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e The presence of the conjugated double bond is also
important

ﬂ/‘“ \ - S.
O N‘ ]\ X IS not active
HT"’J e

CO,H

This document was created using E

SoLID [PoF] To remove this message, purchase the
CoNVERTER PDF product at www.SolidPDF.com




2. Phan loal Cephalosporin

» Cephalosporin thé hé 1
» Cephalosporin thé hé 2
» Cephalosporin thé hé 3

»“Cephalosporin thé hé 4~
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Classification Spectrum
Ist gEﬂE]‘ﬂﬁ{l]‘] good agamnst Gram (+); modest against
Cefazolin (Ancef, kezol ) Gram ()
Cephalexin (Keflex efc) Streptococci (except penn-resistant); Staphyvlococcus
Cefadroxil (Duricef) (except Methicillin-resistant strain)
Cephradine (Velosef)
IInd generation Increased activity against Gram (-) but
Cefuroxime (Zinacef) much less active than Illrd generation
Cefoxitin (Mefoxin) Gram (-) e.g., Enterobacter sp, Klebsiella sp.,
S haemophiius influenza; Not active against gram + as
el (Letal) Ist generation
Cefaclor (Ceclor)
Cefuroxime acetil (Ceftin)
Loracarbef (Lorabid)
Cefotetan (Cefotan)
Cefranide (Precef)
SOUD. o[ T e e




IIIrd generation Less active than Ist against Gram (+) but

Cefotaxime (Claforan) more active agamst Enrerobactericeae

Cefpodoxime proxetil (Vantin) including B lactamase producing bacreria

Cefibuten {Cedax)

Cefdinir (Ommicef)
Cefditren pivoxil (Spectracef)
Ceftriaxone (Rochephin) ™

Cethroenie (Coton) Active against Psendomonas
Cefoperazone (Cefobid) =
Ceftazidime (Fortaz) i
Extended spectrum of activity than IITrd
IV generation generation and have increased stability against
Cefepime (Maxipime) hyvdrolyvsis by Blactamase

This document was created using El_."

SoLID [PoF] To remove this message, purchase the
CoNVERTER PDF product at www.SolidPDF.com




3. Co ché tac dung

i
C—NH H wo R groups far
+& = = 2 g i i
@ —[f e variations
M hie
) < D"-.,"-.
C-0H e=lllel lg) 5
A +—
5 =T
- N
Fenicillin oo

Cephalpsparin

&z To remove this message, purchase the
ST L 7 product at www.SolidPDF.com

CONVERTER PDF

This document was created using El_."



Wall-associated
protein

(b)

This document was created using El_b

- L)
-’

L]
L

Y

"

Teichoic aci

Outer ¥
membrane

R

1
=

membrane

crepemse AN LS

d

Lipoteichoic
acid

- %Z Peptidoglycan

Cytoplasmic
. membrane

O-polysaccharide Core )
_ polysaccharide

s

5 o
7o
e

<)

i AL

JJJJJJ

nmﬂgnnrmn LTI R T

Out

Lipopoly-
saccharide
(LPS)

Periplasmr— = S Hosess - -~ % Phospholipid

SoLID
CaoNVERTER PDF

5

To remove this message, purchase the
product at www.SolidPDF.com




THE GRAM(+) CELL WALL
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N-Acetylglucosamine (G) N-Acetylmuramic acid (M)
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4. San xuat cephalosporin

 Sinh tong hop

e Ban tong hop
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Sinh tébng hop ttr
Cephalosporium acremonium

H-H 5
H_H. _ _S-__CH, _7H Z >CH=(CH ]I—CDHH-—I/
HDDE.—-"EH-{CHE}S EDHH I EH3 - HDDC 2173 _H
o? "coom 0” 2~ CH,
COOH
H,M.. Lo S 0 N <
N
07 T~ CHy o7 T~ CH,0H
| COOH COOH
H-HN. _ _ > axelyl-CoA HN., - - S
tooc-CH-(CHZly CONHT— +  Hogc CH-CHy)r CONHT—~
o7 M CH,0H o7 T\ “CH,-0COCH,
COOH COOH

Cephalosporin C duwoc sx b&i Paecilomyces persicinus
(Amato et al, 1976); Steptomyces clavuligerus
(Aharonowitz and Demain, 1977); Acremonium chemostat
(Karaffa et al, 1996)
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Ban tong hop

e 1. T penicilin

thiazolidine » thiazine

e 2. T Cephalosporin C
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a! Phudng phap enzym

