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Keramamides K and L, New Cyclic Peptides Containing

Unusual Tryptophan Residue from Theonella Sponge
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Abstract: Two new cyclic peptides, keramamides K (1) and L (2), with an
unusual tryptophan residue have been isolated from an Okinawan marine sponge

Theonella sp., and the structures including absolute stereochemistry were elucidated

on the basis of 2D NMR and FABMS/MS data and degradation experiments.
© 1998 Elsevier Science Ltd. All rights reserved.

Recently many cyclic peptides and depsipeptides possessing unique structures and interesting
biological activities have been isolated from marine sponges.! In our continuing search for bioactive
substances from marine organisms,™ we previously isolated a series of novel cyclic peptides, keramamides
A ~ H and J, from Okinawan marine sponges Theonella sp.*” Further investigation on extracts of the other
Theonella sponge resulted in the isolation of two new cyclic peptides, keramamides K (1) and L (2).
Keramarnide K (1) was a thiazole-containing cyclic peptide possessing a 1-methyltryptophan residue, while

eramamide L (2) was a cyclic peptide having an ureido bond and a 6-chloro-N-methyltryptophan residue.

raima [slands, Okinawa, was
partitioned between EtOAc and water. The EtOAc soluble materials were subjected to a silica gel and a LH-
20 columns followed by reversed-phase HPLC on ODS to afford keramamides K (1, 3 x 10* %, wet
weight) and L (2, 1 x 10* %) as colorless amorphous solids together with keramamides A (4) ~ H and J
3).
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positn. Sy e positn S, S
CHO 7.99 8 1615 d 5 7.89 S 1234 d
Ise CO 171.3 s 7 167.8 s

(1] 3.97 m 70.1 d 9 5.26 m 517 d
B 3.51 m 413 t 10 9.03 d, 9.0
3.09 m 11 162.1 s
OH 5.90 d, 54 12 196.7 s
B-NH 7.90 m 13 5.26 m 60.0 d
lle CO 1704 s 14 8.62 d, 7.6
NH 7.62 d, 9.2 15 2.35 " 36.2 d
o 4.21 m 562 d 16 0.96° ¢, 6.8 16.1 ¢
B 1.70 m 372 d 17 1.28 m 233 t
¥-CH, 0.84° m i53 ¢q i8 0.86° m ii.8 ¢q
vCH, 142 m 243 19 370" m 72.5 t
1.02 m 20 349 s 584 ¢
&CH3 0.83 m 11.2 q (1-Me)Trp CO 167.0 s
Dpr CO i70.1 s NH 820 m
o-NH 8.31 d, 7.5 Qo 4.44 m 583 d
o] 4.28 m 510 d B 3.38 m 28.7 t
B 3.66 m 40.6 t 3.09 m
2.75 m I’-CH,3.29° s 313 g
B-NH 7.98 m 2 8.46 S 129.6 d
Ala CO 175.3 s 3 1142 s
NH 7.82 m 4 8.15 d, 75 1212 d
o 4.56 mi 48.4 d 5 7.21 t, 7.5 1224 d
B 1.41° d, 7.1 16.9 ¢q 6’ 7.23 t, 7.5 123.0 d
1 1644 s 7’ 7.50 d, 75 1126 d
2 6.81 d, 15.1 1236 d 8’ 137.2 s
3 7.42 d, 15.1 1328 d 9’ 1256 s
4 149.2 s
“3H. "2H.
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C,HN ,0,,S by HRFABMS [m/z 937.4217 (M+H)', A -2.5 mmu]. Amino acid analyses of the
hydrolysate of 1 revealed 1 mol each of alanine (Ala), isoleucine (Ile), isoserine (Ise), and 2,3-
diaminopropionic acid (Dpr). Comparison of 'H and *C NMR data (Table 1) of 1 with those of
keramamide J (3) suggested that 1 possessed an (O-methylseryl)thiazole (C-1-N-10, C-19, and C-20) and
a 3-amino-4-methyl-2-oxohexanoic acid moieties (C-11-C-18). Signals due to a tryptophan residue [aC; &
58.3 (d), BC; 8 28.7 (1), C-2’; 8 129.6 (d), C-3’; & 114.2 (s), C-4’; § 121.2 (d), C-5’; 8 122.4 (d), C-6"; &
123.0 (d), C-7’; 8 112.6 (d), C-8’; & 137.2 (s), C-9’; & 125.6 (s)] were observed in the 13C NMR
spectrum, and the 1H and '*C NMR data indicated the presence of an N-methyl group (8 3.29; 8 31.3).

spectr VIR data indicated the pre an group
The N-methy! proton showed the NOESY cross-peaks for H-2’' and H-7’ on the tryptophan residue,
indicating the presence of a i-methyliryptophan [(‘-Mc)Tr‘ ] residue. C,; HPLC analyses of the

hydroiysate of 1 with 6 N HCI in the presence of phenol and mercaptoethanol revealed that 1 had 1 mol of a
(1-Me)Trp residue.

