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Abstract

Pyrroles are one of the most prevalent heterocyclic compounds, which are present as the basic
cores in many natural products such as vitamin B12, bile pigments like bilirubin and biliverdin,
the porphyrins of heme, chlorophyll, chlorins, bacteriochlorins, and porphyrinogens. The
biological activities of compounds having pyrrole analogs include antimicrobial (antibacterial,
antifungal), anti-cancer (anti-cytotoxic, anti-mitotic), anti-tumor, anti-hyperlipidemic, anti-
depressant, anti-inflammatory, antihyperglycemic, antiproliferative, anti-HIV and anti-viral
activities. Accordingly, significant attention has been given to develop competent methods for the
synthesis of pyrroles with improved yields in short times. This review gives an overview of
different methods for the synthesis of pyrrole using easily available precursors using the following

routes.

Synthesis of monosubstituted pyrrole using 2,5-dimethoxyfuran
Synthesis of pyrrole using dialkylacetylene dicarboxylate
Synthesis of pyrroles using S-ketoester

Synthesis of pyrrole using 1,2-dicarbonyl compounds

>
>
>
>
» Synthesis of pyrroles using 1,3-dicarbonyl compounds
» Synthesis of pyrroles using 1,3-dicarbonyl, amine, nitro and aldehyde group
» Synthesis of pyrroles using 1,4-dicarbonyl compound and amines

» Synthesis of pyrrole using enones

>

Synthesis of pyrroles using moieties having acetylene group



1.0 Introduction

The existence of pyrrole was first discovered by Runge in 19?8?34 who named this substance
“pyrrole” (Greek meaning red) though he did not recognize its chemical composition and supposed
it to be a gas. In 1857, pyrrole was first isolated, purified, analyzed and characterized from the
product of bone pyrolysis [1-2] and established to be an aromatic five membered ring with the
formula CsHsN. Pyrrole is a colorless liquid having m.p. 23.4°C, b.p. 129.8°C at 760 torr, and
density 0.970 g/ml at 20 °C. It has an odor slightly resembling that of chloroform. It progressively
turns brown in air, and is somewhat hygroscopic. It has a low solubility in water but is soluble in

most organic solvents [3-4].

Pyrrole is a very widely occuring nitrogen-containing heterocycle, and exhibits anticonvulsant,
antifungicidal, anticoagulant, anti-inflammatory, antibiotics, antiviral, anticancer and cholesterol
reducing activity [5-7]. Well-known natural products containing the pyrrole nucleus are the heme

derivatives, bile pigments, vitamin B12 and chlorophyll, which comprise four pyrrole groups [8].
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Figure-1: Two naturally occurring pyrroles




11 Biological Applications of Pyrrole Derivatives

Tetramic acids (1), known for wide-spectrum antimicrobial activity [9], contain the pyrrolidine
nucleus. Marinopyrroles A and B (2) have shown high activity against methicillin-resistant
bacteria [10]. Pyrrole-2-ones are also found in Nature. For example, the marine alkaloids
amathaspiramides B (3), isolated from the marine bryozoan Amathia wilsoni, display
antimicrobial, cytotoxic and antiviral activities [11]. Diguanidino 1-methyl-2,5-diaryl-1H-pyrrole
derivatives (4) have shown significant anti-fungal activity against Candida species [12].
Clausenamide (5), which is extracted from the leaves of the traditional Chinese herb Clausena
lansium, displays hepatoprotective activities [13]. The pyrrole ring is an important core for the
design and synthesis of novel anti-inflammatory agents because of its occurrence in the
pharmacophore system of a large amount of non-steroidal anti-inflammatory drugs. The drug
zomepirac (6) NSAIDs is widely marketted [14]. The lamellarins, extracted from marine

prosobranch mollusk invertebrates, Lamellaria, show antitumor and anti-HIV activities [15].
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Figure-2: Some biologically important pyrrole as anti-microbial, anti-viral, anti-inflammatory

and hepatoprotective agent.



Lamellarin K (7) showed biological activities such as cytotoxicity, HIV-1 integrase inhibition and
multidrug-resistance (MDR) reversal [16]. Atrovastatin (8) is a best seller drug broadly used as a
cholesterol-lowering agent and it works by inhibiting 3-hydroxy-3-methylglutaryl coenzyme A
reductase in the cholesterol biosynthesis pathway [17]. 2,3,4-Triaryl-1H-pyrrole derivatives (9)
act as antihyperglycemic agents [18]. 3-[1-Methyl-4-phenylacetyl-1H-pyrrol-2-yl]-N-hydroxy-2-
propenamide (10) have shown outstanding anti-proliferative and cyto-differentiating activity in

erythro leukemia [19].
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Figure-3: Some pyrrole derivatives as anti-HIV, anti-hyperlipidemic, anti-hyperglycemic and

anti-proliferative agents.



Halitulin (11) is a cytotoxic spongian natural product, extracted from Haliclona tulearensis [20].
Lamellarin O (12), a pyrrole alkaloid from an Australian marine sponge, was characterized as a
selective inhibitor of breast cancer resistant protein (BCRP) [21]. Sunitinib (13) is a commercially
available pyrrole derived drug, effective for the oral treatment of renal cancer and works as a multi-
targeted receptor tyrosine kinase inhibitor [22]. Verrucarin E (14), 3,4-disubstituted pyrrole, is an
antimitotic isolated from Myrothecium verrucaria [23]. Obatoclax (GX-15-070) (15), a
prodiginine, triggers cell death through autophagy and is in phase Il clinical studies for the
treatment of various tumours [24-26]. Pyrrole derivative (16) is three times more effective
antipsychotic agent than already discovered antipsycotic drugs [27]. Arylpiperazine (17)
comprising pyrrole-3-carboxamide derivatives exhibits potential anti-depressant activity [28]. Few
pyrrole derivatives (18) were reported which show potential anti-convulsant activity [29]. 4-Aroyl-
2-(a-aminoacyl) pyrroles (19) signify an innovative, structurally new class of anticonvulsant
agents [30].
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Figure-4: Some medicinally important compounds having a pyrrole ring.




