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Phenylselenide anion generated from (PhSe)2 and LiAlH4 was 

found to be highly reactive to various types of cyclic ethers, pro-

viding a new method to prepare γ- and δ-phenylselenenyl alcohols

from oxetane and oxolane, respectively.

Selenium-containing organic molecules have been known to be a useful synthon 

in synthetic chemistry.1) In the field of nucleoside, however, interests regard-

ing selenium seem to have been focused on preparing biologically active compound 

such as selenazofurin,2) which contains selenium in its base moiety. Thus, only 

one report, wherein adenosine was converted to the corresponding 5'-deoxy-5'-(2-

nitrophenyl)selenenyl derivative,3) has been available so far for the selenenyl-

ation of the sugar moiety. 

During the course of our studies on the use of organometallics for the syn-

thetic purpose in nucleoside field, 4) we were in need of preparing uridine ana-

logues containing phenylselenenyl group in the sugar moiety which might be useful 

for further modification. When the reported method, 3) a simple application of 

Grieco's procedure, 5) was used for the preparation of 5'-deoxy-5'-phenylselenenyl-

uridine, uridine was completely recovered. 6) This failure and the anticipated 

difficulty to apply Grieco's procedure to nucleosidic secondary alcohols led us to 

examine the bond cleavage reaction of anhydrouridine derivatives with phenylsele-

nide anion. In this communication, we would like to report that phenylselenide 

anion, when generated from (PhSe)2 and LiA1H4, reacts not only with anhydrouridine 

derivatives but also with simple oxetanes and even with oxolanes. 

Although phenylselenide anion can be prepared from benzeneselenol and a base, 

reduction of (PhSe)2 seems to be more practical in being able to avoid contact 

with the stench and toxicity of benzeneselenol. When 3',5'-bis-O-(t-butyldi-

methylsilyl)-O2,2'-anhydro-l-(S-D-arabinofuranosyl)uracil (1) was treated with 

sodium benzeneselenolate, prepared from Na and (PhSe)2 in THF,7) an arabinofurano-

syluracil derivative (2)8) was the sole product after 7 h at room temperature. 

The desired phenylselenenylated product (3)9) was obtained when the reaction was 

conducted with phenylselenide anion, prepared by NaBH4 in EtOH-THF,10) at reflux-

ing temperature for 7 h. However, the yield of 3 was not satisfactory, being only 

38%.
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We found that the use of LiAlH4 as the reducing agent for (PhSe)2 gave a 

highly nucleophilic phenylselenide anion capable of effecting the smooth conver-

sion of 1 to 3.11) Thus, the anhydro bond cleavage of 1 with this reagent was 

carried out at room temperature overnight to furnish 3 in 97% yield.

Quite interestingly, a non-

activated anhydro nucleoside 4 

also underwent the ring cleavage 

under the same conditions to 

give 5 in 86% yield.

These results encouraged 

us to examine the reaction with

a 2',5'-anhydro-1-(ƒÀ-D-.arabinofuranosyl) uracil derivative 612) to see whether a 

more stable nucleosidic oxolane ring could be cleaved by the (PhSe)2/LiA1H4 to 

form the corresponding 5'-deoxy-5'-phenylselenenylated product 7. When the reac-

tion of 6 was carried out under the above mentioned conditions, two products, 7 

(13%) and 8 (18% based on the reagent used), were formed. Of particular inter-

est was the formation of 8, since it clearly indicated that even a simple oxolane, 

THF, could react with this reagent. Replacement of THE by 1,4-dioxane enabled us

to carry out the reaction of 6 at a higher temperature  of 100 ℃ and, after 11 h,

7 was obtained in 44% yield without concomitant formation of products derived from 

the solvent. 

Since allylic and homoallylic alcohols are of growing synthetic importance 

and since they can be readily prepared from suitably substituted phenylselenenyl 

alcohols upon selenoxide fragmentation, we finally investigated the reactions of 

simple oxetanes and oxolanes with the (PhSe)2/LiAlH4.13) The results are summa-

rized in Table 1. 

As can be seen from the Table, oxetanes react smoothly at room temperature

(entries 1-3) to give the corresponding  γ-phenylselenenylpropanol, while ring-
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Table 1. The reaction of cyclic ethers with the (PhSe)2 /LiAlH 4 a)

a) All reactions were carried out in 1,4-dioxane by using the reagent 
prepared as described in Ref. 13.

opening of oxolanes is sluggish at ambient temperature and requires heating at

100℃. The presence of a hydroxyl group does not pose any problem (entries 3 and

7), though the reaction conditions are mild enough that O-t-butyldimethylsilyl 

group is adequate for protection (the reaction of 6), if necessary. The results 
of a-substituted oxetane (entry 2) and oxolane (entry 7), as well as the formation 

of 5 and 7, suggest that this reaction may occur through an SN2-like process, the 

ring-opening taking place by nucleophilic attack at the less substituted carbon.

The reaction of 7-oxabicyclo[2.2.1]heptane, an α,α'-disubstituted oxolane,

gave a cyclohexanol with the introduced phenylselenenyl group in trans-orientation 

(entry 8). On the other hand, the use of 2,5-dimethyltetrahydrofuran (entry 9) re-

sulted in complete recovery of the starting material, indicating that nucleophilic

attack of this reagent to α,α'-disubstituted oxolane is possible only when the mol-

ecule is activated by its ring strain.

The present results constitute the first examples of cleaving oxetanes and 

oxolanes with phenylselenide anion and have an additional appeal since the result-

ing products could serve as precursors  of γ-unsubstituted allylic or δ-unsubstitut-

ed homoallylic alcohols. 

Although oxirane approach to allylic alcohols is well 

known, 14) our survey of the literature revealed that the

availability of y-unsubstituted allylic alcohols by this

approach was quite limited due to the formation of two

regioisomers during the cleavage of an oxirane such as 9. 15,16)
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