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Abstract 

An efficient and simple procedure has been developed for the oxidation of 1,3,5-trisubstituted 

4,5-dihydro-1H-pyrazoles and -isoxazoles to their corresponding aromatic derivatives promoted 

by bis-bromine-1,4-diazabicyclo[2.2.2]octane complex (DABCO-Br2) in acetic acid at room 

temperature. The products 2-pyrazoles and isoxazoles were produced in good to excellent 87-95 

% and 78-95 % yields respectively. 
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Introduction 

 

Isoxazolines and pyrazolines have attracted much attention since they play important roles in 

synthetic organic over the years and are important bioactive compounds as anti-cancer,1 anti-

viral,2 anti-inflammatory,3 anti-diabetic,4 anti-bacterial and antifungal agents.5 In addition, a 

number of isoxazoles and pyrazoles exhibit fluorescence characteristics and can act as 

agrochemical herbicides, soil fungicides, pesticides and insecticides.6 Furthermore, isoxazoles 

and pyrazoles are useful synthetic intermediates capable of undergoing various transformations 

and transition-metal catalyzed cross-coupling reactions, such as Heck, Stille, Suzuki, 

Sonogashira, and Negishi couplings.7 Recently, transition-metal catalyzed coupling-cyclization 

reaction of functionalized allenes with organic halides for synthesis of pyrazoles has been 

reported.8 These facts substantiate an obvious demand for development of new synthetic methods 

for isoxazoles and pyrazoles due to their importance both as synthetic intermediates9 and as 

pharmacological targets.10 Isoxazoles and 2-pyrazoles can be easily obtained respectively from 

oxidation of isoxazolines11,12 and 2-pyrazolines.10,13 Various efforts have been made previously 

in the oxidation of isoxazolines and 2-pyrazolines with a variety of reagents including 

Pd/C/acetic acid,14 carbon-activated oxygen,15 cobalt soap of fatty acids,16 lead tetraacetate,17 
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mercury or lead oxide,18 manganese dioxide,19potassium permanganate,19,20 silver nitrate,21 

iodobenzene diacetate,22 zirconium nitrate,23 nickel peroxide,24 cromite,25 N-bromosuccinimide 

(NBS),26 manganese triacetate,27 sodium bicarbonate/dimethyl formamide,28 2,3-dichloro-5,6 

dicyanobenzoquinone (DDQ),29 sodium carbonate/methanol,9 and tetrakispyridinenickel(II) 

dichromate.30 However, many of these methods are subjected to certain drawbacks such as 

longer reaction times, low yields and toxicity due to the presence of some elements embodied in 

the reagents utilized. So still there is need of development of new catalysts which overcome all 

these drawbacks.  

 

 

Results and Discussion 

 

To broaden the scope of our ongoing research on developing more convenient and robust 

methods for oxidative aromatization of different heterocycles,31-39 herein we wish to introduce 

bis-1,4-diazabicyclo[2.2.2]octane complex, (DABCO-bromine), in this letter as a new and 

efficient reagent for conversion of isoxazolines and 2-pyrazolines into their corresponding 

isoxazoles and 2-pyrazoles (Scheme 1). 

 

 

 

 

 

 

 

Scheme 1 

 

DABCO-bromine complex can be conveniently prepared from easily available and inexpensive 

1,4-diazabicyclo[2.2.2]octane by its treatment with bromine/chloroform solution (Scheme 2). 

Previously this complex has been used by others in conversion of alcohols into carbonyl 

compounds,40 desilylation of silyl ethers,41 and also employed as a catalyst in the synthesis of N-

arylphthalimides.42 

 

 
 

Scheme 2 
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In this communication, DABCO-bromine complex has been found to efficiently catalyze the 

aromatization of 2-pyrazolines 1a-j and isoxazolines 1k-s in acetic acid at room temperature 

within few minutes to afford the corresponding 2-pyrazoles 2a-j and isoxazoles 2k-s respectively 

in 87-95 % and 78-95 % yields (Table 1). As shown in the suggested mechanism (Scheme 3), it 

is likely that DABCO-bromine complex initially acts as a source for Br+ which is transferred to 

nitrogen atom in the azoline ring to convert it into an azolinium cation. The positively charged 

azolinium ion thus formed is now activated to undergo hydrogen loss successively in two steps 

to provide the corresponding azole. 

 

 

Conclusion 

 

In conclusion, the present work offers a mild and simple procedure for oxidative aromatization 

of isoxazolines and 2-pyrazolines promoted by DABCO-bromine complex as a low cost and 

non-toxic reagent in AcOH at room temperature. Other advantages of this method are shorter 

reaction times, high yields of the products, and use of AcOH as a low cost and non-toxic solvent 

in the oxidation reactions. 

