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Trungapeptins A-C (1—3) were isolated from the marine cyanobacteriugngbya majuscula&ollected from Trung
Province, Thailand. Their gross structures were elucidated by interpretation of spectroscopic data. The absolute
configurations of the amino acids and phenyllactic acid were determined by Marfey's and chiral HPLC analyses,
respectively. The relative stereochemistry of 3-hydroxy-2-methyl-7-octynoic acid (Hmoya) of trungapeptin A was
elucidated by application of th&based configuration analysis, and its absolute stereochemistry was established to be
2S 3R by Mosher’'s method. The structures of compoudds3 are closely related to the antanapeptins, a series of
depsipeptides isolated from a Madagascan collection. afiajuscula

Marine cyanobacteria, especiallyyngbya majuscula have icity, was initially separated by silica gel liquid chromatography.
proven to be an exceptional source of novel potential pharmaceu-Bioassay-guided fractionation by Sephadex LH-20, RP-Sep-Pak,
ticals such as antillatoxihapratoxing;® and kalkitoxin? Interest- and RP-HPLC afforded colorless oils of compoudd81.6 mg),
ingly, secondary metabolites isolated from marine cyanobacteria 2 (4.6 mg), and3 (4.4 mg).
are predominantly lipopeptidésCarmabin A} georgamidé, piti- High-resolution FABMS of trungapeptiri) gave an [M+ H]*
peptolide A? yanucamide8 and antanapeptiffsrepresenta group  peak atm/z 723.4329, corresponding to a molecular composition
of unique cyanobacterial lipopeptides that possess a lipid residueof C,,HsgN,Og, which required 14 degrees of unsaturation. The IR
with terminal acetylene. Such features are also found in molluskan spectrum ofL displayed strong absorption bands at 1734 and 1654
metabolites such as the onchidifisthe kulolides'? and the  cm~1, indicating the presence of ester and amide functionalities,
kulomo’opunalided?® These structural similarities indicated that respectively. Thé3C NMR and DEPT spectra df exhibited six
the natural products found in the molluskan extracts are likely to ester/amide carbonyls and a monosubstituted phenyl ring (Table
be of dietary origin. Herein, we wish to report the isolation and 1) accounting for 10 of the 14 degrees of unsaturation. Fhe
structure elucidation of three new depsipeptides, trungapeptit A NMR spectrum ofl showed two NH signals at5.91 and 7.84 as
(1-3), from a sample oflL. majusculacollected from Trung  ell as an N-Me singlet ab 3.00, characteristic of amino acids
Province, Thailand. The structures of compoufes contain the  ¢ontaining secondary and tertiary amide functionalities, respectively.
unique 3-hydroxy-2-methyl-7-octynoic acid (Hmoya), 3-hydroxy- A series of 1D TOCS¥ experiments followed by a HSQC
2-methyl-7-octenoic acid (Hmoea), and 3-hydroxy-2-methyl-7- experiment led to the identification of the amino acids valine (Val),

octanoic acid (Hmoaa) residues, respectively. N-methylvaline N-Me-Val), proline (Pro), and isoleucine (lleu).
A fifth residue exhibitedH NMR resonances at 7.26-7.32 (H-
2/ 1" 25 to H-29), 3.17 (H-23a), 3.34 (H-23b), and 5.07 (H-22), which
“ “,_N were characteristic of those reported for phenylalanine. However,
39 Jﬁ/ LN the HSQC spectrum showed that H-22 was attached to an
i 0 o \© oxymethine carbon 74.8) and thus more consistent with a
0 5 =0 0 150 o 3-phenyllactic acid moeity. The final residue containing C-1 through
s ~u,0 C-9 was constructed on the basis of the 1D and 2D NMR
'HL H N “ spectroscopic data. Signals in tF&€ NMR spectrum at) 69.2
9 AN T (C-8) and 83.7 (C-7) and 8 NMR resonance ab 1.99 (H-8, t,
HsC 0o J = 2.6 Hz) were diagnostic for a terminal alkyne functionality.

s y HMBC correlations from H-9 to C-1 and C-3 yielded 3-hydroxy-
2-methyl-7-octynoic acid (Hmoya). Since Hmoya and Pro accounted
R = §7_:3 Trungapeptin A (1) for three of four remaining degrees of unsaturation, compdind
must be a monocyclic depsipeptide. Correlations observed between
R= §/\ Trungapeptin B (2) NH-1/C-1, H-20/C-10, H-22/C-15, H-34b/C-21, and NH-2/C-30
led to the sequence Hmoa/Val/N-MeVal/Pla/Pro/lleu. The HMBC
R= §/\ Trungapeptin C (3) correlation observed between H-3/C-35 completed the planar

structure of trungapeptin Alj.

