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CHAPTER Z 9

Drugs Impacting Infectious and
Neoplastic Disease Processes

Drugs Used to Treat
Bacterial Infections

Elmer J. Gentry, E. Jeffrey North, and Robin M. Zavod

Drugs covered in this chapter—Continued

Special purpose antibiotics
* Bacitracin
* Chloramphenicol
* Dalbavancin
* Daptomycin
* Linezolid
* Mupirocin
* Oritavancin
* Polymyxin B
* Quinupristin/dalfopristin
* Retapamulin

* Tedizolid phosphate
* Telavancin
* Vancomycin

Antitubercular drugs
* Capreomycin
* Cycloserine
* Ethambutol
= Ethionamide
* Isoniazid
» Kanamycin
* Para-aminobenzoic acid

* Pyrazinamide
Rifabutin

* Rifampin

* Rifapentine
* Streptomycin

ontuberculous mycobacteria
therapeutics
* Clofazimine

* Dapsone
* Thalidomide

"‘Drugs listed include those available inside and outside of the United States; drugs available outside of the United States are shown in italics.



Chemical Classification for Anti-Mycobacterium Agents

 Amide or hydrazide: isoniazid (INH);ethionamide; pyrazinamide
« Di-amino-alkanol: ethylene di-amine: ethambutol

* Macrocyclic lactam: Rifamycin: rifampin, rifabutin, rifapentine
* Amino-glycoside: streptomycin; kanamycin

« Salicylic acid: PASA

« Cyclic peptide: cycloserine; capreomycin

» Sulfones: dapson; sulfoxone sodium

 Phenazine: clofazimine

* Quinoline: bedaquiline

* Fluoroquinolones: lev/ofloxacin; moxifloxacin
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Characteristics of Mycobacteria

 Acid fast bacilli

» Slow growing

* Difficult to stain

» High lipid content in the cell wall
* Unique cell envelope

* Major types of mycobacterium:
v"mycobacterium tuberculosis
v"mycobacterium leprae
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Structures of Mycolic Acids

* [3-hydroxy side chain + a-alkyl shorter side chain
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Structures of Mycolic Acids
in the Cell wall of Mycobacterium

 Alkanoic acid (56 & 58C) P o

. CHaz)23CH
CH4(CH5)y,  (CHzha  T(CHa) (CHz)23CH3

a-alkyl side chain (24C) mrvwe—— - T

(CH2)23CH;y

'y

+ [3-hydroxy A F
2115 (CH2)

CHa(CH2)47 0 CQOoOH

Ketomycolates

CHa 0
- L(CH3)s5CH
CH3(CH; )7 E‘CHE DOH

Methoxymycolates

FIGURE 36.3 Moycolic acids.
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O NH
“NH,

Amide/Hydrazide: Isoniazid (INH)
* |so-Nicotinyl-Hydrazine; Iso-Nicotinic acid Hydrazide (I
* First line against M. tuberculosis

- MOA: interfere with cell wall mycolic acid biosynthesis

v" through inhibiting fatty acid elongation via NADH dep. enoyl reductase
v' via acylating of NADH

* Prodrug: study bio-activation process & metabolites.

)

Z/ N

e SAR: O_.C.H—N={H3—Fl O_.C,ES—N::
v’ consider INH derivatives. I;; E%

Isoniazid hydrazones Isonicotinic acid hydrazides

» Side effect: co-administration: vitamin Bg: why?
H,C /N | .
HO™ N CH,OH
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INH & Biologic Correlated Structures
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NAD* & NADH

* Nicotinamide Adenine Di-nucleotide: NAD

~ LADP
0 Rib’
|,
o | = NH, T
|
0=P—0 NG |
O | Z

NH,

OH GH—x:
N

¢ )

O=P—0 N N—’)
0 O
OH OH
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Ribose—ADP

NAD* & NADH

Reduction
+H" + 2e

Oxidation
-H - 2¢
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AMP

NADH & NADPH: Position of Phosphate Group:

