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Fluoride Catalysis of the Knoevenagel Reaction 
By P. M. LELEAN* and J. A. MORRIS 

(Pfirer Limited, 

RAKD et aZ.1 report catalysis of the Knoevenagel 
reaction by alkali-metal fluorides. We have 
examined a wide range of metallic fluorides for 
catalytic effect on the condensation between 
thiophen-2-carboxaldehyde (I) and 1,kdimethyl- 
1,4,5,6-tetrahydropyrimidine (I I). 

* I  

Me 

In this investigation, the rate of reaction was 
measured by the time taken for the rate of evolu- 
tion of water, from a reaction mixture a t  reflux in 

Catalyst 

Metallic Element Atoms/mol. of (11) 
Uncatal ysed 

Lithium 0.052 
Potassium 0.079 
Caesium 0.053 
Iron(m) 0.069 
Nickel 0.053 
Sodium 0.076 
Magnesium 0-104 
Calcium 0-082 
Zinc 0-053 
Barium 0.053 
Aluminium 0.054 
Cerium 0.255 
Lead(I1) 0.029 
Tin(1r) 0.093 

Sandwich, Kent) 

methylcyclohexane, to fall to a low level, and the 
extent of reaction by both the total water collected 
and the yield of isolated trans- l-methyl-2- (2-a- 
thienylvinyl)-1,4,5,6-tetrahydropyrimidine (IV). 
No activity is observed with lithium, potassium, 
caesium, iron(m), or nickel fluorides ; some 
activity is noted for sodium, magnesium, calcium, 
zinc, barium, aluminium, cerium, and lead(11) 
fluorides, whereas considerable activity is shown 
by tin(I1) fluoride. The activity of tin@) fluoride 
is apparent with less than 0.013 atoms of fluorine 
per molecule of reactants, but does not increase 
significantly above 0-051 atoms per molecule. 

By low-temperature reaction (30") the inter- 
mediate secondary alcohol (111) can be isolated 
and dehydration carried out separately. The 
catalytic activity of tin(I1) fluoride on each reaction 
was studied, leading us to the conclusion that the 
principal effect is a t  the dehydration stage, with 
only a doubling of the coupling rate. Clearly, 
the rate determining step in this synthesis is the 
dehydration stage which is considerably acceler- 
ated by addition of tin(1I) fluoride. 

?t7e thank Pfizer Limited for permission to 
publish this work. 

TABLE 

Reaction 
time (hr.) 

6 
5.25 
5.5 
5.0 
5-0 
5-25 
4.0 
3-25 
3.75 
3.25 
4.0 
2.25 
4.0 
4-25 
1.0 

Water 
evolved Yield 

(% of theory) (% stoich.) 
74.6 62.6 

100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

98.5 
56.9 
60.7 
58.6 
67.4 
66.7 
66.1 
49.9 
65.1 
61.3 
57.6 
66.5 
54.2 
56.6 
60.6 
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