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A novel cyclic peptide, callynormine A, was isolated from the Kenyan marine sponge Callyspongia abnormis and its structure elucidated by
interpretation of its NMR data and X-ray diffraction analysis. Callynormine A represents a new class of heterodetic cyclic peptides (designated
endiamino peptides) possessing an a-amido-f-aminoacrylamide cyclization functionality.

Nonribosomal cyclic peptides and depsipeptides are a largecollected by scuba (26 m), we isolated callynormine AL(
group of compounds known from microorganisms (first 18 mg, [op —19 (c= 0.01, MeOH), mp> 300°C, 0.05%
reported fronfFusariumandStreptomycgsas well as marine  dry weight) following solvent partition and Sephadex
organisms. 2 In fact, it is suggested that marine peptides LH-20 and RP-18 HPLC chromatographies. The FABMS
also originate from symbiotic microorganisms living within  of compoundl exhibited a pseudomolecular ion [M H]*

the marine invertebraté$. These nonribosomal peptides are atnvz 1188 which is consistent withggHgsN11013. A peptide

a large family of natural products, with a considerable variety structure was evident from the NMR data (in deuteriometha-
of unusual amino acids and other building blocks, that nol) (Table 1), i.e., the appearance of 11 carbonysi(70.5,
include many medicinally important compourfdsA recent 172.6,173.6,174.6,174.7,174.9, 175.0, 175.1, 175.4, 176.3
review by Matsunaga and Fusefasiranged these (over 190) and 178.2 ppm) and 1&@-amino acid carbon atom resonances
marine peptides according to structural classes based on thédc 51.2, 53.1, 53.6, 56.7, 62.1, 63.5, 64.2, 64.7, 66.3 and

IUPAC—IUB (biochemical nomenclaturé)Accordingly,
compoundl belongs to the heterodectic cyclic peptides.
From the southern Kenyan (Shimoni reef) spogly-
spongia (Cladochaline) abnormfBulitzer-Finali) (KB1010)
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64.4 ppm—all doublets carrying protons resonating in the
Oy 4.17—4.96 ppm range). The absence of the eleventh
o-methine or methylene group is explained below. In

addition, the NMR spectra established the presence of 10
methyl groups (four isopropyl groups, an-Houblet and an

(3) Munro, M. H. G.; Blunt, J. W. Marine Literature Database, Depart-
ment of Chemistry, University of Canterbury.

(4) Fusetani, N.; Matsunaga, Shem. Rev»1993,93, 1793—1806.

(5) Fusetani, N.; Matsunaga, Surr. Org. Chem.2003,7, 945—966.

(6) The nomenclature of amino acids and peptides is located at http://
www.chem.gmul.ac.uk/iupac/AminoAcid/.



Table 1. 'H and!3C NMR Data of Callynormine A

mult
(Sc 5H (J, HZ) (5(; (SH mult
llet 4 265 169 m
CcO 175.4 183 m
2 66.4 437 m 5 511 341 m
3 39.2 1.98 m 365 m
3Me 17.6 108 d(6.8) Leu’
4 24.3 111 m CcO 176.3
1.31 m 2 53.1 496 dt (3.7,
9.8)
4-Me 123 092 t(7.9) 3 426 1.90 m
NH 558 m 200 m
Hyp? 4 268 183 m
CcO 174.9 4-Me 219 098 d(6.7)
2 64.2 440 m 4-Me 24.0 1.05 d(6.6)
3 28.5 2.08 m NH 7.84 d(9.5)
231 m FGly®
4 71.3 457 m CO 170.5
5 57.1 3.72 d(11.1) 2 100.5
401 dd(36, 3 143.8 7.17% d (5.0
11.3)
Val3 NH 8.64 s
CcO 173.6 Pro®
2 62.1 417 d4.2) CcO 174.7
3 30.9 228 m 2 66.3 457 m
3Me 191 1.05 d(7.3) 3 308 2.08 m
3Me 196 1.05 d(7.3) 228 m
NH 706 d(55) 4 265 218 m
Leut 224 m
CcO 172.6 5 482 361 m
2 512 476 m 3.86 t(8.9)
3 43.2 1.56 m Phel0
1.69 m CcO 174.6
4 26.2 1.69 m 2 56.7 4.61 dt (4.3,
12.2)
4-Me 235 105 d(6.2) 3 389 3.02 t(12.9)
4-Me 235 0.99 d(5.9) 333 m
NH 753 d(7.3) 4 138.8
Pros 5,9 130.6 7.33 d(7.4)
CcoO 175.0 6,8 130.0 7.40 t(7.6)
2 64.7 446 m 7 128.3 7.27 t(7.27)
3 30.4 1.87 m NH 773 m
250 m Leul!
4 27.3 2.08 m CO 178.2
208 m 2 536 446 m
5 49.2 339 m 3 432 163 m
3.77 m 4 263 183 m
Pro® 4-Me 214 097 d(6.7)
co 17501 4-Me 248 096 d(6.8)
2 63.5 4.26 dd(10.0, NH 773 m
7.5)
3 38.9 2.08 m

