
molbank

Communication

Regioselective Synthesis of 4-Bromo-3-formyl-N-phenyl-5-
propylthiophene-2-carboxamide

Sukanta Bar 1,2,* and Maxwell Israel Martin 2

����������
�������

Citation: Bar, S.; Martin, M.I.

Regioselective Synthesis of

4-Bromo-3-formyl-N-phenyl-5-

propylthiophene-2-carboxamide.

Molbank 2021, 2021, M1296.

https://doi.org/10.3390/M1296

Academic Editor: Fawaz Aldabbagh

Received: 4 November 2021

Accepted: 9 November 2021

Published: 16 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Chemistry, Indian Institute Technology Kharagpur, Kharagpur 721302, India
2 Department of Structural Biology, St. Jude Children’s Research Hospital, Memphis, TN 38105, USA;

Max.Martin@STJUDE.ORG
* Correspondence: Sukanta.Bar@stjude.org or sukantachem@gmail.com; Tel.: +1-901-921-1178

Abstract: We synthesized 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide by using
three successive direct lithiations and a bromination reaction starting from thiophene. All these
lithiation reactions were carried out at −78 ◦C to RT over a period of 1 to 24 h based on the reactivity
of electrophile. This is a four-step protocol starting from thiophene with an overall yield of 47%.
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1. Introduction

Functionalized derivatives of thiophene have massively contributed to the growth of
chemistry materials which have shown promising developments towards new technologies
in electronics [1–5]. At the same time, thiophene-derived small organic molecules have
shown a wide variety of applications including agrochemical [6,7] and pharmaceutical [8–10]
fields. The model organic compound 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-
carboxamide (Figure 1) is very useful, with functionalization that allows facile downhill
derivation, as well as handles that themselves can be derivatized to the target material.
This system benefits from new directed derivations that have not previously been reported,
leading to three new characterized derivatives. The aldehyde group in position 3 gives
bench-stable derivatives that are accessible for enhanced synthetic modification. The amide
group at position 2 contributes to the ease of functionalization for product 4 (Scheme 1)
and can be deprotected for further functionalization. The novelty of this model system is
the presence of a bromo functionality at position 4, which is a useful handle for halogen
exchange or coupling chemistry. Thiophene derivatives are traditionally synthesized by
aromatic electrophilic substitution [11], by heterocyclization methods [12], metal halogen
exchange [13–16] or palladium chemistry [17–20], but these approaches require additional
transformations, which results in increased number of steps and overall lower yield in
total synthesis. Therefore, we have established a new synthetic protocol for a synthesis of
tetra-substituted thiophene derivative, which promotes a series of functionalizations that
would streamline synthesis of complex tetra-substituted thiophenes. In this study we report
a chemo and regioselective synthesis of tetra substitute thiophene derivative by using three
successive direct lithiations and a bromination on thiophene ring.
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1. Introduction 
Functionalized derivatives of thiophene have massively contributed to the growth of 

chemistry materials which have shown promising developments towards new technolo-
gies in electronics [1–5]. At the same time, thiophene-derived small organic molecules 
have shown a wide variety of applications including agrochemical [6,7] and pharmaceu-
tical [8–10] fields. The model organic compound 4-Bromo-3-formyl-N-phenyl-5-
propylthiophene-2-carboxamide (Figure 1) is very useful, with functionalization that al-
lows facile downhill derivation, as well as handles that themselves can be derivatized to 
the target material. This system benefits from new directed derivations that have not pre-
viously been reported, leading to three new characterized derivatives. The aldehyde 
group in position 3 gives bench-stable derivatives that are accessible for enhanced syn-
thetic modification. The amide group at position 2 contributes to the ease of functionali-
zation for product 4 (Scheme 1) and can be deprotected for further functionalization. The 
novelty of this model system is the presence of a bromo functionality at position 4, which 
is a useful handle for halogen exchange or coupling chemistry. Thiophene derivatives are 
traditionally synthesized by aromatic electrophilic substitution [11], by heterocyclization 
methods [12], metal halogen exchange [13–16] or palladium chemistry [17–20], but these 
approaches require additional transformations, which results in increased number of 
steps and overall lower yield in total synthesis. Therefore, we have established a new syn-
thetic protocol for a synthesis of tetra-substituted thiophene derivative, which promotes 
a series of functionalizations that would streamline synthesis of complex tetra-substituted 
thiophenes. In this study we report a chemo and regioselective synthesis of tetra substi-
tute thiophene derivative by using three successive direct lithiations and a bromination 
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Figure 1. 4-Bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide. 
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Scheme 1. Synthesis of 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide. 

