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ABSTRACT.-A new antitumor antibiotic, 13-deoxycarminomycin (3), has been isolated 
from the anthracycline complex produced by Streptomyces peucetius var. canninatus (ATCC 
3 1502), a biochemical mutant of Streptomyces peucetius var. caesius, the doxorubicin-producing 
microorganism. The new anthracycline (3, showing antibacterial and cytotoxic activity in 
vitro, was found active against P-388 murine leukemia. 

The outstanding cancer chemotherapeutic efficacy of doxorubicin (1, Ad- 
riamycin@) and daunorubicin (2) has led to an intensive effort to discover new biologi- 
cally active microbial metabolites within the group of the anthracycline glycosides in 
our own laboratories (1-4) and elsewhere as recently reviewed (5, 6). 

In our continuing search for microorganisms producing new biosynthetic an- 
thracyclines, Streptomyces peucetius var. camzinatus, a new biochemical mutant of Strep- 
tomyces peucetius var. caesius (7, 8), the doxorubicin-producing microorganism, was iso- 
lated. The new strain was found to produce an anthracycline complex endowed with an- 
titumor activity. 

In this paper, we report the description of the new strain and the production, isola- 
tion, structure determination, and biological activity of 13-deoxycarminomycin (3), a 
new antitumor anthracycline (9) .  

EXPERIMENTAL 

GENERAL PROCEDURES.-Melting points, determined with a Biichi SMP-20 apparatus, are uncor- 
rected. Optical rotations were determined with a Perkin-Elmer 141 polarimeter. Ir spectra were recorded 
on a Perkin-Elmer 457 instrument (KBr disks). 'H-nmr spectra were recorded on a Varian XL-200 spec- 
trometer (200 MHz), in CDCI,, and chemical shifts are reported in ppm downfield from TMS. Mass 
spectra were performed with a Varian Mat 3 11-A spectrometer, equipped with ei/iYfd/ion source. 

TAXONOm.-Strain DR 81 F.I. is a biochemical mutant of Streptomyces peucerius var. caesius, the 
doxorubicin-producing microorganism (7). It has been obtained by a mutagenic treatment carried out on a 
spore suspension of S. peucetius var. caerius with N-methyl-N'-nitro-N-nitrosoguanidine, according to the 
method described by Delic etal. (lo),  and selection for daunorubicin resistance. Strain DR 8 1 F.I. could be 
isolated among the very few survivors of the mutagenized population plated out on an agar medium 
supplemented with various concentrations of daunorubicin (2). 

The microscopic examination of the aerial mycelium of strain DR 81 F.I. showed a morphological 
identity of this mutant with its parent culture (7) and with the original S. peucetius culture (1 1). The cul- 
tural characteristics of mutant DR 81 F.I. can be summarized as follows: growth is generally good on or- 
ganic as well as on synthetic media; on the former media, the color of the substrate mycelium ranges from 
bright orange to deep carmine, and the soluble pigment formed shows similar hues. On synthetic media, 
the color of the substrate mycelium ranges from rose-violet to vinaceous, become brown on aging, while 
the soluble pigment ranges from vinaceous to violet. The aerial mycelium is most frequently absent, but 
when formed, its color is very similar to that of the parent culture, i.e.,  gray with blue-green hues. Con- 

'Present address: Bristol Laboratories, Syracuse, New York, 13201. 
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cerning the physiological and biochemical properties, the mutant DR 81 F.I. differs from its parent cul- 
ture in as much as it grows on L-arabinose and m-inositol and because it produces a new anthracycline 
glycoside. 

Because of all the differences cited above, and owing to its characteristic carmine-colored substrate 
mycelium and soluble pigment on some media, strain DR 8 1 F.I. has to be considered a subspecies to the 
species S .  peucetius, to which the designation S.  peucetius var. caminatus (ATCC 31502; DSM 1524; FR 
14929) has been given. 

FERMENTATION.-For the production, strain DR 81 F.I. was grown in 300 ml shaken Erlenmeyer 
flasks at 28" for 6 days and in an 800-liter stainless steel fermenter on the following medium: &/liter): glu- 
cose, 60; brewer's dry yeast, 30; NaCI, 2; K H 2 P 0 4 ,  1; CaCO,, 2; MgS04.7H20, 0.1; FeS04.7H20, 
0.01; Z n m 4 . 7 H 2 0 ,  0.001; CL&O,.~H,O, 0.001; tap H 2 0  up to one liter. 

