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Synthesis, Structure and Properties of Ferrocene-Peptide Conjugates
CH3;0-Fc-NH-APhe-COPh

Pan, Chengxue Wang, Zhongchang Su, Guifa™
Zong, Xi Xue, Wenbin Qin, Jiangke
(State Key Laboratory Cultivation Base for the Chemistry and Molecular Engineering of Medicinal Resources,
College of Chemistry & Chemical Engineering, Guangxi Normal University, Guilin 541004)

Abstract Methyl 1'-Boc-aminoferrocene-1-carboxylate (5) was synthesized from 1,1'-ferrocenedicarboxylic acid, via esteri-
fication, partially hydrolysis, reaction with sodium azide and Curtius rearrangement. The Boc protection of 5 was removed
with trifluoroacetic acid (TFA), then reacted with 4-benzylidene-2-phenyl-4H-oxazol-5-one to afford a novel ferrocene-petide
conjugate CH30-Fc-NH-APhe-COPh (7) with o,f-unsaturated acid residue. The compound was characterized by IR, NMR,
MS and elemental analyses. Its electrochemical behavior was tested by cyclic voltammetry (CV). The results showed that the
title compound exhibits a pair of well-defined redox wave at oxidation potential (£,) and reduction potential (E.) of
CH;0-Fc-NH-APhe-COPh at 0.802 and 0.714 V, respectively, in the range of 0.4~1.1 V; and the ratio of J,,,/J, is 1.06. Under
the simulated physiological conditions, the interaction between compound 7 and bovine serum albumin (BSA) was investi-
gated by fluorescence spectrum. Results indicated that the combination reaction of them was a single static quenching process
and with a conformational change of BSA. The number of binding site » and equilibrium (binding) constant were 0.93 and
3.8X 10* Lemol !, respectively.

Keywords ferrocene peptides; synthesis; a,i-unsaturated acids; cyclic voltammetry; fluorescence spectrum
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Scheme 1

1 KEEH
1.1 KR

SEPPR R (PH=17.43)} 0.05 mol/L MR IE 2% phis i
(PBS); - IL¥5 & 1 (BSA) W H AL L =Y TREAT]; LA
PBS 2 P e ) 4 1555 2 A A7E3(1.0 X 10 mol/L),
HARLET 4 CHRIVKE % .

(2)-2-FK 3 -4- 2% BE T Mt -5 - ) AR 48 SCRR [ 1176 4%
SIRTEL R R A LRI R A, He
JORESE) Ky A2 Al B A3 By, AR SR B e 2 A
AR AR SR A AT AR SR A T 25 TR alifb.

1.2 KSR

500 MHz ‘3% 3L 4R (i 1 Bruker A #]); E.F.P.
360 FT-IR & 37 I A48 #e 21 4h 5t 1% 4 (35 [E Nicolet);
WRS-1A B ECFJ45 25 (1 IR 28 R 22 A 88 A 7)),
RF-5301PC %043 66 v (H A Byidt); BRUKER HCT
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HLIBE 257 S0 v (3 [ A1 65 b 3 /K i A /] ); PE 240011 TG # 77
T (ZEHE Perkin Elmer A ]); IM6 HIAL A Z5 G A
(%% ZAHNER ELEKTRIK).

1.3 XB¥AHE

1.3.1 A&y R AE

Bt SR 321 AVANCE AV500 (it ) i 4t
1 SEEHR ] DMSO-dg %5, LL TMS AW kx, W
IR EEAE(25£2) CHEAT.

ZIAMEHE: 32 ] E.F.P. 360 FT-IR (3% [F Nicolet)4[ 4k
A, SEEe R KBr JR v, HHi37EQ25+2) Cilt
17.

Jiti: iz i BRUKER HCT HLIWE 5% Jit it % (ESI),
MeOH A, 1B, B HfveE msz 50~
1000.

132 WA K

FHVE S 28 K T 4 () H b Ak & 400 1) H IR (5 mL,
50 mmol/L)IIAF 25 mL FIHef -, 0 s B
HI VA (5 mL, 0.2 mol/L)E A SCHF AR BT, #55),
20 min Ja FEHR ALK, TAE ) Sk, 21
HM A Hg/Hg,Cly Hibl, 4 B AR (P FERK, SCHE LR
0.2 mol/L 1) SURAHN (1) FH BV, 005 Wi Ha fifith 58
A 5 min ZREA, HHRTEE N 50 mV/s, TG
300~1200 mV, MAHLE A (25+2) C.