2. Results and Discussion 
First, 4-Bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5 was pre-

pared from thiophene by three consecutive chemo and regioselective direct lithiation re-
actions and a bromination reaction as shown in Scheme 1. Then, 2-Propylthiophene 2 was 
prepared by lithiation of thiophene 1 by using n-BuLi (1.1 equiv.) and n-propyl bromide 
in THF following the literature procedure [21] to give 85%. This reaction required lithia-
tion of thiophene at −78 °C utilizing n-BuLi over a period of 1 h and was followed by 
reaction with n-PrBr to furnish 2-propylthiophene 2. Next, 2-propylthiophene 2 was 
treated with n-BuLi for lithiation at −78 °C followed by reaction with phenylisocyanate to 
get N-phenyl-5-propylthiophene-2-carboxamide 3 in 91%. This regioselectivity is con-
sistent with the literature report [22] where a similar reaction was carried out with 2-hex-
ylthiophene in presence of n-BuLi and CO2 to get 5-hexylthiophene-2-carboxylic acid. We 
observed that one thiophene C-H proton of compound 3 appeared as a doublet at 7.50 
ppm with a coupling constant of 3.2 Hz, whereas another C-H proton appeared as a mul-
tiplet at 6.80–6.79 ppm. 

Amide directed lithiation by using n-BuLi of N-phenyl-5-propylthiophene-2-carbox-
amide 3 and subsequent quenching with DMF gave the desired 3-formyl-N-phenyl-5-
propylthiophene-2-carboxamide 4 in 77%. The thiophene C-H proton of compound 4 ap-
peared as a singlet at 7.29 ppm, characteristic of a tri-substituted thiophene [13]. Finally, 
the bromination reaction on 4, carried out using two equiv. of Br2 and acetic acid in CHCl3, 
provided 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5 with 80%. 

3. Materials and Methods 
All reactions were conducted using oven-dried glassware under an atmosphere of 

Argon (Ar). Commercial grade reagents were used without further purification. Commer-
cially available anhydrous solvents were used. Flash chromatography was carried out us-
ing silica gel (230–400 mesh). TLC was performed on aluminum-backed plates coated with 
Silica gel 60 with F254 indicator. NMR spectra were recorded on Brucker 200 MHz and 
Brucker 400 MHz spectrometers at department of chemistry, Indian Institute of Technol-
ogy Kharagpur, India; 1H NMR chemical shifts are expressed in parts per million (δ) rela-
tive to CDCl3 (δ = 7.26) and 13C NMR chemical shifts are expressed in parts per million (δ) 
relative to the CDCl3 resonance (δ = 77.0). Melting points (m.p.) of solid compounds were 
reported without correction. Elemental analyses were carried out on a Perkin-Elmer 2400-
II (Indian Institute of Technology Kharagpur). LCMS were recorded on Waters ACQUITY 
UPLC with PDA (200–500 nm) and ELSD detectors at department of chemistry, Indian 
Institute of Technology, Kharagpur, India. 

3.1. Synthesis of 2-propylthiophene 2 
Thiophene (119 mmol, 10.0 g) and 120 mL THF were taken in 250 mL of a round-

bottom flask and cooled to −78 °C. A total of 52.3 mL of n-BuLi (131 mmol, 1.1 equiv., 2.5 
M in hexane) was added dropwise at same temperature and stirred for 45 min. Then, 43.2 
g propyl bromide (360 mmol, 3 equiv.) was added slowly. It was warmed to rt and stirred 

Scheme 1. Synthesis of 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide.

2. Results and Discussion

First, 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5 was prepared
from thiophene by three consecutive chemo and regioselective direct lithiation reactions
and a bromination reaction as shown in Scheme 1. Then, 2-Propylthiophene 2 was prepared
by lithiation of thiophene 1 by using n-BuLi (1.1 equiv.) and n-propyl bromide in THF
following the literature procedure [21] to give 85%. This reaction required lithiation of
thiophene at −78 ◦C utilizing n-BuLi over a period of 1 h and was followed by reaction
with n-PrBr to furnish 2-propylthiophene 2. Next, 2-propylthiophene 2 was treated with
n-BuLi for lithiation at−78 ◦C followed by reaction with phenylisocyanate to get N-phenyl-
5-propylthiophene-2-carboxamide 3 in 91%. This regioselectivity is consistent with the
literature report [22] where a similar reaction was carried out with 2-hexylthiophene in
presence of n-BuLi and CO2 to get 5-hexylthiophene-2-carboxylic acid. We observed
that one thiophene C-H proton of compound 3 appeared as a doublet at 7.50 ppm with
a coupling constant of 3.2 Hz, whereas another C-H proton appeared as a multiplet at
6.80–6.79 ppm.

