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METAL-FREE OXIDATIVE DEHYDRO- 

GENATION OF IMIDAZOLINES AND 

PYRAZOLINES USING SILICA-ADSORBED 

PEROXYMONOSULFATE UNDER APROTIC 

AND ALMOST NEUTRAL CONDITIONS 

 
H. Adibi1, A. R. Hajipour2,3, and H. Jafari4

 
Oxidative dehydrogenation of 1,3,5-trisubstituted pyrazolines and 2-substituted imidazolines to their 
corresponding pyrazoles and imidazoles is carried out effectively by treatment with 
benzyltriphenylphosphonium peroxymonosulfate as an oxidant silica-adsorbed under aprotic and 
almost neutral conditions. 
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 1,3,5-Trisubstituted pyrazolines are important five-membered heterocyclic compounds, which can be 
easily prepared from phenylhydrazine and chalcone derivatives [1-3], and their oxidative dehydrogenation 
provides the corresponding pyrazoles, which are known to possess diverse biological activities, including anti-
inflammatory, antiarrhythmic, antidiabetic, and antibacterial activities [1-3]. For the oxidative aromatization of 
pyrazolines various methods have been reported employing reagents such as Pb(OAc)4 [4], MnO2 [5], KMnO4 
[6], Zr(NO3)4 [7], iodobenzene diacetate [8], AgNO3 [9], Pd/C in acetic acid [10], activated carbon [11], 
N-hydroxyphthalimide (NHPI)/Co(OAc)2/O2 [12], 4-(p-chlorophenyl)-1,2,4-triazole-3,5-dione [13], cobalt soap 
of fatty acids [14], mercury or lead oxide [15], HIO3 or I2O5 [16], trichloroisocyanuric acid [17], clay-supported 
Cu(NO3)2⋅3H2O (claycop)/ ultrasound [18], p-chloranil [19], and DDQ [20]. However, many of these methods 
suffer from disadvantages such as the use of expensive transition metal oxidants and reagents, which are highly 
toxic, produce by-products that either destroy the sensitive pyrazoles or are difficult to remove, and the use of 
acidic media and tedious work-up. 
 2-Imidazolines can be prepared from nitriles and ethylenediamine [21, 22]. 
Selective dehydrogenation of 2-imidazolines to their corresponding imidazoles is of importance from both 
biological and pharmaceutical considerations since many imidazole derivatives possess anti-inflammatory, 
antihypertensive, antibacterial, and antidiabetic activities [23-25]. Several reagents are available to perform this 
transformation including KMnO4/Al2O3 [26], DMSO [27], Pd/C [28], Swern oxidation [29], trichloro- 
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isocyanuric acid [30], KMnO4/SiO2 [31], KMnO4 [32], Zn/Al2O3 [33], Ni [34], Se [35], MnO2
 [36], and BaMnO4 

