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Structure

BOSTON

Overall chemical structure

- possible binding groups
- Size
- shape

- stereochemical features (flexibility, conformation,
configuration)

- electronic features
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e The Thalidomide Failure
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(S)-Thalidomide (R)-Thalidomide
(sedative + teratogenic) (sedative)
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o Structurally Rigid Groups
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Stereochemistry and Drug Design

e Conformation

P
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e Conformation
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Stereochemistry and Drug Design

« Configuration

- almost identical activities, but significantly different potencies
- completely different activities (one maybe only inactive)
- the behavior of enantiomers will be different to that of the

racemate

Effect on ADME properties

Absorption
COOH OOH
NH2 HoN
(-)-Norgestrel (+)-Norgestrel
D-Dopa L-Dopa

v
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Stereochemistry and Drug Design

» Configuration

Effect on ADME properties
Distribution —— little influence

Metabolism
OH CH,COCH, OH CH,COCH,
N Ph N H
H Ph
o ~0
S-(-)-Warfarin R-(+)-Warfarin
l Major mu/ Minor route
OH CH,COCH,
HO
RN ‘\‘ Ph C
¥ OH CH, 5"““CH OH CH
O
S-6-Hydroxywarfarin
R.S-(+)-Alcohol derivative R,R-(+)-Alcohol derivative

Excretion e little influence 3
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 Physical Nature of the Solute

Solubility product (C,A,)

Ksp = [CTT*[ATP

Henry’s Law



Solutions m
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* Solubility

Solvation - lipophilic vs. hydrophilic character of the solute

ﬂ

polar — hydrophilic; non-polar — lipophilic like dissolves like
Somme o> @@
Solvent <> | §@
(>

 Importance of Water Solubility

cells (65% water!), gastric fluid
10



Solubility and Structure of the Solute m
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 Role of polar and non-polar groups

/e

water solubility lipid solubility

ﬂ

salt formation
Incorporation of water solubilizing groups
special dosage forms

8.



Salt Formation m
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Most common sources:
Anions: (H)CI-, (H,)SO,%, HSO,
Cations: Na*, Ca#*, Zn<*, diethanolamine, N-methylglucamine

H CH

_,—OQC/O::.H __'OQ'?/O::H :"éQC/O?H \N/ 3
L H—c—0L L CH
/C\O H (|: ! H- H--._C.--'H | 2
H™/ N =0~ TH | . H—C—0—
H—c—0L ~
CH, H. _Cu_“H TH .
0" "0~ ! \ —0—C—H
LacticaCid E E H/C---.H H ,f’ | I
' (|3 i H_C—O‘--H _____
HN : : ;
_-OCH,CH,, - CH, .
’ N—H----- Citricacid N o T
~*~OCH,CH/
1"/ Diethanolamine N-Methylglucamine
(diolamine) (meglumine)
Se et *
water solubility taste N NG on, CH,

CH,CH,CH,N HO

T
<L~

—2 “00C 12

Chlorpromazine embonate
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 The type of group
polar groups: alcohol, amine, amide, acid, sulfonic acid, etc.

 Reversible and irreversible groups
irreversible: C-C, C-N, C-O
reversible: ester, amide phosphate, sulfate, glycosidic links

 The position of the water solubilizing group
depends on the reactivity and the position of the pharmacophore
(e.g. aromatic groups, or aldehyde etc.)

We should avoid modifying the part that is responsible for the
drug-receptor interaction.

LS



Incorporation of Water Solubilizing Groups

e Methods of Introduction
Carboxylic acid by alkylation

(I) C,H; OC, H,/BF,
HOCH, COOC, Hs

[
>

Room temperature

(1) Ester hydrolysis
2.5%KOH/CH4; OH

OCH, COOH
Dihydroartemisinin (antimalarial)

BrCH,COOH (1mole)
HQN@SOE@NHQ - HEN@SOQQNHCHchOH
NaHCO ,/C,H;OCH,CH,OH

Dapsone (antibacterial leprostatic) 1007C/32 hours Acediasulphone (antibacterial)

14
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Incorporation of Water Solubilizing Groups

e Methods of introduction
Carboxylic acid by acylation

O

OH —OH o H —OCOCH,CH,COONa
oA o 4
H NHCOCHCL, NaOH H NHCOCHCL,

|

Chloramphenicol (antibacterial) Chloramphenicol succinate (antibacterial)
O
N 5 N
[ \>*NH8024©7NH2 - [ \%NHSOZQNHCOCHZCHZCOOH
S EtOH S
Sulfathiazole (antibacterial) Succinyl Sulfathiazole (antibacterial)

15



Incorporation of Water Solubilizing Groups

e Methods of introduction

Phosphate groups
0 0 0
I I H,/PA.C I
ROH + ClI —Ilz’—OCHzPh — RO—IT—OCHzPh — RO-F"—OH
OCH,Ph OCH,Ph OH
N 0 0 Br,/H,0
ROH + P RO—P OH
7\ /
Cl (@)
O
I || H' I
ROH + Br —P—N —— RO—P—N — RO—P—OH

