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Abstract Six novel ferrocenyl-carboxybenzene-coumarin derivatives were synthesized by 4-ferrocenylbenzoic and coumarin
as raw materials through nitration, reduction reaction and condensation. The structures of compounds were characterized by
IR, 'H NMR, *C NMR and elemental analysis. The crystal structure of 4-ferrocene benzoic acid(coumarin-4-yl) ester (FeLy)
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 controlled by diffusion. Biological activity test results showed that the com-
pound modified not conducive to the improvement of the bactericidal activity, only beneficial to the improvement of the anti-
tumor activity. All the six compounds showed good inhibition against Curvularia lunata and Fusarium graminearum. In addi-
tion, FeL; and 4-ferrocene benzoic acid (coumarin-7-yl) ester (FeL,) exhibited significant activities and selectivities against
Esophageal carcinoma cell (ICsy value=2.10 and 1.25 pmol/L, respectively) in the anticancer activity test.
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Figure 1 Structures of compounds L;~Lg
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Figure 2 Structures of compounds FeL; ~FcLg
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Figure 3 X-ray crystal structure of compound FcL,
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JRTRIEH R, 5 2RI BRI 2 A ) — 1 A
IR 24.710°H1 7.125°, 2 ILIZH i 1 F4 L.
1.3 BEUFMRR

FIRTF, B AY FeLi~FeLe & T LN, 43 ALK
WRIZ A 2X 10 mol/L ¥, LA 0.1 mol/L [Py T J
SR B (TBAP) N SCRF BRI, I = MMk RENGHLZ A
WRAEHE B B bR, B AR A AR R AR AN R LA R H A
TES M, FRYERELE 0~1.0 V 2, HH T frdik
EEAFTE T HIEH R Z(CV) R, FrgrIfEsmR
RN 1, B P AL SR FRAL S A
L, 7E 0~1.0 V [AEJH —Xf X BRI B S AL SR U,
FAGEE L2 AE SEARRAE, ifi~1, TIHIE I
B DAL A T AR I O B T AR TR SN, B
Fe"+e = Fe.

#1 L&Y FeL,~FcLg MTEFRMR 24
Table 1 Electrochemical of compounds FeL;~FcLg

Compd. En/V  EJV  EN  AEN  ipyfin

Fc 0.473 0.400 0.437 0.073 1.0000
FcL, 0.550 0.465 0.508 0.085 1.3512
FcL, 0.556 0.473 0.514 0.083 1.3110
FcL; 0.523 0.457 0.489 0.066 1.3649
FcL, 0.554 0.490 0.522 0.064 1.3456
FcLs 0.539 0.458 0.499 0.081 1.3672
FcLg 0.544 0.450 0.497 0.094 1.3180

Ty FBOGRETL, Epe BIDERNL, B FURETL, o FBIETET, i B
LR

I LA SR SR, RIS A AN AL B Y
ANE, W ORI AR R LT A R, EY)
FeL,~FcLq 133 AL E0 5 B LL AR R A= T I B
MIIERS, Ui R Bk S G R RE T AL i
W IRIEANE], FFE PR ] Re & RSO EE SRR
N, A TR R, SEURIAE LASEL AR R
T, 3 A AR A S R A TE A,

PREFIEWOR FEFI LB IR B A, R Ar i 2, 133
TAFEHTE TN a2 K, DB RS2 i, 5
V"7 RERVESC R, W] FeL,~FeLg 1) Fo/Fe' Mt 72 Hubk
I PR AL S SN 38 32 A B . B S R EE A,
FeL,~FcLg HI5A IR J5 06 1) FEL AL 22 FE AR AR,
RIYMLEY) FeLy~Felg 75 BRI A 2E R & W38 4R
WAL JFIS 2. BLFeLy A, HAEHEREZE T RIEIF R
2B K i, 5 V7 kR EE 4.
1.4 S45EM%
141 FHEEH

G RE 6 M LA ITE 200 ng/mL WKET, RHA
Ko Ry BA5 SR U TR (A lternaria tenuis) KT H
IR (Curvularia lunata)~ FAKRE )W (Fusarium
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Figure 4 CVs of FeL; in ACN at different scan rate and the
relation between i,~ pt2

graminearum) AT 1 A IR, 18 17 P Dy PH M e
V). SRIGEERER M, 1AW FeLy~FeLg X 3 B i B3
RIHAFRRE MBS, WE 20 Hd, AMMeE
WIAE (R (R P52 T o5 7 ) 25 2 T R K R A8 R D T
I B A HIROR, JUH FeLy X £ AR
BRI PRI R IA F) 89.53%, Fells i T H 25 0 25 181 F $91 1
HIEF] 86.80%. IRV HARER R T UL B3
FRARB PRI, Fr 55 a0 AL B H R R
PERABORIIFEN, 7-R B FE AR T 4-Ar g E AT
HA T UF I HSCR (50 e FeLy vs FeLs, FeLs vs.
FcL,).

