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(A) vkseknoniumsnlts 
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(A) Hydrogeeolysis of schidca 
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Il. Newasesfore~talsekiiun 
(A) syntluia of ardolE8 (sekaoketoaes) 
(B) Caralytic ases of nekniam 

(a) Formation of areas 
(b) conversion of akohols iato urbolrpter 
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(d) Fommtion of fonuaaiWs 
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12. ‘I& mectmakm of sckaiam dioxide oxidation 
(A) Allylie oxidation 
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13. J&a iMio6aes of seknium dioxide 
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AUylic hydroxyktioa by sekniwn dioxide and tbc uac of 
elemental scknium for pylon and isomcrisa- 
tion of oleflns have been known for many Yeers.$ 
BegMing in 1973 several new roagen& in which 
&?llium i!i attached to an organic @uctWe, have been 
introduWd for SYnthcsk, but before thiIl dote the formal 
use of sckaiumcootaining species a8 rca@ot8-othW 
tbaa the ekment and its dioxide-was sporadic and not 
properly appnciated. However, in the lpst four years the 
new reagents have been accepted avidly bY SYathctk 
cbemistsand?hisRcportiaananalYaisoftbcroknow 
played by seknhun and its compouoda ia organic chcm- 
istrY.” 

‘Ibc aMract& iiteramre fma~ Jaa. I%7 to Dct. 1976 (CJW. 
ADS& %(14), 1976) was ex&amL Very tln=oa& co- of 

.eutiernzcudlisallWiy&vaMe.’ 
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Tbe&stmodcrnworkinwbichasekniom-containing 
s&tat~~ wax intro&& explicitflttp as 8 garcnJ reagent 
~r~~a~~~~~~~~~~a~ 
cony&cd into ok&i by treatnmnt with tripheayl- 
pllo&M e&aide io the plescncc of an acid’ (eqa 1). 

short&&wud8tiKce&roups~~,ill- 
_Y, that saemxipe ftW!meaM W 
&mmatmn proccsa am by eq~~ (2HoWitutes 
a~~~~f~~~~~a~a 
carbon s&la&Id system. Mctho&s were found for 
attacl& the pbenylsekIlo-group (phsc-) to organic 
mokcnlc# 80 that the gentle and emcient fmgmmWon 
0ft&dWivedWlmloxidecWldbcWcdtomakecarbo~ 
carbon doable bonda. Tbc procedures have been 
dcvclopod to a bigb kvel of refInemeat and they now 

method for ilWduc& 

+ Ba 



H 
-A 

R R 

bmu 
RNHz + CO + !h - RNHCONHR 

baa 
RoH+ co + 80. - RocoOR 

(91 

(10) 
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TsN - sI= NTs - (12) 

H ITS - TOSYLI NHTs 

R\ SO.. n 
N - NHCON!$ d 

n 
N - RCH2-CSC--R (19 

T& o&mrafioll~ tlmt cpoxidcs arc convertible into 

qid&idc8 (cqo 14) by treatment with a pbosphine 
stdpl&inthepnxenceofacidsuggestu!thatasimikr 
reactiollmightoccurinthcaekniumscrka;alttmx@oa 
epiKkni&waanotexpcctodtokthennalrcactA 
prodWPreviollsattemptatomakeepi&aidoshad, 
hMtead,alI0rdcdtbeduivcd0ktIn.‘ThegcWatiDnof 
C&hlidCSillthe~psaSe~theircdlspseiOtO 

Okfh had, bl.BWM?, been Ob!XNed S~ipnfO 

andsotkepropo&?dreacJion(eqo15IwouMcQM4mtc 
method for deoxygellat& epoxides: *lumpbioea 
seknides have been known for many yeara” )ut they 
hadnotbecnusedbeforeinayntbesiB.Weexamined 
tripll4?nylphosphiDe 8eknidc, &ooain# it for use of pre- 
parationhndllaadl&aadfollndthatitmactswith 
eplxides according to eqo (1s). 

0 

0 

A 
R R 

to the cormpo~ proca3 for the ruiphur serk!J but 
is followed by loss of selenium from the episeknide with 
prczzrvation of S&RX&U&I integrity. Formal analogy 
for extrusion of a heavy atom (whIra tripkt ground 
state) is availabk in the 8tercospccifk thcrmo&sis of 
episulph&.‘4 

Further studk8’” have provided support for the above 
mcctm&m (cqn 15)d formation of the inbmcdh 
episeknide, aa well as its cotkp~, can be followed 
specWupically.Itbaaakobeeopoaribktoifolatcan 
epkckniae in solution but attempted -0, even 
at-40”,ledto~itioaofSe’oad~ofoksn. 
Po!3slMy the wlkpse of episeknides ia bimokcular.” 

‘Ibe deoxygenatioo is not limited to tributyl-” and 
triplK’nylphosphine 8eknidea pnd in fact, they UC both 
mu& less reactive in this proceaa than the heterocyclic 
sckuide l-l6 Incorporation of the phosphorw atom into a 

II+ A 
44 + Bu3PS 

R R 
‘44 

R R 

!b 

pperime~y, the procear iovolve3 addit@ 
m acid [l cquiv.1 in diddorometbane to a 
solutioll+ ill the same solvelit, of t&e &oxide and an 
excess of triphenylphoaphine seknhlc. Metallic seknium 
isdepoaitedandtheokfincanbeholatedafterasuitabk 
time which is usually ks~ than 2.5 hr. Typical results3 are 
abowainTabk1. 

AstroDgacidhesscntWandt&reactimlkrimikr 

‘ItsboddbwtcdtbrtepoxiduofprsdictrMe-hcmi4 
Z&Y*,pv reaction of a Grignud ~01 with m 

H +c 
R R 

+ sa 

(14) 

(15) 

5-membcxcd ring should favour” production of the pro- 
poKdintamedk&phoaphoraoe2andthisfactormaYbe 
nsponsibk for the enhanced reactivity of 1. 



Tabk 1. 

xpoxide Ohfin Yield 

Modernorpaorelenbmcbcmktty 1033 

CycWexaW, StyreIn?, CiJ- sod rmru-sdbene aId 
&kfoethykneweremvleillbettertImo9o%,ykkf.The 
rea@nt3akocoovad~l?piBdpbi&intookfiu8but 
thisreactkoissloweraadah&rtemperamre(TP)is 
dhabk. 1.2-eplxyoctmle 71x 

tlwu-2apcuyactuN 68 

aie-2-qo%7LutMa 73 

efu-¤tilbma 71 

‘ThiKykldrcferstoulcayatdhetiva!ivewilil2,~ 
IrobcnzeaMulpbcnyi chkwide. ‘Rduxin8 C&Cl2 (19hr) wu 
Ined. 

nill lKWocycl.ic w a# well aa triphyl- 
pbo@iDc seknidc and tribatylptn&he sekllide have 
beenexamiDedinsu&ient&ailtobeabktoprl!dict 
thatthrektivegeolDctryabouttbecafboa-carbooboad 
ofMepoxideiJlret8inaiaodthatykl4frofokfinafe 
uWnyhigh.Acidicmedkarenecetaarywitflpuoftln?ae 
reagent!4 but exposure to acid ” not for proloqgaI 
periods because tbc dcoxm ale u8uauy fast. 
Moreover, some protcctioo from the acid may be 
alIorduibythebaicnatud90fthepkosphineoxi& 
tJlatispdaced. 

Recently, a very promiaing xdi6caho of the pho8- 
phhe selenide route has been discovered.‘~ The 
seknoxobenxothhzok 3, in stoicbeiometric proportions, 

a I Ns se 
/ k 

“1 
Ma 

The purely iwrgank reagent, potassium &locy- 
anate, also reacts with epoxi&a.* Tbc deoxygenatiD0, 
which works best for termhal epoxides.“~ is generauy 
slow and it!4 hctivelKss depend!3 00 the solveot.z’ It 
appeprsnecesaarytouaeaproticdventbecau8ethc 
Eactioa.does not work in dhethyIfomnmidc or 
diqlethy18utpho~,‘Lbut~alcobds,inwflkll 
KS&N producea an aMine whdioof are auitabk. The 

mecluhm show0 (eqo 17). 
. 
a 
” 

mctsveryrapidIywithepoxidesiodic-io 
the pre~nce of CF,COOH [l equiv.1 (eqo 16). The 
lI%tioo is fa8t eve0 at - lso. 

The respoose of cyclic q&&a to KSeCN is vari- 
abk:” cyclobexeDc epoxider m dcoxygWtal ad so is 
cyckhepteae epoxidc (34% yi@) but simpk cyclic Cs, 
C2andCncpoxkk8feim. 

Ckarly,tbeuseofKSeCNbidicatalwhenacidic 

(16) 
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conditions must IS avoided but the compound has utility 
in another context: that of inverting the geometry of an 
01efin= (section 2). 

ii 
PhCH20C TNH-C-CWCH~2 

II 

~ti4vmmaroImRG- 
B~mohy~s (derived by fmns add&ion of hm 

CH2 

bromous acid to okfins) react with KS&N in .DhfP.= L 
careful conooi of the reaction aWditions (2U8 hr; 6Oq 
produces the stereochemical results of ti type shown It was ckar from the above 0bservation.9~~ that 
(4+5) and treatment of the B-WroxYaUryl =knkk 5 scknoxifks arc synthetically equivalent to okfins and 
with potassium carbonate yields an okfIn whose this conclusiondefinitely’meritedexpe~entalsmdy. 
geometry is opposite to that of the starting okfin (eqa The preparation of selenoxides from seknides had 
18). fortunately been investi9ated before in some detaF# 

Only a few simple acyclic ok6ns have been examined; 
yklds, from bromohydrin are below 6096 but the extent 
of inversion is high (at kast 88%) and the conditions 
fairly mild. 

3 IuUMxmu IIuGIywTAsltM 
(A) i&ncml coAsidcntions 

Early studks~ of the oxidation of phenyl alhyl 
sekni&s and the decompositkn of pheayl alhyl 
seknoxides did sot reveal the potentitd applications of 
these compounds to synthesis and their utility was not 
appreciated for many years. 

My own attention was directed% towards those 
seknium compounds by two noteworthy observations 
that appeared in the then current literature: 

The seknoxide 6 (as a mixture of R and S isomers) 
was observed to decompose in hexane to So-chokstb- 
tne. The process was ra#d at room temperature and the 
ykid greater than 95%. The (S)-seknoxide 7 actually 
cohapsed quantitatively within 4 hr at op. 

6 I: 

Thesecondreport=wasanaccountofattemptsto 
oxidise the seknide 8 to the coiTesponding seknoxide. 
Noneofthede&edmaterklwasisohtted.Instead,tbe 
seknide 6 was converted completely at room tempera- 
ture to the (protected) dehydroak&e 9. 

ii 
Pbcti,oc-NH-cH-co<lcH~ 

I 
CH,SoCHl’h, 

e 

5 ” 

and adequate methods were therefore avaitable for oxi- 
disii selenides to the seknoxide level. The use of 
seknoxide fragmentation (eqn 2. p. 1050) in synthesis 
would depend critically upon effective methods for in- 
troducing seknium as, for exsmpk, PI&- into organic 
nook&es. These,’ and simiiar considerations made 
C12CWhere:d led to a comprehensive cxamhAon of 
seknide chemistry attd methods were found for the 
controlkd introduction of seknium into organic sbuc- 
tures. The techniques involve nuckophihc diaptiment 
(see p. 1064) by PhSe- or the capture of demo+ 
seknium compounds (such as PhSeBr) by enoktes (p. 
1057) and ok&t8 (p. 1081) or more sophisticated processes 
employing seknium-containing synthons (p. It&S). 

These procedures, together with some auxihary 
developments, have established seknoxide frag- 
metnation as a reliabk and efficient method for mah- 
ing ~~~ systems, especially ix+msaWaM 
carbony ~rn~u~, termi& okfIns and atlyric ako- 
hols. The literature on the subject is now extensive and I 
analyse it mukr the followinp general aspects: 

(D Types of seknoxide that undergo fragmentation 
readily. 

(ii) Methods for mahing suitable selenides. 
(iii) Methods for oxidking seknides to seknoxides and 

practical detaik for fragmet~tatiott of seknoxides. 
(iv) steno- and regiochemistry of seknoxide frag- 

mentation. 

Is) Typo ff sdatoxide that fmgnmt tvadily 
&ammatmnoftbetypesofseknoxbkthatcanbe 

isokted at room temperaawe reveals the sauctures most 
suitabk for the f~en~n process (see Tabk 2). 

In those cases where an ~&uusaWaM carbonyI 
system is behrp gouerated by fragmentation invoking a 
hydrogen atom alpha to the carbonyl then the selenium 
atom need not necema@ be attached to an aromatic 
riae(compareentries3aad%).Entrieil6aad7showtbt 
isomeric sit&on in which an a&~ carbonyl 
system is formed but the hydrogen removed is beta to 
the carbonyl group. Here an aryl seknoxide (entry 6) is 
preferabk but not essential 

WJkrethereMin9doubkbondisnotconjugaMaud 
the hydrogen removed is unactivated, then the selenium 
atomshouhi,carryanaromaticrin8(compareentrks1 
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T&k2 

com,Ml Stability Ref. 

1 alLLlM~ isdablr 23b;26;29 

If 
2 alkyl--s69h fnanna 5; 2s 

0 H 
II I 

3 -C-C-CHrSI--CHPhZ 29 
I 

817 0 
4 -C-C-CH-CH+eCH, iIdabla 29 

I 

6 

:: 
Ph f%m~~ 30 

MOO-C L (olefin yield: 90%) 

D 2-O 

7 

MOO-F r. 

tnemna 39 

(d&in yiekl: 49%) 

D 

z” 

where the conformation Massfuy for syn elimiaioa is 
inacccssibk” or where the resulting double bond would 
sncrate excessive ring str& it appears that phenyl 
cychmlkyl seklloxides (e.& 1P and ll’, fragnmt easily 
as do phcnyl sccomlruy-alkyl nekIlOXidCS’ (e.g. 12). 
-=&G-Z ti~a~s;k$$&(e.&3; 

Y~~carryalLylproaps. Tkecmethudsm 
avaiWlc to cope with such problems. 

i Lo 
Pi 
? ‘,’ 

rate of scekaoxide fragmentation and on the yield of 
ok?5Ln unfortunrtely. the wbrtituted sclcnidcs (and 
kncethcM?kDu*)afellot8lwa~aauuIytoprqmrc 
iogoodykkiMthelllwbstitutcdp(lnntcomponnds?’ 
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Ma 2 A promisiqs, but 83 yet uIExphed. tech- 
2: Ek”““” thefacilityofoklinfonMtionhto 

nomum~14insterdofthecomspoadiap 
seknoxitk.” In t&e dugk exampk pubWed (cqn 19) 
the hide 14 was made in sitv by the action of 
Chlormi~~T on the seknidc. Both the oxidath and 
e~aarecompkteinksathan#)minatnwMl 
tempcwure to give 1- itl?7%ykld.TheCOF 
Iespodillg ll&n&k fragmcrltation IeqItirea 2obr at 
roomu~mperatw to gcnaate the aame yield of dock- 
cent. 

Method 3. It is -sometimes possible to improve 
dliciency of seknoxidc fragmentation by adding 

6XklOXidr F-imY:~ Tmp. 
Yidd of Obfin 

P 
C1245~ 

a 

\ WC 20h 77% 

P 
C 12bs~ 9 \ 0 0.6 91% 

NO2 

t 
C 12b~ 9 NO2 26 0.5 88% 

CFJ 

:: 
C 12b5~ XI- \ NO2 26 1.5 939k 

P 
CFa 

C 12’4,& d \ 26 2.0 70% 

P 
C 12’425~ u \ Cl 26 0.0 77% 

- 

7 C12..E+k 26 7.0 60% 

8 
7 
L -0 \ 2s 8.5 47% 

w - 26 48.0 46% 

e 
9 3a a- \ Cl 

w 

26 8.6 65% 

10 wLp 26 B.5 s2% 

t 
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OAC 

Rd. 41 

w% Rd.41 

tempemnlreowibrkfexposnretowotgservesfortbc 
hydrolysis stepe. Tltc product can be iwktcd in good 
ykba (cqlls 21-23). 

Therangeofenolaccbwtllathaabccllstudkdhas 
not been report& but seveId &we evi&ntIy been 
C~‘~~~~l8f~~~ 

OAC 

Ph -0 / 
‘,8 

MO!& metbod!3 for making a-phcuylscknolretomr in- 
vdve basic condition8; therefore, the present metkod ill a 

(21) 

m 

poteotklly v&t&c optioa. Moreover, for tmsymmctrid 
ketoaes.itiagenerollypoaaibktoprcpnrctbemore 
highly substimud enol acetate iaomeP and so a- 
pbenyke~ketooes regiokomerk with the derived 
ftom tbc k&tic enokte (see p. 1059) are xcessibkl’ 
~~~n~~~F,,M~l~ 
canbeconvatedintotbeawrc8pondiqtaoktewbkhb 
tbenseknenybUd(sesp.1OS!Q.Iltisvsrktioniswne 
timespreferabk”(asinthecascoftbeenol8cetateW. 

(ii) Phenylsdaunylot~ &I awls. BotJl ketone.8 and 
aldchydca react wirb bcnzcneaelenenyl chloride (Pll!k!cI) 
and arc colmrted into tie coHespo~ a-phcnyl- 
sele~nyl compomId=” (e.g. cqn 24). The rcac- 
thwhichQnminethyl8cctatcwAutiondproceeds 
timM@tbeenol,kusunnydowbutcaobeacsakratcd 
by ddibemte addition of HCI.’ Prior to oxidatkd it is 
eMentkltoremonaUHCTbutapartfromtttisopcra- 
tionitisnotusualtopdytbe8eknidc.Typicd 
~~~~~~~T~4~~~~~Of 
~~~~~~~Of~~~Of~ 
seknenyktion process. 

Tllefouowiugcompwadc(1~2z)showtberangeof 
functionalgroqmtb8t~donotiutafercwitb 
tbelueof P!&cl.uh 

Tabk 4. 
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(iii) Phaykmbwtylation uia an&es. The majority of 
pubhbed o-aekncnyktion ratctions of kctoaes (sot al- 
d&y&s) have used tk kilktk litJliual cnola!c~whicb is 
lmauy~llcmtcdby~tbckctoDeintetrahydfo- 
fUl7Nl to 8 di&t CXCCSII Of Iithium dikQK0pjhmidC’ in 

~~~vent~-~.~~~~~for 

abut lomin at this temperaam a THF solution 
contaag PbscB# [cqui%8knt ia molar amount to the 
LDA d’ or slightly in excd is tbcn added rapidly 
to tbc lwJdting enolatc. Reaction is almost m 

-78” 
+ PhsaLi .e +PhS&bPh 

Ptl Ph 

and, in the following typical exampk (cqn 26):’ the cold 
mixture was subjected direct& to aqueous work-up. In 
ot&fcaaea6themixturcappcarstohavebeenwarmd 
5rnt to 00 before treatment with water. 

l8isgem?ralprocdurchasbceaapplkdtothefoIlow- 
iag ketones vabk 5). 

