Drugs Acting on the
Adrenergic (Sympathetic)
Nervous System

1. Nerve Transmission

Peripheral nervous system

- Ach

- B Skeletal
41 muscle

(N)
CNS
(Autonomic Synapse
Ach (N NA
Sympathetic| © @ P
......... ¥ Adrenaline
T o 2 Adrenal
Parasympathetic, (N) et 1apse AUTONOMIC
Ach
Ach (M)
(N) —
= Smooth muscle
Cardiac muscle
175
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Adrenergic Neurotransmitters

s . Norepinephrine (NE) is the main adrenergic neurotransmitter.

» Itis liberated from the post-ganglionic sympathetic neurons as a result
of mpg_gllanemwmlaﬁon

v et X medulla, Neurohormone.

Adyewnalne
HO l N, )

s
HO . H
mephnne ., i Epinephrine

VY c~dvevia vt
(ome Ne\\\)\ W%i’)
meHmy \ M Gt (ACJV(V\ALV\Q)

gwle_ghﬂne (Adrenaline) is syntheslzed and stored in the adrenal

ST

......

- Chemistry """ f':'f;;;_f'.'i
| - elaboll s w\ . zélé-:ﬁ;.d' D 5= ¢
. Blosynthesls q /b/€ ady ORI _9 ad venalme o il
.+ Storage/release . COM'T

+Interaction with receptor

+ Inactivation ( Metabolism + .....)

Why do we study these in Med Chem Classes?
+  Targets for Drug Design

------
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C\\(\(Tu\ ('OMaf‘

Neurotransmitters

H oﬂ ,——\ ANAWR .

Chemical messengers Sec. alcohol

e

OH *

HO NH,
catechol/. BN
BN o Amine

Norepinephrine
H, ,OH
HO NH,
Noradrenaline - R ; 5
neurotransmitter (") Catecholamine derivative

(2- Phenylethylamine derivative

"LL)O U;() uJ ]

- : . E'."F’-' ~..‘ |vm,t‘.‘AJu" o

R = H or CHj: Cationic form of Norepinephrine
and Epinephrine

1717
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Neurotransmitters. Biosynthesis

| LN RN OLL (Qu adienaline 3 A VSRS S
gr)\ A From amino acid tyrosine ' |

()‘12)!.5}3\ jt‘}t) ¥

(am e ¢ bym}‘ Qrovp |

r K{@\sz Homun, demrboxyln w\/
\> Hin

‘ Ca(\oo')(yl
hﬁv )\7' cabﬂl .-' 6*\ A ,J\(/SE
H, OH Btrfamw\(u;
NHMe
w«m
ij'” —a :’J@‘
Me Wy Jbu— é»j“,,\c;f‘bt
-_ifj i ,d.} 0¢)2/
+  Pathway controlled by regulahon of tgoslne hydroglase E;ifz; 1

*  Inhibited by noradrenaline - feedback control

.....

:'-. w 2 O e
M-Methy HO i
Nﬂz m'mse v i85 1

1718
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Adrenergic binding site
DvacRecedter Wa\eroclion,

D-R interaction

’o * S
. »
e i ——

> Jow sy
Chircar\ contor

» 2 2/
Ser-204/—0s \\y drcge bwc\mna
ASPuVaafn( 8"
r e | OV C Awkrerac bon
Ser 2 Y Asp:t Asparkic acid Qo

0 There are two optically active isomers: (-) and (+) ,ﬂ\p
- pe——( 3%
Guad) Coip> Thae A O (- Epinephrine is more active than (+) Epinephrine. Why? ) Epinep "R
Linne s bl = " | (+) Epinephrine | X
Q0 Different binding } PRI !

Stereochemistry of NEand Epi- o |
. m" L o ey

O Thereis a chiral carbon. Eoeatie hoccn\ Cakrex .

Q () isomer fits with receptor. 4a points of interaction,

more than that of (+).

0 Hence, the (-) isomer has higher affinity and activity.

)
¢
-0

HO

,gffoCHa
N-y

i
0"
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.i : | |
.~ Thg () jsomer fits wnth receptor wa pomts of mteractlon, m ,[gthan_thaio@? ‘
Hence, the (-) isomer has(hl'g'her bindlng affinity. |
A i
(-) isomer is more active than (+) .\ : |
= BN CmT PR G DR R e
Solot = recemf Adrenerglc Receptors 7" P" .
50 CJ““““‘Z\;:/‘"A‘ Smﬁc gfﬁCPOS\'ﬁ)’naF“:\
2 ( ef\'vrl'——J\ | ;_153
Q ) AW
i : Tvgoty‘peSof.adrenQOeptor(a and p) : mﬂmmmmmm.
* Sublypes(a; andoy; B, p,andpy) ghssaaeoial o
: W“Wbm(ﬂu%am%%a%c)
(<, BY" G-protein coupled receptors

