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Abstract

Today, aminothiophene derivatives are used in many applications, including pesticides, dyes, and pharmaceuticals. These are
heterocyclic five-membered building blocks that occur naturally or can be synthesized organically. In addition to being easily accessible,
thiophene is chemically stable, and its chemistry is being studied in current research. Its diverse properties include its ability to be
antimicrobial, anticancer, anti-inflammatory, anti-psychotic, anti-arrhythmic, anti-anxiety, and many more.There are numerous clinical
conditions for which 2-aminothiophenes have shown to have pharmacological properties, including inhibitors, receptors, and
modulators. Due to their wide application in science, 2-aminothiophenes attracted a lot of attention when Gewald and his colleagues
created their most adaptable engineered method. By virtue of their adaptable engineering relevance and organic action, heterocycles
have enabled restorative scientists to develop, sort-out, and implement new methodologies towards the discovery of new medications.
Researchers reviewed 2-aminothiophenes and associated 2-N-substituted derivatives. It is often the case that fused hetero-aromatic
systems are more interesting from the perspective of biological activity than monocyclic compounds. The purpose of this review is to
help readers gain a more comprehensive understanding of aminothiophene.
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INTRODUCTION

As the population increases and medical issues multiply, finding new therapeutics will be significantly more challenging.
In the present and future, the plan for medication atoms appears to offer the greatest prospects for achievement. In nature,
heterocyclic mixtures are widely distributed and fundamental (Patel and Mehta 2010). Many pharmacologically dynamic
heterocyclic mixtures are being used in conventional clinical practice. It has become increasingly important to investigate
Structure-Activity Relationships while seeking advanced drug candidates. A significant class of heterocycles containing
nitrogen and sulfur has been found in a large number of restorative mixes. These heterocycles have allowed invigorating
scientists to develop, sort-out, and execute new methodologies toward the discovery of new medications because of their
adaptable engineering relevance and organic action. In organic chemistry, thiophene is a five-membered, sulfur-containing,
sweet-smelling, and heterocyclic compound with the formula C4H.S (Fig.1). Thiophene was named after the Greek words
theion, meaning sulfur, and phaino, meaning sparkling. Structures derived from it can be observed in certain commonly
found items as well as in some pharmacologically dynamic blends. Since its invention, 2-aminothiophene ring frameworks
and subordinates have drawn considerable attention within this class of heterocyclic mixes(Mishra, Jha et al. 2011).

Properties

Chemical formula C4H4S

Molar mass 84.14 g/mol
/ \ Appearance colorless liquid
Density 1.051 g/mL, liquid
S Melting point -38 °C (-36 °F; 235 K)
Boiling point 84 °C (183 °F; 357 K)

Fig.1: Thiophene with properties
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In addition to their wide range of organic properties, thiophenes and their subordinates exhibit antibacterial, antifungal,
pain-relieving, calming, antitumor and sedative properties (Bhaskar, Kumar et al. 2007). When Gewald and his
collaborators developed their most flexible engineered method, 2-aminothiophenes received a lot of attention in the field
of science due to their practical accessibility. The team originally identified four basic types, and it can take up to fifteen
modifications to combine them to create a mixture of exceptionally functionalized 2-aminothiophenes. The Gewald blend
has been improved by using microwave technology to reduce response time.The never-ending collection of screening
libraries with various functionality has been made available for quick access to the Gewald response of -methylene
carbonyl mixtures, cyanoacetic corrosive subordinates, or malononitrile and basic sulfur yielding exceptionally substituted
2-aminothiophenes (Sabnis, Rangnekar et al. 1999). In addition to the top-selling medications Olanzepine (Liang, Tang
et al. 2014) and Tinoridine (Yasuda, lzumi et al. 1980), an increasing number of drug candidates based on unique 2-
aminothiophene frameworks have been discovered to demonstrate a variety of pharmacological activities, including
antagonistic to bacterial, antagonistic to fungal, antagonistic to inflammatory (Khan, Nullah et al. 2006), antagonistic to
hypertension (Russell, Press et al. 1988), antagonistic to HIV (Al-Omran and El-Khair 2008), antagonistic to tumor
(Snégaroff, Lassagne et al. 2009), and antagonistic to filarial (Castanedo and Sutherlin 2001).The merged and entrenched
conventional approach to dealing with Gewald's strategy, which is intervened by fundamental impetus, such as
morpholine, diethylamine, triethylamine, KF-alumina, and so forth, suffers from drawbacks like a delayed response time,
a moderate yield, a high temperature, and an abundance of risky impetus and solvents. Due to the widespread use of 2-
aminothiophene substituted mixes, adaptable manufacturing techniques and a strong advertiser for this fundamental
moiety have been continuously improved.

