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Thiophene-1-oxides have attracted considerable attention due

to their highly reactive nature, their biochemical roles in
metabolism and toxicology,and because the development of
general methods for their preparation has proven difficult.
Chemically they behave as reactive dienes, which tend to
decompose via DielsAlder dimerizatior’3 In a few cases,

sterically protected thiophene-1-oxides have been prepared vi

oxidation of the corresponding thiophenes, but this route appears

to be complicated by rapid, further oxidation to the 1,1-dioxitles.
The reaction of tetraphenylzirconacyclopentadieneZ@pPh,
with thionyl chloride has been shown to give tetraphenyl-
thiophene-1-oxide2a) in moderate yield, but we have found
that this method is not generally reliable for the synthesis of
thiophene-1-oxides (vide infra).

We have been exploring the use of zirconocene couplings in
the synthesis afi-conjugated polymers and oligomers with novel
electronic propertiésand have recently targeted materials with
high electron affinities that might display n-type semiconductor
properties. In this context, thiophene-1-oxides and thiophene-
1,1-dioxides represent intriguing monomer units, given their
electron-deficient nature. A recent study by Barbarella et al.

demonstrated that introduction of thiophene-1,1-dioxide units into  Br
thiophene oligomers results in decreased electronic band gaps an

higher electron affinitie$.Theoretical studies on the electronic
structures of poly(thiophene-1-oxide) and poly(thiophene-1,1-

dioxide) predict that these materials should have lower band gaps

than polythiophene but do not agree on which polymer would
have the lowest band gé&pdere we report a versatile, high-yield

synthetic procedure for thiophene-1-oxides and mixed thiophene- O
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thiophene-1-oxide oligomers. This methodology should prove
useful for incorporation of thiophene-1-oxide units into a variety
of oligomeric and polymeric structures.

In general, the zirconocene coupling of alkynes tolerates the
presence of bromo-aryl functionalities and therefore provides
convenient routes to difunctional building blocks that can be
employed in carboncarbon coupling routes to oligomers and
polymers? For example, the reaction of 4,4-bis(hexyloxymethyl)-
1,7-bisp-bromophenyl-1,6-heptadiyne with zirconocene, as gen-
erated by the Negishi methd®, provides solutions of the
zirconacyclopentadiengin high yield. However, an attempt to
prepare the thiophene monoxide (see eq 1) by the reaction of
1 with thionyl chloride gave only a 10% yield of the desired
product, along with the corresponding thiophene (20%) and
several unidentified side products.

Considerably better results were obtained by the two-step

aprocedure outlined in eq 1. Generation of metallacylcle THF

gave a brown solution, through which $®as bubbled to produce
a bright yellow solution of the desired prod®t within 10 min.
Compound2c was isolated in 85% yield as yellow crystals after
standard workup. The IR spectrum contains a characteristic
(S=0) stretching band at 1043 ¢ and the pyramidal nature
of the sulfur atom manifests itself in inequivaléht NMR shifts
for the methylene protons of the fused, five-membered ring.
Interestingly, thelnax value for2c (388 nm) is red-shifted with
respect to corresponding values for the thiophene (342 nm) and
thiophene dioxide (378 nm).

Table 1 provides examples of other one-pot reactions that
convert an alkyne or diyne to the corresponding thiophene-1-
oxide by the method of eq 1. The yields for these reactions are
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generally quite high, indicating that oxo-transfer from the,SO
reagent to zirconocene is quite efficient as compared to the
analogous process with thionyl chloride, which givesZgl,

as the final zirconium-containing product. Note that tetraphe-
nylthiophene-1-oxideQa, entry 1) is formed in very high yield,
whereas the synthesis from thionyl chloride is reported to give
yields of ~50—60%?* Zirconocene coupling of 3-hexyne followed
by reaction with thionyl chloride gave only a trace of tetraeth-
ylthiophene-1-oxidedb), while the reaction with S©gave2b

in excellent yield. Note that the few thiophene-1-oxides that have
been successfully isolated feature sterically bulky substituents
(e.g., PR44 SiRg 2611 1BU?29 that protect against decomposition
reactions. Compoungb is reasonably stable at room temperature
over several days as a pure oil, and only slight decomposition
was noted for a chloroforrd-solution after 4 days.
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Table 1. Data for Thiophene-1-oxides Prepared from Various
Alkyne Starting Materials

