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The First Synthesis and Properties of 2,3-Di-t-butylthiophene. Reaction of
3,4-Di-t-butyl-1,2-dithiete with Dimethyl Acetylenedicarboxylate
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Heating 3,4-di-t-butyl-1,2-dithiete (5) with dimethyl acetylenedicarboxylate (5 equiv) in refluxing o-
dichlorobenzene affords dimethyl 2,5-di-i-butyl-3,4-thiophenedicarboxylate (6) (44%), dimethyl 2,3-di-¢-butyl-
4,5-thiophenedicarboxylate (7) (5%), tetramethyl 1,4-dithiin-2,3,5,6-tetracarboxylate (8) (4%), and tetramethyl
2,3,4,5-thiophenetetracarboxylate (9) (43%). Mechanism of the formation of these products is discussed.
Treatment of the hindered ester 7 with lithium I-propanethiolate affords 2,3-di-t-butyl-4,5-thio-
phenedicarboxylic acid (13) in 59% yield, which can be decarboxylated by treatment with copper powder to give
2,3-di-¢-butylthiophene (4) in 88% yield. The thiophene 4 rearranges to 2,4-di-t-butylthiophene (1) on
treatment with aluminum chloride. Oxidation with m-CPBA affords the corresponding sulfone (23). Elec-
trophilic substitutions (bromination and nitration) of 4 occur exclusively at the less hindered and more
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electronically favored 5-position.

The five- and six-membered aromatic compounds
having two t-butyl groups at the vicinal position
constitute a body of overcrowded molecules. Their
chemistry has been extensively investigated from
interest in theories, syntheses, structures, and reactivi-
ties. Among the four di-t-butylthiophene isomers,
2,4- and 2,5-di-t-butylthiophenes (1 and 2) which are
nearly free from steric strains are easily synthesized.!
3,4-Di-t-butylthiophene (3) having a large strain
energy? was first synthesized in 1980 by Brandsma et
al.® after many unsuccessful attempts by others.4) We
have also recently developed a convenient synthesis
of 3 and investigated its reactivities.® The fourth
isomer, 2,3-di-t-butylthiophene (4), has remained
unknown® and is reported here. It is noteworthy
that Krebs et al. have recently succeeded in the prepa-
ration of 2,3,4,5-tetra-t-butylthiophene.”
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Results and Discussion

3,4-Di-t-butyl-1,2-dithiete (5),® which is one of a few
isolable 1,2-dithietes? and posesses two ¢-butyl groups
at the vicinal position in itself, was chosen as the
starting material for the synthesis of 4. Thus, a solu-
tion of 5 and dimethyl acetylenedicarboxylate
(DMAD) (5 equiv) in o-dichlorobenzene was heated
at reflux for 3 h. Chromatographic workup of

the mixture afforded dimethyl 2,5-di-t-butyl-3,4-
thiophenedicarboxylate (6)1) (44%), dimethyl 2,3-di-¢-
butyl-4,5-thiophenedicarboxylate (7) (5%), and the
known compounds tetramethyl 1,4-dithiin-2,3,5,6-
tetracarboxylate (8)1V (4%) and tetramethyl 2,3,4,5-
thiophenetetracarboxylate (9)12 (43%).

The molecular formula of 6 was determined to be
C16H2404S based on elemental analyses and MS.
Both 'H and BCNMR data showed that the com-
pound has two equivalent ¢-butyl and methoxycar-
bonyl groups on the thiophene ring. Two isomeric
thiophenes 6 and 15 are compatible with these NMR
data. Therefore, the compound was hydrolyzed
under alkaline conditions to give the dicarboxylic acid
10 in 97% yield. The diacid 10, when heated above its
melting point, smoothly eliminated water to give the
corresponding acid anhydride 11 quantitatively.
Thus, the structure of the compound was unambigu-
ously determined to be 6.