1.2 Different routes for the synthesis of pyrrole derivatives
1.2.1 Synthesis of monosubstituted pyrrole using 2,5-dimethoxyfuran

The synthesis of pyrrole derivatives using 2,5-dimethoxyfuran under different conditions has been
widely reported. For instance, Gourlay and co-workers (2006) used a modified Clauson-Kaas
synthesis for the synthesis of pyrrole using and amine and dimethoxyfuran in the presence of
acetate buffer (Scheme-1) [31] Rivera and colleagues (2009) reported the synthesis of N-
substituted pyrroles using microwave-induced bismuth nitrate as catalyst to obtain the pyrrole
products in outstanding yield (Scheme 2) [32]. Abid and co-workers (2009) have reported a new
rapid one-pot synthesis of N-substituted pyrroles through reaction of aniline and dimethoxyfuran
in the presence of K-10 montmorillonite under microwave radiations (Scheme 3) [33]. Wilson and
his co-workers (2009) have reported a rapid and green method for synthesis of N-aryl sulfonyl and
N-aryl pyrroles in water under microwave irradiation (Scheme 4) [34]. Abid and his colleagues
(2007) have reported one-pot cyclization/annelation to produce a variety of N-sulfonyl pyrroles
from primary sulfonamides and methoxy furan by using an appropriate ratio of reactant/triflic acid
(scheme 5) [35].

R_
gN - )
MeO OMe Sodium acetate

0o L-alanine methyl 1'{
ester hydrochloride 91-93%

Scheme 1: Modified Clauson-Kaas pyrrole synthesis.
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Scheme 2: Synthesis of N-substituted pyrroles via microwave-induced bismuth nitrate.
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Scheme 3: Synthesis of N- substituted pyrroles by microwave.

Scheme 4: The synthesis of N-aryl pyrroles by microwave assistance.
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Scheme 5: Triflic acid catalyzed synthesis of N-phenylsulfonyl pyrrole.
Cérdenas et al. (2012) have reported a new method for the synthesis of pyrrole by treating amines
with 2,5-dimethoxytetrahydrofuran in the presence of a catalyst (polystyrenesulfonate) and under

microwave radiations (Scheme 6) [36].
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Scheme 6: Polystyrene sulfonate-catalyzed simple synthesis of N-substituted pyrroles

Hosseini-Sarvari and his colleagues (2014) synthesized N-substituted pyrrole by treating 2,5-
dimethoxytetrahydrofuran with amines and diamines in the presence of nano-sulfated titania and

without using solvent (Scheme 7) [37].
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Scheme 7: Synthesis of N-Phenylpyrrole in the Presence of nano Sulfated TiO2

1.2.2 Synthesis of pyrrole using dialkylacetylene dicarboxylate.

There are many reports of the synthesis of pyrrole derivatives using dialkylacetylene
dicarboxylate. Alizadeh and his co-workers (2006) used a one-pot synthesis of trisubstituted
pyrroles i-e??? 2-[(4-methylphenyl)sulfonyl]1H-pyrrole-3,4-dicarboxylates by the reaction of
dialkyl acetylenedicarboxylates with tosylmethyl isocyanide (TsMIC) in the presence of PhsP
(Scheme 8) [38]. Galliford and Scheidt (2007) have reported the synthesis of 1,2-diarylpyrrole
from three components, an imine, diazoacetonitrile (DAN) and an alkynyl using dirhodium (1)
salt as a catalyst (Scheme 9) [39]. Kassaee et al. (2008) have reported the one-pot synthesis of
dialkyl 4,5-dimethyl-1H-pyrrole-2,3-dicarboxylates by treating butane-2,3-dione with o-
aminophosphorous ylides, which were prepared in situ by 1:1:1 addition reaction between
triphenylphosphine, dialkyl acetylenedicarboxylate, and ammonium acetate (Scheme 10) [40].
Yavari and his partner (2009) have reported the preparation of tetrasubstituted pyrrole through the
condensation of three components, namely an acid chloride, a dialkyl acetylenedicarboxylate and
an amino acid, using ionic liquids (RTILs) in water (Scheme 11) [41]. Yavari and his co-workers
(2009) have reported an effective way to prepare funtionalized pyrroles by condensation of acid
chlorides, amino acids, and dialkyl acetylenedicarboxylates in the presence of 1-butyl-3-
methylimidazolium hydroxide ([omim]OH)-H20 as a catalyst (Scheme 12) [42].
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Scheme 8: Synthesis of Dialkyl 2-[(4-Methylphenyl)sulfonyl]-1H-pyrrole-3,4dicarboxylates
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Scheme 9: Multicomponent assembly reaction for the synthesis of pyrroles
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Scheme 11: The three-component, one-pot condensation of acid chlorides, amino acids, and

dialkyl acetylene dicarboxylates in the presence of different ILs
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Scheme 12: The formation of functionalized pyrroles

Ghabraie (2011) have reported a one-pot synthesis of tetra-substituted pyrroles by reaction of
primary amines, dialkyl acetylenedicarboxylates and j-nitrostyrene derivatives in the presence of
iron (I11) chloride which generates 1,2,3,4-tetra-substituted pyrroles in give high yields (Scheme
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13) [43]. Han and his co-workers (2012) have reported an efficient synthesis of pentasubstituted
pyrroles through one-pot reaction of arylamines, acetylenedicarboxylates, and 3-
phenacylideneoxindoles (Scheme 14) [44]. Feng et al. (2013) have described the highly efficient
synthesis of polysubstituted pyrroles through a four-component domino reaction of an aryl glyoxal
monohydrate, an aniline, a dialkyl but-2-ynedioate, and malononitrile (Scheme 15) [45]. Khan et
al. (2012) have reported a one-pot four-component synthesis of multi-functionalized dihydro-2-
oxypyrrole domino reaction from dialkylacetylene dicarboxylate, amines, and formaldehyde.
lodine was used as a catalyst at room temperature (Scheme 16) [46]. Sajadikhah (2013) has
reported one pot synthesis of highly functionalized piperidines and dihydro-2-oxypyrroles using
the catalyst of Al(H2PO4)s. (Scheme 17) [47]. Sajadikhah et al. (2013) have described one-pot
multi-component reaction of amines, dialkyl acetylenedicarboxylates and formaldehyde to
synthesize the of N-aryl-3-aminodihydropyrrol-2-one-4-carboxylates under catalysis of oxalic acid
dihydrate (20 mol%) along with methanol (Scheme 18) [48]. Sayyed-Alangi et al. (2012) have
described the one-pot synthesis of pyrroles derivatives, obtained from reactions of primary amines
with acetylenic esters by using catalyst N-methylimidazole in water (Scheme-19) [49]. Ardakani
et al. (2012) have reported the reaction between dialkyl acetylenedicarboxylates, arylsulfonamides
and ethyl chlorooxoacetate accelarated by triphenylphosphine and triethylamine, which produce
functionalized 3-pyrrolin-2-one derivatives in high yields (Scheme 20) [50]. Rana (2013) has
reported an efficient method for the synthesis of densely substituted 2-oxodihydropyrroles by
clean, reusable, and heterogeneous catalyst titanium dioxide (TiO2) nanopowder by the four
component coupling reaction of dialkyl but-2-ynedioate, two different amines, and an aldehyde
(Scheme 21) [51].
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Scheme 13: One-pot synthesis of tetra-substituted pyrroles.
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Scheme 14: Synthesis of pentasubstituted pyrroles via domino reactions.
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Scheme 15: Synthesis of Polysubstituted Pyrroles.

