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Ring-opening of 1,2-epoxyalkane with alcohols over H-ZSM-5 
in liquid phase 
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H-ZSM-5 readily catalyzed the ring-opening of 1,2-epoxyalkane with alcohols to give alkoxy alcohols. The reaction proceeded 
accompanying the shape-selective properties of H-ZSM-5. The rate of the ring-opening was retarded by use of alcohols with larger 
numbers of carbon atoms such as bexanol. The selectivities for the substitution of nucleophile alcohols at the sterically more hin- 
dered position of the epoxide were improved to be almost higher than those under basic conditions. 
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1. Introduction 

Highly selective reactions have been achieved by the 
use of inorganic porous solids in which the substrate 
molecules orientate in the cavity or channels with sup- 
pression of their translational movement [1]. Zeolites 
have been extensively studied as catalysts in gas-phase 
reactions. Recently, they are attracting much attention 
of organic chemists because they exhibit remarkable 
shape-selective properties besides the acid-base proper- 
ties due to their homogeneous crystalline structures. 
Examples of recent reports using zeolites in organic 
syntheses are the photolysis of alkanophenones [2] and 
dibenzyl ketone [3], and ring-opening reactions of 2,3- 
epoxy alcohols [4]. 

We have been interested in the application of zeolites 
to organic reactions in the liquid phase and have 
reported that ZSM-5 performed the hydrolysis of esters 
[5] and the hydration of epoxides [6]. This paper reports 
the application of H-ZSM-5 to the ring-opening of 1,2- 
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epoxyalkane, mainly 1,2-epoxyhexane as a model com- 
pound, with alcohols as nucleophiles (scheme 1). The 
application of H-ZSM-5 as a solid acid to the reaction 
improves the proportion of substitution of the nucleo- 
phile alcohol at the sterically more hindered position of 
the epoxide compared with that obtained under neutral 
or basic conditions, and, moreover, facilitates separa- 
tion of the catalyst. 

2. Experimental 

H-ZSM-5-25 was prepared from ZSM-5-25Na 
("standard" zeolite samples of Mobil Oil Co.) by a con- 
ventional cation exchange procedure using 1 mol ~-1 
NHaC1 aqueous solution followed by calcination in air 
at 500~ 

The ring-opening of 1,2-epoxyalkane with alcohol 
was investigated as follows. H-ZSM-5 (40 mg) and the 
epoxide (13.0 mmol) were added to a certain alcohol 
(10 ml), and the suspension was refluxed. 
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3. Results and discussion 

3.1. Reaction rate and shape-selective property of 
H-ZSM-5 

Ring-opening of 1,2-epoxyhexane with various alco- 
hols was demonstrated over H-ZSM-5-25 catalyst. 
Alcohols play a dual role, both as nucleophilic reactant 
and as solvent in the reaction. Reaction rates over H- 
ZSM-5-25 were measured, and results are summarized 
in table 1 besides results observed with H2SO4 catalyst as 
a reference standard. Higher alcohols show higher 
values of the rate constant k. The value ofk appears to be 
affected by the boiling point of the solvent alcohol under 
reflux conditions. Relative rate constants, k' and k", 
based on the rate in methanol solvent indicate that both 
/c' and k" show larger values in higher alcohols. 

The ratios of relative rate constants, k'/k", denote 
the relative magnitude of each reaction rate using a cer- 
tain organic solvent, where the influence of factors such 
as a boiling point and permittivity on the reaction rate 
could be counterbalanced taking account of the compar- 
ison based on the relative rate constants using H2SO4 

catalyst. A smaller value of the ratio means a larger 
retardation of the rate by use of H-ZSM-5-25. The value 
would be ascribed primarily to the size of the solvent 
molecule. The larger retardation was observed in the 
reactions using hexanol and butanol. The retardation in 
the hydration of epoxide by bulky solvents such as m- 
xylene has been also reported [6a]. Larger tight fits of 
hexanol or butanol in the ZSM-5 pore might cause the 
larger retardation of the rate. 

