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The Oxidation of 2,4,6-Trimethylphenol with Molecular Oxygen Catalyzed
by a Copper(II)-Oxime or Copper(II)-Amine System"
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2,4,6-Trimethylphenol (1a) was selectively oxidized to 3,5-dimethyl-4-hydroxybenzaldehyde (2a) by molec-
ular oxygen in the presence of a copper(II) chloride-oxime or copper(II) chloride-amine catalyst in alcohol at
ambient temperature. When an acid was present in the catalyst system, the formation of both 2,6-dimethyl-p-
benzoquinone (3) and a formaldehyde dialkyl acetal was accelerated. It is likely that 2a is produced by way of
the formation of a quinonemethide intermediate, followed by a repeated 1,6-addition of alcohol on the intermedi-
ate to form a 4-(alkoxymethyl)-2,6-dimethylphenol (5a), and then 3,5-dimethyl-4-hydroxybenzaldehyde dialkyl
acetal, which would be hydrolyzed to 2a. When the reaction time was shortened, 5a was isolated in good yield.
Oxidations of the other p-methyl-substituted phenols were also examined using the present oxidation system.

p-Hydroxybenzaldehydes are important intermedi-
ates in the industrial synthesis of a wide variety of spe-
cial chemicals, such as pharmaceutical chemicals, fla-
vor and fragrance chemicals, dyes, polymers, and agro-
chemicals; several processes for p-hydroxybenzaldehyde
synthesis have so far been developed.? Although the p-
hydroxybenzaldehydes can be synthesized by a Reimer-
Tiemann reaction of chloroform with phenol,® or a con-
densation of phenol with formaldehyde® or glyoxylic
acid,® a direct conversion of p-methyl-substituted phe-
nols to p-hydroxybenzaldehydes is attractive and several
methods have been proposed:? chlorination followed by
hydrolysis, stoichiometric oxidation with inorganic oxi-
dants, electric/electrocatalytic oxidations, and catalytic
oxygen transfer with some oxygen donors. The most
promising method seems to be catalytic oxidation with
molecular oxygen; several attempts have been made to
realize it: p-cresols are oxidized with molecular oxygen
to the corresponding p-hydroxybenzaldehydes in the
presence of a catalytic amount of cobalt(II) Schiff base
complexes® or cobalt(II) chloride.”> However, yields of
the p-hydroxybenzaldehydes in oxidation assisted by
Schiff base complexes were low (at most 48%), and a
long reaction time and strongly basic conditions were
required in oxidation assisted by cobalt(II) chloride. We
herein describe a novel and effective oxidation of 2,4,6-
trimethylphenol to the corresponding p-hydroxybenzal-
dehyde with molecular oxygen assisted by a copper(II)-
amine catalyst.

Results and Discussion

In preceding papers” we reported that the oxida-
tion of 2,3,6-trimethylphenol to trimethyl-p-benzoqui-
none with molecular oxygen was effectively catalyzed
by copper(1I) chloride coupled with amines, hydroxyl-
amines, or oximes. In this oxidation the other p-unsub-
stituted phenol, such as 2,6-dimethylphenol, was also
oxidized to the corresponding p-benzoquinone in good
yield. We have now applied this system to the oxida-
tion of p-substituted phenols, i.e., 2,4,6-trimethylphenol
(1a).

Effect of the Various Additives. = The results
of the oxidation of 1a with molecular oxygen catalyzed
by several copper(II)-additive systems are shown in Ta-
ble 1. A typical oxidation result is illustrated as follows:
1a (2 mmol) was stirred with copper(II) chloride dihy-
drate (0.2 mmol) and diethylamine (0.2 mmol) in 1-
hexanol (2 ml) at 60°C for 4 h under an oxygen at-
mosphere (114.7 kPa); 3,5-dimethyl-4-hydroxybenzal-
dehyde (2a) was obtained in 77.7% yield, along with
2,6-dimethyl- p-benzoquinone (3, 3.7% yield) (Run 3)
(Scheme 1). The products were identified by compar-
ing the IR and NMR spectra with those of authentic
samples. Copper(II) chloride alone (Run 1) and cou-
pled with lithium chloride (Run 2) showed low activity,
and 2a was obtained in 2.7% and 3.5% yield, respec-

