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Stereospecific synthesis of olefins through 
sequential cross-coupling reactions 
Francesco Naso 

Centro CNR Metodologie Innova t i ve  d i  S i n t e s i  Organiche, Oipar t imento d i  
Chimica, h i v e r s i t l  d i  Ba r i ,  V ia  Amendola 173, 70126 Bar i ,  I t a l y .  

Abs t rac t  - A concep tua l l y  s t r a i g h t f o r w a r d  and use fu l  procedure l ead ing  t o  
( I ) -  o r  ( g ) - o l e f i n s  i s  presented. The method i s  based upon t h e  r e a c t i o n  o f  
t h e  r e a d i l y  a v a i l a b l e  ( I ) -  o r  (E)-l-bromo-2-phenylthioethene ( 1  o r  2 )  w i t h  
Gr ignard reagents i n  t h e  presence o f  N i ( I I 1  o r  Pd ( I1 )  c a t a l y s t s .  Other ca- 
t a l y s t s ,  5.2. i r o n ( I I 1 )  d e r i v a t i v e s ,  and o t h e r  organometa l l ics ,  2.2. z i n c  
reagents o r  copper d e r i v a t i v e s ,  can a l s o  be success fu l l y  used d u r i n g  t h e  
s u b s t i t u t i o n  o f  t h e  halogen. The s t e r e o s p e c i f i c i t y  i s s 9 9 %  i n  t h e  case o f  
(E l - isomers and s l i g h t l y  lower i n  t h e  case o f  ( I ) - i somers .  E n a n t i o s e l e c t i -  
vTty  i s  achieved by us ing  c h i r a l  l i gands .  By approp r ia te  choice o f  t h e  
reagent,  a l k y l -  o r  a r y l - s u b s t i t u t e d  ethenes, 1,3- o r  1 ,6-dienes1 and con- 
j uga ted  enynes can be prepared. A l l y 1  and a l kad ieny l  s i l a n e s  can a l s o  be 
obtained. The r e a c t i o n  o f  t h e  l a t t e r  compounds w i t h  pa l l ad ium c h l o r i d e  
leads t o  conjugated te t raenes.  Oienyl  bromides o r  ketones are prepared by 
r e a c t i o n  o f  t h e  same compounds w i t h  aluminum c h l o r i d e  and cyanogen bromide 
o r  acy l  c h l o r i d e  r e s p e c t i v e l y .  The v e r s a t i l i t y  o f  t h i s  method has been 
demonstrated by t h e  s t e r e o s p e c i f i c  synthes is  o f  i n s e c t  pheromones and a 
number o f  key s y n t h e t i c  in termediates.  

INTRODUCTION 

The cross-coupl ing r e a c t i o n  between a l keny l  h a l i d e s  and organometal l i c s  represents  a pro-  
cess o f  spec ia l  s y n t h e t i c  value, as i t  enables t h e  s tereodef ined p roduc t i on  o f  a v a r i e t y  o f  
systems w i t h  a carbon-carbon double bond. A hos t  of organometa l l ic  reagents can be used, 
b u t  organocopper d e r i v a t i v e s  ( r e f s .  1,2) o r  Gr ignard reagents ( t h e  l a t t e r  i n  t h e  presence 
o f  t r a n s i t i o n  metal  complexes) ( r e f s .  2,3) appear t o  be as t h e  most v e r s a t i l e .  We performed 
an i n v e s t i g a t i o n  w i t h  t h e  aim o f  uncover ing t h e  bas i c  mechanis t ic  f e a t u r e s  o f  t h e  r e a c t i o n  
w i t h  organocopper reagents ( r e f .  4 ) .  Two types o f  systems were s tud ied :  ( I ) -  and ( E l - l - h a -  
logeno-2-phenylethenes and 1 -halogeno-2-phenylsulphonylethenes. The two systems showed a 
d i f f e r e n t  behaviour.  A stereochemical  pathway of r e t e n t i o n  o f  c o n f i g u r a t i o n  was observed 
f o r  t h e  s t y rene  system, whereas a v a r i a b l e  stereochemical  course depending upon t h e  
c o n f i g u r a t i o n  o f  t h e  subst rate,  t h e  na tu re  of t h e  l e a v i n g  group, and t h e  t ype  o f  cup ra te  
was v a l i d  f o r  t h e  sulphones. Furthermore, a marked l e a v i n g  group e f f e c t  (Br>Cl>F) was 
observed f o r  t h e  f i r s t  system whereas t h e  halogeno-sulphones were found t o  be much l e s s  
s e n s i t i v e  t o  t h e  change o f  t h e  l e a v i n g  group (Br-Cl-F). These and o the r  r e s u l t s  were 
expla ined i n  terms o f  two main mechanis t ic  pathways w i t h  b l u r r e d  boundar ies:  a concer ted 
s u b s t i t u t i o n  o f  t h e  halogen should occur i n  t h e  s t y rene  system whereas t h e  
halogeno-sulphones should f o l l o w  t h e  more common a d d i t i o n - e l i m i n a t i o n  mechanism ( r e f .  5). 

