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Abstract; Two new theonellapeptolide-related cyclic depsipeptides (1 and 2) have
been isolated from an Okinawan marine sponge Theonella sp. and the structures

were elucidated on the basis of the 2D NMR data
TOFMS, and chemical means.

, PSD analysis of MALDI-
Compound 1 was a theonellapeptolide congener

possessing a methylsulfinylacetyl group at the N-terminus, while 2 was another

theonellapeptolide congener having an acetyl group at the N-terminus.
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Compounds
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Marine sponges of the genus Theonella have been shown to be a rich source of unique cyclic peptides

and depsipeptides with interesting biological activities.'

In our continuing search for unique secondary

metabolites from marine organisms, we have isolated a series of cyclic peptides, keramamides A ~ H and J

~ L from Okinawan marine sponges of genus Theonella.*”’

tolide® 1?2 congeners (1 and

2)
ongener da).
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Investigation of another Theonella sponge

escribe the



The MeOH extract of the sponge Theonella sp. (SS-103) collected off Kerama Islands, Okinawa, was
partitioned between EtOAc and water. The EtOAc-soluble materials were subjected to a silica gel
(CHClyMeOH, 7:3 ~ 1:1) and a Sephadex LH-20 (MeOH) columns, and HPLC on ODS
(MeOH/H,0/CF,CO,H, 93:7:0.1) to afford compounds 1 (0.0085 %, wet weight) and 2 (0.002 %)
together with known-related peptides, theonellapeptolides 1d"™* (5, 0.02 %) and Ie® (6, 0.004 %).
Compound 1 {[ou]D -45° (¢ 1.0, MeOH)} was obtained as a colorless amorphous solid, and showed

+
the pseudomolecular ion peak at m/z 1459 (M+Na)" in the ESIMS, and the molecular formula,
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spectrum was indicative of the presence of amide (v,,, 3320 and 1635 cm™) and ester carbonyi (v, 1735
cm’™) groups. The '"H NMR (Table 1) spectrum suggested 1 to be a peptide. Amino acid analysis of the
hydrolysate of 1 revealed 1 mol each of threonine (Thr), valine (Val), and allo-isoleucine (allo-Ile), 2 mol of
leucine (Leu), and three mol of B-alanine (BAla). Extensive analyses of 'H and '*C NMR data (Table 1) in
CD,OH including 'H-'H COSY, TOCSY, 'H-"*C HSQC, 'H-"C HMBC, 'H-"*"N HSQC, and 'H-"N
HMBC disclosed the presence of five N-methyl amino acid residues, 1 mol each of N-methylvaline
(MeVal), N-methylalanine (MeAla), and N-methylleucine (MeLeu), an
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by the 'H-"*N HMBC correlations to the amide nitrogen atoms.
The amino acid sequence and the N-terminus of 1 were elucidated on the basis of HMBC data as well
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as matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOFMS) data of
the methanolysis product (4) of 1. The amino acid seqence, Val-MeLeu-Thr—BAla'-Leu'-(Melle)—
BAla’*~allo-lle-MeVal-MeAla—BAla*~Leu’-(Melle), was suggested by HMBC correlations as shown in
Figure 1. The 6th Melle from the N-terminus and the Melle at the C-terminus were revealed to be L-Melle
and D~Me allo-lle, respectively, by chiral HPLC analyses as described below. In the HMBC spectrum of
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Table 1. 'H, C, and "N NMR Data of Compound 1 in CD;0H.
positn. [ Sc "  positn. Sy 3¢ o’
Methylsuifinylacetyl BAla’
CH, 279 s 39.2qg NH 734 120.8
CH, 3.86 3.67 58.91t BCH, 4.26 3.12 36.5¢
co 166.8 s aCH, 2.60 2.28 36.5t
L-Val Cco 173.6 s
NH 8.38 126.8  D-allo-lle
oa-CH 4.63 57.74d NH 8.63 116.3
B-CH 2.12 32.7d o-CH 534 54.7d
CH, 1.04 19.3 q B-CH 1.81 39.2d
CH, 0.98 203 q y-CH, 1.20 1.45 28.7t
CO 176.1 s v¥-CH, 0.76 15.6 q
D-MelLeu 8-CH, 1.00 13.0 q
NCH; 3.31s 33.2q 1147 co 176.6 s
o-CH 5.24 57.5d L-MeVal
B-CH, 2.03 141 396t NCH, 3.32 32.1q 114.2
vCH 1.52 27.2d o-CH 5.05 59.5d
CH, 0.95 24.5q B-CH 2.39 30.04d
CH, 0.83 22.1q CH, 093 207 g
co 1753 s CH, 0.87 20.2 g
L-Thr CO 173.2 s
NH 8.74 118.5 L-MeAla
o-CH 4.38 58.6d NCH, 2.76 30.3q 1209
B-CH 5.19 70.5d o-CH 5.20 58.74d
CH, L1l 19.1 q CH, 148 15.9
CO 1712 s CO 172.6 s
BAla' BAla’
NH 7.34 116.1 NH 7.73 1i14.0
B-CH, 3.85 3.12 3791t B-CH, 3.69 326 br 385
o-CH, 2.39 2.28 39.2t a-CH, 2.29 2.21 392t
CO 175.0 s CO 1744 s
D-Leu! D-Leu’®
NH 8.58 126.8 NH 8.53 125.9
o-CH 5.06 50.2d o-CH 5.05 5024d
-CH, 1.71 130 420t B-CH, 1.79  1.40 412t
v-CH 1.80 26.5d vCH 1.81 26.4d
CH, 1.04 21.7q CH, 0.87 21.8q
CH, 1.03 248 g CH, 091 244 q
co 176.0 s CcO 176.6 s
L-Melle D-Me-allo-lle
NCH, 3345 40.1q 115.8 NCH, 3.24 32.0q 1135
o-CH 3.36 70.8 d a-CH 5.06 62.6d
B-CH 2.48 36.2d p-CH 2.1 34.0d
v-CH, 1.93 1.04 26,5t v-CH, 1.38 1.08 26.5t
¥-CH, 0.81 159 q ¥-CH, 0.98 17.0
86-CH, 0.99 13.1¢ 6-CH, 0.88 11.0 q
CO 173.3 s CcO 1723 s
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Figure 2. PSD Analysis of Methanolysis Product (4) of Compound 1

