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ABSTRACT

Novel thiophene oligomers containing a redox active hexaarylethane unit have been prepared as a new class of molecular wires having a
large electrochemical bistability and definitely characterized by using single-crystal X-ray structure analysis and redox potential measurements.
They constitute reversible redox pairs with the corresponding bis(thioxanthyl) dications by undergoing C—C bond making/breaking. They
show unique electrochromism and a fluorescence change during interconversion.

Thiophene oligomers are one of the most important materials Figure 1. In this system, oxidation of the oligothiophene unit
for making molecular nanowirésecause of their excellent induces the &C bond breaking of the hexaarylethane bond
electron and energy transfer properties throughstheon- accompanied by the generation of highly colored triaryl-
jugation, which can be utilized for the fabrication of mo-
lecular deviced.On the other hand, switching such molecular
wires by external stimuli is an important theme. For this
purpose, switching of the-conjugation using a conforma-
tional change has been considered. Among thiophene oli-
gomers, for example, 1,2-dithienylcyclopentene derivatives
have been reported as electro-photochromic compounds
showing a switching function, where two stable forms can
be exchanged by light or electron transtétowever, oligo-
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thiophenes undergoing a drastic molecular motion leading 26 JT l\ 26
to a large electrochemical bistabilitare still rare. In this
context, we have now designed oligothiophenes containing @ Oligothiophene--OFF

a hexaarylethane unit, which constitute reversible redox pairs Dications---ON

with bis(triarylmethylenium)-type dications as shown in
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methylenium ions. Oligothiophene units should adopt a twist —78 °C. Lithiation of this alcohoB by 2 equiv ofn-butyl-
conformation as a result of the Coulomb repulsion between lithium followed by oxidation with CuGl afforded diol10

the two triarylmethylenium units (oligothiophene OFF state).

in high yield. Bis(thioxanthylium)-type dicatio??"(BF; ")

On the other hand, reduction of the cations regenerates thevas obtained by treating diol0 with HBF, in acetic

normal oligothiophener-conjugation (oligothiophene ON

anhydride. Reduction with Zn of dication s&@t"(BF; ).

state). During this interconversion, the properties of oligo- formed a C-C bond between the methylenium carbons to
thiophenes are considered to be drastically changed withafford bithiophene-type hexaarylethaheDilithiation of 1

unique color and fluorescence changesithough oligo-
thiophenes are known as electrochromic matefiaise

with n-butyllithium followed by reaction with diiodoethane
afforded diiodohexaarylethar®in good yield. A Suzuki

derivatives incorporating other strong chromophors are rare.coupling of3 with the corresponding thiophene-2-boric acids
Such systems are expected to exhibit multicolored electro- or a thiophen-2-yl-dioxaborolane (f@a) gave a quater-
chromism. Moreover, these compounds possess reactivehiophene derivativé and sexithiophene8a,b. Oxidation

terminal a-positions of thiophene units, where other func-

of hexaarylethané& with 2 equiv of p-BrCsHs)sN™*SbCk~

tional groups can be introduced. Unique electron-transfer led to fission of the €&C bond to regenerate the dication
devices might be constructed by connecting them with 22*, which was isolated as ShClsalt in excellent yield.

electron acceptor parfsWe report here the preparation,

The efficient interconversion between bithiophene-hexaaryl-

properties, and structure of such unique thiophene oligomers.ethanel and2?* indicates that they constitute a “reversible”
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6a: R, = M %~ 7a(sbCl),
6b: R, = —@—@cems 7b%(SbClg),

aReagents: (a) thioxanthone, 77%; (bBuLi, CuCk, 34%; (c)
HBF,, 221(BF47)2, 94%; (d) Zn, 89%; (e)d-BrCsH4)sN™ShCk;
22(SbCk™)2, 94%, 527(SbCk™),, 93%, 782" (SbCk™),, 52%,
7b?*(SbCk™),, 88%, (f) n-BulLi, ICH,CHyl, 84%; (g) Pd(PP§)4;
4, 64%;6a, 28%;6b, 84%.

9-Hydroxy-9-(3-thienyl)thioxanther@was prepared by the
reaction of 3-lithiothiophen8 with thioxanthone in ether at
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redox pair undergoing bond making/breaking upon electron
transfer. On the other hand, the similar oxidation of quater-
thiophene4 and sexithiopheneéa,b afforded the corre-
sponding dication5,7ap?"(SbCk"), as stable solids in good
yields. Oxidation of sexithiophene derivatiga having no
alkyl groups ata,w-positions was carefully conducted
because a polymerization reaction of the oligothiophene
competed with the bond cleavage reaction as described later.

