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Synthesis and Properties of 4-Ferrocenyl-benzoyl-thiadiazole

Derivatives
Ren, Yaping” Liu, Xu* Wang, Rui’ Zhou, Yuanging®
Li, Biao®  Xu, Yan™  Song, Maoping®

(“ College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001)
(® Dingzhou Yingcai Middle School, Dingzhou 073000)

Abstract Seven kinds of ferrocenyl-benzoyl-thiadiazole compounds FcL;~FcL,; were synthesized by using 4-ferrocenyl-
benzoic and 2-amino-5-aryl-1,3,4-thiadiazole as raw materials. These compounds were characterized by IR, '"H NMR and ele-
mental analysis. The crystal structure of FcL, was determined by X-ray diffraction analysis. The electrochemical research
showed that the redox reaction on the surface of electrode was reversible with single electron, and FcL;~FcL; have a certain
redox response to Pb?"and Zn®". The antibacterial activity tests indicated that FcL,~FcL, presented significant activity and
selectivity against Fusarium graminearum. FcLs~FcL; exhibited good inhibition against human esophageal cancer cells in the

anticancer activity tests.

Keywords ferrocene; thiadiazole; crystal structure; electrochemistry; biological activity
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e R FIAED ST BURTE 0%, R R A
A Z/NEER AT R ILYET, AR TR — L
AR EAE AP mEESPIE T — R R
Pt M — WAl A, AH A X HL M AT RN T AT
TESE, A KRR S 1,3,4- _MATEMLS G,
A BN T A - RN B - 2, BN T AR T
g, HEBREEEIFRIEY). AXBET 7 AN
1) RO R e e — Al S, X EA TSR T TR
fiE, HHAT 7 FiLEY R E AR E . S
LR W, Scheme 1.

COOH

oxalyl chloride

o H
FCL1 ~ FCL7

FcL4: R = OCHj; Fcly: R =CHj; Fcls: R =H; Fcls: R=Cl;
Fcls: R=Br; Fclg: R =NO,; Fcl7: R=CF3

B 1 LAY FeL,~FeL, & K
Scheme 1 Synthesis of compounds FeL;~FeL,

1 ZBR5VHE
1.1 BfRLEH Fol, BIKEMRRIT RER

AW FeLy (CorHpaCIFeN;0,8,) MR TEHUR IR AL (4
fmAk, TR 1 (CCDC: 1484853). HA. i X £k
MRF A M=57791, BT =RHEAR, P 1 THE
(. S ZEC a=8.6731(4) A, b=12.0650(6) A, c=
12.9753(7) A, a = 82.583(2)°, B = 73.951(2)°, y =
71.962(2)°, ¥=1239.29(11) A’, D.=1.549 Mg/m’, /i
iy T4 Z=2, F(000)=1596, Wit 2% 1=0.917
mm™ ', R;=0.0348 [I>20(])], wR,=0.1111, s=0.914.

dn A 4 R B dE W, FeLy ' Fe—C KA
2.033~2.054 A, W/NMEKIHIAIE S 3.297 A, HTRH
B, TR MM, —HMN 34140 KHS5HE
FEARE (PRI 1R, e IR I N 11.442°, 5
A ARSI TH AN 16.948°, SEIZET L R R, e
TP ERCRI R gy R BRI S TR 2 LT THT (S 2 B
725 0.005 F10.008 A. BRFEEET 5% EMETE R
TR A C(5)—H(14)---0(1), [HFEN 2.661 A,
R 157.498°. AN, )T DMSO ERIEJE T 00l 5
PIANANE FeLy 21 LRI SRS LR 7%
TR ESE: C(25)—H(16)+-0(2) (2.712 A)LL K N(1)—
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H(14):+-0(2) (2.050 A). 7T A1 B A LHeMAk R 2R
e IR A AEAE e HERN, MR = 4EHER AL
S5R(K 2).

cr4) <23 cE  cio)

