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o-Nitrophenyl selenocyanate, a valuable reagent in organic synthesis: 
Application to one of the most powerful routes to terminal olefins 

from prim-alcohols (the Grieco-Sharpless olefination reaction) 
and to the regioselective isomerisation of allyl alcohols 
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S u m m a r y — o-Nitrophenyl selenocyanate allows the transformation, in neutral media, of alcohols into o-nitrophenyl selenides 
(the Grieco reaction). On oxidation, alkyl o-nitrophenyl selenides produce olefins (the Sharpless olefination reaction) whereas 
allylic compounds undergo a smooth [2,3] sigmatropic shift that leads to 'rearranged' allyl alcohols. Because of its mildness, 
efficiency and chemoselectivity, the olefination reax:tion has proved to be the best method so far described for the synthesis 
of terminal C,C double bonds from primary alcohols (the Grieco-Sharpless reaction). 

alcohol / a lkyl se lenide / olefin syn thes i s / ox ida t ion / se lenoxide / allyl se lenide / [2,3] s i g m a t r o p i c r e a r r a n g e m e n t / 
allyl alcohol syn thes i s 

R e s u m e — Le s e l enocyana t e d ' o - n i t r o p h e n y l e , u n reac t i f p r ec i eux en s y n t h e s e o r g a n i q u e . Le selenocyanate 
d'o-nitrophenyle permet la transformation en milieu neutre d'alcools en o-nitrophenyl seleniures (reaction de Grieco). Les 
alkyl o-nitrophenyl seleniures sont aisement transformes, apres oxydation, en olefines (reaction de Sharpless) tandis que 
les derives allyliques subissent un rearrangement sigmatropique [2,3] qui engendre des alcools allyliques. L'utilisation des 
deux premieres reactions, permet de synthetiser des olefines terminates a partir d'alcools primaires dans des conditions 
particulierement douces. Cette suite de reactions est de loin la meilleure disponible actuellement poiu' effectuer cette trans­
formation. 

alcool / a lkyl se len iu re / s y n t h e s e d 'olefine / o x y d a t i o n / se lenoxide / se len iu re a l lyl ique / r e a r r a n g e m e n t s igma­
t r o p i q u e [2,3] / syn the se d 'a lcool a l ly l ique 

I n t r o d u c t i o n 

A l t h o u g h organoselenium chemistry is a lmost as old 
as organic chemistry it is only about twenty years ago 
that organose lenium reagents b e c a m e used routinely for 
the transformation of organic c o m p o u n d s [1-9] . T w o 
barriers had t o be overcome: the novelty and the bad 
reputat ion organose lenium c o m p o u n d s had. (i) T h e first 
members of the series had a very bad smell (neverthe­
less not so different from their sulfur analogs) and (ii) 
organoselenium c o m p o u n d s were presumed to be highly 
toxic [10], a l though it was already well establ ished that 
the toxic i ty of a c o m p o u n d depends usual ly on its whole 
s tructure and not on the presence of a specific a t o m 
(Se) at any place in the molecule . It became rapidly 
evident that s o m e organose lenium reagents possess 
unique properties and at the same t ime it was found 
that se lenium is required as a trace e lement in m a n y 
l iving organisms. For example g lutath ione peroxidase, 
which plays a crucial role in the protect ion of m a m ­
mals against radicals, possesses four molecules of seleno-

cyste ine at i ts act ive site [4, 11]. Selenium dioxide was in 
fact for long the only se lenium reagent c o m m o n l y used 
by organic chemis t s s ince the early forties [12-14] . T h e 
recognit ion that alkyl se lenoxides possess a very high 
propensi ty t o produce olefins in the sevent ies encour­
ages chemists to use this reaction for the synthes is of 
complex molecules (scheme 1) [15-19] . 

