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Abstract: A new methodology is described for the synthesis of O-alkyl selenoesters from esters. The
ester is converted to the silyl ketene acetal with LDA and Me3SICl, which is then ireated with H2Se generated in
situ from aluminum seilenide and dilute HCI.

The chemistry of selenocarbonyl compounds has attracted considerable attention in recent years.] The
preparation of selenoesters, selenoaldehydes, selenoketones, and selenoamides have all been reported. Of more
interest are those preparative methods in which the readily available oxygen compounds are converted to their
selenocarbonyl isosteres. Reagents that have been used for this purpose include bis(trimethylsilyl) selenide22
and dichlorophenylphosphine selenide (PhP(=Se)Cl2).2> Fewer methods have been reported for the synthesis
of selenoesters.3 Of these, the most generally useful method proceeds from a tertiary carboxamide by
conversion to the imidoyl chloride with phosgene, followed by sequential treatment with an appropriate alcohol
and sodium hydrogen selenide.# This method is of course limited to those carboxamides and alcohols that are
sufficiently robust to survive the strongly acidic conditions of this method.

We anticipated that esters might be convertible directly to the corresponding selenoesters by the reaction
of their trimethylsilyl ketene acetals with hydrogen selenide (Scheme 1). As HjSe is an expensive and unstable
gas, we sought to employ HSe generated in situ by the hydrolysis of inexpensive and easily prepared
aluminum selenide.5

Scheme 1
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Indeed, we found that monosubstituted ketene acetals (R2 = H) underwent immediate reaction at -78 °C to give
the desired selenoester in good yields (Table 1), while disubstituted ketene acetals (R1,R2 # H) required
approximately 10 minutes at 0 °C for complete reaction.

In as much as HzSe is readily decomposed by rubber and other materials, we designed an all-glass
apparatus, using common pieces of glassware, in which to conduct this transformation. The reaction apparatus

consists of a 50 mL flask (A) in which hydrogen selenide is generated by the action of 3 M HCI upon AlsSes.
This is connected to a 100 mL 3-neck reaction flask (B) by means of a 3-way distilling adapter and a vacuum
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adapter. The bend in the vacuum adapter is charged with a few grams of granular anhydrous CaClp heldfin
place with a little glass wool, which serves to dry the HaSe prior to its contact with the silyl ketene acetal/in
flask B.

AI,Ses

\ Septum 1

In a typical experiment, the apparatus is assembled as shown and flask A is charged with aluminum
selenide (1.60 g, 5.5 mmol). The apparatus is then evacuated and flushed with dry nitrogen three times. A
solution of LDA is prepared in flask B from 0.242 g (2.4 mmol) of diisopropylamine and 0.90 mL (2.44 M, 2.2
mmol) of n-butyllithium) in 10 mL of THF. The LDA solution is cooled to -78 °C, and chlorotrimethylsilane
(0.261 g, 2.4 mmol) is added, followed after 5 min by a solution of methyl oleate (0.593 g, 2 mmol) in 5 mL of
THF added dropwise by cannula at -78 °C via septum 1. Following addition, the mixture was stirred for 10 min
at -78 °C, then 1 mL of 3 M hydrochloric acid was added to the Al>Ses in flask A via septum 2. The reaction
mixture was maintained at -78 °C until hydrogen selenide evolution was complete and for 10 min longer.6 The
cooling bath was then removed and the mixture was allowed to warm to 20 °C and was kept at 20 °C for not
longer than 15 minutes.7 Hexanes (16 mL) and ether (8 mL) were added, followed by 20 mL of 1 M sodium
bicarbonate. The organic solution was washed with 2 more portions of 1 M sodium bicarbonate, then with brine
(1 x 20 mL), dried and evaporated. Flash chromatography of the residue on silica eluting with hexanes gave
0.647 g (90%) of O-methyl selenooleate as a yellow 0il.8 IH NMR (CDCl3): § =5.37 (m, 2 H, 9- and 10-CH);
4.21 (s, 3 H, -OCH3); 2.67 (1, 2 H, 2-CH»); 2.03 (m, 4 H, 8- and 11-CHy); 1.77 (m, 2 H, 3-CHy); 1.25 (m, 20 H,
4- through 7-, 12- through 17-CHz); 0.88 (t, 3 H, -CH3). IR (neat): 1435 (C=Se) cm'l. UV (EtOH): Amax =
270 nM. MS (NHj3 CI): 360 (M + H¥). TLC (9:1 hexane - ether): Ry = 0.7 (methyl oleate, 0.4).

The selenoesters were isolated as brilliant yellow oils or solids with a peculiar "skunky” odor. They
were stable to silica gel chromatography, and were much more mobile on silica gel than the starting esters.
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Characteristic features of the spectra were infrared absorbances at 1190 and 1435 cm! and an ultraviolet
absorbance maximum at 275 nM. The alkoxyl protons were deshiclded relative to those of the starting ester by
0.4 to 0.5 ppm, and those « to the selenocarbonyl were deshielded by about 0.3 ppm. Results for a variety of
substrates are presented in Table 1.

Table 1

Example Sn:ﬁngm: &ms?:mn Xielda
1 ouayl’lL'ocH3 Oleyl)LOCH s 20%>

Se
2 (CHa)s O/\)koc(cﬂs)s 2%
o] Se
3 CoHss Aocn N 74%
o Se

4 \/LOCholoathyl \)LOCholostoryl 62%°
5 Br/\/\ioczﬂ, Br/\/\/tOC;H, 87%
6 cn,s/\iocrl s cnss’\/rocn 3 83%

o Se

\)Lo/\c.us 80%

.Y o

a All products gave satisfactory 1H NMR, IR, UV, and mass spectral data. b Oleyl = Z-
(CH2)7CH=CH(CH2)7CH3. “mp 150 - 152 °C (lit. mp 151 - 153 °C).4b

j

It is interesting to note that the primary bromide (Example 5) does not undergo displacement by
selenium under these conditions, despite the powerful nucleophilic character of the selenide anion. The reaction
is also successful with a r-butyl ester (Example 2), a benzyl ester (Example 7), and a e-lactone (Example 8), all
of which are inaccessible by the imidate-alcohol-NaHSe method. The reaction could not be successfully
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applied to vinyl esters or 5-lactones. In these cases the formation of the trimethyisilyl ketene acetal was found
to occur normally, but the ketene acetals suffered extensive decomposition upon exposure to HaSe to give a
complex mixture of seleniferous products. Not surprisingly, attempts to extend this methodology to the
preparation of O-alkyl telluroesters by the use of AlsTes in place of AlpSes were unsuccessful.?

In summary, we have found that a variety of alkyl esters and certain lactones may be conveniently
wansformed in good yields to the corresponding selenocarbonyl analogs by reaction of their trimethylsilyl
ketene acetals with hydrogen selenide generated in situ by the hydrolysis of aluminum selenide.
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