3.2. Selectivities for the substitution of nucleophile 
alcohols 

The rate constants, kl  and k2, for the formation of 1- 
alkoxy-2-hexanol and 2-alkoxyhexanol, respectively, 
were measured and the k2/kl ratios in various alcohols 
over H-ZSM-5-25 are listed in table 2 besides those 
obtained with NaOH and H2SO4 catalysts. Ratios were 

Table 1 
Ring-opening of 1,2-epoxyhexane with various alcohols a 

Alcohol b .p .  H-ZSM-5-25 H2SO4 ]r 
(~ 

k b k'e kite 

methanol 64.7 10.8 1.0 1.0 1.0 
ethanol 78.5 11.7 1.08 1.15 0.94 
1-propanol 97.2 18.0 1.67 1.80 0.93 
1-butanol 118 25.0 2.31 8.27 0.28 
1-hexanol 157 41.8 3.87 14.74 0.26 

a A certain amount of catalyst and 1,2-epoxyhexane (13 mmol) was 
added in methanol (10 ml) and refluxed: zeolite (40 mg), H2 SO4 
(0.0216 retool, 2.12 rag). 

b First-order rate constant in the epoxide: kin 10 -2 g-I h -1  
c Relative rate constant based on methanol. 

TaNe2 
Sel~ti~ty~rthesubsti tmionofthenucleopNlealcohols a 

Alcohol H-ZSM-5-25 NaOH b H2SO4 
k2/k l  ~ k2 /k l  c k2/k l  ~ 

methanol 0.347(0.015) a 0.324 ~ 1.01 
ethanol 0.860 0.038 1.00 
1-propanol 0.385 0.151 0.614 
1-butanol 0.028 0.000 0.436 
1-hexanol 0.001 0.000 0.775 

Reaction conditions are the same as described in table 1. 
b NaOH: 0.040 mmol, 1.6 mg. 
e kl and k2 are first-order rate constants in the epoxide for the forma- 

tion of the representative 1-alkoxy-2-hexanol and 2-alkoxyhexanol, 
respectively: ki in 10 -2 g-I h-1. 

a Na-ZSM-5-25, Na ion-exchanged ZSM-5, was used. 
e The ratio of the yield of 2-methoxyhexanol to that of 1-methoxy-2- 

hexanol after 1 h reaction time. 

improved to be consequently almost higher than those 
using NaOH catalyst, while the values over H-ZSM-5- 
25 were lower than those using n 2 s o 4 .  The higher value 
means higher selectivity for the substitution of the 
nucleophile alcohol at the sterically more hindered posi- 
tion of the epoxide. The highest value of 0.86 was 
observed in ethanol despite the lower value of 0.038 
using NaOH and 1.00 using H2SO4.  Na-ZSM-5-25 
causes the ratio drastically to fall, and the ratio becomes 
lower than that under NaOH to give the value 0.015. 
This fact indicates that the ring-opening over H-ZSM-5- 
25 proceeds being influenced to a great extent by acid 
sites of the zeolite. 

3.3. Ring-openings of l,2-epoxyalkanes 

Results over H-ZSM-5-25 with methanol are sum- 
marized in table 3. Both the rate constant k and the ratio 
k2/kl decreased with the number of carbon atoms of the 
epoxides. 1,2-epoxypropane shows the highest reactivity 
and selectivity for the substitution of methanol at the 
position of the hindered carbon. There is usually a 
greater tendency for a nucleophile to attack at the posi- 
tion of the more substituted carbon atom of the epoxide 

Table 3 
Ring-openings ofepoxides with methanol a 

Epoxide H-ZSM-5-25 

k b k2 /k i  ~ 

1,2-epoxypropane 49.8 0.833 
1,2-epoxybutane 22.4 0.383 
1,2-epoxyhexane 10.8 0.347 
1,2-epoxyoctane 10.9 0.151 

a Reaction conditions are the same as described in table 1. 
b First-order rate constant in the epoxide: kin 10 -2 g-~ h-~. 
c kt and k2 are rate constants for the formation of 1-methoxy-2-alkanol 

and 2-methoxyalkanol, respectively. 
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ring in an acidic solution, while under neutral or basic 
conditions a nucleophile attacks predominantly the 
sterically less hindered carbon atom [7,8]. In this reac- 
tion, it is considered that acid sites of the zeolite play the 
role of a catalyst and moderate linkage of the acid site to 
the less hindered carbon atom proceeds in comparison 
with the reaction performed by NaOH catalyst. Under 
acidic conditions, the first step is the preequilibrium 
addition of a proton to the epoxide, thereby producing 
an oxonium ion that can react further [7]. The oxonium 
ion with acid site might be formed in this work and suc- 
cessive ring-opening in the next step would proceed. 
Details of  the mechanism for the selectivity could not be 
interpreted dearly at present. Further research on zeo- 
lite-catalyzed ring-opening of functionalized epoxides is 
under way. 
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