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Pyrroloacridine Alkaloids from Plakortis quasiamphiaster Structures and Bioactivity
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A re-collection ofPlakortis quasiamphiastdrom Vanuatu in 2003 resulted in the isolation of three known compounds,
plakinidine A (1) and amphiasterins BB) and B2 {7). Also isolated was a new bis-oxygenated pyrroloacridine alkaloid,
plakinidine E 8), with a uniqueO-substitution versubl-substitution at position C-12 it. The biological evaluation of
the active compounds in two assays provided complementary data. PlakinidibeeXhibited cytotoxicity against
human colon H-116 cells with an §gof 0.23ug/mL, but there were no effects against the y&stcharomyces cerisiae
diploid homozygous deletion strain of topoisomerageplA). By contrast8 was inactive against H-116 cells but was
potent in the yeast halo screen.

Marine invertebrate-derived polycyclic heteroaromatic alkaloids our work on an Indo-PacifiXestospongiaf. carbonarig which
with 16—18-electron containing cores are relevant for therapeutic resulted in the isolation of alpkinidinéy)1t
development, as they interfere with many biological disease targets.
At the forefront of much continuing research are these marine-
derived aromatic classes shown below as general structufes,
pyridoacridines andll for pyrroloacridines. Both structural types B,Ry=CH3 Ry=CH;5(2)
are derived from sponges and tunicates, and there are 10 times as 1 g 8: 51 : g; 52H=(§4:)H3 (9, 10-didehydro) (3)
many examples known from the former versus the I&tt€he
molecular structures of these tetra- and pentacyclic alkaloids appear
to incorporate tryptophan and dopamine building blocks and derive
further diversity via functionalization by OH and NH ring substit-
uents> We have engaged in prior discussion about how the
pyridoacridines with these substituents can exist in tautomeric forms o
and recently used the resultsab initio calculations to comment N
on the possibility of their further biosynthetic transformations, HsC”

plakinidine A, Ry = H, Ry = CHj (1)

especially by the action of methyltransferaéedf even greater alpkinidine (5)
significance are the impressive biological effects of the pyri-
doacridines especially regarding DNA intercalatiand topoi- The project described herein was begun with the goal of

somerase | and Il inhibitioh.Such properties have heightened reisolating plakinidine A {) accompanied by the search for
interest to develop the therapeutic potential of this class. Thus gdditional congeners. The goal was to probe ring systefor its
neoamphimidine, a selective topoisomerase Il inhibitor, can be potential to exhibit selective cytotoxicity and to gain some insights
considered as a current lead compound, as it is under preclinicalahout its possible action on topoisomerase targets. For years this
investigation’ proved to be problematic, as it appeared that the only sponge source
of the plakinidines was an organism we eventually identified as
Plakortis quasiamphiastgiorder Homosclerophorida, family Pla-
kinidae)}? but this species did not appear to be cosmopolitan in
the Indo-Pacific. Moreover, a survey of the literature showed that
P. quasiamphiastewas the least studied of the seven different
Plakortisgenera (family Plakinidae) and its 14 speci&®ur efforts

to re-collect this elusive sponge succeeded during a 2003 expedition
to Vanuatu. Reported below are the reisolation of plakinidine A
(1), the characterization of a new plakinidine analogue, plakinidine
E (8), the reisolation of amphiasterins B&) @nd B2 {), and the
results of a broad-based bioactivity assessment of these compounds.

Perhaps surprising at this point in time is that there are only
five known pyrroloacridines. This implies that the organism sources
of this class seem to be uncommon. Our investigationRia&ortis
species collected during a 1987 expedition to Vanuatu resulted in Regyits and Discussion
the first report of pyrroloacridines that we called plakinidines A

(1) and B @).® A new and known analogues were quickly added The spongePlakortis quasiamphiaste(;oll. no. 034Q4) was
to the record by the report of plakinidine G)(obtained from a processed by accelerated solvent extraction (ASE), which afforded

Fijian Plakortis® Seven years later this list was further expanded three fractions. The Ci€l-soluble fraction coded as XFD (3.8 g)

to include plakinidine D4) isolated from two ascidians of the genus was chosen for further purification due to selective cytotoxicity

Didemnuni® Discovery of the latter compound came in 2002 from a_g_ainst human colon H-116 cells. Th_is extract was subjected to
silica gel column chromatography to yield 24 fractions, labeled as