£2 {LEW) FeL,~FeLq ARG
Table 2  Sterilization activities of compounds FcL;~FcLg

G 0 2/ %

P TmmasE BASHEE  EAAAHIE
FcL, 25.50 48.45 70.92
FcL, 14.45 63.75 78.43
FcL, 27.13 52.44 69.28
FcL, 12.49 47.50 89.53
FcLs 15.23 86.80 69.00
FcLg 11.05 52.37 67.86
T TR fi 85.63 95.85 100.00

© 2017 Chinese Chemical Society & SIOC, CAS

K FHAR TR 7925, M AR (144 Ly~ L X 3 Fil 52054 1)
A, MRS R TR 3. 544 FeL,~FcLg 1)
MR EE XL, BRI A Li~Le MRS T1L
AW FeLy~FeLg MAHTEE, BHLEDIIEH A
I 2% BV 1 ) 5
142 FAPig &

AR CCK-8 77 :BME 10 mg/mL WKk R b4
) FeLy~FecLg #47 7 HiMgiE b, LA &R A
FEVEZ Y. T S8 WAk i) frl e 4 R 23 ) 2 N o
iy 823 (BGC-823). A B4t 7901 (SGC-7901). A
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Table 3  Sterilization activities of compounds L;~Lg

5 G Li~Lg (1 ICso {H(pmmol/L)
Table 5 1Cso(ummol/L) of compounds L;~Lg

Compd /%
- HRMER HASMER SRROGHIIR
L, 95.00 93.58 80.70
L, 96.25 98.71 87.71
L, 95.00 96.15 87.71
L, 96.25 96.15 84.21
Ls 93.75 100.00 84.21
Lg 93.75 93.58 85.96

Compd. EC-9706 Eca-109

L, 35.84
L,
L,
L,
Ls
L

Z Z Z Z Z
Z2z ZZZzZ

AN 9706 (EC-9706). NEEEAM 109 (Eca-
109). NEEEAM(Ece). A FIMLHANME (Jurkat). FHEL
AT, H bR G0 7S e 4 i 52 G B PR A
W 4. XF EC-9706 4wk 1 H SR &4 8
FcL,, IC5o 4 1.25 pmol/L, tL&%) FeLy t0 B R E 0T 14t
JibRg UG P, ICs 35 % T 2.10 pmol/L, — 3 XF 4H i #k
EC-9706 (MG A0 T8 %, Xt Eca-109 41/
PRIMFNIE BRI A Y& FeLs, [FIFRERILHEUTH)
PUWIREYE, 1Cso IAE] T 6.45 umol/L; SEIGZM4 R, H
i &%t BGC-823. SGC-7901. Ece Al Jurkat ZH ik
(PIPTIRE TG AN B, SR ISR S .
IR E PRI RO R AT LUK B 7 52 R R R M)
A B DA SUREE R B B S e — e . A
[F) o7, 8 TG 0 25 0 11 5 N KT e e 8 ¥ A 1 B ik oK T T i
T 5] NG EL: Fely A Fel, vs. FeLg); H4h, 241k
G NI RIS, IR o PR v (S5
T Et: Fely vs. Fels, FeL, vs. FeLy, FeLs vs. FeLg).

#z4 LAY FeLy~FcLg ] 1Cs {f(pmmol/L)*
Table 4 1Cso(ummol/L) of compounds FeL;~FcLg

Compd. BGC-823 SGC-7901 EC-9706 Eca-109 Ece Jurkat

FcL, N N 2.10 N N N
FcL, N N 1.25 N N N
FcL; N N N N 8619 N
FcL, N N N N N N
FcLs N N N N N N
FcLg N N N 645 N N

PR 4.65 8.72 5.23 6.52 12.17 4.0

N E7 [Cso LR T 100, F5HUMR L.

