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Abstract 
Nitrogen heterocycles have been efficiently hydroxvlated under mild and neutral conditions by 

employing Cupric nitrate/phosphate buffer/300 ohvdrogen peroxide system The present method afforded 
the biologically active and important hydroxy heterocycles. The hydroxylation takes place 
regioselectively without over oxidation. 

Introduction 

Nitrogen containing heterocycles occupied a prominent position in organic syntheses due to their 

versatile utility in agriculture and pharmaceutical chemistry i.e Quinolines are found to exhibit 

anti tumour antibiotic activity' , Benzimidazoles are associated with antifilarial, Eurokinase inhibition 

etc", 2-Aminobenzothiazoles are found to posses fungicidal and antibacterial activity 3 where as 

pyridine is found to be an important constituent of various biologically active molecules4 . 

The utility of hydrogen peroxide as source of electrophilic oxygen has gained increasing 

importance. Various studies on electrophilic hydroxylation of aromatic compounds have been reported 

including the AICK-H:0 ; /u rea adducts, with anhydrous HF ( in the presence of AICI3, BF3 etherate or 

strong acids such as FSOiH, FSO^H-SbFj/SOiClF) and with FhC^/FIF/pyridine However, these 

systems are not always easy to handle and recovery of acid is inconvinient5 Recently we have 

reported an efficient hydroxylation of simple aromatic compounds by employing cupric nitrate in 

combination with H2O2 and phosphate buffer to afford the corresponding phenols0 In continuation of 

this work and in view of the importance of heterocycles in agrochemical and pharmaceuticals, we have 

extended the study of hydroxylation on some nitrogen heterocyclic compounds, using above reported 

conditions 

Results and Discussion 

Although there is plenty of literature available on aromatic hydroxylation, very few reports are 

available for hydroxylation of aromatic heterocycles i.e hydroxylation of pyridine, quinoline and other 

aromatic heterocycles have been carried out by using alkylperoxide anion7 has a few limitations, i.e. 

hydroxylation of nitro pyridines, the products are isolated in the form of their pyridones due to over 

oxidation Where as in case of 2- nitrothiophene the product 2- nitro-3-hydroxythiophene decomposed 
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during purification and finally obtained in its salt form. There tore there is a need to carryout the 

hydroxylation of aromatic heterocycles under mild reaction conditions without over oxidation. 

In this communicat ion we wish to report successful hydroxylation of aromatic nitrogen 

heterocycles by extending our previously reported hydroxylation method" ( scheme ). 

We have attempted the hydroxylation of quinoline derivatives. The quinoline and S- hydroxy 

quinoline undergo selective hydroxylation on 3- position to give the corresponding 3- hydroxy 

substituted quinolines which are very rare in nature s In particular 8- hydroxy quinoline afforded 3-8-

dihydroxyquinoline which is a naturally occuring cytotoxic alkaloid ( Jineol ) ' ( entry 2b ) as an orange 

amorphous solid ( mp 139-141 (IC). The U.Y spectrum of obtained product showed maximum absorption 

at 254 and 264 nm The 1R spectrum exhibited absorptions at 3370. 1595. 1560 and 1200 cm"1 

suggesting a hydroxy quinoline moiety. These surprising results of regioselective hydroxylation 

encourage us to cReck the selectivity in other nitrogen containing heterocvcles such as bezimidazoles. 

benzothiazoles and pyridines. 

•I 

V N H 2 

Ν 

V N H 2 
S 

Reaction Conditions: - Cu ( NOI)2 3 H 2 0 , Phosphate Buffer, 30% H 2 0 2 , 

CHiCN 4-5h, 50 " C 

Scheme 
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Accord ing ly 2 a m i n o b e n z i m i d a z o l e s are hvdroxvla ted to a f ford b io logica l ly act ive hydroxvla ted 

products . In part icular 2 - aminobenz imidazo l e g ives 5 -hydroxv 2- aminobenz imidazo l e , which is a novel 

eu rok inase inhibi tor Other benz imidazo les also gives select ive hydroxy la ted p rodcu t s without over 

oxidat ion (ent r ies 2c-2e ). 

Table: Hydroxv la t ion of Ni t rogen he terocycles 

Entry Subs tra te 
1 

Product 
2 

React ion T i m e 
( hr ) 

Yield 

(% ) 
a Qu ino l ine 3 -Hvdroxyqu ino l i ne 4 85 
b S - H v d r o x v q u i n o l i n e 3 ,8 -Dihvdroxvqu ino l ine 4 S2 
c 2 - A m i n o b e n z i m i d a z o l e 5 - H y d r o x v - 2 -

aminobenz imidazo l e 
5 75 

d 2 - A m i n o - 5 -
m e t h v l b e n z i m i d a z o l e 

2 - A m i n o - ö - h y d r o x y - 5-
me thv lbenz imidazo le 

5 74 

e 2 - A m i n o - 5 , 6 -
d i m e t h v l b e n z i m i d a z o l e 

2 - A m i n o - 7 - h y d r o x y -5 ,6-
d ime thv lbenz imidazo le 

5 76 

f 2 - A m i n o b e n z o t h i a z o l e 5 -Hvdroxy -2 -
aminobenzo th i azo l e 

