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* In order for a double bond to be oxidized it has to be conjugated to at least one aromatic ring
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What is the fate of this styrene glycol? il j:_‘
(1) Further oxidation by alcohol dehydrogenase on one of the ol T —— o =20 0N s
OH or both. It could give: ":;;’ra*ﬂ‘?;/ 9 [ 7 0 ik
(a) An aldehyde which gets further oxidized into a carboxylic HO -A—%., l “\‘EW (f}im e i alehe!
acid. An alcohol carboxylic acid is found in the urine. f’lﬂ "‘isr?’-a. iy Z; oo o,_ i
(b) A ketone. An alcohol ketone 1s eliminated in the urine. Nl L I’ ['-:,-ﬂ
(c) A ketone and a carboxylic acid. (eliminated in the urine). " | i
(2) Gets conjugated on one of the hydroxyls with glucuronic acid v L T\M i u
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Oxidation to a carbon to carbonyl _ . ..., . ..

+ Aldehyde, Ketone, Ester, Enole, Carboxylic acid, Thioeser (eals , very rich of clech o>
s Jr\c ol glectrron _ < o

o Carbonyl is electron withdrawing group— o carbon is e lectron rich
y g group oidebon. I _2 )

* Very fast reaction: 90-100% yield (l']b :

* Fate of the oxidized drug: - x\kf 2 JL\ .
 Eliminated in its oxidized form in the urine FE H " __,?"-\n

» Good candidate for conjugation to glucuronic acid QICPOL\JCD cqu\:)z(\ e ocle)

Further oxidation by alcohol dehydrogenase: If a primary . alcahol it's oxygenated to a carboxylic
acid and gives a carboxylic acid ketone group in the urine.@

@If it’s a secondary alcohol it’s oxidized to a ketone, giving a diketone in the urine.
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Aromatic ring oxidation is very minor because
it’s slower. The oxidation of the alpha carbon
is much faster and more likely to happen.




Oxidation Involving Carbon-Heteroatom Systems

» Nitrogen and oxygen functionalities are commonly found in most drugs and foreign compounds;
sulfur functionalities occur only occasionally.

» Metabolic oxidation of carbon-nitrogen, carbon-oxygen, and carbon-sulfur systems involve two
basic types of biotransformation processes:

1. Hydroxylation of the carbon atom directly attached to the heteroatom (N, O, S). The resulting
intermediate is often unstable and decomposes with the cleavage of the heteroatom-carbon bond:

H

~ iﬁf— T — ?1/' (ﬁ nitrogen is more electrophilic than carbon, the
R—X—+C— —|R—X—C— |— R—XH+ C— a-carbon is likely to get oxidized and is easier
| | to be oxidized than the nitrogen
af%J€
Oxi "X =NOS wausly Unsiadie ative deamination reactions fall under this

mechanistic pathway.

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

(1) Amine (2) Amide (3) Heterocyclic nitrogen  (4) Imine (5) Diazo (Azo)
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Amines are ionizable groups with a pKa= 9.5. The plasma’s pHa= 7.5
so amines are ionized in physiological conditions. ~2: 2 \s. PRa 7 PRy

How does that affect its renal elimination? ohiZakion

Since 1t’s 1onizable that means it’s water soluble and 1t’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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J) » - Conjugated drug (to a esser extent)

> Ionized drug unchanged (mostly)

* To a much lesser extent:
3) » Ionized secondary and primary amines and their conjugates = La<s < sia
) « Ammonia 52 2 _5d
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5)  Carboxylic acids (formic acid, acetic acid and the final . |
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carboxylic acid product of the last reaction)
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S-Oxidation

1) S-dealkylation:
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6-methyl thiopurine

2) Desulphuration:
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bacterial

nitro-reductase sulfanilamide (138)

Prontosil (137, pro-drug) (actual active drug)
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dantrolene (Dantrium, 139)

/)(/’ff’ jrt\)v\b ‘ /6«3 feo{dc’ren Iy
n,‘\—ﬂs 5(@~Ab amin
NH,
Qj g O
Q\,D J Mutrobenzene nitrosobenzene phenylhydroxylamine aniline
2/



Example on reduction reactions

* An enzyme called * floral diazo reductase “, is involved in the
metabolism of Diazo compounds , actually it’s the major one.

» floral diazo reductase enzymes are present in the large intestine
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Sulfasalazine

* The presence of the floral Diazo reductase enable us to build prodrug
to treat a disease called Crohn’s disease ( autormmune disease leads to
colon ulcers , these ulcers make the colon prone to infectious agents
like bacteria ) , our drug which 1s actually a prodrug 1s Sulfasalazine

* Normal flora will reduce sulfasalazine (prodrug) by “floral Diazo

reductase “, the reduction will cleave our drug in the line position. (At
the Diazo group, where the reductase enzyme acts)




Sulfasalazine 1s not absorbable, so it acts locally
at the large intestine .and 1t 1s a prodrug that has to be activated in vivo,

OL iaflamakion A é\&, > e Salicylic acid
(anu mllammalory)

Sulfonamide
(anti-bacterial)

Clca\ age

Sulfasalazine
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* A number of azo compounds, such as Prontosil and sulfasalazine, are
converted to aromatic primary amines by azoreductase
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Azulfidine Sulfapyridine P-aminosalicylic acid
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HYDROLYSIS

» 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,
respectively. Hydrolysis occurs 1n the liver, intestines, plasma, and other tissues.
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CYCLIZATION O

* Metabolic cyclization is formation of a ring structure from a
straight-chain compound

\_ _N_ _NH
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* Metabolic decyclization 1s ring-opening of a cyclic molecule such as

phenytoin and barbiturates.
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primidone (145) phenobarbital (Luminal, 100)

phenylethylmalonamide (PEMA, 146)
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Phase | metabolism is often problematic if the compound undergoes extensive
metabolism to afford inactive metabolites, or worth still, reactive metabolites. There are
many approaches to address Phase | metabolism issues:

>

(i) Reducing the lipophilicity of the drug;

(ii) Blocking a site of hydroxylation by replacing the hydrogen(s) with
fluorine(s); mekhy Yty bengylic carbon ' =7
(iii) Blocking a site of metabolism through cyclization; otidubon L _r&) 2/ SVH sl

(iv) Eliminating or replacing a functional group with an isostere less susceptible to
metabolism; or O LR RSP S ﬁ“’“‘r‘;‘:"b“’ 1 m

(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. ol mokedostsn 45527 (5) sheroc hamicad <=5\ Al
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Fwitching the two methyl groups to two chlorine
@ atoms led to a molecule that is more resistant to the

N/\' m metabolism. The resulting compound OPC-14597
N (aripiprazole, Abilify, 152) is more efficacious with an
K/ i gl N O EDsxof 0.6 mmol/k
H 0f 0. g, p.o.
aripiprazole (Abilify, 152), EDso = 0.6 umol/kg, p.o. It was approved by the FDA in 2002 as an effective

Otsuka/BMS. 2002 and unique antipsychotic.
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