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 INTRODUCTION

 Th hi f k h i f b i l i f i b The history of work on the prevention of bacterial infection can be
traced back to the 19th century when Joseph Lister (in 1867) introduced
antiseptic principles for use in surgery and posttraumatic injuryantiseptic principles for use in surgery and posttraumatic injury.

 He used phenol (carbolic acid) in the surgery. Lister’s principlesp ( ) g y p p
caused a dramatic decrease in the incidence of postsurgical infections.

A d 1881 d i i 1900 i bi l i P l Eh li h &Around 1881 and continuing to 1900, microbiologist Paul Ehrlich &
Robert Koch, began work with a set of antibacterial dyes and
antiparasitic organic arsenicals “magic bullets”antiparasitic organic arsenicals. magic bullets

Anti-infective agents that are used locally are called germicides.g y g

 Antiseptics are compounds that kill (-cidal) or prevent the growth of
( t ti ) i i h li d t li i ti(-static) microorganisms when applied to living tissue.
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 The ideal antiseptic must have:

• Low-enough toxicity that it can be used directly on skin or wounds.
• It will exert a rapid and sustained lethal action against
microorganisms.
• The agent should have a low surface tension so that it will spread into
the wound;the wound;
• Be nonirritating to tissues
• be non-allergenic, lack systemic toxicity when applied to skin org , y y pp
mucous membranes.

 No antiseptic available today meets all of these criteria. But they
have most of them

 A disinfectant is an agent that prevents transmission of infection by
the destruction of pathogenic microorganisms when applied top g g pp
inanimate objects.
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1) ALCOHOLS

 Two of the most commonly used antiseptics and disinfectants are Two of the most commonly used antiseptics and disinfectants are
ethyl and isopropyl alcohol.

 The antibacterial potencies of the primary alcohols increase with
molecular weight until the 8-carbon atom octanol is reached. After 8-
carbon water solubility decreases & antimicrobial potency diminishes.

 Branching of the alcohol chain decreases antibacterial potency; Branching of the alcohol chain decreases antibacterial potency;
branching do not penetrate bacterial cell membranes as efficiently.

 Despite this fact, 2-propanol (isopropyl alcohol) is used
commercially instead of n-propyl alcohol, because it is less expensive.

 The activity of alcohols against microorganisms is the result of their
ability to denature important proteins and carbohydratesability to denature important proteins and carbohydrates.
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 ETHANOL
 The primary medicinal use of alcohol is external, as an antiseptic,p y , p ,
preservative, mild counterirritant, or solvent.

Alcohol is metabolized in the human body by alcohol dehydrogenase
and aldehyde dehydrogenase.

Acetaldehyde causes nausea, vomiting, and vasodilatory flushing.
This fact has been used to treat alcoholism with the drug disulfiram,g ,
which blocks aldehyde dehydrogenase, allowing acetaldehyde to
accumulate.

 The accepted bactericidal concentration is 70% alcohol but there is
no study support that conc between 60% & 95% are lessno study support that conc. between 60% & 95% are less.

Concentrations below 60% are also effective, but longer contact, g
times are necessary. Concentrations above 70% can be used safely too.
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2) PHENOLS & THEIR DERIVATIVES

 Phenol, remains the standard to which the activity of most
germicidal substances is compared.

 The phenol coefficient is defined as the ratio of a solution of a given
test disinfectant to the solution of phenol that is required to kill a straintest disinfectant to the solution of phenol that is required to kill a strain
of Salmonella typhi under controlled time and temperature conditions.

As an example, if the solution of a test disinfectant is 10-fold greater
than the dilution of phenol, the phenol coefficient is 10.

 Substitution with alkyl, aryl, and halogen (especially in the para
position) groups on phenol increases bactericidal activityposition) groups on phenol increases bactericidal activity.
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 Straight-chain alkyl groups enhance bactericidal activity more than
branched groups.branched groups.

Alkylated phenols & resorcinol are less toxic than the parent
compounds while retaining bactericidal properties.

 Phenols denature bacterial proteins at low concentrations Phenols denature bacterial proteins at low concentrations,
whereas lysis of bacterial cell membranes occurs at higher
concentrations.concentrations.
 p-Chloro-m-xylenol
 it is a nonirritating antiseptic agent with broad- it is a nonirritating antiseptic agent with broad
spectrum antibacterial and antifungal properties.

It is marketed in a 2% concentration as a shampoo.

Used to treat tinea (ringworm) infections such asUsed to treat tinea (ringworm) infections such as
athlete’s foot. 8



 Hexachlorphene
 increased degree of chlorination of hexachlorophene increases its increased degree of chlorination of hexachlorophene increases its
antiseptic potency.

 Hexachlorophene is easily adsorbed onto the skin and enters the
sebaceous glands. Because of this, topical application elicits a

l d i i ff i l iprolonged antiseptic effect, even in low concentrations.

 Hexachlorophene is used in concentrations of 2% to 3% in soaps Hexachlorophene is used in concentrations of 2% to 3% in soaps,
detergent creams, lotions, and shampoos for various antiseptic uses.
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 Thymol
 it is extracted from oil of Thymus vulgaris (thyme of the it is extracted from oil of Thymus vulgaris (thyme, of the
mint family)

 Thymol has mild fungicidal properties and is used in
alcohol solutions and in dusting powders for the treatment
f ti ( i ) i f tiof tinea (ringworm) infections.
 Eugenol
 it is obtained primarily from clove oil.

Eugenol possesses both local anesthetic and antiseptic activity andEugenol possesses both local anesthetic and antiseptic activity and
can be directly applied on a piece of cotton to relieve toothaches.

 Eugenol is also used in mouthwashes because of its antiseptic
property and pleasant taste.

The phenol coefficient of eugenol is 14.4. 10



 Hexylresorcinol
 H l i l i ff ti ti ti i b th Hexylresorcinol is an effective antiseptic, possessing both
bactericidal and fungicidal properties.

 The phenol coefficient of hexylresorcinol against S. aureus is 98.

 The compound also has local anesthetic activity. Hexylresorcinol is
formulated into throat lozenges because of its local anesthetic and

ti ti tiantiseptic properties.
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3) HALOGEN-CONTAINING COMPOUNDS

 Iodophors Iodophors
 Elemental iodine (I2) is probably the oldest germicide still in use
todaytoday.

 Iodine tincture (2% iodine in 50% alcohol with sodium iodide),( )
strong iodine solution (Lugol’s solution, 5% iodine in water with
potassium iodide), and iodine solution (2% iodine in water with

di i did ) tl ffi i l ti i th USPsodium iodide) are currently official preparations in the USP.

 The iodide salt is mixed to increase the solubility of the iodine and The iodide salt is mixed to increase the solubility of the iodine and
to reduce its volatility.
Iodine is one of the most effective and useful of the germicides
“bactericidal & fungicidal”.

 It t t i ti t t i b i di ti f ti id It acts to inactivate proteins by iodination of aromatic residues
(phenylalanyl and tyrosyl) and oxidation (sulfhydryl groups). 12



 Povidone–Iodine
 It is a charge transfer complex of iodine with the nonionic It is a charge-transfer complex of iodine with the nonionic
surfactant PVP “polyvinylpyrrolidone”.

 The complex is extremely water soluble and releases iodine very
slowly.

 the preparation provides a nontoxic, nonvolatile, and nonstaining
form of iodine that is not irritating to the skin or to woundsform of iodine that is not irritating to the skin or to wounds.

 It is used as an aqueous solution for presurgical disinfection of theq p g
incision site. It can also be used to treat infected wounds and damage
to the skin, and it is effective for local bacterial and fungal infections.
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4) CATIONIC SURFACTANTS

All of the cationic surfactants are quaternary ammoniumAll of the cationic surfactants are quaternary ammonium
compounds. The compounds, with a polar head group and nonpolar
hydrocarbon chain, form micelles by concentrating at the interface ofhydrocarbon chain, form micelles by concentrating at the interface of
immiscible solvents.

 The cationic surfactants exert a bactericidal action against a broad
spectrum of Gram-positive and Gram-negative bacteria. They are also
active against several pathogenic species of fungi and protozoa Allactive against several pathogenic species of fungi and protozoa. All
spores resist these agents.

 The mechanism of action probably involves dissolution of the
surfactant into the microbial cell membrane, destabilization, and
subsequent lysis. The surfactants may also interfere with enzymes
associated with the cell membrane.
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 Chlorhexidine Gluconate
 it is the most effective of a series of antibacterial biguanides it is the most effective of a series of antibacterial biguanides
originally developed in Great Britain.

 Chlorhexidine has broad-spectrum antibacterial activity but is not
active against acid-fast bacteria, spores, or viruses.

 Chlorhexidine is not absorbed through skin or mucous membranes
and does not cause systemic toxicityand does not cause systemic toxicity.
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 The success of antibacterial agents owes much to the fact that they can act
The bacterial cell
 The success of antibacterial agents owes much to the fact that they can act
selectively against bacterial cells rather than animal cells. This selectivity
comes from the difference between bacterial & animal cells.

 Differences between bacterial cell “prokaryotic” & animal cell
“eukaryotic”:eukaryotic :

• The bacterial cell does not have a defined nucleus, whereas animal cell
does.
• Animal cells contain a variety of
structures called organellesstructures called organelles
“mitochondria, endoplasmic reticulum,
etc.” whereas the bacterial cell is
relatively simple.
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• The biochemistry of a bacterial cell differs significantly from that of
an animal cellan animal cell.

-E.g., bacteria may have to synthesize essential vitamins whichg y y
animal cells can acquire intact from food. The bacterial cells must have
the enzymes to catalyze these reactions. Animal cells do not, because
th ti t i dthe reactions are not required.

• the bacterial cell has a cell membrane and a cell wall whereas thethe bacterial cell has a cell membrane and a cell wall, whereas the
animal cell has only a cell membrane. The cell wall is crucial to the
bacterial cell´s survival.

- if bacterial cell lacking a cell wall was placed in aq. environment
t i i l t ti f lt t ld t th ll dcontaining a low concentration of salts, water would enter the cell due

to osmotic pressure. This would cause the cell to swell and burst. This
called lysis

18
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Mechanisms of antibacterial action

1. Inhibition of cell metabolism.
• They are called antimetabolites. These compounds inhibit the
metabolism of a microorganism, but not the metabolism of the host.

•The best known examples of antibacterial agents acting in this way are•The best known examples of antibacterial agents acting in this way are
the sulfonamides.

2. Inhibition of bacterial cell wall synthesis.
• Inhibition of cell wall synthesis leads to bacterial cell lysis (bursting)
and death.
• Agents operating in this way include penicillins, cephalosporins &
vancomycinvancomycin.

• Human cells do not have a cell wall, they are unaffected by such

19
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3. Interactions with the plasma membrane.
• They interact with the plasma membrane of bacterial cells to affectThey interact with the plasma membrane of bacterial cells to affect
membrane permeability. This has fatal results for the cell.
• Polymyxins operate in this way.y y p y

4. Disruption of protein synthesis.
Th ti l i d f th ll‘ i l l• The essential enzymes required for the cell‘s survival can no longer

be made.
• E g rifamycins aminoglycosides tetracyclines & chloramphenicolE.g rifamycins, aminoglycosides, tetracyclines, & chloramphenicol.

5. Inhibition of nucleic acid transcription and replication.
• Inhibition of nucleic acid function prevents cell division and/or the
synthesis of essential enzymes.

