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Abstract: An efficient protocol is described for the oxidation of alcohols to the corresponding alde-

hydes or ketones with 1,3-dibromo-5,5-dimethylhydantoin in the presence of aqueous H2O2. 
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1. INTRODUCTION 

 The oxidative conversion of alcohols to the correspond-
ing aldehydes or ketones is one of the most fundamental re-
actions in the field of organic synthesis [1-2]. Traditionally, 
the oxidation of alcohols is achieved in the presence of 
harmful chromate and permanganate reagents in hazardous 
organic solvents. Some of the recently reported protocols 
also involved the use of transition metal compounds such as 
chromium (VI) complexes [3], triphenylmethylphosphonium 
dichromate [4],

 
manganese dioxide [5],

 
trichloroisocyanuric 

acid/RuCl3 [6], and Ru-hydrotalcite [7]. These methods have 
manydrawbacks such as use of toxic reagents, vigorous reac-
tion conditions, long reaction times, and low yields. Hydro-
gen peroxide has been well known as an ideal green oxidant 
because it produced water as a sole by-product. To improve 
low oxidation ability of hydrogen peroxide, various com-
plexes of transition metals such as gold [8], iron [9], manga-
nese [10], molybdenum [11], tungsten [12, 13], or bismuth 
[14] have been utilized for the oxidation of alcohols. How-
ever, many of them used toxic and harmful transition metal 
complexes in volatile organic solvents which are problematic 
for a cleaner environment. Therefore, development of novel 
and alternative methods for the hydrogen peroxide promoted 
oxidation of the alcohol with more environmental friendly 
conditions is still highly desirable.  

 Water has attracted considerable attention as an eco-
friendly alternative solvent to harmful and unsafe volatile 
organic solvents for the various reactions in organic synthe-
sis [15]. Many organic reactions in aqueous conditions 
demonstrated uncommon solvent behaviors like accelerated 
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reaction rate [16] and improved stereoselectivity [17] in 
comparison with the reactions in organic solvents. However, 
there has been reported only a few examples of selective 
benzylic alcohol oxidations reactions in pure aqueous reac-
tion conditions up to now [18, 19]. 1,3-Dibromo-5,5-dimethyl 
hydatoin (DBDMH) has been -widely used as a green steril-
izing disinfectant for various water purifications due to its 
very cheap and very low toxic properties [20]. DBDMH with 
a combination of chlorinated solvents has successfully been 
utilized in various bromination processes including benzylic 
bromination [21], dibromination of functionalized alkenes 
[22], oxidation of thiols [23], and bromination reactions of 
carboxylic acids [24]. In addition, DBDMH was utilized for 
the oxidation of benzylic alcohols in water mediated by 
TEMPO/NaNO2 [25] and cyclodextrin [26]. Recently, 
DBDMH was applied for the oxidation of narrow ranges of 
secondary benzylic alcohols to carbonyl compounds in sol-
vent-free conditions in lower yields [27]. Furthermore, this 
method was unsuccessful to give desired aldehydes products 
for the oxidation of primary benzylic alcohols. 

2. RESULTS AND DISCUSSION 

 Our new protocol is based on the reaction of alcohols 
with DBDMH (0.5 equiv.) in 35% aqueous hydrogen perox-
ide solution for 2 h at 60

o
C (Scheme 1).  
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Scheme (1). Oxidation of alcohols to carbonyl compounds. 
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 Initial attempts to oxidize benzyl alcohol with DBDMH 

with 35% aqueous hydrogen peroxide provided benzalde-

hyde in 85% yields. The reaction in the absence of hydrogen 

peroxide gave benzaldehyde in 50% yields after a prolonged 

reaction time of 5 h. Replacement of DBDMH by bromine or 

N-bromosuccinimide gave much lowered yields of benzalde-

hyde. Reaction temperatures below or above 60
o
C gave 

somewhat lowered yields or complicated products. The opti-

mum amount of DBDMH proved to be less than stoichiomet-

ric amount (0.5 equiv.). As shown in Table 1, both primary 

and secondary benzylic alcohols were smoothly converted to 
aldehydes or ketones in the present reaction conditions. 

 The products were isolated in high to excellent yields. In 

all cases of oxidation of primary benzylic oxidations, our 

conditions resulted in exclusive formation of aldehydes with 

the absence of carboxylic acids. Moreover, bromination reac-

tions to the aromatic ring were not observed in all cases 

tested. In addition, electron releasing or electron-attracting 

substituents in the aromatic rings did not notably affect the 

effectiveness of the oxidative transformation reactions under 

the present reaction conditions. It was also observed that 

with acyclic and cyclic aliphatic alcohols, the oxidation reac-

tions provided the desired products in high yields (entries 17-

20). The oxidation probably occurred by the reactions of 

alcohols with bromine cation, formed in situ by the reaction 

of DBDMH and hydrogen peroxide, to give hypobromite 

ester intermediate in line with a previously reported analo-

gous observation of oxidation of alcohols with NaBr-NaBrO3 
[28].

