First Semester (2020) Pharmaceutical Chemistry I1

Topic 4

ANTIBIOTICS

Dr. Maher Darwish

Pharmaceutical Chemistry and Drug Control

DEFINITION

O Antibiotics are defined as ‘“chemical substances or
compounds  produced by  various  species  of
microorganisms such as bacteria and fungi, which in low
concentrations. destroy, kill or inhibit the growth of other
species of microorganisms” .

Greek words anti = against ; Bios = life
Antibiotics literally meaning “against life”

Gram-positive Gram-negative

O In 1942 Waksman proposed the widely cited definition that “an antibiotic is a substance produced
by microorganisms, which has the capacity of inhibiting the growth and even of destroying other

microorganisms”.




DEFINITION

Q By acylating the penicillins with various acid derivatives, more than 50,000 Semisynthetic penicillins

have been made, of which less than 30 are currently used in medicine.

Events in the Age of Antibiotics
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A substance is classified as an antibiotic if the following conditions are met:
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CLASSIFICATION

A. Based on the chemical structure (Chemical classification) :

1. p-lactam antibiotics: Penicillin's. Cephalosporin's, carbapenams, monobactams.

M

2. Amino glycoside antibiotics: Streptomycin, Neomycin, Kanamycin, Gentamycin,
Tobramycin, Amikacin.

3. Tetracyclines: Tetracycline, Chlortetracycline, Oxytetracycline, Doxyveveline,
Minocycline.

~

4. Macrolide antibiotics: ( Large conjugated double bonds in macroeyelie large lactone
rings: Erythromycin, Clarithromycin, Azithromyein, Roxithromycin.

5. Polypeptide antibiotics: Actinomycin, Bacitracin, Colistin, Polymyxin B, tyrothricin.
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CLASSIFICATION

A. Based on the chemical structure (Chemical classification) :

£ B

6. Lincosamide: Lincomycin, Clindamycin

L3

7. Fluoroquinolones: Nalidixic acid, Ciprofloxacin, Gatifloxacin, Moxitloxacin

8. Sulfonamides: sulfasalazine, trimethoprim/sulfamethoxazole.

=

9. Isoniazid: Isoniazid




CLASSIFICATION

A. Based on the chemical structure (Chemical classification) :

~
10. Antifungal antibiotics: (a) Polvenes: Amphotericin B, Nystatin, Natamycin.
(b) Other antifungal antibiotics: Griseofulvin (Spiro compound) obtained from fungus
penicillium griseofulvum. )
.

11. Antitubercular antibiotics: Retamycins, Refampin (refampicin), retabutin,
Cycloserine, Capreomycin.

12. Antineoplastic antibiotics: Dactinomycin. Doxorubicin, daunorubicin, idarubicin,
epirubicin, valrubicin

13. Miscellaneous: Chloramphenicol, Novobiocin, Metronidazole, Mupirocin, Fusidic
acid.

CLASSIFICATION.

| B. Based on the source:

1. Natural antibiotics:

Pemicillium chrysogemim: Penicillin Bacillus subtilis: Bacitracin
Bacillus polymyxa: Polymyxin Streptomyces griseus: Streptomycin

Stryptomyces erythraeus: Eryvthromycin — Streptomyees venezulae: Chloramphenicol.

2. Semisynthetic antibiotics:

The main part of the chemical structure is obtained from the microorganisms which are

then modified by adding various chemical moieties at the side chain.

Ampicillin, Amoxicillin, Oxacillin, Cloxacillin, Dicloxacillin, Carbenicillin, Methicillign.




CLASSIFICATION

| C. Based on Spectrum Activity:

(

species) of microorganisms.

Some antibiotics can inhibit both Gram- positive and Gram-negative bacteria.

\]jsz Cephalosporins, Chloramphenicol, Tetracyclines.

‘\

1. Broad spectrum: These antibiotics inhibit the growth of wide range (i.e. More than one

(

microorganism either Gram +ve (or) Gram —ve bacteria.