[O] 
- IRSe-OH) '^K^^^^ 

R2 R4 

S c h e m e 1 

T h e selenoxide e l iminat ion reaction takes usualh' 
place on alkyl phenylse lenoxides and involves the SYN 
/^-elimination of phenylse lenenic acid which occurs at 
around 20 °C under very mild, non-basic , condit ions . 
These are muc:h milder than those of related sulfoxides 
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a n d a r n i n o x i d e s w h i c h r e q u i r e a m u c h h i g h e r t e m p e r ­

a t u r e ( 1 6 0 ° C a n d 2 2 0 °C r e s p e c t i v e l y ) [ 1 9 , 2 0 ] . T h e 

r e a c t i o n i s l e s s e f f i c i e n t w h e n i t i s e x p e c t e d t o p r o d u c e 

a s t r a i n e d o l e f i n o r w i t h p r i m a r y a l k y l s e l e n i d e s w h i c h 

p o s s e s s a h i g h p r o p e n s i t y t o b e h y d r a t e d . I n s u c h c a s e s 

t h e p r e s e n c e o f a n e l e c t r o n - w i t h d r a w i n g g r o u p , s u c h a s 

t h e o - n i t r o o n e , o n t h e a r o m a t i c r i n g , p r o v e d t o g r e a t l y 

f a c i l i t a t e t h e s y n t h e s i s o f t h e o l e f i n [ 2 1 , 2 2 ] . 

T h e r e a c t i o n i n v o l v i n g o - r i i t r o p h e r i y l s e l e n o x i d e s 

p r o v e d t o b e p a r t i c u l a r l y v a l u a b l e f o r t h e s y n t h e s i s o f 

t e r m i n a l o l e f i n s b e c a u s e ( i ) o n l y o n e t y p e o f h y d r o g e n i s 

a v a i l a b l e f o r t h e e l i m i n a t i o n a n d t h e r e f o r e i t i s r e g i o s p e ­

c i f i c a n d d o e s n o t i n v o l v e s t e r e o c h e n n c a l p r o b l e m s , ( i i ) 

o t h e r m e t h o d s w h i c h r e q u i r e p r i m a r y a l k y l h a l i d e s o r 

s u l f o n a t e s a n d a b a s e s u f f e r d r a n u i t i c a l l y f r o m c o m p e t ­

i t i v e s u b s t i t u t i o n r e a c t i o n s . 

A l l y l i c s e l e n o x i d e s b e h a v e d i f f e r e n t l y a n d u s u a l l y 

h a v e a h i g h e r p r o p e n s i t y t o r e a r r a n g e t o a l l y l a l c o h o l s 

v i a a [ 2 , . 3 ] - s i g m a t r o p i c s h i f t t h a n t o p r o d u c e d i e n e s v i a 

t h e e l i m i n a t i o n r e a c t i o n r e p o r t e d a b o v e ( s c l i e m e 2 ) . 

A g a i n t h e o - n i t r o p h e n y l s e l e n o x i d e s p o s s e s s a m u c h 

h i g h e r p r o p e n s i t y t o r e a r r a n g e t l i a n , f o r e x a m p l e , t h e 

r e l a t e d p h e n y l d e r i v a t i v e s . 

MeO. 

Ml „OAc 

M e O s C ' ^ ^ ' r ' ^ ' T J O j M e 
OAc OAc 

(i) MsCl (li) ArSeCN + NaBH^ 77 % 
ArSeCN, PBu,. THF, 2S"C, 0.5h 91 % 

S c h e m e 3 

: H = O 
ArSeCN, BujP 

THF, 20 'C 

8 9 % 

H2O2, THF 

"^SeAr 20-C 

95% 

S c h e m e 4 

- c a r b o x y l i c a c i d s t o p r o d u c e s e l e n o l e s t e r s i n m o d e s t 

y i e l d s ( 3 0 % ) [ 2 5 ] . 

S o d i u m o - n i t r o b e n z e n e s e l e n o l a t e i s a g o o d n u c l e o ­

p h i l e w h i c h r e a c t s e f f i c i e n t l y w i t h ( i ) a l k y l h a l i d e s 

a n d a l k y l s u l f o n a t e s t o p r o d u c e t h e c o r r e s p o n d i n g 

o - n i t r o p h e n y l s e l e n i d e s i n r e a s o n a b l y g o o d y i e l d s ( 6 0 -

9 0 % ; , s c h e m e 3 ) [ 2 1 , 2 2 ] , a n d ( i i ) e p o x i d e s t o p r o v i d e 

/ 3 - h y d r o x y a l k y l s e l e n i d e s , p r e c u r s o r s o f m e t h y l k e t o n e s 

( s c h e m e 5 ) [ 2 6 ] . 