Chemical behaviour of thiophene

Thiophene is an easily accessible, chemically stable compound, and the chemistry of it and its derivatives has been the
subject of ongoing research (Barbarella, Melucci et al. 2005). Thiophene is electrophilically substituted through processes
like Friedel-Crafts acylation, nitration, sulfonation, and halogenation. Even thiophene is susceptible to the Reimer-
Tiemann reaction and the formation of coupling diazonium salts. Similar to pyrrole, which contains a hydrogen atom on
the nitrogen atom, thiophene contains an unshared pair of electrons in an sp? hybridized orbital on the oxygen or sulfur
atom. Thiophene complies with the 4n+2 electron rule and is typically regarded as aromatic (Hosmane and Liebman 1991).
Thiophene is regarded as an electron-rich heterocycle because the sulfur atom in this five-membered ring functions as an
heteroatom that donates electrons by adding two electrons to the aromatic sextet.

a. Reactions with nucleophilic reagents:

When compared to their benzenoid counterparts, nucleophilic displacements occur at least a hundred times more
quickly. This is as a result of the sulfur's involvement in the charge delocalization in the Meisenheimer intermediate
(Freeman, Lee et al. 1994).

NO, N I\>\Noz
Piperidine N S
W CH,OH

2-bromo-5-nitrothiophene 1-(5-nitrothiophen-2-yl)piperidine
Fig.2: Reaction via nucleophilic reagents

b. Reactions with electrophilic reagents:

i) Acylation

Thiophenes typically produce a good yield when subjected to controlled Friedel-Crafts acylation. An effective method is
anhydride acylation in the presence of phosphoric acid (Hartough and Kosak 1947).

/
/ \ CH,COCI, SnCl, /
s 80% S
COCH,

2- Acetylthiophene
Fig.3: Reaction via Friedel-Crafts acylation

thiophene

ii) Sulfonation
Sulfonation of thiophene by sulphuric acid gives thiophene-2-sulfonic acid (Maccarone and Tomaselli 1974).
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/ \ PCI5, CISO3H 7
>\
S
SO,CI

Thiophene-2-chloro-sulfonic acid
Fig.4: Reaction via sulfonation

S 70%
thiophene

iii) Nitration

Thiophene nitration ought to be done without nitrous acid because it can result in an explosive reaction (Alexander and
Butler 1977). Acetyl nitrate or nitronium tetrafluoroborate are employed as a preventative measure (Olah and Prakash
2003). Approximately 10% of the 3-nitro isomer is present with the major 2-nitro-product (Ostman 1968).

NO
/ \ concHNO,, (CH,CO),0 (7 ) = 2
> /
. s
. 70% . S
2 -
thiophene (Minor)

2- Nitrothiophene

(Major)
Fig.5: Reaction via nitration
iv) Halogenation

Thiophene is easily and quickly halogenated at room temperature, even when done in the dark at -30°C. Thiophene is
halogenated at a rate that is approximately 108 times faster than benzene at 25°C (Marino 1965).

Cl

/ SnCl, CH,Cl, Z

/
(CH,C00),Pb s
Cl

2,5- Dichlorothiophene
Fig.6: Reaction via halogenation

S
thiophene

v) Condensation with aldehydes and ketones

Despite the fact that chloroalkylation can be accomplished, hydroxy alkyl thiophenes are unstable under the reaction
conditions (Wiberg and McShane 2003). Care must be taken when selecting a condition because there is a tendency for
the formation of either 2,5-bis(chloromethyl)thiophene (Griffing and Salisbury 1948) or di-2-thienylmethanes (Blicke
and Burckhalter 1942).

/ HCHO, conc.HCI 7
\ -
s 41% S
thiophene CH,Cl

2-(chloromethyl)thiophene

Fig.7: Reaction via condensation with aldehydes and ketones

vi) Addition at sulfur
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Thiophenesulfur has the ability to add electrophilic species. Although thiophene by itself does not form thiophenium salts
(Porter 1989) efficiently, polyalkyl-substituted thiophenes (Reinecke 1982) do produce them in high yields. These salts
likely contain tetrahedral sulfur, or sulfur that has undergone sp? hybridization.

HsC
HsC
CH,
H
/ HCHO, conc.HCI A7 CH,
\ - +
HsC 41% s
< CHs MePF; “cH,

2,3,4,5-tetramethylthiophene 2,3,4,5-tetramethylthiophene

Fig.8: Addition at Sulfur

2. GENERAL SYNTHETIC PROCEDURES OF THIOPHENE DERIVATIVE:

i) From thiocarbonyl compounds:
2,5-dihydrothiophenes are produced when 2-keto-thiols are added to alkenylphosphonium ions, followed by ring closure
via the Witting reaction (Wynberg and Kooreman 1965). These compounds can then be dehydrogenated.

P(C¢Hs)3

0]
H Pyridine - CH
H + &H e 3
Et Et s H
HS H3C H
. 2,5-Dihydrothiophene
3-mercaptopentan- alkenylphosphonium
Z-one Chloranil Reflux
t-BuOH

Et /Q\ CH,;

2-ethyl-5-methyl-2,5-dihydrothiophene
Fig.9: Synthesis of 2, 5-dihydrothiophenes via Witting reaction
ii) Using carbon disulphide:

When a carbanion is added to carbon disulfide, followed by an S-alkylation, 2-alkylthiophenes can be produced (Prim and
Kirsch 1995).

