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® Penicillin mimic the structure of D-ala-D-ala, because of
that the transpeptidase mistakenly bind to it instead of

D-ala-D-ala.

LLou @ Also this explains the [ack of penicillin toxici@ since

\w:;»’ (D D-amido acids are not present in human, only the L-amino

Llae  acids present.

,

lPer%;\l‘ng) Also targeting the cross linking in the peptidoglycan

biosynthesis which is only present in bacteria explains the
selective toxicity.
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chemical properties of B-Lactam ring:

@® In the original anﬁtfg ‘gfé%p. Linear amide), the Nitrogen atom that is beside

the carbonyl group has a pair of unshared electrons whicH causes) the

Resonance between the N and the Carbonyl group (as we see in r\};e
periodic table, the more electronegative/electrophilic than(C 'so the O

in the carbonyl group withdraws electrons to have partial negative charge
and C partial positive charge) So this carbonyl system is "Di-polar" and
withdraws electrons from N. = e L Z

@ this Resonancy is also applied for isolated B-Lactam ring (alone, no other
substitutions) and the pair of electrons off N "are not far from the carbonyl

group
(V (Rcsonance & _%/ -----------------
e o BN electrophilicity

Increase

i
s
C NOFA'!

i

i
:
l

HESEP&SIC]

_‘Resonance» X : Br
I—ul -

g ‘\-5\51 © \R E I

L

chemical properties of B-Lactam ring:

® L ook at the pair of electrons of N in the $-Lactam ring
alone

® (NOTE that the empty orbital of carbonyl group
accepts the pair of electrons of N to make resonance)
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BUT when the B-Lactam is involved in the Penam system, and look at it in 3D view,
the ;_)_zir of electrons of nitrogen is far from the carbonyl group because the '
Thiazolidine ring bends this pair of electron (Off-setting) and the(N)becomes
pyramidal (very close to the amines).

]So the [Penam s completely different from amide, the'carbonyl group is very

electrondeficient and easily attacked by a nucleophile such as water (No resonance to

make this carbonyl rich in electrons.and resistant to hydrolysis @s)in amides that need
Qb\) ' enzymes to be hydrolyzed).
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® NOTE: the[B-Lactag] alone is also resistant to hydrolysis as the amides due to

® resonance but easier than amides (the Nucleophilic attack 1s more easy).

® For that reason, when one of the penicillins is given orally as solution, it can be
used only for one week after dissolving in water due to hydrolysis and mustbe > o /. ac
stored—fﬁy the fridge to slow down the hydrolysis rate by water (which is a e S
nucleophile, contains two pairs of electrons). 2 AT A
® So all penicillins are{unstable) in water and tend to breakdown quickly in the L SRR <
aqueous conditions, and for that reason mostly these preparations are made as %
:

suspensionsgnoy solutions to reduce the water activity. This is also applied for &
parental penicillins that are given as re-constitutable powders.
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¥ w\ = penicillins (SAR)
The straméd B-lactam ring is essential.

@ The free carboxylic acid is essential (the carboxylate 10n

binds to the charged nitrogen of the lysine at the active
site.

» © The bicyclic system is essential.

g @ The acylamino side chain is essential.
' @ Sulfur is not essential.

® The stereochemistry of the bicyclic ring with respect to the
acylamino sidechain is important.
i
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Reasons for the acid sensitivity of
e oral — 2V a0\ Renicdia & a— ow
penicillin G: , | |
@ \> CiS a sV )a A
® Ring strain: due to the large angle and torsional strain > 1'%, =

exist, acid catalyzed ring opening will relief these strains.  qp
L P P 30

® A highly reactive B-lactam|carbonyl group: <<~ exP
e . . by O
® This amide bond is exceptionally unstable compared to the (..o

- s e X . . . Leadar] e .
normal amide, because it is a 4-membered ring this will """
increase the angular and torsional strain 2 S IPY
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Chemical degradation and properties