1.3.3  RAHEA L sh T IOl i

PECIEHEM 52 . K5 BSA T PBS (pH=7.43) 2 1%
Wb, BRI A 1 pmolsL ™' ) BSA ¥k, H( BSA %
(2.5 mLYIMAZDE4 R 10 mm A SR, fkix
IO & AR H AL S P9 X 25 pl, 0.1 mmole
LY, #5), #EER 3 min. DLMCR K 1,=280 nm,
WOR ARSI R EE I N 5 nm, HAHEE N 300
nmemin ', 7E 290~700 nm Y& B PY I 5 FEAC PO K St
i
1.4 LEMTHEK

DA 5k — IR () ok 5kl SR A SCER[1211 7774
1= F R F R - 1- 8 Uk Rk (4), 115 LAILON Uk
PRI LR IV A RS o - AR S L IR R L 1) — k-
JRE e .

141 1-FERYES-1-R T R AT BRLERA =R EK(5) 4
B,

TEBFE PO S - IR H ER-1-3 At —
JREk(4) (0.94 g, 3.0 mmol)~ F T EE(30 mL) A F] 50 mL
MR JERER T, Fs InFAE] 60 CR. 2 h, ) FR 25
S| T G A KN R R 2 Yo o VT ek A V0 A 4 e o
$t) - (SPR L) - V(ArhTk)=8 11 10115 0.66 g 1
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LI AR 5, 775 61%, m.p. 124~125 COCHRE!: 7™
2 34%, m.p. 124~125 C), ML 5 SCHER[12]404F.
142 -V B ¥ B5-1-R I = K 42K(6)49 5%

FERFE RV G 1= F I - 180 T k4
B e EE(5) (0.54 g, 1.5 mmol). /K & FEE9
mL). =R S B3 mL+9 mL)EBIMAE] 50
mL [(EJEEIEF, T 0 CAREAAE R 1 h, HH]
A H AR AR B IR, GRS 5 h, JE R
FIFIRELL AR, T TP RN
143 4 af Tof R =R IRESH T 694
AR

LEREFE R UKL 59 6 (0.16 g, 0.62 mmol). &
FHE(15 mL) A F] 50 mL (1 BB+, H = 20%2.0
mL) A pH=8~9, SRJ5 FH(2)-2- A IE-4- 2K H
FEMEME-5-]7(0.12 g, 0.49 mol)INA B Je b, fE 75
CFM&MN 7 h [TLC WY, REIHFF): &
%) © M(LFRATER) @ VAR =8 1 1:5]. MNE5HR A,
RSN S 5220 mL), 4R 5 M v F 0 Rk 1R
(10 mLX2), 1.0 mol/L EFR¥FW(10 mL X 2), MLk
SRR (10 mL X 2), YR 3 /KA (10 mL X 2)¥E
e, ORI T, g, WUk 5, ek A
JENTERAE[DEE ). V(PR - SR LTE) © VA
BK)=8 1 1:5]4% 0.21 g MEECEAlEMA 7, /7% 68%. m.p.
128~130 C. 'H NMR (DMSO-d,, 500 MHz) d: 8.03 (s,
1H, NHCO), 8.02 (s, 1H, CONH), 7.62~7.28 (m, 10 H,
ArH), 7.11 (s, 1H, =CH), 4.80 (s, 2H, Fc), 4.72 (s, 2H,
Fc), 4.48 (s, 2H, Fc), 4.01 (s, 2H, Fc), 3.68 (s, 3H, CH;0);
BC NMR (DMSO-d,, 125.77 MHz) d: 171.41, 166.50,
164.45, 164.37, 134.81, 134.06, 132.20, 131.36, 131.31,
131.20, 131.16, 129.86, 129.46, 129.02, 128.82, 128.49,
128.37, 127.96, 98.12, 98.00, 73.22, 71.68, 70.93, 66.18,
62.38, 51.79; IR (KBr) v: 3428, 2923, 2852, 2319, 1640,
1468, 1385, 1284, 1193, 1141, 700 cm™'; APCI-MS m/z:
507.1 (M—1)". Anal. calcd for CosH,sFeN,Oy: C 66.15, H
4.76,N 5.51; found C 66.01, H 4.95, N 5.39.

