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Abstract

Pyrazole and its derivatives are an important class of heterocyclic compounds, pre-
sent in several biologically and medicinally active compounds. Compounds contain-
ing 2,4-dihydro-3H-pyrazol-3-one structural motif, including 4,4'-(arylmethylene)-
bis-(1H-pyrazol-5-ols), have attracted interest because they exhibit a wide range of
biological activities and as the chelating and extracting reagents for different metal
ions. There are two main strategies to the synthesis of bis(pyrazolyl)methane deriva-
tives. The first involves the one-pot pseudo three-component reactions of 3-methyl-
5-pyrazolone derivatives and aldehydes, and the second approach is the one-pot
pseudo five-component reactions of f-keto esters, hydrazins and aldehydes. This
review includes the recent investigation in the multi-component synthesis and their
applications of bis(pyrazolyl)methanes and describes the literature reports for the
period of 2014 to early 2021.
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Introduction

Heterocyclic compounds are widely distributed in nature and are essential to life.
Pyrazole derivatives are an important class of heterocyclic compounds having a
5-membered ring structure with three carbon atoms and two neighbor nitrogen
atoms. There are several applications of pyrazole core-based organic molecules
in various areas including pharmacy and agro-chemical industries. 2,4-Dihydro-
3H-pyrazol-3-one derivatives including 4,4'-(arylmethylene)-bis-(1H-pyrazol-5-
ols), have attracted interest because they exhibit a wide range of biological activities
such as anti-malarial [1], anti-inflammatory [2, 3], anti-nociceptive [4], antipyretic
[5], antifungal [6], anti-virals [7], antidepressant [8], antibacterial [9, 10], antitu-
mor [11], antioxidant [12] and anti-filarial agents [13]. In addition, these deriva-
tives are applied as fungicides [14], analgesic [15], pesticides [16], insecticides [17],
and as the chelating and extracting reagents for different metal ions [18-20]. There
are two main strategies to the synthesis of bis(pyrazolyl)methane derivatives. The
first involves the one-pot pseudo three-component reactions of two equivalents of
3-methyl-5-pyrazolone derivatives and one equivalent of aldehydes, and the sec-
ond approach is the one-pot pseudo five-component reactions of two equivalents of
p-keto esters, two equivalents of hydrazins and one equivalent of aldehydes.

Prior to 2014, bis(pyrazolyl)methanes were synthesized under different condi-
tions and using various catalysts including piperidine catalyzed the reaction of
pyrazolone with p-methoxybenzaldehyde [21], reaction of arylidene anilines with
pyrazolone [22], solid-state Michael addition of pyrazolone to 4-arylidene-5 pyra-
zolones [23], reaction of pyrazolones with phenacylpyridinium salt in refluxing gla-
cial acetic acid containing ammonium acetate [24], treatment of 4-[2-cyano-2-eth-
oxycarbonyl-1-(aryl)ethyl]-3-methyl-1-phenylpyrazolin-5-ones  with  pyrazolone
[25], ring opening of bis-pyrazolo[5,4-b]-4H-pyranes with KOH (10%) in refluxing
EtOH [10], reaction of aldehydes and pyrazolones in the presence of sodium dode-
cyl sulfate in aqueous media [26], treatment of aryl aldehydes and 1-phenyl-3-trif-
luoromethylpyrazol-5-one in aqueous media without catalyst [27], electrochemically
induced catalytic reaction of pyrazolone with aromatic aldehydes using NaBr as an
electrolyte [28]. Also, synthesis of bis(pyrazolyl)methanes has been accomplished
via one-pot three-component reaction of pyrazolones with aromatic aldehydes using
various conditions and catalysts such as ceric ammonium nitrate (CAN) [7], sol-
vent- and catalyst-free at 120-130 °C [29], silica-bonded s-sulfonic acid [30], cel-
lulose sulfuric acid [31], piperidine under ultrasound irradiation [32], diammonium
hydrogen phosphate [33], poly(ethylene glycol)-bound sulfonic acid (PEG-SO;H)
[34], sulfuric acid ([3-(3-silicapropyl)sulfanyl]propyl)ester [35], catalyst-free in
refluxing H,O [36], silica sulfuric acid (SSA) [37], PEG-400 and catalyst-free [38],
ionic liquid [HMIM]HSO, under ultrasonic irradiation [39], N-(3-silicapropyl)-
N-methylimidazolium hydrogen sulfate ([Sipmim]HSO,) [40], 3-aminopropylated
silica gel [41], 1,3,5-tris(hydrogensulfato) benzene (THSB) [42], 1,3-disulfonic acid
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imidazolium tetrachloroaluminate {[Dsim]AICl,} [43], LiOH. H,O in water [44],
xanthan sulfuric acid (XSA) [45], phosphomolybdic acid [46], 2-hydroxyethylam-
monium acetate (2-HEAA) as a task-specific ionic liquid [47], ammonium acetate
[48], silica-bonded N-propyltriethylenetetramine (SBNPTT) [49], melamine trisul-
funic acid [50], ionic liquid 1-sulfopyridinium chloride {[pyridine—-SO;H]CI} [51],
poly(4-vinylpyridine)-supported Brgnsted ionic liquid ([P,VPy-BuSO;H]HSO,)
[52] and [Cu(3,4-tmtppa)](MeSO,), [53]. Moreover, pseudo five-component synthe-
sis of bis(pyrazolyl)methanes has been carried out under different conditions and
catalysts such as silica-bonded N-propylpiperazine sulfamic acid (SBPPSA) under
solvent-free conditions [54], catalyst-free in refluxing H,O [55], pyridine trifluoro-
acetate [56], AcOH at room temperature [57], microwave irradiation (300 W) [12],
sulfonated rice husk ash (RHA-SO;H) under solvent-free conditions [58] and cata-
lyst-free under ultrasonic irradiation [59]. However, a review article on the synthesis
of these compounds has been published by Gouda until the end of 2013 [60]. In
this review, we want to cover the recent synthetic methodologies and their applica-
tions of bis(pyrazolyl)methane derivatives and describe the literature reports for the
period of 2014 to early 2021.

Synthesis of bispyrazoles via one-pot pseudo three-component
reactions

In 2014, Sadeghi and Ghorbani Rad synthesized a series of 4,4'-(arylmethylene)
bis(1H-pyrazol-5-ols) 1 in 83-96% yields via stirring of 3-methyl-1-phenyl-2-pyra-
zoline-5-one (2a) with various aromatic aldehydes in the presence of nano-SiO,/
HCIO, as a catalyst in water under reflux within 20 min (Scheme 1) [61].

Next, synthesis a series of bis(pyrazolyl)methanes in 85-94% yields was accom-
plished via a one-pot pseudo three-component condensation reaction of 2a with aro-
matic aldehydes using ZnO nanoparticles as a recyclable and highly efficient cata-
lyst in EtOH-H,O under reflux conditions for 15-30 min. The reaction with aliphatic
aldehydes did not take place. In the proposed mechanism, firstly, the a,S-unsaturated
adduct is generated by the Knoevenagel condensation reaction between aromatic
aldehyde and 2a. Then, Michael addition of 2a to the a,f-unsaturated adduct fol-
lowed by 1,3-proton shift gives the desired products. In this reaction, ZnO NPs act
as a Lewis acid catalyst with high surface area by activating the carbonyl group of
the aldehyde [62].

H3C H3C Ar CH3
m Nano-SiO,/HCIO, ) N
+ N
2 N\N (o) ArCHO H,0, reflux, N\N | \ N
20 min \
Ph ph  OHHO by
2a 1 (83-96%)

Scheme 1 Nano-SiO,/HCIO, catalyzed synthesis of 4,4"-(arylmethylene)bis(1 H-pyrazol-5-ols) 1
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After that, Zare and co-workers developed preparation of bis(pyrazolyl)methanes
3 in 74-97% yields via condensation of 2a with aryl/heteroary aldehydes catalyzed
by trityl chloride (Ph;CCl) as a homogeneous organocatalyst under mild and sol-
vent-free conditions at 60 °C for 4-22 min. In a reasonable mechanism as illustrated
in Scheme 2, resonance forms 4 and 5 can first be produced from aryl aldehyde and
Ph;CCl in a reversible reaction. They act as an activated aldehyde, reacting with
tautomer 2b of 2a providing 6, which converts to 7 by proton transfer. Intermediate
7 can interconvert to 8 by loss of Ph;COH. 8 and Ph;COH then react to yield ben-
zylidene intermediaite 9, Ph;CCl, and H,O. Then, 9 react with another molecule of
2b to generate 10. In the last step, tautomerization of 10 affords the desired products
3 [63].

Later, two efficient and green methods for the synthesis of bispyrazoles
in 90-96% yields in the absence of any catalyst or solvent were developed by

H,C H4C R CHs
!
Ph3CCl (5 mol% 7 N
2 mo + RCHO aCC B mol) - N7 | N
A 60 °C, solvent-free, N |
Ph R= aryly 4-22 min Ph/ OHHO Ph
2a heteroaryl 3 (74-97%)
+
)OL Ol—CPhs O-CPhj
+ Ph;CCl - cl
R™H 8 R™H R +\H

Ph;COH +

7 6
- Ph3CCIJ-H20
Ry™ = HC R cH,
HC \N,N\Ph
) H3C ap N7 N =—= 3
o Non &N
|
b Ph Ph
9 10

Scheme 2 Ph;CCl catalyzed synthesis of bis(pyrazolyl)methanes 3
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heating (at 120 °C) for 10 min or microwave irradiation at 60 °C (300 W) for
3 min of intimate mixtures of 2a and aldehydes in 2:1 mol ratio [64].