G g hor. Tel: 831.459.2603. Fax: 831.459.2935. E F1-F24 (Figure S2, Supporting Information). Fraction F8 was
mail: %ﬁﬁggﬁem&g‘ﬁc‘;{:‘ edeu' e - rax B " = interesting by MS analysis, and a subsequent HPLC run yielded
T University of California, Santa Cruz. 12 new fractions (labeled HiAH12). Fractions H5 and H7 from
* Josephine Ford Cancer Center. this HPLC purification were pure and contained, by NMR analysis,
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Table 1. NMR Data of Plakinidines E§)2 and D @)° in
DMSO-dg

8 4
carbon  dc¢ Cmult.  oymult. J (Hz), int. gHMBC oc
2 124.2 C 8.17s, 1H 2a,2b,3,12b 131.0
2a 1186 C 121.7
2b 1193 C 124.8
3 124.4 CH 8.36dd, 2.0,8.0,1H 2a,5, 6a 124.0
4 128.8 CH 7.68dt,2.0,8.0,1H 3,6 129.3  Figure 1. gHMBC correlations for plakinidine BB} substructures.
5 127.1 CH 7.72dt,1.5,8.0,1H 3,6a 127.0

6 1309 CH 8.19dd, 1.5,8.0,1H 2b, 4,12b 130.8  pyridoacridinesl(vs1'), the consideration of two additional isomeric
6a 1442 C 1443 nossibilities,8a and 8b, was required.

7a 1439 C 140.0

7b 1579 C 152.0

8 9.29s 7a, 1lla

9 401 CH 3.73t,7.0,2H 7b, 11, 10 40.0

10 365 CH 2.48t,7.0,2H 9,11 35.9

11 189.2 C 193.8

1la 107.7 C 99.6

12 1715 C 157.6 8a 8b 8c

12a 1216 C 125.1

12b 1177 c 117.1 The choice in favor of tautomé@a over8b and8c for plakinidine

aMeasured at 500 MHZ!) and 125 MHz {3C). PRef 10.¢Inter- E began by making NMR comparisons to model systems, then
changeable. progressed to employing subtle yet diagno¥dNMR shift trends

we previously publishedt and concluded with an analysis of
molecular mechanics calculation predictions. The NMR data
indicated that only one tautomer was present for plakinidin8)E (
and this was also the case for plakinidine #).(The HMBC

the known compounds amphiasterins B) énd B2 {),'3 respec-
tively. In addition, fractions F17 and F19 were also targeted for
further purification because diagnostic resonances of framework

Il could be observed bjH NMR. Fraction F17 was potent and ¢ rrejations shown in Figure 1 justified the assignments of the eight
exhibited selective cytotoxicity against H-116 cells, and it was quaternary carbons of the A/B/D rings 8f making it possible to

shown be LC-MS to contain impure plakinidine A){ m/z 303.2 unambiguously designate C-12%171.5. The C-8 shift o 149.4
[M + H]*. This fraction was further purified by preparative HPLC ¢ neoamphimidine Y 10)1* provided the chemical shift expected

(Figure S2, Supporting Information) and yielde9 mg), which ¢4 this site in tautomesc, which allowed for its elimination. By
was subjected, as described below, to further biological testing in contrast, the)c 178.5 for C-8 of neoamphimidin®)t* provided a
the disk diffusion assalt.Next, LC-MS showed that F19 contained good match to the value expected at C-12 for b&hand 8b.
a mixture of compound and an unknown metabolite havingz Eventually, we recognized that it might be possible to distinguish
290.1 [M + H]* and 312.1 [M+ NaJ*. Further purification by peqveen these two tautomers by usifld NMR shift trends
reversed-phase Biotage gave 13 fractions (labeledHIB). By characteristic of (shifts > & 7.8 for H1/H2 and> ¢ 8.6 for H4/
IH NMR it could be seen that fractions B5 and B8 were pure and H2) versusl’ (shifts < 6 7.8 for H1/H2 and< o 8.6 for H4/H2)
contained the new compound plakinidine & @nd more of1, shown next to their structurésThese data trends also tracked the
respectively. Unfortunately, compouBctompletely degraded after  gi1,ctural changes in neoamphimidii, heoamphimidine YX0),
standing fpr. a few days at room temperature, but this happened eridine (18), and meridin-12(13H)-onel (b, as reflected iRH
after acquisition of 1D and 2D NMR data. NMR shifts accompanying each structure. Accordingly, the D ring
Ho OH proton shifts of8 of ¢ 8.19 (H-6) ando 7.72 (H-5) were in
agreement with the B/C ring constitution &a and not 8b,
b concluding the final structure of plakinidine E as showr8in