® The early penicillins were yellow to brown in color and very
unstable so refrigeration was required to maintain activity for short
time ;

® Unpleasant taste -~

® Strongl deyctror()tzéy{x/w,cfv (d\ple> @ _pl ,
o= ns are éandlC?Pka=2-5’3°O SOMeE arc EmphOtean

11
—_—

® Most penici
® The free acids are not suitable for parentral ororal administration.s Ly hos
Naand K'salts are suitable to allow both oral and parentral __~Coo H
dministration.*Short achin T P e SISk
a stration. ackng Glactiefzs K51 Na cUol A& o
® Some salts of penicillins with organic bases such as Benzathine,

=N

_“b—c~Procaine and Hydrabamine have limited water solubility and so they

),‘Dtn-a 5‘%”‘3 are suitable as depot to provide effective conc. Of penicillinfor long
Labss @0 time to treat chronic infections
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Reasons for the acid sensitivity of
BT e ova\ (__,b—\//_u,..s\p nichin G a— ow
penicillin G: , ~~ | :
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® Ring strain: due to the large angle and torsional strain > ‘% s
25D

exist, acid catalyzed ring opening will relief theig)strains, Al

. - ol Al vle

® A highly reactive B-lactam|carbonyl groiﬁ}?:?}a il S oakan

: . : . €33y L Q)
® This amide bond 1s exceptionally unstable compared to the L\:Uw)ﬂ'

normal amide, because it is a 4-membered ring this will ff‘[’f;t:
increase the angular and torsional strain v, 31 8¢
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~ Chemical degradation and propertie

® The early penicillins were yellow to brown in color and very
unstable so refrigeration was required to maintain activity for short

time
® Unpleasant taste 5~

2 Strongly dextrorotg;'bux/ PR S T
Most penicillins are acidic Pka=2.5-3.0 some are Emphoteric\_\

® The free acids are not suitable for parentral or*oral administration.s \g o, e
Naand K'salts are suitable to allow both oral and parentral __~Coo 128
administration=Short ciching Aglacicfzs KT N suol JE & o SR

® Some salts of penicillins with organic bases such as Benzathine,
o /a{:'ﬁ‘ﬁeProcai.ne and Hydrabamine have limit.ed water solubility and so they
o) Jare suitable as depot to provide effective conc. O@or long

L %l’g Jﬂ time to treat chronic infections
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5ns with nucleophlles —OF
body proteins Auo NV oaen S

® 1. reaction with —-OH

Penicilloic acid

In active, stable in
alkaline, not sathle in
acid I
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511s with nucleophlles— +-0—NH—-0OH _R-NH_—R=(
body proteins

® 3. reaction with Alcohol

Penicilloic Estery
In active

4. Reaction with hygroxzi amine

O NH COOH
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Mwith nucleophiles —OH, H;0;NH-
body proteins

4

® 5. reaction with body proteins: the nucleophilic attack on
B-lactam rings by body proteins (specific) generate
penicilloyl proteins that are suspected to be the reason for

the allergic reactions to penicilling  cc patefien = &—Lud ,udSs o e
&n‘m\\(l\ ) ) ‘_9"10': (,;',./ ‘J,pl g_i’,\d,\’c._._b

a3 42 o 210\ Nrmines§ysiren b
e @LIFS pd) 225,001 B ),
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S Lo o o
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-.224 O NH COOH -
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emical reactivity el e

2. reactions with Acids be ﬁz\/’f Pory ci Vi3 _sL (2

® In strongly acidic media (PH<3), penicillins undergo

complex series of reactions as in the following:
@(’;‘ﬁ: ”E(x,‘t'ﬁ\l"( & 5 H")l\}&

