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Abstract: Five new protease inhibitors, related to aeruginosins 298-A (5), 98-A (1) and 98-B (2),
were isolated from the cyanobacterium Microcystis aeruginosa. Aeruginosins 98-C (3) and 101 (4)
differed from 1 in the Hpla unit. Aeruginosin 298-B (6) lacked the argininol unit in 5.
Aeruginosins 89-A (7) and 89-B (8) were observed as the tautomers in HPLC because of the
presence of the argininal units. Structures 3, 4 and 6-8 were determined on the basis of spectral

data and chromatographic analyses of degradation products. The absolute stereochemistry of 1-8 was

deduced by a combination of spectral and chemical studies. © 1999 Elsevier Science Ltd. All rights reserved.

Microcystis aeruginosa has been shown to be a rich source of unique and bioactive secondary
metabolites, especially peptides.3 In 1994, we reported the isolation and structure elucidation of aeruginosin
298-A (5), a linear peptide, as a thrombin and trypsin inhibitor from the cyanobacterium M. aeruginosa
(NIES-298).4 This linear peptide was consisted of four units, viz., Hpla (p-hydroxyphenyllactic acid), Leu,
Choi (2-carboxy-6-hydroxyoctahydroindole) and argininol units. On and after this year, we have reported
the isolations of the aeruginosin-type peptides, aeruginosins 98-A (1) and 98-B (2) from M. aeruginosa

A and 102-B from M. viridis (NIES-102).6 and aeruginosins 205A

A and 102-B from M. viridis (NIES-102) erug
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inosine 102-
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from Osallatorta agardhii (NIES-205).7 Recently, the absolute stereochemistries and protease inhibitory

modes of 2 and 5 were determined by the single crystal X-ray diffraction of the trypsin-aeruginosin 98-B (2)
complex° and of the ternary complex of aeruginosin 298-A (5) bound to hirugen-thrombin, % respectively.

These results indicated that aeruginosin-type peptides are useful as new protease inhibitory motifs. To
research new aeruginosin-type peptides, further investigation on the extracts of M. aeruginosa (NIES-98 and
-298)10 ]ed to the isolation of two new congeners, aeruginosins 98-C (3) and 298-B (6). Moreover,
aeruginosins 101 (4), 89-A (7) and 89-B (8), three new congeners were also isolated from other strains M.
aeruginosa (NIES-101 and -89).10 Here we describe the isolation, structure and stereochemistry of these

ne

peptides,

PP and 2 was yusly ___.._;_,l 5

Isolation and structure elucidation of 1 and 2 was previously reported,’ but the stereochemisiries of
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chloro Hpla, Hpla and Choi sulfate units have not been determined. The stereochemistries of chloro Hpla
and Hpla were determined to be D-form by ODS HPLC analyses of menthyl esters® of the acid hydrolysates.
Standard optically active Hpla was synthesized from p-aminophenylalanine.® Chloro Hpla was synthesized

from Hpla using SO;Cl;.11 The absolute stereochemistry at C-2 of the Choi sulfate (2-carboxy-6-
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hydroxyoctahydroindole sulfate) unit was determined as follows. Choi diacetate was obtained as two
conformers by acetylation on acid hydrolysate of 1. The (R)- and (S)-PGME (phenylglycine methyl ester)
amides of Choi diacetate were prepared by treatment with (R)- and (S)-PGME in DMF using the coupling and
additive reagents (PyBOP, HOBt), and A8 values (As-ARr) were determined with 600 MHz NMR.!12
Negative Ad values were observed for the protons on C-7, C-7' and N-Ac side of the PGME plane, whereas

positive values for the protons on C-2 to C-5 side (Fig. 1). Therefore, the absolute stereochemistry at C-2 of
Choi was S configuration. The relative stereochemistry of the Choi sulfate unit in 1 was decided as shown in
Fig. 2 by observing NOESY correlations (Choi suifate H-2/H-3', H-2/H-3b, H-3a/H-5a, H-3a/H-7a, H

3'/H-7', H-5a/H-7a, H-7b/H-7"). Furthermore, H-6 showed smail coupling constants (J = 2.8 Hz) to H-3a,
5b, 7a, 7b due to equatorial position. These results pointed that the stereochemistry of the Choi sulfate unit in
1 was 25, 3'R, 6S, 7R. The correspondence of 1H and 13C NMR signals of Choi sulfate of 1 and 2 and
the NOESY correlations!3 indicated that the stereochemistry of the Choi sulfate unit of 2 was also 285, 3'R,
68, 7R.
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The HRFABMS spectrum and NMR data established that aeruginosin 98-C (3) had a molecular
formula of C29H45NgOoSBr (Table 1). The 1H and 13C NMR spectra of 3 resembled those of 1, but

-
5

isotopic cluster at m/z 733/735/737 [M+H/M+H+2/M+H+4]+ was observed and suggested the presence of a
bromine in 3 instead of a chlorine in 1 by the IH-TH COSY and HMBC spectra (Fig. 3). The stereochemisty
of allo Tle was determined as D by the HPLC analysis of the derivatives of the acid hydrolysate with L-
Marfey's reagent. The stereochemistries of bromo Hpla was determined by the above-mentioned procedures.
Bromo Hpla was synthesized from Hpla using dioxane dibromide.14.15 The correspondence of the 'H and
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13C NMR spectra of Choi sulfate between 1 and 3 indicated that the stereochemistry of the Choi sulfate unit
of 3 was also 2§, 3'R, 65, TR.
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Fig. 1. Ad (8¢4-6g) values in ppm obtained at 600 MHz "

for Choi (S)- and (R)-PGME amide diacetate.
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Fig. 2. Relative stereochemistry of the Choi sulfate unit
in aeruginosin 98-A (1) (Dashed arrows: NOESY).

The molecular weight of aeruginosin 101 (4) was larger than 1 by one chlorine atom from the low and
high resolution FABMS spectral data, and the signal of singlet methine proton (8y 7.19) was observed in the
TH NMR spectrum, suggesting the presence of 3,5-dichloro-4-hydroxyphenyllactic acid (dichloro Hpla).
Interpretation of the NMR data (Table 1) and the amino acid analysis of the hydrolysate allowed that the
structure of 4 was almost the same as that of 1 except for the halogenated Hpla moiety. The 13C NMR

spectrum of the dichloro lea confirmed the presence of a tri-substituted phenol moiety by its typical
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chemical shifis (Fig. 3) and by the interpretation of the IH-1H COSY, HMQC and HMBC spectra
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Fig. 3. 13C NMR data of chloro Hpla (1), Hpla (2), bromo Hpla (3) and dichloro Hpla (4) in DMSO-dg,

The stereochemistries of dichloro Hpla and allo-Ile of 4 was determined by above-mentioned
31 12~ nvl,{n el PN ¥ R nd 4 and thc
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procedure. The correspondence of the 'H and 13C NMR specira of Choi sulfate between 1 an
the Choi suifate unit was aiso 25, 3'R, 65, 7'R.

NOESY correlations!6 indicated that the stereochemistry of
Isolation and structure elucidation of 5 was previously rcportcd,4 but the stereochemistries of the Hpia,
Choi and argininol (Argol) units have not been determined. The stereochemistries of the Hpla unit of 5 was
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determined by the above-mentioned procedure. The correspondence of the 'H and !3C NMR spectra of Choi
sulfate between 1 and 5 and the NOESY correlations!7 indicated that the stereochemistry of the Choi sulfate
unit was also 25, 3'R, 65, 7’R. The stereochemisty of Argol was determined as L by the HPLC analysis of
the derivatives of the acid hydrolysate with L- and D-Marfey's reagent. L-Argol was prepared from Boc L-
Arg (NO) as previously described by Hamada et al.18

