Purification of Antibiotics (Small Molecules)

(Extraction from the Diaion Manuals pages 311 to 320)
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Chapter IX Separation and Purification of Pharmaceuticals and Antibiotics
1. Antibiotics

{1) Outline

Antibiotics are "chemical substances produced by microorganisms
which, in minute quantities, inhibit or suppress the proliferation of other
microorganisms”. This is defined in 1942 by Selman Abraham Waksman
in the USA. Antibiotics were developed in Britain following the discovery
of Penicillin in 1929 by Alexander Fleming: He found that Blue mold,
Penicillium, dissolves Staphylococcus staphylococei and inhibits its
growth and he named the extract from Penicillium as Penicillin. Many
new antibiotics have been found since 1940’s, and there are more than
1,500 antibiotics. Principal ones are listed in Table TX-1-1.

Most of these antibiotics are manufactured by fermentation or by
semi-synthesis that combines fermentation and organic synthesis, though
chloramphenicol iz by synthesis. Fermentation is carried out by
Actinomycetes, mold (hyphomycetes) or bacteria in culture media with
glucose, sucrose, lactose, starch or dextrin as carbon source, with nitrate,
ammonium salt, corn steep liquor, peptone, meat extract or yeast extract
as nitrogen source and with a little amount of inorganic salts.

Penicillin-type antibiotics are manufactured by semi-synthesis, i.e.
they are synthesized by the reaction of organic acid chlorides or
organic acid anhydrides with 6-APA, 6-Aminopenicillanic acid, that
iz the product of enzymatic decomposition from Penicillin G, benzylpenicillin,
or Penicillin V, phenylmethylpenicillin. Cephem-type antibiotics are
also manufactured from fermented cephalosporin C through T-ACA,
7-aminocephalosporanic acid, as an intermediate. Tetracycline derivatives
are synthesized by semi-syntheses.

Since the concentration of antibiotics in the culture fluids is generally
low in the manufacturing by fermentation, concentration and purification
should be carried out at the same time. Thus, extraction by solvents,
precipitation and adsorption with IERs or synthetic adsorbents are
applied for antibiotics manufacturing.
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[Table 13-1-1] Principal Antibiotics

Penicillin-G (benzylpenicillin}, Oxacillin,
Chloxacillin, Dichloxacillin, Nafeillin,
Methicillin, Amoxicillin, Ampicillin, Ticarcillin,
Penicilling Piperacillin, aspoxicillin,

Ciclacillin, Sulbenicillin, Talampicillin,
Bacampicillin, Pivmecillinam, lenampicillin,

B Lastame Phenethicillin, Carbenicillin ete,

Cephalosporin C

Cefazolin, Cefatrizine, Cefadroxil, Cefalexin,
Cephalosporins Cefaloglycin, Cefalothin, Cefaloridine, Cefoxitin,
Cefotaxime, Cefoperazone, Ceftizoxime,
Cefmetazole, Cefradine, Cefroxadine etc.

Other B-lactams

Kanamycins Amikacin, Kanamycin, Dibekacin
g_entamj_fcms, Gentamicin, Micronomicin
isomycins
Aminoglycosides Streptomycins Streptomycin
Spectinomycins Spectinomycin
Fradiomycins Fradiomycin,
Astromicins Astromicin
Erythromycin, Oleandomycin, Carbomyecin,
Macrolides Kitasamycin (Leucomyecin), Josamyein,
Spiramycin, Midecamyein
Oxytetracycline, Tetracycline,
Tetracyclines Demethylchlortetracycline, Doxyeyeline,
Minocyeline, Methacycline
Peptides
Streptograming
Chloramphenicols Chloroamphenicol
Enramyecin, Gramicidin, Colistin (Polymixin E),
Others Cycloserine, Novobioein, Bacitracin, Fusidic acid,
Polymixin B, Rifampicin, Lincomycin etc.
Quinoclones
Antituberculous
Actinomycin D, Chromomyein A3 (Toyomycin),
Anti-tumor antibiotics Daunorubicin Sarkomycin, Bleomycin, Mitomycin

C ete.

Amphotericin B, Griseofulvin, Trichomycin,

Antibiotics acting on mold
= Nystatin, Pyrrolnitrin ete.
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{2)Purification with Strongly Electrolytic IERs

Culture MNuid 41,
{salution)  Knsugemyein titer 760 v/mL.