The fermentation was performed at 28", stirred at 250 rpm. and aereated with an air flow of 0.7 liters/ 
liter ofmedium per min. At the 24th and 48th hour offermentation, 0.5 g/liter ofsulfanilamide was added 
each time. 

The maximum concentration of the anthracycline complex was reached between the sixth and seventh 
day of fermentation with a production of 50-70 kg/ml. When samples of fermentation broths or crude ex- 
tracts were subjected to paper chromatography,* followed by bioautography with Bucifluj subttfzs ATCC 
6633 as the test organism, a major active constituent could be distinguished from other known anthracyc- 
lines, such as carminomycin (4) (12) and its 13-dihydroderivative (5) (I), daunorubicin (2), and doxorubi- 
cin (l), which are also present as minor constituents. 

ISOLATION AND PURIFICATION.-The harvested broth (5 liters) was filtered with filter aid at p H  4, 
and the mycelium was extracted with Me2CO-0. 1 N aqueous HCI (4: 1) (2 X 5 liters). The extracts, ad- 
justed with concentrated ",OH to p H  4, were concentrated to about 2 liters under reduced pressure, 
combined with the filtered broth, and exhaustively extracted at p H  8.5 with half a volume of CHCI,. The 
combined organic extracts, washed with H 2 0  and dried on anhydrous Na2S04, were concentrated under 
reduced pressure. Addition of PrOH followed by further concentration and dilution with Me,CO precipi- 
tated sulfanilamide, while the crude anthracycline complex was obtained from the mother liquors by 
further addition of n-hexane. A CHCI, solution of the crude complex was chromatographed on a silica gel 
column (450X 23 mm). Elution of the main constituent was achieved with a CHCI,-MeOH-H,O mixture 
(300:55:6). The pooled fractions were concentrated to dryness, and the residue was funher purified on a 
column (450X 30 mm) of buffered (pH 5.4, 0.06 M phosphate buffer) cellulose powder using n-BuOH- 
ErOAc(9: 1) as eluent. Selected fractions were pooled and extracted with acidic H 2 0 ;  the aqueous phase, 
adjusted to pH 8.5, was then reextracted with CHCI,. The extract, washed with H 2 0  and dried on 
anhydrous Na2S04, was concentrated to a small volume. 

Addition of methanolic HCI gave a red crystalline precipitate of the new anthracycline, as the hydro- 
chloride, obtained in a yield of 100 mg from 5 liters of culture broth. The minor constituents of the crude 
complex were isolated from the silica gel chromatography and identified as carminomycin (4 (12), its 13- 
dihydroderivative (5 (I), daunorubicin (2), and doxorubicin (1) after comparison with authentic samples. 

PHYSICAL AND CHEMICAL PROPERTIES.-The new anthracycline (3, as the hydrochloride, is a red 
crystalline compound soluble in H 2 0 ,  lower alcohols, and DMSO; mp 173-175" (dec.); [u]'~D (c 0.1 in 
MeOH)+275'. The calculated molecular formula C2,H2,NO9.HCI (calc.: C, 58.26; H,  5.64; N,  2.61; 
Found: C, 58.46; H, 5.70; N,  2.54) was confirmed by fd ms m h  500 (MHf), 499 (M+), 481 (M-H20), 
370 (aglycone) and 334 (bisanhydroaglycone). Its uv spectrum, A max (MeOH) 236, 256, 293, 464 (sh), 
495, 512 (sh), and 529 nm (E ;:,,, 620, 520, 164, 200, 260, 197, 186), was almost superimposable to 
that of carminomycin (4) (12). Also the ir spectra (KBr) of 3 and 4 were very similar, the main difference 
being the absence ofthe acetyl carbonyl peak (17 10 cm-I) observed in carminomycin (4). 'H nmr (CDCI,) 
6 0.86 (t,]=7.2 Hz, CH,-14), 1.11 (d,]=6.4 Hz, CH3-5'), 1.49 (q,]=7.2 Hz, CH2-13), 1.67 (dd, 
]=4.6, 14.0 Hz, H-8,), 1.83 (dt,]=4.1, 12.2 Hz, CH2-2'), 2.10 (bd,/=< 1, 14.0 Hz, H - 8 4 ,  2.40 
and3.00(twod,]=19.2Hz, CH2-lo), 3.26(m,H-3'), 3.54(bs,H-4'), 3.98(m-H-5'),4.93(bs, H-7), 
5.30(bs,H-l'),7.10(d,]=8.3Hz,H-3),7.5(t,]=8.3Hz,H-2),and7.66(d,]=8.3Hz,H-l).Com- 
parison of the 'H-nmr spectrum of 3 with that of carminomycin (4) indicated a close similarity, the only 
significant difference being the presence of ethyl protons (0.86 and 1.49 6 )  in 3 instead of the acetyl pro- 
tons (singlet at 2.40 6) characteristic of the side chain o f 4 .  

