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hSTRACT.-siX anthracycline antitumor agents, marcellomycin, musettamycin, 
rudolphomycin, alcindoromycin, collinemycin, and mimimycin, have now been isolated 
from bohemic acid complex. This has been achieved by  classical column chroma- 
tography with Sephadex LH-20 and ammonia-neutralized silica and by analytical and 
preparative hplc techniques with normal phase systems containing aqueous ammonia. 

The discovery of the anthracycline antitumor agent adriamycin (1) has led 
to an intensive effort to discover additional members of this class of compounds 
both in our own laboratories ( 2 ,  3) and elsewhere (4-10). Previously we reported 
the isolation of three new pyrromycin-based antitumor agents from bohemic 
acid complex2 (2, 3), musettamycin (1) marcellomycin (2) and rudolphomycin (3) 
(figure 1). I n  this paper we report the separation techniques developed in the 
course of our work as m-ell as the isolation of three minor anthracycline components 
of the mixture, mimimycin (4) collinemycin (5) and alcindoromycin (6). In 
addition, we have also isolated the novel 6-oxo-2H-oxireno[a]pyrrolizine, 
bohemamine (7). Details of the structure elucidations of compounds 1-7 will 
be published elsewhere (11, 12). The preliminary biological profiling of com- 
pounds 1-6 is included in this communication. 

RESULTS 
Bohemic acid complex is produced by fermentation of Actinosporaiagium sp. 

strain C36,145 (ATCC 31127) under the conditions described earlier (2). 
Methyl isobutyl ketone was used to extract the crude complex from the whole 
broth under neutral or slightly basic conditions. Concentration of the extracts 
to a low volume followed by precipitation with petroleum ether gave the complex 
as an oily solid. The fats and oils were removed by ether washing of the solids. 

Initial attempts to fractionate the crude complex Jyere made with preparative 
layer chromatography. Either toluene-methanol (4:l) or toluene-acetone- 
methanol (3:l : l)  was used for development of the plates. The zones appearing 
a t  Rr 0.28-0.30 and 0.30-0.32 were shown to be biologically active. While prepara- 
tive layer chromatography did yield enriched material, the yields were very 
low. Silica gel chromatography in columns was also unsatisfactory due to  severe 
tailing and mixing of fractions. 

In  viem- of the unsatisfactory results with silica gel chromatography, Sephadex 
LH-20 chromatography, in either chloroform or methylene chloride, was carried 

'Par t s  I and 11, J .  Autzb io t . ,  30, 519, 525 11977). 
*It is the practice in these laboratories t o  give trivial names, in many cases derived from 

various operas, t o  antibiotic complexes early in the isolation effort. I n  view of i t s  colorful 
nature, this particular antibiotic complex has been named bohemic acid (after La Bohkme) 
and is produced by an actinosporagium sp. strain C36145 (ATCC 31127). Individual com- 
ponents of the  complex, when these are unknown, are given names based on characters in the  
opera. 
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FIG. 1. Structures. 
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out. The complex was resolved into four fractions (fig. 2) . -  Fraction 1, eluting 
a t  the front, was a complex mixture of compounds which Ti-as shon-n subsequently 
to  contain pyrromycin (6, 13) and cinerubins h and B (6, 14, 1.5). 

FIG. 2 .  (LH-20 Sephadex Chromatography of crude Bohemic Acid Complex) 
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It was identified 
by comparison of its ir spectrum and other physical data (13). The third fraction 
n-as crystalline and contained only minor impurities according to tlc. The 
crystalline compound was named musettamycin (1). Initially the fourth fraction 
\\-as thought to  consist of a single material, marcellomycin (2) ; hou-ever, tlc showed 
the presence of an impurity having the same Rr as musettamycin. When the 
fourth fraction n-as rechromatographed on LH-20, no additional musettamycin 
was obtained, thus leading to the conclusion that the impurity wa9 a compound 
other than musettamycin. 

h t  this time, reverqe phase hplc on Cis-Porasil B columns wxtr used to obtain 
both musettamycin (1) and marcellomycin (2) in a pure state as described in 
our earlier communication (2). Unfortunately, this procedure was quite lengthy 
and afforded only a fen- hundred milligrams of each compound after several weeks 
work. =iccordingly, chromatography was carried out on iron-free silica gel to 
which sufficient ammonium hydroxide had been added to neutralize the acidic 
binding sites and to minimize potential hydrolysis of the glyco.;idic linkage in 
musettamycin (1) and marcellomycin (2). Chromatography of fraction four with 
toluene-methanol (19 :1) afforded rudolphomycin (3) and marcellompin (2). 

Because of its antitumor profile and an apparent lack of leukopenia in a small 
animal toxicological model (17, lS), it n-as decided to  prepare additional quantities 
of marcellomycin (2) for toxicological profiling. This required considerable 
improvement in the isolation techniques in order to give adequate supplies of 
the compound for testing. 

In  order to simplify the mixture, a bulk purification step was introduced. 
Even though the glycosidic linkages in compounds 1-3 were labile to  acids, i t  
was posqible to  dissolve the complex in methylene chloride and distribute the 
aminoglycosides into a 0.1s acetic acid solution (pH 4). The layers were separated 
immediately; the aqueous phase \vas made neutral and reextracted into methylene 
chloride. The material obtained was shown to contain all of the biological activity 
of the starting material but represented only 20yc of the rveight. 

Hplc separation of the aminoglycoside components in the active fraction 
was carried out on a p-Porabil column with methylene chloride-met hanol-ammo- 
nium hydroxide (96 :4 :1) as solvent. The excellent resolution achieved revealed 
the presence of cinnerubins 9 and 11, rudolphymycin (3), muFettamyin (1) and 
marcellomycin (2) as well as a number of minor components (figure 3). 

Translation of the analytical solvent system to the Prep LC 500 resulted in 
long retention times for the more polar components of the mixture. Decreasing 
the proportion of alcohol to  4.5 parts or lowering the ammonia concentration by 
using 6yc ammonium hydroxide in lieu of the concentrated ammonium hydroxide 
gave excellent results as illustrated in figure 4. The first run on the set of two 
PrepPak cartridges gave poorer resolution than subsequent runs. This may 
have been due to the relatively high iron content of the silica packing. Following 
the first run. the column was stripped with methanol, reequilibrated with the 
chromatographic solvent and a second run was made. Following the second and 
subsequent runs, the cartridges were cleaned with solvent in which the proportion 
of methanol had been increased to 10 parts. I n  this manner, 12 successive runs 
were made with the same set of cartridges. The loadings were gradually increased 
until 25 g runs were being made. Fractions were analyzed by hplc and combined 
where appropriate. Marcellomycin (2) was found in fractions 10-15 in a yield 
from 6-8 g of material, of approximately 90Yc purity, in each 25 g run. When all 

s-Pyrromycinone, 10, crystallized from the second fraction. 
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1 I /  

of the crude material had been processed, the accumulated marcellomycin-rich 
fractions were rechromatographed on the same two PrepPak cartridges. The 
practical load limit was found to be 6-8 g per run. The central portion of the 
main peak was recycled once and collected in fractions 16-22 (fig. 5). From a 

Time in minutes 

1 1 1 1 1 ~ 1 1 1 1 ] 1 1 1 1 1 ~ 1 1 ~ ~ ~ ~ ~  
0 2 4 6 8 10 12  14 16 18 20 2 2  2 4  26 28 30 3 2  3 4  36 38 40 62 M 66 

Marcel lomyc in 

- -  
FIG. 4.  Prep LC/500 run 25 g Bohemic Acid Complex on 2 PrepPak cartridges. 

