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Important questions with answers

1. Define sedative and hypnotics. Classify with at least three drug examples and one structure of each
category.

Define Insomnia. Explain mechanism and structure activity relationship of Barbiturates derivatives.
Give SAR of Benzodiazepines.

Give chemical classification of Antipsychotics and discuss the SAR of Phenothiazine.

What are antiepileptic drugs? Give their mechanism of action. Classify with examples.

Give SAR of anticonvulsants.

What are Analgesics? Write SAR and mode of action of morphine.

What are NSAIDs? Classify them with two examples of each class. Write synthesis of one NSAID
having one chiral center.

9. Write a note on narcotic antagonists with its mechanism.
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10. Enlist various physicochemical parameters that affect biological activity of drugs. Explain the effect of
protein binding and hydrogen bonding on action of drugs.

11. Discuss the role of Partition coefficient and solubility in drug’s biological action.

12. Explain how lonization affects biological activity of a drug.

13. Write a note on Bioisosterism.

14. Explain Optical and Geometrical isomerism affecting drug activity.

15. Explain oxidation reaction of Phase-I metabolism.

16. Write a note on glucuronide conjugation of phase II metabolism.

17. Explain factors affecting drug metabolism including stereo chemical aspects.

18. Write in detail Neurochemistry of Acetylcholine.

19. Explain SAR of Acetylcholine in detail.

20. Write a note on Parasympathomimetics.

21. Write a note on parasympatholytic agents.

22. Write SAR of muscarinic antagonists. OR Explain the SAR of parasympatholytics.

23. Write in detail about neurochemistry of catecholamines.

24. Write a short note on sympathomimetics.

25. Describe SAR of B-phenylethanolamine.

26. Write a note on sympatholytic agent.

27. Write SAR of B-blockers. Give synthesis of Propranolol.

28. Classify General anesthetics and give synthesis of Halothane.

29. Write structure and IUPAC name of following:
Alprazolam. Aspirin. Hydroxyamphetamine, Carbamazepine, Carvedilol, Chlorpromazine,
Chlorprothixene, Clonazepam, Diclofenac, Glutethmide, Halothane, Ibuprofen, Indomethacin, Labetalol
Naproxen, Oxazepam, Paraldehyde, Pentazocine, Secobarbital, Scopolamine Hydrobromide, Thiopental
sodium, Valproic acid

30. Give synthesis of following drugs:
Salbutamol, Dicyclomine hydrochloride, Barbital, Chlorpromazine hydrochloride, Phenytoin,
Carbamazepine, Halothane, Methohexital sodium, Propranolol
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Q. 1 Define Sedatives and Hypnotics. Classify with at least three drug examples and one structure of each

category.

¢ Definition:
Sedatives: “Sedatives are the drugs which decreases activity, moderate excitement, calms the anxiety of the

patient by producing mild depression of CNS without producing drowsiness or sleep.”

Hypnotics: “Hypnotics are the drugs which produce drowsiness, compelling the patient to sleep similar to

normal arousal sleep by depressing the CNS, particularly the reticular activity which characterizes

wakefulness.”

%+ Classification:

1 Barbiturates:
I.  Long acting (6 Hrs or more): Barbital, Phenobarbital, Mephobarbital
II.  Intermediate acting (3 to 6 Hrs): Amobarbital, Butabarbital, Probarbital
III.  Short acting (Less than 3 Hrs): Pentobarbital, Secobarbital, Cyclobarbital, Heptabarbital
IV.  Ultra-short acting (Less than half an Hr): Hexobarbitone, Thiopentone, Methohexitone
2 Benzodiazepines:
I.  Hypneotics: Diazepam, Nitrazepam, Temazepam
II.  Antianxiety: Diazepam, Oxazepam, Alprazolam, Chlordiazepoxide, Lorazepam, Chlorazepate
III.  Anticonvulsants: Diazepam, Clonazepam, Clobazam
3 Newer Non-Benzodiazepines: Zolpidem, Zopiclone
4 Miscellaneous agents:
I.  Alcohol and Carbamate derivatives: Meprobamate, Ethchlorvynol
II. Amides and Imides: Glutethimide

III.  Aldehyde and their derivatives: Triclophos sodium, Paraldehyde
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Table 8.2 : Barbiturate Classification
Aead
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/ﬁ:r:e" Substituents : Sedati

1. Long acting Barbiturates :

Barbital H CH; - C,H,

Phenobarbital H (@5 5 - C,Hg 15

Mephobarbital CH, G, H, —C, H; 30
[L155 deemins

5. Intermediate acting Barbiturates :

Amobarbital H C, H, — CH,CH,CH(CH,),

Butabarbital H C, H, — FH — CH, CH,

CH,

Probarbital H | B — CH — (CH,),

3. Short acting Barbiturates :

Cyclobarbital H C,H, <}
Heptabarbital H C, H,

Pentobarbital H C, Hg = (|:H — CH,CH,CH,

CH,

Secobarbital H —CH,CH=CH, - (|:H — CH,CH,CH,
| CH5

4. Ultra-short acting Barbiturates :

Hexobarbitone CH, CH, O»
__

ThiOpentone H CZ H5 — |CH— CH2CH2CH3

CH,
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Q. 2 Define Insomnia. Explain mechanism and structure activity relationship of Barbiturate derivatives.
Insomnia:
Insomnia is a state of sleeplessness. “It is defined as condition requiring longer than 30 minutes to fall
asleep, awakenings throughout night, early morning awakening or total sleep time decreased to less than 6

hours.”

Mechanism of action of Barbiturates:

:E;ib‘“n"/ i '.__inﬁmﬂc—’—‘

r___:uji_,
E
» The principal mechanism of action of barbiturates is believed to be their affinity for the GABA-A receptor
(Acts on GABA: BZD receptor CI channel complex).

» GABA is the principal inhibitory neurotransmitter in the mammalian CNS.

» Barbiturates bind to the GABA-A receptor at the alpha subunit, which are binding sites distinct from GABA
itself and also distinct from the benzodiazepine binding site. Like benzodiazepines, barbiturates potentiate
the effect of GABA at this receptor.

» Barbiturates produce their pharmacological effects by increasing the duration of CI ion channel
opening at the GABA-A receptor (Pharmacodynamics: this increases the efficacy of GABA), whereas
benzodiazepines increase the frequency of the chloride ion channel opening at the GABA-A receptor
(Pharmacodynamics: this increases the potency of GABA),

» Barbiturates donot bind to the BZD receptor but bind to another site on the same macromolecular complex
to exert GABA facilitatory action.

» They also enhance BZD binding to its receptor.
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» At high concentrations, barbiturates directly increase Cl' conductance which means barbiturates have
GABA-mimetic-action; contrast to BZDs which have only GABA-facilitatory action.

» In addition to this GABA-ergic effect, barbiturates also block the AMPA receptor-a subtype of glutamate
receptor. Glutamate is the principal excitatory neurotransmitter in the mammalian CNS.

» Taken together, the findings that barbiturates potentiate inhibitory GABA-A receptors and inhibit excitatory
AMP receptors can explain the CNS-depressant effects of these agents.

» At higher concentration, they inhibit the Ca2+—dependent release of neurotransmitters.

> At very high concentrations, barbiturates depress Na* and K* channels also.

Structure Activity Relationship of Barbiturate derivatives:

Prototype drug in this category is Barbituric acid i.e. Malonyl urea.
O

NH

N
2

It lacks CNS depressant activity, but substitutions at various positions give many compounds having sedative-

O )

Hypnotic activity.

Generally, substitution has been done at 1* and 5 position.

H
0] N/ @)

Y %
H
NH
H 43
O
In 1951, Sandberg postulated that, a good hypnotic barbituric acid derivative must have —
(a) Acidity within certain limits:

(b) Lipid-water solubility (partition coefficient) between certain limits.

(a) Acidity:

» The acidity value within certain limits is essential to give a proper ratio of ionised (dissociated) and
unionised (undissociated) forms which is important to cross blood-brain-barrier.

» It takes approximately 40-60 % dissociation to enable a barbiturate to cross BBB and exerts an effect on

CNS. A determination of the pKa can thus be predictive of CNS activity.
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» On the basis of acidity values, barbiturates are divided into two classes.

f | ;

Hypnotic Class Inactive Class
(1) 5, 5-disubstituted barbituric acids. (1) 1-substituted barbituric acids
(i1) 5, 5-disubstituted thiobarbituric acids. (i1) 5-substituted barbituric acids
(iii)1, 5, 5-trisubstituted barbituric acids. (iii) 1, 3- disubstituted barbituric acids.

(iv) 1, 5-disubstituted barbituric acids.
(v) 1, 3, 5, 5-tetrasubstituted barbituric acids
Inactive class is inactive since they are not acidic. They upon metabolism, produce 1, 5, 5-trisubstituted

barbituric acids, which are acidic.

(b) Lipid-water solubility (partition coefficient):
» Once the acidity value criteria is satisfied, the lipid-water solubility or partition coefficient is calculated to
find out whether the compound is active or not.

» The following structural skeleton is essential for hypnotic activity.

Gré il o0
2
4 &
0

(1) Both ‘H’ atoms at 5™ position replaced by alkyl group or aryl group results in a drug which can easily cross

BBB. For example, Phenobarbitone

B 1 \{o
C,Hs e
CeHs
0

Phenobarbitone

(2) The sum of the carbon atoms of both substituents at carbon 5 should be between 6 and 10 in order to attain

optimal hypnotic activity. This sum is also an index of duration of action.

Sum value | Duration of action

7-9 Rapid onset and shortest duration
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5-17 Intermediate duration action
4 Slowest onset and longest duration

(Two ethyl groups or an ethyl and a phenyl)

(3) Within the same series, the branched chain isomer has greater lipid solubility and hypnotic activity but has
shorter duration action.
Branched, cyclic or unsaturated chains at 5t position generally reduce the duration of action due to
increased ease of metabolic conversion to a more polar, inactive metabolite.

The greater the branching, more potent will be the drug e.g. pentobarbital is more potent than amobarbital.

H

o) ‘,j\(o Os. N \T _O
. CoHs
C2Hs NH : _NH
CH4;CH,CH,CH CH4CHCH,CH,
| e} | 0
CHg CHj,
Pentobarbitone Amylobarbitone
(4) Shortening of alkyl chain resist oxidation of the drug and it act as a long acting drug. e.g. Barbirone
(0) H 0
TR
2" NH
CaHs
()
Barbitone

(5) However, the stereoisomers possess approximately same potencies.

(6) Within the same series the unsaturation (i.e. allyl, alkenyl, cycloalkenyi analogues) may result in greater
potency than the saturated analogues with the same number of carbon atoms.

(7) Alicyclic or aromatic substituted analogues are more potent than analogues with aliphatic substituents with
the same number of carbon atoms.

(8) Introduction of a halogen atom into the 5-alkyl substituent increases potency.

(9) Introduction of a polar substituent (OH, NH,, COOH, CO, RNH, SOsH) into the aromatic group at C-5
results in decreased lipid solubility and potency.

(10) Substitution of -CHj3 group at 1*' position increases lipid solubility with shorter duration of action. e.g.

Methylbarbirone
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(I:H‘J
0 N 0
CgHe
0]

Methylphenobarbitone

|

(11) Substitution to both N; and N3 by alkyl groups eliminates sedative action of a drug.
(12) Tsosteric replacement of oxygen at 2™ position by sulphur gives thiobarbiturates having increased
liphophilicity and shorter duration of action. Drug will have increased CNS depressant activity and known

as ultrashort acting barbiturates. For example, Thiopentone

O H S
ey T
2M'5 NH
CH4CH,CH,CH
| 0
CH,
Thiopentone

(13) Isosteric replacement of oxygen at position 2,4,6 by more sulphur atoms abolishes the hypnotic activity of

the compound.
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Q. 3 Give SAR of Benzodiazepines.

5_angl 1,4 hemzadiazepine.
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Q.4 Give chemical classification of Antipsychotics and discuss the SAR of Phenothiazine.

Chemical classification of Antipsychotics:
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Q.5 What are antiepileptic drugs? Give their mechanism of action. Classify with examples.

¢ Definition:
Antiepileptic drugs are the drugs used invariably in adequate and impressive control and management of
Epilepsy which is CNS disorder essentially characterized by recurrent transient attacks of disturbed brain

function which ultimately give rise to motor (convulsive), sensory (seizure) and psychic sequence of events.

¢ Classification:

A. Based on chemical nature
B. Based on MOA

A. Based on chemical nature:

1. Barbiturates:

E ﬁ Drug example R R, R;
2 C R
: >Cs/ N Phenobarbitone H C,H;s CeHs
S 2
0/ 4\,5}/(1’\0 Mephobarbitone CH; C,H; CgHs
H Metharbital CH; C,H; C,Hs
Barbiturates
2. Hydantoins:
Rs' ;
Drug example R; Rs Rs
Rg NH
Phenytoin H CgHs CgHs
0) fil O Mephenytoin CH; C,Hs CeHs
R, Ethotoin C,Hs H CgHs
Hydantoin
3. Oxazolidine diones:
Drug example R; Rs R5’
RS'
Oxcf 9\5/C< i Trimethadione CH; CH; CH;
e IS Paramethadione CH; CH; C,H;
& S

3
Oxazolidinediones
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4. Succinimides:

Fil" Drug example R R R
N Ph imid CsH H CH
%C/ \C ¢O enysuximide 6Hjs 3
\ / Methsuximide Ce¢Hs CH; CH;
—CH,
R Ethosuximide CoHs CH; H
Succinimides
5. Acetyl Urea: i
Drug example R R
CgH Q
65 NH Phencemide H H
>=o
R R NH,
Acetylurea
6. Benzodiazepines:
— @‘-1——€— = Drug example R, R, R; R, Rz’
P G Diazepam CH; =0 H Cl H
L .5
S % \ji“; Clonazepam H =0 H NO, Cl
Fe T Nitrazepam H =0 H NO, H
F-anifl-1,4- benzodiazefine
7. Iminostilbens:
D 404«
8 | 2
7 5 3
& 00
CONH,
Carbamazepine
8. Aliphatic carboxylic acid:
CH,;CH,CH,
CHCOOH
CH;CH,CH,
Valproic acid
Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 26
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9. New and potent Anticonvulsants:

HO 0
=z
N7 i ~COOH
S NH,

. Vigabatrin
Gabapentin
10. Miscellaneous:
H
0 N
W
oM NH H/CHZOCONHZ
CgH
g | \CH,OCONH,
Primidone Felbamate

B. Based on MOA:
1. Drugs inhibiting Sodium channel:
= Phenytoin, Mephenytoin
= Valproate
= Lamotigine

= Carbamazepine

2. Drugs affecting Calcium channel:
= Funarizine
= Trimethadiones
=  Ethosuximide, Phensuximide, Methosuximide
= Valproate

3. Drugs affecting GABA:
a. GABA Transaminase inhibitor: Vigabatrine, Sodium valproate
b. GABA reuptake inhibitor: Tigabine
c¢. GABA receptor stimulator acting on GABA chloride ionophore complex:
= Progabide
d. Drugs which release GABA: Gabapentin

4. Drugs which bind through Barbiturate receptor: Phenobarbitone, Mephobarbitone
Drugs which bind through Benzodiazepine receptor: Diazepam, Clonazepam
6. NMDA receptor antagonist: Phencyclidine, Barbiturates, Felbamate

b
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«» Mechanism of Action:

Goals of treatment of Epilepsy:

v Normalization of seizure foci
Prevention of origin of seizure from the foci
Prevention of PTP (Post-titenic potential)
Blockage of propogation of seizure
Elevation of excitatory synaptic threshold
Potentiation of pre or post-synaptic inhibition
Prolongation of the refractory period
Blockage of repetitive neuronal firing

v" Blockage of synchronization of neuronal discharge
These goals can be achieved by following strategies:

AN N NN N N

v Modification of ion conductances
This includes
- Blockage of voltage gated sodium and calcium channels
- Activation of voltage gated potassium channels
v" Increasing inhibitory (GABAergic) transmission
v" Decreasing excitatory (Glutamatergic-NMDA) activity

GAT-14-~Q----T:ag
GABA-T —>
t
I -
Viga., Valpr. o
Na’ Barb. \‘ l
2T b,
2
PROLONGATION OF FACILITATION OF INHIBITION OF
Na' CHANNEL GABA MEDIATED ‘T'TYPE Ca**
INACTIVATION Ci" CHANNEL OPENING CURRENT
Phenytoin Barbiturate (Barb.) Ethosuximide
Carbamazepine Benzodiazepine (Bzd.) Trimethadione
Valproate Vigabatrin (Viga.) Valproate
Lamotrigine Valproate (Valpr.)
Topiramate Gabapentin (Gabp.)
Zonisamide Tiagabine (Tiag.)

Fig. 30.2: Major mechanisms of anticonvulsant action
m: Activation gate; h: Inactivation gate; GABA-T: GABA transaminase;
S8A: Succinic semialdehyde; GAT-1: GABA transporter

This figure is just for explanation. No need to draw in exam.
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1. Drugs inhibiting Sodium channel:
Drugs of this class act on sodium channels on the neuronal cell membrane preventing repetitive
detonation of normal brain cells during “depolarization shift” that occurs in epilepsy.
This is achieved by
i.  Prolonging the inactivated state of the voltage sensitive neuronal Na* channel and governs the
refractory period. As a result high frequency discharges are inhibited with little effect on low
frequency discharge.
ii.  Promoting sodium efflux from neurons stabilizing the threshold against hyper excitability.
iii.  Reducing PTP at synapses. Loss of PTP prevents corticle seizure foci from detonating adjacent
corticle areas.

