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Abstract: A umique ether giycolipid, 1, characterized by the glycosylation of two glycerol hydroxy groups, has
been isolated from the Senegalese sponge Trikentrion loeve Carter, and its structure determined by spectroscopic
and chemical analysis.

Ether glycolipids, which are mainly distributed among bacteria and mammalians, are characterized by
the presence of 1 or 2 alkyl chains, linked by ether bonds to position 1, 2 or 3, and a carbohydrate moiety
(most often galactose) linked glycosidically to one of the hydroxy groups of glycerol.! From Trikentrion
loeve Carter (Axinellide, family Euryponidae), a sponge collected along the coast of Senegal, we have now
isolated a new ether glycolipid, 1, which is quite different from known compounds of this kind for the nature
of the sugars and for the number of hydroxy groups involved in the glycosidic linkages. Two unusual
nitrogen metabolites, trikentramine (2) and hydroxytrikentramine (3), have been recently isolated from the
lipophilic extract of the same sponge.??
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Air dried sponges were extracted at room temperature vith CHCL/MeOH (2:1) and the crude extract
(26.5 g) submitted to silica gel column chromatography with solvent of increasing polarity. HPLC separation
(silica gel column, eluent EtOAc) of a fraction eluted with MeOH (524 mg) led to 246 mg of pure
compound 1.

The FAB mass spectrum (negative ion mode) of compound 1 showed a quasi-molecular ion at m/z 689
(IM*-H}), corresponding to C,,;H, O,,. The 'H NMR spectrum of 1 in CD,0OD displayed a large band at &
1.32, a series of overlapping signals between 8 3 and 4, and two doublets at § 4.45 (J = 7.0 Hz) and 4.28
(/ = 7.0 Hz), attributable to two anomeric protons. These features suggested the glycolipidic nature of
compound 1. A better proton dispersion was obtained in the proton spectrum of the peracetylated derivative
4, obtained by treatment of 1 with Ac,O/Py at room temperature. This derivative was used for all the
subsequent NMR structural studies. The 'H NMR spectrum of 4 in CDCI, revealed six distinct methyl
singlets between & 1.99 and 2.03, corresponding to six acetoxy groups, while the corresponding six carbonyl
carbon atoms resonated between § 169.3 and 170.0 in the '*C NMR spectrum. The region of the proton
NMR spectrum between 8 3.3 and 5.4 contained a number of well resolved, although still partially over-
lapped, multiplets. A two-dimensional HOHAHA NMR spectrum performed on compound 4 clearly indi-
cated that most of the above signals belonged to three separate spin systems; a COSY NMR experiment
confirmed the connectivities, and allowed us to establish the sequence. Thus, a methine proton coupled with

Table 1. 'H and '*C NMR data of compound 4.

Pos. 5, (mult., J in Hz) 3. (proton count)  Pos. 8, (mult., J in Hz) 3, (proton count)

1 a 347 (dd, 105,37) 70.92 (CH,) 5" eq 4.07(dd,118,39) 62.02 (CH,)
b 3.39(dd, 105,67) ax 3.33(dd, 118,93)

2 3.89 (quintet, 4 3) 76.89 (CH) 1" 335(t,60) 71.76 (CH,)

3 a 3.82(dd, 110,44) 68.79 (CHZ) 2" 1.50 (quintet, 6 8) 28.9-297 CHZ)
b 3.61(dd, 110,48) 3m-15" 1.22 (m) 28.9-29 7 (CH,)

I 453(d,70) 100.63 (CH) 16™ 1.98 (m) 26.09 (CH,)

2' 4.85(dd, 89,62) 70.68 (CH) 17" 5.31(t4 5) 129.82 (CH&

3 517 (t,89) 71.47 (CH) 18" 531(t,45) 129.82 (CH)

4 490(dt,90,90,39) 68.91 (CH) 19™ 1.98 (m) 26.07 (CH)

5 eq 405(dd,118,39)  6201(CH)  20"-21"  1.22(m) 28.9-29 7 (CH,)
ax 3.35 (dd, 118,93) 22" 1.22 (m) 31.71 (CH,)

1" 4,69(d,70) 100.27 (CH) 23" 1.22 (m) 22.59 (CH,)

2" 4.85(dd, 89,69 70.68 (CH) 24" 0.85(,70) 14.05 (CH,)

3" 5.12(t,89) 71.47 (CH) CH,CO 1.99-2 03 20.61-20 68 (CH,)

