
Radical methodology is a rapidly growing area in the field of
synthetic organic chemistry. One of the most frequently used
reagents for the oxidative generation of radicals is the strong
one electron oxidant ceric ammonium nitrate (CAN). The lat-
ter has been used extensively1–4 for the formation of C–C
bonds via carbon-centered radicals. However, the application
of CAN for the formation of carbon-oxygen and carbon-sulfur
bonds is limited.5,6 Previously the reagent has been used7 for
alcoholysis of allylic and tertiary benzylic alcohols. However,
the conversion of primary and secondary benzylic alcohols
into their corresponding ethers using CAN has not so far been
reported. The application of the reagent for the formation of
thioethers is also not yet known. We have utilized the reagent
for a convenient conversion of p-hydroxybenzylic alcohols
(primary, secondary and tertiary) into p-hydroxybenzylic
ethers and thioethers by treatment with alcohols and thiols
respectively.

Several p-hydroxybenzylic alcohols were treated with vari-
ous alcohols in the presence of CAN to produce p-hydroxy-
benzylic ethers. The former on treatment with thiols under
similar conditions afforded thioethers (Scheme 1, Table).

The conversions were found to be highly efficient. The yields of
the products were excellent. The p-hydroxybenzylic ether moi-
ety has been found to be present in some bioactive molecules.8,9

The present methodology can be utilized for the preparation of
these ethers from the corresponding alcohols. Primary, sec-
ondary and tertiary p-hydroxybenzylic alcohols can be used.
The presence of hydroxy group at the para-position of the start-
ing primary and secondary benzylic alcohols is necessary as
without having a hydroxyl group at the para-position these
alcohols were found to yield no product under similar reaction
conditions. Primary and secondary benzylic alcohols containing
methoxy or other alkoxy groups at the para-position or even
hydroxy group at the ortho-position also did not afford ethers
(or thioethers) by treatment with alcohols (or thiols) in the pres-
ence of CAN. The structures of all the products were settled
from analytical and spectroscopic data.

The conversion of p-hydroxybenzylic alcohols into their
corresponding ethers and thioethers may be rationalized by
the generation of the benzylic cation which is formed by the
one electron oxidant CAN (Scheme 2). The cation formed
from primary and secondary alcohols is stabilized by the pres-
ence of the hydroxyl group at the para-position of the aro-
matic ring. However, for tertiary benzylic alcohols a hydroxyl
group at the para-position is not necessary to form a stable
benzylic cation.7 The predicted mechanism involves C–O and
C–S bond formation to produce ethers and thioethers respec-
tively. The reaction of •OH with Ce(III) regenerates Ce(IV)
and thus the conversion can be carried out with catalytic
amount of CAN. However, the reaction proceeds faster with
one molar equivalent of the reagent.

In summary, we have developed an efficient and useful
method for the conversion of p-hydroxybenzylic alcohols into
p-hydroxybenzylic ethers and thioethers by reacting with
alcohols and thiols respectively in the presence of CAN. The
conversion is high-yielding. The methodology will find
important synthetic utility.

Experimental

Melting points were measured in a Buchi-510 apparatus and are
uncorrected. 1H NMR spectra were recorded on a Varian Gemini 200
MHz spectometer using TMS as internal standard, IR spectra on
Nicolet 740 FTIR spectrophotometer and mass spectra on VG
Micromass 7070 H (70 eV).

General procedure for the preparation of ethers and thioethers:
The p-hydroxybenzylic alcohol (0.5 mmole) was dissolved in an
appropriate alcohol or thiol (20 ml). The solution was cooled to 0°C.
CAN (274 mg, 0.5 mmole) was added. The mixture was magnetically
stirred for 2 h at room temperature. Excess reacting volatile alcohol
was then removed for the preparation of an ether. The reaction mix-
ture was poured on water (20 ml). The mixture was extracted with
CHCl3 (3 3 20 ml) and the concentrated extract was subjected to col-
umn chromatography over silica gel. The column was eluted with
hexane-EtOAc (4:1). Removal of volatiles afforded p-hydroxyben-
zylic ether or thioether.