Signal transduction -

: generates inositol triphosphate and diacylglycerol

:inhibits generation of cyclic AMP
Is : generate cyclic AMP

Pharmacology Class

1
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Adrenergic Receptors (adrenoceptors)

e di S

Distribution and effects Pharmacology Class

Receptors are distributed ditferently in different organs and tissues

¥
¥

- ——
. .
S oo -

L ——
b :
—

Q  Receptor selective drugs act selectively at different organs and g
lissues |
Q.4 Aeﬁy;ﬁng a,MMNthors generally( contracQ smooth muscle l }
M 3 Jui =re )':"lL\". -8 1001 SCIE ' . 4
' allp ) Al o >\ a5 ;
0 9: Admocemcﬁpredominate in the heart 5205 ot Avuch + g
O Activating p,-adrenoceptor contracts cardiac muscle i )4\- aj\s ’
Q By Adrenoceptors predominate in the airw irways é
0 . Activating p,-adrenoreceptors relaxes smooth muscle ' |
’ | !
i

Receptor activation

Pharmacology Class

The receptor activation may result in:

1.

‘a,~ Adrenergic receptors: Vasoconstriction, relaxation of GIT smooth

muscle, salivary secretion and hepatic glycogenolysis.

a,- Adrenergic receptors (Auto-receptor): Inhibition of transmitter

release including NE from autonomic nerves, platelet aggregation.

¢ By~ Adrenergic receptors: Increase cardiac rate and force, relaxation of

GIT smooth muscle and lipolysis.

B, Adrenergic receptors: Bronchodilation, vasodilatation, relaxation of

visceral smooth muscle, hepatic glycogenolysis and muscle tremors.

13

181
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Inactivation of Catecholamu(

(1) w b)) C 1. Reuptake into the adrenergic nerve ending, stored into storage granules
until sympathetic nerve stimulation.

(2) <P 2. [Enzymatic metabolism: Two principle enzymes . involved I
Catecholamines metabolism: L

! ‘. ' H“—"‘““ g i n
AN Jd 3 [_U")'\JD (Mecholamines ) usmq*lg -

group of catecholamines.

1 - __Jq,d;mgt, > 5590
2 A et \waG‘ cdren i S\ p\/_)ubc

H CEAR QSLD\ ‘-w) C>D.,oa,’u /rﬂ)\dfwc
J\p,,mw a3\ s B a,ds()& L

L ek o Pults v
> s MTﬁAf-ev\a WA "\‘ UESAINET =2 Q,jgg L

}5‘&)\2’ a"J_e_) & g’.PUS Mmeba bulis wo
W\Y‘I‘S“UYW

(CmboXX\i(TC!c(

a) Monooxidase (MAO), acls via oxidative - s o

| ; b) Catechol-O-methyltransferase (COMT), methylates the meta hydroxyl |

\\
(\)ch« (3 u)ubu-k C_»{y/ C«\éwm\\ar\e _5\ Cpg d:i 2y q,bwqm’:

| e D .a_j"\/‘ 052 Vesicle

e

Metabolism by MAO and COMT

HaaNaAC w
« Effect of MAO: Oxidative deamlnatlon L.e. Oxldauon of the carbon

carrying the nitrogen accompanied by Ioss of the nitrogen atom
H 5, ‘,_.umb

R-CH,—N& . (R-CH -NE) e R-CHO ——" Acid ot sicohol

anc—-,cmbu,ngaco(\ oW — Mt0

G \wz nd"\

H, ,OH
HO NHz HO @ MeQ X s0
- MRO H O OH COMT" Ot
H H HO " HO

Noradrenaline

#f-:..

OH H, ,OH H, ,OH
NHz MeO NH, MeO L 0 Me Li90
—_— — _
- MAO H OH
ST, WO

H

_ Noradrenaline Vanillylmandelic acid

+415

Vanillylmandelic acid —=

e e B

20>
vl Fa oo\t s wa

sl adrenals wte
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Metabolism of Noradreme

amin< —p Cafe 17\\( Al GA

D o\

QLo o) F, D Noradrenaline Vanillyimandelic acid
MAO
16

—— .r‘ - . ey~
. : . 5 ) . - >
- - veamas de o)

—
L.

g
-

%

> The drugs that act on the peripheral sites of the sympathetic nervous

system are collectively named adrenergic drugs.

> They act via either enhancing or inhibiting the sympathetic activity.

s Yo S}lqulatlng. Inhibiting. WS za y
LS S mpiaE) el o acss
| - Adrenomimetics. - antiadrenergic. 2y S
or adrenergic stimulants. or adrenergic-blocking agents. )2
aldven ev a\
~Agonists. - Antagonists.
{7
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| ' | .
N k ’“’%\i‘}u*}‘ o\ dvenals “'——'_&Lﬁ C);)w\

| . . . | W JU\A ) o —b,,,t.u Caj' /!)9‘
Symmthomlmetlc DI'UQS ’b\ (i’«ﬂ,\ u)’ Wﬂai\/i;\o\\\he L\
? oL, IS L, wa,u S

>

According to the mechanism of action, sympathetic drugs may be classified \

into:

. Directacting Sympathomlmetlcs

(interact directly with adrene jc reoeptors)

2. Indirect acting Sympathomlmetlcs

(mmate the release: of NEpi from adrenerglc nerve tenninal which';'.:

3. Mixed function adrenerglc agomsts

(interact directly with the recggtor@ct indirectly by increasing the
conc. of Nepi at the recéptbr site) S

| 18

I

Diect Acting Sympathominetics ]

eyl 1 50 mevhy lasg

ng sympathomlmetics oreglneghnne, ep_mephr ne__ ~i:.

