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Solvent-free ring opening of 1,2-epoxides with aromatic and aliphatic thiols under
1 mol% magnesium bromide ethyl etherate catalysis affords rapid formation of β-
hydroxy sulfides at ambient temperature with excellent yields. Nucleophilic attack
of the thiols occurs regioselectively at the less hindered position of the epoxides.
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Ring opening of epoxides with thiols is an important method in
organic synthesis and has found many uses in pharmaceutical1

and natural product chemistry,2 particularly for the synthesis of
leukotrienes.3 Recent approaches for the synthesis of β-hydroxy
sulfides have been involving a nucleophilic ring opening of epox-
ides with thiols in the presence of species such as InCl3,4 ZnCl2,5

B(C6F5)3,6 ceric ammonium nitrate,7 hexafluoroisopropanol,8 lithium
bistrifluoromethanesulfonimide,9 CoCl2,10 alumina,11 polyethylene
glycol,12 gallium complexes,13 NiCl2·6H2O,14 CsF on celite,15 lanthanide
complexes,16 tertiary amines,17 and lithium perchlorate.18 Microwave-
irradiation enhanced methodologies have also been reported very
recently.19 In many of these cases, the ring opening of epoxides is carried
out in a solvent and in the presence of equimolar quantities of a Lewis
acid or other additives. Recent solvent-free examples conducted under
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Lewis acid catalysis still involves the use of minimum 5 mol% of a rela-
tively expensive catalyst4b,20 or employs rather complex procedures.21

In recent years, magnesium bromide ethyl etherate (MgBr2·OEt2)
has found many applications as a mild Lewis-acid to ease various syn-
thetic organic transformations.22 In this context, we have demonstrated
the usefulness of MgBr2.OEt2 in Diels-Alder cycloadditions,23 Canniz-
zaro reactions,24 aldol condensation,25 α-aminonitrile syntheses,26 and
alcohols protection.27 In continuation of these experiences, we would
like to introduce now an efficient r.t. procedure for regioselective ring
opening of various epoxides with thiols using a very mild and inexpen-
sive medium under solvent-free conditions (Scheme 1).

SCHEME 1

Initially, 2-(phenoxymethyl)oxirane 1 was treated with an equimo-
lar amount of thiophenol 2 in the presence of different ratios of
MgBr2·OEt2 and under various sets of conditions. Deficient quantities
of MgBr2.OEt2 (1 mol%) proved to be effective for complete conversion
of the starting materials to the desired product as shown in Table I. As
a result, rapid formation of 3a was observed in a pattern independent
from the type of solvent (Table I, entries 1–8). Faster formation of 3a
was noticed in less than 5 min when no solvent was used in the reac-
tion mixtures (Table I, entries 9–11). Control experiments confirmed
the combined promoting and catalytic effects of MgBr2·OEt2; an alter-
native reaction in the absence of the catalyst led to formation of only
32% of 3a after 10 h (Table I, entry 12).

The generality of the methodology was demonstrated by subjecting
other epoxides to react with various aromatic and aliphatic thiols in
the presence 1 mol% of MgBr2·OEt2 and under solvent free conditions
(Table II). All experiments were completed in less than 5 min at r.t. as
monitored by TLC.

1H NMR spectra of the crude reaction mixtures showed the forma-
tion of β-hydroxy sulfides 3a–3q indicating that the nucleophilic attack
of the thiols occurred at the less hindered position of the epoxides. In
some instances, the presence of the opposite regioisomers was noticed
in the crude mixtures in very small amounts (∼1%) proving the high re-
gioselectivity of the reactions. Bulb-to-bulb distillation or column chro-
matography of the crude mixtures gave more than 90% of the desired
products.
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MgBr2·OEt2-Catalyzed Thiolysis of Epoxides 907

TABLE I Optimization of Thiolysis of 1 with 2 under
Various Conditions at Ambient Temperature

Entry MgBr2.OEt2 mol% Solvent Conversiona (%)

1 10.0 THF 95b

2 1.0 THF 94c

3 10.0 C6H5CH3 93b

4 1.0 C6H5CH3 95c

5 10.0 CH3CN 97b

6 1.0 CH3CN 95c

7 10.0 CH2Cl2 94b

8 1.0 CH2Cl2 92c

9 10.0 — 95d

10 5.0 — 94d

11 1.0 — 92d

12 — — 32e

aGas Chromatagrophy yields.
bReactions completed in about 1 h.
cReactions completed in 20–30 min.
dReactions completed within a few minutes.
eReactions completed after 10 h.

In summary, MgBr2·OEt2-promoted ring opening of epoxides with
thiols was carried out in less than 5 min under solvent-free conditions.
Reactions proceeded with catalytic amounts of the Lewis acid, and the
use of harsh conditions and tedious work-up procedures were avoided.
High yields of the products, good regioselectivity of the ring openings,
and rapid completion of the reactions are among other advantages of
this methodology, which make it an attractive addition to the existing
literature.