For preparation of the ethers and thioethers of the entry numbers 5,
7, 9, and 10, MeCN (20 ml) was used as solvent (and was removed after
completion of reaction) as both the starting alcohol (0.5 mmole) and the
reacting alcohol/thiol (0.5 mmole) are solids or viscous materials.

4-Methoxymethylphenol: Viscous mass; IR :υmax 3288, 1615, 1520,
1187 cm–1; 1H NMR (CDCl3) : δ 7.12 and 6.65 (2H each, d,J = 8.0 Hz,
Ar–H), 4.38 (2H, s, Ar–CH2–), 3.35 (3H, s, –OMe); MS :m/z138 (M+.

);
Anal. calcd. for C8H10O2: C, 69.57; H, 7.25. Found : C, 69.68; H, 7.21.
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Table 1 Conversion of p-hydroxybenzylic alcohols into p-hydroxybenzylic ethers and thioethers

Entry Starting alcohol Reacting alcohol/thiol Product Isolated yield (%)



4-Isopropoxymethylphenol: Viscous mass; IR :υmax 3290, 1620,
1514, 1190 cm–1; 1H NMR (CDCl3) : δ 7.15 and 6.65 (2H each, d,J =
8.0 Hz, Ar–H), 6.98 (1H, brs, –OH), 4.43 (2H, s, Ar–CH2–), 3.75 (1H,
m, –OCH<), 1.22 (6H, d,J = 7.0 Hz, 2 3 –Me); MS :m/z166 (M+.

);
Anal. calcd. for C10H14O2 : C, 72.29; H, 8.43. Found : C, 72.21; H, 8.49.

4-Allyloxymethyl-2-methoxyphenol: Viscous mass; IR :υmax 3457,
1611, 1517, 1274, 1154 cm–1; 1H NMR (CDCl3) : δ 6.89–6.73 (3H,
m, Ar–H), 5.92 (1H, m, CH2=CH–), 5.60 (1H, brs, –OH), 5.28 (1H,
dd, J = 14.0, 2.0 Hz, CH2=CH–), 5.16 (1H, dd,J = 7.0, 2.0 Hz,
CH2=CH–), 4.42 (2H, s, Ar–CH2–), 3.99 (2H, d,J = 4.0 Hz,
OCH2–CH=), 3.90 (3H, s, –OMe); MS :m/z194 (M+.

); Anal. calcd.
for C11H14O3 : C, 68.04; H, 7.22. Found : C, 68.13; H, 7.18;

4-(tert-Butoxymethyl)-2-methoxyphenol: Viscous mass; IR :υmax
3455, 1608, 1518, 1232 cm–1; 1H NMR (CDCl3) : δ 6.90–6.76 (3H,
m, Ar–H), 5.73 (1H, brs, –OH), 4.38 (2H, s, Ar–CH2–), 3.88 (3H, s,
–OMe), 1.33 (9H, s, 3 3 –Me); MS :m/z210 (M+.

); Anal. calcd. for
C12H18O3 : C, 68.57; H, 8.58. Found : C, 68.62; H, 8.55. 

2-Methoxy-4-tetradecyloxymethylphenol: Viscous mass; IR :υmax
3441, 1612, 1517, 1154 cm–1; 1H NMR (CDCl3) : δ 6.89–6.73 (3H,
m, Ar–H), 5.63 (1H, brs, –OH), 4.40 (2H, s, Ar–CH2–), 3.90 (3H, s,
–OMe), 3.41 (2H, t,J = 7.0 Hz, –OCH2–CH2–), 1.70–1.55 (2H, m,
–CH2–Me), 1.43–1.25 (20H, brs, –(CH2)10–), 0.91 (3H, t,J = 7.0 Hz,
–Me); MS :m/z350 (M+.