On t h e  s y n t h e t i c  s ide,  an impor tant  r e s u l t  o f  our  ana lys i s  i s  t h a t  c a u t i o n  has t o  be used 
i n  rega rd ing  t h e  r e a c t i o n s  o f  v i n y l  h a l i d e s  w i t h  cuprates as s t e r e o s p e c i f i c  when a c t i v a t e d  
systems are used. Furthermore, d u r i n g  our  i n v e s t i g a t i o n  we took  advantage o f  t h e  r e a c t i v i t y  
o f  sulphonylethenes i n  a d d i t i o n  r e a c t i o n s  o f  cuprates ( r e f .  61, by s e t t i n g  up a h i g h l y  
s t e r e o s e l e c t i v e  procedure l ead ing  t o  ( I ) - o l e f i n s  ( r e f .  7 ) .  The method i s  based upon t h e  
a d d i t i o n  o f  ( Z ) - d i a l k e n y l  cuprates generated as descr ibed by Normant ( r e f .  8) t o  
-unsaturated G lphones  t o  g i v e  products  i n  which t h e  ( I ) -geometry  o f  t h e  cuprate a l keny l  
group i s  maintained. Oesulphonylat ion o f  t h e  r e s u l t i n g  B,y-unsaturated sulphones leads t o  
t h e  f i n a l  o l e f i n .  The o v e r a l l  y i e l d s  o f  t h i s  novel  o l e f i n  synthes is  a re  i n  t h e  range 70-80% 
and t h e  s t e r e o s e l e c t i v i t y  i s  h ighe r  than 99% (Scheme 1) .  
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Scheme 1 R3 / 

\R2 
i) P hS02CH=C 

- 4 0 o r  -5OC . 
RLCuLi + 2 H C l C H  H/  \ H  ii)H* 

R'= +,-Bu,4-BuIt-Bu ; R2= H,Me, Ph ; R3= H,Me 

The work p resented  above s t i m u l a t e d  our  i n t e r e s t  i n  t h e  syn thes i s  o f  symmetric and 
non-symmetric 1 , 2 - d i s u b s t i t u t e d  ethenes. Many procedures e x i s t  f o r  t h e  p r e p a r a t i o n  o f  these 
compounds. However, t h e  task  becomes much more d i f f i c u l t  when s t e r e o s e l e c t i v i t y  i s  
requ i red .  We reasoned t h a t  a s imp le  syn thes i s  o f  bo th  (L)- and (Z) - i somers  o f  1 , 2 - d i a l k y l -  
and d ia ry l -e thenes  cou ld  be based on sequen t ia l  f o rma t ion  o f  two C-C bonds which shou ld  
occur  when ethenes bear ing  two d i f f e r e n t  l e a v i n g  groups (LG) a re  reac ted  w i t h  s u i t a b l e  
organometal l i c  reagents  accord ing  t o  Scheme 2: 

