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RECENT SULPHONE-BASED OLEFINATION REACTIONS 

P H I L I P  KOCIENSKI 
Department of Organic  Chemistry,  The U n i v e r s i t y ,  
Leeds LS2 9JTr U . K .  

A b s t r a c t  The scope ,  l i m i t a t i o n s ,  and r e c e n t  a p p l i -  
c a t i o n s  of t w o  o l e f i n a t i o n  r e a c t i o n s  based  on t h e  
r e d u c t i v e  e l i m i n a t i o n  o f  6-acyloxy su lphones  ( t h e  
J u l i a  o l e f i n a t i o n )  and t h e  f luo r ide - induced  e l i m i -  
n a t i o n  of 6 - t r i m e t h y l s i l y l  su lphones  i s  reviewed.  

INTRODUCTION - 

The union of  t w o  f ragments  w i t h  concomi tan t  r e g i o s p e c i -  
f i c  format ion  of a double  bond i s  a common s y n t h e t i c  

g o a l .  The W i t t i g  r e a c t i o n  and r e l a t e d  phosphorus-based 

methods p rov ide  t y p i c a l  s o l u t i o n s  t o  such problems a s  

they  a r e  c o n n e c t i v e ,  r e g i o s p e c i f i c ,  and c a p a b l e  (up  t o  
a p o i n t )  of  s t e r eochemica l  man ipu la t ion .  U n f o r t u n a t e l y ,  

f o r  v a r i o u s  r e a s o n s  t h e s e  abundant  v i r t u e s  c o u l d  n o t  be 

used t o  advantage i n  s e v e r a l  of  o u r  s y n t h e t i c  programmes 

and so a l t e r n a t i v e s  w e r e  r e q u i r e d .  Th i s  rev iew summar i -  
ses some of o u r e x p e r i e n c e s w i t h  t w o  such a l t e r n a t i v e  o le -  

scheme 1 
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finations based on eliminations of arylsulphinate anion 
from B-substituted sulphones. These methods are summari- 
sed in Scheme 1. 

THE JULIA OLEFINATION 

In 1973 Julia and Paris reported a new sulphone-based 
olefination sequence which, like the Wittig reaction, 
was connective and regiospecific. The Julia olefination 
consists of four distinct stages as summarised in 
Scheme 2: 
1 .  a-Metalation of a phenyl alkyl sulphone ( 1 ) .  

2 .  Condensation of the a-metallated sulphone (2) with 
an aldehyde or ketone to give a B-phenylsulphonyl 

alkoxide adduct ( 4 ) .  

3 .  Functionalisation of the adduct (4) to give (5). 
4. Reductive elimination of the P-substituted sulphone 

( 5 )  with sodium amalgam. 

The first three stages can be performed in a single reac- 
tion vessel although the overall efficiency of the se- 
quence can be improved by isolating the 0-hydroxy sul- 
phone (6) and functionalising the hydroxyl group in a 
separate step. Purification of intermediates is not nor- 
mally required. Table 1 gives an indication of the ole- 
fins accessible by this route. 
By comparison with the Wittiq reaction the Julia olefi- 
nation has two principal assets. First, as the nucleo- 
philic partner in the connective step (stage 2) sulpho- 
nes are used which are often more readily available than 
the corresponding phosphonium salts. Secondly, the 1 ,2 -  

disubstituted olefins produced in the reductive elimina- 
tion step have predominantly the trans-geometry. One 
detraction of the Julia olefination is its length - it 
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RECENT SULPHONE-BASED OLEFINATION REACTIONS 14791199 

c an  be  f o i l e d  a t  any one  of t h e  f o u r  s t a g e s  d e l i n e a t e d  

i n  Scheme 2 .  I n  p r a c t i c e  s t a g e  2 i s  u s u a l l y  t h e  most 

p r o b l e m a t i c  and s t a g e  4 t h e  l e a s t .  However, i n  c e r t a i n  

c i r c u m s t a n c e s  a l l  of t h e  s t a g e s  have  t h e i r  p i t f a l l s  and 

(21 
M=Li  or MgBr d R2 x, + - - - -4 

F? 
0 

(3) 
R 3 A ;  

(7)  

Scheme 2 

t h e s e  w i l l  be  d i s c u s s e d  i n d i v i d u a l l y .  

S t a g e  1 a - M e t a l a t i o n  of t h e  Sulphone  

A r y l  a l k y l  s u l p h o n e s  a re  a b o u t  a s  a c i d i c  a s  es te rs .  They 
react r a p i d l y  w i t h  p-BuLi or  l i t h i u m  d i - i s o p r o p y l a m i d e  

( L D A )  i n  tetrahydrofuran (THF)  a t  -78  C t o  g i v e  homoge- 

neous  s o l u t i o n s  of a - l i t h i a t e d  s u l p h o n e s  ( 2 )  ( M  = L i )  

which a re  b r i g h t  y e l l o w  i n  t h e  case of simple a r y l  a l k y l  

s u l p h o n e s  t o  r ed -o range  i n  t h e  case o f  a r y l  a l l y 1  s u l -  

phones .  The c o r r e s p o n d i n g  magnesium d e r i v a t i v e s  ( 2 )  ( M  = 
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100/[480] P. KOCIENSKI 

TABLE I Rqmsentative defins prepared by the Julia reaction. 

