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EXTRACTIONS AND PURIFICATIONS

APPLICATION OF pH-ZONE-REFINING
CCCTO THE ISOLATION OF ANTIFUNGAL
FERMENTATION PRODUCTS

Guy H. Harris* and Ping Dai

Merck Research Laboratories, Department of Natural
Products Drug Discovery, R80Y-360, P.O. Box 2000,
Rahway, NJ 07065, USA

ABSTRACT

The application of pH-zone-refining countercurrent chroma-
tography (CCC) to the purification and bioassay guided isolation
of novel antifungal agents from fungal fermentation extracts is
demonstrated with separations of three families of acidic natural
products. The separations were carried out using two types of
commercially available multilayer coil planet centrifuges. Using
this methodology as the final isolation step, three new glycosy-
lated polyketides, arthrinosides A-C, were isolated from fermenta-
tion extracts of an Arthrinium sp. The three compounds differ in
the length and hydroxylation of the polyketide chain and were not
easily separable using normal or reverse phase column chro-
matography. Mycoparasitic acids A and B, new natural products
differing only in epoxidation of an endocyclic double bond, were
separated directly from crude fungal culture extracts. This CCC
method was applied to the purification of a new biotransformation
product of sordarin resulting from hydroxylation at C-11. Several
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hundred milligrams of this new derivative were easily separated in
a single chromatographic run.

INTRODUCTION

The bioactivity-guided isolation of antifungal natural products from fungal
and bacterial sources can present challenging problems for the natural products
chemist because of the physical nature of the molecules and the milieu in which
they are produced.”” They are frequently produced as complex families differing
only by minor changes in hydroxylation, oxidation, and methylation patterns.
Purification of individual members of a complex can, thus, require careful selec-
tion of chromatographic methods. The presence of reactive functional groups
can cause solvent and pH stability problems, as well as poor chromatographic
behavior, limiting the choice of chromatographic methods. In our own work, we
have encountered highly lipophilic compounds possessing an acidic or basic moi-
ety, which are difficult to chromatograph.

High speed countercurrent chromatography (HSCCC) has been used to
solve some of these chromatography problems.’ For example, keto-enol tau-
tomerization of the [B-ketoaldehyde and a-diketo moieties of the ceramide syn-
thase inhibitor australifungin, caused poor chromatographic behavior with
preparative reverse phase methods. HSCCC provided a solution for final, prepar-
ative purification of australifungin." A family of alkyl citrates identified as
potent inhibitors of serine palmitoyl transferase, the viridiofungins, were pro-
duced as a complex mixture differing in carbon chain length, hydroxylation and
oxidation of the aliphatic chain, and aromatic amino acid acylated to the citrate
portion.” HSCCC provided a normal phase chromatographic step for resolution
of the viridiofungin complex prior to final purification, using preparative reverse
phase HPLC. As an extension of our application of HSCCC, we describe here
the use of the recently described technique of pH-zone-refining CCC,” to solve
similar problems encountered during the isolation of three families of antifungal
natural products from fungal fermentations.

The recent discovery that the antifungal natural product sordarin (1) is a
potent inhibitor of the binding of elongation factor 2 (EF2) to the ribosome"’ has
been made to develop derivatives for agricultural and human antifungal use."
Biotransformation of 1, using an actinomycete culture, resulted in the production
of 4’-O-demethylsordarin (2) and a new analog, 11-hydroxysordarin (3).”" pH-
Zone-refining CCC was successfully applied to the preparative separation of
compounds 1-3 (Figure 1).

A screening program to identify new broad spectrum antifungal agents
resulted in the isolation of two new families of natural products. Mycoparasitic
acids A and B (4, 5) were obtained from fermentation extracts of the mycopara-
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Figure 1. Structures of natural products separated using pH-zone-refining CCC.
Sordarin (1), 4’-O-demethylsordarin (2), 11-hydroxysordarin (3); mycoparasitic acids A
(4) and B (5); arthrinosides A (6), B (7), and C (8).
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sitic fungus Hypomyces polyporinus." Arthrinosides A - C (6 — 8) are glycosy-
lated, linear polyketides isolated from fermentation extracts of an Arthrinium sp."”
Both compound families possess a free carboxylic acid(s), which was exploited
for the pH-zone-refining CCC separation.