OCH,C

VR

CS, , K,CO, _ __
DMF s

Y, HsC

cyclohexane-1,3-dione 2-Alkylthiophene

Fig.10: Synthesis of 2-alkylthiophene via reaction of carbanion to carbon disulphide

iii) From thio-nitroacetamides:
Thio-nitroacetamides are converted to 2-amino-3-nitrothiophenes when they are S-alkylated with 2-bromoketones (Reddy

and Rajappa 1994).
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R,

Br N02
D ? < Ph
N o Ry | N
> N
Noz\)%s DBU, PhH s \ /

Thio-nitroacetamide 2-amino-3-nitrothiophene
Fig.11: Synthesis of 2-Amino-3-Nitrothiophene via Thio-nitroacetamides

iv) From thiazoles:
Thiophenes 2, 5 unsubstituted are produced when thiazoles are heated strongly with an alkyne. Though the conditions are
vigorous, an excellent yield can be obtained.

Ph Me3Si SiMe3
N Me2SC= CSiMe \
-
/ ) DBU
S S
4-phenylthiazole 3.,4-bis(trimethylsilyl)thiophene

Fig.12: Synthesis of 3,4-bis(trimethylsilyl)thiophene via thaizoles

3. SYNTHESIS ON INDUSTRIAL SCALE:
i) Industrial-scale thiophene synthesis is possible through a high-temperature reaction involving sulfur and n-butane.

560" \
H;C-CH,CH,CH; + § — D + H,S
butane sulfur S hydrogen sulfide
thiophene

Fig.13: Synthesis of Thiophene via reaction between n-Butane & Sulphur

ii)The synthesis of thiophene is achieved by passing acetylene and hydrogen sulfide through an alumina tube heated to
400°C. The method is widely used in the industry.

s
HC==CH + g5 —> Y\ /7 + H,

acetylene . hydrogen gas
hydrogen sulfide thiophene ydrogen g

Fig.14: Synthesis of Thiophene via reaction between Acetylene & Hydrogen sulphide

iii) As an alternative, sodium succinate and phosphorous trisulfide can also be used to prepare thiophene.

coomr\L e @

COONa* S

. . Thiophene
sodium succinate P

Fig.15: Synthesis of Thiophene via heating sodium succinate with phosphoroustrisulphide.

4. MISCELLANEOUS SYNTHETIC PROCEDURES:

Various other methods have been reported for synthesizing substituted thiophene. Some of them are as follows:

i) An efficient synthetic method for variously substituted thiophenes can be achieved by copper-catalyzed tandem S-
alkenylation of potassium sulfide with 1,4-diiodo-1,3-dienes (You, Yan et al. 2010).
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R
Ri A Cul Ri A S
+ K,S >
R, X MeCN, 140 —
R potassium 24 hr R; R,
3 sulfide
1, 4-diiodo-1, 3-dienes substituted thiophene

Fig.16: Synthesis of substituted Thiophenes via Copper-catalyzed tandem S-alkenylation of potassium sulfide with 1,4-
diiodo-1,3-dienes.

ii) The synthesis of highly substituted thiophenes from thiomorpholides and haloketones has been achieved in a single step

with a simple method (Moghaddam and Boinee 2004).
Br

Ar
3: S R K2C03 o/\l Ar
—_—_—
\/ N + o Toluene K/ N _—— R
OJ R’ S /
thiomorpholides OX-haloketones R

Substituted thiophene
Fig.17: Synthesis of substituted thiophenes from thiomorpholides and a-haloketones.

iii) It has been demonstrated that palladium catalyzed direct arylation of heterocyclic compounds with aryl bromides

incurs a significant time increase owing to the substoichiometric quantities of pivalic acid, in addition to the stoichiometric
ratios of the coupling partners (Liegault, Lapointe et al. 2009).

R S R S Ar
Pd(OAc),
\( /7 + Ar—Br > \@/

Aryl bromide

Aryl heterocyclic Substituted aryl thiophene
compound
Fig.18: Synthesis of substituted aryl thiophene via palladium-catalyzed arylation.

iv) In particular, gold-catalyzed carbothiolation enabled the formation of 2,3-disubstituted benzothiophenes which are
sulphur-containing heterocycles (Nakamura, Sato et al. 2006).

R'O
Rll
R
G
/ AuCl N\
R
»
S Toluene, 25° S
RO )\ R 2hr 2.3-Disubstituted benzothiophene

substituted thiobenzyne
Fig.19: Synthesis of 2,3-disubstituted benzothiophenes via Gold-catalyzed Carbothiolation.

SYNTHETIC METHODS OF 2-AMINOTHIOPHENE
Gewald Aminothiophene Synthesis
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In 1966, Gewald explained this strategy (Giewald, Schinke et al. 1966). To synthesize 2- aminothiophenes, (Fig. 20)
Gewald amalgamation is often used. To frame an olefin, a base-catalyzed ketone carries a CHz bunch with a ketonitrile,
followed by cyclisation with sulfur.