amphiasterin B1(6) m = 10
B2(7)m=12

The structural elucidation of plakinidine B)(began with the
formula established by HRMS of;&H1:N30, (A 0.9 mmu vs calcd)
requiring 14 degrees of unsaturation. Comparing this formula to plakinidine E (8)
that of plakinidine D 4, C;7H:,N4O) showed that the overall 3 8.99
unsaturation numbers were the same but that there was a differencesc 178.5 '
of +0O and—HN. In addition, as shown in Table 1, th& and'H K
NMR data of 8 were similar to those o#, exhibiting signals
characteristic of the C and E rings of plakinidine B).(We o
immediately envisioned structu8e as the simplest way to explain
these differences on the basis of the following logic. First, the HsC”
gradient HMBC data were consistent with substructuxesnd B
shown in Figure 1. Second, a side-by-side comparison of%be neoamphimidine (9) neoamphimidine Y (10)
NMR data of4 and8 in Figure 2 further highlighted the minimal ~ 5c180.3
differences for carbons of the C and E rings between these two °
compounds. Third, the differences evident in Figure 2 were
observed in three regions (corresponding to sites-Q C-7a- N
7h, and C-1%12a) belonging to the A, B, and D ring chromophore,
with the largest change being at C-12 13.9). Finally, on the
basis of our previous experience with the tautomeric forms of
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Figure 2. 13C NMR chemical shift differences of plakinidine B)(vs plakinidine D §).1°
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Figure 3. Semiempirical AM-1 molecular orbital calculated tautomer equilibrium valié$) for annulated acridinesCalculations from
ref 11.

An attempt to use gas-phase theoretical energy estimates to assesag the AM-1 force field are shown in Figure 3. The goal of the
the most stable of these tautomers was also considered. The resultéirst entry was to compare these data to those we had previously
of semiempirical molecular orbital calculations carried out employ- obtained from the semiempirical approach for pyridoacridine
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Figure 4. Concentratior-response curve fdragainst H-116 cells
exposed fo2 h (blue), 24 h (red), and 168 h (black) in vitro.

structuresl and I'. The second entry shows that the data for
meridineslla and 11b match the trends obtained from higher-
level calculations we published (but not shown here) in a different
study of oxygenated pyridoacridin€sBoth calculations predict
that the lowest energy tautomer has the B g as observed by
NMR for neoamphidine Y 10). The tautomers ol1 have been
isolated, and in agreement with the experimental observatibm,

is calculated to be the more stable speéieBhe consistency in
such data for the pyrroloacridines is less straightforward. In the
case of alpkinidine, fornda, predicted to be favored energetically,
was observed by X-ray crystallography. Unfortunately, tHé&MR

data of5 cannot be used to distinguish between the two possible
tautomers§aand8b), and the'*C NMR data essential for verifying
this point could not be obtained.

Further, the experimental data, X-ray datndH—H COSY
correlation between the gemindH/CH; show that plakinidine A
(1) exists as the energetically less favodad(Figure 3). To date,
we have been unable to find conditions to transfdrainto the
other tautomers. In addition, the dimethylated isomer, plakinidine
B (2), exists as tautometc (not shown), and on the basis of NMR
data comparisons t& and 2, plakinidines C 8) and D @) also
exist as the calculated higher energy tauton3ergot shown) and
4c, respectively. Finally, forn8a observed in solution for plakini-
dine E is calculated to be energetically favored.

A multifaceted approach was used to further explore the
biological properties of plakinidines ALY and E 8) and amphi-
asterins B1§) and B2 {7). The first undertaking involved using a
disk diffusion and a growth inhibition (clonogenic) assay to explore
the cytotoxicity of these compounds against human and murine
cancer cell lined? In the second approach, the compounds were
profiled against th&accharomyces cersiaediploid homozygous
deletion strain of topoisomerasetbpl1A) in an agar halo assay to
identify novel DNA damaging agents and potential inhibitors of
DNA damage checkpoint processes and DNA repair enzyfes.
The cytotoxicity screen showed thatwas potent and selective
against H-116 cells, while no activity was observed@pr, or 8.

In contrast, the yeast halo assay revealed 8haas active against
the toplA strain, whilel, 6, and7 were inactive.

