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FeCl, 6H,0 absorbed on chromatographic silica gel can act as an
efficient catalyst for alcoholysis, hydrolysis and acetolysis of epo-
xides. Methanolysis of (R)-styrene oxide proceeds with high stereo-
specificity and in excellent yield. This catalyst can also convert
epoxides to their corresponding f-halohydrins and f-nitrato alco-
hols in the presence of chloride, bromide and nitrate ions respec-
tively.

Highly dispersed mineral solids have been used by chem-
ists, especially in specific areas, for a considerable time.
Many organic reactions have been devised in which the
reagents are supported on various inorganic solids and
used for variety of organic reactions.! " Among metal
ion supported reagents, iron has been considered with
more interest due to its abundance, cheapness and espe-
cially its non-toxicity.® Silica-bound iron(IIT) chloride
(FeCl,/Si0,) which can be easily prepared from disper-
sing FeCl;-6H,0 onto silica gel,® iron(IIl) nitrate on
bentonite A and clay-supported iron(XII)” have been used
In many organic reactions such as oxidation of organic
compounds,®° dehydration and rearrangement of alco-
hols,® one-electron transfer oxidative coupling of substi-
tuted aromatic compounds®-*® and thioacetallization of
aldehydes and ketones.!!

Recently, iron(IIT) chloride dispersed on 3A molecular
sieves has also been reported for catalytic methoxyme-
thylation of alcohols.'* We now report that FeCl,-6H,0/
SiO, can act as an efficient catalyst for the ring-opening
reaction of different epoxides with various nucleophiles
such as alcohols, water, acetic acid, chloride, bromide
and nitrate ions (Scheme 1).
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Iron(III) chloride absorbed on silica gel was easily prepar-
ed from a known procedure.® Alcoholysis and acetolysis

of different classes of epoxides have been performed in
different alcohols or in acetic acid in the presence of this
catalyst at room temperature or under reflux conditions.®
High yields of the corresponding f-alkoxy and acetoxy
alcohols were obtained (Table 1). Room temperature hy-
drolysis of epoxides to the corresponding diols were also
performed in the presence of this catalyst, in aqueous
acetonitrile, and in good yields (Table 2). Although Lewis
acids such as BF;-OEt,, ' SnCl,*? or anhydrous FeCl,'*
have been reported to act as catalysts for alcoholysis of
epoxides, our observation showed that these catalysts are
not reactive in the presence of nucleophiles such as halides
and nitrate ions. This is due to the reaction and complex
formation between these catalysts and halides and nitrate
ions prior to any interaction with epoxides. However, we
found that when iron(III) chloride is supported on silica
gel (FeCl;-6H,0/Si0,), it acts as an efficient catalyst in
the reaction of epoxides with chloride, bromide and ni-
trate ions. The reaction of these epoxides with chloride
ion (as benzy! tributyl ammonium chloride) and bromide
and nitrate ions (as their tetrabutyl ammonium salts)
occurred in anhydrous acetonitrile and in the presence
of catalytic amounts of this reagent. The corresponding
p-halohydrins and S-nitrato alcohols were obtained in
good to excellent yields (Table 3). The reaction of cyclic
epoxides with different nucleophiles were completely anti-
stereoselective and trans products were obtained in high
yields. In the case of unsymmetrical epoxides, the high
regioselectivity which was obtained in these reactions
strongly depends on the nature of the substitutent on the
substrate and is charge controlled. Stereospecificity of
the reaction was studied by using optically active (R)-
styrene oxide and performing the reaction in methanol.
The reaction was temperature dependent and the best
result was obtained in the presence of 0.1 molar equiva-
lent of the catalyst at 0°C. The optical rotation of the
obtained 2-phenyl-2-methoxyethanol was compared with
the reported data in the literature.’® The enantiomeric
purity of the product was found to be 93 %.

0 0y H /OH
5 Fe(Iy/Si Ph o %
H 7[%1... H . - -~ - 1
MeOH
Ph H MeO H
R (#) S

The results obtained from the reaction of optically active
styrene oxide with Fe(11I)/SiO, are compared with some
of those reported in the literature (Table 4).

Although the enantiomeric excess in the reactions with
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Table 1. Reactions of 1a—1h with Alcohols Catalyzed by Fe(III)/SiO,

SYNTHESIS

Epoxide Solvent Catalyst® Time (h)/ Product® Yield® bp (°C)/Torr or n3?
———— (Temp.) (%)
Reactant Found Reported

