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Pulicatins A—E, Neuroactive Thiazoline Metabolites from Cone Snail-Associated Bacteria
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The cone snail Conus pulicarius from the Philippines provides a specific habitat for actinomycetes and other bacteria.
A phenotypic screen using primary cultures of mouse dorsal root ganglion neurons revealed that one C. pulicarius
associate, Streptomyces sp. CP32, produces a series of natural products that enhance or diminish whole-cell Ca*" flux.
These compounds include known thiazoline compounds and a series of new derivatives, pulicatins A—E (6—10). Individual
compounds were shown to bind to a series of human receptors, with selective binding to the human serotonin 5-HT,p
receptor. Here, we report the structure elucidation of the new compounds and results of the neurological assays.

Symbiotic bacteria living with animals have been implicated in
the synthesis of defensive and other natural products of importance
to drug discovery.' > In the marine environment, most studies of
symbiont-derived natural products have focused on soft-bodied,
benthic invertebrates that are otherwise vulnerable to predation. By
contrast, cone snail mollusks are well defended by their shells and
their arsenal of extremely diverse, snail-derived peptide toxins that
act on channels and receptors.® We sought to investigate whether
this type of well-defended organism would also house symbiotic
bacteria involved in the synthesis of allelochemicals, potentially
including venom components, antibacterial defenses, and other
small-molecule natural products. In addition to investigating this
basic question, we reasoned that exploration of an untapped bacterial
niche could lead to the discovery of new bioactive natural products.

We recently reported that at least some cone snails are associated
with diverse actinomycetes and other bacteria and that extracts of
some of these bacteria exhibit neurological activity.” In order to
maximize the discovery of new active bacterial metabolites from
these new niches, we applied a broad-scope assay involving primary
cultures of mouse dorsal root ganglion (DRG) neurons.” ® The
dorsal horn contains many types of neurons, largely involved in
pain and other sensory perception, which express different types
and combinations of channels and receptors. In this phenotypic
assay different responses are observed in individual cells represent-
ing different types of neurons when active compounds or extracts
are applied. Using this broadly targeted biological assay as a primary
screening strategy, we tested extracts from a total of 254 cone snail-
associated bacteria, which yielded 29 isolates that either increase
or decrease Ca”* influx into DRG cells. One of the active isolates,
Streptomyces sp. CP32 from C. pulicarius, was investigated by
assay-guided fractionation, leading to the isolation of five known
analogues (1—5) together with five new analogues, pulicatins A—E
(6—10).

Results and Discussion

Extracts of pilot-scale cultures of strain CP32 were strongly active
in the DRG assay, resulting in K*-stimulated Ca>" influx. CP32
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was fermented in 2.8 L Fernbach flasks for eight days. In an assay-
guided procedure, the culture broth was centrifuged and subjected
to HP20 adsorption chromatography, followed by Cs flash chro-
matography and HPLC to yield compounds 1—10.
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A known compound, aerugine (1), was isolated as a pale yellow
solid.'®'" The NMR and low-resolution MS data also exactly
matched a siderophore compound (1a) isolated from a bacterium
associated with a marine sponge,'? leading us to initially misassign
the structures of this compound series. High-resolution electrospray
mass spectrometry (HRESIMS) revealed ions at m/z 210.0583 ([M
+ HJ*), indicating a molecular formula of C;oH;;NO,S, allowing
us to reassign the structure as 1. The difference between the reported
structures of these two molecules is the presence of a thiazoline
group in 1 or a hydroxamic acid group in la. However, in the
structure elucidation of the siderophore compound, no evidence was
provided for either the phenolic ether bond or the hydroxamic acid
group. Comparison of the spectroscopic data of 1 and 1a suggests
that they may be identical. The 4-bromobenzoyl derivative 1b was
synthesized from 1, and a shift of C-7" from 3.85 to 4.58 ppm
indicated a primary alcohol group at C-7’. All of these data, as
well as the HMBC correlations (Figure 1), were compatible with
the structure for aerugine. Other known compounds, pulicatins F
(2) and G (3), have been synthesized but are not previously known
as natural products.'*'* They are included in this series because
of their structural similarities with the remainder of the compounds.
Watasemycins A (4) and B (5) were identified by comparison of
NMR and MS data with literature values.'?

