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INDOLE ALKALOIDS FROM THE MARINE RED
ALGA MARTENSIA FRAGILIS
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Abstract. The gross structures of fragilamide and martensines A and B, the first
basic indole alkaloids to be isolated from a marine eukaryotic plant, are reported.

Martensia fragilis, a red alga belonging to the family Delesseriaceae, has a foul odor

reminiscent of skatole. The odoriferous principle has not been identified, but three consti-
tuents of the essential o0il are indole-3-carboxaldehyde, p-{hydroxymethyl)}phenol, and
p-(methoxymethy])pheno].] The T1ipid extract of this alga, however, contains several novel
indole alkaloids. Three of the compounds are fragilamide (1), martensine A (2), and
martensine B (3) and represent the first basic indole alkaloids to be isolated from a
eukaryotic marine a1ga.2

The seaweed was collected at Black Point and Mokuleia, Oahu. The algal extract (6.4 g)
was partitioned between hexane and MeOH/H20 (9:1). The MeOH/H20 layer was adjusted in concen-
tration to 2:1 and extracted with CHC13. Gel filtration of the CHC]3 extract on Sephadex
LH-20 with CHC13/MeOH (3:2) gave alkaloidal fractions A and B. Chromatography of the faster-
moving fraction A on silica gel (1:7 acetone/CH2C12) followed by HPLC on partisil 10 (1:1
EtOAc/CH2C12) gave 540 mg of fragilamide A (1). Reverse-phase HPLC of the slower-moving
fraction B on partisil 10 0ODS (2:9 H20/MeOH) gave 25 mg of martensine B (3), mp 184-186°, and
140 mg of martensine A (2).

Fragi]amide,3 [a]D -32° (c 0.62, MeOH), was a labile 3° amine that rapidly autoxidized in
solution. The high resolution MS indicated a molecular formula C25H3]N302 and the IR spectrum
showed OH and NH bands (3385, 3290, 3120 cm_]) and an amide carbonyl band (1640 cm']).
Catalytic hydrogenation (30% Pd/C, MeOH, 2 hr) gave 10,11-dihydrofragi]amide4 (4) which
underwent hydrogenolysis to p-cresol and N-methylhomoisoleucyltryptamine (5) after 24 hr.
Acid hydrolysis of 5 (6N HC1, reflux 24 hr, N2) produced tryptamine and (-)-N-methylhomoiso-
leucine (g)s which were separated on silica gel with n-BuOH/AcOH/H,0 (4:1:1).

Inspection of the 100 MHz 1H NMR spectrum of fragilamide showed signals for a 3-substi-
tuted indole unit, a N-methylhomoisoleucyl unit, and a p-hydroxybenzyl group. The broad
singlet at § 10.52 was assigned to the phenolic OH and the broad doublet at & 9.35 to an amide
NH; the signal for the indole NH, however, was obscured by the aromatic signals. Spin-spin
decoupling experiments indicated that the amide NH was connected to a cis disubstituted
carbon-carbon double bond (8§ 6.90 and 5.94, J = 8 Hz), which in turn was connected to the
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indole unit at C-3 (br d at & 5.94, assigned to H-10, shows 1 Hz coupling to br s at & 7.48,
assigned to H-2).

Chemical evidence for the enamide group was obtained by photooxidation6 of fragilamide.
When the alkaloid in MeOH was exposed to oxygen, strong sunlight, and the photosensitizer
eosin bound to Amberlite IR 400 ion exchange resin for 2 hr, indole 3-carboxyaldehyde and
p-(methoxymethyl)phenol were produced. The structure of fragilamide was therefore 1.

Martensine A7, [a]D +42° (c 0.34, MeOH), had an elemental composition, C18H25N302, by
high resolution MS. The UV showed absorptions at 260, 280, and 288 nm, typical for an indole.
Comparison of the ]3C and 1H NMR spectra with those of skatole showed that martensine A was
also a 3-substituted indole. When the alkaloid was treated with MeOH/HOAc at RT for several
hours, an O-methyl derivative was obtained (m/e 329, 3H s at § 3.22), indicating the presence
of a benzylic OH (3300 cm'1). Hydrolysis with IN HC1 (reflux, N2) produced
N-methylhomoisoleucine. The IR showed a carbonyl band at 1720 cm'1, attributed to a
5-membered lactam ring. These data indicated that the structure of martensine A was 2.

Martensine 88, [a]D -18° (c 1.1, acetone), exhibited a small molecular ion peak at
m/z 313 in its field desorption MS, but huge fragment jon peaks at m/z 169 and 144. The UV
was similar to that of indole-3-carboxaldehyde and the IR showed two carbonyl bands at 1710
(Y-lactam) and 1675 cm'1 (aryl ketone). These data suggested that the structure of martensine
B was 3. The structure was confirmed when NaBH, reduction led to 2 and 10-epimartensine A
(Z)9 which could be separated by LC on silica gel (EtOAc). Compound 7 is a minor alkaloid in
the alga.
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