EX: Bacitracin, Nystatin, Penicillin G.
L

2. Narrow spectrum: These antibiotics are effective mainly against a single species of

CLASSIFICATION
D. Based on Antibiotic activity:

| l

Penicillins

enicillins and ephalosporins fe Mery cidal For Microbes

2. Bacteriostatic antibiotics: These are effective in preventing the growth of

bacterial species. (stop the bacteria from growing):

EX: Tetracyclines, Chloramphenicol, Clindamycin
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Cell Wall Synthesis Nucleic Acid Synthesij

Folate synthesis
Sulfonamides
Trimethoprim

DNA Gyrase
Quinolones

Beta Lactams

Penicillins
Cephalosporins
Carbapenems RNA Polymerase
Monobactams THF A Rifampin
“DHF A

Vancomycin PABA ‘P'\‘\ ™A
Bacitracin . '3 NN

Ribosomes DNA

50S subunit
Macrolides
Clindamycin
Linezolid
Chloramphenicol
Streptogramins

30s

Cell Membrane 30S subunit
Polymyxins Tetracyclines
Aminoglycosides Protein Synthesis

First
Beta-lactam antibiotics

12




Beta-lactam antibiotics
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Beta-lactam antibiotics The Bacterial Cell Wall
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Lipid bilayer memt

Beta-lactam antibiotics

B-lactam mechanism

of action _
ABX-free PBP i
Cell Wall Qoo te \

Synthesis ™

transglycosyl
subunit

Pen Ceph Mono Carba

D-Alg-D-Ala structural mimics: () (00 @ @D
B-lactams — bind

to transpeptidase
active site

VO enzyme
inhibited

@ Terminal D-a/a

lase

Block of transpeptidase activity interrupts
cross-linking & cell wall synthesis

Mechanism of Action
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Beta-lactam antibiotics Mechanism of Action

Peptide
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Mechanism of Resistance of Penicillin
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Bacteria releases Blactamase, which is similar in structure to transpeptidase, has
serine residue in active site, it opens up B-lactam ring of penicillin to form ester link
to the sructure. Penicillin is inactivated before reaches cell membrane.

“This Mechanism of Action and Resistance also applies to Cephalosporin




1- Penicillins
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1- Penicillins

Chemistry

¢ Penicillin structure consists of:

amide * = chiral centres
1. Thiazolidine ring (Ring A): Sulphur containing |R IS @ range thioether y
of groups rN L. S
with COOH (Carboxyl group). ﬁ—’ r
< ./
2. Beta lactam ring (Ring B): responsible for ) ) 3
beta-lactam ur /‘-O thiazolidine ring
activity. Side chain is attached at position-6- p-lactam ring HO o
carboxylic acid
(NHCOR)
R
3. Side chains attached through amide linkage R H \FO
r S H.O HN
(Broken by Amidase). 0o N] \)< — W
o — 0] % plactamase 1O\ HN—
*  Beta Lactam ring is broken by Penicillinase (Beta /=0 o i
HO /=0
Lactamase), and by gastric acid: resultant product is a penicillin HO
a penicilloic acid
Penicilloic acid with NO anti-bacterial activity. £ 8




1- Penicillins SAR
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1- Penicillins
Classification of Penicillins
Fermentation derived Semisynthetic Aminopenicillins ~ Carboxypenicillins ~ Ureidopenicillins
penicilling penicillanase resistant l
l penicillins l
- -Ticarcillin -Piperacillin
“Penicillin G -Ampicillin Mool
Methicilli o Mezlocillin
Pesicillin's  * ethicillin -Amoxicillin Adocilli
“Nafacillin b
-Isoxazolyl Penicillins
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1- Penicillins

1- Penicillin G (Benzyl Penicillin)

PRESCRIPHOM AN -'D\CIeNf - e
icillin © S¢ n
Penicillin & ," ! - :

1, r i h »

@WH s L =
o j;l\llf\x 4

HO

* Penicillin G is also referred to as [QIESENEEIGEISNIING.

e Parenteral route.
*  Self destructive mechanism in its structure because of influence of acyl side chain.
» Appearance: White or almost white, crystalline powder.

» Solubility: Very soluble in water, practically insoluble in fatty oils and in liquid paraffin.
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1- Penicillins

1- Penicillin G (Benzyl Penicillin)
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L Problems with Penicillin G
; 1

1. Itis sensitive to stomach acids

Aamal) da gaall !l W
2. Itis sensitive to B-lactamases-enzymes which hydrolyses the p-lactam ring
AUSYL) Adls addas Al SV e 33Y Lulual) B

3. It has a limited range of activity

(G il cala) 3 sandll 4l Jloe W
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1- Aeid sensitivity
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F 4 COOH b OHw
H,0 H
Acid-catalysedring opening relieves ring strains by breaking
open the more highly strained B-lactam.