( RWE P They are Phenvlethvlamme denvatlves that contam @— n\ 8 D e
| — O
the appropriate substituents. *

AISO, they are Catécholamines. | \Phenylethylamlne

OH Mu'u-lbls OH

A2
\GH: 2 || > aus
A \ o¢ ?W‘V'

NorEpmephnne Epmephnne Isoprenaline
(b (B b Te ra
Norepmephnne and Epi are natural netl(otmsmnterand neumhormone.

~ Isoproterenol i |sa '.eﬁCichPouﬂdf

f - R
S——— -

19

184

Scanned with CamScanner


https://v3.camscanner.com/user/download

(

ISpiderne ) I A3l o )

r__ ' ' .
B\ Lir T \/ Chemistry
b?’éf b\yg‘\g) ‘c- -

)y B s
>> g(zﬁo,\

S —

C—J‘&))‘))rj epyAp
cumunmw JU B X (&
,_}),J bypu\J

"C"z

Ilopdamd

explains the
differences.
isopropyl is
B-directing

)KQJ_J

/)},' ‘e

. C_J«-P K ___“b\“dhg R)CK:-—\‘ B\

P T~
Jagj a il
0)-4.040) (@18(

.?- WP — - -y
b SR - -

AP INOBOnOR. |
PREN -he -

Members of Direct-Acting Drugs

What we discuss in Med Chem Class:

Chemical structure / Chemical name

Bt a

Properties / Physico-chemical properties

o T b

Mode of action

Metabolism / Duration of Action

L

Uses

e

Synthesis
O Analysis

Structural features / Effect of structure on activity

21
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Il

q‘/b,,é( A\ o) t/'/\ A OR A
(A\'QM —b}ﬁ >\ Ho }""
e N8} Ape c 297 ! ' : “CHy
HO

AUP R\ T st ol

WABES e i -
Epinephrine (Adrenaline) as a drug

Epinephrine (Adrenaline)

Chemical name: ’WCho’b's;{h“ei suitable parent name:

-----

Name it as ethanol denvahve

- Name it as be nzﬂ alcohol denvative :
Name it as catechol denvatwe |

»
- — . —— —— C—— - — - ————

 — —— . ————— - — - —

N~ '() 1.-(3 4;D|hydroxyphenyl) | 2. methylamino ethanol‘ |

- —
—— —— e — ————————— - ——— . —— . —— ——— —— O S RE— - —— e —

<’ Chemical name: (=) 1-(3, 4-D|hydroxyphenyl)-2-methylammoethanol

-------

Epinephrine (Adrenalme)

L’.).\.S O r ot ( '\hj o 0 b\S- >

(ﬁ, Sealks

pel1s pioad

gca e[

e

JL&

() 34-Dihydroxy-  c-{(methylamino)methy(] " benzyl alcohol

Chemical name: (-) 3,4-Dih'ydroxy-a-'[(methylaminQ)nl_ethyI]benzyl alcohol

Salls .
Present as acidic salt: HCI or bitartarate HN,CH;;
HO OH OH
OH g
Cts 0 OH
HO i HO .
OH : :

OH

23
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Structural features | 1

+ Prototype.

» Direct adrenergic agonist, due to the presence of the catechol OHs, the p-
OH and a secondary amine group.

Pimerny/amoe & ;c? Y\OVC?tv«P hive —3\:, ~

provides non selective adrenergic activity: both a- and - activities.

+ Epinephrine has both a and p-effects. No selectivity (a and f)
+ The amine function is affected by MAO.

« Short duration of action

Epinephrine (Adrenaline)

+ /The (N) atom.is a secondary amine with a methyl substituent, which

T TN AR R SRR A

- - . -

- - - -

Q.l~‘ R

T IL L R

Structural features mﬂuxm
: HO

oY oh Spinephne I % Because of the catechol nucleus, it is metabolically vulnerable; rapidly
| bl comT atfected by COMT. o :

‘OTo\\)' B o P CoMT

+ Short duration of action and oral inactivity,

* Highly polarmolecule: decreased penetration into the eye.

~ Because of the catechol nucleus, it is oxidized easily and darkens slowly on
exposure to air (chemical instability) due to formation of inactive quinone.

Epinephrine (Adrenaline)

| S\ 1St
Thus, solutions are stabilized ~ YCenchic “D
: by adding reducing : pit
R Nyever<hible
e agent orbic acid.
Cotechel ) gw j%%f{-'% Red pigment, Adrenochrome T as;@cg_ J
' ups S
~7 " oyidatow ARSLAS 25
oyt 440 e i
C:qyo»\cm :
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Structural features uwﬂ\%
2
H

Epinephrine (Adrenaline)
+ There is a chiral carbon

+ Thereare 2 isomers

+ The levorotatory Isomer of epinephrine is more active than other isomer.

