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Abstract. An account of the most commonly used reagents
for the introduction of the benzeneselenenyl (phenyl seleno)
group is given. The review focuses on the various methods of
its introduction as auxiliary, modifying or protective entity, and
its subsequent removal, thereby often promoting other reactions
as cyclizations or double bond formation. Less emphasis is

laid on reactions of the phenylselenenylated intermediates
with the PhSe-group left intact utilizing its stabilizing
properties on charged intermediates, on reagents with a
modified phenyl group, e.g. chiral derivatives, or on reactions
not involving intermediate C—Se-bond formation.
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The interim introduction of chemical entities (groups)
during a complex synthesis is one of the most common
principles to achieve otherwise cumbersome or impos-
sible transformations. These entities may be devided
in two categories: protective groups, which ideally
render certain parts of the molecule inreactive but will
not alter reactivity otherwise, and auxiliary groups
which alter reactivity or selectivity. Examples of the
latter category include chiral auxiliaries, umpolung
strategies, or the classical alkoxycarbonyl auxiliary, e.g.
utilizing a malonate as an acetate equivalent.

One of the most versatile groups used for auxiliary
purposes is the benzeneselenenyl (phenylseleno) group
(1) [1-6]. It can be considered the chemical chamele-
on — even more than the corresponding sulfur analog.
In contrast to the similar sulfur derivatives with their
identical variety of oxidation states, the weaker C—Se-
bond (234 kJ mol1!) [6], and the higher polarizability,
nucleophilicity and oxidizability of selenium make the
benzeneselenenyl group more useful. It may be intro-
duced by nucleophilic, electrophilic, and — less often —
by radical processes. The corresponding selenides then
enable the generation, stabilization and reaction of «-
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carbanions, o-radicals, and o- (and f3-) carbocations.
The benzeneselenenyl group can be removed by nucle-
ophilic, electrophilic, radical, oxidative and reductive
methods, thereby — if desired — generating a carbanion,
radical or carbocation at its former position for further
reactions. It can be used for the ‘Umpolung’ of func-
tional groups, but may even become ‘umgepolt” itself,
e.g. by oxidation to a selenone. In addition its (rather
limited) use as a protective group has also been report-
ed (vide infra).

However, the “known toxicity of organoselenium
compounds called for caution and their malodorous re-
putation made them double unattractive to any chemist
who wanted a social life outside the laboratory” [5].
But since the development of the very facile B-syn-elim-
ination of pheny! selenoxides as a reaction to generate
unsaturated compounds [7, 8] the number of applica-
tions of the phenyl seleno group and substituted deriv-
atives rised immense. More recently catalytic methods
for benzene selenenyl reactions where developed which
can reduce the danger of intoxication [9, 10]. However,
their applicability is rather limited yet.

In the following we will discuss the most common
reagents for the introduction of the benzeneselenenyl
group and their application, followed by a very brief
survey of possible transformations of the phenylsele-
nides formed, including the removal of this auxiliary

group.

Reagents !) [11]

Most reagents for the introduction of a benzeneselene-
nyl group (scheme 1) are either commercially available
or very easy to synthesize. The basic reagents, from
which most others are obtained, are diphenyl disele-
nide (2) and phenyl selenocyanate (benzeneselenenyl
cyanide, 3). These and the resulting reagents can be
devided in two main groups: electrophilic reagents, i.e.
those attacked by (carbon) nucleophiles at selenium,
and nucleophilic reagents. Benzeneselenenyl radicals
are of less importance and are usually derived from the
electrophilic reagents in the usual manner (hv or radi-
cal transfer reactions).

Electrophilic Benzeneselenenyl Reagents

Dipheny! diselenide (2) is the central reagent. Its facile
preparation is well documented [12]. It can be stored
indefinitely and is purified easily, the latter being a very
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Scheme 1 Benzeneselenenyl transfer reagents

important factor, since the benzeneselenenyl group af-
ter its removal is usually recovered in this form. Dise-
lenide 2 is readily converted to other reagents (vide in-
fra). It can be prepared by reaction of phenyl magnesi-
um bromide or phenyllithium with elemental selenium
and in situ oxidation of the resulting magnesium phe-
nylselenolate[12]. Sufficiently reactive nucleophiles,
e.g. alkyllithium reagents cleave diphenyl diselenide (2)
but the benzeneselenenyl halides (6, 7, 9) are much bet-
ter sources of electrophilic selenium [13].