Y Yield (%) Ref 

Y 

5 

osope 

AGO 

OH 

Aco 

0sqM" 
OH 

OBZ 

OBZ 

OBZ 

94 2 

56 3 

77 4 

31 5 

77 6 
63 

53 7 

56 8 

a0 9 

' I  and y represmt the site of the arylsulphonyl ond leaving 
groups respedvaly in the p-substituted sulphones. 
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[481] /lo1 RECENT SULPHONE-BASED OLEFINATION REACTIONS 

MgBr) are p repa red  by a d d i t i o n  o f  EtMgBr t o  a s o l u t i o n  

of  t h e  sulphone i n  benzene o r  THF fo l lowed by a b r i e f  

p e r i o d  under r e f l u x .  The r e s u l t a n t  f a i n t l y  co lou red  mag- 

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

medium and s e p a r a t e  from s o l u t i o n  as  gums which can be 

d i f f i c u l t  t o  s t i r .  

Problems have been encountered  when phenyl  a l k y l  sul- 
phones w i t h  h i g h l y  h inde red  a -p ro tons  w e r e  t r e a t e d  w i t h  

- n-BuLi. A c o m p e t i t i v e  a b s t r a c t i o n  of  t h e  p r o t o n  o r t h o  

t o  t h e  sulphone f u n c t i o n  on t h e  benzene r i n q  took  p l a c e  

i n  which c a s e  LDA w a s  t h e  p r e f e r r e d  b a s e .  S i m i l a r l y ,  

h inde red  p - t o l y l  a l k y l  su lphones  can undergo depro tona-  

t i o n  of t h e  aromatic methyl  group as demonst ra ted  i n  Eq. 

1 .  Th i s  i s  u n f o r t u n a t e  because  p - t o l y l  su lphones  are 

more o f t e n  c r y s t a l l i n e  t h e n  t h e  co r re spond ing  phenyl  

d e r i v a t i v e s .  

S t age  2 Condensat ion of t h e  a - m e t a l l a t e d  sulphone w i t h  
Aldehydes and Ketones 

The p r i n c i p a l  cause  of f a i l u r e  i n  t h e  J u l i a  o l e f i n a t i o n  

r e s u l t s  from an unfavourable  e q u i l i b r i u m  a t  s t a g e  2 

which i s  most pronounced when t h e  adduc t  ( 4 )  i s  s t e r i -  
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102/[482] P. KOCIENSKI 

c a l l y  encumbered. Adducts d e r i v e d  from k e t o n e s  are m o r e  
v u l n e r a b l e  t h a n  t h o s e  d e r i v e d  from a ldehydes  l o .  One 

f a c t o r  govern ing  adduc t  s t a b i l i t y  i s  t h e  metal c o u n t e r -  
3 

- n-hexyl ,  R2 = R 4  = H )  i s  u n s t a b l e  and canno t  be t r a p p e d  

whereas t h e  s a m e  adduc t  ( M  = MgBr) can  be i s o l a t e d  as  

a 3 : 2 m i x t u r e  o f  d i a s t e r e o m e r i c  j3-acetoxy su lphones  

a f t e r  t r e a t m e n t  w i t h  acet ic  anhydr ide  . 

i o n .  Thus adduc t  ( 4 )  ( M  = L i ,  R1 = - n - h e p t y l ,  R = 

1 1  

However, o t h e r  f a c t o r s  must a l so  c o n t r i b u t e  s i g n i f i -  

c a n t l y  t o  condensa t ion  of  t h e  an ion  and c a r b o n y l  f r a g -  

ments as shown by t h e  f a c t  t h a t  an ion  ( 9 )  (Scheme 3 ,  

M = L i )  condenses  w i t h  i s o b u t a n a l  t o  form an adduc t  

which can  be t r a p p e d  as  a d i a s t e r e o m e r i c  m i x t u r e  o f  ace- 

ta tes  whereas  a s i m i l a r  sequence  of r e a c t i o n s  u s i n g  

p r o p a n a l  f a i l e d  t o  g i v e  an adduc t  under  s i m i l a r  cond i -  

t i o n s .  

An i n t e r e s t i n g  d i v e r g e n c e  i n  behav iour  of  l i t h i u m  and 

magnesium d e r i v a t i v e s  of  t h e  su lphone  ( 9 )  h a s  emerged 

f r o m  r e c e n t  s t u d i e s  on t h e  s y n t h e s i s  o f  t h e  pseudomonic 

a c i d  f a m i l y  of a n t i b i o t i c s .  The l i t h i o  d e r i v a t i v e  ( 9 )  

f a i l e d  i n  o u r  hands l 2  t o  condense e f f i c i e n t l y  w i t h  

a ldehyde  ( 8 )  ; t h e  magnesio d e r i v a t i v e  ( 9 )  on t h e  o t h e r  

hand behaved as  a r e d u c i n g  a g e n t  g i v i n g  ( 1 0 )  and ( 1 1 )  

