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Abstract: A sponge of the genus Theonella collected off Perth, Australia, contained a cyclic
octapeptide, perthamide B, which weakly inhibited the binding of ['®I)IL-18 to intact EL46.1
cells with an ICy, of 27.6 pM. The inhibition of binding could however, not be separated from
the cytotoxic effects of perthamide B. The structure was elucidated by spectroscopic methods.

Over the past two decades marine sponges have been revealed to be an excellent source of
bioactive peptides.! Examples include the potent cytotoxic peptides jaspamide?® from Jaspis sp.,
polydiscamide A® from Discodermia polydiscus; the geodiamolides C-F* from Pseudaxinyssa sp.; the
discokiolides’ from Discodermia kiiensis; hymenastin 1° from a Hymeniacidon sp.; theonellamide F,’
and orbiculamide® from Theonella spp. A number of enzyme inhibitors have been discovered including the
phospholipase A, inhibiting discodermins® from Discodermia kiiensis; a potent protein phosphatase
inhibitor, motopurin'® from Theonella swinhoei; a Ca*>ATPase inhibitor, keramamide A,!' from Theonella
sp., and the cyclotheonamides'? from Theonella sp. which are potent inhibitors of thrombin, trypsin and
plasmin. These compounds are especially interesting due to the presence of novel amino acids in the
majority of these compounds as well as their potent bioactivities.

As part of our continuing research to define novel natural products with therapeutic potential which
act via inhibition of binding of ligand to its receptor, a number of extracts of marine organisms were
screened for their ability to inhibit binding of ['*I]IL-1p to intact EL4.6.1 cells. An extract of the
sponge Theonella sp.” (Demospongiae, Lithistida, Discodermiidae, Theonella sp.) collected at a depth of
15 m by SCUBA near Perth, off Cape Viamingh in Western Australia, was found to inhibit binding in this
assay. Bioassay guided purification of the active components was undertaken and the compound which we
call perthamide B was isolated. This paper will describe the isolation and structure elucidation of this
metabolite.

The frozen sponge was extracted exhaustively with MeOH and the extract was concentrated to
dryness. The extract was partitioned between n-butanol and water. The active organic partition was
further chromatographed on an LH-20 stationary phase eluted with methanol. The active fractions from
this separation were combined and chromatographed by HPLC using a Vydac Protein and Peptide C-18
column eluted with 35% phosphate buffer (10 mM, pH 6.5) in MeOH to obtain pure perthamide B
(0.03% of wet weight).
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Both the 'H and >C NMR spectra (Table 1) suggested that perthamide B was a peptide.
Additionally the DEPT experiment indicated the presence of 15 CH, 8 CH,,7 CH, and 14 quaternary
carbons. HRFABMS suggested a formula of C,H N0, "Br (M+H*, obsvd, 1039.3946, calc. 1039.3924)
which requires 17 sites of unsaturation. The NMR spectra suggested the presence of a 1,34 trisubstituted
aromatic ring, of which the 'H NMR signals appeared at 8 6.81 (d J = 8.1 Hz), 7.25 (br d, J = 8.1 Hz) and
7.33, a trisubstituted olefin and ten amide carbonyls. This accounts for fifteen of the sites of unsaturation
and suggested that perthamide B had two additional rings. The individual amino acids were assigned
based upon comparison to literature chemical shifts and interpretation of the 2-D COSY, TOCSY (Fig. 1),
HMQC and HMBC experiments as described below. Full NMR data will be reported elsewhere.

The presence of an Asn unit was suggested by the COSY, TOCSY and HMBC data. Most
important were the TOCSY correlations observed between the NH and both the a-H and B-CH, protons;
and the HMBC correlations observed between the CONH, and the B-CH,. A 3-amino-2-hydroxy-6
methyloctanoic acid moiety (Hamo) was assigned based upon interpretation of the 'H and >C chemical
shift data and the 2-D COSY, TOCSY and HMBC data in which correlations between the o-H through the
n-H were observed (selected TOCSY correlations include: NH to the o-H, B-H, vH and {-CH,; {-CH, to
*H, NH and {-CH,; {-CH, to n-CH,). Related a-hydroxy-pB-amino acids with modified side chains
have been reported from the blue green alga Calothrix fusca'® and the fungus Streptomyces
viridochromogenes.' The 2,3-dehydro-2-aminobutyric acid (Dhb) was assigned based upon the TOCSY
correlations abserved between the NH and 4-CH, and between the -CH, and the 3-H. Also important
were the HMBC correlations observed between the »-CH, and both the o and P carbons. An enhancement
observed between the ¥y-CH, and the NH in a 1D difference nOe experiment suggested the E
configuration of the double bond. The N-Me Gly was proposed based on the 'H, °C and the HMBC data.
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Fig.1 Seclected TOCSY correlations of perthamide B