Table 1.  Oxidation of la with a CuClz-2H;0-
Additive/O, System

Run Additive Rate®  Time Conv. Yield/%
No. mmolh™! min % 2a 3
1 — 0.144 300 400 2.7 2.7
2 LiCl 0.155 300 45.6 3.5 1.8
3  Et,NH 0.815 240 97.6 77.7 3.7
4  Et;NH-HC] 0.497 300 95.0 44.5 4.2
5 Me;C=NOH 2.92 54 98.7 85.6 6.1
6 Me,C=NOH+HCI® 1.70 120 93.6 52.1 21.9
7  NH;OH-HCI 3.40 54 94.5 47.9 27.4
8  NH,OH-0.5H,SO, 2.81 54 96.5 61.6 15.9

a) 1la, 2 mmol; CuClz-2H20, 0.2 mmol; additive, 0.2
mmol; 1-hexanol, 2 ml; reaction temperature, 60°C; oxy-
gen pressure, 114.7 kPa. b) Maximum rate of oxy-
gen consumption. c¢) Hydrochloric acid (0.2 mmol, 36%
aqueous solution) was added.

OH  CuCle2H,0 OH o
Me Me amine Me Me Me Me
0,
alcohol *
Me CHO
1a 2a 3
Scheme 1.
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tively. The effect of the addition of lithium chloride
was not so clear as that observed in the oxidation of 2,
3,6-trimethylphenol.” The use of diethylamine alone as
an additive (Run 3) resulted in a large increase in activ-
ity, while diethylamine hydrochloride (Run 4) caused a
substantial decrease in activity. Similarly, the addition
of hydrochloric acid into a catalyst system of copper-
(IT) coupled with acetone oxime, which showed a very
high activity in this oxidation (Run 5), caused clear de-
creases in both the selectivity to 2a and the reaction
rate (Run 6). Thus, the presence of acid was not favor-
able for the selective oxidation of 2,4,6-trimethylphenol
(1a) to the p-hydroxybenzaldehyde (2a), but rather ac-
celerated the formation of p-benzoquinone (3), together
with bis(hexyloxy)methane (4) (Run 6).

In the oxidation of 2,3,5-trimethylphenol to trimeth-
yl-p-benzoquinone with a catalyst system of copper(II)
chloride coupled with acetone oxime, the addition of an
acid, such as hydrochloric or sulfuric, largely enhanced
the activity of the catalyst.” When hydroxylamine hy-
drochloride or sulfate was used as the additive (Runs 7
and 8) in the present oxidation, although a very high
rate of oxygen consumption was observed, the aldehyde
2a was obtained in lower yield than when an amine or
oxime alone was employed as additive. In these cases
the presence of an acid also accelerated the formation of
3. It is thus likely that the acid in the present catalyst
system accelerates p-benzoquinone formation by way of
oxygen incorporation onto the aromatic ring.

Effects of the Ratio of Additives to the
Copper(II) Catalyst. The effects of the amount of
amines or acetone oxime as additives are shown in Ta-
ble 2. Secondary amines, such as diethylamine or dipro-
pylamine, were more preferable than tertiary amines,
such as triethylamine, for producing 2a. When dieth-
ylamine was employed as an additive (Runs 3, 9, and
10), the oxygen consumption rate increased with an in-
creasing amount of diethylamine added. Interestingly,
the yield of 2a showed a maximum value at an equimo-

Table 2. Oxidation of la with a CuClz-2H;0-
Additive/O, System

Run Additive Rate® Time Conv. Yield/%
No. (mmol) mmol h™!  min % 2a 3a
9 Et;NH(0.1) 0.498 300 98.2 71.0 2.1
3 Et;NH(0.2) 0.815 240 97.6 77.7 3.7
10 Et;NH(0.3) 1.92 120 982 — 14
11 n-Pr,NH(0.2) 1.03 180 96.4 75.0 5.4
12 n-ProNH(0.4) 3.14 120 100 27 —
13  Et3N(0.2) 1.73 212 95.1 42.1 3.7
14 EtsN(0.4) 1.94 180 100 157 —
15 MeC=NOH(0.2) 2.92 54 98.7 85.6 6.1
16 Me,C=NOH(0.4) 3.75 45 97.5 91.7 5.0
17  Mep;C=NOH(0.6) 4.46 37 100 89.9 6.5