2. ysis 0 uct (4) of C
Using MALDI-TOFMS [precursor ion, m/z 1490.80 (M+Na)*].

shifts of the methylene and methyl (8. 39.2) carbons indicated that these carbons were attached to a
sulfoxide group.” Treatment of 1 with thioglycolic acid afforded a reductive product (3), of which the
molecular formula, C,,H,,N,,0,,S, corresponded to the deoxy form of 1. The methyl and methylene

signals adjacent to the sulfur atom of 3 were shifted to higher field (CH,, §, 2.20, §, 16.4; CH,, §, 3.73
and 3.84, 8. 37.2), suggesting that 3 possessed a methysulfanylacetyl (CH,SCH,CO) group at the N-
. ot . - 4l e 7S ~1 o al _ PP

terminus. The HMBC correlation from the NH proton (0, 8.38) of Val to the amide carbonyl suggested

that the N-terminus of Val was connected to the methylsulfinylacetyl [CH,S(O)CH,CO] group. The
relatively low-field B-proton (3, 5.19) of Thr was indicative of connectivity between Thr and the C-terminal
Melle (D-Me-allo-lle) through an ester linkage. Post-source decay (PSD) analysis'*'"> using MALDI-
TOFMS was carried out to provide further evidence of the amino acid sequence of 1. The PSD spectrum of
the methanolysis product (4) [precursor ion, m/z 1490.80 (M+Na)'] of 1 showed fragment ions
corroborating the amino acid sequence as shown in Figure 2. Thus the amino acid sequence of 1 was

assioned

..........

Chiral HPLC analyses (SUMICHIRAL OA-5000) of the acid hydrolysate of 1 were carried out to

P, 1diia "I

determine the absolute bOl’lllgUI'd.l.lOIl 01 CdCﬂ amino dLlU residue. AsS a resu t, ydl VLCL&:U, uu‘, au’o—ut‘:,
MeVal, and MeAla were found to be L-, D-, L-, D-, L-, and L-forms, respectively, and two Leu residues
were both D-configurations. On the other hand, two Melle residues were detected as L-Melle and D-Me-
allo-lle. In order to confirm the position of D-Me-allo-lle, compound 1 was treated with lithium
borohydride, and then hydrolysis followed by chiral HPLC analyses of the product to result in no detection
of D-Me-allo-lle, suggesting the presence of the D-Me-allo-Ile residue at the C-teminus of 1. Therefore

