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Eurypamide A, a cyclic tripeptide from the Palauan sponge Microciona eurypa
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Abstract: The Palauan sponge Microciona eurypa contains the cyclic isodityrosine tripeptide,
eurypamide A (5), and an inseparable mixture of three related tripeptides, eurypamides B - D (6-8) that
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which has not been described previously. © 1998 Elsevier Science Ltd. All rights reserved.
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co-workers isolated a group of four isodityrosine-derived 17-membered cyclic
tripeptides, OF4949 I-1V (1-4), as potent aminopeptidase B inhibitors from the culture broth of the fungus
Penicillium rugulosum.! They were later shown to exhibit immunopotentiating activity and confirmed
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his led to the synthesis of both the natural
products and a number of analogues in which the non-tyrosine amino acid was varied.> In our search for new

marine natural products, we have developed a collection strategy that gives priority to soft-bodied sessile

organisms that have no obvious physical defenses. The sponge Microciona
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Eurypamide A (5), [a]p -21.5, was isolated as a colorless white powder, mp. 171-175 °C. The
molecular formula, C,,H;,N4O;, was derived from HRMS data. The *C NMR spectrum indicated that only 18
protons were attached to carbon, leaving 12 attached to heteroatoms. The IR spectrum contained broad bands
at 3310 (-OH, -NH, COOH) and 1665 cm™ (amide, guanidine), that suggested the peptidic nature of the
molecule. The UV spectrum contained absorptions at A,,,, 203 (g 45 000), 231 (sh, € 9670), 271 (g 2450) and
278 nm (sh, € 2380), which were shifted on addition of base to 203 (g 75 000), 240 (s 8300), 280 (£ 3100) and
297 nm (g 3200), indicating the presence of a phenolic residue. The 'H NMR spectrum (Table 1) contained
signals at  5.95(d, 1 H,J=2 Hz), 6.68 (dd, 1 H, /=8, 2 Hz), and 6.85 (d, 1 H, /=8 Hz), duc to a
trisubstituted aromatic ring system, and at 6.89 (dd, 1 H,/=8,2 Hz), 7.05(dd, 1 H,J=8,2 Hz), 7.22 (dd, 1
H,J=8, 2 Hz), and 7.43 (dd, 1 H, J=8§, 2 Hz), that can only be assigned to a 1,4-disubstituted phenyl ring
that cannot undergo free rotation so that each hydrogen experiences a different magnetic environment. An
asymmetrical 1,4-disubstituted aromatic ring is typically found in isodityrosine cyclic tripeptides. In addition
to the ABX systems assigned to o and B protons of the two tyrosine units, the 'H NMR spectrum contained a
series of mutually coupled proton signals at § 4,70 (d, 1 H, J=4.5 Hz), 3.70 (dd, 1 H, /=8, 4.5 Hz), 3.87
(ddd, 1 H,J/=8,7,2 Hz),3.47 (dd, 1 H,J=12.5,2 Hz) and 3.35 (dd, 1 H, J= 12.5, 7 Hz) that, after
correlation with their respective >*C NMR signals using the HMQC data, were assigned to a 3,4-
dihydroxyarginine (DHA) unit. The presence of the guanidine group was confirmed by treatment of

o in ethanol at 100 °C for 14 hr. to obtain the
€ 1n ethanotl at 1Uu "C 101 14 nr. to odbtain tne

corresponding dimethylpyramidyl derivative 9. The HMBC data (Table 1) confirmed these assignments and

9
allowed the connectivities through the amide bonds in the 17-membered ring to be defined. Thus, eurypamide

Al

The absolute configurations at C-2 of the Tyr and DOPA units were determined to be S by ozonolysis
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Table 1. NMR data (300 MHz, MeOH-d,) for eurypamide A (5).