Flow Rate :  200 ml/min 
Solvent System: CHZC~Z/CH~OH/G% SHdOH (95:5:1) 
Relative Response (XI detector) :  5 
Chart speed:-0.5 cm/min 
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6.0 g run a total of 3.S g of marcellomycin of 99+% purity was obtained. During 
the course of this n-ork. a number of fractions greatly enriched in the minor com- 
ponents of the complex were obtained. These n-ere subjected to  further prepara- 
tive hplc. I n  this manner n-ere obtained mimimycin (4) and collinemycin (3),  
the C ~ O  epimers of marcellomycin (2) and musettamycin (1). respectively. During 
concentration of the fractions containing 4, it was observed that 4 partially 
epimerized to 2. Consequently the fractions from chromatography \\-ere washed 
with water prior to conceiitratiori in order to prevent base-catalyzed epimerization. 
The sixth anthraq-cline n-e have isolated n-as alcindoromycin (6). \\-liich n-as 
concentrated in the tai1il:g fractions from the Prep LC 500 runs and in the column 
washes. These were combined and chromatographed on Sephades LH-20 n-ith 
toluene-methanol (9:1) as the eluting solvent. Similarly the mixture of musetta- 
mj-cin and rudolphomj-cin from the Prep LC 500 chromatogram \\-as chroma- 
tographed on LH-20 Sephades Ix-itli methylene chloride as eluent. The mixture 
was cleanly resolved into pure musettaniycin and rudolphyomcin. Bohemamine 
( 7 )  (12)' n-as obtained froni the late fractioris of this column. 

FIG. 5 .  -4 representative refractive index chromatogram from LC '500 chromatograph?- m-ith 
recycle of G.0 g of marcellomyein-rich material containing 55 mimimycin. Response 
ra te  10. Flow- ra te  200 m1,'min. 
i c i .  experimental section, purification of marcellomycin bJ- shave and recycle.) 

System 95:5:1 CH2C1,:?r1eOH:GC; coned. SHdOH.  

BIOLOGICAL TESTS 

Biological data for musettamycin and marcellomycin n as reported in an earlier 
publication (19). Data for the other nen- anthracyclines isolated from bohemic 
acid is given in this publication. 

Is VITRO TE~TS.--;intimicrobial tests revealed some activity against gram 
positive bacteria n i th  rudolphomycin being the most potent. Sone  of the products 
was effective in inhibiting gram negative bacteria, yeasts, or fungi (table I ) .  

Is T-IVO TESTS.-of the four bohemic acid products. rudolphomycin was the 
most potent and toxic in a test against L-1210 leukemia (table 2 ) .  Of the remain- 
ing products, collinem~-cin and alcindoromycin gave slightly wperior furviva1 
characteristics compared to mimimycin. Rudolphomycin n as also tested against 
B16 melanoma and produced moderate inhibition at several doses (table 3 ) .  

DISCUSSIOS 
The use of Sephadex LH-20 chromatography for the separation of complex 

natural product mixtures hac received much attention in the past several years. 
Several modes of separation ma>- occur depending upon the running conditions; 
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molecular sieving, partition, and adsorption effects have all been noted (20-23). 
The application of LH-20 chromatography to the separation of glycosides of 
anthracyclines has been reported by Fleck and co-workers (24). 

In  our case, it is quite evident that the gel filtration and partitioning effects 
were not important in achieving the separation and that the dominant effect 
was adsorption presumably via hydrogen bonding between polar functions in the 
gel matrix and the anthracycline glycosides. Indeed, no separation was achieved 
when the chromatography was attempted with methanol as the eluting solvent. 
This was due presumably to supression of the adsorption effects by the solvent. 
The most important factors in achieving good separations on Sephadex LH-20 
have proven to be flow rate and proper cleaning of the gel between c01umns.~ 

In the case of the bohemic acid complex, the use of LH-20 and silica gel has 
been complementary. While there is relatively poor resolution of rudolphomycin 
and musettamycin on silica gel, the use of LH-20 chromatography to resolve 
rudolphomycin-musettamycin mixtures has proved to be quite successful. 

The most interesting finding with respect to our hplc procedure, both on 
microparticulate packings and the Prep LC/jOO preparative work, has been 
the importance of adding water to achieve good resolution. During the course 
of this study a number of microparticulate packings were examined. Partisil 10 
and Licrosorb-Si 60 proved considerably more active than p-Porasil but gave 
slightly poorer resolution. This was corrected by deliberate deactivation of the 
columns with water. The use of mobile phases containing ammonium hydroxide 
results in s l o ~  deactivation of the columns, which requires the daily use of 
standards and periodic regeneration. These systems also shorten column life, 
presumably due to leaching of the silica gel. Some problems TTith detectors 
occurred due to deposition of a white film on lens surfaces when columns containing 
the methylene chloride-methanol-concentrated ammonium hydroxide systems 
ivere used. It is recommended that these columns be reserved solely for work 
with the alkaline systems. 

It was found that when one is dealing with polyphenolic quinones such as 
anthracyclines, the amount of ammonia is important. In  initial attempts to 
scale the analytical hplc systems to preparative loads, excessive amounts of 
ammonia were used. This gave apparent separation, as shown by the presence 
of several bands on the refractive index detector. However, when the samples 
were analyzed by analytical hplc, all samples were identical. It is speculated 
that ionization of one or more of the phenolic functions led to  a separation by 
ionic species rather than one based on the differing absorption effects of the sugar 
side chains. 

The high metal content of the preparative silica gel was also troublesome. 
However, since the resolution improved in the second and subsequent runs, the 
practice of prewashing the columns with epyrromycinone to remove iron was 
adopted. 

MATERIALS AND EQUIPMEKT 
For column chromatography, either Glenco Universal L C  glass columns, (Glenco Scientific, 

Inc.) or Lab-Crest columns with Solv-Seal type joints for low dead-volume connections (Flscher 
& Porter ,  Lab-Crest Scientific Div.)  were used. I n  the case of the la t te r ,  for solvents which 
a t tack  neoprene, the O-rings were removed from the Teflon bushings, which were then wrapped 
snugly with several (usually two) layers of 0.5 in. Teflon tape. For large scale work, a 6" 

3After two large scale runs the failure of the musettamycin and marcellomycin bands to  
resolve could be traced to  insufficient cleansing of the gel. Hon-ever, reduction of the flow 
rate  from 16 to  8 ml/min served to  restore the resolution. 
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diameter glass column equipped a t  the  base with a no-clog filter on which was laid a layer of 
glass wool and a circular polyethylene disk cut t o  a diameter of 5% in. t o  allow for snelling was 
used. 

Silica gel Woelm, 
63-200~ or silica gel Roe lm for dry  column chromatography, activity 111, 30p, obtained from 
I C Y  Pharmaceuticals, Inc. ,  was used for silica chromatography. Fractions from chroma- 
tography were read using a Bausch &- Lomb Spectronic 20 colorimeter or a Brinkmann PC;600 
colorimeter having an adjustable gap probe connected to  the electronic system b>- a glass 
fiber optic bundle.: 

Thin la>-er chromatography was performed on Quantagram LQDF plates from Quantum 
Industries, Silica Gel 60 F-254 plates from E31 Laboratories, Inc.  For micro-slide tlc, pre- 
scored Uniplate silica gel H L F  plates from Analtech, Inc. were used. 