• - IRSeOH] 

[Nu] 

- [NuSeRl 

M C P B A 

ArSeCN 
OH 

NaBHj B i T ^ 
(0 H j O j 
(ii) 100°C, Ih 

!Ar 73 % 

S c h e m e 5 

S c h e m e 2 

T h e s e l e n o m o i e t y i s n o t a f u n c ; t i o n a l g r o u p o f t e n 

e n c o u n t e r e d i n o r g a n i c m o l e c u l e s . A l k y l s e l e n i d e s c a n 

n e v e r t h e l e s s b e s y n t h e s i z e d f r o m c o m m e r f d a l l y a v a i l a b l e 

s e l e n i u m r e a g e n t s b y s u b s t i t u t i o n o f a n a l k y l h a l i d e , a n 

a l k y l s u l f o n a t e o r a n a l c o h o l . T h e y c a n b e r e a d i l y o x i ­

d i z e d c h e m o s e l e c t i v e l y t o t h e c o r r e s p o n d i n g s e l e n o x i d e s 

b y a l a r g e a r r a y o f o x i d a n t s i n t h e j j r e s e n c e o f a s e r i e s 

o f o t h e r f u n c t i o n a l g r o u p s , w h i c h m a y b e , b u t a r e n o t 

o x i d i z e d i n t h e p r e s e n c e o f a s e l e n i d e . S i n c e w e h a v e 

s h o w n t h a t t h e o - n i t r o p h e n y l s e l e n o g r o u p o f f e r s s e v e r a l 

a d v a n t a g e s o v e r t h e o t h e r s , w e w o u l d l i k e t o f o c u s o u r 

d i s c u s s i o n s p e c i f i c a l l y o n i t a n d s h o w h o w o - n i t r o p h e n y l 

s e l e n i d e s a r e p r o d u c e d a n d h o w t h e y c a n b e t r a n s ­

f o r m e d to o l e f i n s a n d a l l y l a l c o h o l s . 

o - N i t r o p h e n y l s e l e n o c y a n a t e ( A r S e C N , A r = 

o - N O z P h , [ 5 1 6 9 4 - 2 2 - 5 ] , M W 2 2 8 . 0 8 8 , M p = 1 3 9 -

1 4 1 ° C ) i s i n f a c t t h e m o s t v a l u a b l e r e a g e n t t o i n t r o d u c e 

t h e o - n i t r o p h e n y l s e l e n o m o i e t y i n o r g a n i c m o l e c u l e s . I t 

i s a s t a b l e , e a s i l y h a n d l e d , c o m m e r c i a l l y a v a i l a b l e , l i g h t 

b r o w n c r y s t a l l i n e s o l i d w h i c h r e a c t s w i t h : 

- s o d i u m b o r o h y d r i d e i n e t h a n o l o r D M F t o p r o d u c e 

a l m o s t q u a n t i t a t i v e l y s o d i u m o - n i t r o b e n z e n e s e l e n o l a t e 

( s c h e m e 3 ) [ 2 1 , 2 2 ] o r o - n i t r o b e n z e n e s e l e n o l o n a c i d 

h y d r o l y s i s ( ( i ) N a B H . j , E t O H , 2 0 ° C , f i i ) e x c e s s H C I O 4 ) 

[ 2 3 ] ; 

- a l d e h y d e s t o d e l i v e r o : - ( o - n i t r o p h e n y l s e l e n o ) n i t r i l e s 

i n g o o d y i e l d s ( 7 6 - 9 0 % , s c h e m e 4 ) [ 2 4 ] ; ' 

T h e G r i e c o r e a c t i o n 

N e v e r t h e l e s s t h e m o s t e a s y w a y t o s y n t h e s i z e o - n i t r o ­

p h e n y l s e l e n i d e s i s w i t h o u t d o u b t t h e o n e , d i s c o v e r e d 

b y G r i e c o , w h i c h i n v o l v e s t h e r e a c t i o n o f a l c o h o l s w i t h 

o - n i t r o p h e n y l s e l e n o c y a n a t e i n t h e p r e s e n c e o f t r i b u t y l 

p h o s p h i n e ( A r S e C N , ' P B u a , T H F , 2 0 ° C , 2 . 5 l i ) , t h e 

m e c h a i n s m o f w h i c h i s p r e s e n t e d i n s c h e m e 6 . I t i s f a s t e r 

a n d o f t e n m o r e e f f i c i e n t t h a n t h e s e l e n o l a t e m e t h o d , 

r e p o r t e d a b o v e , w h i c h r e q u i r e s t h e t r a n s f o r m a t i o n o f 

t h e h y d r o x y l g r o u p o f t h e a l c o h o l t o a b e t t e r l e a v i n g 

g r o u p ( s c h e m e 3 ) [ 2 1 ] . 