YT A E R EC-9706 F1 Eca-109 Ziffi#k B A
BEPUREYE, BATE AR RS2 R bk, X LT
TAHR R ER Ly~Le MIHUMRENE, MRS R ILE 5.
TIF 9 R BTG 1 0 465 4 — PR 2K TR R 1) 5] N T I 3 o 3
A DU R G

2 Zhig

BWITERT 6 Pl R RE S Rm R MG
Yo, HEERZ IR, '"H NMR, BC NMR 7t R HfiE,
FERFEFT T AT ) A P R A E . A 2 T
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FR A WLE AR R T A AR T T (1) B W S A e
BRI R, HRBESZY - HE . AP g A g R R 1k
EN AT T R RS M R GE, AR T PR g
PERIBE . M08 R W TE U 7-07 BR EEBUARAR X T 4-f7
B HUANT FOR AR ST G SR B4, H H R4S
R I N v P DTk oR T I R i gl N o
FeLy X FOK R A8 7] B 4 2 v] ik 89.53%, FeL; fH
FcL, X408 EC-9706 [ 1Cso 4373k %] 2.10 1 1.25
umol/L, W] UME A A& WIEE— P &5 M i A s
RANPRETEREFL, B ATA ¢ TAE IEFE AT .
3 IS
3.1 X5

b 5 XT4B K % & A A AC; £ B Nicolet
470-FTIR ZL4MGE4Y; Flash EA 1112 B0 R 75
JHEREE RST3000 AL TAFNE; Fit Bruker AVIII
HD 400 & ii3EHR4%; Fi+: Bruker AVIII HD 600 4% 3t
PRAX. BRI e Bt A s o M 2k, i Rl &g
TR Ab B,
32 ZWHE
3.2.1 PR S A

FR R A Ly~ 4% 8 SCHR[371R1[38] /7 1] .
322 HARA WA AR

HY 0.306 g (1 mmol) ~ %2 K H L, 1 mmol H[H] {4
IAAE] 100 mL = H B, A 50 mL JE7K CH,CL
P, RJEH 0.001 g (0.01 mmol) 4- — FT 5L FE i g
(DMAP), 0.206 g (1 mmol) N,N- "3 & — W %
(DCC)# T 20 mL o7k CHLCl, 1, 22183 2 = 1 kel
o =R, HEORE(TLO) M E N AE. ik
MR, JERAET, H R OBEMEE TUKRERY 3 h
JEILE, JERZATREE S, SaEREEN 4, 153
(77 i B2 T

4- TR R W R (5K 4-3E) BB (FeLy): BT 7
VAR C VIRED) =1 : 3, 7 & 13 E i 4 o [ 44,
FEE 57%. mp. 135~136 C; 'H NMR (400 MHz,
CDCLy) d: 8.14 (d, J=8.2 Hz, 2H), 7.76 (d, J=7.7 Hz,

http://sioc-journal.cn/ 2011
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1H), 7.62 (t, J=8.7 Hz, 3H), 7.42 (d, J=8.4 Hz, 1H), 7.34
(t, J=7.6 Hz, 1H), 6.64 (s, 1H), 4.79 (s, 2H), 4.48 (s, 2H),
4.08 (s, 5H); >C NMR (101 MHz, CDCl5) 6: 162.6, 161.6,
159.0, 153.7, 147.9, 132.8, 130.7, 126.1, 124.6, 124.4,
1229, 117.2, 115.9, 105.5, 82.4, 70.4, 70.0, 67.2; IR (KBr)
v: 3086, 1743, 1609, 1541, 1517, 1466, 1415, 1105, 1087
cm . Anal. caled for CogH;sO4Fe: C 69.33, H 4.00; found
C 69.43, H 4.03.