The disk diffusion assay showed tHatvas potent and selective
against human colon H-116 cells. Consequently, the growth
inhibition assay in liquid culture gave andgof 0.23ug/mL.14 In
addition, a concentration-clonogenic cell survival experiment was
carried out for exposure of at durations of 2, 24, and 168 h
(continuous over the 7-day incubation). The surviving fraction at
10% (So) is used as a parameter of cytotoxicity. For the 2, 24, and
168 h exposures, these values were@0mL, 1.5ug/mL, and 150
ng/mL, respectively as shown in Figure 4. The therapeutic implica-
tion of these results is that either a single bolus or a daily in vivo
dosing schedule forl could produce an effective therapeutic
outcome in the tumor-bearing animal if plasma levels were at or
above these respecti&, levels for the specified time periods.

Ralifo et al.

In the yeast halo assay, compourid$, and7 had no effect on
the growth of thetoplA yeast, nor the wild-type yeast. However,
8 was toxic against théoplA yeast, resulting in a halo 7 mm in
diameter, yet not toxic to wild-type yeast. In liquid culture,
plakinidine E @) exhibited an LG, of 33 uM. Topoisomerase |
(Topl) is a type IB topoisomerase in yeast, which forms a transient
DNA—enzyme complex that relaxes both positively and negatively
supercoiled DNA by breaking and rejoining single strands of DNA.
Top1l exists in a synthetic lethal relationship with a number of DNA
damage checkpoint and DNA repair genes, including Mre11, Rad50,
and Rad52, in addition to the other yeast topoisomerases, Top2
and Top3. Compounds that exhibit selective toxicity toward the
toplA deletion strain are thus expected to target one of these gene
products or induce DNA damage by a mechanism that depends on
the activity of Topl for its repair. The selective toxicity of
plakinidine E @) toward toplA yeast is consistent with the
literaturé® since compounds similar to the plakinidines have been
shown to cause DNA damage or target topoisomerase |I-mediated
DNA activity. In particular, ascididemin causes thiol-dependent
reductive DNA cleavage and deoxyamphimidine damages DNA
through generation of reactive oxygen speétésNeoamphimedine
(9), in contrast, has been shown to induce topoisomerase II-
dependent DNA catenatidfi.

The discovery of8 from P. quasiamphiastepresents a new
member to the plakinidine family with its uniquely positioned
oxygen functionality on C-12. The iminoquinone moiety &fs
distantly related to the B ring of ascididertirand the C rings of
neoamphimidine9) and 5-methoxyneoamphimidif&hese marine
acridine alkaloids are currently in advanced preclinical evaluations
as topoisomerase Il inhibitors, and further work has led to
semisynthetic derivatives that exhibit submicromolar activities
against human cancer cell linééln addition, their potent cyto-
toxicities are the result of their unique pharmacophoric domains,
which are as follows: (1) planar chromophores that have been
implicated in DNA intercalation and topoisomerase Il inhibition;
(2) phenanthroline bay nitrogens that are important for metal
complexation; and (3) iminoquinone moieties that produce reactive
oxygen species that may interfere with certain metabolic pathévays.
Plakinidine E B8) possesses each of these pharmacophores in that
it has a planar structure, bay nitrogens, and an iminoquinone
chromophore.

It was also interesting to note thhhas activity opposite that of
8; it does not demonstrateplA yeast toxicity but is toxic against
H-116 cells. This result may indicate that plakinidine ) {argets
a unique pathway in H-116 cells and does not target one of the
Top 1 synthetic lethal gene products or induce DNA damage in a
manner dependent upon Top 1 activity. This selectivity could be
ascribed to their structural differences. Bdtland 8 have similar
polycyclic, aromatic scaffolds, but plakinidine A)(has a C-12
nitrogen, while plakinidine E§) has a C-12 oxygen. This difference
does not affect the overall planarity of the polycyclic scaffold;
however, it does change the A, B, D ring chromophore, which could
affect its ability to bind to a molecular target. Currently, we are
comparing the activity of a variety of pyrroloacridines and
pyridoacridines against both yeast deletion strains and H-116 cells
with the goal of determining the specific requirements for this
difference in activity.