A number of mans to the general experimental 
tecImique arc sometimes needed occa!Gonally the 
CthtC is bCZJt fOlYllCd, and @Wkd, 8t VW tOW 
tern- [-loo0 in tbc case of Ipbcnykyclo- 

i LDA, THF,-nY” 

ii Ph!k&, THF, - 78” 

iii -78’ 
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Tabk 5. 

KCtOM 

1 

2 

3 

4 

5 

5 

7 

9 

9 

10 

11 

12 

13 

14 

15 

d Ph 

0 

Ph a+ 
PhJ- 

9 _. 
6 
6 

Yii of 
daddo’, b 

88 

(84) 

(72) 

99 

70 

99 

(591 

(55) 

97 

47 
59 

93 

(991 

99 

65) 

95 

Rd. 

8.41 

6.41 

6.41 

41 

6 

41 

41,49 

41.49 

41,49 

49 
41 

41 

41 

41 

41 

41 
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(b) Pharyls~ylafion of utm 
Ihelithiumeoolataofestersuaedinthcsekncnyl- 

ationrcactionhavcuauallybeenmadcbytheactionof 
LDA on the estecru For exau~pk,‘~ usirtg THF sola- 
~~,~of~~p~~~~w~~to~A 
at -T aad, after 8 1Omin react&m period for &pro- 
ton&n PhScBr was ad&al. The mixture was kept at 
-nrforupto30minbefontbeprodactswenisolated 
in tbc yields &own (cqn 30). In these experiments 
zkr qudtks of LDA, ester and Ph!SeBr were 

‘I’& otkr published examples demonstrate the tech- 

OAC 0 

i MeLi. THF,-20 -0” 

ii PhSdr,-7Bo 
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R’ 

COOR” - COOR” - CCXJR” oa 

Ii 

nicd variatjons that have proved !3uccusful. Fur the 
cstezs, 24% lithium N-inopropylcyclobexylamide [l 
cquiv.] was tbc base and the enoktcs were quenched 
with a sligle excc~ of PMkBr [- 78”. 1 hr, tbcn warm to 
room tcmpcrahucl.q As shown, the yields arc good. 

Tbc esters 27-29 have also been seleDenyktal (cqns 
31-33) but in tbcse cases a substantial excess (2096) of 
LDA was used for dcprotonation. The amount of 
PhScBr taken was cquivaknt to the LDA and reaction of 
tlleenoktewasldlowC!dtoprocecdinthe~of-w 
(atthcstart)toODlX?f0nfurthcrprocessing. 

In contrast to the situation with ketone enolatca (see p. 
1059) the enoktes of esta5 react succehlly with 
PbScScPb and, in tbc case of the enoktc derived from 
thcok6niccstcr3&itwasactudycsscntialtouscthe 
disclenidc because PhScBr adds across tbc doubk 
bonds.a 

(c) Phenylsdenenylation of lactones 

As with other carbonyl compoutxk the kctom 
enolatesrquiredaremadcbythcactionofLDAinTHF 
and they arc queocbed with PbScScPh. PbScBr or 
PMCCI. 

R-R’-Ma,R”-Et 86% 
R-K=H, RI’-Et 80% 
R - ELI, R’ - H, R” - Mm 60% 

The sckacnylation of c-caprokctooe is a typical 
exampk:t&ekctonewasadduitoaoexcessofLDAin 
THF at -780. Aftcz 13 min Ph!kBr [equivalent to the 
amouot of LDAI was htnhced rapidly in THF solution 
and work-up Eove the e-phenylsclcnokctone in 70% 
yield!’ 

Asimikrproesswasapplkdtothckctone31cxcept 
that tbc base was IMum N-iaoprupykyckbexyiamide 
andthemixturcwa¶notwurkalupimmcdktelyafta 
addition of Pl&Br.e 

3,’ 
COOEt 

Ph- 
PiNmEt 

U@%P Ref. 6.41 (31) 

COOEt COOEt 

OS%)* Ref. 6.41 

Ph 

Nw96v Ref. 41 

(32) 

(33) 



Yii Rd. 

b 85% !E 

90 -: 

Q 86tom 67 
S 

0 

ii A R-#hWEt 
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A number of lactonm have been sekaenykted in an base. L.DA or lithium N-isopropylcyclohexytamide in 
extensive programme of natural product synthesis and a 
well-established procedure’ is availabk. It has been used 

TIW at - 750 are suitabk and the anion can be quenched 
successfully with PhScSePh [l equiv.1 at room tempera- 

for the following transformations (Tabk 6). ture (!X% yield) or with Pl&Br (at - 780) (100% 
The seknenylation of lactom enolates geoerated by yield).’ m If only one equivalent of base is us& the 

or-tdiatcd Michmel addition is also known (cqn initial sekaenylatd product e4@ht&s with a-lithiotcd 
w. nitrile (eqn 36) faster than sekne@ation-even w&n . 

ii 
*It h sot ck.sr wbstber Pbsecl or Pl&scPb was med. 

Piiy, it is important to comment on the stereo- 
chemistry of seknenykted lactones. For lactones of type 
32 the relative stereochemistry of H. and Ph!Ie determines 
the nature of the product resulting from selenoxide frag- 
mentation. If they are lmns an a-methyleae lactose will 
form; if cis the major product will be the e&cyclic ok6n 
(see p. 1 los).=J” 

(d) SdaryrOtion of ritrilcs 
The seleaenyktjon of ocWo&ik has been studied 

in some detail.* The procedure developed di&s from 
that &scriibed above for carbonyl componnds in that the 
anion 33 must be generated by us& two equivalents of 

‘Typik.sny:’ the y-kctow [l cquiv.1 ill THP ia addal Slowly to 
WA[l.2ecluiv.]inTHFIt-nr.2Dmiarftsrtbeeadoftbe 
add&o a THF sohtioa of PhfkSePh Il.2 cquiv.] caaiuiw 
bsumcthylpaoapboric trhmidc [I.2 eqOiv.1 is utdcd npidly d 
tbcmix~bLreptrt-~fot40min,tbeowumedto_l(r~ 
ksptIt-~forlJhr.W~-oprfterquenchin(wahO.lNHCI, 
giver the pbeoykek~, udly io b& ykld. 

‘Et!3cBriaakoeUcctivc. 
wtbermembc!a%oftltiscaulpoMdcLsshrvebccoradicdm 

ksr detail.’ 
‘l%earyla&nideanhnaarc~bytheactiond 

NaBH,onMcCNorArSe4cAr.Iotbeformcrurelmuk 
NaBH,permokArScCNiadanbattbektterrequim 
2 II&S NaB& par q ok A&SeAr.“XWO(Somcths amonota 
&htly in exccsa of the qtmntith UC employal.) Absotuta 
ctbadisr&tabkudvea+mdDMFhnbeeodfor 
nknucyuute reducth’ Alth& dectnw~dn~ 
Ihtituelltaootbcrryl*nuyboDscaurry 
facuimtc wkooxide _(Kep. la5sAtlm3lwtiolMof 
tb8SOb&tCdrryl~8OiOas~~~iD?5ciCOP 
pas8iblybcuPrcofmduculo~. 

version to enokte with an excess of NaH. The same 
procedure was used to seknenykte the /Miketones 37 to 
39 and the @etoslllphoxide a. 

In a comparabk process the ketoseknoxidc 41, 
gmuatai by low temperatue oxonolysis, was depro- 
tonataI EN%. -787 and quenched at -78” with 
Phsecltogive42ioatkasts7%ykld.49 

The sekncnyk& properties of PhsbNI& have been 
examined brie&Lmr T&isrcagentcarrksoutthetrans- 
formation shown (eqns 3740) at room tern- 
without prior enoktc formation:” 

B. ~‘RE~JARATKM Op &ENID@S BY 
Nut.u0P~DIsp~ 

Sel~canoftenbemadebydisplacementofbal#e 
or sulphonate anions or by ring open@ of an cpoxidc. 
Numaolu exampks of the disptiment readioa I@ 
ArSe-‘aret0befoundintheokkrl&atue.~Inthe 
context of modern orlgWs&nium chemistry the 
nWhodsducriibelowaE&ortanL 

’ the reagent is PhSeBr. !Mstantial amounts of octanoni- 
trik are then reu~ered but his-scknenyktion does not 
occur. 

(e) §dmcn$ation of a&lmsatu+ WIerS, @- 
Zo;Lb2 /Metoc.9Ms, /Mketoncs Qnd B- 

The lWerocyclic systems 34 can be seknenylated in 
greater than 71% ykld at the r-position by deprotonation 
(1.1 cquiv. LDA, -780 (at the start) to o”] and reaction 
with PhSeBr [l.l equiv., - 78” (at the start) to o”JS 

The &ketocstcrs 36 have been seknenylated 
ellickntly at 0” by P~IS&I”~ or PhSeBr’D after con- 

0 
CgHIS -CH - CN 

I 

+ Ct+it3 -CCH-CN w 

0 
C&3 -C-CN + CttHr3 - CH2CN 066) 

I 
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X-N-rlkyl,R-Ma,R'-H 
X-0,R=Et,R’=hl1 
X-S,R-Et,R’-Mm 

l &ORd.54 

0 0 

(y‘ 
0 0 

Ph KT 
R/ 

G R-H 

Q R-PI”’ 

0 

Ph T Ph’ \ 

0 

* (CH2in-3 

LY 
COOMO 

0 0 

@ 

a% Rof.49.41 

0 0 

Ph Y R 

R-H W% Ref. 49.41 

R-W 96% Ref. 49.41 

Ph 
Rd. 41 

0 

(L” 
0 0 

H H 
I 

* 6 g°K 

(38) 
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(a) Qwning of tpoxida to #I-hydmxyokyf sdtnidts 
Colourkss ethanol sol&as of PhSc-Na’ are easily 

generated as required by slow addition of NaB& to 
WSeSePb ill dry ethanol.q Addition of 811 epoxide, 
followed by an appropriate reaction period at room 
temperahxe of at r&x, pmduces a &hydroxyalkyl 
sclcnide (eqn 41) by aormal!&2 
OtlW solvent systems can be user 

~~of~~ 
l’aWxdingtotbe 

requirements of solubihy and reaction tcmperahur. The 
followiog transformations have been reported (Table 7). 

~~~Of~~byP~~MdR~H~~ 
presence of a catalytk amount of sodium selenolate has 
also been dt%crhL” 

Althougb long reaction times may be needed for 

- 

(39) 

(b) Dispffmm?nt of halidt anions 
The displacement of b&e by s&&k anions is a 

well-trkd route to alkyl pbenyl aeknides” and modem 
workofthistyptiscollecwtiaTaMe8,Itcaabeseeu 
~~~nk~ly~b~~~~s~ti- 
tuted aryl sekaI& anions are not always as high as those 
with PEW.” Tbc displacement of ally& halide~“~~ 
is complicated. Both sN2 and SN2) reactions can occur 
&ad st+mpo&d on this is the fact that allylic [I$] 
shifts of Pl& take place uuder mild conditions (see p. 
1108). By usim a low naction tempcxatum for the die 
placement substantial control is sometimes possibk.sJ# 

(c) LXspl.amcnt of suiphonatt anions 
Aryl seknide anions eenemlly effect smootb SW2 dis- 

pkccmentofmethe-aadtohneat@onntesatfoom 
tcmpaa&re, a reaction period of several hours being 
necessary (Table 9). Dispkcement of acetate does not 
appear to be a useful pmccdure. In the SW exampk~ 
reported (qn -42) displacement competes with acyl 
transfer.’ 

(41) 

bindered epoxides, PbSe- is a powerful nuckaphile and (d) l&ret cont~~ioa of ufcohofs into sdenkb 
it usuany gives &iiydroxyalkyi scknides in @ad yield. Conversion of alcohols directly into sekaides is 
Evidently, preparation of the anion from the diseknide is expected to constitute a useful means. of dehydration 
an e5cknt process. Pmlimhafy attempts to use the because the derived seknidcs are syothetkally 
same method with 4,4’dWMiphyldiseknide gave /?- quivaknt to okllus. The knowo conversion of alcohols 
hy~xy~l SeknIdes in poor yield.- into sulphi&s (qn 43)” suggested a method of approach 

but the corresponding reaction doe5 not occur witb 

‘Tbl? pmduct of swr &phccmcot would no1 be detect+ PbSeSePh.” l The use of sekwcyanates, however, 

under these condiths. Sa p. I IOU. results in tbc de&d emsformation (qn 44 and Tabk 

