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Abstract
2,4,6-Trimethylphenol was selectively oxidized to 3,5-dimethyl-4-hydroxybenzaldehyde in very good yields using catalytic or equivalent

amounts of CuCl2 in the presence of K2CO3 and H2O2 in i-PrOH at 65 8C. The effect of the molar ratios of CuCl2, K2CO3 and H2O2 on the yields

and product distribution was examined. The oxidation reaction was found to proceed smoothly without the use of additives or ligands which were

reported to be necessary.

# 2007 Elsevier B.V. All rights reserved.

Keywords: Oxidation; Copper(II) chloride; Mesitol; 2,6-Dimethyl-4-(isopropoxymethyl)phenol; 3,5-Dimethyl-4-hydroxybenzaldehyde
1. Introduction

The use of substituted 4-hydroxybenzaldehydes as inter-

mediates in the pharmaceutical, perfume, dye and agrochem-

ical industries continues to drive interest in finding more

effective and practical routes for their synthesis [1,2]. For

example, 3,5-dimethyl-4-hydroxybenzaldehyde 3 (Scheme 1),

used for the synthesis of potential antioxidant cancer

chemopreventive agents [3], is mainly synthesized by the

oxidation of the far less useful 2,4,6-trimethylphenol 1
(Scheme 1). Methods that have been employed to synthesize

4-hydroxybenzaldehydes include reacting phenols with for-

maldehyde [4], glyoxylic acid [5] or chloroform [6] and the use

of stoichiometric amounts of inorganic oxidants such as iodine,

bromine and potassium dichromate [7–11] as well as electric or

electrocatalytic oxidation techniques [12]. However, the most

appealing synthetic approaches surveyed in the literature

remains to be direct catalytic oxidations. Interestingly, there

have been only a few catalyst selective oxidation routes for the

synthesis of 3 from 1. These systems include cobalt(II)-Schiff

base complex [1,13], iron-based catalysts [14,15], copper(II)-
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amine complex [16,7], and copper(II)-neocuproine sodium

methoxide complex [17]. We noted that the above catalytic

systems required the use of additives/ligands and/or higher

pressure to achieve good yields [16,17]. For example, it was

reported [16,17] that the catalytic oxidation reaction of 1
hardly afforded 2 or 3 in the absence of amine additives/

ligands. Moreover, it was found that while copper(II)-

neocuproine catalyst system gave excellent yields of 3,

copper(II)-2,20-bipyridine complex was found to be inactive

[17]. The inactivity was attributed to the less crowdedness of

the 2,20-bipyridine complex compared to the neocuproine

complex where the ortho-methyl groups are said to provide the

required stability of the tetrahedral geometry of the Cu(I) ions

[17]. In view of the above findings and during the course of

study on the synthesis and catalytic application of 1,10-
bisisoquinolines [18–20], we became interested in the

synthesis of 3 via the catalytic oxidation of 1 with and without

the use of additives/ligands.

In this paper, we report a facile synthesis of 3,5-dimethyl-

4-hydroxybenzaldehyde 3 via the oxidation of 2,4,6-

trimethylphenol 1 (mesitol) using CuCl2–K2CO3–H2O2

(30%) catalytic system at atmospheric pressure without the

use of additives/ligands (Scheme 1). The use of 1,10-
bisisoquinoline as ligands for this oxidation will be reported

in a separate paper.
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Scheme 1. Oxidation of 2,3,4-trimethylphenol 1.

Table 1

Synthesis of 3,5-dimethyl-4-hydroxybenzaldehyde 3 via selective oxidation of

2,4,6-trimethylphenol 1a

Entry CuCl2
(molar eq.)

K2CO3

(molar eq.)

H2O2

(molar eq.)