© 2010 American Chemical Society and American Society of Pharmacognosy

Published on Web 10/28/2010



Neuroactive Thiazoline Metabolites
OH OH C(O(H OH
s s s
i $;(\ S
N N N N \/%?
1 7 HO 8

HO 6 HO HY

OH OH
S Sy
\ 7 \ ) S Hs S CHs
N/ N e Q j
N
10 NH, OH 3 OH 5
9 o] H “oH 7 *—0H

N P —_
HMBC NOESY Ccosy

zZ

6

Figure 1. Key HMBC, 'H—'H COSY, and NOESY correlations
of compounds 1 and 6—10.

Pulicatin A (6) was isolated as a pale yellow solid and assigned
the molecular formula C; H;3NO,S on the basis of HRESIMS
analysis (m/z 224.0741 for [M + H]*) and NMR experiments (Table
1). Compound 6 had a higher mass than 1 by 14 Da, indicating
that an additional CH, was present. The '"H NMR and '3C NMR
spectra of 6 were very similar to those of 1 except that they have
signals corresponding to a methyl group at oy 1.35. Compound 6
contained a methine group (Oy 4.04 m; d¢ 45.9 CH) instead of the
methylene group in 1. A COSY experiment (Figure 1) led to the
identification of the CH;CHCHCH,OH fragment. The HMBC
(Figure 1) cross-peaks observed from both H-4" and H-5" to C-2’
confirmed the planar structure of 6. The NOESY correlations
between H3-6" and H,-7" indicated a 4'S*,5'R* relative configuration
of 6.

Pulicatin B (7) was isolated as a pale yellow solid. Its HRESIMS
analysis (m/z 224.0741 for [M + H]") indicated a molecular formula
of C;{H3NO,S, which was identical to that of 6. Its MS and NMR
data (Table 1) were almost identical to those of 6 except that the
chemical shifts of C-5’, C-6’, and C-7 were observed slightly
downfield of those in 6 (Table 1), indicating it was isomeric with
6. The NOESY correlations (Figure 2) between H3-6" and H-5
indicated 7 was a diastereoisomer of 6 with a 4’S*5’S* relative
configuration.

To determine the absolute configurations of 6 and 7, we
employed the method of Yamaguchi and Yasuhara for determination
of the absolute configurations of primary alcohols with the
asymmetric center at the 2-position.'® In this approach, an acyclic
alcohol is converted to the corresponding (R)-(+)-MTPA and (S)-
(—)-MTPA esters. The magnitude of lanthanoid-induced shift (LIS)
by Eu(fod); for the methoxy group of the (R)-(+)-MTPA ester is
larger than that of the (S)-(—)-MTPA ester when the asymmetric
center is in R-configuration. Sugimoto applied this method to a
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Figure 2. CD spectra of compounds 1, 6, and 7.

Table 2. LIS of Mosher Esters of 1, 6, and 7

Adocns
MTPA esters (S)- (R)- configuration of C5
1 +0.01 +0.05 R
6 +0.05 +0.34 R
7 +0.16 +0.13 S

primary alcohol in which a hydroxymethyl group is situated on
the asymmetric ring carbon atom of the carbocycle.'” Len et al.
assumed that complexation of europium salts with both oxygens
of the ester and methoxy groups induced the existence of different
conformers.'® Compounds 1, 6, and 7 were transformed to the
corresponding (R)-(+)-MTPA and (5)-(—)-MTPA esters. The LIS
values of the methoxy groups are given in Table 2. For 1 and 6,
the LIS values for (R)-(+)-MTPA esters were larger than (S)-(—)-
MTPA esters, indicating that the asymmetric centers at C-5" of 1
and 6 were in the R-configurations. Since this is the known
configuration of (+)-aerugine (1), this method is in good agreement
with the literature.'® Compound 7 showed larger LIS values for
the (S)-(—)-MTPA ester, indicating that the asymmetric center at
C-5" of 7 was in an S-configuration. These conclusions were
consistent with the circular dichroism spectra of 1, 6, and 7: the
CD spectra of 1 and 6 were very similar, but opposite that of 7
(Figure 2).