Sce) &—\\Em) &

—K gﬂ c(18) 0(19)0(20) i)

—4 C(14 C(15) C(16, [

cli3) cfiz) o4 . (L—L::k\‘.)_‘
N(1) can o—%

NG3) NE2) c2z) 1

B 1 FcL, W14t

Figure 1 Molecular structure of FcL,

B 2 Fcl, M5 F S8 n---n /EHHER

Figure 2 3D molecular structure of hydrogen bonds and =%

stacking in the FcL,

1.2 BFEMR
12.1 Ak s

H btk & PR 2808 LK 1. FeL,~FcL; 1)
HLAL S R AL, 7E 0.3~0.9 V [ — b 5 FR A AL
WRJFUE, i /i BEIT 1, FIBHE AR TR A T BT
FIEA IR R B, AT IHJE A Fe'/Fe (Fe* +e=Fe A
IR, AP0 B AR B2 (B A L — e ks 1 B
BHIER, U R FEUREEMSIN, BA TR
RO, PEIAME ASE I R R T, o SR Ah I8 SR o A= IF
BB 5 A R, 138 FeL,~FcL, fEARF$
T IR A, 1E i~V . BLFcL, NI 3), B
AR T, EALIE SR g A B R AR AL,
|AEFEARANAR, YBHTERRIER 50~500 mV/s [iuH
W, BARCEPITE AR b R AR A A SR G R 2 v mT
(. i,~v'"? RV R, R AW AR o 7E
P R THT P S ) AR 2 B A AR IR e B I
* 1.
122 &HFaR

IR T &Y FeL,~FcL, X &8 B 1K
N, SR 2. BRI Fe* . Cd* . Hg® . Mn?'.
Co*". Ni*". Ag'I, tb&% FeL,~FcL, i B 225/,
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BUKLE 3L
F£1 &Y FeL,~FcL, (IR 2 3 ¢ PEAEWT, FeL, 5 Pb>" . Zn® T R TR & e s 1 ooy .

Table 1 The electrochemical data of FcL,~FcL,

Compd. En/V  EJV  E'N  AEN  iyliy

Fc 0.537 0.471 0.504 0.066 1.0000
FcL, 0.650 0.576 0.613 0.074 1.1765
FcL, 0.638 0.580 0.609 0.058 1.3384
FcL; 0.636 0.575 0.605 0.061 1.2773
FcLy4 0.634 0.570 0.602 0.064 1.2623
FcLs 0.617 0.553 0.585 0.064 1.2742
FcLg 0.616 0.547 0.581 0.069 1.3938
FcL, 0.631 0.579 0.605 0.052 1.3793

Epw FURRVELIL, Eye: WIBRUEFARL, B0 U FLAL, iy FHIRUE LI, dpe: B
P

25
2.0
15{5°
S0
o
5 .05
o
3 0.0 —=50
e 100
051 200
—~—300
104 400
o / 500
15 T T T T 7\ T T T T T T
300 350 400 450 500 550 600 650 700 750 800 850 900
Potential/mV

Bl 3 FcL, 7 DMF SPOR[FFE FROFEH R 2 B LA i,~v"?
KEH

Figure 3 CVs of FcL; in DMF at different scan rate and the

relation between ip~v” 2

2 LG FeL,~FcL, XF Pb> F1 Zn®" I HEAL 200 3
Table 2 Electrochemical responds of FcL;~FcL; to Pb** and

Zn2+
Ey/mV AE,,/mV

Compd. Ep/mV" 55Ty @t +1) (Pb* +L) @n® +1)
FeL, 621 581 572 40 49
FcL, 620 579 572 41 48
FcL, 621 574 578 47 43
FcL, 606 563 561 43 45
FcLs 607 558 565 49 42
FcLy 613 577 575 36 38
FcL, 626 565 570 61 56

