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Electrochemical Properties of Diiron Complexes with Conjugated Chains

Hal#", Micheal B. Sponsler”
(Min—-Chul Chung” and Micheal B. Sponsier”)

Abstract

The complex 1 ([Cp*Fe(CO)sle-(u-CH=CH-CH=CH)) which have butadiene as a bridge were
synthesized from Cp'(CO):FeK and cis-3,4-dichlorocyclobutene. The derivatives of complex 1 where
one or two carbonyl groups are replaced by phosphine ligands have been prepared by photochemical
substitution. The new derivatives ([Cp*Fe(L):];-(n-CH=CH-CH=CH) where L = (PhoPCH:CH:PPhy) and
([Cp*Fe(CO)(L))-(u-CH=CH-CH=CH) where L = PPhs have been characterized from ‘H-, *C-,
3p-NMR and elemental analysis. Obtained complexes have been studied in electrochemical experiment
and UV/VIS-near-IR. The mixed-valence radical cation forms of complex 2, 3 species were found to
be delocalized as the Class III. Based on the separation of the waves (AE = 0470 ~ 0.605 V), the
efficiency of electronic communication between two metal centers of cation species leading to
stabilization relative to neutral species. The phosphine-substitute complexes (2, 3) displays two
reversible oxidation waves and oxidation state of metal centers-dependent color change,
electrochromism, was observed from yellow to orange and deep blue in methylene chloride.
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Y 9A47AY HAYHE Robind DayE
Class I, Class 11 % Class IIIE ¥&Fsldq dgsin
At} [9] Class 1 EfAlE F &4 el 7147}
74zt 34 f4Ad AAH o], F F&HINe 45
Z-go] MY dojuir| G ’e}ﬂ]i EA%c} Class 1T
E@A= AU HAUN F 245379 dE
£o] 385 JuE 248t 28R QYR
A7 FAEFE& HA" Y2 SA4F Class
m E¥A= 71427 713l el 4
5% % 7t 9o 99EA vHAY AdHE &3
37] W&ol F FHALld HAA AFEA FA
},

F BEA0I7 f71ER2 dEE EF 9749
714 5444 g@ dFE Creutz® Taubeol o3
2e d77t Fg=HAew, Creutz-Taube 3HAlE
Class Il EFAZ EAdte= 2oz 2 ATHIO0L
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(NHp)sRu—N N Ru(NI)s5

Creutz-Taube complex

HIoE B¥3} g2 A&(sp, sp’ 43 @)
€ 7taz s old A4 ¥4 9 1 B4l B
A7t @943 AYPHI Qo ol F FEHAE
AN AlEo] 84 922w ddE IFES
& BAYH §02 ¢4 7hsdel Qe dAMER
Ao FAYE 1 g1y wWEolek, #2 Gladysz

T2 20719 €AaF A Al(carbon allotrope) 7t gl
dted] Re #%° Z¥E ZFAE LEIFHH1L

F5-97 Fx9 FFPEL FAH F&H A W
st WE S5 A7 H, By S @@
aYgA oleld EAE o] &% A tiulolx AR
o g& AAYE 23 Qu|o] oo tiF FA o]
F7hE 3 o1l gE8d B =FdAE  buta-
diynediylel 7t g 3 2 33EE s F4
F49 Ay WEle g &4 WHE HdYsiux
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2 A4l Al-8¥ THF(tetrahydrofuran), Pentane,
[CoeFellPFsl, CHXCL2 AldrichAt238 7493l
Ao Bl A CaHeol o8] 3E A AR
871 AAd FFAA F F A1Estdch Penta-
methycyclopentadienyliron dimer$} cis-1, 3-di-
chlorocyclobutene®™  StremAl$} FlukaAl2 %8 2}
Zt FYst AHgEgo £33 RE w2 FA9)
otz 7tx EH7lAN F#sgch 'H-NMR %
“C-NMR& Bruker AC 300('H: 300 MHz, “C: 75
MHz)¢} Bruker AC-600('H: 600 MHz)& o] &3t
439k, NMRYl A4 % CDCls& 1= IsotropeAt
2RE T3 CaHedldlAd €71 2 AZA7 9
% HFolFe 7IFEHI TMS(tetramethylsilane)