Another pale yellow solid compound, pulicatin C (8), was
assigned the molecular formula C;1H;(NO,S on the basis of
HRESIMS analysis (m/z 222.0584 [M + H]") and NMR experi-
ments. In contrast to 6, 8 has NMR signals for a tetrasubstituted
double bond (d¢ 128.6 C, 149.5 C) instead of the two sp>-hybridized
carbons in 6. A singlet was assigned to a vinylic methyl (0 2.52 s,

Table 1. NMR Spectroscopic Data (500 MHz for 'H, 125 MHz for '*C, CDCl;) for Pulicatins A—E (6—10)

pulicatin A (6) pulicatin B (7)

pulicatin C (8) pulicatin D (9) pulicatin E (10)

position ¢, mult Oy (J in Hz) Oc, mult Oy (J in Hz) Oc, mult Oy (Jin Hz)  Oc, mult Oy (Jin Hz)  Oc, mult Oy (J in Hz)

1 116.6, C 116.3, C 1154, C 116.3, C 116.5, C

2 159.2, C 159.2, C 156.6, C 157.1, C 156.5, C

2-OH 12.25, brs 12.4, brs 11.90, brs 11.64, brs 11.16,s

3 133.3, CH 7.44,d (9.0) 133.1, CH 7.39,d (8.3) 126.8, CH 7.53,d 127.6, CH 7.51,d 127.8, CH 7.55,d
(8.5) (8.5) (7.0)

4 119.1, CH 6.88,dd (9.0,8.5) 118.9,CH 6.88, dd (8.3, 8.2) 119.2, CH 6.89, dd 119.9,CH  6.92,dd 120.1, CH 6.94, dd
(8.5,7.3) (8.5,7.5) (7.7,7.5)

5 130.8, CH 7.36, dd (8.5, 8.5) 130.6, CH 7.36, dd (8.3, 8.2) 131.2, CH 7.29, dd 132.5, CH 7.35, dd 132.4, CH 7.35, dd
(8.2,7.3) (8.5,7.3) (7.4,7.4)

6 117.3, CH 7.00, d (8.5) 117.1,CH 6.99, d (8.3) 117.5,CH 7.03,d (8.2) 1182,CH 7.07,d 117.9, CH 7.06, d

(8.3) (8.1)

2 173.0, C 173.0, C 166.3, C 166.3, C 165.5, C

4 459,CH 4.04, m 452, CH  3.96, dq (6.8, 6.8) 128.6, C 143.5, C 121.6, C

5 79.0, CH 4.56, ddd 84.2, CH 4.45, ddd 149.5, C 147.3, C 141.3, C

(6.8, 6.8, 6.7) (6.8, 5.5, 4.8)
6 16.7, CH; 1.35,d (7.1) 21.7, CH; 1.49,d (6.8) 109, CH; 2.52,s 12.5, CH; 2.86,s 13.1, CH; 2.88,s
7 61.7, CH, 4.04 m, 4.19, 63.2, CH, 3.85,dd (11.2,5.5); 58.5,CH, 4.73,s 185.4, C 10.15, s 164.9, C

dd (10.4, 6.1)

3.78, dd (112, 4.8)
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Table 3. Ligand Displacement Activity at the 5-HT,5 Receptor
K; (nM) vs 5-HT,p

1360 £+ 110
1031 £ 76
1260 % 99
3922 £ 465
4695 + 262
505 +29
1541 + 134

compound

o QN U AW -

Oc 10.9 CH;). These data indicated that 8 was the 4,5’-dehydro
derivative of 6. This was also supported by the HMBC correlations
(Figure 1) from H3-6" to C-4” and C-5" and from H,-7" to C-4” and
C-5".

Pulicatin D (9) was isolated as a white solid. The molecular
formula for 9, C;;HgNO,S, was derived from NMR data and the
HRESIMS ion at m/z 220.0427 (IM + H]"). The NMR data were
very similar to those of 8, except that 9 had an aldehyde group (Oc
185.4 CH) that was assigned to C-7’. The chemical shift of the
aldehyde carbon indicated it was conjugated with the C-4'—C-5"
double bond. This was also supported by the HMBC correlations
(Figure 1) from H3-6" to C-4” and C-5" and from H,-7" to C-4" and
C-5".

Pulicatin E (10) was isolated as a pale yellow solid. It was
assigned the molecular formula C;H;(N,O,S on the basis of
HRESIMS analysis (m/z 235.0546 [M + H]") and NMR experi-
ments. Analysis of the NMR spectra of 10 showed this compound
to have a carbonyl instead of the aldehyde group present in 9. On
the basis of the molecular formula, the carbonyl was assigned to a
carboxamide group located at C-5".

