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The structure of a novel antitumor antibiotic, saframycin A

T. Arai, K. Takahashi, S. Nakahara and A. Kubo

Department of Antibiotics, Research Institute for Chemobiodynamics, Chiba University, Inohana, Chiba 280, Division of
Chemotherapy, Chiba Cancer Center Research Institute, Nitona, Chiba 280, and Depariment of Organic Chemistry, Meiji
College of Pharmacy, Nozawa, Setagaya, Tokyo 154 (Japan), 18 September 1979

Summary. A structure is assigned to saframycin A, a novel antitumor antibiotic from Streptomyces lavendulae No.314, on

the basis of *C NMR-spectral data.

Streptomyces lavendulae is the well-known source of the
classic antibiotic streptothricin'. During the course of
screening for new antibiotics which are active against the
established cell line 1.1210 mouse leukemia, we found that
a strain of Streptomyces lavendulae, designated No.314,
exhibited cytotoxicity against a line of tumor cells in
addition to the production of streptothricin. Satellite anti-
biotics named mimosamycin and saframycin-A to E were
obtained from the organic solvent extract of the cultured
filtrate’>. Among these antibiotics, the structure of mimosa-
mycin [C;,H;;NO,] was determined as 2,6-dimethyl-7-
methoxy-3,5,8-trioxo0-2,3,5,8-tetrahydroisoquinoline (1)>4.
The structures of 2 major antibiotics, saframycin B
[CysH;3N;04] and C [CyoH33N;0,] were determined as 2
and 3, respectively, by an X-ray crystallographic study and
3C NMR-spectral data’.

The present communication is concerned with the struc-
tural elucidation of saframycin A (4) which possesses the
highest antitumor activity among these satellite antibiotics
against mouse leukemia 1.1210 and P388°.

It was also reported that saframycin A (4) was found to
bind go DNA and to inhibit both DNA and RNA syn-
theses’.

The physical constants of saframycin A (4), a yellow
amorphous powder (cold ether), are as follows: m.p. 122-
126 °C (ether), [a]p+18.2° (MeOH); C,gHyoN,O,; mass
spectrum m/e (%): 562 (M*, 8), 462 (M-100, 30), 243 (83),
220 (100), 218 (54); UV AMOB nm (log e): 267 (4.34), 370
(inf.); CD (MeOH): 278 nm (4e —28.5); IR v${HB em~:
3400, 1716, 1685, 1660, 1615.

The 'H NMR-spectrum (CDCl,, 100 MHz) showed signals
at 61.90 (s), 1.98 (s), 2.24 (s), 2.30 (s), 4.04 (2xs) for
6 methyl groups. The *C NMR-data (CDCl,) revealed the
nature of all the methyl groups [48.8 (2x C—CH,), 24.3
(COCH), 41.7 (N—CH,), 61.0 and 61.1 (2x OCH,)] and
displayed the characteristic 6 pairs of signals at §128-187
due to the quaternary aromatic and carbonyl carbons, and
an unusual signal at §116.7 (s) (table). The above spectros-
copic data indicate that saframycin A (4) must have the
same carbon skeleton as saframycin B (2) and C (3).
Comparison of the empirical formula of saframycin A (4)
with that of saframycin B (2) [C,sH, N;O4] suggests that 1
cyano group is substituted for 1 hydro%en atom of 2. This
assignment was substantiated by the 3C NMR-spectrum
(6116.7). However, in the IR-spectrum, no absorption band
was observed in the C=N region.



1026

This discrepancy could be explained by assuming that in
the IR-spectrum the introduction of the oxygenated groups
into the molecule results in a quenchmg of the C=
absorption intensity®.

In confirmation of our tentative assignment, *C NMR-
spectra of 3 model compounds, 5, 6 and 7, were examined
and their nitrile signals were observed at §116.7, 116.6 and
116.4, respectively.

Furthermore, acid hydrolysis of saframycin A (4) was
carried out in 0.05 N H,SO, at 100°C for 40 min and 4
released about 1 mole equ1valent HCN which was deter-
mined by the Epstein method’.

This presents additional evidence for the cyano group in
the molecule. The remaining problem was to determme the
position of substitution by the cyano group.

The PND and off-resonance decoupling *C NMR-data of
4 excluded the possibility of the cyano group being loca-
lized at the C-4, C-14, C-22 methylene carbons or the C-1,
C-11, C-3, C-13 methine carbons adjacent to tertiary nitro-
gens. The above results and the absence of a signal corre-
sponding to the C-21 methylene carbon [658.7 (t) in 2] and
the presence of a methine carbon at §58.3 (d) enabled the
localization of the cyano group at the C-21 position in 2
(table).

1 2 R-H
3 R-OCHs
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13C chemical shifts (8) of saframycin B(2) and A(4) in CDCl;*

Carbon No. 2(B) 4(A)
Sor 15 185.7 or 187.0 185.2 or 186.5
6orl6 1277 or 129.2 128.3 or 129.2
Torl7 155.5 or 156.1 155.6 or 155.9
8orl8 181.3 or 182.8 180.8 or 183.4
9or19 136.3 or 136.6 135.6 or 135.6

10 or 20 141.6 or 142.8 141.2 or 141.6
EOC‘HIS 8.6 or 8.6 8.70r87
238;3 60.9 or 60.9 61.0 0r 61.1
N—-CH;3 41.2 41.6
lorll 522 0r54.8 54.0 or 54.3
3orl3 569 or 574 54.6 or 56.3
4 25.6 (t) 25.1 (%)

14 227 (1) 21.6 ()

21 58.7 () 583 (d)

2 40.4 (1) 407 (1)

NHCO 160.1 160.2

COCH; 242, 196.5 243, 196.7

CN 1167 (s)

* Natural-abundance 'H noise decoupled (PND) and off-reso-
nance 3C FT NMR-spectra were recorded on a Jeol FX-60 and
FX-100 FT NMR-spectrometer. TMS served as an internal
reference (9 0).

