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Luisols A (1) and B (2), two new aromatic tetraols, have been isolated from the cultivation broth of an
estuarine marine actinomycete of the genus Streptomyces (strain #CNH-370). The structures of luisols A
and B were assigned by combined spectroscopic methods, including extensive 2D NMR experiments. Luisol
A appears related to the anthraquinone antibiotics of the granaticin class, while the structure of luisol
B contains the rare epoxynaphtho[2,3c]furan, a structural feature found in only one natural product, the
fungal metabolite anthrinone.

As part of our continuing interest in exploring the
chemically prolific bacteria found in estuarine environ-
ments,1 we investigated numerous strains isolated from
sandy sediments collected near San Diego in the San Luis
Estuary. These samples were rich in actinomycetes and,
in particular, Streptomyces species. From the fermentation
broth2 of a Streptomyces strain, tentatively identified as
S. violaceusniger 3 (our isolate #CNH-370), we have isolated
two new tetraols, luisols A (1) and B (2).4 Luisol A (1),
formally a reduced hydroquinone, appears related to the
quinones of the granaticin class, in particular to compounds
MM447855,6 and nanomycin,7 which share the same hy-
droxy-tetrahydropyran-C ring and lactone functionalities.
Luisol B is related to anthrinone,8 the only other natural
product possessing the rare epoxynaphtho[2,3c]furan ring
system.

Luisol A (1), the major metabolite, analyzed for C16H18O7

on the basis of its combined HRFABMS ([M+] m/z 322.1047,
∆ 0.5 mmu) and 13C NMR spectral features (Table 1). The
IR spectrum of 1 showed broad absorptions for multiple
hydroxyl groups (3412 cm-1) and a lactone carbonyl (1725
cm-1) functionality. The UV spectrum showed an absorp-
tion at 275 nm characteristic of phenols. Analysis of NMR
data allowed the structure of luisol A to be constructed.
Proton COSY correlations revealed three spin systems, one
involving aliphatic protons at C-2, C-3, and C-4; one
involving the aliphatic protons at C-15 and C-16; and the
last involving the aromatic protons at C-8, C-9, and C-10.
A characteristic 1H NMR ABM pattern (in MeOH-d4)
composed of two doublets at δ 6.78 and 6.86 and a doublet
of doublets at δ 7.17, were readily assigned to the aromatic
ring protons from C-8 to C-10. Four exchangeable proton
signals, observed in DMSO-d6, were assigned to one
phenolic hydroxyl proton (δ 9.58) and three aliphatic
hydroxyl protons (δ 5.65, 5.65, and 5.12).

Considering the aromatic ring and the lactone function-
ality, the eight unsaturations inherent in 1 suggested that
three additional rings were present. Heterocorrelation
NMR methods, specifically HMQC experiments and HMBC
measurements, the latter of which showed more than 25
correlations, allowed all carbons and protons in luisol A to
be assigned. Four exchangeable hydroxyl protons correlated
with their respective carbons at C-6, C-11, C-13, and C-14,

indicating the presence of one phenol, two secondary
alcohols, and one tertiary alcohol. A strong correlation
between the proton at C-3 and C-15 indicated that these
carbons formed a cyclic ether. HMBC correlations between
H-8 and C-7 and C-12; between H-9 and C-7 and C-11;
between H-10 and C-11; between H-6 and C-4, C-5, C-7,
and C-8; between H-13 and C-7, C-11, and C-12; between
H-15 and C-13 and C-14; between H-4 and C-2, C-5, and
C-14; between H-3 and C-1; and between C-15, H-2 and
C-1, clearly established the presence of the dihydroquinone
structure for luisol A. Because HMBC correlations between
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Table 1. 1H and 13C NMR Assignments for Luisols A and B in
DMSO-d6

a

Luisol A (1) Luisol B (2)carbon
no. 13C (δ) 1H (δ, J) 13C (δ) 1H (δ, J)

1 169.0 C 63.9 CH2 3.85, d (9.8 Hz)
4.15, d (9.8 Hz)

2 35.3 CH2 2.64, d (19 Hz) 67.3 C
2.89, dd (5,

19 Hz)
3 65.1 CH 4.33, m 64.9 CH 4.90, d (6.8 Hz)

5.56, d (6.8 Hz,
3-OH)

