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Conventional wisdom states that the stereogenic center 
proximal to the carbonyl exerts the dominant influence on 
7r-facial selectivity in the addition of nucleophiles to a,/3-
disubstituted aldehydes (eq 1). In this Communication, we 
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document cases in which the more remote /3-heteroatom-
substituted stereocenter can become the dominant control 
element in the carbonyl addition process under conditions where 
chelate organization is precluded. We have also identified the 
diastereomeric relationships between a-alkyl and /?-alkoxy 
substituents that are either mutually reinforcing or nonreinforcing 
with regard to carbonyl nr-facial selectivity in these reactions. 

The cumulative impact of a and /3 substituents on jr-facial 
selectivity is introduced in the context of the Mukaiyama aldol 
reaction.1 It has been well documented that the additions of 
enolsilanes to both a- and /3-substituted aldehydes proceed with 
excellent diastereoselection (eqs 2, 3).2,3 The selectivity of the 
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former reaction is readily accommodated by the Felkin—Ann 
transition state model A,4 while the 1,3-asymmetric induction 
model B accounts for the stereochemical outcome of the latter 
process.33 These results raise the prospect that there might exist 
intrinsic stereochemical relationships between a and /3 substit
uents that are either mutually reinforcing or opposing. The 
merged stereoinduction model for anfi-disubstituted aldehydes, 
created by replacement of Hi in model B with a methyl group, 
predicts preferential formation of the Felkin/l,3-anfi diastere
omer in the additions to aldehydes 1 and 4 (Table 1, eq 4). 
Since those factors that control a and /3 stereoinduction appear 
to be mutually reinforcing in these substrates, one might 
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Table 1. Lewis Acid-Promoted Addition of Enolsilanes to syn-
and ami-a-Methyl-/3-alkoxy Aldehydes (Eqs 4, 5)" 
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entry 8 : 9 
(CH2CI2) (%) 
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96 :04 (89) 
56 :44 (98) 
17 :83 (82) 

88:12 (75) 
32:68 (86) 
06 :94 (92) 

" All reactions were carried out with 1 equiv of BF3OEt2 in CH2Ch 
or toluene at —78 0C. Ratios were determined by GLC analysis after 
silylation (TMS-imidazole) of the unpurified reaction mixtures. Yields 
are reported for the diastereomeric mixture of adducts. Complete 
characterization of the product diastereomers is available in the 
supplementary material. 

anticipate the process to be highly diastereoselective. Indeed, 
we have found that excellent diastereoselection is achieved in 
the BF3*OEt2-promoted reactions with anri-substituted aldehydes 
1 and 4 (Table 1, eq 4).5 

The analysis becomes more complex for syn-substituted alde
hydes such as 7 and 10, since the diastereofacial bias imposed 
on the carbonyl moiety from a and /3 substituents is now non-
reinforcing (Table 1, eq 5). From an examination of the data, 
two trends are evident. First, a turnover in carbonyl face selec
tivity (Felkin —* anti-Felkin) is observed upon decreasing the 
size of the enolsilane substituent R (J-Bu —* Me). This nonin-
tuitive reversal of carbonyl face selectivity implies that the /3 
stereocenter has become the dominant control element in the 
reactions with the less sterically demanding enolsilanes. Second, 
a decrease in the solvent polarity (CH2CI2 —* toluene) consis
tently provides more of the anti-Felkin product diastereomer, 
implying that 1,3-induction is enhanced relative to 1,2-induction 
in nonpolar media. We have postulated that the electrostatic 
effect imparted by the j3 heteroatom is the significant stereo
chemical determinant in these and related addition reactions.33 