Compound 7 also has a molecular formula of
Ci16H2404S. 'H and BCNMR spectra revealed that
the compound has two nonequivalent t-butyl and
methoxycarbonyl groups on the thiophene ring.
Two isomeric structures 7 and 16 are again in har-
mony with the observed NMR data. We then hydro-
lyzed the compound under the conditions which the
hydrolysis of 6 was cleanly attained (potassium
hydroxide in refluxing aqueous ethanol). The reac-
tion afforded compound 12 as the sole product in
which the more hindered ester group remained
untouched. This ester was not hydrolyzed even on
prolonged heating (42 h) with potassium hydroxide in
boiling water. These results show that the ester car-
bonyl is highly sterically hindered and resists the
usual based-catalyzed hydrolysis involving a tetrahed-
ral intermediate. A number of procedures have been
developed to overcome such difficulty. The use of
lithium 1-propanethiolate in hexamethylphosphoric
triamide (HMPA) is one of the excellent methods
which can cleave the alkyl-oxygen bond of hindered
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esters.13  Application of this method to 7 satisfactori-
ly afforded the dicarboxylic acid 13 in 59% yield. In
contrast to the results with the diacid 10, 13 did not
lose water upon heating to give the corresponding
acid anhydride 14.14) It could be converted to 14 in
72% yield by heating it with acetic anhydride. Thus,
the structure of the compound was rigidly established
to be 7.

As to the mechanism of the formation of 6—9, the
following seems probable. The unexpected forma-
tion of 6 may involve a stepwise [2+2]cycloaddition of
DMAD to the double bond of 5 which is activated by
large angle strains and electron-donating divalent sul-
furs, though the process seems unfavorable sterically.
The resulting 17 then undergoes ring opening to give
the 1,2-dithiin 18 which loses sulfur to produce 6. It
is known that 1,2-dithiins thermally extrude sulfur to
afford the corresponding thiophenes.15

The simplest explanation for the formation of 7
involves the valence tautomerization of 5 to the a-
dithione 19, which undergoes [4+2]cycloaddition
with DMAD to give the 1,4-dithiin 20.1® Thermal
sulfur extrusion of 1,4-dithiins yielding thiophenes is
well documented!? and hence 20 would give rise to 7
under the applied conditions: Although these are the
very processes that we expected to occur at the begin-
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ning of the present study, currently we do not have
any evidence for the presence of the dithiete-dithione
tautomerization.’®) Therefore, an alternative path
which involves electrophilic addition of DMAD to the
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sulfur of 5 followed by collapse of the resulting
betaine 21 to 20 cannot be ruled out.

The straightforward explanation is available for the
formation of 8 and 9. Thermal sulfur extrusion of 8
yielding 9 is a known reaction.!’® Also known is the
formation of 9 by reaction of DMAD with elemental
sulfur which probably involves 8 as the interme-
diate.? Therefore, in the present case, the sulfur
extruded from 18 and 20 would react with DMAD to
give 8, which then loses sulfur to produce 9.

We have also examined the reaction of 5 with
phenyl vinyl sulfoxide!® at 180 °C using benzene as
solvent in a stainless steel autoclave with expectation
of obtaining the dithiin 22. However, no reaction
occurred with recovery of 5in 87% yield. The dithiete
5 is also inactive toward benzyne generated by thermal
decomposition of 2-carboxybenzenediazonium chlo-
ride in the presence of propylene oxide;2? 5 was reco-
vered in 86% yield. Irradiation of a solution of 5 in
hexane containing excess DMAD with a 400-W
medium-pressure mercury lamp afforded an intracta-
ble mixture;!8 no expected 20 was obtained.

