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The neuronal degeneration which results from cere-
bral ischemia is thought to be due to an overexcretion
of the excitatory amino acid, r-glutamic acid, which
acts as a neurotransmitter in the major part of brain®.
Brain ischemia injury may be expected to be overcome
by L-glutamate toxicity suppressors. In the course of
our screening for substances that protect neuronal hy-
bridoma N18-RE-105? cells from L-glutamate toxicity,
we isolated carquinostatin A¥, lavanduquinocin®, aes-
tivophoenins A and B, and 4-demethoxymichigazone®.
Further investigation has resulted in the isolation of a
novel neuronal cell protecting substance, naphthomycinol
(1, Fig. 1). We report herein the fermentation, isolation
and structure determination of 1.

The naphthomycino! producing organism, identified
as Streptomyces sp. PF7, was cultivated in a 50-liter jar
fermenter containing 30 liters of the medium consist-
ing of dextrin 3.0%, glucose 0.3%, soybean meal 2.0%,
CaCO,; 0.3% and CoCl,-6H,0 0.001% at 27°C for 3
days. The mycelial acetone extract was concentrated to
a small volume. The aqueous residue was adjusted to pH
3 and extracted with EtOAc. The solvent layer was dried
over Na,SO, and concentrated to give an oily residue.
This material was washed with #-hexane and the remain-
ing residue was applied to a silica gel column packed
with CHCI, -MeOH (7:1). The active cluate was then
subjected to a Toyopearl HW-40F column and eluted

Fig. 1. Structure of naphthomycinol (1).

with 100% MeOH. 1 was finally purified by HPLC using
a PEGASIL ODS column (Senshu-Pak, 20i.d. x 250 mm)
developed with 30% CH;CN containing 20mm Na-
phosphate buffer (pH 7.0).

The physico-chemical properties of 1 are summarized
in Table 1. The molecular formula of 1 was established
as C,oH, o NO, by high-resolution FAB-MS. An IR ab-
sorption at 1660 cm ™! implied the presence of a quinone
carbonyl function. The *H and '3*C NMR spectral data
are shown in Table 2. The structure of 1 was elucidated
as follows.

The 'H and !3C NMR spectral data indicate that the
structure of 1 is very similar to those of naphthomy-
cins’~ 1 except for the presence of an additional oxy-
methine. The phase-sensitive DQF-COSY spectrum of

Table 1. Physico-chemical properties of naphthomycinol.

Appearance Reddish brown powder
MP 167~172°C
[ot]llj9 —31.12° (¢ 0.50, MeOH)
Molecular formula C,oH,oNO,
HRFAB-MS (m/z)
Found 710.3276 (M +Na)™*
Caled 710.3305

UV %" nm (g)

“max

233 (31,700), 273 (32,700)
282 (33,000), 307 (32,700)
nm () 238 (33,500), 270 (sh, 29,100)
283 (sh, 32,300), 304 (36,400)
551 (3,000)

3450, 2940, 1660, 1500, 1340

/q'MeOI—[ +NaOH
‘max

IR v, (KBr) cm ™!

Table 2. !3C and 'H NMR chemical shifts of naphthomy-
cinol in CDCl;.

No.  dc¢ S No. Se S
1 1685 2 1382
2 1278 23 202.3
301359 6.80 24 122.0
4 1245 647 25 161.3
5 1342 617 26 132.1
6 1266 650 27 1315 7.94
7 1403 5.56 27a 119.4
8 471 219 28 179.8
9 752 3.53 29 138.0
10 427 1.65 1.80 30 1191 7.52
11 779 405 31 186.2
12 1381 3la 135.5
13 1239 529 32 207 213
14 349  2.04 33 173 116
5 725 3.98 34 113 1.57
16 1378 552 35 158  0.94
17 1330 537 36 107 0.80
18 413 207 37 127 2.00
19 762 3.05 38 164 236
20 336  2.68 25-OH 9.60