In addition, ammonium acetate is employed as a catalyst for the condensa-
tion reaction of 1-aryl-3-alkyl-1H-pyrazol-5-ol (alkyl=CF;, CH;) with aromatic
or aliphatic aldehydes. This condensation reaction was performed by grinding at
room temperature for 5-10 min giving 4,4'-aryl or alkyl methylene-bis(1 H-pyra-
z0l-5-0ls) in 80-95% yields. In the proposed mechanism, the reaction proceeds
via Knoevenagel-type condensation of aldehyde with pyrazole using NH,OAc to
afford benzylidene intermediaite, followed by Michael addition of another mol-
ecule of pyrazole to yield the desired products. These compounds were tested
in vitro antibacterial activity against S. aureus, X. protophormiae, P. aeruginosa
and B. licheniformis. Among them, CF; group-containing compounds show
excellent antibacterial activity and CH; group containing compounds were not
active [48].

Further, bispyrazole derivatives were synthesized in 83-93% yields in the pres-
ence of aqueous extract of fruit (biosurfactant) as a biobased green acidic catalyst
from the reaction between aryl aldehydes and 2a at 60 °C. At first, Knoevenagel
condensation proceeded rapidly for 2 min to give orange coloured arylidenepyra-
zolones which were converted to the target products within 15-60 min via Michael
step [65].

In 2015, Eskandari et al. described synthesis of bispyrazoles in 85-92% yields via
condensation of 2a with aromatic aldehydes catalyzed by Mohr’s salt in EtOH:H,0
(1:1) under reflux conditions for 20-30 min. In addition, the reaction with aliphatic
aldehydes did not take place [66].

Moreover, 2-carbamoylhydrazine-1-sulfonic acid and carbamoylsulfamic acid
as nano-structure organocatalysts were applied for the solvent-free synthesis of
bis(pyrazolyl)methanes in 83-98% yields by the reaction of several aromatic alde-
hydes with 2a at 60 °C for 10-210 min. The probable mechanism includes the crea-
tion of benzylidene intermediaite via the nucleophilic addition of 2a to aryl alde-
hyde, followed through dehydration. Next, the second molecule of 2a adds in the
Michael addition approach to yield the corresponding products [67].

After that, a rapid and environmentally friendly method was developed for the
preparation of bis(pyrazolyl)methanes in 86-97% yields by condensing 2a with
various aldehydes catalyzed by CsF in de-ionized water at ambient temperature for
5-10 min. In the reasonable mechanism, CsF probably plays two important roles,
first it increases the electrophilicity of the carbonyl carbon of the aldehyde, and sec-
ondly the fluoride counter ion works as a base generating the enolate of pyrazolone
[68].

Later, 12-tungstophosphoric acid (H;PW,0,,) is employed as a catalyst for the
synthesis of 4,4'-(arylmethylene)bis(3-methyl-1H-pyrazol-5-ols) 11 in 91-98%
yields by the reaction of two equivalents of 3-methyl-1H-pyrazol-5(4H)-one (12a)
with aromatic aldehydes in refluxing EtOH for 10-60 min. Considering the Brgnsted
acidic nature of H;PW,,0,,=HA, a plausible mechanism is depicted in Scheme 3.
It is believed that 12b (first equivalent of enolic form of 12a) reacts initially with
aryl aldehyde to give the intermediate 13, which then reacts with second equivalent
of 12b to afford the desired products 11 [69].

@ Springer



4404 M. Sadeghpour, A. Olyaei

HaC HsC AT CH,
7 H3PW 1,040 (10 mol% % N
2 ,\?\10 + ArcHo —HaPWie 40 ( o) N N
N EtOH, reflux, 10-60 min N N
[ OHHO |
12a 11 (91-98%)
(OH
ﬁN H
d n >_£ 1,¢7 N 12p
. - N \N ~HA
123 12 13

Scheme 3 H;PW,0,, catalyzed synthesis of bis(pyrazolyl)methanes 11

Nanomagnetite-Fe;O, is applied as a recyclable nanomagnetite catalyst for the
preparation of bis(pyrazolyl)methane derivatives in 74-95% yields via the con-
densation reaction of 2a with aryl aldehydes at 70 °C under solvent-free condi-
tions for 3—9 min. In the suggested mechanism, at first, 2a converts to the other
tautomer 2b in the presence of nonamagnetite-Fe;0,. Nucleophilic addition of
2b on activated of carbonyl group of aldehyde affords benzylidene intermediaite.
Additions of another molecule of 2b to benzylidene adduct followed by tautomer-
ization and aromatization gives the target products [70].

Elinson and co-workers reported preparation of bis(pyrazolyl)methanes in
93-99% yields by the reaction of aromatic aldehydes and 2a in refluxing EtOH
under catalyst-free conditions for 5 min. The plausible mechanism involves ioni-
zation of 2a leads to the formation of pyrazole anion. This process can be ther-
mally activated. Then, Knoevenagel condensation reaction of pyrazole anion with
aryl aldehyde affords benzylidene intermediate. Subsequently, benzylidene inter-
mediate and another equivalent of 2a undergo Michael addition yields bispyra-
zole anion, which then undergoes intramolecular tautomeric transformation
results the desired products [71].

Further, synthesis of bispyrazoles in 84-95% yields was accomplished by the
condensation of 2a with aromatic aldehydes catalyzed by SbCls/SiO, NPs as a
recyclable catalyst in refluxing water within 20 min [72].

Karami and co-workers noted that treatment of various aromatic aldehydes
with 2a catalyzed by ZnO NWs as a recyclable catalyst in EtOH:H,O (1:1)
under reflux conditions for 15-30 min gave bis(pyrazolyl)methane derivatives in
84-90% yields. The reaction with aliphatic aldehydes was unsuccessful. It seems
that the problem in the case of aliphatic ones is likely to be enolyzed. In the plau-
sible mechanism, a,#-unsaturated adduct is obtained via reaction of 2a with alde-
hyde. Then, 1,4-addition of 2b on a,f-unsaturated adduct followed by [1, 3]-sig-
matropic proton shift affords the corresponding products [73].
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In 2016, Cu-isatin Schiff base supported on y-Fe,Oj; is prepared and employed as
a recyclable catalyst for the synthesis of bis-derivative 14 in 85-97% yields by the
reaction of aromatic and aliphatic aldehydes with 2a in H,O at room temperature for
30-50 min. A possible mechanism for the formation of 14 is depicted in Scheme 4.
Firstly, compound 2b reacts with aldehyde followed by dehydration to give ben-
zylidene intermediaite, which is then react with the second molecule of 2b through
Michael addition to afford bispyrazoles 14 [74].

Next, nano-magnetic Fe;0,-based vanadic acid [MNPs@VO(OH),] was used as
a solid acid catalyst for the synthesis of bispyrazole derivatives 15 in 72-96% yields
via the reaction 2a with of aromatic and heteroaromatic aldehydes in 4-5 drops eth-
anol at 40 °C for 5-45 min. A proposed mechanism for the preparation of 15 is
illustrated in Scheme 5. Initially, the reaction between 2b and aldehyde affords inter-
mediate 16. Then, intermediate 16 and the second molecule of 2b undergo Michael
addition to give the desired products 15 [75].

Pawar and co-workers described catalyst-free green synthesis of bispyrazoles in
80-91% yields by the reaction of aromatic aldehydes with 2a in ethylene glycol at
90 °C for 1-2 h. In this method, all the reactions proceeded smoothly and the corre-
sponding products were purified by simple recrystallization without further purifica-
tion [76].

Furthermore, alum (KAI(SO,), 12H,0) as a reusable catalyst was applied to syn-
thesize bis(pyrazolyl)methanes in 81-95% yields via the reaction of 2a with car-
bonyl compounds (aromatic/heteroaromatic aldehydes or N-alkyl substituted isatin
derivatives) at 60 °C under solvent-free conditions for 15-300 min [77].

The [Amb]L-prolinate was prepared from the immobilization of L-prolinate
anion onto amberlite IRA9000OH and used as an organocatalyst for the synthesis of

H,C A" CHs

H3C, Cu-isatin Schiff base
i Fe,03 (0.25 mol%) 7 N
N H2O, rt, 30-50 min N N
Bh pH  OHHO  py
28 14 (85-97%)

Cu-isatin Schiff base
Fe,03

OjH HO,
; HO SN—N
o /\f“*’“ HoC  J—Ar HiC 4¢/@N
=N
Ar)J\H HC 2 N <o - . h?{—QG CH, 2b
N Hz0 N
Ph Ph |

Ph

— =

Cu-isatin Schiff base Cu-isatin Schiff base
ArCHO Fe,04 Fe, O3
HC |y AT CH,
2 N
Cu-isatin Schiff base N | NlN
N
Fe,O \ \
223 . pi QO HO b

Cu-isatin Schiff base
Fe,03

Scheme 4 Cu-isatin Schiff base-y-Fe,Oj; catalyzed synthesis of bispyrazoles 14
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HaC Hc R cH,
m [MNPS@VO(OH);] 7 Sy
2 N, Yg + RCHO ———— N | N,
I}J 4-5 drops ethanol /N N
Ph 40°C,5-45min PH  OHHO

2a R:aryl, heteroaryl 15 (72-96%)

OV =0 0
0 4 n )l G OH _j+OH
,_.V‘ - | YO—
0‘0 H OH=<==—= N H H\v |:I>h (}:) (6] /H
O Ph O ¢} N\N H-o O\
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R” H RixH R ¢
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Fe3s04 = HyC
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15 H 16
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501

Scheme 5 [MNPs@VO(OH),] catalyzed synthesis of bis-derivatives 15

bispyrazoles 17 by the condensation reaction of 2a with aromatic aldehydes. The
reaction was performed in EtOH under reflux conditions for 5-18 min giving the
corresponding products 17 in 82-98% yields. A reasonable mechanism for the syn-
thesis of 17 is depicted in Scheme 6. Initially, an iminium carboxylate 18 is obtained
via reaction of aldehyde with L-prolinate anion of catalyst. Next, L-prolinate anion
abstracts a proton from 2a to form the enolate intermediate 19. Subsequent Michael
addition of enolate 19 to the iminium carboxylate 18 affords intermediate 20.
Finally, Michael addition of the second molecule of 19 to 20 leads to the formation
of the corresponding products 17 [78].