C# & 6y mult,J(Hz) HMBC NOESY
DOPA
1 1685
2 542 415 4,6 C-1,C4 H-3a, H-3b
3 36.8 298 dd, 15,6 C-1,C-2,C4,C-5 H-3b, H-9
3.20 4,15 C-4 H-3a, H-5
4 1248
5 117.0 595 4,2 C-3,C-6,C-7,C-9 H-3b, H-6', H-8'
6 150.0
7 1476
8 1174 6.85 d, 8 C-4, C-6,C-7 H-9
9 1253 6.68 dd, 8,2 C-3,C-5,C-7 H-3a, H-8
Tyr
' 1753
2 555 478 dd,125,3 C-1,C-1",C-3,C-4 H-3', H-5'
3 399 270 t,12.5 C-1',C-2",C-4', C-5,C-9 H-3'b, H-5'
346 dd,125,3 C-2',C-4,C-5,C-9 H-2', H-3'a, H-5'
4 136.0
5 1319 743 dd,8,2 C-7,C-9 H-2', H-3'b, H-6'
6 1236 7.05 dd,8,2 c-4,C-7,C-8 H-5, H-5'
7T 1551
§ 1228 6.89 dd,8,2 C-4,C-6,C-T H-5, H-9
9 1333 722 d4d,8,2 c-5,C-7 H-3'a, H-8', H-2"
DHA
1" 1693
2" 557 470 d,4.5 C-1,C-1",C-3", C-4" H-9', H-3"
3" 752  3.70 dd, 8,4.5 Cc-1",C-2",C-4", C-5" H-2", H-4"
4" 714 387 ddd,8,7,2 H-3", H-5"a,b
5" 458  3.35 dd,12.5,7 C-4",C-6" H-4", H-5"b
3.47 dd,125,2 C-6" H-4",H-5"a
6" 1597
of eurypamide A (5), hydrolysis of the residue and derivitization of the amino acids produced to obtain L-
aspartic acid as the only standard amino acid. The relatively rigid ring system of eurypamide A (5) resulted in
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Tabie 2. 'H NMR data for the acetonide 1.
C# 8, mult,J (Hz) 8, mult., J(Hz) NOESY
(MeOH-d,) (DMSO-d,) (DMSO-d)
DOPA
2 4.19 d,6 4.01 brs H-3, NH"”
3 298 dd, 15,6 290 m,2H H-2, H-5, H-9, NH"
3.20 4,15

5 595 4,2 5.76 d,2 H-3, H-6', H-§'

8 6.84 d,8 6.79 d, 8 H-9, OH-7

9 6.66 dd, 8,2 6.67 dd,8,2 H-3, H-8
OH-7 932 s H-8
Tyr

2 4.65 dd, 12.5,3 4.52 ddd, 13,10, 4 H-3'b, H-5'

3 269 1,125 266 brt 13 H-3'b H-O'

3.39 dd, 12.5, 3 3.26 dd, 13,4 H-2', H-3'a, H-S'

5 7.43 dd,8.2 7.34 dd, 8,2 H-2', H-3'b, H-6'

6 7.05 dd, 8,2 6.97 dd, 8,2 H-5, H-5'

8 6.89 dd, 8,2 6.70 dd, 8,2 H-5, H-9'

9 7.24 dd, 8,2 725 dd,8,2 H-3'a, H-8', NH'
NH' 7.99 d,10 H-9, H-2"
DHA

2" 456 d,9.5 446 1,9 H-5", NH'

3" 428 dd,9.5,5.5 421 dd, 9,4.5 H-4", H-8", NH"

4" 430 m 4.15 m H-3", H-8"

5" 330 m,2H 3.15 m2H H-2"

8" 1.37 s,3H 1.26 s,3 H H-3", H-4", H-9"

9" 157 s,3H 145 s,3H H-8"

NH 8.37 4,9 H-2, H-3, H-3"
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dimethoxypropane and p-toluenesulfonic acid in DMF produced the corresponding acetonide 10, which was
used to determine the stereochemistry of the DHA side chain. Both H-3 and H-4 showed nOe correlations
(Table 2) to the same acetonide methyl group, which requires that the DHA unit be assigned the (3S,4R) or
(3R.48) stereochemistry. The relatively large (9 Hz) coupling constant between H-2 and H-3 and the lack of
an nOe between these signals suggested an absence of free rotation about the 2,3 bond. Molecular modeling
of all potential diastereoisomers using PC Model indicated a preferred stereochemistry for the (2S5,35,4R)
conformation of the DHA side chain that placed the guanidinium group of the DHA side chain adjacent to the
carboxylic acid of the Tyr unit, as might be expected if there is an electrostatic interaction between the two
functional groups. All of the expected nOe correlations for the (25,35,4R) conformation were observed and all
other possible streochemistries were eliminated. The amino acid (25,3S,4R)-3 ,4-dihydroxyarginine has not
been reported previously.

