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Abstract — The reaction of 2,5-dimethylthiophene-3,4-dicarboxaldehye (1) with
excess Lawesson’s Reagent afforded the unexpected 5,5-fused ring thienothione
derivative, 4,6-dimethylthieno[3,4-c]thiophene-1(3H)-thione (2), in good vyield
(79%). The desired non-classical thiophene, 1,3-dimethylthieno[3,4-c]thiophene
(3), was observed by GC/MS as a minor product (approximately 5%) along with
thione 2.  The thienothione 2 was characterized spectroscopically and its
structure was confirmed by X-ray crystallography.  The formation of compound

2 is proposed to occur through a 1,3-hydride shift.

Thiophenes and their fused-ring derivatives have long been of interest for use in next generation
electronic materials due to their ease of production, synthetic versatility, and low cost compared to

traditional inorganic materials (e.g., silicon).%2

We are primarily interested in facile pathways towards
novel thiophene derivatives that incorporate other heteroatoms into fully aromatic systems. The
incorporation of heteroatoms like sulfur into electronic materials is thought to be advantageous due to
their ability to stabilize positive charge in p-type semiconductors.2  One such class of heterocycles we
have been particularly interested in is thienothiophenes (Figure 1). These can exist in either the “b” or
“c” forms and have potential applications in a wide variety of optical and electronic systems.*®
Previously, we reported upon the synthesis of a 5,6-fused thienopyridazine from its diformyl precursor.”
However, we wished to explore the analogous ring closure chemistry with thiating reagents and see
whether stable sulfur products could be obtained. Herein we report upon the unexpected formation and
characterization  of  4,6-dimethylthieno[3,4-c]thiophene-1(3H)-thione  (2) by thiation  of
2,5-dimethylthiophene-3,4-dicarboxaldehye (1).
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Figure 1. Classic (A) and non-classical (B) thienothiophenes

Although not as common as the “classic” or “b-type” thienothiophenes, “non-classical or “c-type”
compounds have been observed (Figure 1).* Syntheses of these types of fused-thiophenes has typically
been accomplished from a 1,4-diketo thiophene precursor, with the reduced or dihydrothienothiophene as
the initial ring closed species.® Formation of the oxide followed by dehydration would afford the
corresponding non-classical thienothiophene. Unsubstituted non-classical thiophenes have been found

to be unstable, 212

11,12

while those with electron withdrawing groups (EWGSs) display high stability in the solid
state.
SOCl, as the thiating regent to afford the desired thieno[3,4-c]thiophene in good yield (70%).22  Other

For example, Cava and coworkers used 3,4-biscyanomethyl-2,5-methoxyesterthiophene and

more elaborate routes have employed substituted cyclopropenethiones and trialkyl- or triarylphosphines
to give non-classical forms. 2318

We wished to investigate whether the 3,4-diformyl system previously employed with pyridazine
derivatives” would in fact afford a stable, non-classical thienothiophene or whether aryl or EWGs were
truly necessary for environmental stability. The attempted formation of the non-classical thiophene 3
was initially attempted on the dialdehyde 1 with harsher thiating conditions (P4Si0, CS; reflux).
However, this only afforded decomposition of the substrate. Milder conditions (Lawesson’s reagent,
benzene reflux) did not give the desired thienothiophene 3 as the major product. Instead, the
thienothione 2 was isolated in good yield (79%) (Scheme 1). Thione 2 is structurally similar to the
5-substituted-thiophene-2(3H)-thiones formed by Commercon and Ponsinet using CS, and alkynes or
allenes. X’ Analysis of the crude product mixture by GC/MS did show some formation of the desired
compound 3. The mass spectra for this minor component did display an M™ of 168 m/z (molecular ion
peak) and an isotopic pattern consistent with two sulfurs present ([M* + 2] peak 9.0% relative abundance).
However, this compound represented a very minor component (about 5%) of the product mixture and

thus no further spectroscopic characterization could be obtained. Varying reaction conditions by



HETEROCYCLES, Vol. 81, No. 10, 2010 2231

S S S

\ / Lawesson's reagent
A U A G

e} @]
S

H H S \s/
1 3
major minor

Scheme 1. Synthesis of 4,6-dimethylthieno[3,4-c]thiophene-1(3H)-thione (2)

reducing the stoichiometries of Lawesson’s reagent employed did not affect the amount of thiophene 3
observed.