Acid hydrolysis and derivatization df with Marfey’s reagerit

) ) ) followed by HPLC analysis revealed theconfiguration of valine,
A collection ofL. majusculawas obtained from Ratchamonkol  N.Me-valine, proline, andillo-isoleucine residues. The absolute

Beach, Trung Province, Thailand, in April 2002. The organic extract stereochemistry af-3-phenyllactic acid was determined by chiral
of the alga, which exhibited brine shrimp toxicity and ichthyotox-  Hp| C analysisJ-based configuration analy&fsvas employed to

. determine the relative stereochemistry of C-2 and C-3 of the Hmoya
* Corresponding author. Phone: 808-956-9878. Fax: 808-956-5908. ynjt. The2 3Jcy values were measured by either a sensitivity- and

Results and Discussion

E-rpgi#uglaé\;gﬂgghjmsggg;. gradient-enhanced hetero)( half-filtered TOCSY (HETLOC)
* University of Hawaii at Manoa. or a 2D gradient-selected HSQMBC experim&nthe measured
§ Tohoku University. homonuclear coupling constant between H-2 and H-3 was small
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Table 1. NMR Data for Trungapeptin A1) in CDCl;

On (mult.,
unit C/H no. Jin Hz) dc (mult.) HMBC2b
Hmoa 1 172.7 (qC)
2 2.45(qd, 6.9,3.2)  432(CH) C: 1,3,9
3 4.98(dt, 10.1,3.2) 743(CH) C: 1,2,5,35
4a 1.85(m) 28.3(Ch
4ab 1.99 (m)
5a 1.41 (m) 242(ChH C: 7
5b 1.52 (m)
6 2.22 (td, 6.8, 2.6) 17.7 (CH C: 4,5,7,8
7 83.7 (qC)
8 1.99(t, 2.6) 69.2(CH) C:5,6
9 1.17 (d, 6.9) 12.4(CH C: 1,23
val 10 173.5 (qC)
11 461t 9.7) 53.6 (CH) C: 1,10, 12,
13
12 2.05 (m) 31.5(CH) C: 10,11
13 0.95 (d, 6.7) 18.5(Cy C: 11,12, 14
14 0.92 (d, 6.6) 19.6 (CH C: 11,12, 13
NH-1  5.97(d, 9.7) C: 1,11
N-MeVval 15 171.6 (qC)
16 4.42(d, 7.7) 65.4(Ch) C: 10,15, 18,
19, 20
17 2.41 (m) 29.3(CH) C: 15
18 1.06 (d, 6.8) 19.9 (CH C: 16,17
19 1.37 (d, 6.9) 21.1(CH C: 16,17
20 3.00 (s) 30.4(Cy C: 10,16
Pla 21 169.0 (qC)
22 5.07 (dd, 10.5,5.6)  74.8(CH) C: $23
23a 3.17(dd, 12.9,10.5) 38.1 (GH C: 21, 22, 24,
25/29
23b 3.34 (dd, 12.9, 5.6) C: 21,22, 24,
25/29
24 134.0 (qC)
25/29 7.26 (m) 129.7 (CH) C: 23,27
26/28  7.32(m) 129.1(CH) C: 24, 25/29
27 7.30 (m) 127.8 (CH)
Pro 30 170.15 (qC)
31 3.31(d, 7.6) 60.9 (CH) C: 30, 34
32a 0.95 (m) 30.5(CH C: 30
32b 2.13 (br dd, C: 30,33,34
12.6, 6.4)
33a 1.45 (m) 21.7 (CH
33b 1.70 (m)
34a 3.38 (m) 46.4(CH C: 33
34b 3.49 (m) C: 2333
lleu 35 170.01 (qC)
36 4.17 (t, 8.3) 57.6 (CH) C: 30, 35, 38,
40
37 1.85 (m) 34.5 (CH)
38a 1.15 (m) 25.2(Cp C: 37,39, 40
38b 1.37 (m) C: 36,37, 39
39 0.81 (t, 7.6) 10.4 (Cy C: 36,37, 38
40 0.83(d, 6.6) 15.7 (C¥ C: 36,37, 38
NH-2  7.84(d, 8.3) C: 30

