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Synthesis, Properties, and Redox Behavior of Ferrocene-Substituted
Bis(3-methylthio-1-azulenyl)methylium Ions
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Novel ferrocene-substituted bis(3-methylthio-1-azulenyl)-
methylium ions 5* and 6" were synthesized by the hydride
abstraction reaction of the corresponding hydro derivatives 3
and 4 with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ). Compounds 3 and 4 were readily prepared by the
acid-catalyzed condensation reaction of 1-methylthioazul-
enes 1 and 2 with ferrocenecarbaldehyde. The redox behav-

ior of 5* and 6* was examined by cyclic voltammetry (CV)
and differential pulse voltammetry (DPV), which revealed
their amphoteric multistep redox properties. Moreover, these
cations exhibited a significant color change under electro-
chemical reduction conditions, which was revealed by visible
spectroscopy.

Introduction

Ferrocene has attracted much interest due to its facile
oxidation properties with a lower potential to form a stabi-
lized radical cation (ferrocenium ion). Thus, a large number
of compounds incorporating ferrocenyl groups have been
synthesized, and their properties based on the intramolecu-
lar interactions with the ferrocenyl groups have been exten-
sively studied.!]

Azulene (C;oHg) has attracted the interest of many re-
search groups owing to its unusual properties as well as
its blue color.’l Recently, Nielsen et al. reported efficient
synthesis by a novel route of functionalized azulenes from
dihydroazulene precursors. They also concluded that these
new azulene derivatives can be applied in molecular elec-
tronics using their photochemical properties.’] We have re-
ported the synthesis of various redox-active chromophores
incorporated with azulene substituents aimed for the cre-
ation of stabilized electrochromic materials.™ As a part of
this study, we have also reported the synthesis of bis(1-
azulenyl)ferrocenylmethylium hexafluorophosphates with
high thermodynamic stabilities by the hydride abstraction
reaction of the corresponding hydrocarbon derivatives.!
These salts exhibited reversible oxidation and reduction
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waves in cyclic voltammetry (CV) and significant color
changes under electrochemical reduction conditions.

In 2000, Bryce et al. reported the synthesis of a
multistage redox system conjugated with ferrocene and
tetrathiafulvalene (TTF) binding with methylthio moie-
ties.[ Recently, we have reported a facile and efficient syn-
thetic route to several 1-azulenylmethyl and phenyl sulfides
and 1,3-bis(methylthio)- and 1,3-bis(phenylthio)azulenes
via 1-azulenylsulfonium and 1,3-azulenediyldisulfonium
ions.[” We have revealed that these 1-azulenyl sulfides exhi-
bit a reversible reduction wave in CV.”-® Thus, similar with
methylthio-substituted TTF derivatives, ferrocene-substi-
tuted bis(3-methylthio-1-azulenyl)methylium ions should
provide stable and amphoteric redox behavior under the
electrochemical reaction conditions. In this paper, we report
the synthesis and properties of ferrocenylbis(3-methylthio-
1-azulenyl)methylium salts 5"-PF4~ and 6*-PF¢, in particu-
lar, their redox behavior examined by CV and differential
pulse voltammetry (DPV). The electrochromic behavior of
cations 5% and 6" was also examined. They display distinct
changes in their absorption spectra in different oxidation
states.

Results and Discussion

Synthesis

1-Methylthioazulene derivatives 1 and 2 were prepared
according to the procedure reported by us recently.l”! The
synthesis of 5"-PF4 and 6*"-PFs was accomplished by hy-
dride abstraction from the corresponding methane deriva-
tives, according to our previous report.l’] The reaction of 1-
methylthioazulene (1) and 1-methylthio-6-fert-butylazulene
(2) with ferrocenecarboxaldehyde in acetic acid at 50 °C for
24 h afforded 3 and 4 in 69% and 91 % yields, respectively
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(Scheme 1). Yields for the reaction of 2 with the aldehyde
is relatively high compared with that of 1. These results sug-
gest that the fert-butyl group on the azulene ring at the 6-
position enhances the reactivity toward the aldehyde.
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Scheme 1.

