Medicinal Chemistry for
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Medicinal Chemistry for

Drug Discovery &
Drug Development

Drug discovery is the process by which new candidate medications
are discovered.

Drug development is the process of bringing a new pharmaceutical drug to
the market once a lead compound has been identified through the process
of drug discovery. It includes pre-clinical research, filing for regulatory status,
such as via the United States FDA for an investigational new drug (IND) to
initiate clinical trials on humans, and may include the step of obtaining
regulatory approval with a new drug application to market the drug.
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hit, lead, drug candidate ?

- Hit compound (3| E s}ghE)
: compound with selective in vitro activity (usually IC;,<1uM)
against target whole organism and/or protein.

- Lead compound (M E=3E)
. compound with drug characteristics, and efficacious in
disease animal model with no overt toxicity.

- Drug candidate (}2F = HEA)

. optimized lead compound with in vitro and in vivo activity
equivalent or better than drug standards, acceptable
pharmacokinetic and toxicity profile, amenable to cost-
effective scale-up.

Lead
Optimization




hit, lead, drug candidate ?

v+ Screening hit

Lead identification Cl N
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Known Compounds (in Chemical Abstracts)

20,000,000

Theoretical Number of Small Organic Molecules
(Daylight Chemical Information Systems)

100,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000
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- Dr. Simon Driver, of the Australian National University -




Hit or Lead discovery
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Medicinal Chemistry
e Discovery or Design of new therapeutic chemicals
e Development of such into useful medicines

Areas of Study

e synthesis of new compounds

e structure-activity relationships

e elucidating the mode of interaction with targets
(receptors/enzymes/DNA)

e absorption, distribution, metabolism, and excretion (ADME)

e metabolic transformations

e pharmacogenetics
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MEE! Bl (Lead identification)

Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis — Library

Computer-Aided Design (Rational Drug Design)

© 0 NP = 0T e

Computerized Searching of Structural Databases
: Virtual Screening, 3D Pharmacophore Search
Etc.



Hit or Lead Compound=2 == B ...
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Serendipity and the Prepared Mind
Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’

Combinatorial Synthesis - Library

Computer-Aided Design (Rational Drug Design) B SRR I
“That’s Dr Arnold Moore. He’s conducting an experiment to test the theory
that most great scientific discoveries were hit on by accident.”

Computerized Searching of Structural dtabases Drawing by Hoff: © 1957

The New Yorker Magazine, Inc.



Hit or Lead Compound==

RICIBI RIEOED 2 HEY
Serendipity and the Prepared Mind
Screening of Natural Products
Medical Folklore All new chemical entities, 1981-2002
33%
Existing Drugs O Synthesis
24% B Natural product based synthesis

B Semisynthesis

Starting from the Natural Ligand or Modulator

15% B Natural product

5% O Vaccine/ Peptide/ Protein
Screening Synthetic Compound ‘Libraries’ 28%

o _ All available anticancer drugs,
Combinatorial Synthesis - Library 1981-2002

30%

Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases 10%

14% 26%
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases

‘Me too’ drugs

: To modify the structure sufficiently such that it
avoids patent restrictions, retain activity, and
ideally has improved therapeutic properties.

ex) captopril (antinypertensive drug) : used as a

lead compound by various companies

co2 EtOzC Hooc™ ™

co2
Captopril Coz

Cilazapril Lisinopril
(Hoffmann-LaRoche) (Merck)

.,

= 3

; N
Et0,C7 N

H 0 coH

Enalapril
(Merck)
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand
or Modulator

Screening Synthetic Compound ‘Libraries’

Combinatorial Synthesis - Library

Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases

Natural ligands for receptors

Natural substrates for enzymes
Enzyme products as lead compounds
Natural modulators as lead compounds

van der Waals

Epinephrine = OtE®ILLE P2 Binding Site

P2

H//OH_'_

P1

NH,CHj
P3

_ . P3
T CO,

-
-
-

P1
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Serendipity and the Prepared Mind

Screening of Natural Products
van der Waals

Epinephrine = OtE®ILLal P2 Binding Site

Medical Folklore ?_H - i
P2 &z
Existing Drugs H// OH +
NH,CH3 —
Starting from the Natural Ligand P3 P1
P1

or Modulator

Screening Synthetic Compound ‘Libraries’

