1064  Bull. Korean Chem. Soc. 2010, Vol. 31, No. 4 Notes

DOI 10.5012/bkes.2010.31.04.1064
Short and Efficient Synthesis of Cyclopentadithiophene and Its Dialkylated Product
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Cyclopentadithiophene (CDT) is a key building block for the
construction of a low band gap conjugated polymers, which
has recently attracted much attention as a base material for
heterojunction solar cells.' Zirconium and titanium complexes
of cyclopentadienyl fused with a thiophene unit are also rele-
vant in the development of a homogenous Ziegler catalyst.2
The first synthesis of CDT was reported four decades ago
(equation 1).3 The synthetic route was rather lengthy and re-
quired use of hazardous chemicals such as lithium aluminum
hydride and Br,. Furthermore, the overall yield and atom eco-
nomy for equation 1 were very low (theoretical atom economy,
8.0%; practical atom economy, 1.2%, overall yield, 15%), ham-
pering a large scale synthesis of CDT by this route.
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Recently, another route was reported, where cyclopenta[2,1-
b;3,4-b'|dithiophen-4-one (2) was reduced according to a
Huang-Minlon modification of the Wolft-Kischner procedure
(equation 2).4 The reaction condition for the Wolff-Kischner
reduction was harsh; treatment of slurry of 2 in ethylene glycol
with potassium hydroxide and hydrazin hydrate for 8 hat 180 °C.
Due to the slurry nature of the reaction medium and harsh con-
ditions, the reported yield (65%) has not proved reproducible,
instead fluctuating in lower values. Furthermore, synthesis of
2 is not straightforward, hampering a large scale synthesis,
although some steps have been improved (equation 2).’

A short and efficient synthetic route for CDT is presently
reported, which can allow a large scale synthesis of 1 (Scheme 1).
A key step of the route is the Nazarov-type cyclization of a
pentadien-3-ol system. The Nazarov cyclization has been effi-
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Scheme 1. A short and efficient synthetic route for CDT

ciently employed in construction of cyclopentadiene systems’
and is still an issue in the synthetic organic (:hemistry.7 The Na-
zarov-type cyclization of 4 was previously reported in small
scale employing three equivalents of AICl; in benzene." A pro-
blem in the previous report on the scaleable synthetic point is
a synthesis of 4’ Compound 4 was prepared by three steps.
The first step was addition of 3-thienylmagnesium bromide to
excess dimethyl oxalate; the yield was 53%. The second step
was addition of 3-thienylmagnesium bromide to methyl 3-thi-
enylglyoxalate obtained in the first step. The yield for the se-
cond step was low (29%). Saponification of the hydroxy ester
with ethanolic KOH followed by the usual workup gave the
desired compound 4. 3-Thienylmagnesium bromide could not
be made directly from 3-bromothiophene and magnesium, but
was prepared from 3-thienyllithium, which required a tedious
procedure.

We can prepare 4 by reacting methyl 2,2,2-trimethoxyace-
tate (3) with two equivalents of 3-thienyllithium, generated
from 3-bromothiophene in hexane by bromo-lithio exchange
reaction using n-BuLi."” Compound 3 can be prepared inexpen-
sively from dimethyl oxalate in 50 g scale."’ Employing non-
polar hexane solvent in both the lithiation reaction and the
subsequent carbonyl attack reaction is crucial for a good yield.
Yield is poor (~30%) when THF is used instead of hexane. The
trimethyl orthoester group is easily converted to a carboxylic
acid group by acidic work-up (1 N HCI) and subsequent saponi-
fication reaction. The saponificated product is soluble in water
and most of side products can be removed by washing with
diethyl ether. The 'H and °C NMR spectra indicate that the
crude product obtained in this procedure is sufficiently pure to
proceed to the next Nazarov-type cyclization. In the 'H NMR
spectrum (CDCls), only three signals are observed at 7.39, 7.31,
and 7.17 ppm and only six signals are observed at 177.89,
141.80, 126.75, 126.31, 123.52, and 76.81 ppm in the “C NMR
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Notes

spectrum. Crude compound 4 is obtained in 15-g scale in this
way in ~60% yield. In the previously reported Nazarov-type
cyclization of 4, 3 equivalents of AlCl; were used in a large
amount of dry benzene (35 mL/g-4). The reported high yield
(75%) was not reproducible in our laboratory, but it was ~40%
in many trials.® Work-up procedure was also very tedious; lots
of solid were formed and so filtration was not easy. A new
condition is developed for the cyclization. Polyphosphoric acid
acts as an acid catalyst, and the cyclization occurs to give the
desired compound 5 in ~40% yield. The work-up procedure is
simple and can be applied in a large scale synthesis. Clean
compound can be obtained by passing through a short pad of
silica gel eluting with ethyl acetate. Even though the yield for
the cyclization is moderate, this cyclization is atom-economi-
cally advantageous over the intramolecular oxidative coupling
of the dibromo-compound used in equation 1 or Ulmann cou-
pling of diiodo-compound shown in equation 2.

