First Semester (2020) Pharmaceutical Chemistry I1

Topic 1

Analgesics, Antipyretics, and
NSAIDs

Dr. Maher Darwish

Pharmaceutical Chemistry and Drug Control
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. Primitive Medicine; Folklore, witchcraft, etc. Also from observing the reaction

of some animals to particular herbs.

. Natural source: Drugs obtained through the extraction of plants, animals and

microorganism such as aspirin, digitalis, penicillin, Vit D and morphine.

Synthetic source: Drugs obtained through the random screening of many

synthetic chemicals and its development.

. Happy Chance (Serendipity) : Discovery is by chance not by any premeditated
effort.

. Rational Drug Design (SAR)
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Analgesics, Antipyretics, and NSAIDs

Market Share of Pain Medications in 2009
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Nature Reviews | Drug Discovery

Total world pain market in 2013 is estimated to be above $25 billion
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Analgesics, Antipyretics, and NSAIDs
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Aromatic Phenolic Acids

1- Salicylic acid

2- Sodium Salicylate
3- Methyl Salicylate
4- Salophen

5- Acetylsalicylic acid
6- Diflunisal
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1- Salysilic acid
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* It is an esterification product of salicylic acid and paracetamol.

Acetaminosalol

« Tt was marketed by Bayer under the brand name Salophen as
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veLow doses of aspirin can inhibit platelet

* 4, Effect on platelets
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Anthranilic Acid Derivatives

1- Mefenamic Acid @)
2- Flufenamic Acid
3- Niflumic Acid

OH
NH>

4- Diclofenac
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Diclofenac niflumic acid

» The position of acidic function is critical for activity (ORTHO), anthranilic acid derivatives are active where as
meta and‘para benzoic acid analogues are not.

» Replacement of carboxylic acid functions with the isosteric tetrazole has little effect on the activity.

* The NH moiety of anthranilic acid appears to be essential for activity since replacement of NH functional
group with O, CH,, S, SO,, NH; or NCOCH; functionalities significantly reduce the activity.

* Substitution on the anthranilic acid ring generally reduced the activity.

* In di-substituted derivatives, where the nature of two substituent is the same, 2,3’ di-substitution appear to be
the most effective (mefenamic acid).

* The anti-inflammatory activity order was generally 3°>2°>4" for mono substitution with CF; group (flufenamic
acid)

* The opposite: the 2°Cl derivative being more potent than 3°Cl analogue.
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Quinoline Derivatives

1- AtOphan 5 4
2- Chloroquine ° | =7
7 “ 2
2- Glafenine : N
1
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Quinoline Derivatives (s siSl) cliidia

Cl

Glafenine

Antimalarial Anti-inflammatory
Anthranilic Derivative
Ol g sila gl Jaaliall gl
i sdial) YY) 5 laal
Risk of anaphylaxis and acute
kidney failure

NS

Chloroquine

Antimalarial Anti-inflammatory

Ll Sl

a3l 52 5ia 1 Jumliall gl

(@) OH
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2N g
N
ophan b/
".(Ei ene)
3l Ladla g Al (S o
p e gl 5 A (8 Janiany o

gl y Fpaa Jas3 e al el o

Indolic Derivatives

1- Indomethacin
2- Clomethacin

2- Sulindac

4

3
N 2
N
H
1
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Indolic Derivatives J s <liidia

CH,-O. : .,CHz-COOH 1-Indomethacin

i CHj

to s ) .
B iy 5 S U iy L Y

o s sl (il die 3, lall aliflae i -
Alal)

.

:Charactrestics

(pKa=4.5-4.8) s all (4 (5 81 (pKa=3.4-4) dpzaas dals -]

H,C.-CH

3 A= 318 nm) dseediall 38 28V 4 paliaia¥) ik -2
IR spectroscopy ¢l eall ciad dxiY) Cada -3
ity peal () g) e (1) ) 51 3 g 50 (58 T 33) NHZOH (sl JsuS 5 pa + Jsal al glae 4

0] H
p-dimethylaminobenzaldehyde e ales 3 GA 13 3 e pamdl e AL i il 2l i ginal (iva @3+ Jsalhalglaa 5

Indolic Derivatives J s <laidia

1-Indomethacin

Apally julay i Gl J s Ciliay s () sl oy 1(SleY T gy Gulad-(man) eliiay oy o

:Assay

UV-Spectroscopy il (3 58 2asY) ddblany jlay o

:Pharmacological action and uses

solall (il s ol (e 1

COX dasiy s & i) 4 58il) (i (053050 Sl 5 o) (10 (5 58) i) lilimn 5 8 e .2

ankylosing ) s sile sl &l Cledll - (theumatoid arthritis) ¢e el (s 53l g )l Jealiall gl 73 3
(gouty arthritis) =8 — (osteoarthritis) («kall Juadll - (spondylitis

(Dysmenorrhea) cwkll jie Y1 4

PG glikaY Ll » St Tk (premature labor) 3_Suall 32Y 1) aia 5
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Indolic Derivatives J %) <liidia

CH,- N7 CHs

CH,-COOH

EER

SAR il 4yl dBde

Clomethacin
N CH,-COOH

CH, -0
6[:::]:: :]iCH
7 *1 ? 3
7CO
.
N 1iI-..---..........’
5 3
/
cl

Indomethacin

Sulindac

SAR Sl 41 d3de

1. The carboxyl group is essential for anti-inflammatory activity.

2. The center of acidity is located on carbon atom adjacent to a flat surface represented by aromatic

or heteroaromatic.

