Somocystinamide A, a Novel Cytotoxic
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ABSTRACT

Bioassay-guided investigation of the extract from a Lyngbya majuscula/Schizothrix sp. assemblage of marine cyanobacteria led to the discovery
of somocystinamide A (1), an extraordinary disulfide dimer of mixed PKS/NRPS biosynthetic origin. Somocystinamide A (1) was highly acid-
sensitive, rapidly and completely converting to a characterizable derivative (2). Compound 1 exhibits significant cytotoxicity against mouse
neuro-2a neuroblastoma cells (ICsp = 1.4 pg/mL), whereas 2 has no activity.

Marine microalgae have provided a vast array of structurally

include the molluscicide barbamidand the potent neuro-

interesting metabolites, often possessing pharmaceutical andoxins antillatoxit and kalkitoxin?

biomedical utility! For example, compounds such as the
curacing microcolins? and brevetoxirfsare of considerable

A detailed study of d&.. majuscula/Schizothrigp. mixed
assemblage, collected from Somo Somo, Fiji in 1997, led to

interest for their antiproliferative, immunosuppressive, and the isolation of a new lipopeptide, somamidé A structural

sodium-channel-activating properties, respectivieiyngbya
majuscula, in particular, has been extensively studied in our

homologue of the previously reported molluscan metabolite
dolastatin 13.A separate cytotoxic fraction from this extract

laboratory for its intriguing chemistry and has been shown was also pursued, leading to the discovery of somocystina-

to produce over 150 different compounds in diverse structural
classes. A major theme ih. majusculachemistry is the
production of metabolites deriving from a combination of
polyketide synthase (PKS) and nonribosomal peptide syn-
thetase (NRPS) biosynthetic pathwaySxamples of such
mixed biosynthetic products isolated from our laboratory

mide A (1) as the active constituent. In this communication

we describe the structural characterization and biological

activity of this novel cyanobacterial cytotoxin.

The microalgal assemblage was collected by hantb(3
m depth) and stored at20 °C in 2-propanol. The material
was extracted repeatedly with @El,/MeOH (2:1) to
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produce 1.3 g of viscous black oil, and a portion of this crude || || 8 IINEEGG

extract (1.0 g) was fractionated by silica vacuum liquid
chromatography (VLC). Polar fractions eluting with 100%
EtOAc and 5% MeOH in EtOAc displayed significant
cytotoxic activity against mouse neuro-2a neuroblastoma
cells and were thus subjected tgs@LC and reversed-phase
HPLC, affording somocystinamide ALY as a white amor-
phous solid (20.8 mg, 2.1% of extraéf).
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Although dissolving readily in CkCl, and CHC}, com-
poundl was not appreciably soluble in other solvents, and
thus NMR experiments were performed in CREI'H and
13C NMR spectra initially indicated that was a small
molecule having approximately 21 carbon atoms and existing
in two conformations, as shown by an approximate 7:3 ratio
of severallH and**C signals (see Figure 1a and Supporting
Information).

A H—'H COSY spectrum ofl was obtained to begin

developing spin systems; however, 2D heteronuclear data

acquisition was delayed and the sample remained in €DCI
for several days. Unexpectedly, marked differences were
displayed in the!H NMR spectrum run at this later time,
including the appearance of an aliphatic aldehyde sighal (
9.78, t,J = 1.2 Hz) and several alterations in the high-field
region of the spectrum (Figure 1b). 2D NMR data including
HSQC, HSQC—-COSY, and HMBC were acquired but
proved difficult to interpret due to an absence of key
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Figure 1. ™H NMR spectra of (a) intact somocystinamide A (1) in
CDCl;, (b) intermediate mixture of and decomposition products
2 and3in CDCl;, and (c) stable decomposition prodin 1:1
CDCly/CD;0D.

Interestingly, the sample was no longer soluble in CDCI
or CD;0OD but dissolved only in an approximate 1:1 mixture
of these two solvents. AH NMR spectrum acquired under
these new conditions again produced surprising results
(Figure 1c). Not only had the aldehyde and high-field signals
of spectrum 1b disappeared, but several signals present in
the initial 'H NMR spectrum ofl were additionally absent.

IH and'*C NMR data suggested this compour) (vas a
structurally simplified derivative of the original natural
product, and therefore 2D NMR and mass spectral data were
obtained.

HR FABMS of 2 produced an [M+ H]™ molecular ion
atm/z 627.3976 for the formulasgHsgN4,O,4S,, indicating
that2 was actually a dimeric and symmetric structiféD
NMR spectra showed th&tpossessed wans double bond
and two amide carbonyl carbolsThus, as a dimer, all six
degrees of unsaturation inherent to the molecular formula
were assigned, anglwas shown to be acyclic.

