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Prymnesium pamumis one of the most harmful microalgal
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analysis of the NMR spectra.As cluster ions for both [M-

H]~ and [M — HCI — H] "~ indicated specific distribution patterns

as attributed to natural isotop8%CI| and ®’Cl, simulation of
isotope distribution was carried out for the peaksrét 1975

and 2011. Good agreement between simulated and observed
data (see supporting information) verified the molecular formula
of 2 deduced from the NMR data and further suggested the
molecular formula GsH13¢CIsNOss for 1.

Analysis of COSY, DQF-COSY, and TOCSY spectra led to
elucidation of six sequences of proton spin systemsHC2,
C5-C6, C9-C70, C72-C82, C83-C86, and C1-C5) in 2.

The connectivity from C1 to C10 disrupted by four quaternary
carbons § C3 78.5, C4 93.6, C7 92.5, C8 82.8) was elucidated

red tide species worldwide, and it poses a serious threat to fishby HMBC correlations from H1 to C3, from H5 to C3, C6, and

farming, especially in brackish watersOver the past 30 years,

C7, from H6 to C4, C5, and C8, from H9 to C7, and from H10

the organism has been known to produce a potent ichthyotoxinto C8. The long-range couplings (3 Hz) observed for H2/H5

named prymnesid. However, due to extreme difficulty in

and H6/H9, the UV maxima (244, 267, 278 nm) for the-C7

purification, the toxin has been variously believed to be a C12 ynediene, and the agreement$36fandH chemical shifts

saponir a proteolipid? or a carbohydrate. We previously

succeeded in optimizing the culture conditions, achieving 20-

fold increase in production of prymnesihsTwo prymnesins,
prymnesin-1 (PRM1) and prymnesin-2 (PRMR, Figure 1),

with those in the literatufealso supported the partial structure
C1-C12. Thus, connectivity from C1 to C70 was established.
The E geometry of the double bonds was deduced ffdm
and NOESY data. In the COSY spectrum of NAPRM2, the

were effectively purified and shown to possess potent hemolytic spin connection from H70 to H72 was not clear due to closeness

and ichthyotoxic properties. In the present communication,
we report structural elucidation of PRM2, the major toxin of
the phytoflagellate.

From 400 L of cultures oP. parrum, 10 mg of PRM1 and
15 mg of PRM2 were obtained. PRM2)( pale yellow solid;
[a]%% +21.2 (¢ 0.15, dioxane/1% AcOH 7:3); UMmax (nm,
dioxane/1% AcOH 7:3) 244¢(20 800), 267 £ 24 500), 278 £
19 800); IR (film) 3300, 2220, 1570, 1280, 1100 Ttinpositive

of their chemical shifts. Those signals were well separated in
the spectrum of peracetyl PRM2, allowing us to clarify this part.
The disconnection of the spin system between H82 and H83
due to the small coupling was eliminated by HMBC correlation
(H83/C82). Both*C NMR data and cross peaks in the HMBC
spectrum (H85/C87, H86/C87, H86/C88, H86/C89) clarified
three quaternary carbond C87 76.2, C88 68.4, C89 69.9).
The terminal acetylenic proton (H90) was observed at 2.63 ppm

to ninhydrin. The presence of chlorine atoms in the molecule (t, J = 1.2 Hz) when PRM2 was measured in an acidic solvent
was indicated by energy dispersive X-ray analysis and by (CD;OD/CD;COOQOD 19:1). In CROD/GsDsN (1:1), however,

absorption at 1280 cnd in the IR spectrum. To improve the

solubility in NMR solvents, PRM2 was converted to its
N-acetate (NAPRM22, Figure 1) with AgO in PrOH/HO (3:

2). Peracetylation (A®/pyridine) and hydrogenation (Pd/C,

H,) of PRM2 were also carried out in order to locate hydroxyl

a signal (bs,0 2.98) attributable to H90 and apparent im-
mediately after dissolution gradually disappeared in 12 h (see
supporting information), due to exchange of the acidic acetylenic
proton with deuterium. The downfield shift of H90 in pyridine
solution is compatible with the literature ddfaas is the

groups and to confirm the degree of unsaturation in the chemical shift of C90{ 68.8) measured in the acidic solvéht.

