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Structural Considerations
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About 80% of histamine monocation exists in aqueous solution that binds receptors

The t tautomer (H on the t nitrogen) permits binding with the receptors However,
tautomerism does not appear to be important in H, binding but does appear to be
important in the H. interaction

B Electron donating groups on C; increase the t tautomer while electron withdrawers
increase the n tautomer fraction




Nomenclature of histamines

e Histamine is 4(5-)(2-aminoethyl)imidazole

e Structurally is composed of an imidazole heterocycle and ethylamine side chain
e The methylene groups of the aminoethyl side chain are designated a and f.

e The side chain is attached, via the B-CH2 group, to the 4-position of an
imidazole ring.

e The imidazole N at position 1 is termed the tele (t) N, whereas the N at
position 3 is designated the pros (i) N.

e The side chain N is distinguished as Na




Histamine Agonist SARSs

1. Side chain N-methyl and dimethyl are active but weaker. Larger alkyls are not
well tolerated. The activity decreases in the order NH,>NHMe>NMe,>N*Me,

2. Branching the side chain decreases potency, optical isomers are equipotent
3. Ring modifications produce variable activities. For example:

a) 1-Methyl derivatives are inactive

b) 2-methyl substitution makes H, selective

)
c) 3-Methyl derivatives are very weak at H,; & H,
d) 4-Substitution causes H, selective, electron withdrawer favor « tautomer
)

e) 5-Substitution causes H, selective where electron donor favor « tautomer
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H1 antagonists

1st Generation
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Histamine Receptors

H,, H, and H, and most recently H,
G protein-coupled receptor

Activation of H, cause contraction of smooth muscles in gut, the uterus, and
the bronchi. Contraction of the bronchi leads to asthma.

Stimulation of H, receptors on smooth muscles in fine blood vessels cause
muscle relaxation, and the resulting vasodilatation may result in severe fall
in blood pressure

In CNS, H, and H, receptors predominantly localized on postsynaptic
membranes

H, receptors appear to function predominantly as presynaptic receptors,
possibly as histamine autoreceptors and also been detected in some
peripheral organs

H, receptor exhibits very restricted locations in intestinal tissue, spleen and
immune active cells, e.g., T-cells, suggesting a therapeutic potential of H,-
blocker in allergic and inflammatory diseases.




Receptor Binding
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B An anionic center to provide the initial interaction and to bind with the
protonated amine (Asp107); the area surrounding the ionic site is small or
nonexistent compared to the Muscarinic receptor, for N-methyls decrease
potency

B Next is a flat region probably another aromatic ring on an amino acid
residue to interact with the imidazole ring (Asn207 possibly interacting with
the N*-nitrogen of imidazole ring)

Lys200 interacts with the nucleophilic N™-nitrogen
Between the two there is no stereoselectivity, no chirality




Histamine H,-Antagonists

1st Generation

B Classic drugs generally introduced prior to 1960 although some recent additions
would fit here. Most of these drugs have sedating effects. Generally they have

high LWPC and thus get into the CNS.
2nd Generation

B Modern antihistamines generally introduced since 1980 fall into this category.
They are nonsedating. They also possess less anticholinergic and
antiadrenergic effects due to chemical differences that also lead to low LWPC
and, thus, less CNS side effects




L adad) el gl Ololae
of
H, WAL Aol el gl Clolas

D Aadid) poelieag)) Oblae LBLLT )y SU o AT A Al
5T g o A9 I 49 e Adilin 5,05 Wl Cpelia gl Slolae s
o—e 1D aa  T) leza cdmS) ddliee 4SS Ole gemes Sas oot
bl ksl alhe T 5 55 Cneli Qb ‘,.......:J\ Alhe OV (25 ¢ T Ol
. (S.N.A) Systeme Nerveux Autonome Jﬂ——-“ v——a‘l‘ j‘é—i‘“ S g’ le
L N slead) 1as e 3 55U & 0oV o & g ) g o5 Ads U
slall ot s all 4 s 9oVl od ¢ Sreli Il ST Solae OLS L0 Sl

£ s Bz Rponall Wl Jpuoe (8 JUI gl St ) Saball i

o (629 mall Diletes AL BN
oé}_,“_;:lé}g_',_aa_“ QLLTZ._,‘J}:Jj\”._
. Spasmo lytiques g=—=3! Wy plls 5y op SLLY
solal) ‘f‘_,s.zn 4._._...\)_3 <L) ‘.-.’é > 92=ls s Bovet oty \AYYv ~le ‘._9‘5

