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A Facile Method for Regiospecific Hydroxylation of
Resorcinol Diethers

M. SREBNIK, R. MECHOULAM*

Department of Natural Products, Hebrew University, School of Phar-
macy, Jerusalem, 1srael

An early stage in the reaction of peroxyacids with alkyl aryl
ethers appears to be hydroxylation, possibly by electrophilic
attack. It has been postulated that, in most cases, the alkoxy-
phenols thus obtained are more reactive than the starting ma-
terials and are preferentially oxidized to the corresponding
quinones” >3,

We report now that 1,3-dimethoxybenzene (1a) and a number
of its 5-alkyl derivatives (1b-d) as well as the ditetrahydropy-
ran-2-yl diether of olivetol (3) and the 2-alkylolivetol diether
1le, when oxidized with m-chloroperbenzoic acid in dichloro-
methane at 0°C give monohydroxylated products in good,
preparatively useful yields (Table). The hydroxylation invaria-
bly takes place with regiospecificity, the product having the
phenolic group ortho to one of the methoxy groups and para
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to the other, rather than ortho to both methoxyl groups. This
is observed even in those cases where the C-4 position is con-
siderably hindered by a branched alkyl side chain at the C-5
position. It is of interest to point out that, by contrast, while
alkylations of 5-methylresorcinol take place mostly at the C-4
position, alkylations of 5-n-pentyl- or 5-(1,1-dimethylheptyl)-
resorcinols take place preferentially at the C-2 position®.

By the use of easily removable ether groupings, the above
reaction can lead to the facile preparation of 1,2,4-trihydroxy-
benzene derivatives. Thus, oxidation of the ditetrahydropy-
ran-2-yl diether 3 with m-chloroperbenzoic acid gave a hy-
droxylated diether which, without purification, was converted
by acidic treatment into 1,2,4-trihydroxy-5-n-pentylbenzene
(4). The latter was isolated as the crystalline triacetate 5 in
55% overall yield.
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The structures of the products were deduced from the analyti-
cal and spectroscopic data. We would like to point out that if
symmetric hydroxylation products (i.e. 2,6-dimethoxyphenols)
had been obtained, single peaks for the methoxy groups in the
N.M.R. spectra, rather than the two peaks which actually ap-
pear, would have been observed.

Recently, a new hydroxylation procedure for phenol ethers
using organocopper reagents was described’. In the few cases
of 1,3-diethers presented, the hydroxylation took place exclu-
sively at the C-2 position, i.e. ortho to both ether groupings.
Hence, the organocopper reagent method and the one de-
scribed now complement each other.

Table. Regiospecific Hydroxylation of Resorcinol Diethers 1a-e
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The starting compounds have been obtained commercially or accord-
ing to known methods: 1a%, 1b°, I¢® 1d7, 1e¥, 3%

Hydroxylation of Resorcinol Diethers 1a-¢; General Procedure:
m-Chloroperbenzoic acid (2.2 mmol) is dissolved in dry dichlorome-
thane (15 ml) and cooled to 0°C. The resorcinol diether (2 mmol) in
dry dichloromethane (2 ml) is added dropwise, with stirring, under ni-
trogen. The reaction is followed by T.L.C. until completion (1-5 h).
The reaction mixture is diluted with ether (30 ml), and the organic ex-
tract is washed successively with 5% sodium hydrogen sulfite solution
(50 ml), 5% sodium hydrogen carbonate solution (50 ml), and brine (50
ml), and then dried with magnesium sulfate. After filtration and re-
moval of the volatiles, the products are isolated on a medium pressure
L.C. column (1000 mm x 10 mm) packed with Merck Kieselgel 60,
230-400 ASTM. Compounds 2b-e are eluted with 1:99 diethyl ether/
petroleum ether (b.p. 60-80°C); compound 2a is eluted with 2:98
ethyl acetate/petroleum ether (b.p. 60-80°C); flow rate: 7 m!/min.

Conversion of 2,4-Dimethoxy-6-(1,1-dimethylheptyl)-phenol (2d) to 1,3-
Dimethoxy-5-(1,1-dimethylheptyl)-benzene (1d):

In order to show that no rearrangement of the methoxy groups has
taken place during the reaction, compound 2d is converted back into
the starting material 1d. Compound 2d (0.4 g, 1.4 mmol) is dissolved
in dry carbon tetrachloride (5 ml), cooled to 0°C, and triethylamine
(0.23 ml) and diethy! phosphite (0.21 ml) are added with stirring under
an inert atmosphere. After stirring overnight, water (1 ml) is carefully
added and the layers are separated. The organic layer is washed with
10% hydrochioric acid (10 ml), then with brine (10 ml), and dried with
magnesium sulfate. The crude phosphate is reduced with lithium (0.1
g, 1.4 mmol) in liquid ammonia (10 mi) to furnish, after chromatogra-
phy on Kieselgel (as above), eluting with 2:98 ethyl acetate/petroleum
ether (b.p. 60-80 °C), 1d; overall yield: 80%.

