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Fig. 1 Structural formulas of the three compounds

1 EFHFERAR T &

FATH B3LYP ik, 16 6-31G 341 F . il BERNY G586 3L e 73X 3 Fifb &
YISkl e AT TR Sh 43 AT. BE Tk, FRATHE BSLYP/6-31G KT, FH GIAO-Y )5 kit
BTN ILRE. 20 LAE#E ] Gaussion98 &7 58 BT

2 WEE RN
2.1 3#MELEWRILMAHAE
HHIL A& S S R T HA 3 AN U IS, H AR KM B . A%
B3LYP/6-31G /KF AL T 3 Fifb G245k, & 1 4050 T 3 Fik &ty Bl =
MR LA L, WHEKORE, X 3 Rk Gk UL, A By C-C 8Kl 0. 139~0. 141
nm Z 8, {HA/NFIE# C-C 4K 0.1540 nm, KFIE#HM C=C K 0. 1340 nm. 3
B 7R 2R T B, (KRR Wbk R, WBEMA KB, BHERESIA)G. i ~C22-
C27-C23 MY BERCA sk 28 (AR (b A, M AR E . 3 F bRy AL C BHER3EAR
b F i —Fi. #£ L-1 ., ~C14-C10-C15-C18=0. 01, ./ C14-C10-C15-C19=—180. 00,
FKHASY L1 £ FR—Fm b 782 L-3 f. ~C14-C10-C15-C19 = 179. 99,
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/ C14-C10-C15-C18 = — 0. 01, ~C19-C23-029-H32 = 0. 01, /(23-C27-030-H33 =
0.00, /C27-C22-028-H31=—0.00, £ L-3 WA R FHL4FR—FmE, kR
J— AR IR R, L2, ~Cl14-C10-C15-C18=147. 27, C14-C10-C15-C19
=—34.00, KWK RF BHYE A, C WHANTER— Vi b, Y000 A BTk, e
HiERBEEA L L1, L-3 .

Rl 3MUASYHBIEESH

Table 1 Some structural parameters of the three compounds

Compounds

Bond length/nm

Bond angles/(®)

Torsion angles/(°)

C1-C2=0.139 98
C1-C3=0. 138 89
C3-C6=0. 141 00
C3-07=0.138 67
C10-C15=0. 137 20

~C1-C2-C5=122. 24
~C1-C3-07=117. 80

£ C3-07-C10=122. 62
~C10-C15-C19=119. 92
~C10-C15-C18=121.72

~ C1-C3-C7-C10= —180. 00

~ C1-C3-C6-C11=180. 00
~C14-C10-C15-C18=0. 01
~C14-C10-C15-C19=—179. 99
~C23-C27-030-H31=—0.01

L1 C11=017=0. 128 97
C10=C14=0.137 20
017-H21=0. 175 45

~C15-C19-C23=120. 91
~C23-C27-C22=120. 16

C19-C23=0.139 20
C23-C27=0.140 16
C22-C27=0.140 01

C1-C2=0.139 93
C1-C3=0.138 85
C3-C6=0. 140 90
C3-07=0.139 03

C11=017=0.127 42

~C1-C2-C5=121. 98
~/C1-C3-07=117. 21
~C3-07-C10=121. 08
~C10-C15-C18=119. 54
~C10-C15-C19=121. 20

~C1-C3-C6-C11=178. 95
~C1-C3-0O7-C10=179. 36

~ C14-C10-C15-C18=147. 27
~C14-C10-C15-C19= —34. 00
~C18-C22-028-H31=179. 74

L-2 C10=C14=0.136 83 ~C15-C18-C22=120. 20 ~C22-C27-030-H32=178. 77
C10-C15=0. 146 87 ~C23-C27-C22=120. 48
017-H21=0.18 10
C18-C22=0.138 83
C23-C27=0.139 08
C22-C27=0.140 74
C3-C1=0.138 89 ~C1-C2-C5=122. 23 ~C1-C3-C6-C11=—180. 00
C3-C6=0. 140 99 ~C1-C3-07=117. 81 ~C1-C3-0O7-C10=180. 00
C2-C5=0.139 99 ~C3-07-C10=122. 60 ~C14-C10-C15-C19=179. 99
C3-07=0. 138 65 ~C10-C15-C19=119. 11 ~C14-C10-C15-C18=—0.01
C11=017=0.128 90 ~C10-C15-C18=121. 16 ~C19-C23-029-H32=0. 01
L-3 C10=C14=0.137 15 ~C15-C19-C23=119. 35 ~C23-C27-030-H33=0. 00

C10-C15=0. 145 87

017-H21=0.175 51

C19-C23=0.138 75
C23-C27=0.139 64
C22-C27=0.139 70

~C23-C27-C22=119. 84

~C27-C22-028-H31=—0. 00
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Fig. 2 Intramolecular hydrogen bonding of flavone derivatives
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Table 2 Vibrational analyses of the three compounds

Compounds Frequency/cm™! Intensity/(km ¢ mol™!)
L-1 39.33 42.61 87.15 0.2819 0.6361 0.4383
L-2 35.32  41.77 67.01 3.426 2 1.3007 0.847 9
L-3 25.48 40.87 82.19 0.6253 0.2829 0.246 3

