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    Ionic liquid 1,3-disulfonic acid imidazolium trifluoroacetate ([Dsim][TFA]) has been used as a highly efficient catalyst for the one-pot 
pseudo five-component reaction of phenylhydrazine (2 eq) with ethyl acetoacetate (2 eq) and arylaldehydes (1 eq) in ethanol (reflux 

conditions). In this reaction, 4,4′‐(arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ol)s have been obtained in high yields and relatively 
short reaction times. High efficacy of [Dsim][TFA] can be attributed to dual-functionality (possessing three acidic and one basic sites). A 
plausible and attractive mechanism based on dual-functionality of the catalyst has been proposed.     
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INTRODUCTION 
 

      Heterocycles, especially nitrogen-containing ones, are 
among the fundamental components of many drugs and 
biological compounds [1-11]. For instance, pyrazole-
containing heterocycles {e.g. 4,4′‐(arylmethylene)‐bis(3‐ 
methyl‐1‐phenyl‐1H‐pyrazol‐5‐ol)s} represent a numerous 
biological and medicinal properties, such as antinociceptive 
[4], antiviral [5], analgesic [6], antimicrobial [7], 
antimalarial [8], anti-inflammatory [9], antitumor [10] and 
antifungal [11] activities. One of the best and practical 
procedures for production of 4,4′‐(arylmethylene)‐bis(3‐ 
methyl‐1‐phenyl‐1H‐pyrazol‐5‐ol)s is the one-pot pseudo 
five-component condensation of phenylhydrazine (2 eq) 
with ethyl acetoacetate (2 eq) and arylaldehydes (1 eq); for 
progressing this reaction, some catalysts have been 
employed [12-18]. Nevertheless, some drawbacks are 
accompanied with many of the reported methods, e.g. 
application  of  toxic  organic  solvents  as   reaction  media, 
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harsh conditions, moderate yield, long reaction time and 
application of additional energy source (ultrasonic or 
microwave irradiation). So, discovery of catalysts to 
overcome the mentioned problems is still in demand.  
      It is noteworthy that we have previously applied pseudo 
three-component reaction of 1-phenyl-3-methylpyrazol-5-
one (2 eq) with arylaldehydes (1 eq) using 1,3-disulfonic 
acid imidazolium tetrachloroaluminate ([Dsim][AlCl4]) to 
synthesize 4,4′‐(arylmethylene)‐ bis(3‐methyl‐1‐phenyl‐1H‐ 
pyrazol‐5‐ol)s [19]. There are many reports on the pseudo 
three-component production of these compounds; however, 
there are only a few reports, in the literature, on the pseudo 
five-component synthesis of this class of heterocycles. In 
this research, we introduce 1,3-disulfonic acid imidazolium 
trifluoroacetate ([Dsim][TFA]) as a highly effective   
catalyst for the pseudo five-component preparation of 
4,4′‐(arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ 
ol)s.     
      During the last decade, ionic liquids (ILs) have been 
broadly exerted in nearly all fields of chemistry (organic, 
inorganic, analytical, electrochemistry and catalysis).  These  
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extensive usages  concern to the outstanding properties of 
ILs, e.g., ability to exert as catalyst, reagent and solvent in 
organic reactions, very low vapor pressure, broad liquid 
range, high chemical, electrochemical and thermal stability, 
capacity to modify their physical and chemical properties by 
changing cation and anion structures, non-flammability and 
capability to dissolve numerous kinds of compounds [20-
26]. Organic chemists have especially designed task-specific 
acidic ILs to use as catalysts (or reagents) in organic 
transformations [21-26].  
      Multi-component reactions (MCRs) are defined as 
reactions in which at least three starting materials react in a 
single pot to give a product which possesses the main 
moieties of all reactants. MCRs are associated with the 
following benefits: (i) they are economic, (ii) they are 
applicable for the synthesis of a wide range of organic, 
pharmaceutical and complex materials, and (iii) they supply 
an environmentally friendly protocol by diminishing the use 
of volatile organic solvents, waste making, process time, 
energy consumption and number of synthetic steps [27-32]. 

