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Overview
ÁBrief Refresher on Enzymes

ÁEnzymatic AldolReactions

ÁAcyloinCondensation

ÁCyanohydrin Formation

ÁEnzymatic Friedel-Crafts

Áά5ƛŜƭǎ-Alderasesέ 

ÁFuture Directions



Enzymes 101:
ÁEnzymes are proteins (usually) that catalyze 
chemical reactions

ÁCells need enzymes in order to perform 
necessary metabolic reactions at rates fast 
enough for life to be maintained

ÁReactions occur at the active site, where amino 
acid residues can bind the substrate and catalysis 
can occur
ÁIn some cases, the enzyme instead will bind a 

cofactor that serves as the actual catalyst

ÁReactions and substrates are generally very 
specific
ÁDue to steric and electronic factors in the active site

http://en.wikipedia.org/wiki/Enzyme



Lock and Key Model
ÁMost basic model of specificity posited by Emil Fisher in 1894



Induced Fit Model
ÁEnzyme is flexible and substrate helps determine the actual shape



What Can Enzymes Do For Us?
ÁDo the work for us!

ÁGet highly chemo-, regio-, diastereo-, and enantioselective reactions

ÁVery mild conditions  (neutral, aqueous) and protecting group, chiral auxillary, etc free!

ÁNon-enzymatic methods can be costly, tedious, or may still be underdeveloped

Wu, Y. Angew. Chem., Int. Ed.ASAP.



How To Control Enzymes?
ÁEnzymes in nature generally have one set of substrates and one set of product(s) 

ÁHow can we harness them for general reactivity for synthetic purposes?
ÁScreen substrates for promiscuous activity in the enzyme ( Maybe unnatural ones can fit)
ÁDonor specific

ÁAcceptor specific 

ÁMutate enzyme (Change amino acids to allow for your substrate)
ÁDirected evolution



Lyases
ÁA subclass of enzyme that catalyze bond construction or cleavage through mechanisms other 
than hydrolysis or redox reactions

ÁC-C, C-N, C-O or C-S bonds may be cleaved, but we will focus on C-C bonds

ÁUnique from other enzymes in that they require one substrate for the reaction in the forward 
direction, but two for the reverse reaction



Enzymatic AldolReactions
ÁCritical reaction not just for organic synthesis, but from a metabolic standpoint
ÁThe most important biochemical process for the production of naturally occurring carbohydrates

ÁAlso found naturally in the biosynthetic pathways of keto acids and amino acids

ÁOver 40 naturally occurring aldolases known
ÁMost catalyze the stereoselectivealdoladdition of a ketone to an aldehyde

Seoane, G. A. Chem. Rev.2011, 
111, 4346-4403.



Type I Aldolase Mechanism
ÁKey Feature: Schiff-base Intermediate

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Type II Aldolase Mechanism
ÁKey Feature: Has a Zn2+ cofactor in the active site

Seoane, G. A. Chem. Rev.2011, 111, 
4346-4403.



4 Functional Main Groups of Aldolases
ÁBased on donor (Acceptor is generic aldehyde)

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



DHAP Dependent Aldolases

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



DHAP-Dependent Aldolase 
StereochemicalComplementarity

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Origin of Stereospecificity

Seoane, G. A. Chem. Rev.2011, 
111, 4346-4403.



DHAP is the Worst

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



DHAP is the Worst

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Specificity of Donor
ÁOnly a few analogs of DHAP are substrates and activity drops to ~10% of DHAP

ÁChanging the counterioncan be tolerated in some cases, however

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Fructose 6-Phosphate Aldolase (FSA)
ÁNew aldolase isolated from E. colithat directly uses DHA as the donor substrate

ÁCan also use monohydroxyacetone and 1-hydroxyl-2-butanone  as donors with no loss in 
activity 

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



4 Functional Main Groups of Aldolases
ÁBased on donor (Acceptor is generic aldehyde)

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Pyruvate-Dependent Aldolases

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Acetaldehyde-Dependent Aldolases
Á2-deoxyribose-5-phosphate aldolase (DERA) is the only one that is known

ÁRare, because both donor and acceptor are aldehydes- can thus do sequential aldols

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Glycine-Dependent Aldolases

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Monosaccharide Synthesis

92%, gram scale

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



DeoxysugarSynthesis

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



DeoxysugarSynthesis

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



IminosugarSynthesis

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



IminosugarSynthesis

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



IminosugarSynthesis

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.



Higher Carbon Sugars and Analogs

Seoane, G. A. Chem. Rev.2011, 111, 4346-4403.