compound 1 was concluded to be theonellapeptolide Id"® (5) congener possessing a methylsulfinylacetyl

group at the N-terminus
+ 24 () : :
HRFABMS data [m/z 1388.9490 (M+H)", A -0.6 mmu] of 2 {[{a],* -56° (¢ 1.0, MeOH)} indicated
the molecular formula, C,;H ,,N,;0,,. Amino acid analysis of the hydrolysate of 2 showed the existence

of 1 mol each of Thr, Val, and allo-Ile, and 2 mol each of Leu an
amino acid residues consisting of 1 mol each of MeVal, MeAla, Meleu,and N-methyl-B3-alanine (MefAla),

e

BAla. The exsistence of six N-methyl
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Table 2. 'H and *C NMR Data of Compound 2 in CD;OH.

positn. Oy dc positn. dy o¢
Acetyl BAla'
CH, 2.02s 229 q NH 7474d
(80, 1737 s BCH, 432 3.12 36.7t
L-Val oCH, 2.63 221 36.6t
NH 8.29 d Cco 1735 s
a-CH 4.65 58.1 d D-allo-lle
p-CH 2.08 322 d NH 8.724d
CH, 0.97 203 q a-CH 5.36 54.9d
CH, 1.04 19.7 q B-CH 1.85 39.3d
co 176.6 s v-CH, 145 1.20 2881
D-MeLeu v-CH; 0.76 d 15.5q
NCH, 3.39s 329 q 8-CH, 1.01 132 g
o-CH 5.12 57.1 d 80) 176.7 s
B-CH, 2.12 1.31 39.6 t L-MeVal
vCH 1.51 27.0 d NCH, 3.31 s 325¢q
CH, 098 24.7 q «-CH 5.03 59.7d
CH, 0381d 22.4 q B-CH 2.40 30.3d
co 1742 s CH, 092 209 q
L-Thr CH, 0.89 20.5q
NH 947 d co 1730 s
a-CH 4.72t 548 d L-MeAla
B-CH 5.28 71.7 d NCH, 2.76 s 30.8 g
CH, 1.06 218 g a-CH 5.20 58.7d
Co 170.7 s CH; 148d 16.1 q
MePAla (€0) 1723 s
NCH, 2.79s 36.2 q BAla
B-CH, 4.64 2.78 46.5 it NH 7.74 bid
o-CH, 249 222 359 1t B-CH, 3.72 3.24 385t
Co 174.7 s o-CH, 2.29  2.20 3951t
D-Leu' Cco 174.5 s
NH 8.59 d D-Leu?
o-CH 5.06 50.4 d NH 851d
B-CH, 1.77 1.39 415 t a-CH 5.03 50.34d
v~CH 1.83 26.6 d B-CH, 1.74  1.25 403 t
CH, 1.04 25.0 q v-CH 1.86 26.6d
CH, 1.05 194 q CH, 0.92 24.5¢q
Co 176.2 s CH, 0.94 21.9
L-Melle co 1769 s
NCH, 335s 40.6 q D-Me-allo-lle
o-CH 3.17d 714 d NCH, 3.23 s 32.1q
B-CH 2.51 36.5 d «-CH 5.09 62.3d
¥-CH, 1.96 1.00 308 t B-CH 2.15 3254d
v-CH, 0844d 157 g v-CH, 1.39 1.09 26.6¢
9-CH, 0.99 13.1 q v-CH, 0.97 17.1q
Cco 172.7 s 5-CH, 0.87 t 11.0q

CO 1724 s
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Figure 3. Selected HMBC Correlations of Compound 2.

and two mol of Melle (Melle and Me-allo-1le), were elucidated on the basis of extensive analyses of 'H and
3C NMR data including 2D NMR data. The singlet methyl resonance (8, 2.02) in the 'H NMR spectrum
was suggestive of the presence of an acetyl group. The HMBC correlations (Figure 3) disclosed the amino
acid sequence of Val-MeLeu-Thr—MefAla—Leu'-(Melle)-BAla'-allo-lle-MeVal-MeAla-fAla>~Leu’~
(Me-allo-1le). The ester linkage between the hydroxyl group of Thr and the carbonyl group of Me-allo-lle
were deduced from the HMBC correlation from BH—Thr to CO-Me-allo-lle. The HMBC spectrum showed
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mide carbonyl
carbon (0¢ 173.7), indicating that the acetyl group was attached to the amino group of Val residue in the N-
terminus. The absolute configulation of each amino acid residue was determined by chiral HPLC analyses
under the same condition as described above. Compound 2 was treated with lithium borohydride, and then
hydrolysis followed by chiral HPLC analyses of the product to result in no detection of D-Me-allo-lle,
suggesting the presence of the D-Me-allo-Ile residue at the C-teminus of 2. Thus compound 2 was
determined to be the theonellapeptolide Ie? (6) congener having an acetyl group at the N-terminus.