EXPERIMENTAL
General Methods and Equipment

Separations were carried out on one of the following two instruments. A
Multi Layer Coil Planet Centrifuge (MLCPC) obtained from P.C., Inc. (Potomac,
Md., USA), containing a single coil of #14 teflon tubing (1.68 mm I.D.) with a
volume of 300 mL, or a Tripple” coil consisting of three separate coils of #14
teflon tubing (1.68 mm 1.D.) with volumes of 14.6 mL, 76 mL, or 223 mL. The 3
values ranged from 0.57 to 0.85 for both coils. A CCC-1000 was obtained from
Pharma-Tech Research Corporation, Inc. (Baltimore, Md., USA) containing 3 -
100 mL, 1.68 mm 1.D. teflon tubing coils. The 3 values ranged from 0.45 to 0.75.
Solvent pumps were either Waters 510 or Knauer 64, and a flow through pH
monitor was obtained from Pharmacia Inc. (Upsala, Sweden). Solvent systems
used for CCC separations were equilibrated and the phases separated prior to
addition of the retainer acid or eluant base. Samples were injected directly onto
the column using the “Ito technique” or using a Rheodyne 7125 sample injection
valve. The amount of stationary phase displaced from the coil at the beginning of
each separation was measured and used to calculate the stationary phase fraction
(S,), as described by Conway.

Preparation of Crude Sordarins Fraction

A methanol extract (50 L) of a fermentation of culture MA7235," which
had been fed 0.5 g/L sordarin, was diluted with an equal volume of H,O and
passed through a bed of brominated polystyrenedivinylbenzene resin (Mitsubishi
SP207) in upflow mode at 400 mL/min. The resin was then washed with 25%
methanol followed by elution of the crude sordarin mixture with 75% methanol
in downflow mode. The crude sordarin fraction was concentrated in vacuo to
remove most of the methanol, adjusted to 0.1 N NaOH, and twice extracted with
CH,Cl,. The aqueous layer was adjusted to pH 2.5 with H SO, and extracted
twice with CH,ClL,. The combined CH,Cl, layers were washed with H O, brine,
dried over anhydrous Na,SO,, and concentrated in vacuo to yield a crude sor-
darins fraction as a yellow oil (12.2 g).
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PH Zone-Refining Separation of Crude Sordarins Mixture

The 76 mL Tripple" coil in a P.C. Inc. MLCCC was charged with a station-
ary phase of CH,Cl, containing 0.04% trifluoroacetic acid (TFA). The crude sor-
darin fraction, 0.2 g or 1.5 g, was dissolved in stationary phase and loaded onto
the tail of the coil. The coil was eluted tail to head with 10 mM NH,OH at 2.0
mL/min., 800 rpm, collecting 1.5 min. fractions. Separation of 5 g of the crude
sordarin fraction was similarly carried out on the 227 mL Tripple® coil with a
mobile phase flow rate of 6.0 mL/min. Fractions from each separation were ana-
lyzed for sordarin, 4’-O-demethylsordarin, and 11-hydroxysordarin using analyt-
ical RP HPLC.

Preparation of Crude Mycoparasitic Acids A and B

A solid fermentation (2 L liquid equivalent) of fungal culture GB5217 was
extracted with methyl ethyl ketone (MEK), filtered, and the solvent removed in
vacuo to yield a crude culture extract (5.8 g).

pH Zone-Refining CCC Separation of Crude Mycoparasitic Acids
A and B

A solvent system of methyl isobutyl ketone (MiBK) : acetonitrile : H,O
(4:1:5) was equilibrated and the phases separated. TFA (10 mM final concentra-
tion), was added to upper (organic) phase used to fill a 300 mL PharmaTech
CCC-1000 coil. The crude mycoparasitic acid mixture, 1.6 g, was dissolved in
stationary phase, 15 mL, and loaded onto the head of the coil. The column was
then eluted head to tail at 2.5 mL/min, 1015 rpm, with the lower phase, to which
NH,OH (10 mM final concentration), was added and 4 min. (10 mL) fractions
collected. Approximately 170 mL of stationary phase was lost prior to column
equilibration, S, 0.43. Elution was continued until the pH of the eluate was equal
to that of the mobile phase. Fractions were assayed for mycoparasitic acid A and
B using analytical RP HPLC. Fractions 28-42 contained mycoparasitic acid A,
110 mg, and fractions 45—70 contained mycoparasitic acid B, 254 mg.

