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Abstract. Thiophene derivatives are of significant importance in medicinal chemistry owing to their
broad spectrum of biological and pharmacological activities. However, the preparation of
thiopheneacetic acid derivatives via existing methods remains challenging, typically requiring
multiple synthetic steps, harsh conditions, and prolonged reaction times. In this study, a modified
and efficient method for the synthesis of thiopheneacetic acid scaffolds is presented. The target
compounds were prepared from the reaction of aromatic thioamides possessing an active methylene
group with P-bromo-B-aroylpropionic acids in DMF at 90 °C. The optimal reaction conditions,
including solvent, temperature, base amount, and molar ratio of starting materials, were
systematically investigated to maximize efficiency. Under the optimized conditions, a series of
structurally diverse thiopheneacetic acid derivatives were synthesized in good isolated yields (62—
80%) within short reaction times (60 min). The progress of the reactions and the purity of the
synthesized products were successfully monitored and confirmed using thin-layer chromatography
(TLC) and melting point measurements. This method offers a straightforward and practical
approach to thiopheneacetic acids, providing advantages over conventional multi-step protocols in
terms of operational simplicity and reduced reaction time. The improved synthetic efficiency aligns
with the principles of green chemistry and SDG 12 (Responsible Consumption and Production).
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1. Introduction

Thioamides are of significant importance in medicinal chemistry owing to their broad
spectrum of biological activities, including antibacterial, antifungal, and herbicidal properties
(Sarkis & Faisal, 1985). For instance, the compound Tritiozine acts as an analgesic and gastric
acid antisecretory agent (Schroeder, 1955) (Figure 1). Furthermore, thioamides serve as valuable
and versatile synthons in the construction of five- and six-membered heterocycles, as well as
in the development of anion sensors (Martinez-Maiiez & Sancendn, 2003).
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Figure 1. Chemical structure of Tritiozine, an analgesic and gastric acid antisecretory agent
(Schroeder, 1955).
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Thiophenes constitute an important class of heterocycles with diverse properties and
applications. They exhibit a wide range of biological activities, including anti-inflammatory,
antimicrobial, and antifungal properties (Taylor & Dowling, 1997). Furthermore, certain
thiophene derivatives are recognized as antibiotics and anti-allergic agents, while
polythiophenes have found extensive applications in recent years, particularly in biosensors,
gas sensors, organic transistors, and solar cells (Baudry et al., 1993) (Figure 2).

NIl
Figure 2. Chemical structure of di(thiophen-2-yl)-1H-pyrrol-1-yl phenylamine (Baudry et al.,
1993).

2. Methods
2.1. Materials and Instrumentation

All materials and solvents used in this study were purchased from Merck, Fluka, and
Aldrich and were used without further purification. Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker AVANCE-500 MHz spectrometer using tetramethylsilane
(TMS) as an internal standard; CDCl; and DMSO-de were used as solvents. Mass spectra were
obtained on a Micromass Platform II mass spectrometer at 70 eV using the electron impact
(EI) ionization method. Melting points were determined on a Stuart Scientific SP2 melting
point apparatus and are reported uncorrected.

2.2. Separation and Identification of Products

Thin-layer chromatography (TLC) plates containing a fluorescent indicator active at
254 nm (Merck) were used to monitor the progress of the reactions. For the separation and
purification of the products, recrystallization from an appropriate solvent was employed, and
in some cases, column chromatography on neutral silica gel (Merck) was used.