      In view of the above topics, we introduce ionic liquid 
1,3-disulfonic acid imidazolium trifluoroacetate 
([Dsim][TFA]) as a highly effective catalyst for the one-pot 
pseudo five-component reaction of  phenylhydrazine (2 eq) 
with ethyl acetoacetate (2 eq) and arylaldehydes (1 eq) in 
ethanol (under reflux conditions) to give 4,4′‐ 
(arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ol)s. 
It is noteworthy that our method has overcome the 
mentioned drawbacks.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
EXPERIMENTAL 
 
General 
      Starting materials and solvents were purchased from 
Merck, Aldrich or Fluka Chemical Companies. 
[Dsim][TFA] was prepared according to the reported 
protocol (Scheme 1) [21]. Structures of known compounds 
were recognized by comparison of their NMR data/melting 
points with those mentioned in the previous papers. Thin 
layer chromatography (TLC) was utilized for observation of 
the reactions progress. Bruker Avance DPX FT-NMR 
spectrometer was applied for running the 1H NMR (500 
MHz) and 13C NMR (125 MHz) spectra. Büchi B-545 
apparatus was employed for measuring the melting points in 
open capillary tubes. 

 
General Procedure for the Production of 4,4'-
(Arylmethylene)-bis-(3-methyl-1-phenyl-1H-
pyrazol-5-ol)s 
      [Dsim][TFA] (0.07 mmol, 0.024 g) was added to a 
solution of phenylhydrazine (2 mmol, 0.217 g), ethyl 
acetoacetate (2 mmol, 0.260 g) and aldehyde (1 mmol) in 
absolute EtOH (2 ml), and the resulting solution was stirred 
at reflux conditions. After confirming the completion of 
reaction by TLC, the solvent was evaporated, and the 
resultant precipitate was recrystallized from EtOH  (95%) to  

 ClSO3H

NNHO3S SO3H [Cl ]
12 h, r.t.
CH2Cl2 +

[Dsim][Cl]

NHN

HCl (g)

CF3COOH

HCl (g)
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NNHO3S SO3H [CF3COO ]+
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2
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Scheme 1. The synthesis of [Dsim][TFA] 
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afford the pure product.  

 
Selected Spectroscopic Data of the Products 
      4,4'-(p-Tolylmethylene)-bis(3-methyl-1-phenyl-1H-
pyrazol-5-ol) (5). 1H NMR (500 MHz, DMSO-d6) δ (ppm): 
2.24 (s, 3H, CH3, CH3-Ar), 2.30 (s, 6H, 2CH3), 4.90 (s, 1H, 
Ar-CH), 7.07 (d, J = 8.0 Hz, 2H, HAr), 7.13 (d, J = 7.5 Hz, 
2H, HAr), 7.24 (m, 2H, HAr), 7.43 (t, J = 7.0 Hz, 4H, HAr), 
7.70 (d, J = 8.0 Hz, 4H, HAr); 13C NMR (125 MHz, DMSO-
d6) δ (ppm): 11.6, 20.5, 32.8, 105.0, 120.4, 125.5, 127.1, 
128.6, 128.9, 134.8, 137.4, 139.1, 146.2. 
      4,4'-((4-Chlororophenyl)methylene)-bis(3-methyl-1-
phenyl-1H-pyrazol-5-ol) (10). 1H NMR (500 MHz, 
DMSO-d6) δ (ppm): 2.27 (s, 6H, 2CH3), 4.92 (s, 1H, Ar-
CH), 7.17-7.22 (m, 4H, HAr), 7.28 (d, J = 8.5 Hz, 2H, HAr), 
7.38 (t, J = 7.9 Hz, 4H, HAr), 7.65 (d, J = 7.8 Hz, 4H, HAr), 
12.48 (br.,1H, OH), 13.84 (br., 1H, OH); 13C NMR (125 
MHz, DMSO-d6) δ (ppm): 12.2, 33.2, 121.2, 126.3, 128.7, 
129.6, 129.77, 131.2, 136.3, 141.8, 146.9. 
      4,4'-((2-Bromophenyl)methylene)-bis(3-methyl-1-
phenyl-1H-pyrazol-5-ol) (12). 1H NMR (500 MHz, 
DMSO-d6) δ (ppm): 2.23 (s, 6H, 2CH3), 5.05 (s, 1H, Ar-
CH), 7.08 (t, J = 7.3 Hz, 1H, HAr), 7.18 (t, J = 7.2 Hz, 2H, 
HAr), 7.28 (t, J = 7.3 Hz, 1H, HAr), 7.37 (t, J = 7.9 Hz, 4H, 
HAr), 7.50 (d, J = 7.9 Hz, 1H, HAr), 7.63 (d, J = 7.9 Hz, 4H, 
HAr), 7.76 (s, 1H, HAr), 12.41 (br., 1H, OH), 13.71 (br., 1H, 
OH); 13C NMR (125 MHz, DMSO-d6) δ (ppm): 12.6, 34.9, 
121.1, 123.4, 126.3, 128.1, 128.9, 129.6, 131.1, 133.4, 
141.6, 146.6.  
 
