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SEPARATION AND PURIFICATION 
OF MACROLIDES USING THE IT0 

PLANET CENTRIFUGE 
MULTI-LAYER HORIZONTAL COIL 

Randal H. Chen, Jill E. Hochlowski, 
James B. McAlpine, and Ronald R. Rasmussen 

Pharmaceutical Products Division 
A b b ot t Laboratories 

Abbot t  Park, Illinois 60064 

ABSTRACT 
Four d i f f e r e n t  mic rob ia l ly  produced macrolide complexes have 

been sepa ra t ed  and p u r i f i e d  by chromatography on t h e  I t o  Horizon- 
t a l  Coi l  P l ane t  Cent r i fuge .  These a n t i b i o t i c s  r ep resen t  d i f f e r e n t  
subc la s ses  which p resen t  a v a r i e t y  of s epa ra t ion  problems. 
s e p a r a t i o n s  r equ i r ed  h igh  r e s o l u t i o n  c a p a b i l i t i e s  under m i l d  
chromatographic cond i t ions .  

The 

INTRODUCTION 

Macrolides are an important t h e r a p e u t i c  c l a s s  of  a n t i b i o t i c s  

and s e v e r a l  new members of t h i s  c l a s s  have been d iscovered  i n  

sc reen ing  programs r e c e n t l y  (1-5). 
produced as a fami ly  of c l o s e l y  r e l a t e d  b iogenet ic  congeners,  t h e  

s e p a r a t i o n  of which provides a major cha l lenge  t o  t h e  i s o l a t i o n  

chemist .  Moreover, many of  t h e s e  compounds a r e  complex, polyfunc- 

These compounds f r e q u e n t l y  are 
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192 CHEN ET AL. 

t i o n a l  molecules  which w i l l  no t  w i ths t and  t h e  r i g o r s  of  h a r s h  

chromatographic  methods. 

I n  t h e  cour se  of  ou r  e f f o r t s  t o  d i scove r  new t h e r a p e u t i c a l l y  

u s e f u l  a n t i b i o t i c s  w e  have encountered  s e v e r a l  f a m i l i e s  of macro- 

l i d e s  of v a r i o u s  s t r u c t u r a l  subc la s ses .  Countercur ren t  chromatog- 

r a p h i c  systems have been developed us ing  t h e  I t o  mul t i - l aye red  

h o r i z o n t a l  C o i l  P l ane t  Cen t r i fuge  (CPC) which a l low f o r  t h e  sepa- 

r a t i o n  and p u r i f i c a t i o n  of i n d i v i d u a l  compounds from t h e s e .  

chromatographic  methods a r e  t h e  s u b j e c t  of t h i s  comnunication. 

The macro l ides  encountered inc lude  2-norerythromycins ( 6 )  and 

niddamycins,  two f a m i l i e s  which belong t o  t h e  c l a s s i c a l  s u b c l a s s e s  

of  14- and 16-membered b a s i c  macro l ides ,  r e s p e c t i v e l y .  A novel  

f ami ly  o f  18-membered n e u t r a l  macro l ides ,  t h e  t i a c w n i c i n s  (71, 
comprise  6-congeners; t h r e e  of t h e s e  which d i f f e r  on ly  i n  t h e  s i t e  

of e s t e r i f i c a t i o n  by s h o r t  cha in  f a t t y  a c i d  moie t i e s  of  v a r i o u s  

suga r  hydroxyl  groups  were sepa ra t ed  by coun te rcu r ren t  chromatog- 

raphy.  Coloradocin  ( 8 )  i s  a complex s t r u c t u r e  invo lv ing  bo th  a 

10- and 14-membered macro l ide  r i n g s .  Although t h e  compound i s  

n e u t r a l ,  i t  i s  l a b i l e  and d i f f i c u l t  t o  pu r i fy .  

These 

MATERIALS AND METHODS 

Coun te rcu r ren t  chromatography was c a r r i e d  o u t  on an I t o  

mul t i - l aye red  h o r i z o n t a l  Co i l  P l ane t  Cen t r i fuge  purchased from 

P.C. Inco rpora t ed ,  Potomac, Maryland. The f 1 4 ,  1.6 mn I D  column 

was used a t  a speed of 700 RPM. 