a Spectra were recorded in MeQdd-at 500 MHz for’3C and'H NMR.
b Changes slowly to a singlet.

Hs-triplet), four CHN groups, a phenyl, a methinoxy
functionality, and, unusually a double bond conjugated to
one of the amide carbonyl groupd(100.5 s, thex-, and
143.8 d, thes-carbon,oy 7.17). The NMR data enabled the
determination of the major segmentslofObtaining suitable
crystals from1, from CHCN, made possible an X-ray

2544

Figure 1. Callynormine A (- - -, hydrogen bonds; bold, the new
class of bond:—, NOE).

diffraction analysis which established the complete structure
of callynormine A, as showit in Figure 1.

As seen herel comprises a cyclic peptide (lle (1) to FGly
(8)) with a linear tripeptide side chain (Pro(9)-Phe-Leu-
OH(11)) joined together by a naturally unprecedented
a-amidog-aminoacrylamide (“dehydropeptidé&functional
group. Evidently, the latter functionality is formed by con-
densation of the aldehyde of FGly, obtained from oxidation
of Ser or Cys, and the N-terminal amino acid amino group
[lle(1)], to give the conjugated acrylamide functionality via

(7) The diffraction measurements were carried out on a Nonius
KappaCCD diffractometer, using graphite-monochromated Mo ridi-
ation (1= 0.7107 A). The analyzed crystalline sample was covered with a
thin layer of light oil and freeze-cooled to ca. 110 K in order to mini-
mize thermal motion effects, possible structural disorder, and to increase
the precision of the results. The crystal structure was solved by direct
methods (SHELXD-97) and refined by full-matrix least-squaresFén
(SHELXL-97)8 All non-hydrogen atoms were refined anisotropically.
Most of the hydrogens were located in idealized positions, and some
from a difference Fourier map. They were refined using a riding model
with fixed thermal parameters [U= 1.2U; (equiv) for the atom to which
they are bonded]. The polypeptide crystallized as biacetonitrile solvate.
Crystal Data: GiHo3N11013:2CH;CN, molecular weight 1270.57, ortho-
rhombic, space group2:2:2;, a = 12.3140(2) Ab = 15.6380(2) Ac =
36.7510(7) AV = 7077.0(2) B, Z= 4, T=110 K, Degic = 1.193 g-cm3,
u(Mo Ka) = 0.08 mnt?, 20 208 measured and 10 714 unique reflections
(Rint = 0.018, 26hax = 50.0°). FinalR1 = 0.073 for 7073 observations
with Fo > 40(Fy), R1= 0.118 (WR2= 0.204) for all unique datdAp| <
0.61 e/R. The benzyl group of the phenylalanine fragment was found
disordered between two differently oriented and equally probable positions.
The acetonitrile crystallization solvent is also affected by partial disorder.

(8) Sheldrick, G. M.; SHELXD-97 and SHELXL-97. Programs for the
SOlution and Refinement of Crystal Structures from Diffraction Data,
University of Géttingen, Germany, 1997.

(9) Svete, J.; Aljaz-Rozic, M.; Stanovnik, B. Heterocycl. Chen1997,

34, 177-193.
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Figure 2. Suggested mechanism for the formation of the cyclization o o
endiamino bond. *A Schiff base intermediate is also possible. P Y Lysor
(from FG:;;\I — NH(CHy)s,,CHO™)
a carbinol amine directly or through isomerization of the 0 NH
Schiff base (Figure 2). Po-mmmmmmmmees Pﬂ/an P, amino acids
According to Murphy’s methdd and the X-ray data, all branched , mone or bicyclic

amino acids are of the-configuration. According to its endiamino peptides

structure, cal_lynorn_wi_ne A belongs to Fhe hetemd_et_ic cyclic Figure 3. Possible cyclic or linear (branched) endiaminopep-
peptide8 as, in addition to the eupeptide bonds, it includes tides R= OR1 or NHR2, or in the case df, cyclic,n =7, R=

a different bond as part of the backbone. We suggest Pro-Phe-LeuOH.

designating this new class of cyclic peptides cyclic endi-
aminopeptides.