In the DRG assay of purified compounds, two metabolites (1
and 3) observably increased Ca*" influx at 20 u#g/mL and were
responsible for the activity of the extract of CP32, while compound
6 showed a decreased Ca®>" influx (see Supporting Information).
This was of particular interest, as 1 and 6 differ solely by a methyl
group, yet they exhibit opposite effects on whole DRG cells.
Although the activity seems modest, in our experience an observable
effect in these neurons requires a relatively high dose that almost
completely blocks the target. Therefore, to determine the potential
molecular targets and potencies underlying these observed pheno-
types, we further screened 1—35, 6, and 9 at the National Institute
of Mental Health’s Psychoactive Drug Screening Program (PD-
SP).?° The remaining compounds were isolated in insufficient
amounts for testing. A primary assay was performed binding 46
targets at a final concentration of 10 uM of each compound. Initial
hits were obtained in radioligand displacement assays. For targets
where significant binding avtivity was detected, secondary binding
assays were performed, and K; values were calculated using
radioligand displacement with test compound concentrations from
1 to 10 000 nM. K; values from secondary assays were >5000 nM,
with the exception of results reported below.

All of the seven tested compounds showed binding activity to
the 5-HT,p receptor, with K; values from 505 to 4695 nM (Table
3). Compound 6 exhibited the strongest effect, while bisthiazolines
4 and 5 were weak in comparison to the single-thiazol(in)e
compounds. Compounds were relatively selective for 5-HT,g versus
other serotonin receptors, for which no significant binding was
detected at 10 4M, indicating that 6 has at least 20-fold selectivity
for 5-HT,p over related receptors. Only 2 and 3 showed selectivity
for the histamine H1 receptor, at 517 £ 28 and 678 £ 46 nM,
respectively, indicating the potential importance of the amide
functionality for H1 receptor affinity. Only 3 exhibited significant
binding to the kappa opioid receptor (3708 + 145 nM).

The G protein-coupled receptor 5-HT, has been extensively
explored in drug discovery because of its diverse physiological
effects, but undesired cardiac activity has limited development of
drugs that target this receptor.>' Recently 5-HT,p has been shown
to play a direct role in modulating neuropathic pain in the dorsal
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horn of rats, where selective 5-HT,p antagonism enhanced evoked
potentials under certain conditions.??> However, the PDSP results
and their connection to the DRG assay need to be interpreted with
caution, especially because binding assays do not necessarily reflect
physiological function.

Pulicatins are members of a large family of benzyl thiazole and
thiazoline natural products, including aerugine,'''® aeruginoic
acid,”® ulbactins,'®** desferrithiocin,? pyochelin,?® yersiniabactin,?”
vibriobactin,?® micacocidins,?*-3° thiazostatins,>' watasemycins,'3
and other unnamed small molecules.’> Gene clusters for new
compounds in this group are commonly found in bacteria.**-**
However, the 4’-methyl group is a feature that has only been found
previously in 9 and 10 among natural products in this series and
rarely elsewhere.

Neurological activity has not been previously reported for
compounds in this series. Compounds from the aerugine family
exhibited antimicrobial®> and anti-inflammatory activity®® at mid-
micromolar levels. Aeruginoic acid, which is somewhat similar to
compounds 2 and 8—10, exhibited antihypotensive activity,?” also
in the micromolar range.

A remaining question is whether the pulicatins are important to
symbiosis or to the survival of C. pulicarius. Strain CP32 has a
16S gene that is very similar to genes identified in the uncultivated
pool in this organism and is in fact identical to the published CP5
sequence (500 bp) and to the sequence from uncultivated bacteria
associated with the cone snails. In addition, actinobacteria were
identified in the foot margin and in the hepatopancreas by in situ
hybridization.” These results are at best suggestive of a role for
the pulicatins and require further investigation. Finally, 6 was also
identified as an active component of Streptomyces sp. strain CT8,
cultivated from the hepatopancreas of the cone snail C. tribblei,
possibly indicating a habitat-related function for the compounds.

Experimental Section

General Experimental Procedures. Optical rotations were measured
on a Jasco DIP-370 polarimeter. UV spectra were obtained using a
Perkin-Elmer Lambda2 UV/vis spectrometer. Circular dichroism spectra
were obtained on a Jasco J720A spectropolarograph. NMR data were
collected using either a Varian INOVA 500 ('"H 500 MHz, *C 125
MHz) NMR spectrometer with a 3 mm Nalorac MDBG probe or a
Varian INOVA 600 (‘H 600 MHz, '3C 150 MHz) NMR spectrometer
equipped with a 5 mm '"H['*C,""N] triple resonance cold probe with a
z-axis gradient, utilizing residual solvent signals for referencing. High-
resolution mass spectra (HRMS) were obtained using a Bruker
(Billerica, MA) APEXII FTICR mass spectrometer equipped with an
actively shielded 9.4 T superconducting magnet (Magnex Scientific Ltd.,
UK), an external Bruker APOLLO ESI source, and a Synrad 5S0W CO,
CW laser.