O

Since we could obtain the dicarboxylic acid 13
though in low overall yield, its decarboxylation
was attempted to prepare the parent 2,3-di-t-butyl-
thiophene (4). Heating 13 with copper powder in
refluxing quinoline cleanly afforded 4 in 88% yield as
a colorless liquid. In the HNMR spectrum, two
nonequivalent ¢-butyls of 4 appear at § 1.45 and 1.55 as
sharp singlets indicating that the rotation about the
thienyl-to-t-butyl bonds is fast on the H NMR time
scale at room temperature. The same conclusion is
also reached by BCNMR spectrum in which each
signal of two t-butyls consists of one singlet due to
quaternary carbon and one quartet due to three equi-
valent methyl carbons. These NMR behaviors are
analogous to those of 3% and o-di-t-butylbenzene.2V
Meanwhile, the protons at C-4 and C-5 appear at §
6.94 and 7.10, respectively, with J=5.4 Hz.22 In the
1BCNMR, the signals due to C-4 and C-5 appear at §
131.0 and 116.4, respectively, while those of two car-
bons carrying a t-butyl group appear at lower fields of
6 144.6 and 149.1.23

Finally reactivities of 4 were briefly examined.
Treatment of 4 with aluminum chloride at room
temperature caused a smooth rearrangement to the
thermodynamically stable 2,4-isomer 1. An analo-
gous rearrangement to 1 has been observed with the
2,5- and 3,4-isomers 21 and 3.9 Oxidation of 4 with
excess m-chloroperbenzoic acid (m-CPBA) cleanly
afforded 2,3-di-t-butylthiophene 1,1-dioxide (23) in
79% vyield. This reactivity resembles that of the 3,4-
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CPBA is known to give the first isolable thiophene
sulfoxide, 2,5-di-t-butylthiophene 1,1-dioxide, though
in low yield.2¥ Electrophilic substitutions of 4, as
expected, exclusively occur at the less hindered and
more electronically favored 5-position.?s) Thus,
treatment of 4 with N-bromosuccinimide (NBS)
afforded the bromide 24 in 79% yield. Nitration with
fuming nitric acid in acetic acid produced the com-
pound 25 quantitatively.

Experimental

General. Melting points were determined on a MEL-
TEMP capillary tube apparatus and are uncorrected. Both
1H and 3C NMR spectra were recorded on a JEOL FX-90Q
or a Bruker WM-400 spectrometer. Chemical shifts are
expressed in parts per million from tetramethylsilane as an
internal standard. Mass spectra were determined on a Shi-
madzu QP-1000 or a JEOL DX-303 spectrometer. High
resolution mass spectra were determined on a JEOL DX-303
spectrometer. IR spectra were taken on a Hitachi 270-50
spectrometer.

Column chromatography was conducted using E. Merck
silica gel 60 (70—230 mesh). 2,3-Di-t-butyl-1,2-dithiete
(5) was prepared in the following way. O-(Methyl-
sulfonyl)pivaloin prepared from pivaloin? and methane-
sulfonyl chloride, was treated with potassium thiocyanate in
N,N-dimethylacetamide (DMA) to give 2,2,5,5-tetramethyl-
4-thiocyanato-3-hexanone.?”? The cyanate was then treated
with sodium hydroxide to give 2,2,5,5-tetramethyl-4-thioxo-
3-hexanone,®2” which was sulfurized with freshly prepared
Lawesson’s reagent? to furnish 5.8 Dimethyl acetylenedi-
carboxylate (DMAD) was purified by distillation prior to
use. 2-Carboxybenzenediazonium chloride was prepared
according to the literature method.20

Reaction of 3,4-Di-t-butyl-1,2-dithiete (5) with DMAD.
A solution of 1.07 g (5.3 mmol) of 5 and 3.76 g (26.5 mmol)
of DMAD in 40 ml of o-dichlorobenzene was heated under
reflux for 3 h. The dark brown mixture was evaporated
under reduced pressure. The residue was chromato-
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graphed on a column of silica gel (120 g). The column was
first eluted with hexane to remove the remaining o-
dichlorobenzene and then with benzene to give 1.13 g of
dimethyl 2,5-di-¢-butyl-3,4-thiophenedicarboxylate (6) con-
taminated with DMAD. Recrystallization of this material
from hexane gave 0.73 g (44%) of pure 6. Further elution of
the column with benzene gave 0.13 g of crude dimethyl 2,3-
di-t-butyl-4,5-thiophenedicarboxylate (7). Rechromatog-
raphy of the above material gave 82 mg (5%) of pure 7.
The column was then eluted with dichloromethane to
give 0.13 g of crude tetramethyl 1,4-dithiin-2,3,5,6-
tetracarboxylate (8). Pure 8, 80 mg (4%), was obtained by
purifing the above material with rechromatography.
Further elution of the original column with dichlorome-
thane gave 0.72 g (43%) of tetramethyl 2,3,4,5-thio-
phehetet_racarb_oxylate 9).