2’-P in NADP Vs 3'-p in DNA Nucleotides
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- |
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NS
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N NJ
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Nicotinamide 0 o) N
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Natural Function of NADH on
Reduction of Enoyl Thio-Ester of Acyl Carrier Protein

in Active Site of NADH dep. Enoyl Reductase

®
NH; 1 Lys'6®
_(D 0O
Ce-Cie CsCyo
NIV S-ACP —» S-ACP
inhA : |
\!'l‘,,! H 0 " .
Active portion
| NHz ¢ of NADH o
N Ce-Cis 24
ADPR L Ns-ace
+
H| o
|
=,
X
ADPR

Figure 29.39 Enoylthioester (ACP, acyl carrier protein) reduction
catalyzed by NADH (reduced nicotinamide adenine dinucleotide) 15
and InhA (enoyl-acyl carrier protein reductase)



INH Bio-Activation

-
KatG N
INH I-—[ * A
(Catalase peroxidase) N

Broposed Isonicotinaldehyde Isonicotinic acid Isonicotinamide
mechanism p %

GD- DDH

hﬁf‘iJ—L rﬁ ﬁi

N

Potential acylating agents

15{Jn1c0tmuyl radlcal or isonicotinic pemmde

Figure 29.37 Reaction products formed from catalase-peroxidase reaction with isoniazid (INH)



MOA of INH Active Metabolites

As acylating agent for NAD (cofactor of enoyl reductase)

NADH

~ 7 |INH -
\N

Acylating intermediate Isonicotinyl NAD
InhA inhibitor

Figure 29.40 Acylation of NADH of NADH-dependent enoylacyl
protein (InhA).
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Metabolism of INH

Consider hepatotoxic metabolite: acetylates liver Prs
* Major hepatotoxic metabolite: N-acetyl-hydrazine=N-acetyl-hydrazide

) « ,NH-NH>

Glycine i c CH,COOH GIu’Famate
conjugated H CHs CHy conjugated
metabolite O )\I~|N={'3—CDDH tn=c-cooH | metabolite

/\\

0 NHNCCH3

Acetylated v

metabolite o h
_— NHaMNH-

0. il q
HoN-N-C-CHg — | HN-N-C-CH3 — « C:CHj
Hepatotoxic i |
metabolite |Acetylhydrazide Acetyl radical

18
Figure 29.42 Acylating metabolite of isoniazid.



Amide/Hydrazide: Ethionamide

« Second line N
* |Introduced through INH modification | X

* MOA: bactericidal against mycobacterium s
v" similar to INH: prodrug:

v converted to active acylating agent via oxidation by catalase-peroxidase:

v" active metabolite: ethionamide sulfoxide: next slide

v which inactivates enoyl-reductase: next slide

 SAR

v’ chemistry: Iso-nicotin-amide analogue: thio-amide

* Draw the structure of acetylated NAD by ethionamide.
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MOA of Ethionamide

o @
S, _NH3 G —8 ,NHz
) C "\.E
S -
| ~ 1 .
N CoHs N CyHs
inhA enoyl
reductase
R+CH=CH| CO-S-ACP >—< /3-
NADH NAD&}

R -

CH,—CH-

-CO-S-AlCp

Figure 29.49 Mechanism of action of ethionamide.
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Metabolism of Ethionamide

Follow metabolites.