- COOH COOH

Reactive B-lactam carbonyl group

)LNH s CHj
A
N

o7 H ~ H COOH

CH,

=Nitrogen cannot feed its lone pair electron into the carbonyl group to form a dipolar
resonance structure due to angle strain.

+Lone pair electron is localized on nitrogen atom, carbonyl group is more electrophilic than
one would expect for tertiary amide and is susceptible to nucleophilic attack.

Influence of acyl side chain

A\;Qeﬁ r(y e

H- //"“-‘ow.

0
Neighbouring acyl group can actively participate
in a mechanism to open up the lactam ring.

1

L | - Aeid sensitivity

(electron-withdrawing) <t s I dual muai Cuns Jawll de sanal 3 slaall (R) JiSIY Ao sana a5
. Jiis S de sana (paanS Y (nucleophilicity) 31 sill duaall dalall Jii g

;I«JL‘\J\
More acid stable than Penicillin G.

It can be administered by oral route.
Electron withdrawing group is present in

acyl side chain.
It withdraws the electrons away

Appearance: White or almost white, |from the carbonyl oxygen and

. . . reduce the tendency to act as a /“OH
slightly hygroscopic, crystalline powder.  |ucleophile

Solubility: Very slightly soluble in water,
soluble in ethanol (96 %).

Penicillin-V (Phenoxy methyl Penicillin)
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1- Penicillins

2- Penicillin-V (Phenoxy methyl Penicillin)
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B-lactamases

2- Sensitivity to B-lactamases
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L y 2- Sensitivity to B-lactamases
-
m

B Use of steric shields.

B Block access of penicillin to the active site of the enzyme by introducing bulky groups to the side chain.

B Size of shield is crucial to inhibit reaction of penicillins with B-lactamases, but not with the target

transpeptidase enzyme
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L . 2- Sensitivity to B-lactamases
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L y 2- Sensitivity to B-lactamases
(=
mE .

Oxacillin R=R'=H

Cloxacillin R=CIl, R'=H
Dicloxacillin R=CIl, R'=Cl
Flucloxacillin R=CI, R'=F

Bulky and
e- withdrawing
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L . 3-Bimitedyrange of activity
.
mm =

Factors

1. Cell wall may have a coat preventing access to
the cell

2. Excess transpeptidase enzyme may be present

3. Resistant transpeptidase enzyme (modified
structure)

4. Presence of B-lactamases

5. Transfer of f-lactamases between strains

6. Efflux mechanisms

Strategy

1. The number of factors involved make a
single strategy impossible

2. Use trial and error by varying R groups on
the side chain led to successful in producing
broad spectrum antibiotics

3. Results demonstrate general rules for broad

spectrum activity.

34
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L . 3-Limited range of activity
-
mE .

Results of varying R in Pen G

1) Hydrophobic side chains result in high activity vs. Gram +ve bacteria and poor activity vs. Gram -

ve bacteria

2) Increasing hydrophobicity has little effect on Gram +ve activity but lowers Gram -ve activity
3) Increasing hydrophilic character has little effect on Gram +ve activity butincreases Gram -ve
activity

4) Hydrophilic groups at the a-position (e.g. NH,, OH, CO,H) increase activity vs Gram -ve bacteria

35

L . 3-Bimitedyrange of activity
-
mE .

Class 1 - NH, at the a-position < 1 Sl
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BN,
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2nd most used penicillin
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Amoxicillin (Amoxil) 36
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L . 3-Limited range of activity
.
mm =

Class 2 - CO,H at the a -position
(carboxypenicillins)

ow

R=Ph Carfecillin
R=H Carbenicillin

: 2 Jual)

Broad Spectrum Penicillins
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L . 3-Bimitedyrange of activity
.
mm =

Class 2 - CO,H at the o -position
(carboxypenicillins)

CO.H

Ticarcillin

: 3 Jua)

Broad Spectrum Penicillins

La ey O
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Jildwls L6 Q

clavulanic acid LY @S] (aes ae leiS jlia Sy

38
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L . 3-Limited range of activity

: 4 Jual)
Broad Spectrum Penicillins
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Class 3 - Urea group at the o -
position (ureidopenicillins)
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2- B-lactamase inhibitors

LSl e Jaga Laili 1
dwl\wkwm}muﬂuuﬂ\easku 2

S Beta-lactamse
G USY U 4 pal) Gllaadl il )Soall de i Jn (4 3
N (0] H
0] OH
B lactam antibiotics B lactam antibiotics + B lactamase inhibitor
Contain f} lactum ring Complex
Catalysing the
B lactamases| hydrolysis of
B lactum ring Effectiveness of B lactamase is diminished
INACTIVE COMPOUNDS ‘,

Enhances the activity of p lactam o
antibiotics
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2- B-lactamas inhibitors

Clavulanic acid:

i@ Isolated from Streptomyces clavuligerus.