); Anal calcd. for C22H38O3 : C, 75.43; H,
10.86. Found : C, 75.49; H, 10.91.

4-(1-Methoxy-1-methylethyl)phenol: Viscous mass; IR :υmax
3275, 1615, 1512, 1202 cm–1; 1H NMR (CDCl3) : δ 7.22 and 6.74
(2H each, d,J = 8.0 Hz, Ar–H), 5.55 (1H, brs, –OH), 3.00 (3H, s,
–OMe), 1.49 (6H, s, 2 3 –Me); MS :m/z138 (M+.

); Anal. calcd. for
C10H14O2 : C, 72.29; H, 8.43. Found : C, 72.32; H, 8.39. %.

4-(1-Cholest-5-en-3-oxyethyl)phenol: White solid, m.p.
162–163°C (MeOH); IR :υmax 3305, 1620, 1510, 1182 cm–1; 1H
NMR (CDCl3) : δ 7.15 and 6.75 (2H each, d,J = 8.0 Hz, Ar–H), 5.24
(1H, dd,J = 12.0, 4.0 Hz, H–6), 4.78 (1H, brs, –OH), 4.52 (1H, q,J
= 7.0 Hz, Ar–CH<), 3.06 (1H, m, H–3), 1.34 (3H, d,J = 7.0 Hz,
–Me), 1.02 (3H, s, –Me), 0.89 (3H, d,J = 7.0 Hz, –Me), 0.83 (6H, d,
J = 7.0 Hz, 2 3 –Me), 0.68 (3H, s, –Me); MS :m/z506 (M+.

); Anal.
calcd. for C35H54O2 : C, 83.00; H, 10.67. Found : C, 83.12; H, 10.58;

4-Ethylthiomethylphenol:Viscous mass; IR :υmax 3282, 1614,
1518, 1230 cm–1; 1H NMR (CDCl3) : δ 7.08 and 6.70 (2H each, d,J

= 8.0 Hz, Ar–H), 3.60 (2H, s, Ar–CH2–), 2.41 (2H, q,J = 7.0 Hz,
–SCH2–), 1.22 (3H, t,J = 7.0 Hz, –Me); MS :m/z168 (M+.

); Anal.
calcd. for C9H12SO : C, 64.29; H, 7.14. Found : C, 64.33; H, 7.22. 

4-Dodecylthiomethyl-2-methoxyphenol: Viscous mass; IR :υmax
3460, 1620, 1510, 1240 cm–1; 1H NMR (CDCl3) : δ 6.85–5.68 (3H,
m, Ar–H), 5.42 (1H, brs, –OH), 3.90 (3H, s, –OMe), 3.60 (2H, s,
Ar–CH2–), 2.35 (2H, t,J = 7.0 Hz, –SCH2–CH2–), 1.60–1.48 (2H, m,
–CH2Me), 1.38–1.22 (18H, brs, –(CH2)9–), 0.88 (3H, t,J = 7.0 Hz,
–Me); MS :m/z338 (M+.

); Anal. calcd. for C20H34SO2 : C, 71.00; H,
10.06. Found : C, 69.92; H, 10.11;

4-(1-Dodecylthioethyl)phenol: Viscous mass; IR :υmax3294, 1620,
1512, 1235 cm–1; 1H NMR (CDCl3) : δ 7.18 and 6.74 (2H each, d,J
= 8.0 Hz, Ar–H), 5.17 (1H, brs, –OH), 3.86 (1H, q,J = 7.0 Hz,
Ar–CH<), 2.25 (2H, m, –SCH2–), 1.48 (3H, d,J = 7.0 Hz, >CH-Me),
1.40–1.12 (20H, brs, –CH2) 10–), 0.90 (3H, t,J = 7.0 Hz, –CH2-Me);
MS : m/z322 (M+.

); Anal. calcd. for C20H34SO : C, 74.53; H, 10.56.
Found : C, 74.44; H, 10.61.
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