Generally -2CS grade solvents &-ere used without further treatment for both classical and 
preparative liquid chromatography. For kplc n-ork, either analytical or  semipreparative, 
solvents from Burdick and Jackson were used as  is, while solvents from Fisher Scientific Co. 
or from Matheson, Coleman & Bell were filtered through a 10 pm Millipore filter, R H  type. 

1-arious hplc column packings were used. P-Stl-ragel, Bondapak Phenj-1, Porasil B ,  and 
p-Porasil were obtained from Waters hssociates. Partisi l  10 and, for semi-preparative work, 
Partisi l  20 were purchased from Whatman, Inc.  Li-Chrosorb 81-60 was purchased from EM 
Laboratories through suppliers of i t s  products. 

-2 variety of hplc apparatus was used: but for more critical analytical and all semi-prepara- 
tive work, the  model 31-6000.2 solvent delivery system and model U6K injector with 2 ml locp, 
both from Waters Associates, %-ere used. Detection a t  254 nm for analytical work and a t  
254 nm or 460 nm for semi-preparative work was made with either a T-ariscan model 635RI 
spectrophotometer equipped with flow-through micro cells from 1-arian Instrument Division 
or with a Monochromotor GbI 770 with Spectroflow Monitor S F  770 variable wave length 
detector from Schoeffel Instrument Corp. In  semipreparative rrork, a differential refracto- 
meter model RiOl was also used. For less critical work, a Milton Roy Co. Minipump with 
290 m l , h r  upper capacity and a model 7120 injector, Rheodl-ne, Inc. ,  %-ere used with either a 
model 1222 duo Monitor from the  Laboratory D a t a  Control Division of Milton Roj- Co. or  a 
homemade black bos measuring at  254 nm. Larger preparative separations n-ere made on the  
Prep LC 'System 500 from Waters ;issociates using one or  two PrepPak-500 ,Silica cartridges as  
needed. 

EXPERIJIESTAU 

Sephades L H  20 was purchased from Pharmacia Fine Chemicals. 

.I. I S I T I A L  EXTRACTIOS .\SD D I S T R I B K T I O S S  OF C R C D E  VATERIAL 

ISOLATIOS OF BOHEMIC ACID COMPLEX FROM FERMESTATIOSS OF ACTIE~OSPOR.\SGIC:Y SP. STR.\IS 
C-36,145 (ATCC 31127).-The whole broth was stirred vigorously for 20-30 min with an equal 
volume of methyl iso-butyl ketone a t  broth p H  (-8.0) and ambient temperature. The  mixture 
was then filtered; copious amounts of diatomaceous ear th  was used as  a filter aid.  The  organic 
phase was separated,  concentrated to  a minimal volume, and diluted with petroleum e ther  t o  
give an oily red mass which, after decantation, was st irred with escess diethyl ether and filtered 
t o  afford the  complex as  a dark  red amorphous solid. Yields varied in the  range 110-270 
mg:liter n-hole broth from broth volumes of 7-3000 liters. 

1. The  crude comples, 10 g as  estracted from broth,  was dissolved 
in one l i ter  of methylene chloride and extracted twice with one l i ter  portions of 0.1 S aqueous 
acetic acid.  The  aqueous es t rac ts  were brought to  pH 7.5 with solid potassium carbonate a s  
quickly as  they could be separated from the  organic phase. The  es t rac ts  were then combined 
and estracted with methylene chloride, and the  organic phase was evaporated to  give 2.07 g of 
product.  Oily material (3.46 g) having l i t t le or no basic glycoside content n-as obtained by 
evaporarion of the  acid-estracted methylene chloride. 

Crude bohemic acid complex, 760 g in 53 liters of methylene chloride, 
was st irred m-ith 50 liters of 0.1 S acetic acid a t  19-20', and 0.5 kg of diatomaceous ear th  filter 
aid was then added. The  misture was filtered on a 24-inch precoated Su t sche  filter; the  mat 
was rinsed n i t h  four l i ters of methylene chloride. The  aqueous phase, now 47 l i ters,  m-as 
separated and neutralized to  pH 7.0 m-ith sodium bicarbonate. The  methylene chloride solu- 
tion was estracted again as  before and the process repeated. Estraction and work-up, 2s in 

S E P i R l T I O S  O F  B.ASIC C O V P O S E S T S  FRO11 SOS-B. \SIC C O M P O S E S T S  I S  BOHEMIC . I U D  COMPLEX. 
On a Laboratory  S c a l e .  

2 .  On Q l a r g e  scale.  

4This apparatus has considerable advantages over other colorimeters in tha t  measurements 
may be made directly in the  collection tubes, and in tha t  dilution of samples is necessary only 
for very concentrated fractions, adjustments in the  gap width being made to  change sensitivity. 

j-ill melting points are uncorrected. Infra-red spectra were obtained on a Beckman I R  
model 4230 instrument, and ultraviolet spectra ne re  obtained on a Beckman Acta I11 11v in- 
strument.  1H nmr spectra,  100 mHz, m-ere obtained on a T-arian model H-2-1CO instrument, 
escept niimimycin, collinemycin, and alcindoromycin, which were examined on a 1-arian SL- 
100 instrument. Optical rotations were determined with a Perkin-Elmer 241-MC polarimeter. 
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the  small scale run, afforded an oily material which, in turn, upon treatment with e ther ,  gave 
210 g of complex containing 40% marcellomycin as  determined by hplc analysis. 

B .  CLASSICAL, OR OPEiX, COLUMS TECHNIQUES OK CRUDE JIhTERIBL 

FR.4CTIOYATIOS OF BoHEni~c ACID COMPLEX o s  SEPHADEX LH-20.-Sufficient Sephadex LH-20 
to  fill, m-lien swollen, a Pharmacia SR 25,400 column (25 mm I . D .  x 100 cm height) n-as st irred 
gently in excess chloroform for several hours and then left standing in the  solvent for a to ta l  of 
68 hours. The  column was slurry packed, do%-nn-ashed until completely sett led,  and the  upper 
teflon t ip n-as adjusted t o  just contact the  top of the  gel bed. This resulted in an effective bed 
height of 90-95 cm. 

Bohemic acid complex (500 mg) was dissolved in chloroform 110 ml) and applied a t  the  top 
of the  bed through the  tip, and the  column n-as then developed with chloroform a t  a flow ra te  
of 1 m1,:min. Fractions of 8 ml x-ere collected b y  an automatic collector. Samples from 
alternate tubes m-ere diluted 80 times with chloroform and read for adsorbance a t  490 nm in a 
Bausch 6: Lomb Spectronic 20 apparatus. I n  la te r  work, a Brinkmann PC/GOO colorimeter 
having a solvent resistant probe was used t o  read the  tubes directly. 

Readings began x i t h  the first fraction having color discernable t o  the eye: t h a t  fraction 
was designated number one. In  all, four major peaks were found (fig. 2j, and the  fractions 
representative of these peaks viere pooled and evaporated.  The  results a re  given in Table 1. 
Fractions b e t m e n  peaks were discarded. 

TABLE 1. Small scale Sephadex LH-20 chromatography. 