3. Increasing the distance to two to three carbons decrease (|) activity.

4. Substitution of methyl group on the carbon atom separating the acid centre from the aromatic ring

increase (1) the anti-inflammatory activity.

5. Position 5 on the indole moiety is very flexible: -OCHj,, -F (Sulindac), -N(CHj;),, CH3 all exhibit

activity.
6. Position 2 on the indole moiety: methyl is more active than phenyl.
7. N in indole ring is not essential for activity, can be substituted with C (Sulindac)

8. Presence of chlorine or fluorine or CF3 or CH3SO- (Sulindac) groups at para position of phenyl

group also exhibits anti-inflammatory activity.
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Indolic Derivatives JJJ-N\ CilELia

Suhndac
Hc—© oo O COOH
u 0 .
Sulindac 2@@513% pa L_
i, APy i <:| \s
. Indomethacin Sulindac inden

.(Isosteric) 4 w5 1Y) Jsa3Y) Clebin ;(Indin) cpu¥dsls 5y o

(1) & sl b 3 Jiisibes e de gana s (5) adisally (oS sinal) 2y 5585 50 s mn o

(e iila sl e till) gD alina 5351 a (adla ol (S

ibaal ALy o o) ol 558 COX A haie S e ) ausal 8 iy (Prodrug) ) s dxglle yiiny o

L8 aisate O YY) Cppaline 5231 5 8 Caial iU saliadll 4568 o

Arylpropioniefacid'derivatives ¢iss s n ¥ aea ciliida

Naproxen | 1-Naproxen |
Naproxen 1- Naproxen

(2S)-2-(6-methoxynaphthalen-2-yl)propanoicacid

:Charactrestics

propanoic acid

€ iiroien N / A ) Jlaal) b Jaty ddmaall Jillaall 3 SOy (8 o

OH
sl (il AL .
@)
:Pharmacological action and uses
6-methoxy . . ; . i o
Jenii5 JanS 5 ) 2l (%10) Gnline 233 (o Caracal 5 AU (SusaS (G o) (e (5 581 @

Ao (e bid 5 S all )yl

(30 1.2) Crmlize s23Y1 (sa 5 (53 22) 3)) all (adlas o 5l e (s 68

| A3  XENARSYR 250 s sie da all A gl )

NAPROXEN

G 3 558 < Copmdline 533 < Cpppand < G 5 5 < il s

PHARMASYR, Damascus - Syia
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Common rings, Continue........

OO OO (3D ()

pyrrole pyrrolldlne |m|dazole thiazole thiofene thiolane furan tetrahydro-
g |% g y
N N N N\
tetrahydro-

pyridine p|per|d|ne pyrimidine pyrazine azepine 1.4-diazepine 4H-pyran

@@@O@O

mclole quinoline isoquinoline chroman
/1“5 e
Ny LG
SN F &
N N
punne pteridine

Alkylalkanoic Acids Derivatives

1- Arylethanoic (Arylacetic) acid derivatives:

A. JIndomethacin
O
B. Sulindac
C. Diclofenac -
2 098 Ao Jsana Ga g i Jladiul

D. Nabumetone s Allay onas 5 1) Gl (B cH,

2- Arvlpropionic acid derivatives: N 2
A. Profens R : !
B. Naproxin =

OH

OH
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Arylacetic acid derivatives diiul Ji ¥ saea cliida

CI

— F, oH COOH
Hy - COOH =
{ & N o
[ N
o
ﬁ° U ;
R{
Hac\T
)

Tolmetin, R1=CH3, Ro=H
Indomethacin Sulindac Zomipirac, R1=Cl, Ro=CH3 Ketorol

Bromfenac, R1=OH, Ro=Br
Amfenac, R1=OH, Ro=H
Etodolac Nepafenac, Ry=NH2, Rp=H

Aryl- and heteroaryla
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Arylpropionic acid derivatives €isu g JY) (e cliidia

CH; CH;

Ibuprofen Ketoprofen Flurbiprofen Naproxen

el sabiaal) <ol LA el Gaes cliida daead) avdll 8 W G 0,8 e ddial) de sana A 532y e
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Arylpropioniefacid'derivatives ¢l su g » Ji ¥ paes Ciliidia
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|bupr0fe n s S
2-(4-Isobutylphenyl)propanoic :Charactrestics
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propanoic acid A1) Jalaall 3 iy ¢ 15 a5 JoaSl 8 Jay ol A daia Y o
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:Pharmacological action and uses
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SAR il 4y dide

may replaced by other aryl,
heterocycle group.

