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Introduction

Arising from their prominent optoelectronic properties, oli-
gothiophenes are some of the most thoroughly studied p-
conjugated oligomers.[1] In addition to the extraordinarily
long oligothiophenes,[2] a number of hybrid systems with
fullerene,[3] metal complex,[4] triarylamine,[5] heterocycle,[6]

and polycyclic aromatic hydrocarbon[7] moieties have been
studied with respect to a potential application in photovolta-
ic cells, light-emitting diodes, field effect transistors, and
other optoelectronic devices. Furthermore, more complicat-
ed and well-defined oligothiophenes,[8] featuring macrocy-
clic,[9] interlocked,[10] helical (cross-conjugated),[11] or
fused[12] systems, have been synthesized successfully in
recent years. Considering the application of these extended
oligothiophenes to various electronic devices, an efficient in-
termolecular interaction would be needed in the solid state
in addition to an intramolecular interaction. From this view-
point, 3D conjugated systems[13] (star-shaped[14] and dendrit-
ic[15] oligothiophenes) have been intensively studied in the
last decade. We recently reported the synthesis of tetrakis(2-
thienyl)methane (1 a)[16] and some of its derivatives. 1 a
would be a useful core unit for tetrahedrally extended oligo-
thiophenes. These tetrahedral oligothiophenes would be ex-
pected to exhibit a number of useful characteristics. Firstly,
they would have a solubility higher than those of the corre-
sponding linear oligothiophenes because of the low planarity

of the molecule. This is advantageous for their purification,
crystallization for X-ray crystallographic analysis, further
functionalization on terminal thienyl groups, and process-ACHTUNGTRENNUNGability for application in optoelectronic devices. Secondly,
an intramolecular interaction would be expected to exist be-
tween oligothiophene moieties through the central carbon
atom, since X-ray analysis of tetrakis(5-bromo-2-thienyl)me-
thane reveals that the average distance between ipso-car-
bons (ca. 2.47 �)[16a] is much shorter than the van der Waals
distance between sp2 carbons. Thirdly, besides the intramo-
lecular interaction, the efficient intermolecular interaction is
also expected when the oligothiophene moieties become
longer since more molecules can contact each other by inter-
calation. These structural features of tetrahedral oligothio-
phenes would improve the performance of the optoelectron-
ic devices. In the course of our studies on tetrakis(heteroar-
yl)methanes,[17] we now report the synthesis, X-ray crystallo-
graphic analysis, and optoelectronic properties of tetrakis(o-
ligothienyl)methanes 1 a–3 a, and their trimethylsilyl (TMS)
derivatives 1 b–3 b.

Results and Discussion

We first examined functionalization of 1 a for the construc-
tion of tetrahedrally extended p-electron systems based on
1 a. Particularly, tetra-metallation and tetra-halogenation of
1 a will open the way to a number of derivatives of 1 a.
Scheme 1 shows the tetra-lithiation and tetra-bromination of
1 a. It was found that tetralithiation of 1 a could be carried
out by the treatment with 8 equiv of nBuLi at 0 8C. Quench-
ing with trimethylsilyl chloride (TMSCl) or N,N-dimethyl-
formamide (DMF) afforded tetrakis(trimethylsilyl) deriva-
tive 1 b or tetraaldehyde 1 c, respectively. Tetrabromide 1 d
was synthesized by the bromination of 1 a with 5 equivalents
of N-bromosuccinimide (NBS) in chloroform.
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Abstract: Tetrakis(bithienyl)methane
and tetrakis(terthienyl)methane have
been synthesized from tetrakis(2-thi-ACHTUNGTRENNUNGenyl)methane by use of Suzuki–
Miyaura coupling as a key reaction.
Their trimethylsilyl (TMS) derivatives
are also synthesized. X-ray analysis re-
veals that each oligothiophene moiety
tends to adopt anti-conformations and
show relatively small torsion angles be-

tween the adjacent thiophene rings.
While the longest absorption maxima
of these tetrakis(oligothienyl)methanes
exhibit only a slight bathochromic shift

compared to the corresponding linear
oligothiophene derivative, tetrakis(bi-
thienyl)methane and its TMS deriva-
tive exhibit an appreciable red-shift in
their fluorescence spectra. The intra-
molecular interaction between thienyl
groups of tetrakis(2-thienyl)methane is
supported by DFT calculation.