Scheme 2 

A f t e r  some e x p l o r a t o r y  work, t h e  subs t ra tes  o f  cho ice  appeared t o  be ( L ) -  and (E)- l -bromo-2- 
-pheny l th ioe thenes 1 and 2. These compounds can e a s i l y  be prepared accord ing  6 t h e  proce- 
dure  o f  Montanar i  ( r e f .  9) by n u c l e o p h i l i c  a d d i t i o n  o f  PhSH t o  p r o p i o l i c  a c i d  i n  e thano l  
and subsequent one p o t  bromine a d d i t i o n  and deca rboxy la t i ve  deha logenat ion  t o  g i v e  1 and 2 
i n  ca  4 : l  r a t i o .  The two isomers can be separated by d i s t i l l a t i o n .  - 

SEQUENTIAL CROSS-COUPLING REACTIONS OF GRIGNARD REAGENTS 
WITH 1-BROMO-2-PHENYLTHIOETHENES IN THE PRESENCE OF Ni OR P d  
CATALYSTS: A STEREOSPECIFIC ROUTE TO OLEFINS 

Compounds 1 and 2 were found t o  r e a c t  smoothly w i t h  Gr ignard  reagents  i n  t h e  presence o f  a 
N i ( I I )  o r  P d ( I 1 )  complex as a c a t a l y s t  accord ing  t o  Scheme 3 ( r e f . 1 0 ) .  

Scheme 3 

R' 

BrVSPh - PdCI,(PPh,), R~ M~ x WSPh - NiCl,(dppe) R ' M ~  x R1uR2 
1 

R1 
c " m S P h  NiCl,(dppe) R ' M ~ X  - W R 2  

Br R ' M ~ X  
NiCl,(dppe) 

-SPh 

2 

1 2  dppe= Ph,PCH,CH,PPh, R ,R = a l k y l  or aryl 
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I n  the  f i r s t  step, s u b s t i t u t i o n  o f  t h e  halogen atom occurs a t  a r a t e  which i s  s u f f i c i e n t l y  
f a s t  t o  leave t h e  carbon-sulphur bond complete ly  unaf fected.  The slower r e a c t i o n  l ead ing  t o  
t h e  s u b s t i t u t i o n  o f  t he  phenyl th io-group can be performed us ing  longer  r e a c t i o n  t imes and 
an excess o f  Gr ignard reagent.  I n  o rde r  t o  prepare non-symmetrical o l e f i n s ,  i t  i s  necessary 
t o  use a d i f f e r e n t  Gr ignard reagent a f t e r  complet ion o f  t h e  f i r s t  step. The isomer ic  p u r i t y  
o f  t h e  f i n a l  product  i s  h ighe r  than 99% i n  t h e  case o f  (E)- isomersand s l i g h t l y  lower f o r  
t h e  (L) - isomers.  I n  several  reac t i ons  i t  was found t h a t  t h e  use o f  a Pd c a t a l y s t  i n  t h e  
f i r s t  s tep o f  t h e  sequence lead ing  t o  (L l - isomers g i ves  b e t t e r  stereochemical  r e s u l t s .  
However, N i  c a t a l y s t s  cannot be rep laced by Pd c a t a l y s t s  i n  t h e  second step. Often, i t  i s  
n o t  necessary t o  i s o l a t e  t h e  v i n y l  su lph ide  i n te rmed ia te  and the  procedure can be performed 
success fu l l y  i n  one pot. The r e a c t i o n s  a re  c a r r i e d  o u t  a t  room temperature i n  e t h e r  o r  THF. 