74

HGSTBH

16
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Incorporation of Water Solubilizing Groups

e Methods of introduction

Sulfate groups
OH OH OH
NS 4 Hps0; Ny _several ! s
% = steps 7
SO3H SO3H

8-hydroxyquinoline 8-hydroxy-7-iodo-5-quinolinesulfonic acid

(topical antiseptic)

SO Na
= L NaHSO3 3
C_C C_N SOzNHZ SOZNHZ
HHH HH H503

N4-cinnamylidenesulfanilamide noprylsulfamide (antibacterial)

187,



Incorporation of Basic Groups

e Methods of introduction

S NaNH
N-Alkylation @ @ () NahHt, (\/E :@
N~ O NH (i) CI(CH,)5N(CHa),

CH CH,CH,N
‘CH,
Prothipendyl (neuroleptic and psychosedative)

CH,4 CH
1-Phenyl-1-(2-pyridyl) ethanol CICHECHEN(CH,OR </:N)_P\;OCH CHN(CH.)
\ 2UHp al2

CH,
Doxylamine (antihistimimic, hypnotic)

CHg
1-Azaphenothiazine

O-Alkylation

O-Acylation
NO QE:—@—C:H N O NO
A o A —
- —
N—CH,CH,OH - N—CH2CH20COQCH2—N 0
Nc< NQ{ _/

CHj4 CHg
Metronidazole (antiprotozoal) Metronidazole 4-(morpholinylmethyl)benzoate (antiprotozoal)

N-Acylation
OQNQCONHCHQCHzN(CzHS)

H,NCH,CH,N(C,Hs) \
H,/ Raney Ni
OQNQCOCI HENQCONHCHQCHQN{CEHS) 18

4-Nitrobenzoyl chloride Procainamide (local anaesthetic)




Polyhydroxy and Ether Residues
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e Methods of introduction

CH, CH, CH, oH
- + 1
@,OH NaOH ij/o Na  cH,CICHOHCH,OH ©,OCH20HCH20H
>
2-Methylphenol Mephenesin (muscle relaxant)

Q" CH,CH,OH

CHaw _
o) **N N Etofylline
AN Y | » ’
o N (bronchodilator)
0 CH, O CH,CHOHCH,
CH,< N

N
r» . L »
Theophylline O%\N N O%\il\l N

(bronchodilator) CH, CH, .
\ O pHQCHOHCHQOH Proxyphy]]me
© CHs N (bronchodilator)

N N Dyphylline
(bronchodilator)

OH

OH (1) [(CHo) SN, i
N  (2) PACOOCH,CH,OCH,CI NN NH, / CH,OH N~ XN
~ 2o 2 3
Yy ey T, o o
H,N” N7 NH (CaHs)s H,N" N7 N H,N” N7 N

CH,0CH, CH,0COPh CH,OCH,CH,OH
Aciclovir (antiviral) 19

Guanine



Polyhydroxy and Ether Residues m
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e Methods of introduction

CH, o

Ho%/NHE ;OH
HO OH CH, o
HQNQSO2NH2 > NHOSOZNHz
Glucosamine HO

95% ethanol / heat 2-3 hours HO OH

N*-B-p-Glucosylsulphanylamide(antibacterial )

HO OH
O~__NH O~__NH _CH
~ Y ~ ~ -
C™ °NH, 00 OH heat C °N o~ O
ﬁ\j 0 G
- OH -
N HO O N
Isonicotinic acid hydrazide p-Glucuronolactone Glyconiazide (antituberculostatic)
(antituberculostatic)
CH,COCI CHO CHO
CH; H——NH, H——NH—CO—CH,
. HO——H NaoH  HO——H CH,
+ 1 —— .
\C*' H OH Inert solvent H OH N
=0 H——OH H——OH

D-Glucosamine

/@ CHOH cHon  O°
Cl
Cl

Glucametacin (anti-inflammatory) 20



Improving Lipid Solubility gﬁ

e Introduction of

- methyl, alkyl;
- fluoro, trifluoro
- chloro

groups

24



Formulation Methods of Improving Water m
Solubility UMASS.