a) la, 2 mmol; CuClz-2H20, 0.2 mmol; 1-hexanol, 2 ml;
reaction temperature, 60°C; oxygen pressure, 114.7 kPa.
b) Maximum rate of oxygen consumption.
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lar amount of diethylamine to the catalyst (Run 3); it
then rapidly decreased upon a further addition of di-
ethylamine (Run 10). A further increase in the dieth-
ylamine vs. copper(II) ratio resulted in no production
of 2a, even though the rate of oxygen consumption still
increased. The use of an excess amount of the amine
to copper(II) caused the formation of a reddish-brown
precipitate in the reaction solution (Run 10), suggest-
ing the occurrence of an oxidative polymerization of the
phenol. Similar phenomena, i.e., an unfavorable effect
due to an excess amount of the amine to the copper(1I),
were also observed when other amines, such as dipro-
pylamine and triethylamine, were employed (Runs 11—
14).

The UV-vis absorption spectra of a copper(II) chlo-
ride-diethylamine system in ethanol are shown in Fig. 1.
Upon the addition of diethylamine to a solution of
copper(II) chloride in ethanol, a clear change was ob-
served in the spectra: An absorption maximum was ob-
served at 290 nm with CuCl,-2H>O alone, and shifted
toward lower wavelengths, i.e., 265, 260, and 250 nm
at molar ratios of diethylamine to copper(II) chloride
of 0.5, 1.0, and 2.0, respectively. When the molar ra-
tio exceeded a value of 2.0, the absorption maximum
still kept a constant wavelength at 250 nm, and a new
absorption maximum appeared at 370 nm. A further
increase in the molar ratio caused the precipitation of
a purple solid material in the solution during the UV-
vis absorption measurement. It is likely that the pre-
cipitate was CuCly(Et2NH)s, which was also obtained
by the addition of an excess amount of diethylamine
to the solution of copper(II) chloride in ethanol. When
copper(II) chloride dihydrate is dissolved in ethanol, hy-
drating water molecules can be replaced by ethanol to
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Fig. 1. UV-vis spectra of CuCly-2H20-diethylamine
in ethanol. CuClz-2H0, 0.5 mmoldm™?; 25°C.
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give CuCly(EtOH),. The spectral changes mentioned
above suggest that a ligand exchange between ethanol
and diethylamine on the copper(Il) complexes occurs
upon the addition of diethylamine, and that the re-
action reaches an equilibrium state depending on the
amine/copper(II) molar ratio when increasing the molar
ratio up to 2.0. Finally, Cu(II)(Et;NH)5Cly can form
at molar ratios above 2.0. In view point of the catalytic
activity, however, an active catalyst may require a non-
coordinated site as well as amine coordination on the
copper(II) complexes. It is therefore likely that Cu(II)-
(EtoNH)(EtOH)Cl; is the active species in the present
oxidation of la to 2a, since ethanol is a weak ligand,
and can easily be liberated from the complex to give a
non-coordinated site on it.

When the molar ratio of acetone oxime to copper(II)
chloride was increased, the rate of oxygen consumption
simply increased, and both the high yield and high se-
lectivity of 2a were still retained, even at high molar
ratios above 2.0 (Runs 15—17). The likely acetone ox-
ime works as an additive in a different way from the
case of the amines: Acetone oxime can be hydrolyzed
into acetone and hydroxylamine; the latter can work as
effective additive, as was previously reported regarding
the case of 2,3,6-trimethylphenol oxidation.” In these
oxidations the presence of an acid also caused a great
decrease in the yield of 2a.

Solvent Effect. = The oxidations of 2a were car-
ried out in several kinds of alcohols by using a catalyst
system of copper(II) chloride coupled with acetone ox-
ime; the results are shown in Table 3. Primary alcohols
as solvent generally afforded both a high oxidation rate
and a good yield of 2a, even though alcohols having a
short alkyl chain (methanol and ethanol) gave some ex-
ceptional results (Runs 18 and 19). However, secondary
and tertiary alcohols showed only a low oxidation rate.
These results were perfectly different from those ob-
served in copper(II) chloride catalyzed 2,3,6-trimethyl-
phenol oxidation;” rather highly substituted alcohols,

Table 3. Solvent Effect on the Oxidation of 1a with
a CuCly-2H,0-Acetone Oxime/O2 System