Salts 57*PF4s and 6*-PF¢ were synthesized by the hy-
dride abstraction reaction of the corresponding hydro deriv-
atives 3 and 4. The reaction of 3 with 2,3-dichloro-5,6-dicy-
ano-1,4-benzoquinone (DDQ) in dichloromethane at room
temperature followed by the addition of a 60% aqueous
HPF; solution yielded the expected cation 5* as a hexafluo-
rophosphate salt in 96% yield (Scheme 2). Likewise, the oxi-
dation of 4 with DDQ, followed by the addition of HPF6
solution, afforded the corresponding hexafluorophosphate
6"-PF4 in 93% yield. These new salts, 5"-PF4 and 6"-PF,,
were stable, deep-colored crystals and are storable in the
crystalline state.
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2) 60% HPFg

+
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Scheme 2.

Spectroscopic Properties

Compounds 3, 4, 5*-PF, ", and 6*-PF4 were fully charac-
terized by spectroscopic data, which are presented in the
Experimental Section. The mass spectra of 3 and 4 showed
the correct molecular ion peaks. The high-resolution mass
spectrum of salts 57*PFs and 6"-PF4 ionized by ESI
showed the correct [M — PF¢]* ion peaks, which indicates
the ionic structure of these salts. The characteristic stretch-
ing vibration bands of the hexafluorophosphate group in
salts 57PF, and 6"-PF, were observed at 838-839
(strong) and 557 (medium) cm™! in their IR spectra. These
results are consistent with the structure of these products.

The UV/Vis spectra of 5*-PF¢ and 6*-PF, in acetoni-
trile are shown in Figure 1. The absorption maxima and
extinction coefficients [logg] of compounds 3, 4, 5*-PF¢",
and 6"-PFg, together with those of 7*-PF¢ to 10*-PF¢-
(Figure 2), are summarized in Table 1. Compounds 3 and 4
showed characteristic absorptions in the visible region aris-
ing from the azulene system centered at 617 and 606 nm,
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respectively, in dichloromethane. The UV/Vis spectrum of
5%PFs and 6"-PF4 in acetonitrile displayed strong ab-
sorption in the visible region that extended up to the infra-
red region (5°-PF¢: 742 nm, 6*-PF4: 738 nm). The strong
absorption of 5%PFs~ and 6*-PF¢ in the visible region
could be explained by the charge transfer (CT) transition
between the two-substituted 3-methylthio-1-azulenyl moie-
ties, as described by the resonance structure in Scheme 3.
The longest wavelength absorption of compounds 5*-PF¢-
and 6*-PF exhibited a bathochromic shift compared with
those of 7*-PF¢ to 107-PF, .

Wavelength / nm

Figure 1. UV/Vis spectra of 57-PF4~ (black line) and 6*-PFy (gray
line) in acetonitrile.

"0 + )
7"R'=H R2=H
O O 8" R'=Me, R?=H
9" R'=H,R2=tBu
R2 R2 10*: R' = Bu, R? = Bu

Figure 2.  Bis(1-azulenyl)ferrocenylmethylium  hexafluorophos-
phates 7"-PF¢ to 10*-PF¢ .

Table 1. Absorption maxima and the corresponding absorption co-
efficients for 3, 4, 5*-PF4, and 6"-PF4, together with those of
7*PF4 to 10"-PF¢ .

Sample  Apax /nm [loge]

3lal 617 [2.77], 652 sh [2.76]

4lal 606 [2.81]

5+lb] 391 [4.31], 516 [3.83], 742 [4.21]

6710l 391 [4.31], 493 [3.85], 738 [4.24]

7+Ibcl 395 sh [4.15], 447 sh [4.14], 467 [4.16], 591 sh [4.10],
621 [4.20], 746 [3.84]

g+l 468 sh [3.89], 497 [3.96], 629 sh [4.18], 655 [4.23],
711 sh [4.09]

9+la.d] 400 [4.41], 471 [4.08], 629 [4.29], 722 sh [3.95]

107>l 461 sh [4.00], 486 [4.03], 657 [4.31], 693 sh [4.28]

[a] UV/Vis spectra were recorded in dichloromethane. [b] UV/Vis
spectra were recorded in acetonitrile. [c] See ref.l’l. [d] See ref.[®!
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Scheme 3. Presumed intramolecular CT in cations 5% and 6.

The solvent dependence of the longest absorption max-
ima and the corresponding absorption coefficients (loge)
are summarized in Table 2. The UV/Vis spectra of 5*-PF4~
and 6"-PF, in different solvents are shown in the Support-
ing Information.

Table 2. Solvatochromic data for the longest wavelength absorption
of 5*-PF¢ and 6*-PF .

