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Efficient synthesis and antioxidation activities of
ferrocenylpyrano-fused quinolines
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(1. Flavors and Fragrance Engineering & Technology Research Center of Henan Province,
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Abstract: Fifteen known ferrocenylpyrano-fused quinolines were synthesized efficiently via three-compo-
nent Povarov reaction(Povarov-3CR) of 4-methyl-7-aminobenzopyranone, aromatic aldehydes, and fer-
rocenyl acetylene in the presence of cerium trifluoromethylsulfonate (Ce(OTf);) and scandium triflu-
oromethylsulfonate (Sc(OTf);), with yields ranging from 40. 0% to 66. 8%. The structures of the com-
pounds were characterized by 'H NMR, ®C NMR, and HR-MS (ESI). The antioxidant activities of the
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compounds were evaluated by inhibiting oxidation reaction of DNA induced by hydroxyl radical (HO « )
and reductive glutathione radical (GS * ), and the effects of the type, position and number of substitu-
ents on the antioxidant abilities of ferrocenylpyrano-fused quinolines were investigated. The results
showed that the fifteen target compounds exhibited strong radical scavenging activities to protect DNA
against oxidation induced by HO + and GS ¢ . The absorbance percentages of thiobarbituric acid reactive
substances (TBARS) of the fifteen target compounds were 36. 6% ~83. 3% in inhibiting HO « induced
oxidation of DNA, and 22. 9%~67. 2% in inhibiting GS * induced oxidation of DNA, respectively. The
antioxidant activity could be further enhanced by introduction of electron-donating groups (such as —N
(CH3);, —OCHj;, and —OH) in ferrocenylpyrano-fused quinolines structures, while antioxidant activi-
ty was reduced when electron-withdrawing group (—Cl) was introduced. The ferrocenylpyrano-fused
quinolines exhibited better antioxidant performance than ferrocenyl quinolines and are potential powerful
antioxidants.

Keywords: Complex catalysis; Povarov three-component reaction; Ferrocene; Pyrano-fused quinoline;

Antioxidant; Free radical
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B Bk 0. 42 g (2.0 mmol) , 5 F i
(2.4 mmol) . 4-F I-7-F FH IR F L g ER 0.42 ¢
(2.4 mmol), Ce (OTf); 0. 06 g (0. 1 mmol),
Sc(OTf); 0.05 g (0.1 mmol) FTH & 10 mL —&
A 25 mL BB HEdE 5 T 110 °C B

2 h (TLC KD, ¥ = R4, sk A W &
RERHEZ M LB . V(D / V(LR ) =
20/1 )46tk R 52 AW la~1o(& D). 213k
BB AL G Y 4V -6 , 8- & I bk e ) - g ok
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R CH; 2-Furan Ferrocene 4-N(CH,),C H, 2-CH,0CH,
Comp 1f lg 1h li 1j
R 3-CH,OCH, 4-CH,OCH, 2-CIC H, 3-CICH, 4-CICH,
Comp 1k 11 Im In lo
R 2HOCH,  3-HOCH,  4HOCH,  3-CHO4-HOCH,  34-2HOCH,
A1 BRSNS AL la~1o
Fig. 1 Synthetic route of target compounds la~1o
2.3 mEHERENIK TBARS, 1£ 535 nm T | & 1E T B 09 W% 06 B

2.3.1 #p4) HO » 5] & &9 DNA ZA B E 46 4k
F  FMEOSCERLLI6 7R = amdl HO « 5] & /Y
DNA AL e R, F2H 13, 4 mL 2. 24 g/L
DNA %, A 1 mL 30 mmol/L ) H, O, 15 .
0.5 mL 120 mmol/L. TCHQ % 1 0. 1 mL 7.5
mmol/L AL & Wi & IR G5 T 37 °C
K 30 min, MHFZHEL 2 mL, FEATA 1 mL 1%
TBA WA 1 mL 3. 0% TCA ### . T 100 ‘C/K
WA 30 min, RHIEZR, A 1.5 mL IE T B
TR #EE TBARS. 7F 535 nm R %E IE T /&
IR SGRE Ao » LAZERKAE AL G 0 it 2 W D G
WCIE Ay