RESULTS AND DISCUSSION 
 
      The reaction parameters (catalyst quantity, solvent and 
temperature) were optimized by studying the reaction of 
phenylhydrazine (2 mmol) with ethyl acetoacetate (2 mmol) 
and 4-chlorobenzaldehyde (1 mmol) in the presence of 
different molar ratios of [Dsim][TFA] in some solvents at 
range of 50 ºC to reflux conditions (Scheme 2). Performing 
the reaction using 7 mol% of [Dsim][TFA] in EtOH under 
reflux conditions gave higher yield of the desired product 
and  shorter reaction  time  (entry 2).  The reaction was  also  

 
 
examined in solvent-free conditions in which the product 
was obtained in low yields (entries 4 and 5).  
      The generality and effectiveness of the protocol were 
appraised by investigating the influence of various 
substituents (electron-releasing, halogens and electron-
attracting) on different positions of arylaldehydes, on the 
reaction. According to the data given in Table 2, 
[Dsim][TFA] was highly efficient and could be a general 
catalyst for the synthesis, because all aldehydes afforded the 
related products in high yields and in relatively short times.  
      A suggested mechanism, confirmed by the literature 
[13,15,35], is given in Scheme 3. Initially, trifluoroacetate 
anion of the catalyst assists phenylhydrazine for 
nucleophilic addition to the activated carbonyl group of 
ethyl acetoacetate (by acidic hydrogen of [Dsim][TFA]) to 
produce I. Intermediate I is converted to II by removal of a 
water molecule. Afterward, the IL activates the nucleophilic 
and electrophilic moieties of II for cyclization, to furnish III 
(after cyclization, a molecule of EtOH is eliminated). III is 
converted to its tautomer, and this tautomer (with helping 
the IL anion) is added to the carbonyl group of aldehyde 
(which was activated by the IL) to give IV. [Dsim][TFA] 
removes a water molecule from IV providing Michael-
acceptor V. Then, Michael addition of another molecule of 
III tautomer (produced as mentioned above) to V provides 
VI; in this reaction, both Michael-donor and Michael-
acceptor are activated by [Dsim][TFA]. In the last step, by a 
tautomerization reaction which is catalyzed by the IL, VI is 
converted to the product. 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, as indicated in 
Scheme 3 and Fig. 1.             
      In another study, the results of [Dsim][TFA] to catalyze 
the reaction were compared with the results of the reported 
catalysts (Table 3). As the table indicates, [Dsim][TFA] gave 
better results in comparison with the other catalysts in terms 
of one or more of the factors: yield, temperature and time. 
Moreover, we have not used ultrasound irradiation to 
progress the reaction.   
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CONCLUSIONS  
 