HO NMe

Combinatorial Synthesis - Library

Computer-Aided Design (Rational Drug Design)

Isosteric
Conformational substitution
Constrained Analog of phenyl

Isosteric substitution

Computerized Searching of Structural dtabases of hydroxyl
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Serendipity and the Prepared Mind . .
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Screening of Natural Products

Medical Folklore
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Starting from the Natural Ligand or Modulator
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Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design
(Rational Drug Design)

Computerized Searching of Structural dtabases
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Documents
: Interactive 3D model of an Antibod o
Medical Folklore » Shared Documents Y
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. . = Calendar
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Discussions

Protein Display

Starting from the Natural Ligand or Modulaj = "™ 7" Options
Sites off
People and Groups
: CA Wire
Screening Synthetic Compound ‘Libraries’ 2] Racycla Bin —
Line_ Rlbb?n
Combinatorial Synthesis - Library Flat Ribbon
Solid Ribban
Computer-Aided Design Tube
Schematic
(Rational Drug Design)
Computerized Searching of Structural dtabas~ @ Lol vt | et o Of -

BIOVIA Discovery Studio
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Serendipity and the Prepared Mind
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Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design

(Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design

(Rational Drug Design)

Computerized Searching of Structural dtabases

ICs, = 300 NM

ICsp = 3.1 NM
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design

(Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)
Computerized Searching of

Structural databases

Isolated
ligand

Recoptophoric element

o :; (Cast of active site) |

Pharmacophoric
element

Database search based on Pharmacophoric
element and active site volume

o

i

o
o o

Ea% 3
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Mo
Screening Synthetic Compound ‘Libraries
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)
Computerized Searching of

Structural databases

True Positive Rate (sensitivity) &

1.0
0.9
0.8
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090 o1

_,.,
[4}]
Fraction of Activities

o
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0!
%.O 01 02 03 04 05 06 0.7 08 09 1.0

Fraction of Samples

Figure 5. ROC and enrichment plots of the Laplacian-modified naive Bayesian model for the test set. |
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator

Screening Synthetic Compound
‘Libraries’

Combinatorial Synthesis - Library

Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases

A chemical library or compound library is
a collection of stored usually used
ultimately in



http://en.wikipedia.org/wiki/Chemicals
http://en.wikipedia.org/wiki/High-throughput_screening
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator

Screening Synthetic Compound
‘Libraries’

Combinatorial Synthesis - Library

Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases

HTS (High-throughput screening)

Today’s HTS rate; 10,000 of compounds per assay per day.
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases
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Serendipity and the Prepared Mind

Screening of Natural Products

Medical Folklore

Existing Drugs

Starting from the Natural Ligand or Modulator
Screening Synthetic Compound ‘Libraries’
Combinatorial Synthesis - Library
Computer-Aided Design (Rational Drug Design)

Computerized Searching of Structural dtabases
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okg| Tk (pharmacophoric moiety) 274

Identification of Pharmacophore

Need to established the relevant functional groups important for activity or interact
with the target (enzyme, receptor, etc.)

Modifications to lead compound
* remove structural feature

* exaggerate structural features
* block structural features

Functional groups most easily modified:
* Hydroxyl (-OH)

* Amino (-NH,, -NHg,-NR,)

* Aromatic Rings

* Double Bonds



Hydroxyl Group
Potential H-Bond Interations (H-donor or H-acceptor)

H--Nucg
R—0O
Modifications to destroy these interactions:
Alkylation / ;o
y R—0 — 3 R—O
CH;1, base
« Acylation H Q
R—C » CHs
CIC(O)CH;, base R—0O
* Reduction O
H Oull
/ »  SS—CH,
R—O  (ISO,CH,, base /

——» R-H
LiAlH,



Amino Group

Potential H-Bond (H-acceptor) Possible lonic interactions
S
. C
H—X% 7ot %
! !
e P
R—NH, R—NH, —= R—NH;

* Acylation
R—NHZ - CH3
CIC(O)CH;, base R—NU

@D S
¢ Alkylaton R—NH, —® R—N(CHj); I
CH;]



Aromatic Rings
Involved in van der Waals interactions with “flat” hydrophobic regions in binding

site.
—
H,.Rh
hydrophobic binding
region
(unfavorable interaction; sterics?)

hydrophobic binding
region

Double Bonds
Similar to aromatic rings

h, N
H,, Pd ,
_~H H .~
1c bindi hydrophobic binding
region

hydrophobic binding
region
(unfavorable interaction; sterics?)