0
R
o) o] z OR;
Sg
+ ,
R
R, OR; R s NH,

Butane-2-one ketonitril
2-Aminothiophene

Fig.20: Synthesis of 2-Aminothiophene via Gewald Aminothiophene synthesis

During the Gewald response, an initiated nitrile is converted into an acrylonitrile by the Knoevenagel buildup of a ketone
or an aldehyde. After this buildup, the methylene position is thiolated. In the first stage, sulfurated compounds are oxidized
to produce mercaptides, which in turn undergo cyclization reactions through mercaptide assault on cyano compounds. As
a result of base-catalyzed tautomerization, 2-aminothiophene is produced (Peet, Sunder et al. 1986).

o COOC,H;
J’L/ > R1
R, + _C Cc Benzene, =
R4 N | | o Ammonium acetate, CN
1a-1d o Reflux Rz

Methanol, Ss’

50°C diethylamine
la: R;= C¢Hs, R,= H
1b: R;= 4CIC¢H;, R,=H COOCH;
lc: Rj=4CH;C¢H;5, R,=H R4
1d: R;= 40CH3;CcH;5, R,= H ’ \

s NH>
R>
3a-3d

Fig.21: Synthesis of Substituted 2-Amino-Thiophenes By Gewald Reaction

CHEMISTRY OF 2-AMINOTHIOPHENE

Present-day research on thiophenes appears to be one of the broadest and most dynamic areas. As of late, when first report
on the Gewald response was accounted for in 1961, it has become a mainstream strategy for blending substituted 2-
aminothiophenes. Access to reagents and gentle response conditions contribute to the flexibility of this response. It is
important to note that 2-aminothiophenes are significant five-membered heterocyclic structure blocks in natural
amalgamation, as well as that the science of these little particles has yet to develop due to Gewald's disclosure of
cyclization (Gewald 1966, Giewald, Schinke et al. 1966). A second appeal of 2-aminothiophene platforms is their ability
to be used as synthons for the synthesis of organic heterocycles containing thiophene, as well as cross breeding with them.
Currently, 2-aminothiophenes and their 2-N-subbed analogs are being investigated in relation to their organic activity
(e.g., pharmacophore and pharmacokinetics) based on their different components (Huang, Liu et al. 2011, Zhao, Li et al.
2013).The 2-aminothiophene family also displays compelling pharmacological properties throughout several clinical
phases, which are employed in therapeutic science as promising particular inhibitors, receptors, and modulators. 2-
aminothiophene derivatives can be used for a variety of purposes, including pesticides, dyes, and pharmaceuticals. A side
from being potent analgesic, 2-aminothiophene subsidiaries have anti-inflammatory, antioxidant, antibacterial,
antiproliferative, antimicrobial, anti-leishmanial, and anticonvulsant properties (Lutjens, Zickgraf et al. 2003). These
mixtures were investigated by Sabinis et. al. in 1999, furthermore by Puterova et al. in recent years. In particular,
substituted 2-aminothiophenes with alkyl or cycloalkyl substituents in positions 4 and 5 are dynamic.

PHARMACOLOGICAL IMPLICATIONS OF 2-AMINOTHIOPHENE DERIVATIVES

Analogues of 2-aminothiophene garner a great deal of attention due to their diverse pharmacological and biological
properties. The bioactivities of 2-Aminothiophenes include antineoplastic properties, antioxidant properties, antibacterial
and anti-tubercular properties, as well as allosteric ligands for the adenosine Al receptors, kinase blockers, and beneficial
effects on neurodevelopmental disorders (Rudra, Sangita et al. 2007). The evidence for the biological activity of 2-
Aminothiophene fragment-derived molecules found in early preclinical studies (Kimura, Yabuuchi et al. 1962) and
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thiophene- and aminothiophene-containing substances (Tripathi 2008) demonstrates the validity of the 2-Aminothiophene
trine. As a result, 2-Aminothiophene fragment-derived molecules are already being studied extensively by scientists and
health professionals alike.

ANTIMICROBIAL ACTIVITY

A microbiological contamination and the development of microorganisms that are resistant to numerous antimicrobial
specialists are major concerns around the world; especially with regard to gram-positive organisms, which demand new
antibacterials rather than analogs of existing ones (!!! INVALID CITATION !!1). Traditionally, little particles have been
a dependable hotspot for finding novel naturally dynamic compounds. So, for as long as there are antimicrobials, finding
new experts in those fields will be challenging for researchers in medicine. The potential antibacterial effects of the 2-
Aminothiophenes, which are pyrazolone compliers, were studied by Aly and colleagues in 2011 (Aly, Saleh et al. 2011).
Compounds 1 and 2 (Fig. 22) showed excellent action against a variety of bacteria, including A. G. candidum (RCMB
052006), Candida albicans (RCMB 005002), fumigatus (RCMB 002003), and S. racemosum (RCMB 005003), with
growth inhibition ranging from 16.4 to 24.3 millimeters.

Almost all antifungal molecules in use today contain an azole coupler. In order to find potential non-azole antifungal
agents, Tani and colleagues looked into a number of discoveries using structural modeling and a virtual chemical
repository screen (Tani, Rahnasto-Rilla et al. 2012). Using Saccharomyces cerevisiae and Candida albicans as test
organisms, the antifungal activity of the discovered molecules was estimated, leading to the discovery of two new potent
non-azole antifungal compounds (3 and 4, Fig. 22). These medications significantly inhibited C. albicans growth
throughout the agar medium assays, with MIC values of 12 M and 8 M, respectively. The medications were made to match
the enzymatic activity of the yeast CYP51 enzyme and to have structural characteristics that will also produce reactive
byproducts that will cause yeast apoptosis, similar to the way aflatoxin B1 activates cells.

