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ABSTRACT

Tasihalide A (1)
R Tasihalide B (2)

Tasihalides A and B have been isolated from an assemblage of a marine cyanobacterium, belonging to the genus Symploca, and an unidentified
red alga. The gross structures and relative stereochemistries of these diterpenes were elucidated by spectroscopic means. In addition to
possessing a novel cage structure, the tasihalides represent the only examples of iodinated diterpenes in nature.

Halogenated natural products were once assumed to be eitheredox potentials of the halides. The incorporation of bromine
artifacts of the isolation procedure or freaks of nafuxaw or chlorine is by far the most common, with iodine rare and
it is known that organohalides are produced by a number of fluorine extremely raré For example, of the approximately
organisms for a variety of roles and often in significant 3800 halogenated natural products known, a number that
guantities. For example, the 5 million tons of chloromethane excludes the iodine-containing thyroid hormones, less than
emitted by terrestrial and marine biomass dwarfs the 26 000100 natural products contain iodine. Of these metabolites
tons produced annually by mankidd@he occurrence of these  more than half are volatile compounds comprised of eight
halogenated natural products though is dependent on thecarbons or less, e.g., diiodomethdi&xamples of complex
availability of the halide salts, so given the relatively high iodine-containing metabolites from a variety of terrestrial and
concentration of halides in seawater (0.5 M in 3.1 mM marine sources include the depsipeptides geodiambkdheks
inBr-, 1 uMin 1=, 73 uM in F),23marine natural products  doliculide (both iodotyrosines)iodinated nucleosideésand
tend to incorporate these halogens more frequently thanthe structurally intriguing calicheamicih.

secondary metabolites from terrestrial sources. Somewhat Recently, we have been investigating the extracts of a
surprisingly, though, the relative number of chlorinated,
brominated, fluorinated, and iodinated metabolites parallels ~ (3) Butler, A.; Walker, J. VChem. Rev1993,93, 1937-1944.
neither the concentration levels in the ocean nor the relative préﬁ? fgg%fgf’fifj’_\ﬁqf oest, R.; Andersen, R. J.; Kelsey, . Gat.

(5) Hiroyuki, 1.; Takayuki, N.; Makoto, O.; Kiyoyuki, YJ. Org. Chem.

T Present address: Smithsonian Marine Station, Ft. Pierce, FL 34949. 1994,59, 4710—4711.

(1) Gribble, G. W.Acc. Chem. Re<.998,31, 141-152. (6) Kazlauskas, R.; Murphy, P. T.; Wells, R. J.; Baird-Lambert, J. A;;
(2) Gribble, G. W.Prog. Chem. Org. Nat. Prodl996,68, 1-423. Jamieson, D. DAust. J. Chem1983,36, 165—170.
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Table 1. NMR Spectral Data fod (500 MHz) Recorded in CDGI