Frac t ion+ , wgt/mg Composition (by hplc) 
~~ 

1 I 5-11 GG 
15-21 38 
36-44 18 ' 4 ~ 46-57 48 

comple\- mirtiire 
7-pyrromycinone 
musettamycin 
marcellom yein-rudolphomycin 
mixture 

L.~RGE SC.~LE FRACTIOSATIOS or BOHEMIC ACID co>rPmx o s  SEPHADEX LH-20.-The Sephades 
LH-20, 8.73 kg dry  weight, n-as prepared as  in the  preceding experiment and slurry-packed 
int,o a glass column (6 in. diameter by  7T in. height) equipped a t  the  base from the  bottom up 
with a no-clog filter, a layer of glass ~ 0 0 1 ,  and a polyethylene disk cut t o  a diameter of 5% in. 
to  allow for s d l i n g .  -1 25 g sample F a s  heated in 1.5 liters of chloroform for 15 min and 
then stirred for 16 h r .  The  mixture n-as filtered to  remove 3.6 g of insoluble ma t t e r  and then 
charged to  the  column. I n  later runs, the  use of 10-305 methanol in the  sample solution 
was found t o  vastly improve solubili . The column n-as developed a t  a flow ra te  of l G  ml/min. 
After elution of a void volume of 1 5 ml, collection of 200 ml fractions n-as begun and con- 
tinued t o  a to ta l  of 183 fractions. Ever)- other fraction was analyzed spectrophotometrically 
as  described in the previous experiment (fig. 2).  Fractions vere  pooled as guided b>- this 
analysis, evaporated i~t  W I G N O ,  and except for the  7-p?-rrom>-cinone-rich cut which crystallized 
directll-, were diluted with e ther  t o  precipitate the products. Results are tabulated in table 2. 

TABLE 2. Large scale Sephadex LH-20 chromatography. 

I , 
Cut * 

G 
7 
8 

Fraction = n g t  g 

1-10 1.72 
11-40 ~ 5.47  
41-50 1.56 
51-70 1 .35  
71-118 ~ 1.98  

119-142 1 .01  
113-154 ~ 0.44  
155-190 4.58 

Composition (by  hplc) 

oily, low anthracycline content 
complex mixture 
mixture 
7-pyrromy cinone 
mixture: 7-pj-rromycinone and 
several components 
muset t amycin 
mostly musettamycin 
marcellomy cin-rudolphomy cin 

9 
' mixture 1 191-397 1 44 1 mixture of compounds 
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PCRIFICATIOS OF JXUSETTAJITCIS FROM THE THIRD P E l E  ELC-ATE OF QEPHADEX LH-20 COLTJISS. 

-The ether-precipitated solid (421.4 mg) was dissolved in excess boiling chloroform: the  
solution, while still  hor,  was filtered through fluted filter paper. The  filtrate was then con- 
centrated by boiling on a s team ba th  to  20 nil. Petroleum e ther  (Skellysolve B) was added 
dropwise to  the  warm concentrate just t o  the  cloud point follon-ed by 2-3 drops of chloroform. 
d f t e r  being allowed t o  cool slon-l!- to  ambient temperature, the  mixture n a s  left overnight at  
-203. The deep red cr>-stalline platelets were collected and dried in ' L ' U C I ~ O  to  afford 358.8 mg 
musettamyein: mp 162-3" dec.: j ~ r ; ~ ~ ~ + 2 5 8 ' ,  :a!:& f c  0.05, CHCI,); ir ymax E B r )  3480, 
2970, 2930, 2520, 2X0 ,  1T35, 1600, 1450, 1320, 1295, 1220, 1160, 1010, 990 em-1: uv  Xmas N e O H )  
233 nm i s  4.13 x 1 O 4 i ,  256 (E 2.38 s lo4) ,  284 fp  1.04 x lo4) ,  406 (E 1.02 x 10'1, 490 ( e  1.25 I 104i,  510 
( e  1.04 x l o4 ) ,  524 ( e  9.23 x 1 G 2 ) ,  and 570 (C 2 . 3 3  x lo3):  lH nmr (e 50 mg ml, CDCla) 6 11.05) ( T ,  
3H), 1.1T (d, 3H),  1.24 (d, 3H) ,  2.16 i s ,  GHj, 1.3-2.5 (m, SH), 3.60jbs,  lHj ,  3.68 (s, 3 H ) ,  3.75 
(bs, lH) ,  3.8-4.15 (ni, 2Hj,  4.10 (s ,  l H j ,  4.48 (ni, 2H) ,  4.48 [,m, 2H1, 0.00 (bs, l H ) ,  5.24 ibs: lHj,  
5.50 (bs, I H ) ,  i . 21  (s, l H ) ,  7.23 (s, IH) ,  and T.66 (s ,_H).  

Found: C, 00.2T; H, 6.50: S:  1.99. dnn ' .  Calcd for C ~ F H & O ~ ~ :  C, 69.41; H, 0.34: 1 , 1.95. 

SEPAR.iTIOS O F  X % R C E L L O M T C I S  A S D  RTDOLPHO3ITCIS O S  KEUTRALIZED SILICA GEL 

h. L.LBOR.\TORY SC.\LE sEP.m.iTIos.-Silica gel (Grace Davidson grade 62) n-as st irred in 
6 s  h~-drochloric acid for 1-2 hours a t  90-100' then filtered and n-ashed n-ith ionized n-ater 
until neutral. 

Am- 
monium hydroxide solution was Then added with stirring until a p H  of S n-as read on indicator 
paper or  by the  electrode of a pH meter.  Generall?- about 12 ml of concentrated base was 
required for this amount of adsorbent. 

The  silica n-as Then slurry-packed into a glass column equipped a t  t he  bottom m-itli a 
Teflon frit and a stopcock fitted n-ith Teflon tubing. I t  the  top, a short  column extender n-as 
a t tached ,  through which enough slurry n-as poured t o  provide a bed which, n-hen sett led,  n-ould 
extend above the  connection. K h e n  the  slurry n-as completely sett led and after some dom-n- 
washing, The solvent level was dram-n don-n t o  The top of the  bed. The  extender was c a r e f d y  
removec rrith tha t  portion of sdsorbent in i t  and replaced by  the  same type of end fitting as  on 
the  bottom. 
n-ashed n-ith t olnene-methanol (1O:l) until fully equilibrated. 

-1 sample of the  marcellom~-cin-rndolplioni~-cin mixture (1.02 g)  from Sephadex LH-20 
chromatograph). n-as dissolved in a mixture of 30 ml of the  solvent s - s t e m  and 3 nil methanol. 
The  solution n-as then applied through the top fitting onto the frit via a long syringe needle. 
After dran-ing the  charge d o m i  onto The top of the  bed, development m-as begun a t  a flow ra te  
of 0.9 ml min. Collection of 20 nil fractions n-as initiated just before the  void volume had 
eluted as evidenced visually by  the  approach of the colored front to  the  hortoni of ?lie bed. 

Elution of coniponents was evaluated specrrophotometrical1~- as described in previous 
experiments and by thin-layer chromatography of 20 pl port:on; on silica x i t h  a toluene-acetone- 
m e t h a n d  (6:2:2) sJ-steni. Fractions were pooled as indicated and evaporated t o  drj-ness. 
ReslllTs are as Tabulated in table 3.  Stripping the  column Kith pure methanol afforded an 
additional 240 nig of pigmented material  m-ith Ion- biological activit>-. 

The  gel n-as then oven-dried overnight a t  110'. 
The dried ,silica (770 g )  n-as stirred in an excess of toluene-methanol (82) mixture. 