® First step (reversible) Adiup D Cobony| & @355 1n Wt cple o
b}V’zﬁl ~__’——E‘J Auprl< canll Pcmu\\u.( sl u—JqJ
=1 NI e e
protination of the sulfur atom will 0 ’ﬁai-‘:‘fg s "’t"\:p{"z‘s&%aﬁ?
£ o occur then a partial positive charge HN *-' o S luo) €7 «g\'\c::‘s‘:
e s15y Will be formed on S and becomes a m_@;@ T VL
1,052 good leaving group, the pair of e A Det 27 s = \é—E‘b@
b+~ electrons of N will move causing the Bonzy) Pen kilin Coon 'Beb“f r / kw“ SRR ST
structure to become Sl A H ‘ =R € \giuk: 2
with a thiol group and a double bond, 2 f \">< VAW )
and the N becomes quaternary with a A N o
positive % Zoon |, .
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emical reactivit

2. reactions with Ac_i_c_ls

® Second step (irreversible) 't L= : e

CAE o Xygen i\e

nucleeph\, ¢ = attrack
T TS —\alra )| (£

HS

the oxygen becomes a strong nucleophile LL;OA«Q;C—:G',\-':!
4 3
\ /,l = ZA)\L}.D.JQL_D
| ,-’I “\!w M)(.Jt | ‘J\ (55.. _;.Lo lv 22:8‘)\.&
L’;“:B )y L= (o 7 Blockoaen () _ A ,é o1,
-, "&dl:a ?J\%C?"““Qg?"’\
‘ oxw\))od\g

® And by knowing this mechanism, we can actually make
"Orally active penicillins* How?
® 1f we take the electrons from this| oxygetﬁand@reve@this
attack we will prevent this step, then you have to add an
= Ha\gjej\s = — . . S s
— oxy9en (€lectron withdrawing group)at the a carbon to the amidic >
carbonyl ( oxygen, amine). |
(Levzy| fen U‘\V\)J Slus
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Acid sensitivity of penicillins

® Electron withdrawing groups in the a-position of Benzyl

penicillin will improve acid stability clearly

o-position
- H H
N F §
NET
0 N 9
5 3 &4
COOH

5_(Stabl R\ e
ff I'Cl SensSieEin/d ’\4("'?." & i .."L"'J;]\:_;..‘_ ._»-:*_, -
== g D e
stable than Benzyl penicillin: = S
b3 e
\ A
3 ' | H
S @’YN :
L ‘ S. [k
;:N\)Z_ O | | \)L
O 2 : ™
alpha - Halo benzyl penicillin (X=Cl, Br, ) Phenoxy methy! penicillin: Peniclliggv /
Acid resistant
can be given orally
Storvch .

In prasfha PH NH2 wi

| becoi'ne jonized to NH3+ so it will become electron withdrawing

7 \ma\iﬂhu- fw\ﬁm cAPL e
- . 'C}" - < -~
Sepre A=Y ~Jhomeh . 3 =, Posihw " — -

= Plasma PH G H ' >
\)L - A S egunty=ie
. s '
$1 N
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e ne . | il Rewys “’*-- ~2 W e
COOH Ampicillin - AT
Orally active COOH ,;_.‘.mngie\&;u.-, '
S\

—

CSW (-\ M/N\QQ(\\ th?m, hﬂﬂ.r.”.. Ner ) at



https://v3.camscanner.com/user/download

Acid resistant Penicillins

4 Q H
S o

COOH

Penicllin G
Acid labile
Can not be given mny 3

Penicllin V

‘Acid resstant

Adt @'Lé‘u—%” can be given orally
L, LSl \\oub

W hdwin 3 ﬂvw{

0'0.\‘).»)0)(1“5) NHz
= /ﬂmd\ :j )7 );‘/% n

At d-*!‘- HO Y/ j;r\s)@ «Amoxicillin: given
WM draw e > N once each 8 hours”
grovp. “d = CZOH 2 COOH Longer half life).
picilli P
4 AT ® ™ e o SIS g
Y dssol  SCmllyactves Orally actvg ‘once each 6 hours.: -
e R S (ongec by b\l

