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Abstract: An efficient procedure for the regiocontrolled synthesis
of a-phenylseleno ketones has been developed, making use of the
lithium naphthal enide induced reductive sel enenylation of the a-cy-
ano ketone system as a key operation. Moreover, seleno ketones
thus generated in situ, upon subsequent treatment with hydrogen
peroxide and acetic acid, could be further converted into the corre-
sponding enones with a high degree of regioselectivity, presumably
due to the lithium salt mediated selenoxide syn-elimination process.
Key words: lithium naphthalenide, o-phenylseleno ketones, regio-
selectivity, a-cyano ketones, reductive selenenylation

a-Phenylseleno ketones are of great importance in syn-
thetic chemistry where they are commonly used as the
substrates for preparation of o,B-unsaturated ketones' or
the intermediates for synthesizing polycyclic compounds
viaafree-radica cyclization process.? In addition to their
synthetic versatility, a specific series of a-phenylseleno
ketones as reported by Cotgreave et a.* has been shown to
possess glutathione peroxidase-like biologica properties,
indicating that a-phenylseleno ketones might have poten-
tial to serve as anticancer, antiviral and anti-inflammatory
agents,* and/or as the selenium source of selenoproteins,
which are essential for human immune system and known
to play acritica role in reducing the incidence of awide
variety of cancers, particularly that of the prostate.>®

While anumber of procedures are accessible to provide a-
phenylseleno ketones, an efficient control over the regio-
selectivity remains problematic for unsymmetrical ke-
tones with the o and o’ carbons to a ketone carbonyl
equally susceptible to selenenylation.”** Herein, we wish
to report that a convenient synthetic method, making use
of the lithium naphthalenide (LN)*? induced reductive
selenenylation of a-cyano ketones as a key operation, has
been developed to facilitate the formation of the corre-
sponding a-phenylseleno ketones with complete regiose-
lectivity. It was found that a-cyano ketones could be
readily reduced with LN under mild conditions (—40 °C)
to give the corresponding ketone enolates.’®* When the
reduction was followed by the addition of a phenyl-
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selenenylating agent, a-selenenylation was effected, re-
sulting in the specific replacement of the cyano group
with a phenylseleno group. A typical experiment is de-
picted in Scheme 1.} However, it is noteworthy that
among severa phenylselenenylating agents investigated,
phenylselenyl bromide is superior to its counterparts such
as phenylselenyl chloride (65% vyield) and diphenyl
diselenide (52% yield) in offering compound 2.
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then PhSeBr (1.2 equiv), 30 min

CN LN (5 equiv), THF, 20 min, —40 °C SePh
Ph Ph
90%
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Scheme 1

This reductive selenenylation process proved to be gener-
al asoutlined in Table 1. In al cases examined, the reac-
tions proceeded smoothly and the desired products were
obtained in synthetically useful yields (75-92%). Sub-
strates 1 and 3-9 are prepared by akylation of the corre-
sponding a-cyano ketones using an appropriate alkylating
agent and lithium hydride (LiH) in THF at room tempera-
ture for 24 hours, which are readily accessible via the
Thorpe-Ziegler reaction,’® the base-induced rearrange-
ment of isoxazoles'® or the a-cyanation of ketones.!” On
the other hand, substrates 10 and 11 were constructed
from Diels-Alder reaction of 2,2-dimethyl-1-cyanoben-
zoylethene with isoprene and 2,3-dimethyl-1,3-butadiene,
respectively, in the presence of ZnCl, as catalyst,'® and
substrate 12 was prepared according to the procedure
reported in the literature.’

In addition to providing a direct access to a variety of
a-phenylseleno ketones which are otherwise difficult to
synthesize, the aforementioned reductive selenenylation
process also found a synthetic application in converting
a-cyano ketones into enones by modification of the phen-
ylseleno group. It was found that the keto selenides thus
obtained via reductive selenenylation, without isolation,
could be directly oxidized to give the corresponding
enones with high regiocontrol of the double-bond forma-
tion, presumably due to the intermediacy of rich lithium
salts derived from the preceding reaction (videinfra). This
one-pot  selenenylation—oxidative-elimination  process
was found to be general asillustrated in Table 2. In terms
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of cyclic a-cyano ketones examined (entries 1-6 and 11),
with the exception of a six-membered-ring substrate
(entry 3) which gave a mixture of endo- and exocyclic
enones in 2:1 ratio, the procedure was found to proceed
with regioselectivity to provide the exocyclic products
exclusively in good to excellent yields (72—-95%).

Tablel Reductive Selenenylation of o-Cyano Ketones with
Lithium Naphthalenide

0] O

M LN (5 equiv), THF, 20 min Hj\’{iph
R R

then PhSeBr (1.2 equiv), 30 min v :

Entry a-Cyano ketone  Product Temp Yield
(°0) (%)?
o) 0
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0 0
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Tablel Reductive Selenenylation of a-Cyano Ketoneswith
Lithium Naphthalenide (continued)

o} o}

CN LN (5 equiv), THF, 20 min Hj\éiph
R R

; then PhSeBr (1.2 equiv), 30 min v .