Table 1. TH and 13C NMR Data for Acruginosins 98-C (3) and 101 (4) in DMSO-de

Aeruginosin 98-C (3) Aeruginosin 101 (4)
Position IH J(Hz) 3¢  Position 'H J(Hz) 13C
bromo | 172.3 (s) dichloro 1 171.8 (s)
Hpla 2 4.08 (br) 71.7(d) Hpla 2 4.14 (dd, 7.2, 3.7) 71.3 (@)
3 2.67 (dd, 14.0, 7.2) 38.8 (1) 3 2.73 (dd, 14.0, 7.2) 38.5 (1)
2.85 (dd, 14.0, 3.6) 2.87 (dd, 14.0, 3.7)
4 130.1 (s) 4 130.8 (s)
5 7.32 (s) 133.6 (d) 59 7.19 (s) 129.6 (d)
6 106.6 (s) 6,8 121.6 (s)
7 152.3 (s) 7 147.3 (s)
8 6.83 (d, 8.3) 115.6 (d) 7-OH 9.81 (s)
9 7.00 (d, 8.3) 129.9 (d) allo-Tle 1 168.8 (s)
2-OH 5.82 (br) 2 4.46 (dd, 8.5, 4.2) 52.3(d)
7-0H 8.51 (5) 3 1.52 () 37.5(d)
alloTle 1 169.0 (s) 4 0.89 (m) 26.1 (1)
2 4.44 (dd, 8.5, 4.4) 52.6(d) 1.10 (m)
3 1.53 (m) 37.4(d) 5 0.84 (1,7.1) 11.8 (@)
4 0.94 (m) 25.8 (1) 6 0.63 (d, 6.7) 13.6 (q)
1.15 (m) NH 7.33 (. 8.5)
5 0.84 (dd 7.5, 7.4) 11.6 (q) Choi 1 171.5(s)
6 0.66 (t, 6.7) 13.8 (q) suifate 2 4.i8 (dd, 9.5, 8.3) 59.9 (d)
NH 7.33(d, 3.6) 3 1.75 (ddd, 13.0, 13.0, 9.5) 30.6 (1)
Choi 1 171.5 (s) 2.00 (m)
sulfate 2 4.17 (dd 9.0,89) 59.9(d) 3a 2.28 (m) 35.8 (d)
3 1.76 (m) 30.6 (1) 4 1.43 (m) 19.3 (1)
2.00 (m) 1.99 (m)
3a  2.27 (m) 35.6 (d) 5 1.31 (m) 23.3 (1)
4 1.43 (m) 19.3 (v 1.86 (m)
1.98 (m) 6 4.35 (m) 70.8 (d)
5 1.31 (m) 23.4 (1) 7 1.67 (m) 31.7 (1)
1.86 (m) 2.20 (m)
6 4.36 (br) 70.8 (d) Ta 4.01 (ddd, 11.1, 6.3, 6.3) 53.9(d)
7 1.66 (br) 31.6 (t) agmatine 1 3.01 (m) 37.8()
2.26 (br) 2 1.40 (m) 25.9 (1)
Ta 4.03 (m) 54.0 (d) 3 1.44 (m) 26.2 (t)
agmatine 1 3.01 (m) 37.6 (1) 4 3.08 (m) 40.4 (0
2 1.41 (m) 25.8 (1) I-NH 7.82 (1,59
3 1.43 (m) 26.2 (1) 4-NH 7.42 (1, 6.0)
4 3.08 (m) 40.4 (t) 5 156.6 (s)
i-NH 7.78 (dd, 5.7, 5.9)
4-NH 742 (dd, 54, 5.9)
5 156.6 (s)
eruginosin 298-B (6) was first isolated as a single peak by reversed-phase HPLC, but 'H and 13C
Aecruginosin 298-B (6) was firs gle p y p ,
NMR spectra in DMSO-dg at 300 K indicated the presence of two components in ratio of 3:1. Two
components could not be separated by reversed-phase HPLC (ODS Ci8, CN and Ph). The amino acid

analysis and the HPLC analysis of the derivatives with L-Marfey's reagent of the acid hydrolysate of these
components gave D,L-Leu in a ratio of 3:1. Therefore, it was confirmed that 6 was consisted of epimers,



which were different in the stereochemistry of Leu, and the structure elucidation of 6 was carried out with the
mixture. The molecular formula of 6 was established as Cp4H35N30¢6 by the HRFABMS and NMR spectral
data (Table 2). The extensive NMR analyses including 'H-1H COSY, HMQC and HMBC spectra revealed
the same spin system of Hpla, Leu and Choi as in 5. The HMBC correlation from the primary amide protons
(6 6.83, 7.22) to carbonyl carbon (8 173.0) confirmed that the C-terminus was protected by the primary
amide. The sequence of 6 was deduced by the HMBC correlations from o-H, B-H and NH to C=O (Fig. 4).

- 'H-'H COSY
— . HMBC \ Va

HO
Fig. 4. 'H-'H COSY and HMBC correlations in aeruginosin 298-B (6).

Table 2. 'H and 13C NMR Data for Aeruginosin 298-B (6) in DMSO-dg
Major component Minor component
Position Iy JH) 13¢c Position IH J (Hz) 13¢
Hpla 1 172.3 (s) Hpla 1 172.3 (s)
2 401 (m) 71.8 & 2 400 (m) 728 @&
3a 2.63 (dd, 13.3,7.7) 390 @ 3a 2.61 (dd, 14.4,7.3) 390
3b  2.84 (dd, 14.1,3.9) 3b 2.81 (dd, 13.7,4.3)
4 1279 (s) 4 1252 (s)
59 6.98 (dd, 86,17 130.00 ) 5,9 6.95 (dd, 8.6,1.7) 129.96 (d)
6,8 6.62 (dd, 8.6, 1.7) 114.44 (s) 6,8 6.60 (dd, 8.6, 1.7) 114.39 (s)
7 1554 (s) 7 1554 (s)
Leu 1 169.4 (s) Leu 1 169.8 (s)
2 4.53 (1,9.0) 474 @ 2 4.19 (ddd, 10.0,9.0,3.0) 469 ()
3a 1.20 (ddd, 13.3,9.0,4.7) 41.8 (1) 3a 1.24 (m) 41.7 (1)
3b  1.33 (m) 3b 1.41 (m)
4 1.32 (m) 23.6 @ 4 1.28 (m) 237 @
5 0.86 (d,64) 2297 @ 5 $.76 (3,60 23.00 @@
5 0.87 (d,6.4) 214 (@ 5 0.71 (d, 6.0) 21.3 (@
NH 740 (d,8.5) NH 7.33 (d,9.0)
Choi 1 173.0 (s) Choi 1 173.3 (s)
amide 2 4.12 (t, 8.0) 594 (@ amide 2 464 (1, 8.6) 59.1 @
3a 1.80 (ddd, 14.2, 13.3, 8.0) 30.1 @ 3a 1.85 (m) 30.1 (1)
3b 1.98 (m) 3b 2.22 (m)
3 2.25 (m) 358 @ 3 222 (m) 359 @
4a 141 (m) 188 (1) 4a 145 (m) 18.7 ()
4b  2.02 (m) 4b 202 (m)
5  1.42 (m) 259 (© 5a 139 (m) 259 (©
6 3.92 (br) 63.7 @ 5b 198 (m)
Ta i.65 (ddd, 14.2,11.6, 1.9) 332 @ 6 3.84 (br) 63.7 @
7b 200 (m) Ta 143 (m) 334 (0
A 4.02 (m) 53.6 @ 7b 1.85 (m)
NH; 6.83 (br) 7 427 (ddd, 11.5, 6.0, 6.0) 539
7.22 (br) NH; 7.10 (b

7.60  (br)
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The stereochemistries of the Hpla and Leu units of 6 were determined by the above-mentioned
procedure. The similarity of the !H and 13C NMR spectra of Choi (sulfate) between 1 and 6 and the NOESY
correlations!? indicated that the stereochemistry of the Choi sulfate unit was also 25, 3'R, 6S, 7'R.

The chromatogram of aeruginosins 89-A (7) and 89-B (8) on ODS HPLC showed a very complex
pattern. After re-isolation, these individual peaks gave the same chromatographic pattern again.
Furthermore, an aldehyde proton signal (8y1 9.82) in |H NMR spectrum of a mixture of 7 and 8 in DMSO-dg

was observed. From these results, both 7 and 8 were considered to be a mixture of tautomers as
leupeptins,20 aeruginosins 102-A and 102-B.6 To determine the stereochemistries of these compounds, a
mixture of 7 and 8 was treated with MeOH containing 10% HCI to obtain desuifated aeruginosins 89-A (9)
and 89-B (10) dimethylacetal by HPLC, and these compounds were oxidized with NaClO; and hydrolyzed.
The HPLC analysis of Marfey derivatives of Arg in the acid hydrolysates indicated that the stereochemistries
of argininal dimethylacetal in 9 and 10 were L- and D-forms, respectively. Consequently, it is considered
that 7 and 8 were epimers which differ in the stereochemistry of argininal.