GENERAL PROCEDURE

A mixture of epoxide (5.0 mmol), thiol (5.2 mmol), and MgBr2·OEt2

(0.05 mmol) was stirred in a flask. The course of the reaction was
monitored by TLC, and complete disappearance of the starting materi-
als was observed within a few minutes. The mixture was dissolved in
dichloromethane (10 mL) and washed twice with water (10 mL por-
tions). The organic phase was dried over Na2SO4, the solvent was
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TABLE II Solvent-Free Thiolysis of Epoxides Under 1 Mol%
MgBr2.OEt2 Catalysis

Epoxide Thiol Product Yield (%)a

4-ClC6H4SH 3b: R = 4-ClC6H4 95

2-naphthylSH 3c: R = 2 naphthyl 98

cyclohexylSH 3d: R = cyclohexyl 92

furan-2-yl-CH2SH 3e: R = CH2 (furan-2-yl) 95

C6H5SH 3f: R = Ph 95

4-ClC6H4SH 3g: R = 4 ClC6H4 97

2-naphthylSH 3h: R = 2-naphthyl 98

C6H5SH 3l: Ar = Ph 95

4-ClC6H4SH 3j: Ar = 4-ClC6H4 93

2-naphthylSH 3k: 2-naphthyl 96

C6H5SH 3l Ar = Ph 93

4-ClC6H4SH 3m: Ar = 4-ClC6H4 96

2-naphthylSH 3n: 2-naphthyl 91

C6H5SH 3o: Ar = Ph 86
4-ClC6H4SH 3p: Ar = 4-ClC6H4 84

2-naphthyl SH 3q: 2-naphthyl 90

aIsolated yields.

removed at reduced pressure, and the product was fractionated by col-
umn chromatography over silica gel or purified by bulb-to-bulb distil-
lation, if necessary. The NMR, IR, and GC spectra of the products were
obtained and compared with those existing in the literature.

Selected Spectroscopic Data

1-(Naphthalen-2-ylsulfanyl)-3-phenoxypropan-2-ol (3c)
1H NMR: δ 2.70–2.88 (m, 2H), 3.20–3.35 (m, 2H), 3.90–4.01 (m, 2H),

6.75–7.90 (m, 12H). 13C NMR: δ 44.4, 50.0, 68.5, 114.4, 121.5, 125.7,
126.9, 126.5, 127.2, 129.5, 129.0, 135.7, 139.3. MS: m/z (%) 310 (41)
[M+], 173 (50), 159 (100), 115 (100), 77 (35). IR (KBr): ν̃ 3426, 1583,
1071, 738 cm−1. Anal. calcd. for C19H18O2S: C, 73.52; H, 5.84. Found:
C, 73.1; H, 5.5.

1-Isopropoxy-3-(phenylsulfanyl)propan-2-ol (3i)
1H NMR: δ 1.13 (d, J = 6.5 Hz, 6H), 2.55–2.70 (m, 1H), 2.93–3.20 (m,

2H), 3.50–3.95 (m, 4H), 7.10–7.45 (m, 5H).13C NMR: δ 22.0, 38.1, 69.5,
71.3, 73.0, 127.5, 128.0, 129.3, 137.5. MS: m/z (%) 226 (16) [M+], 123
(26), 109 (100), 77 (24), 43 (17). IR (KBr): ν̃ 3431, 1588, 1086, 738 cm−1.
Anal. calcd. for C12H18O2S: C, 63.68; H, 8.02. Found: C, 63.9; H, 8.3.
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1-(4-chlorophenylsulfanyl)-3-isopropoxypropan-2-ol (3j)
1H NMR: δ 1.18 (d, J = 6.5 Hz, 6H), 3.02–3.20 (m, 2H), 3.45–3.65 (m,

4H), 3.86–3.92 (m, 1H), 7.26–7.45 (m, 4H). MS: m/z (%) 260 (42) [M+],
157 (97), 143 (100), 99 (63), 73 (57), 43 (76). IR (neat): ν̃ 3443, 1575,
1093, 747 cm−1. Anal. calcd. for C12H17ClO2S: C, 55.27; H, 6.57. Found:
C, 55.2; H, 6.7.

1-Isopropoxy-3-(naphthalen-2-ylsulfanyl)-propan-2-ol (3k)
1H NMR: δ 1.18 (d, J = 6.5 Hz, 6H), 3.02–3.20 (m, 2H), 3.45–3.65 (m,

4H), 3.86–3.92 (m, 1H), 7.36–7.85 (m, 7H). 13C NMR: δ 21.7, 37.3, 69.0,
71.5, 73.4, 114.0, 121.9, 125.7, 126.3, 126.5, 127.7, 129.0, 129.6, 135.7,
139.9. MS: m/z (%) 276 (13) [M+], 160 (49), 115 (53), 73 (73), 43 (100).
IR (KBr): ν̃ 3457, 1583, 1040, 738 cm−1. Anal. calcd. for C16H20O2S: C,
69.53; H, 7.29. Found: C, 69.4; H, 7.4.

1-Chloro-3-(4-chlorophenylsulfanyl)propan-2-ol (3m)
1H NMR: δ 2.80–2.90 (br s, 1H), 3.10 (dd, J = 7, 14.5 Hz, 1H), 3.19

(dd, J = 5.5, 14 Hz, 1H), 3.9–3.74 (m, 2H), 3.94–3.98 (m, 1H), 7.26–7.45
(m, 4H).13C NMR: δ 38.1, 48.2, 69.6, 129.0, 130.5, 132.2, 135.4. MS: m/z
(%) 237 (27) [M+], 194 (31), 157 (100), 143 (45), 108 (52), 75 (37), 45 (57).
IR (neat): ν̃ 3421, 1572, 1093, 742 cm−1. Anal. calcd. for C9H10Cl2OS:
C, 45.58; H, 4.25. Found: C, 45.7; H, 4.1.
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