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ABSTRACT

The novel antifungal compound oceanalin A, an unprecedented “hybrid sphingolipid”, was isolated from the marine sponge

Oceanapia sp.

The structure was elucidated using NMR and MS spectral analysis and chemical degradation. Oceanalin A exhibits in vitro antifungal activity

against Candida glabrata with an MIC of 30 ug/mL.

Long-chain sphingolipids and sphingoid bases exhibit anti- hypothesi® that1, 2, and other dimeric sphingolipids derive

fungal activity against the pathogenic fungusandida
glabratal In our continuing investigation of antifungal
dimeric sphingolipids with novel modes of activity, we

from modular biosynthesis involving long-chain ketide
extensions coupled with terminal functionalizationibgle-
pendentbiosynthetic pathways.

analyzed several marine invertebrate extracts for the presence Compound1 is antifungal against the human pathogen
of long-chain _dim_eric sphingoid bases. We report here _the Candida glabrata(MIC 30 ug/mL) and appears to block
structure elucidation of an unprecedented tetrahydroquino-sphingolipid biosynthesis by inhibiting ceramide synthase.

line-containing dimeric sphingolipid, oceanalin &)( along
with the known rhizochaling), from an ethanolic extract of
the marine spong®ceanapiasp., collected off the northwest
coast of Australi& The new compound has an unexpected
structure with different polar termini that conforms to a
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The biosynthesis of one terminus Irresembles that of the
phytotoxic fumonisin B, a sphingoid long-chain base from
Fusariumspp. that derives from-alanine?} while the other
terminus is a 1-substituted tetrahydroisoquinoline similar to
those found in higher plantsOceanalin A joins a unique
group of bifunctionalized sphingolipids, including and
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oceanapisidéthat differ substantially from mammalian long- || A
chain bases (e.g;sphingosine) and exhibit potent antifungal  tap1e 1. 1H and3C NMR Data for Oceanalin AL
activity against the Fluconazole-resistant pathogengla-

: . : X D) om (mult, J Hz)  COSY HMBC?
brata.1¢ In this report, we describe the isolation and structure c ommrne R g
elucidation and antifungal activity df. ; oy Sheet B i
3 80.9 3.68(ddd, 3.2, H2,H4a, H1, H2, HI'
7.2,9.7) H4b
4a 33.3 1.52 (m) H3
4b 1.68 (m) H3
5
6-13  30.8-31.6 1.27—1.29 (bs)
14 31.0 1.45 (m)
15 33.9 2.06 (m) H16 H16, H17
16 136.6 5.63 (dt, 15.0, H17,H15 HI15, H14, H18
7.2)
17 132.2 5.20 (dd, 8.3, H16,H18 HI15
15.0)
18 84.7 3.50 (m) H17, H19a, OMe, H16
H19b
19a 37.3 1.55 H18
19b 1.40 H18
20-24 30.8—31.6 1.27-1.29
25 35.7 2.00 (m), H26 H26
1.88 (m)
26 57.3 4.32 (<)1d, 4.3, H25a, H25b H34, H25, H28
8.0
2-NHAc
28a 416 3.30 (m) H29a, H29b H29a, H29b, H26
- 2 . H29a, H2
The EtOH extract of the lyophilized sponge was concen- 282 270 g.gg gﬁ) 17.0 9a, Hasb H28a. H28b. H31
trated and partitioned between aqueous EtOH and hexane. 6.0
The aqueous EtOH layer was further partitioned against 2°° R
n-BuOH, and then-BuOH-soluble materials were separated 30 124.2 H29, H28, H34
by ODS flash chromatography and repeated reversed-phasé, 1e8 6600 Hoa, H29b
HPLC to give oceanalin Al as a colorless amorphous solid 33 146.5 H31
(0.003% dry weight; [o —5.7° (c 0.14 EtOH)) that tested =~ 34 114.5 6.64 (s)
o : . ; . 35 124.8 H25, H26,H31
positive for a free primary amino group (ninhydrin). The oop, 566 3.20
molecular formula of oceanalin Alf was established as 1 104.6 432,720 H2 H3, H2
Ca1H72N;06 On the basis of NMR and HRFABMS dataz 2 733 3o1d. T2, H3.HIT - HI, He
737.5286, MH;, calcd 737. 5311 £H73N20q). 3 75.1 3.47(dd, 3.4,
A doubly protonated molecular iomn{z369, 30%, [M+ 4 711 3.7%'?3 3.4)
2H]?*) dominates the ESI mass spectrum bf as is 5 77.6 3.54 (dd, 4.6, H6', H5'
characteristic of bifunctionalized sphingolipitfs? Initial p 63.6 37(;‘20)0
analysis of NMR data (Table 1) showed signals for the 3.74 (m)
presence of a hexose residue (anomeric carpd.32 d, 2CD;0D, 500 MHz.” Performed at 600 MHZ AB part of the ABX

