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Abstract

We report the first synthesis of 3,5-diamino-substituted dithieno[3,2-b:2',3’-d]thiophene
derivatives, bearing alkoxycarbonyl or acetyl groups at C-2 and C-6 positions. The target
compounds were prepared via the reaction of 3,4-dibromothiophene-2,5-dicarbonitrile
with alkyl thioglycolates or mercaptoacetone in the presence of DBU and isolated in
67-87% yield. The key dinitrile was synthesized in 76% yield from 3,4-dibromothiophene-
2,5-dicarbaldehyde. In turn, this dialdehyde was prepared on a multigram scale from
commercially available 2,5-dimethylthiophene in three steps. The resulting dithieno[3,2-
b:2',3'-d]thiophenes serve as valuable building blocks for materials chemistry, offering
multiple reactive sites for further structural elaboration and property tuning.

Keywords: thiophene; 3,4-dibromothiophene; fused molecule; dithieno[3,2-b:2/,3'-d]
thiophene; thiogycolates; nucleophilic aromatic substitution; ring annulation

1. Introduction

Thiophene-based m-conjugated molecules have played a central role in the devel-
opment of organic semiconductors owing to their structural rigidity, tunable electronic
properties, and chemical stability [1-3]. Such compounds form the basis of a wide variety
of organic electronic materials, where their extended conjugation and planarity promote
efficient charge transport. They have been successfully applied in organic field-effect tran-
sistors [4—6], organic photovoltaics [7-10], and organic light-emitting diodes [6], and have
also been explored as fluorescent probes and sensing elements in chemical biology [11].

The thienoacene family represents a key class of organic semiconductors derived from
the thiophene core, notable for their structural planarity and extended conjugation [12-14].
Among these, dithieno[3,2-b:2',3'-d]thiophenes (DTTs) have gained particular attention as
privileged scaffolds owing to their stability, electron-rich character, and ability to promote
efficient intermolecular interactions [15,16]. These properties have secured DTT derivatives
as core building blocks in organic materials design [17-20] (Figure 1).

Given their advantageous structural features and broad utility in organic electronics,
the DTT framework has become an important synthetic objective for organic chemistry. A
breakthrough in its preparation was achieved with the Holmes approach, which showed
that 3,4-dibromothiophene-2,5-dicarbaldehyde, obtained from tetrabromothiophene via
2,5-dilithiation with n-butyllithium and trapping with 1-formylpiperidine, could undergo
annulation with ethyl thioglycolate under mild conditions (K,CO3, DMF, 25 °C, 3 d) to
afford DTT derivative I [21] (Scheme 1). This strategy was subsequently extended to 2,5-
diacyl-3,4-dibromothiophenes, also prepared from tetrabromothiophene by 2,5-dilithiation,
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reaction with aldehydes, and oxidation of the resulting diols to diketones. These carbonyl
precursors, upon cyclization with thioglycolates in the presence of K,CO3; or NaOEt,
afforded a range of 3,5-disubstituted DTT derivatives II [22-25]. A 3,5-diphenyl DTT
derivative was further used for the synthesis of DTT-containing bisindenoacenes [26]
(Scheme 1).

FBB-DTT FPP-DTT

Figure 1. The examples of DTT-based organic semiconductors.
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Scheme 1. Synthesis of DTT derivatives from 3,4-dibromothiophene substrates.

It should be noted that 3-halogen-substituted thiophene-2-carbonitriles have previ-
ously demonstrated their ability to serve as substrates for annulation of 3-aminothiophene-
2-carboxylate fragments when reacted with thioglycolates. Thus, in our previous
work, 3-chlorobenzo[b]thieno[2,3-d]thiophene-2-carbonitriles were shown to react with
methyl thioglycolate in the presence of DBU in a solution of THF-MeOH to form 3-
aminobenzo[4’ 5 ]thieno[2’,3":4,5]thieno[3,2-b]thiophene-2-carboxylates in 53-60% yield [27].
Similarly, the reaction of 3,4-dibromothiophene-2-carbonitrile with ethyl thioglycolate in
a K,CO3/18-crown-6 system in DMF at 60 °C afforded ethyl 3-amino-6-bromothienol[3,2-
b]thiophene-2-carboxylate in 74% yield [28]. These examples confirm the fundamental
feasibility of using nitrile-containing halides in nucleophilic substitution reactions followed
by cyclization.