 

Table 1. Oxidative aromatization of 2-pyrazolines 1a-j and isoxazolines 1k-s to the 

corresponding pyrazoles 2a-j and isoxazoles 2k-s with DABCO-bromine complex in acetic acid 

at rt. 

Subst

rate 
Product X R1 R2 

Time 

(h) 

Yielda 

(%) 

mp (˚C) 

Found Reported 

1a 2a NPh Ph Ph 2.5 92 137-139 139-140 33c 

1b 2b NPh Ph 4-ClC6H4 3 94 110-112 114-115 43 

1c 2c NPh Ph 3-ClC6H4 3 94 95-97 93-95 33c 

1d 2d NPh 
4-

MeOC6H4 
Ph 4 90 75-77 77-79 33c 

1e 2e NPh 2-Naphthyl 4-ClC6H4 3.5 87 130-132 130-133 33a 

1f 2f NPh 2-Naphthyl 2-MeC6H4 3.4 88 144-146 148-150 33c 

1g 2g NPh 2-Naphthyl 2-ClC6H4 3.5 89 71-73 67-70 33c 

1h 2h NPh 2-Thienyl 4-ClC6H4 3 95 132-134 136-138 37 

1i 2i NPh 3-Thienyl 4-ClC6H4 3 95 144-146 145-148 37 

1j 2j NPh 3-Thienyl 
4-

Me2NC6H4 
3.5 92 118-120 120-123 37 

1k 2k O 1-Naphthyl 2-ClC6H4 5.5 95 65-67 64-65 38 

1l 2l O 2-Naphthyl 2-ClC6H4 5 90 92-94 94-95 38 

1m 2m O 2-Naphthyl 2-Thienyl 5.2 87 117-119 118-120 38 

1n 2n O 2-Naphthyl 
4-

MeOC6H4 
5.4 82 105-107 107-109 38 
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1o 2o O 2-Naphthyl 3-ClC6H4 5 78 92-93 90-92 38 

1p 2p O 2-Naphthyl 2-Styryl 5 95 164-166 165-167 38 

1q 2q O 2-Thienyl 4-ClC6H4 5.5 90 191-193 192-194 38 

Table 1. Continued 

Subst

rate 
Product X R1 R2 

Time 

(h) 

Yielda 

(%) 

mp (˚C) 

Found Reported 

1r 2r O 2- Furyl 4-ClC6H4 5.8 82 122-124 124-125 38 

1s 2s O 2-Pyrrolyl 4-ClC6H4 5.3 95 186-187 185-187 38 

a Refer to isolated yields. 

 

 
 

Scheme 3. X = NPh, O . 

 

 

Experimental Section  

 

General. All the reagents and chemicals used were of analytical grade and were purchased from 

Merk Chemical Co. Melting points were determined in open capillary tubes in a Stuart SMP3 

apparatus and uncorrected. Nuclear magnetic resonance spectra were recorded on a JEOL FX 

90Q spectrometer using tetramethylsilane (TMS) as an internal standard. IR spectra were 

recorded on a Perkin Elmer GX FT IR spectrometer (KBr pellets). 2-Pyrazolines and 

isoxazolines used in this work were all prepared as reported.10-13 2-Pyrazoles and isoxazoles were 

characterized on the basis of their melting points and IR, 1H NMR, and 13C NMR spectral 

analysis and compared with those reported.33,37,38,43 DABCO-Bromine complex was prepared 

according to the literature,40 as described below. 

 

Preparation of DABCO-Br2. To a magnetically stirred solution of 1,4-diazabicyclo 

[2.2.2]octane (DABCO) (6.72 g, 60 mmoles) in chloroform (100 mL) was added drop wise a 
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solution of bromine (20.0 g, 125 mmoles) in chloroform (100 mL) at rt. The resulting mixture 

was let to stir for a further one hour. Upon the removal of the excess bromine by evaporation 

under reduced pressure a yellow solid was precipitated, which was filtered to leave almost a pure 

yellow product, yield 98%, mp: 160-165 ˚C (decomp). 

 

Oxidation of 2-pyrazolines (1a-j) and isoxazolines (1k-s) with DABCO-bromine complex; 

General Procedure 

To a magnetically stirred suspension of DABCO-bromine complex (0.32g , 0.2 mmol) in glacial 

acetic acid (3 mL), was added 2-pyrazoline 1a-j or isoxazoline 1k-s (0.1 mmol). The resulting 

reaction mixture was stirred at rt for an appropriate time (Table 1). After the complete 

conversion of the substrate in 2.5-5.8 h. as monitored by TLC using acetone/n-hexane (4:1), the 

reaction mixture was quenched with aqueous sodium bicarbonate solution (5%) and extracted 

with ethyl ether (10 mL). The organic layer was then dried over anhydrous sodium sulphate and 

concentrated to leave the crude solids 2a-s in 78-95 % yield (Table 1). The products were further 

purified by recrystallization from ethanol (96%). 
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