C/H no. on? multiplicity (J, Hz) ocbe Ccosy HMBCde NOESY
1 2.40,qd (7.3, 3.6) 33.1,d 2,18 3ax, 3eq, 10, 18
2 5.04, br s 73.9,d 1, 3ax, 3eq 3ax, 3eq, 18 1, 3ax, 3eq, 18
3ax 2.53,ddd (—15.4, 11.5,4.8) 39.0, t 2,3eq, 4 4 21
3eq 2.49,ddd (—15.4,55,1.7) 2, 3ax, 4 4
4 5.34,dd (11.5, 5.5) 54.5,d 3ax, 3eq 2, 3ax, 3eq, 6, 10, 21 3eq, 9
5 45.3,s 3ax, 3eq, 4, 6,9, 21
6 5.50, d (3.1) 76.6, d 7 7,7-OH, 8, 21 7-OH, 21
7 4.05, br s 69.8, d 6, 7-OH, 8 6, 7-OH 7-OH, 8, 24
7-OH 2.15,d (1.5) 7
8 1.71,d (11.1) 47.2,d 9, 13eq 6,7, 7-OH, 9, 10, 13eq, 13ax, 11, 24 7,10, 13ax, 24
9 2.93,t(11.1) 28.8,d 8, 10 5,7,8,10, 11, 12 4,7-OH
10 2.37,dd (11.1, 3.5) 51.0,d 9 1,2,6,8,918,21
11 2.94,d (4.9) 37.0,d 12, 13eq 9, 13eq, 16b, 17 12,17,18
12 5.34,t (4.9) 68.8,d 11, 13eq, 13ax 9, 11, 13ax 11, 13eq, 16a
13eq 2.36, dd (—15.6, 4.9) 50.0, t 8, 13b 8,11, 24 12, 13ax, 16a
13ax 1.47,d (—15.6) 13eq 12, 13eq, 24
14 73.4,s 8,12, 13eq, 13ax, 24
15 76.8, s 9,11, 12, 16a, 16b, 17
16a 3.27,dd (-10.2, 1.1) 15.3,t 16b, 17 11,17 12, 13eq, 16b
16b 3.10,d (-10.2) 16a 16a, 17
17 1.70, br s 26.4,q 16a 11, 16a, 16b 18
18 1.16,d (7.3) 17.9,q 1 1,2 1, 2,10, 11,20
19 1711, s 2,20
20 2.21,s 22.1,q
21 1.10, s 19.2,q 4,6, 10 1, 3ax, 6, 10
22 169.5, s 6, 23
23 2.08,s 21.0,q
24 1.12,s 21.2,q 13eq, 13ax 7, 7-OH, 8, 13eq
25 169.9, s 12,26
26 2.13,s 21.7,q

aRecorded at 500 MHZ Recorded at 125 MHZ Multiplicity deduced by HSQCY Protons showing long-range correlation with indicated carbon.
€ Correlations were observed f8icy = 7 Hz.

collection of a marine cyanobacterium belonging to the genus Further fractionation of the lipophilic and aqueous extracts
SymplocaA recent reexamination of our voucBehough has now led to the isolation and structure elucidation of the
has revealed that the field-collected sample was not homo-iodinated diterpenes, tasihalides A and B.
geneous and a small portion of this collection was ared alga. Tasihalide A () was isolated from the lipophilic extract
Unfortunately, too little material was present for a conclusive of the assemblage designated NIH304. The residue from the
identification of the latter organism. repeated extraction of this assemblage with 4: LCIRCH,-
Already from this assemblage we have reported a seriesCl, was separated by a combination of solvent partitioning,
of peptides and depsipeptides and have named all of themsilica gel chromatography, and repeated reversed-phase
with the prefix “tasi”, meaning “ocean” in Chamorrént! HPLC. Final purification ofl (tg 20 min) was achieved on
an Ultracarb 30 ODS column (258 10 mm) with 70%
0 aqueous CECN to afford 0.8 mg of an optically active oil
[[@] %5 —18 (c 0.6, MeOH)]*?

: 16 (7) Lee, M. D.; Manning, J. K.; Williams, D. R.; Kuck, N. A_; Testa, G.
O 18 CHl O.; Borders, D. BJ. Antibiot. 1989,42, 1070—1087.
19 (8) The sample was collected at Short Drop-off, Palau. It was identified
o : 14 by V. J. Paul, and a voucher is maintained in formalin at the Smithsonian

o, 24 Marine Station, Fort Pierce, FL.
., Me (9) Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, VJJNat.
H Prod. 2003,5, 620—624.

(10) Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, V.JJ.Nat.
o Prod. 2003,66, 1006—1009.
Me : (11) Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, V.JJ.Nat.
Prod. 2002,65, 1336—1339.