[37]. These reagents suffer from limitations such as low yields of the products, very long reaction times, toxicity 
of transition metal oxidants, the use of large excess of the reagents, and harsh reaction conditions. Therefore, we 
decided to introduce a new reagent to overcome these limitations. 
 Oxone® (2KHSO5·KHSO4·K2SO4) is an inexpensive, water-soluble, and stable oxidizing reagent that is 
commercially available. However, this reagent is insoluble in organic solvents and buffering is needed due to its 
acidity [38–40]. Recently, we reported benzyltriphenylphosphonium peroxymonosulfate (BTPPMS) as a mild, 
inexpensive, and efficient reagent in organic transformations [41–44]. Over the last two decades, the use of solid 
supports has become popular due to their characteristic properties such as enhanced selectivity and reactivity, 
straightforward work-up procedure, milder reaction conditions, and associated ease of manipulation [45]. 
Following our continued interest in BTPPMS [41–44] and in the course of our studies on the dehydro- genation 
of organic compounds [43], we herein report metal-free oxidative dehydrogenation of 1,3,5-tri-substituted 
pyrazolines 1 and 2-substituted imidazolines 3 to their corresponding pyrazoles 2 and imidazoles 4 employing 
BTPPMS as an oxidant silica-adsorbed as the supporting agent under non-aqueous and almost neutral 
conditions. To the best of our knowledge, this is the first example of BTPPMS-mediated metal-free 
dehydrogenation of pyrazolines and imidazolines. 
 We first examined the reaction of 1,3,5-trisubstituted pyrazolines 1 using BTPPMS as the oxidant. 
During the course of the screening of a variety of reaction conditions such as solvent, time, reaction temperature, 
and the amount of the oxidant, we found that the use of silica as a supporting agent was essential for the efficient 
conversion of 1,3,5-trisubstituted pyrazolines 1 to pyrazoles 2. That is, the treatment of 1,3,5-triphenyl- pyrazoline 
1a as a model compound (1 mmol) with BTPPMS (2 mmol) silica-adsorbed (0.5 g per mmol of pyrazoline) as 
an inexpensive and readily available supporting agent in refluxing acetonitrile for 5 h afforded 1,3,5-
triphenylpyrazole 2a in 76% yield. The oxidation of compound 1a was investigated with BTPPMS alone in 
refluxing acetonitrile and only 30% of compound 2a was obtained from the reaction mixture after 5 h. The 
reactions in MeCN, which turned out to be one of the best choices in our previously organic transformations 
[41–44], produced the corresponding pyrazoles 2 by simple filtration and evaporation of the solvent in good to 
moderate yields. The results and reaction conditions are exemplified in Table 1. Having successfully achieved 
the aromatization of pyrazolines, we applied this method to the oxidative aromatization of 2-substituted 
imidazolines 3 to imidazoles 4. As shown in Table 1, the treatment of 2-substituted imidazolines 3 according to 
the above mentioned-procedure led to the formation of the corresponding imidazoles 4 in refluxing acetonitrile 
in good yields. 
 Oxidation of 2-alkylimidazolines to the corresponding imidazoles was achieved by this oxidation system 
(Table 1, 3g–i), since 2-alkylimidazoles are used as intermediates for the synthesis of valuable nitroimidazole 
drugs [32]. Some of the reported reagents such as DMSO [27] and Pd/C [28] were not effective for 
dehydrogenation of 2-alkylimidazolines. 
 The actual role of BTPPMS and silica is not clear to us; however, according to a plausible mechanism 
suggested in our previously reported literature for BTPPMS-oxidized aromatization of 1,4-dihydropyridines to 
pyridines [43], we propose a possible mechanism for BTPPMS-mediated oxidative dehydrogenation of 
pyrazolines according to a radical pathway upon homolytic cleavage of O–O bond in peroxymonosulfate anion 
(–O3S–O–OH). It is believed that the presence of silica increases the decomposition rate of peroxymonosulfate 
anion to form a hydroxyl radical and a sulfate radical anion. 
 Presumably the oxidation of pyrazoline I is initiated by a single electron transfer on the nitrogen of 
pyrazoline I to the hydroxyl radical that produces hydroxide anion and a radical cation II, which subsequently 
loses a proton to generate the radical III and water. The radical III transfers an electron to the sulfate radical 
anion to form the cation IV and sulfate anion, subsequently resulting in the aromatized pyrazoline(s) V and 
hydrogen sulfate anion. The suggested mechanism for BTPPMS-mediated oxidative dehydrogenation of 
imidazolines is similar to that of pyrazolines. 
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TABLE 1. Oxidative dehydrogenation of 1,3,5-trisubstituted pyrazolines 
1 and 2-substituted imidazolines 3 using BTPPMS/silica* under aprotic 
conditions*2
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Substrate R R1 Time, h Yield, %*3 
 