2 FRE5VHE
2.1 L&Y 7 3 BSA BIRAER

M3 A& A P i E & A, o E
TERISHVEH, e 5VF2 WIE. SN S g &1
233 N AR S5 — BB I 2 1A i R i B0k A2 AR
AL, PAAEZGERAE . AR I (1 A (BSA) 5 A IME A
A HSA) AT R S5k ThBE, S HRTiF %
(LT 11 8 Y, TR Y 254 2E I 2 A (BSA)
FIFHEAER, nTRLT SR 25 W0AE AR o IR 9 OS54
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WL e 135 A 8 A P A7AE Trp214 AT Trp134 AR
RIRYREL, 73 AT LR TIA (Sudlow FTiit () 24547)
LSS Site DA TIA (Sudlow Tt (254 45 447 5
Site ID"Y. MZyW 58 (S T4, NMEEBER KA
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L ER 19 G R 5 1 AR B e e A RS T 2 2 il
T R X PR G R LE — 2o i AR R 80T 98 5
JE FRAR A I 5 b e e K,
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T, AT AR (5 1) 45 R R AR BEVEE, TR KA S
PN RIS T Z MR AA BAE . ES K
SRNG5S IR /72 WA EAE A, 8
RHTHEKFY BSA AR T ARZMA A, X
FIJB IR g g b ml = A s e, Hon] 8 52 e LA S M
AP RMATIH, e AR K H £ A5 e B () v T
BRI A R TR B R B 1) T v o AR AR
BSA 41 H 8 2 R R T 2 IR ik 3 LA 9 e BT 1k
Jit, LA A =285 nm iK% BSA, 7 341 nm BT A 1R H81)
PNV, T LAFIRE PO BB S 7, 7 341 nm
BT S PR, IEWIL & T A7 E 5 BSA |
ATz, [HE BSA (W&, BEEARRTIEY T
WIS N, BSA I IR MUK (E 1).
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Figure 1 Fluorescence quenching spectra of BSA with com-
pound 7

¢(BSA)=1.0X10"° molsL™"; ¢(7)/(10"® molsL™") of a~j: 0, 1.0, 2.0,
3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0; pH=7.43; T=300 K; 2y =285 nm

GRS A KGR T 0z B A e AR Al A 5 RS AR A
KIETENEIEK, AR IKIFEIENG Stern-Volmer J7 1%
(DF:
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Fo/F:1+KqTOCQ:1+KwCQ (1)

o, F#Fo 53 A AE R AEAE A K I BSA W
PG T, Ko N BSA KM K AR W, Ky N
Stern-Volmer Y K 4, 7o A A KIS T ST A3
iy, Co MAKFIRMLAY) T IR, LA Ae=285 nm kb
BSA (AR Zet s B F (D AE B B F K AL BE, T 26
MRS, PRI RGN (F/F) S Cq KARKE
(# 2).

T T T T T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10
/(10" mol L")

B 2 &9 7 1) Stern-Volmer 2k
Figure 2 Stern-Volmer plot of compound 7
¢(BSA)=1.0X10 ®mol-L "', pH=7.43

HIE 2 BHE&MART ORI Ky b 1.9X10° Le
mol ™', TR TM LN 10 P2, FrLl K )
A 1.9X10" Lemol™"; — A Ay & e K% EMI A 5>
TR KA R K H 0k 2X 10" Lemol ™les™" 22
KU G 7 % BSA KR E T Hisb &5
BSA JERE G YIIERSTEK, A H 2> 7Rl i
(R RE K P,
22 WHRAEENEBMUEYMEFMEFERMBEE
ARESERIEES AL

AR KA T 2 PRI 3 L WK 7y T 4 &
TERL T HAT @ St i o 1558, 38k 5e
JCHR LIRSS RIS, X1 2 25 S AL RS DL, RIS 5
IS GRS ACIE sy s

Ig[(Fo—F)/F]=g Ky+nlg[Q] )

Lh1g[(Fo—F)/FIX Ig[QIFE K, JHUE 13 BIAHN I
2, WK 3. i i AR AR AP S BSA VK4
AW H K N 3.8 X 10" Lemol™ FNGE A7 15 5 n 24 0.93. X
W ARAENCT M1 7% Fe-Arg(NO,)-Gly-Asp(OMe)-OMe 1
A AR A A AR, & MRS, VY
Zh B ROk 0.856, Hi AU 1.75X10° Lemol 5 5
SCHR[10c R 1) kRN E LR 2 IR EE, I\ Ko fH
AUEH, & ap-ERAERKER e 7 5
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Figure 3 Double reciprocal plot of compound 7
¢(BSA)=1.0X10 *mol-L',pH=7.43

2.3 HBUFEMHR

TS IR 2232 L 50 mV/s FIF1H H FRAL S 4 (1)
HAL 2 P REREAT IR, S5 R 4. K4 wT LA, 18
400~1100 mV YU N LT — 0l AR 4 R ik
RV, FRE Y T AR B AT R AF I AR I R
X EL AL SR AE X YT SR R R = Bk 2 )
AR I 6 I (R AR A T S i R T 4 b 7R iz A A g
FUE JF g B AL 20 54 0.802 FI1 0714V, WEHf 2 7=
AE,=88 mV, WEHIHUHEZ L J/J,e=1.06. H TR ME
TR R 1) CV F 45 B — M TE 400~500 mV {5 4
HEL— X T R L AR AR S, SR, 2 8 AE,
— AR N, RIS o - BRI IRARIE
Fefa, HonT ik A e IR U L BLAE 400~1100 mV {i
i R LA m g FA 2 72 AE,. R %k
A T e B B T 1) AR IR R T Y B 2 RS )
FA L0100 6 g T AR R BR VR I 1) 5 | A L T
T 52 FR B 7 48 K
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Figure 4 Cyclic voltammograms of compound 7
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