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Stereo- and Regio-controlled Aldol Synthesis using Relative 1,2-Asymmetric Induction 
Fumie Sato,* Yoshiyuki Takeda, Hiroshi Uchiyama, and Yuichi Kobayashi 
Department of Chemical Engineering, Tokyo institute of Technoiog y, Meguro, Tokyo 752, Japan 

Highly stereoselective addition of  nucleophiles to  a-methyl-(3-methylene carbonyl compounds combined with the 
hydromagnesiation reactions of 2-al kyl-su bstituted 1,3-dienes affords a practical, efficient stereo- and regio- 
con t ro I I ed a Id o I synthesis. 

In the crossed aldol condensations between aldehydes and In this communication, we delineate a highly expedient 
ketones having two different types of methylene groups solution to this synthetic problem which allows the synthesis of 
adjacent to their carbonyl group, regio- and stereo-chemical both syn- and anti-(3-hydroxy-a-methyl ketones,' a fundamen- 
effects play a part in the reaction (Scheme 1). Although there tal structural unit present in macrolide and ionophore 
are many methods for the control of either the regio- or antibiotics.4 The new process is shown in Scheme 2. The key 
stereo-chemistry of the reaction few methods for the control feature of the process is highly stereoselective nucleophilic 
of both have been reported.2 addition to a-methyl-P-methylene carbonyl compounds. 
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Scheme 2. i ,  BulMgBr, (T&H~)~T~C~~;  ii, EtCN; iii, M-H; iv, 0,; v, 
MezS; vi, HC0,MgBr; vii, EtMgBr. 

Figure 1. (a) Stereoview of the supermolecule including the n* 
orbitals. (b) Direction of nucleophilic attack. 

In the preceding communication, we showed that 2-methyl- 
3-trimethylsilylalk-3-enyl carbonyl compounds react with 
nucleophiles with high diastereofacial selectivity, affording 
‘Cram’ products.5 The initial object of the present investiga- 
tion was to measure the degree of diastereoselectivity in 
nucieophilic addition to an aldehyde where the trimethylsilyl 
group has been replaced by an alkyl group; we obtained 
unprecedented, highly stereochemical results.6 

The 2-alkylbuta-l,3-dienes (lb,c) were prepared in good 
yields by the coupling reaction of 2-chlorobuta-l,3-diene with 
the corresponding alkyl Grignard reagent in the presence of a 
catalytic amount of Ni( Ph2P[ CH2I3PPh2)Cl2 .’ Titanium- 

catalysed hydromagnesiation of (1) with isobutylmagnesium 
bromides followed by treatment with propionitrile afforded 
the 5-alkyl-4-methylhex-5-en-3-one (2) in yields of 78%, (2a); 
71% (2b); and 81% (2c). The aldehydes (3) were prepared by 
reaction with the magnesium salt of formic acid in tetrahydro- 
furan (THF) after hydromagnesiation; the yields were 33% 
(3a); 49% (3b); and 66% for ( 3 ~ ) . ~ t  

t In our hands, the use of dimethylformamide or HC(OEt), instead of 
HC0,MgBr resulted in the formation of undesired cw,P-unsaturated 
aldehydes in addition to (3). 
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Table 1. Results of the reduction of ( 2 )  to give (4) and the ozonolysis of (4) to give ( 5 ) .  

Conditions for (2)-.(4) Product (4) 
Product (5)c.d 

Ketone Reagent t/"C syn:anti Yield ( Yield (%)'' 

(2a) NaBH, 0 7 :93  93 - 

(2a) NaBH, - 18 5 : 95 96 - 

(2a) L-Selectride - 78 1 : 99 94 91 
(2b)  L-Selectride - 78 < 1 :  >99 93 90 
(2c) L-Selectride - 78 < 1 :  >99 92 92 

a Determined by g.1.c. analysis. b Isolated yield after chromatography on silica gel. Diastereoisometric ratio as (4). d See footnote $, 

Table 2. Results of the reaction of (3 )  with ethylmagnesium bromided 
and the ozonolysis of (4) to give ( 5 ) .  

Product (4) 
> Product ( 5 ) 4 ~  

Aldehyde syn:  antib Yield ( 7 4 0 ) ~  Yield 
(3a) 93 :7  89 91 
(3b) 94 : 6 90 88 
(3c) 94 : 6 91 92 

a The reaction was carried out at -78 "C for 1 h and then at room 
temperature for 1 h. b Determined by g.1.c. analysis. Isolated yield 
after chromatography on silica gel. Diastereoisomeric ratio as (4). 

See footnote $. 

Table 1 summarizes the results obtained from the reduction 
of (2) with metal hydride reagents to give (4) and from the 
ozonolysis of (4) to give the aldols (5). It can be seen from 
Table 1 that metal hydride reduction of (2) occurred with high 
stereoselectivity to give the 'Cram' products anti-(4). As 
expected, an increase in the steric demand of the metal 
hydride reagent increased the stereoselectivity . and near- 
perfect diastereoselectivity was attained using L-Selectride. 
An estimate of the stereoselectivity was obtained from IH and 
13C n.m.r. spectroscopy, and also by g.1.c. analysis compared 
with the corresponding diastereoisomers (vide infra). Ozo- 
nolysis of anti-(4) followed by treatment with dimethyl I 

sulphide afforded the corresponding aldols anti-(5) in excel- 
lent yields. $ 

The reaction of (3) with a Grignard reagent also proceeded 
with high diastereoselectivity. Thus, (3) reacted with ethyl- 
magnesium bromide to  give the 'Cram' products syn-(4) 
selectively, thereby allowing the synthesis of the syn-aldols (5) 
(Table 2). 

The highly stereoselective method for the conversion of (2) 
into anti-(4) described above provides a useful extention to the 
conversion of syn-aldols into their anti-isomers. Thus, a 
syn-anti mixture of the aldol (5b) obtained by the reaction of 
pentan-3-one and propanal was converted into >99% pure 

$ The stereochemistry of the aldols ( 5 )  was ascertained by comparison 
of their 'H n.m.r. spectra (chemical shift of the alcohol protons and 
the coupling constant Jab of O=CCH,CH,OH) with those of authentic 
syn-anti mixtures, obtained by the method of Yamamoto (ref. 10) for 
(5a) and (5c) and by following the procedure shown in Scheme 3 for 
(5b). The chemical shifts of the alcohol protons and Jdb are as follows: 
syn-(5a), 6 3.68, 4 Hz; anti-(5a), 6 3.48, 8 Hz; 3yn-(Sb), 6 3.64, 4 Hz; 
anti-(5b), 6 3.47, 8 Hz; syn-(5c), 6 3.64, 4 Hz; anti-(5c), b 3.46,7 Hz. 

anti-(5b) in 68% overall yield according to Scheme 3. This 
method should prove useful for the preparation of rarely 
obtained optically active anti-aldols;ll there are several 
excellent methods available for the preparation of. optically 
active syn-aldols. 1 

The high diastereofacial selectivity obtained in the 
nucleophilic addition to (2) [or (3)] described here may be 
explained by Anh's theory. 12 Thus, the supermolecule 
[nucleophile(Nu) + carbonyl compound] is most stable when 
the vinyl group is perpendicular to the carbonyl plane resulting 
in a n*c=o-n*c=c interaction, and nucleophilic attack occurs 
from the less hindered side to avoid steric interactions as 
shown in Figure 1. 
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