Entry «-Cyano ketone  Product Temp Yield
O (%)
o) 0
CN SePh
Ph Ph
9 -40 91

11

-40 89°

(0] (0]
CN SePh
12

a2Yields are for isolated, chromatographically pure products.

7.0 equiv of LN and 2.2 equiv of PhSeBr were required to complete
the reaction.

¢ cis-Addition product is temporarily assigned based on previously
closely resembled examples.t®

As for acyclic substrates (entries 7 and 8), in each case
only asingle regioisomer (E-form) was formed in quanti-
tative yield (90-95%). All enones obtained were charac-
terized by spectroscopic methods and where applicable,
NOE experiments were extensively performed to deter-
mine the stereochemistry assigned. As well, the spectral
data of compounds 13-17 are in good agreement with
those reported in the literature.>1%>2? As a typical exam-
ple, a-phenylseleno ketone 2 thus generated in situ fol-
lowing the protocol in Scheme 1 was further treated with
acetic acid (4 egquiv) and H,0, (8 equiv) at —40 °C to give
the corresponding enone product 13 in 85% yield over
two steps.* Mechanistically, the regioselectivity ob-
served in compound 13 might be tentatively explained by
invoking the intermediacy of the lithium ion to stabilize
the preferred conformation of the selenoxide intermediate
required for introducing the exo double bond via syn-elim-
ination (Figure 1). This proposal is supported by the fol-
lowing preliminary findings. When isolated compound 2
was treated with 5 equivaents of LiBr followed by addi-
tion of acetic acid (4 equiv) and H,O, (8 equiv) in CH,CI,
at 0 °C, a mixture of exo- and endocyclic products were

H,
H

®
Se
/

Figurel
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formedin 7:1 ratio (86% yield); however, for comparison,
when the same reaction was carried out in the absence of
LiBr, the desired exo- and endocyclic 13 were obtained in
1:1.5ratio (81% yield).

Table2 One-Pot Conversion of a-Cyano Ketonesinto a,3-Unsatur-
ated Ketones
(0] LN (5 equiv), THF, 20 min, —40 °C 0

CN then PhSeBr (1.2 equiv), 30 min
R Z 'R

AR then AcOH (4 equiv), H,O, (8 equiv) AR
—40 °C to 0 °C, 40 min

Entry a-Cyano ketone Product Yield
(%)*
0 o) H
CN
—
13
0 0 H
CN
14
o) o) o)
CN
Ph Ph Z > ph
3 97
15 16
endo/exo (E) 67:33
(e} o H
CN A ~pn
4 95
Ph
17
(@] / fo) H
P
5 N 91
18
(@] // O Il
VRSN
6 CN oS 72
19
o) o)
H
20
0 0
CN
8 Ph | 95
H” “Ph

N
=
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Table2 One-Pot Conversion of a-Cyano Ketonesinto a,-Unsatur-
ated Ketones (continued)

o) LN (5 equiv), THF, 20 min, —40 °C o

M then PhSeBr (1.2 equiv), 30 min
R

VTV VTN
T v

then AcOH (4 equiv), H,O, (8 equiv)
—40 °C to 0 °C, 40 min

Entry a-Cyano ketone Product Yield
(%)*
o) 0
CN
Ph Ph
9 98
22
o) 0
CN
Ph Ph 9
10 >
23
0 0
CN
(o)

24

aYields are for isolated, chromatographically pure products.
b Only asingle diastereomer was formed; its stereochemistry remains
to be determined.

A similar observation on the product distribution (exo/
endo = 1:1.3) has also been made previously by Reich et
a., where the oxidation reaction was conducted under
treatment with H,O, without the presence of lithium
salts.?® The results disclosed above appear to be of great
significance in the enone-synthesis chemistry, thus
prompting us to undergo a systematical investigation on
the phenylselenoxide syn-elimination process mediated
with different lithium salts as well as other relevant metal
salts. A detailed account of the mechanistic study will be
published elsewhere in due course.

As described above, we have developed ahighly efficient
and compl etely regiocontrolled procedure for the prepara-
tion of a-phenylseleno ketones starting from readily avail-
able a-cyano ketones. Moreover, a-phenylseleno ketones
thus formed, without isolation, could be further oxidized
to afford the corresponding a,B-unsaturated ketones with
high regiosel ectivity, presumably due to the intermediacy
of the lithium salts provided by the preceding reductive
selenenylation. This newly developed one-pot process for
direct conversion of a-cyano ketonesinto enone systemis
expected to have broad synthetic utility in light of the high
degree of regiocontrol and operational simplicity.
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