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Double bond oxidation '

* Alkene epoxidation:

* Inorder forad idized i
ouble bond to be oxidized it has to be conjugated to at least one aromatic ring

* - Rate is simi matic ri idati
similar to aromatic ring oxidation but slightly higher; still moderate rate o Y

* -Yield 50-60%. o /
O : e o? : |
e )b pmaddbdte, & S Zheslie g 200 B ammadic

. _ 21618 X —
: m@lqbo\%q%/--’ Bt 0 HO rag’H r.‘ni
| : Cypd50 | ‘ H20 >\ ki
S ALV e N N O > O
\ 9 PL,, -
| \"QS , \ &\ O;{\NHz 0 NH, Epoxide hydrolase Oﬁka2
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s |7 2 s D
b un cpotider 3 30 sddion 9 Lo Jele bendal @
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il
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s —— Jq

o< v/l & Styrene (polystyrene monomer m.‘n @J i

aromdad C {‘xmy (p y y ) ) C H
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5 LA)
Jm b\( ol boncx

hon .

What is the fate of this styrene glycol? b B
(1) Further oxidation by alcohol dehydrogenase on one of the o MOy s
¥ 5

OH or both. It could give:

(a) An aldehyde which gets further oxidized into a carboxylic Mo —"on S
acid. An alcohol carboxylic acid is found in the urine. 5 g, 5 -

(b) A ketone. An alcohol ketone is eliminated in the urine. L
(c) A ketone and a carboxylic acid. (eliminated in the urine).
H

(2) Gets conjugated on one of the hydroxyls with glucuronic acid
(?.J-ﬁ OH 0

and eliminated.
(3) Eliminated in the urine as the oxidized form (glycol).
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s iy =, _
Oxidation to A carbon to carbonyl & ua

* Aldehyde, Ket :
Cm -tone, Ester, Enole, Carboxylic acid, Thioester LW = o (Cox her JL ) @
~ - onvl | : : ——
CJ -J*':)“‘J @ Ylis electron withdr dWIng group=> a carbon is electron rich czfté’/‘ﬁ /) a
| €—* Very fast reaction: 30-100% yield "'—"0 7 C,Pq - J | |

* Fate of the oxidized drug: [

Aoa) ) g a o ‘ Q
: @r' Eliminated R —_— R/g.( ey _5!"
H H

In its oxidized form in the uri
qo - 10¢ ‘f, ——— — _ CUMe

* Good candidate for conjugation to glucuronic acid Bo: =

| :
| 9 PP ¥ Fu_;ther om.dation by 3|C0{10| dehydrogenase: If a primary alcohol it’s oxygenated to a carboxylic g
% ) acid and gives a carboxylic acid ketone group in the urine. E
@( o) ing/ P * Itit's a secondary alcohol it’s oxidized to a ketone, giving a diketone in the urine. E g
O‘J_\:;J s VN . i g E
- c) 0) 4 2 OH ' OH O 0
&y ! :""_&._ -~ ‘
ﬂ;j‘)-@ bq R,/&R R, Ry H;)\/RI &]\\Q/RI e )kejﬂi m._ R;
; = v k M’ : & » H‘/CT'H Fh H OH
. ' — - Keto ale enol
(DO ﬂJ “?‘juqn.‘] \D—Jf Iut--:-::- I weakly bound like
y an acidic H
g lucuenfcacid
0
5620*' ero

o R — Uofo golem VL gamn (5501 Carkengl
Jautomeisn ]

JAEA—; Aﬂb‘” oond S v P \eab, v S8 O N or=lo. \QJane Jp 2>

R e T T T S e T A

d\ H )\ Y)Cﬂﬁt"fa cS pe PR & gl \’-2;"}‘\3 g\f % @ 43“}“ r:S Lo
b h = )y - .
Examasfe OH e e Al ¢ A C;,.\_‘ZLJL_EJ-\ 1_.::=-lu C/&lp

P

I ip a0

| N N :
H \oreoo e, : 1ThH° (

. @ _ CYPOO _ OH. (e )\-7 2] 5 (6 ;

i

A \CahC’Lj\ éﬁ) oyttt

O Diazepam Oxazepam

dphs- Cart , / primpry |
o Cﬂf 7 )i { Aromatic ring oxidation is very minor because
P /) _S\ LJ*—*J:“‘}‘O-}J Sl y it’s slower. The oxidation of the alpha carbon | ﬁl{}&( \_ZJ j N .

is much faster and more likely to happen.
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* Nitroge B
sulfurgfn aqd OXygen functionalities dré commonly found 3 ¥ C\&( O I\D
unctionalities oceyr only occasionally N most drugs and foreign compounds
* Metabolic oxidatio
N of carbon-nitre en, ¢
| basic types of blotransformatlon progessesarbon 2o and arbon-sulfur o \miolve twa g
1. Hydroxylatio \ : ‘):‘J
| Intermed|:te s Zf?;r::en ;.‘taré)lon atom directly attached to the heteroatom (N, O, S). The resulting
dble and decomposes with the cleavage of the heteroatom-carbon bond
= [ l*) i nitrogen is more electrophilic than carbon,
(LU { —A=C—— R—X—C— [— R—XH + C— [the a-carbon is likely to get oxidized and is
easier to be oxidized than the nitrogen
‘fi_}l,g @3 b Where X m NO S Usually Unstable |

| mechanistic pathway.