Aming pe aictllin

Am \u |Nr\

(¢ Tl )
@ The half llfe of ameXiGillif is 6133 'minutes. Approximately

ally'administered dose of amoxicillin 1s excreted
— e

SUGAS o2 plt ~ S urir Mm@t@v&hours Detectable serum levels are
,Q,,,@L- J; %{s observed up to 8 hours after an orally administered dose of

Bl 1R 0 12 amox1<:1111n Since most of theEx_x;(;xwlllm\ls excreted

&mhw\é“ m@g@_m the urine, its excretion can be delayed by =
J’Jﬁﬁ concurrent administration o ;p_;gb_;c‘ngc@
)u"'” L2 %, ® The half-life of amoxicillin is almost one hour (6 (60 minutes) E e
P' ' pu%i‘ But the % absorption of intact drug of Ampicillin is30-50%
m&_? : ‘meanwhile The % absorption of Amoxicillin is/75-90%"
CHEL o i
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Bactenal Re5|stance

f 1)1 e
. \» b‘- na'tu(o\ V&Lﬁ«d\, d' Ao el wal u.nA- *
® Two types: ! -éxf_-o__u_. Yo ,plmm\ 9,.\)“\\“.:\ PS5l 61 I ol cell wal o

® 1. Natural (1nnate) resistance, this is particularly important
in.gram negative (G-) bacteria mediated by the reduced
permeability of the outer cell envelope of Gram negative]
bacilli which is linked to the cell wall via the

peptidoglycan, such cell envelope i§not/present 1s gram
positive bacteria
® 2. Other normally resistant bacteria can develop resistance

by generating resistance enzymes by mutation or natural
selection

Bacterial Resistance:

® The second type of enzymatic resistance 1s the most
common resistance mechanism.

@® The resistant enzymes are collectively known as
penicillinases” and are of two general types:
c—\.::,- ‘g{ ﬁ B-lactamases (most import

an
2. Acylases ® alsybi Q 1) ocili Nase Lay—\ o\)kup
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"= B-lactamase (PenICIlllnase
\,u&m — G anit g bhwioh o g bl 20 o
Acy lases. @ B- lactamase break the - lac}’ém ring, they are 1ther

| chromosomal or.plasmid, constitutive or inducible -
g depend 1 b e
| pending on partlc‘&u ar species: = Ve

/’
‘o /:

S.qureys UP)a) wl - a
m;.:ia- ® Gram +ve S.aureus ) dndiiciblé p-lactamase T, P;nilmdf_,'{\‘gi
| . T AT
pe,..u...n =) synthes%nehd at cell w&ll%ag‘d releasedextracellularly — Qut s\ Aﬁ-ﬁ:’.

oY, S -\JLJLt.p L

"‘va‘w") %Jofg" auréus became resistant to penicillins L p_‘:J o f_c AF:
B - \ad-ama.s : % S Vs

© Gram —ve bac1lthcensmw R-factor \g3 ) pople dus 02

( Tveas Pephidsis < )

Cytoplasmic enzymes
Again B-lactamase from different species are different in
( structure and properties. G —iad)o ez plhe
EE %’%L <) =2 W@q:g\‘}é& g —lactamic &
Qro\wq{—j

) ?en\cillm il

3- Iactamase (Penicillinase):

® Gram +ve bacteria normally release B-lactamase to outside
of thercell that will cleave penicillinbefore reaching the
bacteria.

® Gram —ve bacteria release B-lactamasednto the

periplasmie space, which again will chaillin

eforg reaching the plasma membrane.

® Penicillin has to reach the plasma membrane where the
transpeptidase present to do its antibacterial action.

