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INTRODUCTION

Although vinyl ethers and sulphides are useful intermediates in
organic synthesis, their selenium analogs have received little
attention. In recent years, however, a number of methods for
preparing vinylic selenides, as well as some valuable synthetic
applications of these compounds have appeared in the literature.

The aim of this article is to emphasize the synthetic potentialities
of this class of organic compounds, and in the forthcoming pages,
the methods available for preparing vinylic selenides, as well as
some synthetic transformations that can be done by using them as
starting materials, are described.

1. PREPARATION OF VINYLIC SELENIDES

(A) From vinyl halides (vinyl Grignard reagents)

The reaction of vinyl Grignard reagents with diaryl-
diselenides or arylselenenyl halides (egn.l) is the most convenient
method for preparing vinylic selenides, provided that the
corresponding vinyl halide is easily available. The reaction occurs
in few minutes, at 09C, in tetrahydrofuran (THF). Some vinylic
selenides which have recently been synthesized by this method are
listed in table 1 |1

Table 1 .
RCH=CHMgBr + ArSeX—bf wRCH=CHSeAr (1)
0%C

X = Br, ArSe

R Ar yield % ref.

H - Ph 67 1,2

H m-CF 4C¢H, 60 1

CH Ph 92 1

3

(B) From olefins

The reaction of ethylene with arylselenenyl halides in
chloroform leads to the corresponding B-haloarylselenide I |3,4|,
Dehydrohalogenation of these intermediates with potassium t-butoxide
in t-butyl alcohol, leads to the vinylarylselenide II in good
yields |4| (egn.2, Table 2).
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Table 2
Arsex + CHy=CH, 213, arsech,cH,x —=BUOK  prsech=ch, (2)
t-BuOH
I I
Ar X I II
yields yields

p-CH,0C H, cl 69 78
p-CH,CH, Cl 75 75
p-CLC.H, Ccl 80 69
p—BrCGH4 Cl,Br 72 79
m-BrC6H4 Br _ 74
p-NO,C.H, c1 81 81

On the other hand, the addition of phenylselenenyl bromide to
substituted olefins leads to a mixture of f-bromoalkylphenyl-
selenides, the ratio of products depending upon the reaction
conditions. Under kinetic control (PhSeBr,THF,-78°C) the main
product is the anti Markownikoff adduct III (Scheme I), but under
thermodynamic control (PhSeBr,CH3CN,25°C) the Markownikoff product

*IV predominates |5|. Dehydrohalogenation of the B-bromoalkyl-
phenylselenide III or IV with potassium t-butoxide in tetrahydro-
furan produces the vinylic selenides V and VI, respectively, in
high yield (Table 3). In most cases, mixtures of the 2 and E

isomers are formed |5

Scheme 1
RCH=CH, SePh SePh
J PhSeBr R-CHCH,Br ————————» RC=CH,
ll’h III v
S
/+
RCH—CH
2
Br R-CHCH, SePh —————— RCH=CESePh
Br
v VI

In an analogous way has been prepared 2,2-difluorcethylphenyl-
selenide VII. Addition of phenylselenenyl chloride or bromide to
vinylidene fluoride gave the respective 2,2-difluoroethyl-
phenylselenides VII in 90% yield (egn.3) |6].
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Table 3
Vinylic selenides obtained from dehydrohalogenation of

*
B-bromoalkylphenylselenides |5

.

R Kinetic Control? Thermodynamic Controlb
* % * %
v/VI V/VI
CH3 85:15 9:91
n-C4H9 90:10 8:92
n—C6H13 90:10 9:91
n-Cl4H29 90:10 7:93
1—C4H9 90:10 8:92
PhCH2 98:2 2:98
1—C3H7 98:2 3:97
t—C4H9 100:0 0:100
CH3(CH2)3C(CH3)2 100:0 0:100

* The yields are always >85%.

** Ratio of anti-Markownikoff/Markownikoff product.
a) PhSeBr (THF,-78°C); t-BuOK(THF,-78°C to 259C)

b) PhSeBr (CH3CN,25°C);t—BuOK(THF,25°C)

PhSeX + CH,=CF, ——— PhSeCHZCsz (3)

VIIa X Cl
VIIb X = Br

Treatment of VIIa with anhydrous potassium fluoride in
acetonitrile containing a catalytic amount of 18-Crown-6 at 60°C
(egn.4) yielded a mixture of the vinylic selenide VIII and
trifluoride IX |6].

CF

Vila ———+ PhSeCH=CF, -————»PhSeCH (4)

2 2
VIII IX

3

In contrast, the bromide VIIb, under identical conditions,>
gave only the vinylic selenide VIII in 85% yield.

In the same way phenylselenenyl chloride adds to
3,3,3~-trifluoropropene X giving the adduct XI in 95% yield. This
last compound eliminates HCl upon treatment with potassium
hydroxide in methanol at 109C leading to the corresponding
vinylic selenide XII in 95% yield (Egn.5) |7]| .
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KOH CF\‘S
PhSeCl + CF,CH=CH,——sCF,CH-CH,Cl1 ———» \C=CH (5)
3 2 3| 2 2
SePh CH30H PhSe
X XI XTI

(C) From activated olefins

Reaction of selenenyl acetates in acetic acid with olefins
bearing an activating group, e.g. dihydropyran XIII, gives vinyl-
selenides XIV rather than the addition product XV (Scheme 2){8].

Scheme 2
NO,
NO9
[o]
X1V
+ SeQAc
; >0
XIII Se
AC o
Xv

The reaction probably proceeds through an addition-elimination
pathway. Substitution of acetic acid for pyridine as solvent allows
the reaction to occur with selenenyl bromides and cyanates
(Table 4) |8

The reaction of the phenylselenenyl chloride/pyridine complex

with a-B unsaturated ketones leads to the corresponding a-phenyl-
. The reaction pathway depicted below has

seleno enones (Egn.6) |9
been proposed to account for this transformation.

o - o o
ePh Ph
+
Py PhSeCI _:Y (6)
* + -
Py Py

Examples of the products (XVI) are given in Table 5.
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Table 4
X2C=CH2 + ArSeY ——» XzGﬂﬂﬁkﬁr

X Ar Y/solvent

Ph oNO,CcH, OAc/HOAC
p*}%CC6H4 04(5C6H4 OAc/HOAcC
3,4~ (CH30) 2C6H3 0-NO,CcH, OAc/HOAC
2,4~ (CH30) ,CcH4 o-NO,CcH, OAc/HOAc
p~ (CH,) NC.H, 0-NO,CH, OAc/HOAC
p—(CH3)2NC6H4 Br/py
p—(CH3)2NC6H4 OAc/py
p-(CH3)2NC6H4 OAc/py
P (CH,) NC H, C=N/py

Br/py

p%@g)fméu

a-B Unsaturated esters react with lithium diisopropylamide
(LDA), giving the ester enolate anion XVII (egn.7). Quenching of
these anions with phenylselenenyl bromide gives the c-phenylseleno
enoic ester XVIII |10| (Table 6).

i i
lilPr2 NPrZ
_ 1 LDA 1 1 _ 1
RCH=CHCOOR———— RCH-CHCOOR ——»RCH-CHCOOR ———*RCH—?COOR (7)
SePh . SePh
XVII XVIII

(D) Vvinylic selenides from acetylenes
(a) Addition of selenols to acetylenes

The first method developed to prepare vinylic selenides was
the addition of a selenol to an acetylene |11,12,13|. The regio and
stereo chemistry of the products depends upon the experimental
conditions. Two procedures have been employed: i) Reaction of neat
arylselenols and acetylenes; ii) Reaction under basic conditions

in an appropriate solvent.
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Table 5
[e]
SePh

R phseCi/Py R

R rR2 RI R2
XVI
Substract XVI reaction time/
yields temp. (°C)
[o]
@ 71 2 hr/25
(o]
@ 88 30 min/25
[
@\ 88 3 hr/25
[o]

@ 45 3 days/25
w no reaction 2 days/60
O

(o]
PN'\H 70 6 hr/25
% no reaction 2 days/60
i 40 20 hr/25
(o]
/\/U\ 75 2 hr/25
H
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Table 6
1 1)LDA/THF,00C, 30 min. 1
RCH=CHCOOR # RCH=CCOOR
2)PhSeBr/THF,00C, lhr ePh
R Rl XVIII
yield %
H CH3 18
CH3 CH3 64
CH3(CH2)2 CHZCH3 66
(CH3)2CHCH2 CH2CH3 71
CH3CH=CH CH2CH3 38
[:::r/ CHZCH3 no reaction
—(CHy) 5= CH,CH no reaction

i) Reaction of neat arylselenols and acetylenes

Under these conditions the addition of selenophenol to
phenylacetylene is immediate and exothermic, leading to the Z
isomer in 90% yield |12,l3,14,15,16|. The addition to aryl- and
alkyl disubstituted acetylenes, as well as to monoalkylacetylenes
is slow at room temperature, regquiring a lona reaction time, but
becomes faster at higher temperatures. When the reaction is
performed at room temperature or at 509C, the vinylic selenides
which result exhibit predominantly the Z configuration (95%Z) and
only the regioisomer XIX showed in table 7 could be detected |16],
but at 1209C the stereoselectivity is lost and approximately equal
amounts of the Z and E vinylic selenides are formed |16|. At 120°C
besides the expected vinylic selenide, a "rearrangement" product
XX is formed (egn.8) |[16].

PhC=C-R Phseli neat , yx1x + PheH, (Phse) C=CHR' (8)
1200C XX

Xxxa R! = cH,

xxb RS = C.H

275

l— -
XXc R =n C3H7



Table 7
rlczcr® —EBSeH | pleop—c (seph)R?
neat XIX
*
gt R? yield %
a b c d
Ph H 90
Ph CH 90 85 64
*
Ph C.H 80 80 65
2Hg o
Ph n-C.H 45 76 69
3y o
Ph n-C Hy 45 74 76
n-C,H, H 44 46 64
n—C4H9 n—C4H9 45 42 69
n—C4H9 n—C4H9 45
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* Kk
* Freshly distilled acetylenes must be used; Yield of the normal

and rearranged addition products;a) the reaction is completed in

few minutes at room temperature;b) 240 hr/r.t.;c) 48 hr/500C;
d) 24 hr/120°C.