Keywords: fluorescence spectrosco-
py · density functional calculations ·
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The synthesis of tetrakis(oligothienyl)methanes is illus-
trated in Scheme 2. Compounds 2 a and 3 a were synthesized
by Suzuki–Miyaura coupling as a key reaction. The reaction
of 1 d with 2-thienylboronic acid[18] in the presence of [Pd-ACHTUNGTRENNUNG(PPh3)4] gave 2 a in 51 % yield as colorless needles. 2 a ex-
hibited the prominent clathrate property for CH2Cl2;
CH2Cl2 molecules are included in the crystals of 2 a obtained
both by crystallization from CH2Cl2–hexane and by concen-
tration of a solution in CH2Cl2–hexane. The ratio of 2 a and
CH2Cl2 was 2:1. This suggested that the size and shape of
the CH2Cl2 molecule matched well with the vacant space of
the crystal of 2 a. Although it was expected that 3 a could be

synthesized from 1 d and 2,2’-bithiophene-5-boronic acid, we
could not synthesize this boronic acid despite several at-
tempts. Hence, we decided to synthesize 3 a by the coupling
of tetrakis(boronic acid) 1 e and 5-bromo-2,2’-bithienyl.[19]

1 e was obtained by tetra-lithiation of 1 a followed by the
treatment with trimethyl borate. Suzuki–Miyaura coupling
of 1 e and 5-bromo-2,2’-bithienyl afforded 3 a in 30 % yield.
Although partial coupling products were also produced,
pure crystals of 3 a appeared from the fractions during
column chromatography on silica gel. 2 a and 3 a show satis-
factory solubility in CH2Cl2, CHCl3, and THF. This solubility
helps further transformation of 2 a and 3 a. As is the case of
1 a, tetra-lithiation of 2 a could be also achieved with
8 equivalents of nBuLi, and 2 b was obtained in 88 % yield
by quenching with TMSCl. However, the tetra-lithiation of
3 a did not proceed effectively under similar conditions, and
only resulted in the partially substituted products. Therefore,
tetra-lithiation of 3 a had to be carried out under more
severe conditions. Thus, a treatment of 3 a with 20 equiva-
lents of lithium diisopropylamide (LDA) followed by the ad-
dition of TMSCl afforded 3 b in 33 % yield with a small
amount of partially TMS substituted compounds.

X-ray crystallographic analysis is the most powerful
method to obtain the characteristics of the molecular struc-
ture and molecular packing in the solid state.[20] The single
crystals of 1 a–3 a and 1 b–3 b were obtained from CH2Cl2 or
CHCl3 solution by the technique of slow vapor diffusion
with n-pentane. Their crystallographic parameters are listed
in Table 1.[21] In these tetrahedral oligothiophenes, the oligo-
thiophene moieties take-up an anti conformation except in
the case of unsubstituted terminal thiophene rings of 1 a–3 a,
which show the rotational disorder of syn and anti confor-
mations. Since oligothiophenes often adopt a syn conforma-
tion in the solid state, the tendency to adopt an anti confor-
mation may arise from the demand for effective molecular

Abstract in Japanese:

Scheme 1. Lithiation and bromination of 1a.

Scheme 2. Synthesis of tetrakis(oligothienyl)methanes 2 and 3.
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packing. The bond lengths of the central carbon atom,
d(C1�ipso-C), are not affected by the extension with thio-
phene units. The short atom distance between the central
atoms (dACHTUNGTRENNUNG(C1···C1)), which would allow the possibility of in-
termolecular interaction between oligothiophene moieties, is
lengthened by the bulky TMS groups which prevent the
molecules from close contact with each other (1 b and 2 b).
However, d ACHTUNGTRENNUNG(C1···C1) of 3 b is considerably short in spite of
the terminal bulky TMS groups, suggesting an effective in-
termolecular interaction between oligothiophenes. The in-
clusion of the solvent molecules also prevents the close con-
tact of molecules (2 a and 3 a). The averaged torsion angles
between the adjacent thiophene rings, fACHTUNGTRENNUNG(Th�Th), are rela-
tively small (around 158).

The crystal structure of 3 b exhibits the highest symmetry
and most interesting features which should be characteristic
of tetrakis(oligothienyl)methanes. The crystal of 3 b shows a
tetragonal crystal system reflecting the high symmetry of the
molecule. Figure 1 shows the asymmetric unit of 3 b. Al-
though there are two crystallographically independent mole-
cules of 3 b (represented as conformer A and B in Figure 1),
both conformers have S4 symmetry. The terthienyl moieties
of the conformer A show high coplanarity; each thiophene
ring is almost planar and the torsion angles between adja-
cent thiophene rings are less than 108 (ring a�ring b 8.78,
ring b�ring c 8.78). On the other hand, the torsion angles be-
tween the corresponding thiophene rings in conformer B are
larger than those of the conformer A (ring d�ring e 20.78,

ring e�ring f 26.08). The intramolecular atomic distances be-
tween the ipso-carbon atoms (C2···C2’, or C18···C18’) are in
the range of 2.44–2.52 �, indicating the close contact be-
tween the oligothiophene moieties. The expected orbital
overlap between the oligothiophenes is supported by UV/
Vis spectroscopy, cyclic voltammetry, and DFT calculation
(see below). Figure 2 shows the crystal structure of 3 b along
the c axis. The central carbon atoms of 3 b are located both
at the vertices, and at the center of the ab plane in the unit
cell. Conformer A and B are stacked separately along the c

Table 1. Crystallographic data and some characteristic structural features of tetrahedral oligothiophenes.