2.3. Synthesis of Thioamides Containing Active Methylene

In a 100 mL round-bottom flask equipped with a magnetic stirrer and a condenser, a
mixture of aldehyde (50 mmol), sulfur (70 mmol, 2.24 g), and morpholine (150 mmol, 13 mL)
was prepared. The reaction mixture was stirred at 130 °C for 5 h. The progress of the reaction
was monitored by TLC. After completion, the mixture was cooled to 70 °C. The contents were
then transferred to a 100 mL beaker containing 40 mL of methanol. After 2 h, the precipitated
thioamide crystals were filtered, washed with cold methanol (10 mL), and the pure thioamides
were obtained in good to excellent yields (73-94%). The Willgerodt-Kindler reaction was
employed for the synthesis of thioamides (Sarkis & Faisal, 1985). A notable feature of this
method is that the resulting products are solid and can all be recrystallized from methanol in
high yield (Figure 3).
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Figure 3. Synthesis of thioamides bearing an active methylene group via the Willgerodt-
Kindler reaction (Sarkis & Faisal, 1985).

Table 1. Synthesis of thioamides bearing an active methylene group via the Willgerodt-
Kindler reaction.?
Entry Ar Product Yield (%)

1  Ph m 94
2 4-Tolyl /©/T \) 91
3bue

3 4-CICgH, m 73
3ca

@ Reaction conditions: aldehyde (50 mmol), sulfur (70 mmol), morpholine (150 mmol), 130 °C,
5h.

2.4. Synthesis of Acidic Precursors: Benzoyl Propionic Acid and Toluoyl Propionic Acid

In a 100 mL two-neck round-bottom flask equipped with a magnetic stirrer and a
condenser, a mixture of succinic anhydride (68 mmol, 6.8 g) and arene (benzene or toluene,
236 mmol) was prepared. Then, aluminum trichloride (150 mmol, 20 g) was added to the flask.
The reaction mixture was stirred at 100 °C for 30 min. The temperature was then lowered
using an ice bath, and cold water was added dropwise. Subsequently, steam distillation was
performed. After distillation, the contents of the flask were decanted. To the decanted liquid,
a drop of concentrated hydrochloric acid was added, and the resulting white precipitate was
tiltered and dried. To the solid remaining from the decantation, 150 mL of water and 35 g of
sodium carbonate were added, and the mixture was stirred at 100 °C for 3 h. The mixture was
then filtered, and the filter cake was washed with boiling water (2 x 10 mL). To the filtrate, 1
mL of concentrated hydrochloric acid was added, and the resulting white precipitate was
filtered, dried, and combined with the precipitate from the previous step to afford the acidic
precursors as white solids. Due to the lengthy and multi-step nature of the reaction pathway,
the obtained products were isolated in moderate yields (Figure 4).
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Figure 4. Synthesis of the acidic precursors (Martinez-Miriez & Sancenon, 2003).

Table 2. Synthesis of the acidic precursors. b

Entry Product Yield (%)
o}
1 H COOH 59
Br
2a
0
2 M COOH 52
e
Br
2by

b Reaction conditions: succinic anhydride (68 mmol), arene (236 mmol), AICl; (150 mmol), 100
°C, 30 min.

2.5. Synthesis of B-Bromo-B-aroylpropionic Acids

The p-bromo-B-aroylpropionic acid derivatives (B-bromo-f-benzoylpropionic acid
and P-bromo-B-toluoylpropionic acid) used as electrophilic precursors in this study were
prepared according to a previously reported standard bromination procedure (Jios et al., 2006)
with minor modifications, or were obtained from commercial sources and used without
further purification. Specifically, the corresponding benzoylpropionic or toluoylpropionic
acid (2a-2b) was treated with bromine (Br;) in an appropriate solvent under controlled
conditions to afford the desired brominated precursors. The completion of the bromination
step was monitored by TLC, and the structures were confirmed by their melting points and
spectral data prior to use in the subsequent cyclization step.

