Phase-1 Oxidations:
Cytochrome P-450
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Cytochrome(s) P-450 [CYP-450]

Heme enzymes

Enzyme family: ~50

“isoforms” (

Binds CO -> 450 nm

Broad metabolic coverage:

— multiple forms

— substrate non-specific

— drug typically a substrate for
several P450 isoforms

Price to be paid => slow!

Cytochrome(s) P-450

Overall Reaction:
RH + NADPH + H* + O,

->ROH + NADP + H,0

Monooxygenase
Enzyme Catalytic Cycle
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A Simplified P-450 Schematic
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Cytochrome P-450 Structure

Cytochrome P-450 Mechanism
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Cytochrome P-450 Mechanism
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Arene Oxide

Possible Fate of Arene Oxides

* Rearrange to Phenol

¢ Bioinactivation, Detoxification

¢ Excretion (Phase-1 or Phase-2)
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Possible Fate of Arene Oxides

¢ Reaction with Macromolecules
* Bioactivation (Electrophile)
» Toxigenic Metabolism
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Possible Fate of Arene Oxides

¢ Reaction with Glutathione (GSH)
* Enzyme: Glutathione S-Transferase
¢ Detoxification

¢ Excretion (Phase-2 Metabolite)
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Possible Fate of Arene Oxides

* Reaction with Water

* Enzyme: Epoxide Hydratase (Hydrolase)
¢ Detoxification

¢ Excretion (Phase-1 or Phase-2)
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Predicting P-450 Hydroxylations
* Why does hydroxylation occur in the para-position??

OCHjz OCH,

© Cyt P-450 ©

Predicting P-450 Hydroxylations

* It’s based on how the epoxide opens.

OCH, OCHj, OCHjs
Cyt P-450
—
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Predicting P-450 Hydroxylations

OCH, OCH, OCH, OCH,
*OCH; OCH, OCH,
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* Note the carbonium ion stabilization. en
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Predicting P-450 Hydroxylations
CH, OCH; OCH; icu3
; ;i( i ! )

Student

* Note the carbonium ion stabilization. Copy

Predicting P-450 Hydroxylations

OCH; OCH,

[:tj Cyt P-450 [::j

* Aromatic hyroxylation occurs on:
“activated” aromatic systems.

* Position of hydroxylation follows:
rules of “electrophilic aromatic substitution”.

Predicting P-450 Hydroxylations

OCH; OCH,

[:tj Cyt P-450 [::j

* Will the drug be hydroxylated"
Is the ring activated or deactivated?
— Activating Groups:
— Deactivating Groups:
o Ifit’s hydroxyated, where will this occur?
— ortho/para directors:
* halogens?




Predicting P-450 Hydroxylations
OCH; OCH,

Cyt P-450
—_—

e P-450 oxidation to the 2,3-epoxide (shown above).
¢ What is the final phenolic product?

— ortho-hydroxy anisole

— meta-hydroxy anisole

¢ Why?

Phase-1 Oxidations:
Cytochrome P-450
Other Types of Oxidations
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Alkene Epoxidations (P-450)
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(anticonvulsant) (stable & active) (inactive)




Benzylic Hydroxylation (P-450)

Benzylic Position
Further Oxidation If Possible

What does ‘benzylic’ mean???

Benzylic Hydroxylation (P-450)
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o & -1 Hydroxylation (P-450)

®-1 (sub-terminal or penultimate)

Y
AN

o (terminal or ultimate)

+Rate of hydroxylation is proportional
to chain length.
* Convention “Chain” = 2 or more carbons




o & w-1 Hydroxylation (P-450)
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Heteroatom Dealkylations (P-450)

« Aliphatic hydroxylation next to heteroatom.
 Unstable intermediate results.
* Spontaneously decomposes to dealkylated

metabolite.
N-Dealkylation o)
?—H 0-H 11
| H-C-H
CHs SH; LH, M
rR—N. —=>» R—N_ —>» R—N —>» R—N
‘R R ‘R R

Unstable Carbinolamine
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Heteroatom Dealkylations (P-450)

N-Dealkylation
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Heteroatom Dealkylations (P-450)
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O-Dealkylation
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Heteroatom Dealkylations (P-450)
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Heteroatom Dealkylations (P-450)

O-Dealkylation ~ ¢Hs CHs
N N
0y~ (49X
CH,0 0 OH HO 0 OH
Codeine Morphine

Oxidative Deamination(P-450)

* Aliphatic hydroxylation next to heteroatom.
* Unstable intermediate results.

* Spontaneously decomposes, just like
dealkylation, but to deaminated metabolite.

