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Hydrogen Peroxide/Boric Acid: An Efficient System for 

Oxidation of Aromatic Aldehydes and Ketones to Phenols 

Amrita Roy’, K. R. Reddy’, Pramod K. Mohanta’, H. Ila*b and H. Junjappatb 

aDepartment of Chemistry, North - Eastern Hill University 
Shillong-793003, Meghalaya, India 

bDepartment of Chemistry, Indian Institute of Technology 
Kanpur, 208016, U.P., India 

Fax: 91512 590007/91512 590260, E-Mail: hila@iitk.ac.in 

Abstract: Hydrogen peroxide activated by boric acid in the presence of sulfuric 
acid has been shown to be an efficient oxidizing system for direct conversion of 
aromatic aldehydes and ketones to phenols. 

Hydrogen peroxide is one of the cheapest environmentally friendly and 

easy to handle oxidizing agents widely used for a range of oxidative 

transformations’. However it is a quite weak oxidizing agent and requires specific 

activation towards functional groups to be transformed for achieving higher 

efficiency and cleaner selectivity. Among the various transformations achieved by 

this reagent, conversion of benzaldehydes to phenols using alkaline hydrogen 

peroxide is generally known as Dakin oxidation. However, this reaction is limited 

in general to o-and p-hydroxybenzaldehydes2’3. A number of alkoxy substituted 
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benzaldehydes have also been examined under Baeyer-Villiger oxidation 

conditions using hydrogen peroxide in the presence of acidic methanol to afford 

the corresponding phenols in high yields3. Syper has utilized areneseleninic acid 

activated hydrogen peroxide4 to oxidize a series of substituted and polycondensed 

benzaldehydes to afford the corresponding arylformates which were subsequently 

hydrolyzed to respective phenols in good yields. The oxidizing species in these 

reactions has been shown to be organoperoxyseleninic acid4b formed from 

seleninic acid and hydrogen peroxide. Sodium perborate (SPB) and sodium 

percarbonate (SPC) salts have also been shown to be versatile activating reagents 

of hydrogen peroxide for similar transformations5. Thus SPC in aqueous 

tetrahydrofuran under sonification6 has been found to be useful reagent in Dakin 

oxidation of a range of salicylaldehydes and 2-hydroxy-4-methoxyacetophenones 

to the corresponding catechols. On the other hand, SPB/AcOH system has been 

shown to be an excellent reagent for the high yield oxidation of aromatic 

aldehydes’ to the corresponding carboxylic acids. However, 2-and 4- 

methoxybenzaldehydes followed only Dakin oxidation under these reaction 

conditions to give 2- and 4methoxyphenols in high yields. Shimizu and Ogata in 

a detailed mechanistic study, have suggested that SPB/AcOH system involves 

hydrogen peroxide activated by coordination with boric acid (generated in situ 

under the reaction conditions)8 as the actual oxidizing species. We have now 

shown that 30% hydrogen peroxide in the presence of boric acid and sulfuric 

acid is an efficient oxidizing agent for the Dakin type oxidation of various 

benzaldehydes and acetophenones to phenols including those without any 
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activating group in a- and p-positions. We now report our results in this 

communication. 

In a typical experiment, when a solution of benzaldehyde (1 eqv) in THF 

was added to a mixture of 30% hydrogen peroxide (2.2 eqv) and boric acid (5 

eqv) in THF in the presence of trace of sulfuric acid, the reaction mixture after 

stirring (12 h) at room temperature followed by work up yielded phenol (Entry 1, 

Table 1) in 74% yield. Similarly the 2- and 4-hydroxy (Entry 2 and 3), 4-methoxy 

(Entry 4) and a number of di- and trimethoxybenzaldehydes (Entry 5 - 8) were 

smoothly converted to the corresponding phenols in 60-97% overall yields (Table 

1). Oxidation of 2-allyloxybemaldehyde (Entry 9) yielded the corresponding 

catechol monoallylether in 90% yield under identical reaction conditions. The 

allylic side chain remained unaffected under these conditions. On the other hand, 

vanillin (Entry 10) failed to undergo the observed oxidation even after prolonged 

(48 h) heating at 60-65"C, while its ethoxy analog (Entry 11) yielded only 30 % 

of phenol along with a trace of the corresponding benzoic acid. 

The superiority of the present system was striking when it was applied to 

aromatic aldehydes with aryl group of lower migratory aptitude. Thus 4-methyl, 

2-chloro, 4-chloro and 4-bromobenzaldehydes (Entry 12- 15) yielded the 

corresponding phenols in moderate to good yields along with the respective acids. 

