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Halawanones A—D, New Polycyclic Quinones from a Marine-Derived

Streptomycete
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Four new quinone-containing metabolites, halawanones A—D (1—4), have been isolated along with the
known compound nanaomycin D (5) from liquid cultures of a streptomycete obtained from a sediment
sample collected in the estuarine environment at the mouth of Halawa stream, Oahu. The structures of
the new compounds were determined through the interpretation of spectral data. The absolute
stereochemistries were determined using a combination of CD and NMR.

Marine microorganisms have been the topic of an
increasing number of natural products investigations.t?
Marine bacteria, in particular, have received increased
attention as potential sources of biologically active me-
tabolites.34 Although bacteria have been isolated from a
variety of marine sources, sediments continue to receive
significant attention, perhaps because of their similarity
to terrestrial soils and because they have been shown to
be a good source of Gram-positive organisms, including
actinomycetes.> Recent results include the isolation of
caprolactins A and B, y-indomycinone,” the wailupemy-
cins,® and the bioxalomycins,® which were all produced by
sediment-derived Gram-positive bacteria. We now report
the isolation and structure determination of halawanones
A—D (1—4), quinone-containing metabolites that were
obtained along with the known compound nanaomycin D
(5)1° from a streptomycete cultured from shallow-water
estuarine sediments. Halawanones A (1) and B (2) incor-
porate naphthoquinone ring systems, while halawanones
C (3) and D (4) incorporate anthraquinone moieties.

Results and Discussion

Isolate BD-18T(41), which was cultured from sediments
collected at the mouth of Halawa stream on the northeast-
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ern shore of Oahu, Hawaii, was determined to belong to
the genus Streptomyces on the basis of morphological and
chemotaxonomic analyses. Specifically, the organism pro-
duced abundant white aerial mycelium and yellowish
brown substrate mycelium, which transformed into chains
of smooth, cylindrical arthrospores, as shown by scanning-
electron microscopy. Isolate BD-18T(41) demonstrated the
ability to metabolize casein, tyrosine, and xanthine; it
produced no characteristic sugars; and an analysis of the
whole-cell hydrolysate revealed the presence of only the
Il-isomer of diaminopimelic acid. The above properties are
consistent with the genus Streptomyces, an assignment
further supported by fatty acid methyl ester (FAME)
analysis. The fatty acid pattern, consisting primarily of
saturated iso and anteiso fatty acids, strongly matched that
of Streptomyces halstedii olivaceous.

Isolate BD18T(41) was fermented for 5 days in a sea-
water-based medium, after which time the culture broth
was filtered through Celite. Methanol extraction of the
mycelium, followed by solvent partition provided a crude
chloroform extract that, after Si gel flash chromatography,
yielded a single compound, nanaomycin D (5). The culture
filtrate was passed through a column of Diaion HP-20
resin. The column was flushed first with water and then
with methanol. The methanol eluent was concentrated and
subjected to a solvent partition scheme, yielding three
lipophilic fractions (hexane, CHCI3;, and CCl,;) and one
hydrophilic fraction (H,O—MeOH). The CCl,- and CHCl;-
soluble materials exhibited antimicrobial activity against
Bacillus subtilis and Staphylococcus aureus and were
combined on the basis of their 'H NMR spectra. Although
significant streaking was observed using a variety of
chromatographic media and solvent systems, the combined
CCIl4—CHCI; fraction was separated into two fractions,
designated A and B, using repeated Si gel column chro-
matography. Fraction A was found to contain two new
naphthoquinone metabolites as an inseparable mixture of
ethyl and methyl homologues, 1 and 2, respectively. Frac-
tion B contained a 2:1 mixture of methyl and ethyl
homologues, which were shown to be the new anthraquino-
ne metabolites 3 and 4, respectively.

