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Methoxybenzenes 1 were oxidized to phenols and/or p-benzoquin-
ones by dimethyldioxirane; in the presence of strong acids, the
intermediate phenols were effectively converted to the p-benzoqui-
nones 3.

Numerous guinones show pronounced bioactivity! and,
consequently, serve as important compounds in medi-
cine.? For example, trimethyl-p-benzoquinone and 2,3-
dimethoxy-5-methyl-p-benzoquinone are especially im-
portant as starting materials for the synthesis of vitamin
E and coenzyme Q, while 2-methy!-1,4-naphthoquinone
constitutes vitamin K5, a wide spread food additive in
animal feed. Therefore, efficient synthetic methods for
quinones have been sought for, especially the direct oxi-
dation of arenes.?

Dimethyldioxirane is a well-known selective oxidant;*
however, its oxidation power can sometimes be control-
led only with difficuity. For example, Crandall stated
that the complex product mixtures, which result in the
oxidation of simple phenols and anisoles, do not warrant
detailed study.’ Therefore, only the oxidation of hindered
phenols®*® or hydroquinones’ by dioxiranes has afforded
preparatively useful results.

Most oxidations of arenes to quinones have been carried
out under acidic conditions, for example, in acetic acid
as solvent. Since acid catalysis appears to play an im-
portant role in the conversion of arenes to quinones, it
was of interest to examine the oxidation of methoxybenz-
enes by dimethyldioxirane in the presence of acids. Pre-
sently we report a useful synthesis of p-benzoquinones
under these conditions (Scheme 1).
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The product distributions of the oxidation of methoxy-
benzenes 1 by dimethyldioxirane are shown in Table 1,
the spectral characterization in Table 2. When 1,3,5-tri-
methoxy-2-methylbenzene (1c¢), the arene derivative
investigated in greater detail, was treated with two equi-
valents of dimethyldioxirane in the presence of sulfuric
acid, the 2,6-dimethoxy-3-methyl-p-benzoquinone (3c)
was isolated in 50% yield (run 8). Other strong acids
were also effective for the formation of the benzoquinone
3c (runs 10 and 11), but a weak acid such as acetic acid
(run 12) and 12-molybdophosphoric acid (run 9) gave
only low yields of the benzoquinone 1¢. However, in the
absence of acid, the formation of the benzoquinone was
not oberved and 2,4,6-trimethoxy-3-methylphenol (2c)
was obtained in 27 % yield (run 6).

In the case of the other methoxybenzenes 1a,b,d, addition
of acid was also essential for the synthesis of the benzo-
quinones 3a,b,d. When acid was not added, in the case
of arene 1d, a complex, intractable mixture of oxidation
products was obtained (run 13). For arene 1a, the be-
nzoquinone 3a was isolated in low yield (run 1) with
substantial amounts (23 %) of 2-hydroxy-5-methoxy-3-
methyl-p-benzoquinone (4b), while for arene 1b only a
low yield (13 % at 95% conversion) of the hydroxyqui-
none 4a was obtained (run 3). The structure of the hy-
droxyquinone 4b was determined by 'H NMR analysis,
which revealed the disappearance of the 5-H signal for
the quinone 3b.

The rate of oxidation was significantly influenced by the
position of the methoxy groups in the arene. Since the
ortho and para positions of methoxybenzenes are reactive
toward electrophiles, the hydroxylation of the methoxy-
benzenes 1 by dimethyldioxirane is expected to occur at
these positions in view of the activating character exercis-
ed by methoxy groups. When the reactivities of the tri-
methoxybenzenes 1¢ and 1d are compared (runs 8 and
14), the 1,3,5-regioisomer 1c, in which the two identical
unsubstituted positions are activated by two ortho and
one para interactions with the three methoxy groups, was
more reactive than the 3,4,5-regioisomer 1d, for which
each one ortho, meta, and para interaction apply.