Compounds 1 and 2 are new congeners of theonellapeptolides, and possess a methylsulfinylacetyl

D

nd an acetyl group, respectively, at each N-terminus, alth nuﬁh all the N-termini of know

LR L S £ L o) & L8 i

§

7-12

theonelapeptolides are a methoxyacetyl group. As compound 1,'® natural products having a sulfur-

containing acyl group are very rare.”” Compounds 1 and 2 showed aniimicrobial activity against some
Gram-positive bacteria such as Staphylococcus aureus (MIC 8.0, and >16 ug/mL, respectively),
Micrococcus luteus (MIC 8.0, and 8.0 pg/mL, respectively), Bacillus subtilis (MIC 8.0 and 16 pg/mlL,
respectively), and Mycobacterium smegmatis (MIC 16 and 66 pg/mL, respectively) and against fungi such
as Trichophyton mentagrophytes (MIC 4.0, and 8.0 pg/mL., respectively) and Aspergillus niger (MIC >66
and 8.0 pg/ml, respectively) (Table 3). On the other hand, compound 3 exhibited weaker inhibitory
activities than those of 1, indicating that the sulfoxide group in 1 was important for the activity.

xic against murine leukemia 1.1210 cells in vitro (IC,, values: 9.0 and 7.5



Table 3. Antimicrobial Activities of Compounds 1, 2, and 3

MIC (ug/mL)

Compd. C.alb. T.m. Pvar. A.nig. C.neo. S.aur. M.ut. B.sub. E.col M.sm.

1 >66 4.0 >66 >66  >66 80 80 80 >66 16

2 >66 8.0 >66 8.0 >66 >16 8.0 16 >66 66

3 L L s L& T w L L L L ~LL AN ~ £ w L L

J 200 ~>00 ~>00 >00 >00 200 23.V 00 Q0 ~>00
fungi- Candida  alhiran 'rv;n'a NN \ytnn momtaoronhvtec Paoncilomvurs vAarinti’ Acnoratlluce mnioe
IUIIEI.. e g s rivg “GUIL“’IJ, LTI wre ITECTITIAZ T ULITEYIC D, 4 oL v b(a) VUi wUiee, LROPICT K Leiad 'Lbscl 'Y

8
Cryptococcus neoformans; bacteria: Staphylococcus aureus, Micrococc luteus, Bacillus subulis,
Escherichia coli, Mycobacterium smegmatis

Experimental
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NMR Experiments. 'H and 2D NMR spectra were recorded on a 600 MHz spectrometer, while
“C NMR spectra were measured on a 500 MHz spectrometer. ‘H-'H COSY, TOCSY, ‘H-"
'H-"*C HMBC spectra in CD,0H were measured using standard pulse sequence with Z-axis PFG. For
HSQC and HMBC, a total of 256 increments of 1K data points were collected. For 'H-"*C HMBC, 50 ms
delay time was used for long range C—H coupling. "H-"N HSQC and 'H-'"*"N HMBC experiments were
measured using 70 mM solution in CD,0H and CD,0D, respectively. 95 % formamide in CDCI, was used
for external reference (8, 112.4) of "N NMR. The spectral width in F, of '"H-""N HSQC and HMBC was
100 ~ 150 ppm. For 'H-"*N HSQC, 5.55 ms delay time was used for one-bond N—H coupling, while 'H-

(=3 Y e =2 < cc oo ~
PSD Experiments. PSD mass spectrum

''N HMBC was measured using 60 ms delay for long range N~H coupling.
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mass speC[rometcr (voyager I’l’O I’CI'DCPHVC DlObyS[ﬁmb ﬂC.). (L-L,yano-ét-nyuroxycmna.rmc acm \(1-
CHCA) was used as the matrix. The precursor ions were selected with a time ion selector wit mass
window of approximately 15 mass units. The accelerating voltage of nitrogen laser beam was set 17 kV.
128 shots were averaged for each mass range acquired before generating the PSD spectrum under the
contro! of the Voyager and Grams software. External calibration was performed with angiotensin I with
monomotoplc m/z mass for (M+H)* of 1296.685 Da.

