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INTRODUCTION

Allylic hydroxylation by selenium dioxide and the use of
clemental selenium for dehydrogenation and i uomensa
tion of olefins have been known for many years.'
Beginning in 1973 several new reagents, in which
selenium is attached to an organic structure, have been
introduced for synthesis, but before this date the formal
use of selenium-containing species as reagents—other
than the element and its dioxide—was sporadic and not
properly appreciated. However, in the last four years the
new reagents have been accepted avidly by synthetic
chemists and this Report is an analysis of the role now
played by selenium and its compounds in organic chem-
istry.®

“The abstracted literature from Jan. 1967 to Oct. 1976 (Chem.
Abstr. 85(14), 1976) was examinod. Very thorough coverage of
. carlier research is aiready available.?

0

H H
"”o( 5\\&‘ + PhyP=Se

P

SURVEY OF MODERN ORGANOSKLENIUM CHEMISTRY

The first modern work in which a selenfum-containing
substance was introduced explicitly as a gemeral reagent
fornsemsymhesxsxstheducoverythnteyoudesm
coaverted into olefins by treatment with triphenyl-
phosphine selenide in the presence of an acid® (eqn .

Shortly afterwards three groups*® recognised, in-
dependently, that selenoxide fragmentation—the syn
elimination process summarised by eqn (2)—constitutes
a very mild procedure for introducing unsaturation into a
carbon sigma-bond system. Methods were found for
attaching the phenylseleno-group (PhSe-) to organic
molecules so that the gentle and efficient fragmentation
of the derived selenoxide could be used to make carbon-
carbon double bonds. The procedures have been

"developed to a high level of refinement and they now

constitute a standard synthetic method for introducing
unsaturation (oqns 3 and 4).

H#

2 N

H SePh
7

— (O e + HO-SePh (2)
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Epoxides can be converted into allylic alcobols by
nwmwuh?h&“foﬂwedbyukmxﬂeﬁu—
mentation (eqn 5) and the intermediate B-hydroxyalkyl
selenides can be converted into olefins in the semse of
eqn (6). The latter is not a trivial process because g-
hydroxyalky! selenides are also available from ketones
and aldehydes by treatment with seienium-stabilized
carbanions (eqn 7). These anions, which are highly
nucleophilic, are readily generated by the action of butyl
lithium on selenoketals (eqn 8).

Important new experiments have also been done with
themmlwqmsebmumdnondemdsehnmm
menl The element can play a.catalync role in the

0..

produce, for example, ureas and carbonates (eqns 9 and
10).

Substantial insight into the mode of action of selenium
dioxide on olefins has been obtained and the results,
which are summarised by eqn (11) have led to the
discovery of aza-analogues of the dioxide which have the
ability to aminate olefins (eqn 12).

In addition, a new use has been discovered for
selenium dioxide: it converts semicarbazones into 1,2,3-
selenadiazoles which collapse at high temperatures to
produce acetylenes {eqn 13).

Finally, the synthesis of selenium-containing fulvenes
as components of organic metals has developed rapidly
and has been reviewed.’
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1. CONVERSION OF EPOXIDES INTO OLEFINS

The observation® that epoxides are convertible into
cpisulphides (eqn 14) by treatment with a phosphine
sulphide in the presence of acid suggested that a similar
reaction might occur in the selenium series, although an
cpiselenide was not expected to be the final reaction
product. Previous attempts to make episelenides had,
instead, afforded the derived olefin.” The generation of
episelenides in the gas phase and their collapse into
olefins had, however, been observed spectroscopically'®
andsotheproposedmcuon(eqnlﬂwouldconmnea
method for deoxygenating epoxides.” Phosphine
selenides have been known for many years'? but they
had not been used before in synthesis. We examined
triphenylphosphine selenide, choosing it for ease of pre-
paration and handling, and found that it reacts with

to the corresponding® process for the sulphur series but
is followed by loss of selenium from the episelenide with
preservmon of stereochemical integrity. Formal analogy
for extrusion of a heavy atom (with a triplet ground
state) is availsble in the stereospecific thermolym of
episulphides. "
Further studies'® have provided support for the above
mechanism (eqn 15),and formation of the intermediate
episclenide, as well as its collapse, can be followed
spectroscopically. It has also been possible to isolate an
episelenide in solution but attempted concentration, even
at —40°, led to deposition of Se and production of olefin.
Possibly the collapse of episelenides is bimol 1
The deoxygenation is not limited to tributyl-'* and
triphenylphosphine selenides and, in fact, they are both
much less reactive in this process than the heterocyclic

epoxides according to eqn (15). selenide 1."® Incorporation of the phosphorus atom into a
(o] He S
{ 5 + Bu.P=§ > { 5 (14)
R R R R
[ R H oe H R
(o] = ) = s
{ } H* \g / R, % $ H
+ PhyP=Se > / "’" -> —
H
R R T. R . /
Ph
-® P"% 3
@® P\Pha
H 0 H H H
RaZ Ry 2 S 4R
N v — + sy
Se R o R R

Experimentally, the process involves adding
trifluoroacetic acid (1 equiv.] in dichloromethane to a
solution, in the same solvent, of the epoxide and an
excess of triphenylpbosphine selenide. Metallic selenium
is deposited and the olefin can be isolated after a suitable
time which is usually less than 2.5 hr. Typical results® are
shown in Table 1.

A strong acid is essential'® and the reaction is similar

*1t should be noted that epoxides of predictable stereochemis-
try are available by reaction of a Grignard reagent with an
a-chloroaldehyde."!

S-membered ring should favour'” production of the pro-
posed intermediate phosphorane 2 and this factor may be
responsible for the enhanced reactivity of 1.

Me Me R R
H\\“‘
2/ \§ o
. N~
T N,

N }‘

1
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Table 1.
Epoxide Olefin Yield
1,2-spoxyoctane nzx
trans-2-epoxyoctane 63
afs-2-epoxyoctane 73
ois-stilbene n

cyclohexene oxide 53*

ots-cyclooctene oxide 72

“This yield refers to the crystalline derivative with 2.4-dini- .

trobenzene-sulpbenyt chloride. *Refluxing CH,Cl, (19hr) was
used.

Recently, a very promising modification of the phos-
phine selenide route has been discovered.” The
selenoxobenzothiazole 3, in stoicheiometric proportions,

L

3

reacts very rapidly with epoxides in dichloromethane in
the presence of CF;COOH [l equiv.] (eqn 16). The
reaction is fast even at —15°.

1053

Cyclobexene, styrene, cis- and trans-stilbene and
chloroethylene were made in better than 90% yield. The
reagent 3 also converts' episulphides into olefins but
this reaction is slower and a higher temperature (47°) is
desirable.

This beterocyclic reagent as well as triphenyl-
phosphine selenide and tributylphosphine selenide have
been examined in sufficient detail to be able to prédict
that the relative geometry about the carbon-carbon bond
of an epoxide is retained and that yields of olefin are
usually high. Acidic media are necessary with all of these
reagents but exposure to acid is not for prolonged
periods because the deoxygenations are usually fast.
Moreover, some protection from the acid may be
afforded by the basic nature' of the phosphine oxide
thatuproduoed.

The purely inorganic reagent, potassium selenocy-
anate, also reacts with epoxides.™ The deoxygenauon,
which works best for terminal epoxides,' 320 is generally
slow and its effectiveness depends on the solvent.?' It
appearsnececurytouseaproncsolvembecauuthe
reaction . does not work in dimethylformamide or
dimethyl sulphoxide,® but agueous alcohols, in which
KSeCN produces an alkaline solution,* are suitable. The
reaction probably proceeds with a high (at least 90%)
degree of retention of slaeochemsn':z' by means of the
mechanism shown (eqn 17).

The response of cyclic epoxides to KSeCN is vari-
able:*' cyclohexene epoxides are deoxygenated and so is
cycloheptene epoxide (34% yield) but simple cyclic Cs,
Cq and C,; epoxides are inert.

Clearly, the use of KSeCN is indicated when acidic

(16)

an
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conditions must be avoided but the compound has utility
in another context: that of inverting the geometry of an
olefin™ (Section 2),

2. INVERSION OF OLEFIN GEOMETRY

Bromohydrins {derived by trans addition of hypo-
bromous acid to olefins) react with KSeCN in DMF.?
Careful control of the reaction conditions [24-48 hr; 60°]
produces the stereochemical results of the type shown
(4-5) and treatment of the B-hydroxyalkyl selenide 5
with potassium carbonate yields an olefin whose
geometry is opposite to that of the starting olefin (eqn
18).

| oo,

R

s\R
R

Only a few simple acyclic olefins have been examined;
yields, from bromohydrin are below 60% but the extent
of inversion is high (at least 88%) and the conditions
fairly mild.

3, SELENOXIDE FRAGMENTATION
(A) General considerations

Early studies® of the oxidation of phenyl alkyl
selenides and the decomposition of phenyl alkyl
selenoxides did not reveal the potential applications of
these compounds to synthesis and their utility was not
appreciated for many years.

My own attention was directed™ towards these
selenium compounds by two noteworthy observations
that appeared in the then current literature:

The selenoxide 6 (as a mixture of R and S isomers)
was observed to decompose in hexane to Sa-cholest-6-
ene. The process was rag at room temperature and the
yield greater than 95%.° The (S)-selenoxide 7 actually
collapsed quantitatively within 4 hr at 0°.,

z

The second report™ was sn account of attempts to
oxidise the selenide 8 to the cofresponding selenoxide.
None of the desired material was isolated. Instead, the

selenide 6 was converted completely at room tempera-
ture to the (protected) dehydroalanine 9.

i
mnzoc-uﬂ-tl:u-coocum
CHZSeCHPh,

Cuve -

i
PhCH,0C flxm-clzl-coocmm,
CHg

It was clear from the above observations®2* that
selenoxides are synthetically equivalent to olefins and
this conclusion dcﬁmtely ‘merited experimental study.

The preparation of selenoxides from selenides had
fortunately been investigated before in some

HO

g

—

SeCN R

(18)

H“*
R

3

and adequate methods were therefore available for oxi-
dising selenides to the selenoxide level. The use of
selenoxide fragmentation (eqn 2, p. 1050) in synthuis
would depend critically upon effective methods for in-
troducing selenium as, for example, PhSe- into organic
molecules. These,* and similar considerations made
elsewhere,’® led to a comprehensive examination of
selenide chemistry and methods were found for the
controlled introduction of selenium into organic struc-
tures. The technigues involve nucleophilic displacement
(see p. 1064) by PhSe™ or the capture of electrophilic
selenium compounds (such as PhSeBr) by enolates (p.
1057) and olefins (p. 1081) or more sophisticated processes
employing selenium-containing synthons (p. 1069).

These procedures, together with some auxiliary
developments, have established selenoxide frag-
mentation as a reliable and efficient method for mak-
ing unsaturated systems, especially a,8-unsaturated
carbonyl compounds, terminal olefins and allylic alco-
hols. The literature on the subject is now extensive and I
analyse it under the following general aspects:

(i) Types of selenoxide that undergo fragmentation
readily.

(i) Methods for making suitable selenides.

(iii) Methods for oxidising selenides to selenoxides and
practical details for fragmentation of selenoxides.

{iv) Stereo- and regiochemistry of selenoxide frag-
mentation.

(B) Types of selenoxide that fragment readily

Examination of the types of selenoxide that can be
isolated at room temperature reveals the structures most
suitable for the fragmentation process (see Table 2).

In those cases where an a,8-unsaturated carbonyl
system is being generated by fragmentation involving a
hydrogen atom alpha to the carbonyl then the selenium
atom need not necessarily be attached to an aromatic
ring (compare entries 3 and 8). Entries 6 and 7 show the
isomeric situation in which an o,8-unsaturated carbonyl
system is formed but the hydrogen removed is beta to
the carbonyl group. Here an aryl selenoxide (entry 6) is
preferable but not essential.

Where the resulting double bond is not conjugated and
the hydrogen removed is unactivated, then the selenium
atom should carry an aromatic ring (compare entries 1
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Table 2.
Compound Stability Ref.
[o]
1 alkyl—!o—clkyl' isolable 23b;: 28: 29
2 alkyl~Se—Ph fragments 5,25
W
|
i I -
4 -C-~-C—CH-CH,—-Se—CH3 isolable 26
[o] Ph
5 / fragments 4
\0
H
6 g Ph fnor‘nonu " 30
MO — b L% (olefin yield: 90%)
H
7 Me fragments 30
| n vield:
MeO—C So§° (olefin yield: 40%)
H
8 H fragments 6
éo
Ph

and 2). However, not all aryl-alkyl selenoxides collapse
casily. Excluding the possibility that situations may arise
where the conformation necessary for syn elimination is
inaccessible®’ or where the resulting double bond would
generate excessive ring strain, it appears that phenyl
cycloalky] selenoxides (e.g. 10*° and 11°) fragment easily
as do phenyl secondary-alkyl selenoxides’ (e.g. 12).
However, phenyl pri alkyl selenoxides (e.g. 13)
coﬂnpsemuchbssmdil?"’"‘es_geciallywhentheﬂor
v carbons carry alkyl groups.®*” Three methods are
available to cope with such problems.

Method l.mmmupmbemdemondyelec-
tron-withdrawing.’>*** As Table 3 shows substituents on
the aromatic ring have an appreciable influence on the

=0

"

rate of selenoxide fragmentation and on the yield of
olefin.>® Unfortunately, the substituted selenides (and

- hence the selenoxides) are not always as easy to prepare

in good yield as the unsubstituted parent compounds.*
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Method 2. A promising, but as yet unexpiored, tech-
nique for increasing the facility of olefin formation is to

use a selenonium imide 14 instead of the i
_ 3‘\ selenoxide.® In the single example published (eqn 19)
0% Ph the imide 14 was made in situ by the action of
12 ‘Chloramine-T on the selenide. Both the oxidation and

elimination are complete in less than 20 min at room

o temperature to give i-dodecene in 77% yield. The cor-
” responding selenoxide fragmentation requires 20hr at
CoHqyg B Se —— Ph room”tempennm to generate the same yield of dode-
NN cene.
14 a Method 3. 1t is sometimes possible to improve the
13 efficiency of selenoxide fragmentation by adding the
Table 3.2
Selenoxide Fragmentation Conditions Yield of Olefin
Temp. Time?
7
1 c ,zuus-—Q °c 20h 7%
1
2 C1gHzsSe 0 06 91%
NO,
1
3 c 12”58"@*"02 25 05 88%
CF3
1
4 C 12H25Se —Q—NO; 25 15 3%
o CF3
Il
] c 12H2580—<;§ 2 20 70%
1
6 C12Hz5Se cl 2 6.0 7%

48.0 46%

0
i
10 &—Q 2% 95 92%
O NO,

“Times were measured after completion of oxidation of the corresponding selenides. For the last three entries it
is not clear from the literature whether the times shown include a brief [~ 30 min) period for oxidation of the
selenides.
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(19

selenoxide to a refluxing solvent™™ (see p. 1106) For
example, addition of selenoxide 15 to boiling carbon
temchlmde"(asoppoﬂtohemuasolumnoils)
gave the olefin 16 in 61% vyield (cakulated from the
selenﬁecorresyondx’ngtou).

4 SELENOXIDE FRAGMENTATION:
PREPARATION OF SELENIDES AND SKLENOXIDES
The methods used to make selenides suitable for the
fragmentation reaction or for other processes (sec later)
are of 4 types:
(i)- Replacement of an activated hydrogen (e.g. con-
version of a ketone into an a-phenyiselenoketone).

(i) Use of a nucleophilic selenium anion (e.g. PhSe™)
to displace a leaving group, to open an epoxide, or for
Michael addition to an a,8-unsaturated system.

(iii) Use of selenium-containing synthons.
(iv) Addition of reagents ofmegencralclass PhSe-X
across a multiple bond.

OAc
QT—

Diphenyi duelcnlade (PhSc-SePh)™*#*4! and phenyl seicncnyl

(A) CONVERSION OF COMPOUNDS WITH AN ACTIVATED
HYDROGEN INTG SELENIDES

This important class of reactions deals mainly with the
alpha-selenenylation of ketones, esters and lactones.
Other compound types such as aldehydes and nitriles
have not been studied so thoroughly.

The approach in all cases is to generate some species
in which charge density is available at the alpha carbon
so that reaction occurs with a selenenylating agent,
PhSe-X. Enols, enolates, enol esters and enol silyl ethers
are suitable and X can be Br, Cl, OCQCF, or PhSe.”

(a) Phenyiselenenylation of ketones and aldehydes

(i) Phenylselenenylation via enol derivatives. In my
own experiments® enol acetates’ were converted into
a-phenylselenoketones by treatment {0-25°] with PhSeBr
in the presence of a slight excess of silver
trifluoroacetate. Possibly, an intermediate of type 17 is
formed. Very mild hydrolysis gives the a-phenyl-

selenoketone (eqn 20).
o
—(X
SePh

The phenylseleno-derivative of cyclohexanone was
isolated in 70% yield; that from cyclopentanone in 62%.
Conditions for the overall transformation were not
optimised in this early work but the reactivity of enol
acetates under extremely mild conditions® has been
confirmed by independent nts*’ and an alter-
native procedure has been developed.** In this, the enol
acetate is added to a slight excess of PhSe-OCOCF,,
preformed in benzene from PhSeBr and CF.COOAg.
Reaction: appears to be almost instantaneous at room

OCOCF,
OAc 20)

SePh
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OAc
Pnse O
m/\é ————e— 96%  Ret. 41 Q1)
Ph
SePh
OA:
0
MH‘ P

Ph T 98%  Ref. 46 23

temperature and brief exposure to water serves for the
hydrolysis stage. The product can be isolated in good
yield (eqns 21-23).

The range of enol acetates that has been studied has
not been reported® but several have evidently been
examined*’ and only compound 18 failed to react.

OAc

18

Most methods for making a-phenylselenoketones in-
volve basic conditions; therefore, the present method is a

“PhSeBr cannot be used instesd of PhSeCl

fOxidation of selenides is discussed on p. 1087,

*As described on p. 1107 acid interferes with selenoxide frag-
mentation.

1n all these cases a complication is met in the oxidation stage.
The initial products undergo Baeyer-Villiger rearrangement.

potentially valuable option. Moreover, for unsymmetrical
ketones, it is generally possible to prepare the more
highly substituted enol acetate isomer” and so a-
phenylselenoketones regioisomeric with those derived
from the kinetic enolate (see p. 1059) are accessible.*
Besides direct reaction with PhSeOCOCF,, an enol acetate
can be converted into the corresponding enolate which is
then selenenylated (see p. 1059). This variation is some-
times preferable*’ (as in the case of the enol acetate 18).

(ii) Phenylselenenylation via enols. Both ketones and
aldehydes react with benzeneselenenyl chioride (PhSeCl)
and are converted into the corresponding a-phenyl-
seleno—carbonyl compound™* (e.g. eqn 24). The reac-
tion, which is run in ethyl acetate solution and proceeds
through the enol, is usually slow but can be accelerated
by deliberate addition of HCL® Prior to oxidation’ it is
essential to remove all HCI* but apart from this opera-
tion it is not usual to purify the selenide. Typical
results are collected in Table 4 in which the yield of
enone gives some indication of the efficiency of the
selenenylation process.

The following compounds (19-22) show the range of
functional groups that appraently do not interfere with
the use of PhSeC1.>**

Table 4.

Tims for reaction

Carbouyl Compound with PhSeCl Yteld of snone
A-tert-butylcyclohsxanons 0.25 b 74X (5%)
4 yeycloh 1. 53 (12)
ecyclodacanone 5. 7T (9
3-cholestanone 0.75 CYLEN T
4~heptancne 5. 64 (13)
2-heptancoe 2. n° (29)
propiophenone 35, “ (M
hydrocinnamaldehydy 3. 67 (8
dodecylaldshyde 20. &6 (13)

“Yields in parentheses refer to recovered starting carbonyl compound. *This is the yiekd of cholest-1-en-3-ooe.
“Presumably 1- and 3-phenyhelencheptanones were formed.
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EtOAc
+ PhSeC| s HC| +

0
AcO" : f
18

HO

I

=< T111T)

21

(i) Phenylselenenylation via enolates, The majority of
published a-selenenylation reactions of ketones (not al-
dehydes) have used the kinetic lithium enolate which is
usually generated by adding the ketone in tetrahydro-
furan to a slight excess of lithium diisopropylamide’ in
the same solvent at — 78°. After keeping the mixture for
about 10min at this temperature 8 THF solution
containing PhSeBr’ [equivalent i in molar amount to the
LDA used®*! or slightly in excess* is then added rapidly
to the resulting enolate. Reaction is almost instantaneous

1059

oxndm

)v

Ph

SePh

o

HO

z

and, in the following typical example (eqn 26),*' the cold
mixture was subjected directly to aqueous work-up. In
other cases® the mixture appears to have been warmed
first to 0° before treatment with water.

This general procedure has been applied to the follow-
ing ketones (Table $).

A number of modifications to the general experimental
technique are sometimes needed. Occasionally the
enolate is best formed, and quenched, at very low
temperature [-100° in the case of 3-phenylcyclo-

Ph
iii -78°

©
o
9 -78° Lie
+ PhSali T——> + PhSeSePh 5
Ph Ph CHMe
SePh
fo] [¢]
i LDA, THF,-78°
88% (26)
ii PhSeBr, THF, - 78° Ph
SePh

'This is not the only lithium amide that is suitable. Lithium
N-isopropylcyclobexyltamide® bas also been used.

