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Structure-Antioxidant Activity Relationship of Resveratrol and its Analogues
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Abstract ; Based on the structure of resveratrol (A) ,six resveratrol analogues (B-G) were designed. Then the relation-
ship between the structure and antioxidant activity of resveratrol and its derivatives were studied in the gas phase and
solvents using quantum chemical calculations based on the density functional theory ( DFT). The three main working
mechanisms , H-atom transfer ( HAT) ,single electron transfer-proton transfer (SET-PT) and sequential proton loss elec-
tron transfer (SPLET) were investigated. The result showed that HAT would be the most favorable mechanism for explai-
ning the radical-scavenging activity of four compounds in the gas phase, whereas the SPLET mechanism would be the

thermodynamically favorable pathway in polar solvents. The calculations suggested that, SET-PT was not the most pre-

ferred mechanism in all environments studied.
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Fig. 1  Structure and atomic number of resveratrol and its analogues

1 HEERMAZE

1.1 EiSIEtRAIIEEL

M 2R B bR et B S TN A X
R, Ha =M R PR AL H B2 s
FIP L Rl SR S ALE (HAT, 7Rt 1),
TEHHLEI T R - 3 B FE ArOH 4 — > H i
- FEMCHLEI T, ArOH [ 2 iy 6 P 2 2858 O-H iy
f# B 4% (BDE) S 4F , BDE # /N, ¥ 15 (191 E AL PE
R S AL R R A W A T A L
(SET-PT, 2K 2) , 7EBEALHI H ArOH 2% 25 HL 7%
ArOH™ - $F BT, R 2 g 3 (1P)
FBTFf# 2545 (PDE ) Sk RAE, 4311 IP PDE /),
BT = Wy 3 R 1= 4| Wi B Y o
JH T E R AL (SPLET, J7 #22X 3) , 78 e Ll
ArOH Bk Z—A T F AL ArO-, 55 JE L F 6 H5
R S AT AR H 26— 20 (4 SO A 728 FE S AR AR
LAY E T ArO Y T F M (PA) 2 T ORI
NG AR R TR R NS (ETE) o Bir i HLH] s
AR I S N (SIS 0907 N [ P <=2 B <R R T
BDE IP 1 PA (W {E 9 FH/E 220 40 F ik, LA il BH
A PG bR A o SRR e

R - + ArOH—RH + ArO - = (1)

R- +ArfOH—R + ArOH" - ->RH + A0 - 5
2 (2)

ArOH—ArO-+H* ArO-+R - —Ar0 - +RR-
+H">RH X (3)
1.2 BipHE

VAR P20 T2 LMEe ik, o %
JE1Z sRIRE (DET) J5 a4 oy b FH R 158 22 1 4 B
Y ik 24250 BDE IP) F3 B i 2 i 4k
R GER-TE M OC R . FEA ST, H DFT 3 A5
TVU Fh Y A 45 A RN B F M R, #F B3LYP/6 -
311G(d,p) KV EAFEIETH JLMF9 7Y, 7 B3LYP/
6 - 311 + +G(2d,2p) i3 H B AR T3
P4k~ 2% ( BDE .IP .PDE .PA 1 ETE) DL i B 1]

ALY, DL B A S B0 T U A SOk
[91AGHE,

BDE =H(ArO - ) +H(H - ) = H(ArOH)

IP=H(ArOH « *) +H(e™ ) —H(ArOH)

PDE =H(ArO - ) +H(H") —H(ArOH - *)

PA=H(ArO™ ) +H(H") - H(ArOH)

ETE =H(ArO + ) +H(e ) —H(ArO™)

AF1E 298K T ks B B3LYP/6-311 + + G
(2d,2p) 15 1 9 5 BE & (SPE) A il B3LYP/6-
311G(d,p) IHAENE SIRSIGERRITR ., H TiHHE
TESE RN s N 5 A%, e BB H BT
THRIH F ke o AR 4 SCk, 22 < AH T FH B3LYP/6-
311 + +G(2d,2p) i Wom  H JFE T4 J&-313. 87
keal/mol' "' | i HIHE T H45 41 42 1. 484 §10.752
keal/mol ™ 7RI Ff R R T A 32 BRI SC
kAR E) ZEROR R H S RO AR ScRk T A8 E)
BAN FH B3LYP/6 - 311G(d,p) 3Ltk 59 i
ZAASE #6152 4 BT () HOMO F LUMO #ié, H
UB3LYP/6 - 311 + +G(2d,2p) H41#55) T 41k
G A R R B v RO (R B
7K) Fi CPCM #371, Fr A7 540t FH = 17 03 $hA 75k
R