\

Dol

selNol+ant

Pipéroxanne
AT s b T ) ST OLS st SLzel am & o) Wil bz (e A2
BV Tkl Ll ) (s ) ;Ao sbl bl (g pie DT e b st




Genesis

The initial discovery of a Histamine
antagonist was in 1933 by
Fourneau and Bovet. Most of the
progress was a result of isosteric
modifications. This resulted in the
classical H; antagonists being
structurally very similar

H
C—’kN,CHg
O

Propylamines

4

pegs

Piperoxan

l

oxN/CHs EI
N

CHy

o

N CHy c-
e
"CHy

Ethylenediamines

Ql

QH
o
0 CHy
XN’\

Ethanolamines CHz

{Aminoalkyl ethers)

EN/_\
—/

N—CHs

Piperazines

S N CHy ) )
—\\N/\ — . Antipsychotic

CH;

Phenothiazines

{Neuaroleptics)

Tricycl
Antihistamines

Tricyclic

Antidepressants




Cnel J) (65 — o PP I S Y UL, i | P W N W Y A=y G Jadllo
L= CE U IPC N RO [ ——
2-—-CH

GH,
OL v
O—CH — N
~
CH CoH,
~  cm
CH, kL

T LFT-E RS So i ') R SN o Sl LS U sds A o1 O @UAs,
»ls (LN _;Ju I e R S s Y AP N Jlaz.t )

@ 2=
l.! -~ CHy= CH, = N \

C
285 Cale
o P Sl Slaall OY Sislal) 5 ez & S A pde O o
el Aol S cam o A 5L ATl A BB o e I Il
(B) > (A) el Solall Uil 15 oS U
R RY R*

SN - CH, - CH, -~ NZ An—O /
> ~CH
s - L »>—€H, —N\R'

A B
* Joid ¢ b he Gl Aryl - Ar S
Arylaldkyle S5 bl 5T Alkyle 5D — R

Lspame hm SV 5T S5V o) Sz OF e L o5 &
o dpal Jmosd) s les LW BT O 50 Cpeli o oIl Silslae e avas




General Structure

Ary, R;
X-G-G-N.
AI'2 RZ

A protonatable amine
A connecting atom X which can be O, C or N
A carbon chain, usually ethyl

Variations in the diaryl groups, connecting moiety,
substituents on the connecting moiety, and substituents on
the terminal nitrogen account for the differences observed in
potency as well as pharmacologic, metabolic, and adverse
reaction profiles.

e




Classification of H1 receptor

antagonists
z ‘\‘N/\/ N\\ d?amine.s
piperazines
lipophilic I 7
aromatic moiety R Y > aminoethers
Propylamine
. N : :
NS\ Piperdines
/\ tricyclics




SAR "\

Ar, and Ar, substituents ~

These provide bulk producing antagonistic activity

Generally two aromatic rings - phenyl, benzyl, or an isostere such as
pyridyl; Pyridyl generally results in more potent compounds than phenyl

If fused must be non-coplanar as in the three ringed structures related
to TCA's and phenothiazines

Para substitution with small lipophilic groups increases potency and
decreases metabolism due to decreased ring hydroxylation

Ortho or meta substitution reduces antihistaminic activity

This diaryl pattern is present in both first- and second-generation
antihistamines.




Atom X can be an oxygen, nitrogen, or carbon, which links the side
chain to an “aromatic tail.” The nature of atom X is the basis for the
structural classification of H, antagonists. The classical H,
antagonists are divided into six classes based on what X equals:

X =C-0: (Aminoalkyl Ethers)

1. Ethanolamines (
2. Propanolamines (clemastine, diphenylpyraline)
X=C:

3. Propylamines (Saturated and Unsaturated)
X=N:

-

4. Ethylenediamines
5. Piperazines (Cyclizines) and Tricyclics

6. Miscellaneous: This forms the sixth class of traditional
antihistamines and would include many of the newer
antihistamines since they do not fall into one of the older,
traditional, classes




Connecting Chain
® Its function is to separate the nitrogen from the rings by 5-6 A
B May be saturated, unsaturated, branched or part of a ring

B Branching decreases antihistaminic potency except for the phenothiazines
where 3 carbon branching increases antihistaminic potency.