Entry alkyne product yield A may (D)
Ph___Ph
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) == Dy 85% 32
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Q 3 Q "S\\o ° Figure 1. ORTEP diagram fo2g. S(2)-0(1) bond distance, 1.495(3)
A~ "‘ A; bond angles (deg), C(5)5(2)-C(12) 91.0(2), O(1rS(2)-C(5) 112.3-
5 Brgr Br o 92% 388 (2), O(l)—S(Z)—C(lZ) 112.1(2).
~,S\\ b . . . . . .
© 2 3823 The synthesis of the first mixed thiophene-thiophene-1-oxide
CothaOMC,_CHIOCHe CethaOrS,  CHL0GsHs structures presented an opportunity to examine competing in-
6 Br@—:—x%@lﬂ BW}g_CIB' 50% 432 tramolecular oxidation reactions. This is of interest given previ-
Y S & 28" ously reported attempts to prepare thiophene-1-oxides via the
* direct oxidation of thiophenes. It has been suggested that the
, S = 8 @_g_@ difficulty with this approach lies in the greater sensitivity of the
v = WataW 0% 428 monooxide (vs the starting thiophene compound) toward oxida-
o (420" X : ; ! .
%9 tion, such that the main product is typically the thiophene
S. A S s. Iy s dioxide2® In fact, we have found that this reactivity difference
8 L =Y Yarteay 70% 424 i idati i _1-0xi i
3 (363 416" allows for selective oxidations of thiophene-1-oxide groups in
2h ’

CoHiaOMC. CHOCeH the presence of thiophenes. Thus, the oxidatio2hofy 1 equiv
CaMifOHC,_ CH,OCsH of m-chloroperbenzoic acid¢ CPBA) at room temperature gave
9 @_@%X_:_@_@ G /s\ S 5% (:géb) the corresponding 1,1-dioxide in 78% isolated yield (eq 2).
o 2i

2 Amax Value for the corresponding thiopherd.max value for the
corresponding thiophene-1,1-dioxide.
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In addition to2c, the arylbromide2d and 2e were obtained on © 4 o)
in high yield. Furthermore, this method appears to be quite useful

in the efficient syntheses of mixed thiophene/thiophene-1-oxide Similarly, 2i was converted to its corresponding thiophene-1,1-
oligomers @f—2i).12 All of the new thiophene-1-oxides in Table  dioxide in 75% isolated yield. Thus, mixed thiophene-thiophene-
1, except for2b, are stable at room temperature in air over periods 1-oxide oligomers and polymers should serve as useful precursors
of at least several weeks. As fa@c, the Amax values for these  to the corresponding thiophene-thiophene-1,1-dioxide structures.
oligomers are red-shifted with respect to those for the corre-  |n conclusion, we report here a general and efficient method
sponding dioxides and (in the case 2ifi) the corresponding  for the synthesis of various functionalized thiophene-1-oxides
thiophene. The molecular structure2y (Figure 1) consists ofa  derivatives, which have not been previously available. This
central diene fragment, with C(51C(6), C(6)-C(11), and C(1Ly method, based on oxo-transfer from sulfur dioxide to zirconocene,
C(12) distances of 1.357(6), 1.460(6), and 1.358(6) A, respec- should allow us to investigate electronic properties for a variety
tively. As expected, the oxidized sulfur atom exhibits a pyramidal of new oligomeric and polymeric structures incorporating thiophene-
geometry and lies somewhat out of the C{B)6)-C(11}-C(12) 1-oxide units.

least-squares plane (by 0.23 A). The latter plane forms dihedral Acknowledgmentis made to the National Science Foundation for their

angles W_ith_ the substituent thiophene ring planes of Tla2di generous support of this work and to Dr. Fred Hollander for determination
26.3T. Itis interesting to compare the structure for an analogous of the crystal structure.

di(thienyl)silole derivative, 1,1-dimethyl-3,4-trimethylene-2,5-di-
(2-thienyl)silole, which possesses a five-membered ring fused to
the silole ring. Although the latter compound has significantly dures for the preparation and spectroscopic characterization of all

lower dihedral angles betW(_een the thiophene af‘d silole rings compounds. This material is available free of charge via the Internet at
(6.14 and 10.58), it has a higher energy absorption (409 nm, - //pubs.acs.org.

vs 428 nm for2g).13
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