2.3.2 %) GS « 5] & 49 DNA &AL 5 4 m] 4k
F FRMOSCERLLI7 107 Bt =yl GS « 51 ki
DNA Ak S AR, A2 B 13, 4 mL 2. 24 g/L
DNA %% - A 1 mL 75 mmol/L [ CuSO, % .
0.5 mL 90 mmol/L GSH ¥ # 1 0. 1 mL 7.5
mmol/L AL & Wi & iR G )5 T 37 °C
JK¥E 90 min. MHFEL 2 mL, H I A 1 mL 30
mmol/L EDTA %% .1. 0 mL 1. 0% TBA %l
1 mL 3% TCA %, T 100 CsK¥%m# 30 min,
BHIZE WM 15 mL iF T B 7040 97 % 2l

Apan L 25K AU 1L & W) i A5 W00 IO
& Ay
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3.1 Ak LAY la G BN R

W ARG W) 1a 72 2052, 25 3 L3 1.
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HEAFL, 110 “CHnFASR Y 2 h, A B H AL S P
BAT % ALEY 1a 1972350 64. 820, & T 3k
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" Diels-Alder NI MWK 7+ HH L RE SR, 1T
Ce(OTD; Ml Sc(COTD s AL AT LA A 5 B e A1
JE K Schiff #i&, t BE 9% 1% fL b 1) C=C, {2 ffi
Schiff BS54 & A Diels-Alder [z oj A= i s obk. 7
HE B EAAEUMNFEVER SRR B A AR B8
Bt A% I AR A ), E— 25 4 Povarov J
N 45 A 2 W FD Diels-Alder 2 W B RCE , M
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Tab. 1 The influences of reaction conditions on yields of 1a
“ fife ) R “ fite ) I
' /€10 mol5) 25 °C 60 °C 110 C ' /(10 mol ) 25 °C 60 °C 110 C
1 catalyst-free trace trace trace 9 BiCl; trace 8.9 23.9
2 HCI1 trace trace trace 10 AgOTT trace 15.6 36.8
3 HCIO, trace trace trace 11 Ybh(OTH; trace 21.8 44.6
4 CH;COOH trace trace 9.7 12 Ce(OTD; trace 23.5 53.0
5 NH,Cl trace trace 6.7 13 Sc(OTD; trace 25.9 56. 6
6 TMSCI trace trace 10. 8 14 AgOTI/Yb(OTDs4 trace 25.1 50. 3
7 LaCls trace 7.5 17.9 15 Yb(OTD3/Ce(OTHs; trace 26.7 57.6
8 InCls trace 7.2 15.5 16 Ce(OTH3/Sc(OTH3 trace 27.7 64.8
3.1.2 fubmmsMEae  SrARA JTHA0 & 0 3) A-F JE-6, 8- S R bt e I I s bk (1) < 21

P25 BN ARG AR A (NMR) 148 25 200 A (8335
FoL 8 55 1 - 5B B { (UHPLC-ESI-MS) Xtk
G la~1p HATEEHFRAE.

A-FP -6 1% Ak -8R itk I R O 04 bk
(la) : BE AR 723 64. 8% m. p. 218~220 °C;
"H NMR (400 MHz, CDCly) §: 8. 68 (s, 1H),
8.27 (s, 2H), 8.10 (s, 1H), 7. 82 (s, 1H),
7.60 (d, J = 6.0 Hz, 2H), 7. 54 (t, J =
6.8 Hz, 1H), 6. 27 (s, 1H), 4. 71 (s, 2H),
4.53 (s, 2H), 4. 22 (s, 5H), 2.51 (s, 3H);
¥C NMR (100 MHz, CDCl;): 159. 2, 157. 3,
152. 6, 150. 9, 130. 1, 129. 1, 127. 5, 126. 3,
124. 8, 124. 1, 117. 1, 115. 8, 114. 4, 88. 4,
72.3, 69. 9, 68.5, 19.5; HR—MS(ESD m/z:
Caled for Cy Hy FeNO, {{M+H "} 472. 1000,
found 472. 1008.

A~ -6~ 7% Ak -8k TR 56 Lk g ) - g b
(1b): B AR 2% 59. 7% m. p. 253~ 255
C; 'H NMR (400 MHz, CDCly) §: 8. 63 (s,
1H), 7.99 (d, J = 8.8 Hz, 1H), 7.79 (d, J =
9.2 Hz, 1H), 7. 71 (s, 1H), 7. 34 (s, 1H),
6.66~6.67 (m, 1H), 6.25 (s, 1H), 4. 69 (s,
2H), 4. 51 (s, 2H), 4. 23 (s, 5H), 2. 49 (s,
3H); ¥C NMR (100 MHz, CDCl,). 159. 2,
153.2, 152. 5, 150. 9, 149. 1, 147. 5, 144. 7,
126. 1, 124. 1, 123. 3, 117. 0, 115. 6, 114. 3,
112.5, 111. 1, 88. 4, 72. 2, 69. 9, 68. 3, 19.5;
HR-MS(ESD m/z: Caled for Cy Hio FeNO; {{ M+
HJ"} 462. 0793, found 462. 0790.