+ So, the drug should be prepared as R(-) isomer.

6

Structural features Hom*'lw
HO

 Epinephrine (Adrenaline)
. As adrug, epinephrine is available as HCl and bitartarate salts.

+ Salts are of high degree of water solubility.

+  Bitartarate salt shows increased in vitro stability against alkaline media.
o

H
OH. HO N .
"o + HCl HO e OH

OH Q50

21
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oStructural features LuE
! \Cﬂ’
HO , |
Epinephrine (Adrenaline)

e ———— e e ——

SO N S NG« NSO

At physiological pH (7.4), NE and Epl are found to exist In more than 95%

in the cationic form in which nitrogen is protonated. |
HCNderson-Hass_élbélch equation |
pKa of epinephrine = 8.55 OH

e T SN TR R TR S X

HO

See introductory part of Med Chem

28

Adrenaline: Uses ‘
HO > NHMe
R
HO
&, Luwd)doup

Adrenaline used for severe anaphylactic shock

Vasoconstrictor in patient with hemorrhage.  re—
- fast acting, but short acting

Short duration.
-unsui rlong te ication . ;
SR T e (rapid metabolism)
-cardiovascular side effects
- Not taken orally
Vasoconstrictor in nasal decongestion.
Increase the activity of local anesthetics. R
a limited use in case of bronchial asthma and EE,‘;;;M
" wpooer

| s X
heart block ' . SR i P

183
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Modified structures of Epinephrine S

e R

GH .JiC./""” (5
0

+ Epinephryl borate

+ Diplvetr
+ Itis used in the treatmentof bl

+ Ophthalmic for Glaucoma

primary open angle glaucoma.
+  Lessirritant than epinephrine. + Less irritant than epinephrine
30
D|p|vefr|n '

N
LShrer bown < (e / ﬁ/

0

+ |t is the plvallc acid pmdrugz-ogeaig;ephnne;* wnth:higher lipophillie'
character so with better ocular penefraiion when used in glaucomd‘

+ . Less irritant than epinephrine.

+ +A Prodrug. It is converted to epinephrine by esterases in in the cornea
‘?\Vt Frin .\ <-_Ju.n.)

and anterior chamber.
S e s
‘e")\\no th\nq c-locl_o o H OH
OS5 Do ) U TR ; l‘cu, HO ﬂ\cﬂa
i e In vivo
L L & Koc g Lol . 2(HC}C—COOH
Esterase HO
Dipivefrin Epinephrine  Pivalic acid
31
190
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Il

N
3

(x)

Norepinephrine, bitartrate <24 )b & 5o

COOH
HO OH
0% %~ 4
HO ‘J\ .

Norepinephrine bitartrate

(+) 2-Amino1-(3,4-Dihydroxyphenyl)ethanol, bitartrate

+ Thebitartarate salt forms stable injectable solution.

+ Used tomaintain blood pressure in acute hypotensive states.

+ Notusedas wmor Why??
MQ‘»R; ) e AR R T e

32

- -
e c—
e . - . . <. L .&‘n".:-&.

TUTSCITRSRESRERE AR

Z,
7,
¥
-
I
1
Vs
ro
»

OH

Norepinephrine ﬂv',

Norepinephrine
0 Presence of the B-OH and the catechol OHs and the amine, so optimal
direct action. |

0 Itis a 1ry amine; so, a-adrenergic activity. Mainly a agonist activity.

0 Metabolically vulnerable to MAO and COMT, so short duration of action
and no oral activity.

d Short acting: Unsuitable for long term medication

d Chemlcally unstable where photo-oxidation is possible, S0 protect
from li _g) and OH

33
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Phenyleph‘rine HCI
cu,w/ O

L}Dfl' \ € {J\'\v HO @ n\

CHy  Hel

Phenylephrine HCI

(- 1.(3.hydroxyphenyl)-2-(methylamino) ethanol, hydroch.lorji'de i , i ' |

‘ u-agonist.

+ Duration of action twice eplnephnne
&ﬁ¢>\‘/A; o Lo e——
b L) = ui, £ Used as nasal decongestant

Ay

mﬂ% s b gelat

yo=\e u\f) + and to maintain blood pressure | Q :'-:mpm
= § S
s f) + Effective orally and by injection. 57
34

SUDAFED PE

NAsaL DecowcesTanT -
) ’EE!ﬁ |

Isoprenaline

(-) 1-(3 4-d|hydroxyphenyl)-2-(LsQEr Jylammo)ethanol
(-) 3,4-Dihydroxy-a-[(isopropylamino)methyl]be ngl alcohol

B-adrenergic agonist

Medihaler Iso is used for trea_tmenmthmnchjaLesthma.
But |

Non-selective (affects both B, and B, receptors)

35
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Isoproterenol = Isoprenaline

OH
Toe
HO cH 3
+  Shows selectivity for f-adrenoceptors over a receptors
+  Bulky isopropy! group introduces f-selectivity

»  But, No selectivity between p-subtypes (B, and B,)
Cardiovascular side effects

O anon selective f-adrenergic agonist, it acts equally on :
Q B, receptors resulting in cardiac stimulation.
O B, receptors resulting in bronchodiltation.