H2IN PO Zn® BT, HARL AP ELIE SR %
WA T RSN, B EERT 25 mv, B
HAsL&%) FcL,~FcL, Xf Pb*"\ Zn* &EE T HA—
SE I EAL IR R RE 79, Horh FeLy 5 Pb*' .\ Zn® " AR B f
NYE. WEY S &)E 7 1E RS BALE SR K,
YR A A S S N T 5 B RE Sl ey, 48 5 T R
HUBSE, EATH AR T s S RIAs e i,
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1.3 S4EH
13.1 REEREGN

KA A 232, 0 H A & VIR0 B
05 05 Ve BEAT B AT R R A B OR R Bk T R
(Fusarium graminearum)~ £ K¥r H % # & (Curvularia
lunata)~ HEVGTL R (Alternaria tenuis). 455 W3 3.

K3 ALEW FeLy~FcL, b =R B (140 35 15 (3 1 %/%)

© 2017 Chinese Chemical Society & SIOC, CAS

Table 3  Antibacterial activities of FcL; ~ FcL; (inhibition
rate/%)

Compd.  FRARBHIIE WHSHE  FERAE
FcL, 63.42 24.37 43.55
FcL, 68.37 22.63 46.05
FcLs 72.58 34.79 52.94
FcL, 75.30 37.81 49.41
FcLs 79.23 42.51 55.61
FcLg 82.37 39.42 53.39
FcL, 84.25 43.58 56.24

¢ R E N 200 pg/mL.

M 3 ATLUE R, HEsbaYndix =F R E
I A FIRE B AR G . e FOR R 4k ) B
VR F B A R, T AR 7R B RE B 25 A B ) LT
AN, VLU A — e IR, T CFy A
HUAR S (1 A0 A o0 = i 499 it o 8  — 5 I 4 1) 1
. 4T FRRG B IIH R, FeL, Ml R m. H
BE A B EL AR, A P3RBT 1R 40 B i P
WAL, BA NO,. CF3 AHUARIE F B 25 B 5, 0
HIRIEE] 80%LL F. AHERIN, FeL, Xt =Fhb 209 i 5
Py 4 F T L Ad LR A A P A A E 4, mTRE I
KT CF; FIsi ¥R 7. WD HT i, 1k
AN E M S R BURIE TR 1A %, B R IR
LT AE 0858, A W RE 005 D VR PR 400 o) 4 P R B

KL AW FeLy~FcL, X 5K AR T HiE41T ECs
eI EBm AR, SGRLE 4 NRFarLL
FEHERHE H, BARA Y KRR R W 0 H A E
R EF, Hr FeLg. FeL, 4 KRR I ECs 18
439104 98.92 F1100.30 pg/mL. XFALE YA LIER
S Y RAT I — B IS MR AR 7L
132 HIrEEraym

ARG R A CCK-8 vk, 76 R FMRBEEREEE TR T
H bR & 2000 N B e AR (BGC-823). A B i 4H i pk
(SGC-7901). NEE =AM EIR(EC-9706). N EE AN
Pk (Eca-109) A £ & J 40 M ¥k (Ece) 1 1755 40 A bk
(Jurkat) I UssiE e, 4R W& 5.
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K4 B FeL~FcL, X F KR A8 7T R0 1 BOR
Table 4 The inhibitory effect of FcL,~FcL, against Fusarium
graminearum

Compd. Toxic regression equation r ECso/(ugemL™")
FcL,; y=2.0955x+0.4159 0.9676 154.03
FcL, y=2.6316x—0.5953 0.9986 133.72
FcL; y=2.2955x+0.1843 0.9751 125.28
FcL, y=2.6606x—0.6199 0.9668 129.50
FcLs y=2.8025x—0.7432 0.9847 112.02
FcLg y=2.7004x—0.3881 0.9904 98.92
FcL; y=2.8092x—0.6221 0.9764 100.30

£5 A FeL,~FcL, W40 MR ICso (wmol/L)1H
Table 5 1Cso(umol/L) of FcL;~FcL; for colibacillus

Compd. BGC-823 SGC7901 EC-9706 Eca-109 Ece Jurkat

FcL,; N N N N N N
FcL, N N 87.99 N N N
FcL, N N N N N N
FcL, N N N N 8541 N
FcLs N 80.11 4423 4128 N N
FcLg N N 71.67 1842 N N
Fcl, N N 19.31 24.91 N N

“N EN ICso AT 100, BATEN.