1a CH,OH 0.05 025(25°C)  2a 95 60/2 75/0.71318

1a C,H,OH 0.05 0.75 (25°C) 2a 90 1.5144 1.514313-15

1a C,H,OH 0.05 1.5 (25°C) 2a 90 1.5109 1.510613715

1a (CH,),CHOH 0.05 1.5 (25°C) 2a 92 1.5071 1.507513-13

1a (CH,),COH 0.1 2 (25°C) 2a 70 1.5129 1.513013-15

la (CH;),COH 0.15 1 (85°C) 2a 85 1.5130 1513013715

1b CH,OH 0.15 3.5 (25°C) 3b 91 98-100/9 105/1013 71519

1b (CH,;),CHOH 0.15 2 (85°C) 3b 93 107-110/10 108-110/1013 71519

1b (CH,),COH  0.15 25 (85°C)  3b 90 1.4432 1.443514

1c EtOH 0.2 2.5 (80°C) 3¢ 94 1.4373 1.437513-15

1c C;H,OH 0.1 0.5 (100°C) 3¢ 88 1.4383 1.438043~15

le (CH,),COH 0.1 175 (85°C) 3¢ 85 1.4582 1.458013-15

1d CH,0H 0.2 2 (80°C) 3d 90 201-202/760  200-203/76013-1°

1d C,H,OH 0.1 1 (80°C) 3d 91 209-210/760  209/76013-2¢

1d (CH,),CHOH 0.1 1 (85°C)  3d 92 1.4199 1.419613:1

le C,H,0H 0.1 1 (100°C) 3e 91 1.5040 1.504213-21

le (CH;),CHOH 0.1 1.25 (85°C) 3e 92 1.4975 1.497213.13

1e (CH,),COH 0.2 3 (85°C) 3e 89 1.4951 1.495013-15
OH

1f CH,0OH 01 1.5 (25°C) (:r 94 100-102/60 107-111/6513:22
“OCH;
OH

1f C,H.OH 0.1 25 (25°C) O/ 90 72-73/11 80—85/151%22:23
“0C;Hs
OH

1f (CH,;),CHOH 0.15 3.5 (25°C) [j 90 80-81/16 89-93/1813722
“CH(CH3),
OH

1 (CH,),COH 0.2 2 (85°C) U 90 90-91/15 86-91/1413:22
"OC(CHy)s
OH

1g CH,O0H 0.1 1.5 (25°C) <j 91 174/760 175/76013:24
'-'OCHg
OCH3

1h CH,OH 0.1 0.5 (25°C) @jj""o}[ 86 146-147/11  146-148/111%25:26

* Mole ratio of catalyst to reactant.
® The product was isolated and compared with authentic sample.

SnCl, and TiCl, was high, the problem of their handling
remained. In comparison, the yield of the reaction with
Fe(111)/Si0, is higher with the advantage of ease of hand-
ling of catalyst. As was mentioned, Fe(II1)/SiO, has been
observed to act as a one-electron transfer agent in some
organic reactions.® 1% In our case, the precise mechanism
of the reactions is not clear, but the possibility of the
occurrence of a one-electron transfer reaction cannot be
ruled out. In support of this mechanism, alcoholysis of
styrene oxide in different alcohols was performed in the
presence of excess acryl amide. A great decrease in the
reaction rate was observed with the formation of some
polyacryl amide. This observation could support the pos-
sibility of primary formation of an epoxonium radical

¢ Yields refer to isolated products.

cation in these reactions similar to that suggested in the
reaction with anhydrous iron(III) chloride.**

In conclusion, Fe(II1)/SiO, appears to be an efficient
catalyst for ring opening of epoxides with a variety of
nucleophiles under mild conditions. In addition, the ad-
vantages such as high regio- and stereoselectivity of the
reactions, non-toxicity, stability and cheapness of the
catayst, high yield and ease of workup make this method
a useful addition to the present methodologies in organic
syntheses.

Products were characterized by comparison of their physical data,
IR, NMR and mass spectra with those prepared in accordance with
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Table 2. Hydrolysis and Acetolysis of 1a—1h Catalyzed with Fe(III)/SiO,

Epoxide Solvent Catalyst* Time (h)/ Product® Yield® bp (°C)/Torr or mp (°C)
— (Temp) (%)
Reactant Found Reported
1a H,O0/CH,CN 0.2 2 (25°C) 2a 85 64—65 65-672¢
1b H,O/CH,CN 04 5 (25°C) 3b 80 119-120/18 115-120/18%7
lc H,O/CH,CN 04 5(25°C) 3c 79 1.5582 1.45841¢
1d H,O/CH,CN 04 5(25°C) 3d 89 140-143/8 150-152/91
le H,0/CH,CN 04 5(25°C) 3e 80 200/22 145-148/0.6%7
OH
1f H,0/CH,CN 03 5(25°C) 85 104-105 10528
OH
1a CH,CO,H 0.4 3.5(25°C) 2a 90 163-165/15 163-170/152°
1b CH,CO,H 0.3 4 (80°C) 3b 91 1.4760 1.47553
le CH,CO,H 04 4 (80°C) 3e 85 174-5/10 175/103°
OH
1f CH,CO,H 0.3 4 (80°C) 78 1.5410 1.541813
"'ogcu3

* Mole ratio of catalyst/reactant.
® The product was isolated and compared with authentic sample.

¢ Yield refers to isolated product.