STRUCTLJRE DETERMINATION.-Acid hydrolysis of 3 (0.2 N aqueous HCI, 95', 1 h) gave an insol- 

'On Whatman No. 1 paper, buffered with M I 5  phosphate buffer at p H  5.4, descending system 
PrOH-EtOAc-H,O, 7: 1:2 (by volume), the new anthracycline(3) was found to be less polar (Rf0.77) than 
1,2,5, and 4 which have the following Rfvalues: 0.30, 0.50, 0.60, and 0.65, respectively. 
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Test Organism 

uble red aglycone (6) and a soluble aminosugar which was identified as daunosamine (7, 3-amino-2,3,6- 
trideoxyl-L-lyxohexose) by direct comparison with an authentic sample (13). The aglycone (6),  mp 240' 
(dec.), showed ir and uv spectra very similar to those of the parent glycoside, and the analytical data indi- 
cated a molecular formula C,,,Hl80,, confirmed by eims mlz 370 (M+). These data and its 'H-nmr spec- 
trum (CDC13), showing the presence ofthe side-chain ethyl protons at 6 0.92 (t,]=7.5 Hz, CH,-14) and 
1.59 (q,]=7.5 Hz, CH,-13) insteadoftheacetylprotons(6 2.42, s) ofcarminomycinone(8), allowed us 
to identify the aglycone as 13-deoxycarminomycinone (6). Further evidence was achieved by direct com- 
parison of 6 with the 4-0-demethylation product (AIBr,, CH,CI,, 40°, 1 h) of 13-deoxydaunomycinone 
(9) (14). In the new anthracycline (3), the site of the glycosidic linkage to the C-7 benzylic position of the 
aglycone and the a-configuration of the glycosidic linkage were assigned on the basis of the close similarity 
of the corresponding signals in the 'H-nmr spectra of 3 and 4. Thus, from all the data presented, the new 
biosynthetic anthracycline was identified as 13-deoxycarminomycin (3). 

Minimal inhibitory 
concentration (Fglml) 

0 OH 

1 Rl=-CO-CH,OH, R,=-CH3 doxorubicin 
2 Rl=-CO-CH,, R,=-CH3 daunorubicin 

3 Rl=-CH,-CH3, R,=-H 13-deoxycarminomycin 
13 

13 

4 R, = -co-cH,, R, = -H carminomycin 
5 Rl=-CHOH-CH3, R,=-H 13-dihydrocarminomycin 

6 Rl=-CH,CH3, R,=-H 7 daunosamine 
8 RI=-COCH,, R,=-H 
9 R,=-CH,CH3, R,=-CH, 

BIOLOGICAL ACTIVITY DATA.-The new anthracycline (3) displayed antibacterial activity. The 
standard tube dilution procedure was used to determine the minimum inhibitory concentration (MIC) of 
13-deoxycarminomycin for some microorganisms. Results are given in Table 1. 

Bacillus subtilis ATCC 6633 . . . . . . . . . . . . . . .  
Stapbyimccus aureus 209 P (FDA) ATCC 6538-P . . . . . .  
Staphylococcus aureus 15 3" . . . . . . . . . . . . . . . . .  
Escbericbia coli B ATCC 11303 . . . . . . . . . . . . . .  
Sarcina lutea ATCC 934 1 . . . . . . . . . . . . . . . . .  

6.25 
12.5 
25.0 

3.12 
1.56 

"Clinical isolate of our collection, resistant to several antibiotics and producer of p-lac- 
tamase. 