a Carbons showing long-range correlation with indicated protons.
bIf not indicated otherwise, correlations were observed after optimization

for "Jey = 7 Hz. “Correlation observed after optimization fden = 4

Hz.

(®Jn2—n3 = 3.2 Hz), and all of the observed heteronuclear coupling
constants for these two protons were medium strength (Figure 1).
Unfortunately, the data corresponded to a mixture of rotamers for Figure 2. (A) Preparation o6a and5b. (B) AS (0s —
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Figure 1. The measuredJyy and 23Jc 4 values of the Hmoya
portion (C-1 to C-9) of trungapeptin Al]. The designated
magnitude of the coupling constants are based on ref 15s¥ime
(A-1/A-2) rotamer andanti (B-1/B-2) rotamer could not be
distinguished solely by-based configuration analysis.
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C-2 and C-3 (A1/A2 and B1/B2 as shown in Figure 1), and the (x 1072 ppm).

synandanti configurations for these carbons were indistinguishable.
Fortuitously,anti- andsyn3-hydroxy-2-methyl alkanoates generally

exhibit3Jy_, -3 values of 7 and 4 Hz, respectivély:* Compound

1 was subjected to methanolysis, resulting in the isolation of

fragment4 (Figure 2), the structure of which was confirmed i/
NMR and 1D TOCSY spectral data. The obserdég , 43 value
of 3.0 Hz was consistent with theynstereochemistry for C-2 and
C-3. Subsequent treatment 4fwith Mosher’'s reagent showed
unambiguously that C-3 had the configuration (forAd values,

see Figure 23° and consequently the absolute configuration for

-14
Jr) values

C-2 and C-3 was & 3R. This stereochemistry is identical to that
of the Hmoya unit of the kulomo’opunalidé®, but is diastereo-
meric to that of the Hmoya unit in onchidin BR23R).11b

The HRFABMS of trungapeptins B2J and C @) established
corresponding molecular formulas 0fdEsN4Og and GoHgoN4Os,
respectively. ThéH and3C NMR chemical shifts (Table 2) of
compounds2 and3 were nearly identical to those fdr A closer
examination of the data revealed differences in chemical shifts for
only the Hmoya unit. The acetylenic signal @tl.99 for H-8 in
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Table 2. 'H and'3C NMR Data for Trungapeptins B and C