Probably the most easily prepared halide is benzene-
selenenyl bromide (9) which is obtained in nearly quan-
titative yield by the reaction of bromine with diphenyl-
diselenide (2) in tetrahydrofurane [14] or with phenylse-
leno cyanate (3) [15]. Benzeneselenenyl chloride (6) is
the most frequently used reagent. It can be synthesized
by treating diphenyl diselenide (2) with chlorine in hex-
ane [12, 14] or with an equimolar amount of sulfuryl
chloride [16, 17].

The more reactive phenylselenium trichloride (7) is
prepared by chlorination of either selenophenol (4),
diphenyl diselenide (2), or benzeneselenenyl chloride
(6) with 2 — 3 equiv. sulfuryl chloride. It is used with-
out purification for further manipulations[18, 19]. Oxi-
dation of diphenyl diselenide (2) with iodine in ace-
tonitrile produces a reagent which is presumed to be
“benzeneselenenyl iodide” [20]. It shows the same type
of reactions as the other benzeneselenenyl halides but
has a much higher reactivity towards e.g. alkenes [20].
The comproportionation reaction of phenylseleninic
acid with diphenyl diselenide (2) leads to phenylselenen-
ic acid “PhSeOH” (13) [21].

Electrophilic reagents with non-nucleophilic coun-
ter ions include benzeneselenenyl hexafluorophosphate
(10)[22], -hexafluoroantimonate (12) [22], -tolylsul-

1y Warning: Organoselenium compounds are usually toxic and have an unpleasant smell, which is ,however, less dramatic than
that of the corresponding sulfur compounds. Though the risks are reduced by using the less volatile phenyl selenium compounds,
care should be taken and a well working fume hood should be used at all times. It is advisable to recycle the phenyl selenium
compounds by redox reaction to diphenyl diselenide (2) which is easily separated in pure form as a yellow very unpolar fraction

by column chromatography.
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fonate (11){23], or -triflate (14) [24-26] which are usu-
ally prepared in situ from the silver salts [9]. N-Phe-
nylseleno phthalimide (NPSP, 16) and N-phenylseleno
succinimide (NPSS, 15) [27, 28] are either obtained by
reaction of benzeneselenenyl halides with the imide
anion [27, 29] or by the reversed pathway with benzene
selenolate (1a) and the N-chloro imide [30]. In situ ox-
idation of diphenyl diselenide (2) with ammonium per-
oxydisulfate also generates electrophilic phenylseleni-
um [9]. Benzene selenenyl cation (1¢) may also be gen-
erated by single electron transfer (SET) from diphenyl
diselenide (2) to 1,4-dicyanonaphtalene (DCN) [31, 32].

Nucleophilic Benzeneselenenyl Reagents

Benzeneselenolate (selenophenolate, 1a) and seleno-
phenol (4) can be generated directly from a phenyl met-
al compound (phenyl lithium or phenyl Grignard) and
elemental selenium. Cleaner reagent, however, is ob-
tained by reduction of either diphenyl diselenide (2) [8]
or phenyl selenocyanate (3) [33, 34] with sodium boro-
hydride in alcohol. The nucleophilicity of the formed
anion is decreased due to complexation with borane [35].
Increased reactivity is observed if diphenyl diselenide
(2) is reduced with lithium aluminium hydride in diox-
ane [36, 37]. Uncomplexed benzene selenolate (1a),
which in some cases exhibits higher reactivity, is gen-
erated by the reduction of diphenyl diselenide (2) with
sodium hydride [38], sodium metal [35, 39], rongalite
(sodium formaldehyde sulfoxylate) [40], under phase-
transfer conditions (50% NaOH, dichloromethane, tri-
ethylbenzylammonium chloride) [41] or electrochemi-
cally [42].

Benzeneselenolate (1a) is one of the most reactive
soft nucleophiles and therefore very easily introduced
into organic compounds through Sy2-type displace-
ments or Michael type additions. It reacts with methyl
iodide in methanol at room temperature seven times
faster than the thiophenolate anion [43]. Trimethylsilyl
phenyl selenide (8) is generated from benzene-seleno-
late (1a) and chlorotrimethylsilane [44].

Phenylselenocyanate (3) probably is the second most
important basic starting material. It is synthesized by
diazotation of aniline followed by treatment with sodi-
um selenocyanate in a buffer solution containing sodi-
um acetate [15, 45] or by reaction of benzeneselenenyl
chloride (6) with cyanotrimethylsilane. It can be used
as a (masked) nucleophilic reagent in conjunction with
trialkylphosphines (vide infra) [46).