2. Drugs affecting Calcium channel:
They probably act by reducing threshold T-type Ca'™ currents in thalamic neurons and hence stabilizes
neuronal membrane.

3. Drugs affecting GABA:
Drugs of this class increase concentration of GABA. GABA is major inhibitory neurotransmitter. Hence,
increase in concentration of GABA produces antiepileptic effect. Drugs of this class increase
concentration of GABA by
v" Inhibiting GABA Transaminase enzyme
v" Inhibiting GABA reuptake
v Stimulating GABA receptor

4. Drugs which bind through Barbiturate receptor:
They operate through GABAergic mechanism. They potentiate action of GABA.

5. Drugs which bind through Benzodiazepine receptor:
They operate through GABAergic mechanism. They potentiate action of GABA.

6. NMDA receptor antagonist:
NMDA (N-methyl-D-aspartate) is an excitatory neurotransmitter. NMDA receptor antagonist blocks
effect of NMDA giving antiepileptic effect.
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Q. 6 Explain SAR of Anticonvulsants:

SAR of Anticonvulsants incldes SAR of following classes because they are main classes of Anticonvulsants.

1. SAR of Barbiturates

2. SAR of Hydantoins

3. SAR of Oxazolidine diones

4. SAR of Succinimides

5. SAR of Acetyl Urea

6. SAR of Benzodiazepines

7. SAR of Aliphatic carboxylic acid

1. SAR of Barbiturates:

o}

E I Drug example R R, R;
2 C R
>Cs/ N Phenobarbitone H C,Hs Ce¢Hs
R3 2
o7 4\,3/4’\0 Mephobarbitone CH; C,H; Ce¢Hs
ill Metharbital CH; C,H; C,Hs
Barbiturates

Optimum activity is observed when one of the substituents at Cs is phenyl.
The 5, 5 - diphenyl derivative has less activity than phenobarbitone.

N, and Nj; substitutions, in some cases also resulted in an increased activity.
5, 5 - dibenzyl barbituric acid, causes convulsions.

YV V V V

2. SAR of Hydantoins:

R, Rs i Drug example R; Rs Rs’
Phenytoin H CgHs CgHs
0 N O Mephenytoin CH; C,H;s Ce¢Hs
ll?a Ethotoin C,Hs H CsH;
Hydantoin

» A 5-phenyl or other aromatic substituent is essential for the activity.

Alkyl substituents at position 5 may contribute to sedation, a property absent in phenytoin.

» Among other hydantoins, like spiro-hydantoins, thiohydantoins, dithiohydantoins and 1, 3-
disubstituted hydantoins, some exhibit activity against chemically induced convulsions while

Y

remaining are ineffective against electroshock induced convulsions.
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3. SAR of Oxazolidine diones:

Drug example R; Rs Rs
R
Oxf 9\5/ i Trimethadione CH; CH; CH;
L A Paramethadione CH; CH; C,H5
R, O

Oxazolidinediones

»  The nature of the substituents on Csis important e.g., lower alkyl substituents tend towards anti petit mal
activity while aryl substituents towards anti grand mal activity e.g.,

CH,CH = CH,
Q ,CH, ,
Cc—N

”\( -
W o =0
H.(,/ \(‘/

Malidione

O C,H,

wosd\

He” No~ 9
Dimidione
Both are active against petit mal epilepsy. While,
O, M
e—N
Cend b
cHS Do~ ©
5, 5-diphenyloxazolidine-2, 4-dione
It is active against grand mal epilepsy.

»  The N-alkyl substituent does not affect the activity since all clinically used agents from this class,
undergo N-dealkylation in metabolism. e.g. The anticonvulsant activity of trimethadione is due to
mainly its N-demethylated metabolite, dimethadione.

il
"o \:\

C/ \ >0
Trimethadione

N-demethylationl

H

o

C/ \O/ =0

Dimethadione
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»  Similarly paramethadione also undergoes N-demethylation in-vivo to yield 5-ethyl-5-methyl oxazolidine
-2, 4-dione, which is responsible for observed anticonvulsant action of paramethadione.

PR
He” Mo~ §:§0

Paramethadione

N-demethylation

Q H
/

Ne—nN

CoHs~ / \

Cs
H3C/ \o/ ~NEO)
5-ethyl-5-methyl oxazolidine-2,4-dione

Paramethadione is similar to trimethadione but less effective and less toxic.

4. SAR of Succinimides:

l|?" Drug example R R R’
Ox . AN C7O Phenysuximide CesHs H CH;
\ / Methsuximide Cg¢Hs CH; CH;
—CH
R - Ethosuximide C,H; CH; H

Succinimides

»  Methsuximide and phensuximide have phenyl substituents which make them active against
electrically induced convulsion.

»  N-methylation decreases activity against electroshock seizures and impart more activity against
chemically induced convulsions.

»  a-Methylalkoxyphenyl succinimides and alkoxybenzylsuccinimides were active anticonvulsants.
The length of the alkoxy group here determines the activity.

5. SAR of Acetyl Urea:

Drug example R R
CgH R
N NH Phencemide H H
%O
R R NH,
Acetylurea

»  Among aliphatic acetyl ureas, the highest anticonvulsant activity is found in those derived from
branched chain acids of about seven carbon atoms.
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>

With a further increase in molecular weight, the anticonvulsant activity gradually terminates and
hypnotic effect predominates.

Phenacemide is most active agent amongst the aromatic acetylurea.

Any substitution on the nitrogen of phenacemide does not increase further the anticonvulsant
activity.

Activity decreases with aromatic substitution of phenacemide with a gradual increase in hypnotic
activity.

Diphenylacetylurea is inactive.

6. SAR of Benzodiazepines:

o 5

—h—— Drugexample | R; | R, | R; | R, | R,
T,_FL-N“/_T__ SETgees | | Diazepam CH; =0 H Cl H
éin < P Clonazepam H =0 H NO, Cl
k \'\/L\ﬂ - Nitrazepam H =0 H NO, H

F-antfl-1,4- L,cnz,odm?q’mc

The electron withdrawing atom or group at position 7 increases the anti-epileptic activity while
electron donating substituents at 7, 8 or 9 positions decrease it.

A phenyl group at position 5 is necessary for activity. But only halogen substituents are allowed in
the ortho position.

The electron withdrawing groups at ortho or diortho positions at 5-phenyl increase the activity while
any substituent on meta or para position at 5-phenyl decreases the activity.

Methyl substitution at position 1 confirms high activity.

7. SAR of Aliphatic carboxylic acid:

\ 2%

CH,CH,CH,
CHCOOH
CH,CH,CH,
Valproic acid

The anticonvulsant activity increases with increased chain length.

Introduction of a double bond decreases the activity.

Introduction of a secondary or tertiary hydroxyl group or replacement of carboxyl by hydroxyl group
has no effect.
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Q. 7 What are Analgesics? Write SAR and mode of action of morphine.

% Analgesics:
»  Analgesia is a state where there is sensitivity to pain without loss of consciousness.
»  Analgesics are the drugs which produced analgesia.
»  They can be defined as- “Analgesics are the agents which produce symptomatic relief from pain without
curing cause of pain, by acting in the CNS or on peripheral pain mechanisms, without significantly

’

altering consciousness.’

+» Mode of Action of Morphine:
»  Morphine acts as agonist of the mu and kappa opioid receptors.
»  Agonist activity at opioid receptors opens potassium channels and prevents the opening of voltage-gated
calcium channels. This reduces neuronal excitability and inhibits the release of pain neurotransmitters.
»  Due to this release of substance P (Neurotransmitter of pain modulation) from the primary pain afferents

in the spinal cord and its postsynaptic action on dorsal horn neuron is inhibited. This results in analgesia.
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¢ Structure activity relationship of Morphine:

Morphine

I. Modification of phenol -OH group at position 3 : The phenolic ~-OH group at posi-
tion 3 of morphine is important for analgesic activity as it helps in binding to the receptor
through H-bonding. Change in this -OH group changes the analgesic activity.

a) Acetylation or methylation changes the activity. For example, codeine produced by
methylation has 1/10th the analgesic effect to that of morphine.

Codeine
b) Ethylation produces ethylmorphine which is less effective than codeine.

Ethylmorphine
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c) Acetylation of morphine produces Diamorphine, which is highly addictive and is
twice as active as morphine.

Diamorphine
II. Modification of Alcoholic-OH at position 6 : The alcoholic -OH group at position 6
of morphine can be modified to produce active derivatives. For example, Hetero COdeme
and Morphinone are more active than Morphine.

Heterocodiene Morphinone

III. Modification of double bond at position 7 & 8 : The double bond present at posi-
tion 7 and 8 is not essentjal for analgesic activity. It can be removed to give compounds with
reduced duration of action and increased activity. For example Dihydromorphine and
Dihydrocodeine. RO

N_CH3

OH*"

Dihydromorphine R=H
Dihydrocodeine R=CH4
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ot Brsg, wiiaib baa | ' |
Stmilarly, Diltydromorphinone is 10 times more potent than morphine as an analgesic.

OH

N=—CH,

O

Dihydromorphinone

[v. Introduction to Substitutents at C-14 and C-5 :

" Introduction of —-OH :
3 group at C-14 gjves

d oxycodone has ; g potent compounds. For example, oxymorphone
an Y A% Increased potency as -OH group provides an additioﬁal Hgond?;g.

OR

Oxymorphone R=H
Oxycodone R=CHg

Addition of —-CH, group at C-5 is dih

- d i ; wa
effective. For example, Metopon ydromorphinone gives the drug which is orally

1“4' v

hor, OH

Metopon
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V. Replacement of N-methyl group by other groups : '
This replacement produces various qu'lhtatwe changes like drugs produced may be.

agonist, antagonist or mixed agonist-antagonist in nature.

a) N-CH, group ‘provides sufficient partition coefficient to the drug. So, if N-CH, is re-
placed by N-H this decreases the activity. For example, N-normorphine

b) Higher alkyl substitutents on ‘N’ decreases the activity.

¢)  Aromatic substituent on ‘N’ increases the activity. For example, N-phenethylnormorphine
is more potent than morphine.

d) If N-CH, group of morphine is replaced by N-alkene, N-cycloalkylmethyl group, it wil
produce drugs with antagonistic activity. For example, Nalorphine, Naloxone and

Naltrexone are morphine antagonists.

OH OH

OH" O
Nalorphine Naloxone R=—CH;—CH=CH3
R=—CH2—CH=CH> : Naltrexone R=—CH>—<
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Q.8 What are NSAIDs? Classify them with two examples of each class. Write synthesis of one NSAID
having one chiral center.

¢ Definition:
“NSAIDs are the drugs used primarily to treat inflammation (Anti-inflammatory), mild to moderate pain
(Analgesic) and fever (Antipyretic). They are called Non-steroidal as they lack steroidal nucleus in their

structure”.

NSAIDs have three major actions:
v Anti-inflammatory
v Analgesic
v' Antipyretic
They are also known as Non-narcotic analgesics with antipyretic and Anti-inflammatory action.

7

s C(lassification:

1 Non-selective COX inhibitors:

I.  Salicylates: Aspirin (Acetyl salicylic acid), Sodium salicylate
II.  Pyrazolon derivatives: Phenylbutazone, Oxyphenbutazone
III. Indole derivatives: Indomethacin, Sulindac
IV.  Propionic acid derivatives: Ibuprofen, Naproxen
V.  Fenamates or Anthranic acid derivatives: Mephenamic acid, Meclophenamate
VI.  Aryl acetic acid derivatives: Diclofenac, Tolmetin
VII. Oxicam derivatives: Piroxicam, Tenoxicam
VIII.  Pyrrolo-Pyrrole derivatives: Ketorolac
2 Preferential COX-II inhibitors: Nimesulide, Meloxicam
3 Selective COX-II inhibitors: Celecoxib, Rofecoxib

4 Analgesic-Antipyretic with poor Anti-inflammatory action: Paracetamol, Phenacetin
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CO0H CooH
e
- o]
Salicglic acid Acet1l sdlicglic acid
CASPIRIN)
0) (\)//N 0~ N/
Pyhazolone @
Phengt butazone
-cooH
!
~ o CHD
S |-
Tndol€ acetc acid
k Tnao m ethaciY)
CHa
(CR3~-CH, -(OOH
; CH3 CooH
Phofioni c acid
Hy© Towlpofen
oM, CodH coot CH3
oo o org”
Fenawic acid Anthoanilic add pefenavnic acid
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d‘ﬁ){“ Pigosicar?
Dictofengc
~50,— (13
f ,,
ketofolac
Mmcs\duAe
“ZN "0?/5\@ -
P]/N CF3 @
" rMA-Co—CH 3
\'\56
cerecoxib faha cetavaog

Synthesis of one NSAID having one chiral center:
Ibuprofen has one chiral center.

CHq
OH
CH,
o]
HaC
Ibuprofen
Synthesis of Ibuprofen:
Cll
N\ (CH4C0),0 CHs
. _~CHCH, —_— CHCH, COCH;
Clly Acetylation CH3/ -
Isobutyl benzene p-Isabutyl acetophenone
HCN
Cil; OH
N CH
HI/P 3
G e CHOOOH 22— NG é—cn
CHj | i) Hydrolysis CH3/ 2 l 3
Ibuprofen Cyanohydrin
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Q.9 Write a note on narcotic antagonists with its mechanism.

These are the drugs which competitively antagonises the effects pf opioid analgesics by
binding with specific opioid receptor. These drugs bind to the opioid receptors with great
affinity than agonists and blocks the receptor and thus body do not 1:esponds to endorphins
and opioids. Narcotic antagonists reverses the effects of morphine like substances.

Martin and Gilbert (1977) postulated that there are three subspecies of opioid recep-

tors. These are :
1. u subspecies : Produces analgesia, addiction, respiratory depression and reduced
gastrointestinal motility.

2. K receptor subspecies : Responsible for sedation and spinal analgesia.
3. o subspecies : Produces hallucinations and respiratory stimulation.
4. 8 subspecies : Causes analgesia, addiction and antidepression.

Drugs have different relative affinities for these subspecies of receptors. Depending
upon this relative affinities, narcotic antagonists can be classified as :

A) Pure antagonists : e.g. Naloxone
'B) Partial antagonists : e.g. Nalorphine and Levallorphan
C) Partial agonist : e.g. Propiram and Profadol

OH OH

-HCl | -
~00C— CH—CH—COO0

N—'CH2CH=CH2

OH :
N—CH,CH=CH, 6

Levallorphane Tartarate

CHz
*HCI
N
N—CH,CH=CH, N = |
CHz N
Naloxone Hydrochloride Propiram
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Mechanism of action:

Narcoitc antagonists act by antagonizing opioid receptors. Pure antagonists have fully antagonizing action
for opioid receptors. Partial antagonists have more antagonist and less agonist action for opioid receptors.
Partial agonists have less antagonist and more agonist action for opioid receptors.

Naloxone has high affinity for p receptor than d receptor and lowest for k receptor.

Nalorphine has competitive antagonist action on p receptor and agonist at k receptor.

Levallorphan act as an antagonist of p receptor and as an agonist of k receptor.

Uses:
1. Narcotic antagonists are used to counter the effects of opioid overdose.
2. It helps in overcoming opioid addiction.
3.  These are used for the treatment of alcohol addiction.
4

Narcotic antagonists reduces the intensity of various undue effects of opioids like
vomitting, drowsiness etc.
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Q. 10 Enlist various physicochemical parameters that affect biological activity of drugs. Explain the
effect of protein binding and hydrogen bonding on action of drugs.

Physicochemical parameters that affect biological activity of drugs are as follows:
Ionization,

Solubility,

Partition Coefficient,

Hydrogen bonding,

Protein binding,

Chelation,

Bioisosterism,

VVVVVYYVYY

Optical and Geometrical isomerism.

Protein binding:
Binding of drugs falls into two classes:
1) Plasma proteins;
2) Blood cells.

2.9 Plasma Protein Biﬁding:

» Many drugs are bound to some exterit to plasma proteins.

» It is important to know to what extent a di'ug is bound to plasma
proteins.

»  Protein bound drug is large complex that can not easily cross

the biological membranes and have a restricted distribution.
» Protein bound drugs are usﬁally pharmacologically inactive.
S ——— e NS ——s

» The plasma protein binding is expressed as “fraction bound” that
is ratio of bound concentration over total (bound plus free)
concentration.

Bound concentration of drug (Dp‘)‘

Total concentration of drug (Dg + Dp)
(bound + free)

Fraction bound =

(DF + DP = Dt)

Bound concentration

= x 100/
% bound Total concentration ¥

» Free fraction equals to one minus the bound fraction.

Free fraction drug = & =~ bound fraction)
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Plasma proteins bound with drugs by formation of mainly

Vander-waals forces, hydrophobic bonding, hydrogen b6nd1ng
and ionic mteracnon

For most drugs the binding of drugs to plasma protein is a

Ieversible process with rapid rates of association and
dissociation.

» The degree of bmdmg is determined by _affinity, (association

constant), capacity  (number of binding site per molecule of
protein), Wncentratlon and drug concentration.