276t
cmo@@u—cw CHSOQ:;\J—COCSHS CHZ,O:O;)“

CN 6.7
570(d

C
CHz0

CN 1166 CN 1164

453(d)

0 0
HCK’I? CH@
_N—CH;  CHy0 _AN—CH;
0 0

10 1"

Calculated  Found
8 CyHyuNzO5 4621629 4621679
9 CgHyyNyO3 2430790 243.0809
10 CypHyyN O 2200974 220.0978
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The shift assignment of the C-21 carbon can be rationalized
by the observation that the substitution of a proton by a
cyano group results in only a slight down-field shift at the
attached carbon'®. :

Moreover, the high resolution mass spectrum confirmed
the above conclusion. The fragment ions m/e 462 (M*
-100) (8), 220 (10) and 218 (11) were derived from the basic
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skeleton of saframycin group antibiotics. Of particular
significance was the presence of the fragment ion m/e 243
(9) corresponding to the ion containing a cyano group at
C-21 in the molecule.

Saframycin A therefore has the structure depicted in 4, 21-
cyanosaframycin B, or its antipode. However, assignment
of the configuration of the cyano group has not been made.
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the horseshoe crab, Tachypleus tridentatus’

Institute of Biological Sciences, the University of Tsukuba, Sakura-mura, Niihari-gun, Ibaraki 305 (Japan), 7 December 1979

Summary. The amino acid compositions of the 4 kinds of hemocyanin monomers from Tachypleus tridentatus are similar
to each other. Whole hemocyanin from T. tridentatus is remarkably similar to Limulus polyphemus hemocyanin in the

content of all the amino acids examined.

The minimum molecular weight of arthropod hemocyanins
has been reported recently to be in the range from 65,000 to
83,000%5. The electrophoretic patterns of hemocyanins
from 4 kinds of horseshoe crabs revealed that each hemo-
cyanin consisted of 4 or more kinds of monomers, and that
there were electrophoretic similarities among the hemocya-
nin monomers from 4 Xiphosuran species, that is, Tachy-
pleus tridentatus®, T.gigas®, Carcinoscorpius rotundicauda®,
and Limulus polyphermus’. In our preliminary study some
hemocyanin monomers from 7. gigas, C.rotundicauda, and
L. polyphemus reacted with anti-Tachypleus tridentatus
hemocyanin antiserum. In immuno-diffusion tests, they
formed precipitin lines partially or totally identical with

Amino acid composition of hemocyanin samples

some immunoprecipitin lines caused by the reaction of the
antiserum with hemocyanin monomers from Tachypleus
tridentatus®, To compare the characteristics of hemocyanin
monomers from the 4 kinds of horseshoe crabs is very
interesting for the study of the systematic relationship of all
4 species in the order Xiphosura.

Amino acid composition of arthropod hemocyanins has
already been reported®>°, However, mixtures of hemocya-
nin monomers were analyzed as a whole in those ex-
periments. Recently, Jeffrey et al.! have reported the
amino acid composition of 1 of 2 hemocyanin monomers
from the Australian freshwater crayfish. Sullivan et al’
have reported the amino acid composition of 5 fractions of

Amino acid? Monomer of Tachypleus hemocyanin Whole hemocyanin
HT 1 HT 2 HT3 HT 4 Tachypleus® Limulus®

Lysine 7.15 6.90 6.52 7.83 6.65 6.80
Histidine 9.78 9.07 9.91 7.28 9.04 9.26
Arginine 7.07 8.38 8.09 6.69 1.73 7.16
Aspartic acid 14.84 13.92 12.42 13.33 13.36 12.16
Threonine 3.89 5.08 4.36 5.06 4.46 4.73
Serine 442 4.14 402 442 391 3.88
Glutamic acid 11.07 12.85 13.93 13.47 12.89 13.44
Proline 4.50 4.01 3.83 421 4.02 3.79
Glycine 3.53 3.40 351 4.31 330 3.00
Alanine 3.68 3.14 3.51 3.48 3.35 3.13
Valine 6.14 551 5.48 6.73 575 6.02
Isoleucine 5.25 5.70 6.39 6.25 5.86 5.50
Leucine 9.38 9.79 9.58 9.67 9.61 8.71
Tyrosine 2.10 1.92 1.54 Trace 3.18 (4.97)d 5.39
Phenylalanine 7.20 6.18 6.89 7.25 6.92 7.02

HT 2 consists of 2 kinds of immunologically distinct molecules* which cannot be separated by the electrophoretic method of Davisll.

2 Calculated from the analytical data of hydrolysis for 72 h and

reported as g/100 g protein. P Average values of 4 hydrolysates.

¢ Calculated from data for Limulus from Ghiretti-Magaldi et al? and expressed as percents of 15 kinds of amino acids for comparison

with Tachypleus. 4 A value from hydrolysis for 24 h.