O This non selectivity reduce utility for treatment of bronchial asthma.

B-Adrenergic Agonists oH
| HOU\/N\CH(CHﬁz
' HO '

Isoprenaline

+ The selective affinity towards p-receptors over a-receptor is achieved by
replacement of the methylamine of the epinephrine by a bulk alkylamine

group (e.g. isopropylamine).

+The bulkiness of the alkyl group appears to hinder the interaction of the
drug with the a-receptor, but it has no inhibitionon B-receptors.

+ |soproterenol is the prototype

+But, the non selectivity (1 and B2) of isoproterenol redﬁfces its utility for

treatment of bronchial asthma.

« How would you get a selective $2-agonist 2??

37
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B,-Adrenergic AQONists iy &é&'ﬁ;®\~
Wb Mpilbs i o / Cy :
e L

Structural modification in isoprenaline TCHCHIS @

to enhance the p,-agonist selectivity & sl
g\p&f > |soprenaline V’b |

1) Insertion of C,He-at a-carbonatom. o af@\ D\g\ "
2) Replacement of the isopropyl molety with fertbutyl. €.

fFeserc
4

3) . Replacement of the catechol molefy by Tesoreinol;

4) - Replacement of the meta-OH by CH,OH.

/ result in By |

ﬁ agonists
et OH “used mainly as
bronchodilator.
Structural medifications in soprenaline % %
B,-Adrenoceptor
re R Pharmacology Class

: G-Protein-cougled‘@p: plor

. Activateéthg' g'ener'a'tio'n of cyclic AMP

+  Predominant receptor in bronchial smooth muscle

+  Activation results in smooth muscle relaxation

- Dilates or opens airways
+  Agonists for the B,-adrenoceptor are potential anti-asthmatic agents : |

(bronchodilator effect)

39

194

Scanned with CamScanner


https://v3.camscanner.com/user/download

il |

i -t docd) Il as_ui K121 Lgo  2p 5 Ui \

B,-Adrenoceptor
OH OH
HO n "50')"?7 ‘J’o‘f HO n\ . ¢/‘))
fC hive K'LBJ)’ % ‘SUY'uP\/I 870 J\
2 ’ ov JL
B‘)_ 3 HO m e 81 F
o) i evy | Colterol
Isoetharine
B\ e
ENY\ gvo v
gt OH lll
iy 'lr\C(CHl), \ evh bty 1
H — :
ST (e<ave ino) OH Te@aline ;
v Xl T R T M i
Yesoycinol i .
/HOH,C g
Wf“‘\r, Sidechon c/«LE —’L \C(CH;)j Lerh bU\'Y ' %
A@erol i v 3:
v Vv v f '4’0 " Pt
terk - bovyl e D) (b ;%45 A
. A fa

Salbutamol Albuter ol (Ventolm@) :’et"dg’lz")

ben zyl o\ ‘°“°\ Inhaler

/OF/ Womeg Wt fani :
H ;
| N

:
ST
Albuterol Firs

3-hydroxymethyl-4-hydroxy-a-[(t-butylamino)methyl]benzyl alcohol

§ The hydroxymethyl group has an obstructive effect

towards the action of COMT. Ventolin'
. | ~ Evohaler
§ longer duration of action compared to the cz_u_tgq_hy
anglogues L
200 seert i

B Albuterol is used in treatment of bronchospasm

associated with asthma.

195
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Salbutamol = Albuterol (ventolin®)

Hydroxymethylene
HoCH;
)

| CAY Ot € "\23 AR\ ()" c}'—_m..s oY -\ |
o\ w\t\ky \gwe -~

HO

+ Hydroxymethylene group retains p,-agonist activity
+ OH shifted from aromatic ring by onie bond length
+ Forms a hydrogen bond to the target receptor

+  Not recognized by COMT

« Same potency as isoprenaline

+ 2000 times less active on the heart

* 4 hours duration of action

. Administered as a racemate by inhalation
* For the treatment of asthmé ‘

O Catechol and Aromatic ring-_f~£ b

0 Distanceandalcoholicgoyp

196
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r S\Jmm_q_ry :

SAR of Direct-acting Adrenerglcs -

HO
A. Aromatic ring o

=

Q ‘Catechol hydroxyl groups'in the mefa- and para- positions of the

aromatic ring, relative to the phenethylamine moiety.

d The catechol OH gmups are more lmportant for p-activation (f-agonist
activity) than for c-activity. (form H-bonds to binding site (especially f)

0 So, removalofoneof themresults in loss of B-activity. (but keeping a-
_o____“_ (,J__‘—- 15) e

<, i3, B_W  agonistactivity
S o’ 0 WhenOH groups are removed, compound retains a affinity.

