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Abstract: A variety of epoxides are efficiently converted to the corresponding -halohydrins with lithium halides
supported on silica gel in dry media.

Epoxides are versatile intermediates in synthetic organic chemistry mainly due to their susceptibility to
several nucleophiles! and availability in optically pure forms.2 We have recently demonstrated that some
epoxide opening reactions with amino acids and nitrogen heterocycles are efficiently catalyzed by silica gel in
the absence of any solvent.3 These facts encouraged us to continue further investigations to clarify the catalytic
activity of silica gel for other nucleophiles.4 In this communication we would like to describe our successful
results that led to a novel and extremely simple method for the transformation of epoxides into [S-halohydrins5
using lithium halides supported on silica gel.

When treated at room temperature with 3 equiv of metal bromides adsorbed on silica gel (250 mg/mmol),®
phenyl glycidyl ether (1) was converted into the corresponding bromohydrin 2. The reaction appears to be
significantly dependent upon the nature of the metal halide reagents as shown in Table 1.7

Table 1. Formation of Bromohydrin 2 from Phenyl Glycidyl Ether (1) and Metal Bromides.

PrO_<J + MBr, (3 equiv) - PhO\)\/ Br
1

ft 2

Entry MBr, Reaction Time, h Yield, %"

1 LiBr 1 100

2b LiBr 22 100

3¢ LiBr 48 aq8

4 NaBr 720 24 (73)

5 KBr 168 16 (59)°

6 CsBr 48 No reaction

7 MgBr,* 6H,0 3 100

8 CuBr, 240 71 (19)

? Isolated yield. Yields in parentheses are the corresponding diol. ®In CH,Cl, solution.
¢ Without using silica gel. ¢ 25% recovery and 20% dimer. © 19% recovery.
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Thus, we found that the process using lithium bromide in a dry medium was the best and 2 was obtained
quantitatively within only 1 h (entry 1). For comparison, the same reaction was also conducted in CH2CIp but
it took 22 h for completion (entry 2). On the other hand, direct treatment of 1 with lithium bromide resulted in
an incomplete reaction even after standing for 48 h at room temperature: 2 was isolated in 44% yield along with
its dimer (20%) (entry 3). From these results we concluded that the supporting environment on silica gel played
an essential role in facilitating this type of epoxide opening reaction.

Further extension of this procedure was exemplified as summarized in Table 2.7 In many cases the
reactions occurred smoothly to afford the desired halohydrins in high yields. In accordance with the previous
observation8 the reactivity of lithium halides definitely follows the order of Lil > LiBr >> LiCl (entries 1-3, 13,
and 14, Table 2). Because of the minimal reactivity of lithium chloride, the reactions were usually accompanied
by hydrolysis (entries 1 and 11, Table 2). In contrast, lithium iodide was most successful for the present
purpose and the desired iodohydrins were rapidly formed in almost quantitative yields at room temperature.
Unexpectedly, the reaction of 1-decene oxide toward lithium bromide was quite slow (entry 7, Table 2),
implying the sluggish nature of movement of this epoxide on the silica gel surface.

For the terminal epoxides, ring opening reaction was highly regioselective in giving the corresponding 1-
halo-2-alkanols, demonstrating the predominant attack of the reagents from the less hindered side of the
epoxides. The only exception is the case of styrene oxide wherein 2-halo-2-phenylethanols were obtained as
the major product, suggesting that the preferential cleavage of the benzylic C-O bond provided a stabilized
benzylic cation species during the reaction (entries 1-3, Table 2). The proposed mechanism could also be
rationalized by carefully dictating the reaction using (R)-(+)-styrene oxide (entry 4, Table 2): 2-bromo-2-
phenylethanol, an SN1-type adduct, showed only 32% ee by chiral HPLC analysis,9 whereas a high optical
purity of (R)-2-bromo-1-phenylethanol indicates a complete retention of an asymmetric character.10

Interestingly, 2-cyclohexenone oxide produced only 2-halocyclohexenones (entries 15 and 16, Table 2).
The results can be explained by the mechanism depicted in Scheme 1: on the silica gel surface halide anions first

Scheme 1
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attacked the a-carbon of the epoxide to produce the corresponding halohydrin intermediates which were then
removed by water to afford the a-haloenone derivatives.12 Unfortunately, all efforts to isolate the halohydrin
intermediates were unsuccessful and no other products caused by reversed regioselective opening were
detected. Since the starting epoxides are readily available from cycloalkenone precursors by simple
epoxidation,13 this method can serve as an alternative pathway to perform c.-halogenation of these
substrates.14

In conclusion, although there are several methods available for transformation of epoxides into the
corresponding halohydrins, we believe that the present one offers considerable advantages in terms of
simplicity, high efficiency, and very mild conditions.



Table 2. Reaction of Epoxides with Silica Gel-Supported Lithium Halides.?

Entry Epoxide LiX Time Product(s) Yield, %°
o OH X
Ph/K<J ph/l\v/x ph/l\v/OH

1 LiCl 13 days X =Cl(58:42) 52 (18)
2 LiBr 30 min X =Br (38 : 62) 60
Lil 15 min X =120 : 80) 83

o OH Br
4 ph N LiBr 15 min Ph/'\/ Br Ph)\/OH 81
(100% ee)° 47:53 (32% ee)®
H

5 o LiBr 30 min o X =Br 75
6 LiI 15 min "y X=1 94
o O  LiBr 19h OH X=Br 97
UACR NN 15 min CrHis \)\/X X = 97
9 ol 0 LiBr 1h OH X =Br 73
10 ~ Lil 15 min Cla A X X=1 99

1 ao o) LiCl 22 days OH X=Cl 50 (33)
12 Ny Lil 15 min P“O\/k/x X=1 96

OH
13 ><O o Libr 8h >(0 X=Br 80
(0] 0

15 LiBr 1h X X=Br 61
16 0 Lil 15 min X=1 61
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4All reactions were performed using 3 equiv of LiX and silica gel (250 mg / mmol).

Bsolated yield. Yields in parentheses are the corresponding diol.

“Opical purity was determined by HPLC (DAICEL Chiralcel OB or OJ). See refs. 9 and 10.
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General experimental procedure: To a mixture of epoxide (1.0 mmol) and lithium halide (3.0 mmol)

in a few mL of CH2Cl2 was added silica gel (250 mg). After evaporation of most of the organic solvent, the

residue was allowed to stand at room temperature for the reaction period shown in Tables 1 and 2. Then silica
gel was thoroughly washed with AcOEt and concentrated. The residue was purified by preparative TLC or by
silica gel column chromatography to afford the desired halohydrins.
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