The *H NMR spectrum of compound 5 showed signals
that could be assigned to a hydrogen-bonded phenolic
hydroxyl proton (11.83 ppm) and to the protons of a 1,2,3-
trisubstituted aromatic ring (7.69, 7.66, and 7.29 ppm),
characteristic of a -hydroxyjuglone moiety. Further in-
spection of the IH and 13C NMR data indicated a match
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Table 1. 'H and 3C NMR Data for Halawanones A (1) and C (3)
1 3
atom 13C 1H (mult., J) HMBC (13C — IH) 13C 1834 (mult., J) HMBC (13C — 1H)
1 72.2 4.99 (dd, 11.3,3.1) H-14, H-13B 162.8 12.97 (OH) H-3, C-10H
2 124.7 7.28 (dd, 8.3, 1.2) H-4, C-10H
3 65.6 4.74 (dd, 5.6, 3.0) H-1, H-11 136.0 7.62 (dd, 8.3, 7.5)
4 73.8 5.15(d, 2.9) H-5, H-11. 118.9 7.74 (dd, 7.5, 1.2) H-2
4a 135.6 H-1, H-4, 1335 H-3
5 120.8 7.76 (s) H-4 183.1 H-4, H-6
5a 130.4 H-6 124.5
6 183.1 H-5 1131 7.83 (d, 2.2) H-8
7 135.2 7.11 (d, 1.2) H-1' 160.8
8 148.8 H-1', H-2'B, H-7 125.7 7.23 (d, 2.2) H-11
9 189.2 H-7 146.0
9a 114.3 H-5, C-100H 105.6 H-6, H-11
10 157.5 12.28 (OH) C-100H 190.6
10a 135.7 H-1, H-5, C-100H 117.4 H-2, H-4, C-10H
11 37.2 A 3.01(dd, 17.9, 5.6) 24.1 2.83(s)
B 2.76 (d, 17.9)
12 174.0 H-3, H-11A, H-11B
13 24.4 A 1.96 (m) H-1, H-14
B 1.71 (m)
14 10.7 1.15 (t, 7.4) H-13A
1 70.0 5.13 (ddd, 11.9, 1.9, 1.2) H-2'B, H-7 96.2 5.83 (br s) H-2'A
2' 43.3 A 3.02 (ddd, 12.7, 7.0, 1.9) H-1', H-3' 37.6 A 2.38 (dd, 13.4, 4.7)
B 1.81 (ddd, 12.7, 12.3, 11.9) B 1.91 (br t, 12.0)
3 72.4 4.55 (dd, 12.3, 7.4) H-2’A, H-2'B 69.1 4.10 (m) H-1', H-2'A, H-4'
4 206.4 H-2'A, H-3', H-6' 78.0 3.21(t, 9.1) H-2'A, H-6'
5 77.2 4.30 (q, 6.1) H-1', H-6 69.5 3.67 (m) H-1', H-4', H-6'
6 14.1 1.43 (d, 6.1) H-5' 17.8 1.23 (d, 6.3)

with the NMR data reported for the enantiomeric microbial
metabolites kalafungin®? and nanaomycin D.1%13 The
specific rotation for compound 5 {[o], —273° (c 0.67,
MeOH)} closely matched the value reported for nanaomy-
cin D {[a], —278° (c 0.44, MeOH)},° allowing compound 5
to be identified as nanaomycin D.

Based on the 'H NMR data, it was determined that
fraction A was approximately a 3:1 mixture of homologues
1 and 2. This result was consistent with the MS data; [M
+ 3H]" ions were observed at m/z 445 and 431 in the FAB
spectrum,* and M~ ions were observed at m/z 442 and 428
in the negative ion CIl spectrum.!’®> Fortunately, the
distinguishing NMR signals corresponding to each com-
pound could be easily assigned. The NMR data for
compound 1 (see Table 1) included signals for 23 carbons
and 21 protons that together with the mass spectral data
supported a molecular formula of Cy3H2,04. The ¥C NMR
data included two signals assignable to quinone carbonyls
(183.1 and 189.2 ppm) along with eight signals in the
region between ¢ 100—165, suggesting a substituted naph-
thoquinone ring system.

The 'H NMR spectral data included signals character-
istic of a peri-OH at ¢ 12.28, two aromatic protons [7.11
(s) and 7.76 (s) ppm], and four aliphatic protons that
matched those assigned to the y-lactone in nanaomycin D
(5) [5.15 (d), 4.74 (m), 3.01 (dd), and 2.76 (d) ppm]. The
HMBC data, however, indicated that compound 1 bore an
ethyl group on C-1, instead of the more common methyl
group at this position. The benzoisochromane portion of
the molecule accounted for all but CgHgO3, which could be
assigned to a C-glycoside connected to C-8 on the basis of
a ROESY correlation between H-7 and H-1'. Also support-
ing this assignment were HMBC correlations between C-8
and both H-1' and H-2'B and between H-7 and both C-1'
and quinone carbonyl C-9. The regiochemistry of the
molecule was then established based on an HMBC cor-
relation from the other quinone carbonyl (C-6) to H-5.