Despite these precedents, only carbonyl-containing 3,4-dibromothiophenes had been
employed as precursors for DTT synthesis. Herein, we expand the scope of the Holmes
protocol by introducing 3,4-dibromothiophene-2,5-dicarbonitrile as a novel building block
for the construction of the DTT framework. Building on this strategy, we have prepared the
first examples of 3,5-diamino-substituted DTTs.

2. Results and Discussion

Our initial attempt to synthesize tetrabromide 2 according to a reported method [29]
resulted in numerous byproducts and a modest yield of only 55%. Optimization by reducing
the bromine equivalents, extending the reaction time, and improving the crystallization
conditions increased the yield to 74% and provided material of high purity.
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Hydrolysis of the bromomethyl groups in substrate 2 with sodium bicarbonate in aque-
ous acetonitrile produced diol 3 in 95% crude yield, and after recrystallization, pure product
was isolated in 84% yield. Oxidation with pyridinium fluorochromate (PFC) in acetonitrile
afforded dialdehyde 4 in 65% yield. This three-step sequence from 2,5-dimethylthiophene
represents an efficient route to 3,4-dibromothiophene-2,5-dicarbaldehyde (4) (Scheme 2).
Because it avoids the use of n-butyllithium, strictly anhydrous solvents, or an inert atmo-
sphere, and is easily scaled up.

Br
Br 0
L e [ >
Me S Ox S
1 4, 65%
. 3 equiv. PFC/
6 equiv. Bry / o T
MeCN, 100 °C,
lCHZCIz, rt, 48 h 10 min
Br ) Br
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B MeCN - H,0. B
Br S 100 °C, 2 h HO S
2, 74% 3, 84%

Scheme 2. Three-step synthesis of 3,4-dibromothiophene-2,5-dicarbaldehyde (4).

Dialdehyde 4 was converted to 3,4-dibromothiophene-2,5-dicarbonitrile (5) via a one-
pot transformation involving reaction with hydroxylamine hydrochloride in the presence
of Et3N in DMF at 120 °C to form the dioxime intermediate, followed by its dehydration
with acetyl chloride. After careful dilution of the reaction mixture with water, dinitrile
5 precipitated directly in 76% yield (see Supplementary Materials to obtain the copies of
NMR spectra and HRMS of this compound). Thus, compound 5 represents an accessible
precursor for subsequent heteroaromatic syntheses (Scheme 3).
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Scheme 3. Synthesis of 3,4-dibromothiophene-2,5-dicarbonitrile (5).

The reaction of dinitrile 5 with alkyl thioglycolates or mercaptoacetone proceeded
efficiently at room temperature using DBU as a base, affording the target DTT derivatives
within 3 h. Precipitation began within 30 min, and simple isolation gave products 6a-d in
67-87% yields (Scheme 4, Figure 2) (see Supplementary Materials to obtain the copies of
NMR spectra and HRMS of these compounds). The use of DBU, a strong non-nucleophilic
base, facilitates the generation of thiolates under ambient conditions, initiating a twofold
nucleophilic aromatic substitution of the bromine atoms in molecule 5, which is followed
by base-promoted cyclization of the intermediate 5-i to form the DTT framework.
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Scheme 4. Synthesis of 3,5-diamino DTT compounds 6a-d.
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Figure 2. The scope and yields of products 6a—d.

This work thus establishes dinitrile 5 as a natural extension of the Holmes approach
towards DTTs. While previous studies relied exclusively on 2,5-diformyl- and 2,5-diacyl-
3 4-dibromothiophenes as precursors for the synthesis of DTT compounds, the present
study demonstrates that the cyano groups can also serve as effective electrophilic partners
for twofold annulation of the thiophen ring.

3. Materials and Methods

Elemental analysis was carried on an automated CHNS Euro EA 3000 analyzer (Eu-
rovector Instruments, Pavia, Italy). 1H and 13C NMR spectra were recorded on Bruker DRX-
400 (400 MHz) (Bruker BioSpin, Ettlingen, Germany) and Bruker AVANCE-500 (500 MHz)
(Bruker BioSpin, Ettlingen, Germany), in CDCl3 or DMSO-dg with SiMey as an internal
standard. High-resolution mass spectra were obtained on a Bruker maXis Impact HD
spectrometer (Bruker BioSpin, Ettlingen, Germany). Unless otherwise stated, all reagents
were purchased from commercial sources and used without further purification. Melting
points were determined on combined heating stages and are uncorrected.