® Most of(gram —ve))acteri;zre B-lactamase producing
bacteria
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® These enzymes can hydrolyze the acylamino-side chain of
penicillins =7A.[ B-\octarase ) W g A,

&£l —], S a_‘ < "“lé

B\acktam 'ug satyle grovp’

Lb.)“" /L‘p.’)__ — 9
* - H H
R NS S b ocda
\[( 6: ’2 Acylase NHp £ = ol
0 N 5 » 6 2\>5Z‘
3 4 N
O 2 34
COOH O 2
COOH

6-Amino penicillanic Acid (6-APA)

SN — —

—Rules tO create&Pmlcu NasSE
_ , Farc\inates B-iacl-omq)_f Il \,L,p\ e
resistant Penicil -

® Increase the steric bulk at the a-carbon on the acyl-amino
group enhances good penicillins activity

@® Antibacterial activity 1s enhanced when the a-carbon is
part of aromatic ring, so based on these points we can
conclude that Ortho substituted aromatic ring should
produce excellent 3-lactamase resistance

® See the following slide for examples.
iy uf — 3 PGIC\\\\V\OU\/Q.S\S‘\'OWA‘ ?emcu\\ms J—E\cz‘u-i
A o b Jos L xbra @livlay | S/ sl Penicllinase _yy ass

I s Baad” A ol o fenicilline
bu\Kafmf bot osyl —— v pLan bady Porclviare Ll o O kA
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QYN YT NS  Vesvense

-Iactamase re5|stant Penicillins .

/<—— Electron donating groups (methoxy) so more TSy
O sensitive to acid than penicillin G \ ol
n ‘
5
N
O =
COOH

Methici"in
B-lactamase stable Ticarcillin Orally inactive,
Acid sensttive (why?) Broad spectrum and

B-lactamase sensitive
given with clavulinic acid

Nafcillin
B-lactamase stable
Acid sensitive

SOXazoy! Pemc»jwﬂw
L;—s
X C.ofbo " tedopryiycdZ>  Flucloxacillin: (how to
\ ‘f 5 d_‘ = ol think and analyze)
Withdiawmy aromtic n * Bulky which means
groy nng S .
*f J ] Nl \)Z— B-lactamase resistant
Losi: jups o 2L pny S 4 « E-withdrawing which
Ora lly 5 = a'saé":;':“}“ : . C \ means acid stable
/ RicR2 =) ™™ « g-carbon is part of an
R 90 ), pos R;=Cl, R,=H| Cloxacillin “{M\m
e e e I Ry = Cl, R, = F | Flucloxacillin[Possrpncearomatic ring which
' Joxo 70Y I Ry, Ry=Cl | ill means good activity
Q ulkler substltuents are required for small sized heterocycles to give good anti- &
B-lactamase activity /J 7
® Acid stable due to the electron withdrawing effect of the 1soxazole ring. )
® Used against S.aureus resistant bacteria.
® Most penicillinase-resistant penicillins are less active than Penicillin G or

Phenoxymethyl penicillin (V) against most non-B-lactamase procedures that are
normally sensitive to penicillins, increasing a carbon bulkiness 1s with price

Penicillinase-resistant penicillins tend to be bulky and lipophilic with poor
penetration into Gram negative bacteria cell envelope

G
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Broad Spectrum Penicillins

® Very important finding is the fact that substitution of
a-carbon with polar or ionized group will produce wide
spectrum of activity including Gram negative bacteria It
works against (Pseudomonas , E.coli , Haemophilus
influenza , ... )

In plasma PH NH2 will become ionized to NH3+
Po’\,.\\"_ Q_\r\av; %
)= (C)ES

Oy mﬁf-

= Amoxicillin O Ampicillin

COCH Orally active COOH

J\&»X\/ g:u/

‘____-—-‘.a
e’ @
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Broad Spectrum Penicillins

Ampicillin andAmoxicillin‘are effective against Gram
negative genera E.Coli, Klebsiella, Haemophila

Salmonella, Shiegella and some proteus

£ 985\5
Ampicillin.and Amoxieillin-largely retain Gram positive

activity

D-1somer1s more active than the L-1somer

The extended activity of a-amino-benzyl-penicillin 1s not due
e Benclin to the anti-B-lactamase resistant activity rather it is due to