]

& % 05 % Tt AME=Adth FT-IRS Perkin-
Elmer 1660 series IR spectrophotometer®& A}-&38}
vt Electronic spectra¥ Shimadzu UVPC-30
spectrometer® A&8t i, ME 4L Frd 9
7% Bdg d787] 98 19¥ Cuvettesg AHg
3k},

22 =@ M9 HE(Cyclic voltammetry) A1

c@ #9 AF 4¥e& BAS CV-7 potentiostat
71718 Abgdtd EZA3drh. £8AF 4EL
n-BuNPFs A8ld &9 CHLLAA AZR3PR, &
FAF AYe F /9 viAary fegdes ¥y
d 27Me 42 FAE AR sy, zE
A= (working electrode)= Pt ti&3, REAFL
Pt A, 71& A T (reference) & & A (silver wire)&
Abgetdch. HLle Wi NEEAZ dge B
% [CpoFellPFe}& #H7l8led 4389
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Cyclic voltammetric experiment.



23 M
2.3.1 [Cp'(CO)Fel-(n-CH=CH-CH=CH) &4

500 mg(1.101 mmol)® Fp**(Fp* = Cp*Fe(CO)
Cp* = CsMes)& THF(18 mD=¢l F, o47jd < 05
mi(eF 10, mmol)¢l Kss/Na alloyel Ho] mdtA|zl
g, 98 F 5 -10% F, 899 A7 oFE
Aol A wPFgodoz WP 308 F, EELEYS
LAELY7E A1 PNEE alloy ZAE A A
. §AHE fole A £4& -25 T PF7
BAgd(- 25 T olgldlM e Holx FJFAHEE <
AR T A2 E 2417 oo Al&EE Ao
Fh). -25 C E¥&Y cis-3,4-dichlorocyclobutene
(50 ml, 0.54 mmol) F7tstd F&oz LFHA vt
SA 73, Ao g TR FAL AE ¢ =
uhg A719, dark-brown®] &o g WIHEL, o
& Al 65 TolA 147 ¢ €& 7Hgd. 19
g Ad2oA AFSHA RoE AAGG. G4
Hel THFO =< ¥ Aes A3 Hrlso
-25 CollAl EEY glo] WAl olE Ax B2
o) A5 AE FAVIZ AANT OGA Aste #H
(- 25 C)eR A, HAFZAAH dedt (330
mg, & 58 %).
'H-NMR(CsDs): & 7.10 (dd(AA'BB’), Jiz = 220 Hz,
Jis = 7 Hz, 2H, Fe-CH=CH), 650 (dd(AA’BB’), Jiz
22 Hz, Ju = 7 Hz, 2H, Fe-CH=CH), 1.40 (s,
30H, CsMes)
BC-NMR(CeDe):8 2200 (s, Fe-CO), 1490 (s,
Fe-CH), 1379 (s, Fe-CH=CH), 970 (s, CsMes),
9.7 (s, CsMes)
FT-IR(KBr, cm™): 1969, 1927 (vco), 1741 (vep-cn)
FAEA: CuHuOFer: AR C, 6156 H6.27. A
¥A: C, 61.25; H, 652