A




What can we do for Lead optimization?

« Change substituents

« Extend structure

« Chain extension/contraction
 Ring extension/contraction
 Ring variations

» Isosteres

« Simplify structure

* Rigidification of structure

Chemical modifiaction changes the chemical or physical features
such as

« Basicity

« Lipophilicity

e Electronic distribution

« Size steric bulk



Alkyl Substitutions
+ easily attached to alcohol, amine, phenol
« vary chain length (bulk)

* change basicity of amine

* change lipophilicity
* change selectivity

interactions

Fig.9.2 Variation of alkyl chain to fill a hyd rophobic pocket.

[F”\/““cna Fit No Fit [-""_'N“f““t:l-la
Steric
|,,,N—cHa Fit 3T Fit [",,-N—cHs .
hd b w e Eeiey
."‘ﬁﬁ-iﬁ-i*m@&;%;‘ Pt e e Ao B e, st o
sissasessisd]  [ARssreassemace
TRt vttty YErpib bbbt iad by
R bl E 5] | P o S i i ]

RECEPTOR L RECEPTOR 2
= Binding Region for N

Fig. 9.3 Use of alarger alkyl group to confer selectivity on a drug.



Alkyl Substitutions

Ht

i
Ether

’Me VOC-Cl
[Drgf—N  —~
Amine R

,DR Hor
Q\O — =
Ester

a)

[\

C—R

s HO-
[Dmatd —*-
Ester

Q

41

!G-R Hd-

r——

7 H*
{ —
Amide

G
f/
%b

H

Rl

el

H'I~
R"OH

R"CCCI

R"COCI
—_—

HNR',

Fig. 9.1 Alkyl modifications.



Aromatic Substitutions
» change substituents on ring
» change substituent pattern

Binding region
(H-Bond)
Binding region
(for Y
pard Substitotion meta Sobstimtion
Fig. 9.5 Aromatic substitutions.
@
| NHE NHo
NE
’ -’ P
META (]nducuvc electron co S S
withdrawing effect) /
-Y"
PARA (Electron Withdrawing Effect
due g Resonance and Inductive
Effects leading to a Weaker Base)

Fig.9.7 Electronic effects of aromatic substitutions.



» Extension of Structure
Add extra binding groups to search for nearby binding sites that may be used by the

endogenous substrates. As a result, we may increase the interactions of the drug with
binding site and thus increase activity. Alternatively, by increasing the interactions of the drug

with binding site, we could prevent the natural substrate from binding (antagonist)

+EA

wi=RBVFE Morphine 71X &%t



» Extension of Structure
Add extra binding groups to search for nearby binding sites that may be used by the

endogenous substrates. As a result, we may increase the interactions of the drug with
binding site and thus increase activity. Alternatively, by increasing the interactions of the drug
with binding site, we could prevent the natural substrate from binding (antagonist)

Angiotensin converting enzyme

Angiotensin converting enzyme
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Ring Expansion/ Contraction
Similar to previous chain modifications

i

6,6,6 12| 71
Ao 9|R|9 B!

2| =y

4832
12 1-16 EnEEES

EBinding site
1

6,76 12| 71X
o Apd X2 ZE 2 X3}
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Fig.9.12 Development of cilazaprilat



Ring Variations
Change aromatic or heteroaromatic to:

» other heteroaromatic rings
» different size rings
Mo 0
HN
CGztEiu ‘Bu bmdlﬂg group

+ alter heteroatom positions
(I} Lead compound Nevirapine

Fig:9.15 Development of nevirapine
Ring Fusions
May change selectivity or increase interactions

OH
H

H
H N Me
""’ CH, —NHR \|/
G 2 Ma

R =Me ADRENALINE PRONETHALCL
R=H NORADRENALINE

Fig.9.16 Ring variation of adrenaline.