The most significant protein involved in the binding of drug is
> albumin, which is more than half of all blood protems Other
proteins are al-amd glycoprotem hpoprotelns

b el ]

Major drug binding proteins in plasma is summarized in Table

2.7.
Protein MW Normal Type of Example
g/mole |concentration drugs
; g/litre bound
Albumin 67,000 3.5-5 acidic, warfarin
) basic
o; - acid 42,000 0.04-0.1 basic, propronolol
glycoprotein neutral
Lipoprotein 200000 - varies Lipophilic Cyclosproine
2,400,000 basic &
neutral

Table 2.7 : Major drug binding proteins

2.1.2.7.2. Binding of Drugs to Blood Cells

More than 40% of the blood comprises of bl olood cells of which the major cell component is the RBC. The RBCs
constltut e 95% of the total blood cells. Thus, significant RBC drug binding is possible. The red cell 15,200 fimes

in diameter as the major plasma protein bmdmg component allbumin. The RBC comprises of three'components
each of which can bind to drugs: R\m‘; e
1) Hagmoglobin: It has a molecular weight of 64,500 (almost equal to that of HSA) but is 7 to 8 times the
concentration of albumin in blood Drugs like henytof )
haemoglobin. _ ~ ~ :

2) Carbonic Anhydrase: Drugs known to bind to it are acetazolamide and chlorthalidone (1 e., carbonic
NN N NN
- anhydrase inhibitors). ~ .

3) Cell Membrane: Imipramine and-chlorpromazine are reported to bind with the RBC membrane. It has
_ been shown that the rate and extent of entry into.RBC.is more for lipophilic_drugs, ¢.g., phenytoin,
Hydréphilic drug like ampicillin d.got enter RBC.
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2.9.1 Factors af‘fecting protein binding:

1.

>4

of drug like

= : ; erties > .
Drug related: Physicochemical prop basic binding

lipophilicity, anionic, acidic binding sites, :
sites, concentration of drug are major factors affect protein
binding.

Number of binding sites: Number of binding sites are also
important factor for protein binding. At low concentration of
drug, fraction of binding sites are occupied, but at high
concentration of drug most binding sites are occupied and free
fraction becomes concentration - gradient. i

Concentration - dependent changes in drug binding are most
likely to occur with drugs that have a high affinity to protein
and given in larger doses. e.g. aspirin, phenyl butazone, some
penicillins and cephalosporins.

Albumin has more binding sites. Tamoxifen and Dicumarol binds

to 10 and 20 sites of albumin. Indomethacin_ binds to 3 _sites.
. Rgome T

T - < 5
Competition between drugs for binding site may occur when given
in combination. Administration of phenylbutazone to warfarin
result in hemorrhagic reaction. =

Competition between drug and normal _constituénts: Free’
fatty acids (FFA) competes with albumin. Free fatty acids
concentration are increased in fasting, due to exercise or
infection, albumin bound drugs may displaced from their
binding sites.

Alloste;‘lic changes in protein molecule by drug or its metabolite
may change the protein binding. e.g. aspirins acetylating the
lysine of albumin. So modifying. the capacity. of NSAID,sqbinding.
In renal failure,. waste_ products ithat ‘accumulate in blood and
compete for protein binding. TEY D
Pathological condition: Plasma protein concentration often
changes in pathological condition and binding with drug will
changes. r

In various disease states (such as ren i e, liver disease,
inflammation),  in pregnancy and in neonatal period,

hyperalbuminemia is observed.

o;- acid glycoprotein concentration rise in inflammatory diseases,

N )

stress and malignancy and fall in liver disease.
. . .

Patient related: _/,\gg,_ ;g’e;h_'_et__i_c_énd environmental factors,
disease:state of patienti.also 'play .important role in plasma
protein binding.. PaE: L .

Binding to other macromolecular components like

immunoglobulins and erythrocytes -generally occur in smaller
extent.
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Hydrogen bonding:
» Hydrogen bonds are specific, short range, and ‘directional

non-bonded interactions. They occur between hydrogen atom

B e

P — s
S) and an additional electronegatlve ‘atom (Table 2.3).

L.an

> Distance of 2.5 - 3.2 A2 between H-bond donor X and Y. Bond
angles of 130 - 180 are mainly found. Bond strength varies
depending on group from 1-7 kecal/mol, Binding affinities

B

hydroges:s ~~
g H-bond are

increase by about one order of magnitude Per
Fhe compounds that are capable of formin

soluble in water. _//—-l
T
Strength of - Donor s
H-bond
‘ + = . N-, F—
Vex‘y strong NH3’ F—-—H __’_C_O__Z__,—_,?—-,————"'-/
. - -H, S=6C;
Strong O-H, N-H, Hal-H e Hal~
(Cr, Br) S
= al—-C, T,
Weak C-H, S-H, P-H F =
' J S — H, Hal - H

Table 2.3 : H-bond donor and accepto
their strength of interaction
Hydrogen bonding is classified in to two types:
(a) Intramolecular Hydrogen bond
(b) Intermolecular Hydrogen bond
(a) Intramolecular hydrogen bond:

When H-bond is formed between two atoms xvitk?ilx‘ a gnol.egule,
is called an intramolecular H-bond. This result in formation of

ring known as chelation. e.g. salicyaliic/\%ciiid, o-nitrophcirlg}_:_
O\H 5@ \H 5D
C/O 5@ /O 5©
i

fntérmoiecular hydrogen bond:

When H-bond is formed between two or more molecules, it i

known as intermolecular H-bond. This gives association ¢

molecules and forms dimers, trimers or pPolymeric aggregate. e.g
. P‘hydroxy benzom acxd p-nitrophenol, water, ammonia etc.

B T T T -

(®)

A e : e "
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H H I I I
e H H H H
o\ = L=
l l Water Ammonia
........ ) S — c-om
OH OH

p-hydroxy benzom acid
Importance of H-bond:

i Many physical properties are affected by hydrogen bonding.
-Boiling” point, melting point and solubility of compounds are
greatly affected by H-bond. Intramolecular _H-bonds generally
decrease melting point, boxlmg point and solubility.
Intermolecular H-bonds generally increase boiling, melting point
‘and_solubility, T e

» . Strength of acids and bases_are also affected by H-bond. Surface
tension and viscosity have been changed by H- bor-lcTs——ixT—
—cem——oe e tmindetotec 0 :
- molecules. ,

>

Hydrogen bond helps in stab1hzmg,.the conformers of many
macromolecules. a-helix and B - sheet conformation of

peEudes and proteins, double helical structure of DNA A is due
to hydrogen bond H-bond is very important in chermstry of

‘genetic cgge e £

~» . . Hydrogen bondlng is very important in drug receptor mteractlon

and as well as their blologlcal activity. This can be explained
by some examples &

' cﬂwm&hcvhc*amd] is good antibacterial

.agent but p- hydrobenzmc acid havxng less antlbacterlal
- activity. TS

2. Antipyrine (1-phenyl- 2 3 -dimethyl-5- pyrazolone) is- analgesic

but 1- phenyl 3- methyl 5- pyrazolone is devoid of analgesic
activity.
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H 5
¢ ~-CHy H CH,
N
0”&, N7 CH, OIN/N\H
Antipyrine

1-phenyl-3-methyl-5-pyrazolone

Good analgesic agent No analgesic property

M.P. = 112°C - M.P. = 127°C
Soluble in water Insoluble in water
Does not form- intermolecular Forms intermolecular
H-bond H-bond
Cross biological membrane Do not cross biological membrane

CeHs - GeHs 7

0. \ Q- HN
\N ............ /N N
HN, ~/ = ° HN\ _~

. Intermolecular H-bond

3.@%@is especially form H-bond with peptide having

a terminal D-Ala-D-Ala moiety in bacterial cel] through fiy
 H-bonds and show antibacterial activity, :

B it SN |
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Q. 11 Discuss the role of Partition coefficient and solubility in drug’s biological action.

Partition coefficient:

rua to

» As we know solub1l1ty is first requirement g d, 5 the
transported in membrane surface. but diffusion across

membrane j o N

1S dcpcndq : sgie.. 8 ol o s
biological membranes upon lipophilicity (lipid solubility),

are Tlipidic in natufe:
i The rate of dlffuslon of

only col drugs across the cell membrane is not_
Y concentratio =i

""‘*‘n ntration d"l)‘—ndbnt but nlqo d(_pcnch upon ml/wqtc,r
part 1oncoeifi cxc

'nt of drug, e
» :_I‘lfle ability of dru
phase is

also present, often called as lipophilicity. ~The
~—lipophilicity is characterized by partition cocfﬁcncn_g;,

g to dissolve in lipid phase when an aqucous

Partition coefficient is defined as the @quxhbnum constant of drug

concentration for “Unionizable” molecule in lipid phase and
aqueous phase.\ S g

[dmg]i}pi(l _
[drug] * bt

ﬂﬁ\l eous

For ionizable molecules, when o is the degree of 1onlzatxon in
aqueous solution. ’ T

[drugliipia
. (1 V= @) [drug]aqucous

Partition coefficient is very important para.tneter which affect drug
absorptlon and distribution.

g Partition coefﬁc1ent is depends upon the various functional

groups present in compou nd. L%c"‘and hyarophlhc

character of molecule decides the partition coefficie

» Partition coefficient greatly influence drug transport across
membrane. Effect of partition coefficient on percentage absorption
of some barbituric acid derivatives are shown below.

Barbiturate Partition coefficient % absorbed
~—Barbitol | » 0.7‘ | A 12~
|—Phenobarbitol o= \ e B8 N ‘ 20
Cyclobarbitol 13.9 ' ‘ /24
Secobarbitol ; 50.7 . 40
'Hexabarbitol s > 100 SERAES (P PRSI E
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> Ihaae e o= PSSP OUDE BT . o o et T
Partit; ;
d:tltlon Coefficient also affect drug distﬁW
» P £ Bt reach at site of action.
azldar and hy drophilic compounds such as ceftrixime, gen}amlcin
e Streptokinase are poorly absorbed after_oral absorption and
ak:-f't'b-e glven parenterally. ng . drugs with Afa.voura_\ble
. Partition coefficient are well absorbed after oral administration,
A S T e s e A . .
miciht“’n, of non-polar groups like alkyl, halogen, nitro, phenyl
' nly lmprove the partition coefficient. E
2.3.1 M
L . ei_SESESJlLof Partition Coefficient:
afnrtltmn Coefficient is determined in vitro by shaking a weighed
octount of drug in measured volumes of water-saturated n-
. octanol and n-octanol-saturated water. CL =
The aqueous phase is usually buffer with pH 7.4.
»e Concentration i ) s i
: n both n-octan i
$Et Shas e s ol a}nd vx_riter .(bufferL 1s measured
s g mixture for specified time in separating funnel,
Other system are also been used.
hexane-water
chloroform - water
» Lipidic character of n“oct
-octanol is similar to b i
It 1s non-volatile, high boiling' solvent, fo SRl embrane,
non-toxic. \ - » 'OTMS true biphase and
» Concentration of drug in both phases n
C (High Performance Liquid Chrom :W' be determined by
a i
Layer Chromatography) or any other analograth), LC (Thin
L5 . ytical .methgqg
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Solubility:
2:2 Solubility:

formation of a
The dissolution of solute in a solvent means the

13 stance at a
homogenous mixture of the two. The solubility of a sub

: e dissolved
givéen temperature is defined as the con?qnnatlon of th-nteractions
solute, which is in equilibrium with the solid solute. Three 1 '
are mainly important.

a. Solute-solute interaction
b. Solute-solvent interaction
c. Solvent-solvent interaction

The necessary condition for dissolution of a solute in solvent is:

Solvent-solute interaction should equal or exc

or exceed the solute-solute an
solvent-solvent interaction. e

-

In organic ¢
k ganic Compounds, solute-solute

interaction are:
- London forcesg .

Dipole-dipole Interaction -
- Hydrogen hong

F ____‘Polar compounds are soluble in polar solvents like water, ethanol
by .I:I,ZP.QL‘QAQ.rmation, ‘ N OGO

%;?%;E&la.: compounds are soluble in non-polar solvents like
[ AR 20, benzene, CCl, by either dipole-dipole iteraction or
ondon lorces. Here “like dissolves like” is a rule of dissolution
because it is thermodynamically favourable.

Solubility of solute is depends u
size, crystal form, pressure etc.

pon temperature, pH, particle
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2.2.1 Importance of Solubility:

1. Solubility is very important in formulation of dosage form. Drug
must be in solutlon before 1t can absorbed by biological

o e s —— et S~ A T
gy — — -~

2, Drugs must be in solution to interact with receptors. Polar
compounds form H-honds_and binds with receptor. Non- polar
compounds interact with lipids. and get dispersed. -

2.2.2 Improvement of Solubility of Drugs:

The solubility of orgénic medicinal agent may be expressed in terms
of affinity / ph111c1ty or repulsion / phoblclty for the either aqueous
or lipid" solvent | X ;

Ksolubility el N
Y

The solubility can be 1rnproved by following methods

(A) Structural mo dxficatxon‘n

Addition of polar groups in chemical structure increasing
ﬁ—bondlng and interaction with water. Polar groups are carb(vahc

§1ds ketones, amines_etc. , \\/ ( Oii O 0e s Nﬂ‘a
_§§=l_t_fgxn1anon_0f compound is most ‘common method to improve

water solubility. Salt formation is also applicable to reduce
w;{ the taste and smell etc. M

> : } laople <.
“Ommon Pharmaceutical salts are summarized 1n L.

Salt class = . o
xamples —

Anions

Inorganié acids HCIl, sulphate, nitrate

Sulphonic acids L—;;;ylatc, tosylate, besylate. .

Carboxylic acids Acetate, maleate, salicylates, fumarate

Hydroxy acids ' éi;fafe, la;ctarte., tartarate

Fatty acids O(;t.;xnoate‘,-stearate

Insoluble salts _ Pamoate, sg!phon,ate

Cations = '

Organic amines Diethylamine, ethylene diamine

Metallic salts Sodium, potassium, calcium, zinc

Insoluble salts Procaine, benzothine

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 53



Dyswwt  MEDICINAL CHEMISTRY I (BP402TP)

Methyl pred1n1solone is water insoluble, its sodium salt is water
g

soluble.

Chloramphenlcal having bitter taste, its palmitate salt is
msolub}e and having nq_bitter ‘taste. {kx 5 & |- r

Using surfactant Surfactants can be used. tq_[e ance solub111ty
Use of co-solvents: Co-solvents is g}_{t_u_rg,_of—sglm;_s___
specified Co-solvents are mainly wused to improve
solublhty of compounds in formulation.: Examples of solvents are

ethanol sorbitol, propylene glycol

The addition of co-solvents can increase the solubilit ;

by reducing dielectric constant of solvent.
drophobic molecule
II;Ia]n problems with co-solverts are preClplta’uon 1 of “drug with

50 of solvent mixture, tissue dam%e and - Gals upon

ilu
injec\,tlon 1 s bl
$immy n: It is less commonly use method for solubilization.
Comp exatio nt improve the soluhility N

2
Somf C%nflixff%mmg T \s ued as Co\-U€X b
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Q. 12 Explain how Ionization affects biological activity of a drug.
physiolo gical

: : stribution is influenced by mainly .
Drug absorption and distribution 1s 1n cal properties

factors. Additionally, it depends upon many physicocherm
of the drug itself.

Ionization, dissociation constant and pH of fluid at the .s1te of
absorption determines the extent of absorption from a solution.

(The function of the drug existing in its un-ionized form in a solution

is a function of both the dissociation constant of the drug and the
pw solution)) ~ '

7 3 L. .
The d1§soc1at§c;n constant for both wealk acids and bases are expressed
as pKa (negative logarithm of dissociation constant, Ka).

According to Lowry-bronsted theory an acid is proton donor and a base
codul P Gegii e,
is proton accepter. : :

An acid on dissociation in water gives a conjugate base. A base on
dissociation in water gives a conjugate acid.

HA + HO S=——== HO" % & . |, > 3 (1)
Acid Conjugate base

B + H,0 s5FT——= TBH* 4+ OH= L eeees (2)
Base Conjugate acid

The Henderson - Hasselbach equation for the ionization of weak acid
HA can be derived from the equation (1).

“\_ [H30*] [A]

Ka = [HA] [H,0]

K; = Equilibrium or dissociation constant.

Since water is in excess,;: molar concentration remains constant,
equation (3) is simplified to.
L | Froft it crci e (4)

4 [HA] ‘

N

The negative logarithrh of Ka 'is pKa.:
Thus pKa = —log Ka
Taking logarithm in equatiorlm. (4),

" [A7]
log Ka = log [HSO ] +.:10g‘ [HA]
Taking negative sign, - - 1

(A7) o
~log K, = —log [H30"] — log 1:7y

-log [H30'] = PH ,
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! Al
pl\a = pH = 10g [HA]

[A7]
PH = pKa + log [HA] is jonized form
. . acids. [A7] 181
This is Henderson - Hasselbach equation e

and [HA] is un-ionized form of weak acid.
oS g BEREE TN e (6
6H = pKa + lo [ionized] )
b= 8 [unionized] .
acids as

i ion of weak
This equation is used to calculate pH of solutl

well as to calculate pH of buffers.

i . _ o is fract
If & is the fraction of ionized species and 1 .0‘ is f s
as unionized form, equation (6) can be written a

jon of remaining

H - -
P pKa = log T

or = Antilog (pH - pKa) (7)

l -«

Using equation (7) amount of drug absorbable and unabsorbable can
be calculated, if pH at site of administration is known.