Moreover, a Knoevenagel condensation reaction of 1-(2,3,4,6-tetra-O-acetyl-1-
f-D-glucopyranose)-2-(4-formylphenyl)-ethane (21) with 2a in EtOH under reflux
conditions for 10 h gave bispyrazole derivative 22 in 73% yield instead of a ben-
zylidene-pyrazolinone derivative (Scheme 7) [79].

In 2017, Mosaddegh et al. reported synthesis of bispyrazoles in 81-98% yields
via the reaction of 2a with aromatic aldehydes using Ce(SO,),.4H,0O as a reusable
catalyst in H,O:EtOH (1:1) solution at reflux for 5-25 min. The plausible mecha-
nism for this reaction involves formation of benzylidene intermediate of nucleophilic
addition of 2b to aromatic aldehyde followed by elimination of one molecule of
water. Subsequently, Michael addition of the second molecule of 2b to benzylidene
adducts to afford the desired products [80].

4-Sulfophthalic acid (4-H;SPA) solution 50 wt% in H,O is employed as a catalyst
for the preparation of bis(pyrazolyl)methanes in 88-97% yields by condensing 2a
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H,C PS —ITI— HC AT CHs
! HI\D 2 N\
2 mo+ ArCHO — NN | | N
I|3h EtOH, reflux, 5-18 min / OHHO

PH
29 17 (82-98%)

H o) N
Ar)LH >|\
Ar
|
ps —N*— = + 18
| N-pp
17 H3C N 19

N
N N 9 H
N vN
pi OH O pn

cHo M >_>§

AcO EtOH
+ —_—
AcO 2N O reflux, 10 h

21 2a 22 (73%)

Scheme 7 Synthesis of bispyrazole derivative 22

with aryl and heteroaryl aldehydes under aqueous conditions at room temperature
within 10-20 min [81].

After that, Saghanezhad and co-workers succeeded in preparation of
bis(pyrazolyl)methanes in 80-92% yields via the reaction of aromatic aldehydes
and 2a using caffeine-H,PO, (7.5 mol%) as an efficient recyclable catalyst at 80 °C
under solvent-free conditions within 55-75 min [82].

Moreover, N'.N! ,NZ,NZ-tetramethyl-N 1 ,Nz-bis(sulfo)ethane- 1,2-diaminium chlo-
ride ([TMBSED][CI],) as an acidic ionic liquid catalyst was applied for the syn-
thesis of bis(pyrazolyl)methanes 23 in 88-95% yields by the condensation reaction
of 2a with aromatic aldehydes in EtOH at 60 °C within 15-45 min. The plausible
mechanism for the preparation of 23 is illustrated in Scheme 8 [83].
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H3C Ar

8 >_\A\ TmBseDjCll, HsC CHs
! 10 mol%

2 N 70 +ArCHO — (10 mol%) N N
| EtOH, 60 °C N
o 1545min  pi OHHO by

23 (88-95%)
o |+
N -NTN\CN-SOzH| (o
HaC H,O’ﬁ | | SoHler, CH,
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h Ph/N(/ 0
Ph

OH o 1 |+
%N\ N-SO3H| |-
2b H/O/ﬁl {789 lerl,
HON  Ph Ar
N RO
/ _N H
Ar
HsC A HsC CH
W _ 7 2b gy, K 3

! 7 N\ [TMBSED][CI],

N A0 —n N | N ———"5% 23
’\“ e} N N Tautomerization
Ph O-dl pr O HO  pn

S

|+
T/\/N—SO3H ler,
Scheme 8 The production of bis(pyrazolyl)methanes 23 promoted by [TMBSED][CI],

Bispyrazoles 24 were synthesized in 87-98% yields by using {Fe;0,@SiO,@
(CH,);-thiourea dioxide-SO;H/HCl} as a recyclable solid acid catalyst from the
reaction between 2a and aromatic aldehydes at 90 °C under solvent-free condi-
tions within 10-45 min. A possible mechanism for the formation of 24 is outlined
in Scheme 9. At first, 2a converts to its enol form (2b) through interaction with the
nanomagnetic catalyst and attacks the activated aldehyde to give intermediate 25
via dehydration. Then, treatment of the second molecule of 2b with 25 to give the
intermediate 26, which undergo tautomerization and aromatization leads to the cor-
responding products 24 [84].

Furthermore, an efficient and eco-friendly protocol was introduced for the syn-
thesis of bispyrazoles in 87-97% yields by the condensation reaction of 2a with
aryl aldehydes using boehmite nanoparticles (BNPs) (an aluminum oxide hydroxide
(y-AlOOH) mineral) as a recyclable catalyst at 80 °C under solvent-free conditions
for 8-35 min. In the suggested mechanism, BNPs formulate electrophilic activation
of the aldehyde to increase the rate of formation of the benzylidine intermediate.
Subsequently, it accelerates the rate of the Michael addition of a second equivalent
of 2b on the benzylidine adducts for the formation of the desired products [85].

Also, 1-(2,4-dinitrophenyl)-3-methyl-1H-pyrazol-5(4H)-one (27) in 85%
yield was prepared using ethylacetoacetate (28) and 2,4-dinitrophenylhydra-
zine (29) in HOAc under reflux conditions for 4 h. Then, Knoevenagel con-
densation reaction of 27 with p-hydroxybenzaldehyde in refluxing EtOH
using piperidine for 5 h afforded the pyrazolone derivative 30 in 78% yield.
Pyrazolone 30 reacted with pyrazolone 27 in the presence of sodium ethox-
ide in ethanol at 100 °C for 1 h to give 4,4-((4-hydroxyphenyl)methylene)
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Scheme 9 {Fe;0,@8Si0,@(CH,);-thiourea dioxide-SO;H/HCI} catalyzed synthesis of bis(pyrazolyl)
methanes 24

bis(1-(2,4-dinitrophenyl)-3-methyl-1H-pyrazol-5-ol) (31) in 80% yield (Scheme 10)
[86].

In 2018, Mohammed Khan and co-workers reported that preparation of
bis(pyrazolyl)methane derivatives in good to excellent yields by condensing
2a with different aldehydes catalyzed by CsF as catalyst in ethanol at ambient
temperature for 2-3 h. In this reaction, CsF plays two important roles. Firstly,
it increases the positive charge on the carbonyl carbon of the aldehyde, and
secondly the fluoride ion works as a base producing the enolate of pyrazolone.
As a result, the formation of carbon—carbon double bond by condensation with
the aldehydes forms an intermediate 1,4-Michael type substrate serving for a
1,4-attack by the second fluoride-generated enolate of the pyrazolone resulting
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Scheme 10 Preparation of bis(pyrazolyl)methane 31

in the formation of the corresponding bis-pyrazoles. These compounds demon-
strated diverse in vitro DPPH radical scavenging activities with ICs, values rang-
ing between 55.2 +1.2-149.6 + 1.7 uM, as compared to standard BHT (butylated
hydroxytoluene) (IC5,=128.8+2.1 uM). Further chemical modifications and
research work on these molecules may result in clinically useful antioxidants
[87].

Later, silica vanadic acid with Lewis and Bronsted acid sites is employed as a
recyclable catalyst for the Knoevenagel-Michael reaction of 2a with aromatic alde-
hydes. This reaction was performed in 4-5 drops ethanol at room temperature within
30-80 min resulting bispyrazoles 32 in 72-95% yields. A reasonable mechanism
for the formation of 32 is shown in Scheme 11. The catalyst activates the aldehyde
group for nucleophilic attack by 2b to yield 33, which is then treated with the sec-
ond molecule of 2b to produce the target products 32 [88].

Graphene oxide/Fe;0,/L-proline nano-hybrid is synthesized and used as a cata-
lyst for the preparation of bis(pyrazolyl)methanes in 87-98% yields by the reaction
of 2a with aryl aldehydes in refluxing EtOH for 5-15 min. GO/Fe;0,/L-proline cat-
alyst was separated simply by using an external magnet and employed in six runs for
the synthesis of the desired products [89].

Bis(pyrazolyl)methanes 34 are obtained in 56-89% yields by the reaction of
1-(4-chlorophenyl)-3-methyl-1H-pyrazol-5-ol (35) with aryl aldehydes in the
absence of catalyst in EtOH:H,O (1:3) under reflux conditions for 24 h. In the pro-
posed mechanism as indicated in Scheme 12, nucleophilic carbon of pyrazolone in
enol form attacks the electrophilic carbonyl carbon of benzaldehyde thus resulting
in the formation of an intermediate 36. Successful removal of water molecule from
intermediate 36 formed the another q,f-unsaturated intermediate 37. This interme-
diate 37 still has an electrophilic center at #-position, thus another attack of the sec-
ond molecule of pyrazolone at -position leads to the formation of 34. Synthetic bis-
pyrazolones 34 were evaluated for their oxidative burst inhibitory effect of zymosan
stimulated whole blood phagocytes by using luminol enhanced chemillumines-
cence technique. All molecules demonstrated the potent ROS inhibition activity in
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the range of IC5,=1.2+0.1-48.8+3.9 M as compared to the standard ibuprofen
(IC5=54.2+9.2 M) [90].