Preparation of Crude Arthrinoside Complex

A liquid fermentation of culture MF6512 (2 L) was extracted with an equal
volume of methanol and the extract clarified by filtration through celite. The
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methanol was removed in vacuo, the remaining aqueous solution acidified to pH
3.15 with 1 N HCI, and then extracted with ethyl acetate (11.5 g). This extract
was further purified on diol silica gel using a mobile phase of CH,Cl,:MeOH
(9:1) to yield a crude complex of arthrinosides (530 mg).

pH Zone-Refining CCC Separation of Diol Purified Crude
Arthrinoside Complex

A solvent system of methyl isobutyl ketone (MiBK):H,O (1:1) was equili-
brated and the phases separated. Trifluoroacetic acid (TFA), 0.1% final concen-
tration, was added to upper (organic) phase used to fill a 300 mL PharmaTech
CCC-1000 coil. The diol silica gel purified arthrinoside complex, 480 mg, was
dissolved in stationary phase, 15 mL, and loaded onto the head of the coil. The
column was then eluted head to tail at 2.5 mL/min, 1050 rpm, with the lower
phase, to which NH,OH (10 mM final concentration) was added and 5 min. (10
mL) fractions collected. Elution was continued until the pH of the eluate was
equal to that of the mobile phase. Fractions were assayed for antifungal activity
using an agar diffusion assay versus Candida albicans. Arthrinosides were re-
covered from the fractions by adjustment of the pH to 3 with H,PO, and extrac-
tion into ethyl acetate. Fractions 30-34 contained arthrinoside B (26 mg), 37-42
contained arthrinoside A and an unknown component (45 mg), and 43-46 con-
tained arthrinoside C (59 mg).

pH Zone-Refining CCC Separation of Crude Extract of MF6512

The crude fermentation extract (1.4 g) of MF6512, after extraction with
ethyl acetate, was separated, as described above, for the diol silica purified com-
plex. Fractions 34-41 contained arthrinoside A (129 mg), 44-45 contained arthri-
noside B (27 mg), and 46-50 contained arthrinoside C (58 mg).

RESULTS AND DISCUSSION

Separation of Sordarin, 4’-O-Demethyl Sordarin and
11-Hydroxysordarin

Biotransformation of 1 using actinomycete culture MA7235 resulted in the
production of two products, one resulting from 4’-O-demethylation and the other
from 11-hydroxylation, each in approximately 30% yield." The reaction prod-
ucts, as well as unreacted 1, were recovered from methanol extracts of two 23 L
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scale fermenter biotransformations by solid phase adsorption onto SP207.
Compounds 1-3 had good solubility in CH,CI, at acidic pH and good aqueous
solubility at alkaline pH. These solubility properties allowed further purification
of the mixture using differential pH extraction to provide a crude acids fraction,
which was dominated by 1-3, and also suggested the feasibility of separating the
three components using pH zone-refining CCC.

A stationary phase of CH,Cl, containing 0.04% TFA and a mobile phase of
10 mM aqueous NH,OH, was chosen for the pH zone-refining CCC separation of
the crude acids fraction containing 1-3 based upon the above solubility observa-
tions, and from literature descriptions by Ito and coworkers for this method. An
initial separation of 200 mg of this material on a 76 mL #14 coil yielded three
distinct pH plateaus (Figure 2). The first of these corresponded to the most polar
of the three compounds, 3, eluting at 0.43 — 0.71 column volumes. The next
compound to elute was 2, the next most polar compound on reverse phase, at 0.91
— 1.26 column volumes. The last of the three compounds to elute was 1 at 1.42 —
1.58 column volumes. Following elution of 1, the pH of the eluant rapidly
increased to that of the eluting mobile phase. Good retention of stationary phase
was observed with an initial S, of 0.72.

The same conditions were applied to 1.5 g of sample with better results
(Figure 3). Compound 3 eluted at 1.65-3.16 column volumes, 2 at 3.95-5.92
column volumes, and 1 at 6.79—7.82 column volumes. The resulting longer CCC
separation is consistent with a 7.5-fold increase in sample loading. Good reten-
tion of stationary phase was still observed with a S, of 0.64. Resolution of the
three compounds improved with the increase in feed sample, resulting in almost
one column volume of mobile phase separating each of the three zones.

Further scale-up of the separation on a 227 mL #14 coil with 5.2 g of sam-
ple was successful at separating 2 and 3 (Figure 4). Compound 3 eluted at
1.82-3.25 column volumes and 2 at 3.96-5.75 column volumes. Compound 1
began eluting at 6.34 column volumes, however, stationary phase bleed through-
out the run lead to complete loss of stationary phase after 6.62 column volumes
of eluant. Whitish, lipid-like, material was observed at the phase interface in sev-
eral of the fractions, perhaps an indication of sample component insolubility at
this loading. A lower initial S, (0.41) was observed for this coil/loading than that
observed for the smaller coil. A second equivalent run yielded nearly identical
results, with compound 3 eluting at 1.58-2.89 column volumes and 2 at
3.52-5.11 column volumes. As in the previous run, compound 1 began eluting
just as stationary phase was completely lost.