21 146.0 5.84 NH 8.53
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1 revealed the two proton spin systems from C-2 to C-
11 and from C-12 to C-22 as shown in Fig. 2. The
methyl protons 32-H (2.13 ppm), 34-H (1.57 ppm) and
37-H (2.00 ppm) were allylic coupled to the methine
protons 3-H (6.80 ppm), 13-H (5.29 ppm) and 21-H (5.84
ppm), respectively. Furthermore, long range couplings
from the singlet methyl proton 34-H to methine carbon
C-11 (77.9 ppm, 63=4.05ppm) and C-13 (123.9 ppm)
showed the linkage between the two proton spin systems
(Fig. 2). Furthermore, the carbonyl carbon C-23 was
long-range coupled to the methyl proton 37-H and an
olefinic methine proton 21-H (5.84 ppm). In the naph-
thoquinone moiety, a methyl proton 38-H (2.36 ppm)
was long-range coupled to aromatic carbons C-25 (161.3
ppm), C-26 (132.1 ppm) and C-27 (131.5ppm). In addi-
tion, an aromatic proton 27-H showed 'H-'*C long-
range couplings to aromatic carbons C-25 and C-31la
(135.5ppm), and quinone carbonyl carbons C-28 (179.8
ppm) and C-31 (186.2 ppm) in the HMBC spectrum as
shown in Fig. 2. Another aromatic proton 30-H (7.52
ppm) was also long-range coupled to C-28 and C-31a.
An amide proton (8.53 ppm) showed long-range cou-
plings to C-28, C-30 (119.1 ppm) and an amide carbon
C-1 (168.5 ppm), which was in turn long-range coupled
to the singlet methyl proton 32-H. Furthermore, a D-
HMBC experiment!? on the aromatic methyl proton 38-
H revealed the connectivity between the ansa bridge and
the nephthoquinone substructure through a carbonyl
carbon C-23 (202.3 ppm) as shown in Fig. 2.

The proton coupling constants of the triene system
(J4,5=11.0, Js ,=15.0Hz) in naphthomycinol, proved
that C(4)=C(5) and C(6)=C(7) have Z- and E-config-
uration, respectively. According to the **C chemical shift
of the allylic methyl carbon C-32 (20.7 ppm), the sterco-
chemistry of C(2)=C(3) was deduced to be Z. The
stereochemistries of C(12)=C(13) and C(21)=C(22)
were determined both to be E on the basis of high-field
chemical shifts for C-34 (11.3 ppm) and C-37 (12.7 ppm).
The remaining olefinic bond C(16) =C(17) was conclud-
ed to have an E-configuration by the coupling constant
(J16,17=15.0Hz) as shown in the structure (Fig. 1).
Naphthomycinol, a member of the naphthomycins series,
is the first compound which has a hydroxyl function at

Fig. 2. 'H-'H and 'H-'3C connectivities of 1 as revealed by
DQF-COSY and HMBC experiments.

—: DQF-COSY
—» HMBC
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C-11 so far reported.
In the evaluation system we employed'®'® 1 de-

creased the L-glutamate toxicity in N18-RE-105 cells with
EC;, value 400 nM. Since the L-glutamate toxicity in N18-
RE-105 cells was thought to be caused by glutathione
depletion'®, we assessed buthionine sulfoximine (BSO)
toxicity which directly inhibits gliutathione synthesis.
Antioxidants such as vitamin E suppress both the L-
glutamate and the BSO toxicities in N18-RE-105 cells.
Naphthomycinol, however, did not suppress the BSO
toxicity. This result strongly suggests that the mode of
action of naphthomycinol is not based on the antioxida-
tive activity. Detailed investigations on other biological
activities are now under way.

Acknowledgments

This work was supported in part by a Grant-in Aid for
Scientific Research (C) to K.S.