(3) in CDCl;
trungpeptin B 2) trungapeptin C3)
O (mult., On (mult.,
position Oc (mult.) Jin Hz) Oc (mult.) Jin Hz)
1 172.8 (qC) 172.9 (qC)
2 43.2 (CH) 2.43 (m) 43.1 (CH) 2.43 (m)
3 74.7 (CH) 4.96 (m) 74.7 (CH) 4.94 (dt, 9.6,
3.5)
4 29.6 (Ch) 2.39 (m) 29.7 (CH) 2.39 (m)
1.86 (m) 1.86 (m)
5 24.9 (ChH) 1.28 (m) 25.7 (Ch) 1.28 (m)
1.41 (m) 1.41 (m)
6 33.2(Ch) 2.06 (m) 31.4 (Ch) 2.06 (m)
7 138.1 (CH) 5.79 (m) 22.5 (CHl 1.28 (m)
115.1 (CH) 4.99 (brdd, 14.0(CH) 0.87 (t,7.2)
8 10.1,1.8)
5.05 (br dd,
15.2,1.8)9
12.1(CH) 1.14(d,6.9) 12.0(Ch 1.14(d, 7.1)
10 173.6 (qC) 173.6 (qC)
11 53.7 (CH) 4.60(t,9.6) 53.7 (CH) 4.60 (t, 9.5)
12 31.5(CH) 2.03 (m) 31.5(CH) 2.03 (m)
13 18.5 (CH) 0.95(d, 6.7) 18.6 (Ch 0.95 (d, 6.6)
14 19.7 (CH) 0.93(d, 6.7) 19.7 (Ch 0.92 (d, 6.4)
NH-1 5.96 (d, 9.6) 6.11 (d, 9.5)
15 171.5(qC) 171.5 (qC)
16 65.3 (CH) 4.41(d,9.6) 65.3(CH) 4.42 (d, 9.6)
17 29.3 (CH) 2.39 (m) 29.3 (CH) 2.39 (m)
18 20.0 (CH) 1.36 (d, 6.4) 20.0(CH) 1.36 (d, 6.7)
19 21.1 (CH) 1.06 (d,6.5) 21.1(Ch 1.06 (d, 6.7)
20 30.4 (CH) 3.00 (s) 30.4 (Ch) 3.00 (s)
21 168.9 (qC) 168.9 (qC)
22 74.9 (CH) 5.10 (dd, 10.4,75.1 (CH) 5.11 (dd, 10.5,
5.6) 5.5)
23 38.1(CH) 3.16(dd,12.6,38.1(CH) 3.16 (dd, 12.8,
10.4) 10.5)
3.33(dd, 12.6, 3.33(dd, 12.8,
5.6) 5.5)
24 134.0 (qC) 134.0 (qC)
25/29 129.7 (CH) 7.24 (m) 129.7 (CH) 7.25 (m)
26/28 129.1 (CH) 7.31 (m) 129.0 (CH) 7.31 (m)
27 127.7 (CH) 7.26 (m) 127.7 (CH) 7.29 (m)
30 169.9 (qC) 169.9 (qC)
31 60.9 (CH) 3.33 (m) 61.0 (CH) 3.37 (m)
32 30.5(CH) 2.13(dd,12.4,30.5(CH) 2.15(dd,12.5,
5.8) 6.1)
0.90 (dd, 12.4, 0.90 (m)
6.7)
33 21.7 (CH) 1.47 (m) 21.7 (CH) 1.47 (m)
1.68 (m) 1.68 (m)
34 46.4 (CH) 3.36 (m) 46.3 (CH) 3.36 (m)
3.46 (m) 3.46 (m)
35 170.0 (qC) 170.0 (qC)
36 57.4 (CH) 4.21(t,8.4) 57.3(CH) 4.21 (t, 8.8)
37 34.6 (CH) 1.86 (m) 34.6 (CH) 1.84 (dt, 10.2,
3.5)
38 25.2 (CH) 1.16 (m) 25.1 (CH) 1.16 (m)
1.37 (m) 1.37 (m)
39 10.5 (CH) 0.81(t,7.4) 10.5(Ch 0.81 (t, 7.3)
40 15.7 (CH) 0.84(d,6.7) 15.6(CH 0.83(d, 6.7)
NH-2 7.85(d, 8.4) 7.85 (d, 8.8)

theH NMR spectrum ofl was replaced with signals in the olefinic
region atd 5.79, 4.99, and 5.05 il and by high-field methylene
signals atd 1.28 and a methyl signal &t 0.87 in3. In addition,
the 13C NMR spectra of2 and 3 were missing the acetylenic
resonances at 69.2 and 83.7 present in the spectrumXomhese
were replaced by two additional%parbon signals ai 115.1 and
138.1 and high-field carbon resonance® &2.5 and 14.0 in the

13C NMR spectra of2 and 3, respectively. These observations

implied that the terminal triple bond of Hmoya th had been
reduced to a double bond i and a single bond 3. Detailed
analysis of the 1D and 2D NMR data f@rand 3 confirmed that

these molecules possessed gross structures nearly identicdl, with
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differing only in the presence of the octenoic and octanoic acid
moieties, respectively. Since thl and*C NMR data as well as
the optical rotations for compoun@sand3 were virtually identical
with those ofl, it is likely that the molecules possessed identical
absolute configurations, and thus the stereochemical analy&is of
and3 was not performed.