Run Solvent Temp Rate® Time Conv. Yield/%
No. °C mmol h™' min % 2a 3a
18 MeOH 40 0.102 300 436 81 —
19 EtOH 40 0.695 300 97.3 55.4 3.1
20 n-PrOH 40 0.965 248 100 78.4 4.3
21 n-BuOH 40 1.24 195 100 77.2 3.5
22 n-BuOH 60 2.60 8 100 81.7 3.3
23  t-BuOH 40 0.196 300 403 219 —
24 t-BuOH 60 0.212 300 62.3 42.2 —
25 n-Ce¢Hi130H 40 0.955 195 97.6 73.0 2.7
26 n-CeHi30H 60 1.82 120 100 82.5 2.9
27 +-BuOH 60 2.77 8 100 &83.0 5.8

a) 1la, 2 mmol; CuClz-2H20, 0.1 mmol; Mey;C=NOH,
0.2 mmol; solvent, 2 ml; oxygen pressure, 114.7 kPa.
b) Maximum rate of oxygen consumption.
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such as t-butyl alcohol, afforded both a high oxidation
rate and a good yield of trimethyl-p-benzoquinone, com-
pared to primary alcohols. The facts that methanol and
ethanol retarded the oxidation (Runs 18 and 19) might
be due to their stronger coordination ability to copper-
(II) than 1-propanol and 1-butanol (Runs 20 and 21).
The difference in the solvent effect observed above, be-
tween 1a to 2a and 2,3,6-trimethylphenol to trimethyl-
p-benzoquinone oxidations, clearly suggests that the re-
action mechanisms differ from each other in both cases.
A high reaction temperature was clearly favorable for
2a production: An increase of 20°C in the reaction
temperature caused an increase in the oxidation rate,
greater than two times as high as the original value
(Runs 21 and 22, 25 and 26). Similar tendencies were
also observed when amines were employed as an addi-
tive. The use of acetonitrile as a solvent resulted in the
precipitation of a reddish-brown solid material which
might be formed by an oxidative polymerization of the
phenol.

Reaction Mechanism. The time course of the
oxidation of la with molecular oxygen catalyzed by
the copper(II) chloride-acetone oxime system in 1-hex-
anol was followed by analyzing the reaction products
(Fig. 2). 2,6-Dimethyl-4-(hexyloxymethyl)phenol (5aa)
appeared and increased in its amount, reaching a max-
imum value at the initial stage of the oxidation, then
decreased and was finally replaced by 2a during oxida-
tion. 2,6-Dimethyl-p-benzoquinone (3) and bis(hexyl-
oxy)methane (4) were detected, and increased even in
small quantities during the entire reaction time. When
isolated 5aa was treated under the oxidation conditions
in 1-hexanol, 2a was obtained in 53% yield. Most likely,
(alkoxymethyl)phenol 5a is an intermediate in the oxi-
dation of phenol 1 to aldehyde 2 with molecular oxygen

3.0
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Time (min)
Fig. 2. Time course of 1la oxidation with a copper-

(II) chloride-acetone oxime catalyst. 1la, 2 mmol;
CuCl;+2H-0, 0.1 mmol; acetone oxime, 0.2 mmol; 1-
hexanol, 2 ml; oxygen pressure, 114.7 kPa; 40°C.
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being catalyzed by using the copper(II) chloride-ace-
tone oxime system. When la was oxidized in the pres-
ence of an acid, i.e., with the copper(II) chloride-hy-
droxylamine hydrochloride catalyst in 1-hexanol, 5a
was not produced and the amounts of both 3 and 4 sub-
stantially increased along with a decrease in the yield
of 2a.

A plausible mechanism for the oxidation of la is
shown in Scheme 2. Phenol 1a is converted to a phen-
oxyl radical, which tautomerizes to a 2,5-cyclohexadien-
4-one radical 6 by way of a one-electron transfer to
copper(I1); thus-formed copper(I) ion activates molec-
ular oxygen. The radical species 6 reacts with the ac-
tivated oxygen species to produce 7. When an acid
is absent in the oxidation system, 7 would be initially
converted to a quinonemethide intermediate (8), as re-
ported in the literature;® 5a was then formed by a 1,6-
addition of alcohol to the quinonemethide intermediate.
These steps can be repeated once more upon 5a to form
an acetal (9) which would be easily hydrolyzed to 2a.
A small part of 9 is oxidatively decomposed to 3 and
4. When an acid is present in the oxidation solution, 7
would be protonated to its hydroperoxide, which is then
converted to the p-benzoquinone 3. Thus, the presence
of an acid is favorable for the p-benzoquinone formation
in the present la oxidation, as was previously reported
concerning the oxidation of 2,3,6-trimethylphenol.”