/PbSeCl can also be used* as can meta-triflucromethylben-
zeneselenenyl chioride.* PhSeSePh can be used with ester,
lactone and nitrile enolates (see p. 1061) bot is is not suitable with
ketooe enolates. For example, the equilibrium shown in oga (25)
Hes well to the right.* The reaction of ketooe enolates with PhSe-X
(X = Clor Br}is probably more rapid thas proton transfer from the
a-phenylseleno-ketone to residual enolate. For this reasonm, 2-
methylcyclohexanone gave only the product of nonowbuhmoa
at the 6-position and no disubstituted product.”!
betmnenoluunlhuzlmnotumaﬂyapmblm"l’atle
acidity of a-phenylthioketones (See Ref. 48).

See also p. 1057.

TETRA Vol. 34, No. $—2

butanone (enuleoanbleS)]mdxtcanalsobe
advantageous to generate the enolate in the presence of
hexamethyiphosphoric triamide,**' as was done with
entry 6 of Table 5.

The use of LDA is, of course, not the only way of
mnkmcenohteaofmoneundtwo exargyles of alter-
native procedures have been published*'” in selenium
chmcy(seethefollomeecmnslnndS)

(iv) leyhdamylmon of enolates derived from enol
acetates.* 'lhecmlwcmell,whichdoesnotmctm
PhSe-OCOCF,,*' was converted"*® by standard
methods [2.5 equiv. MeLi at —20-0"] into its enolate to
which PhSeBr {2.75 equiv.] was then added rapidly at
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Table S.
vi
Ketone s |"":.°:' b Ref.
1 /?\/ 88 8.41
Ph
2 /ﬁ\/\ 54 641
Ph Ph
3 (72) 6,41
SePh
4 89 41
5 76 6
6 68 41
7 é/y, (60) 41,49
[
8 (68) 41,49
¢ Ph
, D)L I
Ph
o]
47 49
T 5| &
Ph
' 83 41
1"
Ph)\/\
12 /\)\/\ (e0) “
41
14 b (66) 41
41
e
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Table 5 (Contd).
0
16 O, 81 'y
17 764 50
c
H
Me O Ph
8 o o {48) B1
-
g
O-gt

*Yields in parentheses are a lower Limit because they refer 1o an overall sequence that includes the reaction in
question, the yield for the latter not being reported. In the present case yields in parentheses are based on starting
ketoRe and refer 1o the enone obtained by selenoxide fragmentation. * The stereochemistry of PhSe- group relative
to other substituents is not usually relevant. Sometimes mixtures of isomers are obtained (¢.g. entry 10). Position
of selenenylation. “The PhSe- group enters from the aipha face.

—78°. Aqueous work-up gave the product shown. '
(v) Phenylselenenylation of copper enolates. Copper
enolates can be by an excess of PhSeBr (eqn
28® and eqn 29*'“®). It is advantageous to mix the
PhSeBrwrthasmallmountofPhSeSePhbecausethe
selenenylation of copper enolates is complicated by the
producuon of a-bromo- and a-iodoketones when pure
PhSeBr is used.*'** In the procedure summarised by the
equations the PhSeSePh serves as a halogen trap but it
may be better still to quench the copper enolate with
acetic anhydride and to use the purified enol acetate as the

(b) Phenylselenenylation of esters

The lithium enolates of esters used in the selenenyl-
ation reaction have usualy been made by the action of
LDA on the ester.™>* For example,* using THF solu-
tions, each of the aliphatic esters 23 was added to LDA
at 78" and, after a 10 min reaction period for depro-
tonation PhSeBr was added. The mixture was kept at
- 78° for up to 30 min before the products were isolated
in the yields shown (eqn 30). In these experiments
equimolar quantities of LDA, ester and PhSeBr were
used.

starting material for selenenylation.' The other published examples demonstrate the tech-
OAc o
P o Ph
i_MeLi, THF-20 —0° oo% @
i PhSeBr,-78° SoPh
18
(28)

0 0
Ph,CuLi
' ©
Ph

/ﬁ\/\ “‘zc“'-'

0
PhSeBr + SePh
———————
PhSeSePh
Ph

/"\/k

1:4 - B::cis: trans
PhSeBr +
[PhSeBr 83%
H\SM]II\
THF,-
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nical variations that have proved successful. For the
esters, 24-26 lithium N-isopropylcyclohexylamide (1
equiv.] was the base and the enolates were quenched
with a slight excess of PhSeBr [— 78°, 1 hr, then warm to
rooin temperature].* As shown, the yields are good.

The esters 27-29 have also been selenenylated (eqns
31-33) but in these cases a substantial excess (20%) of
LDA was used for deprotonation. The amount of
PhSeBr taken was equivalent to the LDA and reaction of
the enolate was allowed to proceed in the range of — 78°
(at the start) to 0° before further processing.

In contrast to the situation with ketone enolates (see p.
1059) the enolates of esters react successfully with
PhSeSePh and, in the case of the enolate derived from
the olefinic ester 30, it was actually essential to use the
diselen‘i;ic because PhSeBr adds across the double
bonds.

(c) Phenylselenenylation of lactones

As with other carbonyl compounds the lactone
enolates required are made by the action of LDA in THF
and they are quenched with PhSeSePh, PhSeBr or
PhSeCl.

A
COOR" — n> COOR” (30)
PhSe
R=R'=Me, R"=Et 86%
R=R =H, R"=Et 80%
R=Bu, R' = H, R” = Me 60%
COOMs

The selenenylation of e-caprolactone is a typical
example: the lactone was added to an excess of LDA in
THF at —78°. After 15 min PhSeBr [equivalent to the
amount of LDA] was introduced rapidly in THF solution
and v:'lork-up gave the a-phenylselenolactone in 70%
yield.

A similar process was applied to the lactone 31 except
that the base was lithium N-isopropykyclohexylamide
and the mixture was not worked up immediately after
addition of PhSeBr.<

P P o e
2 5 2
(80%)* {83%)* (79%)*
* See Ref. 64

/ . —— / (79%)* Ref. 6,41 an
SePh
27

Y COOEt COOEt
COOEt COOEt
/\|/ - />< (79%)* Ref. 8, 41 (2)
Ph SePh
Ph
28
COOMe COOMs
07— O e
29

*Ses Ref. 54



Tablke 6.
Resction Yield
Oﬁ}‘o 2 " o=
A ——————
.
Me Mo SePh
N W
o 62
0

88

85

90

R’ = CgHyy; R = Et, Bu, PhCHy: 70 to 80%
R' = C4Hg; R = C4Hy, PhCHy: 72 to 83%
R
H R
4 . z |85 to &8
————— — 1101 SePh s
C%*o ° °
H A RemeorEt

“Stereochemistry of alkyl group not specified. *Procedure of footnote  on p. 1064 used.™ * Probably footaote b
;ppiieq.‘WWMM“W.'Y&&W&M'WN:&-WJA
mmmmwmmfmwmm.nkmwmmmww
that PhSeCl was used throughout instead of PhSeSePh.
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A number of lactones have been selenenylated in an
extensive programme of natural product synthesis and a
well-established procedure’ is available. It has been used
for the following transformations (Table 6).

The selenenylation of lactone enolates generated by

r-mediated Michael addition is also known (eqn
34).

*It is not clear whether PhSeCl or PhSeSePh was used.

Finally, it is important to comment on the stereo-
chemistry of selenenylated lactones. For lactones of type
32 the relative stereochemistry of H, and PhSe determines
the nature of the product resulting from selenoxide frag-
mentation. If they are frans an a-methylene lactone will
form; if cis the major product will be the endocyclic olefin
(see p. 1105).5*%7

\itr

H,

b

(d) Selenylation of nitriles

The selenenylation of octanonitrile has been studied
in some detail.*® The procedure developed differs from
that described above for carbonyl compounds in that the
anion 33 must be generated by using two equivalents of

NN
N

"Typically.’* the y-lactone [1 equiv.] in THF is added slowly to
LDA [1.2 equiv.] in THF at - 78°. 20 min after the end of the
addition a THF solution of PhSeSePh [1.2 equiv.] containing
bexamethylphosphoric triamide [1.2 equiv.] is added rapidly and
the mixture is kept at — 78° for 40 min, then warmed to — 40° and
kept at — 40° for 1.5 hr. Work-up after quenching with 0.1 N HCI,
gives the phenylselenolactone, usually in high yield.

*E1SeBr is also effective.

*Other members of this compound class have been studied in
less detail. ©

°The aryl selenide anions are generated by the action of
NaBH, on ArSeCN or ArSe-SeAr. In the former case 1 mole
NsBH, per mole ArSeCN is used.” but the latter requires
2 moles NaBH, per mole ArSeSeAr. 3434 (Sometimes amounts
slightly in excess of these quantities are employed.) Absolute
cthanol is a suitable solvent™*® and DMF has been used for
selenocyanate reduction.® Although electron-withdrawing
substituents on the aryl ring may be necessary in order to
facilitate selenoxide fragmentation (see p. 1055), the reactions of
the substituted aryl selenide anions are sometimes ineficient™
possibly because of reduced nucleophilicity.

D. L. J. Cuve

base. LDA or lithivm N-isopropylcyclohexylamide in
THF at —75° are suitable and the anion can be quenched
successfully with PhSeSePh [1 equiv.] at room tempera-
ture (96% yield) or with PhSeBr (at —78°) (100%
yield).®® ™ If only one equivalent of base is used, the
initial selenenylated product equilibrates with a-lithiated
nitrile (eqn 36) faster than selenenylation—even when

CsHy4

" the reagent is PhSeBr. Substantial amounts of octanoni-

trile are then recovered but bis-selenenylation does not
occur.

(¢) Selenenylation of
ketosulphoxides, B-ketoesters,
ketoselenoxides

The heterocyclic systems 34 can be selenenylated in
greater than 71% yield at the y-position by deprotonation
{1.1 equiv. LDA, —78° (at the start) to 0°] and reaction
with PhSeBr [1.1 equiv., — 78° (at the start) to 0°].**

The pB-ketoesters 35 have been selenenylated
efficiently at 0° by PhSeCI*’“® or PhSeBr® after con-

a,B-unsaturated esters, B-
B-diketones and B-

©
CgHig —CH—CN + CgHyg —CH—CN —>

SePh

©
CgHiz — C—CN (36)

SePh

+ c,H-,, —— CHch

39

version to enolate with an excess of NaH. The same
procedure was used to selepenylate the g-diketones 31 t0
39 and the S-ketosulphoxide 40.

In a comparable process the ketoselenoxide 41,
generated by low temperature ozonolysis, was depro-
tonated (LiNR;, —78°] and quenched at —78° with
PhSeCl to give 42 in at least 57% yield.”

The selenenylating properties of PhSe-NEtz have been
examined briefly. " This reagent carries out the trans-
formation shown (eqns 37-40) at room temperature
without prior enolate formation:*

B. PREPARATION OF SELENIDES BY
NUCLEOPHILIC DISPLACEMENT
Selenides can often be made by displacement of halide
orsulphomtznmmorbynngopemngofmepoxm
Numerous examples of the displacement reaction using
ArSe™° are to be found in the older literature. In the
context of modern organoselenium chemistry the
methods described below are important.
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o0 X = N-alkyl, R = Me, R'= H
/(X/ R X=0,R=Et, R =Ms
X=S

Et,R'=Me

SePh
(CHalo_3

COOMe
-1

14

Yield
96%
90%
(89%)*
(81%})*

o [0} o o
@A — @éakm 86% Ref. 49, 41
37

(o] 0 o o
,,,,/uj)g ——»'“)Jjé.%.
R

* See Ref. 54

nON®3

R
® R-H R=H 83%  Ref. 49,41
3 R=Pm R=Pm 96%  Ref. 49, 41
g o]
P Ph
),(\ 78%  Retf. 41
M o o
40
(o] o o
n
Se(O)Ph
> SePh
N 2

ity

(o] o o
H H
G — G- e

2 (o)
Ph/u\'/\ . o I ~ -
COOMs
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K
OO

(a) Opening of epoxides to B-hydroxyalkyl selenides

Colouriess ethanol solutions of PhSe™Na* are easily
generated as required by slow addition of NaBH, to
PhSeSePh in dry ethanol.® Addition of an epoxide,
followed by an appropriate reaction period at room
temperature or at reflux, produces a B-hydroxyalkyl
selenide (eqn 41) by normal Sy “”gemng” of the ring.
Other solvent systems can be according to the
requirements of solubility and reaction temperature. The
following transformations have been reported (’l‘able D.

The opening of epoxides by PhSeH and PrSeH in the
presence of a catalyuc amount of sodium selenolate has
also been described.*

Although long reaction times may be needed for

D. L. J. Cuve

(39)

oy

(b} Displacement of kalide anions

The displacement of halide by selenide anions is a
well-tried route to alky!l phenyl selenides* and modern
work of this type is collected in Table 8. It can be seen
thattherescbonmwﬂelygewalbutm(dswﬂhsubsu-
tuted aryl selemde anions are not always as high as those
with PhSe™.™ The displacement of allytic halides®***™
is complicated. Both Sn2 and Sn2' reactions can occur
and superimposed on this is the fact that allylic {1,3]
shifts of PhSe take place under mild conditions (see p.
1108). By using a low reaction temperature for the dis-
placement substantial control is sometimes possible.****

(¢) Displacement of suiphonate anions

Aryl selenide anions generally effect smooth Sx2 dis-
placement of methane- and toluenesulphonates at room
temperature, a reaction period of several hours being
necessary (Table 9). Displacement of acetate does not
appear to be a useful procedure. In the single example™
reported (eqn - 42) displacement competes with acyl
transfer.”

me Y OH
o—————— =
Hun a7 sy, 4n
Me H H
PhSe - Mo
Phse' ©

hindered epoxides, PhSe™ is a powerful nucleophile and
it usually gives B-hydroxyalkyl selenides in good yield.
Evidently, preparation of the anion from the diselenide is
an efficient process. Preliminary attempts to use the
same method with 4,4-dinitrodiphenyldisclenide gave 8-
hydroxyalkyl selenides in poor yield.*

’The product of Sn2' displacement would not be detected
under these conditions. See p. 1108. '

*Diaryidiselenides react more sluuishly with phosphines than
do the corresponding disulphides.”

"Phenylselenides are also available by this method from

PhSeCN.
98

PhSeS EtOH
24 h reflux

(d) Direct conversion of alcohols into selenides
Conversion of alcohols directly into selenides is
expected to constitute a useful means of dehydration
because the derived selenides are synthetically
equivalent to olefins. The known conversion of alcohols
into sulphides (eqn 43)”' suggested a method of approach
but the corresponding reaction does not occur with
PhSeSePh.” * The use of selenocyanates, however,
results in the desired transformation (eqn 44 and Table
10). The alcohols listed were converted at room
temperature into 2-nitrophenylselenides in the yields
indicated.>” * It is clear that this method works very well
for primary alcohols but its performance with secondary

" q/m i s Lo “2)
80%

30%

ROH + PhSSPh + PhyP

RCH,OH + ArSeCN

REPh + PhaP = O (43)

BugP
RCHySeAr

(4)

THF or Pyridine
Ar= c,ﬂ; or Z-NOZ—C.H‘—
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Table 7.*
Yield® | Ref.
He O EtON 2h HO 4
1 N —_— H oe%) | a0
room temp. SePh
OH
BuOH 16h
2 refiun (8s) | 35,40
OH
BuOH 16 h
3 00 — 1o 750 | 40
reflux
“Sebh
1:1 EtOH:THF Fh
s o @ ZLEOH: o | w0
01, 14h reflux
HO
HO
: sTHF
5 e 1:1 EtONH:T! 1 ©
85h reflux PhSe
EtOH 08h
s >< OH reflux OH (o8 40
0 H
EtOH 2h
7 {79, 40
/\(/OMQ reflux Q(/OM. )
OD( PhSe “
4 EtOH 2h -
8 (60) 40
™ reflux N
Ph OH
EtOH 06h
9 Q —ece—— OH (60} 40
(s} reflux
" ~ . -l
H Pr SeMe
H H
w8 g HQ CsHa2q OH
&’I —
11 v, H e t—— o + " 62
CgHa Me SePn PhSe Cyhn
o] EOH 20
12 > CHiy ] 13,83
Cytha reflux SePh

“Except where indicated PhSe™Na* was used.
in Ref. 62 both products would be formed.

Ref. 54. “Cholestane skeleton. ¢ Although not explicitly revealed



1068 D. L. J. Cuve
Table 8.°%
b
1 e ——— ( J—
/( e s
X SePh
2 _........2__-—.-._)- e 5
£
3 ArCHX e ArCH2SePh —_— 66
4 PhCH,Br EOH 2 PhCH,SePh 6y | n
reflux
Br SePh
EtOH 2h
5 -—-—.——.—’.
d g {62) 31
Br SePh
6 012}‘5 Br M c,:ﬁa SeAr ) — 32
EtOH room tamp.
7 CyoH 29 = CH = COOH > c —CH — COOH 91 (36)
108z = ¢ T squie. HOO 10H21 ' (81)
Br SePh
8 Ci CH,COOE L B PhSeCH,COOEL — 1 42
o R/\'/COOE' EtOH room temp. R COOEt ::’::‘ ‘(";:’} @
B R = Ph, Me, CyH g SePh R=CgHg| (82}
i EtOH room temp.
10 CgHya—CH—CH(OMa] ' 2 CgHy3 — CH—CHO — |13
Blr it hydrolysis |
SePh
Br EOH 12h o SePh
11 i reflux —— 113,83
8 OH " OH
0
Ne—CHyCH,Br o EtOH
12 - CHaCHy ™ N-—CH,CH SeMel 50 | 28
ON
S 0
4) @' ="
DMF
13 room temp. o M 87 »
A o
OAc COOMe H SAc
14 EWOH O + 7% 38
i t N
PhSs
A 2 A’“
CH PhSe_ ,CH
LT — RV — | 9
[~ ]

“PhSe-Na® was used unjess siated otherwise. Yiclds and conditions are given where reported. *Halide not
specified. Some further examples—without details—are given in Ref. 39. “Various substituted benry! halides were
used. “Phenyl- and aryl-substituted selenide anioas were used [(i) 2-NOy, (i) 2-CFy4NO,, (i) 4NO,, (iv) 3-CFs,
(v) 41, (vi) 4MeO]. The substituted sclenide anions were made by NaBH, reduction of the corresponding

diselenides [(ii), (iv), (v), (vi)} ot selenocyanates {(i), (i)} in E¢OH. “The 2-ni

jde anion was generated

nitrophenylselenide
in DMF by NaBH, redoction. /The major product (76% yield) may have contained 6% of the (Z) and (E) isomers
of the minor product.®® If the reaction is run at reflux B is formed (100%).
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Table 9.*
Yield | Ref.
1 > —_ 2%
b
H H
O SO,Ms SPh
H H H
2 T £on > - 5
Mo 2 N,
Me Me Ph Me
H PhSe
H EtOH H H
3 Ts0 > —_ 5
H Me ™y,
Ph Ph
H PhSe
. EtOH > _ 6
[
Ts0 PhSe
OTs
6 ArseO 4 > a - | 2
EYOH g
J2
q a0 "y
» ; Se
6 MO ™ . O’ % | 33
EtOH 14h
room temp,
COOMse COOMe
- OTHP NO,
o
Cwe
7 N ® 75 34
| EtOM
OTs
o (' "
8 EtOH 4h % 2
o/ £y room temp.
‘ A

*PhSe"Na* used except where indicated otherwise. Yields and conditions given where reported. *Cholestane

skeleton. ¢ For some other examples—without details—see Ref. 39. “ArSe™ = PhSe~, 4-CI-C¢H,Se, 2-NO-CH Se ™.
The latter was made from the selenocyanste; mmwmmm ‘Made from diselenide.

alcohols has not yet been establithed with the same
thoroughness.

(¢) Michad addition to a.B-unsaturated systems

Reactions of PhSe~ with unssturated ketones and ’
lactones are the only published examples in this category .

(eqns 45-47).
Where reported, the yield is poor, but with improve-
ment, the process could become important for protection

of carbon-carbon double bonds conjugated with a
carbonyl group. 'l'hedoublebondnmpmwdmex-
cellent yield by selenoxide fragmentation.’”

C. INTRODUCTION OF SELENIUM BY MEANS OF
SELENTUM-CONTAINING SYNTHONS
The methods dealt with here involve generation of Se™-
or selenoxide-stabilized carbanions 43 and 44 which can
react with H;0, DO, alkyl halides, ketones, aldehydes
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Table 10.*
Yield of Selenide
Alcohol Solvent = Pyridine Solvent = THF
1 C12H260H 92 o4
2 C7H150H 86 -
3 CH3CH2C a CCH2CH20H 93 88
4 PhCH20H 97 93
99 88
o8 ]
91 90
- 21
9 28 85
H
10 >— OH 93 -
OH
1 -
*Reaction times were probably about 30 min.-
PhSe.

€] EtOH

O, 1) ewu 13h
PhSe
roomump

‘Ref. 6

O:f:,mn..n

CH,8ePh

“3)

(46)
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;Z:g

R o R
ArSs c/e n /
- ArSe —C O
\
R R
a3 4

and other species. Both 43 and 4 can be made by
deprotonation (eqns 48 and 49) and in the latter case

*(PhSe),CH, has a pK, of ~35; (PhS),CH, bas a pK, of
~32-33.7 (,l”hSe),CH and (PhS);CH are of comparable acidity
(K, ~31).

