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Aldol Condensations in the Absence of Solvent: Acceleration of the Reaction 
and Enhancement of the Stereoselectivity 
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Some aldol condensation reactions proceeded more efficiently and stereoselectively in the absence 
of solvent than in solution. When the aldol reaction was carried in an inclusion complex with an 
optically active host compound, diastereo- and enantio-selective reaction occurred. 

Previously we reported that Baeyer-Villiger oxidation,' 
reduction of ketones with BH, or NaBH,,3 FeC1,-assisted 
coupling of phenols: pinacol rearrangement,' benzylic acid 
rearrangement,6 and Wittig-Horner reaction proceed effi- 
ciently in the absence of solvent. We now report eficient and 
stereoselective aldol condensation reactions in the absence of 
solvent. 

Results and Discussion 
When a slurry mixture of p-methylbenzaldehyde (1.5 g, 12.5 
mmol), acetophenone (1.5 g, 12.5 mmol), and NaOH (0.5 g, 12.5 
mmol) was ground by pestle and mortar at room temperature 
for 5 min, the mixture turned to a pale yellow solid. The solid 
was combined with water and filtered to give p-methylchalcone 
(2.7 g) in 97% yield (Table 1, entry 2). When the condensation 
was carried out in 50% aqueous EtOH according to the 
reported procedure8 for the same reaction time as above 
(5  min), the product was obtained only in 11% yield (Table 1 
entry 2). Some other aldol reactions of benzaldehyde and 
acetophenone derivatives were carried out in the absence of 
solvent and in 50% aqueous EtOH (Table 1). In most cases, the 
condensation proceeded more efficiently in the absence of 
solvent than in solution. Dehydration of the initially produced 
aldol to chalcone occurs more easily in the absence of solvent 
than in solution (Table 1, entries 4 and 5). 

Aldol reactions of cyclohexanone (5) and benzaldehydes (1) 
also proceeded more efficiently and stereoselectively in the 

ArCHO Ar'COMe A$HCH2COAt ArCH=CHCOAr' 
I 
OH 

absence of solvent than in solution (Table 2). All the solution 
reactions in Table 2 were carried out in water at room 
temperature according to the reported proced~re.~ Although 
the reaction in water gives the aldol(6) only, the reaction in the 
absence of solvent gives mainly the dehydration product of (6), 
(7) and of the doubly condensed product (8). The selectivity, 
shown by the erythro:threo ratio of (6), is higher when the 
reaction is carried out in the absence of solvent. The selectivity 
becomes much higher when the reaction is carried out in 
the inclusion complex with host compound. For example, 
treatment of a 1 : 1 inclusion complex of (5) and (-)-trans-4,5- 
bis(hydroxydipheny1met hyl)-2,2-dimet hyl- 1,3-dioxacyclo- 
pentane (9a) with benzaldehyde (10) and NaOH at room 
temperature by occasionally grinding with mortar and pestle 
gave a 20: 80 mixture of erythro and threo isomers of (1 1) in 37% 
yield (Table 3). The product is optically active, although its 

0 OH 
h H  Ph 

PhCHO 

a; R2 = Me2 

3 b; R2= 

optical purity is not determined. The erythro: threo ratio and 
[a],, value of (1 1) were altered a little on changing the nature of 
the alkali metal hydroxide and host compound (Table 3). 

In the aldol reaction of (lb) and (5) using (9c) as a host, the 
erythro : threo ratio of the product (6b) was essentially inde- 
pendent of the reactant [(lb) or (5)] included in the complex with 
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Table 1. Aldol condensation reaction of (1) and (2) in the absence of solvent' and in 50% aqueous EtOH.b 

(1) (2) Yield (%) 
Reaction 

Entry Ar Ar' time/min Solvent (3) (4) 

7 g b  pBrC,H4- 10 0 91 
{&EtOH 0 0 

' Reaction was carried out by grinding a mixture of (l), (2), and NaOH by pestle and mortar at room temperature. Reaction was carried out by 
keeping a solution of (l), (2), and NaOH in 50% aqueous EtOH at room temperature. When the reaction of entry 1 is carried out for 13 h, (3) is 
obtained in 85% yield.8 

Table 2. Aldol condensation reaction of (1) and (5) in the absence of 
solvent' and in water '. 