Basic aliphatic amine
B Must be able to accept a proton (basic) at physiological pH
B R, and R, : Potency orderis 3° > 2° > 1°

® Quaternization does not increase antihistaminic but does increase
anticholinergic activity

B May be incorporated into a heterocycle which is although larger, the
heterocycle constrains

Dimethyl is the optimum configuration

Larger substiuents decrease antihistaminic potency due to steric hindrance
unless they are part of a heterocycle structure when the ring constrains the

two ethyls so they are still active




SAR 2 Substitution. Para substitution (lipophilic, e.g., Cl, Br, CH;) can
increase potency. Ortho substitution is highly undesirable for it interferes with
the ring conformation. Meta substitution is either ineffective or unfavorable,
but this effect must be due to electronic as well as an increased lipophilicity.
Thus introduction of a para methoxy on Tripelennamine produces Pyrilamine,
a more potent but less toxic drug B
|
L\‘“N J\ NN,

HiC.. ,[‘\ ,}
o
Pyrilamine

Antazoline is an imidazoline derivative but has a two carbon chain thus

generally included in this class. It is less potent than most antihistamines but is

characterized by a lack of irritation plus it has local anesthetlc properties which

makes it ideal for ophthalmic use ‘ ""'J

Antazoline

As a class the Ethylenediamines have low to moderate potency with low
anticholinergic side effects, low antiemetic effects and moderate to high sedation
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Carbinoxamine . ' Cl
o - Doxylamine Diphenylpyraline Clemastine

B SAR 3 Several of these compounds have chiral centers where one isomer is
more potent. Thus levo (S) Carbinoxamine is 24 times as potent than the
dextro (R). This implies that the receptor must possess a degree of
asymmetry in the area where the rings bind in order to account for this large
difference in potency. Replacement of central hydrogen by a methyl generally
results in a slight increase in potency, e.g., Doxylamine.

B SAR 4 Diphenylpyraline and Clemastine have three carbons separating the
oxygen and the nitrogen atoms thus they are propanolamines. Lengthening
the chain increases potency and longer DoA.

B Clemastine is a long lasting agent with duration of action up to 12 hours. The
dextrorotatory isomer is R,R at its two chiral centers. A comparison of all four
diastereoisomers indicates that the configuration of the center close to the
nitrogen is not as important as the configuration of the center close to the
rings. Thus the order is A,A > R,S> SR > §,5. Although a modern agent it
has sedating side effects.




Bepostatine (Bepreve) is a relatively new drug
in this class approved in Japan for systemic
(oral) use for the treatment of allergic rhinitis and
uriticaria/puritus in July 2000 and January 2002,
respectively. It has been approved by FDA for
ophthalmic use in Sep 2009.

- 0] 6
\ON \/\)J\OH

¢l Bepostatine




Receptor Interaction

The H, antagonists do not occupy the same area or space as the
natural receptor substrate

Only the protonated nitrogen binds the same anionic site as
Histamine

The aromatic tail binds adjacent to the Histamine binding site thus
produces the nonspecific conformational perturbation of the
receptor. This changes the shape of the receptor decreasing the
affinity for Histamine

It seems that sites outside may be chiral because steroselectivity
is observed with some H, antagonists

As previously discussed the optical isomers of a-Methylhistamine
are equipotent as agonists




First Generation /Classical E.g.Diphenhydramine

Antihistamine Carbinoxamine
Doxylamine

Aminoalkyl ethers

Ethylenediamines
E.g. Tripelennamine
Pyrilamine, Methapyrilene

Antihistamine Propylamine derivatives
E.g. Chlorpheniramine

Pheniramine
Dexchlorpheniramine

Dibenzocycloheptenes Phenothiazine Derivatives

E.g. Cyproheptadine g Promethazine
Aoabacdiia Piperazine derivatives  Trimeprazine
.. Cyciizine Vethdizzine @)

Chlorcyclizine, Meclizine

MALLLYLY i
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Ethyl diamines H1 receptor

antagonists

 Ar =Ph, p-subPh or thtiophenyl ; Ar’=Ph or 2-
pyridinyl , R and R’ = Me or heterocyclylo

Ar
\ N
* Weaker action to H1 receptor , moderate central

analgesic effect , causing disorder of gastrointestine ,
local external use may cause skin hypersensity.
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Phenothiazines
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Fenethazine Promethazine Trimeprazine

B The first member of this class was Fenethazine, introduced in
1945

B Branching of ethyl side chain increases potency, e.g.,
promethazine, enantiomers are equipotent

B |Increasing side chain to 3 carbons decreases antihistamine
potency but increases dopamine antagonism

B Branching of propyl side chain increases antihistamine potency
but decreases dopamine antagonism, e.g., trimeprazine
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Other Tricyclics
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?\[w Quetiapme
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Epinastine Loratadine Ketotifen

Olanzapine




Dibenzepines

Cyproheptadine has anti H, activity >150X N
diphenhydramine and used primarily as an antipruritic /’% J\\ ~CHy

". |

Produces pronounced sedation and has a high affinity 9
for cholinegric and serotonin receptors Q