In 2019, Ghorbani-Choghamarani and his group reported that preparation of
bis(pyrazolyl)methanes in good yields (75-92%) was accomplished by the treatment
of 2a with aromatic aldehydes using Ni-guanidine@MCM-41NPs as a recyclable
catalyst in CH;CN at 80 °C for 15-60 min [91].

In 2020, Rostami and Kordrostami developed a strategy for the preparation of
bispyrazole derivatives 38 in 90-99% yields by the condensation reaction of 2a with
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aromatic aldehydes using graphene oxide functionalized pyridine-methanesulfonate
(GO@PyH-CH;S0O;) as a recyclable nano-catalyst at 70 °C under solvent-free con-
ditions for 8—30 min. The possible mechanism for the synthesis of 38 is illustrated in
Scheme 13. According to the mechanism, at first, aldehyde was activated by acidic
proton, while 2b was activated by methane sulfonate group. Nucleophilic addition of
2b to aldehyde followed by water elimination resulted benzylidene intermediate 39.
Then, Michael addition of second molecule of 2b to the activated intermediate 39
explored the intermediate 40; by eliminating the second water molecule, the prod-
ucts were obtained [92].

Furthermore, More and co-workers have shown the reaction of 2a with aromatic
and heteroaromatic aldehydes using chitosan-SO;H (CTSA) as a biodegradable
polymeric catalyst at 70 °C under solvent-free conditions for 15-70 min afforded
bis(pyrazolyl)methanes in 79-96% yields. For the formation of the products, chi-
tosan sulfonic acid increases the electrophilic character of aldehyde via proton
donor. Firstly, 2a converts to its enol form (2b) and attacks the activated aldehyde
with catalyst to yield benzylidene intermediate via dehydration. Then, the interme-
diate and second equivalents of 2b undergo Michael addition to yield the desired
products [93].

After that, guanine-La complex supported onto SBA-15 is employed as a recov-
erable nanocatalyst for the formation of bispyrazoles 41 in 87-98% yields by the
reaction of 2a with aryl aldehydes in refluxing EtOH within 25-90 min. The sug-
gested reaction mechanism for the synthesis of 41 is outlined in Scheme 14. At first,

HC HC AT CH,
i GO@PyH-CH3S0, Y A

solvent-free, 70 °C, N
Ph 8-30 min py ~OHHO by
2a 38 (90-99%)

- ‘0-S—CH N O- 5
~_N ©O-S 3 N N,
GO” "N H N oo G JJ\N X GO” °N H O

I
I
I

Scheme 13 GO@PyH-CH;SO; catalyzed synthesis of bis(pyrazolyl)methanes 38
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Scheme 14 La-guanine@SBA-15 catalyzed preparation of bis(pyrazolyl)methanes 41

the intermediate 42 is generated by the Knoevenagel condensation of aldehyde and
2b using La-guanine@SBA-15 nanocatalyst. Then, Michael addition of the second
mol of 2b to 42 affords intermediate 43, which undergo tautomerization to give the
desired products 41 [94].

Moreover, MCM-41-supported nanoscale guanine bonded with Zr (IV) was syn-
thesized and used as an efficient, chemoselectivity and recyclable catalyst system
for the preparation of bis(pyrazolyl)methanes in 88-98% yields by using aromatic
aldehydes and 2a in ethanol under refluxing within 10-45 min. The suggested reac-
tion mechanism is similar to the proposed mechanism in Scheme 14. Initially, ben-
zylidene intermediate is generated from the Knoevenagel condensation of aldehyde
with 2b and dehydration using Zr-guanine-MCM-41 nanocatalyst. In the next step,
bispyrazole derivatives are obtained via Michael addition of the second molecule of
2b to the benzylidene intermediate followed by tautomerization [95].

Eskandari and Karami reported a practical synthesis of bispyrazole derivatives
44 in 86-90% yields via the reaction of 2a with arylglyoxal derivatives 45 using the
environmentally benign catalyst, Mohr’s salt in EtOH:H,O (2:1) under reflux condi-
tions. A suggested mechanism for the synthesis of 44 is illustrated in Scheme 15.
At first, 2a is tautomerized to 2b in the presence of Mohr’s salt. Then, nucleophilic
addition of 2b to the arylglyoxal led to the formation of intermediate 46 via elimina-
tion of one molecule of water. Treatment of the second mole of 2b with 46 yielded
intermediate 47 via loss of one molecule of water. Finally, 47 experiences an enol-
keto tautomerization gave compounds 44 [96].

Recently, Heredia-Moya and co-workers reported synthesis of bispyrazoles in
60-99% yields by a three-component reaction of 2a with aryl aldehydes catalyzed
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Scheme 15 Mohr’s salt catalyzed synthesis of bispyrazoles 44

by NaOAc in 70% EtOH at ambient temperature for 10-480 min. All synthe-
sized compounds were evaluated for antioxidant activity by the N,N-diphenyl-
N'-picrylhydrazyl (DPPH) assay. Several derivatives proved to be cytotoxic in the
RKO cell line. In particular, bispyrazole containing two hydroxyl groups in the posi-
tions of 3, 4 on aromatic ring proved to be a very potent scavenger with an IC, of
6.2+0.6 uM and exhibited an ICs, of 9.9+ 1.1 pM against RKO cell [97].

Synthesis of bispyrazoles via one-pot pseudo five-component
reactions

In 2014, one-pot pseudo five-component synthetic method for the 4,4'-(arylmethyl-
ene)bis(1 H-pyrazol-5-ol)s 48 and 49 in 77-96% yields was developed by the reac-
tion of aryl aldehydes, ethyl acetoacetate (28) and phenylhydrazine (50a) or hydra-
zine hydrate (50b) using 2-hydroxy ethylammonium propionate as catalyst at 90 °C
under solvent-free conditions within 10-80 min. In the suggested mechanism, the
first step involves the generation of pyrazolones 2a and 12a by the condensation of
50 with 28. Subsequently, reaction of aldehyde with two equivalents of pyrazolone
to afford bis(pyrazolyl)methanes 48 and 49 via tandem Knoevenagel-Michael reac-
tion as depicted in Scheme 16 [98].

After that, Safaei-Ghomi and his group reported that preparation of bis(pyrazolyl)
methanes in 80-92% yields using ZnAl,O, nanoparticles by pseudo five-component
reaction of 50b, 28 and aromatic aldehydes in water at 60 °C within 14-28 min [99].

Next, N,2-dibromo-6-chloro-3,4-dihydro-2Hbenzo[e][1,2,4]thiadiazine-
7-sulfonamide-1,1-dioxide (DCDBTSD) is employed as a homogeneous cata-
lyst for the condensation reaction of 28 or methyl acetoacetate (51) with 50a
and aromatic aldehydes. This reaction is performed at 80 °C under solvent-free
conditions for 35-105 min, resulting bispyrazoles 52 in 71-85% yields. In the
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Scheme 16 Synthesis of bis(pyrazolyl)methanes 48 and 49 using 2-hydroxy ethylammonium propionate

proposed mechanism, f-keto ester and the catalyst generate intermediates 53 and 54
(Scheme 17). Then, intermediate 2a is obtained by nucleophilic addition of 50a to
53 and 54 via elimination of one molecule of alcohol, which is tautomerize to 2b.
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Scheme 17 DCDBTSD catalyzed synthesis of bispyrazoles 52
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Intermediate 55 is produced via condensation of 2b with 53 or 54. Subsequently,
Michael addition of another intermediate 2b to 55 leads to intermediate 56, which
undergoes tautomerization to afford the desired products 52 [100].

In 2015, Hassankhani described an efficient method for the one-pot synthesis of
bis(pyrazolyl)methanes 57 in 81-98% yields by condensation of aromatic aldehydes,
28 and 50a in the presence of Ce(SO,),.4H,0 as a recoverable catalyst under sol-
vent-free conditions at 125 °C for 5-12 min. A reasonable mechanism is shown in
Scheme 18. Initially, the reaction between 28 and 50a affords phenylhydrazone 58,
which then cyclizes to give the intermediate 59. Nucleophilic addition of 1-phenyl-
3-methyl-5-pyrazolone to aldehyde leads to benzylidene 60 via elimination of one
mole of H,O. Finally, Michael addition of the second molecule of 1-phenyl-3-me-
thyl-5-pyrazolone to intermediate 60 affords the corresponding products 57 [101].

Sulfonated nanohydroxyapatite functionalized with 2-aminoethyl dihydrogen
phosphate (HAP@AEPH,-SO;H) was used as a reusable solid acid catalyst for the
solvent-free synthesis of bispyrazoles 61 in 80-98% yields by the one-pot reaction
of 28, 50a,b and aromatic/heteroaromatic aldehydes at 80 °C within 2—-10 min. A

0O o©
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_eoBapARD N N
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Scheme 18 Ce(SO,), 4H,0 catalyzed preparation of bis(pyrazolyl)methanes 57
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possible mechanism for the formation of 61 is outlined in Scheme 19. The reaction
involves the initial formation of pyrazolones 2a and 12a (which are in equilibrium
with theirs other tautomeric forms 2b and 12b) by the reaction between the proto-
nated form of 28 and 50a or 50b. Then, in acidic media, condensation of the inter-
mediates 2b and 12b with aldehyde to give adduct 62 and subsequent dehydration,
leads to the formation of 63. Michael addition of 63 to 2b/12b produces two tauto-
meric forms 64 and 61 followed by release of the acidic catalyst [102].