‘DhuykG8chi&r react more sl&¶biy with plWspht.s tbmi 10). The alcoliols listed were converted at room 
~~~~~~~~.~ temperature into 2-~nyl~k~es in the yklds 

‘Phe~~yheleaides are also rvaikbk by this adod from Wcated.~‘Itisckarthatthismetbodworksverywell 
PhWN. for primary alcohols but its performance with sccoAry 

PM& EtOH 

OAC 24 h rmilux * w- + ~OH (42) 

ROH + PhSSPh + PhjP *l?sPh+ %P=O (43) 

RCH2OH + Ar&CN 
@“JP 

. RCHI!30Ar WI 

THF Q Fyridin 

Ar- QHs or2-N02-C&- 



” 0 

3 +I/ 

0 0 

ixT_ OH 

0 

K OMB 

0 

EtOH Zh 
b 

mom temp. 

BuOH 16h 

mnux 

6&H 16h 

nftux 

1:l EtOkTHF 

14h mftux 

1:l EtOH:THF 

8.6h mtlux 

EtOH 0.6 h 

7 

EtOH 2h ) 

mflux 

ElOH 2h 
e 

dlUX 

EtOH 0.6 h 

- mflux 

OH CL 
OH cx8m 

Ph 

g HO 

OH 

G OMC 
phsll 

H 

Pll 

1 

2 

3 

4 

6 

6 

7 

6 

s 

10 

11 

12 

d 
H- 
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6 

5 

66 

31 

31 

32 

136) 

42 

42 

13.63 

13,B3 

23 

ArCH@Ph 

PhCH@d’h 

C,&12,-CM-COOH 

PhQICH~ocm 

4h -?+cHo 

1. 

2 

3 

4 

5 

B 

7 

B 

9 

10 

It 

12 

X 

* 

PhCH2Br EtOH 2h 

l8flUX 
+ 

Br ct /\ 
- 

Br 

ArBs@EtOH sxwdh ) C12% 61 

ClO”21 
-?H-COOH 

& 

c1 CH$OOEt 

R 
^r” 

CmEt 

Br 

EtOH mamtunp. 

lquiv.Ho@ 
* 

EtoH 
* 

EtOH roomt8mp. 

R - 

i EtOH room tamp. 

it 
C~tl-~H-CH(OW, 

at 

EtOH 1Zh 

N-Clf2CH$k 
ttl& EtOH 

2hmflux N-CH2Cl+W 



OTHP 

7 l 75 34 

EtOH 

OTs &Ph 

5 
EiOH 4h m ‘35 

manp 

fi __ _. _ _ _ 
. 

‘FhSc-Na’ wed except wkm iodkstd otbuwbs. Yrldr sad codtkma riveawbcmfqmxwd.‘cbolcatMe 
S&ktOlL’FOl~otbaS~ 
Tbehm?rwumdcfmnt&aekmyww; 

&t&-m Rd. 39. ‘A&- - !‘bSe-, 4-Cl-C.H&, 2.NO&I&Se-. 
IbcothE?lwofmaIholih&dm.‘~fmQdirlrrllr. 
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Table IO. 

Y idd of Ghdm 
AkOhd sotvalt=Pyridina !MVUIt=THF 

1 C12H25OH 92 s4 

2 C7H15OH a6 

3 CH2CH2C = CCH2CH2OH s3 88 

4 PhCH20H 87 93 

5 o- CH2OH 99 88 

0” 

OH 

g I 98 96 

HO 

7 + / 01 90 

0 

0 J 

Oh 

HO-*, ..&O A” 
8 h - 91 

t 

MSOOC kc 
COOlJk 

9 h ga 86 

H 

10 > OH 93 

11 0 

OH 

8 EtOH 
+ Ph%-------L *hf. 6 

Q EtOH 1.3k 0 
0 + w&5‘ 

w 

60% Rd.73 

mtrmp 

CH2S5Ph 
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0 lR 
‘Fr 

AA -CQ 

‘R 
43 
N 

44 
N 

amlotherspccks.Both43and44conbcmadcby 
deprotonation (eqlls 48 and 49) and ill the latter case 

‘(wschcH* hns 8 PK. of -3s; (PllshcH* bu I PK. of 
-3233.n (Plls&cH 8Dd (Ph!&cH arc of CompenMe acidity 
(p& - 3lJ.75 

1071 

Rd.73 (47) 

there arc few mtrictions on the permissible strucmrcs of 
R and R’.R*‘4 For dcprotoaatioa of 4S, however, there 
UC ticvcn reStrictiOnS (See p. 1077) in this 
mpecr’ ‘S.e7*‘4*7’ but a route to 43 is avaikbk by Se-C 
bond ckavage (cqn 50). In the case of compouod 45 two 
competing reactions are possibk when the scknide is 
treated with base: dcprotonation, which depends inrer 
alia on proton acidity, or nuckophilic attack on 
seknium kadiog to ckavagc. TIJC fundamental studk11’~ 
on the response of selenidcs to strong bases are sum- 
mariaed by cqns (S&o-(). It can be seen that lithium 
amides are suitabk for deprotonation while BuLi has a 
stroag tendency to bring about Se-C bond cleavage, and 
this latter process has been utiliaed frequently. 

ArsI CHRR’ a Iwo-co 

\ 
46 I?’ 
N 

0 br fl / 
ArsaCHRR’ -* Arsr-CQ 

46 
\ 

I?’ N 

BuLi i ‘/\ ; 
A&-c-* - tarsa-c-s@- A&-e+ 0useAr 

I I \ I 
RI R’ 6u R’ 

6uLi TMEDA THF 
-H3 w 

>o” INomcenbaIowool 

6uLi THF -76’ 
fPh6d2CH2 5 

6uLi THF -76” 
(W)3 CH b 

6uLi THF -78” 
mh4c b 

Ph6.)z CH, 
i- 6u2NLi THF -76” 

b 

Ph6.)3CH 
i- 6u2NLi THF -76” 

b 

f’dH2 OBW 

> 
0 + 2Mo6.H 

Ha n= 
Ref. 76 

0.6 h V l 

(49) 

(50) 

(51) 

(52) 

(53) 

04) 

(55) 

(56) 
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(a) Pmpamtiolt of bisdmokctd 
B&-relawnoke& arc easily puqwal from ildchyded 

of reported tranafomlations based on se-c bond 
ck&~ge of ketak: Addition of BuLi’ [l cquiv.1 to a cold 

andkctoncnbyrcactioawithaaekool(usuallyPhSeHar I-~THPAutionofthedkckaoletal’gencratcathe 
rbfescH)inthepnscnceofanacid(eqn57j. ‘scknium-8~ wbnnioa (eqn SO). After about 

A mtmbcx of exaa#s of this process have been 
wsy 

15hr’ a TIiP sohttion of ketone or ahkbydc is iotro- 
and ykhls appear genera@ to be good .dnoed~9a4thcmixhnrHLeptfor2hrat-~awlthea 

@0-!35%). foracxmlh?atroomtcmperatwc.Work-ap8ffoMsa 
(?-hydroxyalkyl aeke. The results obtai& by ti 

@p.Ap&&pso~w~bod~:noCdOIUvith m+ldaecolkctedm~abk11. 
IttsckarthatseknmmrtabiliMcarbaGonsreact 

” foIlo* lenart ptocedme.= or slight cf6ckntlywithhindualkctoncs(catry23)aQdevenwith 
mod&a&w of it, have been used in the krgc numba readily enolizabk ketones such as PhCtXH~Pb. It is 

Ph3m OH 

1. Pbs”2 + c,f+t2qcHo - \--( 
CloH21 

2. P&H2 + &I’ 
-0 

v- 
OH 

b 

Q 
But 

3 Pha2 + PhCHO -phsr OH 

w 

4. PtA2 +phcocy - 
-4 Me 

6. Ph!sH2 + PhCOCH2Ph .-. 
Rl 

6. F&“&la + CsHIsCHO ; 
OH 

-j+ 

E 

wh3 

7. PhfGhMo + C,&,cHo 
Phsn OH 

10. &HM* + PhcOcH3 - 

*j--$; 

d 
Ma 

Yidd 

71% 

46 

63 

66 

71 

82 

49 

80 

72 

66 

67 

63 

hf. 

62 

60 

62 

90 

m 

80 

76 

62 

77 

77 

80 

80 



13. Ph!&HEt + CIH,2CH0 80 78 
so 80 

I 

14. Ph&tiPr + PrCHO _*j+O) (97)’ 80 
R 

16. Ph&HQH,2+ C3H13CHO - 7B 82 

Ph86 OH 

16. ptdi%le2 + C6H13CH0 70 78 

Ptl88 OH 

17. ph&2 + 0 

18. i’td&& + PhCOMa * 7-G 87 78,80 

8 
19. Ph!a -0 + csHll(3= - 

20. r’&!bt%, v + CloH2,CH0 - 
CloH21 

21. M&&H2 + PhCHO 

Ph 

ii 78 77 

80 77 

71 82 

87 

M686 

24. I’M&HMO + PhCHO 
OH 

-)_( 
E 

Pfl 

On 
9 

26. MoSeCHMn + ~C~CH~PI,- 

-w 
ph= 

ph 

ml 

88 

78 

78 
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Tab& 11 (CWd) 

28. &HPr + PrCHO C 

0 
27. MoS~CHC~H,~ + C,,H13CH0 --1-p” d 

W’13 G”13 

28. W8%CIH13 + 0 -T;ij 

30. h!J?kz + PtlcHO 

31. h&h%, + PhCOCH2Ph 

OH 

*-w PH 

Ma Ma8c OH 

33. h&2< + C4H,3CH0 W 

Et -A-=( 
Et c, “13 

33. M&z<& + Me8n OH 

0 

Et 

Ma 

34. &< 

OH 

+ PHCHO (Cl 
Et ?h 

Et Ph 

8 
38. Ma80 -0 

+ C8H,3CH0 - 

+ cz o- 

M&O OH 

OH 

30 
37. - + PhCHO . 

82 

80 

88 

34’ 
88 

82 78 

88 78 

81 78 

78 78 

41 

86 

78 

78 

81 

- 

82 

78 

78 

78 

78 
82 

- 
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Tabk I2 

107s 

1. M’8& + 

2 Md&+FlfA 

3 PA&l8 + PtdL 

4. Phs& + mAA” 

0 
5. -H%HII + Ai 

5. M&b,, + 

7. h&L, + 

8. Pl&& + 

Q 
8. Mm8oCHMa + 

10. 

0 0” 
0 0” 

& 
0 O P \ 

AR 11 M&&HZ + ph 

Ho 

CH- / 

Ho 

ti 

87% 

80 

80 

78 

85 

45 

55 

83 

85 

35 

35 

21 

47 

‘~rmixtlmof iKmmkobt8id. 

TWUVdWk&C 
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aIso_rqprent that the unsymmetrical c6rbMiom je.g. 
RRTseMe) do not quilii (to give RRTHsecH3 
tmdef the experimental conditions. 

The reapowe of a&msaturated carbonyl compounds 
to pbenylsekn* and metbylaeklloGhniooa.has alno 
been exami&.= Reaction occurs smoothly lTHP. - 78”. 
2hr;tben-~forlhr]andtaLesplaceatthecarbon~ 
carbon almost exclusively. Of the exampks studkd 

*In vkw of tbc obsuvhm’~ dcsmibd 00 p 1071 cubutiin 

(Tabk12),chakoneiBtbeonlycasewbl?rctJtere&!3- 
.&7 wxs. ptcsumddy. muk by &proto& [k2Ntil of 

pecihity is low. 
(wseh+. 

(d) Applications of !k-C bond cleavage: acyiotion of 
(c&~e#i&ons of Se-C bond clemage: noctions with sdmium-stabw c&anion3 

Selenim~tabilhd cubanions can be acylated by 
sekninm-stabikd carbeoll8 react= with simpk or reaction with tbc commons mot.9 shown in Tabk 14. 

activated alkyl halides (bromides and iodidea) to form UIllihthe proceWaIn?adydesaibedtheykkJsareltot 
s&n&s BS shown iu qn (58). The experimental tech- uniformly high ahhougb some attempt at ophisation 

wan evideotly made. For be3t results the c&anion [io 
8 w-x 

RcH(&Mo)2 BuLi RcHBaMo - R-cl-l-R’ 
THPat-fB”lhuldbeaddedtoacdd[-787solution 

I of tbc acylatia# agent.= 

SrNh 
(58) (e) App1ication.s of Se-C bond cleavage: naction with 

ttit#iSV ltsLF simikr to that described on p. 1072 and non-co&on dect~phiks 

tIEpUb examples are colkcted in Tabk 13. 
The previous s&ions have dealt with tbc formation of 

Tlhtypeofalkylathaprocesahasbeenuscdtomake 
&KSMZ&M bonds, but aeknium-stabihed c&anions 

seknoketah:” 
canalaobequenchedwitbtheekctrophiksthatare 
jonnufly quivaknt to Ph.??, RN, H’ and D+ to give 
producu (Tabk 15) that have synthetic utility in their 

‘Pllrtmtbaexaal~~~tbe ownright(seelatcX).Thegencralpfocedureissimilarto 
prcp8nhofs&nii~ .a that already familiar from previous sections but few 

‘Bu’ti can ho be lmcd.n dctailn are availabk.= 
‘l&c diKkwkr.ti h SometinES UBed in ali&ilt exaXSX ovtr 

BuIi 
.h :. . ..Lk..dd “m.L.&.r :r & &n hs -0 sclmiym-stabilizai cahmions by dcptvtonation 

.qnn-’ As mldoocd p. 1071, cShaniolul such as & can be 
“I& aekniumacpbilizsd txrlmioo ir usai in slight excess.‘- gctmtcd by deprotonation of Pb!kCHRR’ for certain 
‘Jhzt time dependa 00 the iadividul case.” coostitutions of R and R’. 

Txble 13.’ 

1 MA& + ClO”ZlX - ClO”21 -C&a. w% 

8 
2 MoseCHC3H13 + C&3X - Wl3--f”-Wl3 85 

sah 

8 
3 PhSe!ZHC3H,3 + C&3X - wl3y-%“l3 44 

&ml 

4 h&“C3”,3 + C.IHl(jX - C.IHII~H--WJ 75 

!bMe 

6 n&“~“13 + ex 
- ‘-xY3 6B 

6 P&k2 + W13X - C&3 -2 86 

L 

7 MS308 
-0 

+ G”l3X - Ca”13 
fl 

84 
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Trblc 14. 

Yidc 

1 &I’ 
8 

u- 

CHO 

s3h + Irlr,NCHO - Bu’ 

a_ 
I’) 45% 

COPh 

2 
0 

ct 
s8w + PhCOCl - 

a, 
79 

3 ~“,,Loab l 

/- 
?hCOa - C‘H,,CH 

\SM8 
= 

4 hl$Lh 
/ C%Hu 

+ ~H,,COCl - Mo2C 
‘SamI 

U 

5 m.2e%aFb MaCOCl - Mo2c 
Hcook 

6 qy 

‘sdh 
50 

Qwh + 
WM. 

MOOCOCI - Bu’ 

a, 
(‘1 4a 

o- 

85oPh + 
COOM8 

7 MoocoCI - 

a_ 

60 

8 CaH &Sdh + MdCOCI - CaH&H 
/COOh 

‘- 
40 

r\ r n 

Iaalwoa,rproplTcboiceofbucmu8tbcowk. 
Alkyl iithbm nyeatl @emally pmducc !bc hood 
~v#mA’*7’ ahhou@hiot&uwof~thiltypcof 
cka~almulltr”odytols%whcothekreun!dir 
MC-BnIi [2Y, lJL, kzme W TMEDAJ. LDA 
or, for staicdy bin&d cum. EtrNti usally avoida 
dew&’ sod dbcts &protonathn. t-BuOK ha baa 
trial” una- with bayl wkaidu. Dqmom- 
tioadaekhkaImbemachkvediabve~ritma- 
tiolu, tbc kaowm exampkr bdq u fouowa: 

(i) lJmwawh of phm* dkyf dddu. he au 
baaboendlxaibd(eqns9):~ 

-hrdqmatiadrbnzylrlrrYcanykgu~ 
acti- lay we p. 10.1. 



Ion D. L. J. CUVI 

T&b 15. 

1 

2 r&hbl + m6-9Ph b 

3 
QP ..R 

-LE, + - b 
P 

msr-c-la 

I 

4 

5 

6 MB&‘“,) + Cl8iE~ e 

7 

6 

m&-c+ 

I 
sinb, 

M&-CHMO 

I 
6iEtj 

Ma -WC,“,, 

I 
StEt, 

Mb - CHC,” (, 

I 
silkt 

Ph3a -CHC& 

I 
SW 

9 M&a -cnb2 
I 
SEt, 

-H2ClJH17 

10 
f- 

“10 * 
8 

-“Cl3 “1, 

L 
DP b 

-YO - 

-“DC 79% 

had”(C 10” 2112 

11 
0 

-IClo”dz 
/ 

\ 
- DIO m 

12 

13 

m&c lti2lh + “20 e 

8 
-2 l W’ . 

-D(Clo”21)2 

=(Clo”2lI2 

-2 

14 P&HMO + 0s . h&C”DyI 

/-HP . 
0 

-“Clo”21 
/* . 

\ 

T”2clo”21 

16 

LD20 . . . m-0 “27 

Yldd 

w% 

66 

70 

80 

75 

80 

91 

86 

51 

91 

m 

67 

67 

87 

62 

-66 

>a 

>66 

>S 

Ref. 

n 

83 

n 

83 

83 

84 

84 

84 

84 

84 

82 

82 

82 

82 

82 

n 

n 

n 

n 



‘!see footnote 0 to cqn (59). 

PhCH-&Fll 

L 
52 

tonatal under conditioml successflll with’ the parent 
compolmd 51. 

(iv) ~p~t~~~i~~ of akin sdaridcs. !kvcral exam- 
pks in this category have been studkd (T&k If&“ 

Some assessment of the ease of anion formation can 
be made hrom the Tabh. The acidifying e&t of subs& 

“Thcprodwtsduivcdbyaikyk&nof55hnr~ 
utility as prcwrw3 to a&tloMhlM?d kuonal (see p. I ml% 

~~~~~~CIke~~~k~~ 
tbatforf&flsebnideslheaip~poEitknmustnotaury 
on alkyl subalitucnt (entry 7). It is not surprisinp, the- 
fore, that ~lenides of tbc type Pb!hCHzR cannot be 
dcprotoe successNly if R is a simple aIky1 group.- 

AII of’thc L7LrtmioM described in the above s4tctiolls 
on dcprotonation are powerful nuckopbiks and apart 
tromtheexampkslrlreadygiven(seeqns59Pad60aad 
assocdd disa;rssion) they have been used for & rcac- 
tions coIkctui in Tabk 17. 

SomeoftheabsnionrakorextwitItsec0ndary 
hdifks but redon is slower and m hcreaac in 
tcmpeWueand/orreactiontimeisneedd.TbcanbnsJy 
6kCOmpoSeSlygeci&lywithhO.SIUat-78oandtIlW 

s? 
T&k 16.’ 

. 

1. w 
!wh 

- .v 
!wh 

1 
< 10 min. - 78” 

20 min. -780 

20 min. 0” 

< bmin. -789 

< Smin. -ny” 
Rvpid -100” 
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Table 17. 

1 

2 

3 

4 

5 

6 

7 

8 

0 
PhsacHPh + RCH2Br 

Q 
Ph&cHPh + PhMBr 

& 

PhAPh + A/ 

0 0 

PhscHPh + 4 
0 

0 

PhSdHPh + 6 

Phsa 

F+ Ftl-Br -7V 

< 16 min. b “T 

Aof. 

31 

99 

38 

38 

30 

67 

87 

67 

67 

67 

57 

n 

n 
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fore its rcactiuns with epoxidcs or with accondafy T&k 18.“ 

bromidea are not successful.” The resuhs’of Tabk 17 
dis+ctbefacttbat~oftbeauyktrbilizedaniolt!? I I 
invdve a competition bctwem a and + atbxk. Alkyktio~~ B 

usunity occurs pfcdomiiy a (Tabk 18) but the 
-w 

0’ 
-au% 

rcg$s$ivity depends on the nature of the ekcwopih 

La those cases wkrc ysubatitutbtl wuln the 
product!3 arc usuauy 1: 1 mixtlues of E alui z isomen. 
Attempts to suppress y-alkylatioo were lulsuc- 
asaful!7S 

(v) Dcpmronorion of other srabiliud SM. The 
ester 54 is easily &pmtonatcd @&mu N-isopropyl- 

minly 

cycbbexykmidc, THF, -78q and the anion rcacil i&h 
akY1 halides at room tcmDerature in he DcC8CllCC of 

arlkylmtkm 

arlkytntim 

mlkylation 

di&thyl sulphoxidc (qn ti,.@ ‘Prcs~ geomcby. 

0 
IS&Y W,OEt -w PhSICHCOOEt RX 

7 

COOEt 
(f3 

!I! R - PhCH2 MB%)* 
R - Et mow 

*l&f. 54. 

l%eaeknidc49canalsobcdcprotonatcd=’~ DA, seknoxides muat be ham&d below 0” to avoid oklb 
THF, - 78”. 45 min] and then a&yktal [-78”-25al by formation.” A proc+ue has betn developed in w&i& 
pfimaryalkylbfomidcsandiodi&inbcttcrthan88% tbepbenyl~lseknideiso~insitv[m~hlo~ 
ovcraU yield (qn 64).” Ihe producta 55 arc convertible pehwic acid, THF. W” or - lp; or ozone= in 
into akkhyh (RCHXHO) by oxidah.” The aeknide ether,’ -78”l and then dcprotonatul DA, THF, 
5( can be deprotonated with EtrNLi CrHF. 00,30 min].” - 78q.=” n Resgentsm=tbaebY@e 

PtlB6cHsi+ 

I 
Ph 55 

(g) Sdgoxide-stabilized c&anioru by a%p~~tonatior 
Unlike most pbcnyl alkyl seknider, tbc uwrcapondiog 

scknoxides(SI,R=Horalkyl)canbeckprotonatal 
easily by LDAy 

Methyl pbenyl- and bqzyl p&By1 seknoxidcr cammt 
umkrgo ackaoxidc fragmcntatioa but bw chin 

ii 
PhSoCH2R 

67 

frwbccorrcspo~seknidespndfouIldto~at 
-7(p with aldchydea, *‘. ketone8=” and reactive 
b8tidc8.~~~wcrctbenalbwedto~ 
tool&torreduced74byocidifiediodideortilllphite 
sohtth= Tbcac expcrhmts are summahd by Table 
19. 