2.32 [Cp'(dppe)Fel—(1-CH=CH-CH=CH) &4
oA A" A 1 (100 mg, 0040 mmol)&
THF 20 miol ¢ F rle] 2 239 di-
phenylphosphinoethane (dppe)& 25 ml Pyrex ¢l
wgriel ¥Wam, 0 T2 {A8EA UV 450 W,
Hanovia broad UV lamp)& AH£38td 1A 5§
FE& ZAYY. FHkg Tk vyl ¢teg ALV
28 3¢J89} bubbling@th. W& FaE 'H-NMR
£ Ag3e RUHy gt vrgo] 4 F THF
294 celite® AHE3A AR F FuE AAZ
i, ©A] ofz7rel THFE Y3 o7ld A Agds
FR3te YEad ¢ olEAE RAHY, IHES
AA Hi(924 mg, F& 40 %), °1E 4T 4L F

=3
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AR AR AR D, 7)o g Hges
AH e AEAG,

"H-NMR(CeDe): § 7.70 - 7.12(m, 40H, Ph-group),
610 (dd, Jiz = 15 Hz, Jiz = 7 Hz, 2H, Fe-CH=CH),
550 (dd, Ja = 15 Hz, Ju = 7 Hz, 2H, Fe-CH=CH),
270, 198 (m, 8H, PCH:CH:P), 143 (s, 30H,
CsMes)

BC-NMR(CeDs): & 154.7 (s, Fe-CH=CH), 1509 (t,
Jec = 31 Hz, Fe-CH), 1425, 142.1, 1387, 1381,
1354, 1342 (m, Ph group), 87.3 (s, CsMes), 31.1
(d, Jec = 53 Hz, PCH:CH.P), 10.2 (s, CsMes)
$'P-NMR(CsDe): 8 109.1

Y224 CrHuPFer A C, 7415 HET7L. A
¥ a): C, 7388 H, 692

2.3.3 [Cp'(PPha)}(CO)Fele-(i-CH=CH-CH=CH) &4
ot FAd F}a 1 (100 mg, 0.183 mmol)¥
THF 20 mld] %<1 ¥ oj7joll 30 B triphenyl-
phosphine(PPhs)& 25 m] Pyrex =z} ®Wg7]o] ¥
i, 0 CTE #A358A4 UV4E0 W, Hanovia broad
UV lamp)& AHE-3t9 1A E9 38 A
Fkg F whEr] <o R AANAE FYId
bubbling@t}, W& £8+ 'H-NMRE Al&35d &
UE® o dro] 93 T THF 98 celited
ALg8te e F &olE AA S, ThA] 3te
THFE Y31 97 Al dgg FYsted Y5z
of oF o] EARE RAIAE, IHAEE dAFHIA(AA
A 3-A, 66 mg, & 33 % ), 45 A& FAIR
gt g £z WgTlel Bm, Hrld 2FY
Hekg FYUste e ad Yod, Add AEgE(
AdA 3-B, 50 mg, ¥& 30 %E& d=u oA
DANEEL A7 Wgez AFRY A4E4
Aol oJ3] F F£Fe FZ olHAAE A3 £
g w7k e HEAE Idx 23 FAA9 meso
9} di-formeE= FEE F7F i
ol A4 3-A
'H-NMR(CeDe): 8 7.73 (t, J=9.6 Hz, 12H, Ph), 7.02
- 712 (m, 18H, Ph), 660 (s, 4H, Fe-CH-CH),
1.39(s, 30H, CsMes)
BC-NMR(CeDe):: 8 2247 (d, Jec 297 Hz,
Fe-CO), 1519 (d, Jec=2.8Hz, Fe-CH-CH) 146.7 (d,
Jc = 318 Hz, Fe-CH=CH) 137.8, 1376, 1344,
134.3, 1294, 128.1, 1280 (m, Ph) 929 (s, CsMes),
10.1 (s, CsMes)
SP-NMR(CsDe): & 79.6
FT-IR(cm~-1/KBr): 1898 (Fe-CO)
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H42E 4 CoHaPupOFer + CsHiz A4FA: C, 74.03;
H7.05. A¥A: C, 7418 H, 7.46