Fortunately, in the each 1H and 13C NMR spectra of 7 and 8, which were purified by ODS HPLC
Lqing agueous McCN containing 0.05% TFA, only one set of signals was observed in DMQO-{IL
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HO,

~ 9 (5) Argal dimethylacetal

H 10 (R) Argal dimethylacetal
The molecular formula of aeruginosin 89-B (8) was decided to be C3pH44NgO10SCl by low and high
resolution FABMS and NMR data (Table 3), but its 2 D NMR data were not clear for its broard spectra. The
pseudomolecular ions at m/z 717/719 [M+HIM+H+2]+ of the positive FABMS revealed the presence of a

_____________ _f NTR A

structures, chloro Hpla sulfate and Choi. The structures of the Leu and Argal (argininal) units were deduced
by the interpretation of 2 D NMR spectra and comparison of the 13C NMR data with those of other
aeruginosins because the HMBC correlations between Leu H-2, H-3 and NH/Leu C-1 (8 169.2) and Argal
H-1 and H-5/Argal C-6 (8 156.7) were not observed (Fig. 5). The sequence of these partial structures was
determined by the HMBC and NOESY spectra. In the HMBC spectrum, Leu NH coupled to chloro Hpla
sulfate C-1 and Argal NH coupled to Choi C-1. The NOESY spectrum showed the correlation between Choi
H-7" and Leu H-2 (Fig. §).

The stereochemistries of the chloro Hpla sulfate and Leu units of 8 were determined by the methods as
A
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7'R. The absolute configuration on C-2 of the Argal unit was determined to be D-form by Marfey's analysis
of acid hydrolysate of oxyproduct of 8, in which Argal was oxydized to Arg. Moreover the Argal unit
appeared to have a chair form by NOESY correlations shown in Fig. 6. These results indicated that the Argal

unit was 1§, 2R argininal.
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H\é T . NHZ that of 8. The absolute stereochemistry of the Argal unit was L-
AN S form, which was different from 8. However the relative
s } stereochemistry of the Argal unit was not determined because of
Dbt poor NOESY correlations. The absolute stereochemistries of the

Fig. 6. Relative stereochemistry of
argininal in aeruginosin 89-B (8)
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of Hpla derivatives, usual amino acids, Choi derivatives and Arg

derivatives. Among these peptides, aeruginosin 298-B might be considered to be a biosynthetic intermediate,

because it lacks Arg derivative and is protected by a primary amide. On the other hand, Shin et al.” isolated

aeruginosins 205-A and 205-B from Oscillatoria agardhii (NIES-205), which are the further modified
aeruginosins with xylopyranose. '

In the present study, the absolute configuration of the Choi unit of aeruginosin 98-A was decided to be

28, 3R, 6S, TR by chemical studies. Its absolute configuration was identical with the X-ray
crvstallaoranhic structure of the trvnsin-aeruoinosin 98-R complex 8 In 1987. the svnthesis of 2-carboxv-6-
Crysialiograpic structure of 1ne rypsin-acniginosin 7a COMpPICX i 176/, e Sy Y
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derivative has been reported by Souchet er al.23 Bonjoch et al. has also reported the synthesis of Choi using
Birch reduction of O-Me Tyr and the relative configuration of Choi of aeruginosin 298-A was assigned to be
25, 3'R, 6S, 7'R configuration.24

Tahle 2 11 and 130 N\MDR Nata far Aamiginncine Q0O R /8 nnd QA_A 1\ i MIMCN_ T,
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Aecruginosin 89-B (8) Aeruginosin 89-A (7)
Position 1H J(Hz) 13C Position IH J(Hz) 13C
Chloro Hpla 1 172.0 (s) Chloro Hpla 1 172.1 (s)
sulfate 2 4.08 (dd, 7.3,3.9) 71.6(d) sulfate 2 4.10 (m) 71.6 (d)
3a 270 (dd, 13.7,7.3) 3%.0(@® 3a 2.70 (dd, 13.9,7.5) 350
3b 2.93 (dd, 13.7, 3.9) 3b 2.92 (dd, 13.9, 3.4)
4 133.8 (s) 4 133.9 (s)
5 7.20(, 1.7) 130.3 (d) 5 7.20 (s) 130.3 (d)
6 123.6 (s) 6 123.6 (s)
7 147.8 (s) 7 147.8 (s)
8 7.46 (d 8.6) 121.2 (d) 8 7.46 (d, 8.5 121.0 (d)
9 7.05 (dd, 8.6, 1.7) 128.6(d) 9 7.05 (d, 8.5) 128.5(d)
Leu 1 169.2 (s) Leu 1 169.5 (s)
2 4.57 (br) 538 () 2 4.57 (m) 47.8 (d)
3a 1.23 (m) 42.1 (1) 3a 1.23 (m) 42.0 ()
3b 1.38 (m) 3b 1.39 (m)
4 1.36 (m) 24.0 (d) 4 1.35 (m) 24.0 (d)
5 0.82 (d, 6.4) 23.4 (q) 5 0.82 (d, 7.4) 23.3(q)
5 0.88 (d, 6.4) 21.3(q) 5 0.88 (d,7.4) 21.4 (q)
NH 7.39(d, 9.0) NH 745 (d,m)
Choi 1 170.9 (s) Choi 1 170.8 (s)
2 4.25 (t, 8.6) 59.6 (d) 2 4.28 (t, 9.0) 59.4 (d)
3a 1.72 (m) 30.7 () 3a 1.87 (m) 30.2 (v)
3b 2.05 (m) 3b 1.97 (m)
3' 2.26 (m) 36.0 (d) 3 2.29 (m) 36.0 (d)
4a 1.41 (m) 19.0 (1) 4a 1.43 (m) 19.0 (v)
4b 2.03 (m) 4b 2.06 (m)
5 1.42 (m) 26.0() 5 1.44 (m) 26.0 ()
6 3.90 (br) 63.8 (d) 6 3.91 (br) 63.8 (d)
Ta 1.68 (m) 33.5() Ta 1.66 (t, 11.7) 33.5()
7o 2.02 (m) 7o 2.03 (m)
7' 4.02 m) 54.0 (d) 7' 4.06 (m) 53.9 (d)
Argal 1 Argal 1 5.25 (br) 76.2 (d)
2 5.25 (br) 76.6 (d) 2 3.70 (m) 49.0 (d)
3a 3.73 uu; 48.7 (d) 3a 1.57 \ui) 233 (i)
3b 1.50 (m) 3b 1.72 (m)
4 1.63 (m) 239 () 4 1.49 (m) 23.4 (1)
Sa 1.47 (m) 5a 3.11 (m) 39.5()
5b 1.68 (m) 233 (1) 5b 3.46 (m)
2-NH 7.56 (d, 8.1) 2-NH 7.70 (d, 11.3)
1-OH 6.50 (br) 1-OH 6.40 (br)
6 156.7 (s) 6 156.6 (s)

Leupeptin25-27 and antipain?8:29 are well known protease inhibitors which possess Argal at C-
terminus. In the case of leupeptin, Argal tautomerized as in Fig. 7. The tautomerization of aeruginosins 89-
A and 89-B may be also due to the same manner. Umezawa's group has reported that the tautomerization of

ned bv [_ﬂnxmsr in butanol, reduction with sodium borohydride and oxidation with

leunenting is stop ductiorx S orohyd K1d
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Consequently, the complete separation of aeruginosins 89-A and 89-B was very difficult.

&



Aeruginosin-type peptides inhibited serine proteases trypsin, thrombin and plasmin potently. Serine
protease inhibitory activities of aeruginosins are summarized in Table 4.