1 a 1b 2a·0.5 CH2Cl2 2 b 3a·1.5 CHCl3 3b

Formula C17H12S4 C29H44S4Si4 C33.5H21S8Cl C45H52S8Si4 C50.5H29.5S12Cl4.5 C61H60S12Si4

Mr [g mol�1] 344.52 633.25 715.47 961.73 1180.55 1290.21
Color colorless colorless yellow yellow yellow yellow
Habit prism prism plate block plate needle
Crystal size [mm] 0.3 � 0.2� 0.2 0.5� 0.3 � 0.3 0.5� 0.3 � 0.1 0.4 � 0.2� 0.2 0.5� 0.3 � 0.1 0.3� 0.2� 0.2
T [K] 200 200 200 200 200 200
Crystal system monoclinic tetragonal monoclinic monoclinic monoclinic tetragonal
Space group P21/n (No. 14) I-4 (No. 82) P21/c (No. 14) P2/n (No. 13) P21/a (No. 14) P-4 (No. 81)
a [�] 9.8227(7) 22.895(7) 10.596(3) 18.126(7) 26.012(5) 23.578(7)
b [�] 16.103(2) 22.895(7) 13.611(4) 7.739(3) 14.685(3) 23.578(7)
c [�] 10.3426(9) 6.990(4) 21.802(6) 18.171(7) 26.610(6) 6.489(2)
a [8] 90 90 90 90 90 90
b [8] 106.041(2) 90 91.66(1) 91.91(2) 94.134(9) 90
g [8] 90 90 90 90 90 90
V [�3] 1572.2(2) 3664(2) 3143(5) 2547(5) 10137(11) 3607(6)
Z 4 4 4 2 8 2
1calcd [g cm�3] 1.455 2.247 1.512 1.254 1.547 1.188
m [mm�1] 0.593 8.703 0.678 0.474 0.791 0.463
Reflections measured 3572 13393 30470 23 508 94133 32159
Rint 0.077 0.023 0.045 0.079 0.225 0.069
Reflections in refinement for R1 3000 3260 6214 3606 9188 5501
Parameters 190 167 388 258 1147 347
R1[a] 0.056 0.033 0.051 0.078 0.144 0.068
wR2[b] 0.177 0.096 0.157 0.240 0.422 0.223
S 0.95 1.03 1.07 1.04 1.13 0.96
d ACHTUNGTRENNUNG(C1-ipsoC) [�][c] 1.53[f] 1.52 1.53[f] 1.54[f] 1.53[f] 1.53[f]

d ACHTUNGTRENNUNG(C1···C1) [�][d] 6.24 7.36 6.88 7.74 7.40 6.49
fACHTUNGTRENNUNG(Th�Th) [8][e] – – 18.0 13.6 13.8 16.1

[a] For data of I>2s(I). [b] For all data. [c] Bond length of the central carbon atom. [d] Short atom distance between the central carbon atoms. [e] Aver-
aged torsion angle between the adjacent thiophene rings. [f] Averaged value.

Figure 1. ORTEP drawing of the asymmetric unit of 3b (50 % probabili-
ty). The atomic numbering, ring, and molecular representations are also
given.
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axis to form two kinds of columnar structures; [···�A�A�
A�···] and [···�B�B�B�···]. The atom distances between the
central carbon atoms in both columns are 6.49 �. In these
columnar structures, there are several intermolecular atom
distances which are nearly twice the van der Waals radius of
carbon. In addition, each molecule contacts the four neigh-
boring molecules in the face-to-edge fashion (Figure 1). This
face-to-edge contact between the neighboring molecules is
often observed in crystals of oligothiophenes or their deriva-
tives to form the herringbone arrangement.[20] There are no
appreciable S···S contacts and the shortest S···S distance is
4.49 � (S3···S5). The shortest atom distance in the face-to-
edge contact of 3 b is 3.55 � (C8···C27), which is also nearly
twice the van der Waals radius of carbon. Pentacene, one of
the most applicable molecules to organic field-effect transis-
tors (OFETs),[22] also forms a herringbone structure as a
crystal. The shortest intermolecular C···C distance of penta-
cene is in the range of 3.58–3.69 �.[23] Therefore, 3 b is ex-
pected to be a promising compound of electro-conductive
material because of the relatively close packing of the her-
ringbone structure and intramolecular interaction because
of the short dipso···dipso distances.

The crystal structure of 2 b is similar to that of 3 b. The
cell parameters of 2 b are close to tetragonal with shorter a
and c values. The molecules of 2 b are stacked along the b
axis (see Figure S10 of the Supporting Information). Howev-
er, the most important difference between the crystal struc-
ture of 2 b and 3 b is the distance between the adjacent mol-
ecules. The distance between the central carbon atoms in
adjacent molecules along the b axis is approximately 7.74 �
(vs 6.49 � for 3 b). Consequently, the distance between the

molecules is longer and no close contact is observed (the
shortest atom distance is 3.71 � (C3···C8)). There is also no
short contact between the adjacent columns. As a conse-
quence of the shorter oligothiophene backbones compared
to 3 b, the bulky terminal TMS groups observed prevent the
adjacent molecules coming into contact with each other in
the case of 2 b. The torsion angles between the adjacent
thiophene rings are comparatively small (about 148).