Isosteres or Bioisosteres

+ Atoms (or groups of atoms) that have the same number of outer shell e

» Useful for changing stability of Drug

* May alter electronic distribution, polarity, bonding, sterics
* Provide info on whether groups are involved in H-bonding.

o
Table 22 Classical Iscsteres2s

/]_-f"Uliivalent atoms and groups
’ a. CH;; NHz OH F
b.Cl PH; SH

¢. Br iPr
d. 1 -Bu

2. Bivalent atoms and groups
a. —CH,— —NH—

b. —COCH,R ~—CONHR
3. Trivalent atoms and groups

a. —CH= — N

b. —p= —Ag—
4. Tetravalent atoms

a. —é— —éi—
~ 7

b, =C= =N=
5. Ring equivalents

a. —CH=CH— —S—

b. —CH= —N=—

c. —0— —5—

—)— —8§— —Se—
—CO,R —COSR

+
=Po=

(e.g., benzene, thiophene)

{e.g., benzene, pyridine)

—CHy— —NH— ({(e.g., teirahydrofuran,
tetrahydrothiophene,
cyclopentane, pyrrolidine)




Nonclassical Bioisosteres

Table 23 Nonclassical Binisosteres??

1. Carbonyl group

H NE ﬂ P
A P PN 3\5{-\
q o oN
’?P“ e ——
R |
2. Carboxylic scid growp
’_,E..m —H —H —g—m —-ﬁ—m-: —ﬁ——:m
[ N A A
] it H—H‘
—H—L:a : ,LD‘N - ¥\
1 N
. H H
A Hydraxy group

i i

—NHCR —NHSO,R —CH,OH —NHCNH,
—NHCN  —CHEONY,
4. Catechol

BC:clbsRhe

=0, NR




Nonclassical Bioisosteres

L8

1.

[x] & o nown coowy

Thisether

Thioures

i X

—hH" " MH,

MC, b

O AN

=aH HH;

Azemethine
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2D @YY

Bpactr gromp

—{CH)y—

Hydrogen
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o~/ \—CHs in—" \—CH;,

procaine procainamide
3 3
O O NH CH
1 NH CH3 3
HzN@—s—N w / - mc@'s'—w &
1 H i
O
carbutamide tolbutamide
— O —N 0
\ \ﬂ
W W
nicotinamide pyrazinamide
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ME=F 72| Et¥i(Simplification of lead structure)

CHs
N
HO o OH

morphine (1952)

CHs CH; CH; CHs
N N N HBC"‘N
HsC
e K
o o
HO HO HO Q) CH;
levophanol (1, 1947) metazocine (2, 1987) meperidine (3, 1939) methadone (4, 1947)

wi=REyLl Morphine F1X2| &3}



Rigidification of Structure
* may increase activity or decrease side effects.

* multiple conformations allow interactions with more than one receptor (especially
true for neurotransmitters)

* restriction of rotations allow only conformations necessary for binding at receptor
of interest and not receptors causing side effects.

=] . ————m =
g‘. U:'L\\ Pl rotatable bonds fixed bonds
" H @ .'I ,_x":J !
S NHaMe | I .
L PN o | ;o f \
=} , MHMy O o o | [ '
T R P T Y f q
) " A / ] (Y i
| [ | | s
' W rd L o NH:Me
|~ _ // "’?J/ | L:__ | ."I ©
Ca— y
S o I
V4 '
L e |
RECEPTOR | RECEFTOR 2 E:lrs‘:]la'\]ufl R RILE MESSESNGER

Fig.9.21 Two conformations of a neurotransmitter which are capable of binding with Fig.9.22 Locked analogue.

different receptors.

* One receptor may cause the desired effect while interaction with the other may
lead to undesired effects.
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E ] 4 N
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CH;

(6) meperidine (5) (7)
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otz|Et Afo|e] 2| 2} (Variation of interatomic distance)

cHy
(—O HS(TBN_CHa
R
H3C—r|\1®4)vOH 04)
CH;
H
CH;
e <)X on-

P o O S,

WEREER Hemicholinium®| 48 ammonium?te| 7{2| B}



2] Zpol g8 o|-8-2F &l (Alteration of stereochemistry)

OH
0t OH S o CH; CHs
at . 6 HO o~ NH2 * N® ©d
H5C o I ~CH
5N I ” 3 gt

chloramphenicol (1) norepinephrine (2) acetylmethylcholine (3)
(@) CH>OH
0. ¢ | .on
,O\/ @ o i
CH3
0]
muscarine (4) cortisone (5)

wi=NEPLE Q1A O X2 &1t HSt
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GABA (1) (3)
s L E/m
(4) (5)

y-Aminobutyric acid(GABA)2| 1X| X 15}
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