In a separate experiment, when 5 was allowed to react
with a lesser amount of DMAD (1—3 equiv), elemental
sulfur could be isolated in a considerable amount.

6: Mp 93—93.5°C (hexane); 'THNMR (CDCls) 6=1.40
(18H, s, t-butyl), 3.77 (6H, s, COz:Me); BCNMR (CDCls)
6=31.17 (q), 35.12 (s), 51.81 (q), 128.84 (s), 152.41 (s), 166.17
(s); IR (KBr) 1270, 1728 cm~1 (ester); MS m/z 312 (M1), 281,
265 (base), 233. Anal. (C16H2404S) C, H.

7: Viscous oil; TH NMR (CDCls) 6=1.48 (9H, s, ¢-butyl),
1.58 (9H, s, t-butyl), 3.77 (3H, s, CO2Me), 3.85 (3H, s,
CO:Me); 3CNMR (CDCls) 6=32.96 (q), 33.82 (q), 36.05 (s),
37.18 (s), 51.92 (q), 52.37 (q), 123.92 (s), 142.44 (s), 144.23 (s),
157.77 (s), 161.35 (s), 168.77 (s); MS m/z 312 (M*), 281, 265
(base); IR (film) 1214, 1734 cm~! (with two shoulders) (ester).
HRMS Found: m/z 312.1375. Calcd for CieH2404S: M,
312.1395.

8: Mp 123—123.5°C (lit,1» mp 126—127°C); :HNMR
(CDCls) 6=3.82 (s); 3CNMR (CDCls) 6=53.49 (q), 134.59 (s),
161.62 (s).

9: Mp 125—126.5°C (lit,120 mp 125—126 °C); 'H NMR
(CDCls) 6=3.88 (s); BCNMR (CDCls) 6=52.83 (q), 53.00 (q),
135.94 (s), 136.86 (s), 160.05 (s), 162.60 (s).

Conversion of 6 to 2,5-Di-i-butyl-3,4-thiophenedicarbox-
ylic Anhydride (11). A mixture of 0.50 g of potassium
hydroxide, 100 mg (0.32 mmol) of 6, 2 ml of water, and 8 ml
of ethanol was heated under reflux for 24 h. The resulting
clear solution was evaporated under reduced pressure and
the residue was dissolved in 5 ml of water and acidified with
12 M hydrochloric acid (1 M=1 moldm=-3). The resulting
white crystalline material was extracted with dichloro-
methane. The extracts were washed with water, dried over
anhydrous sodium sulfate, and evaporated to give 88 mg
(97%) of 2,5-di-t-butyl-3,4-thiophenedicarboxylic acid (10):
mp 188—190°C (from benzene); HNMR (CDCls) 6=1.43
(18H, s, t-butyl), 11.00 (2H, broad s, CO2H); IR (KBr) 1698
cm~! (CO2H).

Heating the diacid 10 at its melting point for a few
minutes in a small test tube afforded the anhydride 11
quantitatively: mp 129.5—130°C (from hexane); 1H NMR
(CDCls) 6=1.50 (s); 3CNMR (CDCls) 6=30.25 (q), 35.72 (s),
128.63 (s), 157.07 (s), 160.05 (s); IR (KBr) 1820, 1768 cm~-1.
Anal. (C14H1803S) C, H.