Safaei-Ghomi et al. noted that a solution of 28 with 50b by using CuCr,0, as
a recyclable nano-catalyst in water at ambient temperature was stirred for 15 min,
then aromatic aldehydes was added and the mixture was stirred at 50 °C for 10 min
to give the desired products in 84-95% yields. Also, the catalyst can be reused at
least five times without any obvious change in its catalytic activity. Presumably, the
reaction mechanism includes formation of pyrazolone 12b from 50b and 28, which
is then reacts with aldehyde to give arylidene intermediate. Treatment of arylidene
intermediate with another molecule of 12b leads to the target products [103].

After that, Na*-MMT-[pmim]HSO, is synthesized and used as a recyclable
Bronsted acidic ionic liquid catalyst for the solvent-free synthesis of bis(pyrazolyl)
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Scheme 19 Preparation of bis(pyrazolyl)methanes 61 using HAP@AEPH,-SO;H
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methanes in 87-93% yields by the one-pot condensation of 28, 50a and aryl alde-
hydes at 100 °C for 10-45 min. The results showed that the reaction proceed via the
in situ generation of 2a, which in reaction with aldehydes produce the target prod-
ucts [104].

Furthermore, solvent-free one-pot three-component condensation of aromatic
aldehydes, 28 and 50 was performed at 90 °C within 20-45 min using [Et;NH]
[HSO,] as a reusable catalyst, giving bis(pyrazolyl)methanes in 79-97% yields. The
proposed mechanism involves [Et;NH][HSO,] catalyzed synthesis of 2a and 12a by
the condensation of 28 with 50a,b. Next, the activated carbonyl is attacked by the
nucleophilic pyrazolones to produce the Knoevenagel adducts. The subsequent addi-
tion of these fragments to pyrazolones gives the desired products [105].

In 2016, Gouda et al. succeeded in preparation of bispyrazoles 65 in 74-83%
yields via the one-pot pseudo five-component reaction of 28, 50a and aryl aldehydes
in acetic acid at 90 °C for 6-7 h. The suggested mechanism for the synthesis of
65 is shown in Scheme 20. Protonation of 28 by acetic acid produces the enol 66.
Electrophilic attraction of 50a to the enol 66 gives the ammonium salt 67; hydro-
nium ion transfer takes place to yield the oxonium ion 68. Cyclization of 68 gives
the pyrazolium ion 69 which loss proton to convert into pyrazole 2a. Protonation
of 2a by AcOH generates the enol 2b which reacts with the aldehydic carbonyl to
give six-membered cyclic transition state 70 and increases the electrophilicity of
the aldehyde carbonyl group and makes it more susceptible to nucleophilic attack
in an intramolecular fashion to afford the intermediate 71. Subsequently, interme-
diate 71 abstracts the proton from AcOH and produces the enolate aldol cation 72

o o
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50 28 %°,67h N N
a g OHHO
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. HsC
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Scheme 20 Synthesis of bispyrazoles 65 in AcOH
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which interacts with 2a to generate the enol form 2b to complete the catalytic cycle.
The aldol 73 on dehydration results in the formation of 4-arylidene-3-methyl-1-phe-
nyl-1H-pyrazol-5(4H)-one 74 which is reacted with AcOH to generate the cation
75, condensation with 2b to afford bis-enolate cation 76, which subsequently loss
proton and form the corresponding products 65. Moreover, some of the synthesized
compounds were screened for their antioxidant activity using 2,2'-azino-bis(3-ethyl
benzothiazoline-6-sulfonic acid (ABTS) method; all the investigated compounds
showed similar and higher antioxidant activity than ascorbic acid and exhibited high
protection against DNA damage induced by the bleomycin iron complex [106].

Moreover, N-methylimidazolium perchlorate ([MIm]CIO,) was prepared and
used as recyclable catalyst for the preparation of bis(pyrazolyl)methanes in 77-94%
yields via the condensation reaction of 28, 50a,b and aromatic/heteroaromatic alde-
hydes at 50 °C under solvent-free conditions for 20—-60 min. In the proposed mecha-
nism, pyrazolone would be anticipated from the very fast condensation between 50a
and 50b with 28 catalyzed by [MIm]C1O,. The activated carbonyl group of the alde-
hyde again by the catalyst condenses with two equivalents of pyrazolone through a
pyrazolenone intermediate via a tandem Knoevenagel-Michael reaction resulting in
the formation of the corresponding products [107].

Microwave irradiation of 3-substituted isoxazole-5-carbaldehydes and 4-chloro-
phenyl hydrazine or S0b over solid support SiO, at 70 °C under solvent-free condi-
tions within 8—12 min gave 4-substituted pyrazolones in 78-97% yields. The mech-
anism of formation of bispyrazoles involves generating of intermediate hydrazone
via nucleophilic addition of hydrazine to f-keto ester. Subsequently, intramolecular
nucleophilic attack of amino group to carbonyl by removing of a molecular ethanol
followed by cyclization to yield 12a and 35. Then, intermediates 12a and 35 inter-
converted the stable intermediates (enol forms). Afterwards, arylidene intermediates
are formed by the nucleophilic addition of enol forms of intermediates 12b and 35
to 3-substituted isoxazole-5-carbaldehydes followed by dehydration. Michael addi-
tion of the second molecule of enol forms of intermediates 12b and 35 to arylidene
intermediate, which is then tautomerize to the desired products [108].

After that, CeO, nanoparticles are employed as a recyclable catalyst for the for-
mation of C-tethered bis(pyrazolyl)methanes 77 in 83-90% yields by pseudo five-
component condensation reaction of 50a, dimethyl acetylenedicarboxylate (78) and
aryl aldehydes in water at 70 °C within 18-25 min. The mechanism of these domino
reactions is proposed in Scheme 21. Firstly, the condensation reaction of 78 and
50a led to the formation of 1,3-dipole intermediate 79, which subsequently under-
went proton transfer and aminolysis of the ester group, resulting the pyrazolones
80 in situ. The pyrazolone derivative was treated with aryl aldehydes, leading to
arylidene pyrazolones 81. Then, the arylidene pyrazolones were further reacted with
pyrazolones produced in situ to yield the final bis(pyrazolyl)methanes [109].

Acetic acid functionalized pyridinium salt (1-(carboxymethyl)pyridinium chlo-
ride {[cmpy]Cl}) is employed as a reusable catalyst for the condensation reaction of
50a, 28, and aryl aldehydes. This reaction was performed at 110 °C under solvent-
free conditions for 3—20 min, resulting bis(pyrazolyl)methanes 82 in 73-92% yields.
In a possible mechanism, compound 28 is activated by the catalyst (Scheme 22).
Then, intermediate 83 is obtained by the reaction of 50a with 28 followed by
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Scheme 22 Solvent-free synthesis of bispyrazoles 82 using [cmpy]Cl

removing of H,O. By intramolecular attack in intermediate 83 and removing of
EtOH, compound 2a is obtained. Afterwards, 2a converts to 2b after tautomeriza-
tion. Intermediate 84 is formed via the condensation of 2b with an activated alde-
hyde by the catalyst, which is then converted to 85 by removing of H,O. 85 as
Michael acceptor is reacted with another intermediate 2b to give 86, which is tau-
tomerize to the target products 82 [110].
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Moreover, 4-(succinimido)-1-butane sulfonic acid (SBSA) as a reusable Bron-
sted acid catalyst catalyzes the condensation of 28, 50a,b and aryl aldehydes under
solvent-free conditions at 60 °C for 20-55 min, affording bis(pyrazolyl)methanes
in 82-92% yields. In the suggested mechanism for the formation of the products,
pyrazolone would be anticipated from the very fast condensation between 50 and 28
in the presence of SBSA. Then, the activated carbonyl group of the aldehyde con-
densed with two equivalents of pyrazolone, resulting bis(pyrazolyl)methanes [111].

In 2017, Hazeri and his group reported that preparation of bispyrazoles in
75-93% yields were accomplished by the condensation reaction of 28, 50b and aryl/
heteroaryl aldehydes in the presence of Ag/TiO, nano-thin films as a recyclable cat-
alyst in EtOH:H,O (2:1) at 70 °C for 25-55 min. In this reaction, treatment of aryl
aldehyde with the acidic sites of Ag-TiO, gives the activated carbonyl group which
is followed by nucleophilic attack of 12a to afford arylidene intermediate. Michael
addition of another pyrazolone to arylidene intermediate leads to the target products
[112].

A convenient approach for the preparation of bispyrazoles in 56-93% yields by
an efficient one-pot condensation reaction of aromatic/aliphatic aldehydes, 50a and
P-ketoesters (28 and ethyl benzoylacetate) by using K,CO5 in CH;CN at ambient
temperature for 1-4.5 h is described. It was found that aromatic aldehydes with elec-
tron withdrawing substituent afforded the corresponding products in high yield and
in short reaction times. When the reaction was carried out with aromatic aldehydes
containing moderately strong electron donating groups, the target products obtained
with lower yield. Moreover, aliphatic aldehydes reacted with 50a and p-keto ester
under similar condition to yield the target compounds in good to moderate yields
[113].