M 5 wlH, HEREN CH;, H B EARMEEY
FcLy~ FeLs 5o 7 Al fr ik 8 20 ik 35 A 2 800 H B S8 1)
FHEPE. FeL, A1 FeLy X AN B R4 itk EC-9706 F
Ece M55, 102 7E 58k 2R FF I e — e 40
LB NBRI TR FR, A FeLs~FcL, X T A&
B EC-9706 A1 Eca-109 (40 B B4t .
rHEUREE A CFs B4 &9 FeL, Xt EC-9706 HIFHI 14 4%
U, H ICsofH A 19.31 pmol/L. BURIEN NO, L&Y
FcLg XI T Eca-109 [N PEELT, o 1Cs fH2 18.42
umol/L. &5 & EMast ShimiatRE, E IR
S T RE B G 5E, L 1Cs, (A 1535 M/, B
PUTIRT G P ARBTG5, 0 2 R &I AT SR S
PTG R P k.

2 Zhig

ASCHAT AT 7 R B kR e e
&Y, 1233 7 6EW) FeLy R ghaity. b siin sk
B, 1ZRAEWIAE AR R I8 A A 1 Rl B v 4 AL
RN, HizR &2t Po* . Zn® 5 —E M H k2
Mol N2 GE 7. AEADTE PRI R B, R HURE WL H 7 2 ]
AT R BT MRS, 7 AL AP R R
BT B A BT B B S AR B, FeL, fEIREE A
200 pg/mL X B K AR 8l J) I HIR N 84.25%;
FeLs~FcL, X A& 509 4 B 40 il /5 F B 2., FeLg XFA
R B E AN Eca-109 1] 1Cs {69 18.42 umol/L. 3T
(1 HA AL S P E AT AE S M B P& R T
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TFR A — LA ) B HR AN 255

3 S
3.1 X5

AVIIT HD 600 Bruker #%##3:4%4%; Flash EA 1112 %Y
TCEHHL, FEE Nicolet 470-FTIR £L4MGiEAY; 4 [
NETZSCH STA 409 PC [FIZE #4343 FB M KEHEA
FR/A 7 RST3000 HEALZETAENL. BT A N B4k
o AT al, (RIS IS TR FE.

32 ZWHE
3.2.1 A ZRRBCR T ER 69 AR

W TR OR H R 2 e SCHR[24] 07 VA K
322 2-#HAK-5-FF HK-1,3 4K ok T A 69 Ak

2-G B -5- 0 B -1,3,4-WE YT AR W R SCHR [25] 07 7
A K.

323  BARLAEI AR

FREL 2 mmol (0.612 g)%f AR HFRIE T 50 mL
ITEKE T, 218N 4 mL 32 M EELS, 760 C
TR 4 h. RNEIE, R ZEFIAR TR
NHIERRE, BT 5 SRR /N T AR A = ks
FH 5t S

FREL 2 mmol (0.354 g) 5-2K5E-2-% 1,3, 4-E 14
T 80 mL /K Z& ki, b0 2 mL M E 20T
(1) = S AR R, K i 15 1) — 5 Bk ok F e S v
T 50 mL =W, 28R mE Lk R Rk RN,
PEHERIAR, TLC W, ZRMSER. R K IR
FIRRFR EANVET . 20K A HK sk, IEF L
A, DONTGKBRER B T8, v, IRk s, R
ENT o B AT 2] H AR ).