2.6. General Procedure for the Synthesis of Thiopheneacetic Acids (4a-4d)

In a 25 mL round-bottom flask equipped with a magnetic stirrer and a condenser, a
mixture of thioamide 1 (1 mmol) and DMF (1.5 mL) was prepared. While the mixture was
stirred vigorously at 90 °C, the acidic precursor 2 (3-bromo-p-aroylpropionic acid, 1 mmol)
was gradually added. The reaction mixture was stirred for 45 min at 90 °C. Subsequently,
triethylamine (1 mmol, 0.14 mL) was added, and the mixture was stirred for an additional 15
min at 90 °C. The progress of the reaction was monitored by TLC. After completion, the
mixture was cooled to room temperature, dissolved in ethyl acetate (10 mL), and the organic
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phase was washed with water (2 x 10 mL). The organic layer was dried over anhydrous
sodium sulfate, and the solvent was removed under reduced pressure. The crude product was
purified by column chromatography on neutral silica gel using an ethyl acetate/hexane
mixture (8:1, v/v) as the eluent to afford the pure thiopheneacetic acid derivatives 4a-4d in
62-80% isolated yields.

Et3N, DMF
Thiopheneacetic acid derivative (da-4d) —— ) Ar’CO-CH(Br)-CH2COOH + Ar-C(=S)-NH-CH2-R

90 °C, 45 min

3. Results and Discussion
3.1. Synthesis of Thiopheneacetic Acids from Thioamides Bearing an Active Methylene
Group
3.1.1. Optimization of the Reaction Solvent

To determine the optimal solvent, the reaction of thioamide 1 with the acidic
precursors (B-bromo-B-benzoylpropionic acid and -bromo-p-toluoylpropionic acid) was
investigated in various solvents at 90 °C. As shown in Table 3, the reaction proceeded with
the highest conversion in DMF (88%) after 60 min, compared to toluene, DMSO, and
isopropanol. Therefore, DMF was selected as the optimal solvent for further optimization
steps (Figure 5).

Ar,
. Et;N/ DMF
r\o COOH 3 /!
N N\/l + //\N .
/Y ) Br O\J goo

[0}

Figure 5. Synthesis of thiopheneacetic acids (fios et al., 2006).

Table 3. Effect of solvent on the reaction of thioamide with the acidic precursor.c

Entry Solvent Conversion (%) in 60 min

1 Toluene 31
2 DMSO 39
3 Isopropanol 42
4  DMF 88

< Reaction conditions: thioamide (1 mmol), acidic precursor (1 mmol), triethylamine (1 mmol),
90 °C.

3.1.2. Optimization of the Reaction Temperature

To determine the optimal temperature, the reaction of thioamide 1 with the acidic precursors
in DMF was investigated at various temperatures. As presented in Table 4, at temperatures
below 90 °C, the reaction did not proceed significantly; however, at 90 °C, the reaction reached
92% conversion. Increasing the temperature to 100 °C did not improve the conversion.
Therefore, 90 °C was selected as the optimal temperature for all subsequent reactions.

Table 4. Effect of temperature on the reaction of thioamide with the acidic precursor in
DMF.d
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Entry Temperature (°C) Conversion (%) in 60 min

1 60 37
2 70 54
3 80 81
4 90 92
5 100 92

d Reaction conditions: thioamide (1 mmol), acidic precursor (1 mmol), DMF (1.5 mL),
triethylamine (1 mmol).

3.1.3. Optimization of the Amount of Triethylamine

To determine the optimal amount of triethylamine, the reaction was investigated in DMF at
90 °C using different amounts of triethylamine. The results are summarized in( Table 5).
When a 0.25:1 ratio of triethylamine to thioamide was used, the reaction did not proceed
significantly. However, a considerable improvement was observed with increasing amounts
of triethylamine. When a 1:1 ratio was employed, the reaction reached 92% conversion.
Consequently, 1 mmol of triethylamine per 1 mmol of thioamide was used in the remaining
reactions.

Table 5. Effect of triethylamine amount on the reaction of thioamide with the acidic
precursor in DMF.e

Entry Triethylamine (mmol) Conversion (%) in 60 min

1 0.25 46
2 0.5 59
3 0.75 78
4 1 92
5 1.25 92

e Reaction conditions: thioamide (1 mmol), acidic precursor (1 mmol), DMF (1.5 mL), 90 °C.