Synthesis of 3,4-dibromo-2,5-bis(bromomethyl)thiophene (2)

To a solution of 2,5-dimethylthiophene (12 mL, 0.105 mol) in dichloromethane (200 mL),
Br, (102 g, 0.637 mol) was added dropwise at 0 °C with vigorous stirring. The mixture
was stirred for 48 h at room temperature. The reaction was quenched by pouring into ice
water (500 mL) and treated with Na;S,05 (15.1 g, 0.156 mol) until the solution became
pale yellow. The organic layer was separated, washed with water (100 mL), dried with
crushed CaCl, and evaporated under reduced pressure. The residue was crystallized from
isopropanol-THF (9:1, v/v) to give pure product 2.

3,4-Dibromo-2,5-bis(bromomethyl)thiophene (2): White crystals, yield 33.4 g (74%),
m.p. 101-102 °C. 'H NMR (400 MHz, CDCl3) 6 4.65 (s, 4H). The analytical data for com-
pound 2 are identical to those previously published [29].

Synthesis of (3,4-dibromothiophene-2,5-diyl)dimethanol (3)

A mixture of compound 2 (10 g, 0.023 mol) and NaHCOj3 (7.8 g, 0.093 mol) in ace-
tonitrile (90 mL) and water (20 mL) was heated at reflux (100 °C) for 2 h. The dark yellow
solution was decanted from a small amount of dark gum and filtered hot. The filtrate was
diluted with water (200 mL) and extracted with ethyl acetate. The combined organic layers
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were dried and concentrated to give crude product in 95% yield. Recrystallization from
methanol afforded analytically pure diol 3.

(3,4-Dibromothiophene-2,5-diyl)dimethanol (3): White solid, yield 5.86 g (84%), m.p.
166-167 °C. 'H NMR (400 MHz, DMSO-dg) & 5.80 (t, ] = 5.7 Hz, 2H), 4.59 (d, | = 5.7 Hz, 4H).
13C NMR (126 MHz, DMSO-dg) § 140.48, 107.90, 58.71. HRMS (ESI) calcd for CgHgBr,O,NaS
m/z 322.8347 [M + Na]*, found m/z 322.8347 [M + Na]*. Anal. Calcd for CoHgBr,O,S: C,
23.86; H, 2.00. Found: C, 24.09; H, 2.04.

Synthesis of 3,4-dibromothiophene-2,5-dicarbaldehyde (4)

To a solution of diol 3 (3.6 g, 0.012 mol) in acetonitrile (80 mL) was added pyridinium
fluorochromate (7.2 g, 0.036 mol) in four portions with vigorous stirring. An exothermic
reaction occurred with formation of a dark precipitate. The mixture was heated to reflux
(100 °C) briefly about 10 min, and the liquid phase was decanted and diluted with water
(100 mL). The precipitated product was filtered, washed with water, and dried at 100 °C.

3,4-Dibromothiophene-2,5-dicarbaldehyde (4): Yellowish powder, yield 2.34 g (65%),
m.p. 226-227 °C. 'H NMR (400 MHz, DMSO-dy) 6 9.96 (s, 1H). 3C NMR (126 MHz, DMSO-
de) 5 184.3, 141.6, 123.7. HRMS (ESI) caled for C¢HyBr,O,NaS m/z 318.8034 [M + Na]™,
found m/z 318.8033 [M + H]*. Anal. Caled for C¢H;Br,O,S: C, 24.19; H, 0.68. Found: C,
24.34; H, 0.70.

Synthesis of 3,4-dibromothiophene-2,5-dicarbonitrile (5)

A mixture of dialdehyde 4 (2.12 g, 0.007 mol), hydroxylamine hydrochloride (2.9 g,
0.043 mol), and triethylamine (5.95 mL, 0.043 mol) in DMF (30 mL) was heated at 120 °C
for 0.5 h. After cooling, acetyl chloride (3.8 mL, 0.057 mol) was added, and the mixture
was refluxed (150 °C) for 1 h. The reaction mixture was cooled to room temperature,
diluted with water (40 mL), and the precipitate was collected by filtration, washed with
water (20 mL) and methanol (10 mL), dried at 100 °C to give compound 5 in analytically
pure form.

3,4-Dibromothiophene-2,5-dicarbonitrile (5): White solid, yield 1.55 g (76%), m.p. 142-143 °C.
13C NMR (126 MHz, CDCl3) § 126.0, 114.1, 110.5. HRMS (ESI) calcd for C4HBroN,S m/z
290.8222 [M + H]*, found m/z 290.8222 [M + H]*. Anal. Calcd for C¢Br,N,S: C, 24.68; N,
9.60. Found: C, 24.64; N, 9.49.

