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A reinvestigation of the thiazole constituents fromCacospongia mycofijiensis, collected in Vanuatu, yielded known
mycothiazole (3) plus a new derivative, mycothiazole-4,19-diol (6). TheE stereochemistry at∆14,15of 3 has been revised
to Z and the structural features of6 are elucidated. These compounds, which presumably arise by the action of a
polyketide-nonribosomal peptide synthetase (PKS/NRPS) hybrid, possess cytotoxic properties that need further
exploration.

We continue to be intrigued by the parallel structural patterns
present in compounds arising by the action of polyketide-
nonribosomal peptide synthetase (PKS/NRPS) hybrids.1 Of par-
ticular interest are sponge metabolites possessing a central thiazole
core because some of these frameworks are closely related to those
isolated from terrestrial myxobacteria. A striking example is
provided by the metabolites ofCacospongia mycofijiensis2 (previ-
ously known asSpongia mycofijiensis) versus those produced by
various strains of myxobacteria. Such relationships are illustrated
in Figure 1 by the structure of latrunculin A (1),3 a sponge-derived

actin inhibitor,4 shown side-by-side with that of epothilone B (2),5

a tubulin inhibitor6 produced by the myxobacteriaSorangium
cellulosum. Another illustrative set possessing a thiazole core with
1,3-substitution consists of mycothiazole (3),7 of sponge origin,
which we reported several years ago, as compared to myxobacteria-
derived substances such as melithiazol C (4),8 from Melittangium
lichenicola, and myxothiazol A (5),9 found in as many as five
myxobacterial genera.

While C. mycofijiensiscontains1 and3, it is also a source of
the fijianolides (syn. laulimalides),10 which are devoid of a thiazole

functionality and of considerable current interest as microtubulin
inhibitors.11 These three classes of compounds do not always co-
occur, as we have discovered from ongoing study ofC. mycofijiensis
collected from Fiji, Vanuatu, Papua New Guinea, and Indonesia.
One continuing goal is to use this variation to probe questions
pertaining to their biosynthetic origin. Another goal has been to
further exploit the biological properties of these compounds. We
made a startling discovery during the course of scale-up isolation
of fractions containing3, which has a unique cytotoxicity profile12

and is reliably present in Vanuatu collections. After reexamining
the NMR data of3 it appeared that theE stereochemistry originally
assigned at the C-14/C-15 double bond must be revised toZ. As
discussed below, this finding explains discrepancies noted in
comparing our natural to synthetic samples. A second discovery
was that diol analogues of3 were present as minor components in
some extract fractions. Discussed below are the bases for the minor
revision in structure of3 plus the characterization of one of these
new compounds,6.

Subsequent investigations by others have scrutinized the original
structure of mycothiazole (3). Isolation work on a Vanuatu sponge
characterized asDactylospongia sp. provided 3 as a major
component, but its properties were not discussed.7b The first total
synthesis of3 defined the 8R absolute stereochemistry while also
pointing out discrepancies among the optical rotation values and
the 13C NMR chemical shifts between the synthetic and natural
samples.13 A formal enantioselective synthesis14 and three additional
partial syntheses15 of 3 were silent on any further comparisons.
The key differences in13C NMR shifts between the natural and
synthetic samples occur at two allylic sites (see Table S1 for the
full comparative data sets) and are C-13 (δ 34.7), C-16 (δ 36.6)
for the synthetic sample13,14 versus C-13 (δ 29.4), C-16 (δ 31.5)
for the natural product.7a These differences are consistent with an
upfield shift expected at an allylic position for a disubstituted double
bond in anE versusZ configuration.16 Thus, from this comparison
it was clear that our original assignment of anE configuration at
C-14/C-15 in3 was incorrect. An NOE measurement on3 provided
definitive evidence for the revision toZ as shown here, and the
results of Table 1 (spectra shown in Figures S4 and S5) substantiate
that the synthetic samples and the natural products are indeed
diastereomers. In the first NOE experiment (Table 1 “A”) irradiation
of H-13 (δ 3.33) resulted in an enhancement at H-16 (δ 2.69) that
was stronger than that to H-11 and H-14. The complementary
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Figure 1. Compounds of PKS/NRPS origin having a disubstituted
thiazole isolated from marine sponges and terrestrial myxobacteria.
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experiment (Table 1 “B”) involving irradiation at H-16 gave parallel
results. Finally, reevaluating the3J14,15, originally estimated as 18
Hz but now remeasured as 10.7 Hz, clarified the source of the
original assignment error. The1H NMR spectrum of3 measured
at 300 MHz (benzene-d6, Figure S1) had H-15 (δ 5.62) as a complex
multiplet. Alternatively, the enhanced resolution at 600 MHz
(benzene-d6) allowed deciphering theJ value by spectral simulation,
and the couplings to the H-15 multiplet (centered atδ 5.50) are
10.7, 7.5, and 1.5 Hz.