Amide directed lithiation by using n-BuLi of N-phenyl-5-propylthiophene-2-carboxam-
ide 3 and subsequent quenching with DMF gave the desired 3-formyl-N-phenyl-5-propylth-
iophene-2-carboxamide 4 in 77%. The thiophene C-H proton of compound 4 appeared
as a singlet at 7.29 ppm, characteristic of a tri-substituted thiophene [13]. Finally, the
bromination reaction on 4, carried out using two equiv. of Br2 and acetic acid in CHCl3,
provided 4-bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5 with 80%.

3. Materials and Methods

All reactions were conducted using oven-dried glassware under an atmosphere of
Argon (Ar). Commercial grade reagents were used without further purification. Commer-
cially available anhydrous solvents were used. Flash chromatography was carried out
using silica gel (230–400 mesh). TLC was performed on aluminum-backed plates coated
with Silica gel 60 with F254 indicator. NMR spectra were recorded on Brucker 200 MHz and
Brucker 400 MHz spectrometers at department of chemistry, Indian Institute of Technology
Kharagpur, India; 1H NMR chemical shifts are expressed in parts per million (δ) relative to
CDCl3 (δ = 7.26) and 13C NMR chemical shifts are expressed in parts per million (δ) relative
to the CDCl3 resonance (δ = 77.0). Melting points (m.p.) of solid compounds were reported
without correction. Elemental analyses were carried out on a Perkin-Elmer 2400-II (Indian
Institute of Technology Kharagpur). LCMS were recorded on Waters ACQUITY UPLC
with PDA (200–500 nm) and ELSD detectors at department of chemistry, Indian Institute of
Technology, Kharagpur, India.

3.1. Synthesis of 2-Propylthiophene 2

Thiophene (119 mmol, 10.0 g) and 120 mL THF were taken in 250 mL of a round-
bottom flask and cooled to−78 ◦C. A total of 52.3 mL of n-BuLi (131 mmol, 1.1 equiv., 2.5 M
in hexane) was added dropwise at same temperature and stirred for 45 min. Then, 43.2 g
propyl bromide (360 mmol, 3 equiv.) was added slowly. It was warmed to rt and stirred
for 16 h. Upon completion of the reaction, it was quenched with saturated ammonium
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chloride and extracted with ethyl acetate (250 mL). The organic layer was washed with
brine and dried over Na2SO4. Concentration and flash column chromatography (hexane)
gave the titled compound color less liquid (12.5 g, 85% yield). Observed NMR data are in
good agreement with the literature [21]; 1H-NMR (CDCl3, 200 MHz): 7.11 (d, J = 3.8 Hz,
1H), 6.93 (dd, J = 3.4, 5.0 Hz, 1H), 6.80 (m, 1H), 2.82 (t, J = 7.4 Hz, 2H), 1.74 (dd, J = 7.4,
14.8 Hz, 2H), 0.99 (t, J = 7.4 Hz, 3H).

