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carboxylic 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phosphate ester* phosphoric 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3 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Biochemically Important Functional Groups Analogous to the Ester Prof. 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OH R' OH+

sulfate ester* sulfuric acid

1 or 2 alcohols
can be esterified

acetyl coenzyme A (AcCoA)

DNA & RNA ("phosphodiester backbone"),
ATP, NADPH, phospholipids, AcCoA

chondrotin sulfate, heparin

– H2O

this bond stays intact

this is the new bond

this bond is broken

important examples

– H2O

– H2O

– H2O

*Note that if you don't use the maximum number of 
alcohols, the remaining OHs will be ionized at 
physiological pH.

you know this one already
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amide 1° or 2° aminecarboxylic acid

phosphoric 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Biochemically Important Functional Groups Analogous to the Amide
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sulfuric acid

R' NH2
1° or 2° amine
up to 3 can be used

R' NH2

1° or 2° amine
1 or 2 can be used
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sulfonamide sulfonic acid

R' NH2

1° or 2° amine

found in sulfa drugs, which inhibit bacterial 
tetrahydrofolate synthesis

peptide bonds, AcCoA

– H2O

– H2O

– H2O

– H2O

you know this one already

bond breaking and making here is the same as for the 
ester shown on page 1
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Cyclophosphamide is an important
anticancer drug.  Note the
functional groups present.

found in heparin



Biochemically Important Functional Groups Analogous to the Anhydride
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diphosphate
(a phosphoric anhydride)

triphosphate

Note: none of these phosphate species are shown in 
proper ionization state at physiological pH.
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something–triphosphate
e.g. adenosine triphosphate = ATP

a phosphoric anhydride and
phosphate ester e.g. ADP
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anhydride you know this one already