To our knowledge, these are the first examples of anti-Felkin 
selective Mukaiyama aldol reactions under conditions known 
to preclude chelate organization. These same trends were also 
observed in the corresponding reactions with /J-OTBS (tert-
butyldimethylsilyl)-substituted aldehyde 10, although the anti-
Felkin bias is attenuated, presumably due to the increased steric 
requirements of the silicon protecting group (eq 6).6 
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(5) For a related example, see: Paterson, I.; Cumming, J. G.; Smith, J. 
D.; Ward, R. A. Tetrahedron Lett. 1994, 35, 441-444. 
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Table 2. Addition of Selected Nucleophiles to syn- and 
arm'-a-Methyl-/S-alkoxy Aldehydes (Eqs 7, 8)" 
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" Ratios were determined by GLC analysis after silylation (TMS-
imidazole) of the unpurified reaction mixtures. Complete characteriza
tion of the product diastereomers is available in the supplementary 
material. * AUylstannane conditions, toluene, —78 °C, 1 equiv of 
BF3-OEt2.

 c PeB = 9-borabicyclo[3.3.1]nonyl(9-BBN). 9-BBN enolate 
conditions, CH2Cl2, - 7 8 0C. d Lithium enolate conditions, THF, - 7 8 
0C. e Grignard reaction conditions, THF, -78 0C. 

We have observed that other reactions also follow the 
stereochemical precedent established by the preceding aldol 
additions. For example, the BF3<)Et2-promoted additions of 
allyl- and /3-methallylstannanes7 to aldehydes 1 and 7 also follow 
opposite stereochemical paths (Table 2), in direct analogy to 
the aldol reactions of unhindered enolsilanes. While exclusive 
formation of the anticipated Felkin product diastereomer was 
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obtained in the reaction with anf/-substituted aldehyde 1 (Table 
2, eq 7), /?-heteroatom-dominated facial control in the reaction 
with iyn-substituted aldehyde 7 provided principally the anti-
Felkin product diastereomer (Table 2, eq 8). Finally, the 
illustrated 9-BBN boron and lithium enolates derived from 
methyl isopropyl ketone and pinacolone further reinforce the 
stereochemical trends established in the preceding examples.8,9 

As a counterpoint to these observations, Grignard reagents 
undergo moderate levels of Felkin-controlled addition with both 
families of diastereomeric aldehydes. Furthermore, allylbor-
onate10 additions to related aldehyde diastereomers exhibit low 
levels of Felkin control in both instances." One might project 
that the transition states of these reactions exhibit less charge 
separation and are accordingly less subject to the electrostatic 
influence of /3 heteroatom substituents. 

Although the prospect for chelate-controlled addition1213 may 
be raised in the aldol reactions of the illustrated lithium enolates, 
neither kinetic nor stereochemical evidence for chelation in the 
reactions of lithium enolates in THF with a-alkoxy aldehydes 
has been found.14 The comparable levels of induction with the 
PMB- and TBS-protected aldehydes further argue against the 
importance of chelation in the reactions of lithium enolates in 
THF. 

We thus conclude that carbonyl addition reactions of unhin
dered trigonal nucleophiles that proceed through polar transition 
states may be influenced by /3 heteroatom substituents. The 
addition reactions of these nucleophiles to aldehydes bearing 
a-alkyl as well as /3-alkoxy substituents are highly stereoregular 
when the indicated substituents are in the anti (mutually 
reinforcing) diastereomeric relationship, as in aldehydes 1 and 
4. In contrast, when these same substituents are in the syn 
diastereomeric (nonreinforcing) relationship, this family of 
nucleophiles will add to syn aldehydes such as 7 and 10 through 
the anti-Felkin mode with dominant stereocontrol emanating 
from the more remote j3 heteroatom substituent. The magnitude 
of the /3 heteroatom stereochemical determinant seems to be 
coupled to the polarity of the transition state of the addition 
process and to the type of nucleophile employed. Accordingly, 
both nucleophile structure and reaction type appear to be 
important reaction attributes for dominant control from /? 
heteroatom substituents. The importance of this stereochemical 
control element in the analysis of complex aldol reactions will 
be reported in due course. 
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