(Scheme 3 ) .  However by r e v e r s i n g  t h e  f u n c t i o n a l i t y ,  f r a g -  
ments ( 1 2 )  and ( 1 3 )  w e r e  s u c c e s s f u l l y  condensed t o  g i v e  

13 t h e  d e s i r e d  t r a n s - o l e f i n  s t e r e o s e l e c t i v e l y  i n  ( 1 4 )  . 
I t  i s  notewor thy  t h a t  a t t e m p t s  t o  i n t r o d u c e  t h e  t r a n s  

o l e f i n  i n  ana logous  sys tems u s i n g  t h e  W i t t i g  r e a c t i o n  

gave poor  s t e r e o s e l e c t i v i t y  and y i e l d  . 1 4  
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [ 483 ] I 1  03 

(I 2) 

Stage 3 Functionalisation of the adduct 

Reductive eliminations of D-hydroxy sulphones to olefins 
are known 1 ’ 4 ’ 6 ’ 1 5 - 1 8  but they usually occur rather 
slowly even at room temperature. In order to minimise 
side reactions such as retroaldolisation of the B-hydro- 
xysulphone or  reductive desulphonylation, the hydroxyl 
group can be converted to an acetate, benzoate, or me- 
thanesulphonate. For simple olefins the methanesulpho- 
nate is preferable as it is less sensitive to reaction 
with the basic solvent in the next step (vide infra) 
and yields in the subsequent step are  usually slightly 
better. However, adducts derived from a,P-unsaturated 
aldehydes are better protected as the acetate or benzo- 

ate since allylic methanesulphonates are not robust. 

___ ___ 
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S t a g e  4 Reduct ive  e l i m i n a t i o n  

The r e d u c t i v e  e l i m i n a t i o n  s t e p  i s  e f f e c t e d  by add ing  an 

e x c e s s  of  5 .65% sodium amalgam ( 2 . 5  mg atom of  Na/g) t o  
an e f f i c i e n t l y  s t i r r e d  s o l u t i o n  o f  t h e  su lphone  i n  3 : I 
THF-MeOH a t  - 2 0  C.The r e a c t i o n  i s  e a s i l y  moni tored  by 

t h i n  l a y e r  chromatography u n t i l  comple te  ( u s u a l l y  1-5 h ) .  
A d d i t i o n a l  sodium amalgam may be  needed f o r  l o n g e r  reac- 

t i o n s .  Our c h o i c e  of  s o l v e n t  and t e m p e r a t u r e  w a s  t h e  re- 
s u l t  of  a d e t a i l e d  s t u d y  ’’ i n  which it w a s  found t h a t  

a p r o t i c  s o l v e n t  w a s  e s s e n t i a l  and t h a t  MeOH w a s  s u p e r i o r  

t o  E t O H  o r  - i - P r O H  a t - 2 0  c -  
s o l u b i l i t y  of  o r g a n i c  s u b s t r a t e s  a t  t h e  l o w  t e m p e r a t u r e  

and d i m i n i s h  t h e  r a t e  a t  which t h e  sodium amalgam r e a c t e d  

w i t h  t h e  MeOH. The fo rma t ion  of  NaOMe - an a g e n t  of  se- 
r i o u s  s i d e  r e a c t i o n s  - i s  s l o w  a t  -20°C and i t s  e f f e c t s  

can  be suppres sed  by t h e  a d d i t i o n  of  N a H 2 P 0 4  as  a h e t e -  
4,19  rogeneous b a s e  scavenge r  

The r a t e  of r e d u c t i v e  e l i m i n a t i o n  can  v a r y  c o n s i d e r a b l y  

depending  on t h e  @ - s u b s t i t u t e d  su lphone .  Formation of 

c o n j u g a t e d  d i e n e s  and t r i e n e s  i s  f a s t  - e s p e c i a l l y  when 

t h e  su lphone  o c c u p i e s  an a l l y l i c  p o s i t i o n .  Although m e -  
t h a n e s u l p h o n a t e s ,  b e n z o a t e s ,  and acetates react  a t  rough- 

l y  s i m i l a r  ra tes ,  r e d u c t i v e  e l i m i n a t i o n  of  13-alkoxy s u l -  

phones r e q u i r e s  h i g h e r  t e m p e r a t u r e s  and l o n g e r  r e a c t i o n  
t i m e s .  For example t h e  c y c l i c  e t h e r  (15 )  (Eq.2)  r e q u i r e d  

a l a r g e  e x c e s s  o f  sodium amalgam f o r  4 8  h t o  e f f e c t  con- 

v e r s i o n  t o  ( 1 6 )  and ( 1 7 )  - 

0 

0 
The THF w a s  added t o  improve 

2 0  
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(15) 

Stereochemistrv 
LI A synthesis of ( 2 1 1 ,  a key fragment of Vitamin D2 

(Scheme 4) first revealed that the Julia reaction affords 
predominantly trans-1,2-disubstituted olefins. Thus, 
acetylation of the intermediate derived from union of 
fragments ( 1 8 )  and (19 )  gave a 1 : l  mixture of diastereo- 
meric 0-acetoxysulphones ( 2 0 )  which, without separation, 
was treated with sodium amalgam in the usual way to give 
the desired fragment ( 2 2 )  as a single trans isomer in 
45% overall yield. That the stereochemistry of the pro- 
duct was independent of the stereochemistry of the 