It also enhances appetite thus promote weight gain by  ¢yproheptadiene
increasing food consumption in anorexia nervosa

Azatadine is the modern H, antagonist, a phenyl has |
been replaced by a 2-pyridyl and the double bond has /'

10 Ng~CHa
been saturated }\\,N ™
More Potent than Cyproheptadine (8.7X) as an H, '\\’
antagonist -

Azatadine

It also has antiserotonin and high anticholinergic potency
and thus similar side effects




Loratadine

Loratadine is a non-sedating H, antagonist with no anticholinergic side
effects

Introduction of a Cl and carboxyethyl increases potency
Since carbamate nitrogen is neutral rapidly absorbed and quick acting

Metabolized by CYP3A4 and 2D6 direcily to Desloratadine via an
oxidative process without hydrolysis

Prodrug??
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B Doxepin has long been available and used clinically as an
antidepressant. However, it has a very high H, antagonist potency.
Recently it has been released in a cream formulation (Zonalon) for
relieve of puritis

B Ketotifen is an isostere, the thiophene for a benzene. It is an H,
antagonist and mast cell stabilizer

B Azelastine is an H, antagonist, mast cell stabilizer with antileukotriene
activity. It inhibits the synthesis and release of leukotrienes and is
recommended for allergy and asthma. Use in eyes and as nasal spray.
It is more sedating than the non sedating agents but less sedating than
the first generation.

B Emedastine is an ophthalmic H, antagonist, mast cell stabilizer.
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Piperazines (Cyclizines)

Both nitrogens are basic; the terminal nitrogen is more basic due to less steric
hindrance and no electron withdrawing groups in the vicinity

They have moderate potency with a slow onset and prolong duration of action,
moderate sedation and low anticholinergic effects

They also possess peripheral and central antinausea activity, thus they are
used as antiemetic, antivertigo and antinausea products
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Cyclizine Chlorcyclizine Buclizine Medlizine ¥ C‘
Hydroxyzine Cetirizine

Cyclizine has only limited H, blocking activity and used mainly in motion
sickness.

Chlorcyclizine has sufficient H, antagonistic activity due to para chloro
substitution.

Meclizine and Buclizine are also effective H, antagonists used primarily as
antinauseants in motion sickness and vertigo. They are highly lipophilic and
has significant CNS properties.

Hydroxyzine even though a classic H, blocker, possessing anticholinergic
and CNS depressant effects. Its major uses include the management of
anxiety and tension associated with psychoneuroses as well as in allergic
conditions.

Cetirizine is acid analog of Hydroxyzine. It has 6.5 times lower receptor
affinity and being a zwitterion lower CNS effects. Thus less sedating but not
non-sedating. (2nd)
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Piperidine Derivatives
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Terfenadine

Terfenadine is a reduced butyrophenone derivative without antipsychotic properties
Moderate in potency, devoid of sedation side effects with a DoA of 12 h (2"9-generation)
Terfenadine shows no significant anticholinergic activity or at any other receptor

The antihistaminic activity is attributed to the diphenylmethylpiperidine half of the
molecule while the other half is responsible for the lack of affinity for other receptors

It is a non—sedating H, antagonist because it is too lipid soluble
Its duration of action of 12 hours is due to slow disassociation from the receptor
It undergoes extensive first pass metabolism but has a half-life of 20 hours

Has significant drug—drug interactions with Ketoconazole and Erythromycin. All three are
metabolized by the same enzyme. However, the last two are inhibitors of CYP3A4. They
slow the metabolism of Terfenadine allowing blood levels to increase significantly. These
high levels produce a cardiotoxicity (QT interval prolongation and arrhythmias) which can
prove fatal. This led to its removal from the market. Replaced with Fexofenadine. (1998)




Fexofenadine is an active metabolite of Terfenadine with
no drug-drug interactions because it is not metabolized
through the same pathway. Even though a carboxylic acid
it exists as a zwitterion which decreases its solubility.

Astemizole, also an outcome of neuroleptic research,
lacks CNS and anticholinergic activity but does have «-
adrenergic and moderate serotonin antagonism. It has a
very long half-life, 1.5 days, due to an extremely slow
rate of receptor dissociation but it has a very slow onset
of action (about a week). Astemizole is also metabolized
by CYP3A4 and has similar problems when administered
with CYP3A4 inhibitors and has been removed from the
market (1999).