Secondary - primary group i somer i za t i on  i s  known t o  occur f r e q u e n t l y  i n  cross-coupl ing 
r e a c t i o n s  i n v o l v i n g  s imple a l k y l  groups such as i sop ropy l  o r  E - b u t y l  groups. Therefore,  
i n  order  t o  extend the  p o t e n t i a l  o f  our o l e f i n  synthes is ,  we undertook a d e t a i l e d  
i n v e s t i g a t i o n  o f  our  cross-coupl ing r e a c t i o n s  w i t h  secondary reagents ( r e f .  11 1. I n  p a r t i -  
cu la r ,  s ince N i  c a t a l y s t s  are r e q u i r e d  i n  the  second s tep  whereas a v a r i e t y  o f  c a t a l y s t s  
can be used i n  the f i r s t  step, we focused our  a t t e n t i o n  on t h e  s u b s t i t u t i o n  o f  t h e  halogen 
atom. It i s  noteworthy t h a t  t h i s  r e a c t i o n  prov ides a convenient r o u t e  t o  a l keny l  sulphides, 
a c l a s s  o f  s y n t h e t i c a l l y  impor tant  compounds. Therefore,  besides rep resen t ing  a c r u c i a l  
s tep  of our procedure, t h e  s u b s t i t u t i o n  o f  t h e  bromine atom i s  a l so  impor tant  i n  i t s e l f .  
The r e s u l t s  o f  our  i n v e s t i g a t i o n  showed t h a t  t h e  r e a c t i o n s  o f  (L)-l-bromo-2-phenylthioethe- 
ne w i t h  i sop ropy l  magnesium c h l o r i d e  i n  e the r  or THF and i n  t h e  presence o f  PdCI2(PPh ) 
g i v e  a r e l a t i v e l y  l a r g e  amount (32-66%) o f  product  de r i ved  f rom E - a l k y l  - l - a l i y ?  
i somer i za t i on .  The use o f  PdCl ( d p p f )  B p p f  = 1, l  ' -bis(dipheny1phosphino)ferrocend o r  
N i C l  (dppe) reduces t h e  ex ten t  03 i somer i za t i on  t o  smal l  values (56%) i nd ipenden t l y  f rom 
t h e  c o n f i g u r a t i o n  o f  t h e  s t a r t i n g  m a t e r i a l .  The r e a c t i o n s  w i t h  E - b u t y l m a g n e s i u m  c h l o r i d e  
are n o t  i n f l uenced  t o  a s i g n i f i c a n t  e x t e n t  by i somer i za t i on .  The c ross -coup l i ng  process i s  
e f f i c i c n t l y  ca ta l yzed  by i r o n ( I I 1 )  compounds such as FeCl , Fe(acacI3 (acac = acety lace-  
t o n i d e ) ,  Fe(DBM)3 (DBM = dibenzoylmethyde) and (Fe (DPh3  (DPM = d ip i va loy lme thyde) .  
Furthermore, t h e  i somer i za t i on  i s  complete ly  suppressed by us ing  Fe(DBM) o r  Fe(0PMl3 as a 
c a t a l y s t .  As observed w i th  o t h e r  c a t a l y s t s ,  t he  degree o f  r e t e n t i o n  03 c o n f i g u r a t i o n  i s  
h igh.  

2 

Work i s  i n  progress i n  o rde r  t o  evaluate t h e  p o s s i b i l i t y  o f  achiev ing an e n a n t i o s e l e c t i v e  
synthes is  o f  1 ,Z -d i subs t i t u ted  o l e f i n s  w i t h  one o r  two c h i r a l  cen t res  us ing  c h i r a l  
complexes as c a t a l y s t s  ( r e f .  12 ) .  So f a r ,  o n l y  t h e  f i r s t  cross-coupl ing s tep  has been 
subjected t o  s c r u t i n y  ( r e f .  13) and t h e  p r e l i m i n a r y  data obta ined are repo r ted  i n  Table 1. 

TABLE 1 

Entry Subtrate R' R'CHMgX Product Yield% Optical 
yield 96 

phs-:te 70 51 
A 

78 52 PhS 
Br Ph 

PhS 
3)a 

H 

a cat: = PdCI, DS)-(B)-PPFA] ; cat: = NiCI,/(S)-(R)-PPFA 

bS)-(@- PPFA] =CS 1- E, - dirnethyl-l-pR 1-2 -(diphenylphosphino)ferroce~~l]ethylamine 
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It i s  noteworthy t h a t  t he  o l e f i n s  prepared are s y n t h e t i c a l l y  usefu l  intermediates. Indeed, 
as i n  s i m i l a r  cases ( r e f .  121, (l)-3-phenyl-but-l-en-l-yl phenyl sulphide was ox id ized t o  
2-phenylpropionic acid, a member o f  a fam i l y  o f  we l l  known anti- inf lammatory agents 
(Ibuprofen, Naproxen, e tc .  1. Furthermore, t he  same compound was transformed i n t o  o p t i c a l l y  
ac t i ve  3-phenylbutanal by adding HC1 and t r e a t i n g  w i t h  HgC12. Entry  3 represents an example 
taken from a wider i n v e s t i g a t i o n  ( r e f .  14) which showed the  p o s s i b i l i t y  o f  ob ta in ing  (L1- 
o r  ( g 1 - a l l y l s i l a n e s  s t a r t i n g  from compounds 1 o r  2. 