Interestingly, 4-nitrobemaldehyde yielded a surprisingly high yield 70% (Entry- 

16) of 4-nitrophenol. These yields (Table 1, Entry 12-16) are highest for Dakin 

oxidation among all other oxidation systems so far reported. Thus the present 

system directs Dakin oxidation more selectively than the peracid oxidation and 
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the migratory aptitute of the aryl groups compared to hydrogen in these aldehydes 

are not similar to those reported in conventional Baeyer-Villiger oxidationsg. 

Besides aromatic aldehydes, we have also examined the applicability of this 

method for the direct oxidation of acetophenones to phenols (Table 2). The 0- and 

p-hydroxyacetophenones are known to be smoothly converted to the 

corresponding phenols under Dakin reaction conditions using alkaline hydrogen 

peroxide2, while 4-hydroxyacetophenone fail to undergo the observed oxidation 

with SPC system even under sonification6. The other p-substituted acetophenones 

(i.e. 4-methoxy, 4-methyl, 4-chloro, 4-bromo and 4-phenyl) are reported to 

furnish p-substituted benzoic acid when oxidized with alkaline t- 

butylhydroperoxide". On the other hand, oxidation of acetophenones to aryl 

formates under areneseleninic acid / H202 system4a involves drastic reaction 

conditions (90% Hz02) and requires at least two activating methoxy groups in the 

aryl nng. With our system, we have found that 2-hydroxy, 4-hydroxy, and 4- 

methoxyacetophenones are readily converted to the corresponding phenols in 

excellent yields (Entries 1-3, Table 2). Acetophenone and its 3-methoxy, 4- 

chloro, 4-nitro and 4-bromo derivatives (Entries 4-8) with aryl groups of lesser 

migratory aptitude could also be oxidized to the respective phenols in moderate to 

good yields along with the corresponding benzoic acid. Similarly 1- 

acetylnaphthalene (Entry 9) behave in identical manner to yield 1 -naphthol, 

however, benzophenone (Entry 10) yielded the corresponding phenylbenzoate 

under similar conditions (Table 2). 

In summary we have demonstrated the feasibility of H ~ O Z - H ~ B O ~  oxidizing 

system for direct conversion of a variety of aromatic aldehydes and acetophenones 
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to the corresponding phenols in higher yields compared to those reported earlier 

with various Dakin oxidation systems. Of particular importance is the oxidation of 

substrates having aryl ring with lower migratory aptitude which are incompatible 

with other oxidizing agents for which (Le. p-nitrobenzaldehyde) to our 

knowledge, there are no precedence in the literature. The oxidation appears to 

proceed by intermediacy of highly polarized boric acid coordinated H202- 

aldehyde adduct which on facile heterolytic cleavage of borate ion and concerted 

migration of aryl group affords phenols (Scheme-1). The detailed mechanistic 

studies and synthetic scope of this valuable transformation is being investigated in 

our laboratory and will be published in due course. 

0 J H-migration 

II 
ArAOH ArOH 

Scheme 1 

EXPERIMENTAL 

General Procedure for Oxidation of Aromatic Aldehydes and Ketones to 

Phenols: To a stimng mixture of boric acid (3.1 g, 50 mmol) and 30% hydrogen 

peroxide (2.5 g, 22 mmol) in dry THF (30 mL), conc. HzS04 (1 mL) was added 

and the reaction mixture was fiuther stirred at room temperature for 0.5h. A 

solution of benzaldehyde or ketone (10 mmol) in dry THF (10 mL) was added and 

the reaction mixture was further stirred at room temperature (or 6OoC, Tables 1 
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and 2) till the reaction was complete (monitored by TLC). The reaction mixture 

was filtered and washed with THF, the filtrate was neutralized with aqueous 

saturated sodium hydrogencarbonate solution (A) and extracted with CHCl3 (3x25 

mL). The combined organic extract was washed with water (50 mL), dried over 

NaZS04 (anhydrous) and was evaporated to give the respective crude phenols 

which were purified by passing through silicagel column using hexane as eluent 

(Entries 2-9,11 Table 1, Entries 1-3,9 and 10 Table 2). The bicarbonate layer (A) 

obtained earlier afforded the corresponding acids on acidification with con. HCI 

(Entries 1, 12-1 7 Table 1, Entries 4-8 Table 2). 

All the phenols and aromatic acids were identified by comparison of their 

physical and spectral (IR, NMR) data with that of authentic samples. 