COOR goop RO,C R
% R N
+ R'NH, + R? + 1, (10mol% l -R2 + | J
MeOH /

RO,C™ "N
CO,R RO,C ﬁl
yield 40-82%
Scheme 16: Synthesis of substituted dihydro-2-oxypyrroles.
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Scheme 17: Synthesis of highly substituted dihydro-2-oxypyrrole.
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Scheme 18: Synthesis of N-aryl-3-aminodihydropyrrol-2-one-4-carboxylate.
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Scheme 19: Synthesis of highly functionalized pyrroles.
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Scheme 20: Three-component reaction between arylsulfonamides, DAAD, triphenylphosphine

and ethyl chlorooxoacetate.
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Scheme 21: TiO2 nanopowder catalyzed multicomponent synthesis of fully substituted

dihydropyrroles.

Zhao and his colleagues (2014) have reported the synthesis of substituted pyrroles by the efficient
copper-promoted oxidative coupling between enamides and alkynes in mild conditions (Scheme
22) [52]. Reddy (2015) have developed the one-pot novel synthesis of poly-substituted pyrrole
from nitrocompounds, phenacyl bromide and dialkyl acetylenedicarboxylates in the presence of
indium in dilute agueous HCI at room temperature (Scheme 23) [53]. Zarei and Sajadikhah (2016)
have developed a one-pot synthesis of dihydropyrrole-2-ones by treating amines, dialkyl
acetylenedicarboxylates and formaldehyde in the presence of ethylenediammonium diformate
under ethanol and reflux conditions (Scheme 24) [54]. Kangani (2016) have reported the one-pot
synthesis of N-aryl-3-aminodihydropyrrol-2-one-carboxylates by the condensation of
formaldehyde, amines and dialkylacetylenedicarboxylates in the presence of Vitamin B12 as a
catalyst at ambient temperature along with EtOH (Scheme 25) [55]. Soltani and colleagues (2016)
have described the one-pot synthesis of polysubstituted pyrroles by reacting three component
amines, a-bromo ketones and dialkyl acetylenedicarboxylate in the presence of HsPW12040, a non-
corrosive and reusable heterogenous catalyst, under solvent-free conditions (Scheme 26) [56].
Dhinakaran et. al. (2016) have reported the chemoselective, one-pot multicomponent synthesis of
polysubstituted pyrroles in high yield by reacting ethyl (E)-3-(aryl/alkyl amino) acrylates, 2,2-
dihydroxy-1-arylethan-1-ones and malononitrile without using solvent and catalyst grinding
conditions (Scheme 27) [57]. Rahmani and Darehkordi (2017) have reported the one-pot synthesis
of trifluoromethylated pyrrole in high yield by reacting N-aryl-2,22-trifluoroacetimidoyl
chlorides, dimethyl or diethyl acetylene dicarboxylate and isocyanides under dry dichloromethane
in catalyst-free conditions (Scheme 28) [58]. Kangani (2017) have developed the one-pot synthesis
of pyrrole derivatives by reacting an amine, dialkyl acetylenedicarboxylate, aromatic amine and
formaldehyde in the presence of lactic acid which serves as an efficient green catalyst, at ambient
temperature in EtOH (Scheme 29) [59].

16



CO,R H Cu(OAc), CO,R
JI 4 KoCOsy EuN \
H T Ph ’ >  Ph—\
| DCE, 120°C CO,R
CO.R 0,.24h 34-80%

Scheme 22: Coupling reactions of enamides and activated alkynes.
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Scheme 24: Synthesis of N-aryl-3-amino dihydropyrrol-2-one-4-carboxylate.
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Scheme 25: Synthesis of N-aryl-3-aminodihydropyrrol-2-one-4-carboxylates in the

presence of vitamin B12 as catalyst in EtOH at ambient temperature.

Scheme 23: Synthesis of polysubstituted pyrroles using indium metal in aqueous HCI at room
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Scheme 26: Synthesis of polysubstituted pyrroles and bis-pyrroles catalyzed by HsPW12040.
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Scheme 27: Synthesis of fully substituted pyrroles.
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Scheme 28: Synthesis of new trifluoromethylated pyrrole derivatives.
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Scheme 29: Synthesis of N-aryl-3-aminodihydropyrrol-2-one-4-carboxy|lates.

1.2.3 Synthesis of pyrroles using f-ketoesters.

Demir and his colleagues (2006) has reported that the preparation of 2-aminopyrrole-4-
carboxylates through amination and annulation of a-cyanomethyl-s-ketoesters in the presence of
Zn(ClO4)2, under mild reaction conditions readily gives the product (Scheme 30) [60]. Metten
(2006) has described the synthesis of 2-oxo-5-(hetero)arylpyrroles using 2,3-dioxo-5-
(hetero)arylpyrrolidines. This 2,3-dioxopyrrolidines could be synthesized by a simple reaction of
diethyl oxaloacetate, aldehydes and primary amines (Scheme 31) [61]. Cadierno (2007) has
reported the one-pot multicomponent synthesis of highly substituted pyrroles using secondary
propargylic alcohols, 1,3-dicarbonyl compounds and primary amines in the presence of [Ru(n®-
2C3Hs4Me) (CO)[SbFs]/CF3CO2H (dppf: 1,1’-bis(diphenylphosphanyl)ferrocene) catalysts
(Scheme 32, 33) [62]. Wang and his co-worker (2008) has reported the synthesis of tri- or tetra-