@

O B N
s '

h
|
N

Ethionamide sulfoxide

0. .NHz T 0. ,NH2

ﬁ\ ~——— |Ethionamide| —— fj\lL
SN Gt ' 07 N CoHs
CHy
@

2-Ethylisonicotinamide NH Compound C
© _.S._.NH; S:o”

ﬁ fj\
O™ "N” "CoHs 0" N CoHs
CHj CHg

CzHs

Compound A Compound B

Figure 29.50 Metabolism of ethionamide.
OMNAILLITNT VlLlLUuL4G 4|



Amide/Hydrazide: PyraZinAmide (PZA

N
* Firstline [/
« Chemistry: pyrazine-2-carboxamide: Nicotinamide gnalogue
« Bactericidal against M. tuberculosis
« MOA: unknown: pyrazinoic acid at pH = 5.4

v through pyrazinamidase: lowers pH
 PDG: decrease pH: interferes with energetic of the membrane

* SAR: bio-isosterism of pyrazine. /[Nj/c NciCH:

tert-Butyl 5-chloropyrazinoate

CHz
N C NH- C (CH5)7-CH3

],

=
[ :r | ;7 2'-(2'-Methyldecyl) 5-chloropyrazinoate
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Suggested Individual MOA for PZA

PZA ( j)k POA™ + H'—>5 HPOA

Passwe
diffusion /—— -
- * *
J L Passqfe Defective ™ ™ = °-
on efflux =S

- \
Disruption of

(9] -
PZA
] %acsf) l [ j’J\OH \

POA-.. > [POA] +  H| Dembrane

energy and
A\ function
Ribosomal protein S1 _ —
(RpsA) Pantothenate and | Acidification
% CoA synthesis of cytoplasm

Trans-translation Other targets?
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Metabolism of Pyrazinamide

FG_NHE

_C-OH

(J

Pyrazinamide

- ()

Pyrazinoic acid

HO

L)

5-Hydroxypyrazinoic acid

Figure 29.45 Metabolism of pyrazinamide.
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Di-Amino-Alkanol: Ethambutol (EMB)

CHz0OH

* Firstline EEHE,LQWH
* Mostly against G*; bacteriostatic N—
 MOA: bacterial cell wall inhibitor: inhibition of AG synthesis;
v mimic arabinan by inhibiting arabino-furanosyl-transferase:
v hence increase cell wall permeability

v’ provides synergism with intra-cellular drugs " oM

H  HO

e SAR: H OH

OH H

to mimic arabino-furanose
v' (+) enantiomer is 200-500 more active than (-) enantiomer
v water soluble
v Metabolism: inactive metabolites
v’ resistance: ?

7 i
CH-OH
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- E Galactan Core
.. JSL? Ethambutol (EMB)

ARA L~ DPA

B!
o
T

H,C

' /Eott_.o ~-1 Galactan Core N H/\/ NH
H 0l K

HO

0~_0H OH_0 _AGalactan Core

OH 2 / OH
|7\'<[/ W kOH MOA

inhibit arabino-furanosyl transferase

X = Site ofaction for EMB
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Site of Action for EMB

-monphosphoryldecaprenol

EMB | ——) | |Arabinosyltransferase

AG

LAM

Figure 29.46 Site of action of ethambutol (EMB) in cell wall syn-
thesis. AG, arabinogalactan; LAM, lipoarabinomannan.



Metabolism of EMB

CHO

H5C

Ethambutol —— H-{IZ-NH-CHE CHyo NH—
I

CH,OH CzHs

CHj Metabolite A

COOH

CoHs
C-H

CHO

CoHs

H-C-NH-CH, CH, NH—C-H

|
CEHE

Metabolite B

COOH

Figure 29.47 Metabolism of ethambutol.
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Macrocyclic Lactam: Rifamycins

First line: [

. C
Produced by Streptomyces Mediterranean e CHa
. : : . 3 HO 8 My W14
Semi-synthetic derivatives ¥ _CH =
CH=N-N N-R
Against G* O, ° -
CHs

MOA: DNA Dep. RNA Polymerase Inh. (DDRP) (metallo-enzyme)

v" block initiation of chain formation in RNA synthesis
v" through —TT interaction of naphthalene & aromatic amino-acid

SAR: macrocyclic lactam: 30 membered: zwitterionic:

v C1, C4 & C8: OH;
v' C1 & C8: chelates to Zn?*
v C21 & C23: hydrogen bond to active site of DDRP