 
 

3. EXPERIMENTAL 

 A general experimental procedure is as follows: A mix-

ture of alcohol (1.0 mmol) and DBDMH (0.5 mmol, 0.14 g) 

in aqueous hydrogen peroxide (3.0 mmol, 35% aq. 0.09 mL) 

solution was stirred for 2 h at 60
o
C in the open vessel. After 

cooling the mixture to room temperature, the product was 

extracted into dichloromethane (2 x 25 mL) and washed with 

water. The combined organic layers were dried over MgSO4 

and evaporated under reduced pressure. The crude product 

was purified by flash column chromatography (ethyl ace-

tate/n-hexane = 1:3, v/v) to give the desired carbonyl com-
pound. The spectral data of the products are as follows: 

3.1. Benzaldehyde (1a) 

 1
H NMR (300 MHz, CDCl3) δ 10.02 (s, 1H), 7.87 (d, J = 

1.5 Hz, 2H), 7.73 – 7.28 (m, 3H). Mass: 106(M
+
) C7H8O 

3.2.  2-Chlorobenzaldehyde (2a) 

 1
H NMR (300 MHz, CDCl3) δ 10.42 (s, 1H), 7.86-

7.33(m, 2H-5H). Mass: 140(M
+
) C7H5ClO. 

3.3. 4-Chlorobenzaldehyde (3a) 

 1
H NMR (300 MHz, CDCl3) δ 9.98 (s, 1H), 7.84 (m, 2H) 

7.45 (m, 2H). 

 Mass: 140(M
+
) C7H5ClO. 

Table 1. Oxidation of Alcohols with DBDMH in Aqueous 

H2O2. 

Entry Substrate Product Yield (%)a

1 PhCH2OH PhCHO (1a) 85

2 2-ClC6H4CH2OH 2-ClC6H4CHO (2a) 82

3 4-ClC6H4CH2OH 4-ClC6H4CHO (3a) 84

4 4-BrC6H4CH2OH 4-BrC6H4CHO (4a) 82

5 4-FC6H4CHO (5a) 78

6 4-MeC6H4CH2OH 4-MeC6H4CHO (6a) 90

7 4-MeOC6H4CH2OH 4-MeOC6H4CHO (7a) 80

8 Piperonyl alcohol Piperonal (8a) 78

9 4-NO2C6H4CH2OH 4-NO2C6H4CHO (9a) 85

10 PhCH(OH)CH3 PhCOCH3 (10a) 96

11 C6H5CH(OH)CH2CH3 C6H5COCH2CH3 (11a) 92

12 4-MeC6H4CH(OH)CH3 4-MeC6H4COCH3 (12a) 92

13 4-ClC6H4CH(OH)CH3 4-ClC6H4COCH3 (13a) 91

14 4-BrC6H4CH(OH)CH3 4-BrC6H4COCH3 (14a) 89

15 PhCH(OH)Ph PhCOPh (15a) 96

16 9-Hydroxyfluorene 9-Fluorenone (16a) 90

17 a-Tetralol a-Tetralone (17a) 85

18 Cyclohexanol Cyclohexanone (18a) 78

19 1-Octanol Octanal (19a) 70

20 2-Octanol 2-Octanone (20a) 76

a Yields of isolated product.

4-FC6H4CH2OH

 
 

3.4. 4-Bromobenzaldehyde (4a) 

 1
H NMR (300 MHz, CDCl3) δ 9.97 (s, 1H), 7.75 (d, J = 

7.5Hz, 2H). 7.64(d, J =7.5Hz, 2H). 

 Mass: 185(M
+
) C7H5BrO. 

3.5. 4-Fluorobenzaldehyde (5a) 

 1
H NMR (300 MHz, CDCl3) δ 9.98 (s,1H), 7.95 (m, 2H), 

7.25 (m, 2H). 

 Mass: 124(M
+
) C7H5FO. 

3.6. 4-Methylbenzaldehyde (6a) 

 1
H NMR (300 MHz, CDCl3) δ 9.95 (s, 1H), 7.93-7.66 (m, 

2H), 7.32 (dd, J = 7.9, 0.5 Hz, 2H), 2.43 (s, 3H).  

 Mass: 120(M
+
) C8H8O. 
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3.7. 4-Methoxybenzaldehyde (7a) 

 1
H NMR (300 MHz, CDCl3) δ 9.91 (s, 1H), 7.84(d, 2H), 

7.01(d, 2H), 3.90(s, 3H). 

 Mass: 136(M
+
) C8H8O2. 