The trypsin inhibitory mode of aeruginosin 98-B has closely resembled that of D-Phe-Pro-agmatine by
the X-ray crystallographic structure of the trypsin-aeruginosin 98-B complex.8 However aeruginosin 98-B
binds exclusively to specificity and recognition elements in an unprecedented fashion for a natural product so

that the nucleophilic oxygen of Ser195 makes no close contacts with any atom of aeruginosin 98-B. The
thrombin inhibitorvy mode of aerueinosin 298-A has been also decided to resemble to that of D-Phe-Pro-Are

LRSIUIAND ATV AR L SRS SRS, A NA8 Deen aif0 deciaed o resemblie R IR s 3 94

rhlaramathul Fatnna hy the Y_ravu rrvctallanosranhis ctminhira Af tha theamhin_ anmioinacin MR A nnrmrloe T
CAUVIVIHIVUIIY I AVIURIC Uy LIV ATIAY U1 yStalugidpiue SUULLUIL Ul WiC B UIHUii-atl uslllU\lll &LZ0A CUILLPICA. 111
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unis 1 t, Steiner et al. has described that the new and unusual manner in which the L-Leu and npla groups

of aeruginosin 298-A at the P3 and P4 positions interact with thrombin reveals that the binding properties are
not always predicted by the sequence or stereochemistry alone.%
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Fig. 7. Tautomerization of leupeptin.

Table 4. Serine and cystemc protease mhxbnory activities of aerugmosms

ICso=pg/mL Trypsin  Thrombin  Plasmin Papain  Other enzymes*
pevgnesn o5 As 08 7060 T 5T
Aeruginosin 98-B° .0 10.0 7.0 100 >100
Aeruginosin 98-C 3.9 33 5.0 - >100
Aeruginosin 101 3.0 32 33 - >100
Aeruginosin 298-A4 1.0 0.3 >10 >10 >10
Aeruginosin 298-B >100 >100 >100 >100 >100
Aeruginosin 89-A 0.4 0.03 0.02 >10 >10
Aeruginosin 89-B 6.6 0.05 0.46 >10 >10
Aerugi_nosin 102-A6 0.2 0.04 0.3 >10 >10
Aeruginosin 102- B6 i.0 0.1 0.8 >i0 >10
Aeruginosin 205-A7 0.07 L5 - - -
Aeruginosin 205-B7 0.07 0.17 - - -

*; elastase and chymotrypsin, -; unknown data

In the present study, it is found that aeruginosins having argininal at the C-terminus unit shows
stronger protease inhibitory activity than those of having agmatine and argininol (Table 4). Especially, its
ore remarkable aga ainst thrombin (Table 4). Therefore, an aldehvde of a
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General Methods. Ultraviolet spectrum was measured on a Hitachi 330 spectrophotometer. Optical

rotation was measured on a JASCO DIP-1000 polarimeter. 1H and 13C NMR spectra were measured on
either Bruker AM600, JEOL INM-AS500 or -A600 NMR spectromete Two-dimensional NMR spectra
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were recorded on either a Bruker AM600 NMR spectrometer equipped with an ASPECT 1000 computer or a
JEOL JNM-A600 NMR spectrometer equipped with a VAXserver 4000-200 computer. FAB mass spectra,
including high resolution mass measurements, were measured on a JEOL SX-102 mass spectrometer.
Amino acid analyses were carried out with either a Hitachi 835 or L-8500A amino acid analyzers.

Culture Conditions. Culture conditions of M. aeruginosa (NIES-98, NIES-101, NIES-298 and
NIES-89) were the same as previously described. 45

Isolatlon of Aeruglnosins 98-A (1), 98-B 3). Freeze-dried alga (M.

QOO MMaNVT (DT 5 2N and AMaNLT
OU70 VICUIN (2 L X 3) aild vieun

>ts were concentrated t0 an aqueous suspension which
was then extracted with ether. The aqueous layer was extracted with n-BuOH. The n-BuOH layer was
evaporated under reduced pressure to green dry solid (11.4 g), which was subjected to flash chromatography
on ODS (YMC-ODS AM120A, 10x 7 cm) with aqueous MeOH followed by CH>Cl,.

The 30% MeOH fraction (175 mg) was subjected to reversed-phase HPLC (J'sphere ODS H-80, 10 x

250 mm; 20-45% MeCN containing 0.05% TFA; UV-detection at 210 nm; flow rate 2.0 mL/min) to yield 1
(10.2 mg). The 40% (377 mg) and 50% MeOH (535 mg) fractions were combined, concentrated and

subjected to flash chromatography on ODS (YMC-ODS AMI20A 5 % 8 ¢cm) with agueous MeOH followed
by CH»Cl5.
The 30%MeOH fraction (50 mg) was subjected to reversed-phase HPLC (CAPCELL PAK C18

An i YA W 47+ AR Y PV al S nnens YT 7 X Val

AGI20A, 10 x 250 mm; 20-50% MeCN containing 0.05% TFA; UV-deiection at 210 nm; flow rate 2.0
mL/min) to yield 1 (25.0 mg) and 2 (6.0 mg). The 40% MeOH fraction was subjected to rcversed-phase
HPLC (Cosmosil SC18-MS, 10 x 250 mm; 20-45% MeCN containing 0.05% TFA; UV-detection at 210 nm;
flow rate 2.0 mL/min) to yield 1 (45.2 mg) and 2 (11.0 mg). The 50% MeOH fraction (249 mg) was
subjected to reversed-phase HPLC (YMC-Pack AM-324 120A, 10 x 300 mm; 20-44% MeCN containing
0.05% TFA; UV-detection at 210 nm; flow rate 2.0 ml/min) to yield 1 (34.1 mg), 2 (14.4 mg) and fraction
containing 3 (11.5 mg). The fraction containing 3 was subjected to reversed-phase HPLC (YMC-Pack AM-
324 120A, 10 x 300 mm; 26% MeCN containing 0.05% TFA; UV-detection at 210 nm; flow rate 2.0

tn 1
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290 L of culture) was extracted with 80% MeOH (2 L. x 2) and MeOH (2 L. X 1). Combined 80% MeOH and
MeOH extracts were concentrated to an aqueous suspension which was then extracted with ether. The

aqueous layer was extracted with n-BuOH. The n-BuOH layer was evaporated under reduced pressure to
green dry solid (8.0 g), which was subjected to flash chromatography on ODS (YMC-ODS AMI20A, 10 x 7

cm) with aqueous MeOH followed by CH,Cl,.
The 30%, 40% and 50%MeOH fractions were combined, concentrated and subjected to flash
chromatography on ODS (YMC-ODS AMI120A, 8 x 7 cm) with agueous MeOH followed by CH>Cl,. Each

of the six fractions (20%, 30%, 40%, 50%, 60% and 100%MeOH fractlons) was subjected to reversed-
005% TF TV _Aatertinn

Y
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mhaca DT (" (Tenhara NNC H_QN 10 w 250 mm- 2MN_AS9 M
o 270 [# O
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210 nm; flow rate 2.0 mL/min) to yield crude fraction comammg 4 (60.3 mg). T
subjected to reversed-phase HPLC (YMC-Pack AM- 324A, 10 x 300 mm; 23% MeCN
TFA; UV-detection at 210 nm; flow rate 2.0 mL/min) to yield 4 (12.2 mg).

A% a A

he fraction containing 4 was
containing 0.05%



Isolation of Aeruginosins 298-A (5) and 298-B (6). Isolation of 5§ was previously
described.* Freecze-dried alga (M. aeruginosa (NIES-298); 130.0 g from 362 L of culture) was extracted
with 80% MeOH (1.5 L x 3) and MeOH (1.5 L x 1). Combined 80% MeOH and MeOH extracts were
concentrated to an aqueous suspension which was then extracted with diethyl ether. The aqueous layer was
extracted with n-BuOH. The n-BuOH layer was evaporated under reduced pressure to green dry solid (5.0
), which was subjected to flash chromatography on ODS (YMC-ODS AM120A, 10 x 12 cm) with aqueous

MeOH followed by CHCl; to yield the 40-80%MeOH fraction containing 6 (0.92 g). The diethyl ether

............ e cazaendad Lo P Py Py B s

mycx was further S€pdraicd oy the n.upumxl pwtcuurc 30 err luy' ng gr adient solvent systems of hexane/50%
MeOH and CCl4/80% MeOH The 80% MeOH layer (0.5 g) was subjected to flash chromatography on ODS
(YMC-ODS AMI20A, 3 x 10 cm) with aqueous MeOH followed by CH»Cl> to yield the 20% MecOH
fraction containing 6 (255 mg). These fractions containing 6 were combined, concentrated and subjected to
flash chromatography on ODS (YMC-ODS AM120A, 10 x 12 cm) with aqueous MeOH followed by
CH2Clz. The 50% MeOH fraction (136 mg) was subjected to reversed-phase HPLC (Cosmosil SC18-MS,
10 x 250 mm; 20-60% MeCN containing 0.05% TFA; UV-detection 210 nm; flow-rate 2.0 ml/min) to yield

6 (27.7 mg).