Evidences for amino acid sequence of keramamide K (1) were provided by NOESY and FABMS/MS
data. The presence of a segment, Ise—Ile—~Dpr—Ala, was deduced from NOESY cross-peaks for aH-
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Figure 1. FABMS/MS Fragmentations of Keramamide K (1) (Precursor ion, m/7 937)

Ise/NH-lle, aH-lle/aNH-Dpr, and oH-Dpr/NH-Ala. The NOESY correlation for aH-Ala/NH-14
indicated that the Ala residue was attached to the NH-14 of the 3-amino-4-methyl-2-oxohexanoic acid
residue. Furthermore, the FABMS/MS spectrum of 1 [precursor ion, m/z 937 (M+H)"] showed product
ions corroborating the amino acid sequence as shown in Figure 1.

Absolute configurations of Ile, Dpr, and Ala residues were determined as all L-configurations by

s D-form. The o-keto R amino acid portion (C-11 ~

S LSTAVIAIL, AT WTA LR

C-18) was transformed into Ile by treatment of 1 with H,0,/NaOH followed by acid hydrolysis. Chiral
HPLC analyses of Ile in the degradation product revealed to be L-form. The stereochemisiry at C-9 was
deduced to be L-configuration from chiral HPLC analyses of O-methyiserine [(O-Me)Ser] generated by
ozonolysis of 1 followed by acid hydrolysis. The (1-Me)Trp residue was assigned as L-configuration by
C,, HPLC analyses of (l-fluoro-2,4-dinitrophen-5-yl)-L-alaninamide (FDAA) derivatives® of the
hydrolysate obtained as described above. Therefore the structure of keramamide K was determined to be 1.

HRESIMS data [m/z 927.4541 (M+H)*, A +0.6 mmu] of keramamide L (2) indicated the molecular

formula to be C,,H,;N,O,Cl. Amino acid analysis of the acid hydrolysate of 2 showed the presence of 1

mol of lysine (Lys) and 2 mol each of leucine (Leu) and phenylalanine (Phe). The 'H and "*C NMR data

(Table 2) of 2 were very close to those of keramamide A (4) except for lack of the phenolic hydroxy proton
‘S USSP PUNIPRIIR TRUUN, RUNPRSRRENP: S-S 4 1 i

signal (3,, 9.13 brs) of 6-chloro-5-hydroxy-N-methyltryptophan observed for 4. H-'H COSY,

HOHAHA, HMQC, and ROESY data suggested that the N-methyltryptophan residue in 2 was substituted

by chloline atom at C-6. The gross structure of keramamide L (2) was elucidated mainly by analysis of

FABMS/MS product ions obtained from m/z 927 as a precursor ion (Figure 2). The characteristic product
ion peaks at m/z 762 and 736 were attributed to fissions at the ureido bond between Phe” and Lys residues.
Chiral HPLC analyses of the acid hydrolysate of 2 revealed that Phe, Leu, and Lys were L-forms.
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positn. S, O positn. Oy o
Phe' CcO 170.8 s Leu* &-CH, 0.36" d 66 226 q
NH 6.13 m 3-CH, 0.20 d 6.6 199 ¢
o 4.51 m 547 d Leu co - 173.1 s
B 3.22 m 380 t NH 8.50 d, 5.1
2.73 m o 4.23 m 50.8 d
1 138.2 s B 1.54* m 399 t
2,6 7.05 m 128.8° d Y 1.73 m 229 d
3,5 7.30-7.15 m 128.3¢ d -CH, 0.89° d, 66 228 gq
4 7.30-7.15 m 126.8 d 6-CH, 0.85° d, 66 21.8 q
MeCup CO 170.3 s Lys (68) 172.0 s
N-CH, 1.90* S 275 q oNH 6.40 m
o 4.73 m 61.5 d o 3.88 m 545 d
B 3.12 m 224 t B 1.40° m 320 t
2.81 m Y 1.53¢ m 202 t
1 11.02 brs o 1.40° m 29.0 t
2 6.99 brs 1235 d £ 3.58 m 384 1t
3 1145 s 2.84 m
4 7.57 d, 84 1223 d eNH 7.38 m
5 6.98 d, 8.4 1203 d ""(Zurelao) 156.8 s
6 128.3 s Phe CO.H 173.5 s
7 7.35 brs 1132 d NH2 8.79 d, 9.1
8 i37.4 s 4.19 m 535 d
9 125.3 s ,B 2.97 m 373 d
Leu’ CO 1723 s 2.88 m
NH 8.50 d, 5.1 i 137.3 s
a 4.04 m 470 d 2,6 7.30-7.15 m 129.2° d
B 0.92 m 37.6 t 3,5 7.30-7.15 m 128.1°¢ d
-0.61 m 4 7.30-7.15 m 1265 d
¥ 1.25 m 222 d