Acknowledgement: AR and PKh4 thanks CSIR for Senior Research 

Fellowships. HJ thanks CSIR for financial assistance under Emeritus Scientist 

Scheme. 

References and Notes: 

(a) For review see: Fieser, L. F.; Fieser, M. Reagents for Organic Synthesis 

Wiley, New York 1967,Vo1.1,456; (b) Kurz, M. E.; Johnson, G. J. J.  Org. 

Chem. 1971,36,3184. 

Hassall, C. H.; Organic Reactions Wiley, New York 1967,Vol. 9,73. 

Matsumoto, M.; Kobayashi, H. ; Hotta, Y .  J.  Org. Chem. 1984,49,4740. 

(a) Syper, L. Synthesis 1989, 167; (b) Syper, L.; Mlochowski, J. Tetrahedron 

1987, 43,207. 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
0
9
:
1
0
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
9



3790 ROY ET AL. 

5. Review: McKillop, A.; Sanderson, W. R. Tetrahedron 1995, 51,6145. 

6. Kabalka, G. W. ; Reddy, N. K.; Narayana,C. Tetrahedron Lett. 1992, 33, 865. 

7. (a) McKillop, A,; Kemp, D. Tetrahedron 1989, 45, 3299; (b) McKillop, A.; 

Tarbin, J .  A. Tetrahedron 1987,43, 1753. 

8. Ogata, Y.; Shimizu, H. Bull. Chem. SOC. Japan 1979, 52, 635. 

9. (a) Review: Trahanovsky, W. S .  “Oxidation in Organic Chemistry”, 

Academic Press, New York, 1978, Part C, 254; (b) Godfrey, I. M.; Sargent, 

M. V.; Elix, J.A. J.  Chem. Soc. Perkin Trans.1 1974, 1353; (c) Hue, R.; 

Jubier, A.; Andrieux, J. Resplandy, A. Bull.Soc.Chim. Fr. 1970, 3617. 

10. Maruyama, K. Bull. Chem. SOC. Japan 1961,34,105. 

11. (a) Buckingham, J. “Dictionary of Organic Compounds” 51h ed.,Chapman and 

Hall, 1982, Vol. 5, 4584; (b) Dakin, H.D. Org.Synth.coll.vol.1, 1941, 149; (c) 

Senden, P. Bull. SOC. Chim. Belg. 1923, 32, 97 (CA.1923, 17,  19143); (d) 

Pauson, P.L., Smith, B.C. J.Org.Chem.1953, 18, 1403; (e) Hurd, C.D.; 

Puterbaugh, M.P J.Org.Chem. 1937, 2, 381; (0 Hartman,W.W.Org. S’nth. 

coll.vol.1. 1941, 175; (g) Buckingham, J. “Dictionary of Organic Compounds” 

5‘h ed., Chapman and Hall, 1982, Vol. 1, 1185-1186; (h) Buckingham, J. 

“Dictionaqr of Organic Compounds” 5‘h ed., Chapman and Hall, 1982, Vol. 1, 

863; (i) Buckingham, J.“Dictionary of Organic Compounds” 5‘h ed., Chapman 

and Hall, 1982, Vo1.4, 4267-4268; (j) Nazarov, I.N.; Zav’yalov, S.I. Zzvesl. 

Akad.Nauk S.Y.S.R., Otde1,Khim. Nauk 1959,668 (CA. l959,53,21770d); (k) 

Nesrneyanov, A.N.; Makarova, L.G Vinogradova, V.N. (Inst. Elementoorg. 

Soedin., Moscow, USSR).Izv. Akad. Nauk SSSR, Ser. Khim. 1969, 9, 1966 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
0
9
:
1
0
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
9



HYDROGEN PEROXIDE/BORIC ACID 379 1 

(CA. 1970, 72, 21758e); (1) Bongardt, F.; Schmid, K.; Wuest, R. (Henkel K.- 

G.a.A.) Ger.Offen. DE 3,927,155 (Cl.C10M169/04); (CA. 1991, 114, 

250609k). 

12. (a) Aldrich Catalog, Handbook of Fine Chemicals 1994-95;(b) Luigi 

Canonica (Istituto Biochimico Italiano, Milan, Italy), US. 3,019,257, 

Jan.30,1962; Sept. 25,1957; 3pp. (CA. 1962,57, 13690b). 

(Received in the USA 06 April  1999) 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
0
9
:
1
0
 
2
0
 
O
c
t
o
b
e
r
 
2
0
0
9