Trungapeptin A L) showed mild brine shrimp toxicity at 10 ppm
and mild ichthyotoxicity at 6.25 ppm but did not exhibit cytotoxicity
against KB and LoVo cells at 10g/mL. Due to a limited supply
of compound® and3, their biological activities were not evaluated.

Experimental Section

General Experimental Procedures.Optical rotations were deter-
mined using a Perkin-Elmer model 341 polarimeter. UV and IR spectra
were measured on an HP4853 YVisible spectrophotometer and an
Impact 410 Nicolet Fourier transform infrared spectrophotometer,
respectively. Nuclear magnetic resonance (NMR) spectra were recorded
on a Varian Unity Inova 500 instrument operating at 500.115 MHz for
H NMR and at 125.766 MHz fof*C NMR. *H and*3C NMR chemical
shifts were referenced to the residual solvent peaks7.26 anddc
77.0 for CDCh. The HSQC experiments were optimized fdey =
140 and 250 Hz, and the HMBC experiments fdgy = 7 or 4 Hz.
LR-FAB mass spectra were recorded on a VG-70SE mass spectrometer,
and HR-FAB mass spectra were performed with a JEOL JMS-700
spectrometer. The isolation dfto 3 was performed with a Waters
Model 662 pump, a Waters Model 486MS variable-wavelength UV
detector, and a Waters Model 600S controller.

Biological Material. The marine cyanobacteriubyngbya majuscula
was collected from Ratchamonkol Beach (depth32ft), Trung
Province, Thailand, in April 2002. The sample was immediately
preserved in 2-propanol and stored-a40 °C until extraction.

Isolation and Purification. Approximatey 1 L wet wt of preserved
alga was extracted with GiBl./MeOH (2:1) three times to give 2.02
g of crude organic extract and 168.6 g dry wt of extracted algal material.
A portion of the organic extract (1.73 g) was subjected to Si gel column
chromatography with a stepwise gradient elution from 100% hexanes
to 100% EtOAc to 100% MeOH, giving 16 distinct fractions. Fraction
9 was purified by Sephadex LH-20 using &H,/MeOH (1:1) as eluent
to provide five major fractions (fraction 9-1 to 9-5). Fraction 9-3 was
further separated by C-18 Sep-Pak using stepwise gradient elution from
100% HO to 100% MeOH. Five fractions (fraction 9-3-1 to 9-3-5)
were collected and concentrated to dryness. Reversed-phase HPLC
(Alltech Econosil C18, um, 4.6 x 250 mm; 75% aqueous MeOH in
110 min at 1.0 mL/min, and monitoring at 220 nm) of fraction 9-3-3
afforded trungapeptin A (31.6 mgz = 28.0 min), trungapeptin B (4.6
mg, tr = 56.5 min), and trungapeptin C (4.4 mg,= 80.9 min).

Trugapeptin A (1): colorless oil; f]p?® —53 (¢ 0.37, MeOH); UV
(MeOH) Amax 205 nm € 23 000); IR (neat) 3353, 2970, 2939, 1734,
1654, 1527, 1451, 1249, 1197 cin*H NMR (500 MHz, CDC}) and
13C NMR (125 MHz, CDCY), see Table 1; HRFABM&Vz [M + 1]*
723.4329 (calcd for gHsgN4Os, 723.4325).

Trungapeptin B (2): colorless oil; p]p?® —58 (€ 0.11, MeOH); UV
(MeOH) Amax 204 nm € 17 000); IR (neat) 3354, 2960, 2929, 2858,
1736, 1654, 1521, 1454 crh *H NMR (500 MHz, CDC}) and*3C
NMR (125 MHz, CDC}), see Table 2; HRFABMSwz [M + 1]*
725.4442 (calcd for &HsiN4Os, 725.4394).

Trungapeptin C (3): colorless oil; ft]p*® —54 (¢ 0.72, MeOH);

UV (MeOH) Amax 204 nm € 13 000); IR (neat) 3344, 2960, 2929, 2852,
1741, 1659, 1526, 1454, 1250, 1193¢piH NMR (500 MHz, CDC})
and**C NMR (125 MHz, CDC}), see Table 2; HRFABM&vVz [M +
1]t 727.4548 (calcd for gHs3N4Os, 727.4538).