Addition of selenophencl to arylpropiolates XXI , under the
above conditions (eqn.%), proceeds easily, furnishing the
a-substituted cinnamates XXII |[17|. This reaction has been

previously reported as giving the B-substituted cinnamate |12,18

A radical mechanistic pathway was suggested to account for the

regiochemistry of this reaction |17

Table 8
Arc=CCOOR  —L)PhSeH neat _ ArCH=I—COOH
2)hydrolysis ePh
XXI XXTI
Ar yields
Ph 73
p-CH,0C H, 78
2,5- (CH,0) ,C Hy 62
2-CH,0C, JH. 82

Acetylenes

(9)

containing an amino group attached to position 3
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(eqn.10), react with selenols to give the corresponding vinylic
selenide XXIII of predominant cis configuration [19,20,21].

Table 9

1 ArSeH 1
RR C-C=CH ——————+ RR (I:—CH—CHSeAr (10)

}\IRzR3 C2H50H NR2R3

XXIII
R ! R? 'R3 yields
a b c d

CH3 CH3 H H 74 80 90 26
CH3 C2H5 H H 76 87 90 93
C2H5 c H5 H H 78 80 90 93

-{(CH,) H H 59 91 91 92

-(CH,) H H 89 90 75
CH3 CH H CH3 80
CH3 CH3 (CH2CH2)2O 72
CH3 CH3 -(CH2)5- 65
Ar = a) p—CH3C6H4; b) o—CH3C6H4;c) p—C1C6H4;d)a—naphthyl

ii) Reaction under basic conditions

Under basic conditions the regiochemistry of the addition
of selenols to arylpropiolates XXI, is the reverse of the one
observed in the preceding method. The reaction affords exclusively
B-substituted cinnamates XXIV of predominant 2 stereochemistry
(Michael addition) (eqn.ll) |[17].

Table 10
l)PhSeH/CH3ONa/CH3OH
ArC=CCOOR » Ar (SePh)C=CHCOOH (11)
XXI 2)hydrolysis XXIV
Ar yields
Ph 81
p—CH30C6 4 96
-(CH3)2 3 40
2,5-(CH3 ) H3 68
2-CH.,0OC H 55

3771076
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In the same way ethyl o-ethynylbenzoate XXV undergoes
regiospecific nucleophilic B-addition, by reacting with the
methanoselenolate anion, affording the corresponding vinylic
selenide XXVI in 64 % yield(%Z:E ratio 9:1)|22].

= CH=CHSeCH
C=CH CH,SeNa 3

3
—_—

cooc, He CO0C,Hg

XXV XXVI
(b) Addition of arylselenenyl halides to acetylenes

The addition of arylselenenyl chlorides to acetylene
occurs easily and in high yield by mixing the two reagents in
acetic acid at room temperature (Table 11) |[23].

Table 11
ArSeCl + CH=CH —%—»?mcn(sa\r)
Cl
Ar yield$

p-CH,0C H, 85
p-CH,C H, 77
p—ClCGH4 78
p-—BrCGH4 75
m—BrCGH4 69
p—N02C6H4 78

The addition of arylselenenyl halides to monosubstituted
alkynes (egn.l12) has been reported as leading to the respective
vinylic selenides XXVII with the trans configuration in 25-90%
yield |24,25,26,27

HOAC
RC=CH + ArSeX -———————rop R(':=CHSeAr (12)
X
XXVII

Ar = p—CH3006H4, p-CH3C6H4, p—CleH4 X = Cl, Br

p- and m-BrCGH4
R = H, n—C4H9, p—CH30C6H4, p-CH3C6H4, Ph, p—ClC6H4, p- and m-C6 4’

p-NO,C.H,

Reaction of phenylselenenyl chloride with a number of hydroxy-
alkynes XXVIII produced the corresponding vinylic selenides XXIX



142

rather than the expected cyclization product XXX (Scheme 3) |28

Scheme 3

R SePh
Noee”

/c
cl \CHZ (CH,) OH
XXIX

R—CEC—CHZ(CHZ)nOH

XXVIII
R SePh
N7
//C=C
(o] \\CHz
ey,
XXX

The yields varied from poor to excellent (Table 12) and the

products exhibited preferentially the trans stereochemistry.

Table 12
Addition of phenylselenenyl chloride to hydroxyalkynes |28|

Cl //Rl
R—CEC—Rl PhSeCl — \\C=

VRN
R SePh
1 N

R R yield %

a b
H (CH:)ZOH. 84 89
CHy (CHZ)ZOH 44 66
H (CH2)3OH 43 17
H (CE2)3OAC - 90
H (CH2)4OH 55 60

OH

H [:::T 80 90

a) Reaction performed in CH3COOH at 24¢C

b) Reaction performed in CHZCl2 at -78°oC

Addition of phenylselenenyl chloride to propargyl alcohols
affords a mixture of the Markownikoff and anti-Markownikoff adducts.
The regioselectivity was found to be dependent upon the nature of
the substituents geminal to the alcoholic moiety. In general, the
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presence of bulky geminal substituents favours the formation of the

anti-Markownikoff adduct under kinetic control (eqn.l13) |29].

ol.2 1.2
R C(OH)R™R R C(OH)R R
R-csc-crlg? ERSeCL | :>c=c// + ;>C=C// (13)
éH PhSe \\Cl Ccl \\SePh

(c) Reaction of phenylselenenyl halides with vinyl derivatives

of boron and mercury

The vinyl derivatives of boron XXXI and mercury XXXII of E
configuration, can be obtained from the corresponding acetylenes
according to Scheme 4 |30].

Scheme 4
H B (OH)
l)(C6H402)BH . \\c=c// 2
2)H,0 < Ny
XXXTI
R-C=CH —
H HgCl
1) (C¢H,0,)BH . \\C=c//
2)Hg (OAc) 7 N\y
3)NacCl XXXIT

Treatment of the alkenylboronic acid XXXI with one equivalent
of sodium hydroxide, followed by reaction with phenylselenenyl
bromide (eqn.l14), gives stereoselectively (E)-1-(phenylseleno)-
l~alkenes in good yields (Table 13) |30

Table 13
H SePh
“x 1)NaOH e /
XI > // = (14)
2)PhSeBr R \\H
R Yield %
n-C Hy 70
Ph 90

Likewise, reaction of alkenylmercuric chloride XXXII with
phenylselenenyl chloride gives stereoselectively (E)-1-(phenyl-
seleno)-2-phenylethene (Egn.l15) [30!.
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PhSeCl oo
c=C
b
SO

R = Ph 80%

XXXII (15)

H

Reaction of phenylselenenyl chloride with trialkylalkynylborate
salts XXXIII followed by acid hydrolysis, gives a vinylic selenide
(egqn.16) |31]. :

- 1 + PhSeCl H\\ //Seph
R,B~C=C-R Li - Sc=C_
~ vl

XXXIIT R \\Rl

(16)

(d) Reduction of phenylselencacetylenes

Reduction of phenylselencacetylenes XXXIV with dicyclo-
hexylborane followed by protonolysis with acetic acid, gives the
corresponding vinylic selenide of Z configuration in 85-90 % yield
(egqn.17) |30].

Table 14
R ePh
1) (C_H,,) BH c//s
XXXIV 61172 > :>C= (17)
2) HOAc H Ny
R yield %
n-C,Hy 85
Ph 90

Alternatively, phenylselenocacetylenes XXXIV can be reduced with
lithium aluminium hydride in refluxing tetrahydrofuran, furnishing
the vinylic selenides of the E configuration (eqn.18) |16|. The
yields (Table 15) are, however, lower than in the preceding method.

Table 15 R H
LiAlH,/THF
XXX IV 4 > :>r=c:: (18)
reflux H SePh
R yields
Ph 62
n-C3H7 62

n—C4H9 68
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The starting phenylselenoacetylenes XXXIV can be prepared
easily and in high yield from the corresponding lithium acetylides
and phenylselenenyl bromide in THF (eqn.19) |16,32].

1)n~BuLi/THF
R-C=CH > XXX1IV (19)

2)PhSeBr/THF

(e) Electrochemical oxidation of 3-hydroxyalkynes

Electrochemical oxidation of 3-hydroxyalkynes in CH3CN/H20
in the presence of diaryldiselenides provides a-arylseleno enals
XXXV in good yield (egn.20) |33

OH
| _ -2e -
RCH-C=CH > RCH=C-CH (20)
(ArSe)z/CH3CN—H20 SePh
XXXV

The triple bond is attacked in an anti-Markownikoff fashion by
the electrooxidatively generated selenenylating reagent, followed
by hydrolysis of the selenirenium type cation XXXVI from the less

hindered side to give the enol XXXVII, which undergoes dehydration
to the vinylic selenide XXXV.
OH H
H . /Ar \ ,@
A — Z
R L 6“2 R

[o]
R&H\H
SeAr SeAr

XXXVI XXXVII XXXV
The substituent on the phenyl ring affects the yield. The most

satisfactory results were obtained with p-chlorodiphenyldiselenide
(Table 16) |33].
(E) vinylic selenides from allenes

Addition of phenylselenenyl chloride to allenes

Phenylselenenyl chloride reacts with allenes in methylene
dichloride at room temperature, generating vinylic selenides in

quantitative yield (egn.21) |34 . The phenylseleno moiety attacks
regiospecifically the central allenic carbon. The resulting
olefin XXXVIII exhibits the 2 configuration preferentially.
Unsymmetrical allenes furnish a mixture of products, whose

relative amounts depend on the electron donating character and



146

steric bulk of the alkyl substituent: the carbon atom beaxing the
most electron donating and sterically bulky substituent is
preferentially attacked (Table 17) |34|. The role of steric versus
electronic effects in the reaction of arylselenenyl halides with
allenes has been studied [35].