Table 1. '"H and °C NMR Data" of Perthamide B in DMSO-d,

Amino N 1, Amino ' 13,

Acld/ C# H ¢ Acid / C# H <

Asa poH 5.64 (br, 8) -

« 4.66 (1H, m) 48.1 NH 725 ot
3.08 (1H, dd, 4.7, 16.3)

B 237 (IH. br &, 16.3) 370 CONH, 7.56 (br s), 7.33 1'2.8

NH 7.14 (1H, d, 10.2) - CcO - 1685

7.64 (1H, br, 3)

CONH, 733 AH) 1726 OMe Thr

COo - 170.7 o 484 (IH, br 8) 556

Octanoic

molety B 4.13 (1H, m) 726

o 409 (IH, d, 1.6) 727 Y 1.18 (3H., 0, 6.0) 145

B 40 (1H. m) 520 NH 8.66 (1H. d. 10) -

Y 146 (1H, m), 1,08 (1H, m) | 237 OMec 323 (3H, 8) 549
1.09 (2H, m) 320 co__ poy b

€ 1.17 (1H, m) 135 Wie Pro
102 (OH, m), 122 (IH, m) | 289 63.5
075 (3H. d, 6.5) 159 o 3.91 (1H, dd, 6.6, 11.2)

n 0.76 GH, t, 74) 11.1 B 2.15 (1H, m), 078 (1H, m) | 364

NH 632 (1H, d, 93) - v 224 (1H, m) 335

oH 4.35 (1H, br 9 - 5 339 (11, m ), 4.06 (15, m) | 532

co - 169.5 Me 1.05 (3H, d, 6.3) 186

Dhb CO - 171.0

o - 1322 m-Br Tyr

B 580 (1H, q, 69) 1264 « 3.18 (1H, ad, 12.0, 4.7 556
293 (1M, br 4, 130),

¥ 1.58 (3H, d, 6.9) 122 B 287 (1H. d, 13.0) 305

NH 8.7 (1H, s) - T - 127.1

CO - 1673 3 733 (19, br s) 132.7

N-Me Gly K3 - 1107
342 (1H, d, 17.5) ,

« 426 (1H, d, 17.5) 517 4 - 154.1

N-Mec 282 (3H, 9) 35.1 5 681 (IH, 4, 8.1) 1168

CcO - b 3 725 (IH, or 4, 8.1) 1305

B Hy Asn C_? - b

« 5.01 (1H, m) 545 NH 7.06 (br 5)

P 422 (1H4, 3.7) 713

*Recorded on a Bruker AMX-500. "Carbonyls at § 171.2, 170.4, 167.5 are unassigned.

The B-hydroxyAsn unit was assigned based upon comparison of the 'H and *C NMR data with that
reported by Fusetani et. al.” An O-methyl-threonine was assigned based upon the TOCSY and HMBC
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data. Especially important were the HMBC correlations observed between the OCH, protons and the $-C
as well as between the o-H and the B-CH; group. The presence of a y-methyl proline unit was proposed

based upon the COSY, TOCSY and HMBC data. The most useful HMBC correlations were those
observed between: the CO and both the o and B protons; the B-C and the 3-H; and finally the vCH,

protons and the B-C, ¥-C and 8-C. The final amino acid, m-bromotyrosine unit was assigned based upon
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comparison of the *C chemical shift data to that of known compounds and interpretation of the 2-D COSY
and HMBC data. An HMBC correlation observed between H-2' of the benzene ring and the B-C of the
side chain confirmed the assignment of the bromine position.