A number of microorganisms (E. coli, S. pneumoniae and S. aureus) were used in Hrast et al.'s study to introduce
cyanothiophene-based MurF enzyme blockers. All synthesised thiophene variants were tested for their inhibition effect
against MurFEc, MurFSp and MurFSa using the Malachite green technique. In their paper, the researchers offer data
showing that better blockers may be created using the structure-based creation of the following complexes (5 and 6 in
Fig.22). Given that most of the molecules are not effective antibacterial compounds, and very few specimens had
substantial antibacterial activity against Streptococcus pneumoniae, these results have critical implications. EDU exhibits
more than two to three times greater inhibitory efficacy than benzyl-substituted analogues containing electron-
withdrawing units (EWU) at the para or meta position of the benzyl ring.

CN
CH, H3C

N CH3

N
S O
H4CO
©/ ° Z/j/\ OCHj@ 3]
NH,

R=CN (1) (E)-2-((4-((2-cyanoethyl)(methyl)amino)benzylidene)amino)-5-(3,4-
[1]. [2] R=COOC,H; (2) dimethoxyphenyl)-4-methylthiophene-3-carbonitrile

2-amino-4-((1,5-dimethyl-3-oxo-2

(0]
[1] -phenyl-2,3-dihydro-1H-pyrazol-d-y o<l /\
I)amino)thiophene-3-carbonitrile -N [o]

ethyl 2-amino-4-((1,5-dimethyl-3- \_/
[2] ox0-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) R=H (5)
amino)thiophene-3-carboxylate R= OH (6) o
|

5], [6] c
N-(6-benzyl-3-cyano-4,5,6,7-tetrahydrothieno

CH [5] [2,3-c]pyridin-2-yl)-2,4-dichloro-5-
NC 3 (morpholinosulfonyl)benzamide
N 6] 2,4-dichloro-N-(3-cyano-6-(4-hydroxybenzyl)-
\ O O 4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl)-5-
(morpholinosulfonyl)benzamide
H;CO
OCH;

(E)-5-(([1,1'-biphenyl]-4-ylmethylene)amino)-2-(3,4-dimethoxyphenyl)-4-
methylthiophene-3-carbonitrile

[4]
Fig.22: Compounds with Antimicrobial activity
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ANTICANCER PROPERTIES

The term "malignancy” refers to a group of diseases in which the cells are aggressive (develop and divide without regard
to any constraints), intrusive (attack and destroy surrounding tissues), and occasionally metastatic (spread to other parts
of the body). Cancer can affect people at any age, including in utero, but the risk for more common varieties generally
increases with age. In 2011, Romagnoli and colleagues created novel 2-Aminothiophene scaffolds based on 2- amino-3-
(3',4'5'-trimethoxybenzoyl)-thiophenes with an aryl/heteroaryl ethynedyl component at the C-5-position of the thiophene
ring (Romagnoli, Baraldi et al. 2011). The most active ingredient in these complexes, 2-amino-3-(3'4'5'-
trimethoxybenzoyl)-5-(thiophen-3'-yl ethynyl) thiophene, was found to have antineoplastic effects on a variety of cells,
including murine mammary carcinoma, murine leukaemia, human cervical carcinoma, and human T-lymphocyte.

Balzarini and colleagues developed 2-aminothiophene-3-nitrile (compound 7 in Fig. 23), and the researchers also reported
that 2-aminothiophene-3-carboxylates functioned as novel and increasingly targeted antiproliferative drugs. Particularly
Component 8 (Fig. 23) demonstrated improved growth inhibitory efficacy across over twenty different malignant cell
types (Balzarini, Thomas et al. 2014). A unique cytoprotective preference for 2-aminothiophene-3-carboxylates is seen
in a number of T-cell (but not B-cell) lymphoma, kidney carcinoma, prostate cancer, and hepatoma cell lines. These tumor-
selective drugs decreased protein expression but not DNA or RNA synthesis, and the promising compound 8, which
accumulated prostate cancer cells in the G1 phase of the cell cycle, caused the cells to die. In order to investigate the
synthesis and anticancer properties of novel 3,4,5-trisubstituted aminothiophene, Wang and team members measured the
suppression of the p53-MDM2 relationship in 2013 (Massari, Nannetti et al. 2013, !l INVALID CITATION
11N, Following the discovery of the lead compound MCL0527 (Fig.-23) using a pharmacophore-based virtual screening
strategy coupled with molecular docking studies, the authors looked into a number of new series of p53-MDM2 binding
inhibitors based on substituted 2-Aminothiophenes.