A t ti i thi i l d lidi i id• Agents acting in this way include nalidixic acid
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1) Antibacterial agents which 
act against cell metabolism
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1) Sulfonamides:

a. Lead Compound

H2N N
N S

O

NH2

O Metabolism H2N S
O

NH2

O

NotesNotes

NH2
Prontosil Sulfanilamide

NotesNotes
••ProntosilProntosil -- redred dyedye hadhad antibacterialantibacterial activityactivity inin vivovivo ((19351935))
••InactiveInactive inin vitrovitroact veact ve v t ov t o
••MetabolisedMetabolised toto activeactive sulphonamidesulphonamide
••ActsActs asas aa prodrugprodrug
••SulphanilamideSulphanilamide -- firstfirst syntheticsynthetic antibacterialantibacterial agentagent actingacting onon aa
widewide rangerange ofof infectionsinfections
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b. Structure-Activity Relationships

1
Opara-Amino 

group Sulphonamide
Aromatic

i i i ii i i i 11

R1HN S
NHR2

O

••Primary amino group is essential (RPrimary amino group is essential (R11=H)=H)
••Amide groups (RAmide groups (R11==acylacyl) are allowed) are allowed

••inactiveinactive in vitroin vitro but activebut active in vivoin vivo••inactive inactive in vitro, in vitro, but active but active in vivoin vivo
••act as act as prodrugsprodrugs

••Aromatic ring is essentialAromatic ring is essentialgg
••parapara--Substitution is essentialSubstitution is essential
••Sulphonamide group is essentialSulphonamide group is essential
S l h id i b i dS l h id i b i d••Sulphonamide nitrogen must be primary or secondarySulphonamide nitrogen must be primary or secondary

••RR22 can be varied can be varied 
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c. Prodrugs of sulfonamides

HN S
O

O
O- CH3CO2H

HN S
NHR2

O
Me

O

H2N S
NHR2

O

Enzyme

NotesNotes
••Amide group lowers the polarity of the sulphonamideAmide group lowers the polarity of the sulphonamideAmide group lowers the polarity of the sulphonamideAmide group lowers the polarity of the sulphonamide
••Amide cannot ioniseAmide cannot ionise
••Alkyl group increases the hydrophobic characterAlkyl group increases the hydrophobic character
••Crosses the gut wall more easilyCrosses the gut wall more easily
••Metabolised by enzymes (e.g. peptidases) Metabolised by enzymes (e.g. peptidases) in vivoin vivo
••Metabolism generates the primary amineMetabolism generates the primary amine••Metabolism generates the primary amineMetabolism generates the primary amine
••Primary amine ionises and can form ionic interactionsPrimary amine ionises and can form ionic interactions
••Ionised primary amine also acts as a strong HBDIonised primary amine also acts as a strong HBD
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d. Sulphanilamide analogues

R1HN S
O

O

Notes

R HN S
NHR2

O

Notes
•R2 is variable 
•Different aromatic and heteroaromatic rings are allowed
•Affects plasma protein binding
•Determines blood levels and lifetime of the drug 
Aff t l bilit•Affects solubility

•Affects pharmacokinetics rather than pharmacodynamices
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e. Sulphanilamides - applications

Notes
•Antibacterial drugs of choice prior to penicillins (1930s)•Antibacterial drugs of choice prior to penicillins (1930s)
•Superseded by penicillins

Current uses
•Treatment of urinary tract infections
•Eye lotions
•Treatment of gut infections
•Treatment of mucous membrane infections•Treatment of mucous membrane infections
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f. Mechanism of action
N NH2NH N CO H
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f. Mechanism of actionf. Mechanism of action

Target enzymeTarget enzyme
••DihydropteroateDihydropteroate synthetasesynthetase -- bacterial enzymebacterial enzyme
N i h llN i h ll••Not present in human cellsNot present in human cells

••Important in the biosynthesis of the Important in the biosynthesis of the tetrahydrofolatetetrahydrofolate cofactorcofactor
••Cofactor is crucial toCofactor is crucial to pyrimidinepyrimidine and DNA biosynthesisand DNA biosynthesisCofactor is crucial to Cofactor is crucial to pyrimidinepyrimidine and DNA biosynthesisand DNA biosynthesis
••Crucial to cell growth and division Crucial to cell growth and division 

S l h idS l h idSulphonamidesSulphonamides
••Competitive enzyme inhibitorsCompetitive enzyme inhibitors
••BacteriostaticBacteriostatic agents “agents that inhibit cell growth”agents “agents that inhibit cell growth”BacteriostaticBacteriostatic agents agents that inhibit cell growthagents agents that inhibit cell growth
••Mimic Mimic the enzyme substrate the enzyme substrate -- parapara--aminobenzoicaminobenzoic acid (PABA)acid (PABA)
••Bind to the active site and block access to PABABind to the active site and block access to PABA
••Reversible inhibitionReversible inhibition
••Resistant strains produce more PABAResistant strains produce more PABA
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f. Mechanism of actionf. Mechanism of action

Binding interactionsBinding interactions

O
C

O
H2N

O
S

O
NRH2N

Active site Active site

Ionic bond

H-Bond
van der Waals
interactions
Ionic bond
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 The Big Question: tetrahydrofolate is necessary for the survival of
bacterial cells but it is also vital for the survival of human cells so why
are the sulfa drugs not toxic to human?

 In human cells, tetrahydrofolate is synthesized from folic acidu ce s, e yd o o e s sy es ed o o c c d
which is obtained from the diet as a vitamin. Folic acid is brought
across cell membranes by a transport protein.

 Bacteria lacks the transport protein necessary to transport folic acid.

ih d h i l i b i l llih d h i l i b i l ll

Metabolic differences between bacterial and mammalian cellsMetabolic differences between bacterial and mammalian cells

Dihydropteroate synthetase is present only in bacterial cellsDihydropteroate synthetase is present only in bacterial cells

Transport protein for folic acid is only present in mammalianTransport protein for folic acid is only present in mammalian cellscellsTransport protein for folic acid is only present in mammalian Transport protein for folic acid is only present in mammalian cellscells
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g. Sulphonamides g. Sulphonamides -- Drug MetabolismDrug Metabolism

OO
HN S

O

HN
O

S

N
CMe

O

H2N S
O

HN
O

S

N
NN--AcetylationAcetylation

SulphathiazoleSulphathiazole Insoluble metaboliteInsoluble metabolite

NotesNotes
••Sulphonamides are metabolised by Sulphonamides are metabolised by NN--acetylationacetylationp yp y yy
••NN--AcetylationAcetylation increases hydrophobic characterincreases hydrophobic character
••Reduces aqueous solubilityReduces aqueous solubility
••May lead to toxic side effectsMay lead to toxic side effects
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h. h. SulfonamidesSulfonamides with reduced toxicitywith reduced toxicity

H2N S
O

HN
O N H2N S

O

HN
O N

NotesNotes

S

SulphathiazoleSulphathiazole

N

SulphadiazineSulphadiazine

••ThiazoleThiazole ring is replaced with a ring is replaced with a pyrimidinepyrimidine ringring
••PyrimidinePyrimidine ring is more electron withdrawingring is more electron withdrawing
••Sulphonamide NH proton is more acidic and ionisableSulphonamide NH proton is more acidic and ionisable
••SulphadiazineSulphadiazine and its metabolite are more water solubleand its metabolite are more water soluble
••Reduced toxicityReduced toxicity••Reduced toxicityReduced toxicity
••Silver Silver sulphadiazinesulphadiazine is used topically to prevent infection of burnsis used topically to prevent infection of burns

O

H2N S
O

HN
O N

H2N S
O

N
O

N

N
pKa 6.48
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i. Examples of Sulphonamides

O

Succinyl sulphathiazole

O HO2C

CO2H

H2N S
O

HN
O

S

N
EnzymeEnzymeHN

OO2C

S
O

HN
O

S

N

SulphathiazoleSulphathiazoleSuccinicSuccinic acidacidSuccinylSuccinyl sulphathiazolesulphathiazole

OO2C

NotesNotes
••Acts as a Acts as a prodrugprodrug of of sulphathiazolesulphathiazole
••Ionised in the slightly acidic conditions of the intestineIonised in the slightly acidic conditions of the intestine
••Too polar to cross the gut wallToo polar to cross the gut wall
••Concentrated in the gutConcentrated in the gut••Concentrated in the gut Concentrated in the gut 
••Slowly hydrolysed by enzymes in the gutSlowly hydrolysed by enzymes in the gut
••Used versus gut infectionsUsed versus gut infections
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N

N
H2N

NH2

2) Trimethoprim:
T i h i i di i i idi N

MeO OMe

OMe
• Trimethoprim is a diaminopyrimidine structure.

• It acts against dihydrofolate reductase MeO OMe• It acts against dihydrofolate reductase.
-The enzyme which carries out the conversion of folic acid to
tetrahydrofolate.y

• Thus the effect is the same as with sulphonamides, inhibition of DNA
h i d ll hsynthesis and cell growth.

• Dihydrofolate reductase is present in mammalian cells as well asDihydrofolate reductase is present in mammalian cells as well as
bacterial cells, but trimethoprim can distinguish between the enzymes
in either cell because of difference in structure between the two
enzymes

S t i th i i hibit th b t i l b t t th li
34

• So trimethoprim inhibits the bacterial enzyme but not the mammalian
enzyme.



• Trimethoprim is given: in conjunction with the sulfonamide
(sulfamethoxazole) The combination is called Cotrimoxazole(sulfamethoxazole). The combination is called Cotrimoxazole

• Sulfamethoxazole inhibits the incorporation of PABA, whilep
Trimethoprim inhibits dihydrofolate reductase.

Th i hibi d d h d i h h d f• Thus two enzymes are inhibited and the advantage is that the doses of
both drugs can be kept down to safe levels.

• This approach is called 'sequential blocking‘

• This combination is less likely to induce bacterial resistance than
either agent alone.

H N S

O
O Me

S l h th lS l h th l

H2N S
HN

N O

Me
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3. Sulphones

N

N
H2N

NH2

S

O
O

N

NHR1

••Thought to inhibitThought to inhibit dihydropteroatedihydropteroate synthetasesynthetaseThought to inhibit Thought to inhibit dihydropteroatedihydropteroate synthetasesynthetase
••Used in the treatment of leprosy Used in the treatment of leprosy 

36



2) Antibacterial agents which 
i hibit ll ll th iinhibit cell wall synthesis
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1) PENICILLINS:
Introduction to penicillinsIntroduction to penicillins

••DiscoveredDiscovered byby FlemingFleming fromfrom aa fungalfungal colonycolony ((19281928))
ThTh didi thth f lf l ll hh thth b t i lb t i l--ThereThere waswas anan areaarea surroundingsurrounding thethe fungalfungal colonycolony wherewhere thethe bacterialbacterial

coloniescolonies werewere dyingdying.. fungusfungus belongsbelongs toto speciesspecies ofof PenicilliumPenicillium
••ShownShown toto bebe nonnon toxictoxic andand antibacterialantibacterialShownShown toto bebe nonnon toxictoxic andand antibacterialantibacterial
••IsolatedIsolated andand purifiedpurified byby FloreyFlorey andand ChainChain ((19381938)) && thethe firstfirst
successfulsuccessful clinicalclinical trialtrial conductedconducted byby themthem waswas inin ((19411941))
••ProducedProduced byby largelarge scalescale fermentationfermentation ((19441944))
••StructureStructure establishedestablished byby XX--rayray crystallographycrystallography ((19451945))
F llF ll th ith i d l dd l d bb Sh hSh h ((19571957))••FullFull synthesissynthesis developeddeveloped byby SheehanSheehan ((19571957))

••BeechamsBeechams companycompany:: IsolatedIsolated aa biosyntheticbiosynthetic intermediateintermediate ofof penicillinpenicillin
calledcalled 66‐aminopenicillanic‐aminopenicillanic acidacid ((66‐APA‐APA)) ((19581958--6060))calledcalled 66 aminopenicillanicaminopenicillanic acidacid ((66 APAAPA))..((19581958 6060))
•• ThisThis providedprovided thethe startingstarting materialmaterial forfor aa hugehuge rangerange ofof semisyntheticsemisynthetic
penicillinspenicillins..
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STRUCTURESTRUCTURE