Side effects & drug interactions: hepatotoxic:

v powerful CYP450 oxygenase inducer
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* DN N N

DN NI NN

Rifamycins

Intermediate: 3-formyl trifamycin: derivatized to:

rifampin (RIF)
Rifapentine
Rifabutin

Rifabutin:
3,4-imidazoline
spiro to
Piperidine:
N-iso-butyl

CH; O CHz ©

Rifamycin SV | Rifampin | R = CH;

Ren
0 [CH=N-—N
0 OH

IHifapentinel R= /O

CH; CH
H.D 23 3 3
CH4CO0 95 -
CHa HO O

NH
CH-0 Cis o .
midazoline
@] 1 N
O N =piperidine

CH; O )
\ o
Rifabutin ﬂCHa

isobutyl




Rifamycin Binding to DDRP

CHs CHg

HO N
CHy

CHACOO0 o o |CH
3

HO  OH

-
o CS
“CHEN-N_  N-R

CHO

DDRP m o —Zr?*
W 7 |[Chelation of C1 & C8
Qs

-OH to DDRP's Zinc
H-bonding of /H >

rifamycin to

n-Bonding between rifamycin

DDRP M

and DDRP aryl amino acids

Cogz - rifamycin~) (" Co1 - rifamycin

Figure 29.43 Binding of rifamycin to DNA-dependent RNA polymerase (DDRP).
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Metabolism
of Rifampin

-
A\

COO

CH40

|Daacetylase

Rifampin
(R =CHy)

0Os

®

H/H
20 CH5COO0
' HsC

CH30

Desacetylrifampin  R'= CHj;
Desacetylrifapentine R' = CsHg

HO

HsC

Figure 29.44 Metabolism and in vitro reactions of rifampin.



AminoGlycoside: Streptomycin (STM)
 First line: in some texts is introduced as second line

MH

HO ol <
Hrzlzj-";,:J NHCHY |
HO 5. 0 DH b
HO HDHD f'l-l-E-NHg
ﬂ-EfrEptﬂEE” 20, H oy
OHC ;
Streptobiosamine| ' | Streptidine




AminoGlycoside: Streptomycin (STM)

* First line: in some texts is introduced as second line
 |solated from manure containing soll: by S. griseus
 MOA: Pr synthesis inhibitor

v’ penetration to cytoplasm membrane through El-dep. process
v Induce misreading of genetic code

v inhibit translational initiation

 SAR:

v salts: tri-hydrochloride or sesqui-sulfate

HO P1N MH

Tf-
HO NHGHj

H—ﬁ;ﬁ-—w C=NH,
(- Streptﬂse

Stre ptnblnsamlne : Streptidine 34

Streptomycin



Streptomycin (STM): SAR

" - HO : T}
 Basic properties Mﬁ,ﬁm

o-Streptos

« Water soluble: poor Gl absorption i
* Modifications on a-streptose: change in aldehyde: 3,

v’ reduction to alcohol: potent with high SE

v" oxidation to carboxyl

v Schiff base: oxime; semi-carbazone; phenyl-hydrazone
v" oxidation of methyl to methylene hydroxy: active

* Modifications on glucosamine:
v demethylation or large alkylation: reduces activity
« Modifications on streptidine:

v removal or change of guanidine: decreases activity
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Metabolism of STM

 |nactivation & resistance through metabolic enzymes:
v adenyl-transferase & phospho-trasnferase

Streptomycin

O-3-adenylate

Figure 29.48 Metabolism of streptomycin (STM) as a mechanism of resistance.