o

OCH,

CN
OCH;, \ / \ NH,
/ NH, s
s
HsCO (8]
171

methyl 2-amino-5-(4-methoxyphenethyl)thiophene-3-carboxylate

OCH;
2-amino-5-(2,5-dimethoxyphenethyl)thiophene-3-

carbonitrile cl
Cl
D ﬂ
O Q HN
OCH; / \
/ \ s NH,
s NH,
Cl pP53-MDM2

Cl MCL0527
methyl 2-amino-4,5-bis(4-chlorophenyl) 2-amino-4,5-bis(4-chlorophenyD-/~N-
thiophene-3-carboxylate cyclopropylthiophene-3-carbothioamide

Fig.23:Compounds with Anticancer activity

ANTIVIRAL ACTIVITY

It has been reported that Massari et al. investigated the structure of cycloheptathiophene-3-carboxamide derivatives with
the aim of preventing influenza virus polymerase assembly in 2013 (Massari, Nannetti et al. 2013). As shown previously
in Scheme 8, 2-(2- fluorobenzamido)-N-(pyridin-3-yl)-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophene-3-carboxamide
(Muratore, Goracci et al. 2012) inhibits PA-PB1 interaction in vitro, with an IC50 of 90.7 uM, although the EC50 value
in infected cells was slightly higher than 100 uM. Aside from its unique mechanism of action, this compound was not
cytotoxic (CC50> 250 uM) as evaluated in MDCK and HEK 293T cells. This cycloheptathiophene-3-carboxamide was
analogue synthesized for structural optimization study. The unsubstituted aminothiophene 9 (Fig.-24) and 2-(4-
chlorobenzamido) derivative 10 (Fig.-24) were found to have the best physical interaction inhibitory properties between
the two viral subunits, respectively with 1C50 values of 35 and 32 puM, which are similar to the reference peptide. Both
potent derivatives were further investigated against a number of fluA clinical isolates in addition to PR8. As well as several
pandemic swine-derived influenza virus (H1N1) clinical isolates (H1N1), PRAs were conducted with influenza strains
A/Parma/24/09 (H1N1), A/Wisconsin/67/05 (H3N2), and several HIN1 pandemic strains from the swine virus. It was
found that these derivatives inhibited all strains of Flu A, including both HIN1 and H3N2 subtypes (A/Parma/24/09),
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which were resistant to oseltamivir. As a result of EC50 values which ranged from 15 to 23 uM, compound 10 (Fig.-24)
was significantly more potent than compound 9 (Fig.-24).

& &
— o =
0 NH NH

‘ \ NH, | pa
9] o

[10]
2-amino-N-(pyridin-3-yl)-4,5,6,7,8,9-
hexahydrocycloocta[b]thiophene-3-carboxamide 2-(4-chlorobenzamido)-N-(pyridin-3-y1)-4,5,6,7,8,9
-hexahydrocycloocta[b]thiophene-3-carboxamide
Fig.24: Compounds with Antiviral activity

ANTI-TUBERCULAR ACTIVITY

In 2011, Lu and colleagues (Lu, Wan et al. 2011) presented 2-amino-5-(4-(2,6-dichlorobenzyloxyphenyl)thiophene-3-
carboxylic acid derivatives as promising anti-tubercular agents. A thorough evaluation of the antitubercular activity of
target samples was conducted against MTB strain H37Rv (ATCC #27294) and in vitro cytotoxicity was performed against
VERO cells. A maximum inhibitory concentration of 11-14 MICs was observed for all four compounds (Fig.-25). The
amide linker is altered when a hydroxyl or 4-chlorophenyl group is introduced. A similar pattern of activity was observed
for compounds 11 and 14, with MICs of 12.0uM and 16.0uM, respectively, suggesting that these compounds could
potentially serve as lead compounds for the treatment of drug-resistant tuberculosis.

According to Samala et al., in 2014, 2,6-disubstituted 4,5,6,7-tetrahydrothieno[2,3-c]pyridine-3-carboxamides were
synthesized and evaluated for in vitro anti-tubercular activity as well as cytotoxicity against RAW 264.7 cells (Samala,
Devi et al. 2014). The compound 6-(4-nitrophenylsulfonyl)-2-(5-nitrothiophene-2-carboxamido)-4,5,6,7-
tetrahydrothieno[2,3-c]pyridine-3-carboxamide (15, Fig.-25) inhibited MTB with an MIC of 9.28 uM and was
noncytotoxic at 50 uM in vitro against RAW 264.7 cells.

A year later, the same authors (Saxena, Samala et al. 2015) conducted a structure-based virtual screen of an internal
database to find new small molecule inhibitors for MTB-L-AlaDH. These 2,6-disubstituted 4,5,6,7-tetrahydrothieno[2,3-
c]pyridine 3-carboxamides served as the inhibitors in this instance. When phenyl or butoxy groups were inserted into the
amide liner at position-6, the activity of derivatives 16 and 17 (Fig.-25) improved (IC50 values of 0.58 and 0.64 M,
respectively). Additionally, DSF experiments were used to investigate the thermal stability and protein-binding affinity
of the most energetic compounds from these series.
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Fig.25: Compounds with Anti-tubercular activity

ANTIMALARIAL ACTIVITY

The most dangerous type of human malaria is caused by P.falciparum, which is entirely dependent on de novo biosynthesis
to survive. According to the 2010 study by Booker and colleagues, N-cyclopropyl-5-(2-methyl-6-(trifluoromethyl)-1H-
benzo[d]imidazol-1yl)thiophene-2-carboxamide (18, Fig.-26) produced a sterile cure in infected mice in the acute P.
berghei efficacy model. Likewise, 5-(4-cyano-2-methyl-analogue (19, Fig.-26)'s in vitro activity ADME dates (11% free
fraction of drug in human plasma, no P450 inhibition 1C50 >10 M, hERG IC50 of 53 M) were provided (Booker, Bastos
et al. 2010).

