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Figure 5.7 Outline of the upstream processing stages involved in the production of a single batch of prod-
uct. Initially, the contents of a single ampoule of the working cell bank (a) are used to inoculate a few hun-
dred millilitres of media (b). After growth, this laboratory-scale starter culture is used to inoculate several
litres/tens of litres of media present in a small bioreactor (c). This production-scale starter culture is used
to inoculate the production-scale bioreactor (d), which often contains several thousands/tens of thousands
litres of media. This process is equally applicable to prokaryotic or eukaryotic-based producer cell lines, al-
though the bioreactor design, conditions of growth, etc., will differ in these two instances
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GE Healthcare

Bedienungsanleitung BioProcess LPLC- und MPLC-Saulen

GE Healthcare

Data file 18-1115-23 AD BioProcess Column

BPG Columns 100, 140, 200, 300
and 450 series

BPG™ columns are glass chromatography columns
designed for industrial applications which demand high
standards of hygiene. The columns are constructed from
component materials of the highest quality and withstand
the harsh conditions used for cleaning in place of packed
separation media. An overview of column characteristics is
shown in Table 1. The columns are characterized by:

* Hygienic design and operation. Microbial attachment
and growth is hindered through the use of calibrated
precision glass, high grade electropolished stainless steel
and an absence of dead pockets.

s Easy, efficient packing and running with the
singlescrew adapter.

¢ Operating pressures matching most BioProcess™ Media.

« All polymeric materials meet the requirements for USP Fig 1. BPG column family.
class VI, described in USP <88> Biological Reactivity Tests,
In Vivo.
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BioProcess MPLC/HPLC Systems

SsuosSll §,b e duaill S5 1.4.1

Now part of

GE Healthcare
-wt-ﬂ.ﬁ

BioProcess™ MPLC/HPLC systems comprise a family of stainless

steel, liquid chromatography systems for use in process-scale

applications where high pressures (20-80 bar) are required.

Reliable 24 hour-a-day unattended operation contributes to

cost-effective processing, all the way from feed introduction to

final fractionation. BioProcess MPLC/HPLC systems simplify

chromartographic procedures and offer:

o UNICORN™ software that meets GMP requirements, including
electronic signatures and records

« Precise control of gradient with feedback (Type Il systermn anly)

« Compact, modular and sanitary design

« Multi-product processing, prepared for automated CIP

« Compatible MPLC and HPLC columns

. . Fig 1. BioProcess MPLC and HPLC systems allow cost-saving,
Eeneral S‘_VStEm dBSCTIPtIOH unattended ocperation in biopharmaceutical processing,.

BioProcess MPLC/HPLC system
Type

The BioProcess MPLC/HPLC system — Type Il is an advanced
gradient system designed to blend solvents continuously.
Control of the blending system is based on conductivity, NIR,
or refractive index of the solvents; this results in very accurate
and reproducible gradients. The inclusion of a bubble trap in
the gradient system ensures that the mobile phase is free of air.
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The standard configuration includes 4 inlet lines,
gradient

blending loop with conductivity measurement or
NIR detection,

bubble trap, pressure transmitter, flow meter after
the column,

UV detector, and 5 fractionation valves. All
systems are

controlled by UNICORN software.

Several additional features/components are
available to ensure

that systems match specific needs. These options
include:

- 2 extra inlet buffer lines

- 5 extra fractionation valves

- magnetic coupling of circulation pump

- temperature control before or after the column

- conductivity meter in gradient blending system or
after the column

- pressure transmitter after the column

- pH meter before and after the column

- refractive index detector for fractionation or
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gradient blending system
- valve feedback
- filter module

- @ - injection loop
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= - heat exchanger
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3. Piping and instrumerntation diagram of a BioProcess
LCHPLE system — Type IT.

UNICORN control

UNICORN control software provides a single familiar
interface for both chromatography and membrane separations. |
It provides efficient control of the process as well as flexible
method programming extensive data evaluation and powerful

with FDA 21 CFR Part 11, satrsfylng the regulatory
requirements for electronic records and signatures.

BioProcess HPLC systems and HPLC columns are especially
2 for purifying small biomolecules with media such as SOURCE.
system and column combinations are also available for

- applications.

=

T R —
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Fig 4. Same familiar interface for both chromatography and
membrane system
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2 Penicillin®
2.1 What is penicillin and semi-synthetic penicillin?

2.1.1 Definition
Antibiotics are a type of antimicrobial drug. They are one of the secondary metabolites produced by

some fungi and bacteria.

They are pharmaceutical products that have an important role in health of living organisms. They used

in the treatment and prevention of bacterial infection.

Penicillin is a group of antibiotics. It is the first medications to be effective against many bacterial
infections caused by staphylococci and streptococci, it still widely used today though many types of

bacteria have developed resistance following extensive use.

2.1.2 The structure of the penicillins:

consists of a thiazolidine ring connected to a beta-lactam ring, which is attached to a side chain. All

penicillins are derived from 6-amino-penicillanic acid.

Structure of Penicillins

General structure

Penicillin

2.1.3 History:

In 1928, the Scottish scientist” Alexander Fleming” discovered the penicillin. In his laboratory, Fleming
put a petri dish containing staphylococcus that has been mistakenly left open. After a few days, a
visible growth was formed which is the result of a contamination by blue-green mould from an open

window. 32

2 from [MEGBI-APP 2016]
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|

In the petri dish, there was a halo of inhibited bacterial growth around the mould. Fleming concluded

that the mould released a substance that repressed the growth and caused lysing of the bacteria. 30

Then, he grew a pure culture and discovered it was penicillium mould, now known to be Penicillium

Notatum.

2.1.4 Strains of penicillium:

In the early days of penicillin production (1928)

Penicillium Notatum strain was employed. After a few years, a new strain of Penicillium
Chrysogenum discovered in 1943 was employed for penicillin production.

This strain gave a penicillin yield of up 250 oxford units

(loxford units = 0.5988 of sodium benzyl penicillin ) which was 2 to 3 times more than given by

Penicillium Notatum.

2.1.5 Penicillin production
Penicillin is produced by fermentation. The penicillium cells are grown using a technique called Fed-
batch culture, in which the cells are subject to stress that is required for induction of penicillin

production and it is not produced during active growth.
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FOR MANY YEARS, scientists knew that certain molds killed some bacteria. However, researchers needed
Z% to understand how to harness this antibacterial microbe and to manufacture enough of the substance
before they could make a useful medicine.

@ Penicillium mold @ Scientists learned to grow @ Then, scientists @ Finally, penicillin is
naturally produces Penicillium mold in deep separated the purified for use as an
the antibiotic penicillin fermentation tanks by adding penicillin product antibiotic medicine.

a kind of sugar and other from the mold.

ingredients. This process increased
the growth of Penicillium.

— —

microscopic
view of
Penicillium

Penicillium

growth fermentation penicillin antibiotic

tank molecule medicine

Fermentation medium for the penicillin production should be containing: - carbohydrate as a source of

glucose.

e Beet molasses as source of lactose .

e Corn steep liquor as source of nitrogen.

e Calcium carbonate or phosphate as a buffer.

¢ Automatic addition for H2504 or NaOH as necessary.

e Phenyl acetic acid as a precursor for penicillin production.
e PHin the medium: 6.8-7.4

It can divided penicillin fermentation into 3 phases:

First phase: trophophase where there is a rapid growth of penicillium, the mycelia are produced in a

temperature between 30-32°c for 30 hours.

Second phase: idiophase where there is a low growth of penicillium and high production of penicillin

in a temperature 24°c, it can take from 5 to 7 days.

Third phase: when the amount of the carbon and nitrogen decreased, the mycelia lysed, the antibiotic

production ceased, the ammoniac released into the medium and the PH increased.

2.1.6 Production of semi synthetic penicillin:

Semi- synthetic Beta- lactamic antibiotics are the most used anti bacteria agents. They are usually
produced by the hydrolysis of natural antibiotics (penicillinG). They are created through modifications
that can be made in a laboratory. Chemists can obtain new forms of penicillin by the modification of

side chains. In other meaning, they extract natural penicillin, remove R group, and attach wanted

group.
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Semi- synthetic penicillins can be further modified to increase the efficiency of inhibiting bacterial

growth.
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Production medium Inoculum development

' '

Production fermentation
(a fed-batch process)

Broth clarification
e.g. rotary vacuum filtration

' = Washed mycelium

Solvent extraction of cell-free broth
e.g. amyl acetate

Extract purification
e.g. activated charcoal treatment and filtration

|

Crystallization of antibiotic
e.g. addition of sodium acetate

!

Recovery of penicillin crystals
e.qg. filtration

'

Crystal washing
e.g. anhydrous ethanol wash and filtration

Crystal drying
e.g. vacuum tray drier

!

Penicillin acylase treatment and the
addition of a 'new' side chain

Natural penicillin Semi-synthetic penicillin

Fig. 11.1 Production of penicillin.
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2.1.7 classification of penicillin:
The various penicillins differ in their side chain structure.
Penicillins are divided into several members:
e Natural penicillin:
- penicillin G
- Penicillin V
*This member has a limited range of activity.
* is highly susceptible to beta lactamase which are

produced by many staphylococci and gram- bacteria.
*it is inactivated by gastric acid.
* efficacious only against gram+.

e B lactamase- resistant(penicillinase resistant penicillins )

-Methicillin

-Naficillin

-Oxacillin

- cloxacillin

- dicloxacillin
*This member was developed by adding substituents

onto the aromatic ring of penicillin to sterically

inhibit beta lactamases.

* Methicillin was the first semi synthetic penicillin

developed .
*Is poorly absorbed orally due to gastric acid
instability and is not very potent.

*effective against gram+ beta lactamase producing

bacteria.
e Aminopenicillins: (broad spectrum penicillins)

-ampicillin
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-amoxicillin

-hetacillin

-bacampicillin

- metampicillin

- talampicillin
- epicillin

* Very important group of drugs due to their activity
against both gram+ and some gram-.

* susceptible to penicillinase.

* Stable in gastric acid.

e Carboxypenicillins (antipseudomonas and extended-

spectrum penicillin ):
-carbenicillins
- ticarcillin

* More active against pseudomonas and some
Anaerobes.

*they are inactivated by beta lactamases and gastric

Acid.

2.1.8 Mechanism of action:

Beta- lactam antibiotics inhibit the formation of peptidoglycan an essential part of the cell wall.
All penicillins work in the same way:

They interfere with cell wall synthesis by binding to penicillin-binding proteins (PBPs) which are
located in bacterial cell walls, and by activating other enzymes to break down the protective wall of the
microorganism. Then, inhibition of PBPs leads to inhibition of peptidoglycan synthesis then, inhibition
a new cell formation. Without a cell wall, bacterial cell is vulnerable to outside water and molecular

pressures, and quickly dies.

Since human cells do not contain a cell wall, penicillin treatment results in bacterial cell death without

affecting human cells.
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Gram positive bacteria have thick cell walls containing high levels of peptidoglycan, while gram
negative bacteria are characterized by thinner cell walls with low levels of peptidoglycan. The cell wall
of gram negative bacteria is surrounded by a lipopolysaccharide (LPS) layer than prevents antibiotic

entry into the cell. Therefore, penicillin is most effective against gram positive bacteria

Mechanism of action —

Gram-positive peptidoglycs
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T F; < S
[JLLL NI
[T A
_f‘ PP PG Proniciins P P P P P L

Mainly interferes with cell wall synthesis of bacteria.
These drugs inhibit the enzyme transpeptidase which is
responsible for cross linkage of peptidoglycan during

bacterial cell wall synthesis.
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2.1.9 Resistance to beta lactams :

Bacteria reproduce quickly and are prone to genetic mutations when growing in the presence of

environmental pressures, such an antibiotic.

Bacteria are constantly finding ways to counteract antibiotics, one of the most important bacterial

defense mechanisms is the production of enzymes B lactamase.

Organisms that produce B lactamase are resistant to penicillin by hydrolyses beta-lactam ring.

Example:

Some strains such as staphylococcus have developed a specific resistance to the nature penicillins.

These bacteria either produce B lactamase (penicillinase), an enzyme that disrupts the internal structure

of penicillin and thus destroys the antimicrobial action of the drug, or they lack cell wall receptors for

penicillin. Then this enzyme reduces the ability of the drug to enter bacterial cells.