Levocabastine, came from research based on
Astemizole. Astemizole's profile led to research on
compounds containing the 4-phenyl piperidine ring.
Levocabastine is a chiral compound. The enantiomer with
the configuration depicted is the most active isomer. lis
activity is 100 times that of Astemizole, 1250 times
Chlorpheniramine but devoid of anticholinergic and
antiserotonergic activity. Unlike Astemisole, it has a fast
onset and a long duration. The long duration is due to a
very slow dissociation from the receptor. This agent can
not be considered non-sedating but 2"9-generation.
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Diphenylmethane Al kLo,

Diphenhydramine
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Diphenhydramine

Aminoalkyl Ethers

Ethanolamines and the Propanolamines

| H 2N L 6 5 1 b
o 0 “""j"'f-FHJC,_ N N CH L. o oy CHe [ N O -
(];H ] CHs ! ‘N :.-_:o {‘ ‘ é“a { ICH, CHy {] ) &y
GCHs |
Dimenhydrinate Bromodiphenhydramine g Carbinoxamine

Diphenhydramine is the first important member of this class introduced
in the year 1943 which has sedative properties

Dimenhydrinate is salt of 8—chloro theophylline (theoclate) (a purine
acid) with diphenhydramine (motion sickness)

As in the previous class, para substitution with Br in
Bromodiphenhydramine yields twice as potent as the parent compound

Ortho methyl produces Orphenadrine an anticholinergic used as a
skeletal muscle relaxant in muscle strains and sprains has lower
antihistaminic potency because of the orientation of the rings.

Isosteric replacement of phenyl by a 2—pyridyl results in a slight increase
in potency but when combined with a para chloro substituent to produce
Carbinoxamine a 39 fold increase in potency is seen. The chloro
increases LWPC and metabolic stability
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Propylamines

Ny o L
“/ '?.‘::.‘i CH3 ~ N’,i'\-\_|.,/ 238 -N\ CH3 N & S ~CH3
WS N f"'*f-‘-*] Prepared during 1948 to 1952, contains the most
\ [l l -~  potent classical H, antagonists with low anticholinergic
h l é y i side effects and thus are the most widely used
- /:;. |
Z b s Brompheniramine
Pheniramine Chlorpheniramine

B Pheniramine is the prototype and is the weakest member; halogenation at
the para position increases potency significantly, e.g., Chlorpheniramine is
10 to 20 times more potent yet with no significant increase in toxicity.
Brompheniramine is slightly more potent but with a half-life almost twice
as long, approximately 25 hours

®m All three drugs are chiral; the S isomers have 200 to 1000 times greater
binding to the receptor. Pheniramine is marketed as a racemate, but
Chlorpheniramine and Brompheniramine have been resolved and are
marketed both as the racemate and in the more active S-dextrorotatory
form

B In this class isosteric replacement is limited; only the phenyl and 2-pyridyl
are allowed, any other replacement results in a decrease in potency.




H;C  E-Triprolidine

CHa

o h i N -
Pyrrobutamine Acrivastine

Triprolidine and Pyrrobutamine have
unsaturation in the propylamine side chain
and therefore exist as geometric isomers.

HyC Z-Triprolidine

SAR 5 In both cases the E isomer is more potent. In
the case of Triprolidine, the E isomer is 1000 times
more potent than the Z isomer. E-Pyrrobutamine is 165
times more potent than the Z isomer

B The N-substituent is a pyrrolidino ring. It fits the structural requirements (5—
6A between the 3° amine and on aromatic ring) plus it contributes to the
LWPC. Para substituents on phenyl cis to nitrogen increase potency but
decrease potency if on phenyl trans to nitrogen. Concluded that the two
aromatic groups have a different function in the interaction with receptor

B Acrivastine is a modern non-sedating agent. It is related to Triprolidine and
is slightly more potent. The unsaturated carboxylic acid substituent is
responsible for the lack of sedation. Non-sedating agents have difficulty in

crossing the BBB
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Anti-Histamines
2 GENERATION ANTIHISTAMINICS

Loratadine:
* Another long-acting selective peripheral Hi
antagonist

* lacks ONS depressant effects and is fast acting,

* Uses- urticaria and atopic dermatitis

Desloratadine - active metabolite of loratadine

effective at half the dose

Second-Generation H1 Antihistamine Classes
Aall 5 J8) e gia ) il ld Jal e yyghai e 5 il i e
OMatuall Jadi Al g ddagiue prl) lin 5l dcaddie dalis )
R E Y- PR P PRI\ B TIWA
astemizole and terfenadine <LiiSL 5 ye 3 028 iy
oY) e Jshl a¥alie e oS35 IV daall Jal 5o (e diiall
A
V) Coagll Jiiasall 00015 o sie e Aleld (LS pall i il @
Aile 5 Al duan &l L, & yedal el Al )
QT prolongation and arrhythmias
sasiall LY ol 8 ol sall Caa Sl
Al ey a1 G Jiall (e Cppaliousgl) Cilalime & el
Lo siall e Aleldl) o cuadla cpa 81 aa Aaddic dile
il Y
Js¥) Jaal) 45 gl (e Aisa i1y i) e giia LS yall 034 @
S gk 5 el ) Lo Al 5] Bk jans ol
il g Y Cplall (gaa) e JaliieS
G (5 S el uanll Slgall 8 SEN Juall 4500 oS) 535 Ve
P-glycoprotein efflux dallall Lgidll 5 elall dusall dialall
.BBB «dalaidl LA pumps