References

1) CHoi, D. W.: Glutamate neurotoxicity and diseases of the
nervous system. Neuron 1: 623~ 624, 1988

2) Marour, A. T.; R. L. Scunaar & J. T. CovLE:
Characterization of glutamic acid neurotransmitter
binding site on neuroblastoma hybrid cells. J. Biol. Chem.
20: 12756 ~ 12762, 1984

3) SHIN-va, K.; M. TANAKA, K. FURIHATA, Y. HAYAKAWA
& H. Seto: Structure of carquinostatin A, a novel
neuronal cell protecting substance produced by Strepto-
myces exfoliatus. Tetrahedron Lett. 34: 4943 ~ 4944, 1993

4) SHIN-vA, K.; S. SHIMIZzU, T. KuNiGaMmr, K. FURIHATA, K.
FURIHATA, Y. HavakaAwA & H. SETO: A new neuronal
cell protecting substance, lavanduquinocin, produced by
Streptomyces viridochromogenes. J. Antibiotics 48: 574 ~
578, 1995

5) SHIN-vA, K. S. SHiMizu, T. KuNiGgami, K. FURIHATA, Y.
Havakawa & H. Seto: Novel neuronal cell protecting
substances, aestivophoenins A and B, produced by
Streptomyces purpeofuscus. J. Antibiotics 48: 1378 ~ 1381,
1995

6) Kunicami, T.; K. SHIN-vA, K. FURIHATA, K. FURIHATA,
Y. Havakawa & H. Seto: A novel neuronal cell
protecting substance, 4-demethoxymichigazone, pro-
duced by Streptomyces halstedii. J. Antibiotics 49:
312~313, 1996

7) WirLniams, T. H.: Naphthomycin, a novel ansa macro-
cyclic antimetabolite: Proton NMR spectra and structure
elucidation using lanthanide shift reagent. J. Antibiotics
28: 85~ 86, 1975,

8) KELLER-SCHIERLEIN, W.; M. MEYEr, L. CeLLAL S.
CERRINI, D. LaMBA, A. SERGE, W. FEDELI & M. BRUFANI:
Metabolites of microorganisms 229, absolute configura-
tion of naphthomycin A determined by X-ray analysis
and chemical degradation. J. Antibiotics 37: 1357~ 1361,
1984

9) KELLER-SCHIERLEIN, W.; M. MEYER, A. ZEgeck, M.
DAMBERG, R. MACHINEK, H. ZAHNER & G. LAZAR:
Isolation and structural elucidation of naphthomycins B
and C. J. Antibiotics 36: 484 ~492 1983

10) MEYER, M.; W. KELLER-SCHIERLEIN, S. MEGAHED, H.



1174

11)

12)

13)

THE JOURNAL OF ANTIBIOTICS

ZAHNER & A. SEGRE: Metabolites of microorganisms.
sulfur-containing ansa compounds of the naphthomycin
type. Helv. Chim. Acta 69: 1356 ~ 1364, 1986
MukHOPADHYAY, T.; C. M. M. FraNCO, G. C. S. REDDY,
B. N. GanguLl & H. W. FEHLHABER: A new ansamycin
antibiotic, naphthomycin H from a Streptomyces species
Y-83,40369. J. Antibiotics 38: 948 ~951, 1985
FuUriHATA, K. & H. SeT0: Decoupled HMBC (D-HMBC),
an improved technique of HMBC. Tetrahedron Lett. 36:
2817~ 2820, 1995

MivamoTo, M.; T. H. MURPHY, R. L. ScuNnAAR & J. T.

14)

15)

NOV. 1996

CovLi: Antioxidants protect against glutamate-induced
cytotoxicity in a neuronal cell line. J. Pharmacol. Exp.
Ther. 250: 1132~ 1140, 1989

MurpHY, T. H.; M. M1YAMOTO, A. SASTRE, R. L. SCHNAAR
& J. T. CoyLE: Glutamate toxicity in a neuronal cell line
involves inhibition of cystine  transport leading to
oxidative stress. Neuron 2: 1547~ 1558, 1989

KAaNE, D. J.; T. A. SararFiaN, R. ANTON, H. HaHN, E.
B. GraLLra, J. S. VALENTINE, T. OrRD & D. E. BREDESEN:
Bcl-2 inhibition of neural death: Decreased generation of
reactive oxygen species. Science 262: 1274~ 1277, 1993