01) Irurodrcfior, of sdah by add+m acrvss do&e 

Thedoubkbo&ofenokaDdthcirderivativareact 
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1 

2 

3 

4 

6 

8 

7 

6 

B 

IO 

1% 

2 

3 

0 
II e 

Pb&cH* + ?bvar 

0 

Ax& + Pmt2ar 

II 
-pm + 

hf. 

38 

38 

39 

39 

38 

74 

39 

74 

39 
38 

3s 

38 

33 

30 

3e 
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Tab&! 19fCauti~. 

9 

‘Reaetions~~-7kPwrDykl:tTWF:Et~,Et~~ta?sdveaturedforozonitPbionofthe 
seknidcs. Yields M given in the notation of Ref. 54. *Ibis sekaoxide was allowed to fmgment (see ktcr). 
‘Reaction time spccifkd as ISah. ‘Radoo ma in THF and kitial prodact reduced. “Mixture of dins- 
temoisomas. 4nChloroperbea~oic acid uacd. Vmwmddy a mixture of dkstemoisomers. *Rcktive stereochc- 
n&try not detfbmhd. 

ie @ ii 
PhSICtl~ Li 

Jim J 
Ph 

0 Li 0 
Phi _( 0 

Li@ 
w 

/ - 

?i@ 

6fJ Rof.39 59 hf.39 t!tJ Ref. 3% 74 61 hf. 39.74 
r 620 Roi.3@ 

c 
+ouonc cannot be wed to make the sckooxidc but rtrchlotoperbtazo& acid [-log works well. 

p. ltI57). This section deals with reactions involving 
unactivated doubk bonds and reageats of the type 
P&Sex where X can be (formally) equivalent to Cl, Br, 
OCOCK, Oh, OMe or OH. A few early exampks were 
car&d out uoder quite Ggorous conditions usually 
employins compkx seknium compounder 

Myownexperimentswerebasedonthelhdingthat 
hydroxyalkyl sekaides” are syntb&& equivaknt to 
allylie alcohols (eqn ar>” and it was, therefore, worth- 
wllik to deveIop a method for converting simple okfius 
iota jMydroxyalky1 seknides under conditions that were 
justasmildasthoseusedfortheprocesssummarMby 
eqn (65). This objective was a&kv#lu by add& 
ethereal PbSeBr f1.2 equiv.] to a cold [- lo”l &her solu- 

*OH 

MThereh8dpmviollalyb8caobtaiomiby~8J18poxidc 
with Pi&-Na+. 

tiun of the okfin [l equiv.] and an excess of CF,COOAg. 
Aftera2-hrperiodat+2Vtrlxtmelltwiutaqueous 
mMbanolicsodiumbhhmate(room~,3&] 
effczted ilydrolysis of t&e tri&loroacetyl group in- 
corporated by the process and rnms-&@droxyalkyl 
sekaides were formed (eqns aairs).” 

Thetritfnonwrcetylgroupwaschosenonaccouotof 
the soMility of the silver salt in organic solvents and 
also because the final product can be hydrolised under 
conditions that do not sacrifice tile mildm%s of the 
additha process. Tbc following &hydroxyalkyl 
seknides Vabk 20) were made”’ from preformed 
reageut aad in these experimeots etllanolk potassium 
hydroxide was used for the hydrolysis. 

The addition is stereospecitk (rrrms) but the 
regksekctivity is poor. Nevertbekss, the reaction is a 
fn%daIIy useful suppkmemt to the opening of epoxides 
by &Se-. The conditions are extremely m&i and, in 



Table 28. 

82% 

84 

3 0 I 80 

Toml 

4 

46s 

6 0 ‘I (w 

OH 

8 m/c\\ -Pll 98 

To?A 

7 @+bOOh@ A 
y&klr 

COOuk 71% 

8.m OH 

36:86 
. . . 

.sB_,_..L._ _&_____s.__L_ __. 



0 ‘I Ffhso-ococlj / OH ba_ Rof.46 m 

Tab 21. 

1 
0 

I 
PhsIEk. A”oHi 

AOOK. 4h a- OAC 

2 
PhS&.AoOH, 

AcOK 
Pf 

, 
Pr OH 

0 I PhSoBr, &OH 
4 

lh’ 

6 + C10”21 

1:l 

&I 
PhW3r.AcOH 

6 .- + 
MK, - 

7 d-ChOkrtw 
lWmtk,AcOH 

A&K,- - 

'Nota!im of Ref. ill. 



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

(i) When cyclohcxane is rcfluxed in acetic acid with 
one equivalent of PhScJO)OH, then the rruit@- 
acetoxyaikyl seknide, previously made with PhSe-OAc, 
is obtained in 90% yield.- 

(ii) An apparcntlJ simpk way of making &aWtoxy- 
aikyl s&r&s is to r&u the olefin with dimethyl 
scleaoxidc for several hours in CHCla containh~ AcOH. 
The results repor&@ are shown in Table 22. 

The rcgiosp&fi&y observed with hex-lcnc is uu- 
usualU and it shouid *also be noted that sclenoxidc 
fragmentation of methyl (as opposed to phcnyl) sclenox- 
ides has not been studied in much detail (sa p. KJ.54). 

(ii) The wnt PhsdlAc can be iterated by rcac- 
tion of PhSc-NNea with acetic anhydride.W The 
selencnamidc itself does not react with cyclohcxene but 
it does combine with some Michael acceptors, apparently 
as &own (qn 74)pO 

For completeness a few mis&&ous studies 
co~ccrning additions across double bonds should be 
&Cd: 

~~~ti~~~~nofP~1~ 
olefins has been examined bricp and the mcchani@ri 
of tbc addition is being inv&igatcd.~ 

Treatment of alit sclenidcs with A& !&ts 
gives compounds of type 67. These in turn, a&d & 
substituted scknidcs on treatment with Cl-, Br- or 
AcO- by attack at carbon.- 

Fmaily, an intramokcuhu version has been found of 
the addition of A&-OH across a double boadw 



(i) lnrrodvction of de&m by ad&km acnws ttipk 

!$yntbic utility has not so far been demonstrated for 
the products that result from the reaction of ArSeX with 

seknides largely” of trans stereoclw&try (eg qn 75) 
and WseoCOCF~ gives triIl- xyvinyl seknides 
(of unestaMishd stereochemistry) (qn 76).& 

Tbe vinyl ~r~~~s may possibly tkd use as 
precursors to the enolates of a-phenyiseknoketones. 

but nitropltenyl a&y! sekaides (SC p. 1055) have not 
been tated. olmoxidation did not occur. 

In my expehents’ with a-phenylselenoketoas a 
three-fold excess of NaIO4 in aqueous slyme was used, 
the compo!&ion of the mixtlm be& !alcb as to dismivc 
both reagent aud substrate. Althou& the minimum reac- 
tion period was not determhed it is ckarly less than 
12hr at room temperatme. V.p.c. analysis at the end of 
this time indicated very high yields of the enones 
prhced by scknoxide fragmentation (qns 77 and 78): 

T&e choice of periodate was made for the reason that 
theenonesa~tobcinerttoitandtheuseofthe 

Ptlfkcl+ HC=,CH - - - 
\ 

(75) 
cl 

*Notstioa of Ref. U. 

@) SELrlNom FRAoMENTAm: PiRlcEwRRs 
RIR OXlDATION OF -ANDFoR 

I’RAOMENTATRIN OF sBLBNOXfDES 

In this Section a few introductory comments are made 
aJn3utea&oft&metbodsandtbepub&3bedexamples 
are listed. The concluuioas to be drawn from these data 
Ivf then examined. 

(a) Oxtition-fragmentation: use of sodhtn puialatC 
Early worr bud establisw that phcnyl alkyl 

s&w- are convert&k into seknoxides in good 
yield by treatment at 0” io queous metbaool with NaiO4 
~~-~~yl~k~ was inert to the res@enp” 

reagent in excess ensured that Ph!%-OH, a product of 
tbe seleaoxide fragmentation was not oxidised to 
PW(O)OH at the expense of residual seknoxide.‘m 

The 0th cases where Naf04 has been used are listed 
in Tabk 2% Usually the seknoxide fragments in situ and 
only the lln@mWd product is isolated. 

(b) Oxiihtion-fmgmtntation: use of peracids 
A number of seknides have been oxidised with 

peracids below 0” aad the nstdting seknoxides have 
been allowed to colkpse directly or have been depro- 
toasted and used (at low temperatures) for further 

r 0 

fransfommtiom (see p. 14?. ~y~~~ and frag- 
~n~~S~ 

TheuseofpeMdsasopposedtootherreagentsis 
M a matter of personal preference but in the 
aseoftbeok&icsekaideofentries6and?,peracid 
~~~e~~. 
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TabJo 23.’ 

0 
2NdO4. aq. M&H + THF 

6 Ph H - PhdH 
lh. roam tamp. 

2Nd04. rq. M&H + THF 
7 

-8 

Ii) 
OJsh, mom amp 

(h) 
OCOCf% (=JCHJ 

8 ~HlmCH2-CCH----CH0 
2Nal0,; aq. M&l% THF CoHts 

* 

I w--w. w 
CHO 

&Ph I 

Yhld 

-lW% 

w 

wc.4 

6e 

74 

<la% 

14 

67d 

47 42 

Ref. 

w 

6.41 

42 

6 

6.41 

41.49 

41,48 

42 

42 

42 

26 



1 

2 

3 

4 

6 

6 

7 

3 

9 

CJC ; I s 
(u-cH2c~2&Me 

0 0 fbl 

0 
1 MCA, THP, 0” 

* u&-m 

1 MCA, THF, 0” i 
-Ph& 

Ph 
(0) 

0 

-+Qh T ,m . 

9% 

71 

sd 

v’ 

29 

74 

74 

39 

33 

33 

33 

60 
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(c) Oxidation-fmgmcntation: use of owne sekoone occurs at a rate comparable to formation of 
In principle use of ozone has certain advantages. ‘Ilx seknoxide. 

wnt is easy to handk and an excess is removabk Ahhougb seknide oxidation is fast (see. Table 25) 0, is 
without dilliculty. Moreover a certain amount of back- not always tbe oxidant of c&ice if the substrate contains 
ground information has been available for some years. 

Selenides reac? quantitatively with a in an inert 
a carbobcarbon doubk bond. Pbeoyl ally1 seknide can 
be oxidized ckanlp but in the case of tbe compouod 68, 

solvent (CCL, CHCI,, MeN02) at - 10 to -5o”.“” The MCA is more selective than 0,. 
reaction is clean, and brief exposme to an excess of the 
reagent does not ykld selenones. The following rate data 
are reported (Table 25). sulphides app to react some 
SO times kss rapidly than do olelins’ ’ W 

/ sePh 

Other ozonolyses,‘~ carrkd out at -5-W. showed 
that, at kast for diiy selenides, further oxidation to ?! 

Substrate 

PkGPb 

PhSdu 

BUSOBU 

m$xaEt 

BushI 

Tabk 25. 

rklativa RAta of oxidatial 

1 

4.1 

34 

a 

eel 

The following ozonolyses are reported and Table 26 
also gives, wbere available, tbe conditions under which 
the selenoxides were allowed to fragment. The protocol 
for selenoxide fragmentation can be critical. 

(d) Oxidation-fmgmattatb~: USC of hydmgen-peroxide 

Hydrogen peroxide is very frequently used for oxidis- 
ing seknides. The reagent is cheap, it usually performs 
well, and it can often be added directly to the reaction 
vessel in which the seknide has been prepared. The 
following exampks have been published (Table 27): 

Table26 

SoPh 
3 Mm 

i OS, CCl4 or CHzCI2, -20” 

W'17 ii 12h,-temp. 
w/\\+/\/ 

W17 W17 

1:l 

SaPh 

Yidl 

>W% 

,100 

a.6 

60 

671 

Rd. 

26 

w 

36 

36 

60 

46 
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Lb 499b 17% 9% 

0 0 

9 
i 4. CH2Cl2, -79’ 

ii N2 puqe 
iii (kl (I) 

0 

fY 
9oPh 

9 

(h) 

0 

Ph 

10 tr (hl 

0 

Ph 

11 tY= (h) 

0 
Ph 

12 

0 

13 Jx_ (h) 

14 

16 

16 

17 

19 

0 

CT 
0 

43- 
CY- 

0 

Ma dk 

i 03, CH2CI2, 79 
* 

ii (ml 

i 03, 79 
b 

ii (i) (n) 

i 03. CH2C12, 79 
b 

ii N2 plw 
iii (kl 

i 03, CH$&, 79 

b 
ii N2pur9a 

iii (p) 

i 03, CH2CI2, .78” 
b 

ii (jl 

i ‘4, CH2CI2, 79 

b 
ii N2 pum 

iii (ml 

i 03. CH2Cl2,~ W 

ii N2 purp 

iii (k) 

i 03. CH&, -m 
b 

ii N2mm 

iii (k) 

i 02, CH2C12, - 78” 

P 
ii N2pur9a 

iii (k1 

i 4, CHzCl2. - 78” 
* 

ii 0) 

0 

0 I 
0 

Ph 

0 I poorV*ld 

0 

Ph 6 I (01 

0 

Ph 6 I 

0 

45 \ 
0 

0 I (4 

& COOMS 

1s) 

49 

bl 

41 

19 

41 

41 

49 

41 

41 

41 

41 

49 
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Table 26 (Cad.). 

1s 

20 

21 

22 

P 

24 

0 

& Me 

0 0 

& 
0 0 

t+ 
sell 

0 o- 

i 03. CH*CI.& * TB” 

ii (JJ 

i 03. CH3C13, 780 

i 03, CH3Ci3, .78” 

ii N3 PI~QD 
h 

iii fmf 

i 03, CH2C12, _ 78” 
* 

ii NZ PWP 

iii (k,wJ 

i I 03. CH2C13 L - 7V 

ii 

0 

0 wow 

I ttt 

0 0 

cl+ I (ul 

0 

1)” . I kI,v) 

0 

6 \ 

bbJ 
2S PhSoCH2Ph+ 

-)i 

:alJ 

WJ 

W 

:BiJJ 

81’ 

88’ 

d 

49 

49 

41 

41 

41 

39 

3s 

39 

3a 

39 
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T&d. % lfh.t.4 \ 

l- 

34 M4 

- 

64’ 

of 

7s 

81’ 

66’ 

ti 

- 

39 

39 

39 

38 

33 

38 
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0 

1 Y4. -.o * 
1 b 

O.sh. thml 1s to 20 

0 
fw2h 

2 

3 

4 

5 

6 

7 

6 

9 

10 

Phse Jl 
PhBa 1; 

ph 

Y- R 

-yPh 
Ph 

“YY 
Ph OH 

Ffl 

4 /\ - 
- 

Pfl 

10 H24 =, THF. _ 0 than 

-tamp. 3h - 

0 :: 
NCH2CH29eMe 

0 lb) 

61 : 28 : 11 

10 H20ZC, THF, -0 than 

rOantMnp.3h 

H20Zd, THF, room tamp. 

24h 
w 

R=H,MO,Ph R 

6 to 10 H24, CH2C12, 

2 pyridilw (1) 
w Phwph 

10 H24’ , THF, -0’ 

- tamp 2.5 h 

10 &02’, THF. -0” tfmn 

- tanp. 2.5 h 
w 

10 H202’, THF, -0” then 

-_.3h ) # + L# 

5 to 10 H202 , CH2C12, 

24h 

1:l 

PhJ 

I 

4 

Ph 

/ 
- 

I 
Ph 

lield Ref. 

SO 29 

r0td 
11% 5 

r0td 
Mm% 5 

I 76.61)’ 31 

Bll 39 

5 

5 

Totrl 

94 

(66) 

(62) 

6 

39 

31 

I’ 



lo!% D. L. J. CLIVE 

Tabk27(Ccm& 

11 

12 

13 

14 

15 

16 

17 

18 

1B 

Cl2H2Lw’ 

(i) 

H202*, THF, raom tamp. 
& ~cyclophwd*nr 

24h 

10 H202*, THF, -0” thrn C,oHe 
* Ar-Ph 

roommmp.2Ohfat ArPh 

Ar - 2 N02CIH, 

amditiom: 0”. O.Sh 

10 H202 *, THF, -0” thm 

Ar-Ph 
loom tamp. 9.W 

2Hfi1,THF.LSh 

OTHP - 

4.8 H202 L k, THF, 0” tha 

momtemp. 12h. 

COOMa 
Ar - 2-N02-COH, 

COOMa 

= R 
H202i , THF. 

0 

Ar - 2-N02-C& 

-OJ?Y ii 
OAC COOMn 

PhSo OH 10 to 20 H202*, THF: 

* 
-0” m rmm mnp. (II 

OH OH 
10 to 20 H24*, THF, 

-0” toraoantanp.~I~ 

10m20H202*,THF, cm”, 

thmroomtanp6012h (J 

77 

Bl 

47 

92 

7s 

<4 

92 

(811 

80 

83 

m 

31 

32 

32 

32 

32 

34 

34 

33 

38 

70 

78 

40 
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T6blsZ’l(C&). 

wh tm) H202d 

20 R 
COOEt R - mh, M Cqts R-cOoEt 

1097 

Sli*02d*k ,2.1 AcOH”. aq. THF, 

*c)- 

\ 
<~,tWnmomtmmg.O.Sh 

COoMa 

Hfl2. THF 
COoMa 

SH*Ozd.k ,2.1 AcOH”, aq. THF, 
+- 

<2s;. . them room tamp. W 

H202, AeOH”. 

aq. THF. 0 to mom tanp. 
*fr 

0.5 to 1 h 

26 
6H202*, THF, traa AdXi, 

* 

A’ 0’. 0% (1, ql 

R 

R’ /c=L 0 0 

27 
‘W202d, THF, olo, A&H, 

b 0 Id 
o”,o.sh (U) 

H 

28 
-7&Ozd*yTHF, 2.6 A&H. 

* 
fP,Obh 

H H 

t-60 42 

Wl 

41.49 

30 

20 

6.41 
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T&b 27 (Cod). 

29 

30 

31 

32 

33 

34 

36 

38 

37 

38 

38 

ba 

-7H202 d’k, THF, 2.6 A&H, 

0’. 0.5h ( P) 

-7H,01 d’k, THF, 2.8 AcOH, 

@,0.6h I!?) 