(12) Tasihalide A (1): amorphous powderp]2%, —18 (c0.6, MeOH);
o} UV (MeOH) Amax (I0g €) 207 (4.3), 253 (1.2) nm; IR (filmymay 3501,
1735, 1372, 1236, 1026, 977 ci ESI m/z(relative intensity) [M+ NaJ*
707 and 709 (1:1); HR-ESh/z[M + NH4] ™ 702.1154 (calcd for &Hzs
79BrlOgNH,4 702.1133, 2.1 mDa error).

o
~
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Tasihalide A (1) R=H
Tasihalide B (2) R=Ac
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Inspection of the richly detailed proton and carbon NMR accordance with literature valu€sAn HMBC correlation
spectra (Table 1), along with IR and UV/vis data, set the from H-21 to C-6 and a COSY cross-peak from H-9 to H-10
stage for the gross structure determination. The HSQC andestablished the C-5/C-6 and C-9/C-10 junctions, respectively.
the broadband-decouplé®C NMR spectra established that Fragment C was linked to this unit by a COSY correlation
1 possessed 6 quaternary, 10 methine, 3 methylene, and #rom H-12 to H-13 and a HMBC cross-peak to C-10 from
methyl carbons, that is, a total of 37 hydrogens attached toH-9. The two downfield carbons (C-14 and C-15) were
26 carbons, amounting to 349 mass units in the molecule.connected via an ether linkage to account for the remaining
One more proton was inferred from thé NMR and HSQC oxygen atom and the final degree of unsaturation required
spectra which revealed'#l signal atoy 2.15 indicative of by the molecular formula.
an exchangeable proton that was attributed to an alcohol The relative stereochemistry of the ring systeniiwas
proton on the basis of a 3501 chband in the IR spectrum.  established by analysis of proteproton coupling constants
This brought the total proton count to 38. The alcohol group and NOESY correlations (Figure 2). A large proteproton
also accounted for one of the six oxygenateécgbons
(0c 76.8, 76.6, 73.4, 73.9, 69.8, and 68.8). Three more of
these oxygenated carbons were ascribed to the acylox_
carbons of ester linkages based on the presence of signals
for three acetate groups in the carbon and proton spectra
(carbonyl carbon signals aic 171.1, 169.9, 169.5, and
methyl proton singlets aty 2.21, 2.13, 2.08). Further
analysis of the?H NMR spectrum revealed that one of the
methylene proton signals comprised an AB systefi&.27
and 3.10, which showed *dcy of 150 Hz to a carbon that
resonated abc 15.3. This unusual combination of values
was indicative of a heavy-atom effect and indicated that
either bromine or iodine was attached to this carborhe
presence of iodine was confirmed by the UV/vis spectrum, Figure 2. Key NOESY correlations observed in
recorded in MeOH, which showed an-n* transition at 253
nm characteristic of this halide. Therefore, the preliminary
data suggested that nine oxygens and one iodine were presemoupling between H-3 and H-4 £J4.3a01-4 = 11.5) estab-
in 1. lished the axial orientation of both these protons. Likewise

Difficulties arose at first in confirming these conclusions a small protor-proton coupling between Hg3and H-2
through mass spectral analysislofFAB and MALDI-TOF (In-2m-3ax = 4.5) indicated that this latter proton was in an
mass spectrometry both failed to provide a clear-cut pseudo-equatorial position. Three other protons H-8, H-9, and H-10
molecular ion peak under a variety of conditions. Eventually, were also assigned axial configurations based on large
[M + NaJ™ peaks atm/z 707 and 709 were obtained by proton—proton couplings. NOESY correlations from H-4 to
ESIMS!* The isotope pattern of 1:1 for these two peaks H-9 and from H-21 to H-1 indicated that the A/B ring
indicated that bromine was present In The elemental  junction wascis, while the axial position of H-8 and H-9,
composition ofl was therefore &HssOgBrl as confirmed determined from coupling constants, indicated that the B/C
by a high-resolution ESI measurement of a fMNH,]* ring junction wadrans The configuration of the B-ring with
peak atm/z702.1154 (2.1 mDa error). respect to the oxabicyclic systems was elucidated from

The structure ofl was elucidated from the 2D NMR data NOESY cross-peaks from H-8 and H-16 to H-13.