Solvent 5%PF¢ 6"-PF¢

Jamax Inm [log €] Jmax /nm [loge]
CH.Cl, 696 [4.13] 739 [3.98]
MeOH! 698 [4.05] 726 [3.89]
AcOEt 696 [4.11] 724 [3.93]
Hexanel! 697 [4.11] 714 [3.94]

[a] Dichloromethane (10%) was used to keep the compounds solu-
ble.

The longest absorption maxima of 5-PFs in each sol-
vent examined showed hypsochromic shifts compared with
that in acetonitrile. Solvatochromism was also observed in
the UV/Vis spectra of 6"-PF¢ . Compound 6"-PF4 exhib-
ited a CT absorption at A, = 739 nm in CH,Cl,, which
was nearly equal to that in acetonitrile. When the solvent
was changed from CH,CIl, to hexane, 6"-PF4  exhibited a
bathochromic shift by 25 nm in its CT absorption. These
solvent dependences indicate the remarkable contribution
of the intramolecular CT to the resonance hybrid for the
excited state in addition to the ground state of 57-PF4 and
6"PF, .

Redox Potentials

To clarify the electrochemical properties, the redox be-
havior of 3, 4, 5"-PF4", and 6"-PF4~ was examined by CV
and DPV. Measurements were carried out with a standard
three-electrode configuration. Tetraethylammonium per-
chlorate (0.1 M) in benzonitrile was used as a supporting
electrolyte with platinum wire auxiliary and working elec-
trodes. All measurements were carried out under an argon
atmosphere, and potentials were related to an Ag/Ag* refer-
ence electrode and Fc/Fc* as an internal reference, which
discharges at +0.15 V. The redox potentials (in volts vs. Ag/
AgNOs) of 3, 4, 5*-PF¢, and 6"PF4, together with those
of 7PF¢ to 10*-PF4 ", are summarized in Table 3. The cy-
clic voltammograms of 3 and 5*-PF4 are shown in Fig-
ures 3 and 4, respectively.

4888

www.eurjic.org

© 2010 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Table 3. Redox potentials®! of 3, 4, and 5*-PF4 to 10*-PF.

Sample Method E™/V  E°/V  E°/V  E*|V

3 CV - +0.12 +0.41 +0.53
(DPV)  (-1.84)  (+0.10)  (+0.39)  (+0.51)

4 CV - +0.12 +0.36 +0.49
(DPV)  (-1.93)  (+0.10)  (+0.34)  (+0.47)

5* CvV - +0.47 — —
(DPV)  (-0.69)  (+0.45) - -

6" (DPV)  (L0.74)  (+0.44)  (+0.64) -

7+1bl CV -0.76 +0.47 (+1.08) -

8+[bl CvV -0.79 +0.43 (+0.95) -

9+l CV -0.82 +0.48 - -
(DPV)  (-0.80)  (+0.46)  (+1.02) -

10 CV ~0.87 +0.42 (+0.95) -

[a] Redox potentials were measured by CV and DPV [V vs. Ag/
AgNO;, 1 mMm in benzonitrile containing Ety;NCIO, (0.1 m), Pt elec-
trode (i.d.: 1.6mm), scan rate = 100mVs!, and Fc¢/Fct =
+0.15 V]. In the case of reversible waves, redox potentials measured
by CV are presented. The peak potentials measured by DPV are
shown in parentheses. [b] Redox potentials measured in acetoni-
trile. [c] See ref.l’!

Current / pA
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Figure 3. Cyclic voltammograms of the oxidation of 3 (1 mm) in
benzonitrile containing Et;NCIO,4 (0.1 M) as a supporting electro-
lyte; scan rate 100 mVs™!.

Electrochemical reduction of 3 showed an irreversible
wave in CV, attributable to the generation of an unstable
radical anion by the reduction of sulfur-substituted azulene
moieties of 3. The reduction potential was determined by
DPV to be —1.84 V. The electrochemical oxidation of 3 ex-
hibited a reversible three-step oxidation wave, whose poten-
tials were identified as +0.10V, +0.39V, and +0.51 V by
DPYV, which might be attributed to the oxidation of ferro-
cene and two sulfur-substituted azulene rings, respectively
(Figure 3). The first oxidation potential of 3 is slightly less
positive than that of the parent ferrocene (+0.15 V), which
is attributable to the electron-donating nature of the meth-
ine moiety substituted by the two azulene rings. The electro-
chemical reduction of 4 also exhibited an irreversible wave,
which is attributable to the reduction of the sulfur-substi-
tuted azulene rings of 4 in CV. The reduction potential of
4 was relatively more negative than that of 3. These results
indicate that the zert-butyl group at the 6-position increases
the persistence of the radical anion. Reversible three-stage