H2 %ﬁ%‘ COLtal) Gldliaa
o el il Jlaed 43 3Y) (1 de sane & 5 H2 blockers 5! H2 antagonists (e
axall (el palsil A gag 138 5 Bamall jlan LA 8 H2 Aviaalivng]) Bldiual)
¥ oy amall 8805 gall H2 COLEiall e dasd Jaad ualisnedl Gilabias (g g8 o8 H2 Glalizas
_ea.;J\ ;u\ds‘éjq;jzg_ﬁ\ H1 OObstual) le i3

H2 Antagonist eg
Cimetidine or
Ranitidine

H2 Receptor

Adenylate Cyclase  Gactic Parietal

ATP cAMP Cell or GPC

wz""f Protein Kinase

Potassium
: ' l Acid
Proton Pum P

How H2 Antagonists Work
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Histamine H,-Antagonists

Guanylhistamine provided the lead.

Extension of the side chain increased anti H, potency but
some agonist activity remained. Replacing the basic
guanidino group with the neutral thiourea yielded effective
H, antagonists.

Burimamide lacked agonist action but was not orally
absorbed

In Metiamide (1) reduce the pKa of the ring N, reduced
jonization, increased membrane permeability and
absorption and 10X more potent than Burimamide, (2)
cause the t tautomer to predominate which interact with H,

But caused kidney damage and granulocytopenia, possibly
due to the thiourea so was replaced by the isosteric
guanidine. This compound being highly basic was 20 times
less potent

Replacement of this group with strong electron withdrawer
but more lipophilic cyano derivative yielded Cimetidine.
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Burimamide vs Metiamide

Yo Rt e e e
L S
Burimamide
HC H CH3 oo
3
S/\/Kll N: f}_(\ /\/ >_(\/\/NTNH
HN + +H® HN, N S
N2 Metiamide

The degree of protonation of the imidazole ring of burimamide is >10x higher than
that of histamine at physiologic pH that reflects a +/ effect on the side chain and
thus increase in electron density at N2. This favors the dissociation of proton from
N' and the N=-H neutral tautomer predominates, which is non-optimal for binding to
H, receptor - Low potency.

The introduction of a S atom into the side chain and a C5-CH, of burimamide gave
metiamide which showed greater potency and selectivity at H, receptor antagonist
activity. Sulfur introduced a -/ effect on the side chain and also the CH, introduced a
+/ effect at C5, resulting in increase and decrease in electron densities at N' and N3,
respectively, facilitating dissociation of N3-H to predominate the desired N®*-H
tautomer.
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Need an aromatic ring with n electrons next to the side chain. The imidazole
ring is not required (the other H, antagonist don’t have it) but if it is present
the t tautomer should predominate. The t tautomer is promoted by electron
donors at position 5 and electron withdrawers at position 4.

The terminal nitrogen group should be polar but not basic for maximal
potency

Separation of the ring from the nitrogen group by 4 atoms gives maximal
potency.

Cimetidine is an extremely successful drug in the treatment of ulcers.

Note the electron donor methyl at C; and electron withdrawing side chain at
C, Also the non basic cyanoguanidine terminal nitrogen group.

However, cimetidine has several disadvantages. It is an inhibitor of CYP,
which leads to many drug—drug interactions. It exhibits antiandrogenic action
and can cause gynecomastia. Further it has 60 to 70% oral bioavailability.




Ranitidine is a furan derivative, an isostere of the — S/\,N\“/H\%

imidazole with n electrons on the oxygen, with 50% & o Hosiis

bioavailability. It is 4 - 10 X potent than Cimetidine with a _CHy

longer DoA. Further, it is a weaker CYP inhibitor. The !

tertiary amine side chain allows the formation of salts. G i
stozNHz

Famotidine, a thiazole derivative, is 9-15 X potent than "y g
Ranitidine or 4060 X than Cimetidine. No cases of /={ s N
gynecomastia have been reported. It is a weak inhibitor >~*"

of CYP. Like Ranitidine salts can easily be prepared for NQrNHe
this compound. but its absorption is incomplete with N
only 40 to 50% bioavailability.

