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THE STRUCTURE OF SN-07
CHRO MOPHORE

Sir:

In addition to producing the macromolecular
antibiotic SN-0710, Actinomadura roseoviolacea
var. miuraensis nov. var., also biosynthesizes
many anthracycline antibiotics. We have iso-
lated one of these anthracycline antibiotics and
identified it as the chromophore obtained from
SN-072) (I). It was also shown that I was iden-
tical to barminomycin I3»4). In this paper, we
wish to report on its proposed structure, a
carminomycin analogue differing in the acetal
moiety.

Acid hydrolysis of I with 0.4n HC1 (room
temp, 2 hours) gave carminomycin I5>6) identified
by direct comparison with an authentic sample
using m NMR, HPLC, TLC and field desorp-
tion mass spectrometry (FD-MS). The authentic
sample was prepared from carminomycin IIP'7'85
(kindly provided as rubeomycin A^ by Ishihara
Sangyo Kaisha, Ltd.) by the same acid hy-
drolysis. The molecular formula of I was
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determined to be C33H37NO12 (MW639) on the
basis of FD-MSand elementary analysis. The
aglycone moiety of I was identical with that of
carminomycin III. However C-3' and C-6"
signals of I were shifted to a significantly
lower field. In addition the methylene signal
of C-6" changed to the methine signal. The
XHNMRspectrum in CDC13of I was almost
identical with that of carminomycin III, but as
in the case of 13C NMR,the signal at d 3.80
(1H, m, 5"-H) of carminomycin III were shifted
to a higher field by about 0.3 ppm. Moreover,
two double-doublet protons at 5 -3.53 (1H, dd,
/=12.4 and 8.9Hz, 6"-HA) and 3 3.42 (1H, dd,
/=12.4 and 2.2Hz, 6"-HB) changed to one
doublet proton at d 3.75 (1H, d, /=8.3Hz,

6"-H) in I (Table 1).
The two-dimensional (2D) proton-proton shift

correlation spectrum (COSY) of I in CDC13
showed that the signal at d 3.75 (6"-H) coupled
with the signal at d 3.50 (1H, m, 5"-H) and the

signal at 5 3.50 (5"-H) coupled with the signal at
d 1.20 (3H, d, /=6.1Hz, 7"-CH8). We have

found that the :H NMRspectrum of I in CDC13

Table 1. 2H NMRchemical shifts ofI, II and carminomycin III.

Vrntnn l n Carminomycin III p -n^ rircProton (<5) ppm (d) ppm (<5) ppm Remarks
1-H

2-H

3-H

7-H

8-Heq

8-Hax

1 0-Heq
1 0-Has

7.87 (dd)
7.71 (dd)
7.31 (dd)
5.24 (br s)
2.36 (br d)
2.09 (dd)
3.26 (br d)
3.00 (d)

COCH3 2.43 (s)
l'-H 5.46 (br d)

7.90 (dd)
7.72 (dd)
7.33 (dd)
5.28 (br s)
2.35 (br d)
2.09 (dd)
3.27 (dd)
3.02 (d)
2.42 (s)
5.45 (br d)

2'-H2
^1.72 (m) -1.82(m)

3'-H 3.13 (m)

4'-H 3.58 (br s)

5'-H 4. 10 (m)
6'-H3 1.27 (d)

NH -
1"-H 4.73 (dd)

2"-H2 - 1.92 (m)
3"-H 4. 10 (m)
4"-H3 1.23 (d)

5^-H 3.50 (m)

6"-HA 3.75 (d)

6"-HB -

7"-^ 1.20 (d)

2.86 (m)
3.56 (br s)
4.ll (m)
1.29 (d)

.90 (dd)

.72 (dd)

.33 (dd)

.24 (br s)
.30 (br d)

.08 (dd)

.25 (dd)

.00 (d)
2.42 (s)

5.45 (br d)
-1.70 (m)

3.01 (m)
3.93 (brs)
4.12 (m)
1.32 (d)

Aglycone moiety

Daunosaminemoiety
4.74 (br s) -

4. 68 (dd) 4. 74 (dd) Acetal moiety
-1.94 (m)

4.ll (m)
1.24 (d)
3.81 (m)
2.79 (dd)
2.67 (dd)

1.ll (d)

-1.85 (m)
4.17 (m)
1.23 (d)