An environmentally friendly method has been developed for the synthesis of
bis(pyrazolyl)methanes in good yields (76-93%) by condensation reaction of aro-
matic/heteroaromatic aldehydes, 50b and 28 using aspirin as a green catalyst
in EtOH/H,0 at 60 °C for 20-55 min. The proposed mechanism for this reaction
involves formation of pyrazolone 12a of 28 and 50b. Then, Knoevenagel conden-
sation of the activated carbonyl group of the aldehyde with pyrazolone to give the
arylidene pyrazolone, which undergoes Michael addition with another pyrazolone to
afford the desired products [114].

L-proline as an organocatalyst has been employed for the preparation of
bis(pyrazolyl)methanes 87 in 84-95% yields via the reaction of aromatic/heteroaro-
matic aldehydes, 50a and 28 in refluxing EtOH for 55-80 min. A suggested mecha-
nism for the formation of 87 is shown in Scheme 23. Initially, nucleophilic reaction
of L-proline on the 28 followed by dehydration affords intermediate 88, which is
treated with 50a followed by removing L-proline to produce 2b. In the next step,
nucleophilic addition of 2b to intermediate 89 to afford arylidene 90, which undergo
Michael addition with the second molecule of 2b to give the desired products 87.
Bispyrazole containing thiophene-2-yl ring, emerged as the most interesting com-
pound in this series exhibiting excellent DPPH radical scavenging activity and found
to be more potent than the standard drug BHT used [115].

Furthermore, immobilized lanthanum (III) triflate on graphene oxide
(La(OTf),-grafted-GO) as a reusable catalyst is synthesized and used for the
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Scheme 23 Synthesis of bis(pyrazolyl)methanes 87 using L-proline

one-pot five-component synthesis of bispyrazoles in 70-98% yields by the reaction
of 50a, 28 and aryl/heteroaryl aromatic at 100 °C under solvent-free conditions for
10—45 min. In this reaction, the carbonyl groups in 28 are activated by the acidic
functional groups of the catalyst to react with 50a to give pyrazolone. Next, the acti-
vated aldehydes by the catalyst undergo a tandem reaction with the activated pyra-
zolones by basic sites to generate the corresponding products [116].

Lalitha and co-workers succeeded in the preparation of bispyrazoles 91 in
85-94% yields via the reaction of 50b, 28 and aromatic aldehydes in glycerol at
80 °C for 1-13 min. A possible mechanism for the formation of 91 is presented
in Scheme 24. Firstly, intermediate 12a is obtained by the condensation of 28 with
50b, which is converted into 12b by tautomerisation. Aromatic aldehyde is activated
by the glycerol through the hydrogen bonding followed by nucleophilic attack of
12b at the carbonyl group to give intermediate 92. Intermediate 92 is converted to
the Knoevenagel adduct 93 by dehydration. Adduct 93 as a Michael acceptor is acti-
vated by glycerol. Then, 93 undergo Michael addition with another molecule of 12b
to yield intermediate 94, which is converted into the target products 91 by tautomer-
ization [117].

Sulfonated honeycomb coral (HC-SO;H) as a green, high stability and reus-
ability of the catalyst was used for the solvent-free synthesis of bispyrazoles 95
in 82-98% yields by the reaction of 50a,b, aryl aldehydes and 28 at 70 °C within
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Scheme 24 Glycerol assisted synthesis of bis(pyrazolyl)methanes 91

1-18 min. In this reaction, allylic aldehydes such as cinnamaldehyde and heter-
oaromatic aldehydes such as pyridine carboxaldehydes led to the expected prod-
ucts. A possible mechanism for the formation of 95 is outlined in Scheme 25.
According to this mechanism, treatment of 50 and protonated form of 28, eventu-
ally leads to the formation of pyrazolones 2a and 12a, which are in equilibrium
with their tautomeric forms 2b and 12b. In the next step, the condensation reac-
tion between intermediates 2b or 12b and aldehyde in the acidic condition, fol-
lowed by dehydration, gives intermediate 96. Michael addition reaction between
2b or 12b and 96 leads to the product 97, which is converted into the correspond-
ing products 95 by tautomerization [118].

Microwave irradiation of 50a with dimethyl acetylenedicarboxylate (78) and
aromatic aldehydes in the presence of bis(1(3-methoxysilylpropyl)-3-methyl-
imidazolium) copper tetrachloride tethered to colloidal silica nanoparticles as a
recyclable catalyst in H,O at 50 °C for 10-15 min gave bispyrazoles in 82-96%
yields [119].

In addition, Mn-[4-chlorophenyl-salicylaldimine-methylpyranopyrazole]Cl,
(Mn-4CSMP]CI,) as nano-Schiff base complex catalyst is synthesized and used
for the preparation of bis(pyrazolyl)methanes in 59-95% yields by the condensation
reaction of 50a, 28 and various aryl aldehydes at 100 °C under solvent-free condi-
tions for 20-80 min [120].
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Scheme 25 Preparation of bispyrazoles 95 catalyzed by HC-SO;H

A green, simple and efficient approach for the synthesis of bis(pyrazolyl)meth-
anes 98 and 99 in 81-98% yields is described via condensation of hydrazines
with dialkyl acetylenedicarboxylats/p-keto esters 100 and aromatic aldehydes in
the presence of Dabco-base ionic liquid as a recyclable catalyst in H,O at 80 °C
for 10-180 min. A suggested mechanism for the preparation of the products is
proposed in Scheme 26. The formation of products can be rationalized by the
initial formation of intermediates 101 or 102 via condensation of hydrazines with
dialkyl acetylenedicarboxylates or p-keto esters. Knoevenagel condensation of
101 or 102 with aldehyde and subsequent dehydration, led to the formation of
103. Then, Michael addition of another intermediates 101 or 102 to 103 gener-
ated adducts 104 followed by tautomerization afforded the corresponding prod-
ucts 98 and 99 [121].

In 2018, Abed and co-workers obtained bis(pyrazolyl)methane derivatives in
85-96% yields from the condensation reaction of 50a with 28 and different aryl/het-
eroaryl aldehydes using morpholinium glycolate as the homogeneous reusable cata-
lyst under solvent-free conditions at 80 °C for 5-12 min. At the beginning of reac-
tion, morpholinium glycolate activates 28, and then 50a attacks the carbonyl groups
of 28 to give pyrazolone 2a, which is further rearranged into tautomer 2b. In a next
step, Knoevenagel type of reaction takes place between activated aldehydes and 2b
followed by removing of H,O to give arylidene intermediate. Then, Michael addi-
tion reaction between arylidene pyrazolone and 2b, followed by tautomerization and
aromatization affords the target products [122].

After that, an efficient synthesis of 4,4'-(phenylmethylene)bis(1H-pyrazol-5-ol)-
3-carboxylates in 80-94% yields was achieved by the reaction of 50a, dimethyl acet-
ylenedicarboxylate (78) and aromatic aldehydes using nano-NiZr,(PO,), as reusable
catalyst in water at 60 °C within 15-28 min [123].
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Scheme 26 [Dabco-C,]Cl catalyzed synthesis of bispyrazoles 98 and 99

Zare and Abshirini noted that treatment of 50a, 28 and aromatic aldehydes using
N,N,N',N'-tetramethylethylenediaminium-N,N'-disulfonic acid hydrogen sulfate
([TMEDSA][HSO,],) as a Brgnsted-acidic ionic liquid catalyst in EtOH at 70 °C for
20-50 min afforded bis(pyrazolyl)methanes in 81-93% yields [124].

Potassium arylmethylene-4-(1H-pyrazol-5-ol)-4'-(1H-pyrazol-5-olate) deriva-
tives have been synthesized in 68-88% yields by the condensation reaction of dime-
thyl acetylenedicarboxylate or diethyl acetylenedicarboxylate, S0a, aryl aldehydes
and K,COj; without any catalyst in EtOH under refluxing for 5 h [125].

Moreover, ionic liquid 1,3-disulfonic acid imidazolium trifluoroacetate ([Dsim]
[TFA]) is employed as a highly efficient catalyst for the condensation reaction
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between 50a, 28 and aryl aldehydes in refluxing EtOH. In this reaction, bis(pyrazolyl)
methanes 105 have been synthesized in 75-93% yields within 15-150 min. A sug-
gested mechanism is illustrated in Scheme 27. Firstly, trifluoroacetate anion of the
catalyst assists S0a for nucleophilic addition to the activated carbonyl group of 28
(by acidic hydrogen of [Dsim][TFA]) to give 106, which is converted into 107 by
dehydration. Intermediate 107 undergoes intramolecular cyclization to yield 2a. 2a
is converted to its tautomer 2b, and this tautomer is added to the carbonyl group of
aldehyde to give intermediate 108, which is then afforded Michael acceptor 109 by
dehydration. Afterwards, Michael addition reaction of another molecule 2b to 109
provides 110. Tautomerization of 110 leads to the desired products 105. The high
catalytic effectuality of [Dsim][TFA] can be attributed to helping both acidic and
basic moieties of it (cation and anion) for progressing all steps of the reaction; i.e.
dual-functionality [126].