SYNTHESIS OF MONO-OLEFINIC INSECT PHEROMONES OF (z)- OR (E)- 
CONFIGURATION 

Insect  sex pheromones have become a v e r i t a b l e  t r a i n i n g  ground on which t o  t e s t  t he  u t i l i t y  
o f  novel synthet ic  methodology. Therefore, we used our procedure t o  prepare a v a r i e t y  o f  
pheromone components o r  t h e i r  isomeric counterparts ( r e f .  15). Scheme 4 summarizes the syn- 
thes i s  o f  two mono-olef inic i nsec t  pheromones components and one precursor. The o v e r a l l  
i s o l a t e d  y i e l d s  were i n  the  range 6575% and the  isomeric p u r i t i e s  were higher than 98%. 

Scheme 4 

PhS\=r/Br 

PhS- ’ Br 

r i ,ii L 
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4 

v i , i i  3 

6 

7 

7 
v i i i , v  

8 

Reagents: i, ;-C H MgBr, PdC12(PPh3)2; ii, n-C H MgBr, NiCl (dppe); 

iii, ;-C11H23MgBr, PdCl2(PPh3I2; iv, n-C H MgBr, PdC12(PPh ) * 

v, (CH3)2CH(CH2)4MgBr, NiC12(dppe); vi, ;-C13H27MgBr, NiC12(dppe); 

vii, n-C H MgBr, NiCl (dppe); viii, n-C H MgBr, NiC12(dppe). 

13 27 - 8 17 2 

- 10 21 3 2’ 

- 11 23 2 - 10 21 

(ZI-Tricos-9-ene 3 (muscalure) i s  the sex pheromone of t he  housefly mfusca domestical 
wcereas the ef fect iveness o f  (ZI-heneicos-9-ene 4 when mixed w i t h  3 i s  r a t h e r  contro-  
ve rs i  a1 . (i)-2-methyl-octadec-T-ene 5 upon ox ida t i on  gives (~)-7,8-epoxy-2-methyl 
octadecane ( d i s p a r l u r e )  t he  sex pheromone of t he  gipsy moth Porthetria disparl. The 
synthesis o f  t he  corresponding stereoisomers was e a s i l y  accomplished s t a r t i n g  w i t h  
(E)-l-bromo-2-phenylthioethene w i t h  o v e r a l l  i s o l a t e d  y i e l d s  i n  the  range 8 5 9 0 %  and 
isomeric p u r i t i e s  higher than 99%. I n  the  case o f  both types o f  isomers, i s o l a t i o n  o f  the 
alkenyl sulphides intermediates was not  requi red and the  Grignard reagent f o r  t he  second 
cross-coupling reac t i on  was added d i r e c t l y  t o  the  reac t i on  mixture. 
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As reported in Scheme 5, the procedure was extended to the synthesis of pheromones having 
an a1 kenyl acetate structure. Grignard reagents obtained from l-halogeno-w-tetrahydro- 
pyranyloxyalkanes were reacted with compounds 1 and 2 in the presence of PdCl (PPh 1 2 3 2  (I-isomers) or NiCl (dppe) (i-isomers) to give l-phenylthio-w-tetrahydropyranyloxy-alk-l- 
-enes with yields in the range 71-86%. The second cross-coupling reaction performed in the 
presence o f  a catalytic amount of the Ni complex led to the tetrahydropyranyl-protected 
alkenols which were subjected directly to acetylation with acetic anhydride to give the 
corresponding acetates. The yields were in the range 73-81% and the stereoselectivity was 
97-98% for the (2)-isomers and>99% for the (i)-isomers. In Table 2 the names of the insect 
species correspoidi ng to the pheromones prepared are reported. 