1o

CH,SePh
54% Ref.73 47

o)

there are few restrictions on the permissible structures of
R and R"®™ For deprotonation of 45, however, there
are severe restrictions (see p. 1077) in this
respect’’**47747% byt a route to 43 is available by Se-C
bond cleavage (eqn 50). In the case of compound 48 two
competing reactions are possible when the selenide is
treated with base: deprotonation, which depends inter
alia on proton acidity,” or nucleophilic attack on
selenium leading to cleavage. The fundamental studies™
on the response of selenides to strong bases are sum-
marised by eqns (51)~(56). It can be seen that lithium
amides are suitable for deprotonation while BuLi has a
strong tendency to bring about Se-C bond cleavage, and
this latter process has been utilised frequently.

R
base /
ArSeCHRR® ——— 5  ArSe—CO 48)
45 \R'
0o R
(I) bese ] /
ASICHRR'® ——— 5  A8—CO 49)
48 \R'
~
R R R
I BuLi | |
ArSe——C —SeAr ——————————p ArSe——C—8® ——> ArSe—C®+ BuSeAr  (50)
l |\ |
R R Bu R
BuLi TMEDA THF
PhSeCH, > PhselH,  (38%)° 1)
>0° {No reaction below 0°]
BuLi THF -78°
(PhSe),CH, - PhseBH,  (>es%)° 52)
Buli THF -78°
(PhSely CH > (Phse);® + (Phse),@H (53)
BuLi THF -78°
{PhSal, C : >  (PhSen®  (~100%)¢ (54)
-BuNLi THF -78°
(PhselpCH,  —L 2. > (PhSe,®H  (91%)* (55)
i-BuNLi THF -78°
(PhSely CH —>  (PhSelkT  (~ 100%)° (56)
*Ret. 54
HCI gue SeMe
O + 2MeSeH " P Ref. 76 &3]
06h 0° Sorte

*The

the reaction, which was allowed to proceed for 1 br after

temperature throughout
passage of HCl, is not clear from the preliminary report.™
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(a) Preparation of bis-selenoketals
Bis-selenenoketals are easily prepared from aldehydes
and ketones by reaction with a selenol (usually PhSeH or
MeSeH) in the presence of an acid (eqn 7).
A number of examples of this process have been
pubhsl;d""‘ and yields appear generally to be good
(80-95%)."

(b) Applications of Se-C bond cleavage: reactions with
ketones and aldehydes

The following general procedure,™ or slight
modifications of it, have been used in the large number

Cuve

of reported transformations based on Se-C bond
cleavage of ketals: Addition of BuLi® [1 equiv.] to a cold
[~ 78°] THF solution of the diselenoketal® generates the

‘selenjum-stabilized carbanion (eqn 50). After about

1.5hr” a THF solution of ketone or aldehyde is intro-

" duced,” and the mixture is kept for 2 hr at —78° and then

for several hr” at room temperature, Work-up affords a
B-hydroxyalkyl selenide. The results obtained by this
method are collected in Table 11.

It is clear that selenium stabilized carbanions react
efficiently with hindered ketones (entry 23) and even with
readily enolizable ketones such as PhCOCH,Ph. It is

Tabie 114
Yield | Ref.
PhSa OH
[<]
1.PhSeCH, + CyoHgy CHO - Y n% | e
CioH 2
° OH
2. PhSeCH, O PhSe 45 | 80
68 | 62
But
Q
3.PhSeCH, + PhCHO  ————— PhSe OH
\———( 88 80
Ph
PhSs OH
4.PhSeCH, + PHCOCH; o
' 2 me 7| 0
, Ph
Q PhSe OH
5.PhSeCH; + PhCOCHgPh oy 0\ é oh 82 | 80
Ph
. PhSe OH
6. PhSETHMe + CgH1aCHO ———— > < ¢ 9| 7
CeHus
7.PhSeCHMe + C1gHz(CHO ——p - 4 0 | e
CioHz1

e (J

10. H\S‘CHM‘ + PhCOCHz3 —*

@
11. PhSeCHMe + PhCOCHPh— ey,

- C): ™

OH
>—© T
>—<) < |\

57 80
H Me
PhSe OH d
; é 89 80
"‘
Ph
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Table 11 (Contd.)
PhSe OH
12. PhSeCHMe + PhCOPh - H"’ 41| 8o
Ph
PhSe OH
13. PhSeCHET + CgHyaCHO Y ¢ e | 78
Et Ceths 50 | 80
PhSo\ OM
14. PhSeCHPr + PrCHO - ) { ¢ 9710 | 80
Pr Pr
° PhSe OH
16. PhSeCHCgH13+ CgH13 CHO — e H d 7% | 62
shh3 3
18. Mz + c,H,;CHO B 70 78
CaHya
PhSe OH
17. PhSeCMey + Y — 8 | 78
- 86 | 77
PhSe OH
18. PhSeCMe, + PhCOMe — ﬁ”" 67 | 78,80
Me
=y PhSe OH
19. PhSe + CgHyOHO 8 |77
CeHny
‘ OH
20. MeSeCH, + CqqHyCHO ———-—-»M\——( 7 | e
CyoH 21
MeSe OH
21. MeSeCH, + PHCHO .\ \/ a7 | 76
Ph
22. Mes.cHM. + O:o——-—» )—@ o4 76
82 | 78
e
24. MeSeCHMs + PhCHO >—( ¢ 90 76
Ph
o MeSa OH
25. MeSeCHMe + PhCOCH,Ph —————+ )__{\/Ph e | 78
Ph

1073
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Table 11 (Contd.)
o MeSe OH
26. MeSeCHPr + PrCHO > H c - 81
Pr Pr
MeSe OH
e \ ! d
27. M.&CHCO"L': + C‘HnCHO 82 682

7 4
CgHyz CgHya

MeSe OH
28. M.sguc,u,s + <}o _— 60 | 76
CeHya

MeSe OH
29. MoSo%Moz + sut-<:>=0 —_ b 6or | 76
But
MeSe OH
2. MeSoMe, + PHCHO —— > 88 | 76
PH
MeSe OH
31, MeSeCMa; + PhCOCH Ph ———————> 4—-&/9'- (sa)* | 76
so | 62
Ph
Me MeSe OH
o
32. MeSeC{  + CgHysCHO ) 82 | 78
Et
Et CeHia

o Me MeSe OH
33, Mesec{ +O=0——» 60 | 76
Et

Me MeSse OH

° MeSe OH
35. M.s.—<:> + CgHi3CHO ——— 7 | 76
CsHia
o MeSe .  OM
OO G0 |
o MeSe OH
37. M.S.—O + PhCHO - <—\> ( s | 76
Ph

“The selenium stabilized anions were generated from selenoketals (RSe),CRR'. *Relative stereochemistry not
established. “Presumably, a mixture of diastercoisomers is formed. ‘Explicit statement in literature that dias-
tereoisomeric mixture was obtained. ‘Ref. 34,
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Tabie 12.
HO
o ,,/\/ﬂ\ 87%
1. MeSeCH, + = —_— N
()]
2 MeSeCMe, + A8 _— BN 80
i ,,/\’;'—( )
3 MeSeCHMe + m/vl\n — S SeMe 20
o HO
]
4. PhSeCMe; + "/VJ\" —_— N_Cm 78
o HO, CeH11
5. MeSeCHCgH, + /\)K —_— M—tﬁ (3) 86
4 4
8 m,: + ——— N
SeMe
HO
O 6
7 mz + L SeMe
HO
Q
8 PhSeCMe, + — 63
SePh
H

(s)
10.  MeSeCMe, +

|

11 MeSeCH, + p.,/\\)J\,,h —_—

21

gl
A,
~X

o
12 MeSeCMe, + M —_—

MeBe o]
Ph 47

“Presumably a mixture of isomers is obtained.
TETRA Vel 34, No. 8—C
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also_apparent that the unsymmetneal carbanions (c.g.
RR'CSeMe) do not equilibrate (to give RR’CHSeCHz)
under the experimental conditions.

The response of a,8-unsaturated carbonyl compounds
to pbenylseleno— and methylseleno-carbanions has also
_ been examined.”™ Reaction occurs smoothly [THF, — 78°,
2 br; then — 25° for 1 hr] and takes place atmecarbonﬂ
carbon almost excluswely Of the examples studied
(Table 12), chalcone is the only case where the regios-
pecificity is low.

(c) Applications of Se-C bond cleavage: reactiolu with
alkyl halides

Selenium-stabilized carbanions react™ with slmple or
" activated alkyl halides (bromides and iodides) to form
selenides as shown in eqn (58). The experimental tech-

AcH Buli S R'- .
{SeMe), ————— RCHSoMs L ?-cn -R

SeMe
(58)

similar to that described on p. 1072 and
the pllbll&h;z examples are collected in Table 13.
This type of alkylation process has been used to make
selenoketals:™

‘Fotfnnhacnmplu—wnhontexpmnemldeub—mthe

*The disclenoketal is sometimes used in slight excess™ over
Buli
“There is
'77.79
*The selenium-stabilized carbanion is used in slight excess.™>™
?Exact time depends on the individual case.™™

substantia! variation in the reaction times

D. L J

CLIVE
(PhSe),CH
CygH2¢Br
47 (PhSe); CH—CygH2q 70%
~

*In view of the observations” described on p. 1071, carbanion
47 was, presumably, made by deprotonation [R,NLi] of
(PhSe).CH,.

(d) Applications of Se-C bond cleavage: acylation of
selenium-stabilized carbanions

Selenium-stabilized carbanions can be acylated by
reaction with the common reagents shown in Table 14.
Unlike the processes already described the yields are not
uniformly high although some attempt at optimisation
was evidently made. For best results the carbanion [in
THF at — 78°] should be added to a cold [- 78°] solution
of the acylating agent.”

(e) Applications of Se-C bond cleavage: reaction with
non-carbon electrophiles

The previous sections have dealt with the formation of
carbon-carbon bonds, but selenium-stabilized carbanions
can also be quenched with the electrophiles that are
formally equivalent to PhS*, R,Si*, H* and D* to give
products (Table 15) that have synthetic utility in their
own right (see later). The general procedure is similar to
that already familiar from previous sections but few
details are available.*™

--{f) Selenium-stabilized carbanions by deprotonation

As mentioned p. 1071, carbanions such as 48 can be
generated by deprotonation of PhSeCHRR' for certain
constitotions of R and R'.

Table 13.°

e
1 MeSeCH,

+

2
2 MeSeCHCgH,3

+

+

=
3 PhSeCHCgH,3

+

2
4  MeSeCHCgHq3

2
5 MeSeCHCgH,3

+

C1°H11X ———T

Cgha X —m087 >

c‘H13x ——

CjHigX —mm >

AN ——m

CeH1aX ——>

CoHipX ——»

c1oH21 —cﬂz—s“. 60%

%"13"?“-03“13 8
SeMe

CgH13—CH—CgHyg 40
SePh

07“15-?"—00“ 13 75

Se Me

CeHis —?Moz 85
SeMe

i) -

SeMe

- “The nature of X (Br or I) is not explicitly given.
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Table 14.
Yield
u'—o—m +  MeaNCHO ——-auuo< {a) | e8%
SePh

e
3 (‘1"‘3‘:“5.“ hd

o CoPh
2 O—s.m +  PRCOCI ——— <:>< »
SePh

7@2_&&’» .

(<)
8 CgH 12CHSeMe +

PRCOC! ———— CgHqiyCH
"3 ~ a5
) - COCgHy,
4  Me,CSePh . CsHqyCOCI ———————> Me,C “
™\ sePh
o COOMa
5  MeyCSePh . MeOCOCI ———————>  Me,C 00
N soPhy

COOMe

6 Bu O sebh  +  MeOCOCI — But 0
(‘)

MeOCOCI —————» <:X 0

MeOCOCI —— CoHuCH 40

COOH
COMe

10 O&wn +  (MsCORO ———— > O< %
SePty

*Relative stereochemistry sot established.
i
PhSe — C e
L' PhSeCH,5iMe 3
“ ®

In addition, a proper choice of base must be made.
Alkyl lithium reagents .enenlly produce Se-C bond
cleavm"""”’ ahhouh in the case of 49 this type of
cleavage amounts™ only to 15% when the base used is
sec-Buli [25°, 1.5 ke, hexane solution, TMEDA). LDA
or, for sterically hindered cases, Et;NLi usually avoids
cleavage®” and effects deprotonation. t-BuOK bas becn
tried”' unsuccessfully with benzyl selenides. Deprotons-
tion of selenides has been achieved in five general situa-
Gons, the known exampies being as follows:

(i) Deprotonation of phen ;lalkyl:dalda One case
bas boen described (eqn 59):"*

““For deprotoastioa of a benzy] seleaide carrying aa additiosal
activating group see p. 1081,

<)
PhSeCHy —3> PhSeCH,

OH
mt_@/ SePh (59)

6% b
*No reaction conditions are given. Use of LDA can be
presumed on the basis of the discussion on p. 1071,
*Relative stereochemistry not reported.

(6) Ihmmamu of a selenoketal. The selenoketal 59
bas been deprotonated "’”[LDAorBu;'NU”]mdthe
cuhlm 47 quenched with benzophenone,” isobuty-
raldehyde™ (oqn 60) or simple alkyl halides (see p.
107%6).>"

(iii) Deprotonation of bemzyl selemides. The benzyl
selenide 51 has been deprotonated’’™ with LDA (eqn
61). t-BwOK does not the anion’' and the
substitwted benzyl selenide 52 could not™ be depro-
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Tabie 15.

10

1"

12

13

14

16

FhS.gHMo 3

o
PhSeCMe, +

Et

PhS-SPh —m—m———

PhS—SPh ———

PhSecMe, + CisiMa,

=]
MeSeCHMe ¢ CISiEt,

l

[*]
MeSeCHC H,, + CISiEty —————"

]
MeSeCHC H, o

+ CISiMoa

Q
PhSeCHCgH,y + ClSiMe,

¢}
MeSeCMs, +

©
MeSeCHC 4 H,,

Q
MeSeC(CygH2¢)2

(<]
PhSeC(C gH21)3 + HO

(=]
PhSeCMe, +

=)
PhSeCHMe +

(-]
Ph8eCHC ygH 2,

C1 SiEt,

D20

D30

H,0

D0
H,0

HLO

D20

—————————————

e —————e i

——————

e —— S

——————

—————

|

1]

PhSe —tl:uc.n,,
SiMe,

MeSe —CMe,

SiEt,

MeBeCH,C y3H,y

MeSeCHDC 1347

MeBeCH(C 1oH 21)2

MeBeCD(C 1oH 1)z

PhSeCH(C yoH )2
PhSeCDMe 3
PhSeCHDMe

Ph8eCHC10H 21

PhSeCHDCyqg Hyy

91

51

91

87

87

>98

>

> 9%

> %

Ref.
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(n.s.),cuz.-—»(ms-),cu—-[ >—__{ j}__+ >—-</s.m

“See footnote a to eqn (59).

LDA S)
PhCH 2SePh - PhCHSePh  (61)
51 THF low temp.
~ (76%)
“Sec Ref. 54.
m':n ~— SePh
Me

52
tonated under conditions successful with the parent
compound $1.
(iv) Deprotonation of allylic selenides. Several exam-
ples in this category have been studied (Table 16).*
Some assessment of the ease of anion formation can
be made from the Table. The acidifying effect of substi-

tuents such as Ph and Cl is evident and it is also clear
that for allyl selenides the alpha position must not carry
on alkyl substituent (entry 7). It is not surprising, there-
fore, that selenides of the type PhSeCH:R cannot be
deprotonated successtully if R is a simple alkyl group.”
Al of the carbanions described in the above sections
on deprotonation are powerful nucleophiles and, apart
from the examples already given (see eqns 59 and 60 and
associated discussion) they have been used for the reac-
tions collected in Table 17.
Someofﬂleclrbamomalsommthsecondary
halides but reaction is siower and some increase in
temperature and/or reaction time is needed. The anion 53**
decomposes appreciably within 0.5 hr at ~78° and there-

TN

PhSe

Cl
*The products derived by alkylation of §3 have synthetic
utifity as precursors to a.8-unsaturated ketones (see p. 1108). 53
Table 16.*
: SePh
1. //\/s.n‘ PU— /\9/ < 10 min. - 78°
SePh Wm N

2 NN e—— - S 20 min. -78°
3 Y\/ — i Y\/ 20 min. 0

SePh
s INAE \/\e/(b) < Bmin. -78°

SePh
5 Y\/*’"---—-» Y\e/ < Bmin. -78°
o o Rapid -100°

——
6 /k/s‘”‘ /k/s"’"
= ¢

SaPh
7 /\r/ >
. /Ym EtNLI®
—

SiMey

,//ﬁe/w

SiMe

‘wAmmmemmm:eMmtaWFamm

chemical integrity of the anions on quenching see p. 1081.

. “Conditions not stated.
desilytation,

“Clean deprotonation not observed. mmmmumwm
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Table 17.¢
vied | Ret.
e room temp. h
1 PhSeCHPh  +  RCH,Br R/Y
SePh (76
R = H, Me, CH,Ph g%t |
(] Ph
2 PhSeCHPh  + PR "\, —_— Ph/\/Y 81 %
SePh
Br
© P )
3 PhSeCHPh  + _?o—> \/H/"' (78) 39
SePh
© o Ph
4 PhSeCHPh + A\ —_— W ©e) |
HO  SePh
0
o ) OH
5 PhSeCHPhH + —L> . - 9
d ~l1/m
SePh
Phs.\/\ NN -78°
—_—
) T o+ Br—e — m/\/\(\ 8 | e7
SePh
PhSe . Br -78° Ph
7 W + P’IN Mﬂ' (80) 67
< 15 min.
SePh (o)
PhSe
8 x + PhCHgBr _78° Ph N 2
e < 16 min. (700 | 67
cl SePh Cl (o)
PhSe Br 78° Ph
9 X + N -
g S Y (e e
c SePh C (a)
o HO
PhSe
Ph -78°
10 SN )l\
g > ¢ < 15 min W 65 | 67
SePh
PhSe
7 AcO
1 N
\é'ﬂY * ZA\ < 15 min N o) &
a SePh CI
{e, f)
i
12 . N T8 P R
\({Y + PhSiMexCl T hlh\(Y 79 | 67
SePh
T
13 e S PhSiMe,Cl 1% m X
\éJ'\I/ * Me2 < 16 min. ,',, (63) &
SePh {o)

“ All reactions fun in THF. *Ref. 54. “It is. not clear if the reaction was run at — 78° or at — 30°. “Reaction takes
~1.5hr at -~ 78° but is “rapid” at — 30°. “Mixture of isomers. /Total product was scetylated.
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fore its reactions with epoxides or with secondary
bromides are not successful.” The results of Table 17
disguise the fact that reactions of the allyl-stabilized anions
involve a competition between a and y attack. Alkylation
usually occurs predominantly a (Table 18) but the
regioselectivity depends on the nature of the electrophile
(eqn 62).57

ay
Me3 SiCl

/.—V 82:18

P"s‘\a/ﬂ=7 PRMe® a a1:60
e \_ PhCOMe

15:85

62)

In those cases where y-substitution occurs the
products are usually 1:1 mixtures of E and Z isomers.”’

Attempg“to suppress y-alkylation were unsuc-
cessful

(v) Deprotonation of other stabilized selenides. The
ester 54 is easily deprotonated [lithinm N-isopropyl-
cyclohexylamide, THF, — 78°] and the anion reacts with
alkyl balides at room temperature in the presence of
dimethyl sulphoxide (eqn 63).“

©

1SeCH2 COOEt ————3» PhSeCHCOOEt ————Pp H!S-zﬂOOOEt

54

*Ref. 54.

The selenide 49 can also be deprotonated™*”  [LDA,
THF, -78°, 45 min] and then alkylated [—78°-25°] by
primary alkyl bromides and iodides in better than 88%
overall yield (eqn 64).” The products 38 are convertible
into aldehydes (RCH,CHO) by oxidation.”” The selenide
56 can be deprotonated with Et,NLi [THF, 0°, 30 min).”

S}
PhSeCH, SiMe3 5. PhSeCHSIMe3 — 2, RCH,CH

49
PhSeCHSiMey
Ph 56

(8) Selenoxide-stabilized carbanions by deprotonation
Unlike most phenyl alkyl selenides, the corresponding
selenoxides (57, R=H or alkyl) can be deprotonated
easily by LDA.*
Methyl phenyl- and benzyl phenyl selenoxides cannot
undergo selenoxide fragmentation but longer chain

“Selenide 49 can be deprotonated successfully with sec-Buli-
TMEDA in bexane [25°, 1.5 hr).
4Lithium dialkylamides do not readily cleave selenoxides.”

“THF is unsuitable because it is attacked too rapidly by

# Anion formation needs two equivalests of LDA if m--

chloroperbenzoic acid is used.
=For uses of the resuiting selenides see p. 1110.

