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Abstract : Sml2 is the precursor of el‘l’iciem calalys~~ for the rldolisation reactions of aldehydes and ketones with enol 

silanes. cx$-unsaturated ketones give I,4-additions sclcctivcly. 

Diiodosamarium was inttoduced in 1977 as a reducing agent in organic chemistry 1. Since that time 

this reagent found many applications (for reviews see refs 2-4). The great majority of the examples yet 

investigated are dealing with stoichiometric reacriom. However, in reports from our laboratory, some 

efficient caralytic reacrions were described : Sml2 being used in situ was an excellent catalyst precursor, 

such as in the MPVO or Tischenko reactions5 (see also some recent reports of D. Evans6~7), and in the 

epoxide rearrangementg. For the above reactions preformed alkoxides538 or SmIO8 can be used as 

catalysts instead of Sml2 and it is quite sure that in the latter case Sm(Ill) complexes formed in situ are the 

actual catalysts. Sml2 has been also employed as radical initiator in the addition of perfluoroiodides to 

alkenes or alkynes and polyhalogenomethanes to olefins9. 

Presently we wish to report examples of the catalytic use of diiodosamarium for condensation 

reactions involving enol silanes. The interest of lanthanide derivatives for this type of reactions has only 

recently appeared. Lanthanide trichlorides catalyze aldol additions of ketene silyl acetals on aldehydeslo, 

and other trivalent derivatives such as I(MeSSi)2C5HS]2YbClll, Ln(dppm)S and Ln(fod)Sl2,13 were 

subsequently described as catalysts for the same reaction. Lanthanides triflates catalyze the aldolisation 

reaction of aldehydes with silyl enol ethers in aqueous media 14. Trivalent lanthanum binaphtoxide15 and 

samarium bis and tds alkoxides 16 have been tested as asymmetric catalysts respectively for nitroaldolisation 

and aldolisation reactions and enantioselectivity was observed. 

We have found that aldolisation reactions of silyl ketene acetals or silyl enol ethers with aldehydes or 

acetophenone are performed in good yields by the use of 5 8 mol eq. Sml2 in suspension in CH2Cl2 (eq. 

(I ), Table 1). In a typical experiment, 7.5 mmol (I.305 g) of trimethylsilyl ketene acetal of methyl 

isobutyrate 1 and 5 mmol (0.680 g) of p-anisaldehyde are added to a blue suspension of 0.25 mmol 

Sml2(THF)2 in 10 ml CH2Cl2 maintained at -78°C. Reaction mixture turns immediately yellow, and is 

hydrolyzed after 5 min, the product is extracted with ether and purified by column chromatography on silica 

gel with hexane/ethyl acetate : 90/10 as eluent (1.472 g, 95 % yield). 
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q ,@ @\ Y 5 % Sml, 
c + _c=c, . R’-LL-C--Rs (1) 

For the reactions of trimethylsilyl ketene acetal of methyl isobutymte 1 with aromatic aldehydes, 

aliphatic aldehydes or acetophenone, reactions are performed at low temperatures and yields are high 

(entries l-4). In the case of p-anisaldehyde the amount of catalyst can be reduced : with 2 % or 0.5 46 SmI2 

reaction was carried out at the same temperature and within the same time without decrease of yield. 

Reactions of 1 with cyclic or acyclic ketones at room temperature do not lead to the aldolisation product 

(entries $6). Trimethylsilyl enol ethers of acetophenone 2 and cyclohexanone 3 react at room temperature 

with aldehydes to give the corresponding silylated aldols in good yields (entries 7,g). 

Table 1: Aldolisation reactions catalyzed by SmI2 

Entry Carbonyl Compound Enol sihne -PC t Yield a 

I Benzaldehyde 1 -7x 5 min 95 

2 p- Anisaldehyde 1 -78 5 min 95 

3 n-Octanal 1 -20 4.5 h 90 

4 Acetophenone 1 -20 2h 85 

5 Octan-2-one 1 2s 48 h 0 

6 Cyclohexanone 1 15 48 h 0 

7 p-Anisaldehyde 2 25 24 h g5b 

8 p-Anisaldehyde 3 25 24 h 89 

L Isolated yield %, see in text for experimental details, all compounds have been fully chardcterized i 

spectroscopically by ‘H NMR, 
crude product. c Ratio syn/anti : 

by GC and ‘H NMR analysis of the W/MS, IR. b Yield obtained 
60/40 measured by 1H NMR 

Me OMe 
1 ‘c=c: IPh 3 \ 

Me/ 
2 H&4, 

o- 
OSiMe, 

OSiMe, OSiMe, 



We also examined the reaction of a$-unsaturated ketones and a&unsaturated aldehydes with 

different enol silanes in the presence of 5 96 mol eq. Sml2 in CH2Cl2 (Table 2). Reactions of a$- 

unsaturated ketones with 1 proceed in good yields and selectivities : only l-4 additions are observed with 

cyclohexenone and chalcone (eq. (2). (3)). Cinnamaldehyde gives a mixture of 1,2 and 1,4 additions with 

ketene silyl acetal 1 and selective 1.2 addition with the trimethylsilyl enol ethers of acetophenone 2 and 

cyclohexanone 3 (eq. (4)). These results are similar to those pmcedently reported for lanthanides catalysts. 

Reactions of a$-unsaturated ketones with silyl enol ethers catalyzed by lanthanides triflates14 or 

Eu(dppm)312 yield only Michael additions while with a&unsaturated aldehydes 1.2 additions1 1 or 

mixtures of products12 have bee-n obtained. 

Me 

o+ ’ 
/- 

5 % Smlp 

,c=c 

Me ‘OSiMe, CH& 
SiMe3 (2) 

CO?Me 

4 5 

Table 2 : Afdolisation reactions of a$-unsaturated compounds catalyzed by Sml2 

I Entry Carbonyl Compound Enol silane ‘IDC t 4:s” Yield b 

1 
#= 

0 1 -20 5 hr >95:5c 65 

I 5 phQYH 

1 

1 

-20 5 hr >95:5’ 85 

-20 4.5 h 50 : 50 90 

2 25 4h 15 : 85 68 

25 6.5 h > 5 : 95 c*d 52 
1 0 

a 1.4 additions and 1,2 additions yield respectively products 4 and 5. b Isolated yield 46, see in text for 
experimental details, all compounds have been fully characterized spectroscopically by lH NMR, 
(X/MS, IR. c Minor product was not detected by NMR.d Ratio syn/anti : 50/5O measured by GC and 
lH NMR: 
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The above results show that SmI2 in CH2CI2 displays a high reactivity as a catalyst for aldolisation 

as well as for Michael additions. Reactions arc performed in mild conditions, the catalyst is readily available 

and easy to use. and a small amount of catalyst is needed (5 % or less). The change of colour from blue to 
yellow observed since the end of the addition of the reactants for every reaction, suggests that SmI2 is not 

the actual catalyst, but only a catalyst precursor. This catalytic species presents a wide scope of reactions, as 

it induces both, aldolisations with ketene silyl acetals or silyl enol ethers, and Michael reactions with a$- 

unsaturated ketones. 

We are currently studying some further developments of aldolisation and Michael reactions and 

investigating the nature of the catalytic speciesl8. 
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