Table 16
Vinylic selenides from electrooxidative hydroxyselenation of
3-hydroxyalkynes |33].

substracts R F/mol XXXV
yield %

OH b
cH, 15 87

b
R S Cfls” 26 81
CgHyy 35 81
oH phP 36 74
phP 19 90

N

y N, P 30 94
S H® 30 62
\\R ph¢ 16 65

a) Isolated yields based on p-chlorodiphenyldiselenide.
Electrolyte: b)Et4NClO4;c)Et4NBr;d)Et4NOTs.

Addition of phenylselenenyl chloride to a-allenic alcohols
leads to 2,5-dihydrofurans (egn.22). The yields are excellent
(Table 18) |36|. The ring closure is stereospecific. Thus, reaction
of phenylselenenyl chloride with (3-RS,5RS)-2,6,7-trimethyl-4,5-
octadien-3-o0l XXXIX yields 2-2,5-diisopropyl-2-methyl-3-phenyl-
seleno-2,5-dihydrofuran XL, stereospecifically, whereas the
corresponding (3-RS,5-SR) allenic alcohol XLI gives the analogous

E-2,5-dihydrofuran XLII.
HO,
N\
cti:‘ c'll—H c o] \,'H
e — /\i-c H PhSeCl
_—t— y 37 i=CH . i-C3H,
|-C3H7

XXXIX XL
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HO

vi=CqH

N <t CH O\ Gty
CH,‘”’C:C:C/ Ny PhseCl ‘ ) ”
/ g i~C3Hy
i-C3H7 H
SePh
XLI XLII
Table 17

Vinylic selenides from the addition of phenylselenenyl chloride

to allenes

RCH=C= CHR1 —MCl—-o RCH=C (SePh) CHR'C1 (21)
B o XXXVITI .
R R1 symmetric allenes asymmetric allenes
E:Z ratio a/B o B
E:Z E:Z
CH3 CH3 26:74
C2H5 C2H5 40:60
i- C3 7 i- C3H7 36:64
t- C4H9 t- C4 9 0:100
(CH ) - 100:0
(CHZ)IO 36:64
CH3 C2H5 33:67 27:73 30:70
CH3 3 7 56:44 30:70 43:57
CH3 t- C4H9 76:24 9:91 39:61

(F) vinylic selenides from carbonyl compounds

(a) Dehydrohalogenation of a-haloalkylselenides

a-Halogenocalkyl selenides XLIII can be prepared in high
yield from the reaction of a carbonyl compound with selenols in the
presence of a haloacid [37|, or by reaction of arylselenenyl
halides with diazoalkanes [32,38
transformed into vinylic selenides in good yield simply by heating
in dimethylformamide (DMF) or dimethylacetamide (egn.23) |[39].

. The bromo derivatives are

o~chloroalkyl selenides do not react under these conditions, but
are transformed into the vinylic selenides when NaBr is added to
the reaction mixture (Table 19) |39|. The following mechanistic

pattern has been proposed to account for this transformation.
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Table 18 HO ...R3
vﬂ
R‘\ d c\ 4 PhseCl
=c==cC R —_— (22)
Y Ny
R1 R? R3 R
CH, CH, CHy C,Hg 90
CH, CH, CH, i-C3H, 98
CH, CH, CH, t=C,Hy 92
CHy CH, i-C3H, i-C4H, 97
CH, i-C,H CH, i-C4H, 85
CH, i-C,H i-C4H, CH, 88
H i-C4H, H i-C4H, 89
H i-C4H, i-C4H, H 93
CH, C,Hg H i-C,H, 79
CH, C,H i-C4H, H 86
CH, i-C4H, H i-C4H, 90
CH, i-C4H, i-C4H, H 91
H H C,Hg C,Hg 83
H H i-C4H, i-C4H, 70
H H CH, t=C,Hy 98
H i-C5H, C,Hg C,Hg 95
g2 R?
RlCHz-é—X DMF | RI?E;%!SLCH _.RlCH=CR2(SeR) (23)
eR C?H SeR &(CH:;)2
XLIII X

(b) Reaction of selenoketals with methyl iodide

Selenoketals XLIV are easily prepared from carbonyl

compounds |40|. Reaction of these intermediates with methyl iodide
in dimethylformamide (DMF) at 80°C produces vinylic selenides in

moderate yields (egn.24, Table 20) |[41|. A mixture of olefins is

formed, the most substituted one predominating |41|. A B-elimina-

tion on an intermediate selenonium ketal has been proposed.



149

Table 19

Vinylic selenides from dehydrohalogenation of a-haloalkyl-

selenides
R r! R? X yields
Ph H H Br 66
Ph CgHjq H Br 75
Ph H CHy Br 70
Ph CgHy;  CHy Br 75
CH, CoHjq H Br 70
CHy CgH,; CHy Br 60
Ph H cl 60
Ph CgHjq H cl 75
Ph H CH, cl 62
Ph CgH),  CHy cl 70
SeR I:\H SeR
e e
1.1 3 CH;I/DMF 1 3\ 3 1.2 .3
R ?H—?—R —_—— R —?-?-R — R R“C=CR” (SeR) (24)
R2 SeR RzéER(CH3)
XLIV +

On the other hand, the selenocacetal XLV can be efficiently
deprotonated with lithium diisopropylamide (LDA) to give bis-
(arylseleno)methyllithium |42,43,44|, which reacts easily with

A "reductive elimination" of these intermediates leads to vinylic
selenides (egn.25) |1,46|. The yields of both reactions are good
to excellent (Table 21).

A
rSe\ 1)LDA ArSe\ EH L 1

/CH2 —— CH-C-R ———> ArSeCH=CRR (25)
ArSe 2)RRYCO ArSe// R CH,S0,C1

XLV XLVI XLVII
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Table 20

Vinylic selenides from reaction of selenoketals with methyl
iodide [41].

R rt R? R> yield %
CH, H CoHy, H 50
CH3 H \,9H19 H 65
ch, H CgH, CH, 65
cH, H CoHy ch, 60
ca, H - (CH,) - 65
ca, CH, - (CH,) .- 53
Ph H H H 65
Ph H CgHy H 65
Ph H H CH, 60
Table 21

Vinylic selenides from B-hydroxyselenides by reductive elimination

1

Ar R R XLVI XLVII
yields yields
Ph Ph H 95 74
Ph CH, H 92 84
Ph C,H, H 98 74
Ph i-C3H, H 77 81
Ph cH, CH, 95 77
m-CF,C(H, Ph H - 85
n-CF,C H, Ph " 91 63
m-CF ,C (H, C,H, H 98 72
m-CF3C6H4 1“C3H7 H 98 79
m—CF.C_H cH CH 98 73

3764 3 3
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(c) Reaction of bis- (phenylseleno) (trimethylsilyl)
methyllithium with aldehydes

The reaction between bis- (phenylseleno) (trimethylsilyl)-
methyllithium XLVIII and aldehydes leads to ketenediselenocketals
XLIX through a Petterson olefination reaction (eqgn.26) |47

PhSe si (CH,) SePh
N 7 373
c 1) LDA RCH=C (26)
VRN
PhSe H 2) RCEO Seph
XLVIII : XLIX
R = H; C2H5; Ph

Similarly, deprotonation of orthoselenoesters L generates the
corresponding carbanion, which react with aldehydes to give
B-hydroxyorthoselenoesters LI. These intermediates react with P214

or PI furnishing the vinylic derivatives LII in good yield

,
(eqn.37, Table 22) |50].
H SeR
(RSe) yCH i.dd 1al|$—c(SeR)3 Ait o rles=c (27)
OH eR
L LI LII
i,LDA/THF,-780C;ii, R'CHO:;iii, P,I, or PI,
Table 22

Ketenediselenoketals from B-hydroxyorthoselencesters

1

R R yields

a b C
CH3 n—CloPI21 85 70 18
CH, D. 85
CH3 Ph 70 86
Ph Ph 70 86

Reagent used: a)PZI4; b)PI3;c)SOCl2

The ketenediselenoketal LIII can be lithiated by reaction with
one equivalent of n-butyllithium in THF at -78°C. The lithiated
species LIV, when trapped with water, lead to trans-phenylseleno-
styrene, showing that the Se-Li exchange reaction occurs stereo-
selectively. Reaction of LIV with benzoyl bromide gives the vinylic
selenide LV in 55% yield (Scheme 5) |48].
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Scheme 5
H \ /SePh H /SePh H\ /SePh
/c= n-BuLi/THF __ \/c=c\ H.0 | /c=c\
Ph \SePh ~7890C Ph Li Ph H
LIII LIV
PhCOBr
H SePh
\c=c/
Ph/ \COPh
LV

Reaction of LVI with n-butyllithium in THF generates oa-lithio-
a~silylselenides LVII |48,49,51|, which react with aldehydes
leading, after hydrolysis, to the corresponding alcohol LVIII.

The alcohol ILVIII, by treatment with potassium t-butoxide in THF

at 550C, produces vinylic selenides (egn.28).
R R 1
R ) 1) R"CHO
(CH,) ,8i-C-secn, -R-Buli/THF (CH,),Si-C-Li
3’3 3 3’3 é
eCH3 eCH3 2)H20
LvVI LVII
R L  t-BuOK CHiSe
(CH3)3Si—C—CH(OH)R —_— //C=C (28)
SeCH, THF , 55°C R
LVIII
yield %
= H: rY ,
R = H; R” = C10H21 78
CH,;  Ciofy 89

(d) Wittig and Horner-Emmons reaction of

(phenylseleno) -

alkylidenephosphoranes ana (phenylseleno)phosphonates

carbanions
———
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The first systematic approach to the synthesis of vinylic
selenides was the Wittig reaction between a phenylselenophosphorane
LIX and a carbonyl compound (egn.29) |[32,52

1.2
—RRCO | plp2c-cr(seph) (29)

Ph3P=CR(SePh)
LIX
Phenylselenophosphoranes LIX can be generated either by direct
deprotonation of a phenylselenophosphonium salt LX with n-BuLi in
tetrahydrofuran (egn.30), or through a transylidation reaction,
using PhSeBr as electrophile (eqgn.31)}|32,52].

ph 3$<':H5e1>h pr~ _R-BuLi/THF

R r.t.
LX

LIX (30)

PhSeBr/THE | r1x + ph3$CH2R Br~

2 Ph3P=CHR (31)

r.t.