4" 4.90(dt,90,90,39) 68.91 (CH) CH,CO 169.33-170 02 (C)
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Figure 1. Sections of the HOHAHA spectrum of 4 at 8 4.69 (a) and & 4.53 (b), in comparison with the low
field region of the 1D proton NMR spectrum (c).
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two pairs of methylene protons was evidenced, indicative of a glycerol moiety; the sequences of connec-
tivities originating from either anomeric proton were shown to comprise, in sequence, three oxymethine and
a couple of oxymethylene protons, suggesting two pentose units to be present in structure 4. Short- and long-
range shift correlated 2D *C-'H NMR experiments were carried out. The short-range experiment (HETCOSY)
permitted unambiguous association of the signals of protons whit the signals of the carbons to which they
were attached (see Table 1). The long range experiment (COLOC) revealed connectivities between protons
and carbons separated by two or three 6-bonds. This was particularly useful in revealing the linkage of
the two sugar moieties with the glycerol fragment. Thus the proton resonating at 8 4.69 (H-1") showed a
correlation peak to the carbon signal at § 76.89 (C-2), while both H-3, and H-3, were coupled with the
anomeric carbon (& 100.63, C-1') of the remaining sugar moiety.

Further analysis of the 'H NMR experiments established the nature of the two pentose groups, which
resulted to be identical, as suggested by the sections of the HOHAHA spectrum in correspondence with the
well-separated anomeric protons (see Figure 1). The subspectra appeared very similar, showing signals
identical in the molteplicities and only slightly different in the chemical shift. The two pairs of oxymethylene
protons resonated at relatively high field (8 4.05, H-S’eq;ﬁ 3.35, H-5'; 8 4.07, H-5"; 5 3.33, H-5"), thus
indicating that the relevant oxygen atoms were part of an acetal rather than an ester group, and therefore

that the two sugars were in pyranose form. This was confirmed by the long range coupling of H-s'eq with
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C-I’and of H-5"_ with C-1" in the COLOC spectrum of 4. Furthermore, the axial stereochemistry of all the
sugar oxymethine protons (including the anomeric proton) was revealed by the values of their coupling
constants, as determined from the HOHAHA subspectra (see Table 1). Thus, two B-xylopyranosyl groups
were proven to be linked at position 2 and 3 of the glycerol unit.

What remained for the final determination of structure 1 was the identification of the substituent linked
to the oxygen atom at C-1, which, on the basis of the molecular ion peak observed in the negative FAB-
MS spectrum of 1, could be a C, H,, fragment. It was identified ad a (Z)-tetracos-17-enyl group on the basis
of the following evidence. All the resonances expected for this substituent were present in the 'H NMR
spectrum of 4 (8 3.35, 2H, t, J = 6.0 Hz, H-1"; & 1.50, 2H, quintet, / = 6.8 Hz, H,-2"; & 5.31, 2H,
t,J = 4.5 Hz, H-17" and H-18"; 6 1.98, m, H,-16" and H,-19", § 0.85, t, J = 7.0 Hz, H,-24"), and all
the required 'H-'H couplings were evident in the COSY spectrum. The corresponding *C NMR signals were
identified from the HETCOSY experiment; the high field chemical shift of the allylic methylene groups
defined the Z stereochemistry of the double bond.* The location of the double bond along the linear carbon
chain was determined from chemical evidence. Compound 1 was subjected to acidic methanolysis to give
the alkylglycerol §, which was oxidized with KMnO,/NalO,. GC-MS analysis of the oxidization mixture,
led to the identification of heptanoic acid, thus indicating that the double bond must link C-17" and C-18™
in 3.

Finally, the configuration at C-2 was established from the positive optical rotation exhibited by the
methanolysis product 5, which is a general feature of all the long-chain 1-alkyl-sn-glycerols.’

EXPERIMENTAL SECTION

General methods. FAB-MS spectra were obtained in a glycerol matrix on a VG ZAB mass spectrometer (Xe
atoms of energy of 2-6 kV). FT-IR spectra were recorded on a Bruker IFS-48 spectrophotometer. Optical
rotations were measured on a Perkin-Elmer 192 polarimeter in methanol solution, using a sodium lamp
operating at 589 nm and a 10-cm microcell.