J = 7.2 Hz; 6c 104.8), a tetrasubstituted aromatic ring, a spin system:Jger= —11.8 Hz; Jvic= 4.6, 7.5 Hz.
nitrogen-substituted CH(on 3.30 and 3.509¢ 41.6), two
N-substituted CH carbong){ 4.32 and 3.17p¢ 57.3 and _
52.7), two oxygenated methines.(3.68 and 3.500c 80.9  4:32, d,J = 7.2 Hz, HI) to a 2-amino-3-alkanol fragment.
and 84.7), a disubstituted double bong 320 and 5.63; Characteristic NMR chemical shifts of the anomékcsignal

0c 132.2 and 136.6), a secondary methyj (025;06¢ 16.0), 1H'1'1?£d the IC'_313C signal 6Ch80'9)’ toggtherl with é];‘]
and one OMe groupé 3.20; dc 56.6) (Table 1). The H—23C correlations between these two signals, confirmed

remainder of théH NMR signals forl could be attributed _
to long methylene chaingf 1.20—1.30, m). Peracetylation
of 1 (Ac,O, pyridine) gave the octaacetyl derivatiie,
which supports the presence of six OH groups and two
amines, a primary NKand a secondary NH.

Interpretation of two-dimensional NMR data provided

substructures—c (Figure 1). Substructura contains one
hexopyranose residue attached k+@-glycosidic bond §y
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the location of the hexose at C-3. Complete assignments ofshowed only multiple losses of ketene and ;CBOH. A

the remainingH and'3C NMR signals were based on COSY
and gHMBC data.

Substructurd was composed of two proton spin systems.
Interpretation of the COSY data starting from the H-25
methylene protons (2.00, m; 1.88, m) led to a deshielded
proton at H-26 ¢ 4.32, dd,J = 8.0, 4.3 Hz, 1H), flanking

successful solution to the problem was achieved as follows.
The peracetata was subjected to reductive ozonolysis,(O
then NaBH) followed by acetylation (AgO, pyridine). The
two main products isolated by HPLC of the crude mixture
were peracetate8 and 4 (Figure 3), along with the

an N atom that was further connected to a second spin systenj  NEGEGTINNEGEGEGEGEEEEEEEEEEEEE

comprised of an ethylene group-48 (6 3.30 m; 3.50, m)
and H-29 (0 2.89, dt,J = 17.0, 6.0 Hz; 2.97, ddd) =

17.0, 7.7, 5.7 Hz), positioned between the N atom and an

aromatic ring, which was readily inferred from the and
13C NMR chemical shift values (Table 1). TH&C NMR
chemical shift values for C-32)(147.3) and C-334 146.5)
were consistent with a catechol.

Integrated analysis of the UV absorption spectrura38
(e 7600), 288 nmq 7850)], the chemical shifts of the aryl
proton signals H-31du 6.60, s) and H-34du 6.64, s), and

two-dimensional NMR cross-peaks present in the HMBC

spectrum (C-31/H-29, C-30/H-29, H-28, H-26, H-34 and

C-26/H-28) revealed the second terminus to be a 1,6,7-

trisubstituted tetrahydroisoquinoline (substructime Ad-

ditional HMBC cross-peaks (e.g., C-32/H-34, C-33/H-31,

C-35/H-25) were fully supportive of the substructire
Substructures consists of an allylicO-methyl ether unit

flanked by polymethylene chains. HMBC cross-peaks C-16/

H-14 and C-16/H-18, C-17/H-15, C-15/H-16 confirmed
placement of the OMe group at the allylic position. COSY
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cross-peaks were abserved for a consecutive spin SequencEigure 3. Structures of degradation products and schulzeine A

starting from the allylic CH protons H-15 (6 2.06, m, 2H)
to H-16 © 5.63, dt,J = 7.2, 15 Hz), to H-17d 5.20, dd,J

= 8.3, 15 Hz), an O-substituted CH, H-18 8.50, m, 1H),
and finally connecting to the diastereotopic H-19 L&jfoup
(0 1.55, m; 1.40, m). The olefiniéH vicinal coupling
constant (J= 15 Hz) and**C chemical shift of the allylic
methylene C-15¢ 33.9% were consistent with ariej-double
bond.

2

[1]. monoperphthalic acid
[2]. KOH, ag.