Similarly, dissociation of weak bases and dissociation constant for
weak bases can be derived.

B + H, O =—= BH' + OH® |, <
pK, + pPK; = pK,
K,

K, = dissociation constant of base

dissociation constant of water

Even K, is dissociation constant of base. For conventio

5 . nally K,
is used for relationship.

lionized]

- pH = lo :
pKa = p 8 [unionized)

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 56



@
Dyswwt  MEDICINAL CHEMISTRY I (BP402TP)

Most weakly acidic drugs are in unionized form at lower pH of gastric
fluid and therefore be absorbed Irom stomach o

Some weakly acidic drugs hke phenobarbltol phenytion have pKa value

.

near to 7.0:"S6 there are unionized.in-all-pH.values. There absorptlon
are mdependcnt to pH.

iy se—

Most weakly basic drugs are unionized form at_high pH value of large

Pt s g i

ntestme and absorbed from the intestine. In stomach there drugs gCtS

A

jonized and not absorbed

AT S —
Example: lbuprofen is acidic drug with pKa 4.5.
ml
It’s ratio of ionized and unionized can be
calculated at different pH value.
In stomach pH = 2.5
e B
2.5 = 4.5 + log -
N
B = ionized
COOH e log X A= unionized
B 1 <& .0l ;
A 100 123
In intestine pH = 7.5
| : B
— > + 1 —
7.5 = 4.5 0g A
: 3 1 B JNov\, (’0'0} éf“”j
g, (113 =log =51
sporay aefs e ' A 5. m@:a Sois
i wi — 7
RN B _ 1000 |
S S . i R
A I
In stomach ibuprofen is mainly in unionized form and well absorbed:
In intestinal pH it: is in 1on1zed forrn and less absorbed. .

SR A | (L
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PKa Strength
s 2 = strong acid
4-6 = weak acid )
e
8-10 = vyery weak acid (weak Das -
212 = po acidic properties (strongz
pKa values of [some dmgs are given in Figufc 2.2.
o
Acids pKa Bases
ig 2 Penicillins ? | Dapsone 7
"+ |5 Salicylic acid ~ <8 4
¢ [“Warfarin ~ 3 ot
~ 4 — Quinidine ™!

== | STolbutamide ~_|
A ) =8 Reserpine
Phenobarbltone\ e
4 % Phenytoin i
" ! ¥Theophylline \
N " Nitrazepam\\ 10

In
0 - | ¢ Oxazepam =11
i 12 —~~Guanethidine'{-

14 Caffeine
T~—] 18

~ 14

6
7
8 : 2]
g —+ Ephedrine _)

4

Summary of Ionization:

» The lower the pH relative to the pKa greater is fraction of
protonated drug (may be charged or unchanged).

» Weak acids at_acidic pH : more li@g _soluble because it is

e e - e

S ——— ~ » o ]
uncharged, readily passes through biological membrane

(absorption).
pKa < 2 = more absorbed in stomach
pKa =4 -5 = less absorbed in stomach ™
"‘
pKa > 8 = not absorbed in stomach
T ] ' N\,'~- canp ll.ﬂ

N —————— o

se it 1s
» Weak bases at basic pH = more lipid s.oluble bc;cz:;e
~ uncharged readily. passes through biological mem r -

pKa > 12 = more absorbed in intestine
pKa = 10-12 = less absorbed in intestine
PKa < 6 = not absorbed in intestine

Absorption of neutral 'drugs with pKa 6 - 8 are independent
to pH. '

.Lipéph.ilicity (partition coefficient) is also important with the
lonization of drug for absorption and distribution.
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Q. 13 Write a note on Bioisosterism.

\ » " o \
\ Bioigostenism (5 a sthattdy of medicinal chemnsug
fon +he national desisn of mNee d5ugs, applied
With a lead Confound G5 a sfecial PAhocess of

mole.cwtay  modification.”

= Bloisostehism |5 used
-To desiqn mee doss
-To impyove bioogitad QcHVIty
4o achieve Selectivity o sfecfrc agcefiod &

eNZyMe
-~ To Hedure advehse Qﬂﬁcﬁ

- To oftimnize  PlCokime+ics of 4he

¥ Backgnound /[ Histosy of Bioisostenism :

lead Comfpund.

- 1IN 1314, Langmuly 9aves +he concept of  isostenism,
ACcohding to thus  Coneeft, " '
! 1505+e5isyn 15 the CoNcept of adomMs /_O)vjcm;‘c/
N0A30NIC moecwdes S (OSSESS  Same Y\i ;\Fj 4
clecanons £ /0% cssangement sf - SleCthons,

3 “2 —_ '__ +a
Q. Do =F = Ne=z Nt =M

i) N=N = c=0

) N=n=nN = C=N=0

- In 1386 |, Ghimm  fosymwdaxed  hidnide  disflaement
2000 o desemibe | simitaniHES berween 9 8oufs hat

have .Same wo. of vaanre electboms put May
have & ff. yo. of atoms."

- Hidnide weans HO
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€. ¢ N 0 F Ne
L—SCcH  NH OH  HF -
2CHe  NHe OH2
>CH3 NH3
%CHH
‘e, N £ CH ake (sostess,

0 VH £ cH, ane |505tehs.

-In 13832, Exlenmeyesy edefined 1505135 QS actems,

N5 od ynolecwleS M chich  hichesad A7ed 010

elections Can be Govsidesdd ds be  jdentical.

-In 1951, Fridevnann £ Themiey Jave +he Feiwt
Rioisostenism.,

fCco. o them glofsos"r@nsm ase 5“415’H+U€n13 o:a <
anops  having Chemicu 0_{ Phgsical  similahites 4
oduch . Phoduce.  broadly  Similad

biole§(cal
ProPestres. " : .
& classificaton of « Bjolsostenism -
Bioisoﬁes;ism
4 N
c1asst tal NoY\-cAassical
4 Sy
@DMonO\/aJEYH atoms of groufs <D Fun cHonal BPoufs
bwadt;j\* ; t i ) Ciclic Vs Adklic
T)7‘|\/ eﬂ ] | .
D; TedAavalent “ " 1) Re4f30156 Stesism

H Ring  equivalent
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- 10 1a#o, ALBred  Burges -_
Classified  bioisostesiom in 1o bload  Cadegolies:

Clasgicad & Non~cAassicad bioi505tehism

N classical biofsdjwn'sm:

“They an€ adoms / moleculad Stbwi subunits / £ ggats

of Same valante & Ainy  quuvalents. "

-~ They posSess SiMIlAy valence elgctdon configuh action.

. oxggen & sufuy ane both im Columm YT of
the Pexniedic tble. ok
Tavs, Thio-ether (~C=s-C) fs bioisostes " classices
£ an erhes (=c-o-c) - |

i) Neon - classicel  bioi50 steaiom:

- Functonat 3houfs With dissmilad  valence.
oleCthon o figulaxion a%e Non - clqssicod Bioisestess

- They a%e atoms / g soups | yolecues chich did not
B4 M e defimiHon of fiast Class. '

- ‘T’?\e‘j dop't have same _Y>°-_°1Q @?m‘!’
dov'd Fit e steanic & Clectdonic Awe of
Classicak  bio(so st&4S.
But ey PlodMee similyy  biologicul

‘ PAofestes.
o Heflacg a

o1, Tethazole ymoitty maj be used .
| ' 6109 CaL

(asbodglate moiey beause MY b
GHieMS @ Unable o Jitfesendiade  betoeew

frese 4o Vesy  SHuCHLay  dfsiinchive fun cHona
AAovfs.
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—

{Exmm?lés of Classical Biojs051€3S : °

l-) Momo valeN+ attomns of 35501;{’_3; —OH,—NHa) ’CH3

“of =, =R

1) Divatent ; " —CHe= | —NH- —o—
TCoCHe R—, = CONHR~ —Cof-

i) Thivadens "

V) TeAsavalent - 0
:S‘-

V) Ring equivadents: @ @ [—ﬂ
I~ S

fEocameies  of - Non- classical - Biojso 5iexs :

D FuncHonal ghouf  siepiqceme nt:
@) Halogens: -x, —CFy ,-CN,-N (cV)a , —C(cN)y

b) H3ydSox9.1 3%6\}{’3 -OH, =CHzOH, —NH o nHy  ~MI(5 M,
| SR |

-0
O Carboast @houb: £ 5. 955

d)-Ca}lbo:)CJllCl aCIdJC’ 8’50“'?-'.“C00H) T@‘XQlO,IC) “SOGH) -5021\1‘-{2
e) Amide: —(o NH—, —NHCO—, —NH(g -

. 2 B oy
: : . Ne cw '
; & Nspp
) Thioerhey 1~ S\ >el '
9) Thiowrea :
5 N
=
HN*NHR S
: HY ™ Som g

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 62



— MEDICINAL CHEMISTRY I (BP402TP)
i) Cactic Vs ACICUC.

@) Phevot substitudion b3 Indele. @ ©l>

b) Caﬁ;boatjhc aud Substitwton b3 1@}}010!6
N—p
i

i

C y

\OH ' k(;‘/’L

(1) e +A0 (50 5+ 5m : -

l") f5 pased oM mve)\SIOﬂ of specitred 57’01"{ PAESe]

v he Lead Coynfound ' SHAU cfuwhe P/»oduws an (ses
0 \

R/L\/ﬁl Refee isosterism R'/o\]'(ﬁl

0
.8 MleCQ:HOﬂS of . Biopsiesnisym:.
- The punfose of; medecway moaljﬁcahow b
biojs05tehism ‘:5
- v 1nfrove  biologicak A CHViTI,
-+ i'mprove  Potency,
" « dWhakion of Q cHon
- 4to achieve - 5ﬂec+1vm fo4 Sfﬁc«%c 51(’(6;11))3 G_,ﬁ @
- o hedute advesse effects.

b_ , !
~ 4o ofHmize ('cokinesics of e Acad Comfound.

!t
2

These  offlications  Can be. um;qsf;oﬁ by flee Mg
exaynfles
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=y BExamfles ©of classitat  Bioisostesism :

. Mgno}va)fnir: 5

)\YH i F ¥
HN Il A >HN/‘B/
= g

Unhacid

S-F)‘uo}'o whacid.
~ (Anti- neoflastic agent).
s one. of -H,«cv» fom muut’obques oF RN]\.'
“~An AnH-meoflastc  agewt (5~Fluogo ukgert) (o
be Pgoduced bj MONO Valeut  Gup SHtudqou of Wcil.

“Vhacia

[i) Divalent. CM
s _5 RH,
(OO =CHy—CH,~N (0 NH~CHy~Chp~py. =
\C2H5 \QHS
! — >
N H :
Vi )
PioCaine - Paocainoom 1de
(LoCak aMaesthesc) ( Aﬂﬁ-mhjﬂ;m@
. ] i 0.
() TAivalent: 0 | :
ik | g - ! N CHy .
T
"8 L
0=y Ho ]
H9> o =3
o
OH Ny
Thymidine Azidothgmidine (h=T)

v
CPJ),im\'djv\e Aeootj'nucl(osiu) (zidovudine)
AnH - HIV agewt

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh

=

Page 64



Dyswwt  MEDICINAL CHEMISTRY I (BP402TP)

V) Ring equvalevs:

NicoHne ABT— 1418
(Anargesic) (Ani- a2 heimes )
=5 Eocamples  of  Non-clasSicat  Bidisostesism:

i) Funchonal ghoup heflacement '

CooH 0, NH2
>
VH2 M2 :
PABA . SUhanilamide

| (?%ammo beN20iC acid) C movi- bacteniad)

i) (yclic Vs Alclic

o5 — 5o

: no
Rephadial Thans- di eghad SHIbEStsoL
(Estrogen Hopmone) C Estposem wedicotion).

wo

) {ee;rdoisosﬂﬂ»fsm
(9]
CH3 ‘H CLB 5

|

fAﬂ H—~ncH. \Mn"H.("\

(0
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T 50ME  pioisostenism  Can alse alted  Phgicochem i
Profeyties of  Com Pourd. .
€. Ghep —OH 15 xeflaced by —ay means  phenel
o amilive, Phevod 5 SligkHq a cidic alxue amiline
i5 basic in MNatwe. i 8
- pka values are also been Chawied, oduch is
sesfonsiple. 8 e distines P Himetic Padfiles.
- Fwrtheamose, n +8ms  of yolecwey RE BN 4 o7)
of a aiven Aceft) Site, e e hare chanied
oN MeyaAeAY ChaA3ed  Shof do Positives) chadjed 5
Ohich  way  faebabl)  abolish e getivit
- Ths, in 5 CXavNnfle, sevese altesadions of
wolgcwas  PAofesties  O@WAS Uike (ypigsc aquesy s
SONbilitd, enzywatc  activitd, chemicad heacH Vit
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Q. 14 Explain Optical and Geometrical isomerism affecting drug activity.

Optical Isomerism:

»  Optical isomerism is the most common in medicinal chemistry.
There are many example where difference in biological activities:

of two isomers (enantiomers) is observed in drug molecule with
one chiral centre.

» In 1933, Easson and Stedman reasoned that difference in
the biological activity between enantiomers resulted from
selective reactivity of one enantiomer with its receptor. They
postulated that minimum three point fit is require with
receptor which is known as “Wﬂlg of three
point attachment.

—

B i e

2 :fic for enaiiuuviuere
e Easson - Stedman principle: If binding 15 specif

st occur between the
pairs, then a three point attachment

enantiomer and dissymmetric surface.
ric_s

Model of three point attachment:

rs. Where B binds bette;
are algin with M‘l :
binding. If A and B bing
d not the 7y site. Thig

e Compound A and B are enantiome
than A due to points A, B and G
on the receptor. This shows 3 point
equally, than A binds with o and fp an
is 2 point binding. 1

ystems, relative binding of

: e iological s ; ;
» Evidence of specificity of biolog the specificity of an

enantiomers  may be used to judge
interaction.

Compound A Comppund B
Figure 2.4 Model of three point attachment
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> /Example: Binding of Epinephrine to an a-adrenergic receptor

» /‘gt(;) Epinephrine shows three point of interaction with receptd

® Substituted aromatic ring

@ P-hydroxyl group

° Protonated secondary ammonium gfou
lary _ P

> Stimulate receptor (strongest acting)

» (<S (4) pinephrine shows two oin . _ % ,
A s“g . Point of interaction with recep!

e. Substituted aromatic ring

Y Protonate'd’secondary ammonj
um

10 -‘ Canhot' intefact properly (weak aCtin'g) group o t

)
% (3

a

' R[-) epinephrine (active) S(+) epinephrine (less active)

Figure 2.5 Example of three point attachment model

o Optical Isomerism and Pharmacodynamic Aspects:

' The biological response induced by a pair of enantiomers can differ
in potency (quantitative) or in nature (qualitative) difference. It is
assumed that one enantiomer act at_one receptor site, whereas its
other isomer having different activity and tgxicity profile.
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(A) Difference in potency between two enantiomers:

» There are many drugs where two isomers have qualitative similar
pharmacological activity but have different quantitative potencies.
This is summarized in Table 2.8.

Compound Relative activity Biological Response
Warfarin . S(-) >R(+) (5:1) Anticoagulant
Terbutaline — > + (3000 : 1)' Trachea Relaxation
Propranolol - S > R (100 : 1) Block tachycardia
Methadone =& # @} Respiratory depression

Hyoscyamine . — >+ (20 : 1) Mydriatic action

Amphetamine +(S) >—(R) 4 : 1) CNS stimulant
Ketamine S >R (4 :1) : . Anesthesia

) oy Verapamil — > +:(10; : /1) Block AV conduction

Table 2.8 : Difference in potency between enantiomers

{;_%,ta»'llﬁtureof some optically active compounds:
\ 7 /‘,'“ J

O O

S(—) warfarin R(+) warfarin

(B) Difference in the pharmacological profile of two enantiomers:
> Besides the difference in potency, it often happens that two
€nantiomers show difference in their pharmacological profile.
Compound Levorotatory Dextrorotatory
Enantiomer ' Enantiomer
Sotalol B-adrenocepter antiarryth.mic
blocker agent
Thyroxine L or (S) = thyroid - D or (R) = antihyper-
activity cholesterolemic
; activity
Racemorphane Indacrinone analgesic
effect effect
Propoxyfene Antitussive Analgesic e
(1R, "28) : - (1S, 2R) i
Tetramisole Immunostimulant antidepressant
Quinine [/ Quinine ,/'/ et Quinidine
quinidine antimalarial ¥ =+ antiari:'ythrnic

Table 2.9 : Diffqrence in pharmacological profile of Enantiomers
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e = THQ
s ¢ ----COOH
HO— o -
H
I 1
f: -Thyroxine
I I f‘*
i H.-" C===== COOH
HO 0 CH,
: ; » NH,
D-Thyroxine

(C)' One enantiomer is active. Other isomer is responsible fo;
side effect or toxicity. 7

» D-penicillamine is antiarthritic drug while L-penlclllamme is
: R
toxic.
| COOH ' COOH

H,C—C—CH,

SH

D-penicillamine

SH

L-penicillamine

> (S, S)_Ethambutol is an antitubercular wh11e (R, R) Ethambum
having (ocular tox101ty s s

» (R) - fluoxetine used in treatment of de
anxiety and sexual dysfunction pro

pression. Its isomer havi®
blem.

cetrizine. - | === Ls and less sedative th*

» L-dopa is used in parkinson‘g d; -. y
= anulocytopenia. s=———— Uisease. Its D-form &

»»  Thali e: R (+) enantiomer g ¢
teratogemc effect (Thahdomlde"’\

AN N - - .aa b
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Difference in organoleptlc characters:

L-asparagine is tasteless while D-aspargine has sweet taste.