Eur. J. Inorg. Chem. 2010, 4886-4891
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Figure 4. Cyclic voltammograms of reduction (upper) and oxi-
dation (bottom) of 5*-PFs (1 mm) in benzonitrile containing
Et,NCIO, (0.1 m) as a supporting electrolyte; scan rate 100 mVs™!.

oxidation waves were also observed for 4 in CV, which were
identified as +0.10 V, +0.36 V, and +0.47 V by DPV.

The cyclic voltammograms for the reduction and the oxi-
dation of 5*-PF4 are shown in Figure 4. The electrochemi-
cal reduction of 5*-PF4s showed an irreversible wave at
—0.69 V in DPV due to the formation of a neutral radical
species. The first reduction potential of 5*-PF¢ is slightly
less negative than those of 7+-PF4 to 10*-PF4 . This might
be attributable to the methylthio substituents at the 3-posi-
tions of the azulene rings, which destabilize the cationic
state by their electron-withdrawing nature, although the sol-
vent for the measurements was different in these cases. The
electrochemical oxidation of 5*-PF4~ showed a reversible
wave at +0.47 V. This clearly indicates the generation of a
cationic species by the oxidation of the ferrocene moiety of
5%-PF¢. The first oxidation potential of 57-PF~ is more
positive than that of the parent ferrocene by +0.15 V under
these conditions. These results are attributable to the re-
duction of the m-donating ability of ferrocene by the con-
nection of the cation part in 5%-PF4, that is, the lower
HOMO level. Electrochemical reduction of 6*+PF~ also ex-
hibited an irreversible wave in CV, which indicates the for-
mation of an unstable neutral radical species. Electrochemi-
cal oxidation of 6"-PF, also showed an irreversible oxi-
dation wave at +0.44 V due to the generation of a cationic
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species. The first reduction potential of 6*-PF¢ is slightly
more negative than that of 5*-PF4 . This might be attribut-
able to the fert-butyl substituents at the 6-positions of the
azulene rings, which stabilize the cationic state by their elec-
tron-donating nature. Meanwhile, the first oxidation wave
of 5*PF¢ is nearly identical to those of 6"-PFs to
10*-PF4 . These results show the lower degree of the contri-
bution of substituents on the azulene ring to the oxidation
potential of the ferrocene moiety.

To examine the color changes during the electrochemical
reactions, spectral changes of cations 5%, 6*, and 9" were
monitored by visible spectroscopy. Constant-current re-
duction was applied to solutions of 5*-PF~, 6"-PF", and
9*-PF, with a platinum mesh as a working electrode and
a wire counterelectrode, and visible spectra were measured
in benzonitrile containing Et;NCIO,4 (0.1 M) as a supporting
electrolyte at room temperature under electrochemical re-
duction conditions (see the Supporting Information).

The longest absorptions of 5%, 6*, and 9" gradually de-
creased, and the color of the solution changed adequately
from green to yellow during the electrochemical reduction
(Figure 5). However, reversible oxidation of the yellow-col-
ored solution did not regenerate the spectrum of the corre-
sponding starting compounds, as demonstrated in Figure 5
for 5%, according to the reversibility of the redox process.

3

450 500 550 600 650 700 750 800 850 900
Wavelenath / nm

450 500 550 600 650 700 750 800 850 900
Wavelength / nm

Figure 5. Continuous change in visible spectra of 5*-PF¢ in benzo-
nitrile containing Et;NCIOy (0.1 M): constant-current electrochemi-
cal reduction (50 pA) at 30 sec intervals (upper) and reverse oxi-
dation (bottom) of the reduced species (50 pA) at 30 sec intervals.
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The non-reversibility of the color changes might be attrib-
uted to the instability of the reduced species. Although
multistage reversible oxidation waves were observed in CV,
compounds 5%, 6%, and 9" did not exhibit reversible color
changes, similar with electrochemical reduction. This irre-
versibility might be attributable to the instability of the cat-
ionic species under the measurement conditions.