Yield/"/, 
Reaction 

(1) Ar Solvent time/h (6) (erythro: threo) (7) (8) 

0.5 15 (30:70) 82 - 
- -  H20 12 75 (50:50) 

28 (40:60) 
0.5 - 11 31 

0.5 - 15 56 

0.5 8 (30:70) 5 32 
H,O 6 52 (50:50) - -  

88 - 0.5 
50 (65:35) - -  

0.5 36 (30:70) 4 31 

- -  

H,O 24 3 (30:70) 8 -  

- 

- -  3 (30: 50) 

a Ph 

' All the reactions were carried out by grinding an equimolar mixture of 
(l), (5), and NaOH with pestle and mortar for 0.5 h. ' All the reactions 
were carried out by keeping a solution of equimolar amounts of (l), (5), 
and NaOH in water. ' Product ratios were determined by 'H NMR 
spectroscopy. 

(9c). However, (+)- and (-)-(6b) were obtained when (lb) and 
(5) are included, respectively. Treatment of a 1: 1 complex of 
(9c) with (lb) in the presence of NaOH in the solid state at 
room temperature for 12 h gave (+)-(6b) in 22% yield 
[erythro:threo = 30:70; [.ID + 1.8" (c 0.3, CHCl,)]. On the 
other hand, the same treatment of a 1 : 1 complex of (9c) and (5) 
with (lb) gave (-)-(6b) in 28% yield [erythro: threo = 20: 80, 
[.ID - 3.4" ( c  0.48, CHCI,)]. It is interesting that only the aldol 
condensation product (6b) but not its dehydration product (7b) 
is obtained when the reaction is carried out using the host-guest 
inclusion complex. 

In order to increase the enantioselectivity of the aldol 
reaction, a 1 : 1 inclusion complex of (9c) and (+)-(12) of 81% 
e.e. was treated with ( la)  and NaOH in the solid state at room 
temperature for 12 h to give again the dehydration product (-)- 
(13) of 81% e.e. ([a], -73.3" (c 0.18, CHCl,)}. 

Some other aldol reactions of aliphatic ketone with aliphatic 
aldehyde or aromatic aldehyde in an inclusion complex also 

Table 3. Aldol condensation reaction' of an inclusion complex* of 
(5) and (9) with benzaldehyde (10) in the absence of solvent. 

Host Base Yield/% of (11) (erythro: threo)' [.ID ( o ) d  

(9a) NaOH 37 (20: 80) 
(9a) KOH 29(40:60) 
(9a) LiOH-H,O 20 (50: 50) 
(9a) NaNH, 17 (25: 75) 
(9b) NaOH 16 (20: 80) 
(!k) NaOH 22 (20: 80) 

-2.1 
0 

- 1.0 
- 2.8 
- 2.5 
- 3.7 

A11 the reactions were carried out by keeping an equimolar mixture of 
the inclusion complex, (lo), and base at room temperature for 12 h. 
bThe inclusion complex of (9)' and (5) was prepared by re- 
crystallization of (9) from (5). 'The erythro:threo ratio of (11) was 
determined by 'H NMR spectroscopy. d M e ~ u r e d  in CHCI,, but 
optical purity is not determined. 

gave aldol reaction product but not any dehydration product. 
For example, treatments in the solid state of a 1 : 1 inclusion 
complex of (!ha) and (5) with paraformaldehyde and (14) in the 
presence of NaOH gave (15) (1 1% yield, [.ID 0') and (16) [25% 
yield, [aID +0.7' (c 0.15, CHCl,)], respectively. Similar 
treatments of a 1 : 1 complex of (9b) and (17) with (14), and a 1 : 1 
complex of (9b) and (19) with (la) gave (18) (21% yield, [a]D 0") 
and (20) [35% yield, [a]* +0.2") (c 0.48, CHCl,)]. Optical 
purity is again not determined. 

It is important but not easy to clarify the reason why the aldol 
reaction proceeds more efficiently and selectively in the absence 

0 O H  
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8 Me 
Me 

Me2CHCOMe MeCOC (Me)2CH(OH) Ph 

of solvent than in solution. We can say now only that the 
reaction in the absence of solvent has a high concentration of 
reagents so that the reaction goes faster, and that as the 
molecules are arranged regularly in the crystals the reaction 
proceeds more selectively. 
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