2. Hydroxylation or oxidation of the heteroatom (N, S only, e.g., N-hydroxylation, N-oxide |
formation, sulfoxide, and sulfone formation).

e tipshde madfxl'ian)\ al £ %
I’)fjlﬂroaylom J ‘-);*_):J L‘\—D JQJC‘LP_D J C;_r*boﬂ NeTprid e hadm‘ijfjﬂl?ﬁn LT
"_:é\ Car‘lbop NJ} U:rg:' Jﬁ«) | c:;\ OV — \'\@!cfoojnm feee L\jdlo%ljlﬁn g

: 05 a L

, (1) Amine (2) Amide () Heterocvelic nitrogen  (4) Imine (5) Diazo (Azo)
O
?3 /U\ /N ‘ R'/N\ R:i Ry=——N==N- R;_n
N R 1 Y
| R{#‘" "‘*Rz Rl T \\ Rz

R,

)[L> % Amines are ionizable groups with a pKa= ?:5. The plasma’s pHa= 7.5 so
amines are ionized in physiological cor?dlt;ons.
s How does that affect its renal elimination: . _
Since it’s ionizable that means it’s water soluble and it’s more likely to
~~  get eliminated in the urine mainly unchanged than reabsorbed. |

around 80% of the amines get eliminated unchanged in the urine |

. and around 10% get conjugated. This means that amines aren’t good
candidates for metabolism by(CYP450. ) |
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N-systems: What do we find in the urlne?

C‘

4 ¥ L Conjugated drug (to a lesser extent)

Wy e * NO aldehyde (unstable)
2/
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This system is
called hemiaminal

. . " H
Formic acid Formaldchyde
H,C CH, :
HeC CH, :
(\NHE e Oxidative-N- H
5 25 NH de-ethylation

COH N e YNY

O Alo. dchy. O + OH
Oxidative /”\-.
deamination| ™ NH, H OH H H

Acetic acid Acetaldehyde

HiC  CH,

H,C
H Alco, deh Utine
4 oH T
Cnnjug:,ntmn
O
—

-------------------

Aminal

llllllllllllllllllllll

f Jeade N Yol
P 2o o ol SR oy s ( Rrmaldehyde) A ldehyde

e

X LI
o Ionlzed drug unchanged (mostly) —> waje e

* To a much lesser extent:

* lonized secondary and primary amines and their conjugates
* Ammonia

* Carboxylic acids (formic acid, acetic acid and the fmal
carboxylic acid product of the last reaction)

—

Seluable s A/

* NO hemi-aminal (unstable)

v
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CH,R Tm E \J
3 Amine A'aa
()< — N o T\, (O g or¥eC A
Secondary | OH O—N CH,
Aromanc Arminos FTI.:.:W oy Nitrone Hydrowylaming CH OH] s Q_N\"H
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S—CH,0H i
2 SH I %N A°
(L) — 10 == Q00— GO0
L — N =2 G OB B
N N I\ ~ > ,l \> TI e \ SCH N S$C
A Nl NZ N chon— ) . ) 2
R
6-methy! thiopurine A thioridazine H,C”" fing sulfoxide fing sulfone
6-mercapto purine N\
i. 2) De ulhurution: \ s
1 Q S
T COOU., . o)L
: N P
ﬁ\J‘I Ro Cyt.P e, mesoridazine ; o %o
: ulfondazin
2 N : % /O s u
H rJH,—s—a:Ha - CH—gcit
Thi
penial Dimethyt sulfoxide Dimethy! sulfone

REDUCTION

* Reduction is the reverse of

oxidation and involves

CYP450 enzymes working in

the opposite direction.

oﬁkxécAion W bt

Jﬁ}je——@ c&ajo\ehnc]g:s&; /\J\)/‘jt
| CJGL!D1Q ‘Oc'ﬂ \_’)\
’ O

- N=NZ R
[N A = .
p 0 Q NADPH-CYP450
I ] reduclase =
0N HoNT S

1] AT PT'I_?'._-J.ITTHFT"E?‘WWﬂﬂnmmn-mumr-— i

bacterial
nifro-reduclase

SO,sNH
NH 'V 12
: @ intestines /©/ St
N,:.N.--" -~
o B
H,N

sulfanilamide (138)

Prontosil (137, pro-drug) (actual active drug)

0

D_JN N\/J%

flavin-denpedent

danlrolene (Dantrium, 139) major melabolile, aniline 140

0

' ®

- = ”~ H
.f""l N*o FT=== ﬁ"/f\i "0 OH 'U 5 e
€ Bk 4 Baod o
nilrobenzene nitrosobenzene phenylhydroxylamine aniline
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Example on reduction reactions

o
An enzyme called floral diazo reductase “

metabolis : , IS involved in the
/15m of Diazo compounds , actually it's the major one.