A 772 62, 2%; m. p. 242~244 °C; 'H
NMR (400 MHz, CDCly) §: 8. 30 (s, 1H), 7. 94
(s, 1H), 7.76 (s, 1H), 6. 24 (s, 1H), 5.17 (s,
2H), 4. 70 (s, 2H), 4. 58 (s, 2H), 4. 53 (s,
2H), 4. 29 (s, 5H), 4. 15 (s, 5H), 2. 49 (s,
3H); ¥C NMR (100 MHz, CDCl;). 160. 5,
159.5, 152. 7, 151. 1, 145. 5, 145. 4, 125. 9,
125. 1, 123. 7, 116. 4, 115. 2, 113. 8, 88. 8,
72.3, 71.0, 69.9, 69.8, 68.2, 68.1, 19.5; HR-
MS(ESD) m/z: Caled for Ci; Hys Fe, NO, {[ M+
H" ) 580. 0662, found 580. 0660.

A-F -6 S Bk 8- (4- I S FE 2R 35 itk g
il s bk (1) < B [ A P24 47. 70405 m. p. 285~
287 °C; "H NMR (400 MHz, CDCL,) §: 8.53 (s,
1H), 8.27 (s, 3H), 7.81 (s, 1H), 6. 91 (s,
2H), 6. 27 (s, 1H), 4. 79 (s, 2H), 4. 58 (s,
2H), 4. 30 (s, 5H), 3.12 (s, 6H), 2.51 (s,
3H); ¥C NMR (100 MHz, CDCl;). 159. 5,
152.6, 151. 8, 151. 0, 128. 6, 127. 7, 125. 9,
124, 0, 123. 8, 120. 9, 116. 4, 115. 2, 113. 8,
112.3, 89. 0, 72. 2, 69. 8, 68. 2, 40. 3, 19. 5;
HR-MS(ESD m/z: Caled for Gy Hys FeN, O, {[ M+
H]"} 515. 1422, found 515. 1425.

A-FP L6 8 A -8 (2- FP AR LR L) W, g
FEngEntk (Le) . B (A B4 722K 66. 8205 m. p. 214~
216 °C; "H NMR (400 MHz, CDCL,) §: 8. 69 (s,
1H), 8. 12 (s, 1H), 7. 91 (d, J = 7. 2 Haz,
1H), 7.81 (d, J = 6.0 Hz, 1H), 7.49 (t, ] =
7.6 Hz, 1H). 7.18 (t. J = 7.6 Hz, 1H). 7.12
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(d, J = 8.4 Hz, 1H), 6. 28 (s, 1H), 4. 67 (s,
2H), 4. 50 (s, 2H), 4. 24 (s, 5H), 3. 97 (s,
3H), 2. 51 (s, 3H); ®C NMR (100 MHz,
CDCly): 159. 4, 157. 4, 157. 3, 152, 6, 151. 0,
150. 6, 145. 9, 131. 9, 130. 9, 128. 9, 128. 7,
126. 5, 123. 5, 121. 4, 117. 0, 115. 7, 114. 3,
111.5, 88. 1, 72. 3, 69. 8, 68. 3, 55. 5, 19. 5;
HR-MS(ESD m/z: Caled for Csy Hys FeNO; {[ M+
HJt} 502.1106, found 502. 1103.