R =R =

CH2 H
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H H
C

O
H
N

H H
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H H
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Benzyl penicillin (Pen G)Benzyl penicillin (Pen G)

R =R =
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S Me
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NC

R 66--Aminopenicillanic acidAminopenicillanic acid
((66--APA)APA)

Acyl sideAcyl side
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S Me
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R 66--Aminopenicillanic acidAminopenicillanic acid
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R 66--Aminopenicillanic acidAminopenicillanic acid
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PhenoxymethylPhenoxymethyl penicillin (Pen V)penicillin (Pen V)

O CH2 CO2H
O

Acyl side Acyl side 
chainchain

CO2H
O

Acyl side Acyl side 
chainchain

CO2H
O

Acyl side Acyl side 
chainchain

CO2H
O

ThiazolidineThiazolidine
ringring

Acyl side Acyl side 
chainchain

CO2H
O

ThiazolidineThiazolidine
ringringbb--LactamLactam

ii

Side chain varies depending on carboxylic acid present in fermentation mediumSide chain varies depending on carboxylic acid present in fermentation medium

ringring

p g y pp g y p

Penicillin GCH2 CO2H

present in corn steep liquor

Penicillin VOCH2 CO2H
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Properties of Penicillin G

••Acti e s Gram +Acti e s Gram + ee bacilli and some Grambacilli and some Gram ee coccicocci••Active vs. Gram +Active vs. Gram +veve bacilli and some Gram bacilli and some Gram --veve coccicocci
••Non toxicNon toxic
••Limited range of activityLimited range of activityLimited range of activityLimited range of activity
••Not orally active “is broken down in the stomach acid” Not orally active “is broken down in the stomach acid” -- must be must be 
injectedinjected
••Sensitive to Sensitive to ββ--lactamaseslactamases

(enzymes which hydrolyse the (enzymes which hydrolyse the ββ--lactamlactam ring)ring)
••Some patients are allergicSome patients are allergic••Some patients are allergic Some patients are allergic 
••Inactive vs. Inactive vs. StaphylococciStaphylococci
Drug DevelopmentDrug Development

Aims
••ToTo increaseincrease chemicalchemical stabilitystability forfor oraloral administrationadministration••ToTo increaseincrease chemicalchemical stabilitystability forfor oraloral administrationadministration
••ToTo increaseincrease resistanceresistance toto ββ--lactamaseslactamases
••ToTo increaseincrease thethe rangerange ofof activityactivity
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Structure activity relationship
Cis  Stereochemistry essentialAmide essential

S Me

H
NC H H

O

N Me
O

R

C l i
CO2H

O
Carboxylic  acid essentialb-Lactam essential

Conclusions
••AmideAmide andand carboxyliccarboxylic acidacid areare involvedinvolved inin bindingbinding
••CarboxylicCarboxylic acidacid bindsbinds asas thethe carboxylatecarboxylate ionion

Bicyclic system essential

CarboxylicCarboxylic acidacid bindsbinds asas thethe carboxylatecarboxylate ionion
••MechanismMechanism ofof actionaction involvesinvolves thethe bb--lactamlactam ringring
••ActivityActivity relatedrelated toto bb--lactamlactam ringring strainstrain (subject(subject toto stabilitystability factors)factors)
••BicyclicBicyclic systemsystem increasesincreases bb--lactamlactam ringring strainstrain
••NotNot muchmuch variationvariation inin structurestructure isis possiblepossible
VariationsVariations areare limitedlimited toto thethe sideside chainchain (R)(R)
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•Penicillins inhibit a bacterial enzyme called the transpeptidase enzyme
MechanismMechanism ofof actionaction

y p p y
which is involved in the synthesis of the bacterial cell wall
•The β-lactam ring is involved in the mechanism of inhibition
P i illi b l tl li k d t th ’ ti it b•Penicillin becomes covalently linked to the enzyme’s active site by

means of an ester link to a serine residue
•Penicillin is not split in two and acts as a steric shield to preventPenicillin is not split in two and acts as a steric shield to prevent
access of substrate or water to the active site
• Results in irreversible inhibition

S Me
H
N

H H
C

O

R
S Me

H
N

H H
C

Enz Nu

O

R-H+
C

H
N

HH
MeS

O

R

N Me

CO2H
O

Nu

Enz

N Me

CO2H
O

H

Enz-Nu C

CO2H

MeHNO
Nu-Enz

•Covalent bond formed
to transpeptidase enzyme
•Irreversible inhibition
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Mechanism of action - bacterial cell wall synthesis
• the wall is peptidoglycan structure 2 types of sugars “N-acetylthe wall is peptidoglycan structure. 2 types of sugars N acetyl
muramic acid & N-acetylglucosamine”.

NAM NAM NAMNAGNAG

L‐Ala L‐Ala L‐Ala

NAM NAM NAMNAGNAG

NAM NAM NAMNAGNAG

D‐Glu

L‐Lys

D‐Glu

L‐Lys

L‐Ala

D‐Glu

D‐Glu

L‐Lys

L‐Ala

D‐Glu

L‐Ala

D‐Glu

NAM NAM NAMNAGNAG

L‐Lys L‐LysL‐Lys
L‐Ala

D‐Glu

L‐Ala

D‐Glu

L‐Ala

D‐Glu

L‐Lys L‐Lys L‐LysBond formation
inhibited by
penicillin

43

penicillin



Mechanism of action - bacterial cell wall synthesis

SUGAR BACKBONE

NAM

L-Ala

NAG

D-Glu

NAG

L-Ala

NAM
SUGAR BACKBONE

L-Lys

D-Ala

Gly Gly Gly Gly Gly

Gly GlyGlyGlyGlyL-Lys

D-Glu

a

D-Ala D-Ala

D-Ala

D-Alanine
TRANSPEPTIDASE PENICILLIN

SUGAR BACKBONE

NAM

L-Ala

NAG

D Glu

NAG

L Al

NAM
SUGAR BACKBONE

D-Glu

L-Lys

D-Ala

Gly Gly Gly Gly Gly

Gly GlyGlyGlyGlyL-Lys

D-Glu

L-Ala
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Mechanism of action - bacterial cell wall synthesis

••PenicillinPenicillin inhibitsinhibits finalfinal crosslinkingcrosslinking stagestage ofof cellcell wallwall synthesissynthesis
••ItIt reactsreacts withwith thethe transpeptidasetranspeptidase enzymeenzyme toto formform anan esterester linkagelinkageItIt reactsreacts withwith thethe transpeptidasetranspeptidase enzymeenzyme toto formform anan esterester linkagelinkage
withwith aa serineserine residueresidue
•• TheThe ringring--openedopened penicillinpenicillin actsacts asas aa stericsteric shieldshield
•• NeitherNeither substratesubstrate nornor waterwater isis capablecapable ofof reachingreaching thethe esterester linklink
•• ResultsResults inin irreversibleirreversible inhibitioninhibition
I hibitiI hibiti ff t tidt tid l dl d tt k dk d llll llll••InhibitionInhibition ofof transpeptidasetranspeptidase leadsleads toto aa weakenedweakened cellcell wallwall

••CellsCells swellswell duedue toto waterwater enteringentering thethe cell,cell, thenthen burstburst ((lysislysis))
••PenicillinPenicillin thoughtthought toto mimicmimic DD--AlaAla--DD--AlaAlaPenicillinPenicillin thoughtthought toto mimicmimic DD AlaAla DD AlaAla
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Al i h P illi i i D Al D Al

Mechanism of action - bacterial cell wall synthesis

Alternative theory- Pencillin mimics D-Ala-D-Ala.

Normal Mechanism

Peptide

Peptide
Chain

Peptide
Chain

Peptide
Chain

Chain

D-Ala GlyPeptideChain

D-Ala D-Ala CO2H

OH

Gly

H
OH

Chain

O

D-Ala

OH HO
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Al i h P illi i i D Al D Al

Mechanism of action - bacterial cell wall synthesis

Alternative theory- Pencillin mimics D-Ala-D-Ala.

Mechanism inhibited by penicillin

PeptidePeptide
Chain

Gly

Blocked H2O
Blocked

HCR

O

NH
MS

O O

OH

CO2H
O Me

Me

N

S

S

HN

O

O

Me

Me

NH

CO2H

CR H S

HN

O

O

Me

Me

NH

CO2H

CR H

H

OH O CO2H

Blocked Irreversibly blocked
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P i illiP i illi bb i ii i ll DD AlAl DD AlAl

Mechanism of action - bacterial cell wall synthesis

PenicillinPenicillin cancan bebe seenseen toto mimicmimic acylacyl--DD--AlaAla--DD--AlaAla

HHH
NC

R
Me

H
NC

R
HHN

Me

Me

N

S
C

O

MeN

H
N

H
H

C

O

PenicillinPenicillin AcylAcyl DD AlaAla DD AlaAla
CO2H

O Me

CO2H
O CH3

PenicillinPenicillin AcylAcyl--DD--AlaAla--DD--AlaAla
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GramGram +ve+ve andand GramGram --veve CellCell WallsWalls

••PenicillinsPenicillins havehave toto crosscross peptidoglycanpeptidoglycan layerslayers inin orderorder toto reachreach
theirtheir targettarget enzymeenzyme

••PeptidoglycanPeptidoglycan layerslayers areare porousporous andand areare notnot aa barrierbarrier••PeptidoglycanPeptidoglycan layerslayers areare porousporous andand areare notnot aa barrierbarrier

••TheThe peptidoglycanpeptidoglycan layerslayers ofof GramGram ++veve bacteriabacteria areare thickerthickerp p g yp p g y yy
thanthan GramGram --veve cellcell walls,walls, butbut thethe formerformer areare moremore susceptiblesusceptible toto
penicillinspenicillins
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Gram +ve and Gram -ve Cell Walls

Gram +ve bacteria

Thick porous cell wallThick porous cell wall

Cell  membrane

Cell

•Thick porous peptidoglycan cell wall
•No outer membrane
•Penicillins cross cell wall easily
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Gram +ve and Gram -ve Cell Walls

Gram -ve bacteria

Outer 
b

Hydrophobic barrier
Porin

L
Lactamase
enzymes

membrane Porin

L
L

Thin peptidoglycan layerPeriplasmic
space

L

CellCell
membrane

•Thin peptidoglycan layer
•Hydrophobic outer membrane
- acts as a barrier to penicillins
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Resistance to Penicillins

1) Gram ve bacteria have a lipopolysaccharide outer membrane1) Gram -ve bacteria have a lipopolysaccharide outer membrane
preventing access to the periplasmic space.

- Penicillins can only cross via porins in the outer membrane. Porins allowy p
small hydrophilic molecules such as zwitterions to cross.

2) Hi h l l f t tid b t2) High levels of transpeptidase enzyme may be present.

3) The transpeptidase enzyme may have a low affinity for penicillins3) The transpeptidase enzyme may have a low affinity for penicillins
(e.g. Pencillin binding protein “PBP” 2a for S. aureus).

4) Efflux mechanisms pumping penicillins out of the periplasmic
space.

5) Mutations can occur which will affect any of the above mechanisms
such that they are more effective in resistance. Transfer of b-
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such that they are more effective in resistance. Transfer of b
lactamases between strains.



6) Presence of β-lactamase enzymes is the most important mechanism
by which bacteria gain resistance to pencillin.y g p

• β-lactamase are enzymes which have mutated from transpeptidases
& so they are quite similar in nature.