(Table 1). Analysis of the COSY and HMBC data, recorded A related compound, tasihalide B,(0.8 mg)!® was
in CDCl; at 500 MHz, established three fragments (Figure isolated from the 30% aqueous EtOH extract of the as-
1). The proton and carbon chemical shifts of fragment<CA ~ semblage. The proton NMR spectrum 8fwas nearly
identical tol except for the downfield shift of H-7 and the
_ presence of an extra methyl singlet @ 2.17. HR-ESI
established a molecular formula 0fd84/NOyBrl based on
\ , a [M + NHg*t of 744.1246 (0.7 mDa error) for the

hiad wine 17 . i
Fa Ohc OHQ Me ¢ e OAC peracetylated analog2¢® NMR analysis (see the Supporting
2!\1/Ie% 1 " ACOM% 1 1541\1{12:”»J
’ e i > ! !
A ]

8
6
: :@f w (13) Silverstein, R. M.; Bassler, C. G.; Morrill, T. CSpectrometric
B Identification of Organic Compounds; Wiley & Sons: New York, 1981; p
269.

) ) (14) The fragmentation of the 709-ion peak was followed in a series of
Figure 1. Partial structures from 2D NMR. MS/MS experiments, which provided ions rafz 627, 499, 439, and 383
from loss of H'Br, HI, and two successive McLafferty rearrangements that
resulted in the elimination of two molecules of acetic acit0).

(15) Tasihalide B (2): amorphous powder; [é}> —13 (c0.4, MeOH);
suggested that the halides were attached to C-4 and C-1611J3§/7§M16203|g) 1183% (Ig%e)céoé S(I3-l/),(ZFvlSt_(l-?g)tnm:_tlF)%[%f/ilT)’\/ﬁx] }77?:152
PSR . , , s m/z(relative intensity, 4
The iodine was connected to C-16:(05.3) and the bromine 74 46 (11); HR-ESIz [M + NH.]* 744.1246 (calcd for &Hao

to C-4 (Oc 54.5) based on the carbon chemical shifts in 7°BriOgNH, 744.1239, 0.7 mDa error).
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Information) confirmed the gross structure and relative acetogenir?d are rarely isolated from marine cyanobacterial
stereochemistry to be otherwise identicallto extracts. Likewise, reports of compounds from marine
The tasihalides are exceptional in two respects. While cyanobacteria derived from terpenoid biosynthesis are almost
brominated and chlorinated terpenoids have been reportechonexistent in the literatufg:26By comparison, halogenated
before, there are no other examples of iodinated diterpeneserpenoids are ubiquitous in red algae, especially the genus
that have been found in natur€'® The structural core of | qurencial® On the basis of these biosynthetic consider-
the tasihalide is also unprecedented in a natural product. Itations, it seems more likely that the trace amount of red algae

is the combination of the oxabicyclic system in the C-ring, in the sample is responsible for the tasihalides rather than
thecis-decalin system, and the methylation pattern that makesihe cyanobacteriur.

the carbon skeletons @fand2 unique. Thus, the tasihalides

represent the first examples of a new structural class of Acknowledgment. The work was funded by RO1 (CA

f".terpl.e”es' ;ht‘? closest St:juciﬁr?'hre'atg’eﬂm”d 28 12623) and NCNPDDG (CAS3001) grants from the National
ricyclic syntnetic compounds that have been prepared Irom o, ser |nstitute. Funds for upgrades of the NMR instru-

cembrane diterpenes treated with electrophifl@his makes mentation were provided by the CRIF program of the

g;ﬁ?ﬂ%‘g,?eéocszﬁ;;gﬁ tor}a;zngxz agﬁztfergrge?nﬁfngeegﬁ_er_ National Science Foundation (CH E9974921), the Air Force
y Y9 of Scientific Research (F49620-01-1-0524), and the Elsa