+ 
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B-acyloxy sulphone was subsequently verified by treating 
the individual threo and erythro diastereoisomers (22 
and 23 respectively)(Scheme 5 )  with sodium amalgam under 
identical conditions to give exclusively the trans- 
triene (25) . 11 

(23) 
erythro - 

_r 

/ 

Scheme 5 

The stereochemical results can be interpreted (Scheme 5) 
in terms of an intermediate carbanion (or radical) (24) 
derived from electron transfer from the metal to the 
sulphone group followed by elimination of benzenesulphi- 
nate anion (or benzenesulphinyl radical) in which the 
p-orbital is trans-coplanar to the acetoxy group and 
the bulky substituents as far apart as possible. Accor- 
ding to this view the overall stereochemistry is gover- 
ned by steric interactions of t h e  substituents and assu- 
mes that the species (24) has sufficient lifetime to 
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e q u i l i b r a t e .  There  are two f u r t h e r  i m p l i c a t i o n s :  f i r s t l y ,  

t h e  o l e f i n s  o b t a i n e d  s h o u l d  r e p r e s e n t  t h e  thermodynamic 

m i x t u r e  and s e c o n d l y ,  i n c r e a s e d  b r a n c h i n g ,  e s p e c i a l l y  

on t h o s e  c a r b o n s  a d j a c e n t  t o  t h e  c a r b o n s  b e a r i n g  t h e  

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

r e o s e l e c t i v i t y  2 2 .  A s  c a n  b e  s e e n  from T a b l e  2 t h i s  i s  

t h e  case.  F u r t h e r m o r e ,  i t  can  b e  s e e n  a l s o  from e n t r i e s  

2 and 3 t h a t  i n t e r c h a n g i n g  t h e  p o s i t i o n  of t h e  su lphone  

and t h e  a c y l o x y  g r o u p s  h a s  no e f f e c t  on t h e  s t e r e o c h e -  

mica1 outcome of t h e  r e a c t i o n .  

Adverse c o n f o r m a t i o n a l  e f f e c t s  can  a f f e c t  t h e  r e d u c t i v e  

e l i m i n a t i o n .  Fo r  example,  i n  t h e  c h o l e s t a n e  d e r i v a t i v e  

of ( 2 6 )  ( E q . 3 )  t h e  t r a n s - d i e q u a t o r i a l  s u b s t i t u e n t s  can -  

H 

H 
(26) 

n o t  a c h i e v e  a t r a n s - c o p l a n a r  r e l a t i o n  demanded by t h e  

mechanism i n  Scheme 5 u n l e s s  t h e  r i n g  unde rgoes  an  un- 

f a v o u r a b l e  c o n f o r m a t i o n a l  change  t o  a b o a t .  Consequen t ly  

o n l y  a 1 5 %  y i e l d  o f  c h o l e s t - 2 - e n e  ( 2 7 )  w a s  o b t a i n e d  a l o n g  

w i t h  15% of b e n z o a t e  ( 2 8 )  d e r i v e d  from p r o t o n a t i o n  of 

t h e  c a r b a n i o n  b e f o r e  e l i m i n a t i o n  c o u l d  o c c u r .  I t  i s  n o t e -  

worthy t h a t  t h e  r e d u c t i v e  e l i m i n a t i o n  o f  ( 2 6 )  w a s  unusu-  

ally s low a t  -20Oc and c o u l d  o n l y  be e f f e c t e d  w i t h  a l a r -  
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TABLE 2 The influence of chain branching on the 
stereochemistry of the Julia reaction. 

Entry Olefin‘ TransIcis Yield (%I 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Y 
n-C$ ‘ 3 y n - c p , ,  812 

n-%H13+Y 
&“-C6H,3 

9: I 

9: I 

100: 0 

+ 97: 3 * 98:  2 

I Y  
98: 2 

10: I T 
(pT--J 6: I 

53b 

b 
63 

b 
68 

71b 

b 
68 

b 
61 

b 
75 

b 
90 

4 gC 

d 
65 

a 

!Reference 22. 

x and y represent the site of the arylsulphonyl and 
acyloxy q-roups respectively in the B-acyloxysulphone. 

c W.R.Roush and S.M.Peseckis, Tetrahedron Lett., 1982, 
23 4879. 
Y.Masaki, K.Hashimoto, Y-Serizawa, and K.Kagi, Chemistry 
Lett., 1982, 1879. 

d-‘ 
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [489]/109 

ge excess of sodium amalgam at room temperature. This 
suggests that there may be a stereoelectronic advanta- 
ge in the reductive elimination in a coplanar relation 
between the arylsulphonyl and the acyloxy groups. 
A serious obstacle to the use of the Julia olefination 
for the synthesis of tri-substituted double bonds is 

+ 

Scheme 6 
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illustrated in Scheme 6 .  Addition of cyclohexanone to 
the sulphone anion (29) failed to give an intermediate 
(30) which could be acylated. Owing to an unfavourable 
equilibrium, (30) reverted back to starting materials - 
a problem which has plagued others 
However, by reversinq the functionality of the frag- 
ments a stable adduct (33) was formed in which the less 
hindered secondary alkoxide was acylated and the pro- 
duct (34) reductively eliminated to olefin (35) in 54% 
overall yield. Tri-substituted olefins have been gene- 
rated by reductive elimination of B-hydroxy sulpho- 
nes ( 3 6 )  l 5  and (39) but retroaldolisation would 
probably complicate more hindered systems. 