-COOH . COOH
H —_T-—— NI—[2 ‘ H2N o (— H
CH,CONH, sy CH,CONH,
D-aspargine L-aspargine

(R) carvone has caraway odour while (S) carvone has spermint
odour. ! e W

Optical isomerism and pharmacokinetic effects:

»

()

(B)

After administration and before arrives at site of action drug is
subjected to a variety of processes absorption, distribution,
metabolism, excretion.. Many of these processes are
steroselective. One isomer -shows good pharmacokinetic

properties than other isomer.

Isomer effects on absorption:

» Examples: S (+) isomer of hexobarbital was shown more CNS
level than R (+) isomer due to better CNS crossmg

—

» D-methotrexate / L-methotrexate = 0.025 (Ratio of absorptiorlL

Isomer effects 'on distribution:

Drug Free fraction Ratio (+/-) of distribution
Ibuprofen , 0.006 0.0039 . 1.5 ¢
Verapamil - 0.064 011 06
Methadone - 0.092  0.124 g
Propranolol - 0.203 0176 107

Diisopyramide 0.27 0.39 0.7
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(C) Isomer effects on metabolism:

™ Since all enzymes are chiral in nature, therefore posses Some
degree of asymmetry at reac'uve centre.

» The levo isomers of 3- -hydroxy-N-methyl-morphinan and
methadone are demeth lated 2-3 times rapidly than dextro
isomers in rat. —

»

S (+) enantiomer of hexobarbitol. is metabolised twice as
rapidly as R{~) enantiomers by allyhc hydroxylation.

(D) Isomer effects on Excretion:

» R(- amphetamme is found to excrete less than its S (-
isomer. SR TL

» Hexobarbltol the elimination half life in man is about three
O e S
times longer for (+).isomer than (- isomer. R

N g
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2.11.4 Geometric Isomerism: jsomerism and gy

» Geometric isomerism 1S f:_l.s'/ »Ei% double _bong zr Fr’
restricted rotation due to carbon = .
rigid ring system. .

g 8ys 2 ical __and c :

> Cis - trans isomers have different gﬁjmcokine:il:mlca]
properties. The biologig?}l_q._ﬁéﬁtiyfity el = A
also different.

» Difference in reactivity of geometri
can be explained by the proposed T€Ce€P
shown in figure 2.5. [

»e In compound A : group b and c are cis
In compound B : group b and c are trans

So compound A is more active than B.

c isomers at the receptor sit
tor drug interactio

Similarly,
compound C : a, b and c all are cis
compound D : a, b cis and c¢ trans

So compound C is more active than D.

a .a a b
c i[:b C [: a
e & & e O =
¢ o\ /¢ o é b o 4‘.\
Compo.und A CoTnpound B Compound C = Compound D
(active). (inactive) (active) . (inactive)
. . — J \ ~ J
Cis - trans isomer Geometric isomer

Figure 2.5
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Examples:
/’W'\\! ' -.-m
1. ( E Zisomer of stilbesterol is oestrogenic while Z isbmer is onl
o’ 4 180 y
7 % active. ke i @/

SVOE QCW CH OH ZUSaA WA
AR ‘ A
£ \S\-\Q/ 109 o

HO CH3/
, (E-isomé??of stilbesterol
2. (+) trans-2-phenyl cyclopropylamine is active inhibitor of

monoamine oxidase. (-) isomer is effective as blocker of amine

uptake mechanisms.

H'\“ 4
H,N” V\H

() Tranylcypromine

(+) Trahylcypromine

2.11.5 Conformational Isomers:
Different arrangements in the space for atoms or groups jn single
bonds are called conformation. Rotation about the bonds show

rrier between isomers is 1\
b 'llg

-

>

conformation isomers. The energy ba

enough_for their inclcpcncmce ‘and reaction,

»» The study of conformation is important in many Slngly ban(
compounds and.their biological action. Drugs mainly bing wi,
receptor in their stable conformer_(least enecrgy COnforme,)

» Newmann projection is mainly used to represent chfOrmer‘

» Example of conformers of acetylcholine. -

Actylcholine is exist in diffgfent conformations.
CH,
CHa—C-e-CHz—CHZ—eIiI —iCH,,

CH4
acetylcholine
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N I‘I\Ne/ (@] \I\\IQ/ \\G/
H ; i | N"ococ
CHSCO H ».
H H
OcocH, ©COCH, o . N
Staggered Ecli e ., ~ e o
psed A—— /‘f am -\..r"’.
(transnoid) Sxclue Fully eclipsed
(cisoid)
ﬁ CHy &
: H
> C\ gz : \l\?/ i
CHy i \CH/ e
2 CH,
Extended conformation
f CH3
CH3\ /o ___________ () I/CH3
p Cc= 'N\
| / TCH,
O\ / CH2
CH2 "Al‘,,; .
# ) ot ]
; : - N
quasi-ring conformation s it
» Acetylcholine: Muscarinic recéptor binding
- Staggered (transnoid)
- Extended conforma oy
» Nicotinic receptor:
= Guche conformation
- Quasi-ring conformation
» Many compounds specially steroids and polyene compounds

exhibited in different conformation and show different
biological action.

» Eyclohexang is also having different conformation like chair, boat,.
twist-boat conformations. These are important in steroids.

—rv

Chair boat
conformer conformer

(Conformation of cyclohexane)

> Polypeptides, proteins, .DNA and other biomolecules are stabilized
bv stable conformation.
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Q. 15 Explain oxidation reaction of Phase-I metabolism.

2.1.5.1.  Phase I Reactions ' |
Oxidation, reduction or hydrolysis reactions catalysed by a phase I enzymes leads to the mtroductno_n.(,f-a~

functio oup, which results in a modification of a foreign compounds and a moderate incr ease in its water
solubility. In the case of a drug, the introduction of a functional group can lead to an alteration in biologica|
properties of the drug.

The product of phase I metabolism subsequently serves as the substrate for the phase II cpnjugation reaction,
Major reactions catalysed by phase I enzymes in metabolic pathways include N-dealkylation, O-dealkylation,
aliphatic and aromatic hydroxylation, N-oxidation, S-oxidation, epoxidation, and hydrolysis.

|

2.1.5.1.1. Oxidative Reactions

Oxidative reactions are the most important and most common metabolic reactions. Almost all drugs that
undergo phase I biotransformation undergo oxidation at some stage or the other. A simple reason for oxidation
being a predominant reaction is that energy in animals is primarily derived by oxidative combustion of organic

molecules containing carbon and hydrogen atoms. Oxidative reactions increase hydrophilicity of xenobiotics by
introducing polar functional groups such as ~OH. Such a polar metabolite can thus rapidly undergo phase I
reaction or is excretable by the kidneys. '

Oxidation of xenobiotics is non-specifically catalyzed by a number of enzymes located in the microsomes. Such
enzymes require both molecular oxygen (02) and the reducing agent NADPH to effect reaction. Tl!ey are
therefore referred to as the mixed function oxidases. The overall stoichiometry of this reaction involving the
substrate RH which yields the product ROH, is given by the following equation:

RH + O, + NADPH + H" — ROH + H,0 + NADP"

Where, NADPH = reduced nicotinamide adenine dinucleotide phosphate.

Since only one oxygen atom from the molecular oxygen (dioxygen or O,) is incorporated in the product fonn:ed,
the mixed function oxidases are also called as monooxygenases. Quite often, the product of such a reaction
contains a hydroxyl function; hence, the enzymes are sometimes also called as hydroxylases.

Various oxidative reactions are:

1) Oxidation of Aromatic Carbon Atoms (Aromatic Hydroxylation),
2) Oxidation of Olefins,

3) Oxidation of Benzylic Carbon Atoms,

4) Oxidation of Allylic Carbon Atoms,

5) Oxidation of Carbon Atoms Alpha to Carbonyls and Imines,

6) Oxidation of Aliphatic Carbon Atoms (Aliphatic Hydroxylation),
7) Oxidation of Alicyclic Carbon Atoms (Alicyclic Hydroxylation),
8) Oxidation of Carbon-Heteroatom Systems,

9) Oxidation of Carbon-Nitrogen Systems,

10) Oxidation of Carbon-Sulfur Systems,

11) Oxidation of Carbon-Oxygen Systems,

12) Oxidation of Alcohol, Carbonyl and Carboxylic Acid,

13) Miscellaneous Oxidative Reactions.
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2.1..5.1.1.1. Oxidation of Aromatic Carbon Atoms (Aromatic Hydroxylaffon)
This reaction proceeds via formation of a reactive intermediate arene oxide (epoxide) which in most cases
undergoes re-arrangement to yield .g(ggolg_and in some cases catechols and glutathione conjugates. A

R
Liin
OH
Arenol *
(mgjor)
R R R OH R OH
H,0
epoxide hydrase “
“OH . OH
Arene Arene oxide Dihydrodiol Catechol
(Highly reactive ' (Minor product)
electrophile) . .
GSH | 5-epoxide transferase
&~ . R OH
Tissue toxicity in
o instances when glutathione is
depleted y NG
Glutathione conjugate

(Minor product)

The arene oxide intermediate is highly reactive and known to be carcinogenic or cytotoxic in some instances,
e.g., epoxides of bromobenzene and benzo(a)pyrene. -

},dm,\-ylntion, i.e., it Proceeqg

2.1.5.1.1.2. Oxidation of Olefins tic hh o s %

s 5 S " aroma 9 % 5 X .
Oxidation of'non-aromatic carbon-carbon double bonds is ﬂlm'ogo“s:f:own example of olefinic 0~\‘dall0n. is
via formation_of-epoxides _to yield 1, 2-dihydrodiols. A better (l:e latter iS converted to corresponding
conversion of carbamazepine to carbamazepine-10, |,|:F?PQ§!Q.‘:.-

rans-10. 1 1-dihydrodiol.
OH OH
’
expoxide hy drase ’

b 1w 11 i

QLI

¢ 0 ' |

q e -
CONH, CONH, CONH,
; Trans-10,11-dihydroxy
CRApaTtping mrbamazepig;»l(). : carbamazepine
1 1-epoxide
2.1.5.1.1.3. Oxidation of Benzylic C: )
; ek lic carbon atoms) are hydrox_vlnted to corresponding

Carbon atoms attached directly to the aromatic rings (benzy boxvli s
carbinols. If the product is a primary carbinol. it is further oxidized to aldehydes and then to carboxylic acids,

c.g.. tolbutamide. A secondary carbinol is converted to ketone.

- i 4
—_— 3 5 CH,OH
2 CHO COOH
Alcohol *
dehydrogenase -
SO;NHCONHCH, SO,NHCONHC,H,

Tolbutamide Primary Carbinol Corresponding Corresponding
aldehyde carboxylic acid
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2.1.5.1.1.4.  Oxidation of Allylic Carbon Atoms ms) also undergo hy.droxylation in a
Carbon atoms adjacent to olefinic double bonds (are allylic cnrbgn ato3 _hydroxy hexobarbital.
manner similar to benzylic carbons, e.g., hydroxylation of hexobarbital to ,

OH

3 <€ Allylic
carbon atom

HN N HN N
N
T \CH3 \”/ CH
0] )
Hexobarbital 3'-Hydroxy hexobarbital

é.l.s.l.l.a. Qxidafion of Carbon Atoms Alphs to Carbounyls and Tmines
.n\{eral benzodiazepines contain a carbon atom (€-3) alpha o both carbonyl (C=0) and imino (C=N) functions
which readily undergoes hydroxylation, e.g., diszepam.

CHa CHy
| o | o
N N
Oy — QO
cl N al =N
Diazepam

3-Hydroxy diazepam
(N-methyl oxazepam)

2.1.5.1.1.6. Oxidation of Aliphatic Carbon Atoms (Aliphatic Hydroxylation)

Alkyl or aliphatic carbon atoms can be hydroxylated at two positions — at the terminal methyl group kcullcd as
w -oxidation) and the penultimate carbon atom (called as w-1 oxidation) of which the latter accounts for the
major product, e.g., valproic acid. Hydroxylation at other carbon atoms in long chain compounds is less

common.
AN~ HOCH,—CH,—CH,~" valproie acid
CH3—CH2—CH3\ W 1~ CH;—CH, (minor produet) -
CH;"CHZ“'CHz/CH —COOH \
1 oxiges CH;—CH,—CH, R
Valproic acid “ation ~>CcH—CcooH ! ',{’ iy,
proic aci CH;—=CH—CH,~ valproic acid
| (major product)
OH
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2.1.5.1.1.7. Oxidation of Alicyclic Carbon Atoms (Alicyclic Hydroxylation)
Cyclohexane (alicyclic) and piperidine (non-aromatic heterocyele) rings are commonly found in a number of
molecules, e.g., acetohexamide and minoxidil respectively.  Such rings are generally hydroxylated at C-3 or

C-4 positions.

NH, NH,
= e

pesll B, s anall
NH, NH,

Minoxidil 4'-Hydroxy minoxidil

2.1.5.1.1.8. Oxidation of Carbon-Heteroatom Systems

Biotransfon'nati'on of C-N, C-O and C-S systems proceed in one of the two ways:
[) Hydroxylation of carbon atom attached to the heteroatom and subsequent cleavage at carbon-heteroatom

bond, e.g., N-, O- and S- dealkylation, oxidative deamination and desulfuration.
2) Oxidation of the heteroatom itself, e.g., N- and S-oxidation.

I

= =3 . ' . \ L 4 )

5°z.l.‘:“5.l. 1.9. Oxidation of Carbon-Nitrogen Systems i roge bearing cornp.ounds- are capapy,

1) N-Dealkylation: Alkyl groups attached directly to nitrogen atom in R ohatic and aromatic amines, terty

of undergoing N-dealkylation reactions, e.g., secondary and k:rtlal}'éi "lkyléﬁb" of ammcs.yleld amines gy

alicyclic amines and N-substituted amides and hydrazines. Since N-dea he state Of oxidation.

amides vield amides, the reaction is said to undergo without any change M o .

' £ N-dealkylation involve oxidation of

. of C-N bond to yield p,

[t is however the removed alkyl group that is oxidized. Mechanism by cleavage
a-carbon to generate an intermediate carbinolamine which {gﬂﬂ'ﬁﬂg§§. oy (@ primary_@!b" is transformed
N dealkylated product and the corresponding carbonyl of the alkyl group 1% F==—=

aldehyde and a secondary alkyl to ketone).
on by removal of smaller alky|

n

Tertiary nitrogen attached to different alkyl groups undergoes dealkylati
group first.

Secondary aliphatic amine, e.g., methamphetamine.
CHj;

i I
@——cmcn—wcn, i @-—cm—cn—-NHz + HCHO
Formaldehyde

Methamphetamine Amphetamine

Tertiary aliphatic amine, e.g., imipramine.

QLo —QoJo

| CHs
CHyCHyCHy—N= T3 CHyCHCH, =N
NeH, . H :
: . " Formaldehyde

Imipramine Desipramine

Secondary and tertiary-amines are rare among therapeutic agents.
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- “ '
. Like N-dealkylation, this reaction also proceeds via the carbinolamine pathway

2) Oxidative Deamination ' ion also
but here the C-N bond cleavage occurs at the bond that links amino group to the larger portion of the drug

molecule. ol

& P (¢) \| R '
(0] C—N —-—>\ =0 + NH;R

/CN-—AN\“ —_— / \H

Carbinolamine where, R=H or alkyl

ndergo_deamination, e.g., amphetamine, while secondary and tertiary

Primary_aliphatic_amines_readily u
, propranolol.

aimines are deaminated only when bulky groups are attached to nitrogen, e.g.

("II_\ ('?H;
©-CH2—CH—N“2 —_— @—cuz-c=o + NH,

Amphetamine Phenylacetone ... Ammonia
" N-Oxide Formation: N-oxides are formed only by nitrogen atoms having basic properties, 7Thus, amines __
can form N-oxides. but amides cannot. Generally, the tertiary amines yield N-oxides. Four categories of
tértiary amines that form N-oxides are — aliphatic_amines (e.g. imipramine), alicyclic amines (e.g.,
o p—— ‘ e . RS v . . ol e .
nicotine), nitrogen atoms of aromatic heterocycles (e.g., trimethoprim) and amines’atfached to aromatic

rings (e.g., N,N-dimethyl aniline).

e 0 w
| N
T CH, ' cl:HJ

CHQCH:CHI—N< =R CHZCHZCHZ_? -—-bo

o CHy % '
Imipramine Imipramine N-oxide Hs

o L]

C ] Vo
N — o e
CHj
% . . h ‘ N
~ Nicotine - Nicotine-1' -N-oxide
 CHO CH;0, 2
3 . et S ; N’
CH;0 CH, O>—NH2";P CH;0 CH, Q)—-NH
_ 2
2 N N
CHO NH, CH;0 NH,

v’ 3 lh . .
I rimethoprim, Tnmclh_oprim-l-N-oxidc

- CH;
© _CHs |
CH, |
CH,
N,N-Dimethy! aniline . N-Oxide metabolite

The N-oxide products are highly water-soluble and excreted in urine. Tliey are however sﬁsceptible to

reduction to the corresponding amine. e A —————
i ————— i A —
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4) N-Hydrexylation: Converse to basic compounds that form N-oxides, N-hxdroxy formation is Usual}y

displayed hy non-basic nitrogenatoms such as amide nitrogen, e.g., lidocaine.