substituted N-H pyrroles by reacting vinyl azides and 1,3-dicarbonyl compounds in the presence
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of Mn(l11) complexes as catalyst (Scheme 34) [63]. Alizadeh and his co-workers (2008) have

developed the preparation of pentasubstituted pyrroles through various reactions. Primary amines

and alkyl acetoacetate react to form enaminones which then react with fumaryl chloride to give

pyrroles (Scheme 35) [64].
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Scheme 30: Regioselective synthesis of 2-aminopyrrole-4-carboxylates using zinc perchlorate

catalyzed.
0 fe) 0 (0] (0]
/©)J\CJ]\O/\ Cl\)J\O,R' O/
H, »
e o.
X Nal, Base, refliux X R’
80%- quant Ie}
10 equiv, R
AcOH, reflux
40-50%
—0
o
N X
0 \
R 40-66%

Scheme 31: Synthesis of simple 2-oxo-5-arylpyrroles starting from benzoylacetates.
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Scheme 33. Synthesis of the NH pyrrole
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Scheme 34: Reaction of Vinyl Azide with Ethyl Acetoacetate by the use of Mn(OAc)s3-2H20
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Me OR'
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Scheme 35: One pot synthesis of pentasubstituted pyrroles using amine, alkyl acetoacetate, and

fumaryl chloride

Reddy (2011) has described the synthesis of 1,2,3,4-tetrasubsttuted pyrroles derivative by using a
Pd-mediated multi-component reaction followed by Suzuki or Heck or Sonogashira reaction.
(Scheme 36) [65]. Magarr (2013) have reported a one-pot three component synthesis of N-
protected tetrasubstituted pyrroles by treating nitroallylic acetates with an amine and a f-keto ester

mediated. Ceric ammonium nitrate in MeOH was used as a catalyst (Scheme 37) [66].

PN
Ph \©\ (PPh;),PdCl, \©\ C \©\
_C, c

. .
N 80-85°C,4h N\ L .
o o ArB(OH) 0 Ph 0 =( ph
)J\/U\ CH;NO, 1,4dioxane-H,O OFEt
OEt o OF
80-85°C,5h t

yield 75-85%

Scheme 36: Synthesis of pyrroles.
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Scheme 37: Substrate scope of the synthesis of functionalized pyrroles.

Umeda et.al. (2014) have described a one pot synthesis of 1H-pyrrole-3-carboxylate derivatives
using a selenium catalyzed reaction between a f-ketoester, a vinyl nitro compound and carbon
monoxide (Scheme 38) [67]. Nandesh and his colleagues (2014) have developed a one-pot, facile,
expedient synthesis of tetrasubstituted pyrrole by the coupling reaction between ethyl acetoacetate
compound or diethyl acetylene dicarboxylate, amines, aromatic aldehydes and nitromethane in the
presence of graphite as a catalyst (Scheme 39) [68]. Gujarathi and his co-workers (2014) have
developed a one-pot, effective synthesis of fully substituted pyrroles via
propargylation/animation/cycloisomerization of propargylic alcohols, S keto esters and aliphatic
amines in the presence of AgSbFs as catalyst under mild temperature along with acetic acid, thus
preventing the formation of furan as side product (Scheme 40) [69]. Karamthulla and his
colleagues (2014) have reported a synthesis of pentasubstituted pyrroles by reacting arylglyoxal
monohydrate, s-keto esters, amines and various cyclic 1,3-dicarbonyls in mild conditions without
catalyst and column chromatography for purification (Scheme 41) [70]. Shinde et.al. (2015) have
reported a solvent-free one-pot synthesis of varied pyrrole derivatives by multicomponent reaction
between aldehydes, nitroalkanes, amine and enolizable active C-H reactants in the presence of
polystyrene-supported p-toulenesulfonic acid (PS-PTSA) and under microwave irradiation
(Scheme 42) [71].
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Scheme 38: Synthesis of 1H-pyrrole-3-carboxylate derivatives.

(0] (0] Graphite, reflux R2
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Mo/\ + R,—NO, + R— + H,C-NO, - J\

Scheme 39: Graphite-mediated synthesis of functionalized pyrroles.
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Scheme 40: Synthesis of fully substituted pyrroles from aliphatic primary amines.
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Scheme 41: Synthesis of Pentasubstituted Pyrroles.
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Scheme 42: Synthesis of tetrasubstituted pyrrole derivative catalyzed by PS-PTSA.

1.2.4 Synthesis of pyrrole by using 1,2dicarbonyl group



Ghashang et al. (2011) have reported the preparation of 1,5-diaryl-3-(arylamino)-1H-pyrrol-
2(5H)-ones via the cyclo-condensation reaction of aldehydes, amines and ethyl pyruvate which
used silica-supported ferric chloride (SiO2.FeCls) as a returnable heterogeneous catalyst (Scheme-
43) [72]. Lin et al. (2013) have reported a one-pot multicomponent synthesis of polysubstituted
pyrroles from primary amines, ethyl glyoxalate and 2-bromoacetophenones. Pyridine and

acetonitrile were used as catalyst (Scheme 44) [73].

o

)kH/OEt v Ar 4 oar Si0,-FeCly(cat). fg:()

(0] Ar’ v,
) Ar
yield 15-70%

Scheme 43: Synthesis of 1,5-diaryl-3-(arylamino)-1H-pyrrol- 2(5H)-one derivatives using SiO2
FeCls as catalyst.

5 fon 2
+ R- + —_——> /A Ar
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Scheme 44: One-pot multicomponent reactions for the synthesis of pyrrole.

Yavari and his co-workers (2014) have reported that an imidoyl chloride, produced from
isocyanides and acyl chlorides, when treated with trialkyl phosphites using a Perkow-type reaction
generates 3-(alkylimino)-2-[(dialkyloxyphosphoryl)oxy]acrylates, which in turn on treatment with
tosylmethyl isocyanide (TsMIC) produces 4-(alkylamino)-3-[(dialkyloxyphosphoryl)oxy]-5-[(4-
methylphenyl)sulfonyl]-3H-pyrrole-3-carboxylates in high yield (Scheme 45) [74]. Zheng et al.
(2015) have reported the synthesis polysubstituted pyrroles via the organocatalyzed three
component reaction of 1,2-diones, aldehydes and arylamines in the presence of 4-

methylbenzenesulfonic acid monohydrate (Scheme 46) [75]. Farahi and his co-workers (2016)

25



have developed the one-pot synthesis of tetrasubstituted pyrroles in high yield by treating three
components i.e. a-hydroxyketones, malonitrile and ammonium acetate in the presence of tungstate
sulfuric acid (TSA) and solvent free conditions (Scheme 47) [76].