*  Famotidine

/\/n ~
Nizatidine is also a thiazole derivative similar to = s o
Ranitidine (5-18 X Cimetidine), but more bioavailable, \E NO,
90%, with no antiandrogenic or enzyme inhibition. N
n




Ranitidine ¢ty
*N (2-(((5-((Dimethylamino)methyl)-2-furanyl)methyl)thio)ethyl)-N'-methyl-
2-nitro-1,1-ethenediamine
) sIS g o mle Gy Jantioy
slall (& Jaly Bjaee p& And) ) 5 e pada o0 Gaunl Glia (3 ase
D (Al glilaal)
5-dimethylaminomethyl-2-furanylmethanol (I) with 2-mercaptoethylamine
(IT) by means of aqueous HCI gives 2-[[(5-dimethylamino-methyl-2-
furanyl)methylthio]ethaneamine (I1I), which is then condensed with N-
methyl-1-methylthio-2-nitrotheneamine (IV) by heating at 120
C. Compound (IV) is obtained by reaction of 1,1-bis(methylthio)-2-
nitroethene
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Famotidine (ps gald
propanimidamide — «\iida (s

3-[[2-(diaminomethylideneamino)-1,3-thiazol-4-ylimethylsulfanyl]-N'-
sulfamoylpropanimidamide
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peptic ulcer disease (PUD) 4azall 4s 3l o
gastroesophageal reflux disease (GERD) (s <ll (sazall ulslle
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H2-Receptor Antagonists

 Typical doses:

— Cimetidine
=200 - aumd 24 day H2As should be
— Ranitidine dose adjusted for
» 150 mg 1-2 x/day renal
— Famotidine InEUmoIenay
» 20 mg 1-2 x/day
— Nizatidine

» 150 mg 1-2 x/day




H;-Receptor Antagonists

B Potential for treating asthma, migraine, hypertension, septic shock, and in
learning and memory degenerative disorders like AD

B Thioperamide and its congeners (4(5)-substituted imidazole derivatives)
are examples of the potent and selective H, receptor antagonist

B Some of the more prominent new H, receptor antagonists are GT-2016,
and GR-175737, which show receptor affinities in the low nanomolar
range.

B None of this class of compounds is in clinical use; however, few are
undergoing further pharmacologic evaluation as potential therapeutic
agents.
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PPl (589l Aduan ciladia

(hvdroqen/potassium adenosine triphosphatase enzyme H+*/K* ATPase ),
D AbeSIh Al Sl

2-pyridylmethylsulfinylbenzimidazole

. 2-pyridylmethyl

benzimidazole



https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/ATPase
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Hydrogen_potassium_ATPase
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https://en.wikipedia.org/wiki/Benzimidazole
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Proton Pump Inhibitor pKal pKa2
Omeprazole/esomeprazole 4.06 0.79
Lansoprazole 3.83 .62
Pantoprazole 3.83 0.11
Rabeprazole 4.53 0.62
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https://en.wikipedia.org/wiki/Omeprazole
https://en.wikipedia.org/wiki/Lansoprazole
https://en.wikipedia.org/wiki/Dexlansoprazole
https://en.wikipedia.org/wiki/Esomeprazole
https://en.wikipedia.org/wiki/Pantoprazole
https://en.wikipedia.org/wiki/Tenatoprazole

Compound

Omeprazole

Esomeprazole

Lansoprazole

Dexlansoprazole

Pantoprazole

Rabeprazole

Tenatoprazole

CH

CH

CH

CH

CH

CH

Rl

OCHs,

OCH,

OCHF,

OCHs,

Substituents

R2

CH,

CH;

CH,

CH,

OCHs,

CH,

CH,

R3

CH,

CH,

CH,CF,

CH,CF,

CH,

(CH,);0CHj,4

CH,

R4

CH,

CH,

H

CH,

Cysteine
binding

813 and
892

813 and
892

813 and
321

813 and
321

813 and
822

813, 892
and 321

813 and
822

p Kaal

4.06

4.06

3.83

3.83

3.83

4.53

4.04

PKa

p Kaal

0.79

0.79

0.62

0.62

0.11

0.62

-0.12

First
approval

year

1989 in USA

2001 in USA

1991 in
Europe

2009 in USA

1994 in
Germany

1999 in USA



Omeprazole Jyl s —
4-methoxy-3,5-dimethylpyridyl, 5-methoxybenzimidazole
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Pantoprazole JsJ) sl — ¢
6-(difluoromethoxy)-2-[(3,4-dimethoxypyridin-2-yl)methylsulfinyl]-1H-
benzimidazole
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Rabeprazole JsJjluwly— @
*2-((4-(3-methoxypropoxy)-3-methylpyridin-2-yl)methylsulfinyl)-1H-
benzimidazole
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Proton Pump Inhibitors

