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The First Synthesis of a Model Bicyclic D-O-E-F-O-G Ring of
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Abstract: A model bicyclic D-O-E-F-0-G ring (2) of teicoplanin (1) has been efficiently synthesized via
sequential intramolecular SNAT reactions.

Teicoplanin 1,! a glycopeptide related to vancomycin and ristocetine,? is an antibiotic produced by
Actinoplanes teichomyceticus. This compound has recently been introduced into clinical practice for treatment of
infections caused by methicillin-resistant Staphylococcus aureus and gram positive organisms. The antibacterial
activity of this family of antibiotics arises from specific binding of the glycopeptide to bacterial cell wall
precursors terminating in the sequence D-Ala-D-Ala.3 In vitro and in vivo studies? have shown that teicoplanin is
superior to vancomycin, having lower toxicity and higher activity.
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Figure 1

Structurally, teicoplanin is very similar to vancomycin but has an extra 14-membered macrocycle
comprising an ether bond between the aryl moieties of amino acid 1 and 3. Despite considerable research
efforts, no total synthesis of vancomycin and related antibiotics has been achieved to date, principally because
the difficulties involved in obtaining polymacrocyclic ring system. We have recently developed an efficient
macrocyclization procedure based on intramolecular SNAr reactions which has been applicd to the synthesis of
14-, 16- and 17-membered macrocycles.5 We report here the first successful synthesis of model bicyclic D-O-E-
F-O-G ring of teicoplanin 27 via sequential application of this technique.
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The requisite non-proteinogenic amino acids were prepared using modified literature procedures.
Diastereoselective electrophilic amination developed by Evans8 was used as a key step for the syntheses of both
D-(R)-aminoalcohol 36¢ and L-(S)-Boc-3-isopropyloxyphenylglycine (4), while diastereosclective alkylation of
Schillkopf's bislactim ether? was employed for the preparation of D-(R)-Boc-4-fluoro-3-nitrophenylalanine
(8).6C

The macrocycle 10 was synthesized as disclosed previously (Scheme 1).5¢ Coupling of the aminoalcohol
3 with the racemization prone L~(S)-Boc-3-isopropyloxyphenylglycine (4) (EDC, HOB) provided the dipeptide
5 in 94% yield. The presence of HOB is essential to minimize racemization and other coupling conditions,
including EDC-CuCl,10 and DPPA1L, did not give superior results in terms of diastereomeric purity. Reductive
removal of the allyl protecting group under conditions developed in this laboratory!2 afforded compound 6 in
85% yield with less than 5% racemization as determined by NMR analysis. TBDMSOTf mediated removal of
Boc13 function provided the amine 7, which was coupled with D-(R)-Boc-4-fluoro-3-nitrophenylalanine (8) to
furnish the tripeptide (9) in excellent yield. The tiny amount of undesired diastereoisomer was readily removed

by flash chromatography
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Reagents and Conditions: a) EDC, HOBt; b) Pd(PPh;),, NaBH,; ¢) TBDMSOTT, 2,6-lutidine;
d) D-(R)-Boc-4-fluoro-3-nitro-Phenyl Ala (8), EDC, HOBt; ¢) CsF, DMF.
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Scheme 1

Macrocyclization of diastereomerically pure 9 using dry CsF as promotor in DMF (0.01M) gave 84%
yield of the desired macrocyclic D-O-E ring 10 as a single atropisomer with the "natural” configuration.5? To
ascertain the absence of racemization in this key ring closure step, racemic amino acid (+)-4 which was most
likely to be racemized in all synthetic sequence involved was prepared via Strecker synthesis!4 and incorporated
into the tripeptide 9 following the same synthetic scheme as described before. Flash chromatographic separation
gave then the diastereomerically pure compounds 9 (R, S, R) and epi-9 (R, R, R). Cyclization of the latter
under the conditions identical to that used for 9 afforded the macrocycle epi-10 which has R¢ value and physical
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data completely different from that of 10. This result convincely shows that no racemization had occured under
our macrocyclization conditions. It is interesting to note that CsF!5 plays a dual role in this cyclization reaction: it
deprotects TBS ethers and promotes the cyclization in a one-pot fashion.

The completion of synthesis of the bicyclic D-O-E-F-O-G ring model 2 is shown in Scheme 2.
Deprotection of Boc group and isopropyl ether was realized in one single step by treatment with BCl3 followed
by acidic work-up leading to pure amino compound 11 in 73% yield by simple acid-base extraction. To
minimize the competitive O-acylation process, DPPA