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Abstract : A 16+15 membered bicyclic polypeptide containing biaryl ether bonds, model of A-O-C- 
B-O-D rings of kistamicin has been synthesized by sequential intramolecular SNAr reactions. 
© 1997 Published by Elsevier Science Ltd. 

The recently isolated Kistamicins A and B la ,b  are produced by Microtetraspora parvasaeta subsp. 
kistnae and were found to exibit type A influenza vires inhibition, and moderate in vitro antibacterial activity 
against Gram-positive bacteria. 1 Structurally, these polypeptidic compounds are characterized by a 16- 
membered B-O-D ring fused to a 15-membered A-O-C one each containing a biaryl ether bond, and by a 17- 
membered ring linked to the central amino acid D by a carbon-carbon bond. In our continuing effort toward the 
synthesis of these compounds, 2 we describe here the first synthesis of a model of the bicyclic left part A-O-C- 
B-O-D which is common to kistamicins A and B (Figure 1). 
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Figure 1 

The synthesis of the bicyclic ring system 2 was planned by a strategy based upon a sequence of 
intramolecular SNAr reactions for ring closure of the 16-membered B-O-D ring 3,4 and then of the fused 15- 
membered one A-O-C (Scheme 1). 
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For the synthesis of the 16-membered B-O-D ring 9, the non proteinogenic (S)-4-fluoro-3-nitro- 
phenylalanine amino acid 6 was required. It was obtained in enantiomerically pure form as the methyl ester via 
enzymatic resolution of the corresponding trifluoroacetates 5 5, prepared in quantitative yield by conventional 
procedure from 4-fluoro-3-nitro-benzylbromide 3 treated with diethyl acetamidomalonate in the presence of 
sodium hydride and then with HC1. Coupling of (S)-6 with (R)-4-hydroxyphenytglycine protected as a NHBoc 
derivative afforded the peptide 7 6 (77%). Deprotection under mild acidic conditions followed by coupling with 
3-hydroxyphenylacetic acid provided 8 in high yield (89%), (Scheme 2). 

The phenol group of amino acid C was not protected, based upon a computational simulation which 
revealed that for the minimal activation energy (-202 KJ/mol), the active sites CF and OHpara involved in ring 
closure of the linear precursor $ leading to the 16-membered ring 9 were situated at 4.55 /~, while CF and 
OHmeta which could react competitively to give the 14-membered ring compound 12 were at 6.62 /~ 
(Scheme 3). 
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Reagents and conditions: a) C2HsOOCCH(NHAc)COOC2H5/NaH/DMF, 98 %; b) HCI, 96 %; c) SOC~/MeOH, 97 %; 
d) NEt3/CH2CI 2 (0F3CO)20, 97 %; e) Protease type VIII-A from Baci/lus Licheniformislphosphate phosphate buffer 
pH=7.5/CH2CI2; f) SOCI2/MeOH, 0°C, 42 % ; g) NEt3/CH2CI 2, p-hydroxyphenylglycine°NHBoc/EDC/HOBt, 77 %; 
h) TFNCH2CI2; i) NEt3/CH2CI 2 3-hydroxyphenylacetic acid/EDC/HOBt, 89 % 

Scheme 2 

A 0.01 M solution of the linear tripeptide 8 in various solvents (DMF, THF, DMSO) was treated at 
room temperature in the presence of 18-crown-ether by K2CO3 or KHCO3 as base. Under the best conditions 
(KHCO3, DMF), the macrocyclisation was complete after 6-8 hours, yielding four cyclised products in 75% 
isolated yield. By preparative thin layer chromatography (S,R)-9A, (S,R)-9B, (S,S)-9B were obtained in pure 
form, while (S,S)-9A could not be separated from (S,S)-9B. All are 16-membered ring macrocycles, as 
evidenced by their I H NMR spectra. 7 The formation of this mixture of four products resulted from two distinct 
processes: i) epimerization at C I1 the chiral center of amino acid C affording a mixture of diastereoisomers 
(S,R/S,)=60/40) even under the minimal basic conditions required for macrocyclisation, ii) creation of a chiral 
axial center leading to atropoisomers A (X=18-NO2) and B (X=19-NO2), (A/B= 1). 

The lack of atroposelectivity is of no consequence, as chiral planarity will be destroyed by removal of 
the activating nitro group at the next stage of the synthesis. Reduction (Pd in MeOH) of pure (S,R)-9A or (S,R)- 
9B gave the corresponding amino derivatives (S,R)-IOA or (S,R)-IOB whose reductive deamination 8 afforded 
an identical compound (S,R)-ll devoid of axial asymetry. By the same sequence, the atropomeric mixture 
(S,S)-9A,B or pure (S,S)-9A led to (S,S)-ll (Scheme 3). 



8191 

C H:lO'~lf,...'~"- N 1,~111 ~ C H sO...~:J.II~ M~'~.L" -VIJ 
~ H ~ ~ O a iOi ~1 ~ ~ ( ~ 

OH OH 
8 ~. 

Y 

? H Fc, IT O~~O2_H r"'~ ~ 1~1°2 9 X=NO=--- I b 
OH a H 11 X=H c 

O H H ~ ~ O H  N - - - N ~  OH 

8 12 

18 

CHsO (S~. 

o . (  

OH 
2 

--o 

(s) 

Reagents and conditions: a) KHCO:vDMF/18-Crown-ether. 75 % ; b) Pd/C/MeOH 92 %; c) t-BuONO/DMF 40 % 
Scheme 3 

The product of natural configuration (S,R)-I1 required for the the next steps was obtained on a larger 
scale by chromatographic separation from the diastereomeric mixture (S,R)-IO+(S,S)-IO obtained by reduction 
of the crude outcome of the macrocyclisation reaction. 

Construction of the 15-membered macrocycle fused to the 16-membered one was completed as follows, 
Alkaline treatment of the ester (S,R)-ll (LiOH in THF/MeOH/H20) led to pure acid 13 with less than 15%, 
epimerization at CI I. The macrocyclisation precursor 17 was prepared in high yield (87%) by coupling of 13 
(EDC/HOBt) with 3-fluoro-4-nitro-benzylamine hydrochloride 16 prepared from 3-fluoro-4-nitro-toluene 14 by 
successive bromination (NBS/CCI4, 88%) to give 15 and amination (hexamethylenetetramine/CC14, 
HCI/EtOH, 87%). 
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In order to minimize racemisation at the chiral center of amino acid C, the base was KHCO3 (at 
difference with K2CO3 used in our synthesis of the simple 15-membered macrocycle2). The optimized 
conditions (0.01M in DMF, KHCO3, 18-crown ether, r.t. 2 hours) led thus to the bicyclic (16+15) A-O-B-O-D 
ring system 9 in 80% yield (Scheme 4). 

Conclusion 

The target bicyclic compound 2, synthesized for the first time, was obtained by two sequential 
intramolecular SNAr reactions. It represents the most advanced intermediate on the way of the total synthesis 
of kistamycins A, B, demonstrating the usefulness of the intramolecular SNAr based methodology 4 for the 
synthesis of complex macrocycles containing aryl ether bonds. 
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