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Abstract

Agrochelin (1), a new cytotoxic thiazole alkaloid, has been isolated from the fermentation broth of a marine
unicellular bacterium belonging to genus Agrobacterium. Its structure was determined from spectral data and
chemical transformations. Agrochelin showed chelating properties to the Zn?* ion. © 1999 Elsevier Science Ltd.
All rights reserved.
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Although there is great interest in the chemistry of cultured marine organisms, only relatively few
compounds derived from marine bacteria have been identified to date.! In the course of a program devoted
to the isolation of anti-cancer agents from marine microorganisms, we selected a marine Agrobacterium
for studies on the basis of the cytotoxic activity of its extracts.

The CHCI3-MeOH extract of the mycelium of marine Agrobacterium sp. was washed with hexane
and partitioned between CHCl3 and H,0. The CHCl3-soluble fraction was chromatographed on silica
gel and MPLC followed by further purification by C18 reversed phase chromatography (85% MeOH) to
afford pure Agrochelin (1).2
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Table 1
13C and '"H NMR (125 and 500.13 MHz) chemical shifts (ppm) for 1-3 in C1;CD

Sc mult 8y mult (Jin Hz)
C 1 2 3 1 2 3
1 1596s 1478s 159.7 s —_— —— —
2 116.1s 1265s 11625 —_— —_— —
3 1437s 1430s 14385 —_— —_— ——
4 1214d 1269d 121.4d 6.70d (7.8) 7124 (7.8) 6.70d(7.8)
5 1322d 1299d 132.2d 720t (7.8) 7.321(7.8) 7201 (7.8)
6 1154d 120.1d 11544d 6.84 d (7.8) 6.94d (7.8) 6.85d(7.8)
7 3531 328t 354t 293 m 268 m 289 m
299 m
8 321t 3081t 322t 1.60 m 1.60 m 1.59 m
9 3181t 3171 3191t 133 m 132 m 135m
10 224t 224t 2281 133 m 132 m 135 m
11 140q 139q 141¢q 0.891(6.9) 0.881(6.7) 0.90 1 (7.0)
12 1721s  1659s 17185 —_— — —
13 350t 3591t 351t 3.14dd (7.5,11.4) 3.44d(9.2) 3.13dd (7.7,11.3)
3.46 dd (8.7, 11.3) 3.46dd (8.7,11.2)
14 778d 779d 78.1d 472q@8.7) 4.96 dd (6.4, 9.1) 4.75 q (8.6)
15 793d 80.8d 796d 4.18d(9.3) 444d(6.4) 4.19d(9.4)
16 365t 3441t 363t 293 m 3.09m 2.82dd (4.5,11.6)
3.27dd (7.2, 11.6) 3.22dd (7.1, 11.6)
17 73.0d 706d 729d 337 m 337m 34l m
18 46.2 q 429q 46.7 q 262s 261s 262s
19 770d 78.2d 772d 3.49d(7.0) 520d (4.4) 3.54 d (6.8)
20 460 s 459 s 46.1s —— — ———
21 221q 23.8q 22.5q 128s 127 s 128s
22 220q 215q 203 q 125s 125s 1225
23 1800s 1789s 1770s —_— — 370s
COMe 520q —_— — —
LCOMe  ——0 1694 s  ~—— — — —
1703 s
COMe —— 211q -—— —_— 229,212 —_—

The molecular formula of the cytotoxic 1 was established by HRFABMS of its [M+H]* pseudo
molecular ion at m/z 467.2042 as Cp3H34N204S;; the presence of eight unsaturations in the molecule
was indicated.

The !3C and DEPT NMR spectra displayed 23 distinct resonances including one carbonyl group at
180.0 ppm, one quaternary olefinic carbon at 172.1 ppm characteristic of a thiazoline ring, six aromatic
carbons (three CH and three quaternary), six methylene carbons (four resonating between 35.3 and 22.4
ppm due to a saturated carbon chain and two sulphur-bearing methylenes at 36.5 and 35.0 ppm), and four
methines between 79.3 and 73.0 ppm (Table 1). The remaining five signals corresponded to four methyls
and one sp? quaternary carbon.

The presence in 1 of a 1,2,3-trisubstituted benzene ring with position 1 occupied by a phenolic OH was
easily deduced from the proton and carbon chemical shifts, the coupling of the proton aromatic signals,
and the bathochromic shift observed in the UV when the spectrum was taken in methanolic NaOH. The
combined use of 'H~'H COSY, TOCSY, and HMQC of 1 allowed the assignment of four spin systems
a-d (Fig. 1a, in bold): a three-proton system of the aromatic ring, eleven protons corresponding to a five-
carbon saturated chain, and two CH,CHCH proton systems. The three remaining singlets were identified
as three methyl groups. Furthermore, a >N NMR spectrum showed the presence of two well separated
nitrogens at ~80 and —320 ppm (CH3NO,=0 ppm) identified as C=N and NMe, respectively.

