PRODRUGS

Prodrugs

+ TInitial definition:

« "Drug Latentiation” - included later

Why use prodrugs?




Prodrugs

w

Hard Drugs"” -

* Increased efficiency by avoiding metabolism

- No toxic metabolites are formed
- HOWEVER, less readily eliminated due to lack of
metabolism

Soft Drugs”

\\)

Conversion

* Metabolism (enzyme dependant)
* Chemical Methods (non-dependant)




Prodrugs

« Carrier-linked prodrugs - drugs that are
attached through a metabolically labile
chemical linkage to another molecule
designated as the

The alters the physical properites of
the drug to increase water or fat solubility or
provide site-directed delivery
- Advantages:
+ Increased absorption
Injection site pain relief
Elimination of unpleasant taste
Decreased toxicity
Decreased metabolic inactivation
Increased chemical stability
Prolonged or shortened action

Functional Groups in Prodrugs

,ﬁ\ _Promoiety

Drug” 0 Drug” “OH + HO-Promoiety

or

/ﬁ\ ~Drug /ﬁ\ + HO-Drug

Promoiety” O —— Promoiety” "OH

* Types of esterase enzymes mediating the hydrolysis process

« Ester hydrolase, Lipases, Cholesterol esterases,
Acetylcholinesterase, Carboxypeptidase, Cholinesterase

+ Bacterial microflora enzymes
* Wide number of choices of promoiety alcohols available

+ Steric, electronic and hydrophobicity properties allow rate and
extent of hydrolysis to be controlled




Chloramphenicol

Chloramphenicol

Esterase
—_—

or Water

Chloramphenicol Succinate

Sodium succinate

Mutual Prodru

Hg PPONe: He P
Sodium phosphate
and
i Carbon dioxide
c'\/\N 0 HO'
l) —

Cl Estermustine Sodium Phosphate /-\
Emcyt® - Pharmacia & Upjohn \——\/\NH ANH+CI-
—

Aziridine
Cl Cl
Nornitrogen mustard

Actual alkylating species




Functional Groups in Prodrugs

NH(CH,),#507 """ "

CH, Erthromycin estolate
llosone® - Eli Lilly

caps,tabs, suspension

Antibiotic used to treat
upper and lower respiratory
Me infections (URI or LRI),
Legionnaire's disease,
CH, skin infections

Esters Failure as Prodrugs

H H
R1\rrN = S CH3

CO,R,

R, = ethyl, propyl, butyl, phenyl
Penicillin esters

Esterases
NO REACTION!
H H
R1\n,N\ = _S
© o N\)\
} 3
CO,R,

R, = ethyl, propyl, butyl, phenyl
Cephalosporin esters




B-Lactam prodrug - Double esters

Vantin® — Pharmacia & Upjohn

URI, UTI, Gonorrhea, skin
infections
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Esters as Prodrugs

H
N
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H
30 Haco
3co NH.HCI

development candidate
for the treatment of
prostate cancer

SoH

CEP-751

NH,.HCI

CEP-2563

Hudkins et al. Bioorganic & Medlicinal Chemistry Letters 8 (1998) 1873-1876




Other ester prodrugs - soluble

(\O-Na+ o
0.
Drug’ No - . Drug'OH + O I OH
o Na+O- o
H
+ o o

Sodium succinate prodrug Sodium succinate
(o}
Drug'o“S': Sulfatase OH HO\SP
g ONa+ Drug” +  §O-Nas

Sulfate prodrug

(o)
Drug'o‘F;: Phosphatase HO. 9
Ho’ O-Na+

~OH N
Drug *  Ho O-Na+

Phosphate prodrug

Mannich Base Chemistry - FYI

2 I o HO © e RN
e u - N— N=CH
RN: + CH, —, R,N—CH,0 2, RN—CH,0H——>[RN—CH, o 2]
a Schiff base
Ph.CO.CH,
//he}/+ Ph.CO.CH=CH,
NiH

R N.CH,.CH,.CO.Ph 2 Ph.CO.CH,CH,

] Ac O
Mannich base Ph.CO. CH,.CH,OAc




Amine derivatives as prodrugs

HN—\—CH HN H
3 Water N s_CH, JOL
1—_( o ]:,5 ,CH; . H,C" CH,
o CO,H
- Acetone
Hetacillin Ampicillin
H,C, OH N(CHa)z Formaldehyde

G20 =4, 0

Iminium
OH O O HO o

ion
Tetracycline 1'
H,c,,oH  N(CHy,

OH Rolitetracycline - A prodrug of
O"‘ tetracycline with increased

OH O 0 H (o] water solubility

Pyrrolidine

Carbonyl prodrugs

’/ >\‘ Acidic urine pH 6 j’\ +  aNH,
—N— H” “H

Methenamine hippurate
Hiprex® - Hoechst Marion Roussel
Urex © - 3M Pharmaceuticals plus a number of combos
- Used for prophylaxis or suppression/elimination of frequent UTT




Azo Prodrugs

COH Sulfapyridine
O—NHSOZ—©—N=N—©—0H —_— O—NHSOz—Q—NHz
N N
Sulfasalazine - Azulfidine® - Pharmacia & Upjohn +
Sulfonamide antibiotic and antiinflammatory
Used to treat Ulcerative colitis, rheumatoid arthritis CO,H
H,N OH

5-aminosalicylic acid

Bioprecursor Prodrugs

Do NOT contain a carrier or promoiety

- Contain latent functionality
- Metabolically or chemically transformed into an active
drug
- Types of activation at are predictable

+Oxidative (most common method)

*Reductive

Phosphorylation (antiviral agents)
- Oxidation Example = Nabumetone - Relafen® - Smith Kline Beecham

O
| Series of oxidative

OORe: ooRs
CH,0 CH,0 °

decarboxylation

Active form of the drug
that inhibits Prostaglandin
biosynthesis by
cyclooxygenase




Bioprecursor Prodrugs

Reduction example - Mitomycin C - Mutamycin® -
Bristol Myers ~ Adenocarcinoma of the stomach and

pancreas
H,N
Y=o
o . _o0

OMe Reduction H2N

H,C <NH H,C
o
A quinone - A hydroquinone -
electron withdrawing electron donating J Ha
H
O3 H,N
. OH DNA . OH DNA 2
H2N H2N ) ’ 'coz
) oy H.C N;// '.'\INH -NH,
H,C N__J-NH T
OH .

Further alkylation Electrophlle

Bioprecursor Prodrugs

Phosphorylation example -

H O
Viral Thymidine 9 o Y
0-P-0—] 4
Kinase o Not lipid soluble
OH

lodoxuridine - Herplex®
Allergan - lipid soluble!
Opthalmic product for
Herpes simplex keratitis
Higher affininty for viral
kinases than mammalian
kinases but some toxicity

TWO mechanisms of action: 1. Inhibits DNA polymerase 2. Incorporated
into DNA affording incorrect base pairing and template activity
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