The corresponding a-unsubstituted derivatives 2 a and 3 a
are expected to have more effective intermolecular contacts
than 2 b and 3 b because of the lack of bulky TMS groups.
However, these compounds show the tendency for the inclu-
sion of solvent molecules in their crystal. The crystal of 2 a
includes one CH2Cl2 molecule for every two molecules of
2 a. This high affinity of 2 a for CH2Cl2 was also observed in
the preparation and characterization of 2 a (described
above). Short contacts between 2 a and CH2Cl2, smaller than
the sum of the van der Waals radii, are observed (S2···Cl1
3.54 �, S8···Cl1 3.46 �). The intermolecular contacts be-
tween oligothiophene moieties are also observed (see the
Supporting Information). The crystal of 3 a includes three
CHCl3 molecules for every two molecules of 3 a. Contrary
to 2 a, specific interaction between 3 a and CHCl3 is ob-
served.

Figure 3 shows the absorption and emission spectra of 2
and 4. Table 2 summarizes the optical properties of 1–3. The
data of the corresponding linear oligothiophenes (2,2’-bi-
thienyl (4 a), 5,5’-bis(trimethylsilyl)-2,2’-bithienyl (4 b),

Figure 2. Crystal structure viewed along the c axis with conformer repre-
sentations. Selected atom distances (�): C3···C41) 3.471(7), C3···C31)

3.568(8), C3···C32) 3.568(8), C19···C203) 3.554(8), C23···C274) 3.512(9),
C23···C274) 3.513(9), C24···C284) 3.415(9). Symmetry operations: 1) �y+2,
x, �z+1; 2) y, �x+2, �z+1; 3) y, �x +1, �z+1, 4) x, y, z�1.

Figure 3. Absorption and fluorescence spectra of a) 2 a (solid lines) and
2b (dashed lines); b) 4 a (solid lines) and 4 b (dashed lines). Both absorp-
tion and fluorescence intensities (I) are normalized.
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2,2’;5’,2’’-terthienyl (5 a), and 5,5’’-bis(trimethylsilyl)-
2,2’;5’,2’’-terthienyl (5 b) are also listed in Table 2.

Similar to the series of linear oligothiophenes, bathochro-
mic shifts are observed by the extension with thienyl groups.
The difference of the longest absorption maximum (labs) of
2 and 3 are compatible with that of the corresponding linear
oligothiophenes; 4 and 5 (about 60 nm). The longest absorp-
tion maxima of 2 and 3 exhibit an appreciable red-shift (6–
14 nm) compared to their corresponding linear analogues 4
and 5, respectively, as a result of tetrahedral extension of
the oligothiophene moieties. These red-shifts of the absorp-
tion maxima should be attributable to the homoconjugation
between oligothiophene moieties through the central
carbon.[24] In order to elucidate the intramolecular interac-
tion between the oligothiophene moieties in these tetra-
kis(oligothienyl)methanes, a DFT study of 1a was carried out.
According to the DFT calculation at the RB3LYP/6-31G-ACHTUNGTRENNUNG(d,p) level, LUMO of 1 a is constructed by four LUMOs of
thiophene, among which there
are bonding through-space in-
teractions (Figure 4). On the
other hand, an anti-bonding
through-bond interaction is sug-
gested in the doubly degenerate
HOMOs of 1 a. Compared with
thiophene, the stabilization
energy of the LUMO and de-
stabilization energy of the
HOMO are 0.261 and 0.258 eV,
respectively, which account for
the red-shift of the longest ab-
sorption maximum of these tet-
rakis(oligothienyl)methane de-
rivatives.

In the fluorescence spectra, the Stokes shifts of 2 (66–
71 nm) are larger than those of 4 (34–39 nm). The fluores-
cence spectra of 2 show only a broad band without the vi-
brational structure whereas those of 4 display vibrational
structure (Figure 3). These fluorescence properties in 2
might be attributable to the intramolecular interaction be-
tween the bithienyl moieties. On the other hand, the Stokes
shifts of 3 (46 nm) are similar to those of 5 (43–45 nm). The
shape of the fluorescence spectra of 3, exhibiting vibrational
structure, are quite similar to those of 5 (see Figure S16 of
the Supporting Information). It is suggested that the behav-
ior of each terthiophene moiety is predominant over the in-
tramolecular interaction between terthiophenes.

Upon cyclic voltammetry (see Figure S17 of the Support-
ing Information), all oxidation potentials were observed as
irreversible waves, which indicated the oxidative oligomeri-
zation. The oxidation potentials of 2 and 3 were observed at
lower potentials than the corresponding linear oligothio-
phene derivatives 4 and 5, respectively (Table 1). This result
would be also attributable to the destabilization of the
HOMO in the tetrakis(2-thienyl)methane framework by in-
tramolecular interaction between the oligothiophene moiet-
ies.