10,23 

Trisubstituted Olefins 

Unfortunately, there are not many applications of the 
Julia olefination to the synthesis of tri-substituted 
double bonds so no conclusions can be made about ste- 
reochemistry. The one case we have examined is not en- 
couraging 24. Reaction 
( E q .  4) with iodoketone (42) gave an alkoxide interme- 
diate which underwent intramolecular alkylation to 
give a diastereomeric mixture of tetrahydrofurans (44). 
These were treated with a large excess of sodium amal- 
gam in the usual way at room temperature to give the 
aichol (45) as a 3:2 mixture of isomers. 

of the sulphone anion (43) 
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RECENT SULPHONE-BASED OLEFIN ATION KEACTIONS [491] /111 

More r e c e n t l y  J u l i a  and co-workers  have  deve loped  a new 

su lphone-based  s t e r e o c o n t r o l l e d  s y n t h e s i s  of t r i - s u b s t i -  

t u t e d  o l e f i n s  which c o n s i s t s  of t w o  key s t e r e o s e l e c t i v e  

r e a c t i o n s .  F i r s t ,  t r e a t m e n t  of t h e  e r y t h r o  and t h r e o  D- 
t o s y l o x y  s u l p h o n e s  (46 - and - 50 r e s p e c t i v e l y )  w i t h  sodium 

hydrox ide  i n  E t O H  gave  h i g h l y  s t e r e o s e l e c t i v e  a n t i - e l i -  

m i n a t i o n  r e a c t i o n s  t o  t h e  c o r r e s p o n d i n g  ( Z )  and ( E )  a , P -  
u n s a t u r a t e d  s u l p h o n e s  ( 4 7 )  and  ( 4 8 )  25 (Scheme 7 ) .  Se- 
c o n d l y ,  s u b s t i t u t i o n  of t h e  su lphone  g roup  by a p r imary  

a l k y l  g roup  w a s  e f f e c t e d  26  by r e a c t i n q  t h e  a , @ - u n s a t u -  

r a t ed  su lphone  w i t h  a G r i g n a r d  r e a g e n t  i n  t h e  p r e s e n c e  

of 1 mole % of F e ( a c a c ) 3 .  A s  c a n  be  s e e n  f rom t h e  examp- 

l e  shown i n  Scheme 7 t h e  s u b s t i t u t i o n  o c c u r s  w i t h  re- 
t e n t i o n  of c o n f i q u r a t i o n .  The p o t e n t i a l  of t h i s  s equence  

w a s  enhanced  by t h e  d i s c o v e r y  t h a t  b o t h  t h e  e r y t h r o  and  

t h r e o  B-acetoxy s u l p h o n e s  ( 5 1 )  underwent  a s t e r e o - c o n -  

v e r g e n t  8 - e l i m i n a t i o n  t o  t h e  ( E )  a , @ - u n s a t u r a t e d  s u l p h o -  

n e  ( 5 2 )  e x c l u s i v e l y  i n  t h e  p r e s e n c e  of sodium hydroxyde 

i n  d ioxan  . 
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11 2/ I4921 P. KOCIENSKI 

0: loo 

Scheme 7 

The S y n t h e s i s  o f  Moenocinol and Diumycinol 

The su lphone  group i s  conspicuous  f o r  i t s  p remie r  stra- 

t e g i c  ro le  i n  o u r  r e c e n t  s y n t h e s e s  of  t h e  a n t i b i o t i c  

f r agmen t s  moenocinol (58 )  2 7  and diumcynol ( 6 7 )  28 i n  

which e v e r y  C-C bond-forming r e a c t i o n  e x p l o i t e d  the nuc- 

l e o p h i l i c  p r o p e r t i e s  of  s u l p h o n e - s t a b i l i s e d  c a r b a n i o n s  

o r  t h e  a b i l i t y  of  a su lphone  t o  s e r v e  as  a l e a v i n g  group 

under  s p e c i f i c  and we l l -de f ined  c o n d i t i o n s .  I n  p a r t i c u -  

l a r ,  t h e  v i r t u e s  o f  t h e  J u l i a  o l e f i n a t i o n  w e r e  used t o  

good a c c o u n t .  
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [493 J / i  13 

The r e t r o a l d o l i s a t i o n  of 8-hydroxy su lphones  which h i -  

t h e r t o  h a s  been t r e a t e d  as a n u i s a n c e  w a s  t u r n e d  t o  o u r  

advan tage  i n  t h e  c l e a v a g e  o f  t h e  t e r m i n a l  t h r e e  c a r b o n s  

of n e r o l  b e n z y l  e t h e r  ( 5 3 )  (Scheme 8 ) .  Thus n u c l e o p h i l i c  

c l e a v a g e  o f  t h e  o x i r a n  f u n c t i o n  i n  (53 )  by sodium t h i o -  