HEEILUA L R e Ll TP T e T el e W R T e I P i R W e L L e I S P e B " e R T L asde L TR e S —— ST e
e
.-l"""-.'-

Sulfasalazine
(i

i * The presence of the floral Diazo reductase enable us to build prodrug

~ 5Ls|OP S to treat a disease called Crohn’s disease ( autoimmune disease leads
i to colon ulcers , these ulcers make the colon prone to infectious

J\;‘A \p24 agents like bacteria ) , our drug which is actually a prodrug is
- ‘ Sulfasalazine

~ "« Normal flora will reduce sulfasalazine (prodrug) by “floral Diazo
reductase “ the reduction will cleave our drug in the line position. (At

L) de the Diazo group, where the reductase enzyme acts)
|
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: NNz COOH
oL - Nx N‘*E/@/ /@/C)H
5 | 1
A 0 HoN7
Azulfidine Suliapyridine P-aminosalicylic acid
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HYDROLYSIS _ M 50 2 wder 35 Ltk
odry .
» Hydrolysis means adding water. For an ester-containing drug, hydrolysis is

cleavage of the ester by taking up a molecule of water employing esterase.
‘/ Similarly, amides and polypeptides are hydrolyzed by amidases and peptidases,

3 respectively. Hydrolysis occurs in the liver, ir]:c_g_siines,_ plam and other tissues.
%, C(ban )\ HIJH{J )L.) ;\) [ C);U.D
9 NH 0 NH oz |
O\Lj q ey’ o Liver HOW
O & |=0 M Cm"fgfé’f? @
pethidine (Demerol, 141) e pethidinic acid (142)
N o b ans S
G&ﬁ( C P@\‘jPQFhJQ )&) ’V\S{‘ amicies N, S
"D vrafe L; h & c.\ E’J b
am; Jases
CYCLIZATION et e

- - : . CGNMﬂ ('____:-—-;D <
» Metabolic cyclization is formation of a ring structure from a

straight-chain compound

\ N NH;
< 0L CYP2C19 ) -
(AL —— L .
. . Cl 2
proguanil (143) cycloguanil (144)

29
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0O
HN" > NH ,E{
HN"/F"NRH
NH, NH
O O CYP2 sl
QIC19 . & o CYPcociy o
e —— "—-—-——-_..._._______-_ ——
primidone (1 45) phenobarbital (Luminal, 100) Phenylethylmalonamide (PEMA, 146)

* Phase | metabolism is often problematic if the compound undergoes extensive

- Gl
&,d‘., \as E C,_';‘J metabolism to afford inactive metabolites, or worth still, reactive metabolites. There are
y many approaches to address Phase | metabolism issues:

n J‘ g \
jj * (i) Reducing the lipophilicity of the drug; —> I-\FEPM‘\'%\ JL;—S B Jn;,q;_,,? ;

1 \ » : . . Um i nad (o i

\ssed ) -(ffn) 'Blgﬂgg a site  of hydroxylation by replacing the hydrogen(s) with lijm inad i 3
— uorine(s);

WJ'J'MLS i * (iii) Blocking a site of metabolism through cyclization:

I
|
* (iv) Eliminating or replacing a functional group with an isostere less susceptible to \
|
|

metabolism: or

* (v) Changing the chirality near or at the site of metabolism. This makes sense because
the CYP enzymes are chiral, therefore metabolize different chirality differently. If the (R)-
stereochemical center is metabolized, chances are the corresponding (S)-stereochemical

center may be resistant to the metabolism. \ l !\ 5
~ - ‘A _D)l.t- '_,)‘, (_£ &\ e & @

| as o v b d w0 hybugladion oosle 2 ¢ .
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R il
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ol As S5 )

§ N
(/\,Id m The two methyl groups readily underwent
NO N Iﬂmma;[gn and the diols were further oxidized to
s the corresponding inactive carboxylic ac:ds

. OPC-4392 (151), EDg, = 41 pmolkg. p.o.
Chor 5 medyl 34 s

L‘>\ \Bdeﬁj\ b:(-_rl;mﬁ)lns -\513 !

3(oup
q‘JLL .‘ o
Switching the two methyl groups to two chlorine

a atoms led to a molecule that is more resistant to the
N/\ metabolism. The resulting compound OPC-14597
K/,NNO mo (aripiprazole, Abilify, 152) is more efficacious with an

| EDwof 0.6 mmol/kg, p.o.

It was approved by the FDA in 2002 as an effective

aripiprazole (Abilify, 152), EDs, = 0.6 umol/kg, p.o.
Otsuka/BMS, 2002 p ond unique antigsychotic.
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