Conclusions

Ferrocene derivatives have attracted interest due to their
oxidation properties with lower potentials to form stabilized
radical cationic states, that is, ferrocenium ions. Azulene de-
rivatives with a ferrocenyl moiety are expected to show mul-
tiple-electron oxidation with reversible redox properties. We
have synthesized novel ferrocene-substituted bis(3-meth-
ylthio-1-azulenyl)methyl cations 5 and 6" by the hydride
abstraction reaction of the corresponding hydro derivatives
3 and 4 with DDQ. Analysis by CV and DPV showed that
hydro derivatives 3 and 4 and cations 5* and 6 exhibit
presumed amphoteric redox properties. Hydro derivatives 3
and 4 showed reversible three-stage oxidation waves, which
might be attributed to the oxidation of ferrocene and two
sulfur-substituted azulene moieties. Although cation 5% dis-
played a reversible oxidation wave in CV, 6* showed an
irreversible oxidation wave. Significant color changes were
observed during the electrochemical reduction of 5%, 6*,
and 9*. However, the reverse oxidation of the reduced spe-
cies did not regenerate the original color of the solutions
of 5%, 6", and 9*. These results might be attributed to the
instability of the reduced species.

Experimental Section

General: Melting points were determined with a Yanagimoto MPS3
micro melting apparatus. Mass spectra were obtained with a Bruker
APEX II instrument. IR and UV spectra were measured with a
Shimadzu FTIR-8100M and a Hitachi U-3410 spectrophotometer,
respectively. '"H and '3C NMR spectra were recorded with a JEOL
GSX 400 (400 and 100 MHz) or a Bruker AVANCE400 (400 and
100 MHz). Voltammetry measurements were carried out with a
BAS 100B/W electrochemical workstation equipped with Pt work-
ing and auxiliary electrodes and a reference electrode formed from
Ag/AgNO; (0.1 M) in a tetrabutylammonium perchlorate (0.1 m)/
acetonitrile solution. Elemental analyses were performed at the Re-
search and Analytical Center for Giant Molecules, Graduate
School of Science Tohoku University.

Bis(3-methylthio-1-azulenyl)ferrocenylmethane (3): A solution of 1
(524 mg, 3.0l mmol) and ferrocenecarbaldehyde (107 mg,
0.50 mmol) in glacial acetic acid was stirred at 50 °C for 24 h under
an Ar atmosphere. The reaction mixture was diluted with CH,Cl,.
The organic layer was washed with 5% aqueous NaHCOj; and
water, dried with MgSO,, and concentrated under reduced pres-
sure. The residue was purified by column chromatography on silica
gel with CH,Cl, to afford 3 (187 mg, 69%) as green crystals. M. p.
70.0-72.5 °C (AcOEt). HRMS (ESI): calcd. for C33HogFeS,* [M]*
544.0976; found 544.0975. IR (KBr disk): V. = 3088 (w), 3018
(W), 2980 (m), 2914 (w), 1572 (s), 1497 (w), 1447 (w), 1396 (s), 1333
(w), 1298 (m), 1217 (w), 1105 (m), 1042 (w), 1024 (w), 1001 (m),
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984 (w), 966 (W), 943 (), 926 (w), 876 (w), 818 (m), 748 (m), 733
(s), 708 (w), 692 (w), 681 (w), 667 (W), 575 (W), 557 (w), 544 (w),
494 (m), 463 (w), 449 (w), 424 (w) cm . UV/Vis (CH2CL): Amax
(loge) = 242 (4.64), 287 (4.72), 298 sh (4.69), 320 sh (4.30), 372
(4.04), 617 (2.77), 652 sh (2.76) nm. '"H NMR (400 MHz, CDCl,):
§=28.51(d, J= 9.6 Hz, 2 H, 4-H), 8.37 (d, J = 9.6 Hz, 2 H, 8-H),
781 (s, 2 H, 2-H), 7.51 (t, J = 9.6 Hz, 2 H, 6-H), 7.11 (t, J =
9.6 Hz, 2 H, 5-H), 7.04 (t, J = 9.6 Hz, 2 H, 7-H), 6.34 (s, | H, CH),
4.15(t, J = 2.0 Hz, 2 H, 3,4-H of Fc), 4.07 (t, J = 2.0 Hz, 2 H, 2.5-
H of Fc), 3.89 (s, 5 H, Cp), 2.42 (s, 6 H, SCH;) ppm. '3C NMR
(100 MHz, CDCly): 6 = 140.14, 139.29, 138.28, 135.88, 135.20,
133.44, 133.16, 122.76, 122.49, 120.41, 94.42, 68.71, 68.63, 67.37,
36.44, 20.05 ppm. Cs3HagFeS, (544.55): caled. C 72.79, H 5.18;
found C 72.62, H 5.35.