4- TIRBRR TR (B SR -T- ) B (FeLy): BT A
VR TR - VREE) =1 3, 7 515 3G 20 (0 [E 14,
FEE 62%. mp. 153~154 ‘C; 'H NMR (600 MHz,
DMSO-dg) 0: 8.12 (d, J=9.6 Hz, 1H), 8.06 (d, J=8.1 Hz,
2H), 7.83 (d, J=18.1 Hz, 1H), 7.77 (d, J=8.2 Hz, 2H),
7.49 (s, 1H), 7.34 (d, J=8.4 Hz, 1H), 6.51 (d, J=9.6 Hz,
1H), 4.97 (s, 2H), 4.49 (s, 2H), 4.06 (s, 5H); °C NMR
(101 MHz, CDCly) §: 164.5, 160.4, 154.8, 153.7, 146.9,
143.0, 130.5, 128.1, 125.9, 125.7, 118.7, 116.7, 116.1,
110.7, 82.8, 70.2, 69.9, 67.0; IR (KBr) v: 3088, 1743,
1609, 1544, 1517, 1464, 1415, 1103, 1089 cm '. Anal.
calcd for C,¢H;304Fe: C 69.33, H 4.00; found C 69.33, H
4.10.

4- TR BR R G-I H T R 4-55)FE(FeLy): B
FER &) - VPR =1 : 3, 4> B549 3 240 (0[]
1, PEE 62%. mp. 156~158 ‘C; '"H NMR (600 MHz,
DMSO-dg) 6: 7.90~7.79 (m, 3H), 7.62 (d, J=8.0 Hz, 2H),
7.45 (t, J=7.2 Hz, 1H), 7.20 (dt, J=16.0, 7.9 Hz, 2H),
4.88 (s, 2H), 4.43 (s, 2H), 4.03 (s, 5H); °C NMR (151
MHz, DMSO-dg) 6: 163.0, 161.1, 159.4, 153.6, 147.9,
133.8, 131.0, 126.6, 125.3, 124.7, 123.7, 117.2, 115.9,
106.3, 82.5, 70.8, 70.2, 67.6; IR (KBr) v: 3079, 1731,
1609, 1541, 1515, 1464, 1417, 1377, 1101, 1090 cm .
Anal. calcd for CyH;;O4NFe: C 63.03, N 2.83, H 3.43;
found C 63.09, N 2.89, H 3.41.

4- R BOR IR (6-TH HE A R -7- 55 R (FeLy): &
FER &M R) - VPR =1 : 3, 4> B545 3 20 (0[]
1, P25 49%. m.p. 108~109 ‘C; '"H NMR (400 MHz,
CDCly) 6: 8.04 (d, J=8.0 Hz, 2H), 7.79 (d, J=9.7 Hz,
1H), 7.71 (d, J=8.6 Hz, 1H), 7.59 (d, J=8.1 Hz, 2H), 7.49
(d, J=8.6 Hz, 1H), 6.55 (d, J=9.7 Hz, 1H), 4.80 (s, 2H),
4.50 (s, 2H), 4.11 (s, 5H); °C NMR (101 MHz, CDCl;) §:
163.2, 157.4, 147.8, 146.3, 1452, 142.2, 130.8, 129.9,
126.0, 124.1, 119.7, 117.3, 116.2, 106.8, 83.0, 70.7, 70.4,
67.4; IR (KBr) v: 3083, 1733, 1609, 1543, 1515, 1465,
1418, 1378, 1100, 1090 cm '. Anal. caled for CpsH,70¢-
NFe: C 63.03, N 2.83, H 3.43; found C 63.11, N 2.84, H

2012 http://sioc-journal.cn/
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3.40.

N-(4- 32 Fe 75 & 2 -3-H8)-4- 8 4k 25 F Bt i (FeLLs):
JEIFFH: &) - PR =13, nEE3a6
A, 723 58%. m.p. 183~181 ‘C; '"H NMR (400 MHz,
DMSO-dy) d: 13.21 (s, 1H), 8.35 (s, 1H), 8.01 (dd, J=6.3,
3.1 Hz, 2H), 7.95 (d, J=7.6 Hz, 1H), 7.86 (d, J=7.8 Hz,
1H), 7.62~7.54 (m, 3H), 7.51 (t, J=7.8 Hz, 1H), 4.96 (s,
2H), 4.44 (s, 2H), 4.07 (s, 5H); *C NMR (151 MHz,
DMSO-dg) d: 165.9, 160.5, 150.1, 144.9, 143.9, 136.2,
132.0, 128.4, 126.0, 125.1, 112.0, 119.1, 117.0, 83.6, 70.1,
70.0, 67.2; IR (KBr) v: 3362, 3085, 1637, 1608, 1544,
1516, 1467, 1415, 1105, 1087 c¢cm '. Anal. caled for
CaH190O4NFe: C 67.10, N 3.01, H 4.09; found C 67.03, N
3.13, H4.11.