2 #ZR5itE

2.1 kEMIMBEHENEML
iz JH B3LYP /6-311G(d,p) L6452 7 F
YA M G SEO TR 2 R 1 . W
FHEE P SRR A o (C6" - C17 - C8
- CT)fO (C8 - C7T - Cl - C2)(HE I, Xty
i A B C LI, p LR B AR S T
R FaoE , HEBUR BRI A SF T M 6 R 2R AR 2 0
PR R W AT e A (e dF 5 0 VE R .
2.2 SRR (HAT) #Hl
FESRR AN T S 0 7 A B BDE ${E
FF3% 2, il /MY BDE ${EREAE H7F HAT #l
il o4 R A e 3 RS, a2 2, v LA H AR A



Vol. 29 Bl

Pess

& IR IEZE UM ST S HUE A IR TE R R WP 1279

B2 % B3LYP/6-311G(d,p) EEMBEEAEREEXUIHEH
Fig.2 Geometries of resveratrol and its analogues optimized by B3LYP/6-311G(d,p)
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Table 1 ~ Main structural parameters of the seven compounds(bond lengths in nm and angles in degree)

A B c D E F G
Roayn - 0.09624 - N _ _ ~
R 0.09628 0.09628 0.09628 0.09629 0.09628 0.09628 0.09627
Rocs)n 0.09626 0.09627 0.09626 0.09627 0.09626 0.09627 0.09624
Ros)-i 0.09626 0.09627 0.09626 0.09627 - - -
Dyig 6.38 0.38 0.41 8.51 1.48 0.00 1.54
Dygire -175.14 -178.09 0.82 8.76 0.10 0.02 0.57

BRI AP 4'-OH ) BDE #J& B/ , R ] HROCHOEAR AR A PR 3-OH 1 5-OH ) BDE
NN IR IR 2 4'-OH, )\ 47-OH 4 H FLHAl  FEASAHSE, AT AT BRI AT 22 A8 K
OH W45, 7ihh, N3 2 Wl & i AE [l —Fp A i

£2 7 HYRESEMESENFORBRER

Table 2 Bond dissociation enthalpy (BDE) values of seven compounds in gas phase and solvents (kcal/mol)

BDE
Molecule
Gas Benzene Water Methanol

A
30H 83.67 81.84 81.29 81.33
4'0H 78.34 76.13 74.98 75.04
SOH 84.38 82.31 81.28 81.35

B
2'0H 78.16 76.16 75.30 75.36
30H 83.64 81.79 81.23 81.26
4'0H 77.39 75.20 74.15 74.21

50H 84.10 82.05 81.16 81.21
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BDE
Molecule
Gas Benzene Water Methanol

C

30H 84.43 82.34 81.33 81.39
4'0H 73. 14 72.02 72.31 72.30
SOH 83.77 81.93 81.39 81.42
D

30H 84.81 82.69 81.59 81.65
4'0H 75.78 74.30 73.69 73.73
S0H 84.18 82.24 81.50 81.54
E

4'0H 78.16 76.00 74.95 75.01
SOH 84.56 82.69 82.05 82.09
F

4'0H 78.77 76.64 75. 60 75.66
5O0H 85.28 83.68 83.38 83.40
G

40H 77.59 75.43 74. 40 74.46
SOH 83.57 81.16 79.39 79.47
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4'-OH < 5-OH ~3-OH,4'-OH < 5-OH, ,4'-0H <5-
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Table 3 Tonization potential (IP) and proton dissociation enthalpy (PDE) values of seven compounds in gas phase and solvents

(kcal/mol)
P PDE
Molecule
Gas Benzene Water Methanol Gas Benzene Water Methanol
A 161.10 139.08 100. 47 105. 67
30H 238.68 42.65 26.67 22.23
4'0OH 233.34 36.94 20.36 15.95
50H 239.39 43.12 26.67 22.25
B 157.71 136.23 98.07 103.24
2'0H 236.55 39.82 23.09 18.69
30H 242.04 45.46 29.02 24.59
4'0H 235.78 38.87 21.94 17.54
SOH 242.49 45.71 28.94 24.54
C 159.27 138.37 100. 61 105.77
30H 241.38 43.90 26.60 22.21
40H 230.10 33.59 17.57 13.12
SOH 240.72 43.50 26.65 22.24
D 165.32 142.84 103.22 108. 46
30H 235.72 39.78 24.24 19.78
40H 226.69 31.39 16.34 11.86
50H 235.09 39.32 24.14 19. 66
E 157.80 137.85 100.31 105.47
40H 236.59 38.08 20.51 16.13
50H 242.99 44.76 27.61 23.21
F 163.33 141.27 102.09 107.32
40H 231.67 35.31 19.37 14.93
50H 238.18 42.34 27.15 22.66
G 152.15 131.66 93.74 98.93
40H 241.67 43.71 26.54 22.13
SOH 247.65 49.44 31.52 27.13