A-FH -6~ Ak - 8- (3- Y AR DR 3L ) ik e il
IFmEmk (1D ZLEE A 723 64. 99605 m. p. 259~
261 °C; 'H NMR (400 MHz, CDCl;) ¢: 8. 68 (s,
1H), 8. 10 (s, 1H), 7. 87 (s, 1H), 7. 82 (d,
J=7.6 Hz, 2ZH), 7. 51 (t, J = 7.6 Hz, 1H),
7.09 (d, ] = 7.6 Hz, 1H), 6.28 (s, 1H), 4.71
(s, 2H), 4.53 (s, 2H), 4. 22 (s, 5H), 3. 97 (s,
3H), 2. 51 (s, 3H); ®C NMR (100 MHz,
CDCl;): 160. 3, 159. 3, 157. 1, 152. 6, 150. 9,
140. 2, 140. 1, 130. 1, 126. 5, 124. 9, 123. 9,
119. 8, 117. 2, 116. 1, 115. 7, 114. 4, 112. 6,
88.5, 72. 3, 69.9, 68.4, 55.5, 19. 5; HR-MS
(ESD m/z: Caled for Cy Hyy FeNO; {{M+H "}
502. 1106, found 502. 1110.

4-FA JE-6- e A - 8- (4- B A FE R 3 ) itk g il
IFmEmk (1) B AR 7% 61,9505 m. p. 241~
243 °C; '"H NMR (400 MHz, CDCl;) §: 8. 64 (s,
1H), 8.25 (d, J = 8.4 Hz, 2H), 8.03 (d, J =
6.4 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7. 11
(d, J] = 8.0 Hz, 2H), 6. 25 (s, 1H), 4. 69 (s,
2H), 4. 51 (s, 2H), 4. 22 (s, 5H), 3. 92 (s,
3H), 2. 49 (s, 3H); ®C NMR (100 MHz,
CDCly) . 161. 3, 159. 3, 157. 0, 152. 6, 151. 0,
150. 7, 147. 1, 131. 2, 129. 5, 128. 8, 126. 3,
124. 3, 123. 8, 116. 8, 115. 5, 114. 5, 114. 1,
88.8, 72. 3, 69.8, 68.3, 55.5, 19. 5; HR-MS
(ESD m/z: Caled for Cy Hyy FeNO; {{M+H "}
502. 1106, found 502. 1109.

A-FH -6~ AR - 8- (2- G 2R 3 ) ik g ) - g
mR(1h) B AR R 722 66. 3%0; m. p. 243~245
C; '"H NMR (400 MHz, CDCl;) §: 8. 54 (s,
1H), 8.05 (d, J =8 8 Hz, 1H), 7.84 (d, J =
8.8 Hz, 1H), 7.79 (dd, J = 2.4 Hz, ] = 6.8
Hz, 1H), 7.58 (dd, J = 2.0 Hz, J = 7. 2 Hz,
1H), 7.42~7.49 (m, 2H), 6.29 (s, 1H), 4. 69

(ss 2H), 4.51 (s, 2HD 5 4.19 (s, SHD, 2. 52 (s,
3H); ®C NMR (100 MHz, CDCl;): 159. 2,
157.8, 152. 6, 151. 1, 150. 4, 146. 9, 138. 9,
132. 3, 131. 8, 130. 5, 130. 4, 128. 3, 127. 4,
126. 6, 124. 0, 117. 3, 116. 1, 114. 7, 87. 9,
72.4, 69. 9, 68. 6, 19. 6; HR-MS(ESD) m/z:
Caled for Cyy Hyy ClFeNO, {{ M+H " } 506. 0610,
found 506. 0609.

4-FH -6~ S Ak -8~ (3-G R L ) It g il 5 nds
MRCLD - 0 AR P23 62, 4%; m. p. 225~227
C; 'H NMR (400 MHz, CDCl;) §: 8. 65 (s,
1H), 8. 31 (s, 1H), 8. 11 (d, J = 6. 8 Hz,
1H), 8.05 (d, J = 8.8 Hz, 1H), 7.82 (d, | =
8.8 Hz, 1H), 7.49~7.54 (m, 2H), 6. 28 (s,
1H), 4. 70 (s, 2H), 4. 33 (s, 2H), 4. 21 (s,
5H), 2. 51 (s, 3H); “C NMR (100 MHz,
CDCly): 159. 1, 155. 8, 152. 5, 150. 9, 150. 5,
148. 0, 140. 5, 135. 3, 130. 3, 129. 9, 127. 7,
126. 5, 125. 3, 124. 5, 124. 1, 117. 3, 115. 9,
114.6, 88.3, 72.3, 69.9, 68.5, 19.5; HR-MS
(ESI) m/z: Caled for C,y Hy ClFeNO, {[ M +
H]"} 506.0610, found 506. 0603.