Olkinawa and kent fraven nntil necad Tha cnaonoes (1 2 ko wet weicht) wacg avtracted with methanal (1 S 1
NSTwilldA Yy u, 4A1iva n\ttll. AAVLAIL WLIVAL VOWAS & AR DPU‘IBV \‘.‘-{ 1\5, AAA 4 'V\/lb“‘l FYAUD VALLAMIMVE VY 2111 LIV LAV \ A et A
neA 1 T2 L el i awtenne TE ) o smmatib:aiand lames PRy RA NI~ NN canT \ ha d +1.
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70:30 — 50:50) and a Sephadex LH-20 columns (MeOH) followed by C,; HPLC [Mightysil Kl"-l8 Kanto
Chemical Co., Inc., 4.6 x 250 mm; eluent, MeOH/H,O/CF,CO,H (93:7:0.1); flow rate, 2.5 mL/min; UV
detection at 220 nm] to afford compounds 1 (0.0085 %, wet weight, t; 12 min) and 2 (0.002 %, t; 16

min)



Compound 1. Colorless amorphous solid; [a],” -45° (¢ 1.0, MeOH); IR (film) v, 3320, 1730,
and 1630 cm™'; 'H and '*C NMR (Table 1); ESIMS m/z 1459 (M+Na)*; FABMS m/z 1437 (M+H)";
HRFABMS m/z 1436.9180 (M+H)", calcd for CoH, 5N ,;0,S, 1436.9167.

Compound 2. Colorless amorphous solid; [a],** -56° (¢ 1.0, MeOH); IR (film) v, 3325, 1735,
and 1635 cm'; 'H and “C NMR (Table 2); ESIMS m/z 1411 (M+Na)"; FABMS m/z 1389 (M+H)";

HRFABMS m/z 1388.9490 (M+H)", calcd for C,0H,N,,0,s, 1388.9496.

Reduction of 1 with Thioglycolic Acid. To a solution of compound 1 (1.0 mg) in H,O (90
ML) was added thioglycolic acid (60 pL), and the mixture was stirred at 50 °C for 24 h. The reaction
mixture was passed through Sep-Pak® C , cartridge (H,0 — MeOH). The fraction eluted with MeOH was

evapolated in vacuo to give compound 3 (1.0 mg) as a colorless amorphous solid; [(JL]D22 -54° (c 0.75,
MeOH); IR (film) v, 3430, 1735, and 1635 cm™; '"H NMR (CD,0H) & [methylsulfanylacetyl] 2.20 (3H,
s, CH,), 3.73 (1H, m, CH,), 3.84 (1H, m, CH,), [L-Val] 8.19 (1H, d, J = 8.5 Hz, NH), 4.83 (1H, m,
oH), 2.15 (1H, m, BH), 0.97 (3H, m, CH,), 1.05 (3H, m, CH,), [D-MeLeu] 3.31 (3H, s, NCH,), 5.26
(1H, m, aH), 1.40 (1H, m, BH), 2.07 (1H, m, BH), 1.53 (1H, m, yH), 0.89 (3H, m, CH,), 1.01 (3H,

m, CH,), [L-Thr] 871 (1H, d, J = 10.0 Hz, NH), 4.38 (1H, m, aH), 5.21 (1H, m, BH), 1.12 (3H, m,
» ARy L J * AN 3 Wy v b Il \¥ ’ ] 7 AN 2 LI iV 4 | At §
CH,), [BAla'] 7.34 (1H, m, NH), 2.23 (1H, m, aH), 2.28 (1H, m, aH), 3.11 (1H, m, 8H), 3.84 (IH,
m, BH), [D-Leu'] 8.56 (1H, d, J = 7.5 Hz, NH), 5.05 (1H, m, aH), 1.30 (1H, m, BH), 1.74 (I1H, m,