• Unlike transpeptidase enzyme β lactamases are able to hydrolyse• Unlike transpeptidase enzyme, β-lactamases are able to hydrolyse
the ester link resulting the ring-opened penicillin. They hydrolyze also
the β-lactam ring.β g

• Presence and concentration of b-lactamases in the periplasmic space
( b i )(gram –ve bacteria)
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Penicillin Analogues - Preparation

1) By fermentation) y e e o
•Vary the carboxylic acid in the fermentation medium
•Limited to unbranched acids at the a-position i.e. RCH2CO2H
•Boring and slow

2) By total synthesis2) By total synthesis
•Only 1% overall yield
•Impracticalp

3) By semi-synthetic procedures
•Use a naturally occurring structure as the starting material for
analogue synthesis
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Penicillin Analogues - Preparation

Penicillin G

H
C

H
N

MeS

O

CH2

Penicillin acylase
CO2H

O MeN

Fermentation

y
or chemical hydrolysis

HH
H2N

MeS
Fermentation

6 APA

O
CO2H

MeN

O
C

ClR

6-APA 2

H H H
O

Semi-synthetic penicillins
N

S Me

Me

H
N

H H
C

R
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Problems with Penicillin G

••It is sensitive to stomach acids It is sensitive to stomach acids 

••It is sensitive to bIt is sensitive to b--lactamaseslactamases -- enzymes which hydrolyse the benzymes which hydrolyse the b--••It is sensitive to bIt is sensitive to b--lactamaseslactamases -- enzymes which hydrolyse the benzymes which hydrolyse the b--
lactamlactam ringring

•• It has a limited range of activity It has a limited range of activity 
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Problem 1 - Acid Sensitivity
R f iti itReasons for sensitivity

1) Ring strain

• It suffers large angle and torsional strains. Acid catalyzed ring
opening relieves these strains by breaking open the more highly
strained β-lactam ring.

S Me

H
N

H H
C

O

R

C
H
N

HO C

HH

MeS

O

R

Acid or
enzyme S Me

H
N

H H
C

HO

O

R

H2O

H

N Me

CO2H
O

RelievesRelieves ringring strainstrain

HO2C

CO2H

MeHNN Me

CO2H
O

HO

RelievesRelieves ringring strainstrain
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22)) ReactiveReactive bb--lactamlactam carbonylcarbonyl groupgroup
DoesDoes notnot behavebehave likelike aa tertiarytertiary amideamide

• In 3º amide is resistance to nucleophilic attack because the carbonyl group is
stabilized by the neighbouring nitrogen atom. N can feed its Lone pair into carbonyl
gp to form a resonance

TertiaryTertiary amideamide
R R R

gp to form a resonance.

C

O

R

NR2 UnreactiveC

R

N

O

S
Me

ββ--LactamLactam
S

Me

Me

Impossibly

N Me

CO2H

O
X

Folded ring

NO H
CO2H

••InteractionInteraction ofof nitrogen’snitrogen’s lonelone pairpair withwith thethe carbonylcarbonyl groupgroup isis notnot possiblepossible

poss b y
strained

g
system
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••ResultsResults inin aa reactivereactive carbonylcarbonyl groupgroup



ProblemProblem 11 -- AcidAcid SensitivitySensitivity
RR ff iti ititi it

33)) AcylAcyl sideside chainchain
NeighbouringNeighbouring groupgroup participationparticipation inin thethe hydrolysishydrolysis mechanismmechanism

ReasonsReasons forfor sensitivitysensitivity

NeighbouringNeighbouring groupgroup participationparticipation inin thethe hydrolysishydrolysis mechanismmechanism

C N S
H

R

O

H
SNR

-H+
R N S

H+
O

N
N

O

O O
O

HN

Further
reactions
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ProblemProblem 11 -- AcidAcid SensitivitySensitivity

ConclusionsConclusions
••TheThe bb--lactamlactam ringring isis essentialessential forfor activityactivity andand mustmust bebe retainedretained
••CannotCannot tackletackle factorsfactors 11 andand 22
••CanCan onlyonly tackletackle factorfactor 33

StrategyStrategy
VaryVary thethe acylacyl sideside groupgroup (R)(R) toto makemake itit electronelectron--withdrawingwithdrawing totoVaryVary thethe acylacyl sideside groupgroup (R)(R) toto makemake itit electronelectron withdrawingwithdrawing toto
decreasedecrease thethe nucleophilicitynucleophilicity ofof thethe carbonylcarbonyl oxygenoxygen

C
E.W.G.

H
N S

H

O
O

N

DecreasesDecreases
nucleophilicitynucleophilicity
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ProblemProblem 11 -- AcidAcid SensitivitySensitivity

H H

ExamplesExamples

H

X

H

N

S
H
N

C

O

CH2PhO
H

l t til t ti

C
HC

O

H
N S

N

R

H

O
O

PenicillinPenicillin VV
(orally(orally active)active)

electronegativeelectronegative
oxygenoxygen

O
O

N

X= NHX= NH22, Cl, PhOCONH,, Cl, PhOCONH,
heterocycles. COheterocycles. CO22HH(orally(orally active)active)

VeryVery successfulsuccessful semisemi--syntheticsynthetic
penicillinspenicillins

••BetterBetter acidacid stabilitystability andand orallyorally activeactive
••ButBut sensitivesensitive toto bb--lactamaseslactamases

heterocycles. COheterocycles. CO22HH

penicillinspenicillins
ee..gg.. ampicillinampicillin,, oxacillinoxacillin

ButBut sensitivesensitive toto bb lactamaseslactamases
••SlightlySlightly lessless activeactive thanthan penicillinpenicillin GG
••AllergyAllergy problemsproblems withwith somesome patientspatients
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ProblemProblem 22 -- SensitivitySensitivity toto ββ--LactamasesLactamases ““penicillinasepenicillinase””

StrategyStrategy
••Use of Use of stericsteric shieldsshields
••Block access of penicillin to the active site of the enzyme by Block access of penicillin to the active site of the enzyme by 
introducing bulky groups to the side chainintroducing bulky groups to the side chain
••Size of shield is crucial to inhibit reaction of Size of shield is crucial to inhibit reaction of penicillinspenicillins with with ββ--
lactamaseslactamases, but not with the target , but not with the target transpeptidasetranspeptidase enzymeenzyme

BulkyBulky
groupgroup C

H
N

MeS
H H

O

groupgroup
R

Me

MeS

N

EnzymeEnzyme O
CO2H
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Problem 2 - Sensitivity to β-Lactamases “penicillinases”
Examples -- Methicillin (Beechams - 1960)p ( )

S M

H
NMeO

H HC

O
orthoortho groupsgroups
importantimportant S M

H
NMeO

H HC

O

N

S Me

Me
O

MeO

OMe

popo

N

S Me

Me
O

MeO

OMe

••MethoxyMethoxy groupsgroups blockblock accessaccess toto ββ--lactamaseslactamases butbut notnot toto transpeptidasestranspeptidases

CO2H
O

CO2H
O

yy g pg p ββ p pp p
••BindsBinds lessless readilyreadily toto transpeptidasestranspeptidases comparedcompared toto penicillinpenicillin GG
••LowerLower activityactivity comparedcompared toto PenPen GG againstagainst PenPen GG sensitivesensitive bacteriabacteria
••PoorPoor activityactivity vsvs.. somesome streptococcistreptococciPoorPoor activityactivity vsvs.. somesome streptococcistreptococci
••Inactive vs. Gram Inactive vs. Gram --veve bacteria bacteria 
••Poorer range of activityPoorer range of activity
••ActiveActive againstagainst somesome penicillinpenicillin GG resistantresistant strainsstrains (e(e gg StaphylococcusStaphylococcus))••ActiveActive againstagainst somesome penicillinpenicillin GG resistantresistant strainsstrains (e(e..gg.. StaphylococcusStaphylococcus))
••AcidAcid sensitivesensitive sincesince therethere isis nono electronelectron--withdrawingwithdrawing groupgroup
••OrallyOrally inactiveinactive andand mustmust bebe injectedinjected
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Problem 2 - Sensitivity to β-Lactamases “penicillinase”
ExamplesExamples

O
R'

Oxacillin         R = R' = HOxacillin         R = R' = H
Cloxacillin      R = Cl,   R' = HCloxacillin      R = Cl,   R' = H
Flucloxacillin R = Cl R' = FFlucloxacillin R = Cl R' = F

C

O
H
N

MeS

R

H H

Flucloxacillin R = Cl,   R  = FFlucloxacillin R = Cl,   R  = F
N

O O
CO2H

MeN
R

Me

Bulky and
electron withdrawing

isoxazole

••OrallyOrally activeactive andand acidacid resistantresistant
••ResistantResistant toto ββ--lactamaseslactamases

electron withdrawing

••ActiveActive vsvs.. StaphylococcusStaphylococcus aureusaureus
••LessLess activeactive thanthan otherother penicillinspenicillins
••InactiveInactive vsvs.. GramGram --veve bacteriabacteria
••NatureNature ofof RR && R’R’ influencesinfluences absorptionabsorption andand plasmaplasma proteinprotein bindingbinding
••CloxacillinCloxacillin betterbetter absorbedabsorbed thanthan oxacillinoxacillin
••FlucloxacillinFlucloxacillin lessless boundbound toto plasmaplasma protein,protein, leadingleading toto higherhigher levelslevels ofof freefree drugdrug
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

FactorsFactors
11)) CellCell wallwall maymay havehave aa coatcoat preventingpreventing accessaccess toto thethe cellcell
22)) ExcessExcess transpeptidasetranspeptidase enzymeenzyme maymay bebe presentpresent
33)) ResistantResistant transpeptidasetranspeptidase enzymeenzyme (modified(modified structure)structure)
44)) PresencePresence ofof bb lactamaseslactamases44)) PresencePresence ofof bb--lactamaseslactamases
55)) TransferTransfer ofof bb--lactamaseslactamases betweenbetween strainsstrains
66)) EffluxEfflux mechanismsmechanisms))

StrategyStrategy
ThTh bb ff f tf t i l di l d kk i li l t tt t i ibli ibl••TheThe numbernumber ofof factorsfactors involvedinvolved makemake aa singlesingle strategystrategy impossibleimpossible

••UseUse ofof trialtrial andand errorerror toto varyvary RR groupsgroups onon thethe sideside chainchain
••SuccessfulSuccessful inin producingproducing broadbroad spectrumspectrum antibioticsantibioticsSuccessfulSuccessful inin producingproducing broadbroad spectrumspectrum antibioticsantibiotics
••ResultsResults demonstratedemonstrate generalgeneral rulesrules forfor broadbroad spectrumspectrum activityactivity..
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

Results of varying R in Pen G

1)1) HydrophobicHydrophobic sideside chainschains groupsgroups resultresult inin highhigh activityactivity vsvs..
GramGram ++veve bacteriabacteria andand poorpoor activityactivity vsvs.. GramGram --veve bacteriabacteria

22)) IncreasingIncreasing hydrophobicityhydrophobicity hashas littlelittle effecteffect onon GramGram ++veve activityactivity
butbut lowerslowers GramGram --veve activityactivitybutbut lowerslowers GramGram veve activityactivity

33)) IncreasingIncreasing hydrophilichydrophilic charactercharacter hashas littlelittle effecteffect onon GramGram ++veve
activityactivity butbut increasesincreases GramGram --veve activityactivity

44)) H drophilicH drophilic gro psgro ps atat thethe αα positionposition (e(e gg NHNH OHOH COCO H)H)44)) HydrophilicHydrophilic groupsgroups atat thethe αα--positionposition (e(e..gg.. NHNH22,, OH,OH, COCO22H)H)
increaseincrease activityactivity vsvs GramGram --veve bacteriabacteria
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

ExamplesExamples ofof BroadBroad SpectrumSpectrum PenicillinsPenicillins

ClCl 11 NHNH tt thth itiitiClassClass 11 -- NHNH22 atat thethe αα--positionposition
AmpicillinAmpicillin andand amoxicillinamoxicillin ((BeechamsBeechams,, 19641964))