3.8. Piperonal (8a) 

 1
H NMR (300 MHz, CDCl3) δ d 9.73 (s, 1H), 7.36 (dd, J 

= 8.0, 1.6 Hz, 1H), 7.25 (d, J = 1.6 Hz, 1H), 6.88 (d, J = 8.0 
Hz, 1H), 6.09 (s, 2H). 

 Mass: 150(M
+
) C8H6O3. 

3.9. 4-Nitrobenzaldehyde (9a) 

 1
H NMR (300 MHz, CDCl3) δ 10.17 (s, 1H), 8.41(d, J = 

8.6, 2H), 8.09(d, J=8.9 2H). 

 Mass: 151(M
+
) C7H5NO3. 

3.10. Acetophenone (10a) 

 1
H NMR (300 MHz, CDCl3) δ 7.95 (d, J = 7.0 Hz, 2H), 

7.69 – 7.30 (m, 3H), 2.59 (s, 3H).  

 Mass: 156(M
+
) C11H8O. 

3.11. Propiophenone (11a) 

 1
H NMR (300 MHz, CDCl3) δ 7.95 (d, J = 7.0 Hz, 2H), 

7.60 – 7.26 (m, 3H), 2.97 (q, J = 7.2 Hz, 2H), 1.21 (t, J = 7.2 
Hz, 3H). 

 Mass: 134(M
+
) C9H10O. 

3.12. 1-(p-Tolyl)ethanone (12a) 

 1
H NMR (300 MHz, CDCl3) δ 7.84 (t, J = 8.6 Hz, 2H), 

7.40 – 6.88 (m, 2H), 2.57 (s, 3H), 2.40 (s, 3H). 

 Mass: 136(M
+
) C9H10O. 

3.13. (4-Chlorophenyl)ethanone (13a) 

 1
H NMR (300 MHz, CDCl3) δ 8.02 –7.73 (m, 2H), 7.56 – 

7.27 (m, 2H), 2.58 (s, 3H). 

 Mass: 155(M
+
) C8H7ClO. 

3.14. (4-Bromophenyl)ethanone (14a) 

 1
H NMR (300 MHz, CDCl3) δ 7.81 (m, 2H), 7.57 (m, 

2H), 2.57 (s, 3H).  

 Mass: 197(M
+
) C8H7BrO. 

3.15. Benzophenone (15a) 

 1
H NMR (300 MHz, CDCl3) δ 7.45-7.49 (t, J = 7.5, 4H), 

7.55-7.60 (t, J = 7.2, 2H), 7.79-7.81 (d, J = 7.5, 4H). 

 Mass: 182(M
+
) C13H10O. 

3.16. 9-Fluorene (16a) 

 1
H NMR (300 MHz, CDCl3) δ 7.63 (d, J = 7.4 Hz, 2H), 

7.48-7.44 (m, 4H), 7.29-7.26 (m, 2H). 

 Mass: 182(M
+
) C13H10O. 

3.17. αα-Tetralone (17a) 

 1
H NMR (300 MHz, CDCl3) δ 8.02 (d, J = 7.8 Hz, 1H), 

7.46 (t, J = 7.5 Hz, 1H), 7.34-7.11 (m, 2H), 3.17-2.84 (m, 
2H), 2.78-2.47 (m, 2H), 2.14 (dd, J = 12.9, 6.7 Hz, 2H). 

 Mass: 146(M
+
) C10H10O. 

3.18. Cyclohexanone (18a) 

 1H NMR (300 MHz, CDCl3) δ 2.34 (t, J = 6.6Hz, 4H), 
1.87 (m, 4H), 1.42-1.72 (m, 2H).  

 Mass:98.07(M
+
) C6H10O.  

3.19. Octanal (19a) 

 1H NMR (300 MHz, D2O) δ 9.767(s, 2H), 2.442-2.429 
(d, 3H), 1.646-1.631 (m, 4H-8H), 1.321-1.307 (t, 9H). 

 Mass: 128.12(M
+
) C8H16O. 

3.20. 2-Octanone (20a) 

 1
H NMR (300 MHz, CDCl3) δ 2.42 (t, J = 7.5Hz, 2H), 

2.14 (s, 3H), 1.52-1.62 (m, 2H), 1.27-1.31 (m, 6H), 0.88 (t,  
J = 7.5Hz, 3H). Mass: 128.12(M

+
) C8H16O. 

CONCLUSION 

 In summary, we have demonstrated that primary, secon-
dary benzylic alcohols, and aliphatic alcohols can be effec-
tively converted to their corresponding carbonyl products 
with DBDMH in aqueous hydrogen peroxide. Thus, the 
present method may be served as a cost-effective, general 
and environmentally benign alternative to the existing meth-
ods for the oxidation of alcohols.  
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