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Lithium eneselenolates generated from selenoamides underwent Michael addition to o,f-unsaturated esters and ketones with high
diastereoselectivity to give d-oxo selenoamides in moderate to high yields within a few seconds. Further selective transformations of the
d-0xo selenoamides were also achieved.

Although the Michael addition using metal enolates and the increasing attention to organoselenium compotinds
enethiolates derived from amideand thioamidée’s™? has stimulated us to explore the utility of lithium eneselenolates
been well studied as synthetically important carboarbon as a carbon nucleophile to Michael acceptors. Very recently,
bond-forming reactions, a similar reaction using a selenium we have established a one-pot synthetic procedure of
counterpart of metal enolates, i.e., metal eneselenolates, hagelenoamide4® and found that their lithium eneselenolates
not yet been reported. However, the recent development of2 reacted with aldehydes to afford-unsaturated seleno-

new synthetic methods for selenocarbonyl compo@iads! amides® Herein, we report the stereocontrolled Michael
addition of lithium eneselenolates ¢gp-unsaturated esters

and ketones leading #®-0xo selenoamides and their reactiv-
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Table 1. Michael Addition of Selenoamidek to
o,p-Unsaturated Carbonyl Compoungs
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2The selenoamide 1 (1 mmol) was treated with LDA (1.2
mmol) in THF (5 mL) at 0 °C for 10 min, then to the reaction
mixture were added the carbonyl compound 3 (1 mmol) and
water (1 mL) successively. ° NR, represents pyrrolidyl. ¢
Isolated yield. @ The ratio of the diastereomers determined by
'H NMR spectra is shown in parentheses. ¢ The lithium
eneselenolate 2a was stirred with 3g for 1 min at 40 °C.

The results of the reaction of lithium eneselenol&esth
o,f-unsaturated esters and ketoBese summarized in Table
1. For example, selenoamidé was treated with LDA at O
°C for 10 min. Then, to the reaction mixture were added
methyl acrylate3a and water nearly simultaneously. The
purification of the product by column chromatography on
silica gel gaved-oxo selenoamidda in 46% yield (entry
1). In almost all cases, the Michael addition of lithium
eneselenolate® was complete within a few seconds.
Running the reaction for a longer time reduced the yields of
the productst.

The carbon atom of lithium eneselenolateselectively
attacked on thg-carbon atom of Michael accept8t The
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products derived from the addition of the selenium atom of
2to 3 and from the 1,2-addition ¢ to 3 were not detected.
This is in a marked constrast to the reactions of ordinary
amides and thioamides which required higher reaction
temperatures and reaction time to afford Michael adducts.
S,p-Disubstitutedx,3-unsaturated ketones are less suceptible
to the Michael additioA® Nevetheless, the reaction of lithium
eneselenolate® with enone3g gave 1,4-adductdh and4i
in good yields (entries 8 and 9). The reaction of lithium
eneselenolat@b proceeded with high diastereoselectivities
(entries 3—6) except for the reaction with cyclohexen8he
(entry 7). The stereochemistry of proddatwas confirmed
by converting4c to the ordinary amide with m-CPBA
oxidation and comparing the NMR spectra of the obtained
amide with those in the literatuf® The structure of major
product4ewas also estimated on the basis of the similarity
of its spectra with those of produdt.

The relative reactivity of alkoxycarbonyl and selenocar-
bamoyl groups toward methyllithium was tested (Scheme
1) since both functional groups are known to be active toward
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organolithium compound®? The treatment of-oxo sele-
noamidedc with 2 equiv of methyllithium gave quantitatively
0-hydroxy selenoamidé. The methyllithium selectively
added to the ethoxycarbonyl group, and the selenocarbamoyl
group remained intact. In contrast, the use of 4 equiv of

(7) Experimental Procedure To a THF solution (5 mL) of LDA (1
mmol) was added propaneselenoaniidgél mmol, 0.19 g), and the solution
was stirred for 10 min at-78 °C. To the reaction mixture were added
ethyl crotonate3b (1.2 mmol, 0.15 mL) and water (1 mL) successively.
The mixture was washed with saturated aqueous NaCl, and the whole was
extracted with ether. The combined organic layers were dried over MgSO
and concentrated in vacuo, and the residue was purified on column
chromatography through silica gel using hexane/ether (10/1) as eluent to
afford 6-oxo selenoamiddc (0.268 g, 0.88 mmol) in 88% yield.