A direct line from a solvent reservoir m-as connected: and The column m-as 

TABLE 3. Small scale fractionation of rndolphoniycin and marcellomycin. 

c u t  = Fraction = 1 n-gt nig Compcsition (by t lc) 
~ ____- 

1 -n 1 00 7-pyrromy cinone 

3 I 21-120 101 rudolphom;\-cin 
4 121-160 ~ 19 rudolphomycin and 

marcellomyein 
5 161-238 2i8 , marcellomyein 

- 2 1-20 I 7-pyrroml-cinone 

I 

"i forerun of four l i ters containing slight coloration was collected in one 
port ion. 

B. LARGE SCALE sm.iRaTIos.-Silica gel (T.l kg) n-as prepared as above and charged t o  a 
6 in. diameter chromatographic column. A charge of 10 g of the  marcellom:-cin-rudolphomycin 
mixture from Sephadex LH-20 chromatography was applied. .Ifter three days, t he  methanol 
content was increased by 1s daily t o  a level of 1 0 5  on day  8, a t  n-hich t ime the  desired 
anthrac)-clines eluted from the  column. 

The  
fractions were pooled accordingly. L-pon concentration, precipitates formed in a number of 
cuts and n-ere collected separately. The  mother liquors were evaporated in T U C I ~ O  t o  dryness 

Fractions of 200 ml were collected and analyzed spectrophotometrically a t  490 nm.  
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and stirred with petroleum ether ,  and the solids were collected and dried. Results are tabu- 
lated in table 4. 

TABLE 4. Large scale fractionation of rudoli 

c u t  

Foreshot .  
1 
1 

2 

3 
3 
4 
5 
5 

7 
postcut . .  
post cut  

, 
Fraction ji ' wgt/mg 

104 

150 

- 

1;240 504 

241-257 108 
1 

258-283 , 352 

284-314 I 929 
l* ! 218.5 

315-339 663 
(* 1125 

340-365 1330 
237 

366-440 1512 
l 192 
, 1735 

* *  

(* 

- 

Sta te  

crystn. ppt .  
crystn. ppt .  
amorph. 

amorph. 

crystn. ppt .  
crystn . 
amorph. 
amorph. pp. 
amorph. 
amorph. ppt .  
amorph. 
amorph. ppt .  
amorph. 
amorph. ppt .  

iomycin and marcellomycin. 

Constituents (by t lc)  

7-p yrromycinone 

q-pyrromycinone and 3 minor 
components 
7-pyrromycinone and rudolphomycin 
(wk) 
rudo1ph;mycin 

marcellomycin and rudolpbomycin 

marcellomycin 

L, 

11 

*' 

(( 

L* 

11 

unknown 
amorph. , 1L 

Marcellomvcin was obtained a s  a dark red amorphous solid: mp 175-6' dec. ;  i r  . m a s  (KBr) 
3450, 2960, 2940, 2820, 2790, 1730, 1615, 1600; 1450, 1260, 1095, 1010, and 800 cm-l; uv Xmax 
(MeOH) 233 nm ( e  4.02 x lo4),  256 ( E  1.24 x lo4, shoulder), 294 (e 8.97 x lo3, shoulder), 490 (e 1.34 x 
lo4), 510 (e 1.06 x lo4) ,  524 (8.9i x lo3), and 580 (e 9.3 x lo2);  1H nmr (e 50 mg/ml, CD2Cl2) 6 1.0- 
1.4 (m, 12H), 2.2 (s, 6H),  1.5-2.7 (m) ;  3.68 (s, 3H) ,  3.7 ( m ) ,  4.12 (s, l H ) ,  4.5 (m, 2H), 4.90 (bs, 
I H ) ,  5.05 (bs, l H ) ,  5.32 (bs, l H ) ,  5.52 (bs, l H ) ,  7.24 (s, 2H),  and 7.63 (s ,  1H) .  

A n d .  calcd. for C42HjjNOli: C, 59.64; H ,  6.55; N ,  1.65. Found: C, 58.77; H, 6 .77:  X, 1.82. 
Rudolphomycin was obtained as  a dark  red amorphous solid: mp 171-5" (dec.); i r  vmax 

(KBr) 3460, 3410, 2980, 2940, 2820, 2770, 1735, 1600, 1450, 1315, 1295, 1220, 1160, 1118, 1040, and 
1010 em-1; uv Xmax (MeOH) 233 nm ( E  4.46 x lo4), 257 ( e  2.79 s lo4),  280 (e 2.98 x lo4,) 490 (1.38 x 
lo4) ,  shoulders a t  466, 480, 511, and 523 nm; 1H nmr (e 56 mg/ml; CDC1,) 6 1.39 (t ,  3H) ,  1.45 (d, 
3H),  1.54 (d, 3H),  1.71 (d, 3H),  2.13 (s, GH), 2.C-2.5 (m), 2.5-3.0 (m,  3H),  3.72 (s, 3H) ,  3.93 (bs, 
l H ) ,  4.23 (bs, l H ) ,  4.37 (m, I H ) ,  4.48 (s, l H ) ,  4.74 (m, l H ) ,  4.84 (m, l H ) ,  5.29 (bs, lH) ,  5.45 
(m, l H ) ,  5.52 (4, l H ) ,  5.71 (s, l H ) ,  5.82 (bs, l H ) ,  5.88 (s, l H ) ,  7.39 (s, 2H),  7.88 (s, 1H) .  

Found: C, 58.22, 58.15; 
H ,  6.33, 6.29; N ,  3.05, 3.06. 

ilnnl. calcd. for Ca2H&20,e.l.5H20: C, 58.12; H ,  6.38; N ,  3.23. 

HIGH-PERFORXISCE LIQUID CHRO3LLTOGRAPHIC SEPARATIOS OF BOHEMIC ACID COMPONENTS 

-4. BY REVERSE PHISE,  SE~IIPREP.~R.ITIrE.-~IarcellOmyCin (1 g)  obtained from Sephadex 
LH-20 chromatography in chloroform was washed with 0.001 ?\I E D T A  in 0.01 phosphate (Na)  
buffer a t  p H  6.8 to  remove traces of iron. The  material was then passed through a four-column 
bank of p-Styragel, 500-100-100-100 A, (from Waters -4ssociates) in 100 mg batches in chloro- 
form a t  a flow rate  of 0 .64.7 mllmin as  an initial clean-up. The  main peak mTas eluted a t  26- 
31 min. 

The pooled main peak material, after removal of solvent in vacuo, was divided into 25 sam- 
ples, each 30-35 mg, which were then chromatographed successively on a phengl/Porasil B, 
37-75 p column (Waters Associates), 1 Izf b y  4.6 mm I D .  The running solvent was acetonitrile- 
0.01 h l  sodium acetate  (45:55), pH 4.0, a t  a flow rate  of 3.0 m1,'min. Fractions were collected a t  
1 min intervals. Monitoring was done by a refractive index detector (Waters Associates) and 
by hplc analysis of every fifth fraction on a 61 em x 21.1 mm I.D. column packed with phenyl/ 
Porasil, 37-50 p (Waters .Issoc.) Kith monitoring a t  254 nm in a uv detector; the same solvent 
system was used. The preparative column was v-ashed with acetonitrile a t  4.0 ml/min and 
then with the running solvent for 15 min each betvieen injections. 

Pure marcellomycin was found in fractions 18-35 which, when combined from the 25 runs, 
afforded 245 mg of product. hlixettamycin was purified further in the same n-ay except t h a t  
an acetonitrile-0.01 31 sodium acetate (35:65), pH 4.0, running solvent was used for the prepara- 
tive column. 