S
Hﬂﬂc‘“ﬂH-{ﬂHﬂ EUNH——r"S Cephalosporin-acylaza NH; rl. + HﬂﬂC:CH-(CHjSCﬂﬂH
HN7 i N " g NFchococh,
& F “CHOCOCH, O doon” 3
COOH ‘ : .
axil 7-cephalosporanic [7-ACA)
RE S Cephalazparin- acetylesteaza RE S
NHE__IN\I;L » NH—— +  CHCOOH
& “CHOCOCH, Dé—” 7 ~CH,OH
COOH COOH

axil 7-deacylcephalosporanic (7-DACA)

b! Phuong phap hoa hoc

Hﬂnﬁ:cﬂ-(cHz}Scmmu—E(:l oyl hcig.tkh.;a Ei*igxn : Hﬁﬂﬁ:CH-{CH JoCONH——~
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axil 7-desacetoxycephalosporanic (7-DACA)
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/-ADCA. The old process

 In the old process the penicillin nucleus is
obtained via fermentation.

e Six chemical transformations were
necessary to selectively convert peniccilin
G Iinto 7-amino-desacetoxy-cephalosporic
acid.
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1st generation 7-ADCA proces:
step 1

1970-1990
OH
o/ _
NH

+ micro-organism, i.e. 0 \"/S CHj

MOLASSES a " multi-enzyme reactor " /_N\>< CH,
+ o 2

/=0
N,S NUTRIENTS HO

Penicillin G is produced by fermentation in the presence of
phenylacetic acid (This side-chain makes isolation easier than the
natural side-chain)
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Step 2. Oxidation of sulfur

f o
/
NH A
CHs o/ \_\/S CH

TG —

> peracetic acid -
/\O /\O
HO HO

Oxidation of sulfur with peracetic acid to create the sulfoxide.
This Is necessary to create a leaving group.
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Step 3. Acid protection

.

0 NH A
o] R /S/ CH O/ h \S><CH3

3
> —N CH3
L CH /
O/ N\>< 3 o 3
/:\o trimethylsilyl chloride ch\ /~=o
HO in dichloromethane H3C\/5i/o
HaC

To prevent intereference of the acidic group in the next chemistry
it is protected as a trimethylsilyl ester.
Treatment with water will restore the acid group.
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Step 4. Ring expansion

NH NH
o/ \“/5 CHj o/ AN PR
_N\><CH3 g N _Aen
o/ pyridine HBr o/ o ’
HG /0 HaC ’ o
HyeC— \ O P~o0
S HaC
HaC

The rearrangment of the sulfoxide to the ring-expanded product is
catalysed by a very mild acid: pyridinium.HBr salt.
The catalyst ends up in the waste stream.
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Step 5. Conversion of amide
Into chloroimjdate
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To split off the amide group a selective reaction is needed that can
discriminate between the amide group and the beta-lactam (a cyclic

amide) group.
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Stap 6. Reaction with BUuOH

HsC
HyC
o)
—=N NH
cl \ =S (@] \_‘/S
N~ e PN~ ey
of
© (|2H3 CHs o
HaC~gi_ ©  Butanol, s
| .
HaC dichloromethane, - 40 C  HyC

It is still not possible to hydrolyse the chloro-imidate selectively. It
needs to be converted into a highly labile ortho ester derivative
which can be hydrolysed at low temperature (-40 °C).
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Step 7. Hydrolysis

H3C HsC
HsC HsC
o OH
NH
0 N__ =S o —o0
> S
O/ N = CH3
CH L
HC L : o Water, butanol, SN~
P~o0 dichloromethane 0
HsC o

HO

«Addition of water hydrolyses both the ortho-ester, as well as the
trimethylsilyester.
*Phenylacetic acid, butanol and the trimethylsilyl rest go to waste.
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2nd Generation 7-ADCA process:

Use of an enzyme saves 2 steps
1990-2000

/NH\ /oM

S 0
o *\/ H,N
P — N\
N CHg

S
© o Y = CHs
HO o
0]

HO
Improvement of steps 5 - 7, including recycle of

phenylacetic acid for Pen-G fermentation:
in water; immobilized enzyme (acylase)

*Use of a hydrolytic enzyme immediately generates 7-ADCA.
*/An additional advantage is that the phenylacetic acid can now be
recycled.
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3e Generation 7-ADCA proces:
Use of a GMO avoids 3 more steps

>2000 N
OH \
1 o
+ MOLASSES E)_(pandase |_ntroduced in
microor ganism replaces
+ N,S NUTRIENTS  Stepsi-4 _ Ny
//OH J AN s
o “
-
7 on,

Ho~ O
*Fermentation using a genetically modified organism (GMO) leads to the
iImmediate formation of N-adipyl 7-ADCA.

*The genome of the penicillin strain has been supplemented with the gene
for an “expandase” enzyme. This enzyme fulfills the role of chemical
steps 2 and 4.
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Overview > 2000 7-ADCA
proces

/ \O

OH

OH GMO
\o // OH
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/N on,  ENZYME ST o,
HO o HO 0

*Only 2 steps in water as solvent!

*Adipic acid can be recycled.

*No large chemical waste streams.

*New process is both more economic as well as environmentally friendly.
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Green 7-ADCA process
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