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SYNTHESES OF CYCLOTETRADEPSIPEPTIDES, Atd-TOXIN Ⅱ AND ITS ANALOG
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Synthesis of a cyclotetradepsipeptide corresponding to the sequence

of AM-toxin Ⅱ (2a) was achieved, using methanesulfonyl chloride

containing sulfur dioxide in the final step of dehydration. The 

peptide obtained was identical with natural 2a in regard to mp, 

TLC, UV, MS, ORD, crystal form and biological activity. An analog 

[L-Phe1]-AN-toxin (2b), simultaneously synthesized, showed extremely 

weak activity.

AM-toxins are host-specific phytotoxins produced by Alternaria mali causing 

necrosis on apple leaves.1) Previously,2,3) we reported the syntheses of AM-

toxin Ⅰ (1) and its several analogs and clarified the relationships of the

structure-activity of 1. Here we describe the synthetic confirmation of the

structure of Asd-toxin Ⅱ (2a) and elucidation of the relationships of the struc-

ture-activity of 2a with respect to the influence of the side chain of App1 in 2a 

through the synthesis of [Phe1]-AM-toxin (2b).4) Previous results showed that 

cyclic tetradepsipeptides with one ester bond were obtained in high yields by 

cyclization of linear precursors in which a hydroxy acid residue occupied the 

third position from the N-terminus2) and a D-amino acid residue was in the N-

terminus.3) Therefore, we selected the sequence of H-D-Ser-Ala-Hmb-App(or Phe)-

ONSu (10) as a linear depsipeptide precursor in this study. 

In the syntheses of 1 and its analogs,2) the conversion of a L-Ser residue 

into a Dha residue in cyclodepsipeptides was achieved by a tosylation and a

AM-toxin Ⅰ (1)

AM-toxin Ⅱ (2a)

AM-toxin Ⅲ
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subsequent elimination reaction with Et2NH.2) In the present study, however, 

the tosylation reaction of cyclotetradepsipeptide (11) (Fig. 1) was difficult to 

progress and, furthermore, tosylated 11 was quite stable in the treatment of 

bases such as Et2NH or piperazine. Vigorous conditions such as the use of a 

large excess of bases or boiling in pyridine5) made tosylated 11 decompose. The 

use of phenylmethanesulfonyl chloride6) instead of TosCl gave the same result. 

Methyl chlorosulfite7) hardly reacted with 11, but methanesulfonyl chloride con-

taining sulfur dioxide (MsCl/SO2)8) gave methanesulfonylated 11, [D-Ser(Ms)2]-AM-

toxin (12). Compound 12 was converted into cyclotetradepsipeptide (2) containing 

a Dha residue by the treatment with Et2NH. Since MsCl did not react with 11 

without SO2, SO2 seems necessary as a catalyst. These results suggest that the 

difference in behavior to form sulfonic esters between cyclotetradepsipeptides 

containing D-Ser and L-Ser may be attributed to the difference of their confor-

mations,3) and that the difficulty in the elimination of tosyl and phenylmethane-

sulfonyl groups may be due to the steric hindrance of their bulky phenyl groups 

preventing the access of the bases. 

Fig. 1 shows the reaction route for the synthesis. 4) L-App was prepared

Fig.1. Synthetic route for AM-toxin Ⅱ(2a)and[Phe1]-AM-toxin(2b).
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by the resolution of Ac-DL-App-OH with acylase.9) Oily Boc-Ala-Hmb-OBzl (3) 

(yield, 100%) was prepared by CDI method, and 3 was converted to oily Boc-Ala-

Hmb-OH (4) (94%) by hydrogenation. Boc-Ala-Hmb-App-OBzl (5a) (69%) was prepared

by MA method, and 5a was converted to oily H-tripeptide-OBzl・HCl (6a・HCl) (100%).