KORLLL PH.~SE CHROJI.ITOGR.APHY, ASALYTICAL sc.&LE.-Samples of bohemic acid, frac- 
tions and comples, were all dissolved a t  1-10 mg!ml in methylene chloride containing 5-20yL 
methanol and R-ere filtered through a solvent resistant 0.5 pm filter. Fi l t ra tes  were stored in 

The analytical column system was not changed. 

B. 
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sealed ampoules. A solvent s?-stem containing methylene chloride (960 ml) ,  methanol (40 
ml) ,  and aqueous ammonium hydroxide solution (10 ml) was st irred for 5-10 min and then 
allowed t o  stand until the  mixture cleared and an undissolved aqueors phase formed a puddle 
on top. 
taken t o  replenish the  solvent before the  reservoir level became solo&- tha t  some of the  aqueolls 
phase would be pumped onto the  column. 

Twvo microporous silicas, p-porasil and Partisi l  10, were used in respective 30 cm x 4.6 mm 
id and 25 or  30 cm x 4.1 id columns. The  columns viere preequilibrated with 40 volumes (ca 
160 ml) of the  solvent system. Sen- columns required preequilibraticn with systems con- 
taining an excess of polar constituents. Fo r  example, for p-porosil, 40 volumes of a methylene 
chloride-methanol-ammonium hydroxide solution (9O:lO:l) system was required. Samples of 
1-20 Fg, depending on complexity, were injected. Retentions of the  various components 
varied somewhat, but the  relative positions remained the  same (cf fig. 3 ) .  0 v e f . a  period of 
time, column activity gradually diminished, and required regeneration and reequilibration. 

500 .iPP.m.kTrs.-One column chamber of the  apparatus was loaded with a Prep PBK-5CO 
Silica cartridge containing 325 g of silica and placed under a radial pressure of 40 a tm.  The  
column was then preequilibrated by pumping the  majority of a five-liter batch of methylene 
chloride-methanol-ammonium hydroxide solution (90:10:2) through a t  200 ml/min and then 
recycling the  remainder for about 20 min. This  was then displaced n-ith the  running solvent, 
methylene chloride-methanol-ammonium hydroxide solution (95.5:4.5:0.5). Several l i ters 
were passed through to  waste and then the  remaining solvent was recircrilated t o  the  reservoir. 
With successive runs on the  same columns, the  reequilibration step --as generally omitted as  
unnecessary. However, a t  the end of the  first run only the  columns were washed with three 
l i ters of methanol and reactivated with methlene chloride. 

The  marcellomycin-rudolphomycin mixture (3.0 g) ,  prepared as  described above by  
Sephadex LH-20 chromatography, was dissolved in 30 ml of the  running system and filtered. 
I t  was then applied to  the  column either by being pumped on via one of the solvent inlet ports 
or  by injection with a gas-tight syringe through the  injection port .  The  column was then 
developed by solvent pumped through a t  250 ml/min and monitored by  the  built-in refractive 
index (RI )  detector to  which 1 -25  of the  eluate stream was diverted.  A chart  speed of 0.5 
cm,/min and sensitivity sett ing of 20 xe re  maintained for the  recorder, whereby two peaks 
were observed. 

Fractions ,of varying amounts were collected and analyzed by hplc, as  described in the  
previous experiment. There was some color eluted a t  the  front, detected as  a negative off- 
scale response by the  refractive indes detector.  The  first positive peak, fractions 4-12, cor- 
responded t o  rudolphomycin (1.036 g) .  The  second peak corresponded t o  marcellomycin, but 
fractions in the  first half of i t ,  i .e.  13-19, were contaminated with rudolphomycin. Except for 
fractions 13 and 14, there was very l i t t le of the  l a t t e r  present, but these were combined and, 
without concentration, pumped back through the  column with the  same solvent system. The  
R I  response was raised t o  a sensitivity of 50, but otherm-ise conditions were the  same a s  above. 
The  front registered in this case as  a positive ra ther  than negative off-scale displacement, 
and the  two peaks were closer together. However, resolution x-2s excellent affording another 
35 mg oi  rudolphomycin and 81 mg of an approximately 1:l  mixture of the  la t te r  with marcel- 
lomycin from the  valley between the  peaks. The  second peak afforded 122 mg  of marcello- 
mycin contaminated with a small amount of rudolphomycin plus i l l  mg of pure marcellomycin. 
Including the  791 mg from fractions 20-26 of the  first pass, a to ta l  of 1.5 g of marcellomycin 
was obtained. 

The  solvent was used as  it was without separation of the  aqueous layer.  Care was 

PREP.iR.ITITE SEP.\R.\TIOS O F  RUDOLPHOMTCIS A S D  MARCELLOVICI?i  O S  THE PREP LC/ 'sTSTEY 

This  represented 5 0 5  of the  start ing material .  

SEP.\R.\TIOS OF 3I.iRCELLOMTCIS FROM OTHER B.IGIC COl iPOSESTS OF BOHEMIC .iCID COMPLEX.- 
Both  chambers of a Prep  L C S y s t e m  500 apparatus were loaded with Prep  PAK-BOO silica 
cartridges and placed under a radial pressure of 40 a tm.  Reequilibration was achieved with 
10 l i ters of a methylene chloride-methanol-ammonium hydroxide solution (90:10:2) misture. 
Five l i ters of the  solution were passed through the  columns, and the  rest was recirculated until 
the  chart recorder for the  R I  detector showed a stable baseline. This  was then displaced with 
the  running solvent, methylene chloride-methanol-6% aqueous ammonium hydroxide6 (95:5:1). 
Five l i ters were passed t o  waste, and the  remainder was recirculated ica. 19 l i t e rs )  t o  the  
reservoir until a stable baseline was again achieved. 

A\ misture 125 g) of the  basic components of bohemic acid complex, prepared as  described 
earlier, was dissolved in methylene chloride-methanol (95:5) n-ith sonication and filtered 
through a 40 11 sintered glass Buchner funnel. This solution was then loaded into the  system 
and the  chromatograph run as described in the  previous experiment a t  200 m1,'min with the  
detector response ra te  lowered t o  5 .  

The chart  recorder tracing showed a characteristic negative and two positive peaks, the  
second appearing to  leave a trailing shoulder (fig. 4 ) .  Results are tabulated in table 5 .  

6This is concentrated ammonium h>dro\ide diluted t o  6Yc of i t s  original strength.  



254 JOURXAL OF SATURAL PRODUCTS [VOL. 43, NO. 2 

TABLE 5 .  

1 
Cut C Frac t ion& 1 wgt/g ' Prep IC fractionation of bohemic acid complex. 

Composition (by hplc) 

Composite + 

1 
2 
3 

Fractions = 1 n-gt/g Composition 

4 

2-3 
4-5 
6-7 
8 

9 
10-15 
16-17 
18-2 1 

3.1G 
1.8G 
2.62 
0 .76  

0.55 
9.42 
0.98 
0.47 

frontal material:cinerubins, aglycones, e tc .  
1 :1 rudo1phomycin:musettamycin 
1 :1 rudo1phomycin:musettamycin 
15% rudolphomycin, 50% musettamycin, 35% 
collinemycin 
50% collinemycin, 40G;lc marcellomycin 
295% marcellomycin 
40% marcellomycin, 407, mimimycin 
-iOFo alcindoromycin 

I 1 3-6 ' 0 498 275% marcellomycinffaster moving components 
2 11-20 1 3.11 >98% marcellomycin 
3 i-9,21-22 1 1 marcellomyein, -25% mimimycin 
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The yield of marcellomycin 2985 pure vias 3.78 g, having been collected from the  front 
portions of the  main peaks (fractions >e, 11-16> and 22-27). ;inother 710 mg of an approsi- 
matel>- G:4 marcellonij-cin-miniimycin mixture n-as obtained from fractions collected from the  
hind side of these (fractions T-9, 17-18, and 28-29). -Use, two early fractions (3-1) afforded 
290% niarcelloniycin (250 nig) contaminated with a trace of musettamyein. -111 other frac- 
tions contained very l i t t le pigment and were discarded. 