Bis(3-methylthio-6-tert-butyl-1-azulenyl)ferrocenylmethane (4): A
solution of 2 (690 mg, 3.00 mmol) and ferrocenecarbaldehyde
(107 mg, 0.50 mmol) in glacial acetic acid was stirred at 50 °C for
24 h under an Ar atmosphere. The residue was diluted with
CH,Cl,. The organic layer was washed with 5% aqueous NaHCO;
and water, dried with MgSO,, and concentrated under reduced
pressure. The residue was purified by column chromatography on
silica gel with CH,Cl, to afford 4 (300 mg, 91%) as green crystals.
M.p. 120.0-123.0°C (CH,Cl,). HRMS (ESI): caled. for
Cy HyyFeS," [M]* 656.2234; found 656.2233. IR (KBr disk): V.«
= 3082 (w), 2963 (m), 2916 (w), 2868 (w), 1577 (s), 1495 (w), 1460
(w), 1408 (m), 1362 (w), 1339 (w), 1306 (w), 1252 (w), 1198 (w),
1182 (w), 1132 (w), 1107 (w), 1067 (w), 1042 (w), 1024 (w), 1001
(w), 964 (w), 926 (w), 837 (m), 820 (m), 756 (w), 741 (w), 675 (W),
617 (w), 496 (w), 448 (w) cm™!. UV/Vis (CH,CL): Amax (loge) =
242 (4.60), 294 (4.80), 301 (4.80), 376 sh (4.02), 606 (2.81) nm. 'H
NMR (400 MHz, CDCly): 6 = 8.45 (d, J = 10.4 Hz, 2 H, 8-H), 8.32
(d, J = 104 Hz, 2 H, 4-H), 7.75 (s, 2 H, 2-H), 7.30 (dd, J = 10.4,
1.6 Hz, 2 H, 7-H), 7.23 (dd, J = 10.4, 1.6 Hz, 2 H, 5-H), 6.30 (s, 1
H, CH), 4.12 (t, J = 2.0 Hz, 2 H, 3.4-H of Fc), 4.06 (t, J = 2.0 Hz,
2 H, 2,5-H of Fc), 3.91 (s, 5 H, Cp), 2.41 (s, 6 H, SCH3), 1.41 (s,
18 H, /Bu) ppm. 13C NMR (100 MHz, CDCls): 6 = 162.49, 140.06,
138.65, 135.30, 134.59, 133.30, 133.23, 121.33, 121.21, 120.05,
95.24, 69.32, 69.16, 67.75, 38.99, 36.91, 32.29, 21.26 ppm.
C41HyyFeS, (656.77): caled. C 74.98, H 6.75; found C 75.26, H
7.05.

