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The aldol condensation'is one of the most versatile methods for carbon- 

carbon bond formation and the intramolecular reaction has been widely used for 

construction of five- and six-membered enone systems. 
2 

However, the intermole- 

cular one has not been feasible for synthetic purposes, except in the case that 

one of the carbonyl components has no a-hydrogen, because of equilibrium of the 

enolate anions which results in complex mixtures. Various methods 
3-7 

have 

hitherto been devised for the circumvention of these problems. In most of the 

cases, the masked carbonyl compounds have been employed for generation of the 

specific enolate or its equivalent. Recently, Stork et al 
8 

reported kinetic 

generation of the enolates from the corresponding methyl ketones, followed by 

treatment with aldehydes, which afforded the directed aldols. We wish to report 

here that specific enolate of the methyl ketone can be generated effectively 

even in the co-existence of aldehydes, which leads to the efficient way to the 

aldol synthesis. 

In the course of our studies on the sterically hindered base, we have 

found that methyl ketones react with aldehydes in the regiospecific and directed 

manner to give the corresponding aldols in good yields in the presence of a 

hindered base such as lithium l,l-bis(trimethylsilyl)-3-methylbutoxide 1. The - 

following example is illustrative; lithium l,l-bis(trimethylsilyl)-3-methyl- 

butoxide was prepared by treating the corresponding alcohol' (0.278 g, 1.2 rmnol) 

with an equimolar amount of n-butyllithium in 2 ml of dry tetrahydrofuran (THF). 

A mixture of n-hexanal (O*lOO g, 1.0 nunol) and 4-methyl-2-pentanone (0.120 g, 

1.2 mmol) in 2 ml of THF was added to the solution at -40° under argon atmos- 

phere. After the mixture was stirred for 3 hr at that temperature, it was worked 

up with aq NH4Cl. Removal of the solvent from the ether extracts followed by 
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separation on silica gel chromatography (n-hexane-ether = 3:1) afforded 

6-hydroxy-Z-methyl-4-undecanone (0.168 g, 84%); bp 800/0.1 mmHg; ir (neat); 

3420, 1705 cm-'; nmr (CC14); 6 0.8-1.8 (m, 18H), 2.3 (d, J=2 HZ, 2~, 

(CH~)~CECH~C=O), 2.5 (d, J=6 HZ, 2H, CH(~H)CH_ZC=O), 3.2 (br, lo, OH), 3.9 (m, 

lH, CEOH). Anal. Calcd for C12H2402: C, 71.95; H, 12.08. Found: C, 72.20; H, 

12.31. 

1 0" 
n-C5HllCH0 + CH3COCH2CH(CH3)2 - n-C5H11CHCH2COCH2CH(cH3)2 

(CH3)3Si 
I 

(CH3)2CHCH2$!-OLi 1 

(CH3)3Si 

YH 
n-C5H11CH2CH2COCH2CH(cH3)2 

n-C5H11CHCHCOCH3 3 
I 4 
CH(CH3)2 

- 

In the nmr of the product, the absorption at ca. 6 2.1 characteristic of acetyl 

group, is little detected, showing the reaction took place exclusively on the 

methyl site of the ketones. Absence of the regioisomer 3 in the product was 

confirmed further (a) by comparison with an authentic mixture of 2 and 3 10 - 

(seperable on 10% QF~ at 130') and (b) by showing identity of the product 4 

obtained by dehydration (p-toluenesulfonic acid, benzene, 12 hr room temp. -83%) 

followed by hydrogenation (Pd-C in methanol) with an authentic sample of 

2-methyl-4-undecanone. 

Similarly, various methyl ketones reacted with aldehydes regiospecifically 

in the presence of 1 to afford the directed aldols in good yields as shown in 

Table 1. 

The results are explicable by assuming that a hindered compound of 

appropriate basicity such as 1 possesses a specific character which 

differentiates 
12 

the proton of the methyl group from that of the methylene(or 

methyne)group of the ketone or the aldehyde. This ability of the base enables 

to abstract the proton of the methylgroup preferentially to generate the 

specific enolate of the ketone,which is trapped simultaneously by the co-existent 

aldehyde to afford the directed aldol. Although the equlibrium between less 

and more highly substituted enolates may exist in the presence of ketone, the 

reaction rate of the enolate generated kinetically with aldehyde is considered 

to be much faster 
12 than that of the equlibrium under the reaction condition. 

Efficacies of several other bases are also examined in the reactions of 

3-methyl-2-butanone with 3-phenylpropanal and of 4-methyl-2-pentanone with 
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Table I. Regiospecific Directed Aldol Reactiona 

I 

R-CO-CH3 + R'CHO -‘R-CO-CH -CH-R' 
21 
OH 

Ketone Aldehyde Yield of AldolT% 

CH3CH2CH2COCH3 n-C5HllCHO 71d 

CsH5CH2CH2COCH3 (CH312CHCHO 71b 

(CH3)2CHCOCH3 CsH5CH2CH2CH0 83 

n-C5HllCHO 81 

CZH5(CH3)CHCOCH3 C6H5CH2CH2CH0 80 

n-C5HllCH0 78 

(CH3)2CHCH2COCH3 C6HSCH2CH2CH0 86e 

n-C5HllCHO 84d 

aAll of the reactions were performed under similar reaction conditions 

described in the text. b Reactant ratio; base:ketone:aldehyde=l.O:l.O:l.2. 

'All of the products gave satisfactory nmr, ir, and elemental analysis data for 

the assigned structures. d Absence of the regioisomer was confirmed by the proce 

dures (a) and (b) described in the text. eAbsence of the regioisomer was 

confirmed by the procedure (b) described in the text. 

Table II. Effect of Basesa 

Base 
C6H5CH2CH2CH0 + CH3COCH(CH3)2 A C6H5CH2CH2CH(OH)CH2COCH(CH3)2 2 

Base Aldol,% Base Aldol,% 

5 2 5 2 - - -- 

EtOLi 50 (2-Norbornyl)3COLib 65c 

t-BuOLi 76 65 
80 (iso-Pr)2NLi 67 75 Me(Me3Sij2COLi 

1 83 84 - 
(Me3Sij2NLi 68 

aAll of the reactions were performed under similar reaction conditions 

described in the text. 
b 
See reference 11. CThis lithium alkoxide is insoluble 

under the reaction condition. 

n-hexanal. The results are shown in Table II. Among the bases examined, 1 - 
proved to be the most efficient one in both of the reactions.Comparison of 

lithium diisopropylamide with lithium t-butoxide did not afford any conclusive 
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results. Thus, the former appears to be more efficient in the reaction of 4- 

methyl-2-pentanone with n-hexanal, while the latter does so in the reaction of 

3-methyl-2-butanone with 3-phenylpropanal. 

Further studies on the specific generation of the enolates are currently 

investigated in more details. 
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