Penicillin Resistance

R p-lactam ring

0

S p-lactamase

=
"y, Pactamase breaks abond ¢
N 7 inthe p-lactam ring of
0 penicillin to disable the
COO- molecule. Bacteria with this
- enzyme can resist the effects
Penicillin of penicillin and other
p-lactam antibiotics.

R
%o
H
S
AL
OH
COO0-
Penicilloic acid
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Mechanism of Resistance

Inability of agents to Production of p-lactamase
penetrate to site of —
action Teichoic
ad \ P )
) _
Peptidoghycan N, S Increased expression of
layers efflux pumps
{murein) S
=} H E Amphiphillic
Channel drug
\\
Outer
membrane
Accessory— H Periplasm
protein - i
E‘JE_ H Cytoplasmic
Bj H mermbrane
Elaboration of normal _— AN
transporter H

penicillin binding
proteins (PBPs)

2.1.10 Beta- lactamase inhibitors:

One way to overcome penicillin resistance is to combine penicillin drug with molecule that protects the
penicillin such as clavulanic acid, sulbactam or tazobactam, this diminishes or impedes beta-lactamase
activity.

These molecules inactivate beta-lactamases and are used to enhance the antibacterial actions of beta-
lactam antibiotics. They are inhibitors of many but not all bacterial beta-lactamases and can protect

hydrolysable penicillins from inactivation by the enzymes
2.2 Production of Semisynthetic Penicillins
Semisynthetic penicillins:

Ampicillin

Amoxillin

2.2.1 Penicillin in culture

Preparation of medium

: \ ‘ , :
| & Magnesium Potassium Sodium
Corn | WS T lphare ' phosphate * mitrate Heat sterilization
| Carbon
! source
Lactose Medium
; -121°C - Confa”fions
DY g *High pressure
> _INHIBIT A
Glucose Penicillin production 7N

34



Penicillin

ﬂ f-\

Seed culture

Bioreactor

+20-24°C (optimum growth)
-Sparger of air bubbles (viability of Penicillium)
*Nutrientsare kept on providing

Bioreactor -Fed batch mode

Recovery of product

“Penicillinis found in the culture medium

Recovery of product

“Penicillinis found in the culture medium

7

o.‘
\ b 8

Butyl acetate

A “
\ Filtrate LB
Rotary vacuum fim is collected Filtrate
‘ r Supernatant
> contain
&/ penicillin

Centrifugation

Packaging

Rotary vacuum fik&" is collected

(Liquid form)

&

- J
Butyl acetate

Filtrate +
Filtrate

. Y
4-4- g

Centrifugation

Penicillin

Extraction

Limitation of traditional

'Per.liciliin 5 ethOd
(Liquid form) 3 Penicillin G is not stable in the presence
it o Drying of acid (acid-labile)
» Difficult with product recovery and
purification
Penicillin

(Powder form)

2.2.2 Production of semisynthetic penicillins
PROTEIN ENGINEERING
Y

s,
O/)‘OH
Penicillin G

‘ Enzymatic process (penicillin acylase)

Penicillin nucleus
(6-APA)

R =w

7
o/\ OH

- [Low vield of unstable product ]

PROTEIN ENGINEERING

Penicillin G acylase

-also known as penicillin amidase E.C.
(3.5.1.11)

- hydrolyze penicillin G to 6-aminopenicillanic
acid (6-APA)

[ 6-APA is the key intermediate for the
production of various semisynthetic penicillins
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SEMISYNTHETIC ANTIBIOTIC

H
RN =8,

) Penicillin nucleus
0 SN (6-APA)
7~
o OH
Penicillin Acylase
Semisynthetic
Penicillin

Safety Precaution

*As a safety precaution all of
these microbes are kept under

BIOHAZARD regulated laboratories for
research and development.
= *Fermenter will be sterilized

before and after production to
avoid contamination

%

INFECTED SPECIMEN *All intermediate are sterilized
RS 2

before disposal to prevent

escape of microbes into the

environment
2.2.3 Industrial Prodution of penicillin
® Tneculom build OP fohose
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SEMISYNTHETIC ANTIBIOTIC

Such as Ampicillin, Penicillin V, Carbenicillin, Oxacillin,
Methicillin, etc.

modified chemically by removing the acyl group to leave 6-
aminopenicillanic acid

Resistance to stomach acids and can be taken orally

® &6 ©

Resistance to penicillinase and an extended range of
activity against some Gram-negative bacteria

Social Responsibility

*All batch production must be
tested before distributed to the
public by FDA.

*All new products produced must
not possess lethal threats to
humans and undergone years of
testing.
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2.2.4 Devices

2.2.4.1 Rotary vacuum drum

2.3 Patent "Production of semisynthetic penicillins US 3912719 A"

ABSTRACT The old process for producing a synthetic penicillin, e.g. ampicillin or amoxicillin, which consisted
of acylating solid -aminopenicillanic acid (6-APA) with an acid chloride (or chloride hydrochloride) after
preparing the 6-APA by converting a silylated natural penicillin to an imino-chloride, as with PCI and thence to
an imino-ether, as with methanol, and thence to 6-APA by hydrolysis followed by recovery of the solid 6-APA
has been rendered more efficient and capable of being conducted in a single vessel by maintaining the imino-
ether solution in the hydrolysis step at 50C. while adding a volume of water no greater than 10% of the volume
of the imino-ether solution to produce a single phase containing -aminopenicillanic acid which is then acylated
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with an acid chloride (or chloride hydrochloride) at about -40C. after the addition of a weak tertiary amine to
produce the synthetic penicillin.

In its more specific embodiments the present invention provides for the use of the process described above to
produce ampicillin by the use of D-(-)-2- phenylglycyl chloride hydrochloride and amoxicillin by the use of D-(-)-
2-p-hydroxyphenylglycyl chloride hydrochloride and epicillin by the use of D-(-)-2-amino- 2-(1,4-cyclohexadien-
I-yl)acetyl chloride hydrochloride and cyclacillin by the use of I-aminocyclohexanecarboxyl chloride
hydrochloride and methicillin by the use of 2,6-dimethoxybenzoyl chloride and nafcillin by the use of 2-ethoxy-
1-naphthoyl chloride and oxacillin by the use of 5-methyl-3-phenyl-4-isoxazolecarbonyl chloride and cloxacillin
by the use of 5- methyl-3-(2-chlorophenyl)-4-isoxazole-carbonyl chloride and dicloxacillin by the use of 5-
methyl-3-(2,6-
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dichlorophenyl)-4-isoxazole-carbonyl chloride and flu- 5 cloxacillin (floxacillin) by the use of 5-methyl-3-(2-
chloro-6-fluorophenyl)-4-isoxazole-carbonyl chloride and indanyl carbenicillin by the use of S-indanyl
phenylmalonyl chloride and 6-[D-a-(3-guanyl-l-ureido)- phenylacetamido]-penicillanic acid by the use of D-al0
(B-guanyl-l-ureido)phenylacetyl chloride hydrochloride and levopropyicillin by the use of (-)-2- phenoxybutyryl
chloride and sulfocillin (sulbenicillin; sulfobenzylpenicillin) by the use of a-sulphophenylacetyl chloride and
azidocillin by the use of D-(-)-al5 azidophenylacetyl chloride and 3,4-dichloro-a- SCHEME 1 0 CO2K 1
Potassium Penicillin V N.N-Dimcthylanilinc 0 (DMA) S c u ocn NH iCl | ¢ u ocu iw CO H + Meoy SiMe methyl
phosphates HCI The esterification of penicillin V potassium (1) in methylene chloride solution at 25 with
dimethyldichlorosilane (DDS) in the presence of N,N- dimethylaniline gives rise to a mixture of monomer ester
(2) and dimer ester (3) (Scheme 1). Low levels of DDS (0.60 moles/moles pen V) give predominantly dimer
ester (3), whereas high levels of DDS (0.9-1. moles/mole pen V) give rise to a mixture of both (2) and (3);
monomer ester predominating. In either case, the esterifrcation is essentially quantitative. Long term stability
studies indicate that the preferred technique for esterification is to add all of the DMA required for the cleavage
(2.7-3.0 moles/mole pen V) to the suspension of pen V K salt in methylene chloride, prior to adding the DDS.
This esterification mixture shows no tendency to undergo degradation after 16 hours at 25. An examination of
esterification mixtures (0.94 moles DDS 0.22 moles DMA/mole pen V) after 16 hours showed approximately
9% degradation of the silyl ester to a compound tentatively assigned as the O-silylated amide, (8)

The treatment of the silylation mixture with phosphorous pentachloride (1.1-1.2 moles/mole Pen V) at 40 gives
rise to the chloroimide (4). After 2 hours chlorination was quantitative and free from undesirable side reactions.
No degradation was observed after 8 hours at -40.

The dropwise addition of precooled (60") anhydrous methanol to the chlorination mix (this order of addition is
preferred), maintaining the temperature at 50, produces the imino ether hydrochloride free acid after |-2 hours
reaction time at 50. The alcoholysis reactions of the chlorimide and the silyl ester are quantitative and also free
from any undesirable side reactions; the latter reaction occurring within 10-15 minutes at 50.

The addition of 2.5-3% water by volume of methylyacetate. This reaction is nearly quantitative. In addition,
there is no evidence to suggest that ,B-lactam breakage occurs during this step. Empirical data have shown
that no loss of 6-APA occurs over 16 hours in this hydrolysis mix if it is stored that long.

The overall conversion of penicillin V to 6-APA in this process approaches 98-99%. Residual penicillin V
assays of spent mother liquors are generally under 1%.

The resulting solution of 6-APA is treated with DMA at 50, followed by the addition of D-(-)-phenylglycyl
chloride hydrochloride (PGI-I) at 40. After aqueous quench and workup via NSA/MILA, pure ampicillin trihydrate
is produced in yields of 68-80% overall from penicillin V K salt.

Further laboratory investigations were then carried out by hydrolyzing methylation mix (prepared by adding
chlorimide to methanol) with 6volume percent water at 45", followed by acylation at this temperature with
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varying levels of DMA and PGH. Table 1 summarizes the effects of base and acid chloride on insolution yields
of ampicillin.

It appeared that the best conditions for acylation involved the use of 6-6.2 eq. of DMA and 1.1-1.3 eq. PGH (run
numbers 9 and 10) at 45. These conditions gave rise to 69-72% of ampicillin in solution. Higher mole ratios of
PGH (run numbers 4, 8, 12, 16) apparently resulted in over acylation of 6-APA (acylation of ampicillin), whereas
lower levels of both DMA and PGH apparently resulted in incomplete acylation of the 6-APA (run numbers I-4).

A study of the effect of temperature on in solution yields of ampicillin was also carried out using the DMA/PGH
levels described in Run No. 10 (Table 1). In these instances, methylation mix was prepared from known
potency pen V K salt via esterification with DDS, chlorination with phosphorous pentachloride and by the
addition of 25 eq. of methanol to the chlorimide. maintaining the addition temperature below 50. The single
phase methylation mix was hydrolyzed at 50 with 2.6% water based on the volume of the methylation mix, and
acylated at the temperatures described in Table II.

TABLE | The Effect of DMA and PGH Levels on Ampicillin Yields in Solution TABLE | Contmued Run Moles of
Moles of Calculated No. DMA added PGH added Ampi Free for for Acid in Soln.

Acylation Acylation A 2.0 ml. aliqguot was taken from the acylation mix, stripped in vacuo, diluted to 20 20 mls.
with pH 7.00 phosphate buffer and sent for bioassay. Yields are not corrected for input pen V potency.

"7r Ampiclllin in Solution (Bioassay meg/ml) (20 mis.) (Volume of Acylation mix) Yields are corrected for input
pen V potency.

Somewhat higher yields were noted at temperatures above 50 (Run Nos. 2023). Interestingly, the rate of
dissolution of the acid chloride was virtually instantaneous at 10, whereas it requires 20 minutes at 50. Bioassay
data tend to indicate that better yields of ampicillin are obtained using the controlled addition of 25 ea. of
methanol to chlorimide (compare bio yields in Table | with Table Il). Thus, several isolation variations were
carried out using this methylation technique, some of which are illustrated in Table 111.

TABLE Il Isolation Conditions and Yields of Ampicillin Trihydrate* Chem Method Run Assay of Yield 7c of No.
in meg/mg Theory in grns. Yld. Isoln.