Ferrocenyl Bis(3-methylthio-1-azulenyl)methylium Hexafluorophos-
phate (5%-PF¢): DDQ (50 mg, 0.22 mmol) was added at room tem-
perature to a solution of 3 (96 mg, 0.18 mmol) in CH,ClI, (10 mL).
After the solution was stirred at the same temperature for 30 min,
a 60% HPF4 (5 mL) solution was added to the mixture. After stir-
ring at room temperature for an additional 15 min, water was
added to the mixture. The resulting suspension was filtered with
suction. The organic layer was separated, washed with water, dried
with MgSO,, and concentrated under reduced pressure. The resi-
due was crystallized from CH,CIl,/Et,O to give 5"-PF4 (117 mg,
96%) as a dark green powder. M. p. 160.0-165.0 °C (decomp.).
HRMS (ESI): caled. for C33H,,FeS,™ [M — PF¢]* 543.0898; found
543.0896. IR (KBr disk): Vi = 2910 (w), 1452 (s), 1420 (s), 1400
(s), 1381 (w), 1354 (m), 1324 (s), 1313 (s), 1302 (s), 1279 (s), 1189
(w), 1145 (w), 1108 (w), 1088 (w), 1060 (w), 1023 (w), 877 (m), 838
(s), 787 (w), 753 (m), 701 (w), 682 (w), 628 (w), 609 (w), 571 (w),
557 (m), 498 (w), 467 (w), 453 (w), 441 (w) cm!. UV/Vis (CH3CN):
Jmax (loge) = 234 (4.58), 262 sh (4.52), 297 (4.54), 391 (4.31), 516
(3.83), 742 (4.21) nm. 'H NMR (400 MHz, CD;CN): § = 8.69 (dd,
J =96, 1.6Hz, 2 H, 4-H), 8.59 (s, 2 H, 2-H), 7.92-7.82 (m, 4 H,
5,6-H), 7.43 (dd, J = 9.6, 1.6 Hz, 2 H, 8-H), 7.26 (ddd, J = 9.6,
1.6, 1.6 Hz, 2 H, 7-H), 5.49 (dd, J = 2.0, 2.0 Hz, 2 H, 2,5-H of Fc),
5.22 (dd, J = 2.0, 2.0 Hz, 2 H, 3.4-H of Fc), 4.54 (s, 5 H, Cp), 2.82
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(s, 6 H, SCH;) ppm. '*C NMR (100 MHz, CD;CN): § = 148.59,
148.47, 145.06, 141.65, 140.46, 140.06, 133.98, 133.51, 133.40,
87.24, 80.20, 78.43, 74.47, 17.90 ppm. Cs3H,;FsFePS, 1/2H,0
(697.52): caled. C 56.82, H 4.05; found C 57.00, H 4.16.

Ferrocenyl Bis(3-methylthio-6-zert-butyl-1-azulenyl)methylium Hexa-
fluorophosphate (6*-PF¢): DDQ (86 mg, 0.38 mmol) was added at
room temperature to a solution of 4 (203 mg, 0.31 mmol) in
CH,Cl, (30 mL). After the solution was stirred at the same tem-
perature for 30 min, a 60% HPFg4 (5 mL) solution was added to
the mixture. After stirring at room temperature for an additional
15 min, water was added to the mixture. The resulting suspension
was filtered with suction. The organic layer was separated, washed
with water, dried with MgSQO,, and concentrated under reduced
pressure. The residue was crystallized from CH,CIl,/Et,O to give
6"-PFs (230 mg, 93%) as a dark green powder. M. p. 198.0—
203.0 °C (decomp.). HRMS (ESI): calcd. for C4Hy3FeS,* [M —
PFg¢]" 655.2150; found 655.2142. IR (KBr disk): V. = 3115 (w),
2963 (m), 2922 (w), 2870 (w), 1576 (m), 1460 (s), 1429 (s), 1379
(m), 1356 (m), 1325 (s), 1294 (s), 1246 (m), 1219 (m), 1194 (m),
1109 (m), 1076 (m), 1061 (m), 1055 (m), 1018 (w), 974 (w), 924 (w),
839 (s), 775 (w), 743 (w), 708 (w), 669 (w), 617 (w), 594 (w), 557
(m), 500 (w), 482 (w) cm . UV/Vis (CH3CN): Ay.x (loge) = 234
(4.56), 264 (4.52), 302 (4.60), 391 (4.31), 493 (3.85), 738 (4.24) nm.
'"H NMR (400 MHz, CD5;CN): 6 = 8.59 (d, J = 10.0 Hz, 2 H, 4-
H), 8.48 (s, 2 H, 2-H), 8.04 (d, J = 10.0 Hz, 2 H, 8-H), 7.41 (d, J
=10.0 Hz, 2 H, 5-H), 7.34 (d, J = 10.0 Hz, 2 H, 7-H), 5.37 (br. s,
2 H, 3,4-H of Fc), 5.16 (br. s, 2 H, 2,5-H of Fc), 4.48 (s, 5 H, Cp),
2.78 (s, 6 H, SCH3), 1.30 (s, 18 H, tBu) ppm. *C NMR (100 MHz,
CD;CN): 0 = 170.50, 147.72, 147.61, 140.80, 139.65, 138.84,
133.41, 133.27, 131.94, 86.49, 78.13, 79.1, 74.05, 40.43, 31.96,
18.10 ppm. C4;Hy3FgFePS,:3/5CH,Cl, (851.68): caled. C 58.67, H
5.23; found C 58.72, H 5.16.

Supporting Information (see footnote on the first page of this arti-
cle): UV/Vis spectra and cyclic voltammograms of the reported
compounds.
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