Isalation of Aerunginacing 89.A (7) a RO.R (B). Freeze-dried aloa (M. aeruginosa (NIES-

Asoiation of Aeruginosins &7-A (/) ang &8¥- (8). rreecze-aned aiga (M. aeruginesa (UNiES
OY- 1NS o fraam AN T af culhira) wae avtracted with 0 MaOH (R T w DN and MaDH (D 1T w 1Y Camhinad
67, 1U3 g iIUIN 0LV A O CUilIC) Was CRUalwd Wil SU70 MU (3 L X 37 anNd MiCm (2 L X 1), LOMDINEG

80% MeOH and MeOH extracts were concentrated to an aqueous suspension which was then extracted with
ether. The aqueous layer was extracted with n-BuOH. The n-BuOH layer was evaporated under reduced
pressure to green dry solid (2.6 g), which was subjected to flash chromatography on ODS (YMC-ODS
AMI120A, 6 x 10 cm) with aqueous MeOH followed by CH2Clp.

40% MeOH fraction was subjected to reversed-phase HPLC (YMC-Pack AM, 20 x 250 mm; 20-50%
MeCN containing 0.05% TFA; UV-detection at 210 nm; flow rate 6.0 mL/min) to yield an active fraction
(75.5 mg). This active fraction was subjected to reversed-phase HPLC (YMC-Pack AM324A, 10 x 300 mm;
23% MeCN containing 0.05% TFA; UV-detection at 210 nm; flow rate 2.0 mL/min) to yield 7 (5.5 mg) and

crude fraction containing 8 (65.0 mg). Fraction containing 8 was subjected to reversed-phase HPLC
(Cnemancil 1R_MS 10 % 280 mm: 20-25%, MeO N containino N 05% TFA: 1TV _detection 210 nm: flow-rate
\NASTLIIVOSE L3 LUTIVALY y 2V /7N LTV RAKREy &V e /U AVAUS AN MULILGRILIIELL WU O /U R L £ 3y W BN LAVLL e 2\ REXEEy AENS 1 G
AN LT f oy s 21 10 Y&
Z.U ML/ } 1O ylﬁlu 0 (4.0 Mg

Aeruginosin 98-A (1). Properties of 1 were previously described.’

Aeruginosin 98-B (2). Properties of 2 were previously described.d

Aeruginosin 98-C (3). [a]p -13.0° (¢ 0.25, H20); UV (H20) Amax 281 nm (¢ 860); HRFABMS
m/z 731.2077 [M-H]~ (C29H44NgOg¢SBr, A +0.3 mmu); HMBC correlations: bromo Hpla C-1/allo lle NH;
bromo Hpla C-2/H-3; bromo Hpla C-3/H-5, H-9; bromo Hpla C-4/H-3, H-8; bromo Hpla C-5/H-3, H-9;
bromo Hpla C-6/H-5, H-8, 7-OH; bromo Hpla C-7/H-5, H-8, H-9, 7-OH; bromo Hpla C-9/H-3, H-5; allo
Ile C-1/NH; allo Ile C-2/H-6; allo Ile C-3/H-5, H-6; allo Ile C-4/H-5, H-6; allo Tle C-5/H-4; allo Ile C-6/H-4;

Choi sulfate C-1/H-2, H-3, agmatine H-1, NH; Choi sulfate C-2/H-3; Choi sulfate C-3/H-2, H-7'; Choi

aeilfa Y MY Y OLY ....“\ Lt £ ALY ammnntiaa (Y _2JLT 1 LY agma nts M_AMI DY A _NLI. nnmnf
suirate -/ /ri-3, n-‘r, g UEC U~ an- n“’ a; Une  u->o/11-1, 11 " agil NG -4/ 11-2, 4-INI1, +4 fiatine
C-5/H-4, 4-NH.

Aeruginosm 101 (4). [a]p -11.0° (c 0.50, 50% MeOH); UV (MeOH) Amax 290 nm (¢ 1810);
HRFABMS m/z 721.2149 [M-H]}" (C29H44Ng09SCls, A -4.0 mmu); HMBC correlations: dichloro Hpla C-
1/H-2, H-3, allo Ile NH; dichloro Hpla C-2/H-3; dichloro Hpla C-3/H-2, H-5, H-9; dichloro Hpla C-4/H-2,



H-3; dichloro Hpla C-5,9/H-3, H-5, H-9; dichloro Hpla C-6,8/H-5, H-9, 7-OH; dichloro Hpla C-7/H-5, H-
9; allo Ile C-1/H-2; allo Ile C-2/H-4, H-6, NH; allo Ile C-3/H-2, H-4, H-5, H-6; allo Ile C-4/H-5, H-6; allo
lle C-5/H-4; allo Ile C-6/H-2, H-3, H-4; Choi sulfate C-1/H-2, H-3, agmatine H-1; Choi sulfate C-2/H-3, H-
T'; Choi sulfate C-3/H-3', H-7'; Choi sulfate C-3'/H-3, H-7'; Choi sulfate C-5/H-3"; Choi sulfate C-7/H-3";
agmatine C-1/H-2; agmatine C-2/H-1, H-3, H-4; agmatine C-3/H-1, H-4; agmatine C-4/H-2, H-3, 4-NH;
agmatine C-5/H-4.

Aeruginosin 298-A (5). Properties of § were previously described.4

.
Aeruginosin 298-B (6). UV (MeOH) Amax 277 nm (e 2030); HRFABMS m/z 462.2617
bt T¥. AT A 21 A A V § - x RS 1 1rri ¥

orrelations (Major component): Hpla C
NH; Hpla C-2/H-3; Hpla C-3/H-2, H-5, H-9; Hpla C-4/H-2, H-5, H-6, H-8, H-9; Hpla C-5,9/H-5, H-9;
Hpla C-6,8/H-5, H-6, H-8, H-9; Hpla C-7/H-5, H-6, H-8, H-9; Leu C-1/H-2, H-3, NH, Choi amide H-2,
H-7'; Leu C-2/NH; Leu C-3/H-5, H-5'; Leu C-4/H-5, H-5'; Leu C-5/H-3, H-5'; Leu C-5'/H-3, H-5; Choi
amide C-1/H-2, H-3, NH3; Choi amide C-2/H-3, H-7', NHj; Choi amide C-3/H-2, H-3', H-7'; Choi amide
C-3'/H-3, H-4, H-7'; Choi amide C-5/H-3', H-7; Choi amide C-6/H-4; Choi amide C-7/H-3'; Choi amide C-
7'/H-3', H-4, H-7.

Aeruginosin 89-A (7). HRFABMS m/z 715.2527 [M-H]- (C20H44Ng010SClL, A -0.7 mmu);
-3
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-5, H-8, H-9; chioro Hpla suifate C-9/H-3, H-5;
C-5/H-5'; Leu C-5'/H-5; Choi C-1/H-2, Argal 2-NH; Choi C-2/H-7'; Choi C-3/H-2, H-7'.