Conclusions

In summary, we have synthesized a series of tetrakis(oligo-
thienyl)methanes 1 a–3 a and their TMS derivatives 1 b–3 b.
The crystal structure of 3 b shows a well-regulated arrange-
ment of molecules, reflecting the highly symmetric molecu-
lar structure. Large Stokes shifts, attributable to the intra-
molecular interaction between the bithiophene moieties, are
observed in 2 a and 2 b. The intramolecular interaction be-
tween thiophenes in 1 a is also suggested by DFT calcula-
tion. The tetrahedrally extended oligothiophene derivatives
described here show promise for application as organic sem-
iconductors because of both the intramolecular and intermo-
lecular interaction between the oligothiophene moieties.
Furthermore, rational structural modification can be done
easily through the lithiation and bromination of 1 a. Synthe-

Table 2. Optical properties of 1–3 and those of the corresponding oligo-
thiophenes in CH2Cl2.

Compound labs [nm][a]ACHTUNGTRENNUNG(log e)
lem [nm][b] Stokes shift [nm] Eox [V][c,d]

1a 241 (4.44) none – +1.77
1b 252 (4.61) none – +1.73
2a 344 (4.59) 415 71 +1.13
2b 353 (4.70) 419 66 +1.08
3a 400 (4.81) 446 46 +0.93
3b 407 (4.89) 453 46 +0.88
4a 330 (3.88) 364 34 –[e]

4b 343 (4.05) 382 39 +1.24
5a 389 (4.00) 432 43 +1.05
5b 401 (4.17) 446 45 +0.98

[a] Only the longest absorption maxima are shown. [b] Excited at the
longer absorption maxima. [c] V vs Ag/Ag+ in 0.1 m nBu4NClO4 (Fc/Fc+

=++0.22 V), 100 mV sec�1. [d] peak potentials. [e] not observed as a peak
potential in 0�1.5 V.

Figure 4. HOMO (left, one of the degenerate orbitals is shown) and LUMO (right) of 1 a (RB3LYP/6-31G-ACHTUNGTRENNUNG(d,p) method).
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sis of longer homologues and application to optoelectronic
devices are now under investigation.

Experimental Section

General

Melting points were obtained on a Yanako MP500D apparatus and are
uncorrected. 1H and 13C NMR spectra were recorded on a JEOL EX-270
(270 MHz) or JEOL LA-500 (500 MHz) spectrometer. Chemical shifts
were recorded in units of per million downfield from tetramethylsilane as
an internal standard, and all coupling constants are reported in Hertz.
UV/Vis spectra were recorded in CH2Cl2 on a JASCO J-720W spectro-
photometer. Fluorescence spectra were recorded in CH2Cl2 on a JASCO
FP-6300 spectrofluorometer. Mass spectra were recorded using a Shimad-
zu GCMS-QP5050 spectrometer (by EI method) or a JEOL JMS-SX102
spectrometer (by FAB method). Cyclic voltammetry was performed in
THF on a BAS CV-50W voltammetric analyser using nBu4NClO4 as an
electrolyte. If necessary, the compound was purified by a recycle HPLC
(LC-9201, Japan Analytical Industry Co., Ltd) on GPC columns
(JAIGEL 1H and JAIGEL 2H) after purification by column chromatog-
raphy on silica gel. Elemental analysis was performed at the Elemental
Analysis Center at the Faculty of Science, Osaka University.

Materials

Diisopropylamine, methylene chloride, and dimethylformamide (DMF)
were distilled from calcium hydride and stocked under nitrogen with
dried molecular sieves (4 �). Tetrahydrofuran (THF) and 1,2-dimethoxy-
ethane (DME) were distilled from sodium benzophenone ketyl under ni-
trogen before use. Other commercially available reagents and solvents
were used without further purification. Synthetic procedure and spectro-
scopic data for 1 a was already reported.[16] 2-Thienylboronic acid[18] and
5-bromo-2,2’-bithienyl[19] were prepared according to literature proce-
dures.

Tetrakis(5-trimethylsilyl-2-thienyl)methane (1b): A 1.4m solution of
nBuLi in hexane (2.9 mL, 4.0 mmol) was added to a solution of 1 a
(172 mg, 0.50 mmol) in THF (40 mL) over 3 min at �70 8C under nitro-
gen atmosphere. The resulting red solution was stirred at 0 8C for an
hour. The reaction mixture turned into an orange suspension. The reac-
tion mixture was cooled at �70 8C again, then TMSCl (1.2 mL, 8.0 mmol)
was added over 5 min. The reaction mixture turned into a red solution
during the addition of TMSCl. The reaction mixture was stirred for
30 min at �70 8C, then allowed to warm to room temperature. After stir-
ring for 2 h, water (50 mL) was added to the reaction mixture. The aque-
ous layer was extracted with hexane–ethyl acetate (3:1 v/v, 50 mL � 3).
The combined organic layers were washed with water and brine, then
dried over anhydrous Na2SO4. After filtration and evaporation, the pale
yellow residue was purified by column chromatography on silica gel
(30 g) eluted with hexane. Recrystallization with hexane gave 250 mg
(79 %) of 1 b as colorless needles (m.p. 189–190 8C, hexane); UV/Vis (in
CH2Cl2) lmax/nm (log e) 252 (4.61); 1H NMR (500 MHz, CDCl3): d=7.09
(d, J =3.3 Hz, 4 H), 7.07 (d, J=3.3 Hz, 4H), 0.28 ppm (s, 36H); 13C NMR
(125 MHz, CDCl3): d=158.1, 139.7, 133.2, 129.1, 53.7, 0.0 ppm; MS (EI):
m/z (rel intensity) 632 [M+ , 58], 559 ([M�C3H9Si]+ , 100), 477 ([M�
C7H11SSi]+ , 21), 322 ([M�C14H22S2Si2]