The phenols 2 (hydroquinone monomethyl ethers) pre-
sumably intervene as reaction intermediates in the oxi-
dation of the methoxybenzenes 1 to the benzoquinones
3. When a decreased amount of dimethyldioxirane to the
methoxybenzene 1c was employed, at low conversion
(17%) the phenol 2¢ was obtained in high yield (73 %)
even in the absence of acid (run 7). As a control experi-
ment, the phenol 2¢ was treated with dimethyldioxirane
in the presence of acid and, indeed, the benzoquinone 3¢
was isolated in high yield (77% at 100% conversion),
but in the absence of acid its yield was drastically lower
(23 % yield at 74 % conversion). Further control experi-
ments established that the benzoquinones 3 did not react
with dimethyldioxirane with or without acid (sulfuric
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Table 1. Dimethyldioxirane Oxidation of Methoxybenzenes 1 in the Presence of Acids®

Entry Arene Acid

Reaction Time Conv. (%) Mass Balance

Product Distribution,® Yield (%)°

(min) (%)
2 3 4
14 1a - 360 47 66 0 21(6) 79(23)
24 la H,S80, 60 48 62 0 76(16)  24(5)
3 1b - 300 95 17 0 0 100(13)
4 1b H,S0, 45 77 64 2(1) 85(45)  13(7)
5 1b HMP* 300 75 65 2(1) 93(50) 5(3)
6 lc - 30 96 30 100(27) 0 0
7f lc - 30 17 95 100(73) 0 0
8 lc H,S0, 60 100 50 0 100(50) ©
9 1c HMP* 30 100 23 0 100(23) 0
10 1e H,PO, 30 100 51 0 100(51) 0O
11 1c CF,CO,H 30 100 46 0 100(46) ©
12 1c AcOH 30 100 22 27(6) 73(16) 0
13 1d - 390 90 10 complex mixture
14 1d H,SO, 240 92 32 44(12) 56(15) O
158 1d H,S0, 120 84 49 54(21) 46(18) O

® Reaction conditions: Arene (1mmol), dimethyldioxirane
(2 mmol), acid (50 mg), acetone (40 mL), 0°C, N,.

* Normalized to 100 %.

¢ Yield of isolated product based on converted starting materials
is given in parenthesis.

¢ Dimethyldioxirane (3 mmol).

¢ HMP = H,PMo,,0,, - nH,0.
' Arene (2 mmol), dimethyldioxirane (0.47 mmol), — 15°C.
¢ At room temperature (ca. 20°C).

Table 2. Physical and Spectral Data of the Arene Oxidation Products 2, 3, and 4

Prod- mp (°C) Lit. IR (KBr) 'H NMR (CDCL,/TMS)
uct  (solvent)? mp (°C) v{em™Y) d, J (Hz)
2b 105-106 10714 3400 2.19 (s, 3H), 3.70 (s, 3H), 3.83 (s, 3H), 5.21 (s, 1H), 6.25(d, 1H, J= 0.4), 6.30 (d,
(Et,0/PE) 1H, J = 0.4)
2c oil oil!? 3520° 2.04 (s, 3H), 3.73 (s, 3H), 3.78 (s, 3H), 3.81 (s, 3H), 5.22 (s, 1H), 6.29 (s, 1H)
2d oil 16 3490° 2.22 (s, 3H), 3.80 (s, 3H), 3.88 (s, 3H), 3.96 (s, 3H), 5.47 (brs, 1H), 6.45 (s, 1H)
3a 176-177 175-17617 1660, 1640  2.08 (s, 3H), 3.81 (s, 3H), 5.94 (5, 1H), 6.56 (s, 1 H)
(CHCl;/MeOH)
3b 152-153 15318 1650, 1625  2.00 (s, 3H), 3.74 (s, 3H), 5.81 (s, 1H), 6.47 (brs, 1H)
(CHCl;/MeOH)
3¢ 124-125 125-126*° 1685, 1650  1.93 (s, 3H), 3.76 (s, 3H), 3.93 (s, 3H), 5.83 (s, 1H)
(PE)
3d 59 5916 1645, 1630 1.96 (s, 3H), 3.92 (s, 3H), 3.96 (s, 3H), 6.33 (s, 1H)
(PE)
4a 198199 20420 3240, 1650, 1.90 (s, 3H), 3.77 (s, 3H), 5.77 (s, 1H), 6.67 (s, 1H)
(PE) 1610
4b 154-155 155-156%1 3260, 1635, 1.90 (s, 3H), 3.83 (s, 3H), 5.81 (s, 1H), 7.3 (brs, 1H)
(Et,O/PE) 1630