4 78 

α 4 - M e t h y l - 2 -
a m i n o b e n z o t h i a z o l e 

5 -Hydroxy -4 -me thv l -2 -
aminobenzo th i azo le 

4 76 

h 5 ,6 -Dimethv l -2 -
a m i n o b e n z o t h i a z o l e 

7 -Hvdroxv-5 .6 -d ime thv l -2 -
aminobenzo th i azo le 

4 74 

i 4 - C h l o r o - 2 -
a m i n o b e n z o t h i z o l e 

5 -Hvdroxy-4 -ch lo ro -2 -
aminobenzo th i azo l e 

5 78 

J 6 -F lou ro -2 -
a m i n o b e n z o t h i a z o l e 

6 -F lou ro -5 -hvdroxv-2 -
aminobenzo th i azo l e 

5 76 

k 2 -Ch lo ropy r id ine 2 -Ch lo ro -3 -
hydroxvpyr id ine 

5 78 

1 6 - C h l o r o p y r i d i n e 6 -Ch lo ro -3 -
hvdroxvpvr id ine 

5 84 

m 2 - M e t h y l p y r i d i n e 3 - H y d r o x v - 2 -
methv lpvr id ine 

4 82 

2 - A m i n o b e n z o t h i a z o l e s are also hydroxyla ted ef f ic ient ly unde r above react ion condi t ions . 2-

a m i n o b e n z o t h i a z o l e s a f fo rded select ively 2- aminobenzo th i azo l e s (entr ies 2 f -2 j ) in g o o d yield 

Finally, w e have tak^n up hydroxyla t ion of pyr idine der ivat ives , which are e lec t ron def ic ient and 

genera l ly resis tant to e lectrophi l ic subst i tut ion react ions under mild react ion condi t ion As expec ted 

pyr id ines reac ted s imilar ly to quinol ines . Pyridine. 2- ch loropvr id ine , 6 - ch lo ropyr id ines and 2-methvl 

pyr id ine a f f o r d e d the co r re spond ing m o n o h y d r o x y l a t e d pyr id ine (entry 2 k - 2 m ). 
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Conclusion 

In conclusion we have successfully applied the hydroxylation process to aromatic nitrogen 

heterocycles to afford the biologically active heterocycles. Furthermore, the process is ecofriendly. the 

reagents are inexpensive, easy to handle and the procedure follows a simple work-up without over 

oxidation. Thus it is believed that its an easy facile method for the synthesis of biologically active 

heterocycles 

Experimental 

All the chemicals and solvents were obtained from commercial sources and used without further 

purification 'H NMR were recorded at 90 MHz in C D C h as solvent, IR spectra were obtained on 

G.C.FT1R using Yarton Nicolet USA apparatus and EI mass spectra were determined by using V.G 

Micromass 7070H and Finnigan mal 1020B apparatus Melting points were determined on Veego digital 

automatic melting point apparatus and are uncorrected 

General Procedure for Hydroxylation 

To a solution of heterocyclic substrate (Ia-1 m ) ( 0 . 0 1 mole ) in acetonitrile ( 10 ml ) was 

added neutral phosphate buffer ( 997 mg, 3.6 mmol) in 10 ml of water [ The phosphate buffer is an 

equimolar mixture of disodium hydrogen ortho phosphate ( NaiHPO-i . 510 mg, 3 6 mmol ) and 

potassium dihvdrogen ortho phosphate ( KH2PO4 , 488 mg, 3.6 mmol ) , cupric nitrate ( 0.5 g, 2.1 mmol 

) in 2 ml of water followed by the addition of 30% H2O2 ( 7 ml, 0.0618 mole) in three portions. The 

reaction mixture was heated at 50°C for 4-5 h. After completion of the reaction as indicated by TLC. the 

reaction mixture was diluted with water (10 ml ) , extracted with ethylacetate ( 15 ml ). The organic 

layer was washed with water and dried over Na2S0.4 and the solvent was evaporated under reduced 

pressure The crude product was chromatographed over silica gel column using chloroform: ethylacetate 

(3:1) as eluent to get pure products (2a-2m ) in good yields. 

3-hydroxyquinol ine ( 2a ) : 

' H N M R ( C D C h ) δ 5.8 ( s. 1H, OH ), 7.4 ( m, 1H, aromatic ), 7.6 ( m, 3H, aromatic ), 8.1 ( dd, 

1H.aromatic ). 8.7 ( d, 1 H. aromatic ); IR : ( KBr ) 3370, 1595 , 1562 cm"' ; Mass '.44 ( m+ ), 1 16. 

3,8-dihydroxyquinoline ( 2b ) : 

' H N M R ( C D C h ) δ 5 8 ( s, 2H, OH ). 7.0 ( dd, 1H. aromatic ). 7.2-7.3 ( dd, 2H. aromatic ). 7.6 ( d. 1H, 

aromatic ). 8 7 ( d. 1H. aromatic ); IR ( KBr ) 3360, 1585 . 1562 cm"1 ; Mass : 161 ( m+ ), 133.104. 