+, 26); elemental analysis: calcd
(%) for C29H44S4Si4: C 55.00, H 7.00; found C 54.95, H 7.03.

Tetrakis(5-formyl-2-thienyl)methane (1c): A 1.4 m solution of nBuLi in
hexane (5.8 mL, 4.0 mmol) was added to a solution of 1a (344 mg,
1.0 mmol) in THF (80 mL) over 5 min at �70 8C under nitrogen atmos-
phere. The resulting red solution was stirred at 0 8C for an hour followed
by the addition of DMF (0.62 mL, 8.0 mmol). The reaction mixture was
stirred at 0 8C for an hour and then room temperature for an hour. Satu-
rated aqueous ammonium chloride solution (80 mL) was added, and the
solution was stirred for 30 min. The aqueous layer was extracted with
ethyl acetate (100 mL � 3). The combined organic layers were washed
with water and brine, and then dried over anhydrous Na2SO4. After fil-
tration and evaporation, the yellow residue was purified by column chro-

matography on silica gel (40 g) eluted with ethyl acetate–chloroform (1:5
v/v). The desired tetraaldehyde 1c (337 mg, 74%) was obtained as pale
yellow crystals. M.p. 253–254 8C; UV/Vis (in CH2Cl2) lmax/nm (log e) 296
(4.68), 274 sh (4.57); 1H NMR (270 MHz, CDCl3): d=9.90 (s, 4H), 7.72
(d, J=4.1 Hz, 4 H), 7.22 ppm (d, J=4.1 Hz, 4 H), 13C NMR (125 MHz,
CDCl3): d=182.5, 157.9, 143.6, 135.4, 129.5, 55.0 ppm; MS (FAB) m/z
457.0 [M+H]+ ; elemental analysis: calcd (%) for C21H12O4S4: C 55.24,
H 2.65; found C 54.22, H 2.82.

Tetrakis(5-bromo-2-thienyl)methane (1 d): NBS (0.22 g, 1.2 mmol) was
added to a solution of 1 a (103 mg, 0.3 mmol) in 10 mL of chloroform in
the dark. The reaction mixture was stirred overnight at room tempera-
ture. After the addition of water (10 mL), the reaction mixture was ex-
tracted with chloroform (25 mL � 2). The combined organic layers were
washed with water, and dried over anhydrous Na2SO4. After filtration
and evaporation, the yellow residue was purified by recrystallization with
chloroform. Tetrabromide 1 d was obtained as colorless crystals (140 mg,
70%). M.p. 249.5–250.5 8C; UV/Vis (in CH2Cl2) lmax/nm (log e) 277
(4.41); 1H NMR (270 MHz, CDCl3): d=6.94 (d, J =4.0 Hz, 4H),
6.78 ppm (d, J =4.0 Hz, 4 H); 13C NMR (67.8 MHz, [D8]THF): d=151.3,
129.9, 128.5, 112.8, 53.8 ppm; MS (EI) m/z (rel intensity) 662 [M+ ,
81Br3·

79Br, 34], 660 [M+ , 81Br2·
79Br2, 47], 658 [M+ , 81Br·79Br3, 25], 583

([M�Br]+ , 81Br3, 34), 581 ([M�Br]+ , 81Br2·
79Br, 63), 579 ([M�Br]+ ,

81Br·79Br2, 69), 577 ([M�Br]+ , 79Br3, 25), 502 ([M�2Br]+ , 81Br2, 69), 500
([M�2Br]+ , 81Br·79Br, 100), 498 ([M�2Br]+ , 79Br2, 53), 421 ([M�3Br]+ ,
81Br, 53), 419 ([M�3Br]+, 79Br, 50), 340 ([M�4Br]+ , 28); elemental analy-
sis: calcd for C17H8S4Br4: C 30.93, H 1.22, found C 31.22, H 1.20.