-7H202 d’k, THF, 2.6 AoOH, 

v,O.lh @) 

MO 

H CHZSIQh cs 0 
HzOld, THF, tmw A&H, 

b 
0 0”.0.6h (U) 

H 

HZOzd, THF. tram A&H 
b 

0”. 0.6 h (9) 

3H,0~d:‘CH,Cl,, 2 pyridin, 
* 

-3H20zd, THF, WAC,” 
b 

< 36’. 1 h (!I) 

0 

Ph 
+ 

-3H20zd, THF, EtOAc : 

+ 
< 36” ,0.6 h 

6 to 10H24, CH,CI,, 

b 
2 pyridim If) 

2.7H20$, CH2C12, 
* 

2 pvidinr, < 35”, thm 26’ 
0.26 hr 

6H,0ad, 2.1 A&H”, aq. THF. ’ 
7 

< 26”. o.wl 

H 

CD 

0 

H 

23 0 0 

r& ’ 0 w 

PhL 
lx) 

0 

8.8H202’, CHfi$, 2.4 pyrbdlm, 

25=, 0.5 h 
N 

0 

Fh 
sIph 8.8H20$, CH.$&, 2.4 pyrkfim. 

26”; 0.6 h 
b 

w 0 

,* ’ 
Fh 

0 

Fh -b / 

VW 

big 

Totl 

-la 

97 

@a 

I72 

66 

65 

67 

56 

73 

M 

41 

43 

42 

81 

01 

41 

,a 

41 



41 

42 

43 

44 

46 

46 

47 

48 

bs 

w 

8.8H24’ , CH$&, 2.4 pyridina, 
* 

2f?. 0.6 h 

MOO 

ID-- RI 

H ih) (xl 

“2% 

& 

0 

Fh 
R@i24’, CHpC)r! ,2.4 pyridine, 

* 
26”. 6 min. 

0 

8.8H202’z CH$l2,2.4 ~tiif% 
* 

260.0.6 h 

sH2024. 2.1 A&H, q. THF, 
* 

<26q 0.6 h 

SH,Osd, 21 AcOH : q. THF 
67 33 

- _ 
* 80 20 

< 2s”, 0.6h 

10H24*, THF, -0” 
* + 

th*rmunmyr,Sh 

‘100 : 0 

r0m 
ml 

‘oml 

Bay1 

(74) 

(62) 

a0 

TOtl 
m 

6 

6 

12 

42 

49 

6 
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T&b 27 (Chard.). 

Mm 

-*4 a M8 

-3H2C+d, THF, 130Ac”, 
51 

IW) 
C3k.lh 

H 

5 to ioyq , u-w,. 2 tedi-. 

26’. -10 min. -4 I 
(1) 

0 

5 to 10 H202’. CH2Cl2.2 pyridim 

- 10 min. If) 

6 to 10 H202‘. CHzCl2.2 pyridin, 

- 10min. (1) 

6 H202d ,2.1 AcOH” 

q. TH F, <26 O, 26”, O.Sh 

-2H202d, THF. EtOAc”, 
* 

<26’. lh (11 

Q \ lhh) 

0 

8 

I \ 

0 e - (ii) 

OH OH 

68 
G3H13 10 to 20 H202f THF. 

UJ 260 0) 

OH R-H 
R-Ma 

ml& %H13 GH13 

69 

w 

10 to 20 H20ad, THF, 

26’ (11 -P+ 
OH OH 

72 

61 

(721 

(771 

4 

I 

1 

‘J I 

1) 

78 
74 

a0 

61 

8.41 

42 

Ba 

40 

18 

78 

b2 

41 
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TabkZ7(tht&). 

-tm(r.uh 

X-O&Z 

mflux O.Dh 
* 

x-OAC 

rountxmp2h 
+ 

x-o&lx 

X-Cl 

* 
x-on 

hlx 

10 to 26 I+.$?/. EtOH, THF. 
foe) * 

C 26’. mflux, 26 h (I) 

98 3 

61 4s 

SD.8 0.2 

MS / 
HO a 

w 

Mx 

no 
62 mic#l W 

10 to 20 H2qd, &OH. THF. 

<26”,dux,4h(II 

H 

10 m 26 H;r02d. BuOH. THF. 
b 

Ct6’,roomtxmp4h (IJ 

.*- 
64 Ilt 10 to 20 I+@, &OH. THF. 

- <26’. mflux. 1 h (I} 
b 

OH 

OAC 
6 HaOzd. THF. -s” 

* 
thmromtam(r,l.6h 

11) 

CT 
OH 

-cN 
(EkiZj::S*:UI 

Ii01 

1 

40 

40 

40 

40 

66 

36 

30 

6s 
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88 

m 

71 

72 

73 

74 

76 

78 

77 

7% 

ZNH - CH-COOCHPh,q -1s H*O*d, aceton, 

1 * 

CH$%cHPh, 
roomtam~0.2Sh 

(kl 

0 

Ph +L 
/s=o 

Ph 

3 ti;tO2‘, CH#f,. 2.4 pyrfdin. 
b 

26’. 0.3 h 

0 
cooM8 cF* 
COON 6- 

0 0 

cJ+ 82 

0 0 

Ph v R 

0 0 

t++ 

2@to30°,2S0.0.3h - 

6 to 10 H202, CH2C12, 

2 Pwln.. -10 min. (0 

6 to 10 
d 

H202, CH2C12. 

2 pyridim. -10 min. NJ 

2H202, 2S” 
* 

ZNH COOCHPh2 

Y (mm) 

0 

Pll 
+ 

0 

,k=o 
m fd 

c!!T- \ 
0 

0 cooM8 

I 

0 

CrY CHO \ 
(PJ 

S to 10 H24. CH2C12, R-H 

2 pyridim, -10 min. (f) R-R 

d 
2 H302, CH2Ci2. 20 to 30” 

-0.3 h 

7s Ptii 

80 Q-qL 
3 to 10 H20; CH2(32. ph w 

Ppyrkfkw. _ 
2s”. 0.26 h if, w) 

l)h 

d 
6 to 10 H202. ChCf, 

2 ~idino, 
&Ph . 

fww) zs”, 0.36 h (1. w) OH 

100 

*loo% 

71 

(81) 

t8W 

93 

s3 

74 

80 

33 

(841 

WSi 

(W 

38 

38 

41 

41 

4’ d 

41 

41. 
49 

Bo 

41; 
4s 

41 

S7 

S7 
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T&k 27 (coard). 

81 

%2 

85 

84 

Me Ma 
I 6 ba 10 H-O!. CH2f+ 2 pyridir 

) 
f -Y-v 250.02626 (f.wl 

ph 5 to 10 H30:, C&$13,2 pyridine, 

“Y-f 
%oPh cl. bbv) 

26’. 0.25 h (f. W). 

6 - 10 H34, CH2Ct2, 2 pwidin. 
b 

26”. 0.25 h (5. WI 

-2H202 4 THF + Et@, 
* 

0”. 10 min.: 26O, -1 h 

-@v 
0 

R-FwH2 

R - PhCH3Ctf2 
R - PhM@i- 
R-W “H2+ 

R -CHO 

‘Quantitks ate spoci6ed by the natxtion of footnote a to T&k 23 (p. 10891. wk;re no initial temperature is 
shteditsboaIdbe rndentoodtbuH~n,~with~.‘Tbis~kaoxibcks~.seCuaeofpeneid: 
TIWr2A,eatryI.‘TlwH24UlCd~~1~(~wtcPted).”nKH24~w~~(~notsllsd). 
‘DepadiasonR(~.forenoyZIthe~ofXPadR~.r5to10squiv.ofi59b~~H~werr~~for 
-lamia~&CH~~rokttionoftheselntide~2~~v.dp~.Tbic~gnmrftwophKrnttbodwPs 
~fortk:~tCUCbPt~~~baYenotbcen~gTberuc~teyicids.bStaeocbemirtry 
not ape&d ‘Ar can have various v&s (ace Tabk 3, p, 1056). For ~conductcdxtroantemp.onrkrsc 
sak,icc-bptbcoolingwuprobPblyusedduriastbeo~n~.~sttpbexobulmic.*“TbeH~w?dwes 
50% (units not stated). *The proporhs shown as6umc the u&x to be w/w for the -@ation of I&@. ‘This 
~pmcedunwrrua#i:spccificdetlilsueaotnported.*ItkmtcluvifH~*mttriediatbeoxidrtMnof 
esch of the esters. See use of peracid: Tabk 24. entrks 16.17,18. l Tbc reaction mixture coatains 1 equiv. of 
Pr$W from LDA. Wsing H&, THF, probably in aeuti solution. Eat&s 22 and 23 should be cornpar& %cc 
use of PiiSc(O)C!I: Tabk 28, et&y 2. ‘Spccillc &tails xrc &en only for R’ = Cd,,, R = PbCH> ‘The cotnpooods 
have the doubk bond largely (a 95%) io the endocyctic kc&n sbowo. ‘30% w/w IfA was diluted with about an 
dQ~vOhlOYofwP1Q.‘IIL~COlCsPdCakdetrihuegiwn.Seefaotaotc/Ibove.Saeurcd4:Tabk26,mtry 
22. “I& reaction mixture must be freed from HCI @nemted da&g the rknenyktion) prior to oxidation. ‘The 
low ykkJ may be due, in part, to poor regiosek&ity for the seknenyktion. ‘See use of NATO,: Tabk 23, entry 2 
‘See use of PbSc(O)CI: T&k 28. entry 1. ‘The product is a %:I mixtafc of ado and exe isomen. The 
atcreochtistry of tbc cxo isomer is not 8iven. ‘Yarious steroidal nocki. PresumabIy the ketone arises by a 
Bseycr-Villager reectkn of the nomd eaoae pmduct “See we of 4: Tabk 26, entry 11. “Set uxe of 03: Tabk 
26. entry 8. rrPmum&~y the seknide was &red in P twoqba~ H&-CC& system. ySa ose of peracid: Tnbk 
24. entry 12. “!ke use of NaIO,: T&k 23. entry 7. “Seknoxide fmgmentatioo was completed by reti for 
5 min in Ccl, caathing 2 equiv. of pyridine. VAokrtaoe skektoa uSec use of NaIQ: Tabk 23, entry 4 and use 
of 4: T&k 26, eotry 15. “Sac use of pmcid: Tabk 24, entry 13. (ZMsomer not detected. ‘Miiturc of 
dkamokomara. “(2) and (I?) isomers. “(JWsomer not de&&& ‘“See UK of NeIO,: T&k 23. entry IO. 
->~oionc~.“Tbentutmp~klCtprlly8~~OfIbedhyl~etbyiettara”ApprclimrrelY 
15% 4 HpI wu used. An excess must be avoided. The pruhu& m rsmitive to ~-cafuIy~ epoxidetko. 
“Sctureof4:T~~,,mtry18,“Seeuscof4:TtMsZfr,eatry19.Rrproducthe#1:2lretoznol~~. 
“~~n8;.ver~thrtkrlmoacrwpletdyeaolhtd.&fblr~ntbcplOdUCtkli56:UtetPcnal 
mixt0e.“A%:SmixXoreofgeometrkaI ixommiafommd.Tbecapo&islnWnota.-”~H~u#wlwes 
-l~.Tbepmdactwra~~:1SLeto-rmlmixmrr.sbsoleof4:T~#I,sntriaIll)rud21.~weofpsncid: 
T~U,artryll.“Ingaaaiocd~~inEKHiap~~arbbmsr”~~d~ 
koalen. 



lltu D. L. J. CWE 

(e) lxmct intmdJfction of phenylsdeninyr group 
Direct introduction of tbc phenylsekninyl group has 

not been studied in detail. Tbc reagent, Ph!k(O)Cl. is 
rqorted to be exceedhgly bygroscopic and the known 
exampks of its use are summarised by Tabk 28. 

F&i, it has been ~bserved’~ that the a-lithio-salts 
of esters react with diphenylsekninic anhydride to give 
a#-unsaturated esters directly. However, no experi- 
mental details are yet avaikbk. 

0 Sduwxide fragmentation: stuwchemistry 
Fragmentation of selenoxides is a syn elimination 

process (e.g. Tabk 27, entries 6 and 7) and, in non-cyclic 
systems, the product is almost always the okno of 
(B-geometry, a fact that can be understood’” as a 
consequence of the relative steric intunctions in the 
transihnstates69and7&‘I%enoa-bo&dhractions 
in the former are ckarly kss serious and so the (E)- 
hornet is the strongly favoured product but, for trisub 
stituted olelns, there is kss dhhhtion (Tabk 24, 
entry 6; Tabk 27. entry 21 and, possibly, entry 41). 

-TkpamtleIenidewumdebyracthtofPhse-witb 
rmnl-cyckdad&xcbc kpoxide. 

If the syn conformation is not accersibk (or if the 
resultant strain from a doubk bond produced by fmg- 
wntation is high) then the process might be expected 
nottooccur.EntryllofTabk27maybesuchacase. 

Among nobcyclic compounds only the fragmentation 
of a-pbenylsekninylnitriks (Tabk 27, entry 68) (but not 
acids, esters, aldehydes or ketones) alhls both 
geometrical isomers. However, it should be noted that 
the relatively insensitive u!&nique of IR spectroscopy 
has often been used to establish the absence of tbc 
(Z)-product. 

In most cyclic systems geometrical restraints ensure 
tbat a cis-olelin is produced. Oxidation of cyclododecyl 
pbenyi selenide (Table 27, entry 8) gives’ a 1: 1 mixture 
of cis aud tmn.3 cyclododtcenc, but fragmentation of 
l-acctoxy-2-pbenylsekninykyclodW Crabk 27, 
entry 65) alIords only the tm okfin as does frag- 
mentahn of 2-pbenyl-sekninylcyclododecanc (Tabk 27, 
entry 55). I-Hydroxy-2-phenylsekninykyclododecane~ 
(Tabk 27, entry 64) ghes (2) aml (E) isomers. Evidently, 
doubk bond geometry is determined by conformational 
ehctsoftbering. 

(e) !Menoxide fmgmmtation : tvgiochemistty 
‘lb ngiockmistry of seknoxide fmntation is 

characterised by several trends. 
(i) In situahns of type 71 eliminah away from an 

electronegative substituent X is the ruk (71-) 72) even 
when the doubk bond of the alternative product (73) 
would be conjugated with a phenyl group (Tabk 26, 
entrks 32 and 33). In the case where X is chlorine both 
routes are equally easy (at kast for a cyclobexyl 
skcleton) (Table 27, entry 60). When X is Me2N then 
removal of the adjacent hydrogen (H. in 71) is 
moderately disfavqurcd (Tabk 24, entries 8-10). 

(ii) In the case of swlphoxidh witJ~ partial structure 74 
loss of H. or H,, &ends on the nature (H or C) of tbc 
other substituents present and, with non-cyclic 
e, the following sequence has been foumVm 
for tbc types of H that are removed preferentially: allytic 
= propargylic > benxylic = methyl >metbykne > 
methh.‘I%eevidencecolkctalinTabk29sbowsthat 
the same sequence probably holds for rlenoxide frag- 
mentationanditisseentbatproductionofaconjugated 

Tabk 2R’ 

iii12AaOH,*rrmtomomtmp 
arrO.ZSh 

(bl 

_A I 12 LDA, THF,-7l 

’ - ovu0.26h (d) 

w 
ii 1.8 PhSO(O)Cl, -7V 
iii 12 AcOH,u~mbDroant~~~. 

COOEt 

Yidd 

80% 

08% 

Rat. 

41 

41 
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c@--C/Cb\ 
/ \,-,“” 

“I 
/@ 

g 

74 
Cy 

oMn is favoured over fornhon of an isolated double 75 
bond (Tabk 29, entry 1). 

U 

For cyclic compounds where a hydrogen on a ring 
carbon can be removed in catnpetition with a hydrogen 0 C”3 
on an exocydic carbon (see shucture 79 then the 
8en&al~rcCkD&e Mhlated largely with hctoner) is 8s SI Pll 

Possibly, as cx&ined’m for sulphoxides, the trends 
shown in Table 30 arise because the confomhoo kd- 
ing to e&o olefinic product involve a sdler dipok- 8 +L” 

0 

II65 

0% 

R-HO?C 

R’=“orC 

Tabk 29.’ 

T&k 

1 c-c 
7 I ‘i’ 

-c-c- -c ‘i 26 30 

“$I% H 

2 c-c-c- 24 7 

3 ,_H-b_6-, 27 3 

?w,LPh d 

0 

4 
‘; I 

1 
25 s 

“-i-f- rc 

27 2 

“76”” ” 

‘i’ I i 
5 “_~~~i-i_c 27 5.7 

SnPh” 

0 

H 

O C” 

c-5 
2 

sa 

Ph 

\O 
0 
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Tabk 30.’ 

‘ln~~H~~8~pC~~~~lly, 

bR -Hinstructum76. 

CR’ = H in stntctum 76. 

dR’-Cinstmctum76. 

l R - C in structum 76. 

‘Hue thn caocyctic double bond b U@U~ with a phonyI group. 
WaeTIle 27, rntry 31 for a pouibk uaption. 

(a) sdmaxidc fmgmmtation: oxialsing agents ad 
fmgnuWation pmcednms-geneml considemtions 

For okfinic mamrials of the highest purity it is 
frequently essential that the starting seknides be them- 
selves free of ~~~ (such as llnseicnenylattd 
carbonyi substrates). However, it often is convenient to 
carry out the oxidation on the crude seknide as it is 
kokted from the seknenyktion reaction or even, as is 
frequent practice when using IS&, to simply perform 
the oxidation on the seknide generated ia situ, 

Four types of oxidant are in common use: NaIO,, 
peracids (usually MCA or CH,CO,H), 03,m and Ha. 
Obviously, the choice is guided by the sckctivity 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- 
nmntatioo is sluggish an excess of oxidant is needed to 
quench the Phfk-OH fbv immedk& conversion to 
PltSe(O)OH]. If this is not done, residual seknoxide is 
usually consumed so that a mixture of 01etIn and seknide 
is obtained.~” Sometimes selenoxides of this type 
should be added to refluxing CCL or CH&h and under 
these conditions fragmentation (unimokcuiar) is faster 
than transuxidation &iikcuiar).)b 

It is usual to employ NaIO. in excess, and frag- 
meatation then occurs in the oxidation mixtune (which is 
an aqueous organic solvent) at, or below, room tempera- 
ture. ~ionally, the system is b&cd with NaHCQ1. 