oj444 3-B

'H-NMR(CsDe): 8 7.67 (br, 12H, Ph), 6.96(br, 18H,
Ph) 659 (s, ] = 45Hz, 2H, Fe-CH-CH), 657 (s,
J = 3.3 Hz, 2H, Fe-CH-CH) 1.43 (s, 30H, CsMes)
BC-NMR(CeDs): & 2251 (d, Jec 297 Hz,
Fe-CO), 1519 (d, Jpc=2.8Hz, Fe-CH-CH) 1467
(dJec = 31.8 Hz, Fe-CH-CH) 1373, 137.1, 1348,
1347, 1294, 1281, 1280 (m, Ph) 929 (s, CsMes),
10.1 (s, CsMes)

S'P-NMR(CgDe): & 78.2

FT-IR(cm-1/KBr): 1900 (Fe-CO)

3. 23 & 1@

) 1 ([Cp’(CO)Fel-(u-CH=CH-CH=CH))ell o
3 FEoA 8 A A F(cyclic voltammetry) 4
dE AASAT -1.0 Vol 1.0 V Hsie At
A, #7949 %(quasireversible) A H¢ ZATFE B
FALY 2), 48 2AE F 19 A& @
A HaE #7194 wave (B® = 017, E* = 0.10
VielA|wt & & waver H|7FF(E™ = 056, E*
Holz ¢&)de RdFT gid, ol A WA
wavet monocation JE 1’2 "2 4PHo=
EAs AT, dication FEI 172 BAAsA &4
e o4 47 Ak B3 04 VoA Ea Arsvte
Azl 243 =@de] godo] gMoR WHIFHAEA 1
£ F4NE ¢ 7 U

2 14 MAAFT F A9 CO7IE dppeE &
d FA 24 dis «@ A9 AFE YT d79,
ddAdz7t stgx ez s #HAo] dojdg
CV Adg B84 ¢ 7 dieh agln F
waveZt A9 FUAE(V)E 06 VE #d5H9 23,
Fd M A(single-electron)?}t ¥ A A (two-electron)
o] Ma Mzuge BN 2, 2%z wEge ¢
F7F ANT, T4 A 2 Ago] Mo Qx|
@H% A FACHez HREE ¢ 7 AN
. FA49 &4 28 WAFd =FANA UVE &34
g Az(a9 3), A 27 F71F9 k49 Az
€& doA =M Bl G FENo WG
g8 ¢ 71 ddd. 29 39 JEld mig go
=EAZ W& UV FF330] 471 nmell A e H
A ZA%I, 597 nmelAE P FES #98
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5

O™ 2 FA 1 o A2dA &8 A9 HF =4
0.1 M [n-BusNPFe)/CH:Cl,, scan rate: 100
mvV/s).

Fig. 2. Cyclic voltammograms for complex 1 in
0.1 M [n-BusNPFg)/CH:Cl at 20 C, scan
rate: 100 mV/s.

B 1. FAage M8 4949

Table 1. Electrochemical Data for Complexes(1}¥#

715&A 9 ferrocene/ferrocenium  couple
(Eo’ = 0.00 V).
& | scan Eo’ (V) AR
A | = | rate [Wave | Wave V) Kc
(T)(mV/s)| 1 2
1 20| 100 | 0.130 | 0.520 |0.390|8.9x10’
11 20| 100 |-0.810{-0.220|0.590|1.4x10"
O-A (20 100 | 0.025 | 0.600 [0.575|5.4x10”
IHI-B | 20| 100 {-0.385| 0.220 |0.605/1.7x10"
Lapinte”| 20 | 100 [-0.675| 0.045 |0.720[1.6x10"
Taube" | 25 - -0.760 | -0.400 {0.380i 3.0x10°
F7t Adet. ol FA FAI FrFY Ahd
o} wkgo] o3& FzAA 1719 FHA=Z Wgn FA

o Zutz 27be AME WHHE A& ¥ 47} 3
o B0A BTEY AHFE 19 HA @HeA

£ &5 B (605 nmydlA 9] szt

g dHE EAS7] QEos AZto] Hr)h EF



S0 @ 60 M0 70 W
Wanclongths (nm)
ad 3. FA 29 I Ashige] 9@ UV AHE
2 (&7: CH:Lh).
Fig. 3. UV spectra during air oxidation of complex
2 in CHaCla.
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00 T
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LA e s e e e s
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l?:SO v2:50' (nem)
ag 4 2A) 279 A A/sA B/ H A,
Fig. 4. UV/VIS/near-IR for complex 2.