24 853;856 98.7 4.17 70 1 25 810;811 93.8 15.8 76 1 26 817,812 94.1 5.4 77 2 27 1348;855 98.3 16.6 79 2 28
849;853 98.3 66.6 68 2 29 820 94.7 12.2 50 3" *Yields are not corrected for purity. "DMA removed by vacuum
distillation at pH 7 (3.0N NaOH used for pH adjustment); NSA/MILA.

DMA removed by extraction (MIBK) at adjustment); NSA/MILA.

DMA removed by extraction (MIBK) at pH 7 (6N NH OH used for pH adjustment) direct crystallization of
ampicillin by pH adjustment.
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"pH 7 (6N NH OH used for pH Workup in all cases consisted of aqueous quench of acylation mix at O-5. No
emulsions were observed at this stage. The organic layer was removed and the aqueous was processed as
follows:

Isolation method 1 involved adjustment of the rich aqueous with 3 N sodium hydroxide to pH 77.5. In addition
to encountering an emulsion, a gummy solid precipitated during this step which was removed with difficulty via
diatomaceous earth (Dicalite) treatment and filtration. The formation of this solid, however, was precluded by
continuous pH adjustment at pH 7.5, but pH control was difficult. The two phase mix (DMA and aqueous) was
concentrated at 50 in vacuo to complete DMA removal. Slow acidification with aqueous ,B-naphthalenesulfonic
acid (NSA) gave ampicillin NSA salt. The conversion of the wet NSA cake to ampicillin trinydrate using MIBK-
LA-I resin (MILA) gave yields up to 75% of good quality product.

Isolation method 2 involved adjustment of the rich aqueous with 6 N ammonium hydroxide to pH 77.5 in the
presence of MIBK. An amorphous solid was found in addition to an emulsion, but was easily removed by
filtration with added Dicalite. The MIBK layer containing DMA was removed and the clean aqueous processed
via NSA/MILA to good quality ampicillin trinydrate.

Method 3 consisted of removal of the DMA by solvent extraction (MIBK) at pH 77.5 (6 N ammonium hydroxide
used for pH adjustment), followed by direct crystallization of the ampicillin by pH adjustment. The yields were
considerably lower (Table 3) using this technique.

Either of these three methods is capable of yielding good quality ampicillin trihydrate in reasonably good yields
from penicillin V Method 2 has thus far processed most smoothly of the three methods.

The acylation to ampicillin was also investigated using other bases such as triethylamine, imidazole and
pyridine. The yields respectively in each case (bioassay of acylation mix) under best conditions were 55% (6.5
eq. TEA, 1.4 eq. PGH), 27.2% (5 eq. imidazole, I.I eq. PGH) and 30% (20 eq. pyridine, I.I eq. PGH). These
yields were all lower than those obtained using DMA.

Using the best conditions thus far obtained, an acylation of the resulting solution of 6-APA with D-(-)-2-(4-
hydroxyphenyl )glycyl )chloride hydrochloride PHPGH) was examined at 40 using 6.2 eq. DMA/1.3 eq.
PHPGH. Bioassay data indicated yields of amoxicillin in solution approaching average on three occaslons.

The silyl esters of the process of the present invention are made, for example, by the use of such agents as are
described in US. Pat. Nos. 3,499,909, 3,249,622, 3,654,266, 3,678,037, 3,741,959 and 3,694,437, e.g.,
trimethyl chlorosilane, hexamethyl disilazane, triethyl chlorosilane, methyl trichlorosilane, dimethyl
dichlorosilane, triethyl bromosilane, tri-n-propyl chlorosilane, bromomethyl dimethyl chlorosilane, tri-n-butyl
chlorosilane, methyl diethyl chlorosilane, dimethyl ethyl chlorosilane, phenyl dimethyl bromosilane, benzyl
methyl ethyl chlorosilane, phenyl ethyl methyl chlorosilane, triphenylchlorosilane, triphenyl fluorosilane, tri-o-
tolyl chlorosilane, tri-p-dimethylaminophenyl chlorosilane, N-ethyl triethylsilylamine, hexaethyl disilazane,
triphenyl silylamine, tri-n-propyl silylamine, tetraethyl dimethyl disilazane, tetramethyl diethyl disilazane,
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tetramethyl diphenyl disilazane, hexaphenyl disilazane, hexa-p-tolyl disilazane, etc. The same effect is
produced by hexa-alkylcyclotrisilazanes, or octaalkylcyclotetrasilazanes. Other suitable silylating agents are
silylamides and silylureides such as a trialkylsilylacetamide and a bis-trialkylsilylacetamide.

For optimum results, it is preferred to use high concentrations of the reactants. For example, in the formation of
the silyl esters a 20 to 30%, preferably 25% by weight of the penicillin is suspended in an inert organic solvent
and a base for the best results. The preferred base is N,N-dimethylaniline. Depending upon the specific starting
material, the silane is employed preferably -in a slight excess i.e. 10 to 60%, above theoretical amounts. This
enables the use of solvents which are not absolutely dry because trace amounts of water are removed
therefrom by reacting with the excess silylating agent.

Examples of suitable alcohols for forming the imino ethers are primary and secondary alcohols having the
vents such as methyl isobutyl ketone, dimethylformamide, ethyl acetate and acetonitrile.

Among these solvents, methylene chloride, chloro form, acetonitrile, and ethyl acetate are particularly useful.
Since the halosilanes and silylated products are decomposed by moisture and other hydroxylic agents,
solvents employed as reaction media must be substantially anhydrous and free from alcoholic impurities.

Useful weak tertiary bases include N,N- dimethylaniline, pyridine, any lutidine and quinoline; the term weak
means those such amines having dissociation constants in the range of from 10' to 10*.

The halogenating agents include agents forming imide halides and, more specifically acid halides, particularly
chlorides, which are derived from phosphorus,

sulfur, carbon or their oxygen acids, for example phosphorus oxychloride, phosphorus pentachloride,
phosphorus trichloride, thionyl chloride, phosgene, oxalyl chloride.

general formula R OH in which R is selected f th The following examples are given in illustration of,

group consisting of (A) alkyl, having 1 to 12 carbon atoms, preferably at least 3 carbon atoms, such as
methanol, ethanol, propanol, isopropanol, n-butanol, amylalcohol, decanol, etc.; (B) phenylalkyl having 1 to 7
alkyl atoms, such as benzylalcohol, 2-phenylethanol- 1, etc.; (C) cyloalkyl, such as cyclohexylalcohol, etc.; (D)
hydroxyalkyl having 2 to 12 carbon atoms, preferably at least 3 carbon atoms, such as 1.6 hexanediol, etc.; (E)
alkoxyalkyl having 3 to 12 carbon atoms, such as Z-methoxyethanol, butoxyethanol, etc.; (F) aryloxyalkyl
having 2 to 7 carbon atoms in the aliphatic chain such as 2-pchlorophenoxyethanol, etc.; (G) aralkoxyalkyl,
having 3 to 7 carbon atoms in the aliphatic chain, such as 2-(pmethoxybenzyloxy)-ethanol, etc.; (H)
hydroxyalkoxyalkyl, having 4 to 7 carbon atoms, such as diglycol. Also, mixtures of these alcohols are suitable
for forming the imino ethers.

For use as the anhydrous, unreactive organic solvent a wide range of anhydrous non-hydroxylic organic
solvents are suitable, including hydrocarbons, such as benzene and toluene; chlorinated solvents such as
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methylene chloride, chloroform, ethylene dichloride and chlorobenzene; ethers such as diethyl ether, diox- 2-
isopropxyethanol, 2- 30 but not in limitation of, the present invention. All temperatures are in degrees
Centigrade. 7Aminocephalosporanic acid is abbreviated as 7-ACA, methyl isobutyl ketone as MIBK and
tetrahydrofuran as THF. Skellysolve B is a petroleum ether fraction of B.P. -68C. consisting essentially of n-
hexane.

LA-I resin is a mixture of secondary amines wherein each secondary amine has the formula wherein each of R,
R and R is a monovalent aliphatic hydrocarbon radical and wherein R, R and R contain in the aggregate from
eleven to fourteen carbon atoms. This particular mixture of secondary amines, which is sometimes referred to -
in these examples as Liquid Amine Mixture No. Il, is a clear amber liquid having the following physical
characteristics: viscosity at 25C. of cpd., specific gravity at 20C. of 0.826; refractive index at 25C. of 1.4554;
distillation range at 10 mm., up to 170C 0.5%, 170-220C. 3%, 220-230C.

ane and tetrahydrofuran; and other conventional sol 45 and above 230C. 6.5%.

DESCRIPTION OF THE PREFERRED EMBODIMENTS 1 MATERIALS Example | Step Compound WL. g.
Volume. ml. Moles Eq.

A. Penicillin VK 1000 2.57 1.00

Methylene chloride 5000 N,N-Dimethylaniline 936 975 7.72 3.00 Dichlorodimethylsilane 366 342 2.83 2.20 B.
Methylene chloride 5000 Phosphorous Pentachloride 643 3.09 1.20 C. Methanol 2064 2613 64.37 25.0 D.
Water 362 362 20.0 7.83 E. N,N-Dimethylaniline 1934 2015 15.96 6.20

D-()-phenylglycyl chloride Hydrochloride 750 3.35 1.30 F. Water 4000 MIBK 8000 6N Ammonium Hydroxide
4500 BNSA (NSA', Beta-naphthalene 3500 sulfonic acid) 15% MILA 10900 Moles/mole penicillin VK salt.
Based on 92% pure D-(-)-phcnylglycyl chloride hydrochloride. This refers to u 15% Weight/Volume solution of
LA-Il resin in methyl isobutyl ketone.

PROCEDURE All solvents should be dried, preferably with molecular sieves. Step A. Esterification 1.
Potassium penicillin V 1000 g., 2.57 moles) is suspended in anhydrous methylene chloride (5000 ml.) with
gentle stirring at 25 undeer a nitrogen atmosphere.

2. N,N-Dimethylaniline (975 mls., 7.72 moles) is added to the slurry over a minute period. No temperature rise
was observed on a lab scale of 100 g. of K pen V.

3. Dichlorodimethylsilane (342 mls., 2.83 moles) is added over 15 to 20 minutes with gentle stirring at 25. An
exothermic reaction ensues raising the temperature to 35-3 8 during the addition, resulting in the dissolution of
the pen V K salt. The silylation mix is stirred for 45-60 minutes after the addition.
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Step B. Chlorination 1. Methylene chloride (5000 ml.) is-added to the above clear yellow solution of silylation
mix at 25 and the mixture is then cooled to 40 to 45.

2. Phosphorous pentachloride (643 g., 3.09 moles) is added in one portion with high speed agitation at 40 to
45. The temperatures rises to 35 to 38 and then falls to 40 to 45 over a -15 minute period. At this time nearly
complete solution occurs and the mixture turns dark brown.

3. The chlorination mixture is stirred for 2 hours at 40 to 45.

Step C. Methylation 1. The above chlorination mix is cooled to 60 to 65.

2. Anhydrous methanol (2615 mls. 64.4 moles) precooled to 65 is added very slowly to the vigorously agitated
chlorination mix such that the temperature is held between 55 and 50. After the addition of about 1100 mls., the
mixture turns nearly colorless. The reaction is very exothermic and care should be taken not to exceed 50
during theearlier part of the addition of methanol.

3. Methylation is allowed to proceed at 50 to 52 for 2 hours.

Step D. Hydrolysis 1. Water at 25(362 mls., 20.1 moles, 2.6% V/V) is added over 5-10 minutes to the above
light yellow solution at 50.

2. Single phase hydrolysis is allowed to proceed for 1 hour at 50.

Step E. Acylation 1. N,N-Dimethylaniline (2015 mils., 15.96 moles) is added to the hydrolysis mix over a -20
minute period-The temperature rises about 4 during this period, and the solution turns dark green. After about
1000 mls. are added, the mixture becomes a thick green slurry. 1

2. The slurry is warmed to 40 and solid D-(-)- phenylglycyl chloride hydrochloride (749.5 g., 3.35 moles) is
added portionwise over 15-20 min. The reaction is slightly exothermic and the temperature rises to 35 and falls
to 40 over a 10 min. period. Solution becomes complete during this period. The mixture is stirred at 40 for 45
minutes.

3. The mixture is warmed to 10 over a 30-45 min. period and 4000 mls. of water (25) is added over [0-15 min.
with good agitation. The phases are separated and the methylene chloride layer is saved for solvent recovery.

