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Summafiy : Reductive coupling 06 m&hy.t-vinyl ketone with TiCL4- 

Mg giveb p.inacoL 1 (25 %). Accohding to the teducing agcnfb, mebityl oxide 

yields 2,4,5,?-tethamethy1-octa-2,4,6-XtLene 2 ( with 4TiC13-LiAlH4 I, thiene 2 

oh 2,4,5,7-Retham~thyL-octa-2,6-ditn-4,5-dioL 2 ( with TiCL4-Mg 1, pinacot i 

( with l’C$,-Mg I, and 2-acetyL-1,3,3,4,4-pentam&hqL-cycLopen,tene z ( with 

ChC.t3-Mg oh FeC13-Mg Oh ZhC14-Mg ] an majoh phoducfb. 

Recently, Ti(I1) species formed by reaction of TiC13 and LiA1H4 

( McMurry's Reagent ) have been shown to be useful in organic synthesis (1). 

Such Ti(I1) complexes efficiently induce reductive coupling of carbonyls 

( intermolecular (lc, 2-6) or intramolecular (lc,3,7) reductive coupling ) : 
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Other titanium reagents prepared by reduction of TiC14 with 

Mg(Hg) elicit only pinacol dimerization without deoxygenation (lc,8,9). 

Although several results are reported on saturated aldehydes or ketones, only 

few studies concerning unsaturated aldehydes have been published (lc, 10). 

We now describe our preliminary results on the reduction of a,b-enones. 

A - Methyl-vinyl ketone : 

In a typical example, the action of TiC14-Mg on methyl-vinyl 

ketone in the presence of t-butyl alcohol ( molar proportions 1:l:l:l ) pro- 

duces as major product pinacol ,& ( overall yield 25 %; meso/d,l : 30/70 )(ll); 

( higher-boiling oils were obtained ). 

(CH,),COH 
+ TiCI, + Mg h 
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3965 



B - Mesityl oxide : 

Mesityl oxide 2 reduction with low-valent species of Ti, V, Cr, 

Fe and Zr leads to products 3-8 (12). -- Following scheme illustrates our results: 

Table : Comparison of methods for reductive coupling of mesityl oxide 2 : 

t 
yields are calculated on the fraction of mesityl oxide reduced. 

Entry a : to 150 ml of distilled THF under N2 was added cautiously 4TiC13-LiAlH4 ( McI&rry' 

Reagent, ALFA Products )( 16.4 g, 25 mnol ) and mesityl oxide ( 2.45 g, 25 mnol ). The suspen- 

sion was stirred at reflux for 10 h. Ether, water were added. After usual work-up, the canbined 

organic layer dried over Mgs04, filtered and concentrated are distilled. 



Entry b : to nagnesim turnings ( F’LUK7h AG )(2.43 g, 100 rs1~11 ) in 100 ml of distilled THF 

under N2 ccoled to -30 a was added drop&se TiC14 ( 19 g, 1(x, mnol ). The yellow suspension 

was stirred and the temperature was raised to r.t. in 2 h. To the resulting black solution, 

mesityl oxide ( 2.45 g, 25 nmol ) was added and the reaction mixture was stirred at reflux 

for 10 h. Ether, water were added. Usual work-up was carried out as entry a. 

Entry c : This reaction was carried out as entry b with magnesiun (1.215 g, 50 nmol ), TiC14 

(9.5 g, 50 mtol ) and t-butyl alcohol (1.85 g, 25 nnol ) was added with mesityl oxide (2.45 g, 

25 amol ). The reaction mixture was stirred at r.t. for 36 h. 

Entry d : This reaction was carried out as entry c with magnesium (1.215 g, 50 nmol), TiC14 

(9.5 g, 50 nnol), t-butyl alcohol (3.7 g, 50 amol), andrresityl oxide (4.9 g, 50 nmol ). 

Entry e : This reaction was carried out as entry d with mesityl oxide (9.8 g, 1cO mnol). 

Entry f : to magnesium turnings (0.73 g, 30 mtol) in 30 ml of distilled THF under N2 at 

r.t. was added VC13 (3.15 g, 20 ml). The suspension was stirred for 4 h at r.t. To the black 

solution, mesityl oxide (1.96 g, 20 ranol) and t-butyl alcohol (1.48 g, 20 nnol) were added and 

the reaction mixture was stirred at r.t. for 72 h. 

Entry g : to magnesia turnings (1.25 g, 50 mnol) in X.0 ml of distilled THF under N2 at 

r.t. was added CrC13 (7.9 g, 50 asol). The pink suspension was stirred at reflw for 3 h. 

To the green solution, nesityl oxide (1,23 g, 12.5 mnol) and t-butyl alcohol (3.70 g, 50 nnol) 

were added and the reaction mixture was stirred at reflux for 10 h. 

Entry h : this reaction was carried out as entry g with FeC13 (8.1 g, 50 m-sol). 

Entry i : to magnesium turnings (1.25 g, 50 nnwl) in 100 ml of distilled THF under N2 at 

r.t. was added ZrC14 (11.7 g, 50 mnol). The suspension was stirred at reflux for 5h. 

To the grey solution, mesityl oxide (2.45 g, 25 carol) and t-butyl alcohol (3.7 g, 50 amol) 

were added and the reaction mixture was stirred at reflux for 10 h. 

Discussion : 

Ketone 4 results of the pinacol rearrangement of dial 2 (13). 

Ketones 6 and 7 can occur from the intramolecular condensation, in the - 
reaction mixture, of the diketone 10 ( not isolated ). 7 is one product - 
of the electrolytic reduction of mesityl oxide (14,15,16). 

Ti(IV) species formed in the reaction mixture are LEWIS acids and their 

presence can explain the isomerization of 2 and the cyclization of 10. - 

The presence of t-butyl alcchol increases the yield of diol 2 withcut alte- 

ration of reducing power of the reagent.This is certainly due to a trans- 

esterification of ester 9 -* 

A very clean reaction occurs with V(I1) species although overreduction to 

saturated alcohol 8 is observed. - 

These results can be compared with other reductive couplings of 

a,$-enones. The reduction by the addition of electrons from a suspension of 

alkali metal, from a solution of an alkali metal, or from a mercury cathode in 

an electrolysis cell involves the successive addition of an electron ( or a 

metal atom ) and a proton to form the allylic radical 11, yielding monomeric 

and dimeric products (17) : 



Reduction of mesityl oxide with low-valent forms of Ti and V 

leads to pinacol 5 ( or triene 2 ) as major product. This suggest that highest 

spin density for the radical anion complex 12 is in position 2 (19). In contrast - 
with low-valent forms of Cr, Fe and Zr, ketone z is the major product, showing 

that the highest spin density for 12 is in position 4 : - 
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