27 ZAE FI1FAM AAH JHE QYL &
71 At

3 271 o golox EAY o, F
Alolo Al dojuz EA AR olFdENE
71 f8) A& Bt UV/VIS-THH A
AA A THE 3).

gdg ool 2" FHAE JMAZA g9 505
nmel A 2% F5(e= 26000 mol'em )& Holm
93, T3 intervalence transition band(IT band)$l
1427 nmol A W& FFuw=(e= 14,000 mol'em N
Uelgoz A, 2] F F&Alole] Axle] 3ol
Fol dojd g ¢ 7 UAHIE 4), 19 #F2
AFHZRE, A 29 3@ FHo] 19 59 1}
Eld ule} Zo] stgFH oz dojui, FAHIFHY

pos B
h=]
i
k:

o St I
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RN NN

2 (neutral)
o}
@

\F CD'
2*2 (dication) &

a8 5. FA] 29] Wrisehkge] o ilaad T4,
Fig. 5. Electrochemically redox process of Complex 2.

4.0F
30
20}

AW .41
w10

00r

20F

30}
1.8

0.0 0.5

EIER
a8 6. A 3-B oj4AAY F&dA =g A
AR/ (01 M [n-BuiNPFs)/ CH:Cly,
scan rate: 100 mV/s).
Fig. 6. Cyclic voltammograms for complex 3-B isomer
in 0.1 M [n-BusNPFg)/CH:Clz at 20 T,
scan rate! 100 mV/s.

-1.0 05

=3
&4

A dee] g gdo Mg WgEs g FUk
At

A4 19 5 CO wisixk £ & 789l carbonylo]
UV % ukgol 93 PPhsE &=, A€
As F 2759 dI} meso-forme YAo|AA &
FEYE NMR 488 58 & 71 U ¢4
] F EREY oJAIAE AZA wHeE ¥
F7F dey, EYIAE GAAL dA B F
o) JAML FZE FEY FU AT AT 7
Zre) ol @Aol it Ay 7MA 4 AL 53,
dojz 5 3EgEe EAL o 71 Ak FT-IR
ARERE Fe-CO8l EFF7F 5 o4dANd &
Aol glo] 1900 cm' el A Ve 29 69l
el &8 A9 dAF FHozvyY 2N 3-BY
A, g4 Hart gAe2 JEdS @ Fo ddh
ZAA 3-A GA e BEAHL B Fu a8y B
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19 herd
4 AAze)
A =