4. The aqueous layer (pH 1.3) is layered with methyl isobutyl ketone (MIBK; 1000 mls.) and the pH is slowly
adjusted to 7.5 7.7 over 10-15 min. with O-5C; 6N ammonium hydroxide (4000 ml.). The emulsion is treated
with 100 g. of diatomaceous earth (Dicalite) and polish filtered and the cake washed with water (500 ml.) and
MIBK (500 mls.).

5. The layers are separated and the aqueous layered with an equal volume of MIBK (about 2000 mls.).
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6. With high speed agitation, the pH is slowly adjusted to 1.5-1.7 with B-naphthalenesulfonic acid (NSA) (2500-
3000 mis.) over a 1 hour period at a rate of additon of NSA of 50 mls./min. When nucleation begins, the mixture
is cooled to 0-5 over 1-2 hours.

7. The slurry is stirred at 0-5 for 2 hours, filtered and the cake washed with cold (0-5) water (2000 mls.) and 25
C. MIBK (2000 mls.).

8. The cake is sucked as dry as possible and slurried with high speed agitation in 15% of MILA (10;900 mis.)
and water (1360 mls.) for 3 hours.

9. The ampicillin trihydrate is collected by filtration and displacement washed with cold.(0-5 C.) water (2000
mils.) and MIBK (2000 mls.) and oven dried at 45 for 18 hours. The yield of snow white trihydrate is .705-829 g.
(68-80%); IR and NMR are consistant for structure. Biopotency indicates 97-99% purity. Chem. potency
indicates about 97-99% purity.

EXAMPLE 2 Ampicillin Trihydrate Potassium penicillin VV (100.0 g., 257,42 moles) was slurried in dry methylene
chloride (500 ml.) under nitrogen, and N,N-dimethylaniline (97.48 ml., 93.58 g., 772.26 mmole, 3.0 eq.) was
added in one portion at 25. Dimethyldichlorosilane (34.16 ml., 36.56 g.-, 283.16 mmole, 2.19 eq) was added
over 1-2 min. at 25. The temperature rose to 35-37 during the addition and fellto 25-27 over 15-20 min. The
mixture was stirred for a total of 30-45 min. and methylene chloride (500 ml.) was added. The solution
wascooled t0,40 to 45 and phosphorous pentachloride (64.33 g., 308.9 mmole, 1.2 eq.) was added in one
portion at 40. The temperature rose to 35 and fell to 40 over 10-12 min. The chlorination was allowed to
proceed for 2 hours at 40 to 45. The solution was cooled to 60 and precooled methanol (-60, 261.3 mls., 206.4
g., 6.45 moles, 25 eq.) was added dropwise very carefully maintaining the temperature below -50". The
addition required about 20 min. Methylation was allowed to proceed for 2 hours at 50. Water at 25 (36.2 mls.,
36.2 g., 2011 mmole, 7.81 eq., 2.6 V/V%) was added over 1 min. at 50 and single phase hydrolysis was
allowed to proceed at -50" for 1 hour. N.N-' dimethylaniline (201.46 ml., 193.4 g., 6.2 eq.) was added slowly
over 36 min. at 50. After the addition,

the mixture containing a green slurry was warmed to 40 over a 5-10 min. period. D-(-)-2-phenylglycyl chloride
hydrochloride (assay purity, 74.95 g., 363.73 mmole, 1.3 eq.) was added in one portion at 40. Acylation was
allowed to proceed at 40 for 40 minutes. The mixture was warmed to -10 and water (1000 ml.) was added over
5-10 minutes. The temper ature rose to about 5 C. during the addition. The layers.

were separated, and the aqueous was layered with methylene chloride (300 ml.) at 5. Dicalite g.) was added
and the pH was adjusted to 7.5 with 6 N ammonium hydroxide (about 390 ml.) with high speed stirring
maintaining the temperature at about 5. The resulting emulsion was filtered and the layers were separated. The
aqueous was layered with an equal volume of methyl isobutyl ketone at 5I0. the pH was adjusted very slowly to
1.5 with 35% aqueous B-naphthalenesulfonic acid (NSA) solution (about 225 ml.) at a rate of about 2.0 ml./min.
The solution was seeded at pH 3.5 and the slurry allowed to stir for 1.5 hours at about 10 and then cooled to O-
5. The slurry was held for 16 hours at 05 and the product collected by filtration and displacement washed with
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water (05) followed by methyl isobutyl ketone (25). The cake was sucked as dry as possible and the slurry
transferred to a tared beaker. A solution (MILA) of LA-I resin in methyl isobutyl ketone W/V) was added based
on 200 mls./50 g. wet cake and water was added based on 25 mls./50 g. .wet cake. The slurry was stirred
vigorously for 3 hours, filtered and washed with cold (05) water, methyl isobutyl ketone and oven dried at 45 for
18 hours giving 66.6 g. (68%) of snow white ampicillin trihydrate. Infrared and NMR spectra were completely
consistent for structure: B-lactam potency was 856 mcg./mg. and the biopotency was 851 mcgJmg. indieating
a purity of about 99%.

EXAMPLE 3 p-Hydroxyampicillin (Amoxicillin) Potassium penicillin V (25.0 g., 64.36 mmoles) was slurried in
dry methylene chloride (100 mls.), followed by the addition of N,N-dimethylaniline (24.37 mls., 23.40 g., 193.08
mmoles) at 25 C. under nitrogen. Dimethyldichlorosilane (8.54 mls., 9.14 g., 70.79 mmoles) was added and the
solution allowed to silylate for 1 hour. Methylene chloride (100 mls.) was added and the solution cooled to -40
C., and phosphorous pentachloride (16.1 g., 77.23 mmoles) was added in one portion. Chlorination was
allowed to proceed for 1.5 hours at 40 C. The solution was cooled to -60 C. and pre-cooled methanol (60 C.;
65.3 mls., 51.6 g., 1609 mmoles) was added dropwise over a 15 minute period. During the addition of
methanol, the temperature was not allowed to exceed 50 C., and methylation was allowed to proceed for 2
hours at 50 C. Water (2.6% V/V, 7.8 mls.) was added at 50 C. and hydrolysis allowed to proceed for 45
minutes at 50 C. N,N-Dimethylaniline (50.37 mls., 48.36 g., 398.92 mmoles) was added over a 5 minute period
at 50 C. The solution was warmed to -40 C. and D-(-)-2-(4- hydroxyphenyl)glycyl chloride hydrochloride (90%
pure; 20.64 g., 92.96 mmoles) was added at -40 C. and as soon as solution of the acid chloride was complete,
a ml. aliquot was taken, stripped, dissolved in 20 mls. pH 7.0 buffer and sent for bioassay. Bioassay indicated
85% amoxicillin in solution. Two more runs were run under the same conditions and bioassay yields in solution
were 82% and 89%. The average yield in solution was 85%.

EXAMPLE 4 Substitution in the procedure of Example 3 for the D()-2-(4-hydroxyphenyl)glycyl chloride
hydrochloride of an equimolar weight of another acid chloride produces epicillin by the use of D-()-2-amino-2-
amino-2-( 1,4-cyclohexadien-I-yl)acetyl chloride hy drochloride and cyclacillin by the use of I-
aminocyclohexanecarboxyl chloride hydrochloride and methicillin by the use of 2.6-dimethoxybenzoyl chloride
and nafcillin by the use of 2-ethoxy-I-naphthoyl chloride and oxacillin by the sue of 5Smethyl-3-phenyl-4-
isoxazole-carbonyl chloride and cloxacillin by the use of 5 -methyl-3-( 2 ChlorophenyD-4-isoxazole-carbonyl
chloride and dicloxacillin by the use of 5-methyl-3- (2',6-dichlorophenyl)-4-isoxazole-carbonyl chloride and
flucloxacillin (floxacillin) by the use of 5-methyl-3- (2'-chloro-6'-fluorophenyl)-4-isoxazole-carbonyl chloride and
indanyl carbenicillin by the use of S-indanyl phenylmalonyl chloride and 6-[D-B-(3-guanyl-1- ureido)-
phenylacetamido]-penicillanic acid by the use of D-a-(3-guanyl-1-ureido)phenylacetyl chloride hydrochloride
and levopropylcillin by the use of (-)-2- phenoxybutyryl chloride and sulfocillin (sulbenicillin;
sulfobenzylpenicillin) by the use of asulphophenylacetyl chloride and azidocillin by the use of D-(-)-
aazidophenylacetyl chloride and 3,4-dichloro-amethoxybenzylpenicillin by the use of 3,4-dichloro-
amethoxyphenylacetyl chloride and 6-[D-m-chloro-phydroxyphenylacetamidolpenicillanic acid (U.S. Pat. No.
3,489,746) by the use of D-(-)-2-m-chloro-phydroxyphenylglycyl chloride hydrochloride and 6-[D- a-amino-( 2-
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thienyl)acetamido] penicillanic acid by the use of D-(-)-a-(2-thienyl)-glycyl chloride hydrochlo ride and 6-[D-a-
amino-(3-thienyl)acetamidolpeniciL lanic acid by the use of D-(-)-2(3-thienyl)glycyl chloride hydrochloride.

The amphoteric penicillins are isolated by the procedure of Example 2 and the others by conventional methods,
e.g. extraction into alkaline water and backextraction at an acidic pH into a water-immiscible organic solvent
from which, after drying the solution, they are precipitated in salt form as by the addition of sodium 2-
ehtylhexanoate.

We claim:

1. In the process for producing a synthetic penicillin from a natural penicillin by the consecutive steps of a.
forming a solution in an anhydrous, unreactive organic solvent of a silyl ester of said natural penicillin in the
presence of a weak tertiary amine,

b. adding at below 0 C. a halogenating agent to form a solution of the imino-halide,

c. mixing said solution at below 20" C. with alcohol to form a solution of the imino-ether,

d. mixing said solution with water to produce 6- aminopenicillanic acid in a biphasic system,

c. isolating said 6-aminopenicillanic acid as a solid,

f. redissolving it in a solvent and g. adding thereto a carboxylic acid chloride as an acylating agent to produce
said synthetic penicillin, the improvment which comprises maintaining the imino-ether solution in the hydrolysis
step at 50C.

while adding a volume of water no greater than 10% of the volume of the iminoether solution to produce a
single phase containing 6-aminopenicillanic acid which is then, without intermediate isolation of the 6-
aminopenicillanic acid, acylated at about 40 C.

after the addition of a weak tertiary amine to produce said synthetic penicillin.

2. The process of claim 1 wherein the synthetic penicillin so produced is ampicillin and the acylating agent is D-
()-2-phenylglycyl chloride hydrochloride.

3. The process of claim 1 wherein the synthetic penicillin so produced in amoxicillin and the acylating agent is
D-(-)-2-p-hydroxyphenylglycyl chloride hydrochloride.

4. The process of claim 1 wherein the synthetic penicillin so produced is epicillin and the acylating agent is D-(-
)-2-amino-2-( | ,4-cyclohexadien-I-yl)acetyl chloride hydrochloride.
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5. The process of claim 1 wherein the synthetic penicillin so produced is cyclacillin and the acylating agent is
laminocyclohexanecarboxyl chloride hydrochloride.

6. The process of claim 1 wherein the synthetic penicillin so produced is methicillin and the acylating agent is
2,6-dimethoxybenzoyl chloride.

7. The process of claim 1 wherein the synthetic penicillin so produced is nafcillin and the acylating agent is 2-
ethoxy-I-naphthoyl chloride.

8. The process of claim 1 wherein the synthetic penicillin so produced is oxacillin and the acylating agent is 5-
methyl-3phenyl4-isoxazole-carbonyl chloride.

9. The process of claim 1 wherein the synthetic penicillin so produced is cloxacillin and the acylating agent is 5-
methyl-3-(2-chlorophenyl)-4-isoxazolecarbonyl chloride.

10. The process of claim 1 wherein the synthetic penicillin so produced is dicloxacillin and the acylating agent
is 5-methyl-3-(2',6'-dichlorophenyl)-4- isoxazolecarbonyl chloride.

11. The process of claim 1 wherein the synthetic pen- | 5 ating agent is, S-indanyl phenylmalonyl chloride.

13. The process of claim 1 wherein the synthetic penicillin so produced is 6-[D-a-(3-guanyl-l-ureido)-
phenylacetamido]-penicillanic acid and the acylating agent is D-a-(3-guanyl-1-ureido)phenylacetyl chloride
hydrochloride.

