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Summary: Enantioselective additions of methallylstan- 
nanes to representative aldehydes with four chiral Lewis 
acid systems afford ee's of 84-99% using 10 mol % of 
catalyst. In one case, use of (R)-BINOL of 50% ee gave 
product with 88% ee. 

we have disclosed efficient 
protocols for the enantioselective Lewis acid catalyzed 
reaction of allyltri-n-butylstannane with aldehydes, using 
chiral Lewis acid catalysts derived from (R)- or (S)- 
BINOL.3 These remarkably effectivel~~ and simple2 
procedures yield products of structure 2, which are easily 
convertible, by simple ozonolysis of the terminal vinyl 
moiety, to either &hydroxy (alkoxy9 aldehydes 3 or 
8-hydroxy (alkoxy") carboxylic acids 4, products which 
correspond to asymmetric aldol additions of enolate 
derivatives of acetaldehyde or acetic acid. 

In two recent 
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We record herein the results of an investigation using 
methallyltri-n-butylstannane in such CAA reactions. 
Thus, in this case, oxidative cleavage of the vinyl moiety 
yields products equivalent to those of an asymmetric 
crossed aldol reaction between aldehydes and the enolate 
of acetone. Although the structural change from allyl- 
stannane to methallylstannane may seem somewhat trivial 
(replacement of H by CH3 at a position which remains sp2 
hybridized throughout the reaction) the asymmetric 
synthesis of products such as 6 or 6 is quite diffi~ult."~ In 
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fact, the only other report of catalytic asymmetric meth- 
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-20 (60) 
-20 (14) 
-20 (12) 
-20 (20) 

23 (0.5) 
-20 (12) 

0 (1.5) 
23 (0.5) 

-20 (40) 
-20 (14) 
-20 (12) 
0 (1) 

23 (2) 
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-20 (12) 
0 (23) 

23 (15) 
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-20 (12) 
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-20 (12) 
-20 (12) 
0 (23) 

23 (30) 
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75 
95 
92 
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99 
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45 
70 
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91 
96 
93 
85 
91 
92 
99 
99 
95 
93 
93 
98 
98 
95 
90 
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75 
83 
50 
54 
93 
86 
93 
87 
86 
86 
83 
20 
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50 

'Catalyst prepared from (R)-BINOL and Ti(O-i-Pr)d at  1:l 
stoichiometry in the presence of 4-A MS as previously described.' * Catalyst prepared from (R)-BINOL and Ti(0-i-Pr)d at  2 1  stoi- 
chiometry in the presence of 4-A MS and CFsCOzH (0.030 equiv 
relative toTi) as previouslydescribed.1 Catalyst preparedidentidy 
to method B but without CFsC02H. Catalyst prepared from (R)- 
BINOL and Ti(O-i-Pr)4 in dichloromethane solution at 23 OC for 1 
h as previously described.2 This entry was conducted using 5 mol 
% of catalyst. f This entry was conducted using 2 mol 5% of catalyst. 
8 These reactions were conducted using BINOL of 50% ee. All yields 
are isolated yields. i In all cases enantiomeric excess was determined 
using the chiral shift reagent Eu(hfc)s. With benzaldehyde and 
cyclohexanecarboxaldehyde, (R)-BINOL gave (R) product. We 
assume the same sense of addition (to re face of substrate) for the 
other cases. 

odology for the preparation of methallyl addition products 
of structure 6 is that of Yamamoto,6a who has described 
the addition of methallyltrimethylsilane to benzaldehyde 
and (E)-hexenal (in 68 and 50% yield, respectively, with 
82 and 80% ee) using a chiral (acy1oxy)borane catalyst. 
Stoichiometric "reagent based" procedures for methallyl 
addition products 6 have been reported by Corepb and by 
Brown.% Catalytic asymmetric methodology for products 
similar to 6 have been reported (ee's 80-85 % ), again by 
Y amamoto? using CAB catalysis with trimethylsilyl enol 

(7) For example, see: (a) Paterson, I.; Goodman, M. J. Tetrahedron 
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ethers. Finally, although stoichiometric asymmetric aldol 
methodology can be used for the preparation of products 
of structure 6, the ee's are often low with the requisite 
unsubstituted enolates.' 

Four procedures for the CAA reaction were examined, 
and the results are summarized in Table I. All reactions 
(except as noted) were performed using 10 mol % of 
catalyst (Ti to RCHO). 

The first, and obvious, point to notice is that the 
additional methyl substituent is tolerated in the reaction. 
Thus, in all but one case (cyclohexanecarboxaldehyde) 
the yields (80-99 % ) and ee's (86-99 % ) are similar to, or 
better than, those obtained with the parent allyltri-n- 
butylstannane. In three cases (benzaldehyde, furaldehyde, 
and 3-phenylpropionaldehyde), employment of the orig- 
inal' procedures gives optimal results, while for two 
substrates (cinnamaldehyde and p-methoxybenzalde- 
hyde), the simplified protocol2 (procedure D) with the 2:l 
catalyst is optimal. 

The 'best" procedures in each case are given in bold 
type in Table I. However, it should be noted that the 
simplified procedure (method D) using the 2:l catalyst is 
competitive with methods A and B for the first three 
aldehydes. Thus, with benzaldehyde, this procedure gives 
a 99 % yield of product with 92 % ee in a reaction conducted 
at  rt for 30 min, while the optimal procedure B (with a 
somewhat less convenient catalyst preparation) gives 95 % 
yield of product with 96% ee, but in a -20 "C reaction 
conducted for 14 h. In general, it can be anticipated that 
some experimentation will be necessary to determine the 
optimum procedure for a given substrate and that the 
'optimum" protocol for a given application may well 
sacrifice a small increase in ee for the extreme simplicity 
and practicality of procedure D. 

Attempts to decrease the amount of catalyst required 
using method D gave two unexpected and puzzlingresults. 
Thus, in the run corresponding to entry 28, the amount 
of catalyst was decreased from 10 to 5 mol 7%. Not only 
did the required reaction time increase much more 
dramatically than anticipated (from 99% yield in 0.5 h to 
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80% yield in 30 h), but the enantiomeric excess was also 
decreased. Further decrease in the amount of catalyst (to 
2 5% , entry 29) not only further eroded the conversion but 
also resulted in a precipitous drop in ee, to only 20%. 
Although the reasons for this result remain obscure, it 
does not appear likely that catalyst can be employed at  
much below the 10% level using this procedure. 

Another interesting observation was made when po- 
tential nonlinear behavior* was examined (entries 30 and 
31). Using (R)-BINOL of 50% ee and method A at  a 
reaction temperature of -20 "C gave a positive nonlinear 
effect, yielding product with 88% ee. However, when the 
reaction was conducted at  23 "C using method D, no 
nonlinear effect was observed; the product was obtained 
in 50% ee. 

Such observations are intriguing with respect to the 
molecular structure(s) of the catalyst(s) responsible for 
the very high levels of asymmetric induction achievable 
using these CAA  procedure^.^ Unfortunately, the exper- 
imental techniques most appropriate for direct investi- 
gations of such questions would appear to be hopelessly 
slow relative to the time scale of important chemical events 
in these systems. 
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