Aeruginosin 89-B (8). [a]p?3 +9.4° (¢ 0.1, MeOH); UV (MeOH) Amax 283 nm (¢ 1660);
HRFABMS m/z 715.2593 [M-H]- (C30H44Ng010SCl, A +6.5 mmu); HMBC correlations: chloro Hpla
sulfate C-1/H-2, H-3, Leu NH; chloro Hpla sulfate C-2/H-3; chloro Hpla sulfate C-4/H-3, H-8; chloro Hpla
sulfate C-5/H-3, H-9; chloro Hpla sulfate C-6/H-5, H-8; chloro Hpla sulfate C-7/H-5, H-8, H-9; chloro Hpla
sulfate C-9/H-3, H-S; Leu C-3/H-5, H-5'; Leu C-4/H-3, H-5, H-5'; Leu C-5/H-5'; Leu C-5/H-5; Choi C-
1/H-2, Argal NH; Choi C-2/H-7"; Choi C-3/H-2; Choi C-3'/H-7; Choi C-5/H-3'; Choi C-6/H-4; Choi C-
Acid Hydrolysis. For amino acid analysis, 100 pg each of 1 to 8 in 0.5 mL of 6 N HCI was heated
at 110 °C for 16 h. The reaction mixture was dried, dissoived in 0.6 mL of .02 N HCI and subjected to
amino acid analysis. Retention times (min) of the standard amino acids: allo Ile (90.9 in 1, 43.8-44.9 in 2-
4), Ile (96.0 in 1, 45.7-46.8 in 2-3), Leu (98.1 in 5, 47.0-47.6 in 6-8); and acid hydrolysates of 1-4: 1,
allo Ile (90.9); 2, allo lle (43.6); 3, allo Ile (43.6); 4, allo Ile (44.9); 5§, Leu (98.1); 6, Leu (47.0); 7, Leu
(47.6); 8, Leu (47.2).

HPLC Analyses of the Marfey Derivatives. To the acid hydrolyzate of a 100 pug portion of the
peptides, 50 pL of 1-fluoro-2,4-dinitrophenyl-5-L-alanine amide in acetone (L-FDAA) (10 mg/mL) and 100

uL of 1 M NaHCO3 were added, and the mixture was kept at 80 °C for 3 min. To the reaction mixture, 50
uL of 2 N HCI and 300 ;LL of 50% MeCN were added and analyzed by reversed-phase HPLC (Cosmosil
RAQ AL ALY Ve e A ot Tl Ol T _MMTEA 7INANND 1Y 6 RAACNIAT NTIDA 7N AN 1Y 2 £0N o
VIO, (4.0 X ZL0U Hi), BTdUiCHL CIULION O FIPA/ 1A (1UVLUL L) WO VICUIN A 1 A \VVU.S4ULVUL 1) 11 DV 11T,
UV-detection 340 nm; flow rate 1.0 mL/min). Retention times (min) of the standard amino acids: L-Leu

(51.6-52.0 in 6-8), D-Leu (55.6-55.8 in 6-8), L-allo Ile (48.8 in 4, 51.3 in 1-3), D-allo Ile (52.8 in 4, 55.4



in 1-3); and amino acid derivatives from 1-4 and 6-8: 1-3, D-allo Ile (55.4); 4: D-allo Ile (52.8); 6, L-Leu
(51.6)/D-Leu (55.6) 3:1; 7 and 8, D-Leu (55.8).

p-Hydroxyphenylactic Acid (Hpla). L-Hpla. p-Amino-L-phenylalanine (100-300 mg) was
dissolved in 1 N HCI (10-15 mL) and cooled to 0 °C. To this solution, NaNO3 (100-200 mg) dissolved in

water (5-10 mL) was added dropwise. After the solution was stirred at rt for 16 h, it was heated under reflux
for 30 min. Then the solution was subjected to ODS column chromatography (Cosmeosil 140C18, 3 x 11
cm) with aqueous MeQOH and ererwd-nhace HPLC ('v_, osi]l SC18-MS, 10 x 250 mm, 17% MeCN
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(250 mg) in 31% yield.

3-Chloro-4-Hydroxyphenyllactic Acid (chloro Hpla). Chloro D-Hpla. The mixture of D-
Hpla (70 mg), sulfuryl chloride (200 pL) and CH2Cl (2 mL) was warmed at 80 °C until gas no longer
evolved. Then CH2Cl; (2 mL) was added to the reaction flask and warmed at 80 °C until gas no longer

evolved. The excess sufuryl chloride was removed by lyophilization. The reaction mixture was subjected to
reversed-phase HPLC (Cosmosil 5C18-MS, 10 x 250 mm, 20-40% MeCN containing 0.05% TFA; UV-
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detection at 210 nm; flow rate 2.0 mlL/min) to yield chloro D-Hpla (18.0 mg; 21%). Chloro D- -Hpla;
HRFABMS m/z 215.0128 [M-H]- (CoHgO4Cl, A +1.7 mmu); [a]p23 + 15.6° (¢ 0.5, H»0); !H NMR
(DMSO-dg), & 2.68 (H-3, dd, 13.7, 8.1), & 2.84 (H-3, dd, 13.7, 4.7), § 4.08 (H-2, dd, 8.1, 4.7), & 6.85
(H-8, d, 8.1), § 6.97 (H-9, dd, 8.1, 2.1), § 7.17 (H-5, d, 2.1); 13C NMR (DMSO-dg), 6 37.8 (C-3), 6 70.4
(C-2), 8 115.6 (C-8), & 118.9 (C-6), & 129.5 (C-9), & 129.7 (C-4), & 130.0 (C-5), & 151.3 (C-7), 8 174.9
(C-1). Chloro D,L-Hpla. This was obtained from D,L-Hpla (100 mg) in 23% yield.

3-Bromo-4-Hydroxyphenyllactic Acid (bromo Hpla). Bromo L-Hpla. To the mixture of
L-Hpla (20 mg) and dried THF (1.0 mL), dioxane dibromide (27.3 mg; prepared from bromine and dried
1,4-dioxane) was added at -20 °C and stirred for 15 min. After stirring at room temperature for 1 h, the
solvent was removed by evaporation. The reaction mixture was subjected to reversed-phase HPLC
(Cosmosil 5C18-MS, 10 x 250 mm, 22-52% MeCN containing 0.05% TFA; UV-detection at 210 nm; flow
ield bromo L-Hpla (10.5 mg; 37%). Bromo L-Hpla; HRFABMS m/z 258.9611 [M-H]-
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(CgHgO4Br, A +0.5 mmu); [a]p23 - 13.5° (¢ 0.5, H20); 'TH NMR (DMSO-dg), 8 2.76 (H-3, dd, 13.9,
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8.1), 2.83 (H-3, dd, i3.9,
7.31 (H-5, d, 2.2), 9.97 (7-OH, br); }3C NMR (DMS
(C-8), 129.6 (C-9), 130.2 (C-4), 133.4 (C-5), 152.
obtained from D,L-Hpla (30 mg) in 69% yield.
3,5-Dichloro-4-Hydroxyphenyllactic Acid (Dichloro Hpla). Dichloro L-Hpla. The

mixture of L-Hpla (70 mg) and sulfuryl chloride (900 uL) was warmed at 80 “C until gas no longer evolved.
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D,L-Hpla. This was

The excess sufuryl chloride was removed by lyophylization. The reaction mixture was subjected to reversed-
phase HPLC (Cosmosil 5C18-MS, 10 x 250 mm, 22-52% MeCN containing 0.05% TFA; UV-detection at

praads DITLA (RO L 1070ig, 2V LU 11010, £ £

fr
>3
o
<

wn
3
"~

~J @
-2

O}
CIJ[
C
|
&
>
o
W
oo
o
&
(98]
et
(2]
~J
(=]
5]
—
o
(]
et

(H59 s) 5990(7 OH, br); 13C NMR (DM



s AN .

(C-6,8), 6 131.1 (C-4), & 147.3 (C-7), 8 175.0 (C-1). Dichioro D,L-Hpla. This was obtained from D,L-
Hpla (100 mg) in 8% yield.

Derivatization and HPLC Analysis of Hpla and Halogenated Hpla. /-Menthol (10.0 mg)
and MeCN (50 pL) were added to each of the acid hydrolysates of 1 to 8 (100 or 200 pg). After cooling,
TMSCI (20 pL) was added, and the mixture was sealed in a test tube with screw cap, and heated at 100 °C
for 10 min. Then the solvent was removed in a stream of nitrogen and diluted with MeCN (100 nL), and
analyzed by reversed- phase HPLC (Cosmosil 5C18-MS, 10 x 250 mm, 50% (10 min)-70% (gradient elution

5% TF A., UV-detection

n 1 o0 . 3} ey wnta 1 i) Datamélam #3

s JUMMILIL ) IVEUNLY LULIRGREIRRE S\ 1HIL, HUW 14alC 1.V HILJ/1iHE ). NCWCIIIVLL WU S
{(min) of standards: D-Hpia (25.2 min), L-Hpla (26.4 min), chioro D-Hpla (30.0), chioro L-Hpia (31.2),
bromo D-Hpla (33.0), bromo L-Hpia (34.4), dichloro D-Hpla (36.4), dichloro L-Hpla (37.6); and derivatives

from 1-8: D-Hpla (33.0) in 2, § and 6; chloro D-Hpla (30.0) in 1, 7 and 8; bromo D-Hpla (33.0) in 3;
dichloro D-Hpla (36.4) in 4.