ArSeCN Bu,P 

THF. 2 0 0 
ArSe-PBu. +CN ' R O H 

w e 
R-O-PBU3 +ArSe + HCN R-SeAr + O^PBuj + HCN 

S c h e m e 6 

T h e G r i e c o r e a c t i o n i s u s u a l l y p e r f o r m e d b y m i x ­

i n g , i n T H F o r b e t t e r i n p y r i d i n e [ 2 7 - 2 9 ] , t h e a l c o h o l 

w i t h a s l i g h t e x c e s s o f r e a g e n t s ( 1 . 1 e q u i v A r S e C N a n d 

1 . 1 e q u i v P B u . 3 ) . I n s o m e d i f f i c u l t c a s e s , u s e o f a n e x ­

c e s s o f r e a g e n t s ( 1 . 5 t o 3 e q u i v A r S e C N a n d P B U 3 ) 

[ 2 9 ] ( s c h e m e 7 ) p r o v e d to b e b e n e f i c i a l . T h e r e a , c t i o n 

h a s b e e n s u c c e s s f u l l y a c h i e v e d o n p r i m a r y ( t h e g r e a t 

m a , j o r i t y ) a n d s e c o n d a r y a l c o h o l s [ 2 1 ] b e l o n g i n g t o t h e 
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Pyr. 

ArSi 

\ / 1 0 m l / m m o l substrate | [ 

H O O H 

1 eq. A r S e C N , 1 eq. P B u j , 20'C, 4 B h 
2 eq. A r S e C N , 2 eq. P B u j , 20°C, 4 8 h 
3 eq. A r S e C N , 3 eq. PBU3, 20°C, 2 4 h 

0 9 % 
6 5 % 
9 4 % 

(i) H j O j - T H F 

(ii) Pyr,, 1 0 0 ° C 
(il) 1 eq, NEtj, Pyr,, 50°C, t2h 

S c h e m e 7 

stable selenoxide 
9 0 % 

saturated [21, 30] , benzyhc [21] and al lyhc [28, 31 -33 ] 
series. It is quite general and only in a very few cases 
deviat ion occurs. It has for e x a m p l e once been reported 
that a five- [34] (scheme 8) or a seven-membered [35] 
heterocycle is formed instead of the e x p e c t e d selenide, 
by trapping the intermediate alkoxy phosphon ium salt 
by an internal nucleophile placed in a suitable posi t ion. 
E v e n so, t h e react ion proceeds efficiently if the nucleo­
philicity of that group is lowered (scheme 8) [34]. T h e 
reaction is highly chemoselect ive and has been achieved 
on primary alcohols in the presence of (i) another pri­
mary alcohol whose side chain is more a lkyl -subst i tuted 
on the /3-carbon (scheme 9) [35-37] or (ii) secondary 
[29, 38, 39] (scheme 7) or tert iary [40, 41] ( scheme 10) al­
cohols as well as their protected i^orms such as T B D M S 
ethers (scheme 9) [37, 42, 43]. T h e reaction proceeds 
also very selectively on primary alcohols leaving unaf­
fected the amino (NH2) group of adenine (scheme 7) 
[29] or Boc-protec ted amino groups ( scheme 8) [34], 
acetals [44] or thioacetals [45], esters (scheme 3) [21, 43] 
and lactones (scheme 9) [35, 37, 46] , olefins [31, 35, 37, 
42, 46, 47] , epoxides [38, 42] , enamides [48], indoles [36] 
and a carbamate function [49]. A compet ing reaction 
has however been reported once between primary and 
scc-allyl alcohols [50]. 