Silica bonded n-propyl-4-aza-1-azoniabicyclo[2.2.2]octane hydrogen sulfate
((SB-DABCO)HSO,) is synthesized as a dual-catalyst and used for the prepa-
ration of bispyrazoles in 81-89% yields by the condensation reaction of hydra-
zine derivatives (RNHNH,: R=CH;, 4-Me-C;H,, 4-OMe-CcH,), p-keto esters
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Scheme 27 Synthesis of bispyrazoles 105 using [Dsim][TFA]
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(R'COCH,CO,Et: R"'=Me, Pr, Ph) and aryl and heteroaryl aldehydes in refluxing
EtOH for 35-480 min. The proposed mechanism for this reaction involves formation
of pyrazolone intermediate of hydrazines and f-keto esters. After this, the tandem
Knoevenagel-Michael reaction of pyrazolone intermediate with aldehydes leads
to the formation of the target products. They suggested that ((SB-DABCO)HSO,)
serves two catalytic functions: first, to electrophilically activate the aldehydes and
carbonyl group of p-keto esters through the interaction between positively charged
hydrogen of HSO,™ and the carbonyl oxygen, and second, to enhance the nucleophi-
licity of the hydrazines and f-keto esters through the interaction between C,—H with
nitrogen of DABCO-like part of the catalyst [127].

Farooqui et al. succeeded in the formation of bispyrazoles 111 in 90-93% yields
by the condensation of 50a, 28 and aromatic aldehydes using lemon juice as an effi-
cient and eco-friendly catalyst in EtOH/H,O at 80 °C for 3040 min. In a reasonable
mechanism that is outlined in Scheme 28, at first, 2a convert to 2b after tautomeri-
sation. Next, 2b attacks to the carbonyl group of aldehyde that is activated by the
lemon juice via hydrogen bonds and results to intermediate 112 as a Michael accep-
tor after dehydration. Then, another molecule of 2b attacks to 112 to afford Interme-
diate 113, which is converted into the target products 111 after tautomerisation and
aromatization. All the synthesized compounds showed good to moderate antibacte-
rial, antifungal and antioxidant activities [128].
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Scheme 28 Lemon juice catalyzed synthesis of bispyrazole derivatives 111
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In 2019, Olyaei and co-workers developed the preparation of 2,2'-bis(5-
hydroxy-3-methyl-1H-pyrazol-4-yl)-1-phenylethanone 114a in 85% yield through
the condensation of 28, 50b and phenylglyoxal monohydrate using heteroary-
lamines containing electron-withdrawing group in water under reflux conditions
within 55 min. Also, condensation of 28 and 50a by using guanidine hydrochlo-
ride (10 mol%) as catalyst in H,O under refluxing after 90 min gave 3-methyl-
1-phenyl-1H-pyrazol-5-ol. Then, by the addition of phenylglyoxal monohydrate
and heteroarylamines containing electron-withdrawing group to the reaction
mixture under reflux conditions afforded 2,2-bis(5-hydroxy-3-methyl-1-phenyl-
1H-pyrazol-4-yl)-1-phenylethanone (114b) in 81% after 60 min. In these reac-
tions, bis-pyrazolylmethanes were obtained as only products instead of the
expected 1H-furo[2,3-c]pyrazole-4-amine derivatives 115. As a proposed mecha-
nism depicted in Scheme 29, the reaction occurred via initial formation of inter-
mediate 116 from the reaction of 2a or 12a and phenylglyoxal monohydrate fol-
lowed by Michael addition of pyrazols instead of amines to 116 resulted products
114a,b because of the higher nucleophilicity of pyrazol than amines bearing
strong electron-withdrawing group [129].

Later, cage like CuFe,O, hollow nanostructure is synthesized and used as a
reusable catalyst for the preparation of bis(pyrazolyl)methanes in 89-98% yields
by the one pot condensation reactions of hydrazines 50a,b, 28 and different aro-
matic aldehydes at 80 °C within 2—25 min under the solvent-free condition. The
high activity of the catalyst could be described by the presence of open cavities
in this structure. It allows the reaction to be carried out into the interior spaces of
catalyst structure due to the ability of the reactants for diffusion [130].

Alpha-Casein as a recyclable and non-toxic catalyst was applied for the prepara-
tion of bis(pyrazolyl)methanes in 79-94% yields via the condensation reaction of
28, 50b and aromatic aldehyde in EtOH:H,O (2:1) at 60 °C for 15-40 min. In the
proposed mechanism, 12a is formed from the reaction between 28 and 50b. Then,
arylidene intermediate is produced via Knoevenagel condensation of 12a with the
activated carbonyl group of the aromatic aldehyde. Finally, desirable products are
obtained by Michael addition of another 12a to arylidene intermediate [131].
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Scheme 29 Synthesis of bispyrazoles 114a,b
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Guanidine hydrochloride as an organocatalyst was applied for the synthesis of
bispyrazoles in 82-92% yields by the reaction of 50, 28 and various aromatic alde-
hydes in water under reflux conditions within 30—60 min. It should be noted that
synthesis of 2a was carried out via the reaction of 50a with 28 by using catalyst in
refluxing water for 90 min. In this reaction, the condensation reaction of 50 with 28
catalyzed by guanidinium chloride afford adducts 2a and 12a, which are tautomer-
ize to 2b and 12b, respectively. Then, arylidene intermediate is likely formed by the
condensation of aromatic aldehyde with 2b and 12b. Subsequently, Michael addi-
tion of another intermediate 2b and 12b to arylidene intermediates, followed by tau-
tomerization give the corresponding products [132].

In 2020, Ghaffari Khaligh and co-workers obtained bis(pyrazolyl)methane deriv-
atives 117 in 74-86% yields by the reaction of phenylhydrazine or 4-chlorophenyl-
hydrazine with 28 and aromatic aldehydes using etraethylammonium L-prolinate as
reusable catalyst in refluxing EtOH for 50-65 min. A possible reaction mechanism
is presented in Scheme 30. The L-prolinate can act simultaneously as a hydrogen
bond donor and a Lewis base through the secondary amine and carboxylate groups,
respectively, to activate the phenylhydrazines and 28. Intermediate 118 is formed by
nucleophilic attack of phenylhydrazine to the activated 28 followed by dehydration.
Intramolecular cyclization of 118 affords adduct 2a, which is tautomerize to 2b.
Nucleophilic addition of 2b to the activated carbonyl group of aldehyde followed by
dehydration gives intermediate 119. Finally, the second molecule of 2b is added to
119 to yield bispyrazoles 117 [133].
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Scheme 30 Tetraethylammonium L-prolinate catalyzed synthesis of bis(pyrazolyl)methanes 117
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4,4’ -Trimethylenedipiperidine) TMDP) was as an organocatalyst employed for
the synthesis of bis(pyrazolyl)methanes 120 in 73-86% yields by condensation
of phenylhydrazines with 28 and aryl/heteroaryl aldehydes. The reaction was per-
formed by conventional and nonconventional processes: (a) in EtOH under reflux-
ing in the presence of catalyst (b) at ambient temperature using organocatalyst in
a planetary ball mill (rotational frequency (10 Hz)) under solvent-free conditions.
Also, the organocatalyst could be recycled and reused for ten runs. A probable reac-
tion mechanism is illustrated in Scheme 31. The TMDP can act simultaneously as a
hydrogen bond donor and a Lewis base through the nitrogen atom of second piperi-
dine moiety to promote the condensation reaction of phenylhydrazine with 28 which
affords 3-methyl-1-phenyl-5-pyrazolone. The catalyst also activates the carbonyl
group of aldehyde for the Knoevenagel condensation, which gives the intermediate
121. Finally, Michael addition of the second molecule of 3-methyl-1-phenyl-5-pyra-
zolone to 121 affords bispyrazoles 120 [134].

Ansari et al. described green synthesis of 4,4'-((4-methoxyphenyl)methylene)
bis(3-methyl-1-phenyl-1H-pyrazol-5-ol) and 4,4'-((4-nitrophenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) by the condensation reaction of 50a, 28 and
4-methoxybenzaldehyde or 4-nitrobenzaldehyde under ultrasonic irradiation in
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Scheme 31 TMDP catalyzed synthesis of bispyrazoles 120
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EtOH/H,0O for 15-20 min and its potential application was investigated for N80
steel corrosion mitigation in 15% HCI. The results indicated that the good inhibitive
action of bis(pyrazol-5-ols) in the acidic solution, which is due to the formation of
inhibitor film [135].

After that, a highly efficient and environmentally benign method designed for the
solvent-free preparation of bispyrazole derivatives from the condensation of substi-
tuted aromatic aldehyde, 50a and 28. Ionic liquid (NMPYT) was used as an ecof-
riendly catalyst under microwave irradiation for 13—20 min and resulted the corre-
sponding products in 85-94% yields [136].

Furthermore, Tamoradi and co-workers noted that treatment of 50a with 28 and
aromatic aldehydes using Ni complex supported on CoFe,O, NPs as a recyclable
catalyst in DMSO at 80 °C for 30—60 min afforded bis(pyrazolyl)methane deriva-
tives 122 in 89-98% yields. Proposed mechanism for the preparation of bispyrazoles
122 in the presence of CoFe,O,@IDA-Ni MNPs is outlined in Scheme 32 [137].

Jonnalagadda et al. have demonstrated an efficient method for the preparation of
bis(pyrazolyl)methane derivatives in 92-99% yields under ultrasound irradiation

o o H,C AT CH,

CoFe,0,@IDA-Ni MNPs
2PhNHNH, + 2 EtOJ\/U\CH3 + AFCHO 20,@ N\/ [ \ \/N
50a
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N
30-60 min pf{ OHHO by

28
0RO,
Oy % r‘JO PhNHNH, 122 (89-98%)
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Scheme 32 CoFe,0,@IDA-Ni MNPs catalyzed synthesis of bispyrazoles 122
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using 28, 50a and aromatic aldehydes as reactants in EtOH:H,O at ambient tem-
perature for 5-8 min. Treatment of 50a with 28 produces the pyrazolone intermedi-
ate 2a, which then tautomerizes to give the intermediate 2b. Next, condensation of
aryl aldehyde with 2b affords Knoevenagel arylidene intermediate. In the next step,
Michael addition of 2b to arylidene intermediate, followed by tautomerization lead-
ing to the formation of the target products [138].

