
Stabilization of carbanions 
 

Carbanions adjacent to carbonyl groups are stabilized by 
the formation of enolates. 



Stabilization of carbanions 
 

Carbanions adjacent to carbonyl groups hydrogen-bonded to 
general acids are stabilized electrostatically or by charge 

neutralization. 



Stabilization of carbanions 
 

Carbanions adjacent to protonated imines (Schiff bases) 
are stabilized by the formation of enamines. 



Stabilization of carbanions 
 

Metal ions stabilize carbanions adjacent to carbonyl groups 
by the electrostatic stabilization of the enolate. 







cofactor: an inorganic or organic species or compound 
required for the activity of a particular enzyme  !

coenzyme:  an organic cofactor	



apoenzyme:  the enzyme devoid of all of the cofactors 
required for activity (protein only)!

holoenzyme:  the enzyme with all of its cofactors!
required for catalytic activity	



prosthetic group:  a tightly bound cofactor (does not freely!
dissociate from the protein/enzyme!





Why does a protein/enzyme require a cofactor for activity? 





Structures and reactivity of nicotinamide adenine 
dinucleotide (NAD+) and nicotinamide adenine dinucleotide 

phosphate (NADP+) 











1:  redox reactions (coenzyme) (oxidoreductases, ! !
!dehydrogenases) (H+ and 2e- acceptor)!

2:  ADP-ribosylation (metabolite)!
3:  phosphoanhydride cleavage:  DNA ligase activation of the 

!5’-P of DNA fragments (DNA replication and nick repair)  
!(metabolite)!





The hydride is accommodated at C4 of the nicotinamide!
ring; note that C4 of NADH is prochiral.!





Note the initial formation of an iminium group (protonated imine), which !
undergoes subsequent hydrolysis on the enzyme to form the α-ketoacid.!



Metal complexation lowers the pKa of the hydroxyl proton from ~15 to ~8 !
so that a significant fraction of the alcohol is in the ionized (alkoxide)!

form at physiological pH.!



The reduction of NAD+ with 1,1-dideuteroethanol as the 
substrate gives 4R-[nicotinamide-4-2H2]NADH as product;  
the 2H is transferred specifically to the 4-pro-R site of NAD+.!



Enzyme classification according to 
reaction type	





3:  enzyme major class = hydrolase!
4:  subclass of hydrolase = peptide hydrolase!
17:  sub-subclass = metallocarboxypeptidase (carboxypeptidase A               

!has a Zn2+ ion bound in its active site!
1:  arbitrarily assigned serial number in its sub-subclass	





Ethanol is a prochiral molecule.  Prochiral sites can be 
distinguished in the chiral active sites of enzymes.  Glycine 

and citric acid are also prochiral molecules. 



Views of acetaldehyde:  re (a) and si (b) faces 





Prochiral differentiation in a chiral protein !
binding site:  Distinguishing between the pro-R and 

pro-S hydrogens in achiral ethanol 





The reduction of deuteroacetaldehyde by NADH gives NAD+ and!
S-[1-2H]ethanol; the hydrogen in the 1-pro-S position of ethanol!

is transferred to NAD+ (reverse reaction).	





The reduction of acetaldehyde by 4R-[nicotinamide-4-2H]NADH gives!
R-[1-2H]ethanol (R-[1-2H]ethanol and S-[1-2H]ethanol can be!
distinguished by the signs of their specific optical rotations).!

Positions of the pro-R!
and pro-S H4 hydrogens!

in NADH!



Each NADH-dependent dehydrogenase exhibits a 
characteristic stereospecificity with respect to whether NAD+ 

accepts hydrogen into the 4-pro-R or 4-pro-S position and with 
respect to the dehydrogenation of its co-substrate.!











The lactate!
dehydrogenase!

active site;!
reduction of 

pyruvate !
to L-lactate with 

NADH!
as a cofactor!





The NAD+/NADH coenzyme is tightly bound by the enzyme!
(prosthetic group).!



UDP-4-ketoglucopyranose!
intermediate!

Rotation about the O-UDP bond allows either face of the!
C4 carbonyl to accept a hydride from NADH.!

The enzyme displays stereospecific NAD+ reduction (pro-S!
face) but is non-specific with respect to substrate (accepts either !

UDP-Gal or UDP-Glc). !