molecule. To facilitaté3C NMR measurement$3C-enriched

In addition toJugs—Heo (1.2 Hz), which was appropriate fé¥_4

PRM2 was prepared by culturing the organism in the presencethrough two triple bonds, the number of bonds proposed was

of Na'3CO; (50 mg/L). From 180 L cultures, 1.5 mg &iC-
enriched (5%) NAPRM2 was obtained. The minimum con-

supported by the absence of additional quaternary carbons
between 60 and 100 ppm. Combining these data@&bon

centration to cause hemolysis of a 1% mouse blood cell chain skeleton was established.

suspension and to kill freshwater fish (“white cloud mountain
fish”, Tanichthys albonubggpH 8, 2 mM CaCj) was~3 nM.

In the positive ion ESI mass spectrumXftwo ion clusters
having centroids am/z 1969.7 and 1992.3 were observed,
corresponding to [Mt+ H]™ and [M + Na]*, respectively. In
the spectrum o®, the [M + Na]* ions had a centroid an/z

Ether rings from A to N were elucidated by strong negative
NOEs between angular protons. The ring system from A to E
(6/6/6/7-OH/6) in1 corresponded to that from A to E of
maitotoxin (6/7-OH/6/6/6¥2 with a trans-fused ladder-shape
structure. Repeating 1,6-dioxadecalin units-{#) were con-
structed from the*3J,_y and NOE data typical for those of

2034.9. The difference of 42 u indicated the presence of at transfused tetrahydropyrans. Linkage of rings M and N was

least one amino group ifh In the negative FABMS 02, the
centroid for [M — H]~ ions was observed an/z 2011, in

difficult to determine, because all carbons were oxygenated and
thus gave rise to methine signals close to each other. However,

accordance with ESIMS results. Prominent ions due to elimina- jn the I1H NMR spectra of peracetyl PRM2, acetoxy methine

tion of HCI [M — HCI — H]~ appeared am/z 1975 when2
was kept in pyridine/water (details of its formation will be
discussed later). The molecular formulazfincluding three
chlorine atoms, was deduced to bgld;3s5CIsNOsg by detailed

signals were shifted downfield and separated from those of ether
methines, thereby allowing precise signal assignments. For

(7) The spectra were recorded on four NMR spectrometers, 400MHz
(JEOL GSX), 500 MHz (Varian Unity plus), 600 MHz (JEQI-600), and

(1) Current address; Japan Food Research Laboratories, 52-1 Moto-600 MHz (Bruker AM600), and in three different solvents, £CID/CDs-

yoyogicho, Shibuya-ku, Tokyo 151, Japan.

(2) (a) Otterstim, C. V.; Steemann-Nielsen, Rep. Dan. Biol. Stal939
44, 5-24. (b) Eikrem, W.; Throndsen, J. [foxic Phytoplankton Blooms
in the SeaSmayde, T. J., Shimizu, Y., Eds.; Elsevier: Amsterdam, 1993;
pp 687F692.

(3) Yariv, J.; Hestrin, SJ. Gen. Microbiol.1961 24,165 —175.

(4) Paster, ZRev. Int. Oceanogr. Med1968 10, 249-258.

(5) Ulitzur, S.; Shilo, M.Biochim. Biophys. Actal97Q 201, 350-363.
(6) lgarashi, T.; Oshima, Y.; Murata, M.; Yasumoto, T. Harmful
Marine Algal BloomsLassus, P.et al., Eds.; Lavoisier Publishing: Paris,

1994; pp 303-308.

COOD (19:1) forl; dioxaneesg/D,0/CDsCOOD (10:10:1) fo2; and CD»-
OD/GsDsN (1:1) for 2 and for peracetyl- and perhydro-PRM2.

