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The vancomycin class of antibiotics, exemplified by vanco-
mycin and orienticin C aglycond) and @), is widely used in
the treatment of infections due to methicillin-resist&taphy-
lococcus aureus The complexity of these structures, the
interest in their mode of actichand the emergence of bacterial
strains resistant to treatment by this family of antibitigarrant

development of reaction methodology and strategies for their

synthesis. In pursuit of this objective, we have developed the
relevant asymmetric amino acid synthésasd oxidative bond
constructions for the synthesis of the biaryl ethend biaryl-

containing vancomycin-related cyclic tripeptide subunits. In

a previous study, we also described the synthesis of the M(2-

4)(4-6¥ bicyclic hexapeptide that was essentially a biaryl bond
construction away from the complete tricyclic heptapeptide.

However, subsequent investigations have revealed the difficul-
ties in integrating these methods into a synthesis of the tricyclic
heptapeptide framework. The purpose of this paper is to
describe the first synthesis and conformational analysis of a fully

functionalized M(4-6)(5-7) bicyclic tetrapeptide (e.8),

With the exception of the chlorination pattern on the
6-position 5-hydroxytyrosine constituent, all members of the
vancomycin family share the M(4-6)(5-7) bicyclic tetrapeptide
subunit3. Accordingly, our efforts have been directed toward
the construction of this moiety followed by attachment of the
N-terminal tripeptide and closure to the tricyclic heptapeptide

related to the vancomycin aglycon. By inspection, there are

two approaches t8 that differ in the ordering of the macro-
cyclization events. Since prior studlesemonstrated that the
M(5-7) tripeptide4 exists as a mixture of biaryl atropisomers
(89:11) as well as (5-6) amide isomersidge infra) that

complicate further developmehtattention has been directed
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Amino Acid Subunits. The 4-position amino acid was
derived from commercially availabte4-hydroxyphenylglycine,
while the remaining residues were synthesized using chiral imide
enolate methodology previously developed for this purfose.
A differentially protectecb-phenolic substituent on ring 5 was
required to lower the oxidation potential sufficiently to induce
intramolecularoxidative coupling. To suppress the lability of
the C-terminal amino acid constituent, the decision was made
to carry the carboxyl terminus through the synthesis as the
N-methyl amide with the expectation that it might be selectively
cleaved through a site-selective nitrosation/thermol$age in
the synthesis. Preliminary experiments with derivativesS of
and4 suggested that this was a viable option.
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Synthesis of M(46)(5-7) Bicycle. Sequential peptide cou-
pling from the N-methyl amide of the 7-position amino acid
was accomplished using conventional conditions (1-(3-(di-

toward a synthesis where macrocycle assemblage follows themethylamino)propyl)-3-ethylcarbodiimide hydrochloride (EDCI),

order M(4-6)— M(5-7).
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Scheme 1
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H

a Reagents and conditions: (a) TI(N@3H:O, pyridine, THF/MeOH, OC, then CrCJ}, THF/MeOH, 0°C; (b) MeSQCI, i-Pr.NEt, THF, 0°C;
(c) TFA, DMS, CHCI,, then TFAA, 2,6-lutidine, CEKCly, 0 °C; (d) VOR;, BFs:OEbL, AgBF., TFA, 0 °C, then Zn; (e) PhNTEf Ko.COs, DMF,
0 °C; (f) Pd(dppf)Ch-CH,Cl,, EtN, HCOH, DMF, 75°C; (g) AlBrs, Nal, CICH,CH,CI; (h) MeOH, 55°C, 96 h; (i) BnBr, CsCOs, BwNI, DMF,
0 °C; (j) NaBH,, EtOH, 0°C; (k) MeMgCl, THF, 0°C; (I) Boc,O, NaHCQ, dioxane/HO, rt; (m) NIS, DMF, rt.
ization (MeOH, 55°C, 55 h) which affordedlL1 as a single 9SOMe
isomer as judged byH NMR analysis.

Bicyclic tetrapeptidell, as the desire® (natural) atropiso-
mer, was further modified in anticipation of eventual fragment
coupling and final M(2-4) macrocyclizatiod. The ring-4

NHTFA
halogen, lost during removal of the ring-5 triflate, was selec-
tively reinstalled, and a set of protecting groups suitable for
the final stages of the synthesis was incorporated. Thus,
reprotection of the three phenols as their derived benzyl ethers, OSH 15(R)
achieved without detectable epimerization, afforded bicyclic
intermediatel2. Subsequent reductive removal of the trifluo- ___property 14 (R)(S) 15 (R(5)
roacetamide with NaBHprovided the intermediate amine in 5%"‘;%1;32}:2:2;?:;‘1? gg; iggjg
78% yield. Finally, removal of the mesylate and reprotection E, keal/mol 208 215
of the amine as itdert-butyl carbamate now allowed for AH? keal/mol 203 20.8
selective iodination of ring 4 wittN-iodosuccinimide in DMF AS% e -13.6 -16.0
to afford13in 57% overall yield froml2. This represents the t12(23°C), h 29 230

first Synth_esis _Of an appropriately f_uncti_onf?llized M(4-6)(5-7) Figure 1. Comparison of conformational equilibria and barriers for
vancomycin bicycle which could, in principle, serve as an pjary| atropisomerization in MeOH.

intermediate in the synthesis of any member of this family of

natural products. appears to be derived largely from the entropy of activation for
Conformational Properties. On the basis of the method of ~ the process which requires a more complex set of bond

synthesis, the preceding route provides access to both biary|reorgan|zat|oné‘."

atropisomerslO and 11 (Scheme 1). In a series of closely The integration of this M(4-6)(5-7) bicyclic tetrapeptide into

related biaryl-containing cyclic peptides, we have determined the orienticin C aglycon is presented in the following pai3er.

the conformational properties and activation parameters for the
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influence of the M(4-6) macrocyclic ring on the M(5-7)
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of the (5-6) amide bond that is found in the vancomycin ordering and [nternet access Instructions.

structure. The differences in the rates of atropisomerization are JA964419U

significant. The longer half-life for the isomerization &b
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