A-F -6 S AR - 8- (A-GE 2R 3 i e ) - v
MRC1)) « B A =5 64, 4% m. p. 286~288
C; 'H NMR (400 MHz, CDCl;) §: 8. 63 (s,
1H), 8. 23 (d, J = 7.6 Hz, 2H), 8. 09 (s,
1H), 7.83 (d, ] = 7.2 Hz, 1H), 7.57 (d, | =
7.2 Hz, 2H), 6. 28 (s, 1H), 4. 71 (s, 2H),
4.54 (s, 2H), 4.20 (s, 5H), 2.50 (s, 3H); ®C
NMR (100 MHz, CDCl;): 159. 1, 157.5, 157. 5,
156. 0, 152. 5, 150. 9, 136. 4, 129. 3, 128. 8,
126. 4, 126. 3, 126. 3, 124. 4, 124. 3, 117. 2,
115.9, 114.6, 72. 3, 69.9, 68.6, 19.5; HR-MS
(ESI) m/z: Caled for C, Hy ClFeNO, ([ M +
H]"} 506.0610, found 506. 0608.

4= E-6- S A -8 (2- 38 JE 2R L) bk e ) I
MR (k) . B (8 [ A 7 A 48. 3005 m. p. 248~
250 °C; 'H NMR (400 MHz, CDCl;) §: 8. 81 (s,
1H), 8. 08 (s, 1H), 7. 96 (d, J = 6. 8 Hz,
1H), 7.80 (s, 1H), 7.37 (t, J = 7.2 Hz, 1H),
7.13 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 7.2
Hz, 1H), 6. 29 (s, 1H), 4. 74 (s, 2H), 4. 57
(s, 2H), 4. 12 (s, 5H), 2. 49 (s, 3H); “C
NMR (100 MHz, CDCl;): 158. 9, 152. 4, 150. 8,
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148. 8, 148. 8, 147. 4, 125. 1, 123. 9, 123. 8,
123.8, 123.8, 116.2, 114. 8, 88.4, 72.6, 70.1,
68. 8, 19. 7; HR-MS(ESD m/z: Caled for Cy Hyy
FeNO; {{M+H]"} 488. 0949, found 488. 0943.

A-F -6 R AR S -8- (3-FR FE 2R L) ik Mg il -
MEIRR (11) ¢ 21 €5 [ {4 773K 44, 1% m. p. 267~
269 C; 'H NMR (400 MHz, DMSO-d;) §:
9.77 (s, 1H), 8.67 (s, 1H), 7.98 (dd, | = 8.8
Hz, ] = 16.0 Hz, 2H), 7. 77~7. 80 (m, 2H),
7.43 (t, J = 8.0 Hz, 1H), 6.97 (d, J = 7.6
Hz, 1H), 6. 38 (s, 1H), 4. 86 (s, 2H), 4. 46
(s, 2H), 4. 17 (s, 5H), 3. 34 (s, 3H);
BC NMR (100 MHz, DMSO-d;): 158.3, 158.0,
155. 8, 153. 3, 150. 3, 149. 9, 147. 0, 139. 1,
130. 1, 125. 7, 125. 0, 123. 9, 117. 9, 117. 3,
116.0, 115.5, 113.8, 113.7, 87.2, 72.0, 69. 8,
68.0, 20.7; HR-MS(ESD m/z: Calcd for Cy Hy,
FeNO; {{M+H]" }488. 0949, found 488. 0946.

A-F -6 AR - 8- (A-FR FE 2R 3 ) ik g il -
WERR (1m) . 27 (L [E A 7= 2R 40. 0% m. p. 275~
277 C; 'H NMR (400 MHz, DMSO-d;) §:
10.02 (s, 1H), 8.64 (s, 1H), 8.24 (d, ] = 8.0
Hz, 2H), 7.93 (dd, J = 8.4 Hz, J = 20. 0 Hz,
2H), 7. 00 (d, J = 8.0 Hz, 2H), 6. 36 (s,
1H), 4. 85 (s, 2H), 4. 45 (s, 2H), 4. 16 (s,
5H), 3.34 (s, 3H); C NMR (100 MHz, DM-
SO-dg): 160. 1, 158. 9, 156. 3, 153. 9, 150. 9,
150. 6, 147. 2, 129. 2, 129. 0, 126. 0, 125. 4,
123. 7, 116. 4, 115. 9, 115. 7, 114. 0, 87. 7,
72.5, 70. 4, 68. 4, 19. 3; HR-MS(ESD) m/z:
Caled for Cy Hy FeNO; {{M+H]"} 488. 0949,
found 488. 0944.