In a previously reported method, the decarboxylation of §
was achieved by very harsh conditions: dissolving 5 (0.6 g) in
quinoline (25 mL) and heating the solution in the presence of
copper powder (0.5 g) at 238 °C (reflux) for 4 h.* A new mild
decarboxylation condition is set up. When compound 5 is treated
with KOH in dimethylsulfoxide (DMSO), deprotonation occurs
to yield a carboxylate anion. Under a vacuum, the carboxylate
anion liberates CO, gas to be a cyclopentadienyl-type anion of
CDT. In the reaction carried out in the NMR cell using DMSO-
ds, a clean conversion of a pair of doublet thiophene signals at
7.41 and 7.17 ppm (J = 5.2 Hz) to another pair of doublet
signals at 6.82 and 6.40 (d, J = 5.2 Hz) ppm is observed. The
targeted 1 can be obtained by protonation on the generated
cyclopentadienyl-type anion of CDT in ~60% yield. The gene-
rated cyclopentadienyl-type anion of CDT can be also directly
converted, in overall ~60% yield, to more valuable dioctyl
CDT (6) by the treatment of two equivalents of octyl bromide
and a catalytic amount of KI.

Experimentals

General remark. Hexane, benzene, and THF were distilled
from benzophenone ketyl. Pyridine was dried by keeping over
molecular sieves. Dimethyl sulfoxide (dmso) was used as it
was received without further purification. '"H NMR (400 MHz)
and "C NMR (100 MHz) spectra were recorded on a Varian
Mercury Plus 400 apparatus.

Synthesis of 3. Synthesis of the compound in 50 g scale was
reported but it required a tedious fractional distillation step to
remove some side products. "' A more convenient method was
developed which did not generate any side product to allow
purification just by simple vacuum distillation. Thus, methyl
2,2-dichloro-2-methoxyacetate (25.0 g, 0.144 mmol), anhydrous
methanol (50 mL), pyridine (41 mL), and anhydrous diethyl
ether (70 mL) were mixed. The resulting solution was stirred
overnight at room temperature. Addition of diethyl ether (100
mL) resulted in two phases. The upper phase was collected and
additional diethyl ether (50 mL) was added to the lower phase.
White solid precipitated which was filtered off. The solid was
washed with diethyl ether (50 mL X 2). Organic phases were
combined and washed with saturated aqueous CuSOys solution
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(200 mL). The collected organic phase was dried over anhydrous
MgSO, and the solvent was removed using a rotary evaporator.
After pyridine was discarded by vacuum distillation at ~30 °C/
0.4 mmHg, the product was collected at 40 ~ 50 °C/0.4 mmHg
(21.5 g, 91%). 'H NMR (CDCl) 6 3.85 (s, 3H), 3.35 (s, 9H)
ppm. °C NMR (CDCL) § 165.80, 110.71, 52.98, 50.97.