ups} o] M7E AR F oo
EAol aA g2A Jedg ¢ F7
%, olAdAA 3-At 3-Bo}l u¥ldl wave
potentiale] ¥ HHAF o= olFHo Yeh}m F
ol AA el ¥u]H9(separation potential) =}ol(A
E(VH7F ¢ 0025 V 948 & 71 3t} ol& Fe &
L4l Z2FE PPheel GAH Aol e F4
T v @A (Fe-C)o AA Wx7t wi¢izte 9
g AR FA BAdo] @EX 7] Wi egE A4y +
7} ok
G AHAA FAAe AL L ofd Ao el
21 29| comproportionation constant (Kc)& 4% &
F71 Ao {121 &, Kc ol 24w, vzy EFA
7HAR Aol F4£3 AxlolFol GudA Loyt
I(Class 1), Kegtel Wol &34 714 349
& Aol Eo] AEH(Class D22 oA
Ad dojuA] &E=(Class I) AsAHEZ EA8c).
E 1o uvEld uiel o], A F& Yxa COrit
A%d #FA 1 B AAVE F5 % dppest PPhs
2 XNEd JPEL FY F% fragmentE F 0 <
A ez wE7] Wi FLae F F&£3 A
ol Fe] ( Ke ztel 100 ~ 1000w =tr}) 2 dojgd
€ ¢ F7F Ao 2En F FAFEHN dppeER A
#¥ Lapinte A  [Cp'(dppe)Fe-C=C-C=
C-Fe(dppe)Cp'18t #Al 2 [Cp'(dppe)Fe-CH=CH-
CH=CH-Fe(dppe)Cp'l& ®lis] HW, ¥ F&3te
F7) 7hE FF gt F F4£3 AR o]ERS
&€ 4 7 At F, vtuEA gx FaA
A7t @t v o 100 AR HRo]F o]
waA EAFSE 4 7 Aot o]& Lapinte 39
7t gle] Bl R n-WAAE F vy F4319
Aol sE @A & F7] WEoz Ayzdn

Fe(Il, ) +Fe(ll, ) e 2Fe(II, )

Ki

Ke =k ks = [, m]z/[n, o){m, mj
4G = —RT (in Kc) = -nF (4E)

Kc = comproportionation constant
A4E = Separation between the two redox potentials
F

n

= Faraday constant
= Number of Electron
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a8y g4 A4 3EEo wigi®g Rudtd 2
Creutz-Taube A [10]¢} wlwstd A 29 A
39 A47t 5 BE5T9 ARl dAdo] 9&A
dojdg ¢ 47 Aok

A 28 CHXLL &uiuld A "7tz oz Al
g9 W AYdE ANsdI, @ A9 Az @
A olFel s Ttz dojdg & 7 9
Ak ol& 29 34 bl A el monocation
@18} dication 292 EAFL d38 F7F Yok
X HWF UV/VIS-near-IR 48 Zaotx Ux
e g gdsH.

4. 4 &

E d7AME A F49A butadiene 7}n7}
2% o¥AH HFPE FA  1[Cp+Fe(COkl-(n
-CH=CH-CH=CH)& #¥A433x, 3 F&UA &
e F Jle CO7IE #F whgol oA of W=t
phosphine 3l E(dppe)E XA A dold SYE
A 2, 283 & 749 COZIdl % 7ol PPhsol |
#d T FF AA oldHA FFE FA 38 o
Aeov, olg FFEL 'H-, “C-, *P-NMR, R ¥
LLEHNE 3 E4A.

EF Aol HA o WA A7 43 @
2 A¥E AN 43, A4 1x v ukg
A 2 2 FAA 3= F MY HA ojFol & @A
Hog AgPdsEs I3 AYE Uk =7 F
34 A YAl phosphinec] wWi#® A 29 F
A 3& COol wifld A 19 wdAAg wjmzy 2
comproportionantion 44 #Ke = 10° ~ 109¢
gtk Aot &AM 299 F§ UV/Vis-near-IR
AYE B3 F F54tol9 A3 st £ A
AAF Class HI9 ¢t FHZ EAda, ¥ &
&2re] Aol Aol FUA dojudxn ULE
& F7 AT &% A4 29 FAE FH 5
o] Arsdeiel W3] wEtbAd (e g A7)
et W) 471 nm(2, $4), 505 nm (2™, 597
nm (2%2 #stsiy, Ashubgo] Yoo wely
@A A @XM FgFEHoz HUIHE I
ol Mg H oz dojdg & 7 YUt

€ A9 AR2RE T e 2te oY #
H HFEY FHISY A8 g wE w4 W
BERY M2E AVEAAERY §8& 71540
Hol7] wWie ¥A FHTEE WAANEAN A7)
st8A B did ATE T8 T Utk
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