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Summary: Triethylamine catalyzed Michael additrons of benzoins to chalcone con prevarl over the expected 

Michael-Stetter additions when certain thlazolium ion conjugate bases -prepared in situ from the pertinent 

thlarolium salts and triethylami ne- are used as catalysts. 

2 
A recent report on the use of acyloin anions as addends In Michael condensations, promptsus to 

describe our own results in this and related fields. 

Thiazolium ion conjugate bases are catalysts for the benzoin condensationJ as well as for the addition 

of aldehydes to activated double bonds’ (Michael-Stetter additions). In a typical example of this relatively 

new and synthetically useful reaction, using as catalyst the conlugate base of 3-benzyl-4-methyl-5 

(2-hydroxyethyl)thiclzolium ion -prepared in situ from the corresponding thiazolium chlorrde (la) and 

triethylamine- furfural adds to chalcone to give I-(2-furyl)-2,4-diphenyl-l,4-butanedione (II), in 85% 

4,5 
yield . 

However, we find now that when the thiazolium salt employed IS either (Id)’ or (Ie)6, the compound 

directly isolated from the reaction mixture (1520% yields) IS no longer dlketone (II) but 2-hydroxy-l,2- 

di(P-furyl)-3,5-diphenyl-I,5_pentunsdIone, m-p. l43-5O (lllo)7. The presence of small amounts of diketone 

(II) in the reaction mixtures can be established by spectral means. 

Formotion of hydroxy-diketone (Illa) could be understood after we had found that, under the 

2291 



catalytic action of triethylamlne, furoin adds to chaicone (in ethanol solution) to gtve that compound 

(18% yield). We can hypothesize that not all thiazolium ion conjugate bases have identical catalytic 

characteristics and that the conlugate bases of 3-( I-phenylethyl)- and 3-(I-benzylethyl)-4-methylthiazolrum 

ions are good benzain condensation catalysts but particularly poor Michael-Stetter condensation catalysts, 

with this hypothesis, we can explain that the expected addition of furfural to chalcone be 

supercetded by the triethylamine catalyzed addition to chalcone of the furoin which is being formed 

simultaneously. 

As can be seen from the results collected in the Table, other thiazolium salts show an intermediate 

behaviour between those described above. There appears that with regard to good Michael-Stetter 

condensation catalytic actlvtty, branching in the N-subsrituent is a negative feature while the presence 

of a 5-(2-hydroxyethyl) substituent is a positive one. 

Thlazolium solt (I) 

R1 R2 
X 

a) PhSH2 HOCH2-CH2 Cl 

b) Ph-CH2 H Cl 

c)8 Ph-CH-CH3 HOCH2-CH2 8r 

d) Ph-CH-CH3 H I 

e) Ph-CH2-CH-CH3 H Cl 

TABLE 

Yield of (II)/% Yield of (Illa)/?? 

84 ___ 

56 3 

26 lo 

___ 20 

_-- 15 

Fu-CO-CH( Ph)-CH2-CO-Ph (I I) 

Ar-CO-C(OH)(Ar)-CH(Ph)-CH2-C0-Fh (III) 

a) Ar = Fu 

Fu = 

b) Ar = Ph 



There are few reports on the use of acyloins and benzoins as addends In Michael condensations 2,9 . 

After our initial finding, we have confirmed that benzoin behaves as furoin and adds to chaicone (ethanol 

solution; triethylamine or KOH as the base) to give 2-hydroxy-I, 2,3,5-tetraphenyl-I, 5-pentanedione 

(lllb)7 in 1% yield (KCH). We have found, too, that benzoin reacts with benzalacetone to give 

3,4,5-triphenyld-hydroxy-2-cyclohexenone (IV), in 50% yield. The sequence of events which take 

place can be visualized as follows 
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(IV) was obtained long ago 
10 

by cyanide catalized reaction between 

benroin and acetone. The interplay of Michael, (retro)benzoin and aldol condensations, the three of 

them catalyzed by cyanide ion, explains nicely Smith results, for which the following rationale can be 

postulated: i) Partial reversion of benzoin to benzaldehyde, ii) Aldol condensation between acetone and 

benzaldehyde to give benzalacetone, iii) Michael addition of benzoin to benzalacetone, followed by the 

sequence of events depicted above. 

In vrew of the established possibility of using a chiral basic catalyst to prepare optically active 

Michael addition products 
11 

, we have studied the addition of furoin to chaloone, with brucine as the 

basic catalyst. The resulting hydroxy-diketone (Illa) (4% yield), which has two choral centers, was 

resolved by column chrotnotography in samples of different optical activity one of them had a negative 

specific rotation,[a] F - 3.4’, and another, a positive one, [a] p 4.7’. 



Substituent effects on the cutalytrc activrtres of thiazolium ions, synthetic extensions of the use of 

benzorns and acylorns as addends rn Mrchael condensations, and the scope of Michael oddrtrons of 

benzorns are berng actively explored. 
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