The relative configuration of the benzoisochromane
portion of compound 1 was determined though analysis of

the 'H—'H coupling constants, NOE difference experi-
ments, and ROESY 2D NMR data. Specifically, the cis-
ring junction of the y-lactone was assigned based on a small
coupling constant (J = 3 Hz) between the ring junction
protons H-3 and H-4, and supported by a NOESY correla-
tion between the same protons. Furthermore, a ROESY
correlation between the C-3 methine proton at 6 4.74 and
the H-13B methylene proton at 6 1.71 indicated these
substituents were 1,3-diaxial. The relative configuration
of the C-glycoside portion of the molecule was also easily
deduced from 'H—'H coupling constants and a difference
NOE experiment. The axial protons at C-1', C-2', and C-3'
all exhibited large diaxial *H—'H coupling constants (ca.
12 Hz), and dipolar coupling was observed between H-3'
and H-5', placing both methyl and hydroxyl groups in
equatorial positions.

Assignment of the relative stereochemistry between the
two asymmetric ends of compound 1 posed some difficulty.
Because the large distance between the two ends of the
molecule precludes any stereochemical interaction between
the two chiral moieties, our approach was to determine the
absolute stereochemistry of each end of the molecule
independently and then compare the results. While the
secondary alcohol at C-2' of the C-glycoside was suitable
for a modified Mosher’s analysis,!® the isochromane moiety
was not amenable to direct derivatization with a chiral
reagent and, in our hands, could not be converted to a
derivative suitable for stereochemical evaluation. There-
fore, we chose to utilize CD to assign the chirality of this
end of the molecule.

The CD spectrum for fraction A exhibited a curve that
was almost the mirror image of that obtained for nanao-
mycin D (5) (Figure 1), a benzoisochromane metabolite with
known absolute configuration,© indicating that compound
1 has the same chirality as kalafungin (= enantiomer of
5). Although compound 1 and nanaomycin D (5) have
slightly different chromophores, presumably accounting for
the variations in absorption maxima and CD curve shape,
this comparative spectral technique for stereochemical
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Figure 1. CD comparison of BD18T(41)-A (1 + 2) and nanaomycin D
®).

assignment has precedent in the determination of the
absolute stereochemistry for griseusin A, a related ben-
zoisochromane antibiotic.l” The similarity of CD curves
for griseusin A and actionorhodin—indazolquinone!® was
also used to assign griseusin A as having a substituted
dihydropyran ring opposite in chirality to that of compound
actinorhodin—indazolquinone. Likewise, a similar trend
was observed in the CD spectrum of y-naphthocyclinon-
indazolquinone.t®

The absolute stereochemistry of the C-glycoside portion
of compound 1 was investigated using the modified Mosh-
er's method.’® Treatment of separate aliquots of fraction
A with (R)- and (S)-a-methoxy-o-(trifluoromethyl)phenyl-
acetyl (MTPA) chloride in CH,CI; yielded the (S)- and (R)-
MTPA esters, respectively. Subtraction of the 'H NMR
chemical shifts observed for the (R)-MTPA ester from those
of the (S)-ester resulted in the dA values shown in Figure
2. Based on these results, the absolute stereochemistry
was determined to be 1R,3R,4R,1'R,3'R,5'R.

The structure of the minor component of fraction A was
assigned structure 2 based on the MS results mentioned
above and on the NMR data. The H NMR spectrum
clearly shows a subset of signals, all associated with the
benzoisochromane portion of molecule, which are ap-
proximately one-third the size of those attributed to
compound 1. From the COSY spectrum, the signals could
be incorporated into two spin systems. One included
signals for a methyl group at 6 1.58 (d), which is coupled
to a methine at ¢ 5.30 (g), and the other contained signals
assignable to one of the H-11 methylene protons (d, 2.76
ppm) and the H-3 methine proton (dd, 4.83 ppm). These
data are consistent with the replacement of the ethyl group
in compound 1 with a methyl group. Although no dipolar
coupling was evident for the minor homologue in our NOE
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Figure 2. A¢ values (Hz) generated by subtracting s — or for the
(S)- and (R)-MTPA esters of fraction A (1 + 2).