14. The process of claim 1 wherein the synthetic penicillin so produced is levopropyicillin and the acylating
agent is (-)-2-phenoxybutyryl chloride.

15. The process of claim 1 wherein the synthetic penicillin so produced is sulfocillin and the acylating agent is
a-sulphophenylacetyl chloride.

16. The process of claim 1 wherein the synthetic penicillin so produced is azidocillin and the acylating agent is
D-(-)-a-axidophenylacetyl chloride.

17. In the process for producing a synthetic penicillin from penicillin G or penicillin V by the consecutive steps
of a. forming a solution in an anhydrous, unreactive organic solvent of a silyl ester of said penicillin in the
presence of a weak tertiary amine,

b. adding at below 20 C. an acid halide to form a solution of the imino-halide,

¢. mixing said solution at below -40 C, with a lower alkanol to form a solution of the imino-ether,

d. mixing said solution with water to produce 6- aminopenicillanic acid in a biphasic system,
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e. isolating said 6-aminopenicillanic acid as a solid,

f. redissolving it in a solvent and g. adding thereto a carboxylic acid chloride as an acylating agent to produce
said synthetic penicillin,

5 the improvement which comprises maintaining the | imino-ether solution in the hydrolysis step at 50 C. while
adding a volume of water about 2.5 to 6% of the volume of the imino-ether solution to produce a single phase
containing 6-aminopenicillanic acid 10 which is then, without intermediate isolating of the 6-aminopenicillanic
acid, acylated at about 40 C. after the addition of a weak tertiary amine to produce said synthetic penicillin.

18. The process of claim 17 wherein the synthetic penicillin so produced is ampicillin and the acylating agent is
D-(-)-2-phenylglycyl chloride hydrochloride.

19. The process of claim |7-wherein the synthetic penicillin so produced is amoxicillin and the acylating agent is
D-(-)2-p-hydroxyphenylglycyl chloride hydro- 20 chloride. i 20. The process of claim 17 wherein the synthetic
penicillin so produced is epicillin and the acylating agent is D-(-)-2-amino-2-( | ,4-cyclohexadien- 1 yl)acetyl
chloride hydrochloride.

25 21. The process of claim 17 wherein the synthetic penicillin so produced is cyclacillin and theacylating agent
is laminocyclohexanecarboxyl chloride hydrochloride.

22. The process of claim 17 wherein the synthetic penicillin so produced is methicillin and the acylating agent is
2,6-dimethoxybenzoyl chloride.

23. The process of claim 17 wherein the synthetic penicillin so produced is nafcillin and the acylating agent is
2-ethoXy-I-naphthoyl chloride.

24. The process of claim 17 wherein the synthetic penicillin so produced is oxacillin and the acylating agent is
5-methyl-3phenyl4-isoxazole-carbonyl chloride.

25. The process of claim 17 wherein the synthetic penicillin so produced is cloxacillin and the acylating agent is
5-methyl-3-(2-chlorophenyl)-4- isoxazolecarbonyl chloride. |

26. The process of claim 17 wherein the synthetic penicillin so produced is dicloxacillin and the acylating agent
is 5-methyl-3-(2',6'-dichlorophenyl)-4- isoxazolecarbonyl chloride.

27. The process of claim 17 wherein the synthetic penicillin so produced is flucloxacillin and the acylating agent
is 5-methyl-3-(2'-chloro-6-fluorophenyl)-4- isoxazolecarbonyl chloride.

28. The process of claim 17 wherein the synthetic penicillin so produced is indanyl carbenicillin and the
acylating agent is S-indanyl phenylmalonyl chloride.
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29. The process of claim 17 wherein the synthetic penicillin so produced is 6-[D-a-(3-guanyl-l-ureido)-
phenylacetamido]penicillanic acid and the acylating agent is D-a-(3-guanyl-I-ureido)phenylacetyl chloride
hydrochloride.

30. The process of claim 17 wherein the synthetic penicillin so produced is levopropylcillin and the acylating
agent is (-)-2-phenoxybutyryl chloride.

31. The process of claim 17 wherein the synthetic penicillin so produced is sulfocillin and the acylating agent is
a-sulphophenylacetyl chloride.

32. The process of claim 17 wherein the synthetic penicillin so produced is azidocillin and the acylating agent is
D-(-)-a-azidophenylacetyl chloride.

| 33. in the process for producing a synthetic penicillin from penicillin G or penicillin \(by the | consecutive c.
mixing said solution at below 40 C. with" a lower A alkanolto form a solution of the imino-ethe'r, d. mixing said
solution with water to produce 6- aminopenicillanic acid in abiphasic system, 'e. isolating said 6-
aminopenicillanic acid as'a solid, f. redissolving it in-a solvent and v i v adding thereto a carboxylic acid chloride
as an acylating agent to produce said synthetic penicillin, the improvement which comprises maintaining the
iminoether solution'in the, hydrolysis step at -5.0. C.

.while adding a volume of water about-2.5 to 6% of i 35. The process of claim 33wherein the synthetic penicillin
so produced is amoxicillin and the acylating agent is D-(-)-2-p-hydroxyphenylglycyl chloride hydrochloride.

36. The process of claim 33 wherein the synthetic penicillin so produced is epicillin and the acylating agent is
D-(-)-2-amino-2-(1,4-cyclohexadien-lyl)acetyl chloride hydrochloride.

37. The process of claim 33 wherein the synthetic penicillin so produced is cyclacillin and the acylating agent is
I-aminocyclohexanecarboxyl chloride hydrochloride.

38. The process of claim 33 wherein the synthetic penicillin so produced is methicillin and the acylating agent is
2,6-dimethoxybenzoyl chloride.

39. The process of claim 33 wherein the synthetic penicillin so produced is nafcillin and the acylating agent is
2-ethoxy-I-naphthoyl chloride.

40. The process of claim 33 wherein the synthetic penicillin so produced is oxacillin and the acylating agent is
5-methyl-3-phenyl-4-isoxazole-carbonyl chloride.

41. The process of claim 33 wherein the synthetic penicillin so produced is cloxacillin and the acylating agent is
5-methyl-3-(2'-chlorophenyl)-4- isoxazolecarbonyl chloride.
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42. The process of claim 33 wherein the synthetic penicillin so produced is dicloxacillin and the acylating agent
is 5-methyl-3-(2',6'-dichlorophenyl)-4- isoxazolecarbonyl chloride.

43. The process of claim 33 wherein the synthetic penicillin so produced is flucloxacillin and the acylating agent
is 5-methyl-3-(2'-chloro-6'-fluorophenyl)-4- jisoxazolecarbonyl chloride.

44. The process of claim 33 wherein the synthetic penicillin so produced is indanyl carbenicillin and the
acylating agent is S-indanyl phenylmalonyl chloride.

45. The process of claim 33 wherein the synthetic penicillin so produced is 6-[D-a-(3-guanyl-1-ureido)- 1s ph
e'nylace'ta mido] periic ill'anic acid arid th e acyl'ating agent is D- a-(3-guanyl-l-ureido)phenylacetyl chloride

hydrochloride.

46. The process of claim 33 wherein 'thel synthetic p eni cil lin so prodiiced is levopropylcillin and the acylating
agent is 2-phen oxybutyryl chloride.

47. The process of claim 33 wl'lereinthe synthetic ,pencillin so produced is sulfocillin and the acylating agentis
a-sulphophenylace't'yl chloride.

" 48. The proces s of claim 33 wherein the synthetic penicillin so produced is azidocillin and the acylating agent
is Dj-(-)-a-azidophenylacetyl chloride. i

49. In the process for producing a synthetic penicillin ,frorn penicillin V by the consecutive steps of a. forming a
solution in anhydrous methylene chloride of a silyl ester of said penicillin V made by re- 1 action of said
penicillin V, with dichlorodimethylsi lane or hexarnethyl-disilazane or trimethylchlorosilane in thepresence of
dimethylaniline,

b. adding at below 40 C. phosphorus pentachloride to form a solution of the imino-halide,

¢. mixing said solution at below -40 C. with methanol to form a solution of the imino-ether,
d. mixing said solution with water to produce 6- aminopenicillanic acid in a biphasic system,
e. isolating said 6-aminopenicillanic acid as a solid,

f. redissolving it in a solvent and g. adding thereto a carboxylic acid chloride as an acylating agent to produce
said synthetic penicillin, the improvement which comprises maintaining the imino-ether solution in the
hydrolysis step at C.

while adding a volume of water about 2.5 to 6% of the volume of the imino-ether solution to produce a single
phase containing 6-aminopenicillanic acid which is then, without intermediate isolation of the 6-
aminopenicillanic acid, acylated at about 40 C.
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after the addition of dimethylaniline to produce said synthetic penicillin.

50. The process of claim 49 wherein the synthetic penicillin so produced is ampicillin and the acylating agent is
D-(-)-2-phenylglycyl chloride hydrochloride.

51. The process of claim 49 wherein the synthetic penicillin so produced is amoxicillin and the acylating agent
is D-(-)-2-p-hydroxyphenylglycyl chloride hydrochloride.

52. The process of claim 49 wherein the synthetic penicillin so produced is epicillin and the acylating agent is
D-(-)-2-amino-2-( |,4-cyclohexadienl yl)acetyl chloride hydrochloride.

53. The process of claim 49 wherein the synthetic penicillin so produced is cyclacillin and the acylating agent is
I-aminocyclohexanecarboxyl chloride hydrochloride.

54. The process of claim 49 wherein the synthetic penicillin so produced is methicillin and the acylating agent is
2,6-dimethoxybenzoyl chloride.

55. The process of claim 49 wherein the synthetic penicillin so produced is nafcillin and the acylating agent is
2-ethoxy-I-naphthoyl chloride.

56. The process of claim 49 wherein the synthetic penicillin so produced is oxacillin and the acylating agent is
5-methyl-3-phenyl-4-isoxazole-carbonyl chloride.

57. The process of claim 49 wherein the synthetic penicillin so produced is cloxacillin and the acylating agent is
5-methyl-3-(2'-chlorophenyl)-4- isoxazolecarbonyl chloride.

58. The process of claim 49 wherein the synthetic penicillin so produced is dicloxacillin and the acylating agent
is -methyl-3-(2,6'-dichlorophenyl)-4- isoxazolecarbonyl chloride.

59. The process of claim 49 wherein the synthetic penicillin so produced is flucloxacillin and the acylating agent
is 5-methyl-3-(2'-chloro-6-fluorophenyl)-4- isoxazolecarbonyl chloride.

60. The process of claim 49 wherein the synthetic penicillin so produced is indanyl carbenicillin and the
acylating agent is S-indanyl phenylmalonyl chloride.

61. The process of claim 49 wherein the synthetic penicillin so produced is 6-[D-a-( 3-guanyl-l-ureido)-
phenylacetamido]-penicillanic acid and the acylating agent is D-a-(3-guanyl-l-ureido)phenylacetyl chloride
hydrochloride.

62. The process of claim 49 wherein the synthetic penicillin so produced islevopropylcillin and the acylating
agent is (-)-2-phenoxybutyryl chloride.
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63. The process of claim 49 wherein the synthetic penicillin so produced is sulfocillin and the acylating agent is
a-sulphophenylacetyl chloride.

64. The process of claim 49 wherein the synthetic penicillin so produced is azidocillin andthe acylating agent is
D-(-)-a-azidophenylacetyl chloride.

65. The process of claim 49 wherein the synthetic penicillin so produced is 3,4-dichloro-a-methoxybenzyl
penicillin and the acylating agent is 3,4-dichloro-amethoxyphenylacetyl chloride.

66. The process of claim 49 wherein the synthetic penicillin so produced is 6-[D-m-chlor -
phydroxyphenylacetamido]penicillanic acid and the acylating agent is D-(-)-2-m-chloro-p-hydroxyphenylglycyl
chloride hydrochloride.

67. The process of claim 49 wherein the synthetic penicillin so produced is 6-[D-a-amino-(2-thienyl)-
acetamidolpenicillanic acid-and the acylating agent is D-(-)-a-(2-thienyl)-glycyl chloride hydrochloride.

68. The process of claim 49 wherein the synthetic penicillin so produced is 6-[D-a-amino-(3-thienyl)-
acetamido] penicillanic acid and the acylating agent is D-(-)-2-(3-thienyl)glycyl chloride hydrochloride.