3.1.4. Optimization of the Amount of Thioamide

To determine the optimal amount of thioamide, the reaction was investigated in DMF
in the presence of triethylamine using different amounts of thioamide. As shown in (Table 6)
when a 0.25:1 ratio of thioamide to the acidic precursor was used, the reaction did not proceed
significantly; however, with increasing amounts of thioamide, a considerable improvement
was observed. When a 1:1 ratio was employed, the reaction was completed within 60 min.
Therefore, 1 mmol of thioamide per 1 mmol of the acidic precursor was used for the remaining
reactions.

Table 6. Effect of thioamide amount on the reaction with the acidic precursor in DMF.f

Entry Thioamide Yield (%)
(mmol)
1 0.25 31
2 0.5 53
3 0.75 77
4 1 82
5 1.25 78
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6 1.5 59
f Reaction conditions: acidic precursor (1 mmol), DMF (1.5 mL), triethylamine (1 mmol), 90
°C, 60 min.

3.1.5. Synthesis of Thiopheneacetic Acids from Thioamides Bearing an Active Methylene
Group

After optimizing the reaction conditions, the reaction of thioamides bearing different
substituents with the acidic precursors was carried out according to the general procedure
(Section 2.6) in DMF at 90 °C. Finally, upon the addition of triethylamine, the reaction was
completed. The results indicate that under these conditions, thiopheneacetic acid derivatives
4a-4d were obtained in good isolated yields (62-80%) within a short reaction time, as
summarized in Table 7. The completion of the reactions was monitored by TLC, and the purity
of the final products was confirmed by their sharp melting points, which were consistent with
the expected structures.

Table 7. Synthesis of thiopheneacetic acid derivatives (4a-4d) via the reaction of thioamides
with acidic precursors.s

Entry Ar Y  Product Yield (%)
1 Ph H 4a 80
2 Ph Me 4b 78
3 4-Tolyl H 4c 76
4 4-Tolyl Me 4d 62

8 Reaction conditions: thioamide (1 mmol), acidic precursor (1 mmol), DMF (1.5 mL),
triethylamine (1 mmol), 90 °C, 45 min.

3.2. Proposed Mechanism for the Synthesis of Thiopheneacetic Acids

A plausible mechanism involves the initial deprotonation of the thioamide 1 by
triethylamine to form a reactive anion, which then attacks the a-bromo ketone 2 via an SN2
pathway in DMF at 90 °C, giving a linear B-keto thioamide intermediate. Subsequent
intramolecular cyclization and dehydration afford the fully conjugated thiophene ring,
yielding the final thiopheneacetic acid derivatives 4a-4d (Figure 6).
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Figure 6. Scheme of Proposed mechanism for the synthesis of thiopheneacetic acids from

aromatic thioamides.
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Conclusions

In this study, a modified and efficient method was developed for the synthesis of
thiopheneacetic acid derivatives from simple thioamides. The present method addresses the
limitations of conventional multi-step procedures by employing a straightforward protocol
that proceeds smoothly in DMF at 90 °C in the presence of triethylamine as a base. Under the
optimized conditions, a series of structurally diverse thiopheneacetic acid derivatives (4a-4d)
were obtained in good isolated yields (62-80%) within short reaction times. The proposed
mechanism involves the deprotonation of the thioamide, an SN2 attack on the a-bromo ketone,
intramolecular cyclization, and subsequent dehydration/aromatization to form the fully
conjugated thiophene ring.

This protocol offers several notable advantages over previously reported methods,
including: (1) significantly reduced reaction time; (2) operational simplicity in workup and
product isolation; (3) mild reaction conditions; and (4) good to excellent product yields.
Although the use of DMF and triethylamine presents some environmental limitations
compared to ideal green solvents, the improved synthetic efficiency (fewer steps and reduced
time) aligns with the principles of Green Chemistry and SDG 12 (Responsible Consumption
and Production) by minimizing energy consumption and chemical waste. The synthesized
compounds serve as promising scaffolds for further pharmacological evaluation, given the
well-documented biological properties of thiophene-based derivatives. Overall, this work
provides a practical and efficient synthetic strategy for the preparation of thiopheneacetic
acids from readily available starting materials.