4R 27.6 CH2 1.71, d (14 Hz) 138.1 C
4â 2.77, dd (3.4,

14 Hz)
5 80.3 C 121.3 CH 6.85, d (7.8 Hz)
6 72.4 CH 4.25, d (8 Hz) 128.7 CH 7.15, dd (7.3,

7.8 Hz)
5.65, d (8 Hz,

6-OH)
7 136.3 C 115.5 CH 6.75, d (7.3 Hz)
8 121.1 CH 6.78, d (7 Hz) 156.7 C 9.65, s (8-OH)
9 128.6 CH 7.15, dd (7.0,

7.8 Hz)
120.9 C 10

10 115.2 CH 6.78, d (7.8 Hz) 63.1 CH 5.60, d (6.8 Hz)
6.00, d (6.8 Hz,

10-OH)
11 156.5 C 9.58, s 67.4 C
12 121.9 C 102.1 C 6.28, s (12-OH)
13 67.0 CH 4.51, d (8 Hz) 22.7 CH3 1.48 s

5.65, d (8 Hz, OH)
14 71.5 C 5.12, s (14-OH)
15 68.8 CH 3.66, q (6 Hz)
16 15.6 CH3 1.23, d (6 Hz)

a Assignments made on the basis of DEPT, COSY, HMQC, and
HMBC experiments.
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the C-14 tertiary hydroxyl proton (δ 5.12) and C-14 and
C-15 were observed, the remaining oxygen-bearing qua-
ternary carbon (C-5) was assigned as part of the δ-lactone
ring. The presence of the lactone was subsequently con-
firmed by base hydrolysis to yield the corresponding
hydroxy acid 3.9

The relative stereochemistry of 1 was assigned by NOE
1H NMR measurements (Figure 1). No data were obtained
to assign the absolute stereochemistry at any of the chiral
centers. Correlations were observed that placed key protons
on either the top or bottom faces of the molecule. Correla-
tions between the C-6 hydroxyl proton and the C-14
hydroxyl proton, as well as correlations from H-4â to H-3,
and correlations from the C-13 and C-14 hydroxyl protons
to the C-15 methyl group, served to position these protons
on the top face of the molecule. Correlations from H-6 to
H-4R, and correlations between H-13 and H-15 positioned
these protons within spatial proximity. Construction of the
molecular model for luisol A clearly showed that the C-14
hydroxyl group and the C-5 lactone oxygen form a trans-
diaxial bridgehead arrangement in this metabolite.

Luisol B (2), the minor metabolite, analyzed for C13H14O6

by HRFABMS ([M+] m/z 266.0779, ∆ 1.1 mmu), a formula
substantiated by 13C NMR data (Table 1). The partial
structure of 2 from C-3 to C-10 was readily derived by
comparison of 13C and 1H NMR spectra of 1 and 2. The
only methyl group in 2, a singlet, was shifted to lowfield
in the 1H NMR spectrum, which indicated that the methyl
group was connected to a ketal carbon (C-12, 102.1 ppm).
The 1H NMR spectrum of 2 in DMSO-d6 revealed four
exchangeable hydroxyl protons, and no carbonyl group was

observed in either the IR or 13C NMR spectra. The seven
unsaturation equivalents inherent in the formula of luisol
B, coupled with the presence of two quaternary carbons at
δ 67.3 and 67.4, suggested the presence of an epoxide ring.
Comprehensive NMR analysis showed that the epoxide is
located at the bridgehead position, C-2-C-11. HMBC
correlations between the C-13 methyl protons and the C-12-
hydroxyl proton with C-12; between the C-1 protons and
C-2, C-11, and C-12; correlations from the C-3 proton to
C-2, C-5, and C-11; and a correlation of the C-10 proton to
C-11, served to establish the total structure.

As in luisol A, the relative stereochemistry of 2 was
assigned based upon NOE measurements (Figure 2).
Enhancements involving protons at C-10 and C-3 with the
C-12 hydroxyl proton served to orient these protons on the
top face of the molecule anti to the epoxide ring. NOE
correlations between the C-12 hydroxyl proton and the C-3
proton, and between the C-13 methyl group and the C-10
hydroxyl proton, verified that the B ring adopts the chair
configuration as shown in Figure 2. Data were not obtained
to define the absolute stereochemistry of luisol B.
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