Although we were unable to separate and characterize the three components of a mixture of
isodityrosine cyclic peptides, eurypamides B - D, we were able to determine the structures as 6-8. In the 'H
NMR spectrum of the mixture, the signals in the aromatic region clearly indicated the presence of
isodityrosine derivatives and some idea of the complexity of the mixture was apparent from the observation of
three signals associated with H-5 of the DOPA unit at § 5.94, 5.97, and 5.99 in a 3:1:1 ratio. Methyl signals at
51.16(d,3 H,J=6.5Hz)and 1.13 (d, 3 H, J= 6.5 Hz) in a 3:1 ratio, which were coupled to signals at 4.18
and 4.09, respectively, suggested that two of the cyclic peptides contained threonine or allothreonine residues.
The FABMS spectrum contained a peak at m/z 444.1753, which corresponds to the molecular formula
C,,H N0, [M+H]" for an isodityrosine tripeptide containing threonine or allothreonine, and a second peak at
m/z 430.1620, which corresponds to the molecular formula C;,H,,N;0, [M+H]" for an isodityrosine tripeptide
containing serine. Using low resolution negative ion MS/MS, both molecular ion peaks at m/z 442 and 428
gave rise to fragment peaks at 398, due to loss of the variable side chain, and at 354, resulting from a further
loss of the carboxylate group, which is identical to the pattern arising from similar treatment of eurypamide A
(5). Hydrolysis of the peptide mixture followed by formation and analysis of the N-pentafluoropropionyl
isopropyl ester derivatives by GC-MS using a Chirasil-Val column revealed that the major amino acid was L-
threonine, from eurypamide B (6) and the minor amino acids were L-serine and L-allo-threonine, from
eurypamides C (7) and D (8) respectively. Ozonolysis of the peptide mixture foliowed by hydrolysis,
derivatization and GC-MS analysis again showed that L-aspartic acid was produced from the tyrosine residues.

Eurypamides A - D (5-8) were not cytotoxic or antimicrobial in our in house assays and showed no
activity in two antiinflammatory assays.*> Although eurypamides A - D (5-8) have not been reported

previously as natural products, eurypamide C (7) has been synthesized.®
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EXPERIMENTAL SECTION

Animal Material: A sample of the fragile coffee colored sponge Microciona eurypa (de Laubenfels, 1954)
was collected by hand in shallow water (-1 m) at Ngeruktabel Marine Lake in Palau. A specimen of the
sponge (Collection # 96-030) has been deposited in the SIO Benthic Invertebrate Collection (# P-1171).
Extraction and Isolation: The frozen sponge (880 g wet weight) was diced and extracted with MeOH (2 x
1L) at room temperature. The methanol extract was concentrated to an aqueous suspension (50 mL) that was
diluted with H,O (50 mL) and extracted with CH,Cl, (2 x 250 mL). The aqueous extract was freeze dried and
the residue was desalted by repeatedly washing with MeOH and removing the salt by filtration to obtain an
oily residue (4.8 g) that was dissolved in H,O (15 mL) and loaded onto a preparative C,4 cartridge (10 mL).
Elution with a gradient of 0-100% MeOH in 0.05% aqueous TFA solution gave fractions that were monitored
by TLC on C,; plates. The peptide mixture (185 mg), which gives a yellow spot with ninhydrin, eluted with
5% MeOH in 0.05% aqueous TFA. Chromatography of this fraction by HPLC on a C,; support using 20%

acetonitrile in 0.1% aqueous TFA as eluant gave eurypamide A (5, 36 mg, 0.0041% wet weight) and a mixture
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Mixture of eurypamides B - D (6-8): Colorless powder; HREFABMS m/z 430.1620 (M+H)" (calcd for

