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For the synthesis of a cyclotetradepsipeptide corresponding to the sequence of AM-Toxin I
(1a), [O-Me—L-Tyrl]-AM—Toxln (lb) was selected as a model peptide in a preliminary siudy  Syn-
thesis of lp was attempted through six different routes, and one (the route D) afforded the lb
in a good yield Synthesis of a peptide corresponding to la was achieved according to the
route P, and the peptide obtained was identical with natural Toxin I 1n regaxd to TLC, UV, MS
and biclogical actaivity. The lb and other analogs showed extremely weak activity.

AM-Toxins are host specific phytotoxic metabolites produced by Alternaria mali. The struc

2,3)

ture of AM~Toxin I was elucidated 1n two laboratories, and the II and III in Fukami's labo-

ratory 2) We attempted to establish the synthetic confirmation of the structure of AM-Toxin I

and to clarify the relationship of the structure-activity on natural AM-Toxins through the syn-~
4

theses of some analogs Since O-methyl-L-tyrosine (Tyr(Me)) ! has been more easily available

than L~Amv, which 1s a component of la, we selected [Tyr(Me)I]-AM—Tox1n {1b) as a model peptide
5)

for these purposes In the previous paper, 'we synthesized protodestruxin, which ig a cyclo-

hexadepsipeptide belongs to the class involves AM-Toxing, by several routes, and we found that
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the cyclization by intramolecular ester-bond formation
H-Tyr (Me) -Dha-Ala-Hyv-05u (2}
did not afford the desired product Therefore, a route -
H-Ala—Hyv-Tyr(Me)-Ser(Tos)—N3 (.
vra H~Hyv-~Tyr (Me}-Ser-Ala-OH was excluded in the present
H—Ala—Hyv—Tyr(Me)—Dha—N3
study
H-Ser-Ala-Hyv-Tyr {Me) -0Su (5b)

(4)

The synthesis of lb was designed by six different

6) H-Ala-Hyv-Tyr (Me ) ~Ser-0su (6)
routes using the intermediates (2-4, 5b, 6-7) The

H-Tyr (Me} ~Ser-Ala-Hyv-0su (7)
route A was a design of cyclization of 2  Boc-Tyr (Me) -
20
Ser-OMe (8) (mp 72°, [a]D +23 2° CHClB) was obtained from Boc-Tyr {Me) -OH and H- Ser-OMe HC1l by the
73

mixed anhydride method in yield of 72% Boc-Tyr (Me)-Ser (Tos) -OMe derived fiom 8 was converted

to Boc-Tyr{Me)-Dha-CH (2) by the action of NaOH 8 Boc-Tyr (Me) -Dha-Ala~Hyv-OH (10) was prepared

from 9 and H-Ala-Hyv——OCH HCl by the mixed anhydride method, and 10 was converied to g.CFBCOOH

9}

9
salt by an usvual procedure ! However, the cyclizatien of 2 did not produce 1lb In the route

B: Boc-Ala-Hyv-Tyr (Me) -Ser (Tos)-NHNHBoc (11) was changed to H—tetrapeptlde-NHNH2 chBCOOH (12},
and 12 was converted to 3 In the route C, Boc-Ala-Hyv-Tyr (Me)-Dha-NHNHBoc¢ (13) derived from 11
by the action of EtzNHB) was converted to 4  However, either 3 nor 4 produced {Tyr(Me)l,Ser
(Tos)Z]—AM—Toxln (14b) or 1b In the routes D-F, the linear intermediates (Sh, 6-7) dafferent
each other in the sequence of components were considered In the synthesis of protodestruxln,s)
we observed that the insertion of a hydroxy acid apart from N- and C-terminus s one factor to
give the cyclopeptide in gocd yield Therefore, we tried to cyclize 5b as the route D at first
In the route D oi1ly Boc-ala-Hyv-OBzl (15) (yield, 100%) was prepared by DI method, and 15
was converted to oily Boc-Ala-Hyv~OH (16) (77%) by hydrogenation  Boc-Ala-Hyv-Tyr (Me)-OBzl (17)
(62%) was prepared by the mixed anhydrade method, 17 was converted to oily H-tripeptide~OBzl HC1
(18) (99%), and Boc-Ser-Ala-Hyv-Tyr (Me)-OBzl (19) was prepared from Boc-Ser~OH and 18 by WSCI
The 19 (42%) was obtained by silica gel column chromatography (solvent, CHCl3 AcOEt=3 1 by vol)
and Boc-Ser-Ala~Hyv-Tyr (Me)-OB (20b) (90%, mp 96°) was prepared from 19 by hydrogenation The
20k (0 5 mmol) in DMF was treated with HOSu (0 75 mmol) and WSCI HCL (0 75 mmol), the solution
was evaporated, and Boc-Ser-2la-Hyv-Tyr (Me)-0Su (21) was collected by filtration with the aid of

water The 21 was dissolved in CF_COOH (3 ml), evaporated, and ég'CF3COOH was collected with

3

the aid of ether The 5b CF,COOH dissclved in DMF was treated with pyradine (170 ml) at room