Alternatively the phenylselenophosphonium salt LX can be
deprotonated under phase transfer conditions using NaOH as base.
The use of a phase transfer catalyst is unnecessary |53

The Wittig reaction affords good to excellent yields with
aromatic and aliphatic aldehydes, when R is H or CH3. When R is

larger than CH3, the yields become very poor |54|. In all instances
the formation of a mixture of Z and E vinylic selenides was
observed, but the use of phase transfer conditions leads to a
predominance of the Z isomer. With ketones the reaction takes an
unexpected route and the only product detected is the a-phenyl-

seleno ketone |52

Treatment of the carbanion of a phenylselenophosphonate LXI
with both aldehydes and ketones results in the production of the
desired vinylic selenide in moderate to good yield (egn.32 ,

Table 24) |55|. The phenylselenophosphonate LXI can be deprotonated
with n~BuLi in tetrahydrofuran at -78°C |55|, with NaH in the pres-
ence of a carbonyl compound in tetrahydrofuran at reflux tempera -
ture |55|, or with NaOH under phase transfer conditions using an
ammonium salt as catalyst |53|. Under the last conditions, ketones
and aliphatic aldehydes do not react.

(o]
(c,1:0) ,BcHR (seph) —libase  plp2c_cRr(seph) (32)

LXI 2)R1R2CO
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Table 23
Vinylic selenides from reaction between selenophosphoranes and

aldehydes
1

R™CHO 1
Ph,P=CR (SePh) ————— R CH=CR(SePh)
1 .
R R yields ref.
H Ph 99 [32]
75% 53]
H P-CHCcH, 95 132]
56% |53]
H p-NO,C H, 90 132
77* |53]
H CoHy 66 |32]
70%* [53]
H n-CgH, . 65 132]
CH,4 Ph 99 |32]
CH, p-CH;C H, 95 [32]
CH, p-NO,C H, 91 132
CH, C,Hg 65 132]
CH, n-CcH, 5 63 [32]
CyH, Ph 60 |54
n-C,H, Ph 53 [54]
n-C,H, Ph 40 |54
n-CcH, Ph 50 {54
n-CgH, 4 Ph 40 |54
CyHg n-CgH, 4 20 |54
n-C,H, n-C¢H, 5 15 |54 |
n-C,Hgy n-C.H, 5 10 |54]
n-CgHy n-CcH, 5 10 |54 |

*Reaction under phase transfer conditions

As expected for a Horner-Emmons reaction, in all instances the
products are of predominant E stereochemistry.

(G) Reaction of oa-diazoketones with phenylselenenyl chloride

followed by dehydrochlorination
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Table 24 °
Vinylic selenides from (phenylseleno)alkylphosphonates carbanions
and carbonyl compounds |53,55].

R Rt R yield %
H H Ph 80
H H p-CH,CH, 72
H H p-NO,C.H, 74
H H n—C3H7 57
H H n—C6H13 45
H H C2H5 70
H Ph CH3 50
H Ph Ph 52
H -(CH2)5- 78
H -(CH2)5- 50
CH3 H Ph 86
CH, H p-CH4C H, 70
CH3 _(CHZ)S- 60
C2H5 H Ph 70
C,H, H p-CH;C.H, 51
n-C,Hy H Ph 66
n—C4H9 H p-CH3C6H4 55
n-—C8Hl7 H p—CH3C6H4 52

The reaction of a diazoalkane with arylselenenyl halides leads
to a-haloalkylphenylselenides |32,38|. This reaction can be sucess-
fully applied to o-~diazoketones LXII producing a-chloro-a- (phenyl-
selenenyl) ketones LXIII, which by.treatment with anhydrous sodium
carbonate in boiling xylene affords the o-phenylseleno enones LXIV
{eqn.33) |56].

0 N (o] (o] .
2 SePh SePh
—_— cr__

(CH2
n (CH2 n CHy ¥, (33)
LXIV

LXII LXIII
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Table 25
a-phenylseleno enones from diazoketones

n LXIII LXIV
yield % yield %

0 100 50

100 55

2 100 60

(H) Vinylic selenides from rearrangement of propargyl phenyl

selenides

Oxidation of propargyl phenyl selenides LXVIII at low
temperature leads to vinyl phenyl selenides LXX presumably via an
allene intermediate LXIX |57,58
sequence that transforms propargyl phenyl selenide LXV into vinyl

. The Scheme 6 shows the reaction

phenyl selenides LXX.

Scheme 6
PhSeCH,C=CH —LDA/THE PhSe~CH-C=CLi ;Rx—bphSeCl:H—CECLi
-780C Li R
LXV LXVI LXVII
. Oy
1l)Electrophiie PhSe—?H—C;C—E
2)|o]| R
LXVIIIa n = 0
LXVIIIb n = 1
PhSe-0 E
N\ /7 PhSe\ /COE
] C
C —_—— il
Pre
g AN
R H
 Nu |
. LXIX LXX

Propargyl phenyl selenide LXV is rapidly deprotonated by 2
equivalents of lithium diisopropylamide in THF or glyme at -78°9C.
Alkyl halides react with LXVI exclusively at the a-position giving
the lithium acetylide LXVII, which can be treated with a variety
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of electrophiles to give 1,3-disubstituted propargyl selenides
LXVIIIa in good yield. Oxidation of these intermediates at low
temperature furnishes a mixture of 2 and E phenylseleno enones
LXX (1able 26).

Table 26

Vinylic selenides obtained from rearrangement of propargyl

phenyl selenides |57,58

RX Electrophile oxidant yield %
Ph(CHz)EI H,0 03,CH2C12 68
Ph(CH2)3I CH3I RC03H,CH2C12 59
PhCHzBr CH3CH0 03,CH2C12 61
CH3CH2Br CH3COCH3 RCO3H,CH2012 53
(CH3)2CHI H,0 _ RCO3H,CH2012 60

* CH3I RCO3H,CH2C12 61
CH3I (CH3)3SiC1 RC03H,CH2C12 42

* The monoanion of propargyl phenyl selenide LXV was alkylated.

(I) Miscellaneous

N,N-Dialkyl benzeneselenenamides react with dimethyl acetylene-
dicarboxylate to give the corresponding adduct LXXI of predominant

Z stereochemistry (eqn.34) |59

* o] o]
9 It ArSeN (CH,), cH40-€ €-ocH,
CH,0-C-C=C~-C~0CH — C=C (34)
3 3 S \
(CH3)2N SeAr
LXXI

Ar = Ph; p-CF,CcH,

Phenylselenenyl trifluorocacetate adds rapidly to acetylenes
giving phenylseleno enol trifluoroacetates LXXII, which upon

hydrolysis give a-phenylseleno ketones (egn.35) |60
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o]
1
PhSeO,CF F.,C-C-0 Rl o
1 2773 3 ~ A M
R-C=C-R r———— C=C ———————l R"C"CHz SePh (35)
R SePh

LXXII

Allyl phenyl selenide can be transformed into l-propenyl
selenide by reaction with a base in an appropriate solvent (eqgn.36)
41,61

base

PhSeCH.,~-CH=CH — PhSeCH=CH—-CH (36)

2 2 3

solvent

Reaction of a-lithiovinyl phenyl sulphide LXXIII with phenyl-
selenenyl bromide in THF at -789C leads to the respective thio-
selenoketeneacetal LXXIV in 84 % yield (egn.37) |62

PhS
PhS~C=CH, PhSeBr/THF _c=cH, (37)
Li -780C Phse
LXXIII LXXIV

Elemental selenium reacts with acetylene in aqueous dimethyl-
sulfoxide (DMSO) in the presence of potassium hydroxide to give the
divinyl selenide LXXV in 17 % yield (egn.38B) |63].

cizcH + se —LHa%PMSO o cp,—cH-se-cH-CH

LXXV

(38)

2
KOH

Analogously, selenium adds to vinylacetylene to give the
divinyl selenide LXXVI in 17 % yield (eqgn.39) |64}. In both cases,
by-products other than the vinylic selenides are formed.

H20/DMSO

CH=C—CH=CH2 + Se -————————-’CH2=CH-CH=CH—Se—CH=CH—CH=CH2

KOH LXXVI

(39)

Bis (methylseleno)ethylene LXXVII reacts with acetic acid in the
presence of mercuric acetate to give the corresponding vinylic
selenide LXXVIIT in 19 % yield (egn.40) |65].

OAc
HOAc e
CH3Se—CEC—SeCH3———————————D CH3Se—CH=C (40)
Hg (OAc), SeCHy

LXXVII LXXVIII
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Reaction of O-ethyl selenoisobutyrate LXXIX with potassium
bis- (trimethylsilyl) amide gives, on work up with methyl iodide,
a 54% yield of the dimethylketen monoselenoacetal LXXX (eqn.41l)
|66

CH Se . ' CH. SeCH.
SO | (CH,) 481 N ' 3 /SeCH3
o AN (41)

THF, r.t.
CH, ' - oc, i,
LXXIX _—

Treatment of selenocamides LXXXI with lithium diisopropylamide,
followed by reaction with trimethylsilylchloride (egn.42), leads
to the corresponding vinylselenosilanes LXXXII in good yield |67

Rl /Se Rl\ Se-Si (CH3) 3
/cu—c< 1) LDA/THF , -789C > /c=c< (42)
2 . 2
R N(C2H5)2 2)(CH3)351C1 R‘ N(CZHS)2
LXXXI LXXXII

2-aminovinyl selenoketones LXXXIV react with 2=chloro-2-
alkeniminium salts LXXXIII in DMF to give the divinyl selenides
LXXXV |68]. In contrast, the reaction of 2-aminovinyl selenoketones
LXXXIV with a-haloketones furnishes monovinyl selenides LXXXVI

(Scheme 7). These compounds are intermediates in the synthesis of

substituted selenophenes |68

Scheme 7
2
+ R -
Rl-c|:=CH—CH=N/ ] c1o, N
C1 2 rl CH-CH=N (R®)
R Y 2
LXXXIII ?
NaseH/DMF _ * e
o
H.,O / +
27g2 217 Ncp-cu=n (®%)
1 - 2
RY-C-CH=CH-N N LXXXV
S \Rz 1 M)
€ R CH-CH=N (R“)
LXXXIV . N\ 7 ,
ii C
L ] 3
Se~CH,-C-R
2
0
LXXXVI

0
R X 2
i, DMF/HC104;1i, XCHZCR /CZHSOH/CZHSONa
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The lithium enolates of o-phenylseleno ketones react with
trialkylsilylchlorides to give the corresponding vinylsilylethers

in good yield (eqn.43)|69].
t-bule,Si0
R SePh SePh

1)LDA/THF /HMPA

> (43)
2)t—Bu(Me)ZSiC1

Reaction of the diene LXXXVII with phenylselenenyl chloride
gives the a-phenylseleno ketone LXXXVIII in 82 % yield |70,71].
Resilylation leads to the vinylsilylether LXXXIX in 80 % yield
(egn.44) |70].