Brgnsted acidic dicationic ionic liquid immobilized on Fe;O,@SiO,NPs as a
magnetically separable catalyst was applied for the preparation of bis(pyrazolyl)
methanes 123 in 88-98% yields by condensation of 50a,b with 28 and aromatic
aldehydes at 80 °C under solvent-free conditions for 3-25 min. A plausible mecha-
nism is represented in Scheme 33. Initially, nucleophilic addition of 50 to the acti-
vated carbonyl group 28 affords 124, which undergoes intramolecular cyclization,
followed by removal of EtOH leading to the formation of pyrazolone 125. In the
next step, pyrazolones 125 rearranged into tautomers 2b and 12b and underwent
Knoevenagel condensation to activated aldehydes to give intermediate 126. Michael
acceptor 127 is formed by dehydration of 126 and treated with second molecule of
pyrazolone to yield intermediate 128, which undergo tautomerization and aromati-
zation to yield the target products 123 [139].

A rapid, green and efficient procedure for the preparation of bispyrazole deriva-
tives 129 in 84-98% yields is reported via condensation of 50a with 28 and aro-
matic aldehydes using Pd(0)-guanidine@MCM-41 as a recyclable catalyst at 80 °C
under solvent-free conditions for 14—30 min. The reasonable mechanism for synthe-
sis of 129 is illustrated in Scheme 34. In the first step, palladium nanocatalyst acti-
vates carbonyl groups in the ethyl acetoacetate, and then 50a attacks the carbonyl
groups to give pyrazolone 130, which is further rearranged into tautomer 2b. Next,
a Knoevenagel-type of reaction takes place between activated aldehyde and 2b fol-
lowed by dehydration to yield adduct 131. Subsequently, Michael addition reaction

H
o o é HC AT CHs
= Fe30,@Si0,-NDIS 7 Q
2 RNHNH, + 2 H3CMOEt + ArCHO 4Bz N LN
solvent-free
R=H,Ph 28 80 °C, 3-25 min R OHHO
50a b 123 (88-98%)

-H,0 | | l
okt z NHR -EOH g
124 125 2b, 12b
o HyC AT CH,
© N Ar,
CH3 : R’N = +/H O

W
N
K OHO 3 \ >_§
— HO
H—) 128 123 /'Lé
s

Scheme 33 Synthesis of bispyrazoles 123 using Fe;0,@SiO,-NDIS
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Scheme 34 MCM-41@ guanidine-Pd(0) catalyzed synthesis of bis(pyrazolyl)methanes 129

between 131 and 2b is facilitated to generate intermediate 132, which undergoes
tautomerization and aromatization leads to the formation of the desired products
129 [140].

A rapid and very efficient approach for the preparation of bispyrazoles 133 in
82-96% yields has been reported using nickel-guanidine complex immobilized on
MCM-41 (MCM-41@Gu@Ni) as a recyclable nanocatalyst (5 times) by the reac-
tion of aromatic aldehydes, 50a and 28 in EtOH at 60 °C for 25-50 min. The plau-
sible mechanism for the synthesis of 133 is represented in Scheme 35. Firstly, the
carbonyl group 28 is activated by the nanocatalyst nickel for attack of lone pair of
nitrogen form 50a to yield pyrazolone 134. Subsequently, the activated aromatic
aldehyde undergoes a tandem reaction with intermediate 2b (which is the tautomer
of intermediate 134) leads to intermediate 135 after dehydration. The next step is
a Michael addition of another intermediate 2b to 135 to afford intermediate 136,
which is then tautomerize to the expected products 133 [141].

In 2021, a tetradentate acidic catalyst based on pentaerythritol tetrabromide and
methylimidazole is synthesized and used for the solvent-free synthesis of bispyra-
zoles 137 in 88-97% yields from 50a, 28 and aryl aldehydes. The reaction proceeds
at 100 °C within 4-14 min. The reasonable mechanism for the formation of 137 is
depicted in Scheme 36. Initially, condensation reaction between 50 and 28 affords
intermediate 138, which is converted into the product 139 by dehydration. In the next
step, pyrazolone 2a is produced by cyclization of product 139 and removal of EtOH,
which is in equilibrium with its tautomeric form 2b. Subsequently, intermediate 140
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Scheme 35 MCM-41@Gu@Ni catalyzed synthesis of bispyrazoles 133

is obtained via condensation of 2b with the activated carbonyl group of aromatic
aldehyde. Then, Michael addition reaction between 140 and another intermediate 2b
affords the adduct 141. In the last step, after tautomerization and aromatization, the
corresponding products 137 are formed [142].

After that, an efficient strategy for the synthesis of (Fe;0,@THAM-Pd) as a
recoverable organometallic nanocatalyst has been designed and used for the prepara-
tion of bispyrazoles 142 in 60-92% yields by coupling of 28, 50b and aromatic alde-
hydes at 70 °C for 35-60 min in EtOH:H,O (1:1). A possible mechanistic pathway
is illustrated in Scheme 37. Firstly, pyrazolone produced from the reaction between
28 and 50b. Then, the addition of pyrazolone to the carbonyl group of the aldehydes
activated by the catalyst affords Knoevenagel adduct 143. Finally, Michael addition
of another pyrazolone to 143 leads to the desirable products 142 [143].

Recently, Patil and co-workers synthesized a series of bispyrazoles 144 in
84-94% yields by the condensation reaction of 28, 50b and aromatic aldehydes
using a naturally sourced bio-surfactant, chickpea leaf exudates (CLE), as a recycla-
ble Brgnsted acid-type catalyst in iso-PrOH at 60 °C within 15-30 min (Scheme 38).
Also, iso-PrOH provides dual performance (co-surfactant and co-solvent) in this
reaction [144].

Conclusions

Pyrazole and its derivatives such as 4,4'-(arylmethylene)-bis-(1H-pyrazol-5-ols)
have attracted interest because they exhibit a wide range of biological activities such
as antibacterial, antioxidant, antifungal, anti-malarial, anti-inflammatory, anti-noci-
ceptive, antipyretic, antivirals, antidepressant, antitumor, anti-filarial agents and as
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Scheme 36 [Tmim] [HSO,], catalyzed synthesis of bis(pyrazolyl)methanes 137

the chelating and extracting reagents for different metal ions. The present work con-
tributes the different classical strategies for the synthesis of bispyrazole derivatives
via one-pot pseudo three-component reactions and one-pot pseudo five-component
reactions and reporting their applications for the period of 2014 to early 2021 in
the presence of various homogeneous and heterogeneous catalysts such as nano-
Si0,/HCIO,, ZnO NPs, Ph,;CCl, NH,(OAc), biosurfactant, Mohr’s salt, 2-carba-
moylhydrazine-1-sulfonic acid, CsF, H;PW,,0,,, nanomagnetite-Fe;0,, SbCls/SiO,
NPs, Cu-isatin Schiff base supported on y-Fe,0;, MNPs@VO(OH),, alum, [Amb]
L-prolinate, Ce(SO,),.4H,0, 4-H,SPA, caffeine-H,PO,, TMBSED][CI],, {Fe;0,@
Si0,@(CH,);-thiourea dioxide-SO;H/HCI}, y-AlOOH, silica vanadic acid, GO/
Fe;O,/L-proline, Ni-guanidine @ MCM-41NPs, GO @PyH-CH;SO;, chitosan-SO;H,
La-guanine@SBA-15, Zr-guanine-MCM-41, 2-hydroxy ethylammonium propi-
onate, ZnAl,0O, nanoparticles, Ce(SO,),.4H,0, HAP@AEPH,-SO;H, CuCr,0,,
Na*™-MMT-[pmim]HSO,, [Et;NH][HSO,], ([MIm]CIO,, CeO, NPs, 1-(carboxy-
methyl)pyridinium  chloride {[cmpy]Cl}, 4-(succinimido)-1-butane sulfonic
acid, Ag/TiO,, aspirin, L-proline, La(OTf),-grafted-GO, sulfonated honeycomb
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Scheme 38 Synthesis of bispyrazoles 144 by using chickpea leaf exudates (CLE)

coral, [Mn-4CSMP]CI,, Dabco-base, morpholinium glycolate, nano-NiZr,(PO,),
[TMEDSA][HSO,],, [Dsim][TFA], (SB-DABCO)HSO,, lemon juice, CuFe,O,,
alpha-Casein, guanidine hydrochloride, etracthylammonium L-prolinate, 4,4’-tri-
methylenedipiperidine, CoFe,0,@IDA-Ni MNPs, Fe;0,@SiO,NPs, Pd(0)-guani-
dine@MCM-41, MCM-41@Gu@Ni, [Tmim] [HSO,],, Fe;0,@THAM-Pd, chick-
pea leaf exudates, Bronsted acids or catalyst-free conditions under green approach,
ultrasound and microwave-mediated and solvent-free conditions. The advantages of
the above methodologies include: environmentally friendly and operational simplic-
ity, green conditions, extremely short times, high efficiency, simple work-up pro-
cedures, easily recyclable, reusable and excellent activity of the catalysts, the use
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of a nontoxic, biocompatible, biodegradable and metal-free ionic liquids and high
to excellent yields of the some new products. In addition, this review article will
help not only to the synthetic chemists but also to the medicinal and pharmaceutical
chemists to update information on recent developments in this field.
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