0N _OR?
0 R2 o-"or?
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Scheme 45: Synthesis of Functionalized 3-[(Dialkyloxyphosphoryl)oxy]-3H-pyrrole-
3-carboxylates.
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Scheme 46: Substrate scope of the organocatalyzed three-component

Reactions.
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Scheme 47: TSA-catalyzed one-pot synthesis of tetrasubstituted pyrroles.

1.2.5 Synthesis of pyrroles using 1,3-dicarbonyl compound

Bellur and his partner (2006) have described the synthesis of a variety of pyrroles by condensation
of 1,3-dicarbonyl compounds with 2-azido-1,1-diethoxyethane and followed by cyclization
(Scheme 48) [77]. Khalili and his co-workers (2008) have developed a one-pot preparation of new

2-alkyl-5-aryl-(1H)-pyrrole-4-ol derivatives using p-dicarbonyl compounds and arylglyoxals
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under ammonium acetate in water as a catalyst (Scheme 49) [78]. Dou and his co-workers (2008)

have developed the preparation of 1,2,3,5-tetra and 1,2,3,4,5-penta substituted pyrroles from three

components 1,3-diketones, aldehydes, and amines mediated by a TiCls/Sm system (Scheme 50,

51) [79]. Liu (2008) has developed a one-pot synthesis of highly substituted pyrroles by

propargylic alcohols, 1,3dicarbonyl compounds and primary amines via indium (111) chloride as

catalyst (Scheme 52, 53) [80].

OEt

OEt

37-82%

Scheme 48: Synthesis of functionalized pyrrole. Reagents and conditions: (i) PPhs, THF, reflux,
8 h; (ii). Method A: TFA (10 equiv), CH2Clz, 0 - 20 °C, 12 h; method B: MesSiOTf (1 equiv),
CH2Clz, -78 - 20 °C (for b-ketoesters) or 0 - 20 °C (for 1,3-diketones), 12 h; method C: DMSO,

150 °C, 24 h.
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Scheme 49: Synthesis of 5-Aryl-(1H)-pyrrole-4-ol.
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Scheme 50:

Ar
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Three-Component Reaction of Symmetrical 1,3-Diketones, Aldehydes, and Amines

Induced by Low-Valent Titanium (TiCl4/Sm).
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Scheme 51: Three-Component Reaction of Unsymmetry 1,3-Diketone, Aldehydes and Amines

Induced by Low-Valent Titanium Reagent (TiCl4/Sm).
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Scheme 52: Synthesis of highly substituted pyrroles from propargylic alcohols, 1,3-dicarbonyl

compounds and primary amines.
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Scheme 53: Synthesis of the N-H pyrroles.

Cadierno (2010) reported the three-component synthesis of tetrasubstituted NH pyrroles,
functionalized with ester  or ketone groups at  the C-3 position,
prepared by one-pot coupling of secondary propargylic alcohols with 1,3-dicarbonyl compounds
and tert-butyl carbamate, via in situ deprotection of the corresponding pentasubstituted N-Boc
pyrroles. The three-component coupling process was promoted by the combined use of the 16-
electron ruthenium (1) catalyst [Ru(;%-2-C3HsMe) (CO)(dppf)] [SbF6] (dppf ¥ 1,10-
bis(diphenylphosphino)ferrocene) and trifluoroacetic acid (TFA) (Scheme 54) [81]. Tamaddon
and his associates (2012) have reported that a new method for the three component reaction of
benzoin derivatives, 1,3-dicarbonyls, and ammonium acetate generated the desired products in
good yield in the presence of solvent-free conditions (Scheme 55) [82]. Estvez (2013) has reported
a newly developed one-pot multicomponent synthesis of polysubstituted, functionalized pyrroles
under solvent-free mechanochemical conditions using ketones, primary amines and a -di carbonyl
with cerium (IVV) ammonium nitrate and silver nitrate catalyst (Scheme 56) [83]. Bhat et al. (2013)
have reported the facile method for the regioselective synthesis of tetrasubstituted pyrroles from

1,3-dicarbonyl, benzoin derivatives and ammonium acetate, was developed (Scheme 57) [84].

0
.- TFA(50mol%)

o o | )\ N )(L [Ru] (5mol%) \g )
MRz R \\ OBy  THF/75% R! R2
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yield 60-82%

Scheme 54: Synthesis of Tetrasubstituted NH Pyrroles from Secondary Propargylic Alcohols,
1,3-Dicarbonyl Compounds and tert-Butyl Carbamate.
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Scheme 55: Molybdate sulfuric acid catalyzes the synthesis of 2,3,4,5-tetrasubstituted pyrroles.
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Scheme 56: Sequential three-component pyrrole synthesis.
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Scheme 57: One pot three- component synthesis tetrasubstituted pyrroles.

Abdelmohsen and EI-Ossaily (2015) have reported the synthesis of 5-(N-substituted pyrrol-2-yl)-
8-hydroxyquinolines by treatment of 5-chloroacetyl-8-hydroxyquinoline, acetylacetone pentane-
2,4-dione, and amines in the presence of 1,4-diazabicyclo [2.2.2] octane as catalyst at 60°C
(Scheme 58) [85]. Goyal and his co-workers (2015) have reported the one-pot synthesis of multi-
substituted pyrroles by reacting amines, f-dicarbonyl compounds and nitroalkenes in the presence
of zirconocene dichloride in ethanol medium as a catalyst (Scheme 59) [86]. Reddy et al. (2016)
have reported the one-pot synthesis of 2,4,5-trisubstituted pyrrole by condensation reaction
between 1,3-diones, a-bromoacetophenones, and ammonium acetate using ionic liquid [omim]BF
(Scheme 60) [87]. Yu (2016) has reported a one-pot synthesis of tetrasubstituted and fused

pyrroles in a cascade fashion via Pd(TFA)2 -catalyzed [4+1] annulation of chained or cyclic alkenyl
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-dicarbonyl compounds and unprotected primary amines. The annulation products were isolated
in high yield with Oz as terminal oxidant in a mild condition (Scheme 61) [88]. Shahvetayati and
his co-workers (2017) have reported a rapid, effective and one pot multicomponent synthesis of
1,2,3,5-tetrasubstituted pyrrole derivatives by reacting amines, 1,3-dicarbonyl compounds and a-
heloketones using ZnO nanoparticles as a catalyst under ultrasonic irradiation and solvent-free
conditions (Scheme 62) [89].
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c:R=Ph j: R =2-pyridyl
d: R = 4-C1-C6H4 k: R = 3-pyr1dy1
e: R = 4-Br-C6H4 I: R = cyclohexyl
f: R =4-F-C6H4 m: R = n-butyl
g: R =4-OH-C6H4 n: R =Me