CH
PhSeCl
(44)
SePh
[~ benzene r.t. o R &o
Rasi'O
ePh

LXXXVII LXXXVIIT LXXXIX
Oxidation of allyl ethers XC with diphenyldiselenide and

phenylseleninic anhydride gives the corresponding o-phenylseleno-
aldehydes XCI, which furnish a-phenylseleno enals XCII (egn.45)
|72| upon treatment with potassium fluoride in the presence of a
catalytic amount of 18-crown-6.

3

1 n 1 . KF,C_H R, CHO
R (PhSe)., R cuo 676
o —t— — (45)
2 (PhSe0) ,0 2 gat‘l -crowng Serh
eFPh
oS XCII

2. SYNTHETIC APPLICATIONS OF VINYLIC SELENIDES

Vinylic selenides are intermediates of great synthetic
potential, since they combine the functional transformations
achieved by the well known reactions of the organoselenium
compounds |73,74,75,76| with the ability of carbon-carbon bond-
forming reactions involving the double bond. This ability is
associated with the capacity of selenium to stabilize carbanions
[42,43,45,74|, as can be inferred from the Scheme 8.

Pollowing the scheme, we will discuss these transformations
in detail.
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Scheme 8 o
base
rRRYCc=Cser> (R2 = H)
1)HBr 1 2
— RRCHCHO (R® = H)
2)DMSO
- 1 2
hydrolysis RR™CHCOR
|o|
Rc=CR2 (Rl = H)
A
1) base
2) EV RRICHCOE (R% = H)
3) hydrolysis
1) ripi
2) R3SeBr RRlCR4CHO (R2 = H)
3) hydrolysis'
1) r%Li
2) Y 4 2 1
» RR'C=CR“E (R~ = H)
R 3) |o]
rrlc=cr?ser3-
1] i
3 3
R Se—O—!eR R RCH-C0R2
> | 3
SeR
0
1) |o] . 5 R! = &2 = B)
- > R
Li 5
2)R4/K/R
\ R
OCH
1) |of 3 .
2) NaOH, MeOH ., (R = H; R = R'?H;
o OH
(o] R' 2
1) |o] R R™ = H)
2) Nu~ u vinylic selenide:
0 HO R'Rl
1) o] 3:/_R1
2) base s d SePh
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(A) Hydrolysis of vinylic selenides to carbonyl compounds

The first demonstration of the synthetic utility of

vinylic selenides was provided by their hydrolysis to ketones|32,55].
Both aromatic and aliphatic vinylic selenides are hydrolytically
cleaved either with HgClz/HZO in acetcnitrile or with trifluoro-
acetic acid, furnishing the corresponding ketones in high yield
(eqn.46,Table 27)|32,76,77,78|. Mechanistic studies of the acidic
hydrolysis of vinylic selenides have been recently reported|79,80,

81].

Table 27
Hydrolysis of vinylic selenides

RCH=CR (SePh) ———p R-CH,~COR (46)
R Rl yield % ref.
Ph CH, 842 32

goP 77
Ph C,H 80: 55

97 55
Ph C,H, 802 77
Ph C,Hy 76b 77
Ph CgH, 4 78b 77
C2H5 CGH13 78c 77
CH, CgHyy 63 78
CH, CoHyg 802 76

a) HgClz/HZO/CH3CN,809C;b) CF,COOH,r.t.;c) H 904/H20

3 2"

Vinylic selenides where R1 is hydrogen, do not hydrolyse to
aldehydes under the conditions employed by us to perform the above
transformation |82|. However, hydrolysis can be achieved by
reacting the vinylic selenide with hydrogen bromide, followed by
solvolysis as discussed below.

Reaction of vinylic selenides with dry hydrogen bromide in dry

benzene leads to a-bromoalkylselenides XCIII (eqn.47)]|37,39

Br
]

RRlc=cuser 2 HBr/benzene RRlCH—C':—SeRz (47)
r.t. H

XCIII
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The exclusive formation of a-bromoalkyl selenide is observed
even when R is the phenyl group |83|, suggesting that the selenium
atom has a greater ability than a phenyl group to stabilize a
carbonium ion. a-Bromoalkylselenides XCIII can be transformed into
the corresponding aldehydes either by reaction with water in
acetonitrile in the presence of oxygen or by dissolution in anhy-
drous dimethylsulfoxide (DMSO) (eqn.48) |39

Below was proposed to explain this last reaction:

. The mechanism shown

’/’CH3 40
XCIIT —2MS0 RCH2-$5;053+ _— R—Cﬂzc:: + RlseBr (48)
Brv"SeRl CH, H
1 yields
R = CgH, i R = CH, 85
C9H19; Ph 85

If the reaction mixture is not worked up, after about 10 min-
utes, the selenenyl bromide formed reacts with the aldehyde via

enol to give the a-selenocarbonyl compound (egn.49) |39

0 OH 0
C.H, .CH & H === C_H CH=C-H —3£3525L> CoH. ,CH g H (49)
- — vd — = —-— - punel -I
9-19%H, 9719 9F197" "y
SeR
XCIV

In this way a-phenylselenoundecanal XCIV was obtained in 65%
yield from a-bromo (phenylseleno)undecane after 24 hr stirring in
dimethylsulfoxide at room temperature (egn.49) |39].

(B) Deprotonation-alkylation of vinylic selenides

It has been observed that the reaction between vinylic
selenides and alkyllithium reagents gives the vinylselenium
carbanion,-but accompanied by substantial amounts of cleavage and
Michael addition products {1,78,84

LR

bases such as lithium diisopropylamide (LDA) or a mixture of

. However, the use of hindered

potassium t-butoxide~lithium diisopropylamide (KDA) in tetrahydro-
furan at ~78°C gives the vinyl seleno carbanion in good yield |1,
85
group by a m- (trifluoromethyl)~phenylseleno group enhances the
rate of the deprotonation reaction, due to the oreater acidity of

. It has been noted that the substitution of a phenylseleno

the hydrogen linked to the carbon containing the arylseleno moiety
I1].
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The vinyl seleno carbanion reacts rapidly with a variety of
electrophiles, e.g. primary alkyl halides, epoxides, aldehydes,
ketones, giving the corresponding adducts XCV in high yield (Table
28). The deprotonation/alkylation steps occur with retention of
configuration about the double bond when KDA is used as base [86];
however, in some cases E/Z2 mixtures of products are formed when
LDA is used as base, irrespective of the stereochemistry of the
original vinylic selenide [1| . The resulting structures XCV are
of great synthetic potential. As vinylic selenides can be hydroly-
sed to the corresponding carbonyl compound (eqn.46) [32,39,77|, we
can consider these intermediates as acyl carbanion equivalents
XCVI.

RRIC=cHsear 22P3se . pple—csear
il 2)Electrophile E
L XCV
z
RR™CHC
©
XCVI

(C) Alkyllithium addition

The ability of a phenylseleno group to stabilize an.
adjacent carbanion allows the 1,4-addition of a variety of alkyl-
lithiums to vinylphenylselenide XCVII leading to the selenium
stabjlized carbanion XCVIII which can be trapped with an appropri-
ate electrophile (eqgn.51) |87].

, +
CH,=CHSePh — Rl RCH,~CHSePh —E . 5 RCH,~CHSePh (51)
Li E
XCVIT XCVIII XCIX

The reaction proceeds readily with n- and t-butyllithium and

with i-propyllithium in dimethoxyethane or ethyl ether at 0°C.
Vinylphenylselenide XCVII is, however, unreactive toward n-BuMgBr.
The choice of the reaction conditions is crucial in order to obtain
a good yield of the desired product, since alkyllithium can either
deprotonate the vinylic selenide or perform a nucleophilic attack
at selenium, leading to undesired by-products |l,78,87l. Oxidative
elimination of the resulting selenide XCIX affords an olefine C,
allowing the vinylphenylselenide XCVII to be considered an effi-
cient EH=6H synthon (egn.52).
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Table 28
RRIC=C (Sear) -1)1Rase RR1C=(|2 (SeAr)
é 2)Electrophile E
R Rl Ar base E yields ref.
H H Ph KDA CH,I 98 |86 |
H H Ph KDA n-C, H,,Br 94 |86 |
n-C,Hy H Ph KDA CHyI 85 |86 |
(CH4) ,CH H Ph KDA CHyI 85 [86 |
(CH,4) ,CH H Ph KDA n-C, 4H, Br 88 |86 |
H H Ph LDA CHyI 75 11
H H Ph LDA CH, (CH,) 5T 71 |1
H H Ph LDA Ph(CF,) ;Br 76 |1}
H H m-CF 4C H, LDA CH,I 91 [1]
H H Ph LDA CH4 (CH,) 5T 85 11
H H Ph LDA (C,Hg) ,CO 75 [1]
H H Ph LDA (CHy) ,CO 80 [1]
H H Ph LDA co, 77 |1
H H m-CF3CcH, LDA co, 80 [1]
H H Ph KDA (CH4) ,CHCHO 92 |86 ]
H H Ph KDA  2-cyclohexenone 92 |86 |
(CH4) ,CH H Ph KDA (CHy) %CHCHO 95 |86 |
7N 92 |86 |
H H Ph KDA CHy——CH,
H H Ph LDA D,0 82 [1]
H H Ph LDA CH,SSCH, 66 [1]
H H Ph 1DA (CH4) 38iC1 77 |14
H H m-CF3CH, LDA CH,SS5CH, 83 |1}
H H m-CF ,CH, LDA PhSeSePh 89 [1]
H H m-CF4CcH, LDA (CH3) ;8iCl 99 [1]
- i *
H C,Hy m-CF,C H, LiTMP CH,I 63 11]
. _ . _ .
H C Hg m-CF;CcH, LiTMP n-C H.1 2;* J1]
H (CH3) ,CH m=CF,CH, LiTMP CH,T |1]
— 1 - *
H  (CH3),CH m-CF3C.H, LiTMP n-C,H,I 63 |1]

*Mixture of Z/E isomers
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XCVII --DRL» RCH=CHE (52)
2)E

3) o]

As bis(phenylseleno)acetals can be hydrolysed to aldehydes
(egn.53), XCVII is also a EHZCHO synthon, since alkyl (phenyl)
carbanions react with phenylselenenyl bromide to give the corres-
ponding bis (phenylseleno)acetal in good yield |87].