2 

Scheme 5 
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111_ OAc 
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Reagents: i, ThpO(CH2)6MgC1, PdC12(PPh3)2; ii, ;-C H MgBr, NiC12(dppe); 

iii, Ac 0; iv, ThpO(CH 1 MgBr, PdC12(PPh3)2; v, C H MgBr, NiC12(dppe); 

vi, ThpO(CH2)10MgBr, PdCl (PPh ) . vii, ThpO(CH2)6MgC1, NiCl (dppe); 

viii, ThpO(CH ) MgBr, NiC12(dppe); ix, ThpO(CH ) MgBr, NiC12(dppe). 
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TABLE 2 

Pheromone component Insect species 

(L)-Dodec-7-enyl acetate 9 

(L)-Dodec-9-enyl acetate 10 

(L)-Tetradec-g-enyl acetate 11 

(z)-Tetradec-ll-enyl acetate 12 

(1) -Hexadec-11 -enyl acetate 13 

(E)-Dodec-7-enyl acetate 14 
(E)-Dodec-9-enyl acetate 15 
(L) -Tetradec-g-enyl acetate 16 
(E)-Tetradec-11-enyl acetate 17 

(L)-Hexadec-ll -enyl acetate 18 

~~~~ 

Cabbage looper (Trichoplusia ni), soybean 
looper (Pseudopltuia includens) 
European grapeberry moth (Eupoecilia ambiguella, 
Paralobesia viteana) 
Smaller tea tortrix (Adoxophyes fasciato), 
black cutworm (Agrotis ipsilon) , f a1 1 armyworm 
(Spodoptera frugiperda) 
Obliquebanded leafrol ler (Choristoneura rosa- 
ceana), redbanded leafrol ler (Argyrotaenh ve- 
lutinana), filbert leafroller (Archips rosanus) 
Cabbage armyworm (Mamestra braesicae) , bertha 
armyworm (Mamestra configurata) 
Fa1 se cod1 ing moth (Cryptophlebia leucotreta) 
European pine shoot moth (Rhyacionia buolianal 
Loxostege neobliteralis, Polia grandis 
Archips mortuanus, spotted fireworm 
(Choristoneura parallela) 
Sweet potato leaf folder (Brachmia macroscopa) 

SYNTHESIS OF DIENES A N D  ENYNES (ref .  14) 

We are  c o n t i n u i n g  t o  exp lo re  t h e  s y n t h e t i c  p o t e n t i a l  o f  our  o l e f i n  syn thes i s .  Al though t h e  
r e s u l t s  o f  ou r  i n v e s t i g a t i o n  w i l l  be f u l l y  r e p o r t e d  a t  a l a t e r  date,  i t  seems approp r ia te  
t o  a n t i c i p a t e  i n  t h i s  l e c t u r e  a few r e l e v a n t  r e s u l t s .  
( i )  Our procedure can be conven ien t l y  extended t o  prepare 1,6-dienes ( r e f .  16 ) .  An example 
i s  represented  by t h e  syn thes i s  o f  (6E-,l l~)-hexadecadienol r e p o r t e d  i n  Scheme 6. 

Scheme 6 

OH 
i) CIMg-OMgCI, NiCl,(dppe) t - 
ii) -MgBr, NiCl,(dppe) 83 % 

-Br 
PhS 

MgBr - Br Mg 
pentane THF 
PBr,/Py. - 

50% 

t OH \ \ 
i) phs\/\ Br, NiCl,(dppe) 

ii) ClMg -OThp, NiCl,(dppd 88% 
iii) p-TosOH/ Me OH - 

( i i )  Conjugated d ienes  can be e a s i l y  prepared by u s i n g  v i n y l i c  Gr ignard  reagents  as shown 
by t h e  syn thes i s  o f  (E)-9,11-dodecadien-l-y1 aceta te ,  a sex pheromone component o f  t h e  r e d  
bol lworm moth (Dipampsis castanea) (Scheme 7 ) .  

Scheme 7 

i)p-TosOH/MeOH OAc - OThp ii)Ac,O/Py 80% 
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The s t e r e o s p e c i f i c  synthes is  o f  1 - s i l y l a t e d  dienes was accomplished by r e a c t i n g  compounds 1 
and 2 w i t h  (g) 2-s i ly lv iny lmagnesium bromide according t o  eq. 1. 

i)(&Me,Si-CH=CH-MgBrcat. 

