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Abs t rac t .  - Reaction of t i tanium enethiolates  wi th  a - u n s a t u r a t e d  ketones leads select ively to 
3 - h y d r o x y  4 - u n s a t u r a t e d  a lkaned i th ioa t e s ,  a r i s ing  f rom a 1 ,2 -ca rbon-add i t ion ,  whereas  
a lumin ium enethiolates  give oxoketene dithioacetals ,  from exclusive 1,4-sulphur-addit ion.  

Our  g roup  has shown that  enethiolates  2, ar is ing from dep ro tona t ion  of th iocarbonyl  

c o m p o u n d s  1, exhibit  soft  nuclophi l ic  behaviour .  Their react ion wi th  a - u n s a t u r a t e d  ketones 

leads to regioselective 1,4-additions under  kinetic control (1-7). 
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The synthetic interest  of this reaction led us to invest igate its scope and the influence of 

various factors: na ture  of the thiocarbonyl  compound  (8), of the Michael acceptor (9). We have 

also shown that  the react ion course does not  va ry  when replac ing THF for another  solvent,  

ether or even HMPA. 

We wished  to s tudy the role of the metallic counterpart of the nucleophile.  So far we had 

used lithium. We w o n d e r e d  whether  this conjugate addi t ion  is specific of l i th ium enethiolates. 

Our  interest  was also to achieve stereocontrol  by changing the metal. Having  demonst ra ted  the 
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stereospecificity of the addi t ion  of acyclic l i th ium enethiolates (5), our  project  was to devise a 

s tereoconvergent  reaction. 

Dur ing  this inves t iga t ion  we have  uncovered  that  the use  of t i t an ium or a lumin ium 

species leads  to a comple te  reversal  of regioselect ivi ty,  appa ren t ly  wi thout  p receden t  in the 

oxygen series. Reactants are ambident:  the su lphur  nucleophile  may  react th rough  its carbon or 

sulfur terminus and the acceptor may  lead to 1,2- or 1,4-additions. 

/f-- ' -~s Q Sulphur 

Carbon 

O . ~ 1,2-addition 

~ ~ " ~  1 A-addition 

Lithium enethiolates were  generated as usual  (2, 10, 11) by pro ton  abstract ion of methyl  

d i th ioaceta te  5 or p ropaned i th ioa te  6 wi th  LDA or MeLi. Metal  exchange was carried out  by 

addi t ion  of t r i ( i sopropoxy) t i t an ium chlor ide  (4 equiv.) at -40°C. The resul t ing  mixtures  were  

t reated with  three enones: pent-3-en-2-one 7, 3-methylbut-3-en-2-one 8 and cyclohex-2-enone 

10. After  quenching  wi th  aqueous  a m m o n i u m  f luor ide  we  ob ta ined  di th ioes ters  11-14 (12) 

bearing a 3-hydroxy moiety  together  with a 4-unsaturation. 

i) LDA,-78°C, THF 

S 2) TiCl(OiPr) 3, -40°C 

R I ~  SMe D, 
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4) NH4F, H20 
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C - l , 2 - a d d i t i o n  

11 R~ = R4 = Me, Ra=H 
R]=H 

12 R2= Ra = Me, R4=H 

13 R2, R4 = (CH~a. RS=H 

6 RI=Me 14 R2= R4 = Me. R a=H 

Such aldols arise (11, 13-17) from 1 ,2 -add i t i ons  from the c a r b o n  site of the nucleophile.  

This behaviour  is p robab ly  related to the relat ively hard  character of the t i tan ium nucleophiles  

as compared to the l i th ium species and to their Lewis acidity. We have thus achieved a second 

orientation amongst  the four that  are possible from two reactants which are both ambident .  

Li thiated methy l  p r o p a n e d i t h i o a t e  was then t rea ted  wi th  3 eq. of d i e thy l a lumin ium 

chloride at -40°C. Enones 7-10 were made  to react with the resul t ing solut ion for 30 min. After 

quenching with water ,  we observed  the selective format ion of ketones 15-18, bear ing a ketene 
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dithioacetal  moie ty  (12). Their s t ructure  reveals a dramat ic  change  of  selectivity: 

nucleophile affords a 1,4-addition through its sulphur,  instead of carbon. 

I) LDA,-78°C, THF 0 R4 S M e  

S 2) Et2AICl' -40°C ~ R 2 ~  ~ ' ~ S  

" ~ - ~  SMe O R 3 [ 

R 2 R 4 

R a 

S- l , 4 -add i t i on  

4} NH4C1, H20 
15 R2=R~ = M~ Ra=H 

16 R~= Ra = M~ R 4=H 

17 R2, R4 = (CH~ RZ=H 

18 ~,  R4 = {CH~ R3=H 

the 

Attack from the sulphur of an enethiolate is common with halides (18-20), but  rare with 

carbonyl electrophiles (with exception of acyl halides). We had previously only observed it once 

(21) with a sterically hindered enethiolate, derived from methyl  dithioisobutyrate: S-addition 

p roduc t s  were  fo rmed  under  kinetic control  and equil ibrat ion lead to C-1 ,4-addi t ion  

compounds.  With the present aluminium derivatives we have not been able to perform any 

equilibration. 

The regiochemistry o f  the aluminium species remains to be explained. One should note 

that an excess (4 equiv.) of metal salt is crucial in both cases, either to effect complete metal 

exchange or to develop sufficient Lewis acidity. 

In conclusion, by proper selection of the metallic part of a sulfur nucleophile, we are now 

able to achieve three out  of the four orientations that are possible from two partners that are 

both ambident. 

Li ~ C-1,4-addi t ion A1 ~ S- l ,4 -add i t ion  11 ~ C-l,2-addition 

25 o s o o o 

The use of titanium and aluminium nucleophiles has already been reported as a means 

to adjust selectivity towards carbonyl compounds  (22). To our knowledge this tactics was not 

precedented so far to reverse the regiochemistry for the addition of enolate type reagents to 

Michael acceptors (23). Our  results illustrate the often specific behaviour  of thiocarbonyl  

compounds  and enethiolates (24). 
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