“2H. "3H. “2C.
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The 6-chioro-N-methyitryptophan (MeCtrp) residue was deduced to be L-configuration from chiral HPLC
analyses of N-methylaspartic acid [(N-Me)Asp], which was obtained by ozonolysis of 2 followed by acid
hydrolysis.” Thus the structure of keramamide L was assigned as 2.

Keramamide K (1) is a new thiazole-containing cyclic peptide possessing a (1-Me)Trp residue, while
keramamide L (2) is a new cyclic peptide having an ureido bond and a MeCup residue. The peptide
containing a (1-Me)Trp residue like keramamide K (1) is very rare from natural sources, although only one

peptide, chetomin'® from the fungi Chaetominium cochliodes, has been reported. On the other hand,

keramamide L (2) is the first peptide with a MeCtrp residue from natural origin. Keramamides K (1) and L
Ve hY . il iy ~ e M T191N PeY 1 1 Mo T n-=7
2 toxicity nst L1210 murine leukemia cells (IC,,, 0.72 and 0.46 ug/mL, respectively)

a JASCO DIP-370 polarimeter. UV

General Procedures. Optical rotations were observed usin

al Procedures. tical rotatio ga

and IR spectra were taken on JASCO Ubest-35 and JASCO FT/IR-5300 spectrometers, rcspecnvely H
r and JEOL EX-400 spectrometers, respectively

MS-HX/HX 110A tandem mass spectrometer by using

tra were measured on a JEOL SX-102A
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Figure 2. FABMS/MS Fragmentations of Keramamide L (2) (Precursor ion, m/z 927)

Isolation. The sponge Theonella sp. (SS-342) was collected off Kerama Islands, Okinawa, and

kenl frozen until used. The sponge (5 8 ka wet wemht\ was extracted with methanol {7 L x ?\ The

methanohc extract (360 g) was patmoned betwecn M NaCl aq. (800 mL) and ethyl acetate (800 mL x 3).
The EtOAc soluble material (11.6 g) was subjected to a silica gel (CHC1,/MeOH, 85:15), and Sephadex
LH-20 columns (MeOH), and then C,; HPLC [Develosil ODS-HG-5, Nomura Chemical, 10 x 250 mm;
eluent, CH,CN/H,0 (40:60); flow rate, 2.5 mL/min; UV detection at 270 nm] to afford keramarnides K (1,
3x Iﬂ*% wet wemht a 32min)and L (2, 1 x 10 %, . 15 min)

J& 2222227 47 223327,

Keramamlde K (1) Colorless amorphous solid; [OL],,28 25° (c 0.1, MeOH); IR (film) v 3300,

max

m/z 937 (M+H)*; HRFABMS m/z 937 4217 M+H)*, calcd for C,,H,,N,,0,,S, 937. 4242
Keramamide L (2). Colorless amorphous solid; [OL]D22 -60° (¢ 0.1, MeOH); IR (film) v, 3250
(hr\ 2980, 1720, and 1650 t‘ml uv (MPOH\ 7\ 213 (e IR()O()\ 285 (2300, 297 (IR()ﬂ\ and '%(ﬁ (sh)