Adenyl- Phospho-
transferase transferase
NH-
N =
N
O ¢ | 2
HO-P-04 o N \ Y
‘ u Ho ':1""2
0O HO OH NH -
HO 0 HCUH3 1 0 NHCH; izl.‘; NH
0 HN OH 0 OH
OH E HEEE:E_NH_C::NH OH O HMNH—(I::NH
O ':H:J.D 8] NH HO CHa 5 HO NHo
OHC OHC

O-3-phosphorylate




Amino-Glycoside:

« Second line against TB
- MOA

SRAmMiIni Oct2024

Kanamycin

CHZOH

/J__ C'*-x
NH,
NE 7

-
OH
CHZER

CIH
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Para Amino Salicylic Acid = PASA

« Second line
« MOA: as anti-metabolite:
v interfering with the incorporation of PABA in FA

v’ acts similar to sulfonamides: ? O
OH

« SAR

* Metabolism: |

v acetylation NH;

v Glu & Gly conjugation
* Discuss about co-administration with INH.
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Cyclic Peptide: Cycloserine__
[

« Second line Za

* |solated from Streptomyces orchidaceous -
 MOA: prevent synthesis of peptidoglycan synthesis via
interfering Ala-racemase & D-Ala-D-Ala ligase

« SAR:

v 4-amino-3-isoxazolidinone: D(+)

v’ rigid analogue of D-Alanine & D-Serine: D(+)

O OH
. O . OH
Alanine: Ser/ne:HoAKKOH /E<
3
OH NH, HoN \o

NH,
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Sites of Action for Cycloserine
* D- Ala racemase & D-Ala ligase

@ © ® e
Hsz.r_-_'_«t'_,,El HiNmsH 0O
H=C_ "M CHy D
H O
D-cycloserine D-alanine
Fooh CUOH - NE o ?
HzMNeC -H = He - - H;._-N-I!IZLHE-HN-I!I}HE-DH
| i
CHs CH; CH5 . CH5
L-alanine D-alanine :
Y
Peptidoglycan
Cell Wall
FIGURE 36.15 Sites of action of ocycloserine: 1,[0-alaning race-

Imase

2,

o-alanine Figaﬁe.
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Cyclic Peptide: Capreomycin

« Second line . —E

. ] HQNWN, H\HAN NH,
From: Streptomyces capreolus LA

« Similar to viomycin: TMJ\(\/&

* Bacteriostatic ne

¢ M OA: Capreomycin

v protein synthesis Inhibitor on mRNA at 70S ribosome

v through binding to 30S &/or 50S

v also binds to components in the bacterial cell:
v’ result in the production of abnormal proteins. fi\g

« SAR: “UI lfmﬁ/v\%

v cyclic penta-peptide
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Sulfones: Dapsone

» Against T. leprae i~ OHEK )™
° MOA S|m|lar to SU|fOnamIde 4.4'-Diaminodiphenylsulfone (Dapsone)

v interfering with the incorporation of PABA in FA

v" anti-inflammatory:
v by inh. of myelo-peroxidase catalyzed reactions

Sulfone
(@]

+ SAR wL ORI

ny H
}ﬁN—{<:j>—ﬁ-—N—Aw
0

Sulfonamide

Figure 29.55 Structural comparison of sulfones versus

SRAmI
sulfonamide.



Dapsone: SAR
« SAR: HNOE

v'di-amino-di-phenyl-sulfone -

O

4,4'-Diaminodiphenylsulfone (Dapsone)

* Water insoluble

* Very weakly basic: pk, = 1.0

* Modifications:

v thiazol-sulfone: similar activity

v’ aceto-sulfone: reduce activity; increase water sol.
v sulfoxone: adding sulfinate: improves water solubility

SRAmini Oct2024
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Dapsone Derivatives

O

Thiazolsulfone

s0,° &

Na Na

5
Ao
@]

4,4'-Diaminodiphenylsulfone (Dapsone)

OO

0=8- N-G-CH

O 0O
®

Na

Acetosulfone

@® 028

Sulfoxone sodium
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Metabolism of Dapsone

Dapsone
i
bl | OO
O OH
N-acetyldlammodlphenylsuIfune N-hydroxydiaminodiphenyl-
sulfone .