A-HIHE-6- S Ak -8 (3-H AR -4 R 3D
WEE T TR O e o (T« B 68 [ 4 7= 8 47, 4005
m. p. 281~283 °C; '"H NMR (400 MHz, DMSO-
ds) 6: 9.63 (s, 1H), 8.68 (s, 1H), 7.97 (dd, J =
8.8 Hz, J = 16. 8 Hz, 2H), 7. 93 (d, | =
2.0 Hz, 1H), 7.86 (dd, J = 2.0 Hz, | = 8.4
Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6. 38 (d,
J =1.2Hz, 1H), 4.87 (s, 2H), 4. 46 (s, 2ZH),
4,19 (s, 5H), 3.97 (s, 3H), 3.32 (s, 3H); BC
NMR (100 MHz, DMSO-ds): 158. 9, 156. 3,

153. 9, 150. 9, 150. 5, 149. 6, 148. 5, 147. 0,
129. 4, 126. 1, 125. 3, 124. 1, 121. 0, 116. 4,
116.0, 115.7, 114.0, 111.2, 88.1, 72.5, 70. 3,
68.4, 56.1, 19.3; HR-MS(ESI) m/z. Calcd for
Cy Hy; FeNO, {[ M+ H]"} 518. 1055, found
518.1052.

A-FRJE-6- T AR HE-8-(3, 4- R IR IL) ML g
PR -WAE IRk (10) - 2T ([l fA s 74 50. 7005 m. p. 178~
180 C; 'H NMR (400 MHz, DMSO-d;) §:
9.48 (s, 1H), 9. 37 (s, 1H), 8. 61 (s, 1H),
7.92 (dd, J = 8.8 Hz, J = 24.0 Hz, 2H), 7. 86
(d, J=1.6 Hz, 1H), 7.70 (dd, J = 2.0 Hz, J =
8.4 Hz,1H), 6. 97 (d, J = 8.4 Hz, 1H),
6.35 (s, 1H), 4. 82 (s, 2H), 4. 44 (s, 2H),
4.18 (s, 5H), 3. 34 (s, 3H); "“C NMR (100
MHz, DMSO-d;): 158.9, 156.4, 153.9, 150.9,
150. 6, 148. 5, 146. 8, 146. 2, 129. 4, 126. 0O,
125. 3, 123. 8, 119. 4, 116. 5, 115. 9, 115. 6,
114.7, 113. 9, 88. 0, 72. 4, 70. 3, 68. 4, 19. 3;
HR-MS(ESD m/z: Caled for Cyy Hy FeNO; {[ M+
H]"} 504. 0898, found 504. 0893.

A-H -6, 8- 2R B itk g ] - s bk (1)« (68
B 73 71, 6%; m. p. 279~281 °C; 'H NMR
(400 MHz, CDCly) §: 8. 24 (d, J = 7.2 Hz,
3H), 7.91 (d, J = 8.4 Hz, 1H), 7. 8 (s,
1H), 7. 51~7.56 (m, 6H), 7. 43~7. 45 (m,
2H), 6. 24 (s, 1H), 2. 51 (s, 3H); “C NMR
(100 MHz, CDCl;): 159, 0, 157. 9, 152. 3,
150.8, 150. 4, 149. 4, 141. 0, 138. 2, 130. 2,
129. 0, 128. 1, 128. 0, 128. 0, 127. 7, 126. 3,
126. 2, 124. 4, 122. 4, 116. 2, 115. 9, 114. 6,
19. 4; HR-MS(ESID) m/z.: Caled for C,; Hy; NO,
{{IM-+H]"} 364.1338, found 364. 1336.

3.2 MHIBHESIZH DNA 4R AR
3.2.1 dp HO » 3] & #5 DNA R AL R Ao ) 4
A A AMA B ARG W5 A5 i O B
(B3 REH Assey F Ao » B BITLAALRE ST AT LA
A X T 25 1 TBARS W6 B2 (9 A 43 4L
(TBARS A 7350 #4745 5t B (Aggam /Assy ) X
100 %618, R 7 o W b 3 ik b B W P E AL R &L
KZ S ROCER19 7 k611534549 TBARS B 43
G E5H Z [ R 1] (& 2).
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% 3 A Kge-F,

£ SR A vh ER Rk A 8 2 A R B B T AR

%59 &

10 (36.6%)