The conformation of the cyclic part df in soluion, as probably is the most general of Nature’s peptide groups that
deduced from the NH to ND exchange rate in Me@kl-  impose conformational restraints, theamido-faminoacryl-
resembles the crystal structure. Namely, three NH groupsamide functionality may also serve the same purpose. Pos-
of Leu-(4), lle-(1), and FGly-(8) do not exchange due to sible ways in which the endiamino moiety can be inserted
hydrogen bonds to the amide CO groups of lle-(1), Pro-(5), into peptide structures are shown in Figure 3; e.g., bonds
and Pro-(6), respectively (2.1, 2.2, and 2.0 A in the crystal, may be formed between the aldehyde of FGly and an amino

respectively)! group of Lys or Orn. Other bonds are also possible.
The side chain, however, is mobile and occupies, in addi-
tion to the two crystal positionsanother conformation in Acknowledgment. We thank PharmaMar Madrid for

which the side chain is close to Val(3) and Leu(4). The financial support and Adi Zvirdling, Coral Farm Ltd., Kenya,
latter conformation is suggested on the basis of ROESY for |ogistic support and friendship. Special thanks are due
cross-peaks between Pro(9), of the side chain, and Val(3)to Mr. Charles O. Oduol, Assistant Director of Fisheries,
and Leu(4)? Mombasa, Ministry of Agriculture and Rural Development,

a-Formyl glycine (FGly) has already recently been re- Fisheries Department, Kenya, for issuing the collection
ported for both eukaryotic and prokaryotic sulfataslesated  permit for the research expedition. Shimrit Perkol and Tali
within the catalytic site of the enzynté!“It was shown that  yacohovitch are acknowledged for assistance in the field-
the formylglycine is generated by oxidation of cysteine or \york. The help of Prof. George Sheldrick in solving this
serine and furthermore that the FGly hydrate is covalently gifficult crystal structure is gratefully acknowledged.
sulfated® or covalently phosphorylatétiduring catalysis.

To the best of our knowledge there are no reports of the g nnrting Information Available: NMR data ofL. This

highly likely internal (in_ the catalytic site or closing IOOpfS material is available free of charge via the Internet at
of the enzyme or peptide) or external bonds of the active http://pubs.acs.org.

FGly aldehyde group to amines (e.g., of Lys or Orn) to afford

imines or the acrylamide moiety as i (Figure 3). The  OL0491787

possibility of obtaining the latteo-amidof-aminoacryl-
amide functionality from protected FGly and the free amino  (10) Marfey, P.Carlsberg Res. Commuri984,49, 591-596.-Pro,
group of Ile-OBW was demonstrated in the preparation of --Phe; and-lle were identified by this method.

(11) NH[Leu(7)] does not exchange due to a hydrogen bond to
COI[Pro(6)] (2.7 A in the crystal).

100.2 t (12) ROESY correlations between Leu(4) H-2 and NH to Pro(9) H-5
Bu'O,CHN NH-lleOBu
U2 >/=( and between Val (3) H-2 to Pro(9) H-2.
Bu'oco” +H (13) Dierks, T.; Miech, C.; Hummerjohann, J.; Schmidt, B.; Kertesz,
141.0 7.02d (j=12Hz) M. A.; von Figura, K.J. Biol. Chem1998,273, 25560—25564.

(14) Chruszcz, M.; Laidler, P.; Monkiewicz, M.; Ortlund, E.; Lebioda,

. . L.; Lewinski, K. J. Inorg. Biochem2003,96, 386-392.
A recent patent describes the synthesis of the closely (15) Singh, R.;Zhou‘gN.;Reddy, A.V.N.. Thomas, G.: Ding, Q. Kaleta,

relatedo-amino acid amide¥® Like the disulfide bond, which J.; Micetich, R. G.; Whittaker, M. US Patent 6,635,621 B1, 2003.
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