3,3-Bithiophene-type hexaarylethah#& and dicatiori 22+
were prepared for comparisons according to the procedure
shown in Scheme 2. They also constitute reversible redox
pairs.

Scheme 2

" 12%(X),

aReagents: (a) thioxanthone, 40%; (b) HBE22"(BF47),, 94%;
(c) Zn, 97%; (d) p-BrCsHa)sNT"ShCk~, 122+(SbCk™),, 92%.

The structure o6awas revealed by X-ray analysigwo
crystallographically independent molecules exist (molecule

(6) (@) Sonmez, G.; Meng, H.; Wudl, Ehem. Mater2004,16, 574—
580. (b) Gaupp, C. L.; Welsh, D. M.; Rauh, R. D.; Reynolds, JCRem.
Mater. 2002,14, 3964—3970.

Org. Lett., Vol. 6, No. 15, 2004



1 and molecule 2). The structure of molecule 1 is shown in || N

Figure 2a. The ethane bond is unusually long [1.655(5) A
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Figure 2. Molecular structures of sexithiopheba (Molecule 1) 5
(a) and dication12>*(SbCk™), (b). Counteranions of Sbghand §
included MeCN molecules are omitted for clarity. 5
©
=
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in molecule 1 and 1.673(5) A in molecule 2] compared with Wavelength (nm)

a standard €C bond length (1.54 A). Such a long bond i 3. Absorofi tra of (a) oligothioph ain
: ; ' ; it igure 3. Absorption spectra of (a) oligothiophenes containing a
'ffglﬂg'sﬁalso f%sg"ed/&'” ?g?'atled a’gh'c’pr}eﬂeg‘g't‘)’a“‘ée hexaarylethang (solid line), 4 (dashed line), anéb (dotted line),
[1.656(5)-1.679(5) Al. This elongation of the-€C bon and (b) bis(thioxanthyl) dicatior22* (solid line),52* (dashed line),
seems to be caused by the steric effect of the aryl grbups. and 7102+ (dotted line).
The molecule6a is thermally stable in air (mp 37880

°C), indicating that these long bonds are difficult to be

homolytically cleaved. The dihedral angles of the central and 520 nm® = 0.25), respectively. In contrast, the dication
bithiophene moieties are only f.4nd 5.7. The oligo- states7a,?* did not exhibit any fluorescence. This result
thiophene residues are also planar and adopt transoid conindicates that the present system works as a novel redox-fluo-
formation. This result shows the efficientconjugation in rescence switch. The absorption maximum of sexithiophene
the oligothiophene skeltoa. On the other hand, the struc-  6b at 463 nm was shifted to 389 nm and a new absorption
ture of the dication was investigated by X-ray analysis of at 520 nm attributed to thioxanthylium units that appeared
dication 122*(SbCk"). (Figure 2b). The distance between (Figure 3b). These absorptions are observed commonly in

the two cation carbons is 5.34 A, and the dihedral angle of dication2,5,7a* and are summarized in Table 1. This result
the bithiophene unit is 14327 which is much larger than

those of the corresponding biphenyl- and binaphthyl-type _

dications (69.2-73.0°),*>5suggesting the easier free rotation

around the bithiophene axis. Table 1. UV-—vis and Fluorescence Data _
Hexaarylethané is a colorless compound. The absorption compound A (N (log €)) Amax (NM) (Py)°
maxima of4 and 6 are shifted to longer wavelengths with 1 312 (4.20)2
an increase in the number of thienyl units as shown in Figure 22+(BF,"), 384 (4.31), 520 (3.77)P
3a. On the other hand, sexithiophene derivat@b show 4 413 (4.41)2
efficient fluorescence at 516 nm (quantum yiell= 0.30) 5%%(SbCls )2 379 (4.59), 530 (3.73)°
6a 457 (4.80)2 516 (0.30)
a
(7) Crystal data for 6a: CsgH2sSs, MW = 885.25, monoclini®2/c, a 6b2+ _ 463 (4.82) b 520 (0.25)
= 18.408(7)b = 14.645(7)c = 30.55(1) A, = 102.50(3)°V = 8039(6) 7b*" (SbClg™)2 389 (4.80), 550 (3.85)
A3 Z = 8, Deaca = 1.463 glcm, Ry = 0.07, wR, = 0.146,S = 1.34. 11 275 (4.31)2
Structural disorder was observed for a terminal thiophene unit of molecule  122+(BF;-), 390 (4.26), 543 (3.79)°
2 by 180 rotation about the bithienyl axis, and the structural analysis could
be converged by assuming the 20% contribution of minor conforfrier. a|n CH,Cly. 2 In MeCN. € Aex 366 nm. Theds values were determined
CzaH20S4, MW = 556.77, triclinicP1, a = 14.798(5),b = 18.05(1),c = using 9,10-diphenylanthracene as a standard.