7y &F0OU J L0, alil ROV LI WWYALRATZ ) Aoy, & 20 (& 10UV &0 (&), &7 LEOAVAY gl V0

nm; 'H NMR (Table 1); ESIMS m/z 927 and 929 [(M+H)+ ca. 3 1]; HRESIMS m/z 927. 4541 (M+H)’r
caled for C,;H,,N,0,”°Cl, 927.4535.
Amino Acid Analysis by Chiral HPLC. Keramamide K or L (I or 2, each 100 pug) was

dissolved in 6N HCI (100 pL) and heated in a sealed tube at 110 °C for 24 h. Chiral HPLC analyses were
carried out using a SUMICHIRAIL, QA-5000 column [Sumitomo Chemical Industry; 4 x 150 mm; 40 °C,

detection at 254 nm]. Retention times (min) of authentic amino acids were as follows: L-Lys (12.0) and D-
Lys (13.6) [eluent: H,O containing 1.0 mM CuSO,, flow rate 0.2 ml/min]; L-Ala (6.6), D-Ala (9.6), L-
Dpr (9. 4) and D- Dpr (10 0) [eluent: H,O containing 1.0 mM CuSO‘,, flow rate 1.0 mL/min] L-Leu (4.8),

) 3] N fII A\ T 1. 711 need ™ A1 Yl‘/1=")\
D-Leu (6.4), L-Phe (8.8), D-Phe (11.4), L-lle {11.0), allo-L-lle {10.0), D-Ile {18.4), and D-allo-lle {15.2)

[eluent: MeOH/H. O (15:85) contain _o 20 mM (‘IIQO flow rate 1.0 ml/min]; L-Ise (39.2) and D-Ise

A i O R D L. 2ILVE ROV 110 Lol L 1L

(64.8) [eluent: McOH/H_O (25:75) containing 2.0 mM CuSO4, flow rate 1.0 mL/mm] Retenuon times of
the hydrolysate of 1 were as follows: L-Ala (6.6), L-Dpr (9.4), L-Ile (11.0), and D-Ise (64.8). Retention
time of the hydrolysate of 2 were as follows: L- Lys (12 0), L-Leu (4.8), and L- Phe (8. 8)

............. M 12 £ 1 1NN 15\ wyn
Uc“:l'lllllldl.lull Ul lllt: chlcU\.llCllllblly dl =iJD U I ¥ x\cuulwuluuc I\ \1, 1uv p.s) wa,

ated with S % NaOH (0.5 mL) and 30% H,O, aqueous solutions at 65 °C for 45 min. The reaction

nuxture was hydrolyzed with 6N HCl at 110 °C for 24 h. The hydrolysate was subjcctcd to chiral HPLC
analyses as described above, and the retention time of lle in the hydrolysate was 11.0 min (L-Ile).

wr



Determination of the
keramamide K (1, 200 pg) w
mixture was treated wlth 6N HC at 1
anlyses [SUMICHIRAL OA-5000, 4 x

tereochemistry at C-9 in 1. To a MeOH solution (0.5 ml) of
a stream of ozone at room temperature for 1 min. The reaction
°C at 24 h, and the hydrolysate was subjected to chiral HPLC

150 mm; 40 °C, flow rate, 1.0 mL/min; eluent: H,O containing 1.0

mM CuSO,]. The retention times of authentic L- and D-(0-Me)Ser were found to be 8 2 and 1i.6 min,
respectively. The retention time of (O-Me)Ser in the degradation product was found to be 8.2 min [L-(O-

Me)Ser].
Determination of the Stereochemistry of (1-Me)Trp. Keramamide K (1, 200 pg) was

treated with 6N HCI (100 uL) contammg 0.05% phenol and 2% mercaptoethanol at 150 °C for 1 h. The

hesdenluyonta werne esan tad -..‘I,. 10 ET\ A PR Py ¢ - SR R LY B S PN & 7o 7e UDREEERYS e U PR e
hydrolysate was reacted with 1% FDAA solution in acetone (5 }LL) ana iMm NanlU; aq. (iU L) at room
temperature for 15 h. After addition of 2N HCI (5 pL) and then evaporation of the solvent, the reaction

rmxture was dissolved in DMSO (50 pL) and MeOH (150 uL). The FDAA cIenvatlves vof L- and D-(1-
Me)Trp'' were prepared by the same procedure as described above. The FDAA derivative of the
hydrolysate of 1 was subjected to C,; HPLC analyses usmg Inatosil ODS-2 column (Gl Science Inc., 4.6 x
T8N s nnAd tha fAllniciionas aradiamt ne~araies o NP Y. S — PUNLEPE TR .