X (0]
XCVII 1)RLE — RCHz-C/ (53)
u 2)PhSeBr \\H
(o] X
CH2—C" 3)hydrolysis
H
Table 29 %i .\ ?
XCVII &DRCHZCHSePh £ RCHZ—CHSePh—Lg-L—-b RCH=CHE
XCVIII XCIX C
RLi Electrophile E XCIX c
yields yields
n-BuLi D20 D 97 -
n-BulLi CH3I CH3 95 -
n-BulLi n—ClOHZlBr n—ClOH21 80 -
n-BuLi PhSeBr PhSe 84 -
n-BuLi (CH3)3SiCl (CH3)381 90 -
n-BuLi PhCHO PhCH (OH) 71 75
n-BulLi CH3COCH3 (CH3)2COH 60 83
n-BulLi PhCOCH3 PhC(CH3)OH - 50
n-BuLi PhCN PhCO - 61
i-PrLi DZO D 92 -
i-PrLi CH3COCH3 (CH3)2C0H 72 81
i-PrLi (CH3)351C1 (CH3)351 86 -
t-BuLi DZO D 85 -

Vinylic selenides conjugated with a carbonyl group in the o-
position undergo 1l,4-addition with lithium dialkyl cuprates. The
addition of a lithium dialkyl cuprate to CI in ether, followed by
reaction with an alkylating agent in THF/HMPA, yields the
dialkylated product CII in good yield (egn.54) |88].
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1
Sebh S SePh R
i ii Sebh
| — — (54)
(CH2 (CH, R (CH R
Cian-=0 CcII
CiIbn =1 1
i,LiR,Cu,Et,0,-209C;ii,R X, Et,0/THF/HMPA, 259C

This reaction has been explored in the synthesis of natural
products. Thus, as depicted in Scheme 9, dihydrojasmone CIII was
easily synthesized from o-phenylseleno cyclopentenone CIa using
this methodology |89

Sch 9
cheme o o
Cla ———p —y
ii 85% CIII
i, Ll(CH3)2Cu,Et20;ll, n-CSHllI,THF/HMPA

An analogous approach was employed in the synthesis of cis-
jasmone CIV (Scheme 10) |89

Scheme 10
(o] 0]
. Seph SePh
i ca s y
Cla ——p —J;ig — s o
- iv
ii
95% CIV

i, Li(CH3)2Cu,Et20;ii, NH4Cl;iii, LDA,THF/HMPA; iv, CH,CH, CzCCH,Br

3772 2

The addition of a dialkyl cuprate to the phenylseleno enone CV
has been used in the synthesis of Epi-7-hvdroxymyoporone CVI, as
shown in Scheme 11 |58,90].

Scheme 11 ﬂ Seph OH
MEZCuLi, Et20
PhSeChZCECH — ——— / \ o >
LXV MeZS
Ccv
é__é SeFh OH 0 OH

CvVi
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(D) Oxidation-elimination of vinylic selenides to acetylenes

The well known oxidation-elimination sequence of alkyl
selenides |73,75| can be successfully applied to vinvlic selenides,
producing acetylenes|91}.

The vinyl selenoxide elimination occurs at 95©C. provided an
amine is present in order to avoid seleninic acid addition|92| or
reduction of the selenoxide. The most effective amine was found to
be 1,4~diazabicyclo=-2.2.2-octane (DABCO) (egn.55).

(e}
]
ArSe H
c=C —A4 _ » R-cscH (55)
R H DABCO

The vinylic selenoxides bearing an alkyl group cis to the aryl-
selenoxide moiety CVIIIa (eqn.56) reacts slower than the correspon-
ding E isomer CVIIIb (eqn.57) and gives predominantly allene.

0
[}
ArSe R

DABCO,C_.D
\c=c/ — " '6.6, CH,-C=C-R  + CH,=C=CHR (56)
CH3/ \H 10 hr <3% 81%
CVIIIa
Ar = m—CF3C6H4; R = —CH(CH3)2
o]
Aré
roe H
) DABCO,C_D
\c=c 66, CH;-C=C-R  + CH,=C=CHR (57)
~
CH3/ R 2 hr 85% 15%
CVIIIb
Ar = m-CF,CcH,; R = -CH(CH,),

These results are consistent with a pericyclic syn elimination
mechanism for the acetylene formation from vinylic selenoxides
(egn.55). The vinyl selenoxide elimination reaction coupled with
the reactions described in Section 2(B) allows XCVII to be used as

a lithium acetylide equivalent (egn.58}.

Arse l)base
C=CH, ———F———» E-C=CH (58)
2 2)E+
H .+ 3)|0o]

HC=C Li
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Table 30
Synthesis of acetylenes from vinylic selenoxides|91|
1)LDA 1) |o]
(ArSe)CH=CH2 —_— (ArSe)(|:=CH2 ——— E~C=CH
2)Et E 2)A, DABCO
CIX cX
Ar E reaction CIX CX
conditions yields yields
m—CF3C6H4 CH3COCH3 2hr/950C 80 93
m—CF3C6H4 n—C4H9I 4hr/950C 85 90
Ph CH3C0CH2CH2Ph 7hr/859C 67 83
Ph Ph(CH2)3Br 7hr/850C 76 77

(E) Reaction of vinylic selenoxides with enolates —e cyclo-

propyl carbonyl compounds

As already noted (eqn.51) vinylic selenides are efficient
1,4-addition acceptors. The vinvlic selenoxides behave similarly.
reacting with lithium enolates of esters and ketones, affording
. The mechanistic

cyclopropyl carbonyl compounds (eqn.59) |93
pathway depicted below was proposed to account for the reaction.

%
Scheme 12 C
: 7~
L OLi 5 3 9 RlCH2 ~ CHR?
R'CH,-C=CH-R” + R CH=CH-SeAr — s | —_—
ArSe0 CHR?
CH

OLi

1 z/é\ 2 Loy #N o R

R CH C-R R CH

_ ./ (59)
3 ct.,cur3

ArSeO CHR 2

H

2

Q=0
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It has been observed that a p-chloro or a m-trifluoromethyl
substituent on the arylseleno moiety enhances the reaction rate,
while an o-nitro substituent does not, giving only traces of the
desired product.

Table 31

Cyclopropyl carbonyl compounds from vinylic selenoxides [93

oLi 0 RCO r!
R-C=CHR} + R2—CH=CH—geAr \\t’/
CH, CcHR?
R r' R? yield $
Ph H H 72
Ph CH,4 H 59
C,Hg0 PhS H 65
Ph H PhCH,,OCH, 70
Ph CH, PhCH,0CH,, 84
C,H0 PhS PhCH,OCH,, 72
- (CH,) ;o PhCH,,OCH,, 55
Ph CH, CioHa; 62
C,Hg0 PhS C1oHn 71
(CH;) 5C H C ol 72
(CH3) 3CO H C,oHay 52
- (CH,) 4~ CioH23 51
(CH;) ,CH H C,oHy 56
CcHy Phs CyoHy; 47
C,HgO PhSO CioHy, 35
C,H0 PhSO,, CoHy 13
C,HO C,HLOCO  C)qHy) 23

The reaction gives good results with cyclic and o-B-unsatu-

rated ketones, as exemplified below |93

1) 1,5 eq,LDA, DME
2) 1,5 eq.CH2=CHﬁeAr
0 74%




1

(o]
~ 1) 1.5 eg.LDA, Et,0 N
" R
2) 1.2 eq.RCH=CHSeAr
3 68%
lo) [o]
1) 1,5 eq.lDA, Et20
> R
2) 1.3 eq. RCE=CESeAr
A 523

R =.\0-"\Ph, Ar = p-CIC.H,

(F) Oxetane from vinylic selenoxides and selenones

Reaction of l-alkyl-3-phenylseleno-l-ols CXII with
m-chloroperbenzoic acid (MCPBA) followed by reaction with sodium
hydroxide in agueous methanol gives 2-alkyl-3-methoxyoxetane CXITI
(eqn.60) |94|. This makes the easily prepared 3-phenylseleno-2-
propenal CXI a valuable building block since oxetanes are important
intermediates in the synthesis of a number of compounds |94].

RM 1) 2 eq. MCPBA, MeOH
ArSe-CH=CHCHO -————+% ArSeCH=CH-CHR >
2) NaOH, ag. MeOH
CXT CXII OH ) , aq
OCH
8 i T v T T AN
rSe~CH-CH-CHR ———sArSe—CH.,.~CH-CHR —| I + CHz=CH (60)
. { 1] 2 ( | |
o] OH 0 -0 O0—=<CH O0—CH,
N "
CXIII

The hydroxy selenides CXII are easily prepared by reaction of
3-arylseleno-2-propenal CXI with nucleophiles such as Grignard
reagents, alkyllithiums and ester or lactone enolates. These inter-
mediates CXII react with two equivalents of MCPBA to give the
corresponding selenones, which upon treatment with sodium hydroxide
in methanol furnish oxetanes in qood yield (Table 32).