300 ml /h r  were employed. 

minipump@ and sample w a s  a p p l i e d  through a Rheodyne i n j e c t i o n  

loop.  Commercial "HPLC Grade" s o l v e n t s  were used. Solvent  sys-  

t e m s  were chosen f o r  a p p r o p r i a t e  p a r t i t i o n  c o e f f i c i e n t s  by t h e  

method p r e v i o u s l y  desc r ibed  (9) .  I n  t h e  case of t h e  i o n i z a b l e  

macro l ides ,  2-norerythromycins and niddamycins, an aqueous b u f f e r  

a t  0.01 M c o n c e n t r a t i o n  w a s  employed. 

G i l son  FC-100 m i c r o f r a c t i o n a t o r  and f r a c t i o n s  w e r e  ana lyzed  by 

b i o a c t i v i t y  and by TLC on Merck Kiese lge l  60 F-254 S i l i c a  G e l  

Flow r a t e s  of approximate ly  

Solvent  was d e l i v e r e d  wi th  a Mi l ton  Roy 

E l u a t e  w a s  c o l l e c t e d  i n  a 
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SEPARATION AND PURIFICATION OF MACROLIDES 193 

plates. 
fractions by either a General Electric GN300 or GN500 spectrometer 

equipped with 5 mn probes. 'H NMR spectra were used as a criteri- 

on of purity and as the initial tool in structure determination. 

'H NMR spectra were measured on appropriately combined 

2-Norerythromycins 

The 2-norerythromycins are a complex of 14-membered basic 
macrolides isolated from a genetically engineered construct in 
which genetic information from the oliandomycin producer, S t r e p t o -  

m y c e s  a n t i b i o t i c u s  were inserted into a mutant of Saccharapoly-  

s p o r a  e r y t h r e a  which was blocked in its ability to produce macro- 

lides. The resulting macrolide complex produced, contained, in 

addition to the 2-norerythromycins, several other erythromycin 
derivatives. Many of these including the four 2-norerythromy- 
cins A, B, C, and D (1 to 4, respectively) were isolated by 
countercurrent chromatography. The crude basic organic extracta- 

bles from a 750 liter fermentation of our genetic construct was 

first purified by chromatography over SephadexB LH-20 in chloro- 
form-methanol-n-heptane (1:l:l) to yield 2.5 g of syrup. This was 

chromatographed, in 0.5 g batches, on the CPC in a system consist- 

ing of n-heptane-benzene-acetone-isopropanol-0.01 M aqueous 
citrate buffer pH 6.3 (5:10:2:3:5) with the upper layer as the 

mobile phase. Fractions were pooled following TLC analysis on 
plates developed with chloroform-methanol-conc. ammonium hydroxide 

(9O:lO:l). 
p-anisaldehyde-95% ethanol-conc. sulfuric acid (1:9:1, v/v). 
Analogous pools from different batches were combined to give eight 

crude fractions designated A through H. 

Spots were visualized by spraying with a mixture of 

Fractions B (392 mg) and C (280 mg) were separately chroma- 
tographed on the CPC in a system carbon tetrachloride-methanol- 
0.01 M aqueous potassium phosphate buffer pH 7.0 (1:l:l) with the 

lower phase mobile to yield 192 mg and 62 mg, respectively, of 
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194 CHEN ET AL. 

1 Rl=OH R2=CH3 

2 Rl=H R2=CH3 

3 R,=OH R2=H 

4 R,=H R,=H 

2-norerythromycin B, 2. 

on the CPC in the same system, except that the phosphate buffer 
was at pH 7.3. 
2-Norerythromycin D, 4 (54 mg), was obtained by rechromatography 
of fraction E (282 mg), in the five component system used initial- 
ly, but in which the buffer had been replaced with 0.01 M phos- 
phate at pH 7.0. An additional 200 mg of 2-norerythromycin D, 4, 
was obtained from fraction F (256 mg) by CPC chromatography in 
hexane-ethyl acetate-0.01 M aqueous phosphate buffer pH 7.5 

(3:7:5) with the upper phase mobile. 
desalted by chromatography on Sephadexe LH-20 in methanol to give 
172 mg of crude 2-norerythromycin C, 3.  