Development

B In the late 60s Astra produced very effective drug in the rat but was completely
ineffective in humans and project was dropped

Restarted in 1972 using dog model
Another pharmaceutical company reported an antisecretory compound (CMN 131)

The second company dropped the project because the compound showed severe acute
toxicity

B |t was assumed the toxicity was due to the presence of the thioamide which was
eliminate by incorporating it into or in between heterocyclic ring systems.

B Incorporation of substituent on benzimidazole eliminated thyroid enlargement effect

QB
e s gl a el

CHj

CMN 131 H124/26 Timoprazole

thioamide  benzimidazole sulfoxide Picoprazole
patented by a more potent inflammation

Hungarian company but enlarge and necrosis in

fortheusein TB  thyroid gland blood vessels




In the early 80s it was shown that the - CH3 - CH3
substituted benzimidazoles blocked the proton i

pump —_— S

; y - Ny S5 Ny g
Since weak bases accumulate in the acidic T T
compartment, substituents were added to the
pyridine ring to obtain a pKa that maximized the H3°"°Ompmole o e
accumulation in the parietal cell

The resulting compound was called Omeprazole

Lifelong toxicological studies at very high doses in rats revealed the
development of endocrine tumors in the stomach

This halted clinical studies until it was shown the tumors were the result of
the very high doses causing severe suppression

Restarted, but resulted in extreme caution in the recommended dose, 20 mg

Omeprazole was originally marketed as Losec but renamed Prilosec to avoid
confusion with Lasix




Omeprazole is a prodrug and need
activation to the active species

® The higher pKa also increases the rate of acid mediated conversion to the
active species

B The methoxy substitution in the benzimidozole ring made the compound
more stable to conversion at neutral pH.

Y - c= ° Qe - s¢ S=S—=ATPase
H® ) 520 He $0q dl Sy OH . 2
ﬁ NH NH H H \-/
R R R

1 I
Benzimidazole PPI Spiro intemediate Sulfenic acid Ri Sulfenamide Ri Disulfide adduct

B [ntramolecular transfer of a proton occurs prior to the nucleophilic attack

®  Electron donor (OCH,) to the pyridine ring enhanced the rate of attack of the
C, thereby promoting formation of the active species (Sulfenamide).




Mechanism

Inhibiting the gastric H*/K*~ATPase located in the secretory membranes of
the parietal cells, responsible for gastric acid production

Omeprazole is a prodrug and is transformed within the acidic canaliculi of
the parietal cells into the active form, a sulfenamide

This sulfenamide reacts with thiol groups in the enzyme, forming a disulfide
link which inactivates the enzyme. The high specificity of action is due to
several factors.

1.

Omeprazole is a weak base (pKa 4.0), therefore concentrates in acidic
canaliculi of the parietal cells

The low pH causes the conversion into the active species close to the
target enzyme

The active species is a permanent cation which can not escape the
canaliculi

At the higher pHs found in the body, Omeprazole has good stability.
Commercial products are enteric coated to prevent gastric
decomposition




The pKa and the hydrophobicity NN |

of the PPls determine the extent L CHe l *T “CHs
to which it accumulates in the | NZ N
canalicular lumen. The rate of CNZH N s
enzyme inhibition corresponds to e 8 R

N._-Sx A=
= \'O =~ ~ |
the rate of sulfenamide formation. @——NH T © (/_\;. ~NH

Which one is faster acting? Lansoprazole Rabeprazole

Pantoprazole
The pH at which half of the maximum rate of activation occurs is 3.0 for
Pantoprazole, 4.0 for Omeprazole and 5.0 for Lansoprazole

Dexlansoprazole was approved in 2008

All PPls are rapidly converted at pH less than 2.0, but above 5.0, Rabeprazole has
been shown to have a faster rate of activation and thus proton pump inhibition

Differences in structure result in differences in pharmacokinetics, however, differences
in oral bioavailability are not clinically important

All PPIs have similar potencies
Undergo first pass metabolism primarily by CYP3A4 and CYP2C19

All the PPls are chiral because of the sulfur. Both isomers are converted into the
nonchiral active species at the same rate. In in vivo, the S omeprazole
(esomeprazole) produced higher plasma concentrations because it undergoes
less metabolism by CYP 2C19 and thus produces 70% higher AUC than Omeprazole.