Benzeneselenenyl Radical Precursors

The sulfur—selenium bond of phenyl p-tolyl-selenosul-
fonate (5) is cleaved photolytically and a tolyl sulfonyl
radical and the phenyl seleno radical (1b) are formed

[47-49]. The latter can also be generated by photoly-
sis or thermolysis of diphenyl diselenide (2) [50].

Introduction of the Phenylseleno Group

Electrophilic Reactions
Addition to Double Bonds, Selenocyclizations

The haloselenenylation of alkenes 17 with benzenese-
lenenyl bromide (9) [51] or benzeneselenenyl chloride
(6) [17, 52—54] in aprotic solvents provides the halo-
selenenylation products 18a (scheme 2). The addition
proceeds exclusively in trans-manner due to the inter-
vention of a selenium bridged cation (seleniranium ion)
as a reaction intermediate. The ratio of syn-Markovni-
kov- vs. anti-Markovnikov-adduct can be controlled by
the reaction conditions: The first are formed under ther-
modynamic, the latter under kinetic control [55, 56].
The overall rate law is second order; first order in both,
alkene and benzeneselenenyl reagent [17]. If the reac-
tion is carried out in alcohols, carboxylic acids or in
the presence of 2-3 equiv. of water the corresponding
oxyselenenylated products 18b are obtained in high
yields [51, 57-63].

Ph
N PhSeX e
/ < X = Cl, Br

17 18a
\ PhSex SePh
/ i NuH

Nu
17 18b

NuH = H,0, ROH, R-COOH

Scheme 2 Selenenylation of alkenes

Other benzeneselenenyl reagents like N-phenylseleno
phthalimide (16) [27, 64] and N,N-dialkyl benzene-
selenenyl amides [29] and other nucleophiles (NuH)
react in a similar manner.

Only a catalytic amount of diphenyl diselenide (2) is
required if the electrophilic benzene selenium species
is regenerated by the reaction with ammonium peroxy-
disulfate (scheme 3) [9, 10]. The proposed active agent
is benzeneselenenyl sulfate (20).

Cyclic systems (26, 27) are generated if the interme-
diate seleniranium ion obtained from addition to alk-
ene 25 is opened by an intramolecular nucleophile
(scheme 4). Such selenocyclizations exhibit a high de-
gree of stereo- and regioselectivity. The method has been
used to synthesize lactones, cyclic ethers and thioethers,
nitrogen heterocycles and carbocycles [65].
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Scheme 3 Selective nucleophile addition to double bonds via
catalytic benzeneselenenylation

Cyclization occurs at the carbon center which is most
suitable to sustain a carbenium ion, but subsequent re-
arrangements are possible. Preferred trans stereochem-
istry of the additon was verified by X-ray analysis[65].

SePh
[ 9 enser ! Fse T
— - \(j } . /I
XNu Nu Nu
25 26 27

NuX = COOH, OH, SH, SAc, NHCOOEt, C=C

Scheme 4 Selenocyclization (Principle)

The formation of lactones from w—unsaturated carbox-
ylic acids (25, NuX = COOH; 28) can be achieved with
benzeneselenenyl chloride (6) at =78 °C in methylene

chloride or ethyl acetate as solvent [66]. In some cases
base has to be added [67]. Other reagents which have
been used in phenyl selenolactonizations are N-phe-
nylselenophthalimide (16) [27], benzeneseleneny] tri-
flate (14) [25] or electrochemically generated “PhSe*”-
cation 1c [68]. A variety of examples is presented in
scheme 5. For the preparation of individual classes of
cyclic compounds eg. lactones (28 — 29), ethers (30
— 31, 38 — 39), amines (32 — 33) and carbocycles
(34 — 35, 36 — 37) see ref. [69].

o—Phenylseleno Carbonyl Compounds

YR @ o] () O
1R&R2 —_— 1RJ\/RZ -— 1RJ\/R2

42

SePh

40 M (c) l(d)
N e N
o @ o, o
1 X R TR:XQT/R
R SeClyPh

SePh
43 a4 45

Scheme 6 Formation of o—phenylseleno carbonyl compounds
and -acetals{(a) PhSeX (b) Lewis acid catalysis, PhSeX, (¢)
thiourea, (d) PhSeCl; // (e) PhSeCl/X, Y, R: see text]