DABSO??
Scheme 58: Synthesis of 5-(N-substituted pyrrol-2-yl)-8-hydroxyquinolines.
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Scheme 59: Synthesis of multi-substituted pyrroles.
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Scheme 60: Screening of solvents using different temperatures and times in synthesis
of 2,4,5-trisubstituted pyrroles from 1,3-diketones, a-bromoacetophenones, and

ammonium acetate.
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Scheme 61: Scope of Pd(TFA)2-catalzyed synthesis of pyrroles.
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Scheme 62: Synthesis of tetra-substituted pyrroles.

1.2.6 Synthesis of pyrroles using 1,3-dicarbonyl compounds with amine, nitro

and aldehyde groups

Maiti et al. (2010) have reported a synthesis of functionalized pyrroles from the four component
coupling reaction of 1,3-dicarbonyl compounds, amines, aldehydes, and nitroalkanes catalyzed by
iron(I11) (Scheme 63) [90]. Khan et al. (2012) have reported a synthesis of tetra-substituted
pyrroles by using four component reactions starting from amines, f-ketoesters or 1,3-dicarbonyl
compounds, aromatic aldehydes or heteroaromatic aldehydes, and nitroalkanes with 10mol%
NiCl2.6H20 as catalyst in good yields (Scheme 64) [91]. Reddy et al. (2012) has reported one-pot
four component synthesis of 1,3-dicarbonyl compounds, amines, aldehydes and nitroalkanes
generating polysubstituted pyrroles. lodine was used as a catalyst (Scheme 65) [92]. Saeidian et
al. (2013) have reported a one-pot synthesis of highly substituted pyrroles from aromatic
aldehydes, S-keto esters and nitromethane using an amine catalyst and 10 mol% CuO nanoparticles
(Scheme 66) [93]. Atar et al. (2013) have reported the newly developed one-pot synthesis of
structurally diverse tetrasubstituted pyrrole derivatives from amines, aldehydes, active methylene
compounds and nitroalkanes using heterogeneous silica tungsten acid catalyst (Scheme 67) [94].
Li and his colleagues (2013) have reported that gluconic acid promotes the synthesis of
functionalized pyrroles via a one-pot four component coupling reaction of amines, aldehyde, 1,3-
dicarbonyl compounds and nitromethane (Scheme 68) [95].
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Scheme 63: Strategy for the Lewis Acid Mediated One-Pot Four-Component Coupling.
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Scheme 64: Synthesis of tetra-substituted pyrrole derivatives.
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Scheme 65: lodine-mediated 4-component reaction for the synthesis of functionalized

pyrrole derivatives.
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Scheme 66: Synthesis route of highly substituted pyrroles via a fourcomponent

reaction using nano CuO.
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Scheme 67: Synthesizing various multi functionalized derivatives.
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Scheme 68: Synthesis of functionalized pyrroles in gluconic acid aqueous solution.

Gupta (2014) described a one-pot tandem synthesis of functionalized pyrroles by treating the four
components amines, aldehydes, 1,3-dicarbonyl compounds and nitroalkanes in the presence of
acidic ionic liquid 1-butyl-3-methylimidazolium hydrogen sulfate as a catalyst (Scheme 69) [96].
Gajengi et al. (2014) have developed a method for the synthesis of highly functionalized pyrroles
via cascade reaction of the four components, 1,3-dicarbonyl compounds, amines, aldehydes and
nitroalkanes in the presence of heterogenous and vigorous catalyst NiO NPs (scheme 70) [97]. Li
and coworkers (2014) have reported a one-pot synthesis of polysubstituted pyrroles by reacting
aldehydes, 1,3-dicarbonyl compounds, amines and nitromethane under nano-CoFe2QO3 supported
Mo as catalyst (scheme 71) [98]. Tang and his co-workers (2015) have reported the one-pot
synthesis of substituted pyrrole by the coupling reaction of four components i.e. 1,3-dicarbonyl
compounds, amines, aldehydes and nitromethane in the presence of iron-containing metal organic
frameworks as catalyst (Scheme 72) [99]. Hu (2015) has described the one-pot synthesis of
functionalized pyrroles by the reaction of the four components, amine, aldehydes, 1,3-dicarbonyl
compounds and nitromethane in the presence of a deep eutectic solvent, prepared by choline
chloride and malonic acid, providing the medium for the reaction and acting as dual catalyst as
well (Scheme 73) [100]. Moghaddam (2015) have reported the one-pot synthesis of substituted
pyrroles by reacting nitromethane, aryl aldehyde, 1,3-dicarbonyl compound and amine using an
efficient and reusable catalyst, nickel ferrite nanoparticle at 5mol% of catalyst at 100°C (Scheme
74) [101]. Gajengi and his colleagues (2017) have described the one-pot synthesis of tetra-
substituted pyrrole by a multicomponent reaction between aldehyde, amine, 1,3-diketone and
nitromethane at room temperature in the presence of Cu20/Ag nanocomposite (NPs) (Scheme 75)
[102].
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Scheme 69: Synthesis of multi-substituted pyrroles.
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Scheme 70: NiO NPs mediated synthesis of substituted pyrroles.
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Scheme 71: Synthesis of fuctionalized pyrroles in the presence of CoFe204@SiO2-
NH2-Mo(acac)2.
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Scheme 72: Synthesis of different substituted pyrroles catalyzed by Fe-MIL-101.
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Scheme 73: Synthesis of functionalized pyrroles using ChCIl-malonic acid.
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Scheme 74: The preparation of different substituted pyrroles.
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Scheme 75: Synthesis of substituted pyrroles catalysed by Cu20/Ag NPs by one pot synthesis.