Peracids are commonly used in an organic solvent 
either in stoicheiimetric amounts at - 10 to -lo”* or in 
su&knt quantity to oxidisc the PSeOH formed. The 
latter process, conducted at room temperature, is 
confined to situations where the ok6n does not react 
mpidly with peracid (e.g. Tabk 24, entries 11 to 18). 

Ozone is invariabiy used at a low temperature (usually 
- 787 and C&t% CCI, or Etio have been tiie preferred 
solvents. THF is too sensitive to 01 to be useful. The 
wienoxides are stabk at the ozonoiysis temperature and 

“Oxidation by pbtochemidy~d singlet oxygen has 
been examined briefly.‘= 

“!ke p. 1057 and T&Ae 26, entry 3. Entry IO of Table 23 may 
be anotbw csampk of seknoxidc r&ctioa by PMcOH. 

“The s#honiQ can tbcn be used for fur&r lramformationl. 
Pm&mcnatha is eveomauy allowed to occur (at a b&a 
tenI_) in tbc abseocc of OAao!. 

“AnyolbraaroagbaacspmscatcanbcucumliKdti 
ACOH 8t low temp. 
-~~m~~n~~~~~O~ 

~~~~0~~~~~~~. 

TBe&op.liu7. 

a variety of techniques-specifically cited in tlm 
Tabks-lmve been developed for effecting the frag- 
mmnatioll. 

‘Ihe seknoxid+whether generated by low tempera- 
ture ozondysis or low temperanne peracid treatment, or 
~~~of~~o~~~~~~ntby 
the following techniques or slight variatkns of them. 

(i) Warm the cold seknoxide solution to room 
tempemture. Sometimes a controlkd rate of warming is 
SpCilkd. 

(iii Add py6dine to the cold selewxide solution and 
kt it attain room temperature. 

(iii) Add the cold (-7851 selenoxide solution to rethtx- 
ing CHLlr or CCL. The decomposition is complete 
essentiall instantaneously. An important variation is to 

&H have Prz (from IDA or deliberately added) in the 
selenoxide solution initidiy.“Sometimes Prz??H is ad- 
ded to the retluxing solvent before the additioa is begun. 
Occasionally, &NH is used in pkce of Prt’NH. 

Hydrogen peroxide is employed very frquently”- 
~y~ex~sover~~~o~~~ 
selenide and WSeOH-in strengths from IS to 7046 w/w. 
‘Ihe 30% reagent has found most use and, for one-phase 
oxidations, THF is the solvent almost always chosen. 
Where the seknidc has been generated in EtOAc it is 
convenient just to dilute the solution with THF. Typic- 
allythetemperatureiskeptnearo”duringthebegim&g 
of the HA addition and sometimes it is allowed to rise 
beforealltbeoxidanthasbeenadded.Themixturesare 
then usually kft at room temperature for a suitabk 
period, AcOH is sometimes added to neutmlise Pr~tiH 
(from LDA) or even when Pb’NH is not initially present. 
Presumably this precaution protects compounds sensi- 
tive to basic H& Mineral acid must not be present, 
however.= - 

A two-phase method has been found to give superior 
results: an excess of HP2 is stirred with a CHZQ 
solution containinq the selenide and usually also 2 equiv. 
of pyridine. Under these conditions the seknide is oxi- 
dised ettkkntly and it collapses in id& yield, often 
within about I5 mitt (.whetl the product is an enone). 

(i) Seaox& fmgmentation: e#chcy of the press 
‘iBe mildness of seknoxide fragmentation is evident 

not only from the r&&rate conditions of pH and 
~rn~~~~~rn~f~~~~~ 
possibk to isokte, without special dit%culty. compounds 
that are sen&ve to m&opt& (a-methykne ketones), 
to porn (e.g. Tabk 23, entry 2) or to ediza- 
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tion.” Ok5ns can also bc obtained in which the doubk 
bond is not in its thermodynami&y stable position 
(Tabk 27, entry 38). 

Tbe formation of mnninal tutconjugated okfins can be 
slow unkss special techniques are used (see p. 1055) but 
other ok5ns are produced within a few hours and the 
formation of cnones is generany a rapid process that 
frqueatly is over within minutes (see Tabk 27, entries 
45 and Cs). In &dkarbonyI &ems fragmentation can 
occur at temperatures approaching -78” as seems” to be 
the _ for entry 72 of Tabk 27. Most seleuoxide 
fragmentations, however, have been carried out between 
0” and room temperature. OccasionaIly a long reaction 
time” (Table 27, entry 60) or a higher temperature0 are 
employed. The use of refiuxing C&C& (b.p. 409 or CCL 
(b.p. m sacri5ce.x the extreme thermal mildness 
8eneraUy characteristic of the fragmentation but u&r 
these conditions the process is complete almost instan- 

. taneously. 
The pneral practice of seienoxide fragmentation calls 

fortemperaturesthetan-~0-ll#plowerthan~ 
required in the correspondinq sulphoxide fragmentations. 
Direct comguison can be made in a number of 
_s*Js.lY.l 

In those situations where a seleuoxide can undergo 
eitba fragmentation or [2$]signWropic ~medt 
(Tabk 27, entries 79 and 80: see also p. 1108) tIm 
@matropic process is usuaIly much faster. 

The yields of some cyclic enones are low. Possibly, 
the requirement for a cyclic transition state cordlicts with 
the conformational preference of the cyclic ketone and 

‘W. the product of Table 27. entry TI was isohtcd in a 
Don- form. 

so the incursion of other reaction pathways for the 
selenoxide is seen. For exampk, oxidation under a 
variety of conditioos of 2-arylseknocyckoctauone gives 
the products shown (eqo 80) and the origin of the by- 
products can be undersd’ in terms of tbc properties 
of the intermediate selenoxide 75. This compound has an 
acidic hydrogen amI so a Pummerer-type reaction can 
occur (eqn 81) kadin8 to the adiketone and thence, if 
theo~tisH~,totbediacid9.Lossoftheacidic 
hy&oOeoinncanalsogcoeratetheanion~jchcan 
quench specks of type Ph!k-X (produced from PhSe- 
OH). The mode of formation of the vinyl selenide bb can, 
therefore, be summa&d by eqn (82). 

A suit&k amine might trap PhSe-X and thereby 
supprem vinyl seknide formation. The Pummerer-type 
reaction (qn 81) is favoured by low pH-hence the need 
to remove mineral acid before oxidising selenides. The 
presenceofahimkredbaseintbeseknoxidemixture 
suppnsses the Pummerer reaction. Thus, the rational for 
the d&rent protocols for seknoxide fragmentation can 
be krgely umkrstood. 

(j) !Menoxide fragmentation: fate of the sdcnium 
The initial seknium containin product of the frag- 

mentatioo process is Ph!k-OH. 10 the ~MCOCC of an 
excess of oxidant it is converted into Phse(OPH (pK. 
4.70) which can be extracted from the reaction mixture 
and reduced hack to PhSe!3ePh.YM’ 10 the absence of an 
oxidant [and assuminq that fragmentation is fast (see p. 
1 lOa)] tbc PhSeOH disprop&onates to 8ive Ph!kSePh, 
PhSe(O~H aaI water. In those experiments where it is 
coovenien? to remove selenium compounds by extrac- 
tion into huse the diselcnide can be oxidked to 
PhSe(O)OH with Ha. 

l Prodllced if H& is tbc oxidmlt. 

0 
0 set’ 

0 H2O 

0 0 

0 (81) 

TlftRAVd.l4Nol-S 
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Certain aape& of the chemistry of allylic 
merit explicit comment. 

seknkks 

(A) The dnoallylic rconungematt 
AUylic seknides undergo a reversible 1.3 shift (eqn 83 

whose mechanism ad atereochemiatry are not known.’ 

Treatment” of the dlylic chloride 84 with PhSe- at 0” 
gave the tllamodynnmicdy less stabk deni& SS which 
containedabout6%ofthe(z)and(B)isomersof~At 
52” in CHCb 16 m to I( with a half-life of 
- 1.3 hr.’ In MeOH the .rearraagement is dower (t,n = 
2.Ohr at 527.” Treatment of 84 with K!WN gave u 
exclusively 87. The 13 shift evidently, occurs very 
readily in the case of selenacyanates. Likewise, the 
dlylic chlofilk m gave quantitatively the temlilld 
!xelenocyanate 89. 

yIS$n&vpic nomangemcnl of allylic 

The equilibrium of cqn (84) Lies krge4y on the right in 
contrast to the sit&on with sdphoxidcc,~ and the 
seknenkeatl!rs9oarereadilyhydroSaedtothecor- 
responding allylic akohol.’ As in the sulphur series-*‘” 
theokfInariaingbythe[2,3]-sigmatropicshiftisof tmm 
geometry~’ 

It is 8ometimes possibk to use tbc 13 and [Zdl !ihifts 
to exert regkch&cal control as shown by the following 
exampk (eqn 8s).” 

The o9mbatmPk ~ntslpoaccountsfor 
the gfoductkn of tmnsdd m tbc followmg pracess (eqn 
8% 

A aumber of [2Jldgmatropic reaction.9 have been 
eMmild’ U mutes to dylic &dKdS Or to Q,@Un- 
satwa&d~Theseexperimeotshavebeenlisted 

t+Ti+bkn,ClltIk7!l-83~bUt-COllllDelltSbOUki 

be made for the reactions summa&d by eqns W-89). 
Evidently, the [23j+igmatropic vnt is fa.d’ 
thaa aeknoxide fmgmentation and, in point of fact, the 
~ment~~bytqn(90)hasohalf_lifeat_400of 
kas then 60min6’ whik fragmentation of pbenyi dkyl 
sekaoxider (to okfins) &tea not occur rapidly below 0”. 
In the exampk of eqn (89) above the [2,3] shat is 
probnbly retarded by r_wbstit~ion ad fragmentation is 
fGtit&d by the resultieg phenyl conjugation. 



1 OH 

-PhT+ m--y 
0 \ 

a 
85 : 16 

(c) [2.31-~8-tUPk Iw mm8emtntojs~ yliies 
Littk.work btl been reported on the rtactiolm of 
-nylidcsinanauyiiculvironment.~ 

&mcc” sbown by cqn (91) sbadd afford a general 
roatetodkWiCCStasbUttlElZWOl?CyM!UtstobC 
improved 

r 

m 

W) 

@Dio~ of allylic sdenides with copper ate 

Afewdlylicsdenideshwebeentreataiwitblithium 
dimthy cuprate @tfi. &2CPl with the nsults6’ shown 
ew 9-4). 

&~AlxYLammwa 
/3-Iiydroxydkyl sclenkks promi!ie to be usefd in 

cklnkal syntlwJis ad it is appropriate, tkeforc, to 
suallMdinoneplaceboththcirmetbodsofpnpara- 
tionaDdtbtitleactiDns. 

61) 



Ill0 D. L. J. CUVE 

(A) Prqwation of /.I-hydwxyaikyf sdmidcs 
#Miydroxydkyl scknkks arc mikbk from the 

fouowiq stafting materials and all but the last route 
have already been dealt with as shown: 

(i) @oxides (see p. 1066). 
(ii) ok&Is (see p. 1081). 
(iii) Seknium-stabilized anions (see p. 10721. 
(iv) Sc.knoxifk-stabihcd anions (see p. 1081). 
(v) a-Keto-sckaidcs. 
Sekoidcs carry& an o+ar&nyI group c8n be 

r&c@ to @-hydroxyalkyl sckaidcs (e.g. cqn 95). 
More extensive ~ork’*~ has shown that LiAK [2 equiv.] 
in I&G [- W, 2hr; tken 25”. 1 lu] is the preferred 
reagent and that the process is fairly stercosckctive. 

#I-Hydroxyaikyl scknidcs can also be made”* from 
o-sckaoaldchydcs by treatment with Grignard reagents 
(cqn %). This process is highly stcreosckctive” but it is 
not gene&y applicabk to a-sckn&tolWs. llIe 
nsidts”* with both processes arc sbowa in Tabk 31. 

Hydroxydkyi seknokctals behave as precursors to vinyl 
scknides. 

(a) Conversion of @-hydmxyalkyl sdmidcs into alyiic 
ufcohols* ni!4 procws (cqn 97) bm already been dealt 
with in Table 27, entries 9,17,18,19,57-54”” and in the 
discussion on tin? regiocbcmistry of sclenoxide fhg- 
mntation (p. 1104). It is not limited to simpk 
compounds but is also succcssful’p for a&a’#-un 
saMtted akohok (R‘ = CH=CH- iu cqn 97). 

0 Cottouslon of ~~hyd~~~ sdaddcx into o!&u. 
bgio- and stertospeaec (tmnr) elMnaG of t& type 
represented by cqn (98) can be achieved in acidic or 
basic media and tlte folk* combination of reagents 
and conditions has been found successful: p-toluene 
sulphonic a&.&P0 in rcfhxing pcotanep excc!+!+ of 
perchloric acid’ in ctba at room temperaturc,~ excess 
of trkthylaminc ill the prescncc of either trilluoroacctk 
fU&ydlidC” or ~~~onyi cbkridc,l’N or 
tbionyl chloride*“‘-aB at room tcmpqaturc. The work 

I he4 I 
w13 - CH -CHO v C&3--CH -CH20H m 

6oPh SIph OH 
I R’W I I 

R- CH- CHO W R-CH-C-R’ 
I 
H 

SIR 

R’ 

+ 

R” OxIdim 

OH 
- “‘Y”” 

OH 

R” 

H 

R-MaorPh ) 

I=/ 
R OH R’ R” 

Ph6a OH 

H 

/\ u - 
FpyO 

0 -4 D 
%“17 W17 wl; 

(B) Rcrrctions of ~-hyd~~~yf &en&s 
&Hydroxyalkyl scknides are versatik intermediates 

and, as ‘dhcuScd below, tbcy can be convcrtcd into 
aIlylic akohols, okfins, epoxidcs or bromohydrins. #I- 

%H17 C3H17 

done oh this important reaction is colkcted in Tabk 32. 
llWgexK!Aiyloagrea&mtimesbuthi&ykidsarc 

ckaffromtbctab&eddata.ThercactionworksweU 
for di-, tri- and tztm-snbatituted 01~s and it involves a 
Lronr eg&atioo_~fll.lll 

All attempt”’ to effect syn elimkatkn (afn 99) 
followed, instead, tbc usual rmRs pathway. Reaction of 
/341ydroxyalkyl pb&yl wknidcs, in which the phyl 
riqj carrks an orrho of porn nitro group, with &P-Cl 
givestbcsamclwuIP 