1081
Table 18.9
PhSe o 8 y
\e/\ ~80%  a-alkylation
ms.v\/ > 90% a-alkylation
(S]
PhSe N > 90% a-alkylation .
e d
PhSe \/\/Ph s ~ 50% a-alkylstion
©
PhSe \ﬂ\(& mainly a-alkylation
)
cl
*Presumed geometry.
RX
(63)

R =PhCH, (85%)*
R=Et (60%)

selenoxides must be handled below 0° to avoid olefin
formation.” A procedure has beén developed in which
the phenyl alkyl selenide is oxidised in sits [m-chlogo-
perbenzoic acid, THF, 0°™* or —10°®; or ozone™ in
cther,” -78°] and then deprotonated [LDA, THF,
— 787" Reagents 58-62 were thereby generated
RCH,X o~ SiMey

(64)
"\ seph

o &

PHhSeCH R
57

from the corresponding selenides and found to react at
—78° with aldehydes,” ™ ketones™ ™ and reactive nlk'g
halides.” The products were then allowed to fragmen
to olefin or reduced™ by acidified iodide or bisulphite
sollmon.9 jon.”” These ecxperiments are summarised by Table
19. ’

It is clear that yields are frequently good but it should
be noted that the reaction with esters (entry 13) is limited
to aromatic esters.

(b) Introduction of selemium by addition across double
boads

The double bonds of enols and their derivatives react
with certain selenium reagents as already described (see



1082 D. L L Cuw
Table 19.*
o Q Yield | Ref.
HES) E-Ph
1 PSeCH, + PR N e RN W | o | »
] 0
© Ph
o o
; Lon
3 Ph&vﬂt + W( [—— /\/\r ({1} {81 39
© Ph
?t 0
4 Phscvl’h * PRCH,Br ey - /\rgﬁ’h (b} {63} 39
© P
i i
]
8 PhSle + /L\\/\m S . N Sebn  (bc) | (84) | 39
©
0 oH
H SePh d et}
g 0
7 me + Mat ey Ph\/YLL"' b} {59} 39
©
? HO
8 PhLoW"‘ S  — J\’/\/N wn 88 7%
© SePh )
i o 8
g A AT >=° —e w | @y | 2
© h 78 | 8
?' HO
10 m“é/"\/ ™ . ecHo e m% {b,gl | (72) 39
L o
n \‘6 +  PHCHO ISR, %*K'L ) ®y |
o HO
12 Phg. + [R——— EM i} 56} )
\lé
ﬁ HO ©
13 ; + PhGCOMe sl " ! (b} (73} »
© syt § 3@
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Table 19 (Contd.).

i
PhSe, ; + t»au—&o

i
O“é "/K/\sr

HO
 —— SePh 82 74
{d, 1, h)
o
— L.
HO Ph
R
{b, £, g
P

But

60} 39

{b. f. g)

{48) 39

“Reactions conducted at — 78° usually in 1:1 THF: EL0, Et,0 being the solvent used for ozonization of the
selenides. Yields are given in the notation of Ref. 54. *This sclenoxide was allowed to fmm (sec later).
“Reaction time specified as {Smin. “Reaction run in THF and initial product reduced. ‘Mixture of dias-
tereoisomers. 'm-Chioroperbenzoic acid used. *Presumably s mixture of diastereoisomers. *Relative stereoche-

mistry not determined.

i i o i
e
PhSeCH,Li " mso-_e/® S~ phs.._<
Li
@@ O‘g
u®
68 Ret.39 59 Ref.29 60 Ref. 39, 74 61 Ret. 30,74 62° Ret. 38

~

*Ozone cannot be used to make the selenoxide but m-chloroperbenzoic acid [- !0"] works well,

p. 1057). This section deals with reactions involving
unactivated double bonds and reageats of the type
PhSeX where X can be (formally) equivalent to Cl, Br,
OCOCF,, OAc, OMe or OH. A few early examples were
carried out under quite vigorous condmons usually
employing complex selenium compounds.*®

My own expcnmcnts were based on the finding that
hydroxyalky! selenides™” are synthetically equivalent to
allylic alcobols (eqn 65)® and it was, therefore, worth-
while to develop a method for converting simple olefins
into B-hydroxyalkyl selenides under conditions that were
juslasmddasthoseusedfortbeprocesssumanzedby
eqn (65). This objective was achieved®’ by adding
ethereal PhSeBr {1.2 equiv.] to a cold [~ 10°] ether solu-

‘OH OH
SePh

*These had previously been obtained by treating an epoxide

with PhSe™Na*.

sSelided

tion of the olefin [I equiv.] and an excess of CF,COOAg.
After a 2-hr period at +20° treatment with aqueous
methanolic sodium bicarbonate [room temperam,Shr]
effected hydrolysis of the triflucroacetyl group in-
corporated by the process and :mns-ﬁ-hydroxyalkyl
selenides were formed (eqns 66-68).%°

Mechamsucally, the adduct €3 and/or the reagent 64
(aenemed in situ) are involved (eqns 69 and 70). Other
work* has, in fact, shown that 64 is formed on mixing
tbereagcntsdescnbedbyeqn?oandthat“addsmmdly
to olefins in an inert solvent.

The triflucroacetyl group was chosen on account of
the solubility of the silver salt in organic splvents and
also because the final product can be hydrolised under
conditions that do not sacrifice the mildness of the
addition process. The following S-hydroxyalkyl
selenides (Table 20) were made® from preformed
reagent and in these experiments ethanolic potassium
hydroxide was used for the hydrolysis.

The addition is stereospecific (trans) but the
reposelecuvny is poor. Nevertheless, the reaction is a
potentially useful supplememt to the opening of cpoxsdes
by PhSe™. The conditions are extremely mild and, in

(66)
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oM
>
" SePh

72%
CeHy SePh Cetys OH
ol — 5 . \(
OH SePh
87%
*Slight predominance of this isomer.
@
O O =, O
i Br OCOCF;
83 &
PhSeBr + AQOCOCFy =————j» PhSe—OCOCF; —P~ 65
64
P
Table 20,
PhSe H
1 /-_—/ . Lave %
g OH
PhSe H
E TN

Q0

-

SePh

OH
6 A — Ph/'\| loe
SePh
OH SePh m,
7 A Ncoome —— '/kcoom + ')\coom; 7%
SePh OH

36:85

" *Relatve tercockemistry nol asignod.

(67

(68)

(69

(70)
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PhSe —OCOCFRy

3

O—C== O

some cases, the regiochemical result is opposite to that
of the epoxide route (see eqas 71 and 72).

The general process is not limited to triffuoroacetates.
Use of PhSeBr with silver acetate in acetic acil gives
PhSe-OAc which also adds to olefins but the same result
can be accomplished without expensive silver salts; the

“The facility with which PhSeBr adds to double bonds, even in
the presence of other nucleophiles, has been noted (p. 1062).
#The conditions used could have allowed reversible addition of

1085
OH
> q Ref. 46 )]
SePh
Ref. 40 (w3

olefin is simply added to an acetic acid solution of
PhSeBr followed by treatment with an excess of potas-
sium acetate.™ Acetolysis of an initially formed g-
bromoalkyl selenide is occurring or else there is direct
addition of PhSe-OAc across the double bond. If the
reaction is run in methanol then a p-methoxyalkyl
selenide is formed.® Again, the mechaniam remains to
be established.” Table 21 summarizes the results
obtained™ with the silver-free method.

Cholesterol failed to react with PhSeOAc,™ while the
allylic alcobol 66 gave ¥ the selenenyl ester (which

PhSe-X across the double bond. collapsed to ketone) (eqn 73).*
Table 21.
Yield
SePh
. PhSeBr, AcOH, —
et -
AcOK, 4h
OAc
Pr PhSe Pr
2 / PhSeBr, AcOH, dou -
AcOK, Th H
Pr Pr OH
$ORe
PhSeBr, AcOH, o SePh
3 (86}
AcOK, 21h i
SePh
PhSeBr, MeOH
1h
OMe
SePh OAc
/ PhSeBr, AcOH
5 CyoHn / —aoKk — > CroHa —<_ + c1o"z1—‘<__ -
' OAc SePh
1:1
Bu AcO PhSe
PhSeBr, AcOH
8 — e + —
< AcOK, —
Bu Bu OAc
1:1
PhSe AcO
PhSeBr, AcOH
7 AR e CHOIIENG sy + —
AcOK, —
PhSe

“Notation of Ref. 54.




Finally, some unusual observations have been made,
which merit attention.

(i) When cyclohexane is refluxed in acetic acid with
one equivalent of PhSe(O)OH, then the trams-8-
acetoxyalkyl selenide, prewonsly made with PhSe-OAc,
is obtained in 90% y:eld.

(ii) An apparentl tly simple way of making B-acetoxy-
alkyl selenides is™ to reflux the olefin with dimethyl
selenoxide for several hours in CHCl, containing AcOH.
The results reported® are shown in Table 22.

The regiospecificity observed with hex-l-ene is un-
usual® and it should .also be noted that selenoxide

fragmentation of methy! (as opposed to phenyl) selenox-
ides has not been studied in much detail (see p. 1054),

(iii) The reagent PhSe~OAc can be aenemed by reac-
tion of PhSe-NMe; with acetic anhydride.* The
selenenamide itself does not react with cyclohexene but
it does combine with some Michael acceptors, apparently
as shown (eqn 74).%

4 Pgssibly the thermodynamically more stable product is the
one isolated and it accummulates via isomerisation of the kinetic
product.®

oo

tamp. oé\n

For completeness a few miscellaneous studies
concerning additions across double bonds should be
ctied:

The regioselectivity of the reaction of PhSeCl with
olefins has been examined bneﬂy’” and the mechanisin
of the addition is being investigated "™

Treatment of S-haloalkyl selenides with Ag® salts
gives compounds of type 67. These in turn, afford 8-
substituted selenides on treatment with Cl-, Br~ or
AcO™ by attack at carbon.”™

(M)

-

@)

—c”
\

T e
s. BF,

<N
/

g

Finally, an intramolecular version has been found of
the addition of ArSe-OH across a double bond.™

T‘H‘ : NMe,
(o] 1) [s]
3 days o] NMey
Ph + PhSe—NMsy—————>- Ph SePh 4
room temp. N
Ph
4%
Table 22.
Yield
SaMe
1 e 83%
OAc
cy —— Aol
SaMs
OhAc
3 /\ B . Ph 84
SeMs
Ohe
4 /\ B Bu 87
SeMe
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(Li) Introduction of selenium by addition across triple
o

Synthetic utility bas not so far been demonstrated for
the products that result from the reaction of ArSeX with
acetylenes but some examples have been reported,” ™
as well as a study’ that is a mechanistic relevance.

PhSeCl reacts” ™ with acetylenes to give halovinyl
selenides largely” of trans stereochemistry (e.g. eqn 75)
and PhSeOCOCF; gives trifluoroacetoxyvinyl selenides
(of unestablished stereochemistry) (eqn 76).*

The vinyl trifluoroacetates may possibly find use as
precursors to the enolates of a-phenylselenoketones.
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but nitrophenyl alkyl selenides (see p. 1055) have not
been tested, Over-oxidation did not occur.

In my cxperiments® with a-phenylselenoketones a
three-fold excess of NalO, in aqueous glyme was used,
the composition of the mixture being such as to dissolve
both reagent and substrate. Although the minimum reac-
tion period was not determined it is clearly less than
12 hr at room temperature. V.p.c. analysis at the end of
this time indicated very high yields of the enones
produced by selenoxide fragmentation (eqns 77 and 78).*

The choice of periodate was made for the reason that
the enones appeared to be inert to it and the use of the

PhSe
PhSeCl + HCE=CH » \—_\ (75)
a
CF3C00
__ messcH \;___‘ (68%)* ~
o/ SePh
CF3C00 Me
PhSe — OCOCFs3 PRCE=CMe \/_-_—{ (87%) > 6)
Ph SePh
CF, COO, Et
ee=cee A\ _

*Notation of Ref. 54.

(D) SELENOXIDE FRAGMENTATION: PROCEDURES
FOR OXIDATION OF SELENIDES AND FOR
FRAGMENTATION OF SELENOXIDES

In this Section a few introductory comments are made
about each of the methods and the published examples
are listed. The conclusions to be drawn from these data
are then examined.

(8) Oxidation-fragmentation: use of sodium periodate

Early work™ had established that phenyl alkyl
selenides™ are convertible into selenoxides in good
yield by treatment at 0° in aqueous methanol with NalO,.
Di-(p-nitrophenyl)selenide was inert to the reagent™ ™

o]
ﬁs&’h
D s

0

Et L SePh

reagent in excess ensured that PhSe-OH, a product of
the selenoxide fragmentation was not oxidised to
PhSe(O)OH at the expense of residual selenoxide.'®

The other cases where NalO, has been used are listed
in Table 23. Usually the selenoxide fragments in sits and
only the unsaturated product is isolated.

(b) Oxidation-fragmentation: use of peracids

A number of selenides have been oxidised with
peracids below 0° and the resulting selenoxides have
been allowed to collapse directly or have been depro-
tonated and used (at low temperatures) for further

0

an

[¢]
e
“The compounds may have been pure trans isomers.
*=phSeCH; and PhSeCH,Ph. The selenoxides cannot undergo
the fragmentation process. )
™ PhICL, reacted with all the selenides studied and may merit
renewed attention.
“*Modern practice calls for — 78°.

(78

(5
transformations (see p. 1081). The oxidation and frag-
mentation stages are summarised by Table 24.

The use of peracids as opposed to other reagents is

frequently a matter of personal preference but in the
case of the olefinic selenide of entries 6 and 7, peracid

 was more selective than ozone.
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Table 23.*
Yield | Ref.
NalO, f ,
1 PhSeCH,Ar : > PHhSeCH,Ar {b) ~100% | 68
aq. dioxane, 0° - .
o o]
2.3 NalOg, 8g. MeOH )J\/ ) 6. 41
2 Ph)k( 25": Ph (e) P
1.2 NaHCOy, 26, X
SePh 1.6h
mse | o
3 F 2.2 NalO,, 3. MeOH Z e8¢ 6
. . 10° to room temp.; 3h 74 6, 41
at room temp. ..
o o]
SePh
NalO,
4 > i) <10% | 41,40
o
NalO,, N.uoo,
5 1 41,49
SePh
o]
2NalO4, aq. MeOH + THF
6 Ph H > Ph H 674 42
1h, room temp.
SePh
SePh
2NalO,, aq. MeOH + THF
7 > i) 47 42
0.76h, room temp.
{h}
0COCH; OCOCH,
2NalOg; aq. MIOH¥ THF  CgHyg
8 CgHypCHy— CH—CHO > ag? 42
I 4h, room temp. \/\CHO
SePh
SePh
~ 3 NalQg, aq. MeOH + THF
10 ZNH—CH—=COOCHAh,;  1.1NaiO,, aq.acetone,  ZNH \n/°°°°""'z 2
| 0°, 16 min. & Gh at W
CH 2SeCHPh, room temp
0 .
PhSe -
"N o0
H4 Nal0y , a0, MeOH
n 51
X 10 min., 26°
° <oa

“Amounts of reagent, where reported, are here given relative to 1 millimole of starting material: 1 NalO,
denotes | equivalent of reagent; NalO, indicates an unspeciied amount. Yields are quoted using the notation of
Ref. S4. *Ar=Ph or substituted phenyl: 4-Me-CHe, 3-Me-CH -, 4NOr-CeH -, 3-NOr-CHo-, 4-CL-CH,-,
4MeO-CH,-. Noulcmxidecouldbekohledfw Ar=2-Me-CH,~. ‘Yield without buffer. “This yield refers to
overall conversion (including /hnon)olthewbonyleompomdmem'wwolﬂgo, Table 27,
entry 36. See also Table 28, entry 1. /See use of Oy: Table 26, entry 15 and use of H,O,: Table 27, eatry 53. *Of
various procedures tried (Ref. 41) only use of O, under special conditions (Table 26, eatry 17) gave modest yields
of enone. *Stereochemistry not specified. ‘See use of H;0,: Table 27, entry 48. 'The material consisted of roughly
equal amounts of olefin and the starting selenide. See use of H;0;: Table 27, entry 69.
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. Table 4.7
. Yield | Ref.
K ( W
1 percamphoric acid, ]
1 N — CH2CH, Sele > N == CH,CH, SeMe 2% | 28
4 0°, ~th
4] {b)
i
1MCA, THE, 0°
e N P > NPl j6n | 74
i
1 MCA, THF,
3 PhSe —< L ms.—-< 82 | 7
(¢} o]
1 i l!
Ph m?h& ph {c}
4 er NN :::’ w 39
< 16 min
HO {e)
1 i @
5 PhSe -< =) PtSe = 8¢ | »
THF, 10"
< 16 min. P P
s Ph o Ph (B
™ -10“ % O—)\ il
< 15 min.
o o
7 =’
O—/’mr -ﬂfo_/ O U AO—\_}_ i) ®
NMo, O NMe, O  NMe,
SePh 'Sltﬂ\ o) .
[¢]
0 NMe, O NMe, NMe,
MCA {9)- CHO
§ Ph —— PhY
)ym ~a0° * i PP ' + Phy s
il
54% 0% {#
[¢)
+ m)'\(\m, 60
2%
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Table 24 (Contd),
NMe, NMe; NMe,
o 0 0
" o WAL Ko 0 Q) +©4\m.,
- I
° 8% % 60
0
CHO
+ SePh
WM
22%
o o o o
2MCA
1 — 4
Seh CH2Clz, 20 to 30° %
(i}
o 0
SePh
2 CH3CO,H, EtOAC
12 —
°75h (0 ag) 42
{k) (m}
o o
CH3COH
3 2CHyCOH, ExOAc v
h(©
SePh
(n) .
coa |
Me 23 CH3COuH (40 wiw), COOMe
c'"w/Y > CHE X 83) 42
14 EtOAc, 23 t0 25°, 2h
SePh {o)
SePh 23 CH3COaH (40 wiw)
1 3COH_Wowm = (56) | | 42
EtOAc, 23 to 26°, 2h o
CeHiz © CgHyz ©
)
COOEt  ~ 2 CHaCO4H (40% wiw), EtOAc COOEt
16 Ph 3503 . X o) 16580)%| 42
~ 26° (Q) p|
SePh
COOEt  ~ 2 CH3CO3H (40% w/w), EtOAc N\~ o0k q
17 - > ™) {60-83) 42
~25° {9
SePh
~2CH H /w), EtOAc COOEt
18 COOEt zti 3COzH (40% w/w) : e o " 9] a2
CgHyg ~26° {9} Cotyp
SePh

“The notation explained in footnote a to Table 23 is used. MCA stands for m-chloroperbenzoic acid. *Optically
inactive selenoxide was obtained. See use of H;0,: Table 27, entry 1. “The following procedure for decomposition
of the selenoxide was probably used: sufficient AcOH is added to neutralise strong base in the mixture and to
protonate half the amine present. The cold selenoxide solution is then added to refluxing CCL, or CH,Cl, under
these mildly basic conditions. The elimination is complete almost instantaneously. “Overall yield from selenide.
“See use of Oy: Table 26, entry 31. /See use of O;: Table 26, entry 35. *Reaction mixture was warmed to room
temperature. *Only traces of product formed from the other direction of elimination. 'This is a selenenylation
product of the imine, which can itself be isolated in about 20% yield, as shown. /Crude material less than 2%
enolized; distilled material is a 60:40 keto-enol mixture. See use of Oy: Table 26, entries 20 and 21. See use of
H;0,: Table 27, entry 78. *Stereochemistry not reported. ‘These, probably, are the conditions used. ™ See use of
H20;: Table 27, entry 47. *(Z)-Isomer not detected. See use of HyOx: Table 27, entry 58. °(Z)-Isomer not detected.
For a-phenylselenoesters peracids are just as effective as H,0,. This is not true of a-phenylhselenoketones. ”See
use of H,O,: Table 27, entry 20. *Yield depends on selenenylation procedure. It is not clear whether both
CH;CO:H and H;0, were examined in the oxidation of this compound.
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(c) Oxidation-fragmentation: use of ozone

In principle use of ozone has certain advantages. The
reagent is easy to handle and an excess is removable
without difficulty. Moreover a certain amount of back-
ground information has been available for some years.

Selenides react™ quantitatively with O, in an inert
solvent (CCL, CHCl,, MeNO,) at ~10 to - 50°.° The
reaction is clean, and brief exposure to an excess of the
reagent does not yield selenones. The following rate data
are reported (Table 25). Sulphides ap, to react some
50 times less rapidly than do olefins.'”

Other ozonolyses,'™ carried out at —5-10°, showed
that, at least for dialky selenides, further oxidation to

Table 25.
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selenone occurs at a rate comparable to formation of
selenoxide.

Although selenide oxidation is fast (see Table 25) O, is
not always the oxidant of choice if the substrate contains
a carbon-carbon double bond. Phenyl allyl selenide can
be oxidized cleanly™ but in the case of the compound 68,
MCA is more selective than O.

o

The following ozonolyses are reported and Table 26
also gives, where available, the conditions under which
the selenoxides were allowed to fragment. The protocol

Subatrate Relative Rate of Oxidation ) N ..
for selenoxide fragmentation can be critical.
PhSePh 1
PhSeBu 4.1 (d) Oxidation-fragmentation: use of hydmgm-peroxﬁ{e
Hydrogen peroxide is very frequently used for oxidis-
BuSeBu 3 ing selenides. The reagent is cheap, it usually performs
Me,C=CHEE a well, and it can often be added directly to the reaction
vessel in which the selenide has been prepared. The
BusBy =1 following examples have been published (Table 27):
Table 26.*
Yield | Ref.
03, CH,Cl,, hexane,
1 =3 .. >906% | 25
-78° room temp.
Y ) H
SePh
QI = < .
Se Se
1}
o
SePh i Og, CCly or CHyCly, - 20° SePh
3 NS > N At N ~100 | 38
CgHyy i 12 h, room temp. CgHyz CgHy7
1:1
Z
i {f)
o -
H
Ms
SePh i 203' c”zc'z:“w
> 60 50
i {g) O
H
Me O o
ﬁ o ﬁ 0
Sa:h - SePh SePh
6 L
=’ M—bzso b7 49
(h)

TETRA Vol. 34, No. 8—D
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Table 26 (Contd.).