Elﬁnaturally occurring B-lactam ring that was not fused to a ‘S’

containing ring. Augmentin’ig

FraTes -

Sulbactam:

e B-lactamase disabiling agent.

NDG 67457-349.03

2 Prepared by partial chemical synthesis from penicillins. Ampicillin and
Suibactam

‘St
Foe I 0 IV use:

41

* Tazobactam: |:| C\é}//o
= —\ Piperaciliin and Tazobactam
_ [ : : 112 \\\\ for Injection, USP
@' Co-administered with Piperacillin % N_ _N
. ) . o N N Y
12" Has little or no antibacterial activity o A B
%OH APOTER COAY.
O
Beta lactamase Inhibitors:
Available agents B-lactamase binding Potency
Clavulanic acid ++ + 4+ +
Sulbactam ++++ ++
Tazobactam ++++ ++++

42
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Combinations of penicillins with B lactamase inhibitors:

Amoxicillin ~ + Clavulanic acid = Clavulin
Ticarcillin + Clavulanic acid = Timentin |, |  sweos
* Amoxycillin “”%ag".ﬁ?f?'r um
G i!vl;l.]:’ldl 1213 P‘
Piperacillin + Tazobactam = Tazocin v CA
Ampicillin + Sulbactum = Unasyn o —
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L 2- Cephalosporins
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B L . 2- Cephalosporins
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2- Cephalosporins SAR
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CLASSFICATION OF CEPHALOSPORINS
i
i = I i | By
First Second Third Fourth Fifth
Generation Generation Generation Glatisratioi Generation
1.Parenteral | .Parenteral 1.Parenteral 1.Parenteral
Cephalothin Cefamycine Cefotaxime Cefepime Ceftobiprole
Cephaloridine Cefoxitin Ceftazidime Cefpirome
Cefazolin Cefotitan Ceftriaxone
Cefmetazole
2.0ral 2.0ral 2.0ral
Cephalexin Cefachlor Cefixime
(Keflex) Cefprozil Cefdinir
Cephadroxil Ceflibuten
(Durecef)
3.0ral & Parenteral
Cephradine
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2- Cephalosporins 15T Generation Cephalosporins

They do not cross BBB.

These drugs are very active against Gram- m m
positive cocci (such as Pneumococci, j;( j;r O
N
Streptococci, and Staphylococci). Y
cephalothin 19]
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2- Cephalosporins 2nd Generation Cephalosporins

They have a greater gram-

negative spectrum while N HZ |;|
retaining some activity against H S C’/\H/
gram-positive bacteria. 2

They are also more resistant to f3-

lactamase. Cefachlor
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2- Cephalosporins

Third-generation drugs exhibit the lest activity against gram-positive bacteria, but
most potent activity against gram-negative bacteria

Extended antibacterial spectrum, include Pseud. aeruginosa

Less activity on gram-positive bacteria than first and second generation

Most active on gram-negative bacteria

High stability with B-lactamase

Easy penetrate to different tissues, and then have broad distribution

Little kidney toxicity
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2- Cephalosporins
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2- Cephalosporins

Zwitterionic compounds.
Good affinity for the transpeptidase enzyme.
Low affinity for some -lactamases. HoN

Cross BBB and effective in meningitis.
Cefpirome
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2-C ephalosporins 5th Generation Cephalosporins

N=O
H,N N
2
S-NH
O N s
A
Ceftobiprole O
(0]

HO O

Active Against:
Methicillin-resistant -Staphylococcus aureus

Penicillin-resistant - Streptococcus pneumoniae
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Cephalosporins advantages over penicillins

P Increased acid stability compare to penicillins.

" Most of the drugs have better absorption than penicillins.
@ Broad antimicrobial spectrum.

P Increased activity against resistantmicroorganisms.

i Decreased allergenicity.

P Increased folerence than penicillins.
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