ii) RMgX/cat. 
PhS-CH=CH-Br R- CH=CH-CH=CH -SiMe, ( 1  1 

(1) or (Z) (E,E) or (_Z,E) 

yields 10-75% 

This  c lass  o f  compounds i s  o f  spec ia l  i n t e r e s t  due t o  t h e  w e l l  known v e r s a t i l i t y  i n  
D ie l s -A lde r  r e a c t i o n s  ( re f .17 1 and i n  o t h e r  processes which i n v o l v e  t h e  s u b s t i t u t i o n  o f  
t h e  s i l y l  group such as t h e  synthes is  o f  carbonyl  compounds w i t h  a d iene s t r u c t u r e ,  
according t o  eq. 2 ( r e f .  18).  

R 
t W C H O  

R CI,CHOMe 
w S i M e 3  

TiCI, ( 2 )  

Our c o n t r i b u t i o n  t o  t h e  expansion o f  t he  s y n t h e t i c  p o t e n t i a l  o f  these s i l y l a t e d  dienes i s  
represented by a s imple synthes is  o f  methyl 9-oxo-(10~,12~)-dodecadienoate which by 
h y d r o l y s i s  and reduc t i on  should be e a s i l y  t ransformed i n t o  B-dimorphecol ic a c i d  (Scheme 8) .  
This  compound toge the r  w i t h  xhe (10g,12~- isomer)  ( a-d imorphecol ic  a c i d )  has a t t r a c t e d  
considerable i n t e r e s t  ( r e f .  19).  

Scheme 8 

Si Me, PhS- / Br i) BrMg-SiMe3/NiC12 (dppe) 
w - 

ii) mMgBr/ NiCl,(dppe) 75% 

i )  hydrolysis OH @ -dimorphecolic acid 

ii) reduction 

Furthermore, we found t h a t  by r e a c t i n g  s i l y l a t e d  lY3 -bu tad ienes  w i t h  PdCl /CuC1 , f o l l o w i n g  
t h e  procedure descr ibed f o r  v i n y l s i l a n e s  ( r e f .  201, i t  i s  poss ib le  t o  o b t a i n  a iomocoupl ing 
process, as shown i n  eq. 3 f o r  t h e  synthes is  o f  1,8-diphenyl-octa-(lg,3~,5g,7~)-tetraene. 

2 

-SiMe, - pdc'2 ph-Ph 
CUClZ 

2 Ph 

55% 
( 3 )  

F i n a l l y ,  i t  was found t h a t  t h e  s i l y l - g r o u p  i n  these compounds can be rep laced by a bromine 
atom by r e a c t i o n  w i t h  BrCN, f o l l o w i n g  t h e  procedure repo r ted  f o r  v i n y l s i l a n e s  ( r e f .  17b),  
thus o b t a i n i n g  isomer ic  l-bromo-4-phenylthio-1,3-butadienes (eq. 4 ) .  

( 4 )  Ph S-CH=CH-CH=CH-Si Me, - BrCN PhS -CH=CH-CH=CH-Br 
60% At CI, 
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These compounds represent the dienic counterparts of mono-olefins 1 and 2. Therefore, a 
variety of novel syntheses based upon the different reactivity of the two leaving groups 
can be envisaged. 

( i i i )  Conjugated 1-silyl-enynes can be obtained in a manner analogous to the synthesis of 
l-silyl-1,3-dienes (eq. 5 1. 1,3-Enynes are known to undergo a variety of synthetically 
useful transformations (ref. 21 1. 

R =  Ph, ThpO (CH, 1, yields 85-88% 

(iv) Besides Grignard reagents other organometallic compounds are being evaluated in 
cross-coupling reactions with substrates 1 and 2. Dialkyl cuprates such as di-2-butyl 
cuprates react smoothly. However, (I)-al kenyl cuprates generated according to the Normant 
procedure and used in the conditions normally adopted for vinyl halides (ref.8) gave 
unsatisfactory results. Thus, we adopted a variation of our procedure by transforming the 
(I)-isomer 1 into phenylthioacetylene and adding smoothly the a1 kenyl cuprate reagent. This 