ACO OAc [3]. Ac,0, pyridine, Reference [2a]
O
AcO OAG: .
CHs Mvwv\o AC
NHAc 2a

Figure 2. Oxidative degradation d?.

Initial attempts to position the GHCH—CH(OMe) group

in 1 by mass spectrometry were unsuccessful, as neither th

FABMS nor MALDI spectra ofl showeda or 3 cleavage
fragment ions. The EIMS spectrum of the peracetkde

(7) Kohimoto, S.; McConnell, O. J.; Wright, AExperiential988,44,
85—86.
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73, 84-87.
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corresponding isomers and 6 (combined, 20%; see Sup-
porting Information), the latter presumably arising from the
rearranged isomelh.® NMR data confirmed that compound
3 retained the glycosylated terminus, while the derivative
was a tetrahydroisoquinoline substituted chain, terminated
by an O-acetoxy-glycol unit. Pseudomolecular ions M
Na]" observed ain/z710 and 528 in the MALDI-TOF MS
for compounds3 and4, respectively, permitted us to locate
the position of the allylic ether as shown In

The absolute configuration dfwas addressed as follows.
Hydrolysis of1 (6 N HCI, 100°C, 2.5 h) gavep-galactose.
The ozonolysis produc3 obtained fromla was indistin-
guishable (NMR, [o§) from the known homologu€a
obtained previously by a different oxidative degradation of
rhizochalin (2)?2 Since the absolute configuration ®dfvas
established by interpretation of CD spectra of téNr®-
benzoyl derivatives obtained fro@, oceanalin A (1) has

(9) Productss and6 were isolated as peracetates from the ozonotysis
reduction of a minor regioisometb that is present as an inseparable
impurity in 1 (~20%). NMR data confirmed that compouBdetained the

G‘galactose-containing moiety and CH(OMe) fragments, while the derivative

6 contained the tetrahydroisoquinoline unit. Observation of pseudomolecular
ions [M + Na]™ observed am/z754 and 484 in MALDI-TOF spectra of

5 and6 confirmed their identities. Compouridh appears to have originated
from an acid-catalyzed allylic rearrangement of the all@idvle ether in

1, possibly during its isolation by HPLC (0.1% TFA MeOH/®). Since

this central substructure is essentially “insulated” from the terminal
functional groups by long CH chains, the regioisomerism was not
perceptible in théH NMR spectra of the mixtur&/1b, even at 600 MHz.
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the same (2BR)-configuration as rhizochalihCompounds phosphate-dependent condensation of alanine with a fatty
1, 1a, 4, and6 showed only weak optical rotationsofpp acyl CoA ester, as shown for fumonisin By labeling
0~1°) and an absence of a benzenoid Cotton effect in the studies’ The former sequence is also likely for the biosyn-
CD spectrum at the wavelength expected for 1-substitutedthesis of shorter chain:g-C,s marine-derived 2-amino-3-
6,7-dihydroxy-tetrahydroquinolineg 270 nm)*° Given that alkanol sphingoid basésg.

the latter compounds show a propensity for spontaneous A remarkable corollary that arises from consideration of
epimerization at C-1 (isoquinoline numberirig)ye conclude the structures ofl and 2 is that their biosynthesis adopts
that6 is racemic and that andlaexist as 1:1 mixtures of  “modular-ketide tailoring” reactions to elaborate differently
C-26 epimerg? functionalizedo- andw-termini®2In the case o, this hybrid

Doubling was observed fotH NMR signals of the biogensis leads to a remarkable confluence of sphingolipid
32,33-0O-and N-acetyl groups, and nearby signals of per- and isoquinoline pathways in natural products biosynthesis.
acetatesla, 4, and6 containing a tetrahydroisoquinoline Oceanalin A {) showed antifungal activity against the
group (Table 1). This was attributed to slow rotation about Fluconazole-resistant yea&. glabrata with a minimum
the tertiary acetamideN-27-Ac) and is a well-known inhibitory concentration (MIC) of 3@g/mL in broth dilution
property of the NMR spectra df-acetyltetrahydroisoquino-  experiments, which is comparable to the activtityefphin-
lines3 At elevated temperaturél (= 80 °C), the doubled  gosine (MIC 30ug/mL).*2 Preliminary studies show that
acetyl signals in'TH NMR spectrum of4 (ds-pyridine) blocks phytosphingolipid biosynthesis @ glabrata® Stud-
collapsed into a single set of discrete singlets (see Supportingies are underway in our laboratory to refine our understanding
Information for detailed temperature-dependéhNMR data of the mechanism of action df.
for 4).
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The bifunctionalized sphingolipids 2,2 calyxosidel® and
oceanapisideall possess a conserved number of carbon
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