Synthesis of 4-(Alkoxymethyl)phenols.  Al-
though there are many synthetic methods of substituted
phenols,” 4-(alkoxymethyl)-2,6-dimethylphenols have
been synthesized by only a few methods.!® As shown
in Fig. 2, the yield of 5aa reached a maximum value
when the amount of oxygen consumed reached almost
half the equivalent of the starting phenol. Thus, a syn-
thesis of 4-(alkoxymethyl)phenols was attempted by in-
terrupting the oxidation while monitoring the oxygen
consumption. As shown in Table 4, 4-(alkoxymethyl)-
2,6-dimethylphenols were synthesized in various alco-
hols together with a small amount of 3,5-dimethyl-4-
hydroxybenzaldehyde 2a. The oxidation in primary
alcohols (Runs 28, 29, 30, 32, 34, and 35) produced 5a
in better yields than those in secondary and tertiary
alcohols; secondary and tertiary alcohols afforded a rel-
atively high selectivity to 2a (Runs 31, 33, 35, and 39).
When oxidation was carried out in methanol (Run 28),
it took a long reaction time to consume enough oxygen
and to complete the oxidation of 1a to 2,6-dimethyl-4-
(methoxymethyl)phenol. The oxidation of 1a for a long
reaction time resulted in a perfect conversion of 5a to
2a (Runs 35 and 36). When 2-butanone oxime (Run 37)
and diethylamine (Run 38) were employed in 1-hexanol
instead of acetone oxime, 5a were also obtained in rel-
atively low yield. Thus, the synthesis of various 4-(alk-
oxymethyl)-2,6-dimethylphenols was achieved in good
yields starting from 1la.

Oxidations of the other Substituted Phenols.
The other 2,4,6-trisubstituted phenols were oxidized
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Table 4. Oxidation of 1la with a CuCly-2H20-Ace-
tone Oxime/O, System

Run Alcohol Time Conv. Yield/%

No. min % Ba(Product) 2a
28  Methanol 360 79 64(5ab) 4
29  Ethanol 99 73 59(5ac) 4
30 1-Propanol 65 76 60(5ad) 6
31 2-Propanol 44 74 45(5ae) 21
32 1-Butanol 65 73 55(5af) 6
33 ¢-Butyl alcohol 420 76 12(5ag) 10
34 1-Pentanol 68 89  61(5ah) 24
35 1-Hexanol ' 67 90 63(5aa) 14
36 1-Hexanol 360 100 0 87
37 1-Hexanol® 42 95  55(5aa) 23
38 1-Hexanol® 90 89 51(5aa) 13
39  Cyclohexanol 300 62 51(5ai) 10

a) la, 2 mmol; CuClz-2H20, 0.2 mmol; ace-
tone oxime, 0.2 mmol; alcohol, 2 ml; 40°C; oxygen pres-
sure, 114.7 kPa. b) 2-Butanone oxime was used instead
of acetone oxime. c¢) Diethylamine was used instead of
acetone oxime.

with molecular oxygen by using the copper(II) chloride-
acetone oxime catalyst in alcohol; the results are shown
in Table 5 (Scheme 3). 2-tButyl-4,6-dimethylphenol
(1b) was oxidized in ethanol to afford 2-t-butyl-4-(eth-
oxymethyl)-6-methylphenol (5bc), along with the cor-
responding p-hydroxybenzaldehyde (2b) (Run 40). On
the other hand, although 2,6-di-#-butyl-4-methylphenol
(1c) was completely consumed, it afforded neither the
4-(alkoxymethyl)phenol (5c¢) nor the 4-hydroxybenzal-
dehyde (2c) in ethanol (Run 41). When the amount
of ethanol was increased to 5 ml, 1lc gave 3,5-di-t-
butyl-4-hydroxybenzaldehyde (2c) in low yield (Run
42). Furthermore, decreasing the amount of catalyst
(CuCly-2H50: 0.01 mmol, acetone oxime: 0.1 mmol)
caused the formation of 2,6-di-tbutyl-4-(ethoxymeth-
yl)phenol (5¢cb) as the main product in 61% yield (Run
43); the use of 1-hexanol also afforded 2,6-di-#butyl-
4-(hexyloxymethyl)phenol (Run 44). However, in the
case of 2,4-disubstituted phenols (1d, e), no 4-(alkoxy-
methyl)phenols were obtained (Runs 46 and 47): 2-t
Butyl-4-methylphenol (1d) gave a dimer which is cou-
pled at the ortho position of each phenol ring.!?)