. OH oO—H 0
R R
Y —> R—’—R'—>—R—’—R'—>-R)J\R.
NH, NH, NH, NH,
H+

Unstable Carbinolamine
Student Copy

Oxidative Deamination(P-450)

-0 0T

CH,

Methamphetamine Amphetamine

Note: We're talking about oxidative deamination of
XENOBIOTICS
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Oxidative Deamination (MAO)

FAD FADH2

Applies to endogenous amines (neurotransmitters)

MAO = Monoamine Oxidase

Heteroatom Oxidations (P-450)

» Oxidation using heteroatom “lone pair” of
electrons.

R=N—CHs ¢yt p-aso
CH; —>

Tertiary
Amine

R—l|\I+—CH3 R—N—CH,

Amine Oxidase CH3 CHs
Amine Oxide

* Note: Rationalize on Basicity!
— 3° Amines vs Amides?
— Pyridine vs Pyrrole vs Indole?

Heteroatom Oxidations (P-450)

s@eiieBe

N N
| SFHs | H
(CH2)3"N (CH2)s-N
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¥

13



Heteroatom Oxidations (P-450)

s@erie e

| ,CH3 | +,CH3
(CH2)s-N_ (CH2)3" N

CH, _(l) CH,

Imipramine Imipramine N-Oxide

Heteroatom Oxidations (P-450)

* Oxidation using heteroatom “lone pair” of
electrons can occur on 1° and 2° amines
--> ‘hydroxylamines’

—N— Cyt P-450 —N—
RIIIH yt R—N—OH

H Amine Oxidase |l|

R—ITI—H Cyt P-450 R—N—OH
CH3 Amine Oxidase éHs

Heteroatom Oxidations (P-450)

(o] (0]
Cyt P-450 I Cyt P-450 Il
R§—R —3 R-S—R —> R—j—R
i Sulfoxide O
Sulfide Sulfone

o o

R—S—R' R—S—R'

Sulfoxide o

Sulfone
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Heteroatom Oxidations (P-450)

o 3
Thioridazine Il O‘\ ,,O
/ BN N

0.,

CH,CH,
CH;

\ g\s—C|-|3 —> g\ﬁ—cm
4 3

Mesoridazine (2X)

Phase-1 Oxidations:
Cytochrome P-450

You’re Ready for Quiz #1

Other Phase-1 Reactions
Alcohol Oxidations:
(DO NOT Involve P-450)

Prof. Patrick Davis
Basic Med Chem Principles
PHR 143M Fall-08
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Phase 1: Oxidation of Alcohols

Primary Alcohols

Alcohol Aldehyde
Dehydrogenase Dehydrogenase
NAD NADH

o) NAD NADH [o)

AN N4

Il
R—CH,~OH ~_—~ R—C—H R—C—OH

Reversible reactions, but the reaction is driven
by excretion (mass action).

Phase 1: Oxidation of Alcohols

Secondary Alcohols
Keto-Reductase

NAD NADH
HO H (o]
\ / _/ I
R—C—R —<~—— R—C—R
l NAD NADH

Conjugation Alcohol
Excretion Dehydrogenase

Phase 1: Oxidation of Alcohols

First Pass
Metabolism
)

2ou

)
(o]

)

Terfenadine
(Seldane)

K "
CNS? K o0
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Phase 1: Oxidation of Alcohols

Metabolism
HO N
OH H,OH
Cardiotoxic z

if accumlates

eInhibitors of P-450 Relevant to Seldane Cardiotoxicity:
(Prolongation of QT interval = Torsade des pointes
cardiac arrhythmia):

Erythromycin (bad press)
Ketoconazole
Grapefruit Juice

Phase 1: Oxidation of Alcohols

Flrst Pass
Metabollsm
P450
OH
CardlotOX|c He
if accumlates

COO
@ /\/Y©)< Allegra®

Other Phase-1 Reactions:
Reductions

Prof. Patrick Davis
Basic Med Chem Principles
PHR 143M Fall-08
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Phase 1: Reduction Reactions

* Aldehyde Reductions??
* What do you think?