? PE = Petroleum ether (bp 50-70°C).

acid) and these resistant substrates could be recovered
almost quantitatively. Therefore, the overoxidized pro-
ducts, such as the well-defined hydroxyquinones 4, were
not formed from the reaction of benzoquinones with
dimethyldioxirane. Nonetheless, treatment of the phenol
2b with one equivalent of dimethyldioxirane in the pre-
sence of sulfuric acid afforded after 85% conversion,
besides 47 % benzoquinone 3b, also 16 % hydroxyqui-
none 4b.

To rationalize these results, the oxidation mechanism
shown in Scheme 2 is proposed. First the methoxybenz-

® Measured in CCl,.

enes 1 are oxidized by dimethyldioxirane to the phenols
2, which are subsequently converted to the p-benzoqui-
nones 3. Since the p-benzoquinones 3, once formed, are
difficult to be further oxidized by the dimethyldioxi-
rane,*® we suggest that the hydroxyquinones 4 derive
from competitive epoxidation of the phenol 2 to the arene
oxides,® NIH shift,® and subsequent oxidation. The fa-
vorable role of the acid is to promote ring opening of

the intermediary arene oxides to the p-benzoquinones
3.1
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Scheme 2

In summary, the novel utilization of acid-catalyzed di-
methyldioxirane oxidation of methoxybenzenes 1 affords
the corresponding p-benzoquinones 3 in good yields.
Since dimethyldioxirane directly hydroxylates methoxy-
benzenes 1 to the corresponding phenols 2 with significant
overoxidation to the respective hydroxyquinones 4, the
advantage of the acid lies mainly in the controlled and
selective oxidation of the intermediary phenols 2 to the
p-benzoquinones 3.

All reagents were of commercial quality. IR spectra were recorded
on a Perkin-Elmer 1420 spectrometer and *H NMR spectra were
measured on Bruker AW80 or Bruker AC 250 spectrometers.
Melting points were determined on a Biichi SMP 20 melting point
apparatus.

Dimethyldioxirane (as acetone solution) was prepared as describ-
ed.!! 1,2-Dimethoxy-4-methylbenzene!? (1a) and 1,3-dimethoxy-
5-methylbenzene (1b)!3 were prepared analogous to the reported
methods.

Oxidation of Methoxybenzenes 1 to p-Benzoquinones 3; General
Procedure.

The required amount of the solution of dimethyldioxirane in acetone
(0.062-0.085 M), which was dried over molecular sieves (4 A) at
—20°C, was added rapidly under N, atmosphere to a solution of
the appropriate methoxybenzene la—d (1 mmol) and an acid
(50 mg) in acetone (40 mL). The mixture was stirred at ca. 0°C
(ice-water bath) for 30—390 min and diluted with H,O. The products
were extracted with CH,Cl, (3 x 10 mL), the combined organic
layers dried (MgSO,), and the solvent was evaporated (ca. 20°C/20
Torr). The oxidation products were separated by silica gel chroma-
tography with CH,Cl,, CH,Cl,/acetone/MeOH (100:5:1), or
CH,Cl,/EtOAc (20: 1) as eluents (Tables 1 and 2).
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