experiments, the relative stereochemistry could be con-
firmed based on chemical shift comparisons to known
isochromanquinones.20-22

Fraction B contained a mixture of homologues, as was
evident from the FABMS [M + H]* ions at m/z 399 and
385, consistent with molecular formulas of C,,H»,0; and
C21H2007 for compounds halawanones D (4) and C (3),
respectively. Fortunately, as with compounds 1 and 2, the
distinguishing NMR signals for 3 and 4 could be easily
assigned. For halawanone C (3), the 13C NMR spectrum
(Table 1) showed two signals for quinone carbonyls at
190.6 and 183.1, along with those for 12 additional sp?
hybridized carbons, suggesting an anthraquinone ring
system. The 'H NMR spectrum showed signals for five
aromatic protons that could be divided into two spin
systems. The first system contained three signals, repre-
sentative of a 1,2,3-trisubstituted benzene ring, at 6 7.74
(dd), 7.62 (dd), and 7.28 (dd). HMBC correlations between
C-2 (124.7 ppm) and a hydroxyl proton at 6 12.97 and
between the C-5 quinone carbonyl (183.1 ppm) and H-4
(7.74 ppm) placed the spin system on an aromatic ring
bearing a peri-OH. On the basis of three-bond correlations
observed in the HMBC data (see Table 1), the two remain-
ing aromatic protons, H-6 [7.83 ppm (d)] and H-8 [7.23 ppm
(d)], were assigned to the second spin system, a 1,2,3,5-
tetrasubstituted aromatic ring bearing both a methyl group
(2.83 ppm, s) and an oxygen atom. Specifically, H-6
coupled to both the quinone carbonyl C-5 and to C-8, which
further coupled to the methyl group at ¢ 2.83 (H-11).

The anthraquinone ring system accounts for Ci5HgOy,
leaving CgH1;03. Of the six remaining carbons, three could
be assigned to mono-oxygenated carbons (78.0, 69.5, and
69.1 ppm) and one could be assigned to an acetal (96.2
ppm). The final two carbons corresponded to a methylene
(37.6 ppm) and a methyl (17.8 ppm). All together, these
data supported the presence of a dideoxyhexose unit
connected to C-7 through an O-glycosidic linkage. Stepwise
scalar coupling could clearly be observed in the COSY
spectrum from H-1' to H-6'.

The relative stereochemistry for halawanone C was
assigned based on an analysis of the scalar coupling
constants. For example, H-4' exhibited large (9.1 Hz)
couplings to both H-3" and H-5', placing all three protons
in axial positions and, consequently, placing the two
hydroxyls and the methyl group in equatorial positions.
H-2'B showed a large (12 Hz) coupling to H-3', allowing it
to be assigned as the axial proton on C-2', but a small
coupling to H-1', assigning the anomeric proton as equato-
rial. This coupling data is consistent with that reported
for the C-glycosidic olivose sugar moiety in aquayamycin,
a related benzanthracene metabolite from Streptomyces
misawanensis.?® The assignment of the anomeric proton
(5.83 ppm) as equatorial is in accord with the study by
Kasai et al., which demonstrated that the anomeric protons
of a-p-mannosides and a-L-rhamnosides consistently ap-
pear at lower field (5.02—5.92 ppm) than those of corre-
sponding S-anomers (4.55—4.93 ppm).2*
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Figure 3. CD spectrum of halawanone C tribenzoate (6).

The structure of halawanone D was assigned structure
4 based on the MS results mentioned above, which indicate
that it contained an additional CH, as compared to hala-
wanone C, and on the NMR data. Although the 'H NMR
spectra for compounds 3 and 4 were largely coincident,
particularly important were the signals that could be
attributed to the minor homologue, observed at 6 3.28 (q)
and 1.30 (t) and assigned to an ethyl group. HMBC
correlations among all five protons of the ethyl group and
carbons at 6 152.19 and 124.7 suggested that an ethyl
group has replaced the C-11 methyl group of halawanone
C.

