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ABSTRACT

The selective generation of selenoamide monoanion and dianion was achieved by reacting N-benzyl selenobenzamide with BuLi. Alkylation
of the dianion with 1 equiv of electrophile took place at the carbon atom adjacent to the nitrogen atom, and subsequent hydrolysis produced
functionalized selenoamides in good to high yields. Ring opening of oxiranes using the dianion proceeded with high regio- and stereoselectivity
to form N-3-hydroxy-1-phenylalkyl selenobenzamides. The stereochemistry of the major isomer derived from cyclohexene oxide was determined
by X-ray molecular structure analysis.

The generation and reactions of dipole-stabilized carbanions
adjacent to a nitrogen atom from secondary amides and
secondary carbamates have been studied in great depth.1 In
contrast, much less attention has been paid to similar
carbanions derived from substrates bearing selenocarbonyl
groups. During our studies on selenium-atom-containing
conjugate ions,2 we have disclosed their electronic properties
and reactions. Recently, we have also made progress in the
synthesis and reactions of selenium isologues of amides, i.e.,
selenoamides.3 For example, alkylation of tertiary seleno-
amides with alkyllithium was found to proceed smoothly to
give unsymmetrically substituted ketones.3e We report here

the selective generation and reactions of a selenoamide
dianion from a secondary selenoamide with butyllithium
(BuLi).

The N-benzyl selenoamide1a4 was treated with 1 equiv
of BuLi in THF at 0 °C for 30 min (Scheme 1). To the
reaction mixture was added 2 equiv of ethyl iodide to give
Se-ethyl selenoimide4a in high yield. More interestingly,
in the reaction of selenoamide1a with 2 equiv of BuLi, the
reaction mixture changed from orange to deep purple. The
addition of 2 equiv of ethyl iodide quantitatively gaveSe-
ethyl selenoimide5a. These results imply that the monoanion
2a was selectively formed from1a with 1 equiv of BuLi,
and additional BuLi abstracted the proton at the carbon atom
adjacent to the nitrogen atom of1a to form the dianion3a.5,7

A similar reaction was observed forN-benzyl thioamide1b,9
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which gaveS-ethyl thioimides4b and5b in high yields via
thioamide monoanion2b and dianion3b, but the reaction
of selenoamide1ashowed better stereoselectivity. When the
dianion3awas treated with 1 equiv of ethyl iodide, ethylation
took place selectively at the carbon atom adjacent to the
nitrogen atom of3a, and workup of the reaction mixture
with water regenerated a selenocarbonyl group to give
selenoamide6 in good yield.10

To synthesize new types of selenoamides11 via the dianion
3a, various electrophiles were tested. The results are sum-
marized in Table 1. As carbon electrophiles, cyclohexyl
bromide, allylic bromides, acetyl chloride, and oxiranes were
used to give the corresponding selenoamides in good to high
yields as stable compounds (entries 1-7). The trimethylsilyl
chloride underwent silylation of the dianion to giveN-1-
trimethylsilyl-1-phenylmethyl selenoamide14 (entry 8). In

the reaction of crotyl bromide, the substitution reaction took
place at the carbon atom attached to the bromine atom, and
the stereochemistry of the starting bromide was retained in
the product9 (entry 3). Ring opening of isobutyrene oxide
and propylene oxide proceeded selectively at the primary
carbon atom of their rings, although two diastereomers were
formed in a nearly equal ratio in the latter case (entries 5
and 6). As for the reaction of cyclohexene oxide, two of
four possible stereoisomers were obtained in a ratio of 66:
34.

To identify the relative stereochemistry and structural
features of the product13, X-ray structure analysis of the
major diastereomer13 was carried out.12 The ORTEP
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Scheme 1 Table 1. Reaction of Dianion3a Generated from Selenoamide
1a with Electrophilesa

a The selenoamide1 was treated with BuLi (2 equiv) at 0°C for 0.5 h,
and then the electrophile was added to the reaction mixture at 0°C. b Isolated
yield. c The diastereomer ratio is shown in parentheses.d For the major
product.e For the minor product.
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drawing of13 is shown in Figure 1, along with the selected
bond lengths, bond angles, and torsion angles. The results
indicate that the relative configuration of three successive
chiral carbon atoms in13 is R*,S*,R*.

On the basis of this result and NMR spectra, the relative
configuration of the minor diastereomer13 was also identi-
fied to beS*,R*,S*. Ring opening of cyclohexene oxide with
the dianion3a takes place with an inversion of configuration
at the carbon atom next to the oxygen atom. The bond length
in the CdSe group was 1.834(3) Å, which is close to the
ordinary bond lengths of selenoamides.13 The aromatic ring

attached to the carbon atom of CdSe group deviated from
the plane involving the CdSe group (Se1-C1-C15-C20
) 127.2(3)°). There was no interaction between the selenium
atom and the hydrogen atom of the hydroxy group. This
result was also supported by77Se NMR spectra (Table 1).
The signal of the selenium atom of the major diastereomer
13 was observed atδ 645.1, which is similar to those seen
for N-1-alkyl or 1-allyl-1-phenylmethyl selenoamides7-9.
In contrast, the signal of the minor diastereomer13 was
shifted to a higher field, which may indicate intramolecular
hydrogen bonding involving a CdSe‚‚‚H-O group,14 al-
though further studies are necessary.

In summary, we have demonstrated the deprotonation of
a selenoamide leading to a monoanion and dianion with high
efficiency and selectivity. The synthesis of secondary sele-
noamides was attained by reacting the dianion with various
electrophiles. Further studies on the synthetic reactions of
heavy-atom-containing conjugate ions are in progress.
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Figure 1. ORTEP drawing of13. Selected bond lengths (Å): Se1-
C1, 1.834(3); N1-C2, 1.471(4); C1-N1, 1.325(4); C1-C15, 1.486-
(4). Selected bond angles (deg): Se1-C1-N1, 124.9(2); Se1-
C1-C15, 119.3(2). Selected torsion angles (deg): Se1-C1-C15-
C20, 127.2(3): Se1-C1-N1-C2, 4.0(4); H3-C2-C3-H4, 173;
H2-N1-C2-H3, 153.
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