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Sulfamic acid as a cost-effective catalyst instead of
metal-containing acids for acetolysis of cyclic ethers
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Abstract—Sulfamic acid has been used as an efficient catalyst and green alternative for metal-containing acidic materials to promote
the acetolysis reaction of THF to produce 1,4-diacetoxybutane. This method is also applicable to the acetolysis of other cyclic ethers,
such as methyl substituted THF and tetrahydropyran and 1,4-dioxane, which is less reactive.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1.
1. Introduction

Reactions, which cleave cyclic ethers to diacetoxyalkane
is an effective method of obtaining difunctional synthetic
intermediates and are important for the removal of ethe-
real protecting groups.1 Previous reports described the
acylative cleavage of cyclic ethers to diacetoxyalkane
using reagent systems such as heteropolyacid,2 and
Yb(OTf)3.

3 These methods always use metal-containing
acids as promoters, therefore, they are not green and
should be replaced by a suitable one because these ele-
ments are deleterious for human health, and conse-
quently, a tedious post treatment is needed concerning
environmental problems.

Sulfamic acid (NH2SO3H, SA) is a dry, nonvolatile,
nonhygroscopic, odorless and white crystalline solid
with an outstanding physical property and stability.
The crystals can be kept in the laboratory for many
years without change. It is commercially available and
is a very cheap chemical. Recently, it was shown that
SA has the prospect to be used as a substitute for con-
ventional acidic catalytic materials. It has been used as
an efficient heterogeneous acid catalyst for ketal forma-
tion or acetalation4 and deprotection of acetals.5 Subse-
quently, we reported sulfamic acid catalyzed
tetrahydropyranylation of hydroxy compounds,6 esteri-
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fication of cyclic olefins with aliphatic acids under sol-
vent-free conditions,7 Beckmann rearrangement of
ketoxide8 in dried CH3CN and transesterification of b-
ketoesters in ionic liquid.9 We report herein, for the first
time, sulfamic acid catalyzed acetolysis of cyclic ethers
to produce corresponding diacetoxyalkane. This method
is characterized by the reaction of THF with a mixture
of acetic acid and acetic anhydride as nucleophiles
(Scheme 1). This method is also applicable to the acetol-
ysis of other cyclic ethers, such as methyl substituted
THF and tetrahydropyran (THP). Normally inert 1,4-
dioxane was also effectively converted through this
method to yield a single product, ethylene glycol
diacetate.
2. Results and discussion

Initially, THF has been used as a substrate to test the
feasibility of sulfamic acid as catalyst for the acetolysis
reaction. Figure 1 illustrates the change in THF conver-
sion with reaction time in the acetolysis with a mixture
of acetic acid (AcOH) and acetic anhydride (AcOAc)
at various volume ratios. In the equal volume AcOH/
AcOAc mixture, the reaction proceeded selectively to
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Figure 2. Effect of catalyst amount on the acetolysis reaction of THF.

Reaction conditions: THF, 0.5mL; AcOH, 5mL; AcOAc, 5mL;

temperature, 60�C.
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Figure 3. Effect of temperature on the reaction of acetolysis of THF.

Reaction conditions: THF, 0.5mL; AcOH, 5mL, AcOAc, 5mL;

sulfamic acid, 0.06g.
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    : Con. of THF in 5: 5 of AcOH and AcOAc mixture

      : Sel. of product in 5: 5 of AcOH and AcOAc mixture

    : Con. of THF in 9: 1 of AcOH and AcOAc mixture

+       : Sel. of product in 9: 1 of AcOH and AcOAc mixture

    : Con. of THF in 1: 9 of AcOH and AcOAc mixture

×       : Sel. of product in 1: 9 of AcOH and AcOAc mixture

Figure 1. Acetolysis reaction of THF in different ratios of AcOH and

AcOAc mixture. Reaction conditions: THF, 0.5mL; sulfamic acid,

0.06g, temperature, 60�C.
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yield the product, 1,4-diacetoxybutane, with a complete
THF conversion after 4h. When the volume ratio of
AcOH/AcOAc was changed to 1:9 or 9:1, the acetolysis
of THF did not substantially occur at 60 �C and some
polymeric products were also detected in reaction mix-
tures. It appears that a 50% v/v content of AcOH in
the reaction system is the suitable choice for sulfamic
acid catalyzed acetolysis reaction of THF. It should
be pointed that the ability to run this THF acetolysis
reaction over H2NSO3H represents a substantial
improvement over previous methods, wherein a metal-
containing catalyst, which is toxic and deleterious for
human health and environmental protection, was re-
quired to effect reaction.