Long range C-H correlations (HMBC) were used to assemble the skeletal fragments through quater-
nary carbons and heteroatoms obtained from the other experiments (Fig. 1a). The HMBC correlations
between the methylene H-7 to the C-2, C-3, and C-4 aromatic carbons connected the five-carbon saturated
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Base Peak
1m/z 218R'=R2=H

2nvz 260R'=H,R2%= Ac
3 my/z 232R' =Me, R2=H

Figure 1. (a) 2D NMR data of Agrochelin (1). The partial structures shown in thick lines were obtained from COSY and TOCSY
experiments, and the connectivities by HMBC. (b) Base peak fragmentation in FABMS (+) of 1-3

chain (a unit) to C-3 of the aromatic ring (b unit). HMBC cross peaks between quaternary olefinic carbon
C-12 to the methylene protons H-13 and the methine proton H-14, suggested the presence of a thiazoline
moiety in 1. Long range correlations between the NMe carbon at d¢ 46.2 (6 2.62) to the methine protons
H-15 and H-17, and between C-15 and the methylene protons H-16 connected the ¢ and d units through
the nitrogen and suggested the presence of a second thiazoline system. Finally, the HMBC correlations
from the methyl protons H-21 and H-22 to the quaternary carbon C-20, the oxymethine C-19, and the
carbonyl C-23, and between the oxymethine proton H-19 and the carbonyl C-23 established the other
end of the molecule and allowed us to assign its structure as 1. Long range (2-3 bonds) N-H correlations
were observed between the N-methylated nitrogen at —320 ppm and protons H-18, H-16, H-14 and H-19
and between the imine nitrogen at —80 ppm and protons H-15 and H-13 which corroborated structure 1.

Several chemical transformations were carried out to confirm the proposed structure. Thus, acetylation
of 1 gave the diacetylated derivative 2 whose molecular formula was established as C27H33N206S, by
HRFABMS of its pseudo molecular ion [M+H]* at m/z 551.2229 (A 2.0 amu). Comparison of the proton
and carbon chemical shifts of the aromatic ring of 2 to those of 1 indicated that acetylation of the phenolic
OH had occurred. On the other hand, the carbon resonance at 77.0 ppm assigned to C-19 in the '*C NMR
of 1 was shifted downfield in 2 by 1.2 ppm, while C-17 (73.0) and C-20 (46.0) resonances were shifted
upfield by 2.4 and 0.1 ppm, respectively. These changes are characteristic for - and B-effects of an
acetyl group and confirmed the position of the second OH at C-19.

Treatment of 1 with diazomethane gave the methyl ester 3 whose positive FABMS showed the
pseudo molecular ion [M+H]* at m/z 481 corresponding to C4H3gN204S,. Its NMR spectra showed
the expected additional Me group (8y 3.70, 8¢ 52.0) and the upfield carbon shift of C-23 to 177.0 ppm
in relation to that of 1. Furthermore, the HMBC correlation between the protons of the additional methyl
ester to the carbonyl carbon confirmed the methylation of the carboxylic acid of 1.

In full accordance with these conclusions, the FABMS (+) of compounds 1-3 showed their base peaks
at m/z 218, 260 and 232 amu, respectively, that corresponded to the thiazoline ion generated by cleavage
of the C-14/C-15 bond.

Similarly to the metal-containing micacocidins A-C from Pseudomonas sp.,> the iron-transporting
yersiniabactin® and yersiniophore’ from Yersinia strains, and anguibactin® from the marine fish pathogen
Vibrio anguillarum, agrochelin was shown to form a complex with Zn?* ions. Thus, when a methanolic
solution of ZnCl, was added to 1 in methanol, the mass spectra of the solution showed intense ions at
629 and 441 amu, corresponding to the molecular ion of the complex and the ion generated by cleavage
of the C-19/C-20 bond as in micacocidin A. Moreover, the UV absorption maxima shifted from 210 to
234 nm and a new band due to a charge transfer appeared at 360 nm.” Similarly, the CD spectra in the
presence of Zn”* showed a broad Cotton effect at 355 nm due to the charge transfer of the metal ion. In
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Proton 1 1-Zn complex

14 4.81 4.96
15 4.33 4.45
17 3.37 3.60
18 2.58 2.76
19 349 3.64

Figure 2. Proposed structure for Agrochelin-Zn?* complex and selected 'H NMR data for the 1 and 1-Zn?* complex in CD;CN

addition, new CD bands indicative of a conformational change were observed. NMR experiments were
also used to study the effect of Zn%* on the structure of agrochelin. Thus, the '"H NMR spectra showed
an intense downfield shift for those protons close to the coordination points (Fig. 2). All this information
strongly suggests the formation of a Zn** complex as depicted in Fig. 2, with the two nitrogens as donor
atoms similar to that reported for micacocidin A3

Our efforts to obtain crystals useful for X-ray analysis of 1 either as the free acid, an ester, a salt or
a Zn”* complex, all failed, and therefore, the only stereochemical information available comes from the
NOESY spectra of 1 in the presence of Zn** which showed a strong NOE between H-14 and H-15 and
between H-17 and N-Me but not between H-15 and H-17 which suggests the stereochemical arrangement
14R*, 155*, 17R*, 195* which is different to that reported for micacocidin A.

Agrochelin (1) showed strong in vitro cytotoxicity (from 0.05 to 0.2 pg/mL) against mouse (P-388)
and human (A-549, HT-29, MEL-28) tumour cell lines but the acetylated derivative 2 was found to be
much less active (from 3 to 7 pg/mL).
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