Bacterial Material. Streptomyces sp. CP32 was cultivated from C.
pulicarius obtained by professional collectors near Mactan Island, Cebu,
Philippines, as previously described.” The strain was cultured from
dissected foot and body tissue and purified, and later the strain was
recovered from a glycerol stock and used for further chemical analysis.
The 16S gene was cloned using primers 27f and 1492r and submitted
to GenBank, accession number HQ337089.

Fermentation and Extraction. Streptomyces sp. CP32 was cultured
at 30 °C with shaking at 200 rpm in 8 2.8 L Fernbach flasks each
containing 1 L of the medium ISP2 (0.2% yeast extract, 1% malt extract,
0.2% glucose, 2% NaCl). After 8 days, the broth was centrifuged and
the supernatant was extracted with HP-20 resin for 4 h. The resin was
filtered through cheesecloth and washed with H,O to remove salts. The
filtered resin was eluted with MeOH to yield an extract, which was
further purified by bioassay-guided (DRG) fractionation.

Purification. The extract (400 mg) was separated into seven fractions
(Fr 1—Fr 7) on a C;3 column using step-gradient elution of MeOH in
H,O (20%, 40%, 50%, 60%, 70%, 80%, 100%). Fr 3, eluting in 50%
MeOH, was further purified by C;3 HPLC using 45% CH;CN in H,O
to obtain compound 3 (1.5 mg). Fr 4, eluting in 60% MeOH, was further
purified by C;3 HPLC using 65% MeOH in H,O to obtain compounds
1 (3.0 mg), 6 (1.0 mg), and 7 (0.4 mg). Fr 5, eluting in 70% MeOH,
was further purified by C;3 HPLC using 68% CH;CN in H,O with
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0.1% TFA to obtain compound 9 (5.0 mg) and subfraction Fr 5-1. Fr
5-1 was further purified by C;3 HPLC using 48% CH3CN in H,O with
0.1% TFA to obtain compounds 8 (1.0 mg), 10 (0.3 mg), 2 (1.5 mg),
4 (10.0 mg), and 5 (2.0 mg).

Preparation of (S)- and (R)-MTPA Esters. Compounds 1 (100
ug), 6 (500 ug), and 7 (100 ug) were separately transferred into clean
reaction bottles and dried completely under vacuum. Pyridine (0.5 mL)
and o-methoxy-o-(trifluoromethyl)phenylacetyl chloride (1 equiv) were
added into the reaction bottle quickly under a N, gas stream and then
stirred for 12 h at room temperature. The organic layer was then washed
with H,O and concentrated under reduced pressure to obtain the ester.
Final purification was achieved by HPLC (90% MeOH, 4.0 mL/min).

Enantioselective Analysis with Eu(fod);. Each MTPA ester of 1,
6, and 7 was added to an NMR tube in CDCl;, and an equimolar mixture
of Eu(fod); was added to each tube. The difference in chemical shift
with and without the chiral reagent was recorded: Adocus (ppm) =
Adocmz(with Eu(fod);) — Adocmsz(without Eu(fod)s).

Preparation of p-Bromobenzoate (1a). To a stirred suspension of
1 (1.0 mg) in dry CH,Cl, (2 mL) were added Et;N (1 mL) and
p-BrC¢H4,COCl (3 mg) at room temperature. Four hours later the
reaction was quenched by adding H,O (2 mL). The mixture was
extracted with EtOAc (3 x 5 mL), and the EtOAc solution was dried
on anhydrous Na,SO, and evaporated at reduced pressure. The residue
was subjected to C;s HPLC (95% MeOH/H,0) to give 1b (1.1 mg):
'H NMR (CDCls, 400 MHz) 6 7.36—7.99 (8H, m, ArH), 4.92 (1H, m,
H-4%), 4.35, 4.28 (each 1H, m, H-7’), 3.46, 3.24 (each 1H, m, H-4");
ESIMS m/z 392.0, 394.0 [M + H]J*.