Some features of this reaction must be emphasized: the use of
electron-withdrawing substituents on the arylseleno moiety do not
facilitate the oxetane formation, in contrast to the cyclopropane
ring formation reaction related in the preceding section |93}.

The yields are improved by using water and two equivalents of MCPBA.
The water probably prevents the contamination with by-products and
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the excess MCPBA converts the selenoxides into selenones. It has
been observed that selenones are more effective than selenoxides
in promoting the oxetane ring formation.

When the reaction is performed with t-butyl acetate or
Y-valerolactone enolate, the oxetane formed is easily opened to
give o, B-unsaturated esters CXIV or lactone CXV (eqn.61,62,63). In
this case the E vinylic selenide (egn.6l) gives better yield than
the Z isomer (egn.62)

Table 32

Preparation of 3-methoxyoxetanes from vinylic selenones [94].
CXI —stmm=r 232y CXIII

i, RM/THF,09C;ii, 2 eq.MCPBA,MeOH,r.t.,30 min,;iii, NaOH,aq.MeOH,
r.t.,18 hr.

Ar olefin RM yields
geometry *
Ph E PhCH, CH,MgC1 80
Ph Z PhCHZCHZMgC1 78
p-ClCGH4 Z PhCHZCHZMgC1 69
Ph E ClOHZlMgBr 78
Ph 2 ClOHZlMgBr 72
Ph Z C6H13MgBr 66
p—CleH4 Z PhMgBr 66
Ph E PhLi 80
Ph E CSHllCHLicozt—Bu 81

*The cis oxetane is preferentially formed, irrespective of the
starting olefin.

i,ii,iii

PhSeCH=CHCHO ——————— HOCH,CH-CH=CHCOOt-Bu (61)
E CXIV
87%
i, LiCH,CO,t-Bu,THF;ii,MCPBA,MeOH;iii,LiOH,MeOH
i,4i,1di
PnSeCH=CHCHO ~———" CXIV (62)
z 47%
i, LiCH,CO,t-Bu,THF;ii,MCPBA,MeOH;iii,LiOH,MeOH

2772
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1) =, ar o H
PhCH=CHCHO > o (63)
2) MCPBA, MeOH CH,
3) LiOH, MeOH 47%
CXv

(G) Ethylenic and acetylenic ketones from vinylic selenones

Treatment of cyclic 3-hydroxyvinyl selenones CXVI with
base at room temperature leads tc the formation of ethvlenic or
acetvlenic ketones. Two mechanisms were proposed to explain the
different products formed: The first consists of an addition of the
base (nucleophile) to the double bond, followed by a 1,4-fragmen-
tation furnishing an olefine CXVII (egn.64);The second, consists
of a deprotonation of the alcohol followed by 1,4-fragmentation
furnishing an acetylene CXVIII (egn.65) [95].

- )
HO R 0 R
1 OR R 1
R7ONa OR
o ——— (o} —— (64)
S rioH SePh —
5 CXVII
CXVIa
HO_ _R 3 AR 0 1
R R R
NaH R 7
o) o >
T — el P T
SePh THF .
) 0 CXVIII
CXVIb

The yields are generally good (Table 33 and 34). The hydroxy
vinyl selenones possessing tetrasubstituted olefins give prefer-
entially the acetylenic ketone (egn.65) rather than the ethylenic
one (egn.64). The use of sodium hydride as base furnishes the
acetylenic ketone selectively. Vinyl selenoxides do not undergo the

fragmentation reactions described above even on heating.

(H) a-Selenocarbonyl compounds from vinylic selenides

Vinylic selenides react with seleninic anhydride (egn.66)or
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Table 33

Formation of ethylenic ketones from vinylic selenones |95].

Substrate nucleophile olefin E/2Z yields
ratio
H
CH3ONa 20:80 86
C2H50Na 40:60 84
SeOzPh
PhSNa - 68

H
CH3ONa 5:95 78
SeOzPh PhSNa - 43
H
CH3ONa 15:85 68
SeOzPh

CH,ONa 80:20 53
SeOzPh

Table 34

Formation of acetylenic ketones from vinylic selenones |95].

substrate base yields
HO
CH3ONa 40
NaH 84
Se02Ph
H
eOzPh NaH 59
H CH3ONa 43

eozPh
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or acid (eqn.67) under mild conditions to give a-selenocarbonyl

compounds |96|. o-Selenocarbonyl compounds are intermediates of

wide applicability in organic synthesis |73,75].

¢ ¢
L steOSeRz/CHC13 5
RCH=CR™ (SeR") > R?HC-R (66)
SeR2
L g 2RZSe02H/CHCl3 '
rCH=CR! (5eR?) > RCHC-R (67)
SeR2

The yields (Table 35) varied from very good to poor. The
mechanism of this transformation is not known.

Table 35

a-Selenocarbonyl compounds from vinylic selenides |96

R R R reaction conditions yields
tQ9C/time (hours)

Ph CoH, g H 20/40 802
20/15 then 50/2 g3P

a

Ph CgHy 4 CH, 20/24 szb
50/7 41

a

CH, CoH 4 H 20/23 84b
20/77 84

a

CH, CgHy 5 CH, 20/9 44]D
50/6 36

a) reaction with seleninic anhydride;b) reaction with seleninic
acid.
(I) Miscellaneous

Phenyl vinyl selenide XCVII reacts with 1,3~diphenyliso-
benzofuran CXIX to give the corresponding Diels-Alder adduct CXX.
Treatment of CXX with methanesulfonic acid furnishes 1,4-diphenyl-
naphthalene CXXI (eqn.68) |1

Vinylic selenides react with Grignard reagents in the presence

of nickel-phosphine complexes to give coupling products free of
selenium CXXII (egn.69) |97,98|. The yields are generally good
(Table 36).
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Ph
Ph
SeAr
s o)
+ CH,=CHSeAr Toluene/100°C
= 23 hr
Ph
Ph
CXIX Ph
CXX
CH3503H/CH2C12 Yield 64% (Ar = Ph) (68)
250C/overnicht
Ph
CXXT
Ni complex
rRRIC=CrR? (sePh) + RoMgX —» rrlc=cr?r? (69)
CXXII

Ni complex = NiClz(Ph3P); N1C12(Ph2PCH2CH2CH2PPh2)

Table 36
Cross-coupling of vinylic selenides with Grignard reagents {98].

1

R"MgBr,cat. (3mol%) 1
PhSeCH=CHR Ricu=cHrR + phr!
Ether, reflux, 8hr
1 .

R R yields
A B
Ph Ph 88 89
Ph n—C4H9 28 76
n—C4H9 Ph 70 83
n-C4H9 n-C4H9 45 86

A = N1C12(Ph3P); B = NlClZ(PhZPCHZCHZCHZPPhZ)

The a-phenylseleno enal CXXIII was found to be an excellent
dienophile, giving the corresponding Diels-Alder adduct CXXIV with
butadiene in 81% yield (eqgn.70)|33].

1150C
d - CHO (70)

ArSe CHO SeAr

CXXTIIT CXXIV
Trialkylsilyl enol ethers of a-phenylseleno ketones CXXV are

converted into the corresponding a-trialkylsilyl ketones CXXVI
upon treatment with methallic lithium in the presence of
dimethylamino naphthalene (DMAN) (egn.71, Table 37) |69
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Table 37
0O-SiR SiR
1 3 Li/DMAN LR,
R -—c=t;.e-R » R -C-CH-R (71)
SePh THF
CXXV CXXVI
Rl R2 SiR3 CXXVI
yields
-(CH2)3— t—BuSiMe2 79
-(CH2)4— S:i.Et3 75
-(CH2)4— i—PrSiMe2 82
-(CH2)4- t—BuSiMe2 85
—EE%CH )~ t-BuSiMe 84
2°3 2
n=Q4Hy
-CH(CH,) - i-PrsiMe, 81
- (CHy) ¢~ i-PrSiMe, 83
=(CHy) o™ t-BuSiMe, 78
Ph C2H5 i—PrSiMe2 67
PhC2H5 H t-BuSiMe2 57
PnC2H5 C3H7 i-—PrSiMe2 65

Bis-vinyl derivatives of the type CXXVII can be transformed
into a-phenylseleno ketones CXXVIII by treatment with trimethyl-
amine N-oxide (egn.72) |99].

) B
O' 27 SePh Me_ NO o)

- 3
=C —— C-CH (,CH2) 3CH, (72)
N H,0 '
(CH2)3CH3 2 SePh
CXXVII CXXVIII
ACKNOWLEDGEMENTS:

Support of this work by FAPESP (Fundagaoc de Amparc a Pesquisa
do Estado de Sao Paulo) is gratefully acknowledged. Acknowledgement
is also made to Alexander von Humboldt Stiftung for partial
suppert of this work.



178

REFERENCES

1. H.J. Reich, W.W, Willis and P.D. Clark, J. Org. Chem., 46
(1981) 2775.

2. Y. Okamoto, R. Homsany and T. Yano, Tetrahedron Lett., (1972)
2529.

3. E.G. Kataev, T.G. Mannafov, A.B. Remizov and O.A. Komarovskaya,
J. Org. Chem. (USSR), 11 (1975) 2363.

4, E.G. Kataev, T.G. Mannafov, E.A. Berdnikov and O.A.
Komarovskaya, J. Org. Chem. (USSR), 9 (1973) 1998.