Fraction D (342 mg) was chromatographed 

This yielded 2-norerythromycin A, 1 (123 mg). 

Fraction H (789 mg) was 

This was purified by 
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SEPARATION AND PURIFICATION OF MACROLIDES 195 

chromatography on t h e  CPC i n  chloroform-methanol-0.01 M aqueous 

c i t r a t e  b u f f e r  pH 6.0 ( 1 : l : l )  wi th  t h e  lower phase mobile t o  g i v e  

46 mg of t h e  pure  ma te r i a l .  

Niddamycins 

The niddamycins are a fami ly  of bas i c  16-membered macro l ides  

produced by Streptomyces djakartensis. 

t h e  complex v a r i e s  w i th  d i f f e r e n t  fe rmenta t ion  cond i t ions  and pro- 

ducing s t r a i n s ;  however, t h e  major component i s  u s u a l l y  niddamy- 

c i n  B, 5. 

The exac t  composition of 

0 

I V  

CH3 
5 R=COCH2CH(CH3), 

6 R=CO(CH2),CH3 

0 7 R=COCH2CH(CH3J2 

Crude niddamycin was prepared by a c i d i f i c a t i o n  and f i l t r a t i o n  

of t h e  fe rmenta t ion  broth.  The f i l t r a t e  was r ead jus t ed  t o  a lka -  

l i n e  pH and e x t r a c t e d  wi th  amyl a c e t a t e ;  t h i s  o rgan ic  phase was 

back e x t r a c t e d  wi th  aqueous ac id .  

a t  pH 8 and c o l l e c t e d  by f i l t r a t i o n .  

niddamycin w a s  chromatographed on t h e  CPC i n  CCL4-MeOH-0.01 M 

Crude material w a s  p r e c i p i t a t e d  

A 200 mg sample of c rude  
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196 CHEN ET AL. 

aqueous potassium phosphate b u f f e r ,  pH 7 (2:3:2 i n  which t h e  

upper phase was used as mobile. 

s ay  or by HPLC (C-18 i n  43% a c e t o n i t r i l e - w a t e r ,  0.2 M NaC1,  pH 4 )  

and a p p r o p r i a t e l y  combined t o  g ive  t h r e e  pure compounds. E l u t i n g  

f i r s t  w a s  t h e  novel congener, niddamycin F, 6 (30 mg); t h i s  was 

followed by t h e  major component, niddamycin B, 5 (60 mg). 

t h i r d  congener d id  not  e l u t e  i n  t h e  mobile phase,  bu t  was recov- 

e red  when t h e  s t a t i o n a r y  phase was forced  from t h e  column wi th  a 

stream of n i t rogen .  Th i s  material w a s  the 1 0 , l l  d ihydro  de r iva -  

t i v e ,  niddamycin A1, 7 (30 mg). 

F r a c t i o n s  were analyzed by b ioas-  

The 

Tiacumicins 

The t i acumic ins  are a novel series of 18-membered macro l ide  

a n t i b i o t i c s  i n  which t h e  macrolide r i n g  i s  g l y c o s i d i c a l l y  a t t a c h e d  

t o  one o r  two sugars .  A seven carbon sugar  i s  e s t e r i f i e d  a t  v a r i -  

ous p o s i t i o n s  wi th  small  f a t t y  a c i d s .  The o t h e r  sugar ,  when pres-  

e n t  is e s t e r i f i e d  wi th  a n  isomer of t h e  f u l l y  s u b s t i t u t e d  benzoic  

a c i d ,  e v e r n i n i c  a c i d .  These a n t i b i o t i c s  were recovered  from the 

e t h y l  a c e t a t e  e x t r a c t  of t h e  fe rmenta t ion  b ro th  of D a c t y l o s p o r -  

angium aurant iacum subsp. hamdenensis. The e x t r a c t  from 16 l i t e r s  

of b r o t h  was p a r t i a l l y  p u r i f i e d  on a SephadexB LH-20 column e l u t e d  

wi th  CH2C12-MeOH ( 2 : l ) .  Act ive  f r a c t i o n s  were pooled and concen- 

t r a t e d  t o  an  o i l  (200 mg) which was chromatographed on t h e  CPC i n  