0 2
R-C—H —» R-CH;OH

Phase 1: Reduction Reactions

* Aldehyde Reductions??
* Typically not reduced (oxidized).
Alcohol Aldehyde
Dehydrogenase Dehydrogenase

NAD NADH
o) NAD NADH [o)

AN

I
R—CH,—OH «— R—C—H R—C—OH

Phase 1: Reduction Reactions

¢ Ketone Reductions??
* What do you think?
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Phase 1: Reduction Reactions

» Ketone Reductions??
* Commonly reduced to secondary alcohols.
Keto-Reductase
NAD NADH
HO H (o}
\/ N
R—C—R =~—— R—C—R
N
NAD NADH

Alcohol
Dehydrogenase

Phase 1: Reduction Reactions

i > _fpH
R—C—R' R—C—R'

» Ketones commonly reduced to alcohols
* Polarity (excretion; conjugation)

* Enzymes: Liver Keto-Reductases or
“Oxidoreductases”

* NADPH (or NADH) dependent
* Metabolites frequently active (why?)
e Stereochemistry VERY IMPORTANT!

Phase 1: Reduction Reactions

e Stereochemistry VERY IMPORTANT!

o 0
2 ,J\(LH

Y\
OH HO_ H

u,,’,'<I
lu#’<
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Phase 1: Reduction Reactions

e Stereochemistry VERY IMPORTANT!

Ha, 07 H-
b,

N

g
HO, ,H H, AHO
3 ",
©/< @/{ Chirality??

Phase 1: Reduction Reactions

e Stereochemistry VERY IMPORTANT!
Acetohexamide o) °| [0}
(hypoglycemic) H—é—@—(

ﬂr}l H O CH,
"
H
(o] | WH
ﬂu‘ rr% D CH,4
H (1X parent; excreted)

Other Phase-1 Reactions:
Hydrolytic Reactions

Prof. Patrick Davis
Basic Med Chem Principles
PHR 143M Fall-08
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Phase 1: Hydrolytic Reactions

ESTER hydrolysis (you know mechanism).

* Enzymes (esterases) in liver & blood, also
kidneys & intestine.

* "Unmasking" Polar Functional Groups.
* Very facile.
e Usually terminates drug action.

o} 0
1l 1l
R—C—O-R' —» R—C-OH + HO-R

Phase 1: Hydrolytic Reactions

CHay  C-ocH, CHay,  C-oH
I Sl EA W
0 0
Cocaine Benzoylecgonine

(Inactive & Excreted)

Phase 1: Hydrolytic Reactions

* ESTER hydrolysis.

* Enzymes (esterases) in liver & blood,
also kidneys & intestine.

e "Unmasking" Polar Functional Groups.
* Very facile.
e Usually terminates drug action.

* However, may yield active metabolites.
2 2
R—C—-O-R' —> R—C-OH + HO-R




Phase 1: Hydrolytic Reactions

N=C—C—\ CO,CH,CH;  N=C—C COOH
f N —> _\N
Diphenoxylate Diphenoxylic Acid (5X)

Phase 1: Hydrolytic Reactions

ESTER hydrolysis.

* Enzymes (esterases) in liver & blood,
also kidneys & intestine.

* "Unmasking" Polar Functional Groups.

* Very facile.

Usually terminates drug action.
* However, may yield active metabolites.
EXCELLENT approach to prodrugs.

(0]

0
11 11
R—C—O-R' —» R—C-OH + HO-R

Phase 1: Hydrolytic Reactions

O R

O)‘CH—C—NH S

,(I;\ ) Carbenicillin
O, [©] o

COOH

HOQ *
H-C—\H -
Benzylpenicillin
(Pen G)
o

COCH
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Phase 1: Hydrolytic Reactions

2
@-CH—C—NH
(I; Carbenicillin

2
o O_RO N COOH Ester

No—

Q
H-C—NH
Carbenicillin
77N Indanyl
: O: P o COOH

Phase 1: Hydrolytic Reactions

AMIDE hydrolysis.

* Enzymes (amidases, esterases) in liver.

* "Unmasking" Polar Functional Groups.

* Less facile than ester hydrolysis.

e Usually terminates drug action.

* Slower hydrolysis prolongs t1/2

O

R—PZ—NH—R' —> R—g-OH + NH,R

Phase 1: Hydrolytic Reactions
Ester Hydrolysis
@ y'd CH,CHy
NH, —0—CHs—CH,—N
Procaine CH,CHy

o Amide Hydrolysis

I ,CHZCHa
NH, ~NH-CH;—CH,—N_
Procainamide CH,CH;3
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Summary of Phase-1 Reactions
¢ Cytochrome P-450
— Aromatic hydroxylation
— Olefin epoxidation
— Benzylic hydroxylation
— w & w-1 hydroxylation
— Heteroatom dealkylation
— Oxidative deamination (plus amine oxidase)
— Heteroatom oxidations
* Alcohol Oxidations
¢ Reductions
 Hydrolytic Reactions (ester, amide)
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