N-[5-(4- FH A L 5k )-1,3,4- 108 —Me2-HE)-4- % 4%
W (FeLy): JEIFA: MR ZBR) @ V(A k)=
11, Rk, P25 46%. mp. 246~248 C; 'H
NMR (DMSO-ds, 600 MHz) d: 13.00 (s, 1H, H-N), 8.10
(d, J=8.5 Hz, 2H, H-Ar), 7.89 (d, J/=8.1 Hz, 2H, H-Ar),
7.73 (d, J=8.5 Hz, 2H, H-Ar), 7.37 (d, J=8.1 Hz, 2H,
H-Ar), 4.96 (s, J=1.8 Hz, 2H, H-Fc), 4.46 (s, 2H, H-Fc),
4.05 (s, SH, H-Fc), 3.85 (s, 3H, H-OCHs;); IR (KBr) v:
3156, 3044, 2944, 1669, 1617, 1519, 1303, 1249, 1115,
1043, 821, 695 cm ', Anal. caled for CogH, FeN;0,S: C
63.04, N 8.48, H 4.27, S 6.47; found C 62.16, N 8.17, H
4.49, S 6.38.

N-[5-(4- 1 A HE)-1,3,4- 18 —Ik-2-HE]-4- koK
LI (FcLy): BIFH: M LR LBR) © VOAhER) =11 1,
LR, 722 37%. mp. 273~274 C; '"H NMR
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R

(DMSO-ds, 600 MHz) d: 13.06 (s, 1H, H-N), 8.10 (d, J=
8.5 Hz, 2H, H-Ar), 7.89 (d, J=8.1 Hz, 2H, H-Ar), 7.73 (d,
J=8.5 Hz, 2H, H-Ar), 7.37 (d, J=8.1 Hz, 2H, H-Ar), 4.97
(s, J=1.8 Hz, 2H, H-Fc), 4.47 (s, 2H, H-Fc), 4.08 (s, 5H,
H-Fc), 2.39 (s, 3H, H-CH;); IR (KBr) v: 3112, 3010, 2932,
1659, 1591, 1525, 1313, 1223, 1111, 1099, 819, 697 cm ™.
Anal. caled for CogHy FeN3OS: C 65.14, N 8.77, H 4.42, S
6.69; found C 64.98, N 8.75, H 4.54, S 6.65.

N-[5-(4- 75 H5)-1,3 4188 — -2 KL -4- — R 2k oK FH ik
JZ(FeLs): JBIFH: M2 18 @ VIR HEH =1 : 1, i
L E AR, PEER 30%. mp. 261~263 C; 'H NMR
(DMSO-ds, 600 MHz) d: 13.13 (s, 1H, H-N), 8.10 (d, J=
8.5 Hz, 2H, H-Ar), 8.00 (s, J=8.1 Hz, 2H, H-Ar), 7.73 (d,
J=8.5 Hz, 2H, H-Ar), 7.57 (s, J=8.1 Hz, 3H, H-Ar), 4.97
(s, J=1.8 Hz, 2H, H-Fc), 4.47 (s, 2H, H-Fc), 4.05 (s, 5H,
H-Fc); IR (KBr) v: 3152, 3023, 2925, 1664, 1607, 1519,
1421, 1309, 1187, 1090, 823, 759, 686 cm™'. Anal. calcd
for CysHoFeN;OS: C 64.53, N 9.03, H 4.12, S 6.89; found
C 64.56,N 8.81, H4.20, S 6.81.

N-[5-(4- G FE A FE)-1,3,4-198 —Mp2-F)-4- — PR R
H W (FeLy): JETFA): V(& W) @ V(PEE)=20: 1,
2L [E K, PR 22%. mp. 220~223 C; 'H NMR
(DMSO-ds, 600 MHz) §: 13.12 (s, 1H, H-N), 8.10 (d, J=
8.5 Hz, 2H, H-Ar), 8.02 (s, J=8.1 Hz, 2H, H-Ar), 7.73 (d,
J=8.5 Hz, 2H, H-Ar), 7.63 (s, J=8.1 Hz, 3H, H-Ar), 4.96
(s, J=1.8 Hz, 2H, H-Fc), 4.46 (s, 2H, H-Fc), 4.05 (s, 5H,
H-Fc); IR (KBr) v: 3162, 3020, 2930, 1661, 1607, 1509,
1303, 1187, 1079, 883, 821, 757, 687 cm™ . Anal. calcd for
C,sH,5CIFeN;0S: C 60.08, N 8.41, H 3.63, S 6.42; found
C 60.01, N 8.39, H3.70, S 6.37.