%cactioa conditbnr: R’MgX tl.16 equiv.] in I$0 [-110’; 
Zbr, f&n -78’. Ihr]. See Table 31 for tbc SW 
~~~~EOf~~~~~~ 

-SaT~U.entricr4~6radT~25.~31-U. 
“?bc molar &as of the mpats per mok of 

hydroxyalkyl sakdc we: ’ 1 TaOH-I&O; ‘4.1 HCIO4; ‘4 Etfi + 
2 (C&CO)& ‘5 E&N + 3 McSO&l; ‘7 Et,N + 2 SOQ. 

t&H17 

(w) 

tm 

Asentry7shows,thcpIWotm&odcanbeusodto 
produce okhs tbat are llot avaikbk by other routes. 
Vinyl scknidcs can also be made (entry 21). 
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Tab& 31. 

1 

2 

3 

4 

6 

0 

7 

8 

8 

10 

11 

+ 
who 

ClO”zl 

Phsa 

Et 
+ 

LiAlH4 

R 
Et H Et R 

Phs 

0 

M&a 

0 

H 

Mesa 

0 JY Cl0 21 

H 

Ph94 \u 0 

+ 

0 
Et 

H 

PI& 

+ 

0 

%“ll 

Ii 

Pbll4 

+ 
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Wtl 
H 

Phsa 

+ 

0 

WlB 

H 

7723 

Ph!b OH 
LiAlH, +w H 

Wll 

Go”21 Max 

* TiiloH: &s. 

19:m 

MB94 OH msa OH 

clo~2lMox 

*ad H \+ Ii Clohl A-+ H 

ho&l” Clo”n W’21 

16:85 

Mesa OH 

a 
H++ X 

Go”21 Ma 

Ph9a OH 

9 %0”2l 
M8 

OH 

-ii 

Ph& OH 

+ 
H Pl M H’ H 
Et ti Et R 

397 

Ph3a OH PI& OH 

71 

60 

so 

68 

76 

24 

80 

65 

7s 

67 
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Tabk 32’ 

&Hydroxyrlkyl sdrnkb Ftngatt’ Tima 

1 

2 

4 

M6!% 
%%3 

5 x 
w13 

H 

Ills6 

X 

Cl0 “21 
3 

OH 

M6s6 

+-t 

Pll 

1 Ptl 

H 

uls6 CIo”n 

8 H 
OH 

MS6 CloHn 

B 

TSOH 

=I2 

40 

22 

TIOH 

KF3W20 

18 

16 

TSOH 18 

TSOH 8 

TSOH 

wo4 

CCF3W20 

=‘2 

TsOH 

TSOH 

W3W30 

sOCl3 

TSOH 

-4 

=2 

TcOH 

7 

16 

7 

72 

16 

3 

10 

8 

1 

2 

26 

13 

2 

9 

9 

2 

OhfIll 

J 1041 

Cl0 “21 
,/ 

+ 

Cs”13 

Ma (4 

(d) 

ClOH21 - Y 

ClOkl 

)-/ 

- 

fhk 

- 

71 

m 
- 

35 

26 

- 

66 

w 

- 

70 

B4 

05 

- 

62 

85 

75 

88 
- 

65 

- 

48 

82 

a6 
- 

30 

31 

80 

- 

60 

22 

a0 

- 

R6f 

- 

62 

111 

- 

62 

62 

- 

62 

74 

- 

62 

62 

02 

- 

62 

62 

62 

Ill 
- 

02 

- 
82. 
Ill 

111 

111 
- 

Ill 

111 

111 

- 

Ill 

Ill 

111 
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r 111 

111 

R 

A - 
w%3 Pf 

1 

0 

TSOH 

=l, 

M&6 

1 
9% 

CgH1s 

OH 
X - 

Wlo 

3 111 -2 

I2 
H 

4 111 /=I 
W-47 W'17 

Fh3a H W-41 

13 C7bs 

Et OH Et C7"13 

‘3ocI2 

M650 CH-CHPh 

14 
x 

Cd’13 OH lb) 

-2 

_- 

16 
H 

TIOH 

Ha04 

(CF3COb30 

- R 

4 
R 

TrOH 

Ha04 

KF3COI30 

M&6 Pf 

10 

R 

+ 
- 

R 

17 

TsOH 62 

52 

Et 
FIB& Et 

/J+ 

. 
18 

OH 
Ph 

70 74 

Fb 

Y - 1S 

/J+ 
OH ’ 

‘ml 

73 74 
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(b) 

Thcpropohnr of~usedarcuindkatdinfootnote bbb onp.1 llO.bStueochemkWy~spcc~. 
%ixturc of geometric isomers because bydroxydkyl seknide is an isomer mix-. ‘l%is compound is not 
available by otbcr okfin-forming processes. 

(c) Conuenion of&hydnwyalkyl sdenides into epoxidcs. 
Epoxidcs can be made efficiently from ~-hydroxyalkyl 
selenides by the sequence shown (eqn 100). The reaction 
of phenyl seknides (R= Ph in eqn 100) with MeI- 
PM, room temperature, 2hrl requires the presence of 
AJ@F,,~ but methyl selenides (R = Me in eqn 100) are 
su5ckntly reactive not to require assistance by silver 
ion% and they can be methylated easily [Me1 or Me&l& 
W, L-4 llr].Xb’p Ihe alkylation of @hydroxyalhyl 
seknides is an efficient process and yields are 8eoerahy 
well above 7096. The resultin specks can be depro- 
tonated with Bu’OK in DMSO to alford the epoxides 
shown in Table 33.& 

R R 
I I 

x-c--_ 
I 

- x- c e + Phs&l (101) 

A 

81 
N 

Some of these are not access&k in a synt&cally useful 
yield by deprotonation of the corresponding by- 92. 
Thus, although PWCH, can be converted into PhSC& 
species of the type PhSCHRR’ in which R or R’ (or both) 
are alkyl groups cannot be deprotonated effectively.~~“’ 
However, the !k-C bond ckavage reaction makes such 

bH OH 

Somegeneralfeaturesarecontainedintheabove 
results. @-Hydroxyalkyl phenyl selenides may not be 
suitable for making Mm-substituted epoxides (entry 
10)“” butsuchhinderedepoxidescanbemadeintbe 
methyl seknide serks (entries 18, 19, 21, 26, 29, 30). A 
few hydroxyalkyl selenides give oktlns in the methyl- 
ation stage of this route (entry 24). The reaction works 
well for makin a&rnsaturoted epoxides. 

(d) Conversion of @-hyd&xyalkyl sdcnides into 
btvmohydtbu. This topic is dealt with on p. 1120. 

(e) Comersion of /3-hydmxyalkyl sda&s into vb~yl 
sdmida. The last entry of Tabk 32 shows that vinyl 
selenides are availabk from B-hydroxyalkyl seknoketals. 

7.cmuAmaN01-8r~BYA 
~TCMolsplUAN~ 

The Se-C bond ckwagc reaction of eqn (101) con&- 
tutes a route to a variety of nnckophilk c&anions 91. 

“SometiwsMe~,P11~cnabeuK$Ointbc~ofr 
silver salt. 

“‘In experimeats with pheayl sekdcs (R - W in cqn 100) 
q&de formation was fun at W for 2hr.mSimikf co&ions 
PIG naed with metbykekGdcs.‘- 

P 
x- C-H 

I 
R' 

B2 
- 

carbmbns readily availablen*“’ (a. eqn 102) and a 
mtm@ of exampks of the pv and use of 
WSCHRR have been p~blished.~~ ” 

Some complications to the general process of eqn (101) 
shouldbenotal.Attemptstomaketbecarbankn93 
from the etber-seknide 94 by reaction with BuLi 
faikd”’ as did similar experiments” with the substrates 
%and%. 

The silyl selenides 97-99 could be converted into 
a&anions [BuIi, THF, 00, lh] which react with al- 
dehydes and he&es to give j&hydrox* siknes. 
unforumamly. the yklds were kss than 5% 

&.lltlNo1-raoW~~’ 
A few seknonium ylides have been generated”’ (in 

sirrf) and have been found to convert non-em&able 
aldehydes and ketones into epoxhks. The precursors of 
the ylhks. compounds W-103, are made by tlm action of 
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Jn< 
Pb 

fc) 
0 

d 
Fb 

(Cl 

O Pb 

R 

d f d 
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0 
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13 
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16 

16 

17 

18 

19 
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0 
b 
I 

-Hz MdlCH2SaPh Me-c-BiEt~ Ph&- !-B,E, I 3 

Me 
bl3 

93 04 95 @6 c1 cy 

Me$i -c-!bMs - 

I 
Ma+:HC$H,, 

hHt3 

‘; 0 
Et* -c-Baa - 

I 
Et+CHCgH,g 

c&h3 

9% 

H 
I 0 

Et.@ -c-Baa - 

Aa 

Et$i42H4H3 

89 
C 

100 101 
CI 

analkylhalideontheseknide.Int&cascofdiphyl 
sekni& a stoichiomebic~amount of a silver salt is 
needal on accuunt of the poor nuckophilkity of 
seknium in this compound. Addition of B&K to a 
DMSO solution of OM of these seleaonium salts in the 
presence of a IloIHlmhbk aldehyde or ketone kds to 
an epoxih. Table 34 summa&s the publkhal woh”4 

TlEintemdhineacllof~reactionsisoftbe 
type 1U and such specks can also be generated from 
&bydroxyalkyl seknidcs (see p. 1114). 

o/ l 

bo 

3-6- 104 

OQ - 

Treatment of %knonium salts with BuL.i ii THP 
f-78”, lOmill] geaaatec selenM&?s, sudl as los,n.which 

102 103 
Cy 

react with aromatic and aliphatic akkhydes ad ketones 
[-78”,2hr;tben#P,lhr)M,artotnnsfer~~lgoupto 
the carbonyl component (e.g. eqn 103). 

Monunryl- or diarylseknonium salts, s& as 1Ol 
b&aveinthesamewayl!utinthesecascstlEphenyl 
group is transferred preferentiaUy. Yields of alcohols 
from the few seknonium salts cxaminal are generally 
modest. 

In the cxampk cited (cqn 103) butyl transfer is 
evidently a signilliant pa&way; the proportion of butyl- 
ation products is even greater with aJ+nWurad s& 
straWn These react both by 1,2- ad 1,4ddition. 

(B) vi0 monosclcllide~n 
Treatment of the seknidcs l(c111 with BuIi ITHP, 

00,0.25 hr; then 2U. 0.5 hr] generates anionic specks (e.g. 
1l2)wllichtfansferalkYlgroupstokctonesand~ 
aydes tmP, mom temperaarre, 2hrl. Typical exam- 
pks” are shown by eqns (104) and (105). and it can be 
seentlmtiftbcanionuurksonlyalkylgroupsthen 
pductaarisiqfrommigrathofeachoftbesewill 
result. Phyl migmtes in preference to alkyl. benzyl or 
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T&k 34. 

Ptl 

Ph 
0 

PhCH=CHCOR Ib) 

0 
Ph2SICH3 

Bu’ OK, DMSO 

PhCHO 

0 
Ph,SCH,CH, 

WOK. DMSO 

PhCHO 

lb) 

w% 

R=H 71% 

R-Ph 50% 

w% 

1119 

‘A few simply sllb&wd aanldeaydea were studied. bSraeockmislly not given. MO 
BULI I 

-b Ma-s--Bu 

[ 1 
OH OH 
I 

-?bPh-C-h 
I 

+ Ph-C-H ww 
I I I 
Ma H Bu 

106 64% 16% 
U 

M&MoPhsaMophsIph PhSoCH2Ph PhCH2SsMn PhSdtH34HICH3 

log, 107 108 109 110 I 
h - CCI - 

1llJ Bu 

Bu OH 
I WW”O I 

PhsaMa -y$m - CgH13 - CH 68% 

Li@ 
I 
Pll 

112 
- 

W) 

OH OH 
I 

h!eSdAe,-+v -A&Ph-CH + 
I 

Ph-CH ws) 

I I 
Li@ ka ill 

anylalninl&wory~ofabenzylgroupap$carsto 
bcgrcaterthanthatofamethyl. 

TIE llac of 8celenium-coaEaining syll@ns~~llglki$ 
carbon framewolkl plaa?8 some bportwc 
itytotransfonntks&lidcsintoawidelaBgeof 
compouda.Tbisacctiondc&withthcconvcfsionof 

22% 44% 

sdmidcs &to hydromrbons of halidea. and of scknox- 
i&?sintobak3. 

(A) H)dq?tdysis of sdedes 
?3imakscaucolmxivablyariseinwiIichsekniumhas 

wrvod ita pwposc and hna to be rlmovcd from an 
arganic n+oculc by a prowsa otbcr than seknoxidc 
m. Rawy nickdin rdhuiug xybnP of in 
fednx&~(24hr~curbeuac!dfortiprocess 
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Tabk 35. 

2 C13HnCHD%Ma 
LilEtNH, 

+ C13h7CH2D 

3 GoYl)2c- 
Li/EtNH2 

k Go”21 )2C”2 

oc Li/EtNb H 
4 

HIS CdH 

Rrwy Nidd 
EtOH 

6 Go&l 12 c i-)2 Q (CtoHn )pCH2 

Li/EtNH2 

but an aImnative exists in which the selenide is treatal 
with an CXce38 of lithium ia EttN& a! - 19 [1.25 hr].= 
Yield8 arc uaudldl better than 7096.= The folio* arc 
typical red!3 chbk 35). 

(B) Conoenion of sdakia into halides 
llx preparah of halides from sekdes has~bccn 

known”’ for many years (e.g. eqn 106) b4it the &t&d 

6’ 

&2 I 
PhSaEt Mh~Et-=bPh&& + Et& 

ir WM) 

hasrecentl~‘becnre6wdintothrccexperhentdpro- 
CedUM. 

(i) The seknide is treated with 1 molt equiv. of Brz in 
rul~EtOHatroomtempaaarrrforupto48hrorfor 
1iUotW. 

(ii)Tbcrcactioncanbcconductcdatroomtcmpcre 

“Spccilk expchatd det& hsve not been repattd. 

76% 

60 

77 

Li 84 

Ni 80 

62 

82 

62 

62 

82 

ture in the same solvent mixture by using 2 mole cquiv. 
of NBS. 

(ii) This odod calIn for ad&g a CH2Ciz solution of 
tbc 8eknide to a suspension, io the atune solvent, of an 
cxceas of Etd 120 mmok per mok of seknidc] ad BrI 
[2mokequiv.].Areactionpcriodofupto3hratraom 
tempcratwe is ru&knt.” 

The procedures are’applicabk” to secondary aad 
terthry methyl or pbenyl acknidcs (MeScR; PI&R) as 
shown by the following typical examples (Tabks 34). 

Itappearathathighyiddsofprimarybromidcsarenot 
obtaidbyanyoftbesetechniquesbutprimaryiodides 
canbema&“bythemodiMscheme”‘summarizdby 
w (107). 

llh method also has its lhtations; it appears to be 
ineffective for preparine secondary or tdary iodidcs. 

Anally, tbc ~-bydroxydkyl selenidcs 1W have been 
converted” into bromohydrins as shown by metbods (i) 
ad (ii): 

(C) Conversion of sdtnoxidu into h&es 
A aeknoxide. geoaated by ozonolysis in CHzCh at 

- W can be convertaV’6 dhkntly into a secondary or 

T&k 36. 

Who 
I 

1 h-c-s&h ___) MO-c--& 
I I 
H H 

TH10 who 
I 

2 h--c-W - MO-c---Br 
I I 
H H 

&2 

NBS 

w4~2 

Yidd 

60% 

22 

76 

Rd. 

81 

81 

81 
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(107) 

R8a R 

X 
R OH 

8r R R Msthod Tirm YHd 

-X Ph &2 lh 72% 

Ph NBS 24 70 
R OH Me Br2 1.6 40 

113. 

terfhry (but not primary) rdkyl bromide by passiw an 
excess of HBr into the cold solution and then adding 
Et3 (2mok per mole selenide)!” The mixture is al- 
lowed to attain, and is kept at, room tempemtnre before 
isoktion of the product. (e.g. qn 1041); The react& 
works better for the formation of alkyl bromides than of 
alkyl chlorides, and pbenyl sclenides give superior yields 
to methyl s&aides. hfecbanistkaily the following pro- 
cesses are probabIy invohi (qas 109 and 110). r 

ILNEwutm?m-Ma- 

(A) Synthesis of sdones (sdeno&etones) 
A few non-enolizabk ketones such as di-t-butyl ketone 

and fenchone, bave beea converted into selones”‘-I” by 
the squence~ shown (qn 11.1) and the selones have 
served as precursors to hindered ole6ns (qn 112). 

(Bf Catalytic USCF of sdeni~mklh 
A number of sew uses, frquentIy of a catalytic 

-Br 
R-M., 18h,77% 

R = ph. 2.6 h, B4X 
(W 

OH 
HX I Ii@ 

R-So--PI, m R- 
0 

Se-f% \= R- 
I 

So--P), 
I 

t H20 w9) 

X X 

x0-h R-&‘R, 
a\, 

-RX+PhSoX WO) 

But 
N-N= 80 Oil) 

BUZ 
114 

bsozylackssxida.~~isnwlpindfaapDad~ _ 
-‘Ractirw of BdC-N+-N- sod of BdGPPb,. mtmntid 

nature; have Len discovered recentiy for sehium. The 
reach& are for tbc qmhesis of carbonyt t?ompods. 
x-c~YwkexaodYare- 

(a) l?wmuh of was. If CO is passed thou& a 
~THPsdutionofB~~NH~atWcontainingac.atalytic 
~~~~~~~~~~8~n 
rfewmhltes.Jfrcontrolkdamount~ofchisaow 
adalhlwithtbecoandpassa&eoftbegassueamis 
coathafforsc~lnntrsauoft!bcam.ineiscoaverted 
imto (BRI@IEMO.‘” At this stqe seknium metal CM be 
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precipitated by passiog in pure Or and isolation of the 
mea in almost quantitative yield is then stmi$~t$ward. 
The fouowing are typical rc!3dt’l (Table 37).’ 

These rcacths probably involve CO& formed from 
SeondCOinthepnsenceofa~.Reectionwitbtbe 
amiMpMduc4%asalt,1ls,whicbllometimcscanbe 
~&p.lP 

ad oxidation tbcn alhis the urea (US-B 
ll@‘a (eqn 113). Tbc pathway from 1lS to 116 is not yet 
dear. It may invdvc formation of a diseknide’P or 
~kofamioeonthesaltaad,infact,itispo~~kto 
obtain an u~ymmctrical urea by * the inter- 
mediate salt US with a second amin~‘~‘~ followed by 
oxidation. (Production of the una is not then catalytic in 
Sc.)Intbecascofanilincsam&kationisneeded’”ia 
that a stoi&ii~~~hic amouot of Eta must be added to 
the reaction mixture. Although abaolutc yklds are now 
Benerpuy kss than SO%, on the basii of the aniline 
col¶aulWd, yields arc quantitative. 

stream of CO con- a controlled amount of 0~ is 
passed in far several hours. Dissolved Se is finally pre- 
cipii as before. 

THP is the preferred solvent except that DMP is 
better for converting dials into cyclic aubooate3.‘~ 

The mcchism invoIvcs’m formation of tbc salt 117 
probably by rapid’” reaction of CO% formed in situ 
(eqns114andllS).Whentbereactionisnotdoaeinthe 
catalytic manic, i.e. when no Or is used, tbc salt prob 
ably sdh rapid alc4’&lyl(117+118). In tbc catalytic 
process (i.e. & being used) the NaSeH could be oxidised 
to se, tbc metal bciI@ fccyckd.‘m fUcmathely,‘~ the 
salt may be oxidised to ROC O-Sc&-COOR which 
could give inter ulia (RO)&Io and Se (to be recycled). 
(c) Formation of heterocycles. A number of aubonyl- 
ations of the followiug type (cqn 116) have also been 
puformcdandthcmahnismcanbcunderstoodonthe 
baais of the intervention of COSc (cqn 117). 

0 
0 II Q o* 

2RNHz + O-C+ + RNH$NH C-8a + (RNH)ZCO + Hz0 + Sa 

116 
CI 

(b) Conoersim of alcohols into carbonates. A prow- 
durc similar to that just described in Section (a) serves 
to convat alcohols into symmetrical carbonates. Fur 
example,‘=“= co was pas8cd into THP CWahiog 
FxOH, EtONa and Se ia the molar ratio oS5:5:1 and, 
after 2hr at room temperature, 01 was used tu prc- 
cipii dissolved se. (EtO)go wan ObmiDed in 9296 
yield (baaed on reacted Se). Methyl-, propyl- and butyl- 
carbolbntca were likcwiac obtained in near quantitative 
yields. The ykld of benxyl carbonate was 76% but with 
M!COndaryaadtertiarySlCOhOlSyieklS~ClCSSthM#)96. 

Pbenolsdonotfcact.Tbcprocesacanbecortdu&dina 
faslhn’X that is catalytic in Se. Tbc details follow those 
just described except that after initial passage of CO a 

RO@ + 

1 8uNHz . 