pene. Such haloperoxidase-mediated electrophilic cycliza- .
tions have recently been demonstrated in vitro using Pardee Foundation. The ESI .spec.tra were perf_(_)rmed by L.
Cluster and A. Franke, University of Hawaii, Cancer

bromoperoxidases cloned from red algae (Rhodopl{fa). i ) .
In the case of the oxabicyclic ring, nucleophilc attack on Research Inst|tl.Jt.e,. and G. G Harrigan at Pharmacia Co'rp.
C-15 by the tertiary alcoh® attached to C-14 during the We thank the Division of Marine Resources of the Repub_llc
halogenation of an exocyclic methylene would generate the ©f Palau and the Koror State Government for the marine
carbon skeleton depicted below. research permits.

In general, marine cyanobacteria are well-known sources
of biologically active molecules. With few exceptions, most ~ Supporting Information Available: The isolation pro-
of these metabolites are formed by the union of polyketide cedure, tabulated NMR data f@ and NMR spectra fot
and nonribosomal peptide biosynthetic machinery which and2in CDCls. This material is available free of charge via
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In fact, this merger is so common that pure peptitles OLO35620U

(16) Itis unlikely that2 is an artifact, given that readily apparent acylating
agents, such as ethyl acetate or ammonium acetate, were not used during (23) For examples of pure peptides from marine cyanobacteria, see: (a)

the isolation procedure. Nogle, L. M.; Marquez, B. L.; Gerwick, W. HOrg. Lett.2003,5, 3—6.
(17) We thank G. W. Gribble for checking on this matter. (b) Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, V.JJNat. Prod.
(18) Two iodinated sesqiterpenes have been reported from a red alga2002,65, 1336—1339.

belonging to the genukaurencia.lzak, R. R.; Sims, J. . Am. Chem. (24) For an example of a pure ketide, see: MacMillan, J. B.; Molinski,

So0c.1979,101, 6136—6137. T. F. Org. Lett.2002,4, 1535—1538.

(19) Shpatov, A. V.; Shakirov, M. M.; Raldugin, V. Russ. J. Org. (25) The indole alkaloid lyngbyatoxin A, from a Hawaiian strain of the

Chem.2000,36, 1127—-1138. marine cyanobacteriurhyngbya majuscula, is likely formed by a mixed
(20) Carter-Franklin, J. N.; Parrish, J. D.; Tschirret-Guth, R. A,; Little, terpene—peptide biosynthesis. Structure: Cardellina, J. H., lll; Marner, F.

R. D.; Butler, A.J. Am. Chem. So2003,125, 3688—3689. J.; Moore, R. E.;Sciencel979,204, 193—195. Biosynthesis of a related
(21) Ishihara, J.; Shimada, Y.; Kanoh, N.; Takasugi, Y.; Fukuzawa, A.; analogue: lIrie, K.; Kajiyama, S.-l.; Funaki, A.; Koshimizu, Retrahedron

Murai, A. Tetrahedron1997,53, 8371—8382. 1990,46, 2773—2788.

(22) Analysis of models suggests the tertiary alcohol on C-14 and the  (26) Terrestrial cyanobacteria are known to produce terpenoids; see: (a)
isopropenyl side chain (C-15, C-16, C-17) in this biosynthetic precursor Jaki, B.; Orjala, J.; Heilmann, J.; Linden, A.; Vogler, B.; Sticher, 2.
would both be axial and in close proximity due to a twist-boat conformation Nat. Prod.2000,63, 339—343. (b) Prinsep, M.; Thomson, R. A.; West, M.
in the C-ring. This conformation would be thermodynamically favorable L.; Wylie, B. L. J. Nat. Prod.1996,59, 786—788 and references therein.
since it would alleviate the steric interaction between C-18 (ring A) and (27) The average yield of the peptides isolated from this collection based
the isopropenyl side chain (C-15, C-16, C-17). on the dry extract was 0.16%, while the yieldslaind2 were both 0.04%.
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