Filtration

Filtraie
pH adjustment,

Filtrate Titer 736 y/mL

| SACER Resin’ 500mL
| (NH{ form) with no loss of kasupamyein

Water 1L

pH 5.0 fammonia waler)

0.05MN-Ammnia water

Eluate ~300m s without Kasugamyoin
~T00mL: with Kasugnmyein

IHE]

Kasugamayein hydrochlonde powder  Yield15.2e

[Fig . T2-1-1] Purification of Kasugamyein with SACERs (108

Antibiotics are categorized into four groups based on their
dissociations’ Basic ones with e.g. amino groups, acidic ones with e.g.
carboxylic acid groups, amphoteric ones with both basic and acidic groups
and the ones with no such groups. Though basic and acidic antibiotics can
be adsorbed by SACERs and SBAERs respectively, fermented antibiotics
are generally stable only in neutral or weakly acidic conditions and they
may decompose or deteriorate in basic or acidic conditions. Thus,
regenerated-form TERs could not used for such antibiotics.

Basic antibiotice, e.g. kasugamycine!l?® illustrated in Fig.IX-1-1,
ozemycin 1% and hortimycin A (fortimicin A) 11V, can be separated from
impurities in fermented mother liquor by filtration, neutralization of the
filtrate, adsorption with ammonium-form SACERs and elution with =0.5N
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aqueous ammonia. Acidic antibioties, e.g. 7-aminocephalosporanic acid 112),
on the other side, can be similarly purified adsorption with acetic
acid-from SBAERs and elution with aqueous ammonium chloride.

Molecular weights of antibiotics spread from =100 of cycloserine to
nearly 2,000 of gramicidin, a peptide. Both TERs and non-ionic synthetic
adsorbents should have micro-pores within which objective materials can
diffuse sufficiently, for them to be applied for antibiotics purification.
Thus, such properties related with the micro-pores and the crosslinkage
degrees are important factors to select proper resins.

Strongly electrolytic TERs can be also used in salt-conversions, e.g.
formation of free bases from inorganic salts of kanamycin U9 and
conversion into sodium salt from potassium =zalt of penicillin.

Fermented liquor filteate

pH 7.5~6.0 (EDTA)

Repin ! 100mI.

| Rimse | D% NaHBO: sobution 200mL
i vEA00

Ehuabe Fraction of strepbonywoin = 3000 v/mL

&0
Streptomayein cme, = 45%

Streptonyein sulfate  Yield: 24 g
[Fig I3-1-2] Purification of Streptomyein with WACERe 118
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{3) Purification with Weakly Electrolytic IERs

The pK values of WACERs are in weakly acidic region and thus they
can ion-exchange in the range from weakly acidic to basic conditions, as
already explained at the clauses concerning the refining of amino acids.
The pK values of WBAERs are, on the contrary, in weakly basic region
and thus they can ion-exchange in the range from acidic to weakly basic
conditions. Based on the above-mentioned property, streptomycin (114 (118)
can be purified by adsorption with WACERs of regenerated-, NH4- or
Na-form and elution with diluted mineral acid solution following pH
adjustment of the filtrate of fermented mother liquor, as illustrated in
Fig.IX-1-2.

Other basic antibiotics than streptomycin, e.g. josamycin and
izepamycin, can be purified in similar ways: pH adjustment of the filtrate
of fermented mother liquor to weakly acidic or neutral, adsorption with
TERs and elution with diluted mineral or organic acid solutions or
agqueous ammonia.

Acidic antibiotics, e.g. cephamycin C 118 on the other side, can be
purified by adsorption with WBAERSs of free basic- or hydrochloride-form
and elution with alkali solutions or weakly alkaline salt solutions.
Porous WBAER=z can be sometimes applied for decoloring in the
purification process of antibiotics.

{4) Purification with Synthetic Adsorbents

Synthetic adsorbents are mostly used in the purification process of
antibiotics. They are applied not only for the antibiotics with no
electrolytic groups but also for those with carboxylic acid groups since the
dissociative groups rarely dissociate in weakly acidic conditions where
such antibiotics are stable. Synthetic adsorbents can adsorb
hydrophobically such un-dissociated antibiotics in weakly acidic
conditions particularly. Hydrophilic organic solvent, e.g. lower alcohols
and acetone, its aqueous solution or alkaline solution is used as eluents.