1.2.7 Synthesis of pyrroles by reacting a 1,4-dicarbonyl compound with

amines

Chen and his co-workers (2009) have reported the synthesis of f-enamino ketones or pyrroles from
amines and 1,3-dicarbonyl or 1,4-dicarbonyl compounds using metal triflates as catalyst under
solvent free conditions. 0.5mol% Ga(OTf)s is best of the metal triflates, which gave outstanding
yield (Scheme 76, 77) [103].
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Scheme 76: The reaction of amines with acetonylacetone under solvent-free conditions.
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Scheme 77: The reaction of diamines with acetonylacetone under solvent-free conditions.

Veisi and his colleagues (2010) have reported a one-pot synthesis of N-substituted pyrroles by
reacting y-diketones with amines, diamines or triamine under silica sulfuric acid (SSA) (Scheme
78) [104]. Yuan and his colleagues (2010) have reported an efficient synthesis of 2,5-hexanedione
with amines by Paal-Knorr condensations at room temperature under solvent-free condition
(Scheme 79) [105]. Rahmatpour (2011) has reported a one-pot synthesis of N-substituted pyrroles
from condensation reactions of 2,5- hexanedione with amines or diamines using ZrOCI2.8H20. For
this reaction, Lewis acid catalyst was used at room temperature (Scheme 80) [106]. Banik and his
colleagues (2012) have reported the simple synthesis of substituted pyrroles by using catalyst
polystyrenesulfonate which gave an excellent yield in aqueous solution (Scheme 81) [107]. Darabi
(2012) has reported a greener reaction to prepare pyrrole derivatives. Optimized conditions were
applied while treating hexane-2,5-dione with 4-methoxyaniline. The best conditions were
completed in ethanol with 5 mol % of vitamin B during 1 h (Scheme 82) [108]. Darabi et al.
(2012) have reported the synthesis of pyrroles via Paal-Knorr synthesis. Here, silica maintained
antimony(111) chloride (SbCls/SiO2) which acts as a highly effective heterogeneous Lewis acid
catalyst for the Paal-Knorr pyrrole synthesis. Condensation of hexane-2,5-dione with aromatic
and aliphatic primary amines in hexane using SbCls/SiO2 with 7.6 wt% SbCls was the best reaction
condition (Scheme 83) [119].
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Scheme 78: Synthesis of pyrroles from y-diketones and primary amines catalyzed

by SSA room temperature under solvent-free conditions.

Scheme 79: Condition and reagents: (1) D001; (2) r.t., 0.5-25h.a: R% CeHs_;b: R Y4 4-
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Scheme 80: Synthesis of N-substituted pyrroles under solvent-free conditions at room

temperature.
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Scheme 81: Polystyrene sulfonate-catalyzed synthesis of N-substituted pyrroles.
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Scheme 82: Condensation of hexane-2,5-dione with amines catalyzed by vitamin Bz as a metal

free organocatalyst.
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Scheme 83: Synthesis of Paal Knorr pyrrole.
1.2.8 Synthesis of pyrrole using enones

Chochois and his colleagues (2006) have reported the 1,4-carbonylation addition of arylboronic
acid to methyl vinyl ketones using rhodium catalyst under carbon monoxide pressure. 1,4-
Diketones were also obtained using Rh(COD):BFs (COD-.1,5-cyclooctadiene) and
triphenylphosphine as catalyst even in small concentration of about 0.02%. This carbonylation
reaction when coupled with cyclization results in pyrroles or furan formation (Scheme 84) [110].
Jing and his colleagues (2009) have reported the one-pot preparation of highly substituted pyrroles
using thiazolium salt as a catalyst. An aldehyde and unsaturated ketone undergo acyl anion
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conjugated addition reaction to form 1,4-dicarbonyl compounds; on further addition of amines,

pyrroles are obtained through Paal-Knorr reaction (scheme 85, 86) [111].
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Scheme 84: Pyrrole synthesis via a rhodium catalysed aroylation of enones with

arylboronic acids and carbon monoxide followed by a cyclisation step.
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Scheme 86: Highly heterocycle-substituted pyrrole synthesis in different conditions
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Rueping and his co-worker (2010) have reported the synthesis of pyrroles by reaction of
enaminones with g-bromonitrostyrenes, where the latter is a trifunctional synthon (Scheme 87)
[112].

100%

Scheme 87: Synthesis of Pyrroles by Domino Reaction.

Khajuria and Kapoor (2014) have reported the one-pot, solvent free and efficient synthesis of ethyl

3,5-disubstituted-1H-pyrrole-2-carboxylates by reacting 1,3-disubstituted propen-2-one and
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ethylnitroacetate, in the presence of diethylamine (Et2NH) and triethylphosphite (P(OEt)s) in
microwave (MW) irradiation through the cascade Michael-reductive cyclization (Scheme 88)
[113]. Kalmode (2015) has reported the synthesis of 2,3,4-trisubstituted 1H-pyrroles by reacting
2-isocyanoacetate and «, f-unsaturated ketones using chloine hydroxide which is an efficient base
as well as providing the reaction media for the synthesis (Scheme 89) [114]. Shekarrao and his
colleagues (2015) have developed the efficient one-pot three component synthesis of alkylated
pyridine-substituted pyrrole substituted in high yield from g-bromovinyl aldehydes, primary
amines and 2-alkynylpyridines (Scheme 90) [115].

RZ
o Et,NH, EtOH 0
O CH fl
lev\Rz . /\n/ ~_-CH; reflux . \ N
0 P(OE), R! N
MW, 80 W 86-95% .

Scheme 88: P(OEt)s mediated synthesis of ethyl 3,5-diaryl-1H-pyrrole-2-carboxylates.

? R 3 1
H,0C R
1 ChOH, Cul (10 mol%
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O >
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60-90%

Scheme 89: General regioselective one-pot synthesis of 2,3,4-trisubstituted 1H-
pyrrole.

oy RN, PA(OAC), R
:/ \|]i + : R K2C03,DMF . ',/ N — \Rl
- NCHO 120°C, 8 h L

85-96%

Scheme 90: Different annulation reactions of bromovinyl/aryl aldehydes.