0 o 0 0
SePh SePh
i 03, -78° ’
7 — + +
i
(h) 48% 17% 9%

o] 0
SePh
o i O3, CH,Cly,-78°
ii N2 purge g
th) i k) m
o}
SePh o
8 i 03, cHzclz, 78
(h) it {m)
o 0
Ph S Ph
i 0y, 18
10 2 > poor yield
{h) i (i) (n)
o 0
SeoPh oh
1 Ph i 03, cﬂzciz, 78 ﬁ
{h) i N purge o)
o i (k) . o
Ph i O3,CHClp, 78 Ph
12 —>
(h) i N2 purge
iiii {p)
Z° i O3, CH,Cly, - 78° 0
- 3. CH Clp,
(h) i G)
SePh Ph
0 . (o]
] i O3,CH,Cl;, 78 d
" (h) T > e
ii N2 purge Vanmns
Ph
Ph SePh iii {m)
o o}
SePh i 03,CH,Cly, - 78°
5 -
ii Ng purge {a)
iii (k)
[0} o]
SePh
i 03,0“2@2,‘78“
16 —>
it Ng purge
iii (k)
o
SePh i 0y, CH,Cly, -78°
17 >
ii Ny purge (r}
ili (k)
0

i Oy, CHzclz, -78°

Y

i (j) {s)

{(73)

(62)

(88)

(68)

g8

(28)

a4

4Q

49

41

4

49

41

41

LA

41




Modern organoselenium chemistry

Table 26 (Conid.).

19

0 0
M 0. CHyCl. 78 g coome
i {j) {t}
o o o o

i Og,CHyCly, 78°
20 SePh > ()
i G u

o o

éé's:..
o

\

i O3, CH,yCl,y, -78°
it Ng purge
iii (m}

21

{uv)

0
it
i Oz, CH,Cly, - 78° /\)l\/\
22 N > {x)
2 purge
SePh il (e, wh
o )
SePt i* 03,CH,Cly, - 78°
2 > \
i Ayl
N 0.0, ¥ 1 o
PhSeCH; ———- PhSeCH; == SePh —3
78 P 3 NN R
. 03, Et0, ﬂ {bb)
25" PhSaCH,Ph ———P> PhSeCH,Ph == prs, > AN
78 (a) (o r\/\
03, €0 § ﬁ {bb)
26 PhSsCH Ph o PhSeCH,Ph == g, -
-718° (2} (aw} "NY
Ph Tl
” o 05,640, {1 {bb)
PhSeC! e PHSOCH » PH
2 2Ph —) " _"—"’H‘/\/"‘
-78° (2) (sa)
Ph
Ph
PhSe i Oy, CHyCly, - 78° J‘Y\
= it lec) > 0}
Ph

. PhSe PhSe
" PhSa o~ _ " Os.Et0, 78 NP = \r\/m

{2}
lm

P VN + NN

an

(90}

(84)

(80)

75i

81

786‘

64:38

4

41

41
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Table 26 (Contd.).

7 f

PhSe L Et,0,-78°  PhSe Ph PhSe Ph
30 AN P 23._'(2?._.» SN =)
2,
64 | 39

*(bb)
,h/\/W
ol ﬁ’
. Phse _~_-" O Et(z:,-w N\ =""::J:\/
*(bb) 8t | 39

)m/\/\'(

(oo OH

)

0
i i
- Ph
- PrSe  _~_-M Oa Et0. 7 Phse A | "‘:I\/
(2
Ph
{bb)
Ph

"/W 72 |39

OH

0 0 HO
e m{ﬁ%ﬁ,m‘s‘.{—_—_—)m&i ﬂ»m)Y 81| 30
2

HO  Ph
w i
3 ms.—<—9%—->mso—<=:}ms- e,z 66'| 39
* HO
HO

o

0 0 0
0y.6t0,-78° I i {bb)
—_—
3% ms-—< ) n&—-< =) Pv.soj: — H'J\K 73| 3
Z en (n

“The notation explained in footnote a to Table 23 is used. *Cholestane skeleton. ¢(R)- and (S)-isomers were produced in 2:1
ratio. “The (S)-selenoxide decomposes completely at 0° within 4 br. The isomer is stable under these conditions. ‘ Decomposes at
room temperature. {The cold selenoxide solution was added over 10 min to refluxing CCl.. If the selenoxide solution is merely
heated from room temperature to reflux a mixture of olefin and selenoxide results. See entry 3 of this Table.  Warm reaction
mixture to room temp. over 1 br, *Stereochemistry not specified. ‘Overall yield from starting selenide. /Warm reaction mixture to
room temp. *Cold Pr.’NH [1 mmole] was added and the solution [ - 78°] was transferred isothermally to refluxing CCLs containing
0.5 mmole Pry'NH. These quantities are stated explicitly for entries 8, 15, 16, 19. !See use of H;0,: Table 27, entry 45. ™ Pyridine
{2.4 mmole] was added to reaction mixture [ ~ 78°) which was then allowed to reach room temperature. The quantity of pyridine is
given explicitly for entries 14 and 21. " The method used for oxidation is not absolutely clear from Ref. 49. ° See use of H20,: Table
27, entry 43.” Procedure of footnote k followed but Et;NH was used instead of Pra'NH. *See use of NalOs4: Table 23, entry 4 and
use of H,0.: Table 27, entry 53. "Of various procedures tried (Ref. 41) only the techniques of footnotes k and p gave modest yields
of enone. For use of NalO, see Table 23, entry S. * See use of HzOx: Table 27, entry 72. ' See use of H202: Table 27, entry 73. *See
use of peracid: Table 24, entry 11 and use of H,0.: Table 27, entry 78. " Less than 1% enolized but material was not heated above 40°.
¥Details not reported. From the context the method shown was probably used. “See use of H0x: Table 27, entry 34.”Warm to
room temperature over 10 min. There is no indication whether or not O, was first removed at low temp. *Et,0 is used for ozonolysis
as it is less rapidly attacked than THF. *It is not absolutely clear from Ref. 39 whether the selenoxide was generated in sitn. From
the context the method shown would have been used for in sits generation. * Sufficient AcOH is added to protonate all basic
species present except half of the Pro'NH (from LDA). The cold selenoxide solution is then added to refluxing CCL, or CH.Cl,.
Fragmentation is almost instantaneous. These conditions were probably used. * Setenoxide added to refluxing CCL. Possibly no
base was present. ““Yield from PhSeCh,Ph (which was deprotonated with LDA). * See use of peracid: Table 24, eatry 4. 7See use -
of peracid: Table 24, entry 5.
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Table 27*
Yield Ref.
0 o
NCH.CH 1 Hy0,, acetone, 0 , It 28
SeMe — NCH,CH,SeM 60
2Nz 0.5h, then 18 to 20° 2-TiaSere
for 2h
o] (o} (b}
10 H,0, €, THF, ~ 0 then Total
20 > 1% 5
PhSe room temp. 3h
10 H,0,°, THF, ~0 then Total
- > 100% 5
room temp.
PhSe P
Ph SePh
H202d, THF, room temp. Ph
-> | {76-81)* 31
24h
R R = H, Me, Ph R
6 to 10 H,0,, CH,Cl,,
PhSe Ph i T o N N NP (81) 39
2 pyridine  (f)
Ph
PhSe H Ph Ph
10 H,0;° , THF, ~0° then
) -> — + 5
H Mo room temp. 2.6 h N
Me Ph 16%9 42%9
PhSe H Ph Ph
10 H,05°, THF, ~0" then _ . 5
H Ph room temp. 26 h . \
Me Mo 13%9 45%9
SePh 10 H,0; . THF, ~0° then . ::“' .
room temp. 3h g
1:1
6 to 10 H,0, , CH,CI ‘ OH
PhSe t0 10 H,0, ., CH,Cly, .
9 Y\I/ > NM ca | ®
2 pyridine {(f)
Ph  OM
Ph Ph
SePh H30,9, THF, room semp.
10 > 62 | 3
24n
. i
Ph Ph
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13

14

15

16

17

18

19

Table 27 (Contd.).
PhSe
H,0,9, THF, room temp. no eye e
Q Q 24n g
ohse (h)
10 H0,9, THF, ~0° then CroME
CyHygSeAr > Ar=Ph

(il room temp. 20h for Ar=Ph
i .

10 H,0,% THF, ~0° then
4;
: ; i) room temp. 9.6hr

2H0,), THF, 3.6h

4.8 Hy0,- %, THF, 0° then

conditions: 0°, 0.5h

Ar=2 No:c;H‘ }

room tamp. 12 h,
Ar= 2—N02—C.H.

Hy0, , THF,

Ar = 2-NO;—CgHy

10 to0 20 Hp0,9, THF!

~0° to room temp. (1)

OH

PhSe 10 to 20 H,0,9, THF,

~0° toroom temp. (1)

R 10 to 20 H0,9, THF, <20°,

(.
>

then room temp. 5t0 12 h (e}
OH

M, o

91

47

(81

93

31

88

78
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Table 27 (Comtd.).
SePh (m H,0,°
o A L > & s |
COOEt R = Ph, Me, CgHyg NP Ncoorr | ~a0%)
d,k h
§Hy0,0.k , 2.1 AcOH", aq. e
21 COOEt > u.,“/J\ - 6.41
/\*/ THF, < 26°, then room temp. 7 “COOEt (79)
{E):{Z)::45:64
SePh d,k "
BH20;%%, 2.1 AcON", aq. THF,
SO e S N P
<% ,
Me 25, then room temp. 0.5 h
20° ki
SeMs
5 C>< M0, THF R @_‘mm R
COOMs
5Hy0,9% 2.1 AcOH™, aq. THF,
L i s > 7 o) (79) 6.41
Sebh < 28... then room temp. P
COOEt
SePh
. H",
» COOR ne0e A0 - [ N coon [rmesm «
R’ X aq. THF, 0 to room temp, 59
05t 1h -
X = N—alkyl, R = Me, R'= H
X=0 LR=EL, R =Ms
Xw§ LR=Et, R =Me
y 0,% THEF, H R
26 - SePh 6H,0,", THF, trace AcOH, . /(___i o
", 05h {1,
A o o 0,085hi{l, q . o o
R R
C4Hg PHCH, 85
CeMyz PRCH, g
CgHyg CeHg
CeHg CiHg %
CgHyz CoMyg 8o
R
~8H;0,", THF, traoe AcOH, —
z > (o] (5]
0°, 0.58 (¥} )
R R=CyHg 26 57
H R=CgHyy 97
d.k
i THa0," THF, 26 AOH, % 5
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Table 27 (Contd.).
H Me
'SePh ok
~TH,0,%, THF, 2.6 AcOH, very
20, 565
29 —> 0 high
o 0°,0.5h ()
H
dk i
~7H0,°, THF, 2.6 AcOH, — Total 56,
30 . o] ~100% 67
0°,06h {¢)
.1:9
A A A
~THz0,%*, THF, 2.6 AcOH, H
k) > + Total 56
0°,05h (2) o > 99%
PhSe 3:1
Me
H  CHySePh H
H;0,9, THF, t H,
2 202 race AcO . o ”
0 0°,06h (¢ 97
H
CH,SePh
Hp0,9, THF, trace AcOH
33 — 73
o 6°,065h () 9
(o] o” N0
3H,0,% CH,Cly, 2 pyridine,
%3 - /\)(L/\ (72)(‘) “
7
u /\/IH/\ ~3H,0,%, THF, Et0AC!
" > 6e) | 42
<35°,1h (R)
o]
~3H,0,", THF, E10Ac Y /\/\)]\
36 > (34) 42
° {v)
SePh < 3%°,05h v
o]
6 10 10H,0,, CH,Cl,, /lk/
3 Ph)H/ > Ph & ©6) | 41
2 pyridine (f) (w)
SePh
o} o}
2.7H,0,* , CH,Cly,
7 )H/\ 202 2C2. o /lk/\ 02 | a1
2 pyridine, < 35°, then 256° (x)
SePh 0.25 hr
0 o
BH,0,9, 2.1 AcOH", aq. THF, * )k/\/
38 m)H/\/' h 22 > P P (84) | 6,41
< 26°, 0.
0.5h
i 0
8.8H,0,", CH,Cl,, 2.4 pyridine, .
30 <><lkn. 20", CH Cly, 2.4 py iy <>_</ 83 | 41,40
SoPh 25°,05h Ph .
o o}
Septy 8:8H20,°, CHaClz, 2.4 pyridine,
40 ph z - — Ph (86){ 41
26°, 0.5h




41

47
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Table 27 (Contd.).
o o
8.8H50,% , CH,Cl,, 2.4 pyridine, )K/\
»  ONF Ph
\_/ "sen 25°,05h \ i

e O

H {h) (2} H

o]
Ph SePh
\HH" B.8H.0,% , CHaCly, 2.4 pyridine, "’j/‘H

N R S 2

i
26°, 6 min. \) (sa}

m 8.8H,0,", CH,Cl, 2.4 pyridine, Pn
SePh —
25°,05h

A

o ]
n m% u
5H,0,%, 2.1 AcOH, aq. THF, l
h s
thi <25°,05h {bb)
_ ]
H,0,9MeOH \/lk( \HJ\?
= g ‘\)% ' \/l
87 : b <}
80 2
89

Me 5H,0,°, 2.1 AcOH " sq. THF

SePh P
<25°,0.6h

Hznn cCi {ec)

s
“&r TN

Y

Sern ~3H;0,°%, THF, E10AC®,

o
il
O (dd}
<3%°, 075h
X X
0 0
SePh . .
(U\J/ ~3H,0,%, THF, EtOACY, fl\/" -
Y ) < 328°, 8758 Y
OCOCH, OCOCH,
— [\
s b J_ b
(#)

M i 610 10H05, CHaCly, 2 pyridine,
it Het {1 - \\)<i‘
u ) U

10H,0,°, THF, ~0°
-
then room tamn., 2 h

~N ~NF

(39}

(60}

(94)

(38}

Total
{76%)

Total
(69%)

(74)

(53}

Totl

41,49

41,49

84
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Table 27 (Contd.).

81

57

~3H,0,9, THF, Et0AC"Y

Me
"‘s‘:m
H {og)

H'lu

H ",

SePh

OAc

CeHis

7

OH

—
<36°,1h

Y

60 10H,0, , CHyCly, 2 pyridine,

26°, ~10 min.

f

5 t0 10 Hy0,", CH2Cly, 2 pyridine

>

~ 10 min. {f}

5 to 10 H,0,%, CH,Cl5,2 pyridine,

L gud

{hh)

~ 10 min. (f)

6H,0,% , 2.1 AcOH"

aq. THF, <25°, 25°, 0.5h
~3H,0,9, THF, EtOAc*,

—

<35°, 1h U]

5 H20,9, THF, ~€°,

Y

room temp., 2.5 h

10 to 20 H 0,9 EtOH, THF,

0 to 26°, room tsmp. 10h (1) o

10020 H,0,” THF,

2 i)

10 to 20 H;0,9, THF,

% () o

@
o
(i)

/\/Y\/

OAc

/VY\/

OH

OH R=H
R = Me

CeH1a

OH

(45)

Ji< 10%)

61

(72)

{(17)

(85)

(88)

74

o

.

L

6, 41
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Table 27 (Comtd.).

1101

: o SoPh
X

PhSe
a1
HOY

Iw

OH

o SaPh

OH

SePh
OAc

COOH

(og}

\/\/\/'\cn

BH,0,%, THF, 6°
then:

room temp., 4 h
X =0Ac

reflux 0.8 h
X =OAc

roomteamp. 2 h
X = OMe

X=Ci

51

49

4

X =0H

9.8 0.2

4

10 10 20 H,0,°, EtOH, THF,

<26°, reflux, 2.5 h “)—-—

10 10 20 H,0,°, EXOH, THF,
<25°, reflux, 4h (l)

10 to 20 H,0,4, BuOH, THF,
<26°, room tomp. 4 h mr

Me
uom
H
Me
X : }
3
H
O,m

10 10 20 H,0,9, BuOH, THF,
<26° reflux, 1h (I}

(kk)

5 H,0,9, THF, ~6° OAc

then room temp., 1.6 h g
{

an

. C/\:/\coon
-~ (oo

\/\/\/\w

(E):(2)::64:48

COOH  Hy0,, THF, AcOH,

0° to room tame.

H30,, THF, 0°, 2h
n

3H,0,%, THF,

room temp., 2.3 h

{40)

(61)

{76}

{85}

{88}

{91

(~96%)
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n

73

74

M Ph

D. L. J. Cuve
Table 27 (Contd.).
ZNH COOCHPh
ZNH—CH—COOCHPh,  ~16H20;", acetors, 2
— - \"/
CH,SeCHPh, room temp. 0.25 h ® {mm)
ZNH—CH—COOCHPh, | ~37 H,0,9, acetons ZNH  COOCHPh,
CHy——Se 0°, 0.6 h; room temp. 1 h "
2
0 0
s e
oh /u\a 3 Hy 04, CHoClp, 24 pyndu:. " Z
/s=s"° h 256°,0.3h _s=0
Ph Ph {nn)
0 0
COOMe 1.8 H0,™, CHyClp, ~26° COOMe
SePh ~03h -
{oo) (qq)
0 0
COOMa COOMs
2.5 Hy0,%, CHoCl
SePh 1202 2
201030°,26°, 0.3 b {rr)
0
COOMe COOMe
6 to 10 Hy05, CH,Cly,
202. CH,Cly
2 pyridine, ~10 min. {f)
0
COOMe ¢ 010 H,0,2 CH, Gl CoOMe
SePh 2Y2. 2%42. »
2 pyridine, ~10 min. (f)
o 3] 0
CHO
H 2H,0,, 26°
SePh »
(ss)
0o o0 ) 0 0
d
Ph 5 to 10 HyO0q, CH;C!;, Ph R=H
SePh 2 pyridine, ~10 min. (f) R=Pr
R R
{rt)
0o 0 o 0
2 Hy0; CH,Clp, 20 to 30°
SePh ~0.3h
{ou}
d -
N 5 to 10 H,0,, CH,Cly, > N/\/\A
2 pyridine, Oh
SePh 26°,0.25 h {f, w}
o
Ph 6 t0 10 H,05, CHLCH Ph
80 \/W 202, CHaCly, > W'\'/
. 2 pyridine,
SPh  w)  25°.025h(f,w) OH

100

~100%

7

(81

{e9)

74

{84)

{68}

(8o}

41

41

41

4

41
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Table 27 (Contd.).
T ‘ e
o 10 Hy05, CH,Cly, 2 pyridine i
81  Ph—Si 5 202. CHaClz > Ph—Si lom] &
| S 26°,026h (1. w) 1 \,//*
SePh
HO 5t0 10 Hy0F, CH,Cly, 2 pyridine, HO Ph
82 >H/\/ o > o) 67
26°,026h {f,w)
SePh  (ww) OH
d . N
R 5- 10 Hy0Z, CH,Cly, 2 pyridine, R
S o ot tommy oo "
26°,0.26h {f,.w)
SePh Ci - (ww) o
R= mﬂz (70’
R= "!CH;CH: (885)
R = PhMe,Si— (63)

R=AcO Ycﬂzf {80)

" d
" A SiMey 2H,0, °, THF + Et,0, . R —CHO 87
: ' 0°, 10 min.; 26°, ~1h
ot Re 65H11 80
R=CgHqys 80
R =Cyetpn 80
R = PhiCHz)3 75

*

“Quantities are specified by the notation of footnote a to Table 23 (p. 1089). Where no initial temperature is
stated it should be understood that H,O, was added with cooling. *This selenoxide is stable. See use of peracid:
Table 24, eatry 1. “The H,0; used was 70% (units not stated). “The H,0, used was 30% (units not stated).
*Depending on R (and, for entry 25 the nature of X and R'). /5 to 10 equiv. of 15% squeous H;0, were stirred for
~ 10 min with a CH,Cl; solution of the selenide containing 2 equiv. of pyridine. This gemeral two-phase method was
used for the present case but specific details have not been published. *These are absolute yields. * Stereochemistry
not specified. 'Ar can have various values (see Table 3, p. 1056). For reactions conducted at room temp. on a large
scale, ice-bath cooling was probably used during the oxidation stage. This step is exothermic.* 'The H;0, used was
50% (units not stated). “The proportions shown assume the units to be w/w for the concentration of H,0,. 'This
general procedure was used: specific details are not reported. ™1t is not clear if Hy0, was tried in the oxidation of
each of these esters. See use of peracid: Table 24, entries 16, 17, 18. *The reaction mixture contains | equiv. of
PryNH from LDA. “Using H,0,, THF, probably in neutrs! solution. Entries 22 and 23 should be compared. *See
use of PhSe(O)Cl: Table 28, entry 2. *Specific details are given only for R = CH,3, R = PhCH,. "The compounds
have the double bond largely ( 95%) in the endocyclic location shown. *30% w/w H,0, was diluted with about an
equal volume of water. ‘In this case specific details are given. See footnote f above. See use of Oy: Table 26, entry
22. *The reaction mixture must be freed from HCI (generated during the selenenylation) prior to oxidation. “The
low yield may be due, in part, to poor regioselectivity for the selenenylation. *See use of NalO,: Table 23, entry 2.
*See use of PhSe(O)Cl: Table 28, entry 1. “The product is a 56:40 mixture of endo and exe isomers. The
stereochemistry of the exo isomer is not given. *Various steroidal nuclei. Presumably the lactone arises by a
Baeyer-Villiger reaction of the normal enone product. **See use of Oy: Table 26, entry 11. »See use of O;: Table
26, eatry 8. ““Presumably the selenide was sitired in a two-phase H,0~-CCl, system. “See use of peracid: Table
24, entry 12. “See use of NalO,: Table 23, entry 7. #Selenoxide fragmentation was completed by refluxing for
S min in CCl, containing 2 equiv. of pyridine. ~*Cholestane skeleton. * See use of NalO,: Table 23, entry 4 and use
of Oy Table 26, eotry 15. “See use of peracid: Table 24, entry 13. (2)>Isomer not detected. #Mixture of
diastereoisomers. #(2) and (E) isomers. *{Z)-Isomer not detected. ™“See use of NalOg: Table 23, entry 10.
"> 93% of one isomer. “The starting material is actually a mixture of methy! and ethyl esters. »” Approximately
15% aq H,0; was used. An excess must be avoided. The products are sensitive to base-catalysed epoxidation.
*See use of O;: Table 26, entry 18. "See use of O;: Table 26, entry 19. The product is a 98:2 keto-enol mixture.
~Distillation gives material that is almost compietely enolised, Before distillation the product is a 56:44 keto-enol
mixture. " A 95:5 mixture of geometrical isomers is formed. The compound is nonenotised.” **The H,0, used was
~ 15%. The product was an 85: 15 keto-enol mixture. See use of Oy: Table 26, entries 20 and 21, and use of peracid:
Table 24, entry 11. "In geweral nse of H;0; in EtOH can give compiex mixtures.” " Mixtare of geometrical
isomers.
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(¢) Direct introduction of phenylseleniny! group

Direct introduction of the phenylseleninyl group has
not been studied in detail. The reagent, PhSe(O)Cl, is
reported to be exceedingly hygroscopic and the known
examples of its use are summarised by Table 28.