I1 C-BuLi 
2) RCHO 
3) BzCl I 

Scheme 8 
phenoxide gave a t h i o e t h e r  which w a s  o x i d i s e d  t o  t h e  0- 
hydroxy su lphone  ( 5 4 ) .  By warming ( 5 4 )  i n  a s o l u t i o n  of 

p o t a s s i u m  hydrox ide  i n  methanol  t h e  r e t r o a l d o l  r e a c t i o n  

o c c u r r e d  smoothly t o  g i v e  t h e  d e s i r e d  su lphone  ( 5 5 )  i n  

608 o v e r a l l  y i e l d  f rom ( 5 3 ) .  The C6-C7 t r a n s  d o u b l e  bond 

w a s  i n t r o d u c e d  i n  54% o v e r a l l  y i e l d  as shown i n  Scheme 8 .  

The h i g h  s t e r e o s e l e c t i v i t y  of t h e  J u l i a  o l e f i n a t i o n  i s  
notewor thy  because  p r e v i o u s  a t t e m p t s  t o  i n t r o d u c e  t h e  

C6-C7 doub le  bond by means o f  t h e  W i t t i g  r e a c t i o n  gave  

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

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

t o  s e c u r e  a s t e r e o s e l e c t i v e  s y n t h e s i s  of t h e  d e s i r e d  

o l e f i n  29.  I t  i s  a l s o  no tewor thy  t h a t  t h e  i s o l a t e d  s u l -  

phone f u n c t i o n  i n  ( 5 6 )  w a s  n o t  t ouched  unde r  t h e  reac- 
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114/[494] P. KOCIENSKI 

t i o n  c o n d i t i o n s .  

S i m i l a r  g o a l s  and s t r a t e g i e s  w e r e  used  i n  o u r  s y n t h e s i s  

of d iumycinol  ( 6 7 ) 2 8  (Scheme 9 ) .  A s l i g h t l y  d i f f e r e n t  

t a c t i c  however w a s  employed t o  i n t r o d u c e  t h e  t r a n s  doub- 

l e  bond a t  C6-C7.  

S t a g e s  2 and 3 o f  t h e  J u l i a  o l e f i n a t i o n  w e r e  combined 

i n  a s i n g l e  s t e p  t o  g i v e  t h e  d i a s t e r e o m e r i c  mix tu re  of 
a d d u c t s  fl which gave t h e  o l e f i n  - 62 i n  85% y i e l d  on 
t r e a t m e n t  w i t h  sodium amalgam.Contraininu t h e  oxyqen 

i n  a r i n g  d i d  n o t  have an a d v e r s e  e f f e c t  on t h e  a n t i c i -  

p a t e d  h i g h  trans-stereoselectivity. The s k e t e l o n  of d i -  

+ 
-y: 

(60) 

(64) 

h 

30% ovemll from (65) 

Scheme 9 
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [495] i l l 5  

umycinol was then completed in two stapes involvincr 
alkylation of the sulphone carbanion (64) followed by 
a Julia ilefination to introduce the methylene group 
at C 1  

In an alternative approach to diumycinol, the double 
bonds at C I 1  and C6 were introduced in reverse order by 
means of Julia olefinations shown in Scheme 10. 

I1 Li/ RNH2 
2) oxidation 

Dium ycinol 

Useful Variations 

The basic theme of the 

Scheme 10 

Julia olefination should be amen- 

able to some synthetically useful variations. For examp- 
le, we have devised a three-stage synthesis of allylic 
alcohols (Scheme 1 1  ) 30 consisting of 1 )  alkylation of 
a sulphone-stabilised allylic carbanion ( 6 8 +  6 9 ) ;  2) 
peracid oxidation of the allylic sulphone to a Bly-ep- 
oxysulphone ( 6 9 4  70) and 3) reductive elimination of 
the @,y-epoxysulphone to an allylic alcohol 70 - 7 1 ) .  

The overall strategy is similar to that of the Evans-Mis- 
low allylic alcohol synthesis based on allylic sulphoxi- 

des . 31 
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Na(Hg) 
78% 

e--- 

R8r 

93 % 
___, 

62% I 
S02Ar 

(74) 

Na(Hg) 

8 9% 
___L 

(76) (R 2- hcxyl) 

Scheme I I  

Arc08 
74.x NaHC03 1 

(77) 
E - only 
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [497]/117 

TABLE 3 
Entry Olefin" Yield (%I b 

rr' 

66 

3Id 

71d 

8Od 

72 

50d 

7 I* 

a 
x and y represent the site of the phen lsulphonyl and tri- 
methylsilyl groups respectively in the ~-ri lylsulphone. 

b 
Overall yield from the sulphone and iodomethyltrimcthyl- 
rilane. 