Figures IX-1-3 and IX-1-4 illustrate the adsorption isotherm of
cephalosporin C to SP825 and its purification with SP825L, and they
show that cephalosporin C is adsorbed much at low pH.
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1000 ¢ Synthetic adsorbents should be selected depending on the maolecular
E “""’”"}"D : sizes of the objective compounds, since the properties such as pore
= pH=3. ! i . o .
B spH=as | ¥ distributions, pore volumes and specific surface areas differ from grades
i | . H . . S .
g ApH-4.0 of synthetic adsorbents. The ones with pores of over 60A-diameter and
210 A . o . .
= . with large specific surface area are suitable for cephalosporin C, for
& example. DTATON® HP series resins show the positive correlation of their
5 specific surface areas with the adsorbed quantity of cephalosporin C, as
E i demonstrated in Fig.IX-1-5.
g
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[Fig.1¥-1-3] Adeorption isotherm of cephalosporin C to 8P82E at 5°C -~ 100
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Effluent volume (BV) [Fig I¥-1-5] Adsorbed Cephalosporin O vs. Specific surface areas of Synthetic adsorbents
[Fig.1¥-1-4] Purification of cephalosporin C with SP82EL
Raw liquor: éConditionsi
CPC 9.968¢g/L, |CPC Feed 3.51L/L-R
pH 2.8 Displacement 1.5L/L-R Since penicillin G is produced in 90 ~98% purity when phenylacetic acid
Load 35¢/L-R (3.51BV) Elution-1 0.07M CHiCOONa 2.EL/IL-R . d it ¢ o5 ks tod f th
Flow rate 8V=1.0 Displacement Demineralized water 3.5L/L-R L Begk 2F a_ IZ.)I‘E.ZCUI‘SOI‘, L .IlO LeCesaall 1o Dy reRald e_ I‘OI'I.I _O e.]:‘
Temp. 5eC Elution-2 1% NaOH 0.1L/L-R relevant penicillins. However, it should be separated from 6-aminopenicillanic
j Displacement Demineralized water 0.91/1-R acid, 6-APA, generated by the cleavage of 6-position and unused phenylacetic
REERILE: CPCRP”“W gg:ﬁ” acid. Fig.IX-1-6119 jllustrates such separation with Sepabeads SP850 and
8COVEIY (] : : p
CPC: sephalosporin C DOPC: Densetyl cophalosporin C it shows us that 6-APA iz separated almost perfectly and phenylacetic
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acid remains only in the first fraction of penicillin G. Applying of
simulated moving bed chromatography may be suggested.

The relevant patents regarding application of synthetic adsorbents for
antibiotics purification are listed in Fig.IX-1-7 and Table TX-1-2.

0.5
LER *SP850
3 PenG Raw liguor : PenG 17.5 gfl
phenylacetic acid 0,36 gl
04 F 6-APA G-APA 0.6 g/l
o (NH4)28(H (0.%
- pH 5.0
- Laud 0.2 VI'R
L'—E 0.3 Elucion = 30% Methanul
L Flow rate :8V2.1
5 |
g
o] 02 F
0.1 Phenylacetic acid
O

Effluent (I/1-R)

[Fig.T3-1-8] Purification of Penicillin G with SPRED (119
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(Cultore fluid) 100L, pH 6.2

pH adjustment| Sulfuric acd pH4.0

uaing filter madium

pH 5.0

Msorbent: 351,
Elution with deionized
water 200L
Cephalosporin N and
olutod in this order

{Cephulospurin C fration)

{Cephalosporin C)
powder 279, Yield 85.5%
Titer 5581 rng

pH&.0

Rinse with water
Elution with

Concentration |

(B-Aminopenicillanie acid)

Acetic avid form, 40mL

0, 1N-HCMO.2N-NHsCI (1:1)

Cultuge Nuid

pll adjsiment | Filtrate 1,51

Seina 35w B0
Byl b water SUOmL,
nard 517%a aceiona ag. Gk

(Antibiptic fruction)

