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Synthesis and Electrochemical Properties of Diferrocenyl Thiophenes
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Chloroacetylferrocene reacted with sodium sulfide to give bis(ferrocenoylmethyl) sulfide

in moderate yield. The reaction of bis(ferrocenoylmethyl)sulfide with the Lawesson

reagent gave 2, 6-diferrocenyldithiin in high yield, which was led to 2, b-—diferrocenyl-

thiophene by the oxidation with hydrogen peroxide. Bis(ferrocenoylmethyl)suifide reacted
with TiCl,/Zn in refluxing THF and subsequently dehydrogenated by Pd/C to give 3, 4-

diferrocenylthiophene in moderate yield. The cyclic voltammetry of the thiophene derivatives

showed that the 2, 5—isomer had larger electron—delocalization in the one electron—oxidized

species (the mixed—valence complex) than the 3, 4-isomer.

REFEFMmEAR T, HLOEEREARCEHRES
Bk E OBED STERICHEINTH S, B
ERIEYVORSEFHERTIR, 7ot
VEREIIOWTHLIARLGNTEY, 720
a2 DM ERETCHANLERKORE
BFEENRI SN TWS, P LarL, FEER
ERNLT22007 20t LA iEAREFEEIZOO
TOWERBIBEAER WY FIT, F4 7=
VDK T ot VEEEREAERL. TORAKR
FAM R EE % B FERNCARET L 7o,

soa7EFILT7 oot ANVERILF FY YA
Exry /)~ N/ THFPTCRIEXE AL, ER
(Zxot/AI)ANT 4 FRIVEEFREHESEEL
TIHFRETE SN, IRARZ LTy, ,=1660
eam™'s '"HNMRAXRZ PILTWR 7z VB
obrynN§4.22 (10H), 4.63 (4 H), LT
4.87T (4HMZ, AFLTabhrisd.39 (4
MicHNE 2 &Itk cOEEEHRE LI,

2%~ ¥ s TLawessoniXE & 1 B EiK T
BEL2.6- YTV F A LN EIE
THON/f, ZDEEYIEI. MSARY FILTH

FAAE—=7Hm,z484i123Hi, '"H NMR X
RIZMNVT7 20 B0 b Oz 66, 246
Bzl obyrBEING, 30T7% M UEK
ZBEIbKFEKRTEBIE LI E A, BIETIIS
A, BfET A2, 5- Y70tk Ft T
AR ohts, ZoEEIR. MSAXRY bMILT
DNFAA o E—7Hm, z 4521231, 'H NMR
AR7 MV T 7o BT o b Oz 66,80
(ZHYICFAT720D3, 4- DT b V28
BINBI &Ik hiERINI,

EX (7xot/41L) RIL74 FRAEZBRT
i F % > OTHF IR &0 BER L. Bk
Ko THMBTBHL, 3, 4~V 70t =)—2, 5
“VErNaFA 7 ONFRBEERE L TEN
BTHOoNI, MSAXRZ MLTWRAYTFAAVE
— 7 Mm,z 4541, '"HNMRANXRY bILT
B7zo B0 b otz §4.16 (4 H)IZS
BEFICHET A FL 7o U BEIS L
Mo, TOWEERE LI, 4%Ep-v A VILE
gL, Pd/CEMATEML THAKRST B &,
Hi9E9 33, 4A- V720t LF 47 = VBN

— 30 —



SNRTH LN, TOEEIZ. MSRZ
R MNTHFAA L E—7Hm 2z 452
ZHN, '"HNMRZARZ bl T7z0
VRO M OMIZST.38(2HNTS
RFICEET 2FER 0 b U OBERS
NI EMNSHEELI,

FA7x FEEL L6 BXIUETOH
HLEM3 E5DH A 7Y v I ELFE
U L%TE b= M) ABTREL
ZOHBEER 1 ICE LD, 2. RE
ELTRLICs 60 A7) v 7KL
FET T LERLI, INhSHONE L
T, AHEHEDO IV 2 SDEIEE LT
B -ETHEENE, D020
DO %E (AE) 3. —BTEbE. ¥
bt BREHTFmEADPTOET DK
RELDOEEELRTBERLEZ ShTL
5, 2¥ 0, AEENKEVWREREAR
FilistEhTOBFOFEREMIKE WV
&I B, £IT, SEIARINF
47z vEUMEKIIEFBAEEE, O
BHMo7 o FHEEEEKLI, £
DFER. ROBPHS TS » 1, (DF
A7 VBIE, 2290720 BTO
BFOEBENMIO DO RERT
N, ZOMBRIFL VEALONED
hNEWV, Q22007 ot rRNFL
BEDYAMIZAEINTVS 5 T3,
AEEN S v A=Y 7208V F
V& baianhan, Thid, 2S5
22070t dBETLLICk
B KEED - HOR—EREA &N
CEiLkB, QF A7 = vHEHBEOHT
i3, 3, A-RBEEIE, 2507 ok
N3 A A NP el 1 SARYA” N
BEDDIT, 2, 5- BRI D HETFOD
FEREDEEINSI W,