Table 3. Reaction of 1a—1h with Chloride, Bromide and Nitrate Ions Catalyzed with Fe(1II)/SiO,

Epoxide Solvent Catalyst* Time (h)/ Product® Yield® bp (°C)/Torr or mp (°C)
————— (Temp)) (%)
Reactant Found Reported
1a Cl™ /CH,CN 0.4 2 (80°C) 2a 86 114-118/6 106-120/53%2
1a Br~/CH,CN 04 6 (25°C) 2a 85 36-37 3833
1b Cl7/CH;CN 04 2.5(80°C) 3b 92 174-175/760  176/7603*
1b Br~/CH,;CN 0.3 12 (25°C) 3b 90 96-98/15 95-98/153%5
1b NO;/CH,CN 03 4 (80°C) 3b 54 75-76/7 75/7%¢
1c Cl7/CH,CN 03 3.5(80°C) 3c 80 103-105/25 107-108/3137
1c Br~/CH,CN 0.3 3 (25°C) 3¢ 78 112/20 108-109/251¢
1c NO;/CH,CN 04 4 (80°C) 3¢ 51 84-86/2 85/236
1d Cl7/CH,CN 04 4 (80°C) 4d 80 87-88/20 180-184/7603%8
1d ClI7/CH,CN 0.3 4 (25°C) 44 78 188-190/760  187-189/760*7
le Cl7/CH,CN 04 4 (80°C) 3e 96 136-137/8 112/137
le Br~/CH,CN 0.5 11 (25°C) 3e 92 160-161/15 167-169/163°
OH
if Cl7/CH,CN 0.3 3 (80°C) 78 71/7 93/2634
“ul
OH
1f Br~/CH,CN 0.3 8 (25°C) 77 84-86/10 88--90/74°
.-Br

* Mole ratio of catalyst/reactant.
® The product was isolated and compared with authentic sample.

literature procedures.'~3° All yields refer to isolated products.
Infrared spectra were recorded on a Perkin Elmer IR-157 G and a
Perkin Elmer 781 spectrometer. NMR spectra were recorded on a
Hitachi, R-2413, 60 MHz or Varian XL-100 spectrometer. Mass
spectra were recorded on a Shimadzu GCMS-QP 1000 EX. The
purity determination of the substrate and reaction monitoring were
accomplished by TLC on silica gel polygram SILG/UV 254 plates
or GLC on a Shimadzu GC-14A instrument.

¢ Yield refers to isolated product.

Reaction of Epoxides with Alcohols; General Procedure:

FeCl;-6H,0/Si0, (0.05-2 mmol) was added to a solution of epo-
xide (10 mmol) in the appropriate alcohol (60 mL). The mixture
was stirred for the specified time and at the appropriate temperature
according to Table 1. The progress of the reaction was monitored
by GLC. The solvent was evaporated, Et,0 (50 mL) was added
and the mixture filtered. The solid residue was washed with Et,O
(10 mL). Evaporation of the combined organic solution followed
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Table 4. Comparison of Methanolysis of (R)-Styrene Oxide with
Different Catalysts

Lewis acid Temp. (°C) Yield (%) ee (%)*
Fe(I11)/SiO, 0 94 93
SnCl,13 —-30 88 95
TiCl,*3 —30 80 90
AICL,® 0 45 58
ZnCl, '3 20 0 _
BE;-Et, 013 -30 92 75

® Values are not corrected for the optical purity of starting material.
Product of Aldrich, [o]p, + 33 (neat).

® 0.1 Equimolar amounts of AICl; was used under similar condi-
tions of the reaction with Fe(I11)/SiO,.

by vacuum distillation or column chromatography on a short co-
lumn of silica gel afforded the pure product in 70-95 % yield.

Reaction of Epoxides in Aqueous Acetonitrile; General Procedure:
To a solution of epoxide (10 mmol) in an equal mixture of CH,CN,
H,O (60 mL) was added FeCl,-6H,0/Si0, (2-4 mmol). The mix-
ture was stirred for the specified time at r.t. according to Table 2.
The progress of the reaction mixture was monitored by TLC using
CC1,/MeOH (10/1) as eluent. The reaction mixture was filtered and
evaporated. The obtained aqueous mixture was saturated with brine
and extracted with Et,O (3 x 40 mL). The combined organic solu-
tion was dried and evaporated. Vacuum distillation or column chro-
matography of the product on a short column of silica gel afforded
the pure product in 79-89 % yield.

Reaction of Epoxides with Chloride, Bromide and Nitrate Ions; Ge-
neral Procedure:

FeCl,-6H,0/Si0, (3—4 mmol) was added to an efficiently stirred
solution of epoxide (10mmol) in anhyd CH,CN and either
(30 mmol) benzyl tributyl ammonium chloride, tetrabutyl ammon-
ium bromide or nitrate. The obtained mixture was then stirred for
the specified time and at the appropriate temperature according to
Table 3. The progress of reaction was monitored by TLC and GLC.
The mixture was filtered and the solid residue was washed with
Et,0. Evaporation of the organic solution followed by chromato-
graphy on a short column of silica gel afforded the corresponding
product in 55-92% yield.
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University Research Council and Dr. A. A. Jarahpoor for his assi-
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