variation of our normal procedure is illustrated by the synthesis o f  bombykol, the sex- 
-pheromone of the silkworm moth fBombyz moril (Scheme 9). 

Scheme 9 

1 SPh 
- i )  PhS-CEC-H - \ / y 2 C u L i  + 2 H-C=C-H - 

pCuLi i)H+ 
90 % 

OH * * NiCl,(dppe) - 
ii) p-TosOH/MeOH 80% 

(v) The synthesis of dienes from compounds 1 and 2 is attracting the interest of other 
workers. Recently Suzuki, Mijaura and Ishiyama (ref. 22) have used our building blocks in 
the cross-coupling reactions with l-alkenyl-l,3,2-benzodioxaborole in the presence of 
Pd(PPh3I4 and a base (eqs. 6 and 7 ) .  

Furthermore, they have extended our procedure using (i)- or (~)-2-bromo-l-phenylthio-l-pro- 
pene as starting materials and some of the products have been subjected to the second 
cross-coupling reaction with Grignard reagents. The usefulness of the procedure has been 
demonstrated by the synthesis of (Zi,45,6g) -3,7,11 -trimethyl -(2,4,6,10) -dodecatetraene 

cis( C10)-al lof arnesene and 1 - (2,6,6-trimethylcyclohexen-1 -yl -3,6-dimethyl-( 1532, ) - 
-(D,5)-heptatriene (Scheme 10). 
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Scheme 10 

PdL, PhS 
RO 

KOH,88% P h S d  Br + RO >B& 0 0  

SYNTHESIS OF 1,l-DISUBSTITUTED ETHENES 

The sequenti a1 cross-coup1 i n g  process can be extended t o  1, l  -d i  subst i  t u t e d  ethenes by using 
1-chloro-1-phenylthioethene as a subst rate according t o  eq. 8 ( r e f .  23). 

PhS, R' MgX, NiCl,(dppp)/ether, r.t.+ PhS, R2MgX,NiCl,(dppp)/ether,r.t. R'\ 
C=CH, C=CH2 C=CH, 

( 8 )  
R' ' / 85% R' ' 70 - 85% CI 

R1=Me or WBU ; R2=Ph 

However, t he  lack o f  any stereochemical requirement i n  t h i s  synthesis has l e d  us t o  use a 
commercial s t a r t i n g  mater ia l  (i.~. 2,3-dibromopropene) as a mu l t i coup l i ng  component, i n  
which s u b s t i t u t i o n  o f  the bromine atom a t  t he  a l l y l i c  carbon occurs i n  the  absence o f  any 
ca ta l ys t ,  whereas the v i n y l i c  s u b s t i t u t i o n  requ i res  the use o f  t he  c a t a l y s t  (eq. 9 1. 
Taking advantage o f  t h i s  d i f ference,  several compounds ( i n c l u d i n g  s i l y l a t e d  dienes) were 
prepared ( r e f .  23 1. 

i) R'MgXITHF, r. t. 
il) R2MgX, NiCI, (dppp) 

THF, r. t. * 
63-91 % 

(9) 

R'= --Bu, +,-C7H15, ,,-C8Hl, I PhCH, ; R2=Me,rr-Bu, CH,=CH,Me,Si-CH=CH, Ph,PhCH, 

CONCLUSION 

Taking i n t o  accounts ( i )  the m i l d  reac t i on  condi t ions ( i i )  the s i m p l i c i t y  o f  t he  operations 
involved, ( i i i )  the r e l a t i v e l y  h igh o v e r a l l  y i e lds ,  and ( i v )  t he  h igh s te reospec i f i t y ,  our 
method appears t o  rank among the most usefu l  procedures present ly  ava i l ab le  f o r  t he  
synthesis o f  subs t i t u ted  ethenes. As shown above, dienes can also be prepared and the  work 
i n  progress eventual ly  should lead t o  an equal ly  easy rou te  t o  compounds having two o r  more 
double bonds w i t h  the  requi red geometry. 
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