2-Carboxy-6-Hydroxyoctahydroindole diacetate (Choi diacetate). Aeruginosin 98-A (1;
30.0 mg) was disssolved in 6 N HCI (5.0 mL) and heated at 110 °C for 28 h. After the solvent was removed

by evaporation, the reaction mixture was lyophylized and subjected to reversed-phase HPLC (Cosmosil
SC18-MS, 10 x 250 mm; 0-60% MeCN containing 0.05% TFA; UV-detection 210 nm, flow rate 2.0

mL/min) to vield the fraction cnp‘gaipipo Choi (4 0 mo), To this fraction, acet

ARALLSAAAARE S R yavas FS R SIS} VTV ERs ) AV MAES A1GVUIVEE GV

mlL/min) to yield Choi diacetate (2.5 mg): iH NMR (CD30D; 600 MHZ) major conformer § 1.65 (H4,
m), 1.65 (H-5, m), 1.74 (H-5, m), 1.83 (H-7, ddd, 15.0, 11.5, 2.6), 2.04 (H-3, m), 2.04 (H-4, m), 2.06
(OAc, s), 2.07 (NAc, s), 2.20 (H-7, m), 2.26 (H-3, ddd, 12.4, 8.1, 7.3), 2.50 (H-3a, m), 4.14 (H-7a, ddd,
10.7, 6.4, 6.4), 4.35 (H-2, dd, 10.3, 8.6), 5.08 (H-6, br); minor conformer & 1.60 (H-7, ddd, 14.1,
11.6, 2.6), 1.60 (H-5, m), 1.63 (H-4, m), 1.68 (H-5, m), 1.91 (NAc, s), 2.02 (H-4, m), 2.05 (OAc, s),
2.16 (H-3, m), 2.24 (H-7, m), 2.35 (H-3a, m), 2.43 (H-3, ddd, 11.5, 8.4, 7.0), 4.39 (H-7a, m), 4.53 (H-

2.t. 8.6). 5.03 (H-6. br)
2, t, 8.6), 5.03 (H-6, br)
Nﬁ{S,R)sPﬂ“ -2-Carboxy-6-Hydroxyoctahydroindole diacetate. A solution of Choi

'z

mg) and N-methylmorphorine (1.0 jiL) at O "C, and the mixture was stirred at room temperature for 16 h.
After the solvent was removed by lyophylization, the reaction mixture was subjected to reversed-phase HPLC
{Cosmosil 5C18-MS, 10 x 250 mm; 20-100% MeCN containing 0.05% TFA; UV-detection 210 nm; flow
rate 2.0 mL/min) to yield N-(R)-PGME-Choi diacetate (1.5 mg; 97%): 'H NMR (CD30D; 600 MHz), major
conformer 6 1.58 (H-5, m), 1.65 (H-4, m), 1.70 (H-5, m), 1.84 (H-7, m), 1.96 (H-3, m), 2.01 (H-4, m),
2.05 (NAc, s), 2.08 (OAc, s), 2.14 (H-3, ddd, 12.4, 7.7, 7.3), 2.15 (H-7, m), 2.46 (H-3a, m), 3.70
(COyMe, s), 4.52 (H-2, t 10.0), 5.04 (H-6, br), 5.50 (H-1', s), 7.30-7.40 (phenyl, m); minor
conformer, § 1.60 (H-5, m), 1.63 (H-4, m), 1.68 (H-5, m), 1.75 (H-7, m), 1.97 (NAc, s), 2.02 (H-4
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-

m), 2.04 (H-3, m), 2.04 (OAc, s), 2.26 (H-3, m), 2.26 (H-’I, m), 2.32 ("-”'a m), 3.70 (CG2Me, s), 4.37
(H-7a, ddd, 12.4, 6.4, 5.1), 4.53 (H-2, t 8.1), 5.04 (H-6, br), 5.42 (H-1i', s), 7.30-7.40 (phenyi, m). N-

(S)-PGME-Choi diacetate was also derivatized as described above. N-(S)-PGME-Choi diacetate (1.5 mg;
97%): 'TH NMR (CD3;0D; 600MHz), major conformer, § 1.65 (H-5, m), 1.66 (H-4, m), 1.74 (H-5, m),
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1.90 (H-7, ddd, 14.5, 11.5, 2.6), 2.04 (H-4, m), 2.04 (NAgc, s), 2.06 (OAc, s), 2.08 (H-3, m), 2.15 (H-7,
m), 2.21 (H-3, ddd, 12.8, 7.7, 7.2), 2.48 (H-3a, m), 3.70 (CO;Me, s), 4.12 (H-7a, ddd, 12.2, 6.4, 5.8),
4.49 (H-2, dd, 9.8, 8.1), 5.07 (H-6, br), 5.44 (H-1', s), 7.31-7.42 (phenyl, m); minor conformer, &
1.64 (H-5, m), 1.67 (H-4, m), 1.72 (NAc, s), 1.73 (H-7, m), 1.75 (H-5, m), 2.04 (H-4, m), 2.04 (OAc,
s), 2.16 (H-3, m), 2.24 (H-7, m), 2.34 (H-3a, m), 2.38 (H-3, m), 3.71 (CO;Me, s), 4.36 (H-7a, ddd,
12.0, 6.4, 5.6), 4.51 (H-2, dd, 9.0, 8.1), 5.04 (H-6, br), 5.50 (H-1', s), 7.31-7.42 (phenyl, m).

L-Argininol. Boc L-Arg (NOy) (200 mg) was dissolved in dried MeOH (2.0 mL) - benzene (7.65
EYR AN

mi) and then TMSTCHN, (.35 mi) was added and stirred at room temperature for 3 h under argon. Afier
the solvent was removed by evaporation, the reaction mixture was subjected to silica gel column
chromatography (Kieselgel 60, 3 x 7 cm) with CHCl3, CHCl3/MeOH (9:1) and CHCI3/MeOH (4:1) to yield
Boc L-Arg (NO;) methylester (178.2 mg; 85%): FABMS (matrix: glycerol, positive) m/z 334 [M+H]*; 1H
NMR (CDCl3; 600 MHz), & 1.40-1.46 (s, 9H), 1.50-1.78 (m, 3H), 1.84-1.91 (m, 1H), 3.23-3.31 (m, 1H),
3.52-3.60 (br, 1H), 3.75-3.79 (s, 3H), 4.30-4.36 (br, 1H), 5.32-5.37 (d 8.1, 1H), 7.24-7.44 (br, 1H).

Boc L-Arg (NO;) methylester (150 mg) was dissolved in dried THF (5.0 mL) and then LiBH4 (20 mg)

was added to the solution with stirred at room temperature under argon. After being stirred for further 24 h,
10%citric acid was added and stirred at room temperature for 30 min. The reaction mixture was extracted

XL _ ME_NIT 7AND. 1\ MNITY

cm) with CHCl3, CHCl3/MeOH (49:1), CHCl3/MeOH (9: /MeCOH (4:

with EtOAc, dried over NazSQy4, concentrated and subjected to silica gel column chromatography (Kieselgel
1) 1a LﬂLI3IIVlLUﬂ (<. 1) lU lelU DUL
L-Arg (NOy) ol (111.5 mg; 81%): FABMS (matrix: giycerol, positive) n/z 306 [M+H]*; 1Hi NMR (CDCls;
600 MHz), 6 1.40-1.45 (s, 9H), 1.47-1.55 (m, 1H), 1.58-1.90 (m, 3H), 3.28-3.37 (br, 1H), 3.47-3.56
(br, 1H), 3.56-3.62 (dd, 11.1, 4.7, 1H), 3.66-3.73 (m, 1H), 4.94-5.00 (d, 6.8, 1H), 7.20-7.40 (br, 1H).
Boc L-Arg (NO3) ol (100 mg) was dissolved in EtOH (4.0 mL) and Palladium black (20 mg) was
added to the solution with stirred at room temperature for 24 h under hydrogen. The reaction mixture was
filtered and evaporated to give a crude alcohol, which was dissolved in TFA (2.0 mL.). After being stirred for

1 h, this solution was lyophylized, dissolved in EtOAc, washed with HpO and dried over NapSOy4. The

.c..ctivn mixture was evaporated and subjected to reversed-phase HPLC (Cosmosil SC18-MS, 10 x 250 mm;
H20-50% MeCH; UV-detection 210 nm; flow rate 2.0 mL/min) to yield L=arglnino! (27.0 mg; 51%)
[]p26-5 +4.7° (¢ 1.0, MeOH); HRFABMS m/z 161.1403 [M+H]* (CcH 7N40, A +0.1 mmu); 'H NMR
(D>0; 600 MHz), 8 1.50-1.65 (m, 4H), 3.09-3.13 (1, 6.8, ZH), 3.18-3.25 (m, 1H), 3.50-3.55 (dd, 12.4,

4.7, 1H), 3.19-3.23 (dd, 12.4, 3.4, 1H).