Ranse with butanel

Adduion of 1P A Ethylscetate (12}
and romoval of mpunfies

Vactgn evaparption

{ Baeyelomyein erstals )
gl 100
Purity 73%

{Enzymatic rackion solution)

pliz~25

Adaorbent: 20L

Rinse with 0.6% NaCl 70ml.
and water 40mlL

Elution with 70% acidic
methancl

pHA0

[Fig.T3-1-7] Patented example to apply Synthetic adsorbents in antibiotics

purification (120(120122)
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[Table 13-1-2] Patented example to apply Synthetic adsorbents in antibiotics purification

Patent
Antibiotics Resin Summary Application
Mo
1% Filtration of fermente&% liquer
2) Adserption by HP21, 3) Rinse with water
MMacrolides 15_111;?[1]45 4) Elution with 26% acetons 19%1;'%22596
A) Effluent treated with SK1048, 6) Rinse with water
T) Elution with 0.4% NaHB0s
1) Filtration of fermented liquer
Reveromyein B,C,D HE20 2) Adsorption by HP20 JP Appl.
polyketides ) Elution with 30% MeOH to remove impurities 1983-194525
4) Elution with 100% MeOH
Desalaninebenanomicin & 1) Dissclve pyridine salt with water JP Appl
derivative: antifungal HP20 2) Adsorption by HP20 1993'285087
agent 3) Elution with acetonitrile
7-(5-carboxy 8 hydroxypen 1) Filtration of reaction mother li
s % quor
tenamide) 3-cstoxymethsl |ypoa0 [9) Adsorption by HP20SS Rl
SEE A RO 3) Elution with water
d: Cephems
Elot D
1) Filtration of farmented liquor JP Appl
WMitomyecin' antitumor HFP20 2) Adsorption by HP20, 3) Rinse with 20% methansl 1996'2226:26
4) Elution with 80% methanol
1) Extraction with IPA, 2) Precipitation/ Filtration JP Lppl.
Cepacidine: antifungal HP20 3) Dissolve with 0% IPA, 4) Dilution to 1/10 cone 1988-500008
A) Adsorption with HP20 ,6) Elution with 50% IPA a8
1) Filtration of fermented Liquer IP Appl
Tubelactomicin: antifungal |[HP20 2) pH adjustment to 2, 3) Adsorption by HP20 1999'2??382
4) Elution with 50% ag acetone
1) Filtration of fermented Liquer
Mothramicin® antifungal, HP20 2) Adsorption by HP20 JP Appl
antitumor a) Rinse with water and 30% methanol 1998-261289
4) Elution with 50% ag acetone
1) Preparation, 2) Adsorption by HP20 JP Appl
Lankacidin derivative HP20 3) Rinse with water and 20% methanol 1994752?950
4) Elution with 50% methanol
1) D)lss;lve crude powder with ijc1d1c water (pH2. 5,
Daunomyein: HCL), 2) Adsorption by HP20, 3) Rinse with acidic
anthracyclines EE2 water, 4) Elution with methanel in acidic water WO8s11680
(pH2 8, 70:80)
1) Filtration of fermented Liquer
2) Adsorption by HP20
Antitumor compound, HP20 3) Rinse with water and with 26% methanol JP Appl
PF1201 SP2038 |4) Elution with acetene’ 0 2N HC1 (1:1] 2000-T2798
&) Cromatographic separation with SP2088 with
eluent of 0.1% Triflucroacetic acid! 80% methanol
1) pH adjustment to 2 OTphosphouc acid)
2) Bedimentation! decantation IP Appl
Anthracyclines HP20 3) Rinse sediments with acetone of pH 2.9 (phosphoric 200275PSP589
acid), 4) Treat supernatants with HP20
) Elution with 90% acetons (pH 2.4
1) Filtration of fermented liquer
2; Add extracts from bacteria with methanocl
3) Adsorption with HP20 JP Appl
Caprazamyein antifungal [EP20 | gl T 4o onined water, 50% methanol, 80% | 2003-19687
methanosl, 80% acstone, and acetons
&) objective compound is in 80% methanol fraction
1% Supernatant of fermented liquor
. 2) Adsorption by FP DA13
TP DAL Finse with 20mM NaCl (pH6 6) i
Captomyecin lipopeptides HP20 4) Elution with 300mM NaCl (gHE 0-6 &) 2003-520807
HP208S 6) pH adjustment to 3 & (phosphoric acid)

6) UF membrane, 7) Purification by hydrophobic
chromatogre_\ph with HP20, HP 2055
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