
The ammonium eneselenolates generated from selenothioic
acid S-esters and ammonium fluoride were reacted with carbon
electrophiles to furnish ketene selenothioacetals with high stereo-
selectivities.  The spectroscopic properties of the ammonium ene-
selenolates have suggested that the electrons on the selenium
atom efficiently delocalize on the carbon-carbon double bond.

Conjugate anions such as allylic anions and enolates are
one of the most important chemical species in organic chem-
istry.1 The introduction of a heavier atom to conjugate anions
is of great interest.  For example, sulfur isologues of enolates
have been extensively studied.2 In contrast, only a limited
examples of metal enolates involving a selenium atom, i.e. ene-
selenolates have been known to be formed from vinyl metallic
species and a selenium atom.3 Very recently, we have dis-
closed that selenium counterpart of lithium enolates, i.e., lithi-
um eneselenolates were generated by the treatment of selenoth-
ioic acid S-esters with LDA4 similarly to the ordinary esters and
thioesters.  We report herein highly efficient generation, reac-
tion and electronic properties of ammonium eneselenolates. 

The purple selenothioacetic acid S-butyl ester 1a turned
light brown almost instantly by adding a THF solution of tetra-
butylammonium fluoride (eq 1).5 The aqueous workup of the
reaction mixture gave a complex mixture, but a similar treat-
ment of the ester 1a with ammonium fluoride in the presence of
a variety of carbon electrophiles gave the products 3, which
cannot be easily obtained by other methods.6 The results are
summarized in Table 1.7

The use of methyl iodide and ethyl bromide afforded ketene
selenothioacetals 3a and 3b within 1 min in 85 and 81% yields,
respectively (entries 1 and 2).8 In the reaction of epibromohy-
drin the substitution reaction selectively took place at the
bromine-substituted carbon atom to give the product 3c (entry
3).  The use of allylic halides gave the γ,δ-unsaturated selenoth-
ioic acid S-esters 1c, 1f, and 1g in good yields (entries 4–6).  In
these reactions the carbon atoms having substituents such as
methyl, ethoxycarbonyl, and phenyl groups were selectively
introduced to the α-carbon atom to the selenocarbonyl group.

The deprotonation with ammonium fluoride was also appli-
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cable to α-monosubstituted and disubstituted selenothioic acid
esters 1b-1e.  The subsequent treatment of 2b–2e with alkyl
halides gave ketene selenothioacetals 3d – 3h (entries 7–12).
Noteworthy is the ratio of E and Z isomers of the ketene
selenothioacetal 3d.  The generation of ammonium eneseleno-
late 2b was complete within one minute, but the quick addition
of methyl iodide gave both isomers of 3d in a nealy equal ratio
(entry 7).  The stereoselective formation of 3d was attained by
mixing the ester 1b with ammonium fluoride for 30 min, fol-
lowed by the addition of MeI (entry 8).  Benzoylation of 2c gave
the product 3f exclusively as a Z-isomer (entry 10).  Even α-di-
subsituted esters 1d and 1e were converted to ketene selenoth-
ioacetals 3g and 3h with high stereoselectivity (entry 12).

The ammonium salts 2 were stable enough to monitor
NMR spectra.  The results are shown in Table 2.

NMR spectra of ammonium eneselenolates 2b and 2c have
clearly indicated that they were formed as the single stereoiso-
mer of 2b and 2c despite the fact that the stereoselectivity of
alkylation of 2b depended on the reaction time as shown in
Table 1.  The stereochemistry of 2b and 2c was assigned as Z-
geometries on the basis of their phase sensitive NOESY spec-
tra.  Thus the generation of the ammonium eneselenolates may
take place with no stereoselectivity, but the isomerization of E-
2 to Z-2 may smoothly proceed through the rotation of the car-
bon-carbon double bond in 2 (Scheme 1).9

The selenium atom of ketene selenothioacetals Z-3d and Z-
3e was observed at 202.2 and 231.4 ppm, respectively, in 77Se
NMR spectra.  It should be noted that those of ammonium salts
2b and 2c was shifted lower field by about 50 ppm.  The seleni-
um atom having negative charge is generally observed in the
field higher than 0 ppm.10 In contrast, the selenium of ammoni-
um salts 2b and 2c is strongly deshielded even if it has an
anionic character.  This may be explained by noting that the
electrons on the selenium atom efficiently delocalize on the car-
bon-carbon double bond.  Further evidence for the delocaliza-
tion of the electrons in ammonium eneselenolates 2 is the cou-

pling constants between the carbon atom and the selenium atom
of the ammonium salts 2b (1J = 187.5) and 2c (1J = 175.7).
They are close to the normal value of the carbon-selenium dou-
ble bond (ca. 200 Hz),11 and this is in good agreement with a
partial double bond character of the carbon-selenium bond in 2.
Thus, this properties may allow for the easy isomerization of
two isomers of 2.

In summary,  we have found the first example of ammoni-
um eneselenolates from selenothioic acid S-esters.  Alkylations
of ammonium eneselenolates provided highly stereoselective
synthetic methods for ketene selenothioacetals.  Electronic
properties of eneselenolates have also been disclosed.  Further
studies on the application of the present system are in progress.
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