ISOLATIOS 0%- M I U I ~ I T C I S  BY PREP LC SYSTEM 500 C H R O J I . ~ T O G R . ~ P H I . - ~ ~  composite (9.3 g) 
of miniimycin-enriched (about 3 0 5  material  from a series of niarcellomj-cin purifications was 
processed with recycling as described in the  preceding experiment. I n  th i s  case, recycling 
was performed four times R-ith no shaving on the  first peak (cf. fig. 5 ) .  D a t a  are tabulated in 
table 7.  

Prep I C  purification of mimimycin. T.IBLE 7 .  

~ 

c u t  = Fractions = m-gt g Composition (hplc anal.) 

1 10-14, 20-27 3.00 - > 9 5 5  marcellomyein, trace miminiyein 
- i 8-9, 28-20, 35-30 0 .  S1 -60'; mnrcellonigcin 
:3 4-7, 15 1 .70  30'; niarceilom>-cin, i o 5  miminiyein 
4 37-39 I 0 31 -70'; miniiniycjn 
3 113-1s 0.80 290'; niiniim?-cin 

> 

The cut 5 product in 50 nil o i  the running solvent n-ns injected and chromatographed as 
described in the  preceeding ezperinien~s tliroiigli tTvo cycles i i .e. one req-c l  
heart of the  recycled peak 364 nig t m f  ri?iniiniycin 297% pnrit?- was obtained. 
yielded additional anicimts of less pure miminiyein, 35 mg ROC; piire and 217 
pure. 

The  purest niimimyciii f ract ion v-a on-n t o  srill contein si:)nie sliphatic inipuriiies 17)- pnir 

ISOL.~TIOS OF C o L L I s E x i - c I s  131- PREP LC SI-STEII 5C0 CH~,O\I.?TOCP,.IPH~-.-;~ cnniposit e (4.9 
gi 0: frr.ctions eluted from silica in the  Pre;, LC rims hetn-een t!ie musettamyein and mdnlpiio- 

ie.g. cut 4 in tnhle 5 )  \vas dissolved in 50 nil of methylene cliioride-methanol '10:l i .  
ii v-as filtered and c t1;ro~:gh tT1-o cycles r s  descrihed in t!le pre- 
rimeni. Dora is tal 

T LB:E S. Prep  I C  fractionation of muset tani~-cin-collinemycin-rudolphoniycin mixtiires. 

Cu- = Fraction = n g t  nig 

1 3 3iB 

2 4-5 465 
3 G 1 163 

4 7-E 5: G 

~ ~ _ _ _ _ _ _ _ _ ~  

5 9 347 
(1 10-15 1080 

I I 
I 

I 16-17 510 
b 18 214 

Coniposition fhplc ans1.j 

305 unknov-n,a 39'; rrtdop!,omycin, 30$ 
niuset tamycin 
Xic; r~tdolphoniycin, 305; niusettamyrin 
5 s  niusettamycin, 65'; collineniyciii, 5'; 
niarcelloniycin 
5'; niiiseT t am>-cin, 50C; collinemycin, 40cc 
marcellom\-cin 
2 60'7 marcellomj-cin 
29'; riidolphoniycin. 4Gr7 niuset t am!-cin, 
rnarcellom?-cin 
30'; niiisettamycin, TOTc collineniycin 
290'; collinemycin 

.This unknown has a lolver retention tinie than rudolphomycin, 

The collinemycin of 90'; purity accumulated from several runs 1469 mg) n-as dissolved in a 
minimal volnnie of methylene chloride-methanol 119:l) with sonication and filtered through 
sintered glass as in previous esperiments. I t  n-as then chromatographed through two cycles, 
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as  above, but with a slightly less polar solvent system of methylene chloride-methanol-GX 
aqueous ammonium hydroxide (19.5:4,5:1.25). From the final fractions of both peaks, a to ta l  
of 167 mg of collinemycin, 95% pure, was realized. The major portion of the peak gave an 
additional 195 mg of collinemycin containing about 25% musettamycin. The interim fractions 
between the cycles gave 32 mg of collinemycin of 290% purity. 

Collineml-cin is a red solid: mp 139-41" dec.: i r  vmax (KBr) 3490 (broad), 2980, 2943, 2825, 
2778, 1741, 1&9, 1696, 1455, 1421, 1408, 1322, 1300, 1268, 1226, 1203, 1167, 1120, 1094, 1040, 1015, 
995, 973, and 912 cm-1; uv Xmax (CHC13) 257 nm (e 2.26 x lo4), 288 (e 9.30 x lo3), 296 ( E  9.09 x 
lo3),  484 (e 1.38 x lo4) ,  494 (C 1.47 x lo4),  514 (e 1.12 x l o 4 ) ,  528 ( E  9.60 x lo3) :  lH nmr (1 mgiml, 
CDC1,) 6 1.04 ( t ,  3H) ,  1.22 (d, 3H), 1.30 (d, 3H) ,  2.20 (s, GH), 1.60-2.60 (m, SH),  3.65 (bs, l H ) ,  
3.75 (bs, l H ) ,  3.88 (s, 3H),  4.00 (s, l H ) ,  4.10 (m, 2H),  4.49 (m, 2H),  5.02 (bs, l H ) ,  5.27 (bs, l H ) ,  
5.59 (bs, l H ) ,  7.32 (s, 2H),  and 7.64 (s, 1Hj .  

Found: C, 58.97; H ,  6.36; .4nal. calcd for C36H45N014.H20:  C, 08.93: H ,  6.46: N ,  1.91. 
Y, 2.24. 

I s O L A l I O S  OF hLCIKDORO3IYCIN BY S E P H a D E X  LH-20 CHROY.4TOGRAPHP.-Ak Composite Of 
alcindorsmycin-rich cuts (e.g. cut 8 in table 5 )  were pooled t o  give 861 mg of s tar t ing material. 
This  was dissolved in 50 ml of a toluene-methanol (9:l)  mixture and chromatographed with the 
same s2lvent system on a column containing Sephadex LH-20 preequilibrated with toluene- 
methanol (8:2). The flow rate  was 
4.8 ml/min, and 25 ml fractions were collected in an automatic collector t o  a total  of 200, s ta r t -  
ing after elution of the void volume. 