O /meta0H can be replaced with other hydrogen bonding groups, CH20H

O  Replacement of catechol with resorcinol afford compound with longer
duration, why? (resorcinol is not a substrate for COMT), and enhances

B,-selectivity “u »

AR L & e et e

HO

S‘AR of Direct-acting adrenergics

HO
A. Aromatic ring ‘ o

Xz

0 <Aromatic ringforms van der Waals interactions with the binding site
Q The;aro’matlc ring itself seems to be more essential for B-activity rather

than a-activity,

‘

_) S0 re'ptacement of the aromatic ring with aryl or alkyl or alicyclic ring
CVomal € |

ring fresulttngmcompounds with a-adrenergic activity.
X | 9 )5\ B_V¥-2a8°

AL =) P-{‘ y
Thie 3 ' does not affect the a—effects (the pressor activity).

45

0 Reduction of the aromatic ring or its replacement with an alkyl group-
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SAR

OH
Mﬁ/mﬂa
B) Ethyl part (the spacer) HO

Epinephrine
O Two C-atoms separating the amino from the aromatic ring provide

optimal activity.

U B-Hydroxyl group on the ethylamine portion of the molecule enhances the
d ) d) L‘-«) L c\rtg L/
e o gocket v activity since it is involved in binding of the compound with teceptor i
Osporgent— (direct action). ’

Q /Aleohol forms a hydrogen bond to the binding site

O Stereochemistry of the ~OH is important, since it is involved in the
binding of the compound with the receptor.

U Proper stereochemistry of the'B-OH group enhances the activity of NE

and other catecholamines since it is involved in the binding of the

compound with the receptors.

=0 RENE fits with the receptor better than the other enantiomer. 6

r | .SAR-_   & w

HO NHCH,
| s : . %” b_sboh/ Eion
B) Ethyl part (the spacer) KEUESS
s Epinephrine - 2 Ugcﬁ‘ﬁ
| | 5
| O Alkyl substitution on' the a-carbon' atom increases the duratlon bR o M H3
action of the phenethylamme agonists by makmg the compound : Ww\gw"f;,\. el
resistant to metabolic deamination by MAO

0 fﬂe‘thyl'»‘substitutim on the a-carbon increase the duration of action by
making the compound resistant to metabolic deamination by MAO.

O The presence of a-ethyl group enhance f,-agonist activity with less

cardiac stimulation.

41
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C) The amine part Epinephrine

U Amino group is essential for binding. (prolonated)

d «ammonium ion (after protonation) forms an ionic bond to the binding site
(0 Amino group: is either primary or secondary, No tertiary.

Q Incase of 2ry amines, Aalkyl substitution affect selectivity (a and p)

O increasing the size of the alkyl grope, enhances the B-affinity.

O Larger Aalkyl groups lead fo selectivity for B-adrenoceptors

0 Largealkyl groups on the N atom diminish stimulation of the a-receptors.
O ,isopropyl or tert. Butyl are named -directing groups

0 <tert. Butyl is a p2-directing groups

-

Il

Structural Features and SAR

Catacholamins-
O-meth)dransferase

J\;)_JICQA‘;JOM | Y
(BBB) I DS

Entar3 sbaornabidry
CNS pmaability)

Monoamine oxdasa

Question: Dist:usé the effect of the structural features in Epinephrine on
its pharmacokinetic and pharmacodynamic properties.

49
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Indirect-Acting Sympathomimetics

Indirect adrenergic drenergics are taken up by the pre-synaptic neurons,
where they:

» stimulate release of NEpi from adrenergic nerve terminals, which activates
the receptors

» ' inhibit reuptake mechanism of neurotransmitter

)

oysaa &
ebDejo3ig IN " )

192 JOoyDelis

O s
O

(ReUptake)

52

NH,

CO\\‘( C_S‘_\_:S CH3

2-Amino-1-phenyl-propane

The prototype of this class of adrenergics.

It is available as HCl and sulfate salts.

It stimulate the release of norepinephrine.

No direct action

No phenalic OHs, no alcoholic OH ... no dir_ect action

+ The dbsence of phenolic and alcoholic: OH” group increase the

lipophilicity, so penetrate the BBB giving CNS activity. ©
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Amphetamine
o e b £ P
&y obsh ;
Sblepetn. m : \

&l 0| o

| H I '

d ! _

Sl

It is available as HC! and sulfate salts.

| + The clinical utilities of Amphetamine are based on CNS stimulant and |

central appetite suppressant effects.

s a3 ¢ ) i e S |
Pl O e Narcolepéy [ Hyperkinetic syndrome of children | Attention
Hyper 4 \

512 plis ol @ . y
chipepl ol 58> deficit disorders / obesity. B oS i
poliz X\ Jas- o300 anail b U0 Lagro s

L BTG ey There is a chiral carbon. 5 i

<5 gy A2\ = TheS(+) isomer is more potent than the R(-) isomer, 225

g PN (9 Tslrp : ‘)a&—’ S U‘d/'f)

P i 5 — ampsé&mwf—”
Mg

o | | U9 MBS A2

T b o) bipl

! ; Hyperkinetic disorder is a psychiatric

g0l Ao 3 2P syndrome emerging in early childhood that
features an enduring pattern of severe,
developmentally inappropriate inattention,
hyperactivity and impulsivity acioss
different settings (e.g., home and school)
that significantly impair academic, social
and work performance
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& -
Dextroamphetamine