      Briefly, we showed that [Dsim][TFA] could successfully 
catalyze the one-pot pseudo five-component reaction of 
phenylhydrazine with ethyl acetoacetate to produce 
4,4′‐(arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ 
ol)s. The merits of the protocol include: (i) providing the 
products  in  high yields  and  comparatively short times, (ii)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
generality and efficacy of the catalyst, (iii) simple 
production of [Dsim][TFA] from easy available and 
inexpensive reactants, (iv) application of a few amount of 
the catalyst in the reaction (7 mol%),  (v) performing the 
synthesis in a nontoxic solvent, (vi) usage of extremely 
beneficial technique in the synthesis; i.e., MCRs, and (vii) 
straightforward workup and purification procedure. 
[Dsim][TFA]  was  not  recoverable; nevertheless,  we  think 
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Scheme 2. The model reaction for optimizing the synthesis parameters 

 
 

    Table 1. Influence of Catalyst Quantity, Solvent and Temperature on the Model Reaction 
 

Entry Mol% of [Dsim][TFA] Solvent 
Temp. 

(ºC) 

Time 

(min) 

Yield 

(%)a 

1 5 EtOH Reflux 70 71 

2 7 EtOH Reflux 30 93 

3 10 EtOH Reflux 30 91 

4 10 Solvent-free 80 60 39 

5 10 Solvent-free 90 60 47 

6 10 MeOH Reflux 45 90 

7 10 MeCN Reflux 30 85 

8 10 EtOAc Reflux 30 81 

9 10 1,4-Dioxane 80 90 84 

10 10 EtOH 50 40 57 

11 10 EtOH 60 40 68 

12 10 EtOH 70 30 76 
      aIsolated yield. 
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application of the catalyst for the synthesis of 
4,4′‐(arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ 
ol)s was economic because of possessing various 
advantages  mentioned above. 
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    Table 2. The Production of 4,4′‐(Arylmethylene)‐bis(3‐methyl‐1‐phenyl‐1H‐pyrazol‐5‐ol)s Using  
           [Dsim][TFA] 
 

[Dsim][TFA] (7 mol%)
PhHN NH22 + +

NN
Ph

HO

NN
Ph

HO
Ar

O
CO2Et2 Ar H

O

EtOH, Reflux

 

Com

pd. 
Ar 

Time  

(min) 

Yield 

 (%)a 

M.p.  

(ºC) 

1 C6H5 30 88 165-168  (166-169) [13] 

2 3,4-(MeO)2C6H3 30 90 192-194 (194-196) [33] 

3 2,5-(MeO)2C6H3 45 93 135-137 (134-139) [13] 

4 4-MeOC6H4 60 91 174-176 (173-175) [16] 

5 4-MeC6H4 90 92 201-203 (200-202) [13] 

6 4-HOC6H4 150 91 155-158 (153-155) [33] 

7 2-FC6H4 60 79 154-156 (157-159) [25] 

8 2,4-Cl2C6H3 20 89 228-230 (227-229) [16] 

9 2-ClC6H4 90 75 243-245 (237-239) [17] 

10 4-ClC6H4 30 93 208-210 (209-210) [15] 

11 4-FC6H4 30 92 183-185 (180-182) [34] 

12 2-BrC6H4 45 85 250-252 (249-252) [13] 

13 2-O2NC6H4 20 88 226-228 (227-230) [13] 

14 3-O2NC6H4 15 85 156-158 (152-154) [34] 

        aIsolated yield. 
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Scheme 3. The proposed mechanism 
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Fig. 1. The acidic and basic sites of [Dsim][TFA]. 