Ref erence 
d 
Unpublished work of F! Kocienski, M. Todd, and G.S. Cockerill 

C 

e .  
K. J. McCullough, Tetrahedron Wt., 1982.23, 2223. 
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However, there are regiochemical advantages to the sul- 
phone-based method exemplified by comparing the alkyla- 
tion (68469) (n-hexyl - bromide, 96% yield, exclusively 
a) with the corresponding sulphoxide (n-hexyl - iodide, 

32 42% yield, a : y = 2 : 5) . 
A disadvantage of this procedure is that reductive clea- 
vage of epoxysulphones leading to tri-substituted double 
bonds is not stereospecific. Furthermore, the stereoche- 
mistry of the product depends on the stereochemistry of 
the B,y-epoxysulphone. Thus, reductive elimination of 
the major (crystalline) and minor diastereoisomers of 
( 7 0 )  gave the allylic alcohols - 71 in 73% yield ( E  : Z = 

5 : 1) and 62% yield (E : Z = 2 : 1) respectively. In 
the case of the a-branched disubstituted allylic alco- 
hol ( 7 7 1 ,  only the (E)-isomer was obtained from the dia- 
stereomeric mixture (76). 
The scope of the sulphone-based allylic alcohol synthe- 
sis was recently enhanced by the discovery of a 1,3-rear- 
rangement of allylic sulphones 3 3  caused by - m-chloroper- 
benzoic acid and sodium hydrogen carbonate in aqueous 
dichloromethane. For example, reaction of (69) with 1.25 
equivalents of the peracid and 2.5 equivalents of sodi- 
um hydrogen carbonate in a rapidly stirred mixture of 
water and dichloromethane at O°C gave epoxysulphone 
in 79% yield uncontaminated by ( 7 0 )  - Reductive elimina- 
tion of (72) gave allylic alcohol (73) in 78% yield. A 
radical chain mechanism was proposed for the rearrange- 
ment which is restricted to those allylic sulphones in 
which the arylsulphonyl group can migrate from a more- 
to a less-substituted carbon. Lin and Whitharr! 34 have 

recently demonstrated alternative conditions for effec- 
ting a similar rearrangement. 
A connective synthesis of acetylenes inspired by the 

( 7 2 )  
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RECENT SULPHONE-BASED OLEFINATION REACTIONS [499] /119 

Julia olefination was developed by Lythqoe and co-wor- 
kers 35 for the synthesis of la-hydroxyvitamin D 3  

( 8 3 )  3 6 r 3 7  a s  shown in Scheme 12. The D-0x0 sulphone 
( 8 0 )  derived by condensation of allylic sulphone (78) 
and ester (79) was converted to the enol phosphate ( 8 1 )  

AcO" -Q, 

I) Na(HO) 

0.C 
THF- DMSO - 

(82) 

2) heat I" 3) OH' 

Ho' J? OH 

(831  
Scheme 12 
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i 
Holm% OH 

(89) 
Scheme 13 

r e d u c t i v e  e l i m i n a t i o n  of  which gave en-yn-ene 8 2 .  A 

s i m i l a r  p rocedure  w a s  deve loped  s i m u l t a n e o u s l y  by 

B a r t l e t t  . 
The p r e c i s e  c o n d i t i o n s  f o r  t h e  r e d u c t i v e  e l i m i n a t i o n  

a r e  i m p o r t a n t .  U s e  of  sodium amalgam i n  THF-MeOH o r  THF 

a l o n e  gave messy r e a c t i o n s  owing t o  s u b s t a n t i a l  c lea-  
vage of t h e  P-0 bond of t h e  e n o l  phospha te s .  use of so- 
dium i n  l i q u i d  ammonia can be c o n t r o l l e d  t o  g i v e  a c e t y -  
l e n e s  i n  good y i e l d  w i t h  ve ry  l i t t l e  o v e r - r e d u c t i o n  t o  

t h e  t r a n s - o l e f i n  3 8 .  However, t h e  u s e  o f  sodium amalgam 

i n  THF-dimethyl su lphox ide  i s  p a r t i c u l a r l y  c o n v e n i e n t  

- 

38 
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RECENT SULPHONE-BASED OLEFIN ATION REACTIONS [501]/121 

and over-reduction is not a problem even with conjugated 

en-yn-enes such as ( 8 2 ) .  A deliberate over-reduction was 
used by Bartlett and Green 39 as a key step in a synthe- 
sis of the trans olefin ( 8 8 )  which was an intermediate 
in a synthesis of brefeldin ( 8 9 )  (Scheme 13). A related 
connective synthesis of acetylenes based on the reduc- 
tive elimination of B-triphenylphosphonium enol trifla- 
tes has recently been reported . 
B-Silyl Sulphone Elimination 

The fluoride-induced elimination of B-trimethylsilyl sul- 
phones to give terminal olefins was first reported in 
1979 41. The B-silyl sulphone (911,  prepared by alkyla- 
tion of the lithio derivative of ( 9 0 )  (Scheme 14), gave 
I-decene on refluxing in THF with 1.5 eq. of n-Bu4NF.3 H20 
€or one hour. Similarly, a second alkylation gave ( 9 2 )  

which was converted to (93) with fluoride. Thus the sul- 
phone (go) may serve as a synthon for CH2=CH- or CH2=C- 