A direct T.L.C. and N.M.R. comparison between compound 2d and
the isomeric 2,6-dimethoxy-4-(1,1-dimethylheptyl)-phenol’ established
their nonequivalency. The most obvious difference is in the chemical
shifts of the protons of the methoxy groups: In the isomeric phenol,
the six methoxy protons have an identical chemical shift (5=3.88
ppm); in 2d, two separate three proton peaks are observed (see Ta-
ble).

1,2,4-Triacetoxy-6-n-pentylbenzene (5):

Compound 3 (1.4 g, 4 mmol) is oxidized according to the procedure
described above for 1a-e. The crude hydroxylated diether obtained is
dissolved in methanol (20 ml) containing 3% p-toluenesuifonic acid.
The mixture is stirred under nitrogen (1 h), diluted with water (20 ml),
extracted with ether (20 ml), the extract is washed with a 10% solution
of sodium hydrogen carbonate (20 mi), then with brine (20 ml), and
dried with magnesium sulfate. Without further purification, the crude

Molecular Formula® M.S.
or Lit. m.p. [°C] m/e (rel. int.)

Prod- Yield m.p.
uct [%] [°C]

'H-N.M.R. (CDCl,)
& [ppm]

2a 60 26-27°° 25-27°° 154 (M, 100); 139 (80);
111 (47)
2b 55 105°¢ 103-104°° 168 (M*, 100); 153 (86);
(pentane) 125 (43)
2¢c 55 47° C3H2004 224 (M, 100); 182 (23);
(pentane) (224.3) 169 (90); 154 (63);
140 (48)
24 82 oil C7H250;3 280 (M*, 65); 196 (100);
(280.4) 182 (18); 181 (12);
168 (24)
2e 70 oil Cy;3H330, 362 (M+, 100); 277 (19);
(362.6) 237 (25); 224 (8)

3.75 (s, 3H, OCH,); 3.83 (s, 3H, OCH,); 5.35 (s, 1 H, OH);
6.3-6.9 (m, 3 Harom)

224 (s, 3H, CHy); 3.75 (s, 3H, OCH,); 3.85 (s. 3 H, OCH,):
5.28 (s, 1H, OH); 6.31 (br. d, 2 H,,om)

089 (t, 3H, J=60 Hz, ®-CH): 142 [m, 6H,
—(CH2);—CHsl; 263 (t, 2H, J=6.6 Hz, CH.—C,Hy-n):
3.75 (s, 3H, OCHj); 3.84 (s, 3H, OCH3); 5.29 (s, 1 H, OH):
6.3 (m, 2Harom)

0.80 (t, 3H, J=5.8 Hz, ®-CH;); 1.36 [s, 6 H, C(CH,).]; 3.76
(s, 3H, OCHs); 3.86 (s, 3H, OCHs): 5.50 (s, | H, OH); 6.40
(5, 2 Hyrom); 1.1-2.1 (10H)

0.85 (t, 3H, J=5.8 Hz, ®-CHy); 0.9-1.1 (m, 9H); 1.2-1.9 (m,
15H); 2.57 (t, 2H, J=6.6 Hz); 2.9 (m, 1H); 3.72 (br. s, 6 H,
OCH,); 5.34 (s, 1H, OH); 6.42 (s, 1H

urom)

a
b

c

Saisfactory microanalyses obtained: C +0.3%, H +0.2%.
Benzoate m.p. 89°C (Lit.'’, m.p. 89°C).

[@]p: —76° (c 2.2, ethanol); U.V. (C2HsOH): Amax (€)=288 nm (4013).

Acetate m.p. 53-54°C; for comparison: 1-acetoxy-2,6-dimethoxy-4-methylbenzene, Lit.*, m.p. 71-72°C.
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triol 4 is acetylated with a 1:3 mixture of acetic anhydride/pyridine
(25°C, 12 h) to give, after separation on medium pressure L.C., the
triacetate 5. The same chromatographic conditions as for 2a are ap-
plied; yield: 55%; m.p. 74-75°C (pentane).