N-[5-(4- VR FE T IE)-1,3,4- 8 W2 FE]-4- Rk oK
FEZ(FeLs): JRITH): WM& Wk @ M EE)=20 : 1,
B, 7% 28%. mp. 214~216 C; '"H NMR
(DMSO-d,, 600 MHz) J: 8.09 (d, J=8.5 Hz, 2H, H-Ar),
7.87 (s, J=8.1 Hz, 2H, H-Ar), 7.69 (d, J=8.5 Hz, 2H,
H-Ar), 7.62 (s, J=8.1 Hz, 3H, H-Ar), 4.89 (s, J=1.8
Hz, 2H, H-Fc), 4.41 (s, 2H, H-Fc), 4.04 (s, SH, H-Fc);
IR (KBr) v: 3144, 3010, 2930, 1669, 1607, 1517, 1303,
1115, 1071, 981, 821, 687 cm '. Anal. caled for
C,sH,sBrFeN;OS: C 55,17, N 7.72, H 3.33, S 5.89; found
C55.15,N 7.67, H3.33, S 5.82.

N-[5-(4- T FE A FE)-1,3,4- 198 — g2 FE-4- — PR R
H W (FeLe): JETFA): (& W) @ V(PEE)=20: 1,
T E A, P2E 20%. mp. 281~283 ‘C; 'H NMR
(DMSO-ds, 600 MHz) d: 13.30 (s, 1H, H-N), 8.38 (d, J=

114 http:/sioc-journal.cn/
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8.5 Hz, 2H, H-Ar), 8.29 (s, J=8.1 Hz, 2H, H-Ar), 8.11 (d,
J=8.5 Hz, 2H, H-Ar), 7.74 (s, J=8.1 Hz, 3H, H-Ar), 4.97
(s, J=1.8 Hz, 2H, H-Fc), 4.47 (s, 2H, H-Fc), 4.06 (s, 5H,
H-Fc); IR (KBr) v: 3154, 3010, 2920, 1661, 1607, 1517,
1455, 1313, 1187, 1097, 847, 749, 699 cm'. Anal. calcd
for CpsHsFeN,O5S: C 58.84, N 10.98, H 3.56, S 6.28;
found C 58.81, N 10.92, H 3.64, S 6.28.

N-[5-(4- =5 FE A FE)-1,3,4- ¢ gk 2-FE1-4- )%
BRRH W (FeLy): RIFH: V(R LER) @ V(A )=
101, BELLEA, P25 25%. mp. 294~295 C; 'H
NMR (DMSO-ds, 600 MHz) d: 13.18 (s, 1H, H-N), 8.23
(d, J=8.5 Hz, 2H, H-Ar), 7.89 (s, J=8.11 Hz, 2H, H-Ar),
7.92 (d, J=8.5 Hz, 2H, H-Ar), 7.73 (s, J=8.1 Hz, 3H,
H-Ar), 4.96 (s, J=1.8 Hz, 2H, H-Fc), 4.47 (s, 2H, H-Fc),
4.05 (s, 5H, H-Fc); IR (KBr) v: 3172, 3020, 2920, 1679,
1607, 1517, 1303, 1169, 1107, 1069, 991, 829, 695 cm .
Anal. caled for CoH sF5FeN;OS: C 58.55, N 7.88, H 3.40,
S 6.01; found C 58.51, N 7.86, H 3.44, S 6.09.