40 

R = a- octyl 
I) ~-0uLi 

89% 2) ally1 bromide I 

Scheme 14 

P.S.-E 
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i n  which t h e  o l e f i n  i s  l i b e r a t e d  under  s p e c i f i c  and 

mi ld  c o n d i t i o n s .  These assets w e r e  e x p l o i t e d  t o  i n t r o -  

duce t h e  C - 1 1  methylene of moenocinol ( E q .  5 )  2 7  and 

Table  3 l i s t s  some f u r t h e r  examples i n  which t h e  B- 
s i l y l  su lphones  w e r e  p r e p a r a t e d  by a l k y l a t i o n  of t h e  
a p p r o p r i a t e  l i t h i o  su lphone  by i o d o m e t h y l t r i m e t h y l s i -  

l a n e .  

A major d e t r a c t i o n  t o  t h e  8 - s i l y l  su lphone  r o u t e  t o  
o l e f i n s  i s  i t s  narrow scope .  With t h e  e x c e p t i o n  of 

c h l o r o -  and i o d o t r i m e t h y l s i l a n e  t h e r e  are no a-ha lo-  

a l k y l  s i l a n e s  commerc ia l ly  a v a i l a b l e  and t h e r e  are 
few s y n t h e t i c  r o u t e s  t o  them. None the le s s ,  a few adap-  

t a t i o n s  of t h e  b a s i c  i d e a  have p rov ided  some s y n t h e t i -  

c a l l y  u s e f u l  methods.  For  example,  t h e  su lphone  ( 9 4 )  

h a s  been employed as an  a c e t y l e n e  e q u i v a l e n t  i n  D i e l s -  

Alder  r e a c t i o n s  (Scheme 1 5 )  4 3 .  S i n c e  t h e  i n i t i a l  ad-  

d u c t  (95 )  c o u l d  be  a l k y l a t e d ,  t h e  d i e n o p h i l e  ( 9 4 )  a l so  
s e r v e d  as  a synthon f o r  mono-subs t i tu ted  a c e t y l e n e s .  
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+ 

Me+ 

( 94) 

Toluene 

84% F- I 
Scheme 15 

R e c e n t l y ,  Hsiao and S h e c h t e r  have  e x t e n d e d  t h e  f l u o r i d e -  

i nduced  e l i m i n a t i o n  method s t i l l  f u r t h e r .  The D - s i l y l  

su lphone  ( 9 7 )  

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

phone ( 9 8 ) .  Subsequent  t r e a t m e n t  w i t h  f l u o r i d e  e f f e c t e d  

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

v i n y l  su lphone  ( 9 9 )  i n  e x c e l l e n t  o v e r a l l  y i e l d .  A l t e r -  

n a t i v e l y ,  a1ky la t i "on  of t h e  a - c h l o r o  su lphone  (100) f o l -  

lowed by f l u o r i d e - i n d u c e d  e l i m i n a t i o n  gave  ( 9 9 )  i n  

good y i e l d .  

(Scheme 1 6 )  4 4  underwent  r a p i d  c h l o r i n a -  
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S0,Ph I )  g-BuLi S0,ph 

* L 2) g-BuBr 
CI 

h a p i d  

(100) 3) F' 
94% 

(99) 

A new synthesis 45 of the red bollworm pheromone (104) 
(Scheme 17) has demonstrated the use of the ( E l -  and 
(Z) -1 -benzenesulphonyl-4-trimethylsilyl-2-butenes (1 0 1  ) 
as an (E) -1 - (1,3-butadienyl) synthon. The f luoride-in- 
duced 1,4-elimination of fluorotr,imethylsilane and 
benzenesulphinate was stereoconvergent and gave only 
the desired ( E )  stereochemistry in (103). 

NaOAc -(CI-$I,OAc I 
DMF *(CH,),Br 

(104) 
I20.C 

(103) 

Scheme 17 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



RECENT SULPHONE-BASED OLEFINATION REACTIONS [505] /I25 

Conc lus ion  

I n  t h i s  r ev iew I have t r i e d  t o  show t h a t  t h e  J u l i a  o le-  
f i n a t i o n  i s  a v a l u a b l e  a l t e r n a t i v e  t o  t h e  W i t t i g  reac- 
t i o n  - e s p e c i a l l y  f o r  t h e  stereoselective s y n t h e s i s  of  

t r a n s - I l 2 - d i s u b s t i t u t e d  o l e f i n s .  Indeed ,  it h a s  been  

s u c c e s s . f u l l y  a p p l i e d  t o  complex n a t u r a l  p r o d u c t  syn the -  

ses where in  t h e  W i t t i g  r e a c t i o n  proved  i n f e a s i b l e .  The 

B - s i l y l  su lphone  e l i m i n a t i o n ,  though much narrower in 
scope ,  h a s  a l so  proven  u s e f u l  and r e c e n t  advances  i n  

ana logous  sys tems 4 6 r 4 7  s u g g e s t s  t h a t  i t  too is  g a i n i n g  

a d h e r e n t s .  
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