DRG Assay. For details of the isolation and culture of DRG neurons
see Light et al.® Briefly, dorsal root ganglia cells from cervical and
lumbar regions were obtained from mice and used in an assay with
bacterial culture extracts and pure compounds. DRG cells were
suspended in medium with additives and loaded with Fura-2 AM
(Molecular Probes), a fluorescent dye used to measure intracellular
calcium levels. Experiments were performed at room temperature (20
to 25 °C) in a 24-well plate format using fluorescence microscopy.
Individual cells were treated as single samples, so that the individual
responses of diverse neuron subtypes from the DRG could be examined.
After baseline measurements, the cells were treated with 25 mM KCl
solution and then washed. After return to baseline, bacterial extracts,
fractions, or pure compounds were applied. This solution was then later
replaced with 25 mM KCI solution. The use of KCI permitted
observation of direct, modulatory, as well as inhibitory and excitatory
effects of the extracts.

Receptor Affinity Screen. Assays for the following receptors were
performed by the PDSP/NIMH: (1) muscarinic receptors: M1, M2, M3,
M4, M5; (2) serotonin receptors: Shtla, Shtlb, Shtld, Shtle, Sht2a,
5ht2b, 5ht2c, 5ht3, Sht4, Sht5a, 5ht6, 5ht7; (3) GABA receptors: BZP
(rat brain site), GABA A, GABA B; (4) histaminergic receptors: H1,
H2, H3, H4; (5) dopamine receptors: D1, D2, D3, D4, D5; (6)
transporters: NET, SERT, DAT; (7) opiate receptors: DOR, KOR,
MOR; (8) adrenergic receptors: AlphalA, AlphalB, AlphalD, Alpha2A,
Alpha2B, Alpha2C, Betal, Beta2, Beta3; (9) others: Sigma 1, Sigma
2, Ca+Channel. Detailed online protocols are available for all assays
at the PDSP/NIMH Web site (http://pdsp.med.unc.edu/). The serotonin
and histamine receptor protocols have been described.*® 4°

Pulicatin A (6): pale yellow solid (MeOH); [a]*p —53 (c 0.1,
CHCl3); UV (MeOH) Apax (log &) 211 (4.12), 250 (3.71), 312 (3.50)
nm; CD (CHCl;) Ay (Ag) 263 (+52), 292 (+17), 327 (—1.3) nm; IR
(film) vy 2925, 1700, 1670, 1565, 1535, 1510, 1310, 1265, 760 cm™*;
'H and *C NMR (see Table 1); HRESIMS m/z 224.0741 [M + H]*
(caled for Cy1H 3NO,S, 224.0740).

Pulicatin B (7): pale yellow solid (MeOH); [a]*p —25 (c 0.1,
CHCl;); UV (MeOH) Apax (log €) 211 (4.11), 250 (3.69), 312 (3.47)
nm; CD (CHCl3) Apax (Ag) 276 (—17), 324 (7.6) nm; IR (film) vy
2909, 1685, 1520, 1457, 1415, 1340, 1310, 1265, 770 cm™'; 'H and
13C NMR (see Table 1); HRESIMS m/z 224.0741 [M + H] " (calcd for
C;1H;3NO,S, 224.0740).

Pulicatin C (8): pale yellow solid (MeOH); UV (MeOH) A.x 204
(4.08), 296 (3.82), 326 (3.79) nm; IR (film) vy, 2925, 1700, 1625,
1505, 1415, 1280, 1000, 775 cm™'; 'H and "*C NMR (see Table 1);
HRESIMS m/z 222.0584 [M + H]" (calcd for C;;H;;NO,S, 222.0583).

Pulicatin D (9): white solid (CHCl;); UV (MeOH) Ay 219 (4.10),
289 (3.84), 321 (3.77) nm; IR (film) viax 2835, 1700, 1670, 1535, 1415,
1430, 1295, 1250, 745 cm™'; 'H and '*C NMR (see Table 1); HRESIMS
mlz 220.0427 [M + H]" (caled for C;;HoNO,S, 220.0427).
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Pulicatin E (10): pale yellow solid (MeOH); UV (MeOH) A,.x 212
(4.11), 279 (3.87), 321 (3.79) nm; IR (film) vy 2924, 1670, 1595,
1490, 1475, 1415, 1360, 1150, 750 cm™'; 'H and '*C NMR (see Table
1); HRESIMS m/z 235.0546 [M + H]" (caled for C;H;;N,O,S,
235.0536).
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