(12) Mass spectral analysis was performed in the positive ion mode on

connectivities. Therefore, the sample was again prepared fora Kratos MS50TC mass spectrometer with 3-NBA as the matrix.

further NMR experiments.

(10) HPLC isolation conditions were as follows: column, Phenomenex
Sphereclone 5im ODS (250x 10 mm); solvent, MeOH/ED (19: 1);
flow rate, 1.8 mL/min; detection at 230 nm. Somocystinamidé)A [a]?%
+13.5°(c 0.75, CHC}); UV (MeOH) Amax 241 nm € 9900), 210 nm{ 17
700); IR (neatymax 3299, 2922, 2852, 1642, 1553 ch FABMS (3-NBA)
m/z759 [M + H]* (56), 412 (6), 379 (23), 347 (15), 333 (13), 197 (19) 98
(100); HRFABMS m/z [M + H]* 759.4925 (calcd for ©H71N4OsS,,
759.4917).

(11) NMR spectra were recorded on Bruker AC300 and DRX600
spectrometers with the solvent (CRGIr CD;OD) used as an internal
standard.
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(13) Derivative2: white amorphous solido]?% —16.7°(c 0.15, 1:1
CHCIy/MeOH); UV (MeOH) Zmax 210 nm (e14 600); IR (neatymax 3317,
2918, 2848, 1642, 1542 crh 'H NMR (1:1 CDCh/CD;0D, 600 MHz)d
5.65 (1H, dt,J = 15.4, 6.6 Hz, H-4/9, 5.45 (1H, dd,J = 15.4, 6.6 Hz,
H-3/3), 4.62 (1H, gJ = 6.6 Hz, H-2/2"), 2.88 (2H, m, ki1/1"), 2.74 (3H,
s, He-14/14'), 2.21-2.17 (2H, m, #12/12'), 2.04 (2H, g) = 6.7 Hz, H-
5/5), 1.99 (3H, s, K16/16'), 1.60 (2H, m, K#11/11'), 1.35—1.28 (10H,
H,-6/6'-H,-10/10'); 13C NMR (1:1 CDCH/CDsOD, 125 MHz)6 175.3 (s,
C-13/13'), 170.9 (s, C-15/15'), 133.0 (d, C-4/4'), 127.6 (d, C-3/3'), 50.5 (d,
C-2/2"), 43.8 (t, C-1/1, 35.9 (t, C-12/12, 31.9 (t, C-5/5), 28.9 (4C, t,
C-7/7'-C-10/10'), 28.7 (t, C-6/% 25.6 (t, C-11/11, 25.4 (q, C-14/13,
22.0 (q, C-16/16"); FABMS (3-NBAM/z627 [M + H]* (68), 346 (14),
313 (36), 281 (22), 267 (29), 225 (20); HRFABMSz[M -+ H]* 627.3976
(calcd for GoHs9N404S,, 627.3979).
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Table 1. NMR Spectral Data for Somocystinamide A)(in CDCk and 1D Spectral Data fd in 1:1 CDCK/CD;OD

position BBCof 1 IH of 1 (J in Hz) HSQC—-COSY2 of 1 HMBCP of 1 13C of 2¢ 1H of 2¢
1/1' 44.7 3.08, dd (13.4,6.2) 4.67 50.8, 127.6 43.8 2.88
2.83d

2/2' 50.8 4.67, brp (6.5) 2.83,3.08,5.43,6.34 44.7,127.6, 133.7, 169.7 50.5 4.62
3/3' 127.6 5.43, dd (15.5, 6.5) 5.66 32.2,44.7,50.8 127.6 5.45
4/4' 133.7 5.66, dt (15.5, 6.6) 2.02,5.43 29.3,32.2,50.8 133.0 5.65
5/5' 32.2 2.02,q(6.7) 1.33, 5.66 29.3,127.6, 133.7 31.9 2.04
6/6' 29.3 1.33d 2.02 28.7 1.35—1.28
717'-9/9' 29.2 1.33d 28.7 1.35—-1.28
10/10' 28.9 1.33d 1.64 28.9 1.35—-1.28
11/11 25.0 1.64,p (7.1) 1.33,2.43 28.9,171.7 25.6 1.60
12/12' 33.8 243, m 1.64 25.0, 28.9, 171.7 35.9 2.21-2.17
13/13' 171.7/171.48 175.3
14/14' 129.2 6.67, d (13.9) 4.99 29.7,34.7,109.0, 171.7 25.4 2.74

