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Summary: Tetraphenylstibonium triflate catalytically promotes the nucleophilic 

addition of amines to oxiranes under mild conditions, giving the corresponding 

/-amino alcohols regio- and chemoselectively. 

The synthesis of j-amino alcohols is a very important theme in both 

organic and medicinal chemistry,' and the addition of amines to oxiranes is a 

simple but useful metholoqy. A satisfactory classical procedure involving the 

direct heating of oxiranes with amines has some significant limitations in the 

reaction with poorly nucleophilic amines. 2,3 These limitations recently could 

be overcome by transformation of amines into the corresponding metal amides.4 

In these cases, however, the use of equimolar amounts of moisture sensitive 

organometallic reagents and the hydrolysis of resulting metal alkoxides are both 

indispensable. Although it is thought that unactivated chromatographic alumina 

catalyst is one of the most effective procedure, the control of the reaction is 

considered to be difficult because of heterogeneous reaction. 5 Thus, 

catalytic, homogeneous and mild reaction of oxiranes with amines is desired. 

We have already revealed that pentavalent organoantimony compounds, in 

paticular tetraphenylstibonium iodide, show an inherent catalyst-activity for 

the cycloaddition of oxiranes with electrophilic heterocumulenes, promoting an 

unusual a-cleavage of oxiranes. 6 Meanwhile tetraphenylstibonium salts are 

anticipated to be very suitable for the cleavage of oxiranes. We now report a 

facile nucleophilic addition of amines to oxiranes in the presence of a 

catalytic amount of tetraphenylstibonium trifluoromethanesulfonate 

(tetraphenylstibonium triflate),' which was ascertained very effective (eq-1). 
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A typical procedure is described for the reaction of cyclohexene oxide 

with diethylamine; under a nitrogen atomosphere, to a homogeneous 
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Table l.= 

run oxirane amine (HNRZ2) time (h) yield (%)f 1 : 2 
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20 759 

709 

n-r. 

n-r. 
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849 

369 

629 

719 

539 

6 100 100: 0 

5 100 100 : 00 

3 82 65 : 35 

3 80 100: 0 

A@- 
= NEt2 2 89 100: 0 

JY = NEt2 

n 

2 85 100: 0 

aOxirane/amine/cat.=3/3/0.3 mmol, 40°C, solv. CH2C12 5 ml. bPh4SbI. 'Ph4SbCl. 

dNon catalyst. eMeOH solvent. fDetermined by GLC. gOnly trans-amino alcohols 

and no allylic alcohol was detected. 

dichloromethane solution (5 ml) of Ph4SbOTf (0.17 g, 0.3 mmol) and cyclohexene 

oxide (0.29 g, 3 mmol) was added diethylamine (0.22 g, 3 mmol) successively at 

room temperature, and then the mixture was stirred at 40°C for 20 h. After 

cooling, volatiles were removed under reduced pressure and the resulting oil was 

subjected to silica gel column chromatography, producing trans-2- 

diethylaminocyclohexanol (eluted by chloroform). 

Table 1 (runs l-10) proves the efficiency of Ph4SbOTf which allows the 

addition of low nucleophilic amines such as pyrrolidine and aniline under very 

mild conditions. A distinct advantage of Ph4SbOTf to other catalysts is clear, 

since even Ph4SbI had rather lower reactivity (run 2,7). Of interest is the 
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fact that a protic solvent, generally effective in reported direct reactions,' 

was not appropriate for our reaction. In this novel catalyst system, thus, the 

formation of amino alcohols could be accomplished under aprotic conditions. 

Next, we attempted the reaction of terminal oxiranes, where the 

regiochemistry of oxirane cleavage is usually a significant pxoblem. 

Tetraphenylstibonium triflate enhanced selective &cleavage of oxiranes, 

affording Z-amino secondary alcohols 1 as summarized in Table 1 (runs 11-17). 

For example, in the reaction of methyloxirane with diethylamine l-diethylamino- 

2-propanol was obtained exclusively (run 11). 

High chemoselectivity was also observed as well as this regioselectivity. 

In general, metal amides are so basic that the selective formation of ,&amino 

alcohols using them is not facile, for instance, the rearrangement of oxiranes 

to allylic alcohols happenes in almost cases.' However, as shown in Table 1, 

no allylic alcohol was obtained at all. Moreover, the functionalities such as 

acetyl group bearing active protones and polymerizable methacryl moiety could be 

tolelated to afford only the corresponding &amino alcohols (run 15,16). 

As mentioned, recent aminolysis reagents of oxiranes 4 are too moisture 

sensitive to be treated freely and resulting metal alkoxides need hydrolysis to 

give the corresponding amino alcohols. On the other hand, Ph4SbOTf is a very 

handy compound due to chemical stability and no deliquescence, and is soluble 

easily in many organic solvents such as THF and dichloromethane. As this 

aminolysis is essentially allowed to be completed without hydrolysis of metal 

alkoxides, there is nothing to worry about the contamination with water in all 

steps including isolation. 

Ph,SbOTf + HN R, - Ph,SbNR, (es-z) 

@O + Ph,SbOTf + 

Although the details are not clear to date, we speculated two plausible 

mechanisms. The transition state illustrated in Scheme 1 is concerned in the 

first mechanism. Owing to a large ionic character of the Sb-0 bond in 

Ph4SbOTf,7 the antimony atom coordinates to the oxygen atom in an oxirane to 

promote the nucleophilic attack of amines. The predominant attack at a less 

hindered carbon is reasonable. The resulting antimony alkoxide 4 reacts with 

trifluoromethanesulfonic acid to furnish an F-amino alcohol, and Ph4SbOTf is 

regenerated. Another mechanism involves the formation of a pentavalent 

antimony amide from Ph4SbOTf and an amine (eq-2). However, no facile reaction 

between them occurred, and there has been no report of successful formation of 

pentavalent antimony amides. Thus the former mechanism seems to be more 

plausible, but we can not exclude the later completely. It might be also 
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thinkable that an intermediate such as 

3g reacted with amines to afford amino 

alcohols. Then we investigated the 

rearrangement of cyclohexene oxide 

using Ph4SbOTf and DBU (eq-3), but 

there was no detectable allylic 

alcohol. Moreover, only trans amino 

alcohols were obtained as shown in 

Table 1. According to these results, 

the formation of 3 is ruled out. 

In conclusion, it was proved that 
Scheme 1 

Ph4SbOTf is an effective regio- and 

chemoselective catalyst for the reaction of oxiranes and amines. Exact 

mechanism and the reaction with other nucleophiles such as alcohols are under 

investigation in our laboratory. 
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