The absolute configurations of halawanones C (3) and
D (4) were determined using the CD exciton coupling
method of Harada and Nakanishi.?> Treatment of fraction
B with benzoyl chloride gave, after chromatography, the
tribenzoate derivative 6 containing trace amounts of the
derivatized ethyl homologue. Analysis of the CD spectrum
(Figure 3) indicates a bisignate Cotton effect (Ae —16 220
nm; +13 237 nm) corresponding to positive helicity and a
1'R,3'R,4'R,5'R configuration for 3 and 4. Unfortunately,
we were unable to obtain MS data to corroborate the
structures of tribenzoate derivative 6; therefore, this as-
signment must be viewed as tentative.

Halawanones A (1) and B (2) are related to a general
class of isochromane quinone antibiotics that includes
granaticin,?® kalafungin (= enantiomer of 5),1112 nanao-
mycin D (5),1° and griseusin A.17 All are produced by
cultures of actinomycetes of the genus Streptomyces and,
in fact, granaticin, the metabolite most closely related to
compounds 1 and 2, was first isolated from a culture of
Streptomyces olivaceous, the same species classification
given to isolate BD18T(41). The fraction containing hala-
wanones A and B was active in a disk diffusion assay
against B. subtilis (26-mm zone of inhibition at 100 ug/
disk) and S. aureus (26-mm zone at 100 ug/disk) but
inactive against Escherichia coli (100 ug/disk). Likewise,
granaticin is reported to be active against Gram-positive
bacteria, but has little or no activity against Gram-negative
bacteria, fungi, or yeasts. Insufficient sample prevented
biological testing halawanones C and D.

Experimental Section

General Experimental Procedures. All NMR experi-
ments were performed on a GE Omega 500 instrument at 500
and 125 MHz operating frequencies for 'H and 3C experi-
ments, respectively. Chemical shifts are referenced to solvent
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peaks: 7.26 ppm (residual CHCI3) and 77.0 ppm for CDCls.
IR spectra were obtained using a Perkin-Elmer 1600 FTIR,
and MS data were obtained on a VG-70SE mass spectrometer
operating in the El and FAB modes. Chemical ionization (Cl)
mass spectral analyses were performed by Dr. Alan Harmon
at McCormick and Company, Inc., Hunt Valley, MD, using the
negative ion mode with methane as reagent gas. CD spectra
were obtained using either MeOH or 2-propanol as solvent.
Bacterial cell wall fatty acid analysis was performed by
Microbial ID, Inc., Newark, DE.

Culture Conditions. The bacterium, designated BD18T-
(41), was obtained from a shallow-water sediment sample
collected at the mouth of Halawa stream on the northeast
shore of Oahu, Hawaii. Approximately 1 mL of sediment was
placed in a sterile tube containing seawater and stored at 4
°C until use. Sediments were diluted with artificial seawater
and shaken thoroughly. The supernatant from each sample
(ca. 2 mL) was transferred into test tubes and heat treated at
55 °C for 6 min. A small aliquot (50 uL) of each sample was
plated directly onto starch—casein media containing 5 ug/mL
of the antibiotic rifampicin and 50 ug/mL cyclohexamide. After
incubation at 23—28 °C for up to 30 days, single colonies were
harvested and restreaked for purity. The bacterial isolate was
then used to initiate liquid seed cultures into test tubes
containing 10 mL of Difco marine broth supplemented with
soluble starch. The tubes were incubated at 23—27 °C on a
platform shaker at 200 rpm. After sufficient growth (typically
3—5 days) the tube cultures were used to seed 40 x 500 mL of
liquid media in 2000-mL Erlenmeyer flasks, which were
incubated for 4—5 days under conditions similar to the seed
cultures.

Taxonomic Study. Bacterial cells from BD18T(41) were
collected by centrifugation at 5000 rpm for 20 min after 4 days
of fermentation. The pellet was washed with distilled H,O
and 95% EtOH and lyophilized to a dry powder and stored in
the freezer until use.

Hydrolysis of the whole cell preceded diaminopimelic acid
(DAP) analysis. Approximately 3 mg of the dried cells were
placed in a small vial with 1 mL of 6 N HCI. The sealed vial
was heated at 100 °C in an oil bath for 16 h. After cooling,
the hydrolysate was vacuum filtered and the filtrate evapo-
rated to dryness. The crude white solid was redissolved in
0.3 mL of H,0O, and approximately 1 uL was applied to the
baseline of a TLC sheet (Eastman Kodak no. 13254 cellulose,
10 cm x 10 cm) together with a DAP standard (0.01 M pL-
DAP, which contained both meso and L-DAP isomer). Ascend-
ing TLC was performed with the solvent system MeOH-—
H>0—6 N HCl—pyridine (80:26:4:10). Spots were visualized
with a solution of ninhydrin in EtOH followed by heating.