128.1¢ 7.36¢, d (14.6)
15/15' 109.0 4.99, m 2.83,6.67 34.7,129.2,137.0 170.9

108.4¢ 4.97¢
16/16' 34.7 2.83d 4.99 109.0, 115.4,129.2, 137.0 22.0 1.99
1717 137.0/137.4¢ 5.84, m 5.06 34.7
18/18' 115.4/115.0¢ 5.06, m 5.84 137.0
19/19' 29.7/32.1¢ 3.07, s/3.082, s 129.2,171.7
NH 6.34 50.8, 169.7
20/20" 169.7
21/21" 23.4 2.01,s 169.7

aProton showing COSY correlation to indicated protdRroton showing HMBC correlation to indicated carb®Bee ref 13 for proton coupling constants.

d Obscured® Minor conformer.

HSQC-COSY and HMBC were used to connect the low-
field methine signal CH-2/20 an acetylated amine moiety
(C-15/15, CH;-16/18), thetransdouble bond (CH-3/3CH-
4/4") and a mid-field methylene signal (GH/1"). This

the terminal amide nitrogens by the key HMBC correlation
from H-14/14'(6 6.67) to C-13/13(6 171.7, see Table 1),
thus completing the planar structure of somocystinamide A
(1). The mixture of conformers df is presumed to arise

methylene showed no further correlations, and its proton andfrom cis/transisomerization of these tertiary amides.

carbon shifts were consistent with the presence of a sulfur

substituent. 2D NMR data were then utilized to extend
outward from the double bond to a methylene (5/b')
followed by a (CH)s envelope and a high-field methylene.
This latter methylene (CH11/11') was connected to yet
another mid-field CH unit (CH,-12/12") that, by HMBC,
terminated with the carbonyl of an N-methylated amide.
Dimerization of this linear chain through a disulfide func-
tionality accounted for all atoms i, thus completing its
planar structure (see ref 13 and supporting data).

To our fortune, additional somocystinamide A) (was
detected in side fractions associated with its original isolation.
Realizing the apparent instability of the compound, mass
spectra and NMR data in acid-neutralized CP@ére quick-
ly and carefully collected, and the structure of this unique
metabolite, somocystinamide A (1), was finally resolved.

A HR FABMS [M + H]* molecular ion am/z759.4295
identified the molecular composition @fas G,H;oN4O4S;,
indicating thatl was also a symmetric, acyclic dimer. 1D
NMR spectra showed that each symmetric unit pbssessed
a terminal olefin, twdrans-disubstituted double bonds, and
two amide carbonyls, accounting for all 10 degrees of
unsaturation. 2D NMR data confirmed that the intact
structure of2 was conserved withil and assembled the
remaining GoHio component missing fron2 as two five-

The absolute stereochemistry dfwas determined by
ozonolysis, acid hydrolysis, and oxidation to release the
corresponding cysteic acid residues. An HPLC comparison
and co-injection of this product with standardandL-cysteic
acid revealed only-cysteic acid; hence somocystinamide
A (1) is of 2R,2'Rabsolute configuratiof.

It appears that trace quantities of HCI angdHpresent in
the original NMR solvent initiated the cleavageloeading
to the formation of2 and the release of the C3£18 and
C14—C18 units as aldehyd®. Although this fragment was
not isolated and was likely evaporated during the second
preparation of the NMR sample, the presenca isfstrongly
supported by the 2D NMR data obtained on the crude
decomposition mixture (see Figure 1b and Supporting
Information).

(14) A stream of ozone was bubbled througtf0.3 mg) dissolved in
CHCI, (2 mL) at—78 °C until the solution turned a pale blue color (ca. 2
min). The solvent was removed under a stream gfadd 6 N HCI (1 mL)
was added. This solution was microwaved in an Ace high-pressure tube (1
min) and again dried under)NFormic acid (50Q:L) and 30% HO, (10
uL) were added, and the solution was stirred at room temperature (30 min)
and then dried under N The material was resuspended ipQH(50 uL)
and analyzed by reversed-phase chiral HPLC [Phenomenex, Chirex phase
3126 (4.6x 50 mm), 2 mM CuS@-CHsCN (95:5), 1.0 mL/min, detection
at 254 nm]. The retention times of the authentic amino acids were 3.5 and
4.1 min forL- and p-cysteic acid, respectively. Injection of the product
from 1 under these HPLC conditions produced only a peak at 3.5 min, and
co-injection of this material with the standards confirmed the presence of

carbon 1,4-diene moieties. These units were connected ta.-cysteic acid.
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