Ha. 
C H j P t i A r S e C N . P B u , 

200. 0 7-1 h 

ArSe,. 
' ' ^ ^ ^ ^ J ^ ^ ^ ^ ^ W C H j P h 

6 0 % 
0 % 

R = (-Bu0-C(=0)- 0% 

R = p - M e O P h C H y - > 70 % 

S c h e m e 8 

React ion of the diols, described in scheme 10, w i th 
equimolar a m o u n t [35] or w i t h an excess of reagent 
(up to 4-fold) [46] usual ly leads to the formation of 
the corresponding bis-alkylselenides. T h e s e have then 
been transformed to dienes on a further se lenoxide 
format ion-e l iminat ion react ion [35. 46]. In a few cases, 
however, small changes on the basic skeleton lead t o 
the formation of a seven-membered cyclic ether (1 equiv 
A r S e C N and 1 equiv Bu.'jP) or to the exclusive produc­
t ion of the least hindered primary alkyl selenide [35]. 
In such cases the desired dienes have been obta ined by 

.,..Me 

S c h e m e 9 

S c h e m e 10 

stepwise reactions which involve (i) product ion of one of 
the two selenides and e l iminat ion of this seleno moie ty 
via the usual oxidat ion e l iminat ion react ion and then 
repeat ing the whole process on the remaining alcohol 
[35]. 

T h e Grieco react ion is complete ly regioselect ive wi th 
aUyl alcohols (scheme 11) [28, 31 . 32] except w i t h those 
bearing a terminal C,C double bond [33]. T h e latter 
ones lead t o a mixture of allyl se lenides in which those 
result ing from direct subs t i tu t ion prevail ( scheme 12) 
[33]. In general subst i tut ion occurs on the carbon bear­
ing the hydroxyl group, mainta in ing the stereochemical 
integrity of the C,C double bond (scheme 11) [28, 31] 
and proceeding stereospecifically, in the case of sec­
ondary alcohols w i t h comple te inversion of the configu­
ration at the subs t i tu ted carbon (scheme 13) [32, 51]. 

P r ^ ^ ^ ' - ^ H 
1 2 e q . o - N O g P h S e C N , 
1 2 eq, PBU3 
T H F , 20'C, 0.6h 

He. 
P B U j . 2 0 C 

9 4 % 

/ - - S e A r 

2 0 eq. H ; 0 ; ( 1 5 % ) 
pyr. (0.15 M ) . 0.5 h 

8 5 % 

S c h e m e 1 1 
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RF 

1.2 EQ. O-NO;PHSECN, 
1.2 EQ. PBU3 
THF, 20°C, 0.6 H 

92 % 

S c h e m e 12 

ITBDMS 

1.1 ARSECN, 1.5 PBUJ, 
THF. 20°C. 1.5 H 

O-NOJPHSE^ 

8 0 % 
ARS<»' 

MCPBA, 
47% 

OH 

S c h e m e 1 3 

S y n t h e s i s o f o l e f i n s a n d a l l y l a l c o h o l s 
f r o m o - n i t r o p h e n y l s e l e n i d e s 

Alkyl and allyl selenides are valuable precursors of 
olefins and allyl alcohols , respect ively (scheme 1) [3, 
5 2 - 5 6 ] , T h e s e transformations take advantage of the 
facile formation of the corresponding selenoxides (hy­
drogen peroxide, ozone, m-chloroperbenzoic acid or 
s o d i u m periodate , 20 °C, 1-4 h) and the apt i tude of: 
(i) alkyl se lenoxides to e l iminate selenenic acid (around 
20 °C, syn e l iminat ion) t o produce olefins, and (h) allyl 
se lenoxides t o rearrange t o the corresponding selene-
nate , around 20 °C, v ia a [2,3] s igmatropic shift. T h e 
o-nitrophenylselenoxy moie ty proved to be by far bet ­
ter than the other se lenoxv groups for these purposes 
[21, 22]. 

T h e S h a r p l e s s r e a c t i o n : t h e s y n t h e s i s o f o l e f i n s 

T h e oxidat ion of alkyl o-nitrophenyl selenides has 
mainly been achieved wi th hydrogen peroxide [21, 22 , 
24, 26, 27, 29, 34, 35, 37, 40, 4 2 - 4 7 , 50, 57-59] 
as well as w i t h iert-butyl hydroperoxide [60], ozone 
[60, 61] , m-chloroperbenzoic acid [30, 36, 38] or s o d i u m 
metaper iodate in alkaline media (usual ly 0 - 2 0 °C, 
1-4 h) [41, 48 , 62]. In one case concomitant use of 
m-chloroperbenzoic acid and hydrogen peroxide in 
methy lene chloride at - 6 5 °C was required (scheme 14) 
[30] and none of the ox idants used was able to se lect ively 
oxidize the selenide present on the penici l l in derivative 
shown in scheme 15 [63]. T h e synthes i s of the desired 
c o m p o u n d has nevertheless been achieved successfully 
by an alternat ive route, which still uses the 'Grieco-
Sharpless olefination react ion' as depicted in scheme 15 
[63]. 