Funding
This research received no external funding.

Conlflicts of Interest
The funders had no role in the design of the study; in the collection, analyses, or
interpretation of data; in the writing of the manuscript; or in the decision to publish the result.

References

Baudry, M., Etienne, S., Bruce, A., Palucki, M., Jacobsen, E., & Malfroy, B. (1993). Salen-
manganese complexes are superoxide dismutase-mimics. Biochemical and Biophysical
Research Communications, 192 (2), 964-968. https:/ /doi.org/10.1006 /bbrc.1993.1509

Boeini, H. Z., & Kashan, M. E. (2009). Highly efficient synthesis of thioesters in water. Green
Chemistry, 11 (12), 1987-1991. https:/ /doi.org/10.1039 /B916852D

Gasteiger, J., & Herzig, C. (1981). Synthetic applications of 2-chlorooxiranes: Preparation of
thiazoles, dihydrothiazoles and selenazoles. Tetrahedron, 37 (15), 2607-2611.
https://doi.org/10.1016 /50040-4020(01)98962-7

Hurd, R. N., & DeLaMater, G. (1961). The preparation and chemical properties of thionamides.
Chemical Reviews, 61 (1), 45-86. https://doi.org/10.1021/cr60209a003

Jios, J. L., Kirin, S. I, Weyhermtdiller, T., Metzler-Nolte, N., & Della Védova, C. O. (2006).
Synthesis, structural and spectroscopic study of aromatic thioester compounds. Journal
of Molecular Structure, 825 (1-3), 53-59.
https:/ /doi.org/10.1016 /i.molstruc.2006.07.027

https:/ /journal.scitechgrup.com/index.php/ijgc 106



https://doi.org/10.1006/bbrc.1993.1509
https://doi.org/10.1039/B916852D
https://doi.org/10.1016/S0040-4020(01)98962-7
https://doi.org/10.1021/cr60209a003
https://doi.org/10.1016/j.molstruc.2006.07.027

Kale, A. D., Tayade, Y. A., Mahale, S. D, Patil, R. D., & Dalal, D. S. (2019). Willgerodt-Kindler
reaction at room temperature: Synthesis of thioamides from aromatic aldehydes and
cyclic secondary amines. Tetrahedron, 75 (41), 130575.
https://doi.org/10.1016/j.tet.2019.130575

Katritzky, A. R., Shestopalov, A. A., & Suzuki, K. (2004). A new convenient preparation of
thiol esters utilizing N-acylbenzotriazoles. Synthesis, 2004 (11), 1806-1813.
https://doi.org/10.1055/5-2004-829126

Martinez-Méfiez, R., & Sancenén, F. (2003). Fluorogenic and chromogenic chemosensors and
reagents for anions. Chemical Reviews, 103 (11), 4419-4476.
https:/ /doi.org/10.1021/cr010421e

Mclntosh, J. M., & Khalil, H. (1975). A new thiophene synthesis. Canadian Journal of Chemistry,
53 (2), 209-211. https:/ /doi.org/10.1139 /v75-029

Moghaddam, F. M., Boinee, H. Z., & Taheri, S. (2004). Efficient and rapid route to thioamides
via modified Willgerodt-Kindler reaction of quinaldine and picolines under
microwave irradiation.  Journal of Sulfur  Chemistry, 25 (6), 407-412.
https:/ /doi.org/10.1080/17415990410001712683

Mykhaylychenko, S. S., Pikun, N. V., Rusanov, E. B., Rozhenko, A. B., & Shermolovich, Y. G.
(2017). Synthesis of 2-polyfluoroalkyl-2,3-dihydro-1,3,4-thiadiazoles via regioselective
[3+2] cycloaddition of nitrile imines to polyfluoroalkanethioamides. Chemistry of
Heterocyclic Compounds, 53 (11), 1268-1276. https:/ /doi.org/10.1007 /s10593-018-2199-
9