Most commonly, electrophilic benzeneselenenyl
transfer reagents are used in the a-benzeneselenenyla-
tion of carbonyl compounds to form a-phenylseleno car-
bonyl compounds 41 (scheme 6). Almost all methods
require enol derivatives 40 such as enol ethers
(YR3=OR) [70, 711, silyl enol ethers (YR3 = OSiMe5)
[72], enol acetates (YR? = O,CCH;) [14, 73], enamines
(YR?=NR),) [74], or lithium enolates (YR3 = OLi) [ 14,
75, 76] as nucleophiles. The direct formation of the o-
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i _eemL Se Sy A < N
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63:37
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COEt PhSeSbFg COLEt com PhSePF, 0 ot
__oesbfe o _nSePfs Me
= Ch,Cl, 2 ChyCly X
= -785C" 36 min SePh - -782C, 30 min ,
- -rt o -t S
82 % 0%
36 37 38 39

Scheme S Selenocyclizations (Examples)
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phenylseleno derivatives 41 from carbonyl compounds
42 can be accomplished by reaction with benzene-se-
lenenyl chloride (6) in ethyl acetate at room tempera-
ture [16] or by electrophilic phenylselenium (1c) gen-
erated from diphenyl diselenide (2) in situ either by
SeO,-oxidation [77] or electrochemically [78]. The re-
action of aldehydes (41, R'=H) with benzeneselenenyl
chloride (6) requires heat or acid catalysis [79, 80]. Al-
dehydes (41, R'=H) also can be o-phenylselenenylat-
ed with the rather unstable morpholino benzeneselene-
nyl amines [81-83] or benzeneselenenyl dimethylamine
[84]. The direct transformation of acetals 43 to a-phe-
nylselenoacetals 44 can be achieved by reaction with
benzeneselenenyl chloride (6) in dichloromethane [70].
A very simple, recently developed method is the reac-
tion of either aldehydes or ketones with phenylseleni-
um trichloride (7) in acetonitrile at room temperature
(18, 19]. The primarily formed dichloro adduct 45 is
reduced in situ with thiourea to yield the desired a-phe-
nylseleno carbonyl compound 41.

Nucleophilic Reactions
Alkylselenides, Sy2—Cleavage of Esters

Simple organic selenides are obtained from an alcohol-
ic solution of the benzenselenolate anion (1a) by addi-
tion of alkyl or benzyl halides [39, 41, 45, 85-88] or
alkyl tosylates (cf. scheme 7, 46 — 47) [39, 40, 89—
91].

~ L
‘ PhSeSePh
TSO)\( NaBH4, EtOH PhSe
46 47

PhSeCN, BusP

Me(CHa)16CHR0OH Me(CHap)19CH2SePh

THF
48 49

Scheme 7 Preparation of Alkyl phenylselenides

Primary and secondary alcohols 48 can be converted
directly to alkyl selenides with phenylselenocyanate (3)
[34, 90] or N-phenylselenophthalimide (16) [92] in the
presence of tributylphosphine (scheme 7, 48 — 49).
Another direct conversion of alcohols to the correspond-
ing phenyl selenides utilizes benzeneselenol (4) in the
presence of zinc chloride [93].

The use of epoxides (50) as electrophiles leads to
PB-hydroxy alkylselenides (51) [8, 40, 94]. Larger cy-
clic ethers can be cleaved with selenide obtained from
the reduction of diphenyl diselenide (2) with lithium
aluminium hydride in dioxane (scheme 8). Subsequent
addition of oxetanes (52, n = 4) gives y—phenyl selene-
nyl alcohols (53, n =4). Increased reaction temperature

o) PhSeSePh oH o
Pr

Pr Pr NaBH,, EtOH SePh
50 51
R R!

c‘)_-‘f PhSe™ )\M/\
-3 HO™ 7 3SePh
52 53

Scheme 8 Ringopening of cyclic ethers with phenylselenide
anion

and time allows cleavage of tetrahydrofuranes (52,
n = 5) to &-phenyl selenenyl alcohols (53, n = 5). The
similar reaction of a cyclic acetal gave an acyclic mon-
oseleno acetal as the sole product [36, 37].

Table 1 "Anomalous" nucleophilic cleavage of lactone 54:
carboxylate as leaving group.