Finally, it has been observed'® that the a-lithio-salts
of esters react with diphenylseleninic anhydride to give
a,p-unsaturated esters directly. However, no experi-
mental details are yet available.

(f) Selenoxide fragmentation: stereochemistry
Fragmentation of selenoxides is a syn elimination
process (e.g. Table 27, entries 6 and 7) and, in non-cyclic
systems, the product is almost always the olefin of
(E)-geometry, a fact that can be understood'™ as a
consequence of the relative steric interactions in the
transition states 69 and 70. The non-bonded interactions
in the former are clearly less serious and so the (E)-
isomer is the strongly favoured product but, for trisub-
stituted olefins, there is less discrimination (Table 24,
entry 6; Table 27, entry 21 and, possibly, entry 41).

——» (E)- olefin

! ———emeei.  (Z) - Olatin

s

" The parent selenide was made by trans addition to trams
olefin.

“The parent selenide was made by reaction of PhSe~ with
trans-cyclododecene epoxide.

D. L. J. Cuve

If the syn conformation is not accessible (or if the
resultant strain from a double bond produced by frag-

. mentation is high) then the process might be expected

not to occur. Entry 11 of Table 27 may be such a case.

Among non-cyclic compounds only the fragmentation
of a-phenylseleninylnitriles (Table 27, entry 68) (but not
acids, esters, aldehydes or ketones) affords both
geometrical isomers. However, it should be noted that
the relatively insensitive technique of IR spectroscopy
has often been used to establish the absence of the
(Z)-product.

In most cyclic systems geometrical restraints ensure
that a cis-olefin is produced. Oxidation of cyclododecyl
phenyl selenide (Table 27, entry 8) gives® a 1:1 mixture
of cis and trans cyclododecene, but fragmentation of
l-acetoxy-2-phenylseleninylcyclododecane™ (Table 27,
entry 65) affords only the trans olefin as does frag-
mentation of 2-phenyl-seleninylcyclododecane (Table 27,
entry S55). I-Hydroxy-2-phenylseleninylcyclododecane®
(Table 27, entry 64) gives (Z) and (E) isomers. Evidently,
double bond geometry is determined by conformational
effects of the ring.

(8) Selenoxide fragmentation: regiochemistry

The regiochemistry of selenoxide fragmentation is
characterised by several trends.

(i) In situations of type 71 elimination away from an
electronegative substituent X is the rule (71-72) even
when the double bond of the alternative product (73)
would be conjugated with a phenyl group (Table 26,
entries 32 and 33). In the case where X is chlorine both
routes are equally easy (at least for a cyclohexyl
skeleton) (Table 27, entry 60). When X is Me,N then
removal of the adjacent hydrogen (H. in 71) is
moderately disfavoured (Table 24, entries 8-10).

(i) In the case of sulphoxides with partial structure 74
loss of H, or H, depends on the nature (H or C) of the
other substituents preseat and, with non-cyclic
compounds, the following sequence has been found'®
for the types of H that are removed preferentially: allylic
= propargylic > benzylic = methyl >methylene >
methine. The evidence collected in Table 29 shows that
the same sequence probably holds for selenoxide frag-
mentation and it is seen that production of a conjugated

Table 28.°

-

i 1.2LDA, THF,-78°

Yield
o

over 0.25 h

ii 1.8 PhSe{O)C1,-78°
iii 1.2 AcOH, warm to room temp. (b)

i 1.2LDA, THF,-78°

:ph)k/\

i

AL

over0.26h (d)

i 1.8 PhSe(0)CI, - 78°
iii 1.2 AcOH, warm to room temp. (@)

“Quantities are specified by
Staeochemutryspec‘ed.

Speciﬁc
was followed. *See Table 27

themnonoftoomatohblezs(p 1088). * See use of H;0,: Table 27, entry 37.
details not given. Presumably the procedure used for entry 1
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74

olefin is favoured over formation of an isolated double
bond (Tabie 29, entry 1).

For cyclic compounds where a hydrogen on a ring
carbon can be removed in competition with a hydrogen
on an exocyclic carbon (see structure 75) then the
general preference (evaluated largely with lactones) is as
shown in Table 30.

Possibly, as explained'® for sulphoxides, the trends
shown in Table 30 arise because the conformation lead-
ing to endo olefinic product involve a smaller dipole-
dipole interaction (76) than that (77) leading to the exo

H
H
a“\““%
R wa R’

N

$

76

t

(o] CHy
Ph
50
0

76

~

Table 29.*
Table Entry
(R
1 c==o—-ﬁ——?——?——c 26 30
H SePh H
.\//
(o]
g |
2 c==c——?-—- ——%——C 24 7
Hiey oPh H
0
H
R
3 c—-T——c——?——c 27 3
H &N H
ay
Y
H H
0 | é 26 29
4 H——T——T——-I——C 27 2
HQ‘MH
\
H
P
[ H——T——T——-f——c 27 8,7
"'\oys‘"'~"

*Hydrogea removed preferentially is denoted by H,.

1105

™)

R=HorC
R'=HorC
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Table 30.*
Table | Entry ‘
CHp lring)  (b)  >CHjy (exocyclic) (o) | 27 |48
CH2 (ring) (b} > CHy (exocyclic) (d) | 27 |26 41
CH {ring) (8)  >CHg (exocyclicc (¢} | 27 |30
CH {ring} {e} > CHj (sxocyelic) {d} 27 |27

*in each case H attached to a ring C is removed preferentiaily.

bR = H in structurs 75.
R’ = H in structure 75,
9R’ = C in structure 75.
*R = C in structurs 75.

fHers the exocyclic double bond is conjugated with a phenyt group.
9See Table 27, entry 31 for a possible exception.

(h) Selenoxide fragmentation: oxidising agents and
fragmentation procedures—general considerations

For olefinic materials of the highest purity it is
frequently essential that the starting selenides be them-
selves free of contaminants (such as unselenenylated
carbonyl substrates). However, it often is convenient to
carry out the oxidation on the crude selenide as it is

isolated from the selenenylation reaction or even, as is

frequent practice when using H,0,, to simply perform
the oxidation on the selenide generated in situ.

Four types of oxidant are in common use: NalQ,,
peracids (usually MCA or CH;COsH), 0,,” and H;0..
Obviously, the choice is guided by the selectivity of the
reagent and, where an excess is used, by the sensitivity
to it of the fragmentation product. There is, however, a
further complication. In those situations where frag-
mentation is sluggish an excess of oxidant is needed to
quench the PhSe-OH [by immediate conversion to
PhSe(O)OH]. If this is not done, residual selenoxide is
usually consumed so that a mixture of olefin and selenide
is obtained.™* Sometimes selenoxides of this type
should be added to refluxing CCL or CH;Cl, and under
these conditions fragmentation (unimolecular) is faster
than transoxidation (bimolecular).>

It is usual to employ NalO, in excess, and frag-
mentation then occurs in the oxidation mixture (which is
an aqueous organic solvent) at, or below, room tempera-
ture. Occasionally, the system is buffered with NaHCO,.

Peracids are commonly used in an organic solvent -

either in stoicheiometric amounts at — 10 to —40°* or in
sufficient quantity to oxidise the PASeOH formed. The
Iatter process, conducted at room temperature, is
confined to situations where the olefin does not react
rapidly with peracid (e.g. Table 24, entries 11 to 18).
Ozone is invariably used at a low temperature (usually
—78% and CH,Cl;, CCl or Et,0O have been the preferred
solvents. THF is too sensitive to O, to be useful. The
selenoxides are stable at the ozonolysis temperature and

"Oxidation by photochemically-gencrated singlet oxygen has
been examined briefly.'®

*See p. 1057 and Table 26, entry 3. Entry 10 of Table 23 may
be another example of selenoxide reduction by PhSeOH.

"The selenoxide can then be used for further transformations.
Fragmentation is eventually allowed to occur (at a higher
temperature) in the absence of oxidant.

**Any other strong bases present can be neutralised with
AcOH at low temp.

*Careful tempersture control is necessary* because the oxi-
dation is highly exothermic and appears to be autocatalytic.

*“~See also p. 1107.

a varety of techniques—specifically cited in the
Tables—have been developed for effecting the frag-
mentation.

The selenoxide—whether generated by low tempera-
ture ozonolysis or low temperature peracid treatment, or
by direct use of PhSe(0)Cl—can be made to fragment by
the following techniques or slight variations of them.

(i) Warm the cold selenoxide solution to room
temperature. Sometimes a controlled rate of warming is
specified.

(i) Add pyridine to the cold selenoxide solution and
let it attain room temperature.

(iii) Add the cold [— 78] selenoxide solution to reflux-
ing CH;Cl, or CCL. The decomposition is complete
essentially instantaneously. An important variation is to
have Pr; (from LDA or deliberately added) in the
selenoxide solution initially.™ Sometimes PrNH is ad-
ded to the refluxing solvent before the addition is begun.
Occasionally, Bt.NH is used in place of Pr/NH.

Hydrogen peroxide is employed very frequently™—
usually in excess over that needed to oxidise both the
selenide and PhSeOH—in strengths from 15 to 70% wiw.
The 30% reagent has found most use and, for one-phase
oxidations, THF is the solvent almost always chosen.
Where the selenide has been generated in EtOAc it is
convenient just to dilute the solution with THF. Typic-
allythetemperamrelskeptnear()’dunngthebemnmg
of the H,0, addition and sometimes it is allowed to rise
before all the oxidant has been added. The mixtures are
then usually left at room temperature for a suitable
period. AcOH is sometimes added to neutralise Pr;’NH
{from LDA) or even when Pr,'NH is not initially present.
Presumably this precaution protects compounds sensi-
tive to basic H,0,. Mineral acid must nof be present,
however. 2 ™

A two-phase method has been found to give superior
results: an excess of H,(, is stimed with a CHxCl
solution containing the selenide and usually also 2 equiv.
of pyridine. Under these conditions the selenide is oxi-
dised efficiently and it collapses in high yield, often
within about 15 min (when the product is an enone).

(i) Selenoxide fragmentation: eficiency of the process
The mildness of selenoxide fragmentation is evident
not only from the moderate conditions of pH and
temperature used but also from the fact that it has been
possible to isolate, without special difficulty, compounds
that are sensitive to nucleophiles (a-methylene lactones),
to polymerisation (e.g. Table 23, entry 2) or to enoliza-
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tion.”™ Olefins can also be obtained in which the double
bond is not in its thermodynamically stable position
(Table 27, entry 38).

The formation of terminal unconjugated olefins can be
slow unless special techniques are used (see p. 1055) but
other olefins are produced within a few hours and the
formation of enones is generally a rapid process that
frequently is over within minutes (see Table 27, entries
45 and 49). In g-dicarbonyl systems fragmentation can
occur at temperatures approaching — 78° as seems*' to be
the case for entry 72 of Table 27. Most selenoxide
fragmentations, however, have been carried out between
¢ and room temperature. Occasionally a long reaction
time™ (Table 27, entry 60) or a higher temperature® are
employed. The use of refluxing CH;Cl, (b.p. 40°) or CCL
(b.p. 77°) sacrifices the extreme thermal mildness
generally characteristic of the fragmentation but under
these conditions the process is complete almost instan-
. taneously.

The general practice of selenoxide fragmentation calls
for temperatures that are ~ 50 to ~ 120° lower than those
required in the corresponding suiphoxide fragmentations.
Direct comparison can be made in a number of

55.104,)

cases.

The yields of me cycc enones ' iow. Possibly,
the requirement for a cyclic transition state conflicts with
the conformational preference of the cyclic ketone and

*Eg. the product of Table 27, entry 77 was isolated in a
non-enolized form.

o

L ~

*Produced if H,O, is the oxidant.

nw®

gou ®
o H O  SePh o 0
o
H® H,0
78— —_— —_—

o)

il
(o] SePh
é
PhSs—X
7% —> =
83

~

TETRA Vol. 4, No. 8—E

SeAr 0 "Nge—m o
78 7

nw

so the incursion of other reaction pathways for the
selenoxide is seen. For example, oxidation under a
variety of conditions of 2-arylselenocyclooctanone gives
the products shown (eqn 80) and the origin of the by-
products can be understood*’ in terms of the properties
of the intermediate selenoxide 78. This compound has an
acidic hydrogen and so a Pummerer-type reaction can
occur (eqn 81) leading to the a-diketone and thence, if
the oxidant is H,0., to the diacid 82. Loss of the acidic
hydrogen in 78 can also generate the anion 83 which can
quench species of type PhSe-X (produced from PhSe-

- OH). The mode of formation of the vinyl selenide 80 can,
- therefore, be summarised by eqn (82).

A suitable amine might trap PhSe-X and thereby
suppress vinyl selenide formation. The Pummerer-type
reaction (eqn 81) is favoured by low pH—hence the need
to remove* mineral acid before oxidising selenides. The
presence of a hindered base in the selenoxide mixture
suppresses the Pummerer reaction. Thus, the rational for
the different protocols for selenoxide fragmentation can
be largely understood.

(j) Selenoxide fragmentation: fate of the selenium
e T

and reduced back to PhSeSePh.**! In the absence of an
oxidant [and assuming that fragmentation is fast (see p.
1106)] the PhSeOH disproportionates to give PhSeSePh,
PhSe(O)OH and water. In those experiments where it is
convenient™ to remove selenium compounds by extrac-
tion into base the diselenide can be oxidised to
PhSe(O)OH with H20,.

o SeAr

0o 0
HOOC COOH
+ + + U (80)
80 81 82*

L Pd ~

81

82)

o=Ye)

—
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S. REACTIONS OF ALLYLIC SELENIDES
AND THRIR DERIVATIVES
Certain aspects of the chemistry of allylic selenides
merit explicit comment.

(A) The selenoallylic rearrangement
Allylic selenides undergo a reversible 1,3 shift (eqn 8‘2
whose mechanism and stereochemistry are not known."

e —C

Treatment® of the allylic chloride 84 with PhSe™ at 0°
gave the thermodynamically less stable selenide 88 which
contained about 6% of the (Z) and (E) isomers of 86. At
SrmCHCl&lsmnangestoliwnhahalf-hfeof
~1.3hr.% In McOH the rearrangement is slower (t.,,—
2.0hr at 52°.”” Treatment of 84 with KSeCN gave
exclusively 87. The 1,3 shift evidently, occurs very
readily in the case of selenocyanates. Likewise, the
allylic chloride 88 gave quantitatively the terminal
selenocyanate 89.

»Geranyl linalyl selenide appears to be stable at 25°* For
other allylic selenides see Refs. 40 and 67.

84
~

D. LI

G

CLIvE
(B) [2,3}-Sigmatropic of
selenoxides

The equilibrium of cqn (84) lies largely on the right in
contrast to the situation with sulphoxides,” and the
selenenic esters 99 are readily hydrolised to the cor-
responding allylic alcobol.® As in the sulphur series®'®
the olefin ansms by the [2,3])-sigmatropic shift is of trans
geometry.”’

It is sometimes possible to use the 1,3 and [2,3] shifts
to exert regiochemical control as shown by the following
example (eqn 85).*

The [2,3]-sigmatropic reamnsemem also accounts for
the Eroducﬁon of trans-diol in the following process (egn

rearrangement allylic

A number of [2,3}-sigmatropic reactions have been
examined® as routes to allylic alcohols or to a,8-un-
saturated ketones. These experiments have been listed
(Table 27, entries 79-83) but additional comment should
be made for the reactions summarised by eqns (87-89).
Evidently, the [2,3}-sigmatropic rearrangement is faster®’
than selenoxide fragmentation and, in point of fact, the
rearrangement shown by eqn (90) has a halflife at ~ 40° of
less than 60 min®’ while fragmentation of pheny! alkyl
selenoxides (to olefins) does not occur rapidly below 0°.
In the example of eqn (89) above the [2,3] shift is
probably retarded by y-substitution and fragmentation is
facilitated by the resuiting phenyl conjugation.

7

&

84)
80
(o %)
Phse® H20,
EtOH room tomp. | ppcs N
0° . 3
kv, oo 7e%
"Th (85)

H20,

Y= \/of.-'h}v”%
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Qo= Q= g O =
th _ W0 /M @
Hl/" X, OH
’hw
H0, (88)
——————— m
PLIN SN
| Ph o OH
(89)

8.§ Cl

“ o

Ph
*Stersochemistry not specified

i | — ?’)
"‘s'\/’ ,,h/s'/

(C) [2,3)-Sigmatropic rearrangement of selenium ylides

Dnleworkhasbeenreponedonthemcuonsof
selenmm-arbon ylides in an allylic environment. The
sequence® shown by eqn (91) should afford a general
route to dienoic esters but the efficiency needs to be
improved.

b

(90)

N
Ph/\(-"Y —-—»Ph/W+
o

"'W:.

a

86:16

(D) Reaction of allylic selenides with copper ate
complexes

A few allylic selenides have been treated with lithium
dimethyl cuprate [Et,0, 0-20°] with the results®” shown
(eqns 92-94).

& A-HYDROXYALKYL SELENIDES
B-Hydroxyalkyl seclenides promise to be useful in
chemical synthesis and it is appropriate, therefore, to
summarise in one place both their methods of prepara-
tion and their reactions.

\A EtOCOCHN, \Qj I\ on
m‘ )
SePh ‘\{ Se i Et00C SePh
COOEt 36%
o 0
PHCO ;
b - MONNFS o)
SePh
"N et — MmN )
5%
Ph e
\/Yv > slupgish resction with Me,CuLi )
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(A) Preparation of B-hydroxyalkyl selenides

B-Hydroxyalkyl selenides are available from the
following starting materials and all but the last route
have already been dealt with as shown:

(i) Epoxides (see p. 1066).

(ii) Olefins (see p. 1081).

(iii) Selenium-stabilized anions (see p. 1072).

(iv) Selenoxide-stabilized anions (see p. 1081).

(v) a-Keto-selenides.

Selenides carrying an a-carbonyl group can be
reduced® to B-hydroxyalkyl selenides (e.g. eqn 95).
More extensive work''® has shown that LiAIH, [2 equiv.]
in Et;0 [-15° 2br; then 25° 1hr] is the preferred
reagent and that the process is fairly stereoselective.

B-Hydroxyalkyl selenides can also be made'™ from
a-selenoaldehydes by treatment with Grignard reagents
(eqn 96). This process is highly stereoselective™ but it is
not generally applicable 1o a-selenoketones. The
results''® with both processes are shown in Table 31.

D. L. I Cuve

Hydroxyalkyl selenoketals behave as precursors to vinyl
selenides.

(a) Conversion of B-hydroxyalkyl selenides into allylic
alcohols. This process {eqn 97) has already been deait
with in Table 27, entries 9, 17, 18, 19, 57-54°“" and in the
discussion on the regiochemistry of selenoxide frag-
mentation (p. 1104). It is not limited to simple
compounds but is also successful™ for a,8.a'.8'-un
saturated alcohols (R* = CH=CH- in eqn 97).