Tetrakis(5-(2-thienyl)-2-thienyl)methane (2 a): A mixture of 1d (400 mg,
0.60 mmol), 2-thienyl boronic acid (930 mg, 7.3 mmol), sodium carbonate
(1.54 g, 14.5 mmol), and (PPh3)4Pd (280 mg, 0.24 mmol) in DME (30 mL)
and water (15 mL) was refluxed for 24 h under nitrogen atmosphere. The
resultant reddish brown solution was diluted with water (50 mL), then ex-
tracted with CH2Cl2 (50 mL � 3). The combined organic layers were
washed with water, and dried over anhydrous Na2SO4. After filtration
and evaporation, the brown solid residue was adsorbed on silica gel (3 g),
and purified by column chromatography on silica gel (25 g) eluted with
hexane–CH2Cl2 (4:1 v/v, 500 mL), hexane–CH2Cl2 (1:1 v/v, 300 mL), then
CH2Cl2 (200 mL). Although the greater part of 2 a was eluted with
hexane–CH2Cl2 (4:1 v/v) or hexane–CH2Cl2 (1:1 v/v), a part of 2 a was
eluted only with CH2Cl2. The 2 a in the fraction of CH2Cl2 was purified
by column chromatography on silica gel again. Colorless crystals may
appear from fractions in hexane–CH2Cl2 (4:1 v/v). According to elemen-
tal analysis and 1H NMR spectroscopy, this crystals contain one CH2Cl2

molecule per two molecules of 2a (2a (CH2Cl2)0.5) as observed by X-ray
crystallographic analysis.) Recrystallization with chloroform-hexane gave
2a (260 mg, 63 %) as colorless crystals. M.p. 143–144 8C (CHCl3-hexane);
UV/Vis (in CH2Cl2) lmax/nm (log e) 344 sh (4.59), 323 (4.81), 249 (4.35),
228 (4.33); 1H NMR (270 MHz, CDCl3): d=7.19 (dd, J =5.1, 1.1 Hz,
4H), 7.13 (dd, J =3.5, 1.1 Hz, 4H), 7.09 (d, J =3.8 Hz, 4H), 7.06 (d, J=

3.8 Hz, 4 H), 6.97 ppm (dd, J= 5.1, 3.5 Hz, 4 H); 13C NMR (67.8 MHz,
CDCl3): d =149.9, 137.3, 136.9, 128.4, 127.5, 124.3, 123.7, 122.8, 53.5 ppm;
MS (EI) m/z (rel intensity) 672 [M+ , 78], 507 ([M�C8H5S2]

+ , 36), 342
([M�C16H10S4]

+ , 100), 336 (M2+ , 19); elemental analysis: calcd (%) for
C33H20S8·0.5CH2Cl2: C 56.23, H 2.96; found C 56.05, H 2.90.

Tetrakis(5-(5-trimethylsilyl-2-thienyl)-2-thienyl)methane (2 b): A 1.4 m so-
lution of nBuLi in hexane (0.86 mL, 1.2 mmol) was added to a solution
of 2a (100 mg, 0.15 mmol) in THF (20 mL) over 5 min at �70 8C under
nitrogen atmosphere. The reaction mixture (dark green solution) was al-
lowed to warm up to 0 8C, and then stirred for an hour. Dark green pre-
cipitates appeared in a pale yellow solution. The reaction mixture was
subsequently cooled to �70 8C, and trimethylsilyl chloride (370 mg,
3.0 mmol) was added. The green precipitates immediately dissolved and
the reaction mixture turned into a yellow solution. The reaction mixture
was stirred at room temperature overnight. The resulting green solution
was diluted with water (20 mL) and extracted with CH2Cl2 (30 mL � 3).
The combined organic layers were dried over anhydrous Na2SO4. After
filtration and evaporation, the green solid residue was purified with
column chromatography on silica gel (20 g) eluted with hexane–CH2Cl2

(5:1 v/v). 2b (130 mg, 88 %) was obtained as pale yellow crystals. M.p.>
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260 8C (dec.), (CH2Cl2–hexane); UV/Vis (in CH2Cl2) lmax/nm (log e)
353 sh (4.70), 332 (4.91), 254 (4.33), 228 (4.36); MS (FAB) m/z 961 [M+

H]+ , 723 ([M�C11H13S2Si]+), 486 ([M�C22H26S4Si2]
+); 1H NMR

(500 MHz, CDCl3): d=7.18 (d, J =3.3 Hz, 4H), 7.09 (d, J =3.3 Hz, 4H),
7.08 (d, J=3.8 Hz, 4H), 7.04 (d, J= 3.8 Hz, 4H), 0.31 ppm (s, 36H);
13C NMR (125 MHz, CDCl3): d =150.3, 142.2, 140.0, 137.6, 134.7, 128.7,
125.1, 122.9, 53.6 ppm, �0.1; elemental analysis: calcd (%) for
C45H52S8Si4: C 56.20, H 5.45; found C 55.87, H 5.36.