pH), 1.80 (1H, m, yH), 1.05 (3H, m, CH,), 1.07 (3H, m, CH,), [L-Melle] 3.35 (3H, s, NCH,), 3.36
(1H, m, oH), 1.82 (1H, m, BH), 104(1H m, YH), 1.87 (1H, m, yH), 0.86 (3H, d, J = 6.7 Hz, YCH,),
1.01 (3H, m, 8CH,), [BAla’] 7.35 (1H, m, NH), 2.30 (1H, m, aH), 2.61 1H, m, aH), 3.09 (1H, m,
BH), 4.28 (1H, m, BH), [D-allo-lle] 8.62 (1H, d, J = 9.7 Hz, NH), 5.36 (1H, m, aH), 2.50 (1H, m,
fH), 1.23 (1H, m, yH), 1.46 (1H, m, yH), 0.79 (3H, d, J = 6.7 Hz, yCH,), 0.97 (3H, m, 8CH,), [L-
MeVal] 3.27 (3H, s, NCH,), 5.07 (1H, m, aH), 2.41 (1H, m, H), 0.91 (3H, m, CH,), 0.92 (3H, m,
CH,), [L-MeAla] 2.77 (3H, s, NCH,), 5.20 (1H, m, aH), 1.49 (3H, d, J = 5.8 Hz, CH,), (BAla*] 7.73

(1H, dd, J = 3.6 and 8.0 Hz, NH), 2.23 (1H, m, oH), 2.28 (1H, m, oH), 3.28 (1H, m, BH), 3.75 (1H,
e —~ N 5 - — ~— - oy
m, BH), [D-Leu’] 8.55 (1H, d, J = 8.6 Hz, NH), 5.08 (1H, m, oH), 1.40 (1H, m, {}H), 1.83 (1H, m,
BH), 1.82 (iH, m, YH), 0.89 (3H, d J = 6.5 Hz, CH,), 0.95 (3H, m, CH,), [D-Me-allo-lie] 3.24 (3H, s,

NCH,), 5.09 (1H, m, aH), 2.14 (1H, m, PH), 1.06 (1H, m, yH), 1.41 (1H, m, yH), 1.01 3H, m,
YCH,), and 0.91 (3H, m, 3CH,); '*C NMR (CD,0OH) § [methylsulfanyl] 16.4 (g, CH,), 37.2 (t, CH,),
170.5 (s, CO), [L-Val] 59.6 (d, aC), 31.4 (d, BC), 20.1 (g, CH,), 18.4 (g, CH,), 175.5 (s, CO), [D-
MeLeu] 33.4 (g, NCH,), 56.6 (d, a.C), 38.0 (t, BC), 26.5 (d, YC), 21.5 (q, CH,), 23.8 (g, CH,), 175.4
(s, CO), [L-Thr] 57.9 (d, aC), 69.9 (d, BC), 18.3 (g, CH,), 171.5 (s, CO), [BAla'] 37.9 (t, aC), 37.7 (t,

BC), 174.7 (s, CO), [D-Leu'] 49.6 (d, aC), 40.6 (t, BC), 26.1 (d, YC), 24.2 (g, CH,), 21.0 (g, CH,),
175.5 (g, CO), IL.-Melle1 301 (a. NCH) 710, o), 391 (H RF\ 26.1 (t 'v(‘\ 14.7 (n WH\ 12.3
i \Yy WU Jy LLTAVAVALIV] T3 (My AT REg )y 7 AU My WAy Y s e a2 2337y 2 &7

(g, 8CH,), 172.9 (s, CO), [BAla?] 35.7 (t, aC), 35.7 (t, BC), 173.7 (s, CO), [D-allo-lle] 54.0 (d, aC),

~0 _ntt\ 1f\n s ANEIY N1

35.7 (d, BC), 28.0 (1, yC), 14.6 (g, YCH,), 12.3 (q, YCH,), 176.0 (s, CO), [L-MeVal] 32.2 (q, NCH,),
58.9 (d, aC), 30.0 (d, BC), 19.6 (q, (,H,), 19.9 (q, CH,), 172.7 (s, CO), [L-MeAla] 29.4 (q, NCH,),
58.1 (d, aC), 14.9 (g, CH,), 172.6 (s, CO), [BAla’] 37.7 (t, aC), 37.2 (t, BC), 174.1 (s, CO), [D-Leu?]
49.6 (d, aC), 39.1 (t, BC), 25.8 (d, YC), 21.1 (q, CH,), 23.7 (q, CH,), 176.0 (s, CO), [D-Me-allo-lle]

31.4 (g, NCH,), 62.0 (d, aC), 33.4 (d, BC), 26.1 (t, YC), 15.3 (g, YCH,), 10.5 (g, YCH,), and 171.8 (s,
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CO); FABMS m/z 1421 (M+H)"; HRFABMS m/z 1420.9920 (M+H)*, caled for C,H,\N,,0,S,
1420.9916.