'H and “C NMR spectra were determined on a Bruker AMX-500 spectrometer. Methyl, methylene and
methine carbons were distinguished by a DEPT experiment. One-bond heteronuclear 'H-C connectivities
were determined with an XHCORR experiment, optimized for an average C-H coupling of 135 Hz. Two-
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and three-bond heteronuclear 'H-'*C connectivities were determined by a COLOC experiment, optimized for
], of 8 Hz.

The 2D HOHAHA experiment was performed in the phase-sensitive mode (TPPI) using a MLEV-17
sequence for mixing.® The spectral width was 1139 Hz; 128 experiments (mixing time 100 ms) were aquired
in 4K data points. For processing, a 45°-shifted sine bell function was applied in both dimensions before
transformation. The resulting digital resolution in F2 was 0.28 Hz/pt.

High performance liquid chromatographies (HPLC) were performed on a Varian 2050 apparatus equipped
with an RI-3 refractive index detector, using Hibar columns.

Collection and extraction. Specimens of T loeve were collected by hand (SCUBA) at Thiouri-ba, Senegal
(depth 40-45 m). Reference specimens are deposited at the Centre de Oceanologie de Marseille, Station
Marine d'Endoume. The animals (531.4 g, dry weight) were dried to the air and extracted with CHCL/
MeOH 2:1 (500 ml x 6 ) at room temperature. The extracts were evaporated in vacuo to give an oily residue
(26.5 g), which was chromatographed on an SiO, column with solvents of increasing polarity.

Isolation of 1. Evaporation of fractions eluted with MeOH afforded a mixture (524 mg) containing compound
1. The mixture was purified by HPLC using a Hibar LiChrosorb Si60 (10 x 250 mm) column with a mobile
phase of CHCL,/MeOH (9:1), giving 246 mg of pure compound 1.
1-O-(Z-tetracos-17-enyl)-2,3-di-O-(B-D-xylopyranosyl)-sn-glycerol (I): mp 98-100 °C; [a] * —26.9°; FABMS,
negative ion mode m/z 690 ((M~H]*); 'H and *C NMR data are reported in Table 1.

Acetylation of compound 3. Compound 3 (50 mg) was allowed to stay overnight with 200 pL of Ac,0 in
0.5 mL of anhydrous pyridine. MeOH was added, and the mixture evaporated to dryness to yield 65 mg
of the hexaacetate 4.

1-O-(Z-tetracos-17-enyl)-2,3-di-O-(B-D-xylopyranosyl)-sn-glycerol hexaacetate (4): [a],® -25.3°'H and PC
NMR data are reported in Table 1.

Methanolysis of compound 1: Compound 1 (100 mg) was kept ovemnight in anhydrous 2 M HCI-MeOH
(1 mL) in a stoppered reaction vial at 70°C. After cooling, the reaction mixture was neutralized with solid
AgCO,, and the supernatant was freed from insoluble material by centrifugation, and then partitioned
between water and EtOAc. The organic layer was dried over Na,SO, and evaporated in vacuo, thus obtaining
the pure alkylglycerol § (49 mg)

1-O~(Z-tetracos-17-enyl)-sn-glycerol (5): @), +4.5°; 'H NMR (CD,OD): 8 5.38 (2H, m, H-17 and H-18),
3 3.78 (1H, quintet, J = 6.5 Hz, H-2), § 3.61 (1H, dd, J = 11.2 and 5.2 Hz, H-1), § 3.54 (1H, dd, J =
11.2 and 5.8 Hz, H-1), 8 3.51 (IH, dd, J = 9.9 and 4.8 Hz, H-3), § 3.44 (1H, dd, J = 9.9 and 6.2 Hz,
H-3), 8 349 (2H, t, J = 6.5, H,-19, & 2.07 (4H, m, H,-16' and H,-19'), 8 1.62 (2H, quintet, J = 6 Hz,
H,-2"), 8 0.94 (3H, t, J = 6.5 Hz, H,-24), .

Oxidation of 5: To 5 (2 mg) in tert-butyl alcohol (2 ml), K,CO, 0.04 M (0.3 mi) and an aqueous solution
(1.8 ml) 0.023 M in KMnO, and 0.09 M in NalO, were added. The reaction mixture was allowed to proceed
at 37 °C for 18 h. After acidification with H,8O, 5 N, the solution was decolorized with aqueous NaHSO,
1 M and extracted with Et,O (4 ml in 2 portions). After drying over CaSO,, the combined ethereal extract
were concentrated to 0.5 ml. The resulting solution, analyzed by GLC-MS, was found to contain n-heptanoic
acid.
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