Conversion of 7 to 2,3-Di-i-butyl-4,5-thiophenedicarbo-
xylic Anhydride (14). To a stirred solution of 560 mg (7.4
mmol) of 1-propanethiol in 8 ml of hexamethylphosphoric
triamide (HMPA) was added dropwise 2.7 ml of a 1.5 M
solution of butyllithium in hexane at 0°C. The mixture
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was stirred for 0.3 h at room temperature and then cooled to
0°C. To this mixture a solution of 209 mg (0.67 mmol) of 7
in 2 ml of HMPA was added under ice-cooling. The mix-
ture was slowly warmed to room temperature and stirred for
7 h. The resulting mixture was acidified with 1 M
hydrochloric acid and was extracted with ether. The
extracts were shaken with 2 M sodium hydroxide (2X10 ml).
The alkaline layers were washed with ether and then acidi-
fied with 1 M hydrochloric acid. The mixture was
extracted with ether. The ether extracts were washed with
water, dried over anhydrous sodium sulfate, and evaporated.
The residue (129 mg) was triturated with hexane to give 112
mg (59%) of pure 2,3-di-t-butyl-4,5-thiophenedicarboxylic
acid (13): mp 246—249 °C; 1H NMR (DMSO-de) 6=1.48 (9H,
s, t-butyl), 1.56 (9H, s, ¢-butyl), 13.0 (2H, broad s, CO=H);
1BCNMR (DMSO-dg) 6=32.75 (q), 33.49 (q), 35.74 (s), 36.67
(s), 123.82 (s), 143.46 (s), 143.51 (s), 155.89 (s), 161.71 (s),
168.93 (s). HRMS Found: m/z 284.1089. Calcd for
C14H2004S: M, 284.1083.

The diacid 13 (10:3 mg) was heated in refluxing acetic
anhydride (0.5 ml) for 3 h. The mixture was evaporated
under reduced pressure and the residual solid was purified
by sublimation to provide 6.9 mg (72%) of the anhydride 14:
mp 114—116°C; tTHNMR (CDCls), 6=1.60 (9H, s, t-butyl),
1.63 (9H, s, ¢-butyl); IR (KBr) 1832, 1772 cm~!; MS m/z 266
(M%), 251, 233. HRMS Found: m/z 266.0980. Calcd for
C14H1803S: M, 266.0977.

Alkaline Hydrolysis of 7. A mixture of 82 mg (0.26
mmol) of 7 and 330 mg of potassium hydroxide in 1.7 ml of
water and 6.5 ml of ethanol was heated under reflux for 23 h.
The mixture was evaporated under reduced pressure and the
residue was dissolved in 5 ml of water. The solution was
acidified with 12 M hydrochloric acid. The mixture was
extracted with ether. The ether extracts were washed with
water, dried over anhydrous sodium sulfate, and evaporated
to give 61 mg (79%) of the half ester 12: mp 208—211°C;
IHNMR (CDCls) 6=1.50 (9H, s, t-butyl), 1.60 (9H, s,
t-butyl), 3.83 (3H, s, COz2Me), 9.38 (1H, broad s, CO:H).

Heating 12 with potassium hydroxide in boiling water for
42 h resulted in the quantitative recovery of 12.

2,3-Di-t-butylthiophene (4). A mixture of 92 mg (0.32
mmol) of the dicarboxylic acid 13 and 0.5 g of copper
powder in 1.5 ml of quinoline was refluxed for 3 h. The
mixture was placed on a column of silica gel (50 g). The
column was eluted with pentane to give 56 mg (88%) of 4 as a
colorless liquid: tHNMR (CDCls) 6=1.45 (9H, s, t-butyl),
1.55 (9H, s, t-butyl), 6.92 (1H, d, J=>5.4 Hz, ring proton at C-
4), 7.10 (1H, d, J=5.4 Hz, ring proton at C-5); BCNMR
(CDCls) 6=33.68 (q), 33.92 (q), 34.85 (s), 35.61 (s), 116.38 (d),
131.01 (d), 144.63 (s), 149.07 (s); MS, m/z 196 (M*), 181
(base). HRMS Found: m/z 196.1285. Calcd for Ci2H20S:
M, 196.1285.

