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Metabolic reactions that occur at alkylamino moieties may provide insight into the roles of these moieties when
they are parts of drug molecules that act at different receptors. N-dealkylation of N,N-dialkylamino moieties has
been associated with retaining, attenuation or loss of pharmacologic activities of metabolites compared to their
parent drugs. Further, N-dealkylation has resulted in clinically used drugs, activation of prodrugs, change of

receptor selectivity, and providing potential for developing fully-fledged drugs.

N-alkylamino moieties metabolic N-dealkylation metabolic N-oxidation pharmacologic activity

physicochemical properties

| 1. Introduction

Alkylamino moieties, either open chain aliphatic (secondary or tertiary), or heterocyclic tertiary ones, are common
in drug molecules of various pharmacological classes. Their basicity and polarity are essential for drug action. They
are found in antidepressants, antihistamines, narcotic analgesics, local anesthetics, as well as other drug classes.
The order of prevalence of the alky groups in alkylamino moieties is methyl > ethyl > isopropyl > tert-butyl > others.
Methyl, ethyl, and isopropyl groups are usually found in drug molecules as tertiary N,N-dimethylamino, N,N-
diethylamino, or N,N-diisopropylamino moieties, respectively. In the metabolism of drug molecules containing N,N-
dimethylamino, N,N-diethylamino and N,N-diisopropylamino moieties, the alkyl groups are mostly removed
sequentially to give secondary and primary amino groups. On the other hand, tert-butyl groups are usually less
prone to metabolic oxidative dealkylation (Figure 1). Intrinsic secondary N-alkylamino moieties—mostly
methylamino—are also encountered in some drug molecules. Another route of N-alkylamino moiety metabolism is
N-oxygenation, which is specific to only tertiary N,N-dialkylamino moieties either open-chain aliphatic or

heterocyclic [,
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Figure 1. CYP 450 oxidative dealkylation of alkylamines.

Mechanistically, CYP450-catalyzed N-dealkylation involves as a first step the hydroxylation of the carbon atom of
the alkyl group that is linked to the nitrogen atom (a-carbon atom). This hydroxylated metabolite is unstable. It
breaks spontaneously into two molecules: the dealkylated metabolite (e.g., an amine), and an aldehyde (e.g.,
formaldehyde after demethylation, acetaldehyde after deethylation, etc.) ILl. The reaction is shown for methyl and
ethyl secondary amines in Figure 1, which can be aliphatic or heterocyclic (or aromatic). Similarly, tertiary amines
are dealkylated in a similar way by consecutive hydroxylation of the alkyl groups at the carbon that is linked to the

nitrogen atom [,

Depending on their class, alkylamino moieties interact with receptors or enzymes via hydrogen bonding, ion-dipole,

ion-ion and van der Waals bindings as depicted in Figure 2 [213],
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Figure 2. Alkylamino moiety binding to receptors.
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The alkylamino-moieties-containing drugs cited in this review may be categorized according to the receptors upon
which they act.

| 2. Neurotransmitter Reuptake Inhibitors

The drugs that contain alkylamino moieties in this class belong to four categories: (i) serotonin-norepinephrine
reuptake inhibitors (SNRI), (ii) selective norepinephrine reuptake inhibitors (NRI), (iii) selective serotonin reuptake

inhibitors (SRI), and (iv) serotonin-norepinephrine-dopamine reuptake inhibitors (SNDRI).

2.1. Serotonin-Norepinephrine Reuptake Inhibitors (SNRI)

To this subclass belong the tricyclic antidepressants imipramine and amitriptyline, which are SNRI with preference
for SRI, are respectively metabolized by N-demethylation to desmipramine and nortriptyline, (Figure 3 and Figure
4, respectively). Desipramine and nortriptyline have been developed into drugs of their own rights; they have
preference for NR inhibition over SR inhibition.
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Figure 3. Metabolic pathways of imipramine.
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Figure 4. Metabolic pathways of amitriptyline.

2.1.1. Imipramine and Amitriptyline

Both imipramine and amitriptyline (Figure 3 and Figure 4, respectively) are aliphatic tertiary-amine tricyclic
antidepressants. The two drugs are metabolized by N-demethylation to equiactive secondary-amine metabolites,
desmipramine and nortriptyline, respectively, as shown in Figure 3 and Figure 4 BIBIBIIEI, The |atter two drugs are
further metabolized by N-demethylation to inactive primary amine metabolites 2. Hydroxylation is also an important

metabolic pathway of the four drugs (Figure 3 and Figure 4).

The four tricyclic antidepressant drugs are SNRI with imipramine and amitriptyline being more active as SRIs than
NRIs and desmipramine and nortriptyline being more active as NRIs than SRIs 29, Another metabolic pathway of
imipramine and amitriptyline is N-oxygenation resulting in the formation of imipramine-N-oxide and amitriptyline-N-
oxide, respectively. The two N-oxide metabolites have been developed as prodrugs of imipramine and amitriptyline
since they (the N-oxide metabolites) are bioreduced in vivo to the tertiary amine parent drugs, imipramine and

amitriptyline (1],

Reporting on comparison between imipramine and desmipramine, Rose and Westhead 12 found no difference
between the two drugs in patients with primary depression regarding antidepressive effect or onset of action.

According to the authors 12, reactive and endogenous depression responded equally well to either drug.