S(+) Amphetamine "\
K

NH,

Chiral Carbon |

Also available as sulphate or hydrochloride

+ Has greater CNS action and less peripheral action
+ Isgenerally preferred to amphetamine

+ itis used in obesity, narcolepsy, and attention-deficit hyperactivity :
disorder |

55
Methamphetamine Sulfate
slsd g™ 0 ( f
. H
B 0oE) N,
( ), o4 ) CH3
o, HiSO0y2
ChemiCal Namas e cress asausecazssssosse think about it !!!!
¥ 5 R s T
the N-methyl derivative of amphetamine
Available as sulphate salt
|
Structure: No catechol OHs, no beta-OH, an alpha methyl, N-methy}.
Dis_(:u_ss the effect of each??
|
56

203

Scanned with CamScanner


https://v3.camscanner.com/user/download

Methamphetamine

It is used principally for its central effects, whlch are more i

than those of amphetamine and are accompanled by less promlnerrt

peripheral actions.

Meth is an abused drug.

......

Chemistry of indirect acting
Structural Features ‘52;...-::1;

d Phenylethylamlne structure

O Absence of catechol OH groups results in:

0 Increase oral absorptlon.
0 COMT has no effect. Increase duration ot acti'on e < A

a Increase lipophilicity so pass through blood braln bamer i
a mmpmay bereplacediby other systems as cyclo I alkyl group
Q Presence orabsenceof p- hydroxyl group. Bt il
0 If present, stereochemistry is not important

rovides.more I|poph|I|c agents with central strmulatton

Cl Theimlno ‘nitrogen: primary, or secondary (small alkyl gr).

204
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J

Dual FUthion Direct
. 4 <:\nc\f Vt’d’;
Adrenomimetics

?

»
P
£

39

Mixed-Action Adrenergic Agonisfs

R

. Mixed means Direct and Indirect actions_.
- Uirgetactiomon the adrenergic receptors.
. indireeheffecton the release of NE from the storage site

+ The prototype of this group is the natural alkaloid ephedrine.

OH
NHCH;
L P L g nh 09
Ephedrine 7 7

What are the structural Features?

205

Scanned with CamScanner


https://v3.camscanner.com/user/download

— —

——

OH

4 'Eﬁi\ledriné': Structural Features NHCH

CH,
Ephedrine

. dAbsence of phenolic” OH groupstieads-to increase oral absorbance,
Increase lipophilicity and a CNS effect. Also, it is not a substrate for

COMT, similar o indirect adrenergic agonists.
2. The 4 presence’ ol *p=hydroxylsgroup= brings similarity to other

catecholamines acting directly on adrenergic receptors

3. .Presence o-me ;h'?‘ﬁ%?pmvides resistant to MAO and hence longer
duration.

4. /8phedring”is less polar than the catechol derivatives, so it can cross
blood-_brain-barrier, so used as CNS stimulant.

61

Ephedrine

+ S0 four steremsomers (4 '

optlcally actwe |somers that exnst asfwo pairs of enantlomers )

+ The erythro pai is known as ephedrine:

b m\

NHCH,|
Threo form ‘ :

v —~Ephedrine

See introductory part about stereochemistry of drug molecules 62
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S L
////éphedﬁne

OH
NHCH,

CHy

- . -

A — A — o — - - -
‘.“‘M‘ J--‘s\-‘ - — el i .

(-)-Erythro-2-(methylamino)-1-phenyl-1-propanol
(*}-Erythro- a-{(1-methylamino)ethyl] benzyl alcohol.

0 It is available as HCI or as Sulphate. Can U draw 72?

J Used by injection and orally.

Dy_s_eg as adrenergic, as vasopressor, cardiac stimulant, nasal
decongestant and bronchodilator and CNS stimulant activity .

ROBS BN

QNP P = - -
" .S
p— -

0 in hypotensive conditions

 ———
N

0 In allergic disorders, colds, nasal congestion
{ In asthma ‘

0 in narcolepsy 63

m.pgeudbephedﬁne

'm-—“—-ln-- -

S

Non- Drowsy

lﬂlAFEE)

DfCO\CESH\TI&u

(+)- 777m02-(methylamino)-1 -phenyH -propanol

(+)- Threo-[(1-methylamino) ethyl] benzy! alcohol

+ Pseudoephedrine is the threo-diastereoisomer of ephedrine
+ HCl and Sulphate salts

+ - has virtually no direct activity
« Mainly indirect action.

+ widely used as nasal decongestant.

%
i

. —
AT

207

Scanned with CamScanner


https://v3.camscanner.com/user/download

——#—:‘4-

d

Phenylpropanolamme )

’4'“. - Xf“' OH

t L. D

(Norephednne) NH ( ?

J
St s el
(t)-2-Amino-1-phenyl-1-propanol CHy i8¢0~
o b
me bhy .‘ :
f’Fhed Y\ V" 3
+ Used as HCI salt ;s-;»:
+ (+) phenylpropanolamine i
* Mainly indirect action :
+ - N-desmethyl analog of ephednne Lackmg N- methyl group, :
* So, no B, agonist activity, no bronchodilator as _ephednne el
+ Slightly less lipophilic, low CNS activity. =
w5

Phenylpropanolamine
Ok
NH,

CH,

It is an active ingredient in OTC cold drugs: nasal decongestant.