The recovered zone of each compound from each run was generally
70-80% pure based upon weight, 'H NMR, and HPLC analysis. Each sordarin
zone was completely free of the other two sordarin derivatives present in the feed
sample. The impurity weight for each zone appeared to be due to other acidic,
non-sordarin components of the feed sample. This was not unexpected since the
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feed sample was still a relatively crude mixture of sordarin derivatives, minor fer-
mentation products, and media components. Compounds 2 and 3 were easily
purified following the CCC separation using preparative RP HPLC.

Separation of Mycoparasitic Acids A and B

Mycoparasitic acids A and B differ only in the epoxidation of a endocyclic
double bond and both contain a terminal carboxylic acid. Separation of these two
compounds directly from a methyl ethyl ketone fermentation extract was
attempted using pH-zone-refining CCC methodology. A solvent system consist-
ing of MiBK:acetonitrile:H,O (4:1:5) with the upper layer adjusted to 0.04% TFA
and lower layer adjusted tol0 mM NH,OH, was used to separate the crude extract.
The pH of the CCC separation was monitored online and the fractions were ana-
lyzed for 4 and 5 using RP HPLC, as well as for bioactivity using antifungal agar
diffusion assays (Figure 5). Two major pH plateaus were evident, with the first
corresponding to 4 and the second to 5. While the two components were clearly
separated, the concentration of 4 and 5 within their respective elution zones was
not uniform and increased with elution volume. The pH of the two plateaus was
only slightly different and, at approximately pH 8.9, appeared high relative to the
other separations reported here. Nevertheless, the separation was successful and
yielded 110 mg of 4 and 254 mg of 5, both at a purity of 70-80%. Each com-
pound was further purified to homogeneity using preparative RP HPLC.

Separation of Arthrinosides A-C

The initial sample of arthrinoside A, 6, was obtained after normal phase
chromatography on diol silica followed by semi-preparative RP HPLC. Neither
chromatographic step was optimal however. Diol silica gel did not resolve mem-
bers of the family, and scaling of the RP HPLC yielded broad peaks making it
difficult to separate the other members of the complex.

The diacid character of the arthrinosides was successfully exploited for pH
zone-refining CCC. A solvent system MiBK containing 0.1% TFA: aqueous 10
mM NH,OH was used to separate 480 mg of the crude diol column eluate. The
pH of the eluant was monitored online and the fractions assayed for antifungal
activity. The complete lack of a chromophore made RP HPLC analysis of the
fractions difficult. Three distinct pH plateaus were observed implying three dif-
ferent major components (Figure 6). The middle zone contained 6 and an unre-
lated compound. The first and last zones contained two new members of the
family, 7 and 8, respectively. The new compounds were essentially pure and the
samples were used for structure elucidation.
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To further explore the utility of pH-zone-refining CCC for arthrinoside iso-
lation, a 1.4 g portion of the crude ethyl acetate fermentation extract was sepa-
rated, as described above, for the diol silica fraction (Figure 7). This separation
yielded 6 (129 mg) at a purity of >90% and compounds 7 (27 mg) and 8 (78 mg)
at a purity of 70-80%. Several aspects of this separation are of interest. First,
the order of elution of compounds 6 and 7 was reversed when compared with that
obtained using the diol silica purified complex as a feed sample. Second, the
unknown component, which co-eluted with 6 in the separation of the diol silica
purified complex, was now completely resolved from 6 and related components.
The difference in elution order might have been due to a difference in the ionic
state of the arthrinosides in the two feed samples or caused by different amounts
of non-arthrinoside impurities. Third, 6-8 accounted for only 17% of the weight
of the CCC feed sample but dominated the separation, and were recovered at
excellent purity.

CONCLUSIONS

The work described here demonstrates that pH-zone-refining CCC is a
very useful alternative to classical chromatographic methods for the purification
of sordarin and its derivatives, as well as for the mycoparasitic acids. The use of
pH-zone-refining CCC in combination with bioassay is certainly the best, if not
the only, method to isolate the arthinosides, especially B and C. The application
of the pH-zone-refining CCC to crude or semi-pure mixtures has been demon-
strated previously for phenolic compounds and alkaloids."”” The separations
described above were all performed using crude or semi-pure mixtures. The sep-
aration of the sordarin analogs was highly reproducible and scaleup was pre-
dictable. Almost identical elution profiles were observed at the highest loading
attempted. pH-zone-refining CCC was useful for increasing the purity of the of
11-hydroxysodarin. The mass of the crude sordarin fraction would have required
multiple runs, perhaps as many as 10-20, to process using typical laboratory scale
(5.0 cm diameter or less) preparative reverse phase columns. The bulk of this
material was processed in two CCC separations, and final purification using RP
HPLC required just two runs. The separations of crude mycoparasitic acids and
arthrinosides were not repeated beyond that reported here because of lack of sam-
ple. The elution order reversal of arthrinosides A and B is interesting and war-
rants further investigation.
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