Table 1. Cyclic Voltammetric Data®

Compd Solvent Epa (1) Epaf2) AE
4 CH3CN 80 220 140
3 CH3CN 77 187 110
3 CH3CN 150 242 92
5 CH3CN 117 262 145

Fc-Feb) CHaCl, 412 762 370

FCCH2FcC) CH3CN 390 560 170

FCCH2CH2FcC)  CH3CN 370 370 o

FcCHw=CHFcb) CHpCly 637 1190 553

a)vs Ag/AgNO,, b)vs SCE. From ref.2,

c)vs SCE. From ref.7.
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Cyclic Voltammogram of 5 and 6 in CH,CN
(0. 1M Bu,NCl10,) at Ag/AgNO,.
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Bz (7zut/AN) ZNT 4 P2 HAkF
MU A (0.92g, 3. 8mmol)E LY J —)b (30
mDIZARIYE, ChiC/7on7EF L7200+
v (2.0g, 7.6mmol)DTHFE# (20ml) %M
A SEpfEHR L7, 2%, BREZELELY Y
oodAy L THHELT, YUAFILIaT TS
T4 —THELI, RoEUhoBERLTHRE
#a(mpl60 —161°C) ZINE60% TRz, Ell
fi: C, 59.01;H, 4.45%. C,,H,,0,SFe,i
Sd BEHEME : C,59.29; H,4.80%. IR(KBr) :
1660cm™'. 'H NMR(CDCIl;) :64.22(s, 10H),
4,.39(s, 4 H),4.63(t, 4 H),4.87(t, 4H) .

2. 6-VT7zav W VFALQE) NuEY
(30m1)iz 2 (0.2g, 0.4mmol)ZEEEL, ZhiZ
LawessoniXZ (0. 16g, 0.4mmol)ZMZ 1 BfE
BE LI, T0k, BEEFEELEREEZ VY AY
Vra= o570 —TnEtLlic, V/aniy
vonNFH U oBEER L THESHRER (mp
164°C) ZUNHRB8Y T/ MS : m /z 484100
%, M*).'H NMR(CDCIl,) :64.24(s, 10H),
4.29(t, 4 H), 4.56(s, 4 H), 6.24(s, 2 H)."*C
NMR(CDCl;) :667.08, 69.26, 69.62, 83,20
(Fe), 113. 03(vinyl CH), 138. 28(vinyl C) .

2. 5 - C7rxutt=lFA T4 TED
(1 mhiz3 (10mg, 0.02mmol)ZEMn L. 0
CT30%:88bAkFEA (0.03ml, 0.03mmol)%
MAi. Enics oAy Ey (2ml)EMA305
MER L7, YU AL 7a2 b 57 4 =TS
BEL TREEREE. MS:m 7z 452 (100%,
M*).'"H NMR(CDCIl;) :64.12(s, 10H), 4.28
(s. 4H), 4.56(s, 4 H), 6.80(s, 2H).

3. 4-YV7 0= )—2.5 -V kFa7x
Ot (6 #MKTHF(8ml) % —30°CiciiilL
TEE, JuciElks s> Av) 0.2ml, 1.8
mmol) & Higi K (0.23g, 6 mg atom ) ZMA 8
HUZE, 0CiItRL. 2(0.2g, 0.4mmol)%
MA 30K L 7co 10%REEA Y o LKIBK

AQ00mD) Tk AME%, Y7 aa iy Tl
LyUAFLsaw b5 7 —TH#EL Tk

BEdER (mpl’5°C) 2NRTLR THI. EA
f:C, 63.17; H, 4.93%. C,,H,,SFe,ix%f
T A5:5TEfE :C,63.47: H,4.88%. MS: m,/z
454 (1009%, M*).'H NMR (CDCl;) :64. 10
(s, 10H), 4. 17(t, 4 H), 4. 18(t, 4H), 4. 16(s, 4
H), ""CNMR(CDC, ) : 6 43.86(CH,), 67. 77,
68.60, 69.01, 82.09(Fc), 131.41(vinyl C).

3. 4-V7zsuakvLFAT = U6)
A »(2ml)ic 5 (35mg. 0. 8mmol)ZEM L.
ZHITPd,C (6mg)%®MA T | BRE&EEK L 72,
BEREZFHELBRBEE VATV IO TS 7
4 —TCHE L1, Drnary v -~FH o
BiER L TEESHRE R (mpl60T) ZINR2
% TR, EifllfE: C, 63.46; H, 4.53%. C,,
H,,SFe,ixtd 5315l : C, 63.75; H, 4.45
%. MS:m_ 7z 452 (100%, M*).'H NMR(C
DCl,) : 64.08(s, 10H), 4. 16(t, 4 H), 4. 22(s, 4
H), 7.38(s, 2H).'*C NMR(CDCl,) : 567. 47,
69. 29, 69.81, 82, 73(Fc¢), 122, 80(aromatic C
H), 138. 83(aromatic C) .
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