Derivatization and HPLC Analysis of L-Argininol. The acid hydrolysate of 5 (100 ug) was
derivatized with D- and L-FDAA as described above and analyzed by reversed-phase HPLC (Cosmosil 5C18-
MS, 10 x 250 mm, 20% MeCN containing 0.05% TFA, UV-detection 210 nm, flow rate 1.0 mL/min).
Retention times (min) of standards: L-argininol-D-FDAA (11.2), L-argininol-L-FDAA (13.4); and derivative
from aeruginosin 298-A (5): L-argininol (13.4).

.
Desulfated Aeruginosins 89-A and 89-B dimethyl acetal (9 and 10). A solution of
- [ A S rEnNn N .\ oo RAMLY ninbninminma 1IN0 LIM N A T ) ao P, |

9-A (T) 8) mixture (50.0 mg) in MeOH containing 10% HCl (0.4 mL) was stirred

aeruginosins 89-A (7) and 89-B (
at room temperature for 10 min. After the soivent was removed by Iyophylization, the reaction mixture was
subjected to ODS chromatography (YMC-ODS AMI120A, 1.5 x 7.0 cm) with aqueous MeOH and reversed-
phase HPLC (Capcell Pak C18 UG, 10 x 250 mm, 25% MeCN containing 0.05% TFA, UV-detection 210

nm, flow rate 2.0 mL/min) to yield 9 (4.1 mg) and 10 (3.8 mg). Desulfate aeruginosin 89-A dimethyl acetal



(9): TH NMR (DMSO-dg), chloro Hpla [8 2.70 (H-3, dd, 14.0, 6.8), 2.84 (H-3, dd, 14.0, 3.7), 4.09 (H-2,
ddd, 6.8, 4.8, 3.7), 5.80 (2-OH, d, 4.8), 6.83 (H-8, d, 8.5), 6.94 (H-9, dd, 8.5, 1.1), 7.13 (H-5, 4, 1.1),
9.80 (7-OH, s)}, Leu [ 0.79 (H-5, d, 6.2), 0.86 (H-5', d, 6.2), 1.17 (H-3, m), 1.24 (H-4, m), 1.36 (H-3,
m), 4.55 (H-2, ddd, 10.4, 8.8, 3.1), 7.38 (NH, d 8.8)], Choi [ 1.42 (H-4, m), 1.43 (H-5, m), 1.64 (H-7,
ddd, 11.0, 8.6, 2.4), 1.82 (H-3, ddd, . 9.5, 8.2), 1.97 (H-3, ddd, 14.5, 8.5, 1.7), 2.03 (H-7, m),

.04 (H-4, m), 2.27 (H-3a, m), 393(H6 br) 4.05 (H-7a, ddd, 8.7, 8.6, 6.5), 4.20 (H-2, dd, 9.5, 8.5)],
al dimethyl acetal [8 1.30 (H-3, m), 1.43 (H-4, m), 1.55 (n-4 m), 3.05 (H-5, dd, 13.2, 6.6), 3.24
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SO-dg), chioro Hpla [0 38.8 (C-3), 70.8 (C- 2),
129.6 (C-4), 130.6 (C-5), 151.4 (C-7), 172.0 (C-1)], Leu [8 21.3 (C—S ), 23.2 (C-5), 23.9 (C-4), 42.2 (C-
3), 47.8 (C-2), 169.7 (C-1)], Choi [d 19.0 (C-4), 26.0 (C-5), 30.3 (C-3), 33.3 (C-7), 35.9 (C-3a), 54.0 (C-
7a), 59.6 (C-2), 63.8 (C-6), 171.4 (C-1)], Argal dimethy! acetal [25.0 (C-4), 25.7 (C-3), 40.7 (C-5), 49.9
(C-2), 54.2 (OMe), 55.9 (OMe'), 105.3 (C-1), 156.6 (C-6)]. Desulfate aeruginosin 89-B dimethyl acetal
(10): 'H NMR (DMSO-dg), chloro Hpla [ 2.68 (H-3, dd, 14.1, 7.3), 2.84 (H-3, dd, 14.1, 3.9), 4.06 (H-
2, dd, 7.3, 3.9), 6.83 (H-8, d, 8.1), 6.94 (H-9, dd, 8.1, 2.1), 7.13 (H-5, d, 2.1)], Leu [d 0.80 (H-5, d,
.8), 0.86 (H-5', d, 6.4), 1.21 (H-3, m), 1.29 (H-4, m), 1.37 (H-3, m), 4.48 (H-2, m), 7.45 (NH, d 8.1)],
{
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.8, 8.1)], Argal dimethyl acetal |
(OMe, s), 3.34 (OMe', s), 3.77 (H-2, m), 4.20 (H-1, d, 5.1), 7.46 (5-NH, t, 6.6), 7.50 (2-NH, d, 9.0)],
13C NMR (DMSO-dg), chloro Hpla [ 38.8 (C-3), 71.6 (C-2), 116.0 (C-8), 118.9 (C-6), 129.1 (C-9),
129.6 (C-4), 130.6 (C-5), 151.4 (C-7), 172.3 (C-1)], Leu [ 21.3 (C-5"), 23.4 (C-5), 23.9 (C-4), 41.6 (C-
3), 48.2 (C-2), 169.7 (C-1)], Choi [d 19.0 (C-4), 26.0 (C-5), 30.6 (C-3), 33.3 (C-7), 36.0 (C-3a), 54.0 (C-
7a), 59.7 (C-2), 63.8 (C-6), 171.4 (C-1)], Argal dimethyl acetal [25.4 (C-4), 25.4 (C-3), 40.6 (C-5), 49.8
(C-2), 54.1 (OMe), 55.7 (OMe'), 105.3 (C-1), 156.6 (C-6)].

Oxidation and HPLC Analysis of 7 and 8. Each of compounds 7 and 8 (200 png) was

dissolved in +-BuOH (400 puL) and H;O (100 pL). To this solution were added 2-methyl-2-butene (4.0 mg),

on
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1.5 h, was evaporated and passed through a disposable ODS column (YN
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i
80%MeOH) and evaporated, and the residue was dissolved in 6 N HCI (500 uL) and heated at 105 °C for i2

h. Each acid hydrolysate of the oxyproducts of 7 and 8 was derivatized with D- and L-FDAA as described
above and analyzed by reversed-phase HPLC (Cosmosil 5C18-MS, 4.6 x 250 mm; gradient elution from

H>O/TFA (100:0.1) to MeCN/H2O/TFA (60:40:0.1) in 60 min; UV-detection 340 nm; flow rate 1.0
mL/min). Retention times (min) of the standard amino acids: D-Arg (33.2) and L-Arg (34.4); and amino acid
rg (34.4), 8; D-Arg (33.2).
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Oxidation and HPL.C Analysis of 9 and 10. Each of compounds 9 and 10 (500 ug) in 1.
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of 0.02 N HCl was heated at 60 °C for 3 h. After the solvent was removed by lyophylization, oxidatio
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HPLC analyses of the reaction mixtures were carried out by above mentioned method. Retention time

MC Dispo SPE C18; Hp

derivatives from 7 and 8: 7;
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\r*

Arg (38.8), 10; D-Arg (37.6).



Protease Inhibitory Assay. Serine and cysteine protease inhibitory activities were carried out by
the methods previously described.3!
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