5. S. Raucher, J. Org. Chem., 42 (1977) 2950,

6. A.E. Feiring, J. Org. Chem., 45 (1980) 1958.

7. A.E. Feiring, J. Org. Chem., 45 (1980) 1962.

8. G. H&lzle and W. Jenny, Helv. Chim. Acta, 41 (1958) 593.

9. G. Zima and D. Liotta, Synthetic Comm., (1979) 697.

10. T.A. Hase and P. Kukkola, Synthetic Comm., (1980) 451.

11. L. Chierici and F. Montanari, Boll. Sci. Fa. Chim. Ind.
Bologna, 14 (1956) 78.

12. J. Gosselk and E. Wolters, 2. Naturforsch, 17b (1962) 131.

13. J. Gosselk, Angew. Chem., Int. Ed. Engl., 2 (1963) 660.

14. E.G. Kataev and V.N. Petrov, Zh Obshch. Khim., 32 (1962) 3699.

15. L.M. Kataeva, L.N. Anonimova, L.K. Yuldasheva and E.G. Kataev,
Zh Obshch. Khim., 32 (1962) 3965.

16. J. V. Comasseto, J.T.B. Ferreira and N. Petragnani, J.
Organometal. Chem., 216 (1981) 287.

17. D.H. Wadsworth and M.R. Detty, J. Org. Chem., 45 (1980) 46l1l.

18. J. Gosselk and E. Wolters, Chem. Ber., 95 (1962) 1237.

19, I.N. Azerbaev, A.B. Asmanova and L.A., Tsoi, Dokl. Vses. 4th
Konf. Khim. Atsetilena, (1972) 1504 (Ref. Zh. Khim. 1973,
Abstr. n? 5 Zh 479).

20. I.N. Azerbaev, A.B. Asmanova, L.A. Tsoi, Kol'triya, (1972)

100 (ref. Zh. Khim. 1973, Abstr. N@ 9 Zh 574).

21. I.N. Azerbaev, L.A. Tsoi and A.K. Patsaev, J. Org. Chem. (USSR),
12 (1976) 748.

22. A. Luxen, L. Christiaens and M. Renson, J. Org. Chem., 45
(1980) 3535.

23. E.G. Kataev, T.G. Mannafov and Y.Y. Samitov, J. Org. Chem
(USSR}, 11 (1975) 2366.

24, E.G. Kataev, iﬁG. Mannafov. Tezisy Dokl. - Vses. Konf. Khim.

Atsetilena, 5 (1975) 357.



179

25. E.G. Kataev, T.G. Mannafov, Zh. Org. Khim., 6 (1970) 1959.

26. L.M. Kataeva, E.G. Kataev, T.G. Mannafov, Zh. Strukt-Khim,
10 (1969) 830.

27. L. Chierici and F. Montanari, Gazz. Chim. Ital., 86 (1956)
1269.

28, C.N, Filer, D. Ahern, R. Fazio and E.J. Shelton, J. Org.
Chem., 45 (1980) 1313. .

29. D.G. Garratt, P.L. Beaulieu and U.M. Morisset, Can. J. Chem.,
59 (1981) 927.

30. S. Raucher, M.R. Hansen and M.A. Colter, J. Org. Chem., 43
(1978) 4885.

31. J. Hooz and R. Mortimer, Tetrahedron Lett., (1976) 805.

32, N. Petragnani, R. Rodrigues and J.V. Comasseto, J.Organometal.
Chem., 114 (1976) 281 and corrigenda: J. Organometal. Chem.
120 (1976) C 43.

33. K. Uneyama, K. Takano and S. Torii, Tetrahedron Lett., (1982)

1161.
34. D.G. Garratt, P.L. Beaulieu and M.D. Ryan, Tetrahedron, (1980)

1507.

35. D.G. Garratt, P.L.Beaulieu, V.M. Morisset and M. Ujjainwalla,
Can. J. Chem., 58 (1980) 2745.

36. P.L. Beaulieu, V.M., Morisset and D.G. Garratt, Tetrahedron
Lett., (1980) 129.

37. W. Dumont, M. Sevrin and A. Krief, Angew. Chem. Int. Ed., 16
(1977) 541.

38. J.V. Comasseto, unpublished results.

39. W. Dumont, M. Sevrin and A. Krief, Tetrahedron Lett., (1978)
183.

40. W. Dumont and A. Krief, Angew. Chem. Int. Ed., 16 (1977) 540
and references cited therein.

41, M. Sevrin, W. Dumont and A. Krief, Tetrahedron Lett., (1977)
3835.

42. D. Seebach and N. Peleties, Chem. Ber., 105 (1972) 511.

43. H.J. Reich, F. Chow and S.K. Shah, J. Amer. Chem. Soc., 101
(1979) 6638.

44. D.Van Ende, A. Cravador and A.Krief, J.Organometal. Chem., 177
(1979) 1.

45, H.J. Reich, S.K. Shah and F. Chow, J. Amer. Chem. Soc., 101
(1979) 6648.

46. H.J. Reich and F. Chow, Chem. Comm., (1975) 790.



180

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.
58.

59.

60.
6l1.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

B.T. Gr8bel and D. Seebach, Chem. Ber., 110 (1977) 852.

B.T. Gr&bel and D. Seebach, Chem. Ber., 110 (1977) 867.

D. Van Ende, W. Dumont and A. Krief, J. Organometal. Chem.
149 (1978) C 10.

J.N. Denis, S. Desauvage, L. Hevesi and A. Krief, Tetrahedron
Lett., (1981) 4009.

W. Dumont, D. Van Ende and A. Krief, Tetrahedron Lett.,
(1979) 48sS.

N. Petragnani, J.V. Comasseto, R. Rodrigues and T.J. Brocksom,
J. Organometal. Chem., 124 (1977) 1.

J.V. Comasseto and C.A. Brandt, J. Chem. Research (S), (1982)
56.

J.V. Comasseto and N. Petragnani, unplished results.

J.V. Comasseto and N. Petragnani, J. Organometal. Chem., 152
(1978) 295.

D.J. Buckley, S. Kulkowit and A. McKervey, Chem. Comm.,
(1980) 506.

H.J. Reich and S.K. Schah, J. Amer. Chem., 99 (1977) 263.
H.J. Reich, S.K. Schah, P.M. Gold, and R.E. Olson, J. Amer.
Chem. Soc., 103 (1981) 3112.

H.J. Reich, J.M. Renga and J.E. Trend, Tetrahedron Lett.,
(1976) 2217.

H.J. Reich. J. Org. Chem., 39 (1973) 428.

E.G. Kataev, L.M. Kataeva and G.A. Chmutova, J. Org. Chem.
(USSR), 12 (1976) 2200.

B. Harirchian and P. Magnus, Chem. Comm., (1977) 522.

B.A. Trofimov, S.V. Amosova, N.K. Gusarova, O.A. Tarasova and
M.G. Voronkov, J. Org. Chem. (USSR), 11 (1975) 2259.

B.A. Trofimov, G.K. Musorin, G.A. Kalabin and S.A. Amosova,
J. Org. Chem. {(USSR), 16 (1980) 448.

S.I. Radchenko and. K.S. Mingaleva, J. Org. Chem. (USSR), 16
(1980) 632.

D.H.R. Barton, P.E. Hansen, K.Picker, J.Chem.Soc. Perkin I
(1977) 1723.

R.S. Sukhai and L. Brandsma, Synthesis (1979) 455.

J. Liebscher and H. Hartmann, Synthesis (1976) 521.

I. Kuwajima and R. Takeda, Tetrahedron Lett., (1981) 2381.

S. Danishefsky, C.F. Yan and P.M. McCurry, J. Org. Chem., 42
(1977) 1819.

S. Danishefsky, C.F. Yan, R.K. Singh, R.B. Gammill, P.M.



72.

73.
74.
75.

76.
77.
78.
79.
80.

81.
82.
83.
84,

85.
86.
87.
88.
89.

90.

91.
92.

93.
94.

9s.

96.
97.

98,

99,

181

McCurry, N. Fritsch and J. Clardy, J. Amer. Chem. Soc., 101
(1979) 7001.

M. Shimizu, R. Takeda and I. Kuwajima, Tetrahedron Lett.
(1979) 34e61l.

D.L.J. Clive, Tetrahedron, 34 (1978) 1049,

H. Reich, Acc. Chem. Res., 12 (1979) 22.

H.J. Reich in "Oxidation in Organic Chemistry Part C" W.
Trahanowsky, Ed. Academic Press, New York 1978, p 1.

A. Krief, Tetrahedron, 36 (1980) 2531.

J.V. Comasseto and N. Petragnani, unpublished results.

M. Sevrin, J.N. Denis and A. Krief, Angew. Chem. Int. Ed., 17 (1978) 526.
R.A. Mc Clelland and M. Leung, J. Org. Chem., 45 (1980) 187.
H. Hevesi, J.L. Piquard and H. Wautier, J. Amer. Chem. Soc.,
103 (1981) 870.

J.L. Piquard and L. Hevesi, Tetrahedron Lett., (1980) 1901.
J.V. Comasseto, unpublished results.

J.V. Comasseto, unpublished results.

T. Kaufman, H. Ahlers, H.J. Tilhard and A. Woltermann, Angew.
Chem. Int. Ed., 16 (1977) 710.

H.J. Reich and W.W. Willis, J. Org. Chem. 45 (1980) 5227.

S. Raucher and G.A. Koolpe, J. Org. Chem., 43 (1978) 3794.
S. Raucher and G.A. Koolpe, J. Org. Chem., 43 (1978) 4252,
G. Zima, C. Barnum and D. Liotta, J. Org. Chem., 45 (1980)
2736.

D. Liotta, C.S. Barnum and M. Saindane, J. Org. Chem., 46
(1981) 4301.

H.J. Reich, P.M. Gold and F. Chow, Tetrahedron Lett., (1979)
4133,

H.J. Reich and W.W. Willis, J. Amer. Chem. Soc., 102 (1980)5967.
H.J. Reich, S. Wollowitz, J.E. Trend, P. Chow and D.F.
Wendelborn, J. Org. Chem., 43 (1978) 1697.

M. Shimizu'and I. Kuwajima, J. Org. Chem., 45 (198Q) 2921.
M. Shimizu and I. Kuwajima, J. Org. Chem., 45 (1980) 4063.
M. Shimizu, R. Ando and I. Kuwajima, J. Org. Chem. 46 (1981)
5246.

A. Cravador and A. Krief, Chem. Comm., (1980) 951.

E, Wenkert, T.W. Ferreira and E.L. Michelotti, Chem. Comm.,
(1979) 637.

H. Okamura, M. Miura, K. Kosugi and H. Takei, Tetrahedron
Lett., (1980) 87.
J. Hooz and R.D. Mortimer, Can. J. Chem., 56 (1978) 2786.