+ It was active ingredient in OTC appelite suppressants (anorexiants)

@)/‘( (/“ f'/«.f/g»%w « In 2000, cerebral hemorrhage in women

+ Risk of haemorragic stroke

But still available in
the Egyptian
Market
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OAN §—

!/Mixed Function Adrenomimetics: OH
Structural Features NHCH,
CHy
1. JAbsence ol phenolic” OH groups™eads to Increase oral absorbance,

increase lipophilicity and a CNS effect. Also, it is not a substrate for
COMT, similar to indirect adrenergic agonists.

2. The gpresencessofwphydroxyl™group” brings similarity to other

catecholamines acting directly on adrenergic receptors

prprovides resistant to MAO and hence longer

duration. :

4. gephedringyis less polar than the catechol derivatives, so it can cross
blood-brain-barrier, so used as CNS stimulant.

67
SAR of all phenethylamines
|
Think about it 111! |
|
\ |
TR - » m [> l
t‘..‘; ;ﬁﬁ;’a ’ = Moncamre oxdass
B
1
ﬂ
63 2
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SAR. Summary

Aromatic ring
involved in van Involved in H-bonding:
der Waals interactions 10 receptor binding site.
\ . o Sec. ami a
Can be modified with «, ' (!H subs;:‘ One alky
' vent
other H-bonding groups A lT(e)m \ CI?HR‘ Larger substituents increase
RS 6 selectivity f
Involved in H-bonding 22 \ . X iR biale
to receptor binding site, "tH 0 ' Involved in ionic bonding
especially to f-receptors para Aot to receptor binding site

‘8 ethyl substitution

RrEnantiomer  jncreases i, receptor
more active than selectivity

S-enantiomer

Also dlscussﬂleeﬁectof .
Replacemem of Catechol by Resorcinol.

+ N substitution (methyl, isopropyl, t-butyl)

+ Replacement of the m-OH by ~CH,OH

+ Removal of catechol OHs

+ Removal of p-OH

+ g-alkyl substitution (methyl or ethy)

+ Presence of 2 chiral centers R

LA

.-

-

“an

e
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2

imidazoline Adrenergic Agonists

They act on ai- and a2-receptors. Gh N

| N
Those that act on ai- receptors have oy, m,]
for 0 Q{,

vasoconstrictor activityandare | o, ‘o,

used as: | Xylometazoine
nasal decongestive agents H
and eye drops. | 8_‘":'
' N
|
Tetrahydrozofine Naphazoline
Used in the form of HCI salts.

& o Imldazohne a agomsts. d\

I — - —— . ——— —

Is there any similarity with the phenylethylamine structure ?

"

. . - - -
- ...‘...“.r-t‘ A S

- - - -
g

- - - -

PR i <0 B W P CN— G A A . . . v o

————
-

Imidazolines: SAR

o \ H
| N
O/‘/c)(zu{sflu ,u.oluLJ}uw ccﬂ j
q) C‘jLLO(AJ Lev JDU"‘){,L‘#)M- .
They contain one carbon bridge between C-2 of the imidazoline ring and a
phenyl moiety. Therefore, the skeleton of the ne is present.

(Lipophilic:substitution on the phenyl group ortho to the methylene bridge
Jappearsito be required for al- and a2- affinity.

BUWc substituents at mefa or para position diminish affinity for a2-
receptors and thus provide selectivity for a1-receptors.

2

i

S sm——
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Il

e .

Xylometazoline Hydrochloride - (Otrivin)

CH,

CH, J
HyC HCl

CH,
CH,

2-(4-t-butyl-2,6-dimethylbenzyl)-2-imidazoline HC

Nasal decongestant

......

ohgonisls

+ Stimulation of central ez-receptor__s (agonist effect) plays a regrrl._a‘td_r“y"~ :
role in the release of NE. S

» Thus, compounds possesslng central L, receptors agomst actrvrty
could be used for management of hypertension.

+ The imidazoline derivatiye, clonidine, is an important a,-agonist.

Cl

c N\)

C \ Q \(\\&\ V\Q.
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Clonidine Hydrochloride -

0 %) Catapres-TTS®-3 |
(Jen'dine)
N IJ’:Q“MI"”’D‘W’( Srctem |
NH—4 :‘ e s | B
\ ool b B o 1
ol al ST TR 7 g o o X
C‘ K,
, &\ Boehringer
Clondine l, [ngelheim

2-(2,6-Dichloroanilino)-2-imidazoline.

+ [tis animidazoline dr.

+ The chlorine atoms : lipophilic; compound acts centrally at a,-receptors.

+ The compound has some peripheral a1-agonist activity.

+There is no methylene bridge but an -NH- which makes a guanidine moiety.

+ The imidazoline nucleus is not essential for central a2-agonist activity

Oral and transdermal therapeutic system |

75 |

——— A—

- --— -

@ a/‘()\j,iﬂr u»\xy/ v/ﬁ/o
Best wishes

[ |
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