(8) (@) Hirsh, S.; Carmely, S.; Kashman, Tetrahedrornl 987, 43, 3257
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(11) Wright, A. E.; McConnell, O. J.; Kohmoto, S.; Lui, M. S;
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Figure 1. Planar structure of prymnesin-2)(and N-acetylprymnesin-22).

verification of the proposed ring combination for L/M/N (6/
6—6), NOE data were compared with those in an alternative

the chlorine atom at C1 had been substituted by a hydrogen
atom during hydrogenation. The nature of unsaturation includ-

combination (6/7/7) generated by molecular mechanics calcula-ing five double and four triple bonds ihwas thus verified.

tion (MM2).13 NOEs observed for H68/H70 and H69/H71 in
the spectrum of peracetyl PRM2 agreed with the-@6nodel

but differed from the calculated interproton distaneeg(77 A)

in the 6/7/7 model. Likewise, unobserved NOEs disagreed with
the proximity of protons, H64/H71 (3.27 A) and H65/H71 (3.34
A), in the 6/7/7 model (see supporting information).

The above spectral information led to the planar structure of
PRM2 (1), with a molecular formula of 6sH136CIsNO3ss. The
molecule has these unique structural features: contiguous ether
rings, repetitive 1,6-dioxadecalin units, conjugated double and
triple bonds, chlorine and nitrogen atoms, and an uncommon
L-xylose. Furthermore, the molecule is constructed ofga C
unbranched carbon chain except for a single methyl at C39.

The amino group was located at C14 because of both the o 16 hydroxyls except for one at C32 are concentrated on

downfield shift of H14 by 0.7 ppm after acetylation and the 51
ppm shift of its carbon signal. Location of hydroxyl groups
was established by comparing the proton chemical shift3 of
with those of peracetyl PRM2!H signals of acetoxy methines,
except for H56 and H85, were shifted downfield by 04555

carbons C48C84. This feature, together with a xylose moiety
at C77, imparts the molecule its amphoteric nature, thus leading
to interaction with biomembranes. Elucidation of the structure
of PRM1 and of the stereochemistry bfare in progress.

ppm, thus clearly separated from those due to ether methines. Acknowledgment. We are grateful to Dr. S. Matsunaga, the

The position of one chlorine at C1 was suggested by hlathy;
(200 Hz) and its chemical shif6(6.54, 131.8). The other two
chlorine atoms were located at C55§0.3) and C85{ 64.1),

based on the chemical shifts of the carbons and on unobservedﬁ'1
downfield shifts of methine protons after acetylation. Lowered ;
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dehydrochlorinated NAPRM2 in the FABMS was thus ex-
plained. The chemical shifts of C1C5 14 and cross peaks in
the HMBC spectrum (H1IC4', H1'/C77) permitted us to assign

for critical reading of the manuscript.

Supporting Information Available: Table of 3C and'H NMR
assignments 02; 'H—H COSY spectrum of with the assignments
of cross peaks; ESI mass spectralaind 2; FABMS spectrum of2
and theoretical ion distribution for compositions of botkst;3eCls-
NOgss and GgH137CI,NOgg; partial 1D*H spectra (2.4-3.1 ppm) of2,
indicating the time course of disappearance of the sighd.98) in

both the sequence to be a pentofuranose and the position of ap,0p/CD:N (1:1); figures for both terminal parts indicating chemical

glycosidic bond at C77. Chiral GC analysis of the hydrolysis
product ofl confirmed that the sugar isxylose.

In the positive ESIMS spectrum of perhydro-PRM2, molec-
ular-related ions were observed at abmiz 1963, which was
32 u smaller than the expected valdeExtensive analysis of
both 'H—H COSY and NOE difference spectra revealed that

(13) The stereochemical data for these two structures calculated by MM2
were very similar, except for the relative positions of H69 and H70 (see
supporting information).

(14) *H and**C NMR data were as follows: C14 5.38, 106.2); C2(6
4.20, 74.6); C3(0 4.18, 72.8); C4(0 4.41, 88.2); CH®,b © 3.68, 3.73,
64.5).

shifts; HMBC correlations and coupling constants; partial NOESY
spectrum of NAPRM2, showing correlations from oxymethine protons;
and NOE data for the selection of linkage combination of rings\L

(8 pages). This material is contained in many libraries on microfiche,
immediately follows this article in the microfilm version of the journal,
can be ordered from the ACS, and can be downloaded from the Internet;
see any current masthead page for ordering information and Internet
access instructions.
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(15) We believe that a mechanical problem inherent to a quadrupole mass
spectrometer in measuring a chlorinated large molecule resulted in the
smaller difference (32 instead of 34 u) than it should have been.