Tetrakis(5-(5-(2-thienyl)-2-thienyl)-2-thienyl)methane (3 a): 1.4m solution
of nBuLi in hexane (1.7 mL, 2.4 mmol) was added to a solution of 1a
(100 mg, 0.29 mmol) in THF (25 mL) over 3 min at �70 8C under nitro-
gen atmosphere. The reaction mixture was stirred at �70 8C for 10 min
and then at 0 8C for an hour. The resultant orange suspension was subse-
quently cooled to �70 8C, and then (MeO)3B (380 mg, 3.6 mmol) was
added to the reaction mixture that turned into a yellow solution. The re-
action mixture was stirred at room temperature for two hours. 2m aque-
ous HCl (15 mL) was added at 0 8C and the reaction mixture was stirred
at room temperature for 30 min, and extracted with ether (50 mL � 3).
The organic layers were combined and concentrated to afford crude tet-
rakis(boronic acid) 1 e as yellow solid which was used for the next reac-
tion without further purification. A mixture of crude 1e, 5-bromo-2,2’-bi-
thienyl (590 mg, 2.4 mmol), sodium carbonate (250 mg, 2.4 mmol), and
(PPh3)4Pd (67 mg, 0.058 mmol) in DME (30 mL) and water (15 mL) was
refluxed for 24 h under nitrogen atmosphere. The reaction mixture was a
yellow solution with black tar. (A large amount of 3a was contained in
this tar). This precipitate was purified with column chromatography on
silica gel (40 g) eluted with hexane–CH2Cl2 (4:1 v/v, 500 mL) and
hexane–CH2Cl2 (3:1 v/v, 600 mL). 3a (80 mg, 27%) was obtained as
yellow needles. 3 a (10 mg, 3%) was also obtained from a part of the
yellow solution by the ordinary workup. Yellow needles; m.p. 142–143 8C
(CHCl3); UV/Vis (in CH2Cl2) lmax/nm (log e) 400 sh (4.81), 374 (5.03),
253 (4.50), 228 (4.55); 1H NMR (270 MHz, CDCl3): d=7.20 (dd, J =5.1,
1.1 Hz, 4H), 7.16 (dd, J =3.8, 1.1 Hz, 4H), 7.10 (d, J= 4.1 Hz, 4 H), 7.07
(d, J=4.1 Hz, 4 H), 7.05 (s, 8H), 7.01 ppm (dd, J =5.1, 3.8 Hz, 4H);
13C NMR (125 MHz, CDCl3): d =150.1, 137.4, 137.1, 136.5, 135.8, 128.8,
127.9, 124.54, 124.53, 124.3, 123.8, 123.0, 53.7 ppm; MS (FAB) m/z 1000
[M]+ , 753 ([M�C12H7S3]

+); elemental analysis calcd (%) for C49H28S12:
C 58.76, H 2.82; found C 58.63, H 2.80.

Tetrakis(5-(5-(5-trimethylsilyl-2-thienyl)-2-thienyl)-2-thienyl)methane
(3b): A 1.4m solution of nBuLi (1.0 mL, 1.4 mmol) was added to a solu-
tion of diisopropylamine (0.2 mL, 1.4 mmol) in THF (10 mL) over 3 min
at �70 8C under nitrogen atmosphere. After stirring at 0 8C for 30 min, a
solution of 3a (70 mg, 0.070 mmol) in THF (15 mL) was added at �70 8C
over 10 min. After stirring at 0 8C for an hour, trimethylsilyl chloride
(0.51 mL, 3.5 mmol) was added to the resultant green fluorescent brown
suspension at �70 8C. The reaction mixture was allowed to warm up to
room temperature and turned light yellow. After stirring at room temper-
ature overnight, the resultant green solution was diluted with water
(40 mL). The mixture was extracted with CH2Cl2 (50 mL � 3) and the
combined organic layers were dried over anhydrous Na2SO4. After filtra-
tion and evaporation, the green residue was purified by column chroma-
tography on silica gel (20 g) eluted with hexane–CH2Cl2 (4:1 v/v) to
afford 3b (30 mg, 33%) as yellow needles. Yellow needles, m.p. 177–
178 8C (CHCl3–hexane); UV/Vis (in CH2Cl2) lmax/nm (log e) 407 sh
(4.89), 381 (5.11), 256 (4.53), 228 (4.65); 1H NMR (270 MHz, CDCl3): d=

7.20 (d, J =3.4 Hz, 4 H), 7.12 (d, J=3.4 Hz, 4H), 7.09 (d, J=3.8 Hz, 4H),
7.07 (d, J =3.8 Hz, 4 H), 7.06 (d, J=3.8 Hz, 4H), 7.04 (d, J=3.8 Hz, 4H),
0.33 ppm (s, 36H); 13C NMR (125 MHz, CDCl3): d =149.9, 141.9, 139.9,
137.3, 136.4, 135.7, 134.6, 128.6, 124.8, 124.4, 124.2, 122.7, 53.6, �0.1 ppm;
MS (FAB) m/z 1288 [M+], 969 ([M�C15H15S3Si]+), 650 ([M�C30H30S6Si2]

+

); elemental analysis calcd (%) for C61H60S12Si4: C 56.78, H 4.69; found
C 56.65, H 4.69.
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