 

 

 

1,3-Disulfonic Acid Imidazolium Trifluoroacetate/Org. Chem. Res., Vol. 4, No. 2, 174-181, September 2018. 

 180 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
 
[1] Z. Časar (Ed.), Synthesis of Heterocycles in 

Contemporary Medicinal Chemistry, Springer, 
Switzerland (2016). 

[2] A.M. Mehranpour, S. Hashemnia, S. Abbasi, Org. 
Chem. Res. 3 (2017) 187. 

[3] A. Akbari, Org. Chem. Res. 3 (2017) 145. 
[4] K.H. Carlsson, I. Jurna, Naunyn Schmiedeberg's 

Arch. Pharmacol. 335 (1987) 154. 
[5] K. Sujatha, G. Shanthi, N.P. Selvam, S. Manoharan, 

P.T. Perumal, M. Rajendran, Bioorg. Med. Chem. 
Lett. 19 (2009) 4501. 

[6] G. Mariappan, P.B. Saha, L. Sutharson, A. Haldar, 
Indian. J. Chem., Sect. B: Org. Chem. Incl. 
Med. Chem. 49 (2010) 1671. 

[7] H. Bayrak, A. Demirbas, N. Demirbas, S.A. 
Karaoglu, Eur. J. Med. Chem. 45 (2010) 4726. 

[8] B.N. Acharya, D. Saraswat, M. Tiwari, A.K. 
Shrivastava,  R.  Ghorpade,  S.  Bapna, M.P. Kaushik,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Eur. J. Med. Chem. 45 (2010) 430. 
[9] S. Sugiura, S. Ohno, O. Ohtani, K. Izumi, T. 

Kitamikado, H. Asai, K. Kato, M. Hori, H. Fujimura, 
J. Med. Chem. 20 (1977) 80. 

[10] R.V. Antre, A. Cendilkumar, R. Nagarajan, D. Goli, 
R.J. Oswal, J. Sci. Res. 4 (2012) 183. 

[11] M. Kidwai, R. Mohan, J. Korean Chem. Soc. 48 
(2004) 177. 

[12] S. Sobhani, F. Zarifi, J. Skibsted, ACS Sustainable 
Chem. Eng. 5 (2017) 4598.  

[13] A.R. Moosavi-Zare, M.A. Zolfigol, E. Noroozizadeh, 
O. Khaledian, B. Shirmardi Shaghasemi, Res. Chem. 
Intermed. 42 (2016) 4759.  

[14] R. Ramesh, N. Nagasundaram, D. Meignanasundar, 
P. Vadivel, A. Lalitha, Res. Chem. Intermed. 43 
(2017) 1767. 

[15] A. Khazaei, F. Abbasi, A.R. Moosavi-Zare, New J. 
Chem. 38 (2014) 5287. 

[16] A. Hassankhani, J. Mex. Chem. Soc. 59 (2015) 1. 
[17] A.  Hasaninejed,   M.  Rasekhi  Kazerooni,   A.  Zare,  

  Table 3. Comparing the Results of [Dsim][TFA] with the Reported Catalysts  
 

Catalyst Conditions 
Time range 

(min) 
Yield range 

(%) 
Ref. 

[Dsim][TFA] EtOH, reflux 15-150 75-93 This work 

La(OTf)2-grafted-GOa 
 

Solvent-free, 100 °C 10-45 70-98 [12] 

[cmpy]Clb Solvent-free, 110 °C 5-20 73-92 [13] 

DCDBTSDc Solvent-free, 80 °C 35-100 71-85 [15] 

Ce(SO4)2.4H2O Solvent-free, 125 °C 5-12 81-98 [16] 

Catalyst-free H2O-EtOH, r.t., ultrasound 12-20 83-98 [17] 

Catalyst-free H2O-EtOH, r.t. 180 Trace-20 [17] 

Pyridine trifluoroacetate H2O, 70 °C 300-900 75-95 [18] 