Figure 2 gives THF conversion versus time profile under
different amounts of sulfamic acid. When the catalyst
quantity was increased, maximum THF conversion
was reached sooner: for a 2-fold rise in catalyst amount,
the reaction time can be halved. Because 20% of catalyst
amount seems to be thriftless, and the reaction time has
to be prolonged to 8h when using 5% of sulfamic acid,
10% of catalyst was used in later experiments.

We next investigate the effect of reaction temperature on
the conversion of THF in the above acetolysis reaction
and the results are shown in Figure 3. THF could be
smoothly consumed at 30 �C, but the reaction rate seems
to be sluggish and the THF conversion was only 52%
after 8h. The reaction rate could markedly be increased
when the reaction temperature was elevated to 60 �C,
and THF could be completely converted within 4h.
Although further increase in temperature was of benefit
for the improvement of reaction rate, its magnitude is
very limited, and as a result, 60 �C seems to be suitable
for this acetolysis reaction using sulfamic acid as cata-
lyst. This temperature condition is comparable with the
heteropolyacid catalytic system reported previously.1,3

Having these results in hand, other cyclic ethers have
been subjected to the optimized conditions, and the re-
sults are summarized in Table 1. All the examined tetra-
hydrofuran derivatives are readily reacted in equal



Table 1. Sulfamic acid catalyzed acetolysis of ethersa

Entry Ethers Products Yield (%)
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a Reaction conditions: sulfamic acid, 0.06g, cyclic ether, 6.1mmol; AcOH, 5mL; AcOAc, 5mL; reaction temperature, 60 �C ; reaction time, 4h.
b Reacted at 90�C for 8h in the absence of sulfamic acid.
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volume of AcOH/AcOAc mixture in the presence of 10%
sulfamic acid to give corresponding 1,4-diacetoxybu-
tanes with good to excellent yields. In the absence of sul-
famic acid, THF did not react with AcOAc even after
prolonged reaction time and under elevated temperature
(entry 2). It indicated that an acidic catalyst is necessary
for this type of reaction. When using a six membered
cyclic ether, tetrahydropyran, as substrate, analogous
acetolysis reaction was also successful under the
above-mentioned optimized conditions and a nearly
90% of 1,5-diacetoxypentane yield was obtained. It
was worth noting that normally inert 1,4-dioxane was
also effectively converted through this method to yield
a single product, ethylene glycol diacetate. The reactivity
of an acyclic ether, benzyl ether, was also examined in
our system, and the expected benzyl acetate could be ob-
tained in a yield of 96% (entry 8). This implies that the
reaction of 1,4-dioxane might involve two reaction se-
quences: one is the first acetylation–acetoxylation of
1,4-dioxane to produce the acyclic fragment, and the
second acetylation–acetoxylation might proceed with
the resulting acyclic ether to give the desired ethylene
glycol diacetate.
3. Conclusions

Sulfamic acid has proved to be an efficient catalyst and
green alternative for metal-containing acidic materials,
which are toxic and deleterious for human health and
environmental protection, to promote the acetolysis
reaction of THF to produce 1,4-diacetoxybutane. This
method is also applicable to the acetolysis of other cyclic
ethers, such as methyl substituted THF and tetrahydro-
pyran. Normally inert 1,4-dioxane was also effectively
converted through this method to yield a single product,
ethylene glycol diacetate. Enhanced reaction rates, im-
proved yields and low cost of catalyst are the features
obtained in this catalytic system. Another advantage
of the use of sulfamic acid as a novel promoter for this
transformation is that the experimental procedure is
quite simple and convenient, and the reaction conditions
are amenable to scale-up.
4. Experimental

In a typical experiment, sulfamic acid (0.06g) was dis-
solved into AcOH (5mL) and AcOAc (5mL) mixture
in a 25mL round bottom flask equipped with a distilla-
tion condenser. Then THF (0.5mL) was introduced.
The content was stirred vigorously at 60 �C. After the
desired reaction time, the reaction mixture was cooled
to room temperature, and then was analyzed by GC
(HP 1790 GC equipped with a FID detector) and GC/
MS (HP 6890/5973). The concentration of reactant and
product was directly given by the system of GC chem-
station according to the area of each chromatograph
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peak. The pure acetolysis products could be obtained by
distillation under reduced pressure (1,4-diacetoxybu-
tane: 97–99 �C/8mmHg).
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