3.2. Synthesis of N-Phenyl-5-propylthiophene-2-carboxamide 3

Next, 2-Propylthiophene 2 (79.3 mmol, 10.0 g) and 80 mL THF were taken in 250 mL
round-bottom flask and cooled to −78 ◦C. A total of 34.9 mL n-BuLi (87.2 mmol, 1.1 equiv.,
2.5 M in hexane) was added slowly at −78 ◦C and stirred for 45 min. Then, 14.1 g phenyl
isocyanate (119 mmol, 1.5 equiv.) taken in 25 mL THF was added slowly. It was warmed to
rt and stirred for 1 h. Upon completion of the reaction, it was quenched with ammonium
chloride and extracted with ethyl acetate (100 mL). The organic layer was washed with
brine and dried over Na2SO4. Concentration and flash column chromatography (10%
ethyl acetate in hexane) gave the titled compound as white solid (16.7 g, 91% yield). m.p.
124 ◦C–126 ◦C. 1H-NMR (CDCl3, 400 MHz): 7.76 (s, 1H), 7.63–7.61 (m, 2H), 7.50 (d, 3.7 Hz,
1H), 7.37–7.33 (m, 2H), 7.16–7.12 (m, 1H), 6.80–6.79 (m, 1H), 2.85–2.81 (m, 2H), 1.79–1.70
(sextet, J = 7.4 Hz, 2H), 1.01 (t, J = 7.3 Hz, 3H). 13C-NMR (CDCl3, 100 MHz): 160.1, 152.1,
137.8, 136.1, 129.0, 128.7, 125.1, 124.3, 120.1, 32.4, 24.7, 13.5. ESI-MS (positive mode, m/z:
264 (M+ H)+, 100%), 491 (2M+ H)+, 20%). Anal. (CHN %) Calcd for C14H15NOS: C, 68.54;
H, 6.16; N, 5.71. Found: C, 68.61; H, 6.19; N, 5.66.

3.3. Synthesis of 3-Formyl-N-phenyl-5-propylthiophene-2-carboxamide 4

N-phenyl-5-propylthiophene-2-carboxamide 3 (40.8 mmol, 10.0 g) and 80 mL of THF
were taken in 100 mL round-bottom flask and placed at −78 ◦C. A total of 36.0 mL of
n-BuLi (89.7 mmol, 2.2 equiv., 2.5 M in hexane) added dropwise over 10 min and stirred for
20 min. Neat DMF (4.6 g, 61.2 mmol) was added slowly over 5 min and the reaction stirred
at rt for 18 h. On completion, it was quenched with NH4Cl and extracted with ethyl acetate
(100 mL). Concentration and flash column purification (10% ethyl acetate in hexane) gave
the titled compound as a yellow solid (9.1 g, 77% yield). m.p. 163 ◦C–166 ◦C. 1H-NMR
(CDCl3, 400 MHz): 11.89 (s, 1H), 9.88 (s, 1H), 7.82–7.80 (m, 2H), 7.4–7.36 (m, 2H), 7.29 (s,
1H), 7.16 (t, J = 7.4 Hz, 1H), 2.87–2.82 (m, 2H), 1.74 (dd, J = 7.4 Hz, 2H), 1.03 (t, J = 7.3 Hz,
3H). 13C-NMR (CDCl3, 100 MHz): 187.6, 158.0, 150.8, 146.4, 138.1, 135.2, 131.3, 129.0, 124.5,
120.3, 31.9, 24.4, 13.5. ESI-MS (positive mode, m/z: 274 (M+ H)+, 100%), 181 (10%). Anal.
(CHN %) Calcd for C15H15NO2S: C, 65.91; H, 5.53; N, 5.12. Found: C, 65.97; H, 5.49; N, 5.17.

3.4. Synthesis of 4-Bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5

Next, 3-Formyl-N-phenyl-5-propylthiophene-2-carboxamide 4 (3.6 mmol, 1.0 g), acetic
acid (1 mL) and 20 mL of chloroform were charged into a 50 mL, three-necked flask
equipped with a stirrer, a dropping funnel and an outlet for the hydrogen bromide evolu-
tion. Bromine (7.3 mmol, 1.1 g) was added dropwise to the stirred mixture over a period of
10 min in ice cold conditions. Then, the reaction mixture was warmed to room temperature.
It was heated at 50 ◦C for 24 h. The reaction mixture was quenched with NaHCO3 and
extracted with EtOAc. The organic layer was separated, washed with water, dried over
Na2SO4. Concentration and flash column chromatography (20% ethyl acetate in hexane)
gave the titled compound as a light-yellow solid (1.0 g, 80% yield). m.p. 146 ◦C. 1H-NMR
(CDCl3, 400 MHz): 12.01 (s, 1H), 9.86 (s, 1H), 7.71 (dd, J = 8.8 Hz, 2.04 Hz, 2H), 7.4–7.29
(dd, 8.8 Hz, 2.0 Hz, 2H), 7.30 (s, 1H), 2.87–2.83 (m, 2H), 1.74 (sextet, J = 7.4 Hz, 2H), 1.03 (t,
J = 7.3 Hz, 3H). 13C-NMR (CDCl3, 100 MHz): 187.6, 158.0, 151.2, 146.0, 137.2, 135.1, 132.0,
131.5, 121.8, 117.1, 31.9, 24.4, 13.5. ESI-MS (negative mode, m/z: 350 (M-H)−, 100%), 312
(15%), 145 (15%). Anal. (CHN %) Calcd for C15H14BrNO2S: C, 51.15; H, 4.01; N, 3.98.
Found: C, 51.18; H, 4.02; N, 3.91.
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4. Conclusions

This protocol utilizes the three successive chemo and regioselective lithiation reactions
and one bromination reaction to generate tetra-substituted thiophene, which can then
be utilized for further derivation for numerous applications. We synthesized 4-bromo-
3-formyl-N-phenyl-5-propylthiophene-2-carboxamide from thiophene in only four steps
with an overall yield of 47%.