 Cosolvents
non-toxic, inert (toward the drug), water-soluble
(ethanol, 1sopropanol, glycerol, sorbitol, etc.)

e Colloid “Solution” (L/S systems)
Preparation of colloid particles (1-1000 nm); sols or hydrosols

e Emulsions (L/L systems)
o/w or w/o emulsions; surfactants

3

Corn oil-in-wateremulsion

2
Plasma
griseofulvin

-3 . .
(umcm™) Corn oil suspension

1

Aqueous suspension

T | T T I I
4 8 12 16 20 24
Hours ——

22



The Effect of pH on the Solubility of Drugs

The pH of the system will either enhance or reduce solubility

 Acidic drugs
[Non-ionized from]
[lonized form]

pPKy=pH +log

pPH Is Important but not exclusive

 Basic drugs

i [lonized from]
PKa=pH *+109 [Non-ionized form]

28
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The Effect of pH on the Solubility of Drugs

UMASS.
EOSTON
 Dual function molecules — amino acids, peptides
_|_
Hs on  NH
< RCHCOO RCHCOO!
Zwitterion
1 +
NH, 4+ NHg
< - : -
. RCHCOO RCHCOO
Solubil o
olubrity Zwitterion
. NH, &,L”"s
. «—— Isoelectric point «——— RCHCOOH —— RCHCOO
pH > Zwitterion

24
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 Partition coefficient

[Druqg in the organic phase]
[Drug in an aqueous phase]

Partition coefficient (P) =

ll

[Non-ionized drug in the organic phase]
[Non-ionized drug in an aqueous phase]

Partition coefficient (P) =

normally: 25 € 03¢
octanol as organic solvent

25



Practical Determination of P ?7]
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e Mutual saturation by shaking at constant temperature
(traditional)

e HPLC method

« Buffer model (octanol/agueous)

26



Theoretical Determination of P m
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 Producing database by measuring the P of many compounds -
statistical analysis

Rekker and Hansch comtributions from the fragments

e Extrapolation from known P data to other solvents

organic/H20

24



Surfactants and Amphiphiles m
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« Amphiphiles — molecules with fragment that likes to dissolve
In opposite solvents

o Surfactants — compounds that lower surface tension

Cationic surfactants:
-Sodium stearate (CH;(CH,),,COO-Na*)
Anionic surfactants
- dodecylpyridinium hydrochloride (C,,H,:C:H:N* CI")
- dodecylamine hydrochloride (CH4(CH,),,NH;* CI")
Ampholytic surfactants
- dodecyl betaine (C,,H,:N*(CH,),CH,COQO")
Non-ionic surfactants
- heptaoxyethylene monohexyldecyl ether
- polyoxyethylene sorbitan monolaurate 28



Surfactants and Amphiphiles m
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* Biological systems — at interfaces of the target cell — cell death

CH,

CH,
Nonoxynol-9 (spermaticide) Octoxynol-9 (spermaticide)

CH,

/ “N—(CH,)..CH. CI’ |
__N (CH;)15CH, <::>}_CH?_N__

R| C
Cetylpyridinium chloride CH, } Benzalkonium chloride
(disinfectant) (antiseptic)

» Natural surfactants and surfactant drugs

(CHg4) ,NCH,CH,
@f ) Ol ‘/\) X
Cl /

CHQCH CH,N (CH,) ,

Imipramine Pyrilamine
(antipsychotic) (antihistaminic)

CH, (CH,) 3NHQCOOCH2CH2N (CH,)

Tetracaine (local anaesthetic) 29

CH CH,CH,N (CHj,

Chlorpromazine
(antipsychotic)



Surfactants and Amphiphiles m
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* Micelles — cmc (critical micelle concentration)

Hydrophobic Hydl‘OphiliC OO O 000
0°-0 OXOX® ?
end end %? r(p OOOOC(::J)OOOO OOOOOO E)?
U SR\ o S
O O/JJ “\-\_O Increasing o 2 M,O%QO Increasing gé
O concentration C{%\b O concentration é é ég)é
Surfactant Spherical micelle Cylindrical Laminar micelle
molecules micelle
g Turbidity
: Self-diffusion Solubility
» Effect of micelle N / L e
SmMotic pressure
formation '[
Property
Electrical conductivity
; Self-diffusion
— 7 Surface tension
Cmc 30

Surfactant concentration ———»
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Drug Solubilization

» Micelles can help solubilize drugs
olute with strong
Q\f j Q&? {f#p/ Eydrophﬂic affinity
e B
Non-polar solute
d'jél% Solute with weak %f i\b
(b)

hydrophilic affinity

Amphotericin B

ol



Drug Solubilization

* Micelles can help delay metabolitic degradation

NaOH/H >0
H,N COOC,H — H,N COONa + C,H.OH
2 2 ’° Hydrolysis 2 2°’5

Benzocaine

CHj,

NaOH/H ,O

& & ()-8coone
OH ]Iydl olysis
|

OCOCH

Homatropine

* Micelles are also important in the digestion of triglycerides
In mammals.

o4



Mixed Micelles as Drug Delivery Systems m
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e Mixed micelles — mixture of surfactants

e.g. Diazepam is stabilized by micelles formed
by lechitin and sodium cholate

St



Vesicles and Liposomes
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* VVesicles — aggregates formed from spherical bilayers of
amphiphiles

* Liposomes — vesicles formed from lipids

Lipid bilayer

Water filled core

Hydrophobic area of the molecule

i
il

Hydrophilic (polar group) of the molecule.

 Importance in drug delivery — e.g. amphotericin B.

or doxorubicin daunorubicin
34