The amino acids were connected based upon HMBC correlations and nOe data. The major
interresidue HMBC correlations observed were: Asn CO/Octanoic NH; Octanoic CO: Dhb NH; Dhb CO:N-
Me of NMeGly. The other connectivities were made based on the 1D nOe difference experiments:
(irradiated proton: enhanced proton) BHydroxy Asn NH: NMe Gly a-H; O-Methy]l Threonine NH:
BHydroxy Asn a-H; OMe of O-Methyl Threonine: y-methyl proline 3-H. The 2D ROESY experiment
showed correlations between the H-5' of the m-bromotyrosine and the Me of the y-methyl proline
indicating that y-methyl proline and m-bromotyrosine are connected. Additional nOe results of (irradiated
proton: enhanced proton) Asn NH: Octanoic NH; Dhb NH: N-MeGly o-H further confirmed the proposed
structure. The final connectivity between Asn and the m-bromotyrosine was made based upon the
molecular formula which indicated the presence of one additional ring. The relative and absolute
stereochemistry of perthamide B are currently under investigation. Perthamide B showed a moderate
inhibition of binding of ['*IJIL-1B to intact EL4.6.1 cells with an IC,, of 27.6 uM. However the binding
could not be differentiated from the toxicity of the compound.

ACKNOWLEDGEMENTS: The sample was collected in collaboration with Dr. Peter T. Murphy, Australian
Institute of Marine Science, with funding by the National Cancer Institute, (No, NO1-CM-87292). We are
thankful to Mr. Dan Pentek at the Yale University, Department of Chemistry instrumentation center for
recording the mass spectra. This is Harbor Branch contribution number 1047,

REFERENCES
1. Fusetani, N.; Matsunaga, S. Chem. Rev. 1993, 93, 1793,
2 a) Crews, P.; Manes, L.V,; Boehler, M. Terrahedron Leit. 1986, 27, 2797. b) Zabriskie, T. M.;

Klocke, LA ; Ireland, CM.; Marcus, AH.; Molinski, T.F.; Faulkner, D.I.; Xu, C.; Clardy, J.C J. Am. Chem.
Soc. 1986, 108, 3123.

3. Gulavita, N. K., Gunasekera, SP.; Pomponi, S.A.; Robinson, E.V. J. Org. Chem.1992, 57. 1767.

4, de Silva E.D.; Andersen, R.J.; Allen, TM. Tetrahedron Lert. 1990, 31, 489.

5. Tada, H.; Tozyo, T, Terui, Y.; Hayashi, F. Chem Lett. 1992, 3, 431.

6. Pettit, GR.; Clewlow, P.J.; Dufresene, C.; Doubek, DL.; Cemy, RL.; Rutzler, K. Can. J. Chem. 1990, 68,
708.

7. Matsunaga, S., Fusetani, N.; Hashimoto, K.; Walchli, M. J. Am. Chem. Soc. 1989, 111, 2582.

8. Fusetani, N.; Sugawara, T.; Matsunaga, S. J. Am. Chem. Soc. 1991, 113, 7811,

9. a) Matsunaga, S.; Fusetani, N.; Konosu, S. J. Nat. Prod. 1985, 48, 236. b) Matsunaga, S.; Fusetani, N.;

Konosu, S. Tetrahedron Lets. 1984, 25, 5165. c) Matsunaga, S.; Fusetani, N.; Konosu, S. Tetrahedron Lert.
1985, 26, 855.

10. de Silva E.D.; Williams, D.E.; Anderson, R. J.; Klix, H.; Holmes, CFB.; Allen, TM. Tetrahedron Lett.
1992, 33 (12), 1561.

11. Kobayashi, J.; Sato, M.; Ishibashi, M.; Shigemosi, H.; Nakamura, T.; Ohizumi, Y. J. Chem. Soc.

Perkin Trans I, 1991, 2609,

12 Fusetani, N.; Matsunaga, S.; Matsumoto, H.; Takebayashi, Y. J. Am. Chem. Soc. 1990, 112, 7053.

13. a) Soest, RW.M. van and Stentoft N. "Barbados Deep Water Sponges™. Stud. Fauna Curacao Caribb. Isl.
1988, 215, 1. b) A taxonomic voucher specimen of the sponge has been deposited in the Harbor Branch
Oceanographic Museum, catalog number 003:00881.

14, White amotphous solid, Mpt. 228-231 °C; [o],> + 19.8° (¢ 0.19, Pyridine); UV (MeOH) A_,. 202 nm
(e 54000), 225 sh (23,000), 281 (1600), 290 (1300); IR (film on KBr) v,,, 3393, 3337, 2961, 1670, 1615,
1528, 1258 cm™.

15. Moon, S-S; Chen, J.L.; Moore, R.E.; Patterson, GM.L J. Org. Chem. 1992, 57, 1097.

16. Nagai, M.; Ogawa, K.; Muraoka, Y.; Naganawa, H.; Aoyagi, T.; Takeuchi, T. J. Antibior. 1991, 44, 956.

(Received in USA 24 June 1994; revised 21 July 1994; accepted 22 July 1994)