Glucuronides and sulfates of the respective chemicals

Figure 29.56 Metabolites of dapsone.
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Phenazine: Clofazimine (Lamprene®)

« Second line in leprosy

« Against non-tuberculous mycobacterium infections
« MOA:

v intracellular redox cycling

v membrane disruption
v increase PG synthesis & generation of oxidants by neutrophils

« SAR: ... i
* Dosage form: Cap 50mg © HsC. . CHs

+5 1 '
C\. N — 3 ~N
@ DTG
b 7 NN NOGI
N =N 3H

Clofazimine
© SRAmini Oct2024 46




Clofazimine: SAR () we_o»

» Phenazine based: di-benzo-pyrazine - C[NO~EHQC.
e 2-Imino: Clofazimine

v" alkylation or cylco-alkylation: improved activity

« 3- anilino:

v' p-chloro: not essential: but increases activity
* N10: p-chloro-phenyl

Cl

~
9 | |
- Pro-oxidative activity 8@[/],10/2%3
- water in-soluble dye: dark red s 1L
» Lipophilicity: storage in fat tissue _

SRAmini Oct2024 47



HsC_ .CHs

I\/Ietabolls.m. O\
of Clofazimine 0 {

HsC
HiC ,CH ¥ ,CHs
HC Ho
!
PN L g N )
H OH
Hydroxylic d‘eha[ogenation Hydroxylation
o] .

HiC  CH
Cl HSC\ ,Cha @ . /C ’
HC HC
\ A N _N
e CLXT ,
g O N7 H—@—DSOSH N H‘@’m

10N _N CO:H g
5 O
¥ _ OH -
7 N N -@—m Sulfate conjugate Glucuronide
*H t conjugate
OH
Clofazimine

Figure 29.57 Human metabolic products of clofazimine.



Quinoline: Bedaquiline

* Newest against MDR-TB
'J: e

=0
[ MOA' Bedaquline fumarate

v’ time-dep. mycobacterium growth inhibitor
v'through C-ring ATP synthase
v'block electro-chemical gradient energy source
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Bedaquiline
Binding
Sites o~

~
I';\‘IH
C'=(I3
AS[}EE ?H -CHyo—

___,NH

\
NH

| -~
O= o’
& H
Tyr®*  CH—CH; 0

NH
/

Figure 29.52 Binding of bedaquiline and amino acids in ATF
(adenosine triphosphate) synthase C-subunit of Mycobacterium

tuberculosis.



Fluoroquinolones
« MOA: DNA Gyrase inhibitor

R3

& W Ra'=CHas: Rs =H;

v coon 70 TN <NH Rs' = Rg' = CH

3 =HE = 3
| Rs'
Rz N Piperazine analogues
" A
1 f_ = 2 = =
o= N - R;=CHz; Rs=H;
-

L
\_,.-I:J—Hg Ry =Rz = CHjz;
Pyrrolidine analogues

Figure 29.53 4-Quinolones demonstrating high activity against

mycobacteria. o o
F COzH kB COzH
[N N 3 N N
HSC =, N\‘,] .N
© \);\ CHa A
5 HsC
Ofloxacin (racemic)(Floxin) Moxifloxacin (Avelox)

Levofloxacin (1-S)(Levaquin)

Figure 29.54 Fluoroquinolones active against Mpycobacterium
tuberculosis.
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Macrolides: Clarithromycin & Azithromycin

 MOA: Pr synthesis inhibitor
« SAR:

v’ macrocyclic lactone: 14 to 15 membered
v two glycosidic sugars
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Immunosuppressive Agent:. Thalidomide

* In leprosy:
v against ENL (Erythema Nodosum Leprosum)

O
H
st
o © I'I\i O
H

« MOA: Thalidomide

v through controlling inflammatory cytokines
v" inhibit synthesis & release of TNF-a by blood mononuclear cells
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