CH, CH;

CH . ﬁ ;
2Hs CyH
NH—C—CH;—N" © ° & N—C—CH,—N_ °
C,Hs | ey,

OH
CH; ons
Lidocainc N-Hydroxy lidocaine

2.1.5.1.1.10, Oxidation of Carbon-Sulfur Systems
1) S-Dealkylation: The mechanism of S-dealkylation of thioethers (RSR”) is analogous to N-dealkylaiton, j o

it proceeds via a-carbon hydroxylation. The C-S bond cleavage results in formation of a thiol (RSH and .
carbonyl product, e.g., 6-methyl mercaptopurine. — a

CH,0H | T R .
N N
/
\> — T‘L/ l N\> i - Nk \> + HCHO
N - B <
A X
H N N N
N A H
.. 6-Mehyl Hydroxylated .
mercaptopurine intermediate 6-Mercaptopurine

2) Dcsull'ura'tion: This reaction also involves cleavage of carbon-sulfur bond (C=S or thiono). The product js
the one with C=0 bond. Such a dusulfuration reaction js commonly observed in thioamides (RCSNHR")

such as thiopental,
?Hs (I:HJ
CyH; CHCH,CH,CH;,4 C,H;s CH-CH,CH,CH;3
HN \"/ NH HN \"/ NH
(s ), 0
Thiopental Pentobarbital

Desulfuration also occurs with compounds containing P=S bonds such as the organophosphate pesticides,

e,g., parathion. A
—-—-"-'.’-

3) S-Oxidation: Apart from S-dealkylation, thioethers can also undergo S-oxidation reactions to yield
sulfoxides which may be further oxidized to ‘sulfones (RSO;R). Several phenothiazines, e

chlorpromazine, undergo S-oxidation. 8
0 0}
S S \S/
QU0—Q0—0 0
I,Q ; N N
R | R[ 'A
‘l‘hcnolhiazim.: T Phenothiazine sulfoxide Phenothiazine sulfone
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2.1.5.1.1.11. Oxidation of Carbon-Oxygen Systems
This reaction is also similar to N-dealkylation and proceeds by c-carbon hydroxylation to form an unstable
hemiacetal or hemiketal intermediate which spontaneously undergoes C-O bond cleavage to form alcohol
(arenol or alkanol) and a carbonyl moiety. )
OH H
o I
R—O0—CH,R — > R—O0—CH—R'—— R—O0H + O0==C==R'

Ether Hemiacetal/hemiketal Alcohol Aldehyde/ketone
The regction generally leads to formation of active metabolites, e.g., ;llenacetin to paracetamol, and c_om \
morphipe:. 2
C,H;0 NHCOCH, > HO O NHCOCH,
. Phenacetin Paracetumoll

Lol Jdalade

hese reactions are mamly catalyzed by non-microsomal enzymes, dehydrogenases Primary and secondary..
alcohols and aldehydes undergo oxidation relatively easily but tertiary : alcohols, ketonés and carboxyllc acids
are resistant as such a reaction involves cleavage of C- -C bonds. » e i

— s | it = i._l. “Q i {
aleohol o chcHO —2dehyde | oy cOOH (enters Krebs cycle) /
= enters Krebrs cy . .
CH_J C.P.l 20 dehydrogenase ? dehydrogenase 5 ' no - ) )

———e——

Ethanol Acetaldehyde - Acetic acid (enters Kreb's cycle) 19 N : Cf $
wgeaa o e :
2.1.5.1.1.13. Miscellaneous Oxidative Reactions
I) Oxidative Aromatization/Dehydrogenation: An example of metabolic aromatlzatlon of drugs is -

nifedipine..
00CH; ¢y,

COOCH; CH; COOCH; CHs

Nifedipine Pyridine metabolite
2) Oxidative.Dehalogenation: This reaction is common with halogen containing drugs such as chloroform.
Dehalogenation of this drug yields phosgene which may result in electrophiles capable of covalent binding

to tissues. .
cl 0 I°> R ¢ HO
Cl—C—Cl . . Cl—C—Cl ——=—» covalent binding to
-HCl lissues - i
i 2> N~ i~ CH
Chlorofarm Phosgene

Oxidative ring cleavage, oxidation of arenols to quinones, etc., are other oxidative reactions,
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Q. 16 Write a note on glucuronide conjugati(_)n of Phase II metabolism.

2.1.5.2.  Phase II Conjugation :
Phase II reactions add to a functional group already present in the molecule or to one which was placed there in

a phase I reaction, a moiety derived from' lipid, carbohydrate or protein. The added group’serves the dual
purpose of blocking the functional growp and further decreasing the lipophilicity of the”molecule, thus
facilitating its excretion. The conjugate is almost always pharmacologically inactive (unlike the products of
phase I reactions) and less lipid soluble. The groups most often involved in conjugate formation are glucuronyl,

sulphate, methyl, acetyl, glycyl, and glutamyl.

Various Phase II conjugation reactions are:

1) Glucuronide Conjugation,

2) Sulphate Conjugation,

3) Acetylation and Acylation,

4) Methy!ation,

5) Glycine Conjugation,

6) Glutathione and Mercapturic Acid Synthesis,
7) Conjugation with Alpha Amino Acids,

8) Miscellaneous Conjugation Reactiors.

2.1.5.2.1. Glucuronide Conjugation
The most commonly encountered conjugation reaction is glucuronide formation and this usually accounts for

the major portion of the metabolite formed in the excreta. Glucuronic acid is an organic acid derived from
glucose_in which the presence of four extra hydroxyl groups confers great water solubility. Glucuronide™
formation involves the formation of a high-energy phosphate compound Uridine Diphosphate Glucuronic Acid
(UDPGA) from which the glucuronic acid part is transferred to an electron rich atom (N, O, or S) on the
substrate forming an amide, ester, or thiol bond. This is catalyzed by an enzyme, UDP glucuronyl transferase,
has very broad substrate specificity, so the reaction occurs with a wide variety of drugs and other foreign
molecules. UDPGA is synthesized in a two stage process starting from glucose-1-phosphate which is first
coupled to uridine triphosphate to give UDP-glucose. UDP-glucose is then oxidized by the enzyme UDPG

dehydrogenase which uses NAD as co-factor to give UDPGA (Figure 2.1). 5
- Udlah

Glucose-1-phosphate + Uridine triphosphate——s UDP-glucose + Pyrophosphate . -
. A\l \ (2 L\ £ o
2NAD +H,0 : =dithesphaad,
OH 2H'+ INADH+ UDPGA<— '+ Uhdin € d;‘ i ¥
. e G Iueusonic  Acid
COOH
N
| o
ﬁ o HO
CH;,0—P—0—P— "OH
H '
- OH
aH ) UDP-glucuronyl
transferase

UDPGA (c-linkage at C')

p-Hydroxy phenytoin ‘(P}IIP)

p-glucuronide of PHP
- Figure 2.1: Glucuronide Conjugation
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Q. 17 Explain factors affecting drug metabolism including stereo chemical aspects.

A large number of physical, chemical and biological factors affect the metabolism of g
drug. Various factors which affect the rate of drug metabolism are :

1) Physiochemical properties of the drug molecule : Physiochemical properties like mo-
lecular size and shape, acidity and basicity, lipophillic character, solubility, pKa value of
the drug molecule affects its metabolism. Steric and electronic characters of a drug also
affects its metabolism.

2) Chemical factors : Various chemical affects the metabolism of the drug. Presence of
enzyme inducers and enzyme inhibitors alters the actions of drug metabolising enzymes.
Different chemical factors are :

a) Enzyme inducers :are the chemicals which increases the activity/ability of the enzymes
which causes metabolism. For example, 3-methyl cholanthrene and cigarette smoke in-

" creases the metabolism of some drugs. Alcohol increases metabolism of coumarins and
: phenytoin. Barbiturates increases metabolism of oral contraceptives, cortisol and

coumarins.
Various drugs like rifampicin, meprobamate, cyclophosphamide etc. stimulate their own
metabolism (self-induction).

b) Enzyme inhibitors :are the chemicals and drugs which decreases the activity/ability of
the enzymes which causes metabolism. Inhibition may be direct, competitive, or non-
competitive and indirect. For example, Erythromycin, Ketoconazole.

MAO inhibitors decreases metabolism of barbiturates and coumarins decreases the
biotransformation of phenytoin.

Various halogenated pesticidies like DDT, organophosphate insecticides, heavy metals
like mercury, tin, nickel, cobalt and arsenic decreases the metabolism of various drugs.

3) Environmental factors :Environmental factors like pressure, temperature, atmosphere,
humidity etc. affects drug metabolism.

4) Biological factors :Various biological factors which affect metabolism of drug are-
) Age of the patient
b) Sex of the patient
¢) Diet
d) Altered physiological state like- pregnancy, disease state and hormonal imbalance
etc.
e) Species and strain differences.
5) Stereochemical aspects of the drug molecule :Stereochemistry of the drug also affects
its metabolism by different enzymes. Stereoselective metabolism of drugs is a common

example in this case. Metabolizing enzymes have different preference for one enanti-

11  omers than the other and hence results in enantioselectivity. For example,

)7 . () quinine treats the malaria fever but (+) quinine does not.

ii) D (+) glucose gets easily metabolised in the body to give CO, and H,0 but L(-) glucose
is not metabolised and is excreted as such.

iii) Some bacteria ferment the dextro form of a compound without affecting the laveo form.
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Q. 18 Write in detail Neurochemistry of Acetylcholine

* | Newdochewnisisy of Acetjicholine (Ach):
~ I Tnthoducon 4o Ach. | -
- Biogmth €515 g
- ﬂ+09wa°\e .
- [ Rerease
= Upmke_
- N\P)(«bo\lsm
— | Reuptake of  choline |
J 4l |
o
/ gloj:lf vesel
Smorth  muUste
kKlands
‘\\*ﬁ““"‘\@—i’&q“&“j—
CNS
MUSCahiNIC 7
; \ %eceptors /
Synthesi 9] e
Cholime: o ORI (peest/ Up'i-cikg
| A LI ACh @D}—) (v '
Cholivie_+ Acm"'—c‘ﬂ“fbms{ﬁmzr;mo—o~--/ /Ach |
[ o \ |
/'% \ '!\] e W
i /‘V Kicornic ,Qe(eﬁ/%
T s/ W St
=\ [[Revptake // = AT WMMSCES
ol ACCHC acid cCrornest ey IV
i o E_‘ {
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Q. 19 Explain SAR of Acetylcholine in detail. OR Describe SAR of parasympathomimetic agents. OR
Give SAR of cholineesters (Parasympathomimetics). OR Explain SAR of Cholinergic agonists in
detail with suitable example.

Acetylcholine is the prototype of the category Parasympathomimetic drugs. A large number of modifications

have been made to synthesize new derivatives which are more selective and having longer duration of action.

3.11.4.3.1. Structure Activity Relationship Ac ) 5 . )
Structural modifications of acetylcholine influence the ability of analogues to function as cholinergic agonists.

Acyloxy , Quaternary ammonium

growp E ;group
o | s
A in zie. . o
HiC 0—-CH,—CHz+NH(CH); ©!
E Ethylene .
P e |

These modifications fall into four categories:
1) Maodification of the Quaternary Ammonium Group
i) Analogues of acetylcholine in which the nitrogen atom was replaced by arsenic, phosphorus, or sulphur
have been synthesised. Although they exhibited fSO!I)ﬁ/(,)f the a'cti,yity °f—a°ety10hoﬂn—e_,gtﬁese ; gri’;‘%nas—
are less active and are not used clinically. : e

: " (O 6 iy o .
* i) Only compounds possessing a positive charge on'the at .rlny‘ in the position of nitrogen had appreciable
muscarinic activity. ] a0 4

LI G o b

2

v -

ii) Compounds in which all three methyl groups on the nitrogen are replaced by larger alkyl groups are
inactive as agonists. When the methyl groups are replaced by three ethyl groups, the resulting

compound is a cwg. Replacement of only one methyl group by an ethyl or propyl

group affords a”compound that is active, but so much less than acetylcholine. Furthermore,

successive replacement of one, two, or three of the methyl groups with hydrogen atoms to afford a

tertt.la_rtyy, secondary, or primary amine, respectively, leads to successively diminishing muscarinic
activity. fim

7) Modification of the Ethylene Bridge

i) Syr}thesis of acetic acid esters of quaternary ammonium alcohols of greater length than choline led to a
series of compounds with activity that was rapidly reduced as the chain length increased.

—

i) There should be no more than five atoms between the nitrogen and the termixlg_l‘hﬁ%‘_g;\r‘wtom for
. L — S — Rt S L P >
maximal muscarinic potency. : N

iii) The mus?arinic receptor cannot successfully accommodate molecules larger than acetylcholine and still
produce-its physiologic effect. Although larger molecules may bind to the receptor, they lack efficacy
and demonstrate antagonist properties. * ' :

iv) Replacement of the hydrogen atoms of the ethylene bridge by alkyl groups larger than methyl affords
compounds that are much iess active than acetylcholine. e

4

v) Introduction of a methyl group on the carbon B to the quaternary nitrogen affords acetyl-B-

methylcholine (mefhacholine), which has muscarinic potency almost equivalent to that of acetylcholine
and much greater muscarinic than nicotinic selectivity. ey, S

vi) A methyl group on the carbon o to the quaternary nitrogen affords acetyl-a-methylcholine. Although
activity relative to acetylcholine is redu both muscarinic and njcofinic receptors, it exhibits greater
nicotinic than muscarinic potency. This compound is not currently used as a therapeutic agent.

N ————————— ——————————

(o]

o CH;, /lk R
® )
/u\ /I\/N(Cl-l;); c®  uc 5 N(CH;); Cl
HsC o

‘ CH,
Acetyl-a-methylcholine chloride

1-B-methylcholine chloride
e BEMethacholine)
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3) Modification of the Acyloxy Group
i) When' the acetyl_group is replaced by higher homologues (i.e., the
resulting esters are less potent than acetylcholine.

ii) Be(fause the ﬂfeeting p.harmacological action and chemical instability of acetylcholine result from its
rapid hydrolysis, a logical approach to the development of better muscarinic therapeutic agents was to
replace the acetyloxy functiopal group with a functional group more resistant to hydrolysis.

propionyl or ﬂm}_ groups), the

iii) Esters derived from_carbamic acid are referred to as carbamates, and because their carbonyl carbon is
less e ili are more stable than carboxylate esters to hydrolysis. Carbachol is less readily

hydrolysed by gastric acid, AChE, or butyryl-cholinesterase than acetylcholine is, and it can be
administered orally. d . -

5 0 CH,®
‘ ® : N(CH3); ¢
HN/U\O/\/N(CH;); ® N Do (b
2 ’

Car\l?aChol Bethanechol

iv) Methacholine and led to synthesis of its carbamate estér, bethanechol, an orally effective potent

muscarinic agonist with almost no nicotinic activity at therapeutic doses.

v) Muscarinic receptors exhibit stereoselectivity for the two optical isomers of bethanechol, and similar.to

methacholine, the S-gﬂ-enantiomer_pxhibit? greater binding affinity at muscarinic receptors than the R-
(-)-enantiomer in isolated receptor preparations. Oy HSCAIeC recep ; ‘

3 ing_agonist muscaring

4) Cyclic Analogues of Ach: Cyclic ACh analogues include the naLUEHX.-Q—Q‘i’HU—m suth as 2-methyl _4:
pilocarpine, and arecoline, all of which are muscarinic_compounds, DIOXO arleSt Cyolization is's
(fimethy)-ammonitm methyl-1,3-dioxolane are muscarinic analogues of very high potency-

good drug design strategy in that in constrains confonnaﬂt_igggl_ﬂg{{@}qi}j.ty, thereby increasing receptor

specificity. _ ] e
u——— -0
/7434\/ N+<
0
3
2-methyl-4 trimethyl-
ammonium-methyl-1, 3-dioxolane
CH3
+/
N S— H
CH;0
\C
u Pilocarpine
Arecoline
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Q. 20 Write a note on Parasympathomimetics.

Parasympathomimetic agents are the compounds which mimic the actions of acetyl cho.
line, which is the major neurotransmitter i.e. causes nerve stimulation. Parasympathom;-

metic agents are classified on the basis of their direct or indirect action on the acetylcholine
receptor. These agents are of two types :

1:

Direct acting parasympathomimetics : These drugs bind to the nicotinic or muscar-
inic receptors and causes excitation of cholinergic system.

Indirect acting parasympathomimetics : These drugs inhibits the hydrolysis of ace-
tylcholine by acetyl cholinesterases and hence increases the life of acetylcholine and
causes increased conentration of ACh at the receptor site to produce excitation of
cholinergic system. These agents are also known as anticholinesterases.

Classification:

"/ ﬂ ()rnemo' ATJ’WM f)ﬂ{/q% 2}7.":'- . ’l | 3

}

?)l"(‘hcwme-. ealpimacis Holq méf}%cw%ﬂ/;me ranloa 0/ ] T
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g

)Chobwe Prﬂtmlmc/'\ M(i%ﬁlmM’)e Px 0’(‘{1)7 m'f)?

|
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Mechanism of action:

Directly acting Drugs:

Structure of drugs of this class are similar to Ach. So, They can bind to muscarinic and nicotinic receptor in a
same way as that of Ach. Due to binding with receptors, they lead to activation of receptor on effector cell or
directly bound organ function. Due to this activation, they give biological action similar to Ach and thus,
enhance activity of Ach.

