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ABSTRACT

An efficient H2NSO3H-catalyzed protection of various carbonyl com-

pounds at room temperature was investigated. The features of mild
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conditions, cost-efficient catalyst, simple workup, and the recyclability of

the catalyst were represented in this process.

Key Words: Carbonyl compounds; Cost-efficient catalyst; Sulfamic acid.

INTRODUCTION

Protection of carbonyls and deprotection of acetals (or ketals) are two of

the most important reactions in organic chemistry, and many methods have

been developed for these reactions.[1] Although a lot of conventional catalysts,

including acid catalysts,[1,2] have been reported for the protection of carbonyls

into dimethyl acetals, the search for a new catalyst is still actively pursued.[3]

Decaborane was proved to be an effective promoter for protection of carbonyls

using orthoformate as protection reagent, however, its application in organic

synthesis may be limited by the high toxicity of boron-containing com-

pounds.[4] Some organic acids, such as p-toluenesulfonic acid, were also effec-

tive for this transformation, but the reaction rate and product yields are, in

some instances, unsatisfactory.[5]

Sulfamic acid (NH2SO3H; SA) is a stable, nonvolatile, nonhygroscopic,

odorless crystalline solid. Recently, it was shown that SA may prospectively

be used as a substitute for conventional acidic catalytic materials. Last year, it

was used as an efficient heterogeneous acid catalyst for ketal formation or

acetalation[6] and Biginelli reaction.[7] Subsequently, we reported sulfamic

acid catalyzed tetrahydropyranylation of hydroxy compounds,[8] esterification

of cyclic olefins with aliphatic acids under solvent-free conditions,[9] transe-

sterification of b-ketoesters in ionic liquids,[10] and Beckmann rearrangement

of ketoxime.[11] Recently, sulfamic acid has been used as a promoter for intra-

molecular imino Diels–Alder reactions to produce tetrahydroquinolines.[12] In

those homogeneous liquid reactions, SA is recyclable and is easy to handle as

a catalyst owing to its immiscibility with common organic solvents. Unique

catalytic features and the intrinsic zwitterionic property of SA are very differ-

ent from the conventional acidic catalyst. This prompted us to explore further

applications of NH2SO3H as an acidic catalyst in carbon–carbon and carbon–

heteroatom forming reactions. Here, we wish to describe the protection of

carbonyls to acetals using a catalytic amount of sulfamic acid (Scheme 1).

Various aldehydes and ketones were efficiently converted to the corres-

ponding diethyl acetals in the presence of triethyl orthoformate using a cata-

lytic amount of sulfamic acid at room temperature, and the results are shown

in Table 1. Yields of these reactions are almost quantitative in most cases.

Sulfamic acid (5mol%) was used in all of the cases except for acetophenone

(10mol%). It was noteworthy that sulfamic acid is insoluble in the
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reaction mixture. Thus, it could be recycled by filtration after reaction and

reused in the next run. In the reaction of benzaldehyde, sulfamic acid could

be reused three times without detectable loss of activity.

In summary, sulfamic acid has proved to be an effective catalyst for

protection of carbonyl compounds using triethyl orthoformate as the protec-

tion reagent. Mild conditions, cost-efficient catalyst, simple workup, and the

recyclability of the catalyst are the features obtained in this method.

Table 1. Sulfamic acid catalyzed protection of carbonyls using triethyl orthoformate.

Entry Substrates

Time

(h)

Yield

(%) Entry Substrates

Time

(h)

Yield

(%)

1 1.0 97 10 2.0 91

2 1.0 95 11 3.0 90

3 1.0 90 12 5.0 92

4 2.0 94 13 6.0 86

5 2.5 96 14 6.0 89

6 2.0 92 15 4.0 85

7 3.0 92 16 4.0 84

8 4.0 94 17 12.0 87

9 4.0 93 18a 1.0 96

aCatalyst was reused three times.

Scheme 1.
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Another advantage of the use of sulfamic acid as a novel promoter for this

transformation is its green property, because H2NSO3H is a degradable and

metal-free species. This may be the most attractive for the development of

clean organic transformation and green chemistry. Therefore, the present

catalytic method is useful in organic synthesis.

EXPERIMENTAL

Typical Procedure

To a stirred mixture of carbonyl compounds (10mmol) and triethyl

orthoformate (15mmol) in a reaction flask, H2NSO3H (1mmol) was added.

The mixture was stirred at room temperature (258C), and the progress of the

reaction was monitored by Hewlett-Packard 6890/5793 GC/MS. After

completion of the reaction, the catalyst was recovered from the mixture by

filtration, and was then evaporated to give an almost pure product. Further

purification was achieved through a short column of silica gel (2 cm in

length, 0.5 cm in diameter) with petroleum ether to obtain the pure product.
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