C

H NH2

HOC

NH2H

H
H
NC

O

C
H
N H

O

Ampicillin (Penbritin)Ampicillin (Penbritin)
22nd most used penicillinnd most used penicillin

Amoxicillin (Amoxil)Amoxicillin (Amoxil)

OO

22nd most used penicillinnd most used penicillin
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

ExamplesExamples ofof BroadBroad SpectrumSpectrum PenicillinsPenicillins

PropertiesProperties
••ActiveActive vsvs GramGram ++veve bacteriabacteria andand GramGram --veve bacteriabacteria whichwhich dodo
notnot produceproduce bb--lactamaseslactamases

PropertiesProperties

notnot produceproduce bb lactamaseslactamases
••AcidAcid resistantresistant andand orallyorally activeactive
••NonNon toxictoxic
••SensitiveSensitive toto ββ--lactamaseslactamases ““penicillinasepenicillinase””
••IncreasedIncreased polaritypolarity duedue toto extraextra aminoamino groupgroup
••PoorPoor absorptionabsorption throughthrough thethe gutgut wallwall••PoorPoor absorptionabsorption throughthrough thethe gutgut wallwall
••DisruptionDisruption ofof gutgut floraflora leadingleading toto diarrhoeadiarrhoea
••InactiveInactive vsvs.. PseudomonasPseudomonas aeruginosaaeruginosaInactiveInactive vsvs.. PseudomonasPseudomonas aeruginosaaeruginosa
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

ProdrugsProdrugs ofof AmpicillinAmpicillin (Leo(Leo PharmaceuticalsPharmaceuticals -- 19691969))

O

H
C

NH2

H H

H PIVAMPICILLINR = CH2O
C

CMe3

O

N

NC
S Me

Me

H H

O
  TALAMPICILLINR = O

O
CO2R

PropertiesProperties   BACAMPICILLIN

R = CH

Me

O
C

O

O CH2Me

PropertiesProperties
••IncreasedIncreased cellcell membranemembrane permeabilitypermeability
••PolarPolar carboxyliccarboxylic acidacid groupgroup isis maskedmasked byby thethe esterester
••EsterEster isis metabolisedmetabolised inin thethe bodybody byby esterasesesterases toto givegive thethe freefree
drugdrug
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ProblemProblem 33 -- RangeRange ofof ActivityActivity

ExamplesExamples ofof broadbroad spectrumspectrum penicillinspenicillinsExamplesExamples ofof broadbroad spectrumspectrum penicillinspenicillins

ClassClass 22 -- COCO22HH atat thethe αα--positionposition ((carboxypenicillinscarboxypenicillins))

ExamplesExamples

R = H      CarbenicillinR = H      CarbenicillinH
CH

CO2R

R = Ph     CarfecillinR = Ph     CarfecillinH H

N

NC
S Me

Me

O

C f illiC f illi dd ff b i illib i illi

O
CO2H

••CarfecillinCarfecillin == prodrugprodrug forfor carbenicillincarbenicillin
••ActiveActive overover aa widerwider rangerange ofof GramGram --veve bacteriabacteria thanthan ampicillinampicillin
••ActiveActive vsvs.. PseudomonasPseudomonas aeruginosaaeruginosa
••LessLess activeactive vsvs GramGram ++veve bacteriabacteria (note(note thethe hydrophilichydrophilic group)group)
••AcidAcid sensitivesensitive andand mustmust bebe injectedinjected
••StereochemistryStereochemistry atat thethe αα--positionposition isis importantimportant
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ProblemProblem 33 -- RangeRange ofof ActivityActivity
ExamplesExamples ofof broadbroad spectrumspectrum penicillinspenicillins

ClassClass 33 -- UreaUrea groupgroup atat thethe aa--positionposition ((ureidopenicillinsureidopenicillins))

ExamplesExamples ofof broadbroad spectrumspectrum penicillinspenicillins

ExamplesExamples
NH

O

R2N

HN
N

O

O

Azlocillin

S

N

Me

Me

HHH
N

O

NHR2N
N

N

O
MeO2S

N NEt

Mezlocillin

Ad i i dAd i i d bb i j ii j i

O
CO2H

N N

OO

EtPiperacillin

••AdministeredAdministered byby injectioninjection
••GenerallyGenerally activeactive vsvs.. streptococcistreptococci andand HaemophilusHaemophilus speciesspecies
••GenerallyGenerally havehave similarsimilar activityactivity vsvs GramGram --veve aerobicaerobic rodsrods••GenerallyGenerally havehave similarsimilar activityactivity vsvs GramGram --veve aerobicaerobic rodsrods
••GenerallyGenerally moremore activeactive vsvs otherother GramGram --veve bacteriabacteria
••AzlocillinAzlocillin isis effectiveeffective vsvs PseudomonasPseudomonas aeruginosaaeruginosa
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2) CEPHALOSPORINs:

a. Introductiona. Introduction

••Antibacterial agents which inhibit bacterial cell wall synthesisAntibacterial agents which inhibit bacterial cell wall synthesis

••Discovered from a fungal colony in Sardinian sewer water (Discovered from a fungal colony in Sardinian sewer water (19481948))

C h l i C id tifi d iC h l i C id tifi d i 19611961 th fi t h l ith fi t h l i••Cephalosporin C identified in Cephalosporin C identified in 19611961: the first cephalosporin : the first cephalosporin 
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b. Structure of Cephalosporin C

77--Aminoadipic side chainAminoadipic side chain HHH

N
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HHH
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1
2
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ββ--LactamLactam
ringring

DihydrothiazineDihydrothiazine
ringring

O

CO2H O

ringring

HH
H N S

N
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H2N S
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O

CO2H O

77--Aminocephalosporinic acid (Aminocephalosporinic acid (77--ACA)ACA)
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c. Properties of  Cephalosporin Cc. Properties of  Cephalosporin C N
O

HHH
N

O

S

O
C

Me

H2N

CO2H
7H 6

1
2

3
458

DisadvantagesDisadvantages
••Polar due to the side chainPolar due to the side chain -- difficult to isolate and purifydifficult to isolate and purify

O

CO2H

C

O

Polar due to the side chain Polar due to the side chain difficult to isolate and purifydifficult to isolate and purify
••Low potency Low potency -- limited to the treatment of urinary tract infections limited to the treatment of urinary tract infections 
where it is concentrated in the urinewhere it is concentrated in the urine
••Not absorbed orallyNot absorbed orally
AdvantagesAdvantages
N t iN t i••Non toxicNon toxic

••Lower risk of allergic reactions compared to Lower risk of allergic reactions compared to penicillinspenicillins
••More stable to acid conditionsMore stable to acid conditionsMore stable to acid conditionsMore stable to acid conditions
••More stable to More stable to ββ--lactamaseslactamases
••Ratio of activity Ratio of activity vsvs Gram Gram --veve and Gram +and Gram +veve bacteria is betterbacteria is better

ConclusionConclusion
••Useful as a lead compoundUseful as a lead compound
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d. SAR of  d. SAR of  CephalosporinsCephalosporins

8 N

HHH
NR

O

S

O Me

7 6
1

2
3

45

••Similar Similar to to penicillinspenicillins

N
O

CO2H

O
C

Me

O

4

••The The ββ--lactamlactam ring is crucial to the mechanismring is crucial to the mechanism
••The carboxylic acid at position The carboxylic acid at position 4 4 is important to bindingis important to binding
TheThe bic clicbic clic s stem is important in increasing ring strains stem is important in increasing ring strain••The The bicyclicbicyclic system is important in increasing ring strainsystem is important in increasing ring strain

••Stereochemistry is importantStereochemistry is important
••TheThe acetoxyacetoxy substituent is important to the mechanismsubstituent is important to the mechanismThe The acetoxyacetoxy substituent is important to the mechanismsubstituent is important to the mechanism

Possible modificationsPossible modifications
••77--Acylamino side chainAcylamino side chain
••33--Acetoxymethylene side chainAcetoxymethylene side chain
••Substitution at CSubstitution at C 77
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e. Mechanism of Actione. Mechanism of Action

HHH
NR S HHH

NR S

N
O

O

CO H

O
C

Me

O

7

N
O

NR

O

S
-CH3CO2

-

CO2H O

OH

Ser Enzyme

CO2HO

Ser

Enzyme

NoteNote
The acetoxy group acts as a good leaving group and aids theThe acetoxy group acts as a good leaving group and aids the

Enzyme

The acetoxy group acts as a good leaving group and aids the The acetoxy group acts as a good leaving group and aids the 
mechanismmechanism
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f. Variation of the f. Variation of the 77--Acylamino Side ChainAcylamino Side Chain

Not possible to generate analog es b fermentationNot possible to generate analog es b fermentation••Not possible to generate analogues by fermentationNot possible to generate analogues by fermentation
••Not possible to generate analogues by a full synthesisNot possible to generate analogues by a full synthesis
••Restricted to semiRestricted to semi--synthetic proceduresynthetic procedureRestricted to semiRestricted to semi synthetic proceduresynthetic procedure

HH
H2N S

HHH
NR S

N
O

CO H

O
C

Me

O

N
O

O

CO2H

O
C

Me

O

RCOClRCOCl

CO2H O

77--ACAACA

CO2H

••77--ACA not available by fermentationACA not available by fermentation
••77--ACA not available by enzymatic hydrolysis of cephalosporin CACA not available by enzymatic hydrolysis of cephalosporin C
••Generated by a chemical hydrolysisGenerated by a chemical hydrolysis
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f. Variation of the f. Variation of the 77--Acylamino Side ChainAcylamino Side Chain

Generation of  Generation of  77--ACAACA
••Need to hydrolyse a relatively Need to hydrolyse a relatively unreactiveunreactive secondary amide in the secondary amide in the 
presence of a labile presence of a labile ββ--lactamlactam ringring

N

S

OAc

H HH
NR1

O
3

7

H
NR1

Cl

PClPCl55

H
NR1

OR

ROHROH HH22OO

RR11COCO HH

CO2SiMe3

O
34

Imino chloride

O

Imino ether

O
--RR11COCO22HH

Protecting groupProtecting group

S
H H

H2N S
H HH

NR2

N

S

OAc

CO H

O

H2N

N OAc

CO2H

O
O

RR22COClCOCl Range of cephalosporinsRange of cephalosporins
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HHH

g. First Generation g. First Generation CephalosporinsCephalosporins

C h l thiC h l thi

N
O

HHH
N S

OAcOS
7

3

CephalothinCephalothin

O
CO2H

••More active than penicillin G vs. some Gram More active than penicillin G vs. some Gram --veve bacteriabacteria
••Less likely to cause allergic reactionsLess likely to cause allergic reactions
Usef l sUsef l s penicillinasepenicillinase prod cing strains ofprod cing strains of SS a re sa re s••Useful vs. Useful vs. penicillinasepenicillinase producing strains of producing strains of S. S. aureusaureus

••Not active vs. Not active vs. PseudonomasPseudonomas aeruginosaaeruginosa
••Poorly absorbed from GITPoorly absorbed from GITPoorly absorbed from GIT Poorly absorbed from GIT 
••Administered by injectionAdministered by injection
••Metabolised to give a free Metabolised to give a free 33--hydroxymethylenehydroxymethylene group group 
((deacetylationdeacetylation))
••Metabolite is less activeMetabolite is less active
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g. First-generation Cephalosporins

Cephalothin - drug metabolism

HHH
N SHHH

N S
7

N
O

CO2H

OHOSN
O

CO2H

OAcOS
7

3
MetabolismMetabolism

••Less activeLess active
••OH is a poorer leaving groupOH is a poorer leaving group

CO2HCO2H

StrategyStrategyS egyS egy
Replace the Replace the acetoxyacetoxy group with a metabolically stable leaving group with a metabolically stable leaving 
groupgroup
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g. First-generation Cephalosporins

HHH
N S

Cephaloridine

N
O

N

NOS
7

3

••The pyridine ring is stable to metabolismThe pyridine ring is stable to metabolism

CO2

••The pyridine ring is a good leaving group (neutralisation of The pyridine ring is a good leaving group (neutralisation of 
charge)charge)
••CephaloridineCephaloridine exists as aexists as a zwitterionzwitterion and is soluble in waterand is soluble in water••CephaloridineCephaloridine exists as a exists as a zwitterionzwitterion and is soluble in waterand is soluble in water
••Poorly absorbed through the gut wallPoorly absorbed through the gut wall
••Administered by injection Administered by injection d s e ed by jec od s e ed by jec o
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g. First-generation Cephalosporins

HHH
N S

H2N H
Cefalexin

N
O

CO H

Me
O

7
3

••The The 33--methyl group is a poor leaving group methyl group is a poor leaving group 

CO2H

••Methyl group is bad for activity but aids oral absorptionMethyl group is bad for activity but aids oral absorption
••Can be administered orallyCan be administered orally
••A hydrophilic amino group at the aA hydrophilic amino group at the a carbon of the side chain helpscarbon of the side chain helps••A hydrophilic amino group at the aA hydrophilic amino group at the a--carbon of the side chain helps carbon of the side chain helps 
to compensate for the loss of activity due to the methyl groupto compensate for the loss of activity due to the methyl group
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Cefadroxil (Duracef®, Biodroxil®, Cefadrox®) 

• Semisynthetic derivative of 7‐ACA in which the 7 acyl
group is the p‐hydroxylphenylglycyl moiety.