0
o}
éq) phse._~_ .,
\"’SePh

54 1a 55
Conditions Yield of 55
(PhSe)s,, NaBH,, THF/EtOH 0%
(PhSe)s,, Na®, THF/HMPA 85 %
PhSeH, NaH, THF/HMPA 85 %

Since the benzene selenolate anion (la) is a very
potent nucleophile [43], it can be used for the “atypi-
cal” nucleophilic cleavage of esters and lactones (table
1, 54 — 55). As a soft nucleophile it shows preference
for the attack at the alkoxy carbon (soft—soft interac-
tion) rather than at the carbonyl carbon atom (soft-hard
interaction) of an ester. For the Sy2-type cleavage of
esters or lactones uncomplexed benzene selenolate an-
ion (1a) is required [95, 96]. It can be generated by the
reduction of diphenyl diselenide (2) with sodium hy-
dride [38] or sodium metal [35, 39]. The decreased nu-
cleophilicity of benzene selenolate (1a) complexed with
Lewis acid, e.g. generated by the method of Sharpless
(Ethanol, NaBH,) [8, 16], makes it inert for the reac-
tion with esters.

Alkenylselenides

Benzene selenolate (1a) reacts with vinyl halides 56
(scheme 9) to give phenyl vinyl selenides 57 with re-
tention of the configuration [85]. In the presence of
nickel(Il) catalyst 59 even less reactive vinyl halides
react and ¢, a-dihaloalkenes like 58 can be transformed
to the diphenylseleno keteneacetals 60 [97].
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Ph Br @ Ph SePh
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56 57
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cl r.t., 10 min SePh
61 88 % 62
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PhSeSiMe 3, ZnGCl,
l benzene |
OAc rt,2h SePh
63 89 % 62

Scheme 9 Preparation of vinyl selenides via nucleophilic
processes

Treatment of -halo-, -unsaturated ketones like 61
with benzene selenolate (1a) gives S-phenylseleno
enones, e.g. 62 [98], which can also be prepared by re-
action of trimethylsilyl phenyl selenide (8) with enol
acetates of 1,3-diketones 63 under Lewis acid catalysis
[99].

Reactions at Carbonyl Groups and Michael Additions

Selenoacetals 65 (scheme 10) can be obtained from
diphenyl diselenide (2) with diazoalkanes [100] and
from the reaction of benzene selenolate (1a) with diio-
domethane or with carbonyl compounds 64 under Lewis
acid catalysis (usually with zinc¢ chloride) [100].

The reaction of trimethylsilyl phenyl selenide (8) with
carbonyl compounds under AlCls-catalysis is carried
out under mild conditions forming the desired seleno-
acetals 65 in up to 90% yield [100]. a-Phenylseleno
ethers (68 and 70) are obtained either by replacing the
anomeric oxygen substituent in hemiacetals like com-
pound 67 {101} or by reaction of dimethyl acetals (69)
with trimethylsilyl phenyl selenide (8) [102].

The benzene selenolate anion (1a) also undergoes
conjugate addition to ¢, B-unsaturated carbonyl com-
pounds, e.g. to methylene lactone 71 to give selenide
72 (scheme 11) [103]. Due to the facile and perfectly
regioselective oxidative 3-phenylselenoxide elimination

1 1
R PhSeH, acid R sePn

o ~
2R or PhSeSiMe;, Lewis acid 2R><SePh
64 65
66 67 68

(a) DIBAL, toluene
(b) PhSeH, TsOH or BF;-Et,0, PhSeH, —78 °C

1 ; 1
R>< OMe PhSeSiMes R>< OMe
25" OMe cat. MesSiOTf 2g SePh
CH,Cly
69 70

Scheme 10 Formation of phenylseleno (hemi) acetals

the unsaturation is easily regenerated by oxidizing rea-
gents. Thus the benzeneselenenyl group can be used to
protect labile Michael systems. Electrochemically
formed benzene selenolate anions (1a) also add to un-
saturated esters and ketones in conjugate fashion [42].

Protection
w0 @ w0
0] - o
Deprotection
() SePh
71 72

Scheme 11 Protection of Michael substrates and oxidative
B-deselenenylation of carbonyl compounds [(a) PhSeSePh,
NaBH,, THF (b) H,0,, cat. AcOH, THF]

O PhsSeCN 0
Ph—< W Ph

OH Ph
CH,Cly Se
73 74a
O PhseH 0O
¢ THF SePh
75 74b

Scheme 12 Syntheses of selenoesters

Selenoesters (e.g. 74, scheme 12) are useful precur-
sors for acyl radicals (v. i.). They are obtained by the
reaction of carboxylic acids 73 with phenylseleno cy-
anate (3) in the presence of tributylphosphine [92, 104—
106]. Acyl halides 75 readily react with benzenesele-
nol (4) to give the corresponding selenoesters 74 [107].