Boc-D-Ser(Bzl)-Ala-Hmb-App-OBzl (7a) (74%) was prepared from Boc-D-Ser(Bzl)-OH and

6a by EDC, and was obtained purely by silica gel column chromatography (solvent,

CHCl3: EtOAc=3:1 by vol). Boc-D-Ser-Ala-Hmb-App-OH(8a)(81%, mp 120-121℃)was

prepared from 7a by hydroqenation and subsequent silica gel chromatography

(CHCl3: acetone: AcOH:75:25:2). Compound 8a(0.5mmol)in DbiF was treated with

HONSu (0.75mmol) and EDC・HCl (0.6mmol), the solution was evaporated, and Boc-

D-Ser-Ala-Flmb-App-ONSu (9a) was collected by filtration with the aid of water.

Compound 9a was dissolved in CF3COOH(2ml),the solution was evaporated, and

10a was collected with the aid of ether. Compound 10a dissolved in DMF was

treated with pyridine (165ml) at room temperature for 2 days, the solution was

evaporated, and the solid was collected with the aid of water. The solid was

washed with 10% citric acid, and suspended in EtOAc (10ml) for 1 day under

stirring. After fi1tration and a subsequent recrysta:Llization from DMF-EtOAc-

ether pure 11a([D-Ser2]-AM-toxin Ⅱ)was obtained: yield from 8a, 50%; mp 260-

261℃; [α]20250 -6400°(c 0.01, CF3COOH); Rfa(TLC with CHCl3:MeOH:AcOH=95:5:1)

0.40; mol wt,43310)(calcd,433). Compound 11a(0.15mmol)in pyridine(1ml)

was treated with MsCl(0.75mmol)containing SO2(4.9% by wt),the solution was

evaporated, and[D-Ser(Ms)2]-AM-toxin Ⅱ(12a)was collected with the aid of

water; mol wt of 12a, 511(calcd,511); Rfa 0.74. Compound 12a(0.13mmol)in

DMF was treated with Et2NH(0.26mmol)at room temperature for 4.5hr, the

solution was evaporated, and the solid containing 2a was collected with the aid 

of water. The solid was suspended in EtOAc (2ml) for 1hr under stirring, 

filtered, and the filtrate was purified by silica gel column chromatography 

(CHCl3:EtOAc=1:1). Compound 2a obtained was recrystallized from EtOAc-ether;

yield from 11a, 3.7%; mp 212-213℃(reported value, 213-214℃)3); Rfa 0.38, Rfb

(TLC with CHCl3:EtOAc=1:1) 0.36; mol wt 415 (calcd, 415). In addition to 

having the same Rf in TLC with several solvent systems, synthetic 2a and natural

AM-toxin Ⅱ showed the same mass spectra, UV pattern, ORD pattern and crystal

form in needles. 

The synthesis of 2b was carried out according to the same procedure as

described above. Boc-D-Ser-Ala-Hmb-Phe-OH (8b) (mp 85℃) was converted to H-D-

Ser-Ala-Hmb-Phe-ONSu (10b), and 10b was subjected to the cyclization reaction as 

described for 11a. Compound 11b was recrystallized from DMF-EtOAc-ether; yield

from 8b, 53%; mp 262℃; [α]20250 -6900°(c 0.01, CF3COOH); Rfa 0.35; mol wt, 405

(calcd, 405). Compound 11b was converted to methanesulfonyl derivative (12b) 

and 12b was treated with Et2NH. Pure 2b was obtained by silica gel column chro-

matography (CHCl3: EtOAc=1:1) after the treatment with EtOAc; yield from 11b,

2.6%; mp 231-232℃; Rfa 0.31; Rfb 0.30; mol wt, 387(calcd, 387).

Both of synthetic 2a and natural AM-toxin Ⅱ had the same minimum toxic

activity of 2×10-2μg/ml for the induction of necrosis on apple leaves. On the

contrary, 2b was inactive in a high concentration of 10μg/ml. This result
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clarified that the side chain of L-amino acid1 in AM-toxins are very important 

for the activity. 

In order to investigate the influence of the side chain length of L-amino 

acid1 in AM-toxins for the activity, the syntheses of AM-toxin analogs with dif-

ferent side chains are in progress in this laboratory. 
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