(8) Wakefield, B. J. IfOrganolithium MethodsKatritzky, A. R., Meth-
Cohn, O., Rees, C. W., Eds.; Academic Press: London, 1988; p 76.
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methyllithium gave the cyclic produd in 36% vyield%11 uct was not determined. No product derived from deproto-

Product 6 may be formed via the further addition of nation at thex-carbon atom to the selenocarbonyl group was

methyllithium to producb to form iminonium salf7, which observed (Scheme 3).

undergoes stereoselective intramolecular cyclization.
The two-step reaction from lithium eneselenolabeand

ethyl 4-bromocrotonate3f) successfully gavg-cycloprop- Scheme 3

ylalkyl ketone8 (Scheme 2). In the first step Michael addition LDA

THF
EtO NR» o .
| i 0°C, 1 min
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Se MeLi o . .
Eto\’(A"// (4 equiv) In_ summary, we have demonstrated the first Michael
NRz ‘ addition of lithium eneselenolate® to «,3-unsaturated
O 4 NR, = D OH 8 carbonyl compound$. The reaction was complete very
18% (90 : 10) 59% (88 : 12) rapidly and exhibited high selectivity. The selective trans-

formation of thed-oxo selenoamides was also successful.
Further applications of the present reactions will be reported
of 2b to 3h may give the ester enolate followed by in due course.

mtramolecu_lar alkylation. ;Amoné:l _four po§S|bee gzt-eroemsrc])— Acknowledgment. This work was supported in part by
m(ra]rs, twoblsorlners were formed in adrat|oho | 10. The a Grant-in-Aid for Scientific Research on Priority Areas (No.
ethoxycarbonyl group watsans oriented to the selenocar- 17150799y and by a Grant-in-Aid for Scientific Research

bamoylethyl group on the cyclopropyl ring. In the second (No. 9355032) from the Ministry of Education, Science,
step using 4 equiv of methyllithium, two methyl groups were Sports and Culture, Japan

selectively introduced to the ethoxycarbonyl group and the ' _ ' '

selenocarbamoy! group @fj was selectively converted to Supporting Information Available: Spectroscopic and

an acetyl group. analytical data for new compounds. This material is available
Finally, the deprotonation aj-oxo selenoamiddb was free of charge via the Internet at http://pubs.acs.org.

carried out. The treatment @fbo with LDA at 0 °C for 1 0L990365S

min followed by allylation gave produc® with high

stereoselectivity? although the stereochemistry of the prod-

(12) Experimental Procedure. To a THF solution (5 mL) of LDA (0.6
mmol) was added-oxo selenoamidetb (0.5 mmol, 0.145 g), and the
solution was stirred for 1 min at €C. To the reaction mixture was added

(10) Product was obtained in 80% yield with a purity higher than 90%  allyl bromide3b (0.5 mmol, 0.05 mL), and the solution was stirred for 10
after the workup. Attempts to purify the crude product through column min at 0°C. The mixture was washed with saturated aqueous NacCl, and

chromatography failed and gave a complex mixture. Then, praglues the whole was extracted with ether. The combined organic layers were dried
purified by bulb-to-bulb distillation. over MgSQ and concentrated in vacuo, and the residue was purified on

(11) The stereochemistry of produ@tvas determined by using a phase  column chromatography through silica gel using hexane/ether (2/1) as eluent
sensitive NOESY spectrum. to afford 9-oxo selenoamid® (0.074 g, 0.23 mmol) in 45% yield.
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