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IV 

Abstract 

A common structural motif in complicated natural product molecules is an 

alkyl group at an alpha position to a carbonyl and an alcohol at the beta position anti 

to each other. This arrangement occurs in bioactive molecules that are important for 

medical research such as spongistatin A at the C15-C16 position and in 

(-)-baconipyrone Cat C12-C13. Bioactive molecules such as these generally occur in 

such a low concentration in the organism in which they originate that deriving them 

from the natural source for research is not practical so efficient syntheses are sought. 

Reactions that produce 1,2 syn aldol products have been perfected under most 

circumstances, but methods to produce 1,2 anti aldol products without bulky alkyl 

groups on the enolizable compound still need to be perfected. In the case of 

3-pentanone under conditions of E-enolization the yield is only approximately 70:30 

E:Z . Anti aldol reactions generally result from E-enolates but in the case of the 

enolate of 3-pentanone without large alkyl groups to enforce a particular geometry in 

the pericyclic transition state between the enolate and carbonyl compound the yield of 

70:30 E:Z goes down to 64:36 anti:syn. Quoting Erick M . Carrera' "additions that 

produce anti substituted aldol adducts remain elusive and intractable". Since the best 

yields of E-enolates and anti aldol reactions rely on the short Lewis Acid-oxygen 

bond length to maximize steric interactions in the transition states perhaps different 

Lewis Acids can be developed that have shorter LA-oxygen bond lengths. 
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Chapter I 

Aldol Reactions: E-Enolates and Anti Selectivity 

An aldol addition is the nucleophilic attack on a carbonyl by an enolate to 

create a beta hydroxy carbonyl compound. If the reaction is followed by dehydration 

that results in the formation of a double bond the reaction is called an aldol 

condensation. The aldol reaction is arguably the most important reaction for 

lengthening a carbon chain that contains chiral centers. The enolates that participate 

in an aldol reaction can be formed under two types of conditions, either 

thermodynamic deprotonation or kinetic deprotonation. A thermodynamically formed 

enolate generally has the most substituted 2 double bond or conjugated double bond 

and is more stable because of this substitution. The kinetically formed enolate is 

formed by having the most easily (accessible) removable proton abstracted and is 

generally less substituted. If the thermodynamic product is desired then a larger or 

more loosely held counterion such as sodium or potassium is used as this allows for 

proton exchange and the reaction is done in a protic solvent at warmer temperatures 

and the enolate is allowed to come to equilibrium with its most stable form. But since 

equilibrium conditions exist the enolates can rearrange or the ensuing aldol product 

can return to their starting materials. Generally the stereoselectivity of an aldol 

reaction using thermodynamically formed Z-enolate is higher than for the kinetically 

formed E-enolates. When the kinetically deprotonated enolate is desired a smaller 

more tightly bound counterion such as titanium, lithium or boron is used as this 

decreases the rate of proton exchange, and an aprotic solvent and cold temperatures 

(generally from -100°C to -35°C) are also used . Usually a sterically hindered strong 
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base is employed which cannot act as a nucleophile . It is possible to achieve a great 

deal of regioselectivity in deprotonation 3
. In addition to thermodynamic and 

kinetically formed enolates based on kinetic acidity as well as degrees of substitution 

of the double bond there is another definition based on whether the alkyl group is on 

the same side of the double bond as the enolate oxygen or on the opposite side. If the 

alkyl group is on the same side of the double bond as the oxygen this is referred to as 

the Z (zusammen = together) configuration, this configuration is generally more 

stable. If the alkyl group is on the opposite side of the double bond from the oxygen 

this is referred to as the E (entgenen = opposite) configuration and is generally less 

stable. Z-enolates predominantly give syn addition in aldol reactions whereas the E

enolate predominantly gives the anti addition product. The anti and syn terms refer to 

the orientation of the a and ~ substituents and are with respect to the lowest energy 

conformation of the molecule. However if a cr bond is rotated this syn anti description 

is no longer clear. 

If the stereochemical outcome of an aldol4 reaction is determined by either 

the enolate or carbonyl compound this is referred to as being substrate controlled . If 

the stereochemical outcome of a reaction is based on either a chiral base or a Lewis 

Acid this is referred to as being reagent controlled (figure 1 ). Using a chiral reagent 

can override inherent substrate control. 

Figure 1. Substrate control if stereoinduction from Rl · R2 or R3. Auxiliary control if 
stereoinduction from R 1 = a auxiliary. Reagent control if stereoinduction from MLn or added 
Lewis Acid. 
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