Yield (%)a

2 3 4

1 1 1 3 57 32 1

2 1 2 3 35 23 17

3 1 0.3 3 – 74 –

4 1 0.3 1 – 36 19

5 1 0.3 2 9 70 5

6 1 0.3 4 – 77 –

7 1 0.3 5 – 74 –

8 0.5 0.3 3 6 60 –

9 0.3 0.3 3 6 65 8

a The yields (�5%) were determined by 1H NMR spectroscopy using 1,2,4,5-

tetrabromobenzene as an internal standard after work-up and based on complete

conversion of 1.
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2. Experimental

In a typical experiment, a mixture of 2,4,6-trimethylphenol 1
(1.5 mmol), K2CO3 (0.3–2 molar eq.) and 1,2,4,5-tetrabromo-

benzene (0.05 molar eq., as an internal standard) was vigor-

ously stirred together in i-PrOH (6 ml) under nitrogen

atmosphere in a 25 ml reaction tube and heated at 65 8C.

Immediately, solid anhydrous CuCl2 (0.3–1 molar eq.) was

added to the above mixture and the reaction was stirred for

5 min. The reaction tube was then removed from the heating

station whereby H2O2 (30%, 1–5 molar eq.) was carefully

added under vigorous stirring. After H2O2 addition, the mixture

was stirred at 65 8C for 6 h. The reaction mixture was

evaporated under reduced pressure, the residue obtained was

diluted with CHCl3 (10 ml) and the organic layer was

separated. The organic phase was washed with 4% HCl

(25 ml) and the aqueous phase was further extracted with

CHCl3 (2 � 10 ml). The combined organic phases were dried

over MgSO4 and the solvent was removed under reduced

pressure to give a brown gum.

3. Results and discussion

The experimental results are shown in Table 1. Initially, the

oxidation reaction (Scheme 1) was performed using an

equivalent molar ratio (based upon 1) of 1:1:3 of CuCl2,

K2CO3 and H2O2, respectively, (entry 1). Interestingly,

aldehyde 3 was obtained in 32% yield accompanied with

product 2 which was obtained in 57% yield (entry 1). In fact,

product 2 is an intermediate necessary to form aldehyde 3 [21].

This result was significant; it proved that the above catalytic

system successfully oxidized 1 to 3 albeit with the formation of

intermediate 2 and byproduct 41 (1% yield). Therefore, the

effect of the molar ratios of CuCl, K2CO3 and H2O2 on the

yields and products distributions was investigated. An increase

in the amount of base to 2 molar eq. (entry 2) resulted in the

decrease in the yields of both aldehyde 3 (23% yield) and

intermediate 2 (35% yield). The decrease in the yield of 2 and 3
was accompanied by an increase in the yield of byproduct 4
from 1% (entry 1) to 17%. It was concluded that an increase in

the amount of base is not desirable. However, when the amount

of base was decreased to 0.3 molar eq. (entry 3), an obvious

increase in the yield of the desired aldehyde 3 (74%) was

observed and no traces of any other products could be observed
1 Although no attempts were made to separate byproduct 4, 1H NMR analysis

suggest it to be 2,6-dimethy-p-benzoquinone, a byproduct that has been pre-

viously observed in this oxidation reaction [7].
in the 1H NMR spectrum. Therefore, the favorable ratio of the

base was concluded to be 0.3 molar eq. based upon 1. When

comparing entries 1 and 2, the yields of products 2 and 3 using

1 molar eq. of the base were higher (57 and 32%, respectively)

than those (35 and 23%, respectively) employing 2 molar eq.