T h e e l iminat ion react ion is particularly facile and 
usual ly occurs very rapidly in the reaction m e d i u m at 
room temperature . In some cases the se lenoxide first 
formed is d e c o m p o s e d by heat ing in the presence of 
D B U [60] or tr ie thylamine [29, 61] (.scheme 7). Use of 
pyridine instead of tr ie thylamine does not at least in one 
case al low the olefin .synthesis [29]. A n y h o w the 'Gr ieco -
Sharpless olefination react ion' permit.^ the synthes is of 

R,,R2= H 
R,= ME,PH R2=H 
R,,HJ=ME 

1 ARSECN, 1.1 PBUJ, H,\ 
THF. 20''C. 2-4 H " R ^ 

>nBu3 

25-38% 

ETHER 
SnBU3 

71-75% 

^EAR 

SNBU, 

R,,R2=H •1.1 MCPBA. EXCESS H202, CH2CI2, -65°C, 
0.75 H THEN 20<'C. 

R,= ME.PH R2= H -LL MCPBA. 5 NAHC03, CHJCIA, 20"C, 6H 
R,.R2= ME 

S c h e m e 14 

65-75% 

•••C02Na 

COJNA 
DCC, NETJ, 
1 -HYDROXYBENZOTRIAZOLE 

44% 

CO2H 

H2NT - -^g / 
(II) NETJ, ON THE 
ISOLATED SEIENOXIDE 

S c h e m e 15 

a large variety of olefins including strained and very 
unstable ones such as the parent unsubs t i tu ted oxe te 
(scheme 16) [60], allyl s tannanes (scheme 14) [30] and 
homoal ly l s tannanes [30], 0 - v i n y l ox imes ( scheme 15) 
[63], enol ethers [29, 61] and enols which immedia te ly 
rearrange t o the corresponding carbonyl c o m p o u n d s 
( scheme 5) [26]. In some of the most difficult cases the 
e l iminat ion react ion requires 45 °C ( scheme 16) [60] or 
even 100 °C ( scheme 5) [26] to proceed. T h e selenox­
ide e l iminat ion reaction is usual ly not regioselect ive [30] 
except wi th primary alkyl selenides which produce ter­
minal olefins. 

c O - O H ARSECN, PBU3 
20°C, 0.7-1 H 

c(>-SEAR-°^ ' ' "G'Y" '« . c(^ 
45<'C, 0.7-1 H 

35 

S c h e m e 16 

T h e 'Grieco-Sharpless olefination react ion' takes 
advantage of the different features already disclosed. It 
al lows t h e synthes is of terminal olefins from primary 
alcohols via the corresponding o-nitrophenyl selenides. 
It uses very mild, neutral condit ions , is highly chemo­
select ive and replaces the more conventional transfor­
mat ions , which require the use of s trong bases on related 
primary alkyl hafides. T h e latter react ions are often in­
compat ib le w i t h the presence of other functional groups. 
A specific comparison of the two m e t h o d s is i l lustrated 
in scheme 10 [41]. 

T h e 'Grieco-Sharpless olefination react ion' has been 
successfully used: 
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- as a key step in a large number of synthe­
ses of complex natural products (over 50) especially 
those of: terpenes and related derivatives such as 
(+)-temisin [37, 46] and (+)-melitensin [46], ver-
nolepin and vernomenin [50], (i?)-santolinatriene [47], 
'±)-aphidicolin and (±)-/J-chamigrene [64], /3-elemol 
41], (-l-)-costunohde [35], sativene [27], verrucarol 
38], isocomene [62], linalyl oxides [31], germacranes 
pheromone (±)-periplanone-B [42], pseudo guaianolides 
aromatin and confertin [44]; alkaloids such as deca-
hydroquinoline {+)-trans-219A [49]; (-)-stenine [59]; 
yomhimbinoid (±)-antirhine [36] or lycorine 48 ; steroid 
estradiol [45] and vitamin D3 metabolites 43 ; milbe-
mycin spiroketals [58]; glycine/NMDA antagonist [34]; 
asteltoxin [40]; nucleosides [29, 61] and erythomycin [57] 
antibiotics as well as for the synthesis of functionalized 
porphyrins [65]. 