B2 la~1p#pH) HO « 31 & 45 DNA AACK B M 44T B
Fig. 2 The activities ladder diagram of la~1p in inhibiting HO « induced oxidation of DNA

& 2 AT A& 1la~1p B9 TBARS [ 4
e 36. 6% ~ 83, 3% Z Ial, ¥ K T 45 )
100%, %M 16 Mb-A ¥ ae sz fl HO - Ak
DNA. &% 1a.1c #il 1p By TBARS A 735043
F571.6%.83. 3% Fl 64. 1%. Bt 4> T K u
TSR I A W TBARS ' 4 B0% i1
R 19 BH S A 3R A AN ) 5 g 7 - e b
P HO « 51% DNA A6 W/ RE T, HL R &
TR BB RGN PR A PR RE AR BT AR, X
N Tk Fert gt 5 H, O, &4 Fenton [
MR Fe'™ CHO « f1 OH L 84m 7 ) Wik &
HO - /s, 2 #E A E . 5449 1a M
F A& 1b 1 TBARS [ 0850k He s 3. 2%,
O O PR g B X6 75 42K R ke ) - s kA1 ) HO
51 &%) DNA E AL N 68 1 0 sTRkAIR T 2838, (b G
Y 1d ) TBARS B 5862 /N FE Y 1a, £
—N(CH:) o2 2] T #2 5 $1 F Ak 58 1 9 1/ H, |/
—N(CHy). 258 A AP A e mae =, ka
Y le~1g iy TBARS H 87 62. 9%6~68. 3% 2
B AR TS 1a, $iH] — OCH, e B ik &9
BT E AL fE . = TBARS B 450554« 0 for >
AR B> XH " B (— OCH, A7 8 , Bl — OCH, 4k T
XL AL A W B SR ] HO « 5] % DNA
AALBPERE. LA Th~1; i) TBARS H 4
BT 69. 1% ~76. 7%, X4L&# 17 1) TBARS

HABUR TG La, Ui BRI X7 19 — Cl i 5

THUEARAE T, AR A AN RIS ) — CL ) & 4% T 4
FALEH]. &AM ARG 1k~1o (1) TBARS
HEUE 36. 6% ~59. 4% 2 8] G K TS 1a.
ULEA M R R A A i HO - 51% DNA Sz
N EEEREAL b RS YT B Y
1k () TBARS H 43 %5 /)N o i B 72 356 ik 1 48467 B
A A T AL G HO « 5% 1 DNA £k
BN VERE. TEALG W 1m o o L QR A7 38 m —
A—OCH: 13 2{b &4 1n, £ TBARS B 7354k £:
TR UL 2R S T SR AR S A B (3-F A4
FERFLZE R R A T AR PR AR L. U
FALAY 1o /9 TBARS H 50 BAK T Ha 23 qk
B Tk~ 1m, Ui B B 2 5250 B 890, fb & P il
HO - 5] % DNA %4k N i PEREAS Wi =
3.2.2 4 GS « 3] & #5 DNA &AL B 4] 4
Mo 5% 3.2, 1 WL AW 1la~1p 4TI
GS « 5| & DNA &b N6, 75 1 TBARS H 4>
B IR B (B 3.

H & 3 nT . k&% la~1p 1) TBARS i
A EAE 22, 9% ~ 67, 2% Z ], ik T 25 (Y
10020, i A 16 Bk &3l GS « 5% DNA
A4k, 5 3. 2.1 il HO «» 5] % DNA A kg5 5
. Hor, k&% 1p 19 TBARS H 4 52
62. 7% s 5 ABRAS T RIE A A BRI T AR AR
AL AW la F e, H TBARS 4% 04 Bl &
57. 7% 43. 3% , =3 TBARS {45007 R 1k &
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% 59 &

v K FRCH RAF O

%34

1f (55.6%)

1n (29.8%)
10 (22.9%)

1a (57.7%)

1m (34.1%)

0,
1h (6asv) ) (67:2%)
1i (63.1%)

B 3 la~1p 4] GS« 3] & 4 DNA S4LE 5 M A 46K B
Fig. 3 The activities ladder diagram of 1la~1p in inhibiting GS * induced oxidation of DNA

A4 ZREAEI ] GS » 51 K409 DNA BAC BB A4 75 B
Fig. 4 The activities ladder diagram of ferrocenyl quinolines in inhibiting GS * induced oxidation of DNA