Supplementary Materials: The following are available online, Figure S1: 1H-NMR spectrum of
compound 2; Figure S2: 1H-NMR spectrum of compound 3; Figure S3: 1H-NMR spectrum of com-
pound 3; Figure S4: 1H-NMR spectrum of compound 4; Figure S5: 13C-NMR spectrum of compound
4; Figure S6: DEPT-135 spectrum of compound 4; Figure S7: LCMS analysis (chromatogram and
ionization) compound 4; Figure S8: LCMS analysis (mass, positive mode) compound 4; Figure S9:
1H-NMR spectrum of compound 5; Figure S10: 13C-NMR spectrum of compound 5; Figure S11:
DEPT-135 spectrum of compound 5; Figure S12: LCMS analysis (chromatogram and ionization)
compound 5; Figure S13: LCMS analysis (mass, negative mode) compound 5; Figure S14: LCMS
analysis (chromatogram and ionization) compound 3; Figure S15: LCMS analysis (mass, negative
mode) compound 3.

Author Contributions: S.B. invented the concepts presented here, designed the experiments, synthe-
sis and wrote the manuscript. M.I.M. is responsible for writing, revising and final English check of
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from DST, New Delhi, India.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article and
supporting Supplementary Material.

Acknowledgments: I would like to thank my mentor, Saumen Hajra, for his continuous support
throughout my career.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Perepichka, I.F.; Perepichka, D.F.; Meng, H.; Wudl, F. Light-Emitting Polythiophenes. Adv. Mater. 2005, 17, 2281–2305. [CrossRef]
2. Barbarella, G.; Melucci, M.; Sotgiu, G. The Versatile Thiophene: An Overview of Recent Research on Thiophene-Based Materials.

Adv. Mater. 2005, 17, 1581–1593. [CrossRef]
3. Chan, H.S.O.; Ng, S.C. Synthesis, characterization and applications of thiophene-based functional polymers. Prog. Polym. Sci.

1998, 23, 1167–1231. [CrossRef]
4. Barbarella, G.; Zangoli, M.; Di Maria, F. Synthesis and Applications of Thiophene Derivatives as Organic Materials. Adv. Heterocycl.

Chem. 2017, 123, 105–167.
5. Thayumanavan, S.; Mendez, J.; Marder, S.R. Synthesis of functionalized organic second-order nonlinear optical chromophores for

electro-optic applications. J. Org. Chem. 1999, 64, 4289–4297. [CrossRef]
6. Shah, R.; Verma, P.K. Therapeutic Importance of Synthetic Thiophene. Chem. Cent. J. 2018, 12, 137. [CrossRef] [PubMed]
7. Mishra, R.; Tomar, I.; Singhal, S.; Jha, K.K. Synthesis, Properties and Biological Activity of Thiophene: A Review. Der Pharma

Chem. 2011, 3, 38–54.
8. Perepichka, I.F.; Perepichka, D.F. (Eds.) Handbook of Thiophene-Based Materials; John Wiley & Sons, Ltd.: Chichester, UK, 2009.
9. Martin-Smith, M.; Reid, S.T. Biological Activity in Compounds Possessing Thiophen Rings. J. Med. Chem. 1958, 1, 507–564.

[CrossRef] [PubMed]
10. Bar, S.; Hajra, S. Catalytic enantioselective synthesis of A-86929, a dopamine D1 agonist. Chem. Commun. 2011, 47, 3981–3982.
11. Eicher, T.; Hauptmann, S.; Speicher, A. The Chemistry of Heterocycles; John Wiley & Sons: Hoboken, NJ, USA, 2003.
12. Mancuso, R.; Gabriele, B. Recent Advances in the Synthesis of Thiophene Derivatives by Cyclization of Functionalized Alkynes.