The LCMS data collected during the reisolation of3 was used
to identify the other accompanying metabolites (see Figure S9)
consisting of1,3 fijianolides A and B,10a and polar fractions with
m/zvalues 34 amu greater than3. There were three such substances
observed, and it was concluded that these were dihydrodiols of3.
Only one such compound, mycothiazole-4,19-diol (6), was purified
in sufficient amounts for further characterization. Its molecular
formula of C22H34N2O5S was established from the HRESIMSm/z
439.2271 [M+ H]+ (∆ -0.84 mmu of calcd). The NMR properties
of 6 versus3 provided the reference point to focus on sites within
this molecular structure that had been modified. Comparing the
NMR data shown in Table 2 versus those of the literature7 indicated
the following differences: (a) no13C peaks were present in6 for
the C-4/C-19 double bond of3, (b) a 4 ppm shift difference was
observed for C-7, (c) a 6 ppm shift difference was seen at C-5,

and (d) in6 there were three resonances for the hydroxyl protons.
Further confirmation of the three OH groups came from theδC’s
73.7 (C-4), 77.3 (C-8), and 68.8 (C-19), and their placement on
the carbon skeleton was guided by 2D NMR data. These included
a gHMBC correlation from H2-19 to C-5, along with gHMBC
correlations shown in Figure 2 from OH-4 to C-3, C-4, C-5, and
C-19, from H3-20/H3-21 to C-8, and from H-7 to C-8. The double-
bond stereochemistry was deduced on the basis of both1H J’s and
13C shifts. The resonances for vinyl protons H-5, H-6, H-14, and
H-15 were clearly resolved (Figure S7), and the measured couplings
3J5,6 ) 16 Hz and3J14,15 ) 10.7 Hz were diagnostic for theE and
Z stereochemistry assigned, respectively. Two other observations
were consistent with this conclusion and included (a) the 4 ppm
downfield shift noted above at C-7 for6 versus3 and (b) the nearly
identical shifts at C-13/C-14 for both compounds. The 8R config-
uration shown here for6 is based on a biosynthetic analogy to3,
because additional experimental data could not be obtained due to
compound instability.

From a biosynthetic perspective the structures of mycothiazole
(3) and diol 6 are unique given their PKS/NRPS signature that
includes a bisalkylated thiazole core. The only other example of
this chemotype from sponge natural products chemistry is pateam-
ine,17 which has a 1,3-substituted thiazole embedded in a macro-
cyclic ring and is highly cytotoxic to P388 cancer cells. Efforts are
continuing in our lab to further explore the biological properties of
mycothiazole and its analogues with the goal of strengthening a
case for their therapeutic potential. The NCI mean graph data12

are encouraging and indicate3 is selective against several tumor
lines such as DMS 114 (small cell lung cancer) and NCI-H23 (non-
small cell lung cancer). In addition, the closest COMPARE analysis
match in the NCI database is methotrexate (NSC 740 formerly
amethopterin), an antimetabolite used clinically to treat certain
cancers, severe psoriasis, and adult rheumatoid arthritis. The
biological data obtained from a disk diffusion assay18 show potent
in vitro murine solid tumor selectivity, because murine colon cells
(C-38) are 3 times more sensitive to3 versus murine leukemia cells
(L1210). The next steps to clarify the therapeutic potential of
mycothiazole (3) are underway and will be reported in due course.

Experimental Section

General Experimental Procedures.LCMS analysis was performed
using an analytical 5µm C18 ODS column with a photodiode array
(PDA) detector along with an evaporative light scattering (ELS) detector
for compound detection with an electrospray ionization time-of-flight
(ESITOF) mass spectrometer for mass detection. Preparative HPLC
was performed using a 6µm C18 ODS column using an ELS detector.
Semipreparative HPLC was performed with a 5µm C18 ODS column
using a single wavelength (λ ) 254 or 230 nm) for compound detection.
High-resolution MS was obtained using an ESITOF mass spectrometer.

Biological Material, Collection, and Identification. Specimens of
Cacospongia mycofijiensis2 (coll. no. 02600) (3.7 kg wet weight) were
collected using scuba in 2002 from Mele Bay, Vanuatu, at depths of
15-20 m. Taxonomic identification was based on comparison of the
biological features to other voucher samples in our repository. The
secondary metabolite chemistry is also consistent with this identification.
Voucher specimens and underwater photos are available.

Extraction and Isolation. Samples were preserved in the field
according to our standard laboratory procedures.19 The sponge was
extracted 3× with methanol, and then the resultant oil was partitioned
using a modified solvent partition scheme as described previously.20

Pure compounds were obtained as follows: (Figure S9) a portion
of the 02600 FD was fractionated using preparatory reversed-phase

Table 1. 1D NMR Difference NOE Enhancementsa Observed
for H-13b and H-16c of Mycothiazole (3)

expt atom irrad NOE rel enhanc inten

A 13 11 1.3
14 1.0
16 2.4

B 16 11 1.0
13 6.6
15 3.1
17 1.5
18/18′ 1.5

a Relative enhanced intensity data based on setting the height of the
weakest difference NOE peak as “1”.b Actual spectrum is shown in
Figure S4.c Actual spectrum is shown in Figure S5.