Synthesis of 4. Into a flask containing 3-bromothiophene
(30.0 g, 0.184 mol) was added anhydrous hexane (225 mL).
After the solution was cooled to —40 °C, n-BuLi (73.6 mL, 2.5 M
in hexane, 0.184 mol) was added dropwise, and then anhy-
drous THF (15 mL) was added. The resulting white suspen-
sion was stirred for 10 min at —40 °C, and then allowed to warm
to room temperature for 20 min. After the suspension was cooled
to =78 °C, compound 3 (15.1 g, 0.0920 mol) was added in one
portion with vigorous stirring. The solution was allowed to
warm to room temperature for 40 min, during which time a solid
precipitated. After water (150 mL) was added, the hexane phase
was collected. The water phase was extracted further with di-
ethyl ether (100 mL x 2). All the organic phases were combined
and solvent was removed. The residue was dissolved in ethyl
acetate (250 mL) and 1 N HCI (250 mL) was added. The re-
sulting two phase solution was stirred for 20 min. Organic
phase was collected and the water phase was extracted further
with ethyl acetate (50 mL). The combined organic phases were
washed with saturated aqueous Na,CO; solution (20 mL). After
the solution was dried over anhydrous MgSQ,, all volatiles
were removed using a rotary evaporator to give an orange
residue (~23 g). The residue was dissolved in methanol (92 g)
dissolving KOH (10.2 g, 0.181 mol). The resulting solution was
stirred for 3 h, until TLC indicated complete saponification.
Water (150 mL) and diethyl ether (150 mL) were added. Water
phase was collected, which was subsequently washed with di-
ethyl ether (150 mL X 4). To a flask containing the water phase
was added toluene (200 mL). H>SO4 (23 g, 0.23 mol) diluted
with water (70 mL) was added dropwise while stirring vigo-
rously. The organic phase was collected and the water phase
was further extracted with toluene (50 mL X 2). After the com-
bined organic phases were dried over anhydrous MgSQOy, solvent
was removed using a rotary evaporator to give a residue that
was solidified by evacuation (13.0 g, 59%). The 'H and “C
NMR spectra indicated that the purity of the crude product was
satisfactory to proceed to the next step without further purifi-
cation. 'HNMR (CDCl;) § 7.39 (dd, J=2.8, 1.2 Hz, 2H), 7.31
(dd, J=5.2,2.8 Hz, 2H), 7.17 (dd, /= 5.2, 1.2 Hz, 2H). The
OH signal is missing due to broadening. "CNMR (CDCl) 8
177.89, 141.80, 126.75, 126.31, 123.52, 76.81.

Synthesis of 5. A CH,Cl; solution (100 mL) dissolving 4
(11.3 g, 46.9 mmol) was added to polyphosporic acid (67 g,
85%) for 2 h at 50 °C with a syringe pump, and then the mix-
ture was stirred at this temperature for 2 h. Ice (60 g) was
added after cooling the mixture with ice bath and then ethyl
acetate (100 mL) was added. After the mixture was filtered
over Celite, the organic phase was collected. The water phase
was extracted further with ethyl acetate (100 mL x 2). After
the combined solution was dried over anhydrous MgSQy, the
solvent was removed using a rotary evaporator to give a tan-
colored solid. Pure compound can be obtained by column chro-
matography on a short pad of silica gel eluting with ethyl acetate
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(4.08 g,39%). 'H NMR (CDCly) 8 7.23 (d, J=4.8 Hz, 2H), 7.21
(d,J=4.8 Hz, 2H), 4.66 (s, 1H). The OH signal is missing due
to broadening. °C NMR (CDCL) & 174.92, 146.17, 139.19,
125.58, 123.46, 48.85.

Synthesis of 1. Compound 5 (1.00 g, 4.50 mmol) was di-
ssolved in DMSO (20 mL), and KOH (0.505 g, 9.00 mmol) was
added. The resulting solution was evacuated and then stirred
overnight under a closed vacuum system. After overnight stirr-
ing, the system was briefly evacuated seven times in every 1 h.
The solution was quenched with saturated NH4Cl solution (30
mL) and then compound was extracted with hexane (20 mL X
3). After the solution was dried over anhydrous MgSOs, sol-
vent was removed using a rotary evaporator. Pure compound
was obtained by column chromatography on silica gel eluting
with hexane (0.430 g, 61%). '"H NMR (CDCL) § 7.19 (d, J =
4.8 Hz, 2H), 7.11 (d, J = 4.8 Hz, 2H), 3.57 (s, 2H). "C NMR
(CDCl) 6 149.63, 138.59, 124.50, 123.00, 32.07.

Synthesis of 6. To the cyclopentadienyl-type anion of CDT
generated by decarboxylation of 5 (1.00 g, 4.50 mmol) using
KOH (0.757 g, 13.5 mmol) according to the method described
above were added octyl bromide (1.74 g, 9.00 mmol) and KI
(25 mg, 0.15 mmol). The solution was stirred overnight at room
temperature. Water (40 mL) was added and the product was
extracted with hexane (20 mL x 3). After the solution was dried
over anhydrous MgSOy, solvent was removed using a rotary
evaporator to give an oily residue. Pure compound was obtained
by column chromatography on silica gel eluting with hexane
(1.10 g, 61%). "H NMR (CDCl3) § 7.16 (d, J = 4.8 Hz, 2H),
6.94 (d,/=4.8 Hz, 2H), 1.92-1.77 (m, 4H), 1.40-1.07 (m, 20H),
1.07-0.92 (m, 4H), 0.88 (t,J = 7.2Hz, 6H). "C NMR (CDCl)
5 158.14, 136.46, 124.49, 121.75, 53.48, 38.01, 32.14, 30.35,
29.69, 29.59, 24.86, 22.97, 14.48.
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