• The main advantage claimed for cefadroxil:

glycyl moiety

• The main advantage claimed for cefadroxil:
– Prolonged duration of action is related to a slow urinary 
excretion of the drug compared with other cephalosporins. 

• The D‐p‐ hydroxylphenylglycyl isomer is much more 
active than the L‐ isomer.
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Cefazoline sodium, (Cefazin®‐BPC)

• First generation cephalosporin
• It is  semisynthetic cephalosporins
• Cefazoline structure:

– The C‐3 acetoxy has been replaced by a thiol‐
containing heterocycle (5‐methyl‐2‐thio‐ 1,3,4‐
thiadiazole)thiadiazole).

– It also contains  tetrazolylacetyl group. 
• Cefazolin was released in 1973 as a water‐solubleCefazolin was released in 1973 as a water soluble 
sodium salt. 

• It is active only by parenteral administration.It is active only by parenteral administration.
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g. First-generation Cephalosporins

Summary

•Generally lower activity than comparable penicillins
•Better range of activity than comparable penicillins
•Best activity is against Gram positive cocci•Best activity is against Gram positive cocci
•Useful against some Gram negative infections
•Useful against S. aureus and streptococcal infections when g p
penicillins have to be avoided
•Poorly absorbed across the gut wall (except for 3-methyl 
substituted cephalosporins)
•Most are administered by injection
•Resistance has appeared amongst Gram negative bacteria•Resistance has appeared amongst Gram negative bacteria 
(presence of more effective β-lactamases)
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h. Second-generation Cephalosporins

h.1 Cephamycins

N

HOMeH
N S

OO NH2

HO2C

H2N H Cephamycin CCephamycin C
N

O
CO2H

O
C

NH2

O

••Isolated from a culture of Isolated from a culture of StreptomycesStreptomyces clavuligerusclavuligerus
••First First ββ--lactamlactam to be isolated from a bacterial sourceto be isolated from a bacterial source
••Contains aContains a 77 methoxy groupmethoxy group••Contains a Contains a 77--methoxy groupmethoxy group
••Modifications carried out on the Modifications carried out on the 77--acylamino side chainacylamino side chain

86



h. Secondh. Second--generation generation CephalosporinsCephalosporins

h.h.1 1 CephamycinsCephamycins

HOM

N

HOMeH
N S

OO
C

NH2
S

7
3

CefoxitinCefoxitin

B d t f ti it th t fi tB d t f ti it th t fi t titi

O
CO2H

C

O

••Broader spectrum of activity than most firstBroader spectrum of activity than most first--generation generation 
cephalosporinscephalosporins
••Greater resistance toGreater resistance to ββ--lactamaselactamase enzymesenzymesGreater resistance to Greater resistance to ββ--lactamaselactamase enzymesenzymes
••The The 77--methoxy group may act as a methoxy group may act as a stericsteric shieldshield
••The urethane group at position The urethane group at position 3 3 is stable to metabolismis stable to metabolismg p pg p p
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Cefaclor (Ceclor ®) 

• Second generation cephalosporin
• It is an orally active y
• It differs structurally from cephalexin in that

The 3 methyl group has been replaced by a– The 3‐methyl group has been replaced by a 
chlorine atom. 

• Cefaclor is moderately stable in acid and• Cefaclor is moderately stable in acid and 
achieves enough oral absorption.
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h. Second-generation Cephalosporins
h.2 Oximinocephalosporins

Me Iminomethoxy group

HHH
N S

C

N
O

Cefuroxime

y g p

N
O

CO2H

OO
C

NH2

O

O

•Much greater stability against some β-lactamases due to the 
iminomethoxy group at α-position of the acyl side chain.
•Resistant to esterases due to the urethane group
•Wide spectrum of activity
U f l i t i th t h i d i t t i illi•Useful against organisms that have gained resistance to penicillin

•Not active against Pseudomonas aeruginosa
•Used clinically against respiratory infections
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ii. Third. Third--generation generation CephalosporinsCephalosporins
OximinocephalosporinsOximinocephalosporins vary the pharmacokienticp pp p

AminothiazoleAminothiazole
ii HHH

N
O

Me

RR

y p
properties

ringring

N
O

HHH
N S

R

C
O

N

S

H2N
CH2OCOMe
H

Cefotaxime
Ceftizoxime

N
NCH2S
Me

CeftriaxoneO
CO2H

R
N

N

O
OH

Ceftriaxone

•• Replacing the furan ring with an Replacing the furan ring with an aminothiazoleaminothiazole ring enhances ring enhances 
penetration ofpenetration of cephalosporinscephalosporins across the outer membrane of Gramacross the outer membrane of Gram vevepenetration of penetration of cephalosporinscephalosporins across the outer membrane of Gram across the outer membrane of Gram --veve
bacteriabacteria
••May also increase affinity for the May also increase affinity for the transpeptidasetranspeptidase enzymeenzymey yy y p pp p yy
••Good activity against Gram Good activity against Gram --veve bacteriabacteria
••Variable activity against Gram +Variable activity against Gram +veve coccicocci

i bl i ii bl i i dd ii
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••Variable activity vs. Variable activity vs. Pseudomonas Pseudomonas aeruginosaaeruginosa
••Generally reserved for troublesome infectionsGenerally reserved for troublesome infections



ii. Third. Third--generation generation CephalosporinsCephalosporins
O i i h l iO i i h l iOximinocephalosporinsOximinocephalosporins

M CO H
Me

CeftazidimeCeftazidimeHHH S
N

O

Me CO2H

CeftazidimeCeftazidime

N
O

H
N S

N

C
O

S
N

H N

••InjectableInjectable cephalosporincephalosporin

O
CO2

H2N

••InjectableInjectable cephalosporincephalosporin
••Excellent activity vs. Excellent activity vs. P. P. aeruginosaaeruginosa and other Gram and other Gram --veve bacteriabacteria
••Can cross the blood brain barrierCan cross the blood brain barrier
••Used to treat meningitisUsed to treat meningitis
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j. Fourth-generation Cephalosporins
O i i h l iOximinocephalosporins

Me
RR

HHH
N S

C
N

N
O

H N

NCH2

Me
Cefipime

RR

N
O

CO2

R
OS

H2N

Cefpirome
NCH2

••ZwitterionicZwitterionic compoundscompounds
E h d bilit t th t b f G tiE h d bilit t th t b f G ti

CO2

••Enhanced ability to cross the outer membrane of Gram negative Enhanced ability to cross the outer membrane of Gram negative 
bacteriabacteria
••Good affinity for theGood affinity for the transpeptidasetranspeptidase enzymeenzymeGood affinity for the Good affinity for the transpeptidasetranspeptidase enzymeenzyme
••Low affinity for some bLow affinity for some b--lactamaseslactamases
••Active vs. Gram +Active vs. Gram +veve coccicocci and a broad array of Gram and a broad array of Gram --veve
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3) OTHER β-LACTAM ANTIBIOTICS

3.1) Thienamycin Acylamino side3.1) Thienamycin Opposite
stereochemistry 
to penicillins

Carbon

Merck 1976
OH

H

y
chain absent

Pl l

N

S

H3C NH3

HPlays a role
in b-lactamase

resistance

O

N

CO2
Double bond leading to 
high ring strain and an increase
in  lactam ring reactivity

••IsolatedIsolated fromfrom StreptomycesStreptomyces cattleyacattleya

in -lactam ring reactivity
Carbapenam nucleus

IsolatedIsolated fromfrom StreptomycesStreptomyces cattleyacattleya
••PotentPotent andand widewide rangerange ofof activityactivity vsvs GramGram ++veve andand GramGram --veve
bacteriabacteria
••ActiveActive vsvs.. PseudomonasPseudomonas aeruginosaaeruginosa
••LowLow toxicitytoxicity
••HighHigh resistanceresistance toto ββ lactamaseslactamases
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••HighHigh resistanceresistance toto ββ--lactamaseslactamases
••PoorPoor stabilitystability inin solutionsolution (ten(ten timestimes lessless stablestable thanthan PenPen G)G)



ThienamycinThienamycin analoguesanalogues usedused inin thethe clinicclinic

H HN
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Me
H
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I iI i
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O

S
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ImipenemImipenem
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O

Me
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MeropenemMeropenem
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Me
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H
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HMe

Ertapenem(Ertapenem(20022002))
N

O

S

CO2
CO2

p (p ( ))
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3.2. β-Lactamase Inhibitors
Clavulanic acid (Beechams 1976)Clavulanic acid (Beechams 1976)

Sulphur replaced by O

H

No acylamino
side chain

9

2

5
3

4

17
6

O

N

OH

H

H
CO2H

O H
β-Lactam

••IsolatedIsolated fromfrom StreptomycesStreptomyces clavuligerusclavuligerus

Oxazolidine ring

IsolatedIsolated fromfrom StreptomycesStreptomyces clavuligerusclavuligerus
••Weak,Weak, unimportantunimportant antibacterialantibacterial activityactivity
••PowerfulPowerful irreversibleirreversible inhibitorinhibitor ofof ββ--lactamaseslactamases -- suicidesuicide substratesubstrate
••UsedUsed asas aa sentrysentry drugdrug forfor ampicillinampicillin
••AugmentinAugmentin == amoxicillinamoxicillin ++ clavulanicclavulanic acidacid
AllAll ll i illii illi dd dd i di d ti itti it tt
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••AllowsAllows lessless ampicillinampicillin perper dosedose andand anan increasedincreased activityactivity spectrumspectrum



Clavulanic acid - mechanism of action
3.2. β-Lactamase Inhibitors

1

Clavulanic acid mechanism of action

2

N H 2

CH2OHO

N H 2

O H

H CO2H

O
N

CH2OHO

HN

O

O

CO2H

  BaseH

3 4 53

NH

4

CH2OH

CO H

O

H2N

NH

5

NH

CH2OH

O

O

HN

H

H

CO2H

O

CH
HC

O
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PenicillanicPenicillanic acidacid sulfonesulfone derivativesderivatives
33..33.. ββ--LactamaseLactamase InhibitorsInhibitors
PenicillanicPenicillanic acidacid sulfonesulfone derivativesderivatives

S
O O

S
O O

N
O

S Me

Me N
O

S Me

N
N

N

1
2

3

56
7

6

3

O
CO2 Na

O
CO2

SulbactamSulbactam TazobactamTazobactam

••SuicideSuicide substratessubstrates forfor ββ--lactamaselactamase enzymesenzymes
••SulbactamSulbactam hashas aa broaderbroader spectrumspectrum ofof activityactivity vsvs ββ--lactamaseslactamasesSulbactamSulbactam hashas aa broaderbroader spectrumspectrum ofof activityactivity vsvs ββ lactamaseslactamases
thanthan clavulanicclavulanic acid,acid, butbut isis lessless potentpotent
••UnasynUnasyn == ampicillinampicillin ++ sulbactamsulbactam
••TazobactamTazobactam hashas aa broaderbroader spectrumspectrum ofof activityactivity vsvs ββ--lactamaseslactamases
thanthan clavulanicclavulanic acid,acid, andand hashas similarsimilar potencypotency
Ta ocinTa ocin oror Zos nZos n piperacillinpiperacillin ++ ta obactamta obactam
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••TazocinTazocin oror ZosynZosyn == piperacillinpiperacillin ++ tazobactamtazobactam



4) OTHER DRUGS THAT ACT ON BACTERIAL CELL WALL 
BIOSYNTHESISBIOSYNTHESIS

CYCLOSERINECYCLOSERINE
BACITRACINBACITRACINBACITRACINBACITRACIN

VANCOMYCINVANCOMYCIN
VANCOMYCIN ANALOGUESVANCOMYCIN ANALOGUESVANCOMYCIN ANALOGUESVANCOMYCIN ANALOGUES
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Growing cell wall

11.. CellCell WallWall BiosynthesisBiosynthesis

....
Vancomycin

Growing cell wall

................................... ........................................
Crosslinkingb-Lactams

Carrier

NAGGly...
Transglycosidation

........