Considering that 1 eq. of the base is needed to react with 1 to

form the phenolate anion 5 (Fig. 1), the other 1 molar eq. may

react with CuCl2 to form CuCO3 or Cu2CO3. As a result, the

active amount of [Cu] may have been decreased leading to low

yields of 2 and 3. In fact, during the experiment, greenish

precipitates were observed when CuCl2 was added to the

reaction mixture indicating the apparent formation of

CuCO3.The use of 1 molar eq. of H2O2 (entry 4) resulted in

36% yield of the aldehyde 3 accompanied by 19% yield of

byproduct 4. When the number of molar eq. of H2O2 was

increased from 1 to 2, 3 or 4 molar eq. (entries 5, 3 and 6,

respectively), the yield of the desired aldehyde 3 increased from

36 to 70, 74 and 77%, respectively. A further increase in the

number of molar eq. of H2O2 to 5 molar eq. (entry 7) resulted in

a slight decrease in the yield of aldehyde 3 to 73%. Therefore,

the favorable number of molar eq. of H2O2 was inferred to be

3–4 eq. The use of H2O2 in this oxidation reaction was essential

to reoxidize Cu(I) to Cu(II) since molecular oxygen was found

to be inefficient for this reoxidation [17].

In entries 1–7, the amount of CuCl2 was kept at 1 molar eq.

(stoichiometric) to explore the effect of the change in ratios of
Fig. 1. Phenolato copper complexes.



Scheme 2. Proposed mechanism of the formation of 3,5-dimethyl-4-hydroxybenzaldehyde 3.
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K2CO3 and H2O2. When the number of molar eq. of CuCl2 was

reduced to 0.5 (entry 8), the yield of aldehyde 3 was reduced to

60%. A further decrease in the amount of CuCl2 to

0.3 molar eq. (entry 9) resulted in an increase in the yield of

aldehyde 3 to 65%. In both cases it is noted that the yield of

product 2 remained constant at 6% (entries 8 and 9) while the

yield of the byproduct increased to 8% (entry 9). The higher

yields observed in entries 3, 6 and 7 may be attributed to the fact

that an equivalent amount of Cu (II) was available to complex

with the phenoxide anion formed in the presence of K2CO3

(Fig. 1). In contrast, the lower yields obtained when the amount

of CuCl2 was reduced to 0.5 (60%, entry 8) or 0.3 (65%, entry

9) may be attributed to the less Cu(II) that was available to form

the phenolato copper complex.2 The formation of the phenolato

complex is important for the activation of the para-benzylic

protons (Fig. 1) to undergo oxidation.

These results showed that the CuCl2–K2CO3–H2O2 (30%)

system was effective in oxidizing 1 to give 2 and/or 3 in very

good yields reaching up to 77% without the need of any special

additives/ligands. Attempts to optimize the catalytic amount of

CuCl2 are ongoing.

It is established that phenols can coordinate to copper to

form various phenolato copper complexes [22–25]. With the

present system, a mono and/or dinuclear complexes (Fig. 1)

can be suggested to operate. A plausible reaction pathway can

be proposed as shown in Scheme 2 [7,17,26,27]. Phenol 1 is

converted to the phenolate anion 5 under alkaline conditions

(K2CO3). A phenolato copper complex is formed by the

reaction between the phenolate anion 5 and CuCl2 (Fig. 1).

As a result to this complexation, the para-benzylic protons

are activated and a very reactive transitorily para-benzoqui-

none methide 6 is formed. The nucleophilic addition of i-

PrOH to the para-benzoquinone methide 6 leads to the

formation of intermediate 2. Addition of another molecule of

i-PrOH in the same fashion leads to the formation of an

intermediate ketal 7 which upon hydrolysis gives product 3.
2 These results have to be taken in a context of the accuracy of the measure-

ments of the yields from the 1H NMR spectra (�5%).
The identity of the phenolato copper complex is under

investigation.

4. Conclusion

3,5-Dimethyl-4-hydroxybenzaldehyde 3 was obtained in

yields up to 77% via selective oxidation of the less useful 2,4,6-

trimethylphenol 1 using catalytic or stoichiometric amounts of

CuCl2. The reaction proceeded smoothly without the need of

additive/ligands. Excess K2CO3 was found to inhibit the

formation of 3,5-dimethyl-4-hydroxybenzaldehyde 3 while

excess H2O2 was found to be beneficial. The favorable ratio of

the catalyst system was found to be 1:0.3:3 of CuCl2, K2CO3

and H2O2, respectively.
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