Molecules 2014, 19, 15687–15719. [CrossRef] [PubMed]
13. Bar, S. Regioselective Synthesis of 5-Propyl-2-((trityloxy) methyl) thiophene-3-carbaldehyde. Molbank 2021, 2021, M1289. [Cross-

Ref]
14. Fuller, L.S.; Iddon, B.; Smith, K.A. Thienothiophenes. Part 2.1 Synthesis, metallation and bromine→lithium exchange reactions of

thieno[3,2-b]thiophene and its polybromo derivatives. J. Chem. Soc. Perkin Trans. 1997, 1, 3465–3470. [CrossRef]

http://doi.org/10.1002/adma.200500461
http://doi.org/10.1002/adma.200402020
http://doi.org/10.1016/S0079-6700(97)00032-4
http://doi.org/10.1021/jo981707v
http://doi.org/10.1186/s13065-018-0511-5
http://www.ncbi.nlm.nih.gov/pubmed/30564984
http://doi.org/10.1021/jm50007a001
http://www.ncbi.nlm.nih.gov/pubmed/14421755
http://doi.org/10.3390/molecules191015687
http://www.ncbi.nlm.nih.gov/pubmed/25268722
http://doi.org/10.3390/M1289
http://doi.org/10.3390/M1289
http://doi.org/10.1039/a701877k


Molbank 2021, 2021, M1296 5 of 5

15. Shilai, M.; Kondo, Y.; Sakamoto, T. Selective metallation of thiophene and thiazole rings with magnesium amide base. J. Chem.
Soc. Perkin Trans. 2001, 1, 442–444. [CrossRef]

16. Okamoto, T.; Kudoh, K.; Wakamiya, A.; Yamaguchi, S. General Synthesis of Extended Fused Oligothiophenes Consisting of an
Even Number of Thiophene Rings. Chem. Eur. J. 2007, 13, 548–556. [CrossRef] [PubMed]

17. Schipper, D.J.; Fagnou, K. Direct Arylation as a Synthetic Tool for the Synthesis of Thiophene-Based Organic Electronic Materials.
Chem. Mater. 2011, 23, 1594–1600. [CrossRef]

18. Tamon, O.; Nobuyuki, H.; Jitsuo, K. Formylation of aryl halides with carbon monoxide and sodium formate in the presence of
palladium catalyst. Bull. Chem. Soc. Jpn. 1994, 67, 2329–2332.

19. Sergeev, A.G.; Neumann, H.; Spannenberg, A.; Beller, M. Synthesis and Catalytic Applications of Stable Palladium Dioxygen
Complexes. Organometallics 2010, 29, 3368–3373. [CrossRef]

20. Ohta, A.; Akita, Y.; Ohkuwa, T.; Chiba, M.; Fukunaga, R.; Miyafuji, A.; Nakata, T.; Tani, N.; Aoyagi, Y. Palladium-catalyze
Arylation of Furan, Thiophene, Benzo[b]furan and Benzo[b]thiophen. Heterocycles 1990, 31, 1951–1958. [CrossRef]

21. Zheng, C.; Pu, S.; Xu, J.; Luo, M.; Huang, D.; Shen, L. Synthesis and the effect of alkyl chain length on optoelectronic properties of
diarylethene derivatives. Tetrahedron 2007, 63, 5437–5449. [CrossRef]

22. Khan, S.R.; Luu, H.L. Liquid Crystal Compositions Containing a Five-Membered Heterocyclic Ring, Polymer-Dispersed Liquid
Crystal Compositions, and Reverse-Mode Polymer-Dispersed Liquid Crystal Elements and Associated Selectively Dimmable
Devices. PCT/US2019/014992, 24 January 2019.

http://doi.org/10.1039/b007376h
http://doi.org/10.1002/chem.200601064
http://www.ncbi.nlm.nih.gov/pubmed/17004278
http://doi.org/10.1021/cm103483q
http://doi.org/10.1021/om1003418
http://doi.org/10.3987/COM-90-5467
http://doi.org/10.1016/j.tet.2007.04.049

	Introduction 
	Results and Discussion 
	Materials and Methods 
	Synthesis of 2-Propylthiophene 2 
	Synthesis of N-Phenyl-5-propylthiophene-2-carboxamide 3 
	Synthesis of 3-Formyl-N-phenyl-5-propylthiophene-2-carboxamide 4 
	Synthesis of 4-Bromo-3-formyl-N-phenyl-5-propylthiophene-2-carboxamide 5 

	Conclusions 
	References