Extraction and Isolation. The liquid culture (20 L) was
filtered through a Buchner funnel packed with Celite (frequent
repacking of the funnel expedited this process). The solid
myecelial/Celite filter cake was soaked in MeOH (ca. 1.5 L)
overnight. The slurry was filtered, and the clear yellow filtrate
was concentrated to yield a crude yellow solid (3.0 g). This
crude material was dissolved in a minimal amount of MeOH
(ca. 25 mL) and extracted with hexane (3 x 50 mL). The
remaining MeOH fraction was diluted 10% by H,O and
extracted further with CHCI; (3 x 50 mL). The CHCI;
fractions were combined and concentrated to a yellow oil.
Flash chromatography over Si gel with 95:5 CHCIl;—MeOH
eluent provided 3.4 mg of compound 5, identical in all respects
the known compound nanaomycin D.

The supernatant from the initial filtration of the culture
broth was passed through a column (3" x 6") containing an
aqueous slurry of Diaion HP-20 resin at a rate of ap-
proximately 3—6 bed volumes per hour. Afterward, the resin
was washed thoroughly with H,O (ca. 10 L) and the organic
residue removed from the resin by elution with MeOH (4 x
500 mL). The MeOH fractions were concentrated to a dark
oily sludge, dissolved in a small amount of MeOH—H-0, and
subjected to solvent partition (hexane, CCl,, CHCI3). Concen-
tration of the four resulting fractions yielded 1.2 g of hexane-
soluble material, 70 mg of CCls-soluble material, 796 mg of
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CHCls-soluble material, and 6.3 g of an aqueous MeOH
residue. The CCls and CHCI; fractions were combined and
chromatographed over Si gel with 9:1 CHCIl;—MeOH as eluent.
This procedure provided two fractions; (a) BD18T(41)-A,
containing compounds 1 and 2 as a 3:1 mixture (430 mg as a
yellow-brown glass), and (b) BD18T(41)-B, containing com-
pounds 3 and 4 as a mixture (2:1) of methyl and ethyl
homologues, respectively (1.6 mg as a yellow solid).

Halawanone A (1): UV (MeOH) Amax 217 (e 20 300), 255 (e
6360), 325 (¢ 2550), 428 (¢ 2300); IR (film) vmax 3454, 2976,
2938, 1741, 1667, 1639, 1608, 1392, 1112, 979, 912, 754, 733
cm™?; *H and 3C NMR see Table 1; FABMS (gly matrix) m/z
(rel int) 445 (100), 431 (65), 413 (30), 369 (70); NCIMS
(methane) m/z (rel int) 442 (100), 428 (50), 384 (8), 301 (5),
242 (8).

Halawanone B (2): *H NMR ¢ 12.28 (s, 1H, C-10—OH),
5.30 (g, 1H, 3 = 7.0, H-1), 4.83 (dd, 1H, J = 5.3, 3.3, H-3),
2.76 (d, 1H, J = 17.6, H-11B), 1.58 (d, 3H, J = 7.0, H-13); 3C
NMR 6 67.1 (C-3), 65.9 (C-1), 37.4 (C-11), 17.9 (C-13).

Halawanone C (3): IR (film) vmax 3380, 2919, 2849, 1676,
1643, 1595, 1453, 1305, 1248, 1199 cm~*; *H and *3C NMR see
Table 1; FABMS (MB matrix) m/z (rel int) 399 (35), 385 (30),
329 (15), 269 (95), 255 (100), 177 (50).

Halawanone D (4): *H NMR ¢ 12.99 (s, 1H, C-1-0OH), 7.84
(d, 1H, 3 = 2.6, H-6), 7.74 (dd, 1H, 3 = 7.5, 1.2, H-4), 7.25 (d,
1H, J = 2.6, H-8), 3.28 (q, 2H, J = 7.4, H-11), 1.30 (t, 3H, J =
7.4, H-12); 3C NMR 6 152.2 (C-9), 124.7 (C-8), 29.6 (t, C-11),
15.08 (g, C-12).