2.3 ZEEHRENITE

F£3~FSFIM T L-1~L-3 MR RE IR % 19 B T S A S e (. BOe T R A
B3LYP/6-31G /KT AT, R P8 m b o mtb =008 . ek TMS (126t B
WL 25 T+ B MCIEL BT 45 TMS 14 24 e B i B © 76 3 P oA BT 41

x3 LIAGYHELFEBRIRE

Table 3 The chemical shifts of compound L-1 and its relative error

BT C1 C2 C3 C6 9 C10 C11
b2 B GHEAE) 86.007  150.088  146.024  97.502  151.856  139.486  164.947
f A B iR (a6 ) 93. 4 163.8 160. 5 102.9 156.0 146. 1 175.7
AH X 15 22 7.92% 8.37% 9.02% 5.25% 2.66% 4.53% 6.12%
H BT Cl14 C16 C18 C19 C22 C23 Cc27
b2z B GHE D 127.871  114.283  122.255 117.037  106.087 103.192  146.814
AL (CERTEL6 D 135.5 121.6 129.2 129.3 115.3 115.3 159.0

AR 2 5.63% 6.02% 5.38% 9.48% 7.99%  10.50%  7.66%
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Table 4 The chemical shifts of compound -2 and its relative error
7 Cl C2 C3 C6 C9 C10 C11
TR 8% G531 85.561  149.359  146.343  97.834  153.315 166.351  140.049
b2 8% CeikfE L6 ) 93.5 164.0 160. 8 103.1 156. 2 156. 2 146.9
X % 22 8.49% 8.93% 8.99% 5.11% 1.85% 6.50% 4.66%
b JR ¥ Cl4 Cl15 C18 C19 C22 C23 C27
fF BB GHREAED 129.026  116.717  106.934  105.142  102.158 136.866  133.782
2= i B (SCHkfEL6 D 135.8 122.1 115. 120. 1 115.7 145.1 147.7
A XI5 22 4.99% 4.41% 7.18%  12.45%  11.70%  5.76% 9.42%
RS LI3INAYHUFEABRIRE
Table 5 The chemical shifts of compound L.-3 and its relative error
i T C1 C2 C3 C5 C6 C9 C10
b2 8% GHRED 85.724  150.053  145.870  97.441 97.518  151.961  138.796
b2 i B Lk L6 ) 93.5 164. 2 156. 4 98.5 103.3 161.0 147.1
' A XI5 2 8.32% 8.62% 6.73 1.08% 5.60% 5.61% 5.65%
e BT Cl11 Cl14 C15 C19 C22 C23 c27
b2 B G 165.054  128.634  113.422  93.425  135.478  131.919  127.497
23 7% CSCHkE 6 1) 176.0 136. 1 121.2 107.5 146.0 146.0 136. 1
AH X 1% 22 6.22% 5.49% 6.43%  13.09%  7.21% 9.64% 6.32%
F6~FK 8 pHIFIE T 3 MG Wy IE - b i H o0 A 1 L.
6 L-1aFHBEIHER
Table 6 The charge distribution of compound 1.-1
JET C1 C2 C3 C10 C11 Cl14
HL 43 A —0.114 8 0.265 6 0.257 4 0.279 9 0.225 3 0.250 5
¥ C15 C18 C19 C22 €23 c27
HL 4 43 A 0.034 6 —0.123 6 —0.135 4 —0.131 1 —0.146 7 0.273 0
R7T L2 FHBEIHER
Table 7 The charge distribution of compound L-2
T C1 C2 C3 C10 Cl11 Cl14
FL ] 43 A —0.114 8 0.2657 0.257 8 0.270 8 0.224 7 0.255 3
J5 ¥ C15 C18 C19 C22 23 27
HL 4 43 A 0.033 1 —0.108 3 —0.136 8 0.242 8 —0.1329 0.256 5
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RS L3NTFHERETAMER
Table 8 The charge distribution of compound -3

J5 ¥ Cl1 C2 C3 C10 Cl1 Cl4
H, 747 43 A —0.115 1 0.265 9 0.259 7 0.270 6 0.224 6 0.254 3
JEF C15 C18 C19 22 23 Cc27
HA, 7 43 A1 0.020 4 —0.1050 —0.123 1 0.248 6 0.252 3 0.247 4
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A Theoretical Study on Nuclear Magnetic Resonance Spectra
of Three Flavonol Derivatives

LIU Shan', ZHANG Shu', SU Yu®, LIU Quan', LIAO Xian-wei'”

(1. Department of Chemistry and Material Science, Sichuan Normal University, Chengdu 610066, China;

2. Teaching and Research Group of Chemistry, Northern Sichuan Medical College, Nanchong 637007, China)

Abstract; The configurations of the title compounds were optimized at the B3LYP/6-
31G level. The results show that there is no imaginary frequency in the vibrational anal-
ysis. The "C NMR spectra of the compounds were studied at the same level by the GI-
AO method. The calculated results show that there exist intramolecular hydrogen bonds
in the three flavonol derivatives, and the bond lengths are estimated to be about 0. 17~
0. 18 nm. The effects of hydroxyl substituents on the chemical shifts of the adjacent car-
bons are also discussed. It appears that the more donated electrons from the substituent

groups to benzene, the larger the chemical shifts of the adjacent carbons will change.

Key words: flavonol derivatives, nuclear magnetic resonance, chemical shift
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