The msjor peak eluted R-ith fractions 126-136 resulted in 250.6 mg of alcindoromycin: mp 
148-50" dec.; [cY]*~D (c=O.O5 in CHC13)+13", [ a ] ~ ~ ~ + 1 5 . 5 ° .  Analysis and cmr showed one half 
molecule of toluene per molecule of dried compound. Alcindoromycin is a red solid: i r  vmax 
3460 (brand) ,  2980,2940, 1740, 1650, 1620, 1608,1455, 1433,1423, 1408, 1392, 1322, 1298,1222, 1200, 
1188, 1168, 1120, 1012, 996, and 958 em-'; uv Xmax (CHC1,) 258 nm (e 2.12 x lo4),  288 (e 9.40 x 
l O 3 ) ,  484 (e 1.41 x 104), 495 (e 1.51 x lor ) ,  515 (e 8.48 x 10-3); 1H nmr (c 2 mg/ml, CDC1,) 6 1.0-1.4 
(m,  12H), 2.37 (s, 3H),  1.5-2.7 (m),  3.70 (m),  3.73 (s, 3H) ,  4.14 (s, l H ) ,  4.15 (m),  4.96 (bs, 2H),  
5.29 (bs, l H ) ,  5.49 (bs, l H ) ,  7.34 (s, 2H) ,  and 7.74 (s, 1H) .  

Found: C,  60.46, 60.51: H ,  
6.6.5, 6.T2: S,  1.59, 1.65. 

Bed dimensions were 150 cm height by 5 cm diameter. 

A n a l .  calcd for C41Hj,KO17.?&iHF: C, 60.88; H, 6.54: S ,  1.60. 

i lNTIMICROBIAL A C T I Y I T T  
The  s tandard 2-fold tube dilution procedure (25) was used t o  determine the  minimum 

inhibitory concentration (MIC) of the bohemic acid products for several microorganisms. 
Results are given in table 9. 

TABLE 9. Minimum inhibitory concentration (pgiml) of bohemic acid products. 

Organisms 
~ 

Streptococcus  pneumoniae  . . . . . . . 
Streptococcus  pyogenes .  . . . . , . 
Staphylococcus  aureus .  , . . . . . . 
Staphylococcus  (Pen-Res). . . . . . , 
S t rep tococcus~aeca l i s  . . . . . . . . 
Escher ich ia  coli, . . . . . . . . . . . . . . . 
Escher ich ia  co l i .  . . . . . . . . . . . . . . . ~ 

Klebs ie l la  pneurnoniae , . . . . . . ! 
Pro teus  mi rab i l i s .  . . . . . . . I 
Pro teus  w l g a r i s .  . . . . . . . ' 
Serat ia  niarcescens.  . . . . . . . . . , 
Enterobacter  cloacae. . . . . . . . . . 
Pseudomonas  neruginosa . , , . . . , . 
Candida a lb icans .  . . . . . . . . , . , , , ~ 

Candida a lhicaii s . . . . . . . . , 

' I  Candida a lb i cans . .  . . . . . . . ' 

Cnndida t ropicn l i s  . . . . . . . , 

Candida kruse i  , , . . . . . . . . . . 
Trichophytoi!  men fagrophy te s  , . 
l l l i crospor i tm canis .  . . 

~ 

I 

A-9585 
A-9604 
A-9497 
A-9606 
-420688 
A15119 
A20341-1 
A15130 
A-9900 
A21559 
A20019 
A-9659 
A-9843A 
A-9540 
A15049 
A15050 
A1 505 1 
Ale052 
A-9870 
&9872 

Rudolpho- 
mycin 

.06 
0.25 
1 

32 
1 

> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 16 
> 16 
> 16 
> 16 

Colline- 
mycin 

1 
2 
8 

63 
4 

> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 16 
> 16 
> 16 
> 16 

hlimj- 
mycin 

2 
8 

16 
63 
63 

> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
>16 
> 16 
> 16 
> 16 

i iG >1G >16 
> l G  

Alcindpro- 
mycin 

1 
2 
8 

63 
8 

> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 125 
> 16 
> 16 
> 16 
> 16 
> 16 
> 16 
> 16 

.ASTITUXOR E F F E C T S  I S  1-11-0 
Tests  for inhibition of ascitic L-1210 leukemia and B1G melanoma in mice were performed 

Experimental conditions and results are according to  methods previously described (26, 27). 
listed in the tables 10 and 11. 
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TABLE 10. Effect of bohemic acid products on L-1210 leukemia. 

' Average 
weight 

change, g 

Rudolphomycin 
(S420-G27) 

Survivors 
day  6 

Mimimycin. 
(S420-G45) 

Collinem ycin 
(S420-G44) 

Alcindoromycin 
(S420-G42) 

Control 

12 8 
6 4  
3 2  
1 6  
0 8  
0 4  

51 2 
25 6 
12 8 
6 4  
3 2  
1 6  

51 2 
25 G 
12 8 
6 4  
3 2  
1 6  

61 2 
25 6 
12 8 
6 4  
3 2  
l G  

Saline 

To\ 
To\ 
8 0  

10 0 
9 0  
8 0  

10 0 
8 0  
8 5  
9 0  
8 0  
7 5  

11 0 
11 0 
10 0 
8 0  
8 0  
8 0  

11 0 
10 0 
9 6  
8 0  
8 5  
7 0  
7 5  

I Tox 
Tox 
107 
133 
120 
107 
133 
107 
113 
120 
107 
100 
147 
147 
133 
107 

1 107 
107 
147 
133 
128 
107 
113 
93 __ 

Tos  
T o s  
-2 .2  
-1 .2  
-1.6 
-0 .9  
-3 .2  
+O.l 
-0 .3  
-1 .3  
-0 .3  
+0.5 
-2 .5  
- 4 . 2  
-2 .3  
-1.2 
1-1.3 
-0 .3  
-2.7 
-1.9 
-0.8 
+0.6 
+0.5 
$1.3 
$0 .2  

O /  6 
3 6  
5 6  
5 6  
G G  
8 6  
5 G  
G G  
6 / 6  
6 6  
6 6  
6 G  
5 6  
6 6  
6 6  
6 '6 
6 6  
6 6  
6 6  
6 '6 
6 6  
6 6  
6 6  
6 6  

10 10 

Tumor inoculum: 
Hos t :  BDFl  0 mice. 
Treatment:  Once, D a y  1, i .p.  
Tos :  
Evaluation: "=median survival t ime. 
Effect: 
Criteria:  

106 ascites cells implanted i .p.  

Toxicity, < 4  '6 survivors, Day  5 

5 T, 'C=MST t rea ted iMST control s 100. 
T:/C s 126 considered significant anti tumor effect. 

TABLE 11. Effect of rudolphomycin on B16 melanoma. 

I Effect I Average 1 
Material  Dose MST MST weight Survivors 

mg kg d a y ,  days  7 T C change, g 1 d a y 5  

XSC-293868 3 2  ~ 2 3 0  115 -0 3 1 9/10 

Control Saline 20 0 - ~ - 1 0  10 10 

1 6  32 0 ~ 160 I -2 5 10 '10 
0 8  29 0 , 146 i -0 2 10 10 
0 4  26 5 133 -0 8 1 10 10 

1 0 026 ~ 22 6 1 113 -0 9 10 10 

0 2  26 0 130 -1 0 10 10 
0 1  27 6 138 -0 4 10 10 
0 06 22 0 110 -0 8 10 10 

Tumor inoculum 
Host BDFl  J mice 
Treatment Once, D a y  1 
To\ 
Evaluation 
Effect 
Criteria 

106 tumor brei cells 

To\ ic i t> ,  G 10 survivors, Day  5 
AIPT = median survival time 
5 T C = l I P T  treated 1 IST  control \ 100 
T C 126 considered significant anti tumor effect. 
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Biological da t a  on musettamycin and marcellomycin, and techniques used to  obtain i t ,  
have already been reported in an earlier publication (19). 
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