2 BHnNHz 

2 wwH2 

4 %"1#'2 

5 PhCH2NH2 

6 
c 

NH2 

NHZ 

7 .C NH 

NH2 
8 _C, NH2 

co 

lti 

1 

1 

1 

1 

1 

50 

1 

50 

!h 

Smob% 

5 

5 

6 

6 

5 

50’ 

6 

5lr 

RO@ 
sa+ W ----,O-C-8# 

P 
O-C-ES + RO-C-S’ 

117 
CI 

ROH 
+ {RO&Xl + H& 

118 
N 

ulw Yield 

(BuNH)2 Co 

lCeH 13NH)2W 

(GH17NH)2C0 

IC6HlrNHhW I 

(PhCH2NH~ W 

H 

c+ 

Ct% 
N 

2 

H 

100% 

a5toeB 

74 

14 

98 

28 

98 

(113) 

(114) 

(119 

‘ItirnatabsohMycleuwbstbatihnldbcSOorJ! 
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XH 

+CO + !h- 0 

YH 

(116) 

TypicaUy,‘n the reaction is run in THF for several the following type can be obtained by this. or by a 
hours at a 6xcd temperature in the range 25 to 60”. The similar’” procedure Crabk 38). 
S~~~~~~a~~~~~~tof~ Hetcrocycks can also be ma& by a stoicheiometric 
and a mixture of CO aud 02 under a pressure of 3 synthesis (Tabk 39)in wbich~~~~~l oramino- 
atoloSpbCn5. If the stfuti4j material contains no amino- thiolistnatedwithCOindKpresenceofanequimolar 
sup then Et>N is needed as a cecatiyst. Results of amount of Se and an excess of EtaN.lm The reaction 

T&k 38. 

1 

SH 

SH 

Yield Ref. 

lOh, 
25’ 

0 90% 127 

HO SH 

2 toh, 
25” 

0 85 127 

SH 

HO OH 

OH 

5 0 99 128 

NH2 
H 

OH 

6h So 128 

NH2 
room amp. 

OH 

6h 0 90 128,123’ 

NIH 
~t@w. 

Ma hia. 

84 128 
f-m-p. 
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OH 0 

1 * 

NH2 

v= 0 

H 

C OH 0 

2 (a) - 

NH2 

0 0 

N 
H 

3 C OH 0 

(a)- 

NH2 

C >c 0 

N 
H 

SH S 

4 -+ 

NH2 

c)= 0 

H 

C 
SH 

6 0 

NH2 
H 

SH 

6 - 

NH2 

Ykld 

94% 

86 

66 

77 

76 

64 

‘AI lligll coacentretioo of the lmino skdd, urcu UC formed.‘” urea8 arc the lMjor 
pmduct when tbc catalytic proccdm is used.‘= 

prouxdsatroomtemperaarreioDMPandwbeoitis 
over oxygen is used to precipitate the Se. 

(d) Fom~arion of fononilidcs. Treatment of various 
substituted anilines with a small amoat of &N&Se in 
tbc presence of co under pressure gives the cor- 
nspoodiog anilide (qo 118). T%is nactioo’~ is run at 
loo” for 45 hr. 

ArNH2 + CO + EtON* H2S4- ArNHCHO (118) 

(e) Conrrusbn of fonnotes into carbonates. Simple 
alkyl formates, ROCHO (R- Me, Et, I’+, Bu) are con- 
verted into carbonates. ROCOOR’ (R’ s&cted from Me, 
Et, Pr’, Bu) by treatment in THF with ao quivakot of 
an alkoxide (R’ONa) and Se. IO this noocatalytic process 
the yield of carbonate (basal 00 Se consumed) is 
generally greater than 80%.‘= 

Ifacatalyticreactiooistobeperformed-asopposed 
to a stokheiimetrk process--then 02 is added at a 

controlkdrate~aftertheinitialcbargeofsehasdis- 
2OIVCd.‘= 

Equa!ioo (119) summarkcs a possibk”’ mechanism. 
(f) Conwsh of fohnamh into cahamates. In a 

process analooous to that of Section (e). fomwnides are 
coovelted into aubamates”’ (qo 120). but yields are 
less than 3f% (based 00 se cousualed): 

(g) Fomwtion of carhmates and thiolcatiwnates. 
Treatoxot of amines with CO under pressure in the 
presence of Se (a cabiytk amount) and a disulpbide 
produce~‘~ thiokarbamates, usually in high yield (qo 
121). 

A variety of simple aromatic and aliphatk amines have 
been used to@ber with both alkyl and aryl sym di- 
sulplhks (Table 40). IO the case of aniline% Eta is 
necdedasawcatalyst. 

A number of simpk primary am&s have been con- 
VCTtCP ioto&mmatesbytreatmeotwithCOinthe 
presenceofanquimolaramountofseaodanexcusof 
both J%N and an akobol (qn 122). This is not a hue 

;; 0 
00 

I 
ROCH + v - RO-C-H e 

RAs R'OH 0 
_ROCOR’ + HSo@ 

IA 
(119) 

M N!H 
THF f; 

2 +Sm + RO& TtmpNCOR + N&H (124 
20h 



Tabk 40. 

Modern orgmscknium ckmistry 

0 
MOCN a 0 :: 

RNHZ + S8 - RNH- C -SO 
R’95R’ ) 

RNH-C-_-R 
CO 

THF 
:o ;9 0 

RNH2 + & - RtiH-C -!b 
R’OH 

w RNH- C-OR’+ HSI 
co 

Thidurbomta Yii -On 
Tlcnp. 

H&t-Tim 

1 Pr’NHCO3Ph 86% 20” veqtm 
2 ButNHC03Ph 84 20 VuYtm 
3 CeHjj NHCO3Ph 37 20 vryfm 
4 BuNHCOSM 73 -5. 3h 
6 PrkHCOWa 77 -sa 3 
5 p-M-C~~-NHCO3R’ 32 60 0.5 
7 o-Ma-Q&-NHCO3P+ 32 00 3.5 
8 PhNHCO3Bu’ 07 50 1 
8 PhNHC036us 33 5u 2.5 
0 PhNHCO3Bu’ 0 60 - 
1 PhNHCMPh 50 60 1.2 
12 p-Cl-C~IQ-NHCO3Bu’ 90 80 1.6 
l3p-NO~-C&+JHCOSJu’ 0 00 - 

‘Ran 8t 2w. 

I125 

(121) 

WV 

catalylk pnxcss. Evitbolly, tk iatamediptc salt 
Unde~S alcoholysis, ad al the end of the reaction 02 
is used to prc@mtc se. Yields arc in the ral@e of 
16!N%. 

ll.~=QIANRWo1_aVnmOSEM~ 
Selenium dioxide has loug been employed for certain 

types of oxidatid but its we haa been without 
meclmniaticrmderst9ndisp.Tbemodeofoctioaofthia 
rcagcnt&snowbeenclmikdtoa~degse. 

(A) Au* oxidation 
ManyoftbendtsofaUylicoxidatbnbyS&canbe 

understood in terms of an enc reaction fdlowd by a 
[23]-sigmatropic -0t and hydrolysis of a 
wm cater (c4ln 123. strons! evidence in slltJPort of the 

(B) oxidorion of ketones and OldcjrJldu 
Evi&nce ia now avdabk’” to support the following 

pathway (qn 124) but some mbof details remain to be 
chri&d.§&psrrandbcaddeacboccwbyhvoroutcs 
(cqns 125 and 126) and no de&ion between them can yet 
bemade. 

0 I-1> HhNE_ 7’3 
0 

0- !LJv - 
)(’ T 

69’. al (1 - 0 a/-* 0 7 / (123 

/\ 
x Y 

x’ X’ 
Y 

119 
X.Y-OH.OAc,wOR 
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tsAzAANAmamo1~- 

Several reagents’n represented by srmcture 128, have 
been found to react with delhs (and acetylenes) to effect 
auylic (or propargylic) amhation (e.g. eqn 127). 

R--N* /,N-R 
s 

R- Bu’ -;Ar?q- 

120 

Reagent lY(R=CM c-&HJ& for exampk) is 
easily made by la sqknium metal react with an- 
hydrous Clllo ramineTa!roomtempa!ureovaUhr.It 
fcecta with an excu# of tbc okhic substrate and the 
process is the 6rst case of direct auylic aminathn of 
oktIns. [The uxrcsponding sulpbur compound’” may be 

‘An exccSS is Weded to avoid polyamin8tiaa. MM than OIY 
of tbc sdphonamidc units of the reagent b formally avaikbk. 
Mokr ratioa of wt to ok6n of 0,63 and 0.83 gendly result 
in better yields. 

%ccasiody, dlylic amid011 is the main process.‘” 

R 
H 

s; 
0” wa 

R R 

&eriorinthisregard.]Then tltaIsoreactswitb 
1#3-dknes, the j$oducts usuall F being vicinal ci.s di- 

SlltphOnamides, e.g. qn (128). For this type of process 
tbereagcntisgenerated(fromSeandChl0ramhe-T)in 
the presence of ~MWNHS, whose role in the 
subsequent amination is shown b&w. 

M.mmMYoNo?~Aw)‘IBLII 
ru;crmvrAIxM INTO m 

AIMV ~icati0nofS&hasbccnfoundinitsUset0 
converP scmkarbazoaes into l~3-scknadkzoles, a 
h4terocyclic system which afhrds’4c’~ acetykncs on 
beat@ as shown by cqn (lB).“’ 

TIE gehal procedure involves oxidising tile semicar- 
bazOnc with se&, usually ill warm glacial AcoHU’-‘u 
M ia ~o_141.14&14D 

and mixing tbc rcsuhillJ 

selenadiazole with sa~d’*‘-‘~ OT glass powdcr.‘y’ 
Pyrolysiaatan~~mperatWcwithinthcraW 
MO-~ (sometimes * .- under reduced pressure) 
then affords the acetykne. Tabk 41 sb~ws rppicd 

exampks. Yields of wlenadiazoles are variabk and for 
aldehydcs arc paerPny poor. In compounds with the 

Ts - TOSYL 

TsNH2 
\ TS 

NHTs NHTs NHTs 
. 



Ph / N-NHCONH2 

Y Hwt + PhC=,CH + N2 + S W) 

part sbuchm, -CHxCOCHt. ring closure discriminates 
in favour of the carbon bearing the more acidic 
hydrogens. 

The pyrolysis stage works extremely well with many 
simple compounds; in tboae cfeies wbcrc it is not dlicknt 
1Miscknines and/or scknoobcnes arc usuallv 

‘The corrcspo~ reaction in the oxygen s&s does not 
appear lo lake place: the ethyl ester of bcnzencsckninic acid is I Conversion of amims by means of sclenoxidc frag- 
dktillxbk. low-melting s~lid.~ Bcnxykminc. with two mentation into imines and thence. by hydrolysis, into 
cquivxknts of [Pb!k(O)]fi or of Ph!kJO)CI PBords knxonitrik. carbonyl compounds (qn 130) is a process that occurs” 

pt&@d IU.I46.l47.IR.Iso w&s h samu 

amounts.‘@ In catah cases the seknopbencs arise by 
reaction between the initial pyrolysis products-!k and 
the acctykne ‘=*“-but in other cases tbc precursor is 
the corresponding l&discknbre.‘” 

Tabk II. 

Ar 

1 ArCOCHQ 
b) 

b 
Hrt + AtCSCH 

(a) 60 to 65% (cad) 

50 to 73% (cl 

2 PrCHO . -2 
b 

ssnd 

ACOH 180” 
) PrCECH 

R > 80% (0) 

28% 

3 EtOOC-CH2CH0 
-2 

ACOH 
) Et0OC-C CH 

> 80% (0) 

80% 

72:28 (1) 

33:87 (1) 

7 Ph 
KH&XlOR s”02 . 

AcOH wPh 
+ PhC = CKH2& COOR 

R = H, n - 3.5.8.7 KH$” Cook 
n3to@8% 

I? = Et, n = 5 

‘R> 

51to82% 

8-N 

-a / 
A&H 

*& ’ 

lso” 

\ mm 
R-H 34% 

R-H 12% R-Ac 1796 

R-AC 47% 

- 
hf. 

I41 

42 

42 

142 

I43 

I43 

45 
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\I l--EL 81% w E 
aq. Dioxnn 

rxdumdpaulm 

I 

*A vxriety of simple acetop&nones was used. ‘Oxidation of scmicnrbwnc suetally done io wxnn AcOH. 
‘Yield depends on particulu caac. ‘If AI = 4-F-C&- y&l is 11%. ‘Preciac yield not given. ‘The me relative 
yields. 

I I 
-C 

I 
-NH2 - -So-Ph’-C=NH + PhSo-DH. (130) 

H ‘0 

121 
- 

jtt u ,,j&,_l=.I1(J 
The method appear8 to be limited, 

howeva, to producth of aoncnolhbk ketones (e.g. 
adamantanone, lluorenoae). The in- 121 i8 
enerated by frcathg the amine with [w&-(0&0 in 
CH&l, at fOOm temperature and it CObpSeS 8pOO- 

tUMl8ly.- It i8 IIOt Ckpr WbCthCI hydro1y8i8 Of the 
imiae occurs during work-up or in situ (Water is formed 
by dkproportionatioo of P&-OH.) Ia a mod&d pro- 
cedure.‘J’ which doe8 aOt Jeem to Offa Specipl d- 

vantage$,theplimafyaminei8tn?atedwithaCH~ 
solution of PhSe(O)Cl (1 equiv.]. 

The overall conversion of amioe to ketone i8 a slow 
‘~4 but the rate- Step ha8 IWt beelI 

--Tbc fragmelltbon of 121 nmy be silnPlY I 12B 

IL-lloNo1- 

l-b8 princiik of using a vaknce comaction of 
8eknium (l23+124) to effect ortho-hydfoxylathn of a 
phenol ha8 been dem01)8trBted’~ by exBmpk8 that ~WC 
relevance to telracycline chmilltry (eqn 131).lS’ The 
p4enol 122 (R=OMe or NH3 wps converted into it8 
moooaodhl salt sod treated with [pbse(O)~. 
Compouh 12!l (R= OMe or NH4 were isolated in 
yieM8 Of 75 aIMi 68% IWpEtiV~y. 

A number of proce88e8, formally involviag a 1.2 aI@ 

of an alkyl carbon from seknium to oxygen in 8eknox- 
ides al’e klKWl? aad8ynthcticpo88h%hboVCbeell 
demon8tratul by the ca8e (eqn (132); Ar = simple sub8ti- 
tuted benzene nucku8) in wldcb a0 aryl benxyl seleaox- 
ide i8 converted into an alddhyde.” This tran8fonnation 
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122 122 
# N 

0 
II 

ArcH+Ph - AdHO + PM@-!wh (1321 

is brought about by brkf (2-3 min) beating to 110-1300. 
The mechanism is being investigated.” 

!kknittmtet&&kWhkll,ifpt&CanbetMditI 
ordinary 
dehydes’ 

#ass w, converts hetone~‘~‘~ aod al- 
into gem d&tori&s (eqns 133 and 134). In 

the simpk examples examined the reagent was some- 
times used in excess and yklds are between 65 and 
100%. Reaction times ranged from 0.25 hr at - 2@ for 
cycb~~~d~y~ to 15 hr at 2lP for adaman- 
tanone. 

RzC-0 - RICFZ (R - alky( 01 rrv() (133) 

RCHO - RCHF* fR * dkyl or rylb (134) 

SeF, also converts carboxyiic acids and their anhy- 
drides into acyl thtorides. Tlk reaction occurs at room 
temperature and has given simpk products in yields that 
are generally better than 85%. Akohols are &wise 
converted into alkyl tIuor&s. Usually the ykld is greater 
~~~~r~of~~f~w~~ 
teaction is successful includes primary, secondary, 
mrtiary, auylic and be&k akohols. 

Hydrogen fluoride is produced in the reactions invdv- 

124 126 (131) 
/u 

~acidsamlalcohols~itbpnferaMetomixpyiidiDe 
[l oquiv.] with SeF, before adding the subs&ate. 

1J1rRuAuAxMmoFvuJYL~ 
The chemistry of vinyl seknides”’ has not yet been 

examined in detail. As described on p. I1 14 they can be 
made from &hydroxyaikyl seknoketak. The foUowing 
modern bourn is also available: 

(a) The borate salt 1% reacts’* with PhSeCl in a 
stereospecifk fashion (eqn 135). The n&rat& a&y1 
group and the entering ekctropbile are tr0a.r and pro- 
tonolysis affords the (I?)-vinyl s&t&k. In the sulphur 
s&s (use of PhSCI) a mixture of (z) and (E) isomers 
is obtained. 

(b) Vinyl seknides are avaikbk’ao by We reactions 
(eqns 136 and 137) and, in the case of the phosphonate 
teagents (eqn 137) there is high stereoselectivity in 
favour of the (E) product. 

(c) Vinyl seknides can be hydrolised (H&h, aq 
MeCN; 24 hr, 50”) to carhonyl compounds.‘- 

XBAeclm*(wG~ 
!klenoxides have mild oxidising properties. A few acyl 

hydraxides have been converted e&iently into sym 
diacyi hydra&es by diphenyl seknoxide. The general 
procedute” involves mildly acidic conditions (AcOH as 
cosolvent) at 6&7(p for l-2 hr. 

Catechds can, similarly, be converted into o- 
quinones.” 

A number of simpk aliphatic and benxylic sulphides 
have been oxidii’” to the corresponding sulphoxides 

E&wu 

!M’h “6 ” * 

(135) 
d Et &I 

Li 

126 
N 

. fR 
PhzP=C + R’CHO - R’CH=C 

‘bPh 
\ 

ii 
R’ H 

PhSe-CH-P(OEt)z + R’CHO - 
x 

(136) 

(137) 
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by dibenzyl selenoxidc in AcOH at room temp. (2 Iu). An 
acid medium is essential for these oxidntions. Dipbcnyl 
selenoxide is less reactive than the dibcnzyl analoguc. 

“IL N. Tracbtenberg. Oxidattkn (Edited by R L. Augustine). 
Vol. I. p. 119. &reel De&r. New York (l%l); ‘E.g. R E. A. 
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