General procedure for synthesis of 3,5-diamino-DTT compounds (6a—d)

Dinitrile 5 (1 mmol, 292 mg) and the corresponding thiol component (3 mmol of an
alkyl thioglycolate or 1.5 mmol of mercaptoacetone dimer) were dissolved in acetonitrile
(10 mL). DBU (0.45 mL, 3 mmol) was added, and the mixture was stirred at room tempera-
ture for 3 h. A precipitate formed within 0.5 h. After completion, methanol (10 mL) was
added, and the solid was filtered, washed with methanol (2 x 5 mL), and dried at 100 °C
to afford analytically pure products 6a—d without further purification.

Dimethyl 3,5-diaminodithieno[3,2-b:2’,3'-d]thiophene-2,6-dicarboxylate (6a): Orange
plates, yield 298 mg (87%). 'H NMR (500 MHz, DMSO-dy) & 7.21 (s, 4H), 3.78 (s, 6H). 13C
NMR (126 MHz, DMSO-dg) 6 164.3, 148.1, 133.6, 132.1, 98.6, 51,3. HRMS (ESI) calcd for
C12H11N2O4S3 m/z 342.9875 [M + HJ*, found m/z 342.9875 [M + H]*. Anal. Calcd for
C12H1oN204S5: C, 42.09; H, 2.94; N, 8.18; S, 28.09. Found: C, 41.92; H, 3.01; N, 8.05; S, 28.15.

Diethyl 3,5-diaminodithieno[3,2-b:2’,3’-d]thiophene-2,6-dicarboxylate (6b): Yellowish
plates, yield 303 mg (82%). 'H NMR (400 MHz, CDCl3) & 5.64 (s, 4H), 4.35 (d, ] = 7.1 Hz,
4H), 1.39 (t, ] = 7.1 Hz, 6H). 3C NMR (126 MHz, CDCl3) & 164.8, 146.6, 133.5, 132.4, 103.5,
60.6, 14.5. HRMS (ESI) caled for C14H15N04S3 m/z 371.0188 [M + H]*, found m/z 371.0188
[M + H]*. Anal. Caled for C14H14N>O4S35: C, 45.39; H, 3.81; N, 7.56; S, 25.96. Found: C,
45.25;H, 3.88; N, 7.42; S, 26.10.

Dibutyl 3,5-diaminodithieno[3,2-b:2’,3’-d]thiophene-2,6-dicarboxylate (6¢c): Yellowish
plates, yield 360 mg (84%). 'H NMR (400 MHz, CDCl3) 6 5.63 (s, 4H), 4.30 (t, ] = 6.6 Hz,
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4H), 1.84-1.64 (m, 4H), 1.54-1.38 (m, 4H), 0.98 (t, ] = 7.4 Hz, 6H). 3C NMR (126 MHz,
CDCl3) b 164.9, 146.6, 133.4, 132.4, 103.4, 64.4, 30.9, 19.2, 13.8. HRMS (ESI) calcd for
C18Ho3N04S5 m/z 427.0814 [M + H]*, found m/z 427.0814 [M + H]*. Anal. Calcd for
C18H2nN,04S3: C, 50.68; H, 5.20; N, 6.57; S, 22.55. Found: C, 50.51; H, 5.32; N, 6.48; S, 22.62.
1,1'~(3,5-Diaminodithieno[3,2-b:2’,3'-d]thiophene-2,6-diyl)bis(ethan-1-one) (6d): Yellow
microcrystals, yield 208 mg (67%). H NMR (500 MHz, DMSO-dq) & 7.85 (s, 4H), 2.34 (s, 6H).
13C NMR (126 MHz, DMSO-dg) 5 190.5, 148.0, 134.1, 132.1, 125.3, 27.9. HRMS (ESI) calcd
for C12H11N204S3 m/z 310.9977 [M + H]+, found m/z 310.9977 [M + H]+. Anal. Calcd for
C1oH19N2O,55: C, 46.43; H, 3.25; N, 9.03; S, 30.99. Found: C, 46.30; H, 3.34; N, 8.91; S, 31.12.