(b) Concersion of B-hydroxyalkyl seienides into olefins.
Regio- and stereospecific (trans) elimination of the type
represented by eqn (98) can be achieved in acidic or
basic media and the following combination of reagents
and conditions has been found successful: p-toluene
sulphonic acid*™° in refluxing pentane,® excess of
perchloric acid® in ether at room temperature,** excess
of triethylamine in the presence of either trifluoroacetic
anhydride,” or methanesulphonyl chloride,*™ or
thionyl chloride*'''—all at room temperature. The work

SePh SePh
CgH t':u CHO NaBH, CH o 95
— — —-————.» —— —
sHa vy CgHyy CH,0H 99
?d’h SePy OH
Rf
R— CH~= CHO — WX R— CH——C —R' 96)
H
SsR
R’ R oxidise R'S 2 R"
\/'\'/ —idie W on
OH OH
RSe H
R" R=Me or Ph
H /';-\ (98)
R OH Rr R"
o O
~ P,
(‘\
PhSe  OH PhSe 0 CeHyz
— P —Xew Nz 99)
¥
CgHyy CgHyz CaHyy Cghyy CgHyz

(B) Reactions of B-hydroxyalky! selenides
B-Hydroxyalkyl selenides are versatile intermediates

and, as ‘discussed below, they can be converted into

allylic alcohols, olefins, epoxides or bromohydrins. B-

“Reaction conditions: R'MgX [1.16 equiv.] in Et,0 [-110%
2hr, then ~78°, 1br]. See Table 31 for the s i
consequences of the LiAlH, and R*MgX reactions.

“*See Table 24, entries 4 and 6 and Table 25, entries 31-34.

*The molar proportions of the reagents per mole of
hydroxyalkyl selenide are: *1 TsOH-H,0; *4.1 HCIO,; "4 Et;N +
2(CF;C0X%0; S EtyN + 3 MeSO.Cl; *7 EtyN + 2 SOCl,.

done on this important reaction is collected in Table 32.

The generally long reaction times but high yields are
clear from the tabulated data. The reaction works well
for di-, tri- and tetra-substituted olefins and it involves a
trans elimination,®>!*"-'*2

An attempt''' to effect syn elimination (eqn 99)
followed, instead, the usual trans pathway. Reaction of
B-hydroxyalkyl phenyl selenides, in which the phenyl
ring carries an ortho or para nitro group, with Et,P-Cl
gives the same result.®

As entry 7 shows, the present method can be used to
produce olefins that are mot available by other routes.
Vinyl selenides can also be made (entry 21).
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Table 31.
PhSe Yield
PhSe PhSe
LiaH, H OH
1 > + 60%
Coho H CyoHz H
CioH21 CoHig Hyg CyoH
9 CyoHn
84:16
PhSe
PhSe OH PhSe OH
) £t LiAlH, . "
H Pr H
Pr Et H Et Pr
77:23
PhSe
PhSe OH
0 LiAIH, o
3 Hi Ll
H CsHyq
" PhSe
PhSe OH PhSe OH
. CqoHz21 MgX . 50
—_——
cﬁ“13 H C,on, H H
H CgHyz H CeHiz CioHar
19:81
MeSe
MeSe OH MeSe OH
5 o Cq1oH21MgX + 68
CioH21 H ‘\010“21 H H
H CioHx H C1oH21 CroH21
16:85
MsSe
MeSe OH
0 MeMgX o
6 CyoHz > L 76
H CioH2 Me
PhSe PhSe OH
2 (o] C joHzq MgX
’ 24
CioH2
Me
PhSe
PhSe OH PhSe OH
0 PrivigX
8 —— + 80
Et H; 7 ('Pr H ‘> 7/ {"H
H Et H Et Pr
3:97
PhSe PhSe OH PhSe OH
C yoHz MgX:
9 o L—» + 86
CsHy H WCioHyy H H
H CgHyy H CsHyy woH21
PhSe PhSe OH PhSe OH
10 o CgHq3MoX . 75
CgHis H CeHyz H; 7 LH
H CsHyy H CgHyy  Cgtya
PhSe
PhSe OH PhSe OH
1" o +
_—
CoHyg H Me H H o7
H CoHip H CoHyg Me
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Table 32.¢
B-Hydroxyalkyl Selenide Reegent® Time Olefin Yield| Ref
PhSe H
. S1oH2y TsOH 0 C1oHa1 7n|e2
SOCl, 22 70 | 1M
OH
MeSe CioH21 TsOH 18 CioHzy 35 | 62
2 \ < =:/
(CF5C0), 0 15
oM 3C0)k 256 | 62
TsOH 18 66 | 62
? Bu‘ @—m‘
MsC - 98 | 74
HO {b)
PhSe CgH TsOH 8 70
13
4 Cetha
HCIO, ? /=).r 94
c8H~|3 H (C)
(cFsconp0 | 15 | CeMis 65 | 62
TsOH 7 62
MeSe CeHi3
5 >—<° HCIO, 72 Ceths 85
H S~
CgHiz
(CF4C0) 0 16 | CgHqa @ 75
SOCl, 3 88 |11
PhSe C10H21 cs“'ﬂ
6 >_< TsOH 10 65 | 62
(c)
OH Me
62,
MeSe on TsOH 8 h 48 |11
? 9_{"‘ (CF3c0L0 | 1 >-<—_ o =
H Ph
socCl, 2 86 | 11
TsOH 26 30 |1m
PhSe CioHn CioH21
8 H HCIO, 13 >=/ 3 | m
OH
SOCi, 2 80 | 111
TsOH 9 50 111
MeSe CioH21 CioH21
9 H HCIO, 9 >=/ 2 |m
OH
SOCl2 2 80 | 111
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Table £ (Contd).
MeSe Pr Pr
TsOH 17 61 m
10 Pr —
SocC| 2 80 m
CeHia OH ‘2 CeHia Pr
MeSe
1" 9—-%%",, socl, 1 = 83 m
OH CoHyg
MeSe H
s
12 " CsHi7 SOCl, _ /~\ 84 | 1m
CgHyy OH CgHyy CgHyz
PhSe H CsHy
13 A Crhis "SOCI, - — 80 m
CeHp™
Et OH Et C7H1s
MeSe CH=CHPh
1 $OCl, - CgHy3—CH=CH—Ph | 90 m
CeHyy OH (b} |
PhSe Pr TsOH Pr - 62
SeoH
4 OH {CF3C0)20 Pr - 62
MeSe  Pr TsOH Pr - 62
SsH
18 "“H HCIO, /.=/ - 62
Pr . OH {CF3C0)R0 Pr - 62
Phde 3 TsOH - 62
. 3o CgHiq =
17 HY, (CF3C0), 0 Me  CgHyy | -
Me OH .
PhSe  Et Et
18 . MsC) - 70 74
OH Ph
Ph
PhSe Ph
19 MCl _ 7 74
OH

1ms3
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Table 32 (Contd.).
PhSe
20 970—&" MsCl - >=<:>—sut 91 74
HO
(b)
PhSe SePh
21 MsCl - - 81 74
PhSe OH

“The proportions of reagents used are as indicated in footnote bbb on p. 1110. *Stereochemistry not specified.
“Mixture of geometric isomers because hydroxyalkyl selenide is an isomer mixture. “This compound is not

available by other olefin-forming processes.

(c) Concersion of B-hydroxyalkyl selenides into epoxides.
Epoxides can be made efficiently from S8-hydroxyalkyl
selenides by the sequence shown (eqn 100). The reaction
of phenyl selenides (R=Ph in eqn 100) with Mel*™
[Et;0, room temperature, 2 hr] requires the presence of
AgBF,” but methyl selenides (R = Me in eqn 100) are
sufficiently reactive not to require assistance by silver
ion™ and they can be methylated easily [Mel or Me;SO.,
25°, 2-~4hrl.™™ The alkylation of B-hydroxyalkyl
selenides is an efficient process and yields are generally
well above 70%. The resulting species can be depro-
tonated with Bu'OK in DMSO to afford the epoxides
shown in Table 33.4¢

®
RSe RSe
3 — —
OH OH

Some general features are contained in the above
results. B-Hydroxyalkyl phenyl selenides may not be
suitable for making fetra-substituted epoxides (entry
10)™"™ but such hindered epoxides can be made in the
methyl selenide series (entries 18, 19, 21, 26, 29, 30). A
few hydroxyalkyl selenides give olefins in the methyl-
ation stage of this route (entry 24). The reaction works
well for making a,8-unsaturated epoxides.

(d) Conversion of P-hydroxyalkyl selenides into
bromohydrins. This topic is dealt with on p. 1120.

(e) Conversion of B-hydroxyalkyl selenides into vinyl
selenides. The last entry of Table 32 shows that vinyl
selenides are available from 8-hydroxyalkyl selenoketals.

7. GENERATION OF CARBANIONS STABILIZID BY A
HETEROATOM OTHER THAN SELENIUM

The Se-C bond cleavage reaction of eqn (101) consiti-
tutes a route to a variety of qucleophilic carbanions 91.

< Sometimes Me,SO, at 100° can be used® in the absence of a
silver salt.

““In experiments with phenyt selenides (R = Ph in eqn 100)
epoxide formation was run at 20° for 2br.* Similar conditions
are used with methylselenides.™™

0 0
x—cl:—s.ph—> x—t':e+ PhSeBu  (101)

R' RI

21
Some of these are not accessible in a synthetically useful
yield by deprotonation of the corresponding hydrides 92.
Thus, although PhSCH; can be converted into PASCH,,
species of the type PASCHRR' in which R or R’ (or both)
are alkyl groups cannot be deprotonated effectively.”"'*>
However, the Se-C bond cleavage reaction makes such

O d
R—Se

Me
— >¢74 (100)
(o]
[o]
)

carbanions readily available”"'"* (e.g. eqn 102) and a
number of examples of the pre?uauo' n and use of
PhSCHRR' have been published.”'"

Some complications to the general process of eqn (101)
should be noted. Attempts to make the carbanion 93
from the ecther-selenide 94 by reaction with BuLi
failed'"? as did similar experiments* with the substrates
98 and 96.

The silyl selenides 97-99 could be converted into
carbanions [BuLi, THF, 0°, 1h] which react with al-
dehydes and ketones to give ﬂ-hydroxynlk‘y‘l silanes.
Unfortunately, the yields were less than .

& FORMATION OF EPOXIDES FROM SELENONIUM YUIDES '

A few selenonium ylides have been generated'' (in
situ) and have been found to convert non-enolizable
aldehydes and ketones into epoxides. The precursors of
the ylides, compounds 100-183, are made by the action of
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Table 33.*

-

10

1

12

OH
PhSe Ph
{c}
OH
PhSe Ph

OH
PhSe CgHys
Et OH
PhSe Pr
Pr OH
PhSe Ph
OH
MeSe Ph
OH
MeSe Ph

{e}

\ 2

{c)

Mel

\

Y

Y

(e}

Y

CeHyy

Yield

57

87

s
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ek B Y colW
= O
OH

"“
HO

MeSs Ph
16 }—gl’h

OH (e)

MeSe
A
Q
CgHyz OH CeHyy

o
MaSe Ph
18 9—-6:“

|

(c}

|

|
3 A D

|

|
% f; 55 ;% X

—
OM
MeSe
o A
HO (b {b)
MeSe Ph

X
|

OH

21

a%‘
|

Cethis CeHys

b4
|
<

H {c} (e}
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Table 33 (Contd.).
23 93 76
24 20 76
26 75 ;)
26 89 79
27 94 )
28 98 79
29 76 79
30 26 79
n 40 79
CeHis OH (e (o)
MeSe :
32 —_— —— 50 »
%_.<_/_ \
OH

‘ -

-vmmmmmumfum.ﬁmummmmmum”on
hydroxyalky] selenides. * Steroochemistry ot given. “Mixture of sterecisomers. “Yield from ketose used to
the S-hydroxyalky! seicnide. ‘Probably an isomer mixture.

Es
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Me
| ; e
Buli
PhS — (l: ~—SePh HF PhSCMe, _> (102)
Me -78°, 1h
51% Ref. 113
95% Ref. 77
Me H
e [ |
MeOCH, MeOCH,SePh MeSe — (I:—s.Et;, PhSe — cl: —SiEt,
Me CeHia
93 84 85 26
~ ~ P nd P4
H
©
Me3si—<':--soMo — > Me;Si—CHCgHy3
Cgths
‘9.'7
H
©
EtgSi—C—SsMs ————>  Et;Si—CHCgH,3
CeHis
98
H
| ©
Et;Si —<I:—s.M. —————  Et;Si—CH—CH,
Me
99
r 4
®© o ® o ® o ® ©
Mo SeMe | Ph,SeMe BF, Ph,SeCH,Me BF, Ph,SeCHMe, BF,
100 101 102 193

an alkyl halide on the selenide. In the case of diphenyl

selenide a stoichiometric- amount of a silver salt is-

needed on account of the poor nucleophilicity of
selenium in this compound. Addition of Bu'OK to a
DMSO solution of one of these selenonium salts in the
presence of a non-enolizable aldehyde or ketone leads to
an epoxide. Table 34 summarizes the published work.'"*

The intermediate in each of these reactions is of the
type 184 and such species can also be generated from
B-hydroxyalkyl selenides (see p. 1114).

~N

9. TRANSFER OF ALKYL AND ARYL GROUPS FROM
SELENONIUM SALTS AND SELENIDES .

(A) Via selenonium salts

react with aromatic and aliphatic aldehydes and ketones
[—78°, 2 hr; then 20°, 1 hr] so as to transfer an alkyl group to
the carbonyl component (¢.g. eqn 103). .

Monoaryl- or diarylselenonium salts, such as 161
behave in the same way but in these cases the phenyl
group is transferred preferentially. Yields of alcohols
from the few selenonium salts examined are generally
modest.

In the example cited (cqn 103) butyl transfer is
evidently a significant pathway; the proportion of butyl-
ation products is even greater with a,8-unsaturated sub-
strates.” These react both by 1,2- and 1,4-addition.

(B) Via monoselenides™
Treatment of the scienides 106-111 with BuLi [THF,
0°, 0.25 hr; then 20°, 0.5 hr] generates anionic species (e.g.
112) which transfer alkyl groups to ketones and alde-
hydes [THF, room temperature, 2hr]. Typical exam-
. ples™ are shown by eqns (104) and (105), and it can be
seen that if the anion carries only alkyl groups then

Treatment of selenonium salts with BuLi in THF productsammgfrommmoonofeachofthesewill

[—78°, 10 min] generates sclenanes, such as 148, which

result. Phenyl migrates in preference to alkyl, benzyl, or
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Table 34.
ArCHO (a) N 54.90%
Ar" o
® t Ph,C=0 Ph
MaSe By OK 2 > W7 90%
DMSO \
PhCH=CHCOR (b) R >§7 R=H 71%
PhCH=CH g R=Ph 50%
® Bu' OK, DMSO
Ph,SeCH; s > N7 90%
PhCHO m’ o
@ ButOK, DMSO {b)
Ph,SeCH,CH > JAWA Y 69%
2 20H3 PhCHO WA AW

“A few simply substituted benzaldehydes were studied. * Sttreochemistry not given.

Me OH OH
® o Bu | PhCHO I |
MegSe | ———Pp Mo_slc-—Bu -—-—»Ph—(l:-—Mo + Ph—(l:——H (103)
Me H Bu
1‘2’6 54% 16%
¥
MaSeMe PhSeMe PhSePh PhSeCH,Ph PhCH,SeMe PhSeCH;—CH=CH, Me — Soe Li®
108 107 108 108 110 11 l :
~ ~ — ~ ~ ~ Bu
112
Bu OH
| CgH13CHO |
PhSeMe ——————— Phédh P CgHyg —CH 68% (104)
Lu® L.
Bu OH OH
| PhCHO | |
M‘SoMo——}M.SéOM. -———)Ph—TH + Ph—(|2H (105)
Li@ Me Bu
32% 4%
allyl and migratory aptitude of a benzyl group appears to  selenides into hydrocarbons or halides, and of selenox-
be greater than that of a methyl. ides into halides.

1. SIMPLE TRANSPORMATIONS OF SELENIDES AND smiEnNoxDEs: (A) Hydrogenolysis of selenides
FORMATION OF HYDROCARBONS AND ALKYL HALIDES Situations can conceivably arise in which selenium has
The use of sclenium-containing synthons for making served its purpose and has to be rémoved from an
carbon frameworks places some importance on the abil- organic molecule by a process other than selenoxide
ity to transform the sclenides into a wide range of fragmentation. Raney nickel in refluxing xylene*** or in
compounds. This section deals with the conversion of refinxing ethanol {24 hrI™ can be used for this process



1120 D. L. J. Cuve
Table 35.
Yield Ref.
Raney Nickel "
1 N\m = /Y "
OH OH
Li/EtNH,
2 Cy3Hz;CHDSeMe Cy3HzCH,D | 78%
Li/EtNH
3 (CqygHzq)2CHSePh : 2__ {CioH21)2CH, | 80 82
SeMe LI/EtNH, H
4 —— 77 82
Hy3 CeHiy
Raney Nickel
B {CyoH21)2C (SoMel, Exon (CroHmlachy | 21 B
—_—
0 2 or 10021 12CH, Ni 8o | 82
Li/EtNH,

but an alternative exists in which the selenide is treated
with an excess of lithium in EtNH, at —15° [1.25 br)."
Yields are usq&llz better than 70%. The following are
typical results (Table 35).

(B) Conversion of selenides into halides
The preparation of halides from selenides has-been
known'" for many years (e.g. eqn 106) but the method

Br

Br, | Hoat
PhSeEt ——2- Ph?oEt ——>PhSeBr + EtBr

Br (106)

has recently®" been refined into three experimental pro-
cedures.

(i) The selenide is treated with 1 mole equiv. of Br; in
aqueous EtOH at room temperature for up to 48 hr or for
1 hr at 80°.

(ii) The reaction can be conducted at room tempera-

*Specific experimental detsils have not been reported.

tore in the same solvent mixture by using 2 mole equiv.
of NBS.

(iii) This method calls for adding a CH,Cl, solution of
the selenide to a suspension, in the same solvent, of an
excess of Et;N [20 mmole per mole of selenide] and Br,
(2 mole equiv.]). A reaction period of up to 3 hr at room
temperature is sufficient.*’

These procedures are applicable®’ to secondary and
tertiary methyl or phenyl selenides (MeSeR; PhSeR) as
shown by the following typical examples (Tables 36).

It appears that high yields of primary bromides are not
obtained by any of these techniques but primary iodides
can be made® by the modified scheme*™” summarized by
eqn (107).

This method also has its limitations; it appears to be
ineffective for preparing secondary or tertiary iodides.

Finally, the g-hydroxyalkyl selenides 113 have been
converted®’ into bromohydrins as shown by methods (i)
and (ii):

(C) Conversion of selenoxides into halides
A selenoxide, generated by ozonolysis in CH.Cl. at
—78° can be converted''® efficiently into a secondary or

Table 36.
Method Yield Ref.
fv"w ‘lioﬂw
1 Ml—(l:—m—b M.—(I:—Bf Bry 70% 81
M A NBS 60
EtyN/Br, | 84
CoHyg To"w
|
2 Me — C — SoMe ————» Me—— C —Br Bry 50% 81
,I, - J, NBS 2
EtyN/Br,| 76
SeMe Br
3 — Et3N/Bry 8% 81
. Cgtys . ‘COH‘IS




Modemn organoseleniom chemistry

Mei | Nal
c”'ﬁgc"zsla ‘W CoHiygHCH,SeR —W CgHygCHal
®

RSe Pr Br Pr
X o >
Pr OH Pr OH

113*
*Stereochemistry not specified.

tertiary (but not primary) alkyl bromide by passing an
excess of HBr into the cold solution and then adding -
Et;N (2mole per mole selenide).” The mixture is al-
lowed to attain, and is kept at, room temperature before
isolation of the product (c.g. eqn 108). The reaction
works better for the formation of alkyl bromides than of
alkyl chlorides, and pheny! selenides give superior yields
to methy! selenides. Mechanistically the following pro-
cesses are probably involved (eqns 109 and 110). -

H21

Me
(167

19 R=Ph 80%

R=Me  65%

R Method Time Yield

Ph Bra th 72%

Ph NBS 28 70

M‘ Bl‘z 1.5 40

11. NEW USES FOR ELEMENTAL SELENIUM
(A) Synthesis of selones (selenoketones)

A few non-enolizable ketones such as di-1-butyl ketone
and fenchone, have been converted into selones’'”''* by
the sequence™ shown (eqn 111) and the selones have
served as precursors to hindered olefins (eqn 112).

(B) Catalytic uses of selenium™™*
A number of new uses, frequently of a catalytic

CoHyg o CoHyg
| V] HBr { R=Ms, 18 h, 77%
Me — C —Se Me — C ~—Br (108)
! \gp EuN I R=Ph, 2.5 h, 4%
H H
[9) H
il HX I H® ®
R—Sp —Ph > R—--s'.——l‘h —-— R--slo--Ph + Hy0 (109)
X X

{110)

i

But

) e
But

#The reaction mixture must remain acidic but, except for
benzyl seienoxides, Et;N is required for a good yield.

“*Reaction of Bu,'C=N*«N" and of Bu,'C=PPh,, potential
ﬂwrmdmducuofll“”wuhwbnmwouldshedluhtontbe
mechanism,

M4(i) A few of the processes discuased bere are not catalytic in
whnmmbmaﬂﬁemmﬂu&cmmmychaly
mhwd(mmaﬂempbckydmdthemm

thzablumonlynpmamduemplu
. lftoomucloxumeduthsm&uwwm
formation stops.

N-N*PNWN):& 4130
KK

nature, have been discovered recently for selenium. The
reactions are for the synthesis of carbonyl compounds,
X-CO-Y where X and Y are heteroatoms.