The effectiveness of compound 19 was assessed by PO dosing in two additional mouse models of malaria, the P. berghei
ANKA and P. falciparum 3D70087/N9 models, according to research that was improved upon a year later by Skerlj and
colleagues (Skerlj, Bastos et al. 2011). The predicted potency was shown by the ED50, ED90, and ED99 values, which
ranged from 13 to 62 mg/kg/day. Thiophene 19 containing 2-N-benzoimidazole and 5-propanamide has been selected as
a potential drug development candidate for the treatment of malaria based on these findings and the favorable drug-like

properties.

H3C

R=H ,R,= CF; (18)
R=CN, R,= CF; (19)

[18.19]
[18] N-cyclopropyl-5-(2-methyl-5-(trifluoromethyl)
-1H-benzo|d]imidazol-1-yl)thiophene-2-carboxamide

19 5-(4-cyano-2-methyl-5-(trifluoromethyl)-
[19] 1H-benzo[d]imidazol-1-yl)-/V-cyclopropylthiophene-2-carboxamide

Fig.26: Compounds with Antimalarial activity

ANTI-T. CRUZI ACTIVITY
Silva-Junior et al. published a 2016 study (Silva-Junior, Silva et al. 2016) that described the synthesis of novel thiophene-
thiazolidine hybrid derivatives bearing different groups at the thiazolidine ring. In vitro growth of the amastigote and
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trypomastigote forms of T. cruzi as well as the activity of the cruzain enzyme were both tested on each of the prepared
hybrids that contained an imine linker between the thiophene and thiazolidine rings. The most effective derivatives against
the amastigote form were thiophene-thiourea hybrid-20 and thiophene-thiazolidine hybrids 21-23 (Fig.-27), with
significant I1C50 values ranging from 9.7 to 6.03 M. Lower activity results from a particular combination of groups, like
allyl at R1 and ethyl at R. As a result, these chemical groups are viewed as being unfavorable in terms of activity against
these evolutionary forms. An i-propyl group at R and a phenyl group at R1 appear to be the ideal combination that also
increased activity. The hydrophobicity of the compounds, which increases activity toward the parasite T. cruzi's
evolutionary forms, is thought to be the cause of this increased activity. Compound 23, on the other hand, displayed a
comparable IC50 value to compound 20 despite having an unfavorable allyl group at R1.

R
o / [0} ?
o
| D—NH | S R
S N\R S \>\N/ 1
Thiophene-thiourea hybrid S ! S
[20] R [21] o
Q /
(o] thiophene-thiazolidine hybrids
| SN R
s AN o 20-22, R=i-Pr; R;=Ph
N 23, R= C,Hs; R,= allyl

S

[22,23]

thiophene-thiazolidine hybrids
Fig.27: Compounds with Anti-T.cruzi activity

ANTILEISHMANIAL ACTIVITY

In 2015 and 2016, respectively, Rodrigues, Felix, and colleagues examined the antileishmanial activity of novel hybrid
compounds containing a combination of 2-Aminothiophene and indole cores . In vitro L. amazonensis promastigote and
axenic amastigote forms exhibit antileishmanial activity through apoptosis and immunomodulatory activity. The
cytotoxicity of the prepared samples toward blood cells was also investigated by the authors. The effects of the chosen
compounds 24-26 (Fig. 28) on the promastigote forms are related to apoptosis, which involves DNA fragmentation and
phosphatidylserine externalization, as well as secondary necrotic cell death. Additionally, these three substances have
anti-macrophage infection properties, and compounds 24 and 26's anti-amastigote properties are linked to the control of
the host immune response.

The synthesis and biological assessment of novel imidazole-containing thiophenes against human and parasite farnesyl
transferases were reported by Bosc et al. in 2016 (Bosc, Mouray et al. 2016). Following the addition of an N-
benzylimidazole moiety on target inhibitors, their anti-parasitic activities were enhanced. In vitro testing revealed that
compounds 27 and 28 (Fig. 28) had excellent inhibitory effects on recombinant human and T. brucei FTases, with 1C50
values of 10 and 13 nM, respectively. In a subsequent study, all novel derivatives were assessed to determine their
inhibitory activities on the growth of four protozoan parasites: the intraerythrocytic stage of P. falciparum, which causes
malaria, the bloodstream form of T. brucei brucei, which causes African sleeping sickness in cattle, the intracellular
development of T. cruzi amastigotes, which causes Chagas disease, and the intra-macrophage development of L. donovani
amastigotes. The best outcome of the study was the high activity of compound 27 against T. cruzi, which showed a 30-
fold increase in activity compared to the reference compound benznidazole on the Tulahuen strain and the same activity
as nifurtimox on the Y strain. Additionally, compound 29 (Fig. 28), which has positive effects on all four parasites and
has a Boc protecting group on the 2-C-N side of the thiophene ring, was also found to be effective.

- Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 10 | 2022 m




R
| CN Cl
H,C §
N\ _NH CN //O/

[24-26] P=1(26), 2(24,25) / \
R= H(25), Br(24,26) C,Hs0

S N
(E)-2-(((5-bromo-1H-indol-3-yl)methylene)amino)-5 \ >
(24,26) -ethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile o N \ N

25) (E)-2-(1H-indol-3-yhmethylenc)amino)-5 N 28]
(25) -ethyl-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carbonitrile CN

cl ethyl 5-(bis((1-(4-cyanobenzyl)-1H -imidazol-5-yl)methyl)amino)
-3-(4-chlorophenyl)-4-cyanothiophene-2-carboxylate

Cl

CN NO,

N CN 5
H
Boc N/ N / \ N
S
tert-butyl (4-(4-chlorophenyl)-3-cyanothiophen / o S T \ >
-2-yl)((1-(4-nitrobenzyl)-1H (o) Boc N/

-imidazol-5-yl)methyl)carbamate H;CO

/|

(R)-methyl 2-(5-((tert-butoxycarbonyl)((1-(4-cyanobenzyl)
I 27 l -1H-imidazol-5-yl)methyl)amino)-3-(4-chlorophenyl)-4-cyanothiophene
-2-carboxamido)-4-(methylthio)butanoate

[29]
Fig.28:Compounds with Antileishmanial activity

ANTICONVULSANT ACTIVITY

Using phenytoin and diazepam as reference drugs, Kunda et al. screened the anticonvulsant activity of Schiff Bases of 2-
ATs against maximum electroshock-induced seizure and pentylenetetrazole-induced seizure in 2013 (Kunda, Rao et al.
2013). The synthesized derivatives generally displayed only moderate activity. By including an indole linker to the 2-
amino position of the 2-aminothiophene core, the Gewald reaction was used to create the hybrid compound 30 (Fig. 29).
When compared to other synthesized samples and standards, Hybrid 80 showed good activity. Especially noteworthy are
potential future advancements in the assessment of the anticonvulsant activity of hybrids related to 2-Aminothiophene.

0 CH,
NH
o
S
\__NH
[30]

(E)-2-(((3a,7a-dihydro-1H-indol-3-yl)methylene)amino)-~N-(o-tolyl)-
5,6-dihydro-4H -cyclopenta[b]thiophene-3-carboxamide
Fig.29:Compound with Anticonvulsant activity

ANTAGONISTIC ACTIVITY

Thiophenes and thiazoles will make good ring equivalents to benzene for small molecule conjugates and hybrids'
antagonistic activity (for instance, in guanidinium systems targeting 2-adrenoceptors) (Flood, Trujillo et al. 2017). The
antagonistic effects of 2-Aminothiophenes on the kainate receptor subtypes GIuR5 and GIuR6 were investigated by Briel
and colleagues in 2010 (Briel, Rybak et al. 2010). The antagonistic impact of the prepared compounds on kainate receptors
was ascertained by the authors using a luminescence reporter assay. Only the lead compound, ethyl 2-amino-4-methyl-5-
phenylthiophene-3-carboxylate (31, Fig. 30), demonstrated high activity toward the GIuR6 receptor, with an 1C50=0.75
M, despite the fact that numerous synthesis reactions were carried out to produce 2-Aminothiophenes derivatives and their
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analogues. The toxic effects of the chosen compounds were only detected in the MTT assay at high concentrations and
for extended periods of time.

0]
OC,Hs
H4C
| \ NH,
S
[31]

ethyl 2-amino-4-methyl-5-phenylthiophene-3-carboxylate
Fig.30: Compound with Antagonistic activity

SCOPE OF 2-AMINOTHIOPHENE

2-Aminothiophene-based materials have recently developed into a highly interdisciplinary area of study, with a variety of
studies ranging from the creation of electronic and optoelectronic devices to the selective detection of biopolymers. The
remarkable properties of 2-amniothiophene derivatives include their ability to be antimicrobial, anticancer, anti-
inflammatory, anti-psychotic, anti-arrhythmic, and anti-anxiety. 2-Aminothiopheneundergo significant antimicrobial
activity-altering substitutions. Various substitutions on 2-Aminothiophene significantly change the antimicrobial activity.
The molecule 2-amniothiophene is significant in a variety of therapeutic applications. There are numerous 2-
aminothiophene derivatives that have been created and are currently in use as chemotherapeutics.

CONCLUSION

Exceptional properties of thiophene subsidiaries include antimicrobial, anticancer, mitigating, hostile to maniacal, hostile
to arrhythmic, and tension-relieving actions. When it comes to biological activity, fused hetero-aromatic systems are
frequently more interesting than monocyclic compounds. A unique position among 2-Aminothiophene derivatives is held
by thienopyrimidines. This review aims to lead readers toward a cautious, better, and more comprehensive understanding
of the aminothiophene and its derivatives.
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