The major product, thiophene 2, was isolated via alumina chromatography as a cherry red solid.
Compound 2 displays high air and solution stability in a wide variety of solvents. The structure of
thione 2 was confirmed by IR, NMR, and GC/MS analysis. The *H NMR of 2 displays the expected two
methyl singlets at 2.33 and 2.72 ppm (3H) and the methylene singlet at 4.09 ppm (2H). In addition, the
NMR spectrum shows the disappearance of the aldehyde singlet at 10.35 ppm. The *C NMR shows a
distinctive thione (C=S) signal at 211 ppm. Mass spectrometry also confirms the molecular weight of 2,
with both the base and [M*] peaks at 200 m/z. The relative abundance of the [M" + 2] peak (13.74%)
matches well with the calculated isotopic abundance of three sulfur atoms present in the compound. IR
spectroscopy also showed evidence of the typical aromatic C=C (1594 cm™) stretches, with loss of the
carbonyl stretch observed in 1.

The proposed mechanism for the formation of thione 2 involves first creation of the dithione (4) (Scheme
2). Nucleophilic attack at the thionyl carbon by the adjacent sulfur atom gives the ring closed
intermediate 5.  The key step in the thione 2 formation involves a 1,3-hydride shift across the newly
formed thiophene ring. Although this type of rearrangement is rare, since most shifts of this nature
involve the adjacent atomic positions, this 1,3-shift is not without precedent. Several instances of

hydride migrations involving non-adjacent positions have been noted,*®%

including by Picaud and
coworkers, who observed a 1,3-hydride shift across an substituted bisabolyl ring.2 Formation of the
minor product 3 is likely to also occur through the ring closed intermediate 5, followed by loss of
elemental sulfur. This mechanism is consistent with the previously proposed S-closure for other

non-classical thiophene systems.? We speculate that the low yield observed for the non-classical product
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Scheme 2. Proposed mechanism for the formation of compounds 2 and 3

Figure 2. Molecular structure of 2 with 50% probability of ellipsoid plots
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3 is from its inherent instability due to the lack of electron withdrawing substituents present. This is
consistent with Cava’s assertion that only non-classical thiophenes with strong EWGs present will be
stable and thus can isolated.X? Therefore, thiation in this particular case primarily affords the stable
thienothione and not the non-classical product 3.

The structure of thione 2 was also confirmed by X-ray crystallographic analysis (Figure 2). Compound
2 crystallizes in the monoclinic P 2:/n space group, with four molecules in the unit cell. Thione 2
exhibits whole-molecule disorder in the solid state, with major (84%) and minor (16%) orientations
related by an approximate 2-fold rotation about an axis that bisects the molecule through the bonds
formed between atoms C3-C4, C5-C6 and C2-S2. The thione bond lengths, C2-S2 and C2’-S2’ (for the
disordered molecule) are 1.642 and 1.633 A respectively, displaying their double bond character.
Conversely, the longer S1-C1 and S1°-C1’ single bond lengths are 1.832 and 1.797 A respectively. The
C-C bonds within the thiophene portion of 2 display strong aromatic character, with the C4-C5 and
C6-C7 bond lengths averaging to 1.368 A. The central thienothiophene portion of 2 is highly planar,
with the root-mean-square deviation from the plane created by C1, C2, C4-C7, S1, and S3 at 0.0164A.
The methyl substituents C3 and C8 are also nearly planar with respect to the central fused ring, with
deviations from the least-squares plane of 0.003 A above and 0.010 A below the plane of the ring
respectively. Likewise, the thione sulfur S2 is nearly planar with the central ring, with a deviation from
the least-squares plane of 0.052 A above the ring plane.

Tables of crystallographic details, atomic coordinates and displacement parameters, bond distances and
angles, intermolecular contact distances, structure factors and a crystallographic information file (CIF) for
the structure of 2 have been deposited with the Cambridge Crystallographic Data Centre. Crystal data
and a summary of experimental details are given in Table 1. General procedures and experimental data

for 2 can be found in the references and notes section.Z

Table 1. Crystal Data and Structure Refinement for 4,6-dimethylthieno[3,4-c]thiophene-1(3H)-thione (2)

Empirical formula CgHsS3
Formula weight 200.32
Temperature 90.0(2) K
Wavelength 1.54178 A
Crystal system Monoclinic