1.2.0 Synthesis of pyrroles using acetylene group
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Harrison and his colleagues (2006) have reported the synthesis of pyrrole from substituted f-
alkynyl ketones and amines in the presence of 5 mol% catalyst which can be either silver
trifluoromethanesulfonate or a mixture of gold(l) chloride, silver trifluoromethanesulfonate, and
triphenylphosphine (Scheme 91) [116]. Shindo (2007) have reported an effective technique for the
synthesis of pyrrole by the mean of ynolates (Scheme 92) [117]. Cyr and his partner Arndtsen
(2007) have reported the use of 1,3-dipolar cycloaddition of phosphonites, imines, and acid
chlorides (Scheme 93) [118]. Cyr and his co-workers (2007) have reported the preparation of
pyrroles using imines, acid chlorides, and alkynes facilitated with isocyanides (Scheme 94, 95)
[119]. Lu and his partner (2008) have reported the preparation of pyrroles through a-amidoethers
and alkynes with aPd catalyst and suitable ligand under an atmosphere of CO (Scheme 96) [120].
Chen and his colleagues (2009) reported the three component syntheses of tetrasubstituted 3-

alkynylpyrroles from imines, phenylacetylene, and dialkylzinc (Scheme 97) [121].

R4 R3

A —
R! X >
R AgOTF (5mol%) \ /)

or AuCl, AgOT{, PPh,
5mol% (each)

R2
13-92%

Scheme 91: AgOTTf or Au(l)-catalyzed pyrrole formation.

3
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R o L A
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Scheme 92: One-Pot Synthesis of Pyrrole carbamates using R-acylaminoketones.
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Scheme 93: Diversity of PhP(catechyl) Mediated Pyrrole Synthesis.
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Scheme 95: Palladium-Catalyzed Pyrrole Synthesis.

Scheme 94: Synthesis of pyrroles from imines, acid chlorides, and alkynes mediated by
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Scheme 96: Palladium-catalysed pyrrole synthesis from amidoether and alkynes. Catalyst used
was [Pd(n?-CH(tol)NBnCOPh)]BF4(CH3CN):2 (6) and tBuzP(2-biphenyl) ligand (8)
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Scheme 97: Synthesis of tetrasubstituted 3-alkynylpyrrole.

Ngwerume (2010) has reported a concise synthesis of di-, tri-, and tetrasubstituted pyrroles using
nucleophilic catalysis of the intermolecular addition of oximes to activated alkynes and thermal
rearrangement of the in situ generated O-vinyl oximes to form pyrroles (Scheme 98) [122]. Liu
(2010) has reported a process developed for the synthesis of substituted pyrrole derivatives from
propargylic acetates, enoxysilanes and primary amines by using a convenient zinc (I1) chloride-
catalyzed regioselective propargylation/ amination/ cycloisomerization (Scheme 99) [123]. Wang
et al. (2011) have reported the reaction of propargyl alcohols and terminal alkynes to give highly
selective production of 1,4-diynes and polysubstituted furans/pyrroles. Water was used as a by-
product in this reaction (Scheme 100) [124]. Shen (2013) has reported an efficient one-pot
procedure for the polysubstituted pyrroles (Scheme 101) [125]. Hu (2013) has reported a synthesis
of tetrasubstituted pyrroles from the reaction of terminal alkynes and imines. Similarly,
intermediate propargylamines can also react with imines to form tetrasubstituted pyrroles (Scheme

102) [126]. Miura (2013) has described a new synthetic pathway for polysubstituted pyrroles; 1-
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sulfonyl-1,2,3-triazoles, readily prepared from terminal alkynes and sulfonyl azides, were treated
with allenes using nickel (0) catalyst (Scheme 103) [127].

Af R? R!  EWG
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39-70%

Scheme 98: One-pot Pyrrole Synthesis.
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Scheme 99: Synthesis of pyrroles from propargylic acetates, enoxysilanes and primary amines

20mol%HOTf R?
CH;CN,reflux

= /\
PhMe,reflux 0 R?
R! R!
‘ ‘ 10mol%Cu(OTf), \\
+ H,0

DCE, + R?
R! [ R!
AN 5 5 20mol%HOTf
R Ri—— CH;CNyreflux ~ R2 /| \ o
- L
R4

R4
10mol%Cu(OTf),
PhMe,reflux

Scheme 100: One-Pot Synthesis of Pyrroles.
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Scheme 101: Synthesis of pyrroles from nitroolefins.
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Scheme 102: Synthesis of Tetrasubstituted Pyrroles.
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Scheme 103: Synthesis of Polysubstituted Pyrroles.

Kim (2014) has reported the synthesis of substituted pyrroles. Terminal alkynes produced 1-
sulfonyl-1,2,3-triazoles which were then used to generate a-imino rhodium carbene complexes,
which on further treatment with alkenyl alkyl ether gave the substituted pyrroles (Scheme 104)
[128]. Zhao (2014) has developed the synthesis of substituted pyrroles by efficient palladium (11)-
catalyzed alkenyl C-H activation oxidative annulation of enamides and alkynes (Scheme 105)
[129]. Li et.al. (2015) have described the synthesis of multi-substituted pyrroles through gold-
catalyzed hydroamination/cyclization cascade reaction between a-amino ketones and alkynes
(Scheme 106) [130]. Zhag and his co-workers (2015) have reported the synthesis of 2,3,4,7-
tetrahydro-1H-pyrrolo[3,2-c]pyridine-4(5H)-ones by treating 1-acryloyl-1-N-
arylcarbamylcyclopropane and amines under catalyst-free conditions via a domino ring-
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opening/cyclization/aza-addition sequence (Scheme 107) [131]. Wang (2017) has developed an
effective one pot synthesis of 1,3-dihydro-2H-pyrrol-2-one via [3+2] cycloaddition (Scheme 108)
[132].

R3 TS\
_ ,  cat. [Cu], cat. [Rh] A\ R!
Rl-— + Ts +R40J ~R . R3J . . RéOH
R

2
71-91%

Scheme 104: synthesis of substituted pyrroles.
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Scheme 105: Transition-Metal-Catalyzed Couplings of Enamides.
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Scheme 106: Gold-Catalyzed Route to Pyrroles.
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Scheme 108: Synthesis of 1,3-dihydro-2H-pyrrol-2-one derivatives.
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