Conclusion. The oxidation of 2,4,6-trimethyl-
phenol with molecular oxygen catalyzed by the copper-
(IT) chloride-acetone oxime system selectively occurred
on the p-methyl group to yield 3,5-dimethyl-4-hy-
droxybenzaldehyde in high yield. The aldehyde can
be formed by way of a quinonemethide intermediate,
followed by the formation of 4-(alkoxymethyl)-2,6-di-
methylphenol; the latter can also be isolated in good
yield by interrupting the oxidation.

Experimental

The melting points were determined on a Yanagimoto
micro-melting apparatus. HNMR spectra were obtained
with a Hitachi R-40 High-Resolution NMR Spectrometer (90
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Table 5. Oxidation of p-Substituted Phenols with a CuCly-2H,O-Acetone Oxime/Oz System

Run Phenol R* CuClp-2H,0 MexC=NOH Alcohol Time Conv. Yield/%(Product)
No. mmol mmol ml min % 5 2

40 1b Et 0.2 0.2 2 85 83 49(5bc)  5(2b)
41 1c Et 0.2 0.2 2 30 100 — —
42 1c Et 0.2 0.2 5 300 98 — 10(2¢)
43 1c Et 0.01 0.1 5 300 87 61(5cc)  5(2c)
44 1c Me 0.01 0.1 5 300 45 25(5¢b) —
45 1c  1-Hexyl 0.1 0.1 5 300 81 19(5ca)  5(2c)
46 1d Et 0.2 0.2 2 155 62 — —
47 le Et 0.2 0.2 2 160 72 — —

a) Phenol, 2 mmol; 40°C; oxygen pressure, 114.7 kPa. b) A dimer!l) was obtained in 13% yield.

OH CuCl,*2H,0 OH OH
R! R® Me,C=NOH R! R® R R
O, +
R*OH
R? CH,OR* CHO
1 5 2
R'_R* R R' R* R* R' R?
b +tBu Me Me bec +Bu Me Et b +Bu Me
¢ tBu Me tBu ca +tBu +Bu C¢His ¢ tBu +Bu
d +tBu Me H cb #Bu t+Bu Me
e Me Me H cc +Bu +Bu Et

Scheme 3.

MHz) with tetramethylsilane used as an internal standard.
IR spectra were recorded on a JASCO FT/IR-7000 Fourier
Transfer Infrared Spectrometer. UV-vis spectra were ob-
tained with a Shimadzu UV-265 Spectrophotometer. Gas
chromatographic analyses were performed on a Shimadzu
GC-R1A gas chromatograph fitted with a Thermon 3000

column.

General Procedure for the Oxidation of Phenols.
The oxidations were carried out using a gas-sealed system. A
phenol (2 mmol), copper(II) chloride dihydrate (0.2 mmol),
and an additive (0.2 mmol) were put into a 10 ml glass
reactor equipped with a magnetic stirrer, a gas inlet, and
a manometer. A solvent (2 ml) was added to the mixture
and the reaction was started with vigorous stirring under
an oxygen atmosphere (114.7 kPa) at 60°C. The amount
of consumed oxygen was measured by a gas burette. The
yields of the products were determined by a GLC method.

Preparation of CuClz(Et:NH);.  To a solution of
copper(II) chloride dihydrate (0.5 mmol) in ethanol(5 ml)
was added diethylamine (2.0 mmol) in ethanol (5 ml). Af-
ter the mixture was stirred at room temperature for 2 h, a
precipitated crystalline was collected and recrystallized from
benzene. Mp 130—132°C (lit,'? 140°C); IR (KBr) 3236,
2972, 1468, 1390, 1075, 1035, 850, 814, 455 cm™'. Found:
C, 33.77; H, 7.86; N, 9.73%. Calcd for CgH22ClaCuNa2: C,
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34.23; H, 7.90; N, 9.98%.

Synthesis of 5a with a CuCl;-2H,0-Acetone Ox-
ime/0O; Oxidation System. The oxidations were carried
out using a gas-sealed system. A phenol (2 mmol), copper-
(II) chloride dihydrate (0.2 mmol), and acetone oxime (2
mmol) were put into a 10 ml glass reactor equipped with
a magnetic stirrer, a gas inlet, and a manometer. A sol-
vent (2 ml) was added to the mixture and the reaction was
started with vigorous stirring under an oxygen atmosphere
(114.7 kPa) at 40°C. The amount of oxygen consumed was
measured by a gas burette. The reaction was stopped at
the time when 1 mmol of oxygen was consumed. Products
were chromatographed on silica gel with a dichloromethane
or benzene-ethyl acetate (1:10) mixture as an eluent. The
yields of the products were determined by isolation.