Table 2. NMR Dataa of Mycothiazole-4,19-diol (6) in
DMSO-d6

position δC δH mult, J (Hz) gHMBCb

1 156.6
2 36.1 2.98 m
3 36.7 1.55 m
4 73.7
5 135.0 5.35 bd, 16 4,7
6 129.8 5.62 m 4
7 35.2 1.98 m 5, 6, 8

1.85 m
8 77.3 3.57 m
9 45.3
10 177.7
11 112.8 7.07 bs 12, 13
12 154.0
13 29.2 3.45 d, 7.5 11, 12, 14, 15
14 127.6c 5.69 dtt, 10.7, 7.3, 1.5
15 127.9c 5.51 dtt, 10.6, 7.3, 1.7
16 31.3 2.87 dddt, 7.5, 6.0, 1.5, 2.0 14, 15, 17, 18
17 136.7 5.82 ddt, 16.8, 10.3, 6.2
18 115.1 5.06 ddt, 16.9, 2.0, 1.8 16

4.98 ddt, 10.3, 2.0, 1.8
19 68.8 3.16 bt, 5 5
20 25.9d 1.32 s 8, 9, 10, 21
21 23.6d 1.29 s 8, 9, 10, 20
O-Me 51.1 3.48 s 1
NH 6.87 bt, 5.5
OH-4 4.27 d, 3.7 3, 4, 5, 19
OH-8 4.52 m
OH-19 4.81 bt, 6.3

a 500/125 MHz1H/13C. b δH to δC. c,d Interchangeable assignments.

Figure 2. Selected gHMBC correlations for mycothiazole-4,19-
diol (6).
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HPLC to give 11 fractions. Preparatory fraction 9 (P9, 112 mg) was
then separated using semipreparative reversed-phase HPLC to give eight
fractions (P9, H1-H8). P9H8 (10.4 mg) contained pure mycothiazole
(3). P9H4 (4.6 mg) was further fractionated to yield four fractions,
one of which (P9H4H2, 2.6 mg) contained pure6.

Mycothiazole (3): whitish powder; [R]D
27 -13.7 (c 0.6, MeOH),

-3.5 (c 0.6, CHCl3); 1H NMR (benzene-d6, 600 MHz)δ 6.31 (1H, s,
H-11), 5.78 (1H, ddd,J ) 11.4, 1.8, 0.6 Hz, H-5), 5.72 (1H, ddt,J )
16.9, 10.6, 6.4 Hz, H-17), 5.69 (1H, s, OH), 5.67 (1H, ddd,J ) 11.4,
9.0, 3.6 Hz, H-6), 5.62 (1H, dtt,J ) 10.8, 7.8, 1.2 Hz, H-14), 5.50
(1H, dtt, J ) 10.7, 7.5, 1.5 Hz, H-15), 5.36 (1H, m, NH), 5.02 (1H,
dq, J ) 17.4, 1.8 Hz, H-18), 4.97 (1H, dq,J ) 10.2, 1.8 Hz, H-18′),
4.95 (1H, bs, H-19), 4.89 (1H, bs, H-19′), 3.79 (1H, dd,J ) 10.5, 2.1
Hz, H-8), 3.48 (1H, s, OCH3), 3.33 (2H, d,J ) 7.2 Hz, H-13), 3.28
(1H, dddd,J ) 13.8, 7.2, 6.6, 6.0 Hz, H-2), 3.11 (1H, dddd,J ) 13.8,
8.4, 6.0, 4.8 Hz, H-2′), 2.69 (2H, ddd,J ) 7.8, 6.6, 1.2 Hz, H-16),
2.56 (1H, dddd,J ) 14.4, 10.2, 9.0, 0.6 Hz, H-7), 2.30 (1H, dddd,J
) 13.8, 8.4, 6.0, 0.6 Hz, H-3), 2.20 (1H, ddddJ ) 14.4, 3.6, 2.4, 1.8
Hz, H-7′), 2.02 (1H, dddd,J ) 13.8, 6.6, 4.8, 1.2 Hz, H-3′), 1.34 (3H,
s, Me-20), 1.28 (3H, s, Me-21). Additional NMR data are in Figure S3
(CDCl3, 500 MHz) and in Figure S6.

Mycothiazole-4,19-diol (6): whitish powder; [R]D
27 -2.5 (c 0.04,

MeOH); HRESITOFMSm/z 439.2271 [M+ H]+ (∆ -0.84 mmu of
calcd for C22H34N2O5S); 1H NMR (DMSO-d6, 500 MHz), see Table 2
and Figure S7;13C NMR (DMSO-d6,125 MHz), see Table 2 and Figure
S8.
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