CC14-CHC13-MeOH-H20 (7:3:7:3) wi th  t h e  lower phase used a s  sta- 

t i o n a r y .  

p a r t s  upper and lower phase. The so lven t  f r o n t  was observed a f t e r  

30 ml, whereupon c o l l e c t i o n  of 2 ml f r a c t i o n s  began. 

were t e s t e d  f o r  a n t i b i o t i c  a c t i v i t y  a g a i n s t  Clos t r id ium d i f f ic i le  

and a c t i v e  f r a c t i o n s  were examined by 'H NMR spectroscopy. 

t i acumic in  C ,  8 (19 mg), w a s  e l u t e d  i n  f r a c t i o n s  6-14 and t iacumi- 

c i n  B ,  9 (33  mg), i n  f r a c t i o n s  18-26. A t h i r d  component, t iacumi- 

c i n  F, 10 (approx. 2 mg), w a s  e l u t e d  i n  f r a c t i o n s  15-17 and con- 

t a i n e d  up t o  20% t i acumic in  B as contaminant. 

Sample was app l i ed  t o  t h e  column i n  a mixture  of equa l  

F r a c t i o n s  

Pure 
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SEPARATION AND PURIFICATION OF MACROLIDES 197 

CI 

8 R,=H R2=H R3=COCH(CH3), 

9 R,=COCH(CH,), R2=H R3=H 

10 R,=H R,=COCH(CH,), R3=H 

Coloradocin 

Coloradocin, 11, is a complex macrolide produced by a novel 

Actinoplanes species, A .  coloradoens is  and structurally related to 

the nargenicins and nodusmicins. 

cal to the antibiotic, luminamicin, produced by the Norcardiodes 

strain OMR-59. 

It has been shown to be identi- 

The lability of coloradocin under alkaline conditions and/or 

in the presence of nucleophiles, dictated the development of the 
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198 CHEN ET AL. 

fo l lowing  mild i s o l a t i o n  and p u r i f i c a t i o n  procedure. 

b r o t h  (49.8 L) ob ta ined  from a submerged f e rmen ta t ion  w i t h  A .  

coloradoensis was ad jus t ed  t o  pH 4 and s t i r r e d  wi th  2.5 kg of  

AmberliteB XAD-2. A d a r k  brown o i l  (60 g )  w a s  ob ta ined  by MeOH 

e l u t i o n  of t h e  XAD-2. 

dex@ LH-20 i n  MeOH (4.5 L bed vol . )  reduced t h e  c rude  weight t o  

19 g w i t h  no l o s s  i n  biopotency. 

f i e d  i n  two success ive  low-pressure diol-LC (10) s t e p s  u t i l i z i n g  

b i p h a s i c  so lven t  systems o r i g i n a l l y  developed f o r  t h e  CPC. The 

f i r s t  diol-LC column was run i n  CC14-CHC13-MeOH-H20 (5:5:8:2) and 

t h e  second i n  CC14-MeOH-H20 ( 5 : 4 : 1 ) .  

m a t e r i a l  (4.7 g, 25% pure)  w a s  t hen  p u r i f i e d  t o  90% homogeniety by 

success ive  chromatography of 400 mg samples i n  t h e  CPC u s i n g  

CHC13-MeOH-H20 (1:l:l) wi th  t h e  lower l a y e r  a s  t h e  s t a t i o n a r y  

phase. This  a f fo rded  1.1 g of co loradocin ,  11. 

Superna tan t  

Chromatography of t h i s  material on Sepha- 

This  material was f u r t h e r  pur i -  

The recovered b i o a c t i v e  
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SEPARATION AND PURIFICATION OF MACROLIDES 199 