2,6-Dimethyl-4-(hexyloxymethyl)phenol  (5aa).
Bp 185 °C/133 Pa; 'HNMR (CDCl3) §=0.7—0.9 (m, 3H),
1.2—1.8 (m, 8H), 2.17 (s, 6H), 3.43 (t, 2H, J=7 Hz), 4.33 (s,
2H), 4.84 (s, 1H), 6.91 (s, 2H); IR (neat) 3398, 2932, 1491,
1201, 1151, 1087, 870 cm™!. Found: C, 76.12; H, 10.27%.
Caled for C15H2402: C, 76.22; H, 10.24%.

2,6-Dimethyl-4-(methoxymethyl)phenol  (5ab).
Mp 52—54°C (lit,}°?) 52—53°C); 'H NMR, (CDCls) §=2.14

(s, 6H), 3.31 (s, 3H), 4.28 (s, 2H), 5.46 (s, 1H), 6.89 (s, 2H);

IR (KBr) 3286, 2918, 1493, 1388, 1228, 1158, 1075, 944, 899,
870 cm 1.

4-(Ethoxymethyl)-2,6-dimethylphenol (5ac). Mp
30—32°C (lit,'°® 36—37°C); 'HNMR (CDCls) §=1.21 (t,
3H, J=7 Hz), 2.17 (s, 6H), 3.49 (q, 2H, J=7 Hz), 4.33 (s,
2H), 4.38 (s, 1H), 6.92 (s, 2H); IR (CHCls) 3612, 3010, 1491,
1199, 1152, 1093 cm™ 1.

2,6-Dimethyl-4-(propoxymethyl)phenol (5ad).
Bp 115°C/133 Pa; '"HNMR (CDCl3) 6§=0.90 (t, 3H, J=7
Hz), 1.60 (hex, 2H, J=7 Hz), 2.16 (s, 6H), 2.39 (t, 2H, J=7
Hz), 4.32 (s, 2H), 4.9 (s, 1H), 6.90 (s, 2H); IR (neat) 3388,
2966, 1491, 1203, 1152, 1079, 868 cm™!. Found: C, 74.14;
H, 9.48%. Calcd for C12H1302: C, 74.19; H, 9.34%.

2,6-Dimethyl-4- (isopropoxymethyl)phenol (5ae).
Bp 120°C/133 Pa; mp 37—38°C; 'HNMR (CDCls) §=1.20
(d, 6H, J=7 Hz), 2.26 (s, 6H), 3.67 (sept, 1H, J=7 Hz), 4.33
(s, 2H), 4.98 (s, 1H), 6.90 (s, 2H); IR (KBr) 3312, 2974, 1491,
1332, 1218, 1125, 1040 cm™!. Found: C, 74.35; H, 9.51%.
Calcd for C12H1802: C, 74.19; H, 9.34%.

4-(Butoxymethyl)-2,6-dimethylphenol (5af). Bp
127°C/133 Pa; "HNMR (CDCls) 6=0.89 (t, 3H, J=7 Hz),
1.1—1.8 (m, 4H), 2.17 (s, 6H), 3.43 (t, 2H, J=7 Hz), 4.33 (s,
2H), 4.99 (s, 1H), 6.90 (s, 2H); IR (neat) 3408, 2962, 1491,
1201, 1152, 1083, 868 cm~!. Found: C: 74.68, H: 9.63%.
Calcd for C13H2002: C, 74.96; H, 9.68%.

4- (t- Butoxymethyl)- 2, 6- dimethylphenol (5ag).
Bp 130°C/133 Pa; Mp 85—87°C; "HNMR (CDCls) 6=1.27
(s, 9H), 2.14 (s, 6H), 4.26 (s, 2H), 4.90 (s, 1H), 6.87 (s,
2H); IR (KBr) 3286, 2974, 1491, 1365, 1191, 1050, 1006,
859 cm~!. Found: C, 74.87; H, 9.75%. Calcd for C13H2002:
C, 74.96; H, 9.68%.