Benzeneselenenyl Radical Additions

Benzeneselenenyl radicals (1b, scheme 13) are gener-
ated by photolysis or thermolysis in the presence of an
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initiator from precursors 76, most commonly diphenyl
diselenide (2) [50] or phenylseleno sulfonates 5 [49].

They add in 1,2-manner to olefins [108], allenes [109],

and acetylenes (e.g. 77) [110-112], the latter preferen-
tially resulting in the Z-1,2-diselenenylalkenes (cf. 78).
Acetylenes with a tethered carbon—carbon double bond
at a suitable distance for radical cyclizations lead to
carbocycles, preferentially cyclopentane derivatives,
such as 80, obtained from enyne 79 [113, 114]. The
addition of benzene selenol (4) to acetylenes is consid-
ered to proceed via a radical mechanism, too [113, 115].

PhSe-RSG  —.Or AVAIBN Phse®
- Rs&®
76 1b
PhSeSePh
o hv, neat —
40°C 30min  PhSe’  Beph
77
87% (E/Z = 17/83)
78
EtO,C CO,Et
[ PhSeSePh
\( | | hv, neat
40°C, 30 h

79

Et0oC /COgEt EtO.C COsEt

+ - ~ ~SePh
\
PhSe SePh PhSe
84 % 16 %
80 81

Scheme 13 Generation and addition reactions of phenyl-
selenenyl radicals (RSG = radical stabilizing group, e.g.
benzeneselenenyl, tosyl)

Carbene Type Reactions

Diazo compounds undergo insertion reactions into Se—
Se- (82 — 83; scheme 14) [116, 117], Se-X- (X = C],
Br; 84 — 85)[118-124], Se-SO,Ar- (5 — 86) [48] and
Se—C-bonds (87 — 88) [125].

The majority of these processes occur via ionic mech-
anisms [125] although a free radical mechanism [48] is
proposed for the reaction of phenylselenosulphonate (5).
Diazoacetate insertions into alkyl selenides catalyzed
by asymmetric rhodium or copper complexes have been
reported as well [126].

Generation of o-Phenylselenium Stabilized Reactive
Intermediates
o-Phenylseleno Carbanions

o-Phenylseleno carbanions [127] are stabilized by the

0
PhSeSePh 9 SePh
EtoJ} EtoJ\(
N2 SePh
82 83
o , PhSeX 0 ,
1RJHrR - . 1R/“§<R
N, X=ChBrCN X SePh
84 85
Q CHaN, Q
Ar—S-SePh o Ar~S—"SePh
o] o)
5 86
o) o)
Agepy = —— M sern
87 88

Scheme 14 Insertion of diazo compounds into Se-X bonds

overlap of non-occupied 4d°-orbitals of selenium with
the sp3-orbital of the a-carbon atom carrying the nega-
tive charge.

PrSe. R
H
A
89
PhSe._R PhSe R
B e
PhSe M
90 c 91
phse\rﬂ /
Br
92
RZ D RZ
PhSe. ik 4 —— PhSej/J(Ra
R =Y
Li
03 91a

Scheme 15 Preparation of a-phenylseleno carbanions
{Method A: Deprotonation; B: Se/Li-Exchange; C: Halogen/
Metal-Exchange; D: Alkyllithium addition)

«-Phenylseleno “carbanions” can be generated from
selenoacetals 90 by selenium lithium exchange result-
ing in the formation of the corresponding o-lithiated
phenyl seleno compounds (91, M = Li, Method B) {40,
128—-136] or by deprotonation of phenyl selenides 89
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or phenyl selenoxides with sodium or lithium diisopro-
pylamide (Method A) [86, 137-145]. A new method
utilizes halogen metal exchange from the readily avail-
able a-halo selenides 92 (see e.g. 84 — 85) under Refor-
matsky-conditions (Method C) [146] or the additon of
alkyllithium compounds to vinyl selenides 93 (Method
D) [147, 148].