5-hvdroxy-2-aminobenzimidazole ( 2c ) : 

' H N M R ( C D C h ) δ 4.6 ( s, 3H, NH,NH 2 ), 5.6 ( dd, 1H, aromatic ), 5.81 ( dd, IH, aromatic ), 5 83 ( s, 

1H. OH >,6 1 ( dd, 1H, aromatic ); IR ( KBr ) 3410, 1590 , cm"1 ; Mass 149 ( M+l ). 
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2-amino-6-hydroxv -5-nietiiylbenzimidazole ( 2d ) : 

'HNMR ( CDCI, ) δ 3.2 ( s. 3H, CH, ), 4.67 ( s. 3H. NHNH; ), 5.58 ( s, IH, aromatic ), 5 8 ( s. 1 H. OH). 

5.9 ( t , IH, aromatic ); 1R : ( KBr ) 3395. 1595 . 1562 cm"1 ; Mass : 163 ( M+ ). 

2-amino-7-liydro\y-5.6-dimethylbenziniidazole ( 2e ) : 

'HNMR ( CDCI, ) δ 3.2 ( s. 6H. CH, ). 4.6 ( s. 3H. NHNH; ). 5,5 ( s. IH, aromatic ). 5.8 ( s. IH. OH ): 

IR : ( KBr ) 3380, 1595 . 1562 cm"' ; Mass : 177 ( M+ ). 

5-hydroxy-2-aminbenzothiazole ( 2 f ) : 

'HNMR ( CDCI, ) δ 4.6 ( s. 2H, NH : ). 5.5 ( s. IH. aromatic), 5.6 ( d. IH. aromatic ). 5.8 ( s. IH. OH ), 

6.1 ( d , IH, aromatic ); IR : ( KBr) 3390. 1595 . 1562 cm"' ; Mass : 166( m+ ). 

5-hydroxy-4-methvl- 2-aminbenzothiazole ( 2g ) : 

'HNMR (CDCI, ) δ 3 . 2 ( s. 3H. CH, ), 4.6 ( s, 2H, NH2), 5.8 ( s. IH, OH ), 5.8 ( s. IH. OH). 6.1 

( d , IH, aromatic ), 6.2 ( d. IH, aromatic ); IR : ( KBr ) 3350, 1650 , 1450 1050 cm"' ; Mass : 180 ( 

5,6 dimethyl- 7- hydroxy-2-aminobenzothiazole ( 2h ) : 

'HNMR ( CDCI., ) 5 3.2 ( s. 6H, CH,) , 4.6 ( s, 2H, NH2), 5.5 ( s, IH, aromatic ), 5.8 ( s, IH. OH ); IR ( 

KBr ) 3350, 1659 , 1450 , 1050 cm"1 ; Mass : 194 ( M+ ). 

4-Chloro-5-hydroxy-2-aminobenzothiazole ( 2i ) : 

'HNMR ( CDCI, ) δ 4.6 ( s. 2H. NH 2 ) . 5.8 ( s. IH, OH ), 6.2 ( d . IH, aromatic ), 6.4 ( d , IH. aromatic 

); IR ( KBr ) 3360, 1655 , 1450 1050 cm"' ; Mass : 202 ( M+ ). 

6-Fluoro-5-hydroxy-2-aminobenzothiazole ( 2j ) : 

'HNMR ( CDCI, ) δ 4 6 ( s. 2H, NH2 ), 5.8 ( s, IH, OH ), 6.1 ( s , IH, aromatic ), 6.5 ( d , IH. aromatic 

); IR : ( KBr ) 3350, 1655 , 1450 1050 cm"' ; Mass : 184 ( M+ ). 

2-Chloro-3-hydroxypyridine ( 2k ) : 

'HNMR ( CDCI, ) δ 5.8 ( s, IH, OH ), 7.5 ( t , 1 H, aromatic ), 7.7 ( s , IH, aromatic ). 8.5 ( d, 

IH,aromatic ) ; IR ( KBr) 3340, 1658 cm"' ; Mass 129 ( M+ ) 
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6-Chloro-3-liydroxypyridine ( 21): 

'HNMR ( CDCI, ) δ 5.8 ( s. 1H. OH ). 7.5 ( d . 1H, aromatic ). 7.7 ( s , 1H, aromatic ), 8.7 ( s. 1H, 

aromatic ) ; 1R : ( KBr) 3345. 1657 cm"' : Mass : 129 ( M+ ). 

3-hydroxy-2-niethylpyridiiie ( 2m ) : 

'HNMR ( CDCI, ) δ 2.S ( s. 3H. CH, ). 5.8 ( s. 1H. OH ). 7.2-7.3 ( d , 2H, aromatic ), S3 ( t , 1H. 

aroamtic) ; IR ( KBr ) 3370. 1655 cm"' . Mass 144 ( M+ ). 
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