2.4 Detailed Semi-synthetic Penicillin production steps and technologies3

2.4.1 General Process of Penicillin Production

15. Culture methods @ The fungus can be cultured in two methods ,namely Surface culture method

Submerged culture method

16. Surface culture method e In surface culture method ,the fungus is cultured on the surface of a liquid
medium without agitation. © After an appropriate incubation period ,the penicillin is extracted from

the medium . o This is an old method .
oz 16 Wb Bl BU mbw o 2ib oy omkb 3 oiEl Sh Iy Bl e b,
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17. Submerged culture method e In submerged culture method ,the fungus is grow in a liquid medium
which is vigorously aerated and agitated. @ After an appropriate incubation period ,the penicillin is

separated from the medium . @ Today penicillin is produced by the submerged method .

18. Production process medium fermentation centrifugation filtration Solvent extraction precipitation

crystallization

FERMENTATION e It is done in a fed-batch mode as glucose must not be added in high amounts at
the beginning of growth (which will result in low yield of penicillin production as excessive glucose
inhibit penicillin production). ® The fermentation conditions for the Penicillium mold, usually requires
temperatures at 20-24°C while pH conditions are kept at 6.5 ® The pressure in the bioreactor is much
higher than the atmospheric pressure (1.02atm). This is to prevent contamination from occurring as it
prevents external contaminants from entering. ® It is necessary to mix the culture evenly throughout

the culture medium. Fungal cells are able to handle rotation speed of around 200 rpm.

19. Media formulation ® Ph6.5 @ Temperature 20-24c ® Oxygen o Nitrogen (corn steep liquor 8.5%) @

Glucose 1% (preferred for penicillium notatum) @ 80% ethanol @ Phenyl acetic acid @ Probenecid

20. @ Lactose 1% o Calcium carbonate 1% o Sodium hydrogen phosphate 0.4% o Antifoaming agent :
Vegetable oil

T THN) Lajj\.?\j 5}.2.3 Z\.)aw\jj\ aerated Jjw\ d )M:; LSh i) oL ,Z\.Z.gjia Z\.Z..:J.ié J,o& L} e o J.a.é'17,
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© o Probenecid J %) o notatum penicillium) 80% -24:) %1 ; 155 ol %8.5
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L}Lc-"j‘ < 25) 3J:A-9 Antifoaming 0.4% Qy.-j)v\.:&\ OXO) (ﬁsjd\ oliwgd

21. Heat sterilization ©121 degree celcius at 30 psi (pounds per square inch). oFor high temperature

short time for sterilization is used to minimize the degradation of certain components of media.
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22. FERMENTATION o Usually done by fed-batch mode @ High amount of glucose result in low yield
of Penicillin. © Temperature : 20 to 24 c © pH : 6.0 to 6.5 units © Pressure : 1.02 atmosphere (higher than

atmospheric pressure to prevent contamination )

23. Fermentation: ® Sparging of air provided for providing sufficient oxygen required for cell viability.
IMPELLER: eRotor used to increase the pressure and flow of fluid. ® Used to mix culture throughout

the medium e Fungal cells are hardy ¢ Hence handled at rotation speed around 200rpm
FERMENTORS

24. SEED CULTURE: o First done in lab by adding penicillium spores to the liquid medium. o After
growth , inoculated into the fermentor. o In some cases spores are directly inoculated into the

fermentor. Spore: produced during stress condition
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penicillium
25. FILTERATION: o Rotary vaccum filter is used for large scale production. ® To remove biomass such

as fungus, other impurities from the medium. ePhosphoric acid is added pH become 8.5 oThis can
leads to the loss of penicillin activity. ©eThus pH is maintained at 6.0 to 6.5. ROTARY VACCUM FILTER

26. Addition of solvents : © AMYL ACETATE or BUTYL ACETATE is added to dissolve penicillin in

filtrate. ® Now, penicillin is present in the form of solution. ® Other solids are considered as wastes.

27. CENTRIFUGAL EXTRACTION: e Tubular bowl or chamber bowl centrifuge is used. ® To separate
solid waste from liquid component which contains the penicillin. ® Supernatent is transferred to

downstream process.

28. EXTRACTION PENICILLIN + ACETATE SOLUTION 1.Phosphate buffer 2.Chloroform solution
3.Again phosphate buffer 4.Ether solution Mixed with
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29. o Penicillin is present in high concentration in ether solution ETHER SOLUTION CONTAINING
PENICILLIN Mixed with SODIUM BICARBONATE Penicillin sodium salt BASKET
CENTRIFUGATION oSolids are easily removed by basket centrifugation. ePenicillin salt is in stable

powdered form at room temperature . Basket centrifuge

30. Fluid bed drying: © To remove the moisture present in the penicillin salt. © Hot gas is pumped from
the base of the chamber. ® Powdered salt is contained in a vaccum chamber. @ Results in dried form of
penicillin.

31. Storage: oStored in containers in dried environment. eThen packaged into eLiquid penicillin
oPenicillin in pills

32. process ® Medium (corn steep liquor lactose starter culture Yeast extract (penicillium) pHbuffers

minerals ) batch fermenter (10 times in 6 days to remove 30% culture add 30% fresh medium )

33. rotating filter filtrate fungal cells Dissolve in butyl acetate animal feed Potassium ions added to

Precipitate salt of penicillin Wash, filter and dry 99.55% pure penicillin
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2.4.2 Inoculum Development

- The preparation of a population of microorganisms from a dormant stock culture to an active state of
growth that is suitable for inoculation inthe final production stage is called inoculum development. As
a first step in inoculum development, inoculumis taken from a working stock culture to initiate growth
in a suitable liquid medium.Bacterial vegetative cells and spores are suspended, usually, in sterile tap
water, which is then added to thebroth. In case of nonsporulating fungi and actinomycetes the hyphae

are fragmented and then transferredto the broth.Inoculum development is generally done using flask
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cultures; flasks of 50 ml to 12 litres may be used andtheir number can be increased as per need. Where

needed, small fermenters may be used.Inoculum development is Inoculum
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8 x| Inoculum deesd)

2.4.3 Solid StateFermentation

- In such fermentations,microbial growth and product formation occur at the surface of solid
substrates. Examples of suchfermentations are mushroom cultivation, mold ripened cheeses, starter
cultures, etc. More recently, thisapproach has been used for the production of extracellular enzymes,
certain valuable chemicals, fungaltoxins, and fungal spores (used for biotransformation).Traditional
substrates are several agricultural products, rice, wheat, maize, soybean, etc. The substrateprovides a
rich and complex source of nutrients, which mayor may not need to be supplemented.Such substrates
selectively support mycelial organisms, which can grow at high nutrient concentrations andproduce a

variety of extracellular enzymes, e.g., a large number of filamentous fungi, and
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suchfermentations (n3-ly £ pas)) 4y 59 Jadll starter b thisapproach GL:JY Cndsiin) | 52509 &\
extracellular Aol a5larS) slells Y fungaltoxins & ledll lésdls  diss (biotransformation
Ll Dy il Bl madlly LYl i)l ol sis sUE (S

substrateprovides WSl ola. oS JLsST ) CL:;- Y 8 sdes ,ldall e 3Udeeg 4 mycelial

58



Penicillin

e d)\ﬂfj 3 sed O u-<-€ ‘_;-“ v—‘«-\-“ 45| extracellular andproduce J-:‘w‘ L;Lf— , oY) P Aesest
Ol ledll jeebsy gl a3 slimly o S s, JU,
3

! 2 5
N s AT

N e
1 2 / :LL
o =)0

Ja 3b

2.4.4 Method of Penicillin Production in Submerged Culture on a Pilot-Plant Scale

BY J. J. GORDON, E. GRENFELL, E. KNOWLES, B. J. LEGGE, R. C. A. McALLISTER AND T. WHITE
The Research Laboratories, John Wyeth and Bro. Ltd., London

SUMMARY: This paper gives details of a 50 gal. fermentation vessel designed for investigating the
formation of antibiotics (or other metabolic products) by micro- organisms grown in submerged
culture. This vessel has been used for investigating the submerged culture production of penicillin by
Penicillium chrysogenum X 1612 and Q176, and certain results relating to the size of the inoculum and
the yields obtainable from these strains in synthetic and other media have been obtained. Culture fluids

containing from 400 to 500 Oxford units penicillin/ml. have been obtained
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with cultures of Q176 in a corn-steep liquor medium. A method of extracting penicillin from the broth
has been worked out, based on solvent transfer, the method being applicable on virtually any scale of
operation and involving only relatively simple equipment. It has the advantage of reducing the time of
contact of penicillin with acid to such a degree that extraction at room temperature is possible,
although extraction at still lower temperatures improves the yield. Using this method of extraction we
have obtained calcium penicillin with a potency of 940 Oxford unitslmg., the overall recovery from the
broth being of the order of 35-50%.
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2.4.4.1 EXPERIMENTAL Methods and equipment

Analytical methods The course of each fementation was followed by periodic determinations of pH
(electrometrically) ; sugar utilization (method of Schaffer & Hartman, 1920) ; ammonia content (micro-
Kjedahl) ; and penicillin content (Grenfell et al. 1947). Other features could, of course, have been
followed. Over a period of time, however, it was found that changes in the above constituents
constituted the data of greatest significance and that from consideration of pH, sugar, and ammonia
values it was normally possible to predict whether or not a fermentation was proceeding satisfactorily,
and the time at which the culture fluid should be processed to obtain the best yield of penicillin. These

two aspects are naturally of importance for production.
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2.4.4.2 Culture media

Synthetic media No. 22A. This medium was developed for use in penicillin production by the
Pennsylvania State University group of workers (un- published). The composition is: lactose B.P., 15 g.;
glucose B.B., 5 g.; acetic acid (glacial), 4 g.; NH4NO,, 5 g.; KNO,, 3.5 g.; KH,P04, 2 g.; Mg504,7&0, 0.5 g.;
FeS0,,7H20, 0-2 g.; ZnS04,7H,0, 0.04 g.; CuS0,,5H20, 0.005 g.; phenylacetamide, 0.25 g.; water to 1 1.
Corn-steep liquor medium. The composition of this medium is : corn-steep liquor (Stahley no. 14), 30
ml.; lactose B.P., 40 g.; CaCO,, 10 g.; phenylacet- amide, 0.25 g. ; water to 1 1. Antifoam (300 ml./200 1.

medium) is added before sterilization,
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2.4.4.3 Submerged-culture
methods for P. chrysogenum 193 then connected by rubber tubing to the air filter tube of the aspirator

and the latter clamped in an inverted position above the fermenter. The fermenter pressure was then
lowered to 2 Ib. by operating the air exit valve, the inocula- tion valve opened, and air at 30 Ib. pressure
passed from the branch air line into the aspirator, thus forcing the inoculum into the fermenter. On
completion of this process the air passing into the aspirator was turned off, the inoculation nozzle valve
closed, and the aspirator disconnected from the nozzle. The nozzle cap was then refitted and steam
turned on at the nozzle steam line to resterilize the system from the valve seating upwards. The

fermenter pressure was finally readjusted to 5-10 Ib
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A previously sterilized aspirator assembly containing antifoam was then attached to the nozzle and
additions of antifoam made when required by the same technique, except that the assembly was left

attached to the fermenter throughout the run.
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For centuries, the Irish peasants treated themselves with a miraculous preparation of which they had
the secret. A few curious comrade scientists have investigated and discovered the miraculous active
principle: penicillin ! Impure and small in quantity, certainly, but enough to cure wounds likely to

become infected and end in gangrene .
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To make this "medicine", the Irish spread a piece of bread with butter and left it to rest for a fortnight in

a warm and humid place.
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We did this experiment again to make penicillin ourselves, as the Irish did.

63



Basics for Penicillin and Ampicillin Production

Beginning of the experiment: January 6, 2009
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Beginning of the mold: January 18,

2.4.5 What s penicillin?

Penicillin is an antibiotic of the beta-lactam family that originated from the mold of a fungus:

Penicillium Notatum . We now know that penicillin has the formula COH11N204S --- R.
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During mold: February 4, 2009
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During mold: February 21, 2009

After a fortnight, we saw a greenish mold that is nothing other than penicillin. But we left it longer than
expected because our growing medium should not be hot enough or wet enough. It is then sufficient to

recover the mold and mix it with water to obtain the preparation of the Irish.