Indirectly acting Drugs:

5 P " F
| - #
Hal — O — & = Alg— ot P T -
o ‘ g == ‘ N
| N
@.“ﬁ@\sﬁ\i\/’_ ['\" @) Am'\(’nm\ic_
e . Js 21 te
aHorm(‘
Sire

|
[
=t

cha\Sa e os fearqae -

/
Cholinesterase enzyme hydrolyses Ach in its free form.

This enzyme has 3 acting sites through which it can bind to Ach leading its hydrolysis.

1. Anionic site

2. Cationic site

3. Esteric site
Reversible acting drugs combine to anionic and esteric sites of cholinesterase enzyme and form complex
which is reversible. After breakdown of this complex, the enzyme is still available in its original form capable
to cause hydrolysis of Ach.
Thus, Reversible acting drugs have shorter duration of action.
Irreversible acting drugs combine to esteric sites of cholinesterase enzyme and initiate esterification of the
enzyme. After esterification, the enzyme will not be available in its original form capable to cause hydrolysis of
Ach. The complex formed by combination of Irreversible acting drugs with cholinesterase is irreversible.
Thus, hydrolysis of Ach is inhibited through inhibiting the activity of cholinesterase enzyme indirectly.

Uses:
e Open and narrow angle glaucoma
e Mydriasis
e Arterial tachycardia
e Urinary retention
e Atonic bladder
e Atonic constipation
e Post-operative and post-partum intestinal ileus
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e Paralytic ileum

e Myasthenia gravis

e Atropine poisoning

e Curare poisoning

e Asnerve gas, As insecticide and pesticide (Organophosphorous compounds)

Adverse effects:

3.11.4.3.4. Adverse Effects ) . Sl is. T
When used properly, cholinergic drugs will increase muscle strength in patients with myasthenia gravis. In ey
drop form, they can reduce the intraocular pressure in glaucoma.

The possible adverse effects of cholinergic drugs are: T

1)
2)
3)
4)
5)
6)
7)

Slow heart beat, possibly leading to cardiac arrest. L g
Muscle weakness, muscle gigmps, and muscle pain.

Convum. - i

Weak breathing, inability to breath.

Increased §£9Ln_qgh acid and saliva.

Nausea and vomiting.

Dizz?ﬁess, drowsiness, and headache.
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Q.21 Write a note on Parasympatholytic agents.

Parasymapathomimetics or Anticholinergics are chemical substances that block or antagonize the effect of
Acetylchline neurotransmitter in CNS.
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Q. 22 Write SAR of muscarinic antagonists. OR Explain the SAR of parasympatholytics.

, /!.11.5.2.1. Structure-Activity Relationship of Muscarinic Antagonist .
“ A wide variety of compounds possess anticholinergic/ antimuscarinic activity. The development of such
compounds has been largely empiric and based principally on atropine as the prototype.
oiinergle el & BTk 00F :
nticholinergic compdup y R ontain
,:d Jitional substituents tha{:n:my be considered chemicals that have some similarity to ACh but ¢

ance their binding to the cholinergic receptor.

A

: A, B = Bulky groups, )
c.g., cycloalkyl, aromatic

= /
. ¢ N% ! group, carboxamide

C =HorOH

. _ c Cationic Head
As depicted in above structure, an a

tertiary amine that is protonated in ¢
pivotal carbon atom by a chajn that

nticholinergic agent may contain a quaternary ammonium function or a
he biophase to form a cationic species. The Mgn is separated from a
may include an ester, ether, or hydrocarbon moiety.

The substituent groups A and B : ' 3 : o ;
i contai f Vander Waal’s interactions to
the receptor surface an qb n at least one aromatic moiety capable o nterac

d one cycloaliphatic or other fiyd yon moi hobic bonding interactions
: er hydrocarbon moiety for hydrophobic bonding intera; ;
€ may be hydroxyl or carboxamide to undergo hydrogen bonding with the receptor. ~

Substit.ution on Cationic Head
1) It is generally considered th
cholinergic sites through the ¢

at the anticholinergic molecules have a primary point of attachment to
ationic head (i.e., the positively charged nitrogen). ‘
For quaternary ammonium compounds, there is no question of what is implied, but for tertiary amines, one

asgumes, with good reason, that the cationic head is achieved by protonation of the amine at physiological

2)

3) The nature of the substituents on this cationic head is critical in so far
———————

: as a parasympathomimetic response
is concerned. oo .

4) Steric factors that cause diffusion of the onium charge or produce a less-than-optimal_drug-receptor

interaction result in a decrease of parasympathomimetic properties and allow the drug to act as an
antagonist because of other bonding interactions. X : ’ -
—————————

5) Ariens has shown that carbocholines (e.g., benzilylcarbocholine) engage. in a typical competitive action

with ACh, though they are less effective than the corresponding compounds possessing a cationic head,
suggesting that hydrophobic bonding may play an important role in these drug-receptor interactions.

——

ppe?S> ARV Zhe OH
Qﬂ / CH3
J1-yd% oAb : s '
‘ ﬁ_o-CH_z'CHz—C_—CH;,
0 CH,3
Benzilylcarbocholine

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 105



Dr. susl J.-\‘__%_I 1

MEDICINAL CHEMISTRY I (BP402TP)

’
" Vo

H Replacement . N ‘
I)Yd;.mgllitgb‘i;uglacel:l alcoholic_hydroxyl group enhances antimuscarinic activity over that of a similar °

compound without the hy roxyl group.

2) The position of the hydroxyl group relative.to the nitrogen appears to be fairly critical, with the diameter of

the receptive area estimated to

be about M ‘

3) It is assumed that the hydroxyl group contributes to the strength of binding, probably by hydrogen bonding

to an electron-rich portion of the receptor Stifiace.

tioh ¢ = '
f;te&a;'i‘; (i?rhpel‘l'llitggy potent antimuscarinic compounds possess an ester grouping, and this may be a

2)

contributing feature for e
similar function for bindin

ffective binding. This is reasonable because the agonist (i.e.,, ACh) possesses a
g to the same site. :

An esteratic function s not necessary for activity, since several types of compounds.do not possess. such a
ester: 4 1 S =
alcohols). .
groun‘(e.g., ethers, amino
Cyclic Substitution
C\ .
ﬁ—O_CHz"CHz’—?_C['h
0 ... CHy -
Benzilylcarbocholine

1) Examination of the active compounds reveals that at_least one cyclic substituent (phenyl, thienyl, or other)

2)

3)

4)

5)

is a gommon feature in almost.-all anticholinergic molecules.
Aromatic substitution is often used in connection with the acidic moiety of the ester function. Virtually all

acids used, however, are of the aryl:substituted acetic acid variety. '

Use of aromatic acids leads to low activity of these compounds as anticholinergics but potential activity as
local anaesthetics. " E . : >
. 1

Ry=—|—X—(CH,),N
R3

Substituents R; and R; should be carbocyclic or heterocyclic rings for maximal antagonist.pofency. The rings
may be identical, but the more potent compounds have different rings. Generally, one ring is aromatic and the

Q_tll_e,mhg;?{g{ or possessing only one olefinic bond."Substituents R, and R,, however may be combined into a
fused aromatic tricyclic ring system, such as that found in propanthelipe. The size of these substituents is limited.
The_B_;_jubstituént may be a }jydrogen atom, a hydroxyl group, a hydroxymethyl $%i5, e carboxa.mide’
or it may be a component of one of the R, and R; ring systems. ' i

) : When this substituent is either a hydroxyl
group or a%xd‘r_oéymeth | group, the antagonist usually is more potent than the same co;xipoun'c]'%v'ffﬁmr
this group. The hydroxy! group presumably increase§ binding strength by panicip;ﬁﬁg ih\zfﬁf;a ciad
inferaction at the receptor. e ) g .
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Q. 23 Write in detail about neurochemistry of catecholamines.

Catecholamines are derivatives of catechol (o-dihydroxy benzene) with aminoethyl side chain. They are
neurotransmitters of adrenergic system.

Neurochemistry of catecholamines involves their

Biosynthesis
Storage
Release
Catabolism

YV VYV VYV

Reuptake

Biosynthesis of catecholamines:

The biosynthesis takes place in adrenergic and dopaminergic neurons in the CNS/ in
sympathetic neurons in the ANS and in the adrenal medulla. Various enzymes which are
responsible for biosynthesis are :

1. Tyrosine hydroxylase (tyrosine-3-monooxygenase)

2. DOPA decarboxylase

3. Dopamine-B-hhydroxylase

4. Phenylethanolamine-N-methyl transferase

Various steps involved in the biosynthesis of adrenergic neurotransmitters are as fol-
lows :
Hydroxylase

Phenylalanine — > Tyrosine
in Liver

1.  L-tyrosine gets hydrolyzed into L-3,4 dihydroxyphenylalanine (L-DOPA) by the
enzyme tyrosine hydroxylase. This is the rate limiting step in the biosynthesis. This
. step takes place in the cytoplasm of neurons.
2.  Dopa decarboxylase causes decarboxylation of L-DOPA to form Dopamine (3,4-
dihydroxyphenylethylamine). This dopamine formation takes place in the cyto-
plasm of the neuron.

3. Dopamine formed in the cytoplasmm is then transported into storage vesicles by
VMAT-2 where it gets hydroxylated by the enzyme dopamine-B-hydroxylase to
form Noradrenaline.

4. In the adrenal medulla, Noradrenaline gets converted into Adrenaline with the
help of the enzyme phenylethanolamine-N methyltransferase (PNMT) and S-
adenosylmethionine (SAM).
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¥ Catecholamine Biosynthess:
CHa= CH— NHe
|

CooH

fhﬂY\M 'odanhnc

j H3d%od lase.
oH P

g

CHo T C|H~ NH?2 ;
COOH ' Vil

Twho sine
Tyhoesme
: hidsoXJlase,

_oH

CHe..(_H——- @& NH2
. | ;
CoOoH

}Ofa - - | | ’

Y l}o?a decahboxglase
OH

oH | ] ,

CHza—(Hz—NH2
Dofamine ol
oM \LIbOftmwiwe. B~ h3ddoX3jayp ol
oH Aﬂ7\

B sy
NOA-ad Pheng ethgnol anine B
g : CH-CHp~NH—CH
o - CH’CHZ"NHZ N-metd transksase dE 2 13
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STORAGE AND RELEASE OF NEUROTRANSMITTERS

The Noraadrenaline formed in the nerve endings remains stored in vesicles in the form
of ATP complex. Noradrenaline stored in vesicles (2-5nm diameter) diffuses out in the cyto-
plasm and gets methylated into Adrenaline. Adrenaline then enters into chromaffin gran-
ules and gets stored. These neutrotransmitters will release only when there is increase in the
permeability of the nerve terminal membrane to Ca*? because of an action potential. This
process causes release of Ca*2 which in turn helps in fusion of the vesicles resultting in exocy-
tosis of the vesicles and releases neurotransmitters.

CATABOLISM OF CATECHOLAMINES

The actions of catecholamines can be terminated throuugh catabolism or metabolic trans-
formation. In this process, the particular enzymes changes the structure of the catechola-
mines so that they do not interact with adrenergic receptors to produce effect. Two major
enzymes involved in catabolism are

— Monoamine oxidase (MAQ)

—  Catechol O-methyl transferase (COMT)

MAO (monoamine oxidase) is present in both intraneurons and extraneurons. Two types
of isozymes of MAO are present in CNS and in perlpheral tissues i.e. MAO-A and MAO-B.

Monoamine Oxidase (MAOQ) produces deammat]on of a variety of f catecholamines and
phenylethylamines. For example,

HO CH—CHNH, —22 5 Ho CH—CHO

HO OH HO OH

Noradrenaline g
3,4-dihydroxyphenyl glycoaldehyde

COMT (Catechol-O-Methyltransferase) is a cytoplasmic enzyme.and causes methyla-

tion of 3-hydroxyl group of catechol ring of the neurotransmitter with the help to the 1soen-
zyme S-adenosylmetthionine and makes the neurotransmitters inactive.

HO CH—CH,—NH, —2MT 5 Ho CH—CH,NH>

HO —a OCH3 OH 5 55
Noradrenaline -
Normetanephrine ol

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 109



Dr. susiiasH

MEDICINAL CHEMISTRY I (BP402TP)

Catabolism can be summarised as : =

HO (lDHCHgNHz HO O (IZHCHZNHCHg
OH

HO

Noradrenaline

HO OH

Adrenaline

$ 2
O Q

HOQTHCHZNHZ HO C‘)H—CHO HO— O CHCHyNHCH3g
OH I

OCH; OH OH OCH; OH

Normetanephrine

MAO
~

3,4-dihydroxy-phenylglycoaldehyde Metanephrine

MAO

4-Hydroxy-3-methoxyphenyl-
glycoaldehyde

Reuptake of catecholamines:

Noradrenaline thus released acts on o - adrenoceptors to produce its e_ffects. !
Majority of .its action is terminated by the uptake ‘mechanism. Tbe“"a‘c.:t 'of_
noradrenalinebeing takeniback fron the synaptic cleft to the neurone is uptake; -
or neur',bintt'l}-jlfu"ﬁiakg-: From the neurone, noradrenaline is also takc;n back fnto
synaptic- vesicles and is stored -as usual. This is gr_an__ular ‘up,takg_’. Besides
neuronal and granular uptake, the transmitter may be circulated and is taken up
by other organs like ‘spleen; heart etc. This is reffered to as uptake, or
Extraneuronal uptake. 3
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Q. 24 Write a short note on sympathomimetics.

Sympathomimetics are the drugs which mimic action of sympathetic nervous system.
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% Mechanism o -~ acton of  Symfacthomim eics -

_s Mop of Dinecty acting Symfarhomimerics:

- Dowugs of this class act dinecHy on & of B iccefpss
toducing  effects  similah fo those that occwy by

strenulazion  of Symlakheric NEwes of nelease of
adyenakine  fhom  adnencd medulla,

=y Mop of TndimectHy acHng 5y facthomMMecs -
- dhugs of this class don'+ act dJ'/'“;f'C‘Hj on
X of B smeceftns. They Cant  bind 0ith these hecefdAs.
- They froduce  Syynfathomim eHC effect b1 - enhancing
ovarlabi lify of  Nok- add o it Secefrhs b3
ooy ynechanisyns. |

D By enhandng  helease ol NOA»ad". ¢f. EPheding,
. Ty hamine

i) By blocking NoA- g4 uftake (Uftake-1 4 Uftuce-2) .
Q. Uftake-1 blockess = Cocaing, desifhamint
Ubdce -2 blockess - CopHiCostesoids
‘ 1) By plocking  enzgmes (MPo 4 CoMT) fresfonsible
’ for  Noa-adh Mo list - |
' €. MAo - MhibiHoAs S Pahdyiing, Pheveizine
CoMT- MhibiteAs o Pyprosaliod, Thofolon dvis.

‘ By these mechanisms, wmohe Noj~ad® s avai(shle
ot s heefRAs A Jonged  dwadiovk

A
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Q. 25 Describe SAR of p-phenylethanolamine.OR Discuss SAR of adrenergic agonist. OR Discuss SAR
of sympathomimetics.

SAR OF SYMPATHOMIMETIC AGENTS

Sympathomimetic drugs are considered as derivatives of B-Phenylethylamine (Parent
compound). Structurally, substitution is possible on-
—~The aromatic ring
—Substitution on B-carbon
=Substitution on o-carbon
~Substitution on the aminro group

5 6

B o
4 1 CHy— CHZ—NHZ

3 2
B-phenylethylamine (Parent compound)

Graphic representation of Structure Activity Relationship Adrenergic Drugs

R, Substitution

Aromatic substitution 30H moro Imp for « activity

T —
No subslitulion [go1h OH required « and [} agonlst action
decrease activity [ g ag(ly metabolizod by COMT OH b activit
Decrease duration of action and oral activity Y
Decrease CNS activity
HO AN NH ~__2 . activity
Positlon of OH group and substitution R
: 1 \
3'5diOH Inc §, activly R Branching In alkyl chaln (tent. Butyl)
Decreasa degradation by COMT HO 4 p.activity
Increase oral and duration of action activity
3CH,0H, 40H / *degradaﬂon by MOA

methyl substitution dec. MOA degradation
C,H, dec. a activity as compare to [} activily (Increase [} sectivity)
C,H, increase CNS aclivity

Increase oral activity

4 OH more Imp for  activity
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SAR of sympathomimetic drugs can be explained as-
A) Substitution on the Aromatic Ring of B-phenylethylamine

1. The presence of -OH group in the benzene ring at 3 and 4 positions gives maximum
o, P activity. If any of these -OH group is absent, the overall potency gets de-
creased. For example

Phenylephrine is less potent than adrenaline

Q—-TH—CHZNHCH:; HO@—(IJH—CHzNHCHg
HO OH HO OH

Phenylephrine Adrenaline
(Less potent) (More potent)

2. The presence of -OH groups at 3 and 5 position with bulky substituents on the
amino nitrogen gives P, selective drug. For example, Orciprenaline and Terbutalirie
relaxes bronchial muscles without effecting cardiac muscles.