- as a key step in the protection of vinyl groups in 
porphyrin synthesis [65]. The set of reactions described 
in scheme 17 formally allows the selective formylation 
of the porphyrin nucleus without competing formyl­
ation on the vinyl group. It involves, at the protection 
stage, the synthesis of a primary alkyl aryl selenide 
by chemoselective hydroxylation of the vinylic moiety 
using thallium nitrate, followed by Grieco's reaction 
using o-nitrophenyl selenocyanate [65]. After introduc­
tion of the formyl group, the deprotection stage uses the 
Sharpless selenoxide elimination reaction which is car­
ried out with hydrogen peroxide (scheme 17) [65]. This 
transformation is by far more efficient than the one in­
volving a /?-elimination reaction on the related primary 
alkyl chloride. The latter process often produces a base-
promoted cyclized product instead (scheme 18). 

-ci 

Base 

O j M e dOpMe O j M e 

S c h e m e 18 

S y n t h e s i s o f a l l y l a l c o h o l s 

Allyl o-nitrophenyl selenides are efficiently oxidized to 
the corresponding o-nitrophenyl selenoxides [28, 31, 32] 
using hydrogen peroxide [28, 31] or m-chloroperbenzoic 
acid [32]. These allylic selenoxides are very unstable 
and rearrange in situ to allyl alcohols with very high 
regio- and stereocontrol (schemes 11, 13) [28, 32]. This 
reaction has been successfully used for the contra-
thermodynamic isomerisation of alk-2-enols to alk-
1-eriols (scheme 11) [28]. Epoxidation of remote dou­
ble bonds catalyzed by the perseleninic acid formed in 
the medium have once been reported when the reac­
tion is performed with excess hydrogen peroxide on allyl 
selenides bearing other C,C double bonds on the side 
chain (30% aqueous H2O2, CHaCla-pyr, 20 °C. 13 h) 
131]. 

T y p i c a l p r o c e d u r e s 

t02Me L M = Cu liOpMe 

a : (i) n N O j (ii) HCl (iii) CHjNs (4) NaBH, , b ; o-NOsPhSeCN, n-BuaP, CHjC l j , 20 C, 0.5h 
c : Cu(0Ac)2 , d : (i) DMF-POCI3 (ii) NaHCOs, e : c HjSO^-TFA. f : H j O j 

SePh-o-NO 

/ M = Cu 
M = 2H OpMe 

lOaMe 
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- for the synthesis of a,/3-unsaturated nitriles from 
aldehydes, which involves a one-carbon elongation [24] 
(scheme 4) and in a synthesis of methyl ketones from 
terminal olefins (scheme 5) [26] which has been applied 
to the synthesis of sugar derivatives [26]. 

Synthesis of alkyl o-mtrophenyl selenides from alcohols 

A solution of dodecanol (0.62 mmol, 0.84 equiv) in 
2.0 mL of THF containing o-nitrophenyl selenocyanate 
(0.74 mmol, 1 equiv) under nitrogen was treated drop-
wise with tri-n-butylphosphine (0.74 mmol, 1 equiv) at 
room temperature. After the reaction was stirred for 
0.5 h, the solvent was removed in vacuo leading to the 
desired dodecyl o-nitrophenyl selenide (94% yield). 

Synthesis of olefins from selenides (scheme 10) [41] 

NalO.! (0.3 mmol, 3 equiv) was added, with vigorous 
.stirring, to a solution of selerude (0.2 mmol, 1 equiv) in 
a mixture of methanol, THF, water (0.9 mL), NaHCOs 
(3 equiv) maintained at 20 °C. After 6 h at that 
temperature, the reaction mixture was evaporated in 
vacuo, then diluted with saturated NaHCOa (5 mL) and 
extracted with ether (3 x 10 mL). The organic layer was 
washed with water, NaCl solution, and dried (MgS04). 
Usual work-up leads to the olefinic compound in 72% 
yield. 

Synthesis of allyl alcohols from allyl o-nitrophenyl 
selenides (scheme 11) [32] 

The allyl selenide (0.4 mmol) and m-chloroperbenzoic 
acid (0.2 mmol, 1 equiv) were reacted in THF at 0 °C for 
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0.2 h. It produces, after quenching the reaction medium 
with aqueous K 2 C O 3 , the allyl alcohol (47%). 
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