SR 7 HE PR 2 H - 2

SHCY T e, & AR T B e
KW IP FE 2 (201. 99 keal/mol ) 19/ 36 ~ 50
keal/mol o 35 A2 15 1 22 7 B AL 9 1L H - g
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KA iz -k 4'-0H < 5-OH ~3-0H,4'-0OH <2'-OH
<5-OH~3-OH F14'-OH < 5-OH, 33Xk (19I5 5 25481

T BDE )iy, 2K R SET-PT AL H iy 55 —
IR AR N

TEV T H B 1 = 3 8 KRR B IR T PDE (1%
Fo/Ne WNFE 3 HTSI, PDE B4 R H I < KA <
RH < JM, BEEM A AR 2ZE B E N
218kcal/mol, M3 3 Al F H7ESAH 44 T /)N
M PDE JJF A D<C<F<A<B<E<G,X/MF
AFTFHEA L, EHEATZD<C<F<A <E<B<G,
BhN AR M TP /IME PDE (226. 09 ~251. 07 keal/
mol ) HE&H; (195. 16 keal/mol ) B2 K, 31X 78 53 13 W]
T AW TR B A RE ) AR 8 TR .
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Table 4  Proton affinity (PA) and electron transfer enthalpy (ETE) values of tested compounds and Phenol in gas phase and solvents

(kecal/mol)
PA (kcal/mol) ETE ( kcal/mol )
Molecule
Gas Benzene Water Methanol Gas Benzene Water Methanol
A
30H 344.89 101.50 49.03 46.19 54.88 80.23 80.76 81.72
4'0H 335.89 96.40 46.39 43.43 58.55 79.62 71.80 78.18
50H 344.62 101. 60 48.83 46.00 55.86 80. 60 78.31 81.92
C
2'0H 335.94 95.88 45.88 42.91 58.33 80.17 75.28 79.02
30H 346.97 102.58 49.18 46.37 52.78 79.11 77.91 81.46
4'0OH 335.08 95.27 45.62 42.64 58.41 79.82 74.38 78.14
50H 346.42 102.49 48.99 46.19 53.78 79.45 78.02 81.59
C
30H 342.61 101.53 48.71 45.87 58.04 80.74 78.50 82.11
40H 333.87 94.44 45.32 42.31 55.50 77.51 72.86 76.57
SOH 342.56 101.47 48.94 46.08 57.44 80.40 78.32 81.93
D
30H 339.28 99.92 48.43 45.54 61.76 82.70 79.03 82.70
40H 323.93 88.90 41.72 38.62 68.08 85.33 77.84 81.70
50H 339.27 99.87 48.61 31.67 61.14 420.71 78.76 96. 45
E
40H 333.74 96.17 46.36 43.39 60. 65 79.76 74.46 78.21
50H 341.62 101.73 49.17 46.34 59.17 80. 89 78.75 82.33
F
40H 332.10 95.11 46. 14 43.13 62.90 81.47 75.33 79.12
50H 339.37 99.39 47.57 44.69 62.14 84.22 81.68 85.30
G
40H 336.58 97.78 47.02 44.09 57.24 77.58 73.26 76.96
S5OH 346.37 105.30 51.87 49.08 53.43 75.79 73.39 76.97

T PDE, i T F =3 AkEE R, PA 194K
B NSRRI 7 R KN, 72 <A PA 3948
4 339. 00 keal/mol, 17 78 7% | 7K Fil I B 43 1] 2
98. 81 43.92 47.57 keal/mol , 5t 3t B AR T
FIF R At #2 . BT 7 Fh /N g PA

BUE N 323. 93 ~ 336. 58 kcal/mol, ZRAK T 28 i) 19
(345.51 keal/mol ) , K[ 7 By Joz 1) 28 48008 1 25
Fi A LR B 25 5

WK 4 1Y ETE 7] LUE I 78S R H B
I LU Ay < SR < KAR < HVRE < A0, 7R3 50
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ETE BF)EUEE R TAESA S ER PRI T 40
kcal/mol , T 76 FH B FI/K H K T 16 ~29 1 12 ~26
keal/mol, LB TR TP K& B, A Y ETE %
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