(a) Formation of ureas. f CO is passed through a

-THF solution of BuNH; at 20° containing a catalytic

amonntotuupendedSethenthemeh!dmolveswnhm
a few minutes. If a controlled amount” of O, is now
admixed with the CO and passage of the gas stream is
continued for several hours all of the amine is converted
into (BuNH),CO.'™ At this stage selenium metal can be
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precipitated by passing in pure O, and isolation of the
urea in almost quantitative yield is then straightforward.
The following are typical results (Table 37).'*-'*'

These reactions probably involve COSe, formed from
Se and CO in the presence of a base. Reaction with the
amine produces a salt, 118, which sometimes can be
isolated'™'> and oxidation then affords the urea (118
116)'2 (eqn 113). The pathway from 115 to 116 is not yet
clear. It may involve formation of a diselenide'® or
attack of amine on the salt and, in fact, it is possible to
obtain an unsymmetrical urea by treating the inter-
mediate salt 115 with a second amine'*'** followed by
oxidation. (Production of the urea is not then catalytic in
Se.) In the case of anilines a modification is needed'® in
that a stoicheiometric amount of Et,N must be added to
the reaction mixture. Although absolute yields are now
generally less than 50%, on the basis of the aniline
consumed, yields are quantitative.

® Il oo
2RNH, + O=C=Se —> RNH3RNH a2, (RNH},CO + H,0 + Se

1186

(b) Conversion of alcohols into carbonates. A proce-
dure similar to that just described in Section (a) serves
to convert alcohols into symmetrical carbonates. For
example,'*'*® CO was passed into THF containing

Cuve

stream of CO containing a controlled amount of O, is
passed in for several hours. Dissolved Se is finally pre-
cipitated as before.

THF is the preferred solvent except that DMF is

. better for converting diols into cyclic carbonates.'*

The mechanism involves'* formation of the salt 117
probably by rapid'* reaction of COSe formed in situ
(eqns 114 and 115). When the reaction is not done in the
catalytic manner, i.e. when no O is used, the salt prob-
ably suffers rapid alcoholysis (117-»118). In the catalytic
process (i.e. O, being used) the NaSeH could be oxidised
to Se, the metal being recycled.'® Alternatively,'™* the
salt may be oxidised to ROCO-Se-Se-COOR which
could give inter alia (RO).C=O and Se (to be recycled).
(c) Formation of heterocycles. A number of carbonyl-
ations of the following type (eqn 116) have also been
performed and the mechanism can be understood on the
basis of the intervention of COSe (eqn 117).

(113)
e

RO O

—> O=C=Se (114)

Se + CO

EtOH, EtONa and Se in the molar ratio of 5:5:1 and, o (")
after 2hr at room temperature, O, was used to pre- e—a®
cipitate dissolved Se. (EtO),CO was obtained in 929 1O * O0°C=Se — > RO—C—%
yield (based on reacted Se). Methyl-, propyl- and butyl- 117
carbonates were likewise obtained in near quantitative ~
yields. The yield of benzyl carbonate was 76% but with
secondary and tertiary alcohols yields are less than 20%. ROH o
Phenols do not react. The process can be conducted in a ~—> (RO);CO + HSe (113)
fashion'* that is catalytic in Se. The details follow those 18
just described except that after initial passage of CO a ~
Table 37.
Amine Conditions Urea Yield
CO |Temp. Se
1 BuNH; . [1atm 20° |5 mole %| (BuNH),CO 100%
2 CgHy3NH, |1 2 |5 {CgH 13NH),CO
3 CgHyyNH, |1 2 |5 {CgH47NH), CO 95 to 99
4 CgHyyNH, |1 20 |6 {CgH 1yNH)L, CO
§ PhCH,NH, |1 2 |s (PhCHNH,LCO | - 74
H
——NH, |1 20 |5 E:>=° 14
(1
L—nNH, |60 | 60 |50® N 88
? NH |1 20 |6 (< N)—CO 28
) C 2
NH, H '
8 < ' 50 40 | 50° < N>=O 96
_ NH2 H

*It is not absolutely clear whether this should be 50 or 5!
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X
Baw
+ €0 + Se——pp (o]
02
Y

XH

( YH
( XH
YH

XH o
+ O=C=Se -—->C Se —»C
T Y ’éo Y

H23

Se«

Typically,'” the reaction is run in THF for several
hours at a fixed temperature in the range 25 to 60°. The
starting material is treated with a catalytic amount of Se
and 2 mixture of CO and O, under a pressure of 3
atmospheres, If the starting material contains no amino-
group then Et;N is needed as a co-catalyst. Results of

the following type can be obtained by this, or by a
similar'*® procedure (Table 38).

Heterocycles can also be made by a stoicheiometric
synthesis (Table 39) in which an amino-alcohol or amino-
thiol is treated with CO in the presence of an equimolar
amount of Se and an excess of Et;N.'” The reaction

Table 38.
Yield | Ref.
SH o s
1 E 10n.25" [ >= o 20% | 127
SH ) .
SH s
HO o HO
2 /\[ 0h 28" /t >= 0 8 | 127
SH s
NH H
2 s N
3 E h.80° E >=o 95 127,128
OH 0
Smem§
[ (a)
20 v
a4 /[/ \k h.60° E >= o 80 127
HO oH 0
OH 0,
8h
5 \E > \E >:= o 98 128
NH, room tsmp. N
H
OH o
[ h > >= o 90 128
NH, room temp. z .
OH o)
6h
7 E > [ *: o] 20 128, 123*
N'H TOom tamp, ?
Me Me -
OH
8h o
8 @ -> Q:f o 84 128
room temp.
NH, N
SH
6h
- QO = 00 |« | =
NH, u

“The thiol, HOCH,CH,SH, is produced but it is converted into the beterocycie.

TETRA Vol. 34, No. $-F
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Table 39.'2
Yield
OH (0]
v C - (D=0 |
NH
2 H
OH (o)
2 < { — < >=0 86
NH2 N
H
OH 0
3 (a) - )=o 68
NH2 N
H
SH S
4 E - EN o] 77
NH2, >=
H
SH S
6 < > < >=O 76
NH2 N
H
SH
NH2 : H

“At high concentration of the amino alcohol, ureas are formed.'” Ureas are the major
product when the catalytic procedure is used.'”

proceeds at room temperature in DMF and when it is
over oxygen is used to precipitate the Se.

(d) Formation of formanilides. Treatment of various
substituted anilines with a small amount of Et;N-H,Se in
the presence of CO under pressure gives the cor-
responding anilide (eqn 118). This reaction'® is run at
100° for 45 hr.

ArNHz +CO + Et3N‘ HySe———> ArNHCHO  (118)

(¢) Conversion of formates into carbonates. Simple
alkyl formates, ROCHO (R = Me, Et, Pr', Bu) are con-
verted into carbonates. ROCOOR' (R’ selected from Me,
Et, Pr', Bu) by treatment in THF with an equivalent of
an alkoxide (R'ONa) and Se. In this noncatalytic process
the yield of carbonate (based on Se consumed) is
generally greater than 80%.'*°

If a catalytic reaction is to be performed—as opposed
to a stoicheiometric process—then O, is added at a

conn'ollle“(’lmeafmthemmalclmgeofSehasdls-
solv

Equauon (119) summarises a possible"' mechanism.

(f) Conversion of formamides into carbamates. In a
process analogous to that of Section (e), formamides are
converted into carbamates'' (eqn 120), but yields are
less than 36% (based on Se consumed):

(g) Formation of carbamates and thiolcarbamates.
Treatment of amines with CO under pressure in the
presence of Se (a catalytic amount) and a disulphide
produces’* thlolearbamatcs, usually in high yield (eqn
121).

A variety of simple aromatic and aliphatic amines have
been used together with both alkyl and aryl sym di-
sulphides (Table 40). In the case of anilines, Et;N is
needed as a co-catalyst.

A number of simple primary amines have been con-
verted into carbamates by treatment with CO in the
presence of an equimolar amount of Se and an excess of
both Et;N and an alcohol (eqn 122). This is not a true

0 0® o
" () " © R'OH " (2]
ROCH + s.-s.,—»no—tlzzu —»RO—C—-Se ——>»ROCOR’ + HSe (119)
Se
"/
Se,

Tl
MeoNCH +Se  +

il
———— +
RONa > We2NCOR  + NaSeH

THF (120)

20h
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9 0
RNH, + Se —»Mc'? RNH—C —So LU S SR RNH— C — SR’ 121
o 0
THF O oy no
RNH, + Se = RNH—C —S¢ —————> RNH—C —OR’ + HSe (122)
Table 40.
" Reaction .
Thiolcarbonate Yield Temp. Hait-Time
1 PrINHCOSPh 86% 20° | very fast
2 But NHCOSPHh 84 20 very fast
3 CgHy1 NHCOSPh 87 20 very fast
4 BuNHCOSMe 73 -5" 3h
6 PriNHCOSMe 77 | -8* 3
6 p—Me—CgHg ~-NHCOSPr! 92 60 05
7 o—Me—CgHq —NHCOSPYH 92 60 35
8 PhNHCOSBY' 87 60 1
9 PhNHCOSBUS 60 25
10 PhNHCOSBU! (] 60 -
11 PANHCOSPh 50 60 1.2
12 p—Cl—CgHq —NHCOSBu! 80 60 15
13 p—NO2—CgHe—NHCOSBU' | 0 60 -

’ “Run at 20°, the reaction affords ureas.

catalytic process. Evidently, the intermediate salt
undergoes alcoholysis, and at the end of the reaction O,
is used to precipitate Se. Yields are in the range of
16-90%.

12. THE MECHANISM OF SELENIUM DSOXIDE OXIDATION

Selenium dioxide has long been employed for certain
types of oxidation'* but its use has been without
mechanistic understanding. The mode of action of this
reagent has now been clarified to a substantial degree.

(A) Allylic oxidation
Many of the results of allylic oxidation by SeO, can be

understood in terms of an ene reaction followed by a
[2,3)-sigmatropic rearrangement and hydrolysis of a
Se(IT) ester (eqn 123). Strong evidence in support of the
intermediate 119 and of the [2,3]) shift has been
acquird.s.l)‘.lﬂ

(B) Oxidation of ketones and aldehydes

Bvidence is now available'™ to support the following
pathway (eqn 124) but some minor details remain to be
clarified. Steps a and b could each occur by two routes
(eqns 125 and 126) and no decision between them can yet
be made.

H ©
(0] N/ ene cI)’ | — ?/\ . Cl’ HO 2
——
S Y /slo Qs d s ¥ / (
7 \ e
N X x x
119

X, Y = OH, OAc, or OR

R o RO
J=*
R R &/OH
H o

- Rw=aklylor H

(124)
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X

N\

H,0

Y

v
AN ;

1. AZA ANALOGUES OF SELENIUM DIOXIDE
Several reagents'> represented by structure 120, have
been found to react with olefins (and acetylenes) to effect
allylic (or propargylic) amination (e.g. eqn 127).

~ N—R

RN 2

Se
R=Bu'—; ArSO,—

120
AN

Reagent 120 (R =4-Me-CcH,SO,, for example) is
easily made by letting selenium metal react with an-
hydrous Chloramine-T at room temperature over 24 hr. It
reacts with an excess? of the olefinic substrate and the
process is the first case of direct allylic amination of
olefins. [The corresponding sulphur compound'*® may be

¥ An excess is needed to avoid polyamination. Mogé than one
of the sulphonamide units of the reagent is formally available.
Molar ratios of reagent to olefin of 0,63 and 0.83 generally result
in better yields.

5% Occasionally, allylic amination is the main process.'”

Ts

NHTs
N !
L £
N
I) \\U:T’ NTs
——
ke -
Ts= TOSYL
TsNH,

s

D. L. J. Cuve

RGH

/OH

R [o]
.Y
”~

R Se

1}

[o]

<M a3 l

shift

R0

\I

R 0

R¢ O RO

\:[_ \I

R ~Se R o
o

superior in this regard.] The reagent also reacts with
1,3-dienes, the ucts usually*** being vicinal cis di-
sulphonamides,'” e.g. eqn (128). For this type of process
the reagent is generated (from Se and Chloramine-T) in
the presence of 4-MeCH.SO.NH2, whose role in the
subsequent amination is shown below.

o (125)

(126)

. FORMATION OF 1,23-SELENADIAZOLES AND THEIR
FRAGMENTATION INTO ACETYLENES

A new application of SeO, has been found in its use to
convert'*>'* semicarbazones into 1,2,3-selenadiazoles, a
heterocyclic system which affords'**'* acetylenes on
heating, as shown by eqn (129).'¢'

The general procedure involves oxidising the semicar-
bazone with SeO,, usually in warm glacial AcOH'-'*
or ip dioxane’'*“'® and mixing the resulti
selenadiazole with sand'#'-'** or glass powder.'**"
Pyrolysis at an appropmte temperature within the range
160-220° (sometimes'**'?-'® yunder reduced pressure)
then affords the acetylene. Table 41 shows (ypical
examples. Yields of selenadiazoles are variable and for
aldehydes are generally poor. In compounds with the

NHTs
S
— i
NHTs NHTs NHTs
Ts—N TsHN
s —
T:I!IH ar

(128)
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Ph ___N-NHCONH, Ph N
\|/ :g: \[\/\N —Hem L mC=CH + N, + Se (129)
Heat Se
part structure, -CH,COCH-, ring closure discriminates  produced,'*'*-'“7-'®'°  ¢ometimes in substantial

in favour of the carbon bearing the more acidic
hydrogens.

The pyrolysis stage works extremely well with many
simple compounds; in those cases where it is not efficient
1,4-diselenines andfor selenophenes are usually

amounts.'® In certain cases the selenophenes arise by
reaction between the initial pyrolysis products—Se and
the acetylene'**'*'—but in other cases the precursor is
the corresponding 1,4-diselenine.'®

MThe corresponding reaction in the oxygen series does not
appear to take place: the ethyl ester of benzeneseleninic acid is a
distillable. low-melting solid.>*® Benzylamine. with two
equivalents of [PhSe(0)],0 or of PhSe(O)Cl affords benzonitrile.

1S. OXIDATION OF AMINES
Conversion of amines by means of selenoxide frag-
mentation into imines and thence, by hydrolysis, into
carbonyl compounds (eqn 130) is a process that occurs™

Table 41.
AI’ N R.f.
1 ArCOCHg o, \[\ —Het o AcCsCH 141
(a) 60 to 85% (c.d)
50 to 73% (c)
Se0 N
2 PrCHO _ /E:;N L» PrC=CH 142
AcOH Pr 160 > 80% (o)
28%
SeO Ny .
3 EtOOC—CHaCHO —————P || N —and . ewo0c—c cH 142
AcOH o 160 > 80% {e)
Et00C
80%
o Bt _n
A e L ’)f:" w2
AcOH : /
So
72:28 (f)
9 N Ph N
Ph Ph N\ W\
5 \/U\ /\[ \ + I /N w2
s.’ Se
33:67 (f)
o) N
NJJ\ Se s SN
8 Ph Ph 502 = =( 209 pnc=co(CH,),C=CPh| 143
AcOH 180 - HylyC=
o 60%
N=
SeO =N
(CH,),COOR 2 o \ . sand -
7 Ph/ﬁ\/ n acon > PhT_Se. —> 180° PhC == C(CH,), COOR | 143
93 to 99%
R=H,n=3567 (CH,), COOR
R=Et,n=5 51 to 62%
CH
Sespy d
1]
Se0, N sand
e
8 “Acon > 180° 145
reduced
R f r R=H 34%
R=H 12% R=Ac 17%
R=Ac 47%
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Table 41 (Contd.).
N
SeO
2 I \\N s-u: 6% 144
’ 180
80%
9 I
81% dass 49% 146,147
aq. Dloxlm 170 to 220°
reduced pressure
Se0, Ny sand
10 — N 144
AcOH Se’ 180° I"
78% 290%
Se0 Ny boili
" 2 | W ol | 147
aq. Dioxane ’ l:
686% 6% as adduct
ass powder
12 ’ 149
q. D-oxam 150 to 190°
reduced pressure

“A variety of simple wetophenonu was used. *Oxidation of semicarbazone generally done in warm AcOH.
“Yield depends on particular case. “If Ar=4-F~C,H¢ yicld is 11%. ‘Precise yield not given. /These are relative

yields.

—(%—NH: _— j

H
121
A

in high yield."*'** The method appears to be limited,
however, to production of non-enolizable ketones (e.g.
adamantanone, fluorenone). The intermediate 121 is
generated by treating the amine with [PhSe(0)LO in
CH:Cl; at room temperature and it collapses spon-
taneously.""""‘ It is not clear whether hydrolysis of the
imine occurs during work-up or in situ. (Water is formed
by disproportionation of PhSe-OH.) In a modified pro-
cedure,'*? which does not seem to offer special ad-
vantages, the primary amine is treated with a CH,Cl,
solution of PhSe(0)Cl [1 equiv.).

The overall conversion of amine to ketone is a slow
process,'* but the rate-determining step has not been
identified.

""" The fragmentation of 121 may be simply a 1.2-elimination.

(‘v |

s. Phe——p —C==NH + PhSe—OH . (130)

16. ORTHO-HYDROXYLATION OF PHENOLS

The principle of using a valence contraction of
selenium (123 - 124) to effect ortho-hydroxylation of a
phenol has been demonstrated'® by examples that have
relevance 1o tetracycline chemistry (eqn 131).'*° The
phenol 122 (R=0Me or NH;) was converted into its
monosodium salt and treated with [PhSe(O)hO
Compounds 128 (R=0Me or NH,) were isolated in
yields of 75 and 68% respectively.

17. 1,2 SHIFTS IN SELENOXIDES
A number of processes, formally involving a 1,2 shift
of an alkyl carbon from selenium to oxygen in selenox-
ides are known™** and synthetic possibilities have been
demonstrated by the case (eqn (132); Ar = simple substi-
tuted benzene nucleus) in which an aryl benzyl selenox-
ide is converted into an aldehyde.* This transformation
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oH OH
—_— —
COR
0 4 3 COR
OH \s-;jo

129

OH OH
—
COR H COR

Ome-

o 1 0
_ HO
PhSe
122 123 124 126 (131)
7~ ~ ~~ 7~

[¢]
"

ArCH,SePh ———» ArCHO + PhSe—SePh  (132)
is brought about by brief (2-3 min) heating to 110-130°.
The mechanism is being investigated.*

18. FLUORINATION WITH SELENIUM TETRAFLUOKIDE
AND ITS PYRIDINE SALY

Selenium tetrafluoride which, if pure, can be used in
ordinary glass apparatus, converts ketones'”**'” and al-
dehydes'”’ into gem difluorides (eqns 133 and 134). In
the simple examples examined the reagent was some-
times used in excess and vields are between 65 and
100%. Reaction times ranged from 0.25hr at — 20° for
cyclohexanecarboxaldehyde to 15 hr at 20° for adaman-
tanone.

RyC=0 ———— R,CF, (R = alkyl or aryl) (133)

RCHO ———> RCHF, (R = alkyl or aryl) (134

SeF, also converts carboxylic acids and their anhy-
drides into acyl fluorides. The reaction occurs at room
temperature and has given simple products in yields that
are generally better than 85%. Alcohols are likewise
converted into alkyl fluorides. Usually the yield is greater
than 50% and the range of compounds for which the
reaction is successful includes primary, secondary,
tertiary, allylic and benzylic alcohols.

ing acids and alcohols and it is preferable to mix pyridine
[1 equiv.] with SeF, before adding the substrate.

19. PREPARATION OF VINYL SELENIDES

The chemistry of vinyl selenides'™ has not yet been
examined in detail. As described on p. 1114 they can be
made from B-hydroxyalkyl selenoketals. The following
modern information is also available:

(a) The borate salt 126 reacts'” with PhSeCl in a
stereospecific fashion (eqn 135). The migrating alkyl
group and the entering electrophile are frans and pro-
tonolysis affords the (E)-vinyl selenide. In the sulphur
series (use of PhSCI) a mixture of (Z) and (E) isomers
is obtained.

() Viny! selenides are available'*® by Wittig reactions
{eqns 136 and 137) and, in the case of the phosphonate
reagents {(eqn 137) there is high stereoselectivity in
favour of the (E) product.

(c) Vinyl selenides can be hydrolised (HgCl., aq
MeCN; 24 hr, 50°) to carbonyl compounds. '**®

2. SELENOXIDES AS OXIDESING AGENTS

Selenoxides have mild oxidising properties. A few acyl
hydrazides have been converted efficiently into sym
diacyl hydrazines by diphenyl selenoxide. The general
procedure'®’ involves mildly acidic conditions (AcOH as
cosolvent) at 60-70° for 1-2 hr.

Catechols can, similarly, be converted into o-
quinones.'**

A number of simple aliphatic and benzylic sulphides

Hydrogen fluoride is produced in the reactions involv- have been oxidised" to the corresponding sulphoxides
’ H SePh
) phsect E2B PP @
Et;B—C=C-Bu _— (135)
(] Et Bu Et 8u
Li
128
;! R
PhyP= c\ + RCHO —————» R'CH=C (136)
 sePh SePh
R =H, Ms R’ = alkyl; aryl 63.99%
*Corresponding Wittig reactions with ketones sometimes follow an anomolous pathway.'**
ﬁ R’ H
PhSe-CH-P(OEt); + R'CHO ——— ey \/:< (137)
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by dibenzyl selenoxide in AcOH at room temp. (2 hr). An
acid medium is essential for these oxidations. Diphenyl
selenoxide is less reactive than the dibenzyl analogue.
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