PR the hydrophillic nature of the molecule which enables it to
o \: c:;ti: penetrate the outer cell-envelope through the porin
channels

Penicillin
eipeen BrOQ dd gg\g&ggu eniolins,

ol pra-ﬁ 011

the d-NHZ derivatives and less acid-stable than the
(i-amino group

1=COOH has wide spectrum activity including all the
bacteria that are a-NH2 sensitive as well as gram negative
bacilli of the genera “Pseudomonas, Klebsiella,
Enterobacter and Proteus” however its potency against

Ampicillin-Sensitive bacteria is lower than Ampicillin
. Coou 2 e-—-zkcéf\ﬂmé&g\)__—\
J= ap ap - jp G sJqu—\‘ D
b i

Psevdocwanac
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Carboxypenicillins =

® They have a Carboxylic acid at the [I-carbon of the acyl

Side Chain &“BAQ\VEAQ__ Cblbux;vh(._)\ =VR\|
> "A.!L ML ,J.—Lau—-.

® They have broad spectrum activity.

Ampicillin and amoxncnlm prodrugs

® Ampicillin and amoxicillin are Poorly absorbed through
the mucus membrane, this is due to the fact that they
formed a zwitter ionic molecule at physiological pH (they
contain a carboxylic acid and an amino group in their

structure.
® The oral bioavailability can be improved by masking one of

them, mainly the carboxylic acid.... By preparing a prodrug
esters.
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Ampicillin prodrugs
Oy

O

R= A~ OJ\‘/ Pivampicillin R=

)\ o Bacampicilin
R= OJKO/\

® The methyl ester did not give the same improvement in absorption and activity (why?).

Penicillin, 0 Esterase Penicilin,, o @
Anfo ~~ - 4o H
o) o) f o

H#

Talampicillin

Spontaneous
hydrolysis

Penicillin,, oH ,

=X

’ j — D | 8%( : 9-—--,

Penicillin,, _o__O Esterase Penicillin, 0.\ O
r e 5
o) O (‘ ®
\ y*
Spontaneous
hydrolysis
O

Penicillin, OH
l,, +
i H” ~H

O
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Ureidopenicillins ¢« v o)
e ET,ALLLQ&D aos < \
® They all have aurea group’at the [1-carbonin the acyl side, .S =7 <"~

Qham. ¢ H SO,CH; - &\ Fs,
® They have better activity O*N'i) °*(NN~7
compared to amoxicillin oz =
and they are more resistant to @#'ﬁ 2 @47,3»1 =
B-lactamase. i }Tf ; 0):"(}
® Used parenterally for-gram —ve o =7 r— e
infections especially P.aeruginosa. = S \fefe:gc; o
® the ureido group though to mimic o5 AT
Some of the peptidoglycan structure, ot
which means that it can bind to @/NSH;J

penicillin-binding protein = j;Nr 31_
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TABLE 8.3 Classification and Properties of Penicillins

Oral Plasma B-Lactamase
Acid Absorption  Protein Resistance o

Penicillin Source Resistance (%) Binding (%) (5. aureus) Clinical Use
Benzylpenicillin  Biosynthetic Poor Poor (20) 50-60 No Multipurpose

Biosynthetic Good Good (60) 55-80 No Multipurpose

Semisynthetic Poor None 3040 Yes Limited use

Semisynthetic Fair Variable 90 Yes _ | Limited use

Semisynthetic  Good Fair (30) 85-94 Yes “Narrow Limited use

Semisynthetic  Good Good (50) 8896 Yes “Narrow Limited use

Semisynthetic  Good Good (50) 95-98 Yes “Narrow lelted use

Semisynthetic Good Fair 20-25 No =

Semisynthetic Good Good 20-25 ‘No :

Semisynthetic Poor None 50-60 No : :

Semisynthetic  Poor None 45 No

Semisynthetic  Poor Nil 50 No

Semisynthetic Poor Nil ‘50 No

Tl
QMinOSVOUf
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