a-Phenylseleno alkyllithium compounds 91 (M =Li)
are configurationally labile and undergo fast racemiza-
tion [149, 150]. The Grignard reagents 91 (M = MgBr)
obtained by transmetallation with magnesium bromide
exhibit a higher configurational stability [151]. Dias-
tereomeric complexes are formed with chiral diamines
as ligands. The diastereomeric ratio could be determined
by 77Se NMR [152, 153].

a-Phenylseleno Carbocations

Selenium stabilizes a-carbenium ions [154, 155] even
in the presence of otherwise destabilizing groups. The
carbocations can be generated by Lewis acid assisted
abstraction of an a-halogenide or another o-phenylse-
lenide (scheme 16), e.g. from the easily available
o-halo-o-benzeneselenenyl fatty acid esters 95 (cf. 85)
[156].

(0 e O 8,

PhSE  OEt CH,Cl,
50 min, r.t. SePh
94 95 87 %
X = SePh, Br 96
SnCl, SePh
) n
(PhSelsCH 4 Z>-SMes __— % | A gepn
CH,Cl, .
-78°C, 1 h 72 %
97 98 99
-78°C,1h
OSiMes O  SePh
SePh l\ ZnBr,
C'J\CozEt + [0 — g CO=F
R CH,Cly /
0 OC 73 O/O
100 101 103

Scheme 16 Generation and reactions of selenium stabilized
carbocations

The cations may be used for the reaction with any
kind of suitable nucleophile. A variety of reactions is
presented in scheme 16. Common carbon nucleophiles
include aromatic compounds (Friedels Craft type reac-
tions) like the reaction of benzene (94) with seleno-
haloester 95 to give phenyl acetate 96 (cf. 129 for fur-
ther transformations) [156], allylsilanes (97/98 — 99)

[157] or silyl enol ethers which can be converted to
functionalized 1,4-diketo compounds (100/101 —103)
[154, 158].

Manipulations and Removal of Benzeneselenenyl
Groups

Oxidation and Selenoxide Elimination (Double Bond
Generation)

Transformation of phenyl selenides into phenyl selenox-
ides can be achieved by a great variety of oxidants. The
resulting phenyl selenoxides 103 undergo facile ther-
mal syn-elimination of phenylseleninic acid to give
unsaturated compounds 104 which usually have, in non-
cyclic systems, trans-configuration which can be un-
derstood as a consequence of steric repulsions in the
transition states (cf. scheme 17) [159].

0.
H "Se—Ph —
J —
H e —
R o R R

103 Z-104

o.
H~Se—Ph R
R X¥H T =
H R R

103 E-104

Scheme 17 Diastereoselective alkene formation via syn
selenoxide elimination

If hydrogens in both, the 8 and '-position are avail-
able, a regioisomeric mixture of alkenes is formed, in
which the least substituted one usually prevails [89]. In
cyclic systems the regioselectivity and — if possible —
geometry of double bound formation is determined by
conformational effects of the ring (cf. scheme 18: 109
— 110) [75]. In five or six membered rings an endocy-
clic double bound is formed preferentially (e.g. 112 from
111; 114a vs. 114b from 113) [75]. C-H-Acidic-, allyl-
ic- or propargylic protons are more easily removed than
benzylic, methyl, methylene, or methine hydrogens, usu-
ally in this order [75, 89]. The removal of hydrogen in
B-hetero-substituted phenylselenoxides selectively oc-
curs away from the heteroatom to form the correspond-
ing allylic derivatives (e.g. 107 — 108)[6].

Common reagents for the oxidation of phenyl sele-
nides to phenyl selenoxides are sodium periodate (cf.
105 —106) [14, 16, 74, 75, 160}, peracids (meta-chlo-
ro perbenzoic acid or peracetic acid) [14, 16, 29, 74,
137], ozone [7, 14, 160], or hydrogen peroxide [51, 89,
137, 160, 161] (scheme 18).