Production medium Inoculum development

Production fermentation
(a fed-batch process)

Broth clarification

e.g. rotary vacuum filtration
1

Washed mycelium

Solvent extraction of cell-free broth
e.g. amyl acetate

Extract purification
e.g. activated charcoal treatment and filtration

Crystallization of antibiotic
e.g. addition of sodium acetate

Recovery of penicillin crystals
e.g. filtration

Crystal washing
e.g. anhydrous ethanol wash and filtration

Crystal drying
e.g. vacuum tray drier

Penicillin acylase treatment and the
addition of a 'new"’ side chain

Natural penicillin Semi-synthetic penicillin

Fig. 11.1 Producrion of penicillin.

Penicillin production, including glucose, lactose, sucrose, ethanol and vegetable oils. About 65% of

the carbon source is metabolized for cellular maintenance, 25% for

growth and 10% for penicillin production. In the past, a mixture of glucose and lactose was used, the
former pro-ducing good growth, but poor penicillin yields, whereas the latter had the opposite effect.

The mode of ‘feeding’ of a particular carbon source is vitally important, as it
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can influence the production of this secondary metabo-lite (see Chapter 3, Secondary metabolism).
Corn steep liquor is still used as a source of nitrogen, additional nutrients and side-chain precursors.

Its acidic nature creates a requirement for calcium carbonate (1%, w/v)

and a phosphate buffer to neutralize the medium, there-by optimizing its pH for penicillin production.
Ammo-nia, mineral salts and specific side-chain precursors, e.g. phenyl acetic acid or

phenoxyacetic acid, may also be added. However, as some precursors are toxic,
they must be fed continuously at non-inhibitory concentrations.

Inoculum development is usually initiated by adding lyophilized spores to a small fermenter at at a

concentration of ... spores/ml.

. Fungal mycelium may then be grown up through one or two further stages until there is sufficient to
inoculate the production fermenter. Initially, there is a vegetative growth phase devoted to the
development of biomass, which doubles every 6 h. This high growth rate is maintained for the first 2
days. To ensure an optimum yield of penicillin in the following production phase, the mycelium must
develop as loose pellets, rather than compact forms. During the following production phase, the carbon

source is fed at a low

rate and penicillin production increases. This continues for a further 6-8 days, provided that
appropriate substrate feeds are maintained. Penicillin is excreted into the medium and is recoveredat
the end of fermentation. Whole broth extraction may be performed, but can lead to
downstream processing problems, as additional materials leach from the mycelium. Usually,
penicillin recovery follows removal of mycelium using rotary vacuum filters, the efficiency of which
may be affected by the culture mediacomposition, particularly its proteinaceous compo nents.
Recovered mycelium is then washed to remove residual penicillin, prior to its use as animal feed
or fertilizer. Antibiotic recovery is often by solvent extraction of the cell-free medium, which gives

yields of up to 90%.

This involves reducing the pH of the filtered medium to 2.0-2.5 by addition of sulphuric or phosphoric
acid, followed by a rapid two-stage continuous countercurrent extraction at 0-3°C using amyl acetate,

butyl acetate or methyl isobutyl ketone. The low temperature is neces-

sary to reduce damage to penicillin due to the low pH. Alternatively, ion-pair extraction may be

used at pH 5-7, in which range penicillin is stable. Any pigments

and trace impurities are removed by treating with activated charcoal. The penicillin is then retrieved
from the solvent by addition of sodium or potassium acetate. This reduces the solubility of the

penicillin and it precipitates as a sodium or potassium salt. Resultant

penicillin crystals are separated by rotary vacuum filtra- tion. Solvent is recovered from the separated

liquor and any other materials used, such as the charcoal, which is
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very important in terms of the overall economics of the process. Penicillin crystals are mixed with a
volatile solvent, usually anhydrous ethanol, butanol or iso-propanol, to remove further impurities.

The crystals are collected by filtration and air dried. At this stage the

penicillin is 99.5% pure. This product may be further processed to form a pharmaceutical grade

product or is used in the production of semisynthetic penicillins.

2.4.6 But how do you make penicillin today?
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Lewis formula of penicillin
It is composed of two parts:

- Natural penicillin, or penicilloic acid, of formula C8H11N2O3S, corresponding to the fermentation of

the fungus.

- The variable radical, of formula R, representing the different proteins that can be grafted synthetically

to natural penicillin.

It can be decomposed into several subparts when it is in the form of penicillin: a thiazolidine ring acole

at a beta-lactam ring, a carboxylic acid of formula COOH and an amide function of formula CONH.

noyau beta-lactame

fonction amide

(CONH) noyau theazoldine
radical R (élément
variahble en fonction des
différentes pénicilines) acide carboxyhogue
(COOH)

B. The manufacture of yesterday
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It all started on September 4, 1928 when Alexander Fleming, a Scottish doctor, accidentally discovered
that a fungus named Penicillium Notatum could inhibit the growth of bacteria such as staphylococcus .

He will call it "penicillin".

At that time the manufacture of penicillin is based on Fleming's original experience. This method of
preparation of the first antibiotic could constitute the scheme of a universal manufacture. In fact, the

manufacture of various antibiotics, modeled on that of penicillin, contains three main phases:
The preparation and preservation of the antibiotic-producing microorganism strain,

- His culture,

- The extraction of the antibiotic products of its metabolism.

The strain consists of a microorganism, usually a fungus but sometimes a bacterium. It is most often a
suitable variety with the best yield, obtained from the most diverse environments, suitably purified

and mutated, and kept away from contamination.
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Penicillium Notatum Penicillium Notatum seen under a microscope

The microorganisms constituting the strain are then inoculated in a nutrient medium. The first methods

used employed solid nutrient media distributed in thin layers in suitable containers, such as a box of
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ruddy, maintained at a suitable temperature, about 20 ° C, in drying ovens. After a few days, an
abundant fruiting of the mold is obtained, which is separated from the support medium. The latter,
which contains the products of the Penicillium metabolism , is then treated for the extraction of the

antibiotic.
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2.4.7 Fed-batch culture

—_ Ij Fed-batch culture is, in the broadest sense, defined as an operational technique in

biotechnological processes where one or more nutrients (substrates) are fed (supplied)

to the bioreactor during cultivation and in which the product(s) remain in the
bioreactor until the end of the run.[1] An alternative description of the method is that of

a culture in which "a base medium supports initial cell culture and a feed medium is

added to prevent nutrient depletion".[2] It is also a type of semi-batch culture.

In some cases, all the nutrients are fed into the bioreactor. The advantage of the fed-batch culture is that
one can control concentration of fed-substrate in the culture liquid at arbitrarily desired levels (in many

cases, at low levels).

Generally speaking, fed-batch culture is superior to conventional batch culture when controlling

concentrations of a nutrient (or nutrients) affect the yield or productivity of the desired metabolite.
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2.4.8 Fermentation

Fermentation for penicillin is usually done in the fed-batch mode as glucose must not be added in high
amounts at the beginning of growth which will result in low yield of penicillin production as excessive
glucose inhibit penicillin production. In addition to that, penicillin is a secondary metabolite of the
fungus, therefore, the fed-batch mode is ideal for such products as it allows the high production of
penicillin. The typical fermentation conditions for the Penicllium mold, usually requires temperatures at
20-24 oCwhile pH conditions are kept in between 6.0 to 6.5. The pressure in the bioreactor is usually
much higher than the atmospheric pressure(1.02atm) this is to prevent contamination from occurring as
it prevents external contaminants from entering. Sparging of air bubbles is necessary to provide
sufficient oxygen the viability of the fungus. Depending on the volume of medium, for 2 cubic metres
of culture, the sparging rate should be about 2.5 cubic metres per minute. The impeller is necessary to
mix the culture evenly throughout the culture medium, fungal cells are much hardy and they are able

to handle rotation speed of around 200rpm.

2.4.9 Seed culture

Like any other scale up process, usually the seed culture is developed first in the lab by the addition of
Penicillium spores into a liquid medium. When it has grown to the acceptable amount, it will be

inoculated into the fermenter. In some cases,the spores are directly inoculated into the fermenter.

2.4.10 Removal of biomass

Filtration is necessary at this point of the bioprocess flow, as bioseparation is required to remove the
biomass from the culture such as the fungus and other impurities away from the medium which
contains the penicillin product. There are many types of filtration methods available today, however,
the Rotary vacuum filter is commonly employed as it able to run in continuous mode in any large scale
operations. Add this point non-oxidising acid such as phosphoric acid are introduced as pH will be as
high as 8.5. In order to prevent loss of activity of penicillin, the pH of the extraction should be

maintained at 6.0-6.5

2.4.11 Adding of solvent
In order to dissolve the penicillin present in the filtrate, organic solvents such as amyl acetate or butyl
acetate are use as they dissolve penicillin much better than water at physiological pH. At this point,

penicillin is present in the solution and any other solids will be considered as waste.
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2.4.12 Materials

2.4.12.1 Amyl acetate

Amyl acetate (pentyl acetate) is an organic compound and an ester with the chemical formula
CH3COO[CH2]4CH3 and the molecular weight 130.19 g/mol. It has a scent similar to bananas[3] and
apples.[4] The compound is the condensation product of acetic acid and 1-pentanol. However, esters
formed from other pentanol isomers (amyl alcohols), or mixtures of pentanols, are often referred to as

amyl acetate.

Uses

It is used as a flavoring agent, as a paint and lacquer solvent, and in the preparation of penicillin.

It is an inactive ingredient in Liquid Bandages.!

OVERVIEW

Amy] acetate (A-mil AS-uh-tate) is a colorless liquid with a distinctive banana-like flavor and odor.
Three major isomers of amyl acetate exist: normal (n-amyl), secondary (secamyl), and isoamy]l (3-
methyl-1-butyl) acetate. Isomers are two or more forms of a chemical compound with the same
molecular formula, but different structural formulas and different chemical and physical properties.
As an example, the boiling points of the three isomers of amyl acetate are 149.2°C (300.6°F), 142.0°C
(287.6°F), and 140.0°C (284.0°F), respectively. Although the amyl acetates are probably best known as
flavoring agents because of their distinctive banana-like flavor, they all have a number of interesting
industrial applications also.

KEY FACTS

OTHER NAMES:

Pentyl acetate; acetic acid, amyl ester

FORMULA:

CH3COOC5H11
ELEMENTS:

Carbon, hydrogen, oxygen
COMPOUND TYPE:
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Ester (organic)

STATE:

Liquid
MOLECULAR WEIGHT:

130.18 g/mol
MELTING POINT:

—~70.8°C (-95.4°F)
BOILING POINT:

149.2°C (300.6°F)
SOLUBILITY:

Slightly soluble in water; soluble in alcohol, ether, and most organic solvents

Amyl acetate Charcoal is the lightweight black carbon and ash residue produced by removing water
and other volatile constituents from animal and vegetation substances. Charcoal is usually produced by
slow pyrolysis — the heating of wood or other substances in the absence of oxygen (see char and
biochar).
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Commercial Production Of Penicillin

* Like all antibiotics,
penicillinis a
secondary
metabolite, so is
only produced in
the stationary
phase.

Penicillin or sugar or cell number
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2.4.12.2 Charcoal

Charcoal is the lightweight black carbon and ash residue produced by removing water and other

volatile constituents from animal and vegetation substances. Charcoal is usually produced by slow

pyrolysis — the heating of wood or other substances in the absence of oxygen (see char and biochar).

Carbon source

Charcoal may be used as a source of carbon in chemical reactions. One example of this is the

production of carbon disulphide through the reaction of sulfur vapors with hot charcoal. In that case

the wood should be charred at high temperature to reduce the residual amounts of hydrogen and

oxygen that lead to side reactions.
Purification and filtration
Activated carbon

Charcoal may be activated to increase its effectiveness as a filter.

Activated charcoal readily adsorbs a wide range of organic

compounds dissolved or suspended in gases and liquids. In certain

industrial processes, such as the purification of sucrose from cane

sugar, impurities cause an undesirable color, which can be

WS removed with activated charcoal.

It is also used to absorb odors and toxins in gases, such as air. Charcoal filters are also used in some

types of gas masks. The medical use of activated charcoal is mainly the absorption of poisons.!

Activated charcoal is available without a prescription, so it is used for a variety of health-related
applications. For example, it is often used to reduce discomfort and embarrassment due to excessive

gas (flatulence) in the digestive tract.!