B it i

Cytoplasm

Cell
membrane

lipid

L-Ala
D-Glu

L

Bacitracin

NAM

L-Lys

L-Ala D-Ala D-Ala- D-Ala

Amino acid

••Building block partially constructed in cytoplasmBuilding block partially constructed in cytoplasm
Cycloserine

Building block partially constructed in cytoplasmBuilding block partially constructed in cytoplasm
••Transported across cell membrane and completedTransported across cell membrane and completed
••Constructed from Constructed from 2 2 sugars (NAM, NAG) and a peptide chain sugars (NAM, NAG) and a peptide chain 
••Linked to growing cell wall by enzyme (transglycosidation)Linked to growing cell wall by enzyme (transglycosidation)
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••Linked to growing cell wall by enzyme (transglycosidation)Linked to growing cell wall by enzyme (transglycosidation)
••Final crosslinking reaction catalysed by transpeptidase enzymesFinal crosslinking reaction catalysed by transpeptidase enzymes



22.. DD--CycloserineCycloserine

.
Vancomycin

Growing cell wall

................................... ................
Crosslinkingb-Lactams

NAGGly.
....

Transglycosidation

................................

Cytoplasm

Cell
membrane

Carrier
lipid

L-Ala

Bacitracin

NAM

D-Glu
L-Lys

L-Ala D-Ala D-Ala- D-Ala

Amino acid
Cycloserine

••Natural product produced by Natural product produced by Streptomyces garyphalusStreptomyces garyphalus
••Inhibits Inhibits LL--alanine racemase and alanine racemase and DD--AlaAla--DD--Ala ligaseAla ligase
••Blocks biosynthesis of Blocks biosynthesis of DD--AlaAla--DD--AlaAla
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••Mimics the structure of Mimics the structure of DD--AlaAla



22.. DD--CycloserineCycloserine

O
H
N

HO
O

O

NH2

H
Me

O

NH2

H

D-Cycloserine D-Alanine

101



33.. BacitracinBacitracin

.
Vancomycin

Growing cell wall

................................... ................
Crosslinkingb-Lactams

NAGGly.
....

Transglycosidation

................................

Cytoplasm

Cell
membrane

Carrier
lipid

L-Ala

Bacitracin

NAM

D-Glu
L-Lys

L-Ala D-Ala D-Ala- D-Ala

Amino acid
Cycloserine

••Polypeptide produced by Polypeptide produced by Bacillus subtilisBacillus subtilis
••Binds to the carrier lipidBinds to the carrier lipid
••Prevents the carrier lipid from transporting the NAM Prevents the carrier lipid from transporting the NAM --
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pentapeptide building block across the cell membranepentapeptide building block across the cell membrane



44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues
Vancomycin

.
Growing cell wall

................................... ................
Crosslinkingb-Lactams

NAGGly.
....

Transglycosidation

................................

Cytoplasm

Cell
membrane

Carrier
lipid

L-Ala

Bacitracin

NAM

D-Glu
L-Lys

L-Ala D-Ala D-Ala- D-Ala

Amino acid
Cycloserine

••Narrow spectrum bactericidal glycopeptideNarrow spectrum bactericidal glycopeptide
••Produced by Produced by Streptomyces orientalisStreptomyces orientalis
Bl k t l id tiBl k t l id ti
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••Blocks transglycosidationBlocks transglycosidation



44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues

O
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HO CH
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VancomycinVancomycin

O O

OH H C

O

HO CH

OO
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VancomycinVancomycin
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Peptide chainPeptide chain
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OH H3C
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H
N
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H

N
OO
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H H

CH3

H

N
H

N CO2
O
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H H
NH2Me

H
H
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H

Peptide chainPeptide chain
N

H
N CO2

O

CONH2

H H
NH2Me

H
H

H

H

I t t tib t i l tI t t tib t i l t

OHOHHO OHOHHO

••Important antibacterial agentImportant antibacterial agent
••Caps the building block used in the synthesis of the bacterial cell wallCaps the building block used in the synthesis of the bacterial cell wall
••Contains a peptide chain which forms hydrogen bonds to the targetContains a peptide chain which forms hydrogen bonds to the target
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••Vancomycin acts as a receptor for the building blockVancomycin acts as a receptor for the building block



44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues
Mechanism ofMechanism of

Vancomycin
Mechanism of Mechanism of 
inhibitioninhibition

Building
block

Cell membrane

NotesNotes
••VancomycinVancomycin provides binding pocket for tail of biosynthetic building blockprovides binding pocket for tail of biosynthetic building block
••VancomycinVancomycin binds to the tail of the building block’s peptide chainbinds to the tail of the building block’s peptide chain
••Caps the building blockCaps the building block
••Disguises the buildingDisguises the building block from theblock from the transglycosidationtransglycosidation enzymeenzyme
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Disguises the buildingDisguises the building block from the block from the transglycosidationtransglycosidation enzymeenzyme



44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues

. . Vancomycin

Growing cell wall

.....
.....

Vancomycin
dimer

B ildi

....g
Building

block
.

••Dimerisation occursDimerisation occurs••Dimerisation occursDimerisation occurs
••Dimer is highly stableDimer is highly stable
••Large vancomycin molecule Large vancomycin molecule 
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g yg y
acts as a steric shieldacts as a steric shield



44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues

O

CH2OH

HO

HO

HO

MeH3N

O O

OOO
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HO

Cl

C D E
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H
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H
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C D E
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H
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N
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H H
NH2Me

H
H

H

H B

OHOHHO
A
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44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues
Binding interactionsBinding interactions
in dimerin dimer H
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44.. VancomycinVancomycin andand vancomycinvancomycin analoguesanalogues
Drug resistanceDrug resistance
••VancomycinVancomycin--resistant resistant Staphylococcus Staphylococcus aureusaureus (VRSA) ((VRSA) (19961996))
••VancomycinVancomycin--resistantresistant enterococcienterococci (VRE) ((VRE) (19891989))VancomycinVancomycin resistant resistant enterococcienterococci (VRE) ((VRE) (19891989))
••Resistance due to mutation in Resistance due to mutation in pentapeptidepentapeptide chain of cell wall building blockchain of cell wall building block
••Terminal Terminal DD--alaninealanine replaced by replaced by DD--lactatelactate
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••Peptide link replaced by ester linkPeptide link replaced by ester link

y

Peptide link replaced by ester linkPeptide link replaced by ester link
••Loss of NH (HBD)Loss of NH (HBD)
••Weakens binding affinity of Weakens binding affinity of vancomycinvancomycin with ‘tail’with ‘tail’
••Lactate acts as a leaving group in cell wall synthesisLactate acts as a leaving group in cell wall synthesis
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3) Antibacterial agents which 
act on the plasma membrane 

structurestructure
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• The peptides like valinomycin and gramicidin A both act as ion
conducting antibioticsconducting antibiotics
• It allows the uncontrolled movement of ions across the cell
membranemembrane

1. Gramicidin A (Decomb ®):
• It is a peptide containing 15 amino acids which is thought to coil into• It is a peptide containing 15 amino acids which is thought to coil into
a helix

• The outside of the helix is hydrophobic and interacts with the
membrane lipids.

• The inside of the helix contains hydrophilic groups, Thus allowing
the passage of ionsthe passage of ions.

• Gramicidin A could be viewed as an escape tunnel through the cell
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• One molecule of gramicidin would not be long enough to traverse the
membrane
• Thus is proposed that two gramicidin helices align themselves
end‐to‐end to achieve the length required

IonsIons
CellCell
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• Hydrophobic residues on exterior
• Polar carbonyl groups in interior
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Mechanism of actionMechanism of action
• Acts as an ion carrier
• Hydrophobic groups on exterior interact with membrane lipids
• Carbonyl groups interact with potassium ion

All ll d f i i f ll• Allows uncontrolled escape of potassium ions from cell
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3 P l i B (T ibi ti P d ® BPC)3. Polymyxin B (Tribiotic Powder ®‐BPC): 
• It is a polypeptide antibiotic which operates within the cell 

membranemembrane. 
• It shows selective toxicity for bacterial cells over animal 

cells
– This is due to its ability to bind selectively to the different 

plasma membranes.
– The mechanism of this selectivity is not fully understood.The mechanism of this selectivity is not fully understood.

• Polymyxin B probably acts like valinomycin
– but it causes the leakage of small molecules such as 

n cleosides from the cellnucleosides from the cell. 
• The drug is injected intramuscularly and is useful against 

Pseudomonas strains which are resistant to other 
antibacterial agents.
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4) Antibacterial agents which 
impair protein synthesis: 

translationtranslation
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 Introduction
All inhibit protein synthesis by binding to ribosomes and inhibitingAll inhibit protein synthesis by binding to ribosomes and inhibiting
different stages of the translation process.

 the bacterial ribosome is a 70S particle made up of a 30S subunit
and a 50S subunit.

 the 30S subunit binds mRNA and initiates protein synthesis.

 The 50S subunit combines with the 30S subunit-mRNA complex to
form a ribosome, then binds aminoacyl transfer RNA (tRNA) and
catalyses the building of the protein chain.

 th ib f k ti ll bi (80S) i ti f the ribosmes of eukaryotic cells are bigger (80S), consisting of a
60S large subunit and a 40S small subuint. This difference give
selectivity to this types of antibiotics
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1) AMINOGLYCOSIDES
 The drug works by inhibiting protein synthesis The drug works by inhibiting protein synthesis.

 they are a carbohydrate structure which includes basic amine groups
“aminoglycoside”.

At H 7 4 th iti l h d hi h i b fi i l t hAt pH 7.4, they are positively charged which is beneficial to how
these agents are absorbed through the outer membrane of gram –ve.

 Then they bind to bacterial ribosmes specifically to 30S ribosome
subunit & prevents the movment of the ribosome along mRNA so that
the triple code on mRNA no longer be read.

A i l id b t i id l th th b t i t tiAminoglycosides are bactericidal rathar than bacteriostatic.
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• They are present as inorganic acid salts:ey a e p ese t as o ga c ac d sa ts
– They are very soluble in water
– Usually available in formulation of sulphates salts– Usually  available in formulation of sulphates salts.