Marfey’s Analysis of Amino Acids. Hydrolysis of trungapeptin A
(0.1 mg) was achieved in 0.5 mlf 6 N HCI placed in a sealed ampule
at 105°C for 12 h. Trace HCI was removed under a $fream. The
resulting hydrolyzate was resuspended in/&0f 0.1% 1-fluoro-2,4-
dinitrophenyl-5t-alaninamide (FDAA, Marfey’s reagent) solution in
acetone, and 106L of 0.1 N NaHCQ was added. The reaction mixture
was heated at 80C for 3 min. The solution was cooled to RT,
neutralized with 5Q:L of 0.2 N HCI, and diluted with 10@L of 40%
MeCN containing 0.05% TFA. This solution was analyzed by reversed-
phase HPLC with two isocratic solvent systems (Alltech Econosil C18;
solvent system I: 40% MeCN 0.05% TFA, solvent system II: 37.5%
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MeCN + 0.05% TFA) in 20 min at 1.0 mL/min (UV detection at
340 nm). Analyses in solvent | established the residudal (8.31
min; p-Val, 11.54 min),.-N-MeVal (11.04 min;p-N-MeVal, 13.54
min), andL-Pro (5.65 min;b-Pro, 6.06 min). Analyses in solvent Il
established the residueallo-lle (19.79 min;p-allo-31.45 min;L-lle,
19.97 min;p-lle, 32.09 min).

Absolute Stereochemistry of the 3-Phenyllactic AcidTrungapeptin
A (1, 0.1 mg) was hydrolyzechi6 N HCI at 105°C for 12 h. The

hydrolyzate was concentrated to dryness and analyzed by chiral HPLC

[column, CHIRALPAK MA(+) (4.6 x 50 nm), Daicel Chemical
Industries, Ltd, solvent, 2 mM CuSMeCN (85:15); flow rate, 0.5
mL/min; detection at 254 nm]. Phenyllactic acid eluted affter 39.5

min, corresponding to the retention time of an authentic standard of

L-3-phenyllactic acid and therefore indicating @&oonfiguration fr of
p-3-phenyllactic acid: 28.5 min].

Methanolysis of Trungapeptin A. A solution of trungapeptin A (5
mg) in 5% methanolic potassium hydroxide (0.5 mL) was stirred for
24 h at RT. The reaction mixture was diluted with ether (10 mL), and
the organic layer was washed with brine, dried over Mg2@d dried
under N. Purification of4 (1.8 mg) was accomplished byi£Sep Pak
[MeOH/H;O (1:1), MeOH/MeOH (3:2), and MeOH/MeOH (7:3)].

MTPA Esters of 4. The sample o# was divided into two equal
portions (0.9 mg), and each sample was placed 5 mm NMRtube
containing 0.75 mL of pyridinels. To one tube was added 6.0 mg of
R-MTPACI and to the other 6.0 mg &&MTPACI, and the reaction
was monitored by'H NMR spectroscopy until completion. The
reactions were quenched with A0 of N,N-dimethylaminopropylamine

after 6 h, and the solvent was evaporated under a stream of nitrogen.

The corresponding esterSgand5b) were purified on Si Sep Pak in
1:1 hexanes/EtOAc.

5a (major conformer):*H NMR (CDCls) 6 6.412 (NH), 5.361 (H-
3), 4.921 (H-16), 4.829 (H-11), 3.688 (s, MeO), 3.086GH3), 2.521
(H-2), 2.207 (H-16), 2.164 (H-6), 1.990 (H-11), 1.936 (H-8), 1.750
(H>-4), 1.513 (H-5), 1.093 (H-9), 0.998 (H-18), 0.933 (H-13), 0.804
(Hs-19), 0.825 (H-14).

5b (major conformer):*H NMR (CDCls) 6 6.384 (NH), 5.354 (H-
3), 4.929 (H-16), 4.855 (H-11), 3.694 (MeO), 3.077 (N4LH.576
(H-2), 2.221 (H-16), 2.101 (#6), 2.009 (H-11), 1.922 (H-8), 1.701
(Hz-4), 1.355 (H-5), 1.808 (H-9), 0.959 (H-13), 1.002 (H-18), 0.821
(Hs-19), 0.847 (H-14).
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