C, H,N;05, 430.1614), m/z 444.1753 (M+H)" (caled

LESAVER R0 8 iva i xa i

or C,,H, N.O- AAA.I77I\ LRMS/MS m/z 428 - 398
OF CapliagiNgUg, 4441/ /1), LIKMS/VIS B/Z 228 28,

354, m/z 442 ~ 398, 354.
Preparation of dimethylpyrimidyl derivative 9 of eurypamide A: A solution of 2,4-pentanedione (0.2 mL)
in EtOH (2 mL) was slowly added to a solution of eurypamide A (5, 5 mg, 9.4 pmol) and NaHCO; in H,0

(0.5 mL) and the mixture was heated under reflux for 14 hr. using an oil bath heated to 100 °C. The solvent
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as evaporated under vacuum and the residue dissolved in H,O (5 mL), then washed with Et,0 (2 x 8 mL) and
CH,Cl, (2 x 8 mL). The agueous phase was brought t

e solvent was
lyophilized. The residue was chromatographed on a C,; reversed phase cartridge (3 mL) using 15% CH,CN in
0.1% aqueous TFA as eluant to obtain the dimethylpyramidyl derivative 9 (4 mg, 71% yield): '"H NMR (400
MHz, CDCl;) 3 7.42 (dd, 1 H,J=8,2 Hz), 7.22 (dd, 1 H, J= 8,2 Hz), 7.05 (dd, 1 H, /= 8, 2 Hz), 6.89 (dd, 1
H,J=8,2Hz),6.84 (d,1 H,J=8 Hz), 6.66 (dd, 1 H,J=8,2 Hz), 6.60 (s, 1 H), 5.95(d, 1 H, J=2 Hz), 4.85
(dd, 1 H,J=12.5,3 Hz),4.80 (d, 1 H, /J=4.5Hz),4.10(dd, 1 H,J=6,2 Hz),3.93 (td, 1 H, /=8, 4 Hz), 3.69
(brd,2H,J=4Hz),3.66 (dd, 1 H,J= 8,4 Hz),3.44 (dd, 1 H,J=12.5, 3 Hz), 3.22(dd, 1 H, J= 15, 2 Hz),
2.95(dd, 1 H,J=15,6 Hz), 2.70 (brt, 1 H, J=12.5 Hz), 2.36 (s, 6 H).

Preparation of acetonide 10 from eurypamide A: 2,2-Dimethoxypropane (400 pl.) was added to a stirred
solution of eurypamide A (5, 6 mg, 11 pumol) and p-toluenesulfonic acid (2 mg, 10 pumol) in dry DMF (2 mL)
and the solution was heated at 50-60 °C for 4 hr. under an atmosphere of dry N,. Pyridine (20 pL.) was added
and the excess reagent was removed in a stream of dry N,. The residue was transferred to a C,4 cartridge (3

mL) and eluted with 33% MeOH in H,O to obtain the acetonide 10 as an oil: 'H NMR (300 MHz, MeOH-d,

1L\
2510).

Hydrolysis of peptides and analysis of hydrolysates by chiral GC-MS: A solution of the mixture of cyclic
peptides 6-8 (800 pg) in 6N HCI (500 ul.) was heated in a sealed conical vial at 110 °C for 15 hr. The solvent
was removed in a stream of N, and the residue was dissolved in i-PrOH (400 uL) to which was added acety!

chloride (100 pL). The vial was resealed and the solution was heated at 100 °C for 1 hr. Excess reagents were

=

removed under N, and the residue was redissolved in CH,Cl, (400 uL) and pentaﬂuoroproplomc anhydride

analysed by GC-MS using a Chirasil-Val capillary column to obtain peaks that corresponded in both retention
times and mass specta to L-threonine, L-serine and L-allo-threonine

Ozonolysis of eurypamide A (5) and peptide mixture 6-8: In separate experiments, a stream of ozone in O,

was bubbled through cooled solutions of eurypamide A (5, 1 mg) or the peptide mixture 6-8 (1 mg) in MeOH

%"
?

then allowed to stand at room temperature e solvent was removed under a stream of N, and the

e for
ozonolysis products were h_ydrolyzed and derivatized as described above. The derivatized hydrosylates were

£
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time and mass spectrum.
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