1a 

 
Ph 

 
Ph 

 
5 

 
76 

1b Ph p-O2NC6H4 6.5 70 
1c Ph p-MeOC6H4 4.5 65 
1d Ph m-ClC6H4 3.5 68 
1e 2-Naphthyl p-ClC6H4 8 66 
1f 2-Naphthyl m-MeC6H4 7 69 
1g p-MeC6H4 2-Furyl 6 70 
1h p-MeOC6H4 p-ClC6H4 6 72 
1i p-MeOC6H4 Ph 5 62 
1j p-MeC6H4 m-MeC6H4 4.5 60 
3a Ph  5 81 
3b p-MeOC6H4  3 80 
3c 2-Py  2.5 78 
3d p-ClC6H4  6 75 
3e m-ClC6H4  5 82 
3f p-MeC6H4  4.5 75 
3g Me  0.6 70 
3h Ph  1 72 
3i n-Bu  1.2 78 

  
_______ 
* Molar ratio: BTPPMS−imidazoline (2:1 and 0.5 g silica per mmol of 
pyrazoline (for 1a−j) and imidazoline (for 3a−i) was used). 
*2 Confirmed by comparison with authentic samples [2]. 
*3 Yield of isolated pure product after purification. 

 
 In conclusion, we have disclosed a facile and environmentally benign oxidative aromatization process to 
convert 1,3,5-trisubstituted pyrazolines and 2-substituted imidazolines to the corresponding pyrazoles and 
imidazoles using silica-adsorbed BTPPMS as an interesting alternative to liquid and transition metal oxidants. 
The advantages of the present reaction are the elimination of metals and toxic reagents, operational simplicity, 
and easy work-up. Extension of this procedure to other substrates is under way in our laboratory. 
 
 
EXPERIMENTAL 
 
 The products were characterized by comparing their spectral and physical data with those of authentic 
samples reported in the literature [4-20, 26-37]. The reagent BTPPMS was prepared according to our previously 
reported procedures [41–44]. 1,3,5-Trisubstituted pyrazolines 1 were synthesized according to the reported 
procedure [13]. 2-Substituted imidazolines 3 were synthesized according to the reported procedure [21, 22]. 
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 Oxidative aromatization of 1,3,5-triphenylpyrazoline 1a to 1,3,5-triphenylpyrazole 2a (Typical 
procedure). BTPPMS (0.932 g, 2 mmol) and silica (0.5 g) were shaken together by a mini-shaker (vortex) until a 
fine homogeneous powder was obtained. To a solution of 1,3,5-triphenylpyrazoline 1a (1 mmol) in MeCN 
(10 ml), silica-adsorbed BTPPMS (1.432 g, 2 mmol) was added and the mixture was stirred under reflux for 5 h. 
The progress of the reaction was monitored by TLC (eluent EtOAc–cyclohexane, 2:8). The mixture was cooled 
to room temperature and then filtered off, and the solid material was washed with MeCN (10 ml). The filtrate 
was evaporated and the resulting crude material was purified by chromatography on silica gel (eluent 
acetone/petroleum ether, 1:5) to afford the pure 1,3,5-triphenylpyrazole 2a as a pale yellow solid in 76% yield, 
mp 133-135ºC (mp 133-134ºC [13]). 
 Oxidative aromatization of 2-phenylimidazoline 3a to 2-phenylimidazole 4a (Typical procedure). 
A mixture of silica-adsorbed BTPPMS (1.432 g, 2 mmol) and 2-phenylimidazole 3a (1 mmol) in MeCN (10 ml) 
was heated under reflux conditions. After disappearance of the starting imidazoline monitored by TLC using 
EtOAc–cyclohexane, 2:8, the mixture was cooled to room temperature and then filtered off through a sintered 
glass funnel, and the solid material was washed with MeCN (2×10 ml). The combined organic layer was 
evaporated and the crude product was purified by column chromatography on silica gel (eluent acetone–
petroleum ether, 1:5) to afford the pure 2-phenylimidazole 4a in 81% yield as revealed from TLC and 1H NMR 
analysis, mp 141-144ºC (mp 140-142ºC [31]). 
 
 We gratefully acknowledge the Kermanshah University of Medical Sciences Research Council for financial 
support. 
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