






2) Active nitrogen mustards contain  
    two chloroethylamine chains 

N 
Cl Cl 



•  Prodrug 
   1) Cell membrane is made of lipids: hydrophobic (non polar) 

2) Membrane permeability calls for a hydrophobic 
 segment that can force the drug into the cell  

3) Cyclophosphamide 

Hydrocarbons 

Nitrogen mustard 



2) Once oxidation occurs, the drug is separated  
     into its active form  as it enters the cell and cross-link 
     with DNA 

•  Oxidation triggers a cascade or series of metabolites  
  that contribute to its toxicity and selectivity  



Acrolein 
(toxic) 

Prodrug: converted to active form through P450 and mixed  
               function oxidase enzymes 

4-hydroxycyclophosphamide 

aldophosphamide 

Phosphoramide Mustard 

Forms DNA Cross links 
(Cell Death) 

Carboxyphosphamide 

Waste 

Aldehyde dehydrogenase 
                (ALDH) 



•  Oxidation on the wrong carbon 
1)  P450 can not differentiate between similar carbons 

2)   Mechanism is unclear. Possibly enzyme works on  
       all three carbons: mustard forms if the right  
       carbon (4C)  is oxidized first, acrolein forms if  
       the wrong carbon is oxidized. 

3) Avoid acrolein by favoring the enzyme for the 4th carbon 
     while disfavoring the other two similar carbons 

4) Each carbon contains 2 hydrogen bonds C 

H H 

5) Substitute each hydrogen in the mustard with its isotope (deuterium)  
C 

D D 





1.  Diethyl iminodiacetate 

2.   LiALD4 

3.  Thionyl Chloride 

4.  Soxhlet 

5.   Roter Vap 

6.  Pump 

7.  TLC 

8.   NMR 

Reagents 

Extract compound from solvents 

Analyze compounds 












