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The alkylation followed by the deselenenylation of cyanomethyl

phenyl selenide (1) gave α,β-unsaturated nitriles. The method

was applied to generate 1-cyanocyclopropene, which was trapped

using anthracene.

Recent progress in organic synthesis via selenium compounds has disclosed 

novel procedures for the synthesis of various olefins.1) In most cases, however, 

the experimental procedures require very strictly anhydrous conditions and low

temperature (-78℃) for the generation of carbanions.

On the other hand, organic synthesis including C-C bond formation in aqueous 

medium is one of the attractive subjects. However, the system in aqueous medium 

places many restrictions on the C-C bond formation and the transformation into other 

functionalities, since 1) limited active methylene compounds, which afford the 

stable carbanions in aq. alkali, have been employed in this system, and 2) the 

conversion of activating groups such as acyl, ester, and cyano in usual active 

methylene compounds to other functional groups is rather difficult.2) 

Considering the above problems in mind, we have investigated the possibility of 

new reagents in aqueous medium which might meet the following requirements; 

1) alkylation and functionalization in aqueous medium, 

2) protecting and activating groups for effecting time-controlled selectivity in 

the mono- and di-alkylation, 

3) the facile conversion of protecting and activating groups into other 

functional groups.
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We have previously reported the convenient synthesis of ketones from

α-cyanomethyl dithioesters.3) Considering the use of phenylselenenyl group as, a

leaving group, we wish to report here the utility of cyanomethyl phenyl selenide

(1)4)as a new reagent for a,s-unsaturated nitrile synthesis.

(a) Alkylation procedure.

Treatment of α-cyanomethyl selenide(1)4)with alkyl halides(1.0 equiv.)in

the presence of catalytic amount of n-Bu4N+I- (TBA) in aq. NaOH at room temperature

for 3～10hr gave monoalkylated products(2)5)in high yields. Even by using double

the molar quantity of alkyl halides, only monoalkylated products were isolated 

under these conditions. Dialkylated products (3)5) were obtained in high yields by

stirring for 7～20hr under the similar conditions (Table 1).

1 2 3

These results clearly demonstrate the reaction-time controlled selectivity in 

the alkylation of 1. The combination of cyano and phenylselenenyl groups presumably 

serves for effecting suitable stability and activity of the carbanion derived from 

1, towards alkylation. 

(b) Deselenenylation procedure. 

Elimination of phenylselenenyl group was easily performed by the oxidation of 

2 or 3 with N-chlorosuccinimide (NCS) or N-bromosuccinimide (NBS) (2.2 equiv.) in

60% aq. acetonitrile at room temperature for 3hr to give the corresponding α,β-

unsaturated nitriles (4)5) in high yields (Table 1).

2 or 3 4

In addition, on treatment of 2 or 3 with 35% aq. H2O2 (10 equiv.) 1) for 2hr

at room temperature in tetrahydrofuran, the corresponding α,β-unsaturated nitriles

(4)5) were obtained in high yields (Table 1).

For the application of α,β-unsaturated nitrile synthesis, we investigated

a new synthesis of 1-cyanocyclopropene.6) 

On treatment of 1 with 1,2-dibromoethane (1.0 equiv.) for 8hr under the
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similar conditions as above, cyclopropyl selenide (5)5) was obtained as an oil in

80% yield, IR; υC≡N 2260cm-1, NMR(CC14); δ=1.07～1.73(4H, m),7.10～7.43(3H, m),

7.43～7.70 (2H, m),without any undesirable by-products.

Table 1. Alkylation and Deselenenylation5)

a, IR; υC≡N 2250～60cm-1. b, One step synthesis using 2 equiv. phCH2Br. c, The

(E/Z) olefin ratio was determined by GLC (10% SE-30, Chromosorb W 60/80) and NMR.

In consequence of the further investigation of oxidation, we found that both 

hexabutyldistannoxane (HBD)-bromine (Br2)7)and sodium metaperiodate (NaIO4) were 

good oxidants. Cyclopropyl selenoxide (6) 5) was isolated by the method (A) or (B)

in 60% yield, mp 90～91°, IR; υC≡N 2260, υSe =0 840cm-1, NMR(CDCl3); δ=0.93～1.63

(4H, m), 7.43•`7.70 (5H, m).

1 5 6

The treatment of 6 with anthracene in refluxing xylene for 6hr gave 75) in 45%

yield, mp 162～169°, IR; υC≡N 2270, δphH 754cm-1, NMR(CDCl3); δ=48(1H, dd J=7.0,

4.0Hz), 1.23 (1H, dd J=7.0, 7.0Hz),1.90～2.30 (1H,m), 4.41 (1H,d J=4.5Hz),

4.51 (1H, s), 6.93～7.35 (8H, m).

6 7
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Consequently, cyclopropyl selenoxide (6) serves as a useful precursor for 

1-cyanocyclopropene. This elimination at relatively low temperature seems to be 

characteristic of selenium compounds in comparison with sulfur analogues. 

The present method has potential synthetic utilities in the following respects. 

1) The starting material, cyanomethyl phenyl selenide (1), is readily accessible. 

2) The alkylation has the high selectivity for mono- and di-alkylation at room 

temperature in aqueous medium. 

Further studies for utilizing characteristics of selenium compounds are in 

progress.
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