20.15(1) A,o = 79.85(5)°,f = 90.00(4)°,y = 76.79(4)°,V = 5154(4)
A3 Z =8, Deaica= 1.435 g/cm, Ry = 0.072,wR, = 0.247,S= 3.44.12:
CaaH20S427(SbChk )2+ (C2H3N)2, MW = 1307.81, monoclinicC2/c, a =

%\g.8267(73,bD= 14.3217(8)2,0 /= n%1§79(%)01§;g =R5292-6g(23());,\é= 438;12(3) suggests that a unique electrochromic system is realized by
, £ = 4, Dcalcd = 1. g/icm, kg = 0. yWhe = 0. o= 3./2. ; ;
(8) Suzuki, T.: Ono, K.: Nishida, J.. Takahashi, H.. Tsuji, J7.Org. using these redox couples. The fact that the absorptions of

Chem.2000,65, 4944—4948. the sexithiophene unit iBa,b are shifted to shorter wave-
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lengths can be rationalized by the conformational change a<ji A NG

revealed by X-ray analysis that the planar conformation of

the sexithiophene unit i6a,b changes to a twisted confor- (a) 3 . .
mation in the dicationga,?**. The conformational change >
is considered to be brought about by Coulomb repulsion

between the two thioxanthylium ions in the dications. Tr ]

Drastic molecular structural change causes the hysteretic
redox properties of the neutral oligothiophenes and dications.
Oxidation peak oféb was observed at0.67 V, which
corresponds to the bond-breaking reaction of the hexaaryl- 2t .
ethane bond to give dicatiorb?*. On the other hand, the
corresponding reduction peak appeared in the far cathodic 0 05 1 15
region (+0.35 V), which is assigned to the reduction peak v
of dication7b?* ascribing to the reduction of thioxanthylium (b)
parts. The hexaarylthane bond is regenerated in this process.

Such redox behavior has been commonly observed in the

similar redox couples undergoing reversible-C bond

breaking [L, E,;>¢ = +0.88 V versus SCE in Ci&l,; 4, +0.78 <
V; 6a,+0.67 V; 11, +0.84 V]/making p?*, Ey¢d = +0.28

Vin MeCN; 52, +0.34 V; 7a&2*, +0.36 V; 12°*, +0.39 V].

This result indicates that the present system has a high
electrochemical bistability. The oxidation potentials are

shifted to negative potentials as the number of thiophene units 0 02 04 06 08 1 12 14
increases. This is explained by considering that the electron- v

donating ability of thiophene oligomers increases with an
increase ofr-conjugation. On the other hand, the dication
7b%* containing a sexithiophene with alkyl groups exhibited
a reversible 2e oxidation peak owing to the oligothiophene

HA
(o]

w N 2o 4N b A A
T

Figure 4. Cyclic voltammograms of (éa and (b)6b (hysteretic
interconversion betweedb and 7b?* is shown as a dashed line).

at+1.09 V as shown in Figure 4b. In contrastao®", 7a* able electrochemical bistability accompanied by hysteresis
showed two cathodic return peaks corresponding to theof redox potentials. The thiophene units could be easily
oligothiophene part and a sharp reduction peak@#3 V modified, and a sexithiophene oligomer was prepared here.

due to the thioxanthylium part, which is almost reversible By using this unique thiophene oligomer, it would be possible
(Flgure 4a) When the electrochemical oxidation and reduc- to deve|0p molecular wires with Switching functions.

tion are constantly repeated6a, the peak currents increased,
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In this paper, we have succeeded in preparing redox actwemiﬂ - . i .
oligothiophenes containing a redox active hexaarylethane.12 (S_bCla )z and crystal (_jata in CIF format. This material
unit, in which C—C bond making/breaking is reversibly is available free of charge via the Internet at http:/pubs.acs.org.

induced upon electron transfer. This system shows a remark-OL049216M
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