• Their chemical structure:
ll h l h– All have at least one aminohexose

– Some have a pentose without an amino group.
• Eg:  Streptomycine, Neomycin

– Some aminoglycosides contain a  substituted 1,3‐
diaminocyclohexane (deoxystreptamine) .

• E.g: Kanamycin,Neomycin, gentamicin and tobramycin
– Streptomycin contains streptidine.

• From which the name streptomycine comes 
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Aminoglycosides include compounds closely related in structure to
streptomycin like:
- kanamycin, neomycin, gentamicin, tobramycin and netilmicin.
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Z i ®Zetamycin amp®
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2) TETRACYCLINES

 Th b t i t ti tibi ti th t h b d t f They are bacteriostatic antibiotics that have a broad spectrum of
activity.

 one of the most known tetracyclines is chlortetracycline which was
isolated in 1948. other are tetracyclin & doxycycline.

 The following figure shows the different derivatives of tetracyclines
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 the tetracyclines inhibit protein synthesis by binding to the 30S
rubunit of ribosmes and preveting aminoacyl-tRNA from binding.

 this stops the further addition of amino acids to the growing protein
h i P t i l i l i hibit dchain. Protein release is also inhibited.

 selectivity is due to the ability to bacterial cells to concentrate these selectivity is due to the ability to bacterial cells to concentrate these
agents faster than human cells.

 T t li f t bl h l t l f d b Tetracyclines form stable chelate complexes are formed by
many metals, including calcium, magnesium, and iron.
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 These chelates are usually very insoluble in water causing the
impaired absorption of most (if not all) tetracyclines:impaired absorption of most (if not all) tetracyclines:

• in the presence of milk
• calcium‐, magnesium‐, and aluminium containing antacids
• Iron salts.
• Soluble alkalinizers such as sodium bicarbonate also decrease the• Soluble alkalinizers such as sodium bicarbonate, also decrease the
gastrointestinal absorption of the tetracyclines.

 The affinity of tetracyclines for calcium cause them to be
incorporated into newly forming bones and teeth.

– They form tetracycline—calcium orthophosphate complexes.
Deposits of these antibiotics in teeth cause a yellow discoloration– Deposits of these antibiotics in teeth cause a yellow discoloration

that darkens over time.
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3) CHLORAMPHENICOL

 Chl h i l i i ll i l t d f St t Chloramphenicol was originally isolated from Streptomyces
Venezuela. It is now prepared synthetically.

 The drug should only be used with restriction since it is quite toxic,
especially to bone marrow.

 Chloramphenicol possesses two chiral carbon atoms via the
ac lamidopropanediol chain Onl the R R isomer is acti eacylamidopropanediol chain. Only the R,R‐isomer is active.
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Th t b NO b tit t th ti i

 SAR studies:

• There must be a NO2 substituent on the aromatic ring.
•The R,R‐propanediol group is essential.
•The OH groups must be free and presumably are involved inThe OH groups must be free and presumably are involved in
hydrogen bonding.
•The dichloroacetamide group is important, but can be replaced by
other electronegative groups.

Mechanism of action:

• Chloramphenicol binds to the 50S subunit of ribosomes

• It acts by inhibiting the movement of ribosomes along mRNA,
probably inhibiting the peptidyl transferase reaction by which thep y g p p y y
peptide chain is extended.
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Chloramphenicol Palmitate:Chloramphenicol Palmitate:

• Chloramphenicol palmitate is the palmiticChloramphenicol palmitate is the palmitic
acid ester of chloramphenicol. 

• It is a tasteless prodrug of chloratnphenicol
intended for pediatric use. p

• The ester must hydrolyze in vivo following oral 
absorption to provide the active formabsorption to provide the active form.
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Chloramphenicol Sodium Succinatep

• Chloramphenicol sodium succinate is theChloramphenicol sodium succinate is the 
water‐soluble sodium salt of the succinate
ester of chioramphenicolester of chioramphenicol

• The sodium succinate is preferred for 
intravenous administration
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4) MACROLIDES

 Th b t k l f thi l f d i th i The best known example of this class of compounds is erythromycin

A metabolite produced by the microorganism StreptomycesA metabolite produced by the microorganism Streptomyces
erythreus.

 The structure consists of a macrocylic lactone ring with a sugar and
an aminosugar attached to it.

 The macrolide antibiotics have three common chemical
characteristics:characteristics:

• a large lactone ring (the name macrolide).
• a ketone group, and
• a glycosidically linked amino sugar.
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 Usually, the lactone ring has 12, 14, or l6 atoms in it

 They may have, in addition to the amino sugar, a neutral sugar that
is linked glycosidically to the lactone.

 Erythromycin binds selectively to a specific site on the 50S
ribosomal subunit to prevent the translocation step of bacterial proteinribosomal subunit to prevent the translocation step of bacterial protein
synthesis.

 It does not bind to mammalian ribosome

 Since macrolides and chloramphenicol bind to the same region of
the ribosome they should not administered together as they will
compete with each other and be less effectivecompete with each other and be less effective.
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 Erythromcyin is unstable to somtach acids, but can be taken orally
in a tablet form.

 The formulation of the tablet involves a coating that is designed to
protect the tablet during its passage through the stomach, but is soluble
once it reaches the intestines.

 this acid sensitivity is due to the presence of a ketone and two
alcohol groups which are set up for the acid-catalyzed intramolecularg p p y
formulation of a ketal.
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 One way of preventing this is to protect the hydroxy groups. E.g.
clarithromycin is a methoxy analogue of erythromycin which is morey y g y y
stable to gastric juice and has improved oral absorption.

Another method of increasing acid stability is to increase the size of
the macrocycle to a 16-membered ring.

Azithromycin contains a 15-membered macrocycle where an N-
methyl group has been incorporated into the macrocycle.y g p p y
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5) LINCOSAMIDES

 The ha e similar antibacterial properties to the macrolides and act They have similar antibacterial properties to the macrolides and act
in the same fashion.

 Lincomycin was the first of these agents and was isolated in 1962
from Streptomyces lincolnensis found near Lincoln, Nebraska.

 Chemical modification led to the clinically useful clindamycin,
which has increased activitywhich has increased activity.
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5) Agents which act on nucleic acid: 
transcription and replication
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1) QUINOLONES AND FLUOROQUINOLONES
 They are useful in the treatment of urinary tract infections and also They are useful in the treatment of urinary tract infections, and also
in the treatment of infections which prove resistant to antibacterial
agents.

 Nalidixic acid was the first agent in this class of compounds and
th i d i 1962was synthesized in 1962.

 a breakthrough was made in the 1980s with the development of a breakthrough was made in the 1980s, with the development of
Enoxacin was based on the discovery that a single flourine atom at
position 6 greatly increased activity as well as increasing uptake into
the bacterial cell.

A b i b tit t h i i l i t iti 7A basic substituent such as a piperazinyl ring at position 7 was
beneficial for a variety of pharmacokinetic reasons due to the ability of
the basic substituent to form a zwitterion with the carboxylic acid gp at
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 The introduce of a cyclopropyl substituent at position 1 further
increased a broad spectrum activity.p y

 while replacement of the nitrogen at position 8 with carbon reduced
adverse reactions and increased activity against S. aureus. This led to
ciprofloxacin.
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 They inhibit the replication and transcription of bacterial DNA by
Mechanism of action
 They inhibit the replication and transcription of bacterial DNA by
stabilizing the complex formed between DNA and topoisomerases.

 In gram +ve bacteria, the stabilized complexes between DNA and
topoisomerase IV, with the drugs showing a 1000-fold selectivity for
the bacterial enzyme over the corresponding enzyme in human cell.

 In gram ve bacteria the main target is the complex between DNA In gram –ve bacteria, the main target is the complex between DNA
and a topoisomerase II enzyme called DNA gyrase. It has the same
role as topoisomerase IV.p

 Topoisomerase enzymes are required when the DNA double helix is
being supercoiled after replication and transcription.
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A large number of fluoroquinolones have now been synthesized.
These agents have a good activity.These agents have a good activity.

All have a similar bicyclic ring system which includes a pyridone
ring and a carboxylic acid at position 3.

A bl ith 1st d 2nd ti fl i l i th t thA problem with 1st and 2nd generation fluoroquinolones is that they
show only moderate activity against S. aureus, with resistance being
quick to arise.quick to arise.

 3rd generation such as ofloxacin, levofloxacin, and moxifloxacin
began to developed in 1990s to tackle these issues.

 Ofloxacin has an asymmetric centre and is sold as racemic mixture Ofloxacin has an asymmetric centre and is sold as racemic mixture
of both enantiomers, one of which is active and the other not.
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 Levofloxacin is the active enantiomer of oflaxcin and is twice as
active.active.

 The incidence of CNS effects associated with the quinolones.

Another property of the quinolone class is phototoxicity extreme
sensitivity to sunlight.
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SAR of quinolones: 

Th i l h h f i i i• The essential pharmacophore for activity is:
1. The carboxy‐4‐pyridone nucleus . 

Th b li id d th k t i l d i bi di t• The carboxylic acid and the ketone are involved in binding to 
the DNA/DNA‐gyrase enzyme system. 

• Reduction of the 2,3‐double bond or the 4‐keto group 
i ti t th l linactivates the molecule.

• Substitution at C‐2 interferes with enzyme–substrate 
complexation. 

2. Fluoro substitution at the C‐6 position:
• Greatly improves antimicrobial activity:

– By increasing the lipophilicity of the molecule thus improves the– By increasing the lipophilicity of the molecule thus improves the 
drugs penetration through the bacterial cell wall . 

– Fluoro group at C‐8 further improves drug absorption and half‐
life

• but also may increase drug‐induced photosensitivity. 
144



3. Heterocyclic (Piperzine)substitution at C‐7:
• Improves the spectrum of activity especially againstImproves the spectrum of activity especially against 
Gram‐negative organisms. 

• The piperazinyl (as in ciprofloxacin) represent the most p p y ( p ) p
significant antimicrobial improvement . 

• But, the piperazinyl group at C‐7 also increases binding 
to (CNS) γ‐aminobutyric acid (GABA) receptors, which 
accounts for CNS side effects.

• Alkyl substitution on the piperazine (Ofloxacin Taricin®) 
is reported to decrease binding to GABA 

® ®
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h i d i f hi d i h l• The introduction of a third ring to the nucleus 
of the quinolones:
– Gives  ofloxacin. 
– Ofloxaxin has an Chiral carbonOfloxaxin has an Chiral carbon. 

• The S‐ (–) ‐isomer (levofloxacin ‐Levox ®) is twice as 
active as ofloxacinactive as ofloxacin

Tarvinic ®
L ®Ultracin ®Taricin®
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• Several of the quinolones produce mild to 
h i i isevere photosensitivity. 

– C‐8 halogen appears to produce the highest 
incidence of photosensitivity.

– Lomefloxacin has been reported to have the p
highest potential for producing phototoxicity. 

– Substitution of a methoxy group at C‐8 has beenSubstitution of a methoxy group at C‐8 has been 
reported to reduce the photosensitivity 
(gatifloxacin Zymar ® E/D)(gatifloxacin, Zymar  E/D).
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2) RIFAMYCINS:

• Rifampicin (Remactan®)

 It is a semisynthetic rifamycinnmade from rifamycin B and isolatedy y y
from Streptomyces mediterranei in 1957.

 It inhibits Gram‐positive bacteria and works by binding
non‐covalently to RNA polymerase and inhibiting RNA synthesis.

 RNA polymerases in eukaryotic cells are unaffected since the drug
binds to a peptide chain not present in the mammalian RNAp p p
polymerase. It is therefore highly selective.

 h fl h h l i d l h d l i l the flat naphthalene ring and several hydroxyl groups are essential
for activity and the molecule exists as a zwittterion giving it good
solubility both in lipids and aqueous acid
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