N-(Fr 23R -6-25)-4- R R F % (FeLg): R IF7:
V(SRR . (RED=1: 3, 7 BE5 3G Ok,
FEE 55%. mp. 170~171 C; '"H NMR (600 MHz,
DMSO-ds) 6: 10.44 (s, 1H), 8.25 (s, 1H), 8.12 (d, J=9.5
Hz, 1H), 7.92 (d, J=7.3 Hz, 3H), 7.70 (d, J=7.8 Hz, 2H),
7.43 (d, J=8.8 Hz, 1H), 6.51 (d, J=9.4 Hz, 1H), 4.92 (s,
2H), 4.44 (s, 2H), 4.04 (s, 5H); C NMR (151 MHz,
CDCly) d: 165.9, 160.8, 150.5, 144.5, 143.5, 134.8, 131.3,
127.4, 126.0, 124.1, 119.1, 118.9, 117.3, 117.2, 83.1, 69.9,
66.8; IR (KBr) v: 3361, 3085, 1644, 1609, 1541, 1517,
1464, 1418, 1105, 1089 cm ~ '. Anal. caled for
CH,00;NFe: C 69.49, N 3.12, H 4.23; found C 69.01, N
3.11, H 4.23.

3.3 ERMUEYEDEMENLR
3.3.1  AH &K

DLEERE O . TR H B FORRBERIIE A
BERFEAR I, X 3 FhEbR R PN 7E SR S A R B e
RiFR3(PDA) G R (4R 3 200 g/L, H & FE 20 g/L, B
g 20 g/L). b, ZEIEEFE 72 h, &H. KRS8 5]
BE 1 B 3000 mg/L f) — FRIE T AR, % ).

KA A KRk, B 1 mL BCHIEF O BRE, N
AF| 14 mL [¥) PDA ¥i -5, S, mREBEREN
10.0 cm [EEFRILP, I pGEE S & 2Pk, i
PR 2GR E A 200 mg/L. 2 AR AL 1 mL —H%E
SEAREC . 951 A K HE R AR AR B 75, B 4 mm (1)
AT LT HUE U, SR 2, BASZ TR
g, TR AR ES 3 R, R Ex A
B 22 K BRI SHAR ) 75% 22 A7 1, Pibs - RO & 5
WIER. B3 YCPAT IR B V4 5 AR K AR P
18, LT AR EANE R 5 2(%) =[O R E %
B — ST EAR)/ O JE TR 75 B2 —0.4)] X 100%.

Chin. J. Org. Chem. 2017, 37, 2008~2014
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Bt S H A 10 mg/mL B9 — FIEEHRAERR, %
EHMBEE D DR 100, 500 25, 12,5, 10 pg/mL
FA W R . i 37 C1E IR KW 5 K A
BGC-823. SGC-7901. EC-9706. Eca-109. Ece. Jurkat
YRR PR E 75, 76 E191 B CO, FFEAH (37 CIEE.
5%CO,~ MOFNE ) RE %, HORHi AR K T 10 20 i 0 47 52
5.

F0.25%F R ER A BEH AL S04 K 4 i, TR
HER TR RPMI-1640 55485k, Bt
T, AR B B0 e B . 96 FLARAFFLAEFH 100 uL 41
HETE, TG TR 24 h. JE 3T KK AN R FEA 2
(100. 50, 25. 12.5. 6.25 pg/mL){LEPIIINE] 96 FL,
B, FREE T AN AR M A, 75 R ESE%
R 5595 48 h. FHRWMEEL 10 nLCCK-8 A F] 96 FLAK
P L, dk2Lisnl s 3746 1 55 9% 4 h. H Spectra Mr 24
AP K BEFR T 450 nm K T I E &L OD A, &
FhRE S AR B R A 3 k. 4R IR LU A S
K JH) (%) =[O B8 — 5258 )/ChF B — 725 )] X 100%.
TR FANMREE R dd ZR it 2, FH SPSS16.0 A Fitill
HAEEAMEE P 1Cs {A.

4 ENA1 KL (Supporting Information) {b&4%) Fel, /)
T, B, HALEY FeLi~FcLq ) 'H NMR.
BC NMR J5UGH 5 L s kL AT L S B A A 1) ) i
(http://sioc-journal.cn/) . N #.
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