L. A. Wessjohann, U. Sinks, Benzeneselenenyl Reagents in Organic Synthesis 197

e} o}

1.) NalOy4, ag. MeOH /[v

2.) NaHCOg, 11,15 h

SePh 89 %
105 106
o ']"V'e2 1.) MCPBA,—-40 °C Q  NMe,
SePh 2)—>rt
107 84 %
108
1.) O3, CH,Cly
J -78°C

5 2.) hexane, r.t. £
H H
SePh 95 %
109 110

H {SePh ’ H
Y 30 % Ho02
T gas
o THF, AcOH 0
H 0°C,0.5 h H
quant.
111 112
H \.SePh H
: 30 % H,02 ] A
£°0 THF, AcOH 0 o)
H 0°C,05 h H
9:1
quant.
113 114a 114b

Scheme 18 Regioselectivity in selenoxide eliminations

An excess of oxidizing agent is not required usu-
ally 2), but in case of a sluggish fragmentation reaction
it can aid to remove the resulting benzeneselenenic acid
(benzeneselenenyl hydroxide, PhSeOH, 13) by convert-
ing it to benzeneseleninic acid (PhSe(O)OH). Possible
side reactions of the elimination are the re-addition of
the elimination product (PhSeOH) to the freshly formed
olefin to give B-hydroxy phenylselenides, or the for-
mation of epoxides with perbenzeneseleninic acid
formed by overoxidation of benzeneseleninic acid [6,
162]. To avoid such problems either a slight excess of
oxidizing agent in the presence of a base to neutralize
the resulting benzenselenic acids may be used [163,
164], or t-butyl hydroperoxide on alumina {1635, 166].
Better results are sometimes obtained with 2-nitrophe-
nylselenenyl derivatives (16, 517.

Full Oxidation and Phenylselenone Substitution

Phenyl selenones are thermally more stable than phe-

nyl selenoxides and can be prepared by oxidation of
the phenyl selenides using up to 5 equivalents of per-
oxycarboxylic acids[167-169], potassium permanga-
nate [167], hydrogen peroxide in the presence of selen-
inic acid [170], or potassium hydrogen persulfate [171].

Table 2 Some nucleophilic substitution reactions of
decyl-phenyl-selenone

o}
L MNu
(39"‘19/“8(;5e Fh (35;"*19/_Nu
115 116
(eq.) MNu Conditions Yield (%)
2.0 Nal Acetone, 20 °C, 1 h 97
5.0 NaNg DME/H,0, 20 °C, 0.7 h 93
1.1 PhSNa  EtOH, 20°C,0.5h 94
XS H,O DMF, 80 °C, 1.25 h 95

Phenyl selenones are excellent leaving groups and
substitutions can be achieved with all common nucle-
ophiles (table 2) [99, 170, 172-179). Intramolecular
versions of the reaction yield the corresponding (hete-
rocyclic) compounds, e.g. epoxides 118 and 120 from
117 and 119 respectively, or — in a less common reac-
tion —4,5-dihydrooxazol 122 from selenoamide 121 (cf.
scheme 19).

Hag OH H3C,,, [e)
é\\“\SePh @ (j
117 118
OH
@) o)
wSePh — i:jif
119 120

(a) 3 eq. KHSOg, MeOH
buffered water (pH 11, NasHPO,/NaOH)

Ph Ph
O/)\NH 2 eq. MCPBA O)Q}\l
PhS: / CgH MeOH ‘C H
€ 613 8113
1 rt, 1h 849
121 122

Scheme 19 Heterocycles from intramolecular selenone substi-
tution reactions

2) An excess also may result in oxidation to selenones which have a different reactivity.
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Selenonium lon Formation (Ternerization) and Substi-
tution

Another possibility to transform the phenyseleno group
into a leaving group is the alkylation of pheny! sele-
nides to give selenonium ions [6]. These intermediates
are readily availabe from the reaction of selenides with
alkylhalides [94, 180, 181], dihalocarbenes [94] or hal-
ogens [180, 182, 183]. The ternerization, though, is re-
versible and can be used for a selenium/iodide exchange.
Thus upon heating, alkyl methyl phenylselenonium re-
agents, which are available by methylation of the par-
ent alkyl phenyl selenides, decompose to atkyl iodides
and methylphenyl selenide [1, 180—185].

4

R OH 1. Mel 0
SR//, ,/R2 ———B—> SR\\vH'V[RQ
PhSe R 2. Base R R

123 124

Scheme 20 Electrophilic epoxide formation via a selenonium
intermediate

B-Hydroxyalkyl selenonium salts (123, scheme 20)
react with bases in a stereospecific manner to give the
epoxides 124 [186]. Cyclic ethers (ring size n = 4—6)
can be synthesized employing the same conditions to
n-hydroxyalkyl phenylselenides [180]. Phenylseleno
glycosides have been activated by oxidation with
N-iodosuccinimide for the nucleophilic substitution of
the seleno moiety [183].
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e
130 2 H
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Scheme 21 Some reductive deselenenylation methods

Reductive Removal

Various methods have been employed