Cytotoxicity and antitumor activity in vivo: The in vitro activity of 13-deoxycarminomycin (3) was com- 
pared with that ofdaunorubicin (2) and carminomycin (4) in the colony inhibition test on HeLa cells, and 
the results are reponed in Table 2. Their cytotoxic activity against P388 leukemia cells sensitive (P 388/S) 
and resistant (P 388/Dx) to doxorubicin is shown in Table 3. The activity of 3 against P-388 ascitic 
leukemia in mice in comparison with that of daunorubicin (2) is reported in Table 4.  
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Dose 
(nglml) 

25 
12.5 
6.2 

12.5 
6.2 
3.1 
1.5 

25 
12.5 
6.2 
3.1 
1.5 
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TABLE 2. Effect on HeLa Cells Colonv Formation" 

%b 

13 
48 ,39 ,47  

104, 123,82 
0 
3 

33 
120 
070 

14, 36 ,2  
48,55 
63 ,90  

126,95 

Wol. 48,  No. 3 

P-388lS 

Compound 

P-3881Dx 

Daunorubicin (2) . . . . . . . .  

Carminomycin (4) . . . . . . . .  

13-Deoxycarminomycin (3) . . .  

12.5 

3.1 

6.2 

"Data of three experiments; treatment for 24 h. 
bNo. of coloniedplate, percent over untreated controls. 

Daunorubicin (2) . . . . . . . . . .  
Carminomycin (4) . . . . . . . . . .  
13-Deoxycarminomycin (3) 

9.5 
7.0 
1.5 

750 
4 
4 

'Treatment for 48 h. 

TABLE 4 .  Effect against P-388 Leukemia in Mice 

Compound 

Daunorubicin (2) . . . . . . . . . .  

13-DeoxycarminomycinC(3) . . . .  

2.9 
4.4 
6.6 
0.4 
0.6 
1 
1.5 

Toxic 
deaths 

177 
190 
168 
136 
150 

163,154 
109 

0110 
0/7 
319 
01 10 
01 10 
1/20 

10110 

'Treatment i.p. on day one. 
bMedian survival time of treated mice/median survival time of controls, X 100 
'Data of two experiments. 

RESULTS AND DISCUSSION 

A new biochemical mutant of S .  peucetzus var. caesius, the doxorubicin-producing 
microorganism (7, 8), designated S .  peucetius var. caminatus (ATCC 3 1502), was found 
to produce an anthracycline complex whose major constituent was identified as 13- 
deoxycarminomycxin (3). This new biosynthetic anthracycline, although postulated 
(15, 16) as an intermediate in the biosynthesis of daunorubicin (2) and carminomycin 
(4) ,  has never before been isolated, as far as we know. Recently two related anthracyc- 
lines, feudomycin A (4-0-methyl-derivative of 3) and akrobomycin (9,lO-anhydro de- 
rivative of 3, have been isolated from cultures of a mutant of Streptomyces cwuleorubidus 
(17) and Actinomadura roseo-violaceu (18), respectively. The aglycone of 3, 13-deoxycar- 
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minomycinone (6), also named 10-decarbomethoxy-E-rhodomycinone ( 15) or 10- 
deoxy-P-rhodomycinone ( 16), was isolated after acid hydrolysis of an anthracycline 
complex produced by Streptomyces grzseoruber 4620 ( 19). 

The biological activity of 13-deoxycarminomycin (3) was compared with that of 
daunorbicin (2 )  and carminomycin (4) in several experimental systems. In the colony- 
inhibition test on HeLa cells in vitro, 3 was found more active than 2 but less active 
than 4, as shown in Table 2. In a recently developed test for detection of cytotoxic activ- 
ity in vitro against P-388 leukemia cells sensitive (P-388/S) or resistant (P-388/DX) to 
doxorubicin (l), both 3 and 4 showed high activity on P-388/DX, which is cross-resis- 
tant to most anthracyclines; on P-388/S. 3 was more cytotoxic than 2 and 4 ,  as shown 
in Table 3. Against P-388 ascitic leukemia in mice, as reported in Table 4 , 3  was found 
about four times more toxic and more potent than 2 ,  even if slightly less active than 2 at 
the optimal dose of 1 mg/kg. 

In conclusion, 13-deoxycarminomycin (3) is a new biosynthetic anthracycline 
showing increased potency against P-388 murine leukemia in respect to daunorubicin 
and being endowed with high cytotoxic activity against P-388 leukemia cells resistant 
to doxorubicin. 
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