3.80 (m)
3.53 (dd)
3.42 (dd)
1.07 (d)

Spectra were measured in CDC13using TMSas an internal reference (400 MHz).
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Fig. 1. The structures ofI and II.

gradually changed during measurement. The

signal at 8 3.75 (6"-H) was gradually disappeared,
instead the new signal at 3 7.42 (d, J=4.0 Hz)
was appeared. The 2D proton-carbon shift
correlation spectrum of I in CDC13showed that
a new observed signal at d 7.42 in 2H NMRcor-
related to a signal at d 164.8 (C-6") in 13C NMR.
The NMRspectra of I suggested that it was in
the carbinolamine form at first and was converted
to the imine form as shown in pyrrolo[l,4]-

benzodiazepine antitumor antibiotics {e.g. neo-
thramycin10)) and saframycinsn). Therefore

we deduced that I had the interconvertible struc-
ture between imine and carbinolamine forms
through C-3' and C-6".

Reduction of I with sodium cyanoborohy-
dride (NaBH3CN) (0°C, MeOH - 1 n CH3COOH,
2 : 1, 15 minutes)12) gave carminomycin III and
an unknown reduction product (II)3). Physico-
chemical properties of II are as follows:
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Table 2. Antibacterial activity of I, II and carminomycin III (agar dilution method).
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MIC (A«g/ml)
Test organism

II Carminomycin III
Escherichia coli AB 1 157
E. coliBE 1186

Salmonella typhimurium TV 1 19
S. typhimurium SL 1102
Bacillus subtilis (rec+ )
B. subtilis {rec")
Staphylococcus aureus IFO 12732
Micrococcus luteus IFO 12708

1.56

<0.003

3.13

0.10

0.20

0.024

0.39

0.024

12.5

0.10

25

0.78

0.78

0.39

1.56

0.39

>25
0.78

>25
1.56

1.56

1.56

6.25

1.56

Table 3. Cytotoxicity of I, II and carminomycin III
against cultured KBand HeLacells.

IC50 fag/ml)
Test cell
cu ltures IT

Carmino -
mycin

III
KB 0. 00005 0. 00054 0. 0009

HeLa 0.00011 0.0018 0.0027

C33H39NO12, FD-MS m/z 642 (M+H)+, m/z 664
(M-fNa)+; mp 138~143°C (dec); M2D4 +145°
(c 0.040, CHC13); IR ymax (KBr) cm"1 1710

(C=O), 1600 (C=O, quinone), 1410, 1290, 1240,
1200 (phenolic OH), 1160, 1120, 1020, 1000;

UV ;C?xMe0H nm (EiSn) 234 (533), 254 (386),
292 (111), 492 (206), 526 (134).

The XHNMRspectrum of II showed that
6"-H were shifted to a higher field by about
0.7ppm (8 2.79 (1H, dd, /=14.7 and 5.5Hz,

6"-HA), 8 2.67 (1H, dd, /=14.7 and 9.8Hz,

6"-HB)) in comparison with carminomycin III
and one NH proton appeared (8 4.74, brs)
(Table 1). The 13C NMRspectrum ofII showed
that C-3' and C-6" signals shifted to 8 51.6
(CH) and 8 52.8 (CH2).
Fromthese results, we proposed the structures

of I and II as shown in Fig. 1. The structure
of I is the same as that proposed for barmino-
mycin I3»4). It was considered to be in equi-

librium with the carbinolamine (equiv to alde-
hyde) and the imine forms in some conditions.
For example the C-6" signal (3 164.8) disappeared
in CDgODand the optical rotation [a]D was also
changed under these conditions. It remains to be
determined that why the MDof barminomycin I
was reported as positive (+235°, c 0.017, CHC13)3)
in contrast to the negative value for that of I
(-270°, c 0.0318, CHC13)2).

A comparison of the biological activities of
I, II and carminomycin III is shown in Tables 2
and 3. I had the strongest activity against
bacteria and cell cultures. Possibly this higher
activity is related to the fact that I has two DNA
reactive sites. One is the aglycone moiety that
can intercalate with DNAand the other is the
carbinolamine (or chemical equiv) that can bind
to DNAcovalently in the same way as pyrrolo[l,
4]-benzodiazepine antitumor antibiotics13). Fur-
ther studies on the mode of binding of I to DNA
and the binding site are in progress.
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