150 mm) and the following gradient prograimn; solvent A, acetonitrile; solvent B, 50 mM triethylammonium
phosphate (pH 3.0); time (min)/A(%)/B(%), 0/10/90, 40/60/40; flow rate, 1.() ml /min; detection at 340

;1;1" Retentlon times of the FDAA denvatlves of authennc L- and D-(1- Me)Trp were 28.7 and 30.9 min,
respective]y The retention time of FDAA derivative of (1-Me)Trp in the hydrolysate of 1 was found to be
28.7 min [L-(1- Me)Trp]

néneeeraizendia ~nf dhhn Qénennbcennlbane NA Ve ) 7P RN JE ¢ 77 NN o0 — ~INIT
Determination of the Stereochemistry of MeCirp. Keramamide L (2, 300 iig) in AcOH
(300 uL) was treate wilh ozone at -78 °C for | min. After remove of excess ozone by a stream of

nitrogen, the mixture wa-s-treated with 30% H,0, (300 uL)- ;t room t—emperature for 3 hv The reaction
mixture was hydrolyzed with 6N HCI (100 pL) at 110 °C for 5 h. The hydrolysate was subjected to chiral
HPLC ana}yses [SUMICHIRAL OA-5000, 4 x 150 mm; 40 °C, flow rate, 1.0 mL/min; eluent: H,O

Farass e T ot Ty o et bl mnan ~AF At s | K' AANA oo oo A oe ﬁ’)
containing 2.0 mM CuSG,]. The retention times of authentic L- and D-(N-Me)Asp were found to be 23.5
and 18.6 min, respectively. The retention time of MeAsp in the d_f.'.g-_dat!on product of 2 was found to be

23.5 min [L-(N- Me)Asp]

Acknowledgements We thank Mr. K. Watanabe GC-MS & NMR Laboratory Faculty of

] ol Ifn.- raro far manciiranianés EQIRC 7T Nagahama i I..
Agriculture, Hokkaido University, for measurements of ESIMS, Mr. Z. Nagahama for his help with
n

aid ni
and Dr. J. Fromont, Western Australian Museum, for identification of the sponge. This

part];/" -I)ported- by a Grant in-Aid for Scientific Research from the Naito Foundation and a

s
Grant-in-Aid for Scientific Research from the Ministry of Education, Science, Sports, and Culture of

References
Faulkner, D. J. Nat. Prod. Rep. 1997, 14, 259-302 and see the previous reviews.
Kobayashi, J.; Suzuki, M.; Tsuda, M. Tetrahedron 1997, 53, 15681-15684.

1
2.
3. Kobayashi J.; Watanabe, D.; Kawasaki, N.; Tsuda, M. J. Org. Chem. 1997, 62, 9236-9239.
A
4

Catr AA T lhilanohs St Jal-neriasnn ot oaninad ML

!\UUdydblu, J .y Dato, LVI 'y lblllUdblll, LVI . omgcuwu ﬂ o chu‘.dllluld, l . umLuuu, l J R, ».)UL .

Perkin Trans. 1 1991, 2609-2611.

5. Kobayashi, J.; Itagaki, F Shigemori, H.; Ishibashi, M.; Takahashi, K.; Ogura, M.; Nagasawa, S.;
Nakamura, T.; Hirota, H.; Ohta, T.; Nozoe, S. J. Am. Chem. Soc. 1991, 113, 7812-7813.

6. Itagaki, F.; thgemorl, H., Ishlbashx, M.; Nakamura, T.; Sasaki, T.; Kobayashi, J. J. Org. Chem.

1992, 57, 5540-5542.

7. Kobayashi, I.; Itagaki, F.; Shigemori, H.; Takao, T.; Shimonishi, Y. Tetrahedron 1995, 51, 2525-
2532.

8. Marfey, P.; Carlsberg Res. Commun. 1984, 49, 591-596.

9. Ishibashi, M.; Li, Y.; Sato, M.; Kobayashi, J. Nat. Prod. Lett. 1994, 4, 293-296.

10. Geiger, W. B. Arch. Biochem. 1949, 21, 125-135 and references cited therein.

11. Yamada, S S..i.\l.is T.; Itaya, T.; Hara, T;; Matsueda, R. Chem. Pharm. Bull. 1965, 13, 88-93.