3.2.4 LMK,

FREL 0.05 g ) FeLy IR ARARE AT 5 mL 1)
DMSO 5, I S SR, JE, FEmEE
HOR, MPIRAMAELORETH. ZET, RN E
FF SR 1A, BT Bruker SMART APEX IICCD X Sk #.
TN b, E R A S5 38 DL Mo-Ka HLE TR =
0.767 AEATH IR, 4R 0-20 AR N IE R
mn TS SO, AR Zs M 5Kk SHELXS-97 &7
BHEMH, FEEE SRR BT R AR 1) AR
B 17 e R P A o s /s SRk AT R 12
3.2.5 WAL R R,

FIRF, A% FcL,~FcL, & T N,N-—F 3L
JiZ(DMF)H, B BEE N 5X107* mol/L AR, FH
0.1 mol/L [y DY T % =y & B2 £ (TBAP) ¥ DMF ¥ A E AL
FREMRIE. DABEOR AR TAE sk, 4022 iAR Ak Bl f
W, BY/EMAR NS LEEBEMR ) = AR AR &R, SEI6 AT A A5l
WHIEZS 10~20 min, BREESAEWIEAR LM
SR, E—0.35~2.0 V IHFEE N, WK B AR A
EAR AT M.

3.3 B EPaEiE iR
3.3.1  ALE E MR

FREUUE 25 I 5442 200 g, VI T fa N
1000 mL 7&K, ZBFES: 20 min, 135 M IR0
HWEPEAENE S 20 g IN#IRFEE V. BASER
250 mL RUHEFI S, 121 C FIBHCKE 30 min 554
BE A PR IR B IR L (PDA)RT FREE. FREX 20 mg FETHIA
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T ZH I TH(DMSO)H, 7 HIELHIK 3000 mg/L HIFF
MZ57, F 1 mL DMSO BC R ZS O B, 51 mL (1)
FINZ5M 5 14 mL BLH PDA RE9RILIRS), & 25
WPE N 200 mg/L, il 245 PDA PR, K55 37 47 (99 5
B UFREN S 2REFR I, F 28 ClEIGRE M 5597,
72 h DU R AU, MW AR KA, BL 3 kil
WPAT ETERE A K AR T TP H R, %
(%) = [OW HETR & B — & 24 TR T BLAR)/On IR R Vg BT
—0.4)] X 100%. A3 ERARSHIIHENT ECso 1HAE
R b, BUs AL BN 2004 100, 50 25,
12.5 mg/L TL/MKRFERAE.
332 AR E MK

LL DMSO &K &9 FeL, ~FcL, Bl 5 5000
mg/L (IEHR, 25 ROMI-1640 BIYH i 58 4 1% 95 3
FRBEK 1004 504 25 12.5. 6.25 mg/L TLNKREERAE. il
ETEE AR R A i B AR RS 7R AR R T 37 CHEIR. 5%
CO, EAREE A TR TR, B Hi AR K 1 1) 44t o st
1755 43 Al N AR R g B2 hh T 96 FLAR b, REFLEE
Tt 100 pL WLy 4X 10%~8X 10* HIZHILE I F
AN B FE RS BE B #5004 FeLy~FcL, IAF] 96 FLH,
B AL B FRAR TR AR SRS FE 12 h, F2EL 10 pL () CCK-8 i
NF) 96 FLAR 1, 4kaljilal 37 CHEIREE A+ THIF %
N EEFE 2 h, AR KEFARCT 450 nm K E
%FLI OD fH, RFMAER RN R ER M 3 &, il
ot e B AR AN T8 BT 1R B T A A ST 35 4
2R (Y%o) = [OFF R — SZ38 )/ R — 25 )] X 100%.
FRE T AR EE PR 2k, F SPSS16.0 3k &A™
&I 1Cso 1H.

4 B EH(Supporting Information) 1454 FeLy B £
BEHKEM, B EY FcLi~FcL; BItZ A S
. IR LR RE AT DL 4 9% AT 9 35 (http:/sioc-journal.
cn/) B ER.
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