Naik, S., Kavala, V., Gopinath, R., & Patel, B. K. (2006). 1,1'-(Ethane-1,2-diyl)dipyridinium
bistribromide (EDPBT) as a recyclable catalyst for acylation. ARKIVOC, 2006 (11), 21-
36. https:/ /doi.org/10.3998 /ark.5550190.0007.b02

Nakayama, J., & Kuroda, K. (1993). Synthesis and reactivities of a highly strained thiophene
with two fused four-membered rings, 1,2,4,5-tetrahydrodicyclobuta[b,d]thiophene.
Journal of the  American Chemical Society, 115 (11), 4612-4617.
https://doi.org/10.1021/ja00064a024

Neises, B., & Steglich, W. (1978). Simple method for the esterification of carboxylic acids.
Angewandte  Chemie  International  Edition in  English, 17 (7), 522-524.
https://doi.org/10.1002/anie.197805221

Sarkis, G. Y., & Faisal, E. D. (1985). Synthesis and spectroscopic properties of some new N,N'-
disubstituted thioureas of potential biological interest. Journal of Heterocyclic Chemistry,
22 (1), 137-140. https:/ /doi.org/10.1002/jhet.5570220130

Schroeder, D. C. (1955). Thioureas. Chemical Reviews, 55 (1), 181-228.
https:/ /doi.org/10.1021 /cr50001a005

Skabara, P. J. (2009). Fused oligothiophenes. In I. F. Perepichka & D. F. Perepichka (Eds.),
Handbook of thiophene-based materials: Applications in organic electronics and photonics (pp.
219-254). Wiley. https://doi.org/10.1002/9780470745533.ch3

Taylor, E. C., & Dowling, J. E. (1997). Replacement of the 1',4'-phenylene region in 5,10-
dideaza-5,6,7,8-tetrahydrofolic acid (DDATHEF) by 4,5,6,7-
tetrahydrobenzo[c]thiophene and 4,5,6,7-tetrahydroisobenzofuran nuclei. The Journal
of Organic Chemistry, 62 (6), 1599-1603. https://doi.org/10.1021/jo9620007

https:/ /journal.scitechgrup.com/index.php/ijgc 107



https://doi.org/10.1016/j.tet.2019.130575
https://doi.org/10.1055/s-2004-829126
https://doi.org/10.1021/cr010421e
https://doi.org/10.1139/v75-029
https://doi.org/10.1080/17415990410001712683
https://doi.org/10.1007/s10593-018-2199-9
https://doi.org/10.1007/s10593-018-2199-9
https://doi.org/10.3998/ark.5550190.0007.b02
https://doi.org/10.1021/ja00064a024
https://doi.org/10.1002/anie.197805221
https://doi.org/10.1002/jhet.5570220130
https://doi.org/10.1021/cr50001a005
https://doi.org/10.1002/9780470745533.ch3
https://doi.org/10.1021/jo9620007

Wynberg, H., & Kooreman, H. J. (1965). The mechanism of the Hinsberg thiophene ring
synthesis. Journal of the American Chemical Society, 87 (8), 1739-1742.
https:/ /doi.org/10.1021 /ja01086a022

Zbruyev, O. I, Stiasni, N., & Kappe, C. O. (2003). Preparation of thioamide building blocks
via microwave-promoted three-component Kindler reactions. Journal of Combinatorial
Chemistry, 5 (2), 145-148. https://doi.org/10.1021/cc0200660

CC BY-SA 4.0 (Attribution-ShareAlike 4.0 International).
This license allows users to share and adapt an article, even commercially, as long as appropriate ® @
credit is given and the distribution of derivative works is under the same license as the original.

That is, this license lets others copy, distribute, modify and reproduce the Article, provided the
original source and Authors are credited under the same license as the original.

https:/ /journal.scitechgrup.com/index.php/ijgc 108



https://doi.org/10.1021/ja01086a022
https://doi.org/10.1021/cc0200660