Space group P 2i/n
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Unit cell dimensions

a=8.2405(2) A a=90°

b =10.4811(3) A £=103.862(1)°

¢ =10.3105(3) A 7=90°

Volume 864.58(4) A3

Z, Calculated density 4,1.539 Mg/m®

Absorption coefficient 7.233 mm™

F(000) 416

Crystal size 0.12x0.12 x 0.08 mm

0 range for data collection 6.11t0 67.66°

Limiting indices -9<=h<=9, -12<=k<=12, -12<=I<=12

Reflections collected/unique 10713 /1551 [R(int) = 0.0399]

Completeness to 9= 68.73 99.2 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.595 and 0.464

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 1551/266 / 147

Goodness-of-fit on F? 1.283

Final R indices [1>25(1)] R1 =0.0428, wR2 = 0.0982

R indices (all data) R1 = 0.0456, wR2 = 0.0999

Largest diff. peak and hole 0.293 and -0.277 e. A
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obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

General Procedures. All reactions were carried out using standard Schlenk techniques under a
nitrogen atmosphere unless otherwise noted. NMR solvent CDCI; (Aldrich) was used without
further purification. Benzene, methylene chloride (CH.CI,), diethyl ether (Et,O), Lawesson’s
reagent, and alumina (Aldrich) were also used without further purification. Thiophene precursor
2,5-dimethylthiophene- 3,4-dicarboxaldehye (1) was prepared according to literature methods®* and
its structural identity was confirmed by NMR and GC/MS.

'H and *C NMR spectra were recorded on a JEOL-300 MHz NMR spectrometer at ca. 22 °C and
were referenced to residual solvent peaks. All 3C NMR spectra were listed as decoupled.
Infrared spectra were recorded on Spectrum One FT-IR Spectrometer. Electron ionization (EI)
mass spectra were recorded at 70 eV on a Perkin EImer GC/MS. Melting points were taken on a
standard Mel-Temp apparatus. X-Ray diffraction data were collected at 90 K on a Bruker-Nonius
X8 Proteum diffractometer at the University of Kentucky X-Ray Crystallographic Laboratories.
Elemental analysis was performed at Atlantic Microlabs, Inc. in Norcross, GA.

Synthesis of 4,6-dimethylthieno[3,4-c]thiophene-1(3H)-thione (2). To a 100 mL round bottom
flask, Lawesson’s reagent (300 mg, 0.74 mmol) was added to 40 mL of benzene. Then 1 (300 mg,
1.79 mmol) was added and the suspension was allowed to reflux for 8 h. Lawesson’s reagent (300
mg, 1.79 mmol) was again added and the suspension was allowed to reflux for an additional 8 h.
The reaction mixture was cooled and then passed through a thick pad of neutral alumina with
benzene. The volatiles were removed under reduced pressure to afford 2 (283 mg, 1.42 mmol,
79.1%) as a red solid. The molecular structure of 2 was confirmed by X-ray crystallographic
methods. Mp 102.3-104.2 °C. *H NMR (300 MHz, CDCls, ppm): & 2.33 (s, 3H, Me), 2.72 (s,
3H, Me), 4.09 (s, 2H, CH,) **C NMR (75 MHz, CDCls, ppm): & 12.90 (CH3), 14.15 (CHs),
33.13 (CHy), 111.03 (C), 12555 (C), 140.95 (C), 143.95 (C), 211.26 (CS) IR (KBr,
cm™): 2915 (C-H), 1594 (C=C). GC/MS(EI-pos): m/z 200 (M* and base peak). Anal. Calcd for
CgHsSs: C, 48.00; H, 4.02. Found: C, 48.83; H, 4.69.

The X-ray crystallographic structure of 2 was determined by X-ray crystallographic methods. The
crystals for which data were collected were typical of others in the batch, which had been grown by
slow evaporation from a 75:25 mixture of CH,Cl,: Et,O ether at room temperature. These crystals
were mounted on glass fibers with polyisobutene oil. Data were collected at 90 K on a
Bruker-Nonius X8 Proteum diffractometer. The main programs used were Bruker APEX2 to
obtain cell parameters and for data reduction, SADABS for absorption correction,? SHELXS-97 for

structure solution, and SHELXL-97 for refinement.2 Hydrogen atoms were placed in geometrically
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calculated positions.
24. T. M. Brown, W. Carruthers, and M. G. Pellatt, J. Chem. Soc., Perkin Trans. I, 1982, 2, 483.
25. Bruker, 2009. APEX2 and SADABS. Bruker AXS Inc., Madison, Wisconsin, USA.
26. G. M. Sheldrick, Acta Cryst., 2008, A64, 112.
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