Na+-MMT-[pmim]HSO4
d Solvent-free, 100 °C 10-70 84-92 [36] 

2-HEAPe Solvent-free, 90 °C 10-50 77-96 [37] 
   aImmobilized La(OTf)2 on graphene oxide. b1-(Carboxymethyl)pyridinium chloride. cN,2-dibromo-6-chloro- 

   3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine-7-sulfonamide-1,1-dioxide. d1-Methyl-3-(trimethoxysilylpropyl)- 
  imidazolium  hydrogen  sulfate  ionic liquid supported on nanoporous Na+-montmorillonite. e2-Hydroxy  
  ethylammonium propionate. 
 



 

 

 

Karami & Zare/Org. Chem. Res., Vol. 4, No. 2, 174-181, September 2018. 

 181 

 
 

ACS Sustainable Chem. Eng. 1 (2013) 679. 
[18] E. Soleimani, S. Ghorbani, M. Taran, A. Sarvary, C. 

R. Chim. 15 (2012) 955.  
[19] A. Khazaei, M.A. Zolfigol, A.R. Moosavi-Zare, Z. 

Asgari, M. Shekouhy, A. Zare, A. Hasaninejad, RSC 
Adv. 2 (2012), 8010. 

[20] A. Shaabani, E. Soleimani, A. Maleki, Tetrahedron 
let. 47 (2006) 3031. 

[21] A.K. Dutta, P. Gogoi, R. Borah, RSC Adv. 4 (2014) 
41287. 

[22] M.A. Zolfigol, A. Khazaei, A.R. Moosavi-Zare, A. 
Zare, V. Khakyzadeh, Appl. Catal. A Gen. 400 (2011) 
70.  

[23] G. Ramesh, R. Gali, R. Velpula, B. Rajitha, Res. 
Chem. Intermed. 42 (2016) 3863. 

[24] A. Zare, Z. Nasouri, J. Mol. Liq. 216 (2016) 364. 
[25] [25] M.A. Zolfigol, A. Khazaei, A.R. Moosavi-Zare, 

A. Zare, H.G. Kruger, Z. Asgari, V. Khakyzadeh, M. 
Kazem-Rostami, J. Org. Chem. 77 (2012) 3640. 

[26] R.L. Vekariya, J. Mol. Liq. 227 (2017) 44. 
[27] R. Echemendía, O. Fernández, J. Coro, M. Suárez, 

D.G. Rivera, Tetrahedron Lett. 58 (2017) 1784. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
[28] A. Pourkazemi, A. Zare, Org. Chem. Res.2 (2016) 

88. 
[29] F. Tamaddon, S. Ghazi, Catal. Commun. 72 (2015) 

63. 
[30] A. Shaabani, M. Seyyedhamzeh A. Maleki, M. 

Behnam, F. Rezazadeh, Tetrahedron Lett. 50 (2009) 
2911. 

[31] A. Maleki, A.A. Jafari, S.Yousefi, Carbohydr. Polym. 
175 (2017) 409. 

[32] A. Maleki, R. Firouzi-Haji, P. Farahani, Org. Chem. 
Res. 4 (2018) 86.   

[33] M. Keshavarz, M. Vafaei-Nezhad, Catal. Lett. 146 
(2016) 353. 

[34] N. Iravani, J. Albadi, H. Momtazan, M. Baghernejad, 
J. Chin. Chem. Soc. 60 (2013) 418. 

[35] A. Zare, F. Abi, A.R. Moosavi-Zare, M.H. Beyzavi, 
M.A. Zolfigol, J. Mol. Liq. 178 (2013) 113. 

[36] F. Shirini, M. Seddighi, M. Mazloumi, M. Makhsous, 
M. Abedini, J. Mol. Liq. 208 (2015) 291. 

[37] Z. Zhou, Y. Zhang, Green Chem. Lett. Rev. 7 (2014) 
18. 

 
 
 