Experimental Section

General Experimental Procedures.NMR spectra were collected
using a Varian Inova NMR spectrometer at 500 MHz fidrand 125
MHz for *C. Multiplicities of 3C NMR peaks were determined using
DEPT and gHMQC data. Low- and high-resolution mass spectrometry
was performed on a benchtop Mariner electrospray ionization time-
of-flight instrument (ESTOF). Preparative HPLC was carried out using
a single-wavelengthl(= 254 nm) UV detector and evaporative light
scattering detector (ELSD) in series with a Waters reversed-phase 5
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um particle column. Computer modeling and semiempirical calculations ~ Amphiasterin B1 (6): 2.7 mg; whitish powdertH and*3C NMR
were done using PC Spartan Prol.0 with AM1 force field. data as previously reportéd.
Animal Material. Sponge specimens (UCSC sample code 03404)  Amphiasterin B2 (7): 2.7 mg; whitish powdertH and**C NMR
were collected in waters near Hideaway Island in the Mele Bay off the data as previously reportédl.
coast of Efate in Vanuatu at depths of-380 ft. The specimens were ) )
found hanging under rocks, caves, or coral. The sponge was identified Acknowledgment. Financial support was from NIH grant RO1-
by Dr. R. W. M. van Soest aBlakortis quasiamphiasteand a voucher ~ CA047135 and NSF-SURF (CHE-0552641). R. W. M van Soest
sample has been deposited at the Zoological Museum of Amsterdamprovided the taxonomic identification for the sponge.
(ZMAPOR 17710). Voucher specimens and photographs are available ) ] ) ]
from the Crews Laboratory. Supporting Information Available: General experimental proce-
Extraction and Isolation. The spongé®. quasiamphiaste{0.85 kg dures, underwater and above water photographs, isolation schgme,
wet weight) was extracted using an accelerated solvent extraction (ASE)**C NMR, gHMQC, and gHMBC data fo8, and gCOSY forl. This
process to afford three fractions. The &Hb-soluble fraction was material is available free of charge via the Internet at http://pubs.acs.org.
subjected to passage over a silica gel column using a step gradient of
10% EtOAc/hexanes to 100% EtOAc and finally to 100% MeOH to References and Notes

afford 24 fractions, coded FiF24 (Figure S2, Supporting Information). (1) Newman, D. J.; Cragg, G. M. Nat. Prod.2004 67, 1216-1238.
Fraction F8 (66.7 mg) was further purified by HPLC (186%00% CH- (2) Marshall, K. M.; Barrows, L. RNat. Prod. Rep2004 21, 731~
CN/H;0) to afford 12 fractions, labeled HIH12. Fractions H5 and 751.

H7 contained the known compounds amphiasterins@32.¢ mg) and (3) (a) Steffan, B.; Brix, K.; Puetz, Wrletrahedron1993 49, 6223~
B2 (7, 2.7 mg). Fraction F17 was further purified by HPLC (16% 6228. (b) Skyler, D.; Heathcock, C. B.. Nat. Prod 2002 65, 1573~
100% CHCN/H,0) to afford plakinidine A {). Fraction F19 was 1581.

subjected to a reversed-phase biotage column with a stepwise gradient (4) Wenzel, P. J.; Crews, B. Nat. Prod.2003 66, 873-875.
solvent system of 30%60% MeOH/HO. This afforded 13 fractions, (5) (a) McDonald, L. A.; Eldredge, G. S.; Barrows, L. R Ireland, C.

. . ; M. J. Med. Ch 7,381 27. M .; Bi
of which fractions B5 and B8 were pure and contained the new 3 éopsdB?Ré.m,}gzis 3?2..%2ﬁows(bal gﬁzmoé%’slsfoxlgc%?’

plakinidine E @, 5.7 mg) and more of (44 mg), respectively. 2003 16, 113-122.

Disk Diffusion and Clonogenic Assay.This assay was carried out (6) Dias, N.; Vezin, H.; Lansiaux, A.; Bailly, Q.op. Curr. Chem2005
as previously describéed. 253 89-108.