3
temperature for 1 day, the solution was evaporated, and the solid was collected with the aid of

water The solid dissclved in AcOEt was washed with 10% citric acid, and the solution was dried

over Nazso4 and evaporated The powder (22b) obtained showed major twoc spote in TLC The 22b
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was treated with AcOEt and the less soluble component (23b) collected was recrystallized from

a
£

with CHCl3 MeCH=5 1 by vol) 0 60, mol wt, 43510) (caled, 435) The more soluble component (24b)

dioxane—ether, vield of pure 23b ([Tyr(Me)l,SerZ]-AM-Tox1n) from 20b, 32%, mp 256°, R (TLC

was purified by Sephadex LH-20 column chromatography (solvent, dioxane), yield cf pure 24b

2 0 64, mol wt, 870t

(cyclo(—Tyr(Me)—Ser—Ala-Hyv—)2), 11%, mp 238°, R (caled, 870) The ratio
of 23b 24b in 22b was about 3 2 Pure 23b (0 08 mmol) in pyridine (1l ml) was treated with TosCl
(0 16 mmol),a) evapocrated, and [Tyr(Me)l,Ser(TOS)2]—AM—T0x1n (14b) was collected with the aid of
water and washed with a maxture of ether and petroleum ether (1 1) The 14b (0 07 mmol) in DMF
was treated with EtzNH (0 14 mmol) at room temperature for 6 hr, evaporated, the soli1d of crude
Dha~derivative {25b) was collected with the aid of water and purified by silica gel column
chromatography (CHcl3 BAcOEt=7 3) The 1b obtained was recrystallized from CHCll—peptroleum

10)

ether, yield of lb from 23b, 16%, mp 193°, be (TLC with CHCl, AcOEt=7 3)0 16, rol wt, 417

3
(calcd, 417)

We wished a good luck that other intermediate {6 or 7) produces only monomer (23b) In the
route E, the same procedure as described in the route D was applied for & derived from Boc-Ala-
Hyv-Tyr (Me) -Ser-0H (mp 105°) TLC of the crude product, which was obtained by ryclization of §,
showed that the formation of monomer (23b) was very low and the ratlc of 23b 24bh was about
5 95 (this 24b contained polyeyclic peptides) In the route F, Boc-Tyr (Me)-Ser-Ala-Hyv~OH (mp
98°) was converted to 7, and the result of cyclization of 7 was very similar to that shown 1in
the route E, the ratio of 23b 24b was also about S 95 It 1s dafficult to explain why only 5b
was converted efficiently into monomer (23b), but we suppose that the conformaticn of 5b in the
solvent is fit for the formation of the cyclic monomer (we are now carryilrg out the studies on
ORD and CD of la, 1lb, 5b and the related compounds)

For the synthesis of natural Toxins, L-Amv ([a]§0+33 5° BN HCl DMF=1 1) and L-Apv (Iu]éo
+31 8°) were prepared by the resclution of Ac-DL-Amv and Ac-DL-~Apv, respectively, with acylase
11 The synthesis of la was carried ocut according to the same procedure as described 1in the
route D. Boc-Ser-Ala-Hyv-Amv-OH (20a) (mp 85°) was converted to H-Ser-hla-Hyv-Amv-OSu (5a), and
5a was subjected to the cyclization reaction as described for the synthesis of 23b  The powder
(22a) correspond to 22b was collected, ard the ratio of [Serz]—AM—TOXLn I (23a) eyelo (-amv-Ser-
Ala-—Hyv-)2 (24a) an 22a was about 1 1 After 22a was fractionated with AcOEt,rhe less scluble
component (g}g) was recrystallized from DMF-AcOEt-ether, yield of pure 23a from 20a, 18%, mp

10)

195°, R a8y 57, mol wt, 463 (caled, 463) The more soluble component {(24a) was recrystal”

t



846 No. 11

lized from AcOEt yield of 24a from 20a, 9%, mp 225°, Rfa 0 63, mol wt, 92610) (calcd, 926)

Purification of 23a and 24a was very difficult, even pure 23a was contaminated very slightly
with 24a, and pure 24a with 23a Pure 23a was converted to crude Dha-derivative (25a), and 25a
was treated with silica gel column chromatography (CHCl3 ACOEt=1 1) A portion correspond to

la was purified by preparative TLC (CHCl3 AcOEt=7 3) The major spot afforded pure la, yield

b

a
from 23a, 1 7%, R 0 65, Rf 0 16 The minor spot (be 0 20) afforded pure ~yelo(-Amv-Dha-Ala

£

-Hyv-)2 (26a) 1n very small amount In addition to having the same R, 1n TLC with several sol-

£
vent systems, synthetic la and natural AM-Toxin I showed the same mass spectra and UV pattern

Both of synthetac la and natural Toxin I had the same minimum toxic activity of 2x10m3

ug/ml for induction of necrosis on apple leaves On the contrary, the dimer (26a), [Tyr(Me)l]-
Toxin (1lb) and [Ser2]—Tox1n I (23a) showed extremely weak activity (the minimum activity was
cbserved at 20-40 jg/ml) These results suggest that the ring size of natural Toxin I, and

the presence of Dha and of side chain of Amv are important for the activity

Since the use of S-alkyl-cysteine residue has been proved effective to afford a peptide

containing dehydroaminc ac1d,12) the synthesis of AM-Toxin II through H-Cys{Me)~Ala-Hyv-Apv-0Su

are 1n progress in our laboratories We express our thanks to Drs Erhard Gross, Tetsuo Kato
and Kosaku Noda for their advice
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