4. Conclusions

In this study, we have broadened the scope of DTT chemistry by accomplishing the
first synthesis of 3,5-diamino-substituted DTT derivatives. The obtained DTT scaffold thus
represents a versatile platform for further functionalization and materials development.
The presence of two amino groups at positions C-3 and C-5, along with ester or acetyl
functionalities at positions C-2 and C-6, enables numerous post-synthetic modifications.
The amino groups allow for acylation, reductive amination, and formation of imine linkages,
while the ester/acetyl groups can be further modified through hydrolysis, aminolysis, or
reduction. Furthermore, the close proximity of these amino donors and carbonyl acceptors
opens the possibility for annulation reactions, leading to m-extended fused-ring systems
based on the DTT core. This multifunctional architecture paves the way for designing
tailored organic semiconductors and advanced 7-conjugated materials.

Supplementary Materials: The following supporting information are available. Figure S1. 'H NMR
(400 MHz) spectrum of 3,4-dibromo-2,5-bis(bromomethyl)thiophene (2) in CDCl3; Figure S2. THNMR
(400 MHz) spectrum of (3,4-dibromothiophene-2,5-diyl)dimethanol (3) in DMSO-dg; Figure S3. 1B¢c
NMR (126 MHz) spectrum of (3,4-dibromothiophene-2,5-diyl)dimethanol (3) in DMSO-dg; Figure S4.
'H NMR (400 MHz) spectrum of 3,4-dibromothiophene-2,5-dicarbaldehyde (4) in DMSO-dg; Figure S5.
13C NMR (126 MHz) spectrum of 3,4-dibromothiophene-2,5-dicarbaldehyde (4) in DMSO-dg;Figure S6.
13C NMR (126 MHz) spectrum of 3,4-dibromothiophene-2,5-dicarbonitrile (5) in CDCl3; Figure S7. H
NMR (500 MHz) spectrum of dimethyl 3,5-diaminodithieno[3,2-b:2’ 3'-d]thiophene-2,6-dicarboxylate
(6a) in DMSO-dg; Figure S8. 13C NMR (126 MHz) spectrum of dimethyl 3,5-diaminodithieno[3,2-
b:2',3'-d]thiophene-2,6-dicarboxylate (6a) in DMSO-dg; Figure S9. "H NMR (400 MHz) spectrum of
diethyl 3,5-diaminodithieno[3,2-b:2’,3'-d]thiophene-2,6-dicarboxylate (6b) in CDCls; Figure S10. 1BC
NMR (126 MHz) spectrum of diethyl 3,5-diaminodithieno[3,2-b:2’,3’-d]thiophene-2,6-dicarboxylate
(6b) in CDCl3; Figure S11. 1H NMR (400 MHz) spectrum of dibutyl 3,5-diaminodithieno[3,2-b:2’,3'-
d]thiophene-2,6-dicarboxylate (6¢) in CDCl3; Figure S12. 13C NMR (126 MHz) spectrum of dibutyl
3,5-diaminodithieno[3,2-b:2’,3'-d]thiophene-2,6-dicarboxylate (6¢) in CDCls; Figure S13. '"H NMR
(500 MHz) spectrum of 1,1’-(3,5-diaminodithieno[3,2-b:2' 3’-d]thiophene-2,6-diyl)bis(ethan-1-one)
(6d) in DMSO-dg; Figure S14. 13C NMR (126 MHz) spectrum of 1,1'~(3,5-diaminodithieno[3,2-b:2/,3'-
d]thiophene-2,6-diyl)bis(ethan-1-one) (6d) in DMSO-dg; Figure S15. High-resolution mass spectrum
of (3,4-dibromothiophene-2,5-diyl)dimethanol (3); Figure S16. High-resolution mass spectrum of
3,4-dibromothiophene-2,5-dicarbaldehyde (4); Figure S17. High-resolution mass spectrum of 3,4-
dibromothiophene-2,5-dicarbonitrile (5); Figure S18. High-resolution mass spectrum of dimethyl 3,5-
diaminodithieno[3,2-b:2',3-d]thiophene-2,6-dicarboxylate (6a); Figure S19. High-resolution mass spec-
trum of diethyl 3,5-diaminodithieno[3,2-b:2,3 -d]thiophene-2,6-dicarboxylate (6b); Figure S20. High-
resolution mass spectrum of dibutyl 3,5-diaminodithieno[3,2-b:2/,3’-d]thiophene-2,6-dicarboxylate
(6¢); Figure S21. High-resolution mass spectrum of 1,1'-(3,5-diaminodithieno[3,2-b:2’,3’-d]thiophene-
2,6-diyl)bis(ethan-1-one) (6d).
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