energy=  0.402675
-2.33694200 1.48324100 0.02018000 | Thermal correction to
-1.58573700 -2.50588800 -0.27761100|ENthalpy= 0.403620
-4.17312500 -2.96020600 -0.04958900 | TNermal correction to
Gibbs Free Energy=
-6.99307800 0.82815100 0.29576100 |51 e
3.27170200 3.13976000 0.90397300

Sum of electronic and
2.59790900 5.29007700 -0.50649200 zero-point  Energies=

I T I IIIIIIIIIIIIIIIIITIOOOOOOOO

2.90295300 -2.41515400 -1.00088100 |.
Name QCTR-70-anion 1637.901684

3.88937100 -1.78940900 -0.02304700 | sum of electronic and

Cartesian Coordinates Energy 163405800 -2.83253500 -0.26945500 |thermal Energies= -

1.94201400 -1.13486400 1.35296000 |Zero-point correction=
0.47182500 -0.76988100 -0.42355900 |0.387744

3.47178300 -3.51550100 -1.70909400 |(Hartree/Particle)
4.98315200 -1.31949500 -0.64804700 | Thermal correction to
193179000 -3.95145600 0.55332200 [Energy=  0.416060
-2.30940700 150740000 0.02283700 | Thermal correction to
-1.66819500 -2.49920500 -0.33622700 [ENthalpy=" 0.417004
-427073500 -2.88594100 -0.08892100 (;girsma'ﬁ‘;fe’”eé;';’%;g
-6.97482600 0.97010200 0.36993500 | '3o00os
3.24846100 3.02606900 108718000 | g lanionio oo
277888800 512813000 -0.51327800 |ero.noint  Energies=
2.86783600 -2.43904300 -1.00806500 |-1638 349447
3.83341900 -1.83763100 0.00504500 | Sym of electronic and
158651400 -2.87854700 -0.31208900 |thermal Energies= -
3.16099300 -0.68050600 0.74096800 |1638.321131
0.99511500 -1.72406600 0.50112500 | Sum of electronic and
401749700 -0.12425200 1.85858800 [thermal  Enthalpies=
-0.79736500 -0.30619500 -0.16318100 |-1638.320187
-1.04409300 1.02697000 -0.08768900 | Sum of electronic and
-1.89493900 -1.26956800 -0.17615300 |thermal Free Energies=
-3.20578500 -0.72428000 -0.01760500 |"1638-407358
-3.39533400 0.67219500 0.07332200
-0.05317000 2.11146000 -0.19326700
-4.38422800 -1.53087200 0.01281800
-4.63003200 1.26491000 0.20775700
1.15010000 2.05810800 0.52040700
-0.33145500 3.20919800 -1.01441800
-5.62996800 -0.96977100 0.14793000
-5.80597300 0.45322200 0.25053000
2.07414100 3.08317200 0.38893400
0.59973000 4.23661200 -1.14529700
1.80168000 4.17329300 -0.45038200
2.62793200 -1.67825300 -1.75898500
4.13007500 -2.60629100 0.73402400
0.84990000 -3.20465800 -1.05258900
2.92581100 0.10381300 0.00672400
0.20321800 -2.08778900 1.15765500

3.23019100 -0.60952000 0.68713300 |1637.874022

1.05894100 -1.65913600 0.52942300 | Sum of electronic and
4.10866600 -0.00617200 1.76242800 |thermal  Enthalpies=
-0.77487400 -0.28853800 -0.13205400 |-1637.873078

-1.05084000 1.04740100 -0.07529500 | Sum of electronic and
-1.84088900 -1.27637300 -0.13700700 |thermal Free Energies=
-3.17199000 -0.76884400 0.00093100 |"1637.959352

-3.39981600 0.62114200 0.06226300
-0.10462000 2.15725100 -0.17474300
-4.32652000 -1.60643000 0.02741700
-4.65371200 1.18243200 0.16532600
1.16195400 2.10328100 0.44585400
-0.45866300 3.30631200 -0.89561100
-5.59057900 -1.07810300 0.13207000
-5.80702400 0.34044700 0.20457300
2.03190800 3.16007300 0.30761400
0.42857200 4.37089000 -1.03014600
1.71109300 4.34149200 -0.43682000
2.65081100 -1.67383700 -1.76714600
419540300 -2.53681400 0.72402500
0.88336300 -3.17429600 -0.98788700
2.97290300 0.14638400 -0.06912900
0.28743200 -2.01074500 1.21646100
440845800 -0.77793300 2.47983900
5.00615500 0.43387500 1.31998200
3.56589900 0.77950600 2.29574300
3.56342900 -4.24616300 -1.04780300
5.36442600 -2.01565700 -1.27300800
1.19061700 -4.37457700 0.85859800
-4.76699000 2.26103700 0.20956100
1.43843800 1.24870000 1.05597900
-1.43229100 3.35895300 -1.37529400
-6.44980500 -1.74274200 0.15293100
0.14519200 5.25040700 -1.60323100
-3.20548500 -3.13846700 -0.15372000
3.67562200 3.99997400 0.66374900
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S5. NMR spectral of Kaempferol - LM8
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LM9-DMSO-HMBC

Lk e A|W ‘J“ } L PR

k25

| ~30

— 40

~50

' 55

. : 60

DEMH-02MA-MI

y

o '

R e “ l,,";t_ S W S— W

or
s d L i ; ) } i =
o€ -
o ;i | 1 . =
02
03 - : ot 2
ot | l y —

08 4

[

oar | i
0ar- ; | "

. " 1 g—
orr ;

osr3'

S7. NMR spectral of Quercetin - LM10
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