Animal charcoal or bone black is the carbonaceous residue obtained by the dry distillation of bones. It
contains only about 10% carbon, the remainder being calcium and magnesium phosphates (80%) and
other inorganic material originally present in the bones. It is generally manufactured from the residues

obtained in the glue and gelatin industries. Its decolorizing power was applied in 1812 by Derosne to

the clarification of the syrups obtained in sugar refining; but its use in this direction has now greatly
diminished, owing to the introduction of more active and easily managed reagents. It is still used to
some extent in laboratory practice. The decolorizing power is not permanent, becoming lost after using
for some time; it may be revived, however, by washing and reheating. Wood charcoal also to some

extent removes coloring material from solutions, but animal charcoal is generally more effective.
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Medicine

Charcoal pile

Charcoal was consumed in the past as dietary supplement for gastric problems in the form of charcoal
biscuits. Now it can be consumed in tablet, capsule or powder form, for digestive effects.12 Research
regarding its effectiveness is controversial.ll To measure the mucociliary transport time the use was

introduced by Passali in combination with saccharin.!4!

Red colobus monkeys in Africa have been observed eating charcoal for the purposes of self-medication.
Their leafy diets contain high levels of cyanide, which may lead to indigestion. So they learned to
consume charcoal, which absorbs the cyanide and relieves indigestion. This knowledge about

supplementing their diet is transmitted from mother to infant.[5!
Degradation

The bacterium Diplococcus degrades charcoal, thereby raising charcoal's burning temperature.

2.4.12.3 Sodium acetate
Sodium acetate, CH3COONa, also abbreviated NaOAc,[8] also known as sodium ethanoate, is the

sodium salt of acetic acid. This colorless deliquescent salt has a wide range of uses.

SenS S0 pp3gall Sl 5T pgdgall S At B2l 4 GHINaO: Brealls S3le 5 ¢
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-Applications

Industrial

Sodium ethanoate is used in the textile industry to neutralize sulfuric acid waste streams and also as a
photoresist while using aniline dyes. It is also a pickling agent in chrome tanning and helps to impede
vulcanization of chloroprene in synthetic rubber production. In processing cotton for disposable cotton

pads, sodium acetate is used to eliminate the buildup of static electricity.

Concrete longevity

Sodium ethanoate is used to mitigate water damage to concrete by acting as a concrete sealant, while
also being environmentally benign and cheaper than the commonly used epoxy alternative for sealing

concrete against water permeation.[9]
.Food

Sodium ethanoate may be added to food as a seasoning, sometimes in the form of sodium diacetate, a
one-to-one complex of sodium acetate and acetic acid,[10] given the E-number E262. It is often used to

give potato chips a salt and vinegar flavor.
Buffer solution

As the conjugate base of acetic acid, a solution of sodium acetate and acetic acid can act as a buffer to
keep a relatively constant pH level. This is useful especially in biochemical applications where

reactions are pH-dependent in a mildly acidic range (pH 4-6).
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-Reactions
Sodium acetate can be used to form an ester with an alkyl halide such as bromoethane:
CH3COONa + BrCH2CH3 — CH3COOCH2CH3 + NaBr

Caesium salts catalyze this reaction.
-Nam
JUPAC name
Sodium acetate
.Systematic [UPAC name
Sodium ethanoate
.Other names
Hot ice (Sodium acetate trihydrate)
-Properties
.Chemical formula
C2H3NaO2
.Molar mass 82.03 grmol-1 Masse molaire2 82,0338 +0,0024 g/mol
C 29,28 %, H 3,69 %, Na 28,02 %, O 39,01 %,
136,08 g/mol (trihydrate)
.pKa 4,75 (pKb =9.25)
.Density 1.528 g/cm3 (20 °C, anhydrous)
1.45 g/cm3 (20 °C, trihydrate)[2

324 °C (615 °F; 597 K)
anhydro

Melting point (anhydrous)
58 °C (136 °F; 331 K)
(trihydrate)

Boiling point  881.4°C  (1,6185°F; 1,154.5K)
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(anhydrous)
122 °C (252 °F; 395 K)
(trihydrate) decomposes

2.4.12.4 Ethanol

Ethanol, also called alcohol, ethyl alcohol.

Chemical formula

Molar mass

Appearance

Density

Melting point

Boiling point

Solubility in water

log P

Vapor pressure

Acidity (pKa)

Magnetic
susceptibility (x)

Refractive index

(np)
Viscosity

Dipole moment
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Properties
CHsO
46.07 g-mol™
Colorless liquid
0.7893 g/cm? (at 20 °C)2!

~114.14 + 0.0321 °C
(-173.45 + 0.05 °F; 159.01 + 0.03 K)

78.24 £0.092 °C (172.83 +0.16 °F;
351.39 + 0.09 K)

miscible

-0.18

5.95 kPa (at 20 °C)

15.9 (H:0), 29.8 (DMSO)B!

-33.60-10"% cm3/mol

1.36112

1.2 mPa-s (at 20 °C), 1.074 mPa-s
(at 25 °C)El

1.69 D&l
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Physical properties

"
- Ethanol burning with its spectrum depicted

Ethanol is a volatile, colorless liquid that has a slight odor. It burns with a smokeless blue flame that is
not always visible in normal light. The physical properties of ethanol stem primarily from the presence
of its hydroxyl group and the shortness of its carbon chain. Ethanol's hydroxyl group is able to
participate in hydrogen bonding, rendering it more viscous and less volatile than less polar organic

compounds of similar molecular weight, such as propane.

Ethanol is slightly more refractive than water, having a refractive index of 1.36242 (at A=589.3 nm and
18.35 °C or 65.03 °F).41 The triple point for ethanol is 150 K at a pressure of 4.3 x 10 Pa.k8!

2.4.12.5 Isopropyl B-D-1-thiogalactopyranoside (IPTG)

Isopropyl p-D-1-

thiogalactopyranoside

CH,OH
OH O S
OH

OH

Identifiers
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CAS Number o 367931

3D model (JSmol) e Interactive image

ChemSpider e 571154

ECHA InfoCard {100.006.094

MesHl Isopropyl+Thiogalactoside
PubChem CID o 656894
InChi[show]
SMILES[show]

Properties

Chemical formula [CoHisOsS

Molar mass 238.30 g-mol™

Except where otherwise noted, data are given for
materials in their standard state (at 25°C [77 °F],
100 kPa).

Infobox references

Propriétés physiques

T° fusion 105 °C2

Isopropyl B-D-1-thiogalactopyranoside (IPTG) is a molecular biology reagent. This compound is a

molecular mimic of allolactose, a lactose metabolite that triggers transcription of the lac operon, and it

is therefore used to induce protein expression where the gene is under the control of the lac operator.

IPTG, unlike allolactose, is not hydrolyzable by (3-galactosidase. Therefore, its concentration remains

constant during an experiment. For induction, a sterile, filtered 1 M solution of IPTG is typically added
by 1:1000 dilution into an exponentially growing bacterial culture, to give a final concentration of 1

mM. However, different concentrations of IPTG may also be used.
Mechanism of action

Like allolactose, IPTG binds to the lac repressor and releases the tetrameric repressor from the lac
operator in an allosteric manner, thereby allowing the transcription of genes in the lac operon, such as

the gene coding for beta-galactosidase, a hydrolase enzyme that catalyzes the hydrolysis of [3-
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galactosides into monosaccharides. But unlike allolactose, the sulfur (S) atom creates a chemical bond

which is non-hydrolyzable by the cell, preventing the cell from metabolizing or degrading the inducer.

IPTG uptake by E. coli can be independent of the action of lactose permease, since other transport

pathways are also involved.l! At low concentration, IPTG enters cells through lactose permease, but at
high concentrations (typically used for protein induction), IPTG can enter the cells independently of

lactose permease

Use in laboratory

IPTG is an effective inducer of protein expression in the concentration range of 100 uM to 3.0 mM.
Concentration used depends on the strength of induction required, as well as the genotype of cells or
plasmid used. If lacls, a mutant that over-produces the lac repressor, is present, then a higher

concentration of IPTG may be necessary.=2!

In blue-white screen, IPTG is used together with X-gal. Blue-white screen allows colonies that have

been transformed with the recombinant plasmid rather than a non-recombinant one to be identified in

cloning experiments.!

2.4.12.6 AEH
a-Amino ester hydrolases (AEH, E.C. 3.1.1.43) catalyze the synthesis and hydrolysis of a-amino f3-

lactam antibiotics. The AEH enzymes have been shown to feature excellent synthetic capability but
suffer from poor thermostability. AEH from Xanthomonas campestris exhibits an optimal activity
temperature of 25 °C, an observed half-life of 5 min at 30 °C, and a “T-50" value, the temperature at
which the half-life is 30 min, of 27 °C.
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To improve the thermostability of AEH, a modified structure-guided consensus model of seven
homologous enzymes was generated along with analysis of the B-values from the available crystal
structures of AEH from Xanthomonas citri. A family of stabilized variants was created including a
consensus-driven triple variant, A275P/N186D/V622l. Independent NNK saturation of two high B-

factor sites, K34 and E143, on the triple variant resulted in our best variant, the quadruple mutant
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E143H/A275P/N186D/V622], with a “T-50” value of 34 °C (7 °C improvement) and 1.3-fold activity
compared to wild-type
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2.4.12.7 Urea
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2.4.13 Acyclase treatment
(R)-(-)-2-Phenylglycine chloride hydrochloride 97%

Synonym: (R)-a-Aminophenylacetyl chloride hydrochloride, D—(-)-a-Phenylglycine chloride
hydrochloride
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The process of claim 17 wherein the synthetic penicillin so produced is ampicillin and the acylating

agent is D-(-)-2-phenylglycyl chloride hydrochloride.

2.4.13.1 Corn steep liquor

CORN STEEP LIQUOR IN MICROBIOLOGY

R. WINSTON LIGGETT! axr H. EOFFLER

A. E. Staley Manufacturing Company, Decatur, Illinois, and Purdue Universily,
Lafayeite, Indiana

The publicity given to the development of the penicillin industry also has
called attention to the value of corn steep liquor as a source of nutrients for micro-
organisms. Although considerable information on the properties of corn steep
liquor has been accumulated, attempts to integrate this information have been
rare (cf. 38). An effort will therefore be made in this review to describe the
production and properties of corn steep liquor, and to evaluate its usefulness in
microbiclogy.

Production of corn steep liguor

Since corn steep liquor is a by-product of the corn wet-milling industry it would
be insufficient to discusa its manufacture apart from the whole process in which
corn, after having been shelled and air-cleaned, is soaked, and then fractionated
into ite prineipal components by a combination of flotation and wet-screening
procedures,

To avoid losses of raw material and to keep sewage disposal problems to a
minimum, practically complete recovery of the solida is desired. This is accom-
plished by the so-called “bottled-up” process whereby water is reused in a
counter-current flow with respect to the corn and loases of the solids are kept to
leas than 0.5%, of the dry substance of the corn. The technology of this procesa ia
discussed in detail by Kerr (26). A popularized but authentic description can
also be found in a publication by the Corn Industries Research Foundation (7).
For a discussion of the water balance and sewage disposal problems see Green-
field, Cornell, and Hatfield (20).

The corn is first soaked, or steeped in open wooden tanks at 45 to 52 C for 40
to 48 hours. Five to seven gallons of water are required for every bushel of corn.
The water used in steeping is process water that has been used previously in
other phases of the process, for example, the overflow from the gluten settling
tank. During steeping the soluble materials are dissolved, the corn is softened,
and its structure weakened and broken, which facilitates the grinding and further
separations of its components. Just before the process water enters the tanks,
80y is added to prevent putrefaction and to assist in the extraction of the soluble
compounds. The concentration of 80, is initially from 0.1 to 0.29, but since
mosat of the 80, iz absorbed by the corn, it is lowered to 0.05%, five hours after
addition, and to 0.019 within ten hours. Moving in a general counter-current
fashion, the most dilute water ia placed on corn that has been steeped the longest
and is transferred continuously in the direction of the corn most recently intro-
duced. In this manner, the steep water having the highest concentration of

! Present address: American Bugar Refining Company, Philadelphia.
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2.4.13.2 Phosphate-buffered saline

Phosphate-buffered saline (abbreviated PBS) is a buffer solution commonly used in biological
research. It is a water-based salt solution containing disodium hydrogen phosphate, so