The pKa and log p values of the imipramine and desmipramine are given in Figure 3; the pKa and log p values of

amitriptyline and nortriptyline are given in Figure 4.

2.1.2. Clomipramine
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Clomipramine (Figure 5), a 3-chloro analog of imipramine, is a dibenzazepine-derivative tricyclic antidepressant
(TCA). It contains a dimethylamino propyl moiety. Clomipramine acts on both noradrenergic and serotonergic
transporters; however, with selectively for the serotonin transporter by inhibiting transporter action at presynaptic
neuronal sites 22l Inhibition of the serotonin transmitter by clomipramine is in contrast to its principal active
metabolite, N-desmethylclomipramine (Figure 5), which principally acts as antagonist of noradrenergic transporter
receptor 1324 The effectiveness of clomipramine, compared to other TCAs, in the management of obsessive-
compulsive disorder (OCD) may be related to its relative specificity for serotonin reuptake system inhibition 141,
This observation may suggest that OCD might be caused, in part, by dysregulation of the serotonergic system.
Further metabolic pathways of clomipramine include aromatic ring hydroxylation to active 8-
hydroxyclomipramineand and N-oxygenation to clomipramine-N-oxide 15 The pKa and log p values of

clomipramine and N-desmethylclomipramine are given in Figure 5.
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Figure 5. Metabolic pathways of clomipramine.
2.1.3. Venlafaxine

Venlafaxine (Figure 6) is an antidepressant drug that acts as both serotonin and norepinephrine reuptake inhibitor.
It contains a dimethylaminomethyl moiety. The metabolic pathways of venlafaxine are depicted in Figure 6 [16I[17][18]
(291 while O-desmethylvenlafaxine is equiactive and equipotent with the parent drug as antidepressant and has
been developed into a drug of its own right under the name of desvenlafaxine, N-desmethylvenlafaxine is devoid of

antidepressant activity 2921, The pKa and log p values of venlafaxine and desvenlafaxine are given in Figure 6.
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Figure 6. Major metabolic pathways of venlafaxine.

2.1.4. Doxepin

Doxepin (Figure 7) is a tricyclic antidepressant of the dibenzoxepine class. It contains a dimethylaminopropylidino

moiety and exists in two geometric forms: E and Z in the ratio of 85:15, respectively 22, The Z isomer is more

active than the E isomer as antidepressant 231, As far as the mechanism of action of doxepin is concerned, the E

isomer is NRI while the Z isomer is SRI 241251 However, both isomers are metabolized by N-demethylation to give

E-nordoxepin and Z-nordoxepin, which are active antidepressants and by N-oxidation to give E-doxepin-N-oxide

and Z-doxepin-N-oxide, which are inactive as antidepressants 28, The pKa and log p values of E-doxepin and E-

N-nordoxepin are given in Figure 7.
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Figure 7. Metabolic pathways of doxepin.
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2.2. Selective Norepinephrine Reuptake Inhibitors (NRIs)
2.2.1. Maprotiline

Maprotiline (Figure 8) is a tetracyclic antidepressant. It contains a secondary methylaminopropyl moiety. The
mechanism of action of maprotiline involves selective norepinephrine neuronal reuptake inhibition. The metabolic
pathways of maprotiline are depicted in Figure 8 with N-desmethylmaprotiline forming the major active metabolite
(27)[28]29)[30181]  The log p values of maprotiline and N-desmethylmaprotiline in addition to the pKa value of
maprotiline are given in Figure 8. No value has been found for the pKa value of N-desmethylmaprotiline; however,

it can be estimated to be higher than that of maprotiline.
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Figure 8. Major metabolic pathways of maprotiline.

2.2.2. Atomoxetine

Atomoxetine (Figure 9) is a selective NRI used to treat attention deficit hyperactivity disorder (ADHD). It contains a
secondary ethylmethylamino moiety and is metabolized as per the pathways shown in Figure 9 [32I[33][34][35][36](37]
(381 \While aromatic-ring hydroxylation does not affect the blockade of the NET and produces an equipotent
metabolite to the parent drug 3, N-demethylation causes nearly 20-fold loss of pharmacologic activity with respect
to atomoxetine BZ. The pKa and log p values of atomoxetine and 4-hyroxy-N-desmethylatomoxetine and the pKa
value of N-desmethylatomoxetine are given in Figure 9. No log p value has been found for N-

desmethylatomoxetine; however, it can be estimated to be lower than that of atomoxetine.

https://encyclopedia.pub/entry/8650 7/10



Metabolic N-Dealkylation and N-Oxidation | Encyclopedia.pub

: dary :;:Ii:in—" j,l'lu ! (20-fold less active than
he;ﬁn] = atomoxetine as NET blocker)
m amino

> pKEl 10,13

Rk £

f‘e
| ﬁ'ﬁ aﬁ
N- DLbI’I‘lLth} |-
-7 atomoxeting
fif
il cV'
Atomoxetine H

N-Desmethyl-
4 -hydroxyatomoxetine

pKa 9.8

log I* 3.81
4-Hydroxyatomoxetine pKa9.59 log P 2.32
{Equipotent to atomoxeting
as NET blocker)

(The phenolic OH groups are glucuronide conjugated in phase 11.)

Figure 9. Metabolic pathways of atomoxetine.
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