Growth Inhibition Measurement from Yeast Halo Assay. A (7) Marshal, K. M.; Matsumoto, S. S.; Holden, J. A.; Concepcion, G.
solution of 2x YPD-H (YPD medium buffered with HEPES) was googaztéeﬂf? DA;Sgeland,C- M.; Barrows, L. Riochem. Pharmacol.
prepared by dissolving 10 g of yeast extract, 20 g of peptone, and 20 p T LTEOD. )

g of dextrose in 500 mL of 25 mM HEPES at pH 7.5. The medium & '1338”11\2/1940 Neill-Johnson, M.; Crews, B. Am. Chem. Soc.
was autoclaved, the pH was readjusted to pH 7 with NaOH, and the (9) West, R. R.; Méyne C. L. Ireland, C. M.; Brinen. L. S.; Clardy, J.
medium was filter-sterilized. A solution ofx2 agar was prepared by Tetrahedron Lett199q 31 3271-3274. ' '
autoclaving 1.5 g of granulated agar (BP1423-500) in 100 mLj.H (10) (a) Smith, C. J.; Venables, D. A.; Hopmann, C.; Salomon, C. E.;
YPD-H-agar was prepared by mixing 10 mL ok2YPD-H at 56-55 Jompa, J.; Tahir, A.; Faulkner, D. J.; Ireland, C. 84.Nat. Prod.

°C with 10 mL of 2x agar at 56-55 °C. The warm medium was 1997, 60, 1048-1050. (b) Ford, P. W.; Davidson, B. $.Nat. Prod.
inoculated with 40QuL of an overnight yeast culture (diploid strain 1997 60, 1051-1053.

BY4743,toplA, and wild type), poured into an OmniTray, and cooled ~ (11) Thale, Z;; Johnson, T.; Tenney, K.; Wenzel, P. J.; Lobkovsky, E.;
for 30 min. Clardy, J.; Media, J.; Pietraszkiewicz, H.; Valeriote, F. A.; Crews,
Compound DMSO stocks plated in 384-well polypropylene trays P.J. Org. Chem2002 67, 9384-9391.

; s . : : (12) Hooper, J. N. A.; van Soest, R. W. Bystema Porifera. A Guide to
were transferred into the solidified agar using notched pins that deliver the Classification of Sponges, Vo| Kluwer Academic/Plenum

200 nL (8%) each with a pin-tool robot (VP903B, V&P Scientific). Publishers: New York, 2002; pp 1153161.

Absorbance readings were taken of the agar plates using a plate reader(13) zampella, A.; Giannini, C.; Debitus, C.; D'Auria, M. Tetrahedron

at 544 nm. Growth of thdoplA versus the wild-type yeast was 2001, 57, 257-263.

compared to identify potent agents. (14) Bioassay procedures are described in: Valeriote, F.; Grieshaber, C.
Growth Inhibition Measurement in Liquid Culture. Yeast (diploid K.; Media, J.; Pietraszkewicz, H.; Hoffmann, J.; Pan, M.; McLaugh-

strain BY4743,toplA, and wild type) was incubated with six 2-fold lin, S.J. Exp. Ther. Oncol2002 2, 228-236.

dilutions of8 and DMSO controls in 10L cultures in 96-well plates. (15) Simon, J. A.; Yen, T. Methods Mol. Biol.2003 223 555-576.

(16) Matsumoto, S. S.; Mathew, H. S.; Holden, J. A.; Barrows, L. R,;

Absorbance readings at 544 nm were collected every 30 min using a Copp, B. R Tetrahedron Lett200Q 41, 1667-1670.

plate reader. Yeast doubling times at each compound concentration (17) Tasdemir, D.; Marshall, K. M.; Mangalindan, G. C.; Concepcion,

were calculated and compared to the doubling time with DMSO as a G. P.; Barrows, L. R.; Harper, M. K.; Ireland, C. M. Org. Chem

control. The LGy was defined as the concentration in which the 2001, 66, 3246-3248.

doubling time of the DMSO control divided by the doubling time with (18) Guzman, F. S.; Carte, B.; Troupe, N.; Gaulkner, D. J.; Harper, M.

compound was equal to 0.5. K.; Concepcion, G. P.; Mangalindan, G. C.; Matsumoto, S. S;
Plakinidine E (8): 5.7 mg; dark red-purple solidH and3C NMR Barrows, L. R.; Ireland, C. MJ. Org. Chem1999 64, 1400-1402.

data, see Table 1 and Figures S2 and S3 (Supporting Information); (19) Kobayashi, J.; Cheng, J.; Nakamura, H.; Ohizumi, M., Hirata, Y.;

HRMS miz 290.0933 (calcd for GH1oN:0, [M + H]* 290.0924). Sacakl &g Ont@ T Nozoe, Sfetrahedron Lett.1988 29,
Plakinidine A (1): 73.7 mg; dark red-purple solid4 and**C NMR ’

data as previously reportéd. NP060585W