HO HO '
_CHj3 /CH3
CH—CHZNHCH\CH (le—CHzNH—C—CHs
. 3 CH
HG OH HO OH Yk
Orciprenaline Terbutaline

3. Drugs having substituents other than -OH group have greater selectivity for adr-
energic receptors. For example Salbutamol is B,-selective.

- ——
CHsj
/
HO CH—CHaNH—C—CH3
N
CHs;
CH,0H OH

Salbutamol (j},selective)

4. The unsubstituted or alkyl substituted adrenergic amines easily crosses the blood
brain barrier and have more CNS activity. For example, Amphetamine & Eple:

drine.
@-CHz—CI:H—NHz @—?H——?H—NHCH:;
CHa OH CHg
Amphetamine Ephpdrlne
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B) Substitution on the B-carbon :

A -OH group on the B-carbon decreases the central stimulant action due to lower lipid
solubility of the drug (OH gives polar effect). This increases agonist activity of the drug at o
and P receptor. For example, Ephedrine has less central stimulant effect than amphetamines
but more bronchial dilating effect. ' ' :

@——ICH—CI)H—NHCHa

OH CHg
Ephedrine

C) Substitution on the o-carbon :

Drugs having substituents on the a-car.bon blocks the metabolism (deanlinaﬁgn) cau§ed
-by_M___j}_Q_and hence these have longer duration of action. For example Amphetanime resists
degradation by MAO.
D) Substitution on the amino group :

1. Lesser the substitution on the amino group, higher will be selectivity for o-recep-
0. ‘tors. For example, adrenaline is highly o-selective than noradrenaline.

Y

' . -
<HD—2. - More the size of alkyl substituent, higher will be B-selective action. For example,
.4n’  Isoprenaline, terbutaline and Salbutamol have selective ,-activity.

3. The phenylring must be separated from the side chain amino group by two carbon
atoms. . ' e
phnict =

-thr 101 ¢!
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Q. 26 Write a note on sympatholytic agent.

Sympatholytlcs are the drugs which block or antagonize the action of sympathetlc nervous system.
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Q. 27 Write SAR of B-blockers. Give synthesis of Propranolol.

GAR of fi-blockers

p-blockers are classified according to structure into two classes-
i) Arylethanolamines

ii)  Aryloxypropanolamines
SAR of arylethanolamines :
Basic drug in this category is Isoproterenol
OH -
HO CH—CHy—N
" "NCH(CH,),
Various modifications have been made to the structure of Isoproterenol these are :
1)  Phenolic —OH groups are important for agonist activity. Replacement of 4-OH group
by ofher groups leads to removal of agonist activity and will make the compound

antagonist. For example, replacement of catechol-OH groups by chlorine gives
dichloroisproterenol, which is the first useful f-blocker. ’
_-—_____.,——-s——-——“‘ .

A

Cl
OH
_~H
Cl CH—CH>—N
"NCH(CH,),
Isoproterenol

2) The two carbon side chain is required for the activity. It cannot be decreased or
increased i.e. two carbon chain must be there is should not be less than and more

than two. -
OH
OH
/H
HO CH—CH,—N
L "NCH(CH,),

2-Carbon chain

3)  Small substituents on N produces o-activity, for B-activity larger groups must be
stbsHtuted on ‘N’. Various substitutions on ‘N’ are as follows :

a) N,N-disubstituted compounds are inactive.
b) PhenZ_l_e’tllyl,.hydx;oz.y_,phenyletl?yl groups when added to ‘N’ maintains the_"E:
blocker activity. —_—

¢)  Cyclic alkyl substitution provic.ies better pharmacological activity than open chain

it substituents at ‘N’ atom of amine.
' d)  Alpha methyl substitution decreases the activity.

4) p-OH group on the phenyl ring can be replaced by methylsulphonamide to increase
fEe_Ec—t%ty. For example, Sotalol —_—
ity : OH

b ¢ | gkl
- H3CSO2HN CH—CH,—N
Sotalol CH(CH3)2
p-OH group on phenyl ring can also be Teplaced by nitro ‘group to produce good

activity.
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SAR OF ARYLOXY PROPANOLAMINES : -
a potent B-antagonist.

Prototype drug in this category is -Propranolol which i
O— CHp— CH—CHz—NHCH(CH3),

OH

OO Propranolol

Various modifications have been made to alter the activity of aTYIOXYPTOPanolamine&

These are as follows :
1. The -OCH, group is placed between the aromatic ring and the ethﬂnolamwe
chain, which is essential for the activity.
2. Most of the derivatives have substitued phenyl rings in place of naphthyl ring,
These aryl rings are of different types like phenylether ring in oxprenolol, naphtha-

lene (propranolol), indoles in (Pindolol) H
et
CHg
OCHZCHCHZNHCH/ /
“\CH,
OCH,CH=CH, _~CHj
OCH>CHCHa;NHCH
“N\CH,
Oxprenolol OH
: Pindolol
3. Alk d alkenyloxy groups when present in the qrtho positions on phenyl ring,
gives good B-antagonist activity. For example, Oxprenolol and Alprenolol
F__—__.—_—-—q
?H
CH
OCHchCHzNHCH/ ’
“N\CH,
CH2CH=CHj,
Alprenolol

4. Sulc)lstsimtiop _°f ‘CHsé"OCHa' -NO, groups on the phenyl ring generally done at 2
and 3 positions and if occur at __ll;E_o_si_tign it is least favoured. For éxample,

Metipranolol p

| CH
OCH,CHCHoNHCH? 2
s CH,
HsC CHs
OCOCH;

Metipranolol

Faculty of Pharmacy, Dr. Subhash Technical Campus, Junagadh Page 127



e
& 43‘
3

Dr. sustiasH

MEDICINAL CHEMISTRY I (BP402TP)

5. Isopropyl.and t-butyl groups present on the amino group provides nucleophilicity
to the amino group, hence most favoured. For example, Atenolol and Timolol

_~CHs NN

OCHCHCH,NHCH [ OH

| “\CHj | _~CHgz

OH " OCHzCHCHNHC—CH,

N
\/ - CHj
Timolol

CHoCONH Atenolol

Synthesis of Propranolol:
(e) Propranolol :

CICH, — CH

+
co

OH

0] CH,4

—CH, + H,N—CH

N ., TsoPrefilamine

CHj ~

(i) NaOH, C,H;OH
at 100°C for 10 hours
in sealed tube

OCH, — |CH — CH, — NH — CH

OH ~CHg,
Propranolol
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Q. 28 Classify General anesthetics and give synthesis of Halothane
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Synthesis of Halothane:

|1 | ]
Cl Cl
\ =i L / HF Bl’z
& /C_C\ SbCl; F—C—C—Cl —mpc> F—¢ C’:
‘300(/ I l ,
Trichloroethylene F H F Br
2-Chloro-1,1,1- Halothane

trifluoroethane
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Q. 29 Write structure and IUPAC name of following: (Each carries 1 or 2 marks).

1.

XA BA WD

I I S Il el el el el
N = O o0 NN AR WN =D

Alprazolam

Aspirin
Hydroxyamphetamine
Carbamazepine
Carvedilol
Chlorpromazine
Chlorprothixene
Clonazepam
Diclofenac

. Glutethmide

. Halothane

. Ibuprofen

. Indomethacin

. Labetalol

. Naproxen

. Oxazepam

. Paraldehyde

. Pentazocine

. Secobarbital

. Scopolamine Hydrobromide
. Thiopental sodium
. Valproic acid

Sr.
No.

Drug

Structure

IUPAC name

Alprazolam

HaC

.

N

i /‘N

8-chloro-1-methyl-6-phenyl-4H-
1,2,4triazolo[4,3-a] [1,4]benzodiazepine

Aspirin

COOH

@,o

b

o

2-acetoxybenzoic acid.

Hydroxyampheta-
mine

3
m :
HO

4-(2-aminopropyl)phenol
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SH-dibenz[b,f]azepine-5~carboxarnide

4. Carbamazepine
CONH2
OH 4
O\)\’N\/\O (RS)-I-(9H-carbazol-4-yloxy)-3[[2-(2-
h h hyl]Jami -
5. Carvedilol O OCH, methoxyphenoxy)ethyl]Jamino] propan
2-ol
w{
CHjz
|
6 Chl . (\/ N “CHa 2-chloro-10-(3dimethylaminopropyl)
) orpromazine N Cl phenothiazine hydrochloride
SO SNt y
S
I
N“a
3E)-3-(2-chlorothi then-9-ylidene)-N,N-
7. Chlorprothixene | (3E)-3-( C. oroToxantie y'1 ene)
cl dimethylpropan-1-amine
LI
H O
N\g
Clonazepam @0\\@ ‘ _ 5-(2-chlorophenyl)-7-nitro-1,3~dihydro
8. N N N
I ~2H-1,4-benzodiazepin-2-one
@)
Cl
oy COONa
9 Diclofenac sodium N Sodium 2-[(2,6-dicWorophenyl)amino]
’ phenylacetate
Cl
H
O._N_ DO
10. Glutethmide 3-ethyl-3-phenylpiperidine-2,6-dione
R Cl (RS)-2-bromo-2-chloro-1,1,1-trifluoroethane
11. Halothane F%—< T
F Br
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CHs
12. Ibuprofen CHa COOH (RS)-2-(4-isobutylphenyl)propionic acid.
HzC
o CHs
N COOH 1-(4-chlorobenzoyl)-5-methoxy-2-
13. Indomethacin ol methylindol-3-ylacetic acid.
OCHs;
OH
1l-rac-2-hyd -5- [I-hyd 2-
Labetalol CHg . all-rac-2-hydroxy-5- [I-hy ro>.<y
14. Hvdrochloride WN “CONH, (1-methyl -3 phenylpropylamino)
Y Ao ethyl]benzamide hydrochloride.
2S)-2-(6-meth hthalen-2-yl
s, Naproxen (2S)-2-(6 met‘ox‘ynap‘ thalen-2-yl)
propionic acid.
7-chloro-3-hydroxy-5-phenyl-1,3-dihydro-
16.
6 Oxazepam 2H1,4-benzodiazepin-2-one.
17. Paraldehyde O O 2,4,6-trimethyl-1 ,3,5-trioxane
(2RS, 6RS, 1IRS)-6, II-dimethyl-3-(3-
18. Pentazocine methylbut2-enyl)- 1,2,3,4,5,6-hexahydro-
2,6-methano-3-benzazocin-8-ol
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19.

Secobarbital
Sodium

sodium (RS)-5-allyl-5-(Imethylbutyl)
barbiturate.

20.

Scopolamine
Hydrobromide

[(1S,5R)-9-methyl-3-oxa-9-azatricyclo
[3.3.1.02,4]nonan-7-yl] (2S)-3-hydroxy-2-
phenylpropanoate; trihydrate; hydrobromide

21.

Thiopental sodium

Thiopentone Sodium is a mixture of
Sodium(RS)-5-ethyl5-(1-methylbutyl) -2
thiobarbiturate and anhydrous sodium
carbonate

22.

Valproic acid

2-propylpentanoic acid
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.:
W
=

Give the synthesis of following drugs: (Each carries 1 or 2 or 2.5 marks)

Salbutamol

Dicyclomine hydrochloride
Barbital

Chlorpromazine hydrochloride
Phenytoin

Carbamazepine

Halothane

Methohexital sodium
Propranolol

RN AR WD
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1. Salbutamol _

e o\ ~
Siatertsis £ vses of gal bud™ L R
e —_— = g b\ Date: ! )
B \
] OH U ‘—OW

i e CHa0H - ((H00).0 (HoN =< Gt on
| \ ] mers 2% pymidive (N2

: s ¢ _‘H\\\)J)HAC __'_,% = ~ \
: CHO g (gqc‘) i\ C‘HO\
A Li= hydgesty - Benzene | Alse s & s
A 3-hdaoxy et A {- Ty
{ N S < NC. ~ C -
: L(’m?.ldf.h_\rde Q“B%C ) ﬁgjﬂ%

N

CHYy CO0OH AethC acrd
. (CeHs), 0 |Ethes

. e T T ——Room ~f.
. " 1odagy |-
\_// "' L/
S '\/,./‘
— 0 Oty
nH =
| LA Rt ] ce s
7 = H—=} > alitvainiM -
e s -~ T
| ST ' CH=Co-NH-CL)
g | \f/- A= by THF - T&a h)éﬂofu},qn' ‘l- v \CCB
i 34 T=p b Ma
_; 5 ‘C'*FCHZ—NH’E‘C\!)‘ Yy \\}IS ﬁﬁﬂug(, OCOCH\‘I} )
. of— Cay :
SR CYRT (0 e - S NI —

Uges: —Opaty ob as am (whaladion, it is wey B)
SwPowianc  NeUer of “BABVcl 65 Pa s
asSgated ol gt of  clSowmic asthd —
— TN brondn « 003 NP
Pdwronady  diteaes
— Twfudione &f Sakbuwtaro A aye uced —
fo Lt PAemetuBe . LadpS. |

|
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2 Dicyclomine hydrochloride

Syuhess L uses 5£ ' -
Dicyclow e —(Eo}(oc (UGhide e
f =
o D] - BA- Cty —Chp-capy = Chy= C1o=B )
J ¥ .
: CHp-CN e 1 chs,mmno ?Pﬁhm@
e
= wal are—bwﬁdc -
1 0 K S 5 T[22 HBA
B=— ; -~ /
— : = /\\
3 o o o oot 1) ] cnl
LS e
— 2 oA ]
S (yclohexane i
] 3 SRt v Wra €Y . - - -
o — g Che— ol * e i
o Clhg |
r sl M‘\’ ‘L‘ﬁ*‘ﬂﬂ' eﬂ\’\nqmolq“m\h& jﬁliocume
: LN T~ 0 il !
: -0 - (Chq - o - e e o
Fe SR }\ 57 C o C ) 2 St (2;!—\_5 H‘L
T A S SN TR
Pe 22 JdN Chovl =
43
b L :
_¥ | /C'L hs ¥
: I b r——b—c"‘?- U“?-"' NN g he ° hKL |
| \/Ej Dithclewing fdkociuonide,
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I
e /NH2 HsC20 C\C/CZHS C,H5ONa
. -
\NH 7 C.H 60d_l\)m —C.H.-OH
2 == 25 1id€ 25
s i I I EW ethanol
O
Diethyl Malonic ester
I
NH C
o= / \C /Csz
NNH— (|3I/ \Csz
0]
Barbital
(Barbitone)
4. Chlorpromazine hydrochloride
(c) Chlorpromazine :
@ O\ __Sulphur__ @[ ]@\ = CHCN / 50% NaOH
A /5 hours

3-Chiofo cuf’heml amiye

S
Raney Ni (H)
DMF N cl
CH )tgeml
CH,CHZCHzN o Avmamide CH,CH,CN
CH
Chlorpromazine v
5. Phenytoin 7
Ny
[0} (0] ! ~
J D J,
[T\I [ ] + How < NH _>+
afN=—C — - A3
- o o & *H% ( Vs J 7
) NaoH, M MH
Benzy L uRHea Ethanol ~
i) enc. H, Py, 0
P hentoin
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6. Carbamazepine
\
cd &
Cklzd NS i
—— ¢ I
e | /[ _M_Z',—? {1)1]( /[\\(/ i |
NOQ seuf- dka2™ S Rp, do3 i
. . —HX B
2-NItho henzil chiohide —
= { .
\‘/‘ ——
/\/: . (-HT} —~ == \\\
l / TLU <CC(.Z|'U~J.A+’L }1?(;;:(?;?} \ \ /!
"ML")“\L/‘ o, roy
AN il
bl b AT SIS Ll 7]
7 N/\/ “>M,® \/\ﬂN A
| T
= ekl CoiN Y
L. TmiNn0o SHAbENE |
: A @@,bawquf’mc/

|
2 moles of 2-nitro benzyl chloride undergoes self alkylation in the presence of sodium amide. The
resulting intermediate undergoes heating, catalytic reduction and then further heating to give
iminostilbene. Iminostilbene is first reacted with Phosgene and then with ammonia to get
carbamazepine.
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7. Halothane
L L
— ~ Br 5
ol Y30 °C | | l |
Trichloroethylene F H F Br
2-Chloro-1,1,1- Halothane
trifluoroethane
8. Methohexital sodium
CH3CHO PCls e
CH;CH,C=C—MgBr ———> CzH50§CC|JH—OH WMCS:ZH50=C(|3H~C| "
1-Butrynyl Magnesium Bromide CHs fexnac k 19 e CH,
3 lCNCHzcooczus
thot (Jﬂmq(w
COOC2Hs COO(:ZHs
EtONa .
cszcEc?H—(lz—CN (Wa- CZH5CEC?H—CH
: : \
CHs CHZCH=CH2 Sgéd\\:;?‘ac CH3 C.N
Ca%pammide —=43NH2CONHa FrhalL
e (1- weth)L- ?.'thhu)
Qyamoa (Chatke
CHs
(@) l!l \(ONa
CoHsC=CCH
|
CHs 0
Methohexital sodium
9. Propranolol
(e) Propranolol :
@) CH
S A e
+ 2— — 2 + e = SR f 4
R 3 A 3 T Y -
- 3 G T \CH3 T8 | Mime
OH
. ) (i) NaOH, C,H;OH
< (1CLE nd A at 100°C for 10 hours
in sealed tube
OO o
OCHZ—ICH—CHZ—NH—CH/ 3
OH \ CH,
Propranolol
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