Ketoprofen

Leukotrienes glibual Ly -
Jecliall g1 oLl iy <015 jan I -

oH substituted by flurine and chlorfr@

o
best activity
o ~

.
Flurbiprofen
Leukotrienes glibwal iy -

Jasliall AlgiY) sliapdl iy K115 yan hadiy -

Arylpropioniefacid'derivatives ¢l su g » Ji ¥ paes Ciliidia
—

Naproxen
(2S)-2-(6-methoxynaphthalen-2-yl)propanoic acid :Charactrestics
propanoic acid
naphthalen-2-yl E, Zﬂjm\ dgn;d\ gf d“:‘ ‘:\:‘M\ d.-.dh“j\ cf d);_N| d:‘ﬁ ®
- OH
o sall G el AL
o0 (0]
| :Pharmacological action and uses
6-methoxy . . Lot . . . . . "
Jeas s Jans 5 s 2080 (%10) O.é“b%}m‘?“ (e il ejmu&“sua)-wy‘ el e

s Cpaliay oS 5all £k
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NAPROXEN
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PHARMASYR, Damascus - Syria

32



Oxicam Derivatives

1- Piroxicam

2- Meloxicam

Oxicam Derivatives alSss ¢¥) Ciliidea

@) OH
R 2 2
\N 3= 6
H%2
R1/N\//~13\\ 8 '
O O

el A8 g L 50 S (man (e AL e i Baliaa 450 o
FLSIY Y aLiall Qi 3 (Heteroaryl) _ilae Lﬁ).l:-.c Ji (Aryl) Lﬁ)kc D3 R s diiw s R1 055 Ladie alae d0adll o
Al g
* The acidity of the oxicams is attributed to the 4-OH with the enolate anion being stabilized by

intramolecular hydrogen-bonding to the amide N-H group.

* Although these compounds are acidic (pKa = 6.3), they are somewhat less acidic than carboxylic

acids NSAIDs. Yet the oxicams are primarily ionized at physiologic pH and acidity is required for
COX inhibitory activity.
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Oxicam Derivatives alSss §¥) cliiia

1- Piroxicam
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:Pharmacological action and uses
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Oxicam Derivatives alSs oY) cliidia

:Pharmacological action and uses
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Selective Cycloxygenase-2 Inhibitors

1- Celecoxib
2- Etoricoxib
3- Rofecoxib
4- Valdecoxib

Selective Cycloxygenase=2 Inhibitors 4xEiy) 2- lasws) slSaud) cilaiia

* Prostaglandins that mediate inflammation, fever and pain are produced solely COX-2

(Highly inducible by.inflammation)

» Selective COX-2 inhibitors are devoid of side effects such as gastric ulcer and it does not

affect the normal functioning of the platelet, uterus and renal system.

COX-2 Ve 5 cilafia al pussa il 5 alSau ghaall 5 Caani€ o€ 5l 5 o€ Slaual) Jia 53y 2ai e
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COX-1 COX-2

Catalytic

; Catalytic
residue 4

residue

Arachidonic

* Differences in amino acid residues at the
active sites of COX-1 and COX-2 account for
the selectivity of COX-2-specific inhibitors,
the most critical of which seems to be the

substitution of the valine residue (Val-509) in
COX:-2 for isoleucine in COX-1.

¢ In the COX-2 isoform, the valine residue, with

its smaller side chain, makes a side pocket

COX-2

Catalytic
residue

residue

Celecoxib
o
%—NHZ
%
i

FaC
Arachidonic
acid

Side pocket

Side pocket

adjacent to the active site aceessible to COX-

2-specific inhibitors.

e In contrast, the COX-1 substrate channel is
much narrower, because of the presence of the
larger isoleucine. residue, and therefore is
unable to accommodate the COX-2-specific

inhibitors with their bulky side chains

Selective Cycloxygenase=2 Inhibitors 4xEiy) 2- lasws) slSaud) cilaiia

The sulfonamide binds to a T NGIKN NI EEI0) §that is present on COX-2 but not COX-1

CF3

Celecoxib (CelebrexTM)

Etoricoxib (Arcoxia™)

Central pyrazole ring and | | Central pyridine ring, one

adjacent phenyl and one

two adjacent  phenyl

substituents, one containing | | Pyridine substituents,

a methyl group and the adjacent pyridine containing

other a polar sulfonamide a methyl group and the

henyl thyl 1f
moiety. phenyl a methyl sulfone

group.

7
o 3
]
N \
0~ CH;

TM)

Rofecoxib (Vioxx Valdecoxib (BextraTM)

Central furanone ring || Central oxazole ring

and two adjacent phenyl | and two  adjacent

substituents, one | | phenyl substituents,

containing a  methyl |  one phenyl ring with a

sulfone group. polar sulfonamide.
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