Preparation of BD18T(41)-A (R)- and (S)-MTPA Esters.
In a screw-top pressure tube a solution of BD18T(41)-A (13
mg, 0.03 umol), dry CH,CI, (5 mL), (R)-MTPA chloride (30 uL,
0.16 umol), and a few crystals of DMAP were combined, and
the solution was heated in an oil bath (100 °C) for 16 h. After
this time, the solution was cooled to room temperature and
concentrated. The resulting residue was subjected to flash
chromatography over Si gel (98:2, CHCIl;—MeOH) affording
the (S)-MTPA ester (8.3 mg, 43% yield): *H NMR (CDClz) 6
12.22 (s, 1H), 7.75 (s, 1H), 7.67 (m, 2H), 7.41 (m, 3H), 7.14 (s,
1H), 5.78 (dd, 1H, 3 = 12.3, 7.4 Hz), 5.20 (d, 1H, J = 11.0 Hz),
5.14 (d, 1H, J = 2.9 Hz), 4.99 (dd, 1H, J = 11.2, 3.0 Hz), 4.73
(dd, 1H, 3 = 5.5, 3.5 Hz), 4.35 (q, 1H, 3 = 12.3 Hz), 3.67 (s,
3H), 3.01 (dd, 1H, J = 18.0, 5 Hz), 2.86 (dd, 1H, J = 11.5, 7.5
Hz), 2.76 (d, 1H, 3 = 11.8 Hz), 2.08 (q, 1H, J = 12 Hz), 1.95
(ddd, 1H, J = 15.0, 10.5, 3.0 Hz), 1.68 (m, 1H), 1.44 (d, 3H, J
= 6.2 Hz), 1.14 (t, 3H, J = 7.4 Hz).

The preparation of (R)-MTPA ester of BD18T(41)-A followed
the same procedure as the preparation of (S)-MTPA ester, only
(S)-MTPA chloride was utilized to form the (R)-ester. The
same scale reaction yielded 6.3 mg (34%) of the (R)-MTPA ester
of BD18T(41)-A: 'H NMR (CDCl3) 6 12.25 (s, 1H), 7.76 (s, 1H),
7.64 (m, 2H), 7.43 (m, 3H), 7.14 (s, 1H), 5.78 (dd, 1H, J = 13.0,
7.5 Hz), 5.22 (dd, 1H, J = 10.0, 3.5 Hz), 5.15 (d, 1H, 3 = 3.5
Hz), 5.00 (dd, 1H, 3 =11.2, 3.0 Hz), 4.74 (dd, 1H, 3 =5.5, 3.5
Hz), 4.35 (q, 1H, J = 12.3 Hz), 3.58 (s, 3H), 3.01 (dd, 1H, J =
18.0, 5.5 Hz), 2.99 (dd, 1H, 3 = 8.5, 6.0 Hz), 2.77 (d, 1H, J =
17.5 Hz), 2.20 (g, 1H, J = 12 Hz), 1.98 (ddd, 1H, J = 15.0,
10.5, 3.0 Hz), 1.70 (m, 1H), 1.43 (d, 3H, J = 6.2 Hz), 1.14 (t,
3H, J = 7.4 Hz).

Preparation of Tribenzoate Derivatives of Hala-
wanones C and D. In a small vial, a small quantity of
fraction B (0.5 mg) was dissolved in pyridine, and to the
solution was added an excess of benzoyl chloride. After
stirring at room temperature overnight, the pyridine was
removed under reduced pressure and the residue was purified
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using preparative TLC to give a sample of tribenzoate 6. Due
to the small sample size, complete spectral assignments were
not possible. Tentative assignments are as follows: 'H NMR
0 5.72 (ddd, 1H, H-3'), 5.47 (br s, 1H, H-1'), 5.23 (t, 1H, H-4"),
4.36 (dg, 1H, H-5'), 2.53 (ddd, 1H, H-2'A), 2.32 (s, 3H, H-11),
1.97 (br t, 1H, H-2'B), 1.28 (d, 3H, H-6").

Nanaomycin D (5): *H NMR (CDCls) 4 11.83 (s), 7.69 (dd,
1H), 7.66 (t, 1H), 7.29 (dd, 1H), 5.24 (d, J = 2.8), 5.07 (q, 1H,
J =6.9), 4.71 (dd, 1H), 2.95 (dd, 1H, J = 17.9, 5.2), 2.69 (d,
1H, J = 17.8), 1.55 (d, 3H, J = 6.9).
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