Cy7H206 calc. C6335 H6.88

(322.4) found 63.13 6.73

M.S.: m/e (rel. int.)=322 (4, M™*); 280 (13); 238 (41); 196 (100).
"H-N.M.R. (CDCl,): §=0.89 (t, 3H, J=5.7 Hz, 0-CH3); 1.38-1.67 (m,
6 H); 2.28 (s, 3H, H,C—CO); 2.30 (s, 3H, H;C—CO); 2.33 (s, 3H,
H.C—CO); 2.85 (t, 2H, J=6.5 Hz, —CH,—C,Hq-n): 6.92 ppm (s,
2 Harom)'

Conversion of 5 to 1,2,4-Trihydroxy-6-n-pentylbenzene (4):

Compound 5 is further characterized by conversion to the triol 4.
Thus, 5 (322 mg, 1 mmol) is dissolved in methanol (10 ml) and excess
sodium borohydride (0.5 g, 14.7 mmol) is added. After 15 min, T.L.C.
analysis indicates absence of starting material. The mixture is diluted
with water (5 ml) and extracted with ether (20 ml). After drying with
magnesium sulfate and column chromatography as described in the
general procedure, eluting with 30:70 ethyl acetate/petroleum ether
(b.p. 60-80 °C), the triol 4 is obtained; yield: 90% and recrystallized
from pentane; m.p. 94-95°C (Lit."!, m.p. 70-75°C, reported for a de-
gradation material from a natural product).

C1H1605 cale.  C6732 HS82?

(196.2) found 67.64 798

M.S.: m/e (rel. int.)=196 (30, M *); 140 (100).

'"H-N.M.R. (CDCl;): 6 =0.86 (t, 3H, J=5.6 Hz, -CH;); 1.37-1.63 (m,
6 H); 2.50 (t, 2H, J=6.6 Hz; CH,—C,Hy-n); 4.41, 4.49, 527 (3 br. s,
3 H, exchangeable with D,0); 6.17, 6.23 ppm (24, 2H,1om)-

Conversion of 2c¢ to 4:

The same material 4 is obtained from 2¢ as follows: Compound 2¢
(100 mg, 0.45 mmol) is dissolved in dry dichloromethane (10 ml) un-
der nitrogen, and cooled to —70°C. Boron tribromide (3 equivalents)
is added by a syringe dropwise. The mixture is allowed to come to
room temperature overnight. The reaction mixture is diluted with wa-
ter (10 ml) and extracted with ether (20 ml). The organic solvent is
evaporated and the solid residue is recrystallized from pentane to give
4; yield: 90%; identical (N.M.R., T.L.C., M.S., m.p.) with the material

SYNTHESIS
obtained on oxidation of 3 (see above). The triol 4 thus obtained is

converted into § (yield: 95%), again identical to the material from the
oxidation of 3.

Received: June 26, 1983

* Address for correspondence.

' 0. C. Musgrave, Chem. Rev. 69, 499 (1969).

For a recent discussion of the mechanism of addition of peroxy

compounds to double bonds, stressing the possible formation of

cyclic peroxide intermediates, see: H. Mimoun, Angew. Chem. 94,

750 (1982); Angew. Chem. Int. Ed. Engl. 21, 734 (1982).

S. L. Friess, A. H. Soloway, B. K. Morse, W. C. Ingersoll, J. Am.

Chem. Soc. 74, 1305 (1952).

H. Davidge, A. G. Davies, J. Kenyon, R. F. Mason, J. Chem. Soc.

1958, 4569.

For a review of acyloxylations with aroyl peroxides, see: D. J.

Rawlinson, G. Sosnovsky, Synthesis 1972, 1.

R. Mechoulam in: Marihuana, Chemistry, Pharmacology, Metabol-

ism and Clinical Effects, R. Mechoulam, Ed., Academic Press, New

York, 1973, Chapter 1, pp. 31-54.

R. K. Razdan in: The Total Synthesis of Natural Products, Vol. 4, J.

A. Simon, Ed., John Wiley & Sons, New York, 1981, pp. 185~

261.

* G. J. Lambert, R. P. Duffley, H. C. Dalzell, R. K. Razdan, J. Org.

Chem. 47, 3350 (1982).

Obtained from commercial sources or prepared by standard meth-

ods from commercially available material.

7 8. J. Dominiani, C. W. Ryan, C. W. DeArmitt, J. Org. Chem. 42,

344 (1977).

The free diphenol is deseribed in R. Mechoulam, Y. Shvo, Tefrahe-

dron 19, 2073 (1963).

? 1. M. Godfrey, M. V. Sargent, J. A. Elix, J. Chem. Soc. Perkin
Trans. 1 1974, 1353.

9 R. L Meltzer, J. Doczi, J. Am. Chem. Soc. 72, 4988 (1950).

" Y. Asahina, M. Yasue, Ber. Disch. Chem. Ges. 69, 643 (1936).

2 J. M. Luteijn, H. J. W. Spronck, J. Chem. Soc. Perkin Trans. 1 1979,
201.

5

Downloaded by: East Carolina University. Copyrighted material.