2, 6- Dimethyl- 4- (pentyloxymethyl)phenol (5ah).
Bp 151 °C/133 Pa; 'HNMR (CDCl3) 6=0.88 (t, 3H, J=17
Hz), 1.2—1.7 (m, 6H), 2.15 (s, 6H), 3.43 (t, 2H, J=7 Hz),
4.33 (s, 2H), 5.07 (s, 1H), 6.90 (s, 2H); IR (neat) 3412, 2936,
1491, 1203, 1152, 1087, 866 cm™!. Found: C, 75.36; H,
10.16%. Calcd for C14H2202: C, 75.63; H, 9.98%.

4-(Cyclohexyloxymethyl)-2,6-dimethylphenol (5ai).
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Mp 54—55°C (from hexane); '"HNMR (CDCls) §=1.0—
2.1 (m, 10H), 2.14 (s, 6H), 3.2—3.4 (m, 1H), 4.35 (s, 2H),
5.02 (s, 1H). 6.88 (s, 2H); IR (KBr) 3308, 2932, 1491, 1220,
1154, 1069, 868 cm~!. Found: C, 76.84; H, 9.51%. Calcd
for C15H2202: C, 76.88; H, 9.47%.
2-t-Butyl-4-(ethoxymethyl)-2-methylphenol (5bc).
Mp 62°C (from pentane); 'HNMR (CDCl;) §=1.22 (t, 3H,
J=7 Hz), 1.39 (s, 9H), 2.20 (s, 3H), 3.51 (q, 2H, J=7 Hz),
4.37 (s, 2H), 4.81 (s, 1H), 7.00 (s, 1H), 7.10 (s, 1H); IR (KBr)
3390, 2954, 1483, 1350, 1180, 1079, 864 cm™*. Found: C,
75.73; H, 10.12%. Calcd for C14H2202: C, 75.63; H, 9.98%.

3- t-Butyl-4-hydroxy-5-methylbenzaldehyde (2b).
Mp 150—151°C (from hexane); 'HNMR (CDCls) §=1.42
(s, 9H), 2.31 (s, 3H), 5.73 (s, 1H), 7.57 (s, 1H), 7.71 (s, 1H),
9.83 (s, 1H); IR (KBr) 3234, 2960, 1669, 1576, 1305, 1263,
1176, 923 cm™!. Found: C, 74.85; H, 8.48%. Calcd for
C12H1602: C, 74.96; H, 8.39%.

3,5-Di-t-butyl-4-hydroxybenzaldehyde (2c). Mp
189—190°C (from ethyl acetate) (lit,'® 185—187°C);
IHNMR (CDCls) 6§=1.46 (s, 18H), 5.84 (s, 1H), 7.74 (s,
2H), 9.89 (s, 1H).

2, 6- Di- t- butyl- 4- (hexyloxymethyl)phenol (5ca).
Bp 190°C/133 Pa; 'HNMR (CDCl3) §=0.8—1.5 (m, 11H),
1.40 (s, 18H), 3.45 (t, 2H, J=7 Hz), 4.36 (s, 2H), 5.10 (s,
1H), 7.10 (s, 2H); IR (neat) 3648, 2960, 1437, 1363, 1236,
1158, 1100, 876 cm™!. Found: C, 78.68; H, 11.41%. Calcd
for 021H3602: C, 78.69; H, 11.32%.

3, 5- Di- - butyl- 4- (methoxymethyl)phenol (5cb).
Bp 136°C/133 Pa; mp 98—99.5°C (lit,'*) 99.5°C); 'HNMR
(CDCls) §=1.45 (s, 18H), 3.36 (s, 3H), 4.32 (s, 2H), 5.15 (s,
1H), 7.12 (s, 2H); IR (KBr) 3548, 2958, 1435, 1379, 1238,
1098, 973, 872 cm™!.

2,6-Di-t-butyl-4-(ethoxymethyl)phenol (5¢cc). Bp
143°C/133 Pa; "HNMR (CDCls) 6=1.22 (t, 3H, J=7 Hz),
1.41 (s, 18H), 3.54 (q, 2H, J=7 Hz), 4.36 (s, 2H), 5.13 (s,
1H), 7.14 (s, 2H); IR (neat) 3648, 2962, 1437, 1236, 1098, 868
cm™!. Found: C, 76.87; H, 10.68%. Calcd for C17H2502:
C, 77.22; H, 10.67%.
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