Methanolysis of Compound 1. Compound 1 (5.0 mg) was treated with 6 % NaOMe in MeOH
(250 pL) at room temperature for 3 h. The reaction mixture was neutralized with 0.5 N HCI aq. followed
by extraction with EtOAc (1 mL x 3). The organic phase was washed with H,O and evaporated in vacuo to
afford compound 4 (5.0 mg) as a colorless amnrph_ 15 solid; ESIMS m/z 1491 (M+Na)".

G eLlilpuiid JOILE allltil WIS, L RIV3I P 2m AL AR

S
Amino Acid Analysr by Chiral HPLC. Compound 1 or 2 (each 100 pg) was dissolved in 6N

LI 71 N A lhantad i o caxnlad soiles o0 11 o VA L ML _ 1 TTDT amaleronc srrmen mneet el aioe ciiol

il UU PLL] aiia neatea in a seaiea tuoe at 11U \., 10T 44 1I. Lniral l'll’LL dlldly\t:b WCIC Cdll rlcu oul uamg
-

a

D

FY TYT A T mnnn et

MICHIRAL OA-5000 coiumn [Sumitomo Chemical industry; 4 x 150 mm; 40 °C, detection at 254
nm]. Retention times (min) of authentic amino acids were as follows: L-MeAla (55.0) and D-MeAla (57.8)
[eluent: H,O containing 0.5 mM CuSO,, flow rate 0.2 mL/min]; L-Thr (7.6) and D-Thr (8.8) [eluent: H,0
containing 0.5 mM Cu(OAc),, flow rate 1.0 mL/min]; BAla (3.8) and MePAla (4.8) [eluent: H,0O
containing 1 mM CuSQ,, flow rate 1 mL/min]; L-Val (10.4), D-Val (15.6), L-MeVal (13.6), and D-MeVal
(22.8) [eluent: MeOH/H,O (10:90) containing 1.0 mM CuSO,, flow rate 1.0 mL/min]; L-Me-allo-Tle (11.6)

and D-Me-allo-1le (18.8) [eluent: MeOH/H‘ (15:85) containing 2.0 mM ('_'fl_J_S(_)47 flow rate 1.0 mIl/min]; L-
Leun (11.6), D-Leu (15.6), L-MeLeu (14.8), D-Meleu (20.0), L-allo-Ile (12.4), D-allo-Tle {18.0), L-Melle
(9.1), and D-Melle (14.0) [eluent: MeOH/H,0 (20:80) containing 2.0 mM CuSO,, flow rate 1.0 ml/min]

s follows: L-MeAla (55.0), L-Thr (7.6), PAla (3.8), L-Val
(10.4), L-MeVal (13.6), D-Me-alio-lle (18‘8), D-Leu (15.6), D-MeLeu (20.0), D-alio-lle (18.0), and L-
Melle (9.1). Retention times of the hydrolysate of 2 were as follows: L-MeAla (55.0), L-Thr (7.6), BAla
(3.8), MePAla (4.8), L-Val (10.4), L-MeVal (13.6), D-Me-allo-lle (18.8), D-Leu (15.6), D-MeLeu (20.0),
D-allo-1le (18.0), and L-Melle (9.1).

Determination of the Position of D-Me-allo-Ile. Compound 1 (0.5 mg) in ether (100 uL)
was treated with LiBH, (2 mg) at room temperature for 2 h. The reaction mixture was partitioned between

CH,Cl, (2 mL x 3) and 0.5 N H,SO, (1 mL), and the organic phase was washed with H,O, dried over

MgSO,, and evaporated in vacuo. The reductive product was hydrolyzed with 12 N HClI at 120 °C for 24
1. [ 7 N — * e B o W S N I ._m.. PN T I . ey
h. Compound 2 (0.3 mg) was converted into the reductive product under the same procedure as described

above. Each hydrolysate was subjected to chirai HPLC analyses under the same condition as described
above. D-Me-allo-Ile was not detected for each hydrolysate.
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