Y le <tk B la <tk 59 1p, 0 5B IL A1 g
g S L Al GS - 51 % DNA %\ﬂcfir“éﬁ fiE
jj 17 L ek 35 A1 it B, Bt ek Pk

. X 53 HO « 51 % DNA %MUQT“FME'Q*
TeAH R IR IRAE F o | A BRI RIE K T &1
R R N T 5 GS « K H R 4
PR T A GS » B % DNA %4k 0 1 1 fg » 7l
BF kA Fe?t il B T — 2 /B E AL R

e, fb &% 1b 1) TBARS HA5UE T 54
La, W] 2'- WM LA R T4 GS « 51K 1
DNA bR, X 54 HO « 51 %1% DNA 44k
FOWAR RS, &9 1d 5 TBARS H45
B /NP A Y 1a. 588 4'-(N(CH) ) A B Tk
AW GS - 51 % B DNA & Ak I 5. 5 #7 1fil

HO « 5] &%) DNA & bR —2. G la il
8- HEFRA [ B 5] A — OCH, 5 — Cl )7, fF 154k
AW le~1g ) TBARS H /3 507E 52. 2% ~55. 6%
ZE, WK FAEY la, ML &Y 1Th~1j 1
TBARS H %50/ T 63. 1% ~67. 2%, ¥ TAb&
Y la, Ui 45 B 7 3L A — OCH, & Br 8 A 7E S i
W T 3L — CLIA (R AR E . ot &
le . 1f F1 1g () TBARS B 8454 (—OCH, £ )
“TA) S = XA = SR (R AL AL Uk B — OCHS 4b F 458
PRI TG Mgl GS - 5] & DNA %A fb 2
M. EEIALAY 1k~10 [ TBARS & 43403/
T 4806, R FRILAE ML e S AL SE A L BB AT
AL AL S I GS - 51 %1 DNA Sk g
Ji. Hop oAb E Y 1m 19 TBARS 43 8UN 164
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% 34 e, 5.

TRk ok v BR SR kAL A 89 B A A R R R B P AR % 59 %

Yy 1k A1 1L, R AR LA T 07 o B TR fe &
Yl GS - 51 % 1) DNA &AL itk ge. LB
In iy TBARS H 4 %0/N T & 1m, £ B
—OCH; fl— OH fE7E U [FIA/E F T ik — 20 42 & 2R
BRIEAEYRBUAEAER. 16 Mk &, Xz
FALEY) 1o B9 TBARS F 43K ik . 15 W b F2 5
BEBIAE P GS - 51 & DNA 44k [ B
I PEBEANWTHE &5, DL Ak, F SCR(23 JHi3E 1 13 Fh
ORI AL S I GS - 5]k DNA %4k )%
N &5 AR (B 4, 5 & B, H TBARS H 08K
B S 5 T 2 A R I P 5 K e e o T 1 v b
R EE e R A e R T X e RN B N
LHi A R IR S LGP GS - 51& DNA 4
RN PERE. TR AL A W 42 TR A BH S K
T4 5 5] DNA, Jf i A DNA M 5 H 45
A R PUE R R 2.

4 & it

AR Ce (OTH; fl Sc (OTH,; & & 1k
Povarov =43 ) W = &0 & 1 15 Fi gk Rkl
IR M kAL 5 (La~1o) , 38 1 K Ak 2 440
HHFE(HO « 1 GS » ) 5[ DNA A1k i #
FEHBUEAERE. S5ARIT 15 A SRk bk i
IEMEmAL S P AT A RO H A A (HO « F1GS <)
51% DNA %Ak, Hhr A b e I3 A8 T % L A — 58k
Fems AL 51—k Re I R P E AL %
BRI L TR R s b 43 T b 51O T S A
(—N(CH;),.—OCH, #—OH) g4 m Hpi £ ik
WM e I A A — P R ST ARVE T T
LBt A Fh -5 P B8 $T A AR R ) B2 3 T
Iy TSI AW R A (— CD Bt ek fe A
JIRBEAIK. 2T 4540 5| A 54k 5 AT Rk mg ik 141 o4
K T4 & inH HO « 5] % DNA A fbgETr . (HiE
BT E GS - 51% DNA &4k . (L& Lo
# HO « 1 GS « 5] % DNA &4k % TBARS 7
AYEAY W2 36, 6% F1 22. 9%, 5 AL A I AH L
53 Ry R A SE =R il N
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