Isomerization of 4 to 2,4-Di-t-butylthiophene (1). A mix-
ture of 10 mg (0.05 mmol) of 4 and 8 mg of aluminum
chloride in 1.5 ml of carbon disulfide was stirred for 3.5 h at
room temperature. The mixture was evaporated and the
residue was made alkaline by adding 2 M potassium hydrox-
ide (2 ml) and extracted with ether. The extract was
washed with water, dried over anhydrous sodium sulfate,
and evaporated. The residue was passed through a short
column of silica gel using hexane as solvent to give 7.4 mg
(74%) of 1, whose 'H and 13C NMR spectra agreed with those
synthesized independently.?
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2,3-Di-t-butylthiophene 1,1-Dioxide (23). To a stirred
solution of 10 mg (0.05 mmol) of 4 in 1.5 ml of dichlorome-
thane, 27 mg (0.16 mmol) of m-CPBA was added in small
portions. The mixture was stirred for 17 h at room temper-
ature. The mixture was diluted with 10 ml of dichlorome-
thane, washed with aqueous sodium carbonate, dried over
anhydrous sodium sulfate, and evaporated. The residue
was passed through a short column of silica gel using
benzene as eluent to give 9.7 mg (79%) of 23: mp 89—90 °C;
IHNMR (CDCls) 6=1.37 (9H, s), 1.58 (9H, s), 6.48 (1H, d,
J=17.1 Hz), 7.01 (1H, d, J=7.1 Hz); BCNMR (CDCls)
6=31.17 (q), 31.72 (q), 34.50 (s), 35.18 (s), 126.29 (d), 133.66
(d), 141.47 (s), 144.71 (s); IR (KBr) 1134, 1280 cm-! (SO).
HRMS Found: m/z 228.1221. Calcd for Ci2H200:S: M,
228.1184.

5-Bromo-2,3-di-t-butylthiophene (24). To a stirred solu-
tion of 10.7 mg (0.055 mmol) of 4 in 1 ml of acetic acid and 1
ml of dichloromethane, 11 mg (0.062 mmol) of N-
bromosuccinimide was added. The mixture was stirred for
2 h at room temperature. The resulting mixture was dil-
uted with 10 ml of dichloromethane, washed with water,
dried over anhydrous sodium sulfate, and evaporated. The
residue was passed through a short column of silica gel
using hexane as eluent to give 12 mg (79%) of 24 as a
colorless oil: tHNMR (CDCls) 6=1.41 (9H, s), 1.51 (9H, s),
7.00 (1H, s); BCNMR (CDCls) 6=33.51 (q), 33.62 (q), 35.07
(s), 36.25 (s), 104.95 (s), 133.64 (d), 145.81 (s), 151.13 (s); MS
m/z 276 (M, 81Br), 274 (M, "Br), 261 (base), 259, 205, 203.
HRMS Found: m/z 274.0368. Calcd for Ci2HisBrS: M,
274.0391.

2,3-Di-t-butyl-5-nitrothiophene (25). Fuming nitric acid
(3.5 mg, 0.05 mmol) was dissolved in 0.5 ml of acetic acid.
To this solution, a solution of 9 mg (0.046 mmol) of 4 in 1
ml of acetic anhydride was added at 0°C. The mixture was
slowly warmed to room temperature and stirred for 8 h.
The reaction was quenched by adding ice (ca. 5 g). The
mixture was extracted with ether. The extract was washed
with aqueous sodium carbonate and then with water, dried
over anhydrous sodium sulfate, and evaporated. The
residue was passed through a short column of silica gel
using carbon tetrachloride as eluent to give 11 mg (99%) of
25 as pale yellow solid: mp 75—76 °C; 'H NMR (CDCls)
6=1.47 (9H, s), 1.58 (9H, s), 7.95 (1H, s); 3BCNMR (CDCls)
6=33.33 (q), 33.35 (q), 35.55 (s), 37.25 (s), 132.39 (d), 146.51
(s), 159.94 (s); MS m/z 241 (M), 226, 184. HRMS Found: m/
2241.1128. Calcd for Ci12H19NO2S: M, 241.1136.

Elemental analyses were performed by the Analyti-
cal Center of Saitama University, for which we thank
Professor M. Sato and his staff.
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