DISCUSSION 

Macrolide a n t i b i o t i c  complexes have t r a d i t i o n a l l y  proved t o  

be d i f f i c u l t  t o  s epa ra t e .  I n  t h e  case  of t h e  c l a s s i c a l  b a s i c  

macro l ides ,  as exempl i f ied  h e r e  by 2-norerythromycins and niddamy- 

c i n s ,  t h e  p o l a r i t y  of t h e  molecule i s  l a r g e l y  determined by t h e  

amino sugar.  Minor s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  o t h e r  a r e a s  of 

t h e  molecule do l i t t l e  t o  a f f e c t  t h e  chromatographic m o b i l i t y  of 

t h e  v a r i o u s  congeners. Moreover, s o l i d  packings such a s  s i l i c a  

g e l  tend t o  hold t enac ious ly  t o  t h e  amino sugar  moiety and sol- 
v e n t s  con ta in ing  amines or concent ra ted  ammonium hydroxide a r e  

r e q u i r e d  t o  e l u t e  t h e  macrolide.  

macro l ide  r i n g  i t s e l f  probably accounts  f o r  t h e  poor recovery  

y i e l d s  of  b a s i c  macro l ides  from s i l ica  g e l  chromatography. Coun- 

t e r c u r r e n t  chromatography provides  t h e  r equ i r ed  h igh  r e s o l v i n g  

power combined wi th  mild cond i t ions  t o  a l low f o r  v i r t u a l l y  quan t i -  

t a t i v e  s e p a r a t i o n  of t h e s e  compounds. Severa l  d i f f e r e n t  s o l v e n t  

systems have been developed f o r  t h e  b a s i c  macrolides and p a r t i t i o n  

r a t i o s  w i t h i n  t h e s e  a r e  s t r o n g l y  dependent on pH. 

phosphate b u f f e r s  were used t o  main ta in  cons t an t  pH i n  t h e  6 t o  

6.5 r eg ion  o r  7 t o  7.5 reg ion ,  r e s p e c t i v e l y .  The s t r e n g t h  of t h e  

b u f f e r  must be s u f f i c i e n t  t o  account f o r  t h e  column load ,  but h igh  

l e v e l s  of sa l t  tend t o  cause  p r e c i p i t a t i o n  problems. We expe r i -  

enced t h i s  e f f e c t  u s ing  0.1 M b u f f e r ,  but had no problems wi th  

b u f f e r s  a t  0.01 M. 

The base s e n s i t i v e  n a t u r e  of t h e  

C i t r a t e  o r  

The s e p a r a t i o n s  achieved  i n  some cases  a r e  s t r i k i n g .  The 

2-norerythromycins d i f f e r  s t r u c t u r a l l y  on ly  i n  t h e  n e u t r a l  suga r  

and on t h e  macro l ide  r i n g  a t  C-12. 

c i n  A, 1, t h e  c o n t r i b u t i o n  t o  p o l a r i t y  i n  t h e s e  r eg ions  i s  a 

1,2 g l y c o l  on the macro l ide  and a hydroxyl a t  4". 
romycin D, 4, t h e r e  i s  a g l y c o l  a t  3" 4" and a lone  hydroxyl a t  

11. None-the-less t h e s e  t w o  compounds are w e l l  s epa ra t ed  i n  t h e  

i n i t i a l  CPC chromatography. 

s imple  r educ t ion  of t h e  1 0 , l l  double bond r e p r e s e n t s  t h e  s t r u c t u r -  

a l  d i f f e r e n c e  between niddamycin B ,  5 and niddamycin A1, 7.  

I n  t h e  c a s e  of P-norerythromy- 

I n  2-noreryth- 

S i m i l a r l y  i n  t h e  niddamycins t h e  

Yet 
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200 CHEN ET AL. 

in the systems used the latter was retained in the stationary 
phase whereas the former was eluted in two column volumes. 

Among the neutral macrolides, the tiacumicins B 8, C 9, and 

F, 10 differ only on the positioning of the isobutyrate ester on 
the seven carbon sugar. Yet these three are separated, albeit not 
to baseline, by a single chromatographic step on the CPC. 
power of the method is further demonstrated by the purification of 

the labile macrolide, coloradocin, 11. This compound was unstable 
outside of the pH range 3 to 8 and also underwent Michael addi- 
tions with nucleophiles within that pH range. 

The 

These four examples from the macrolide field clearly demon- 
strate the power of countercurrent chromatography to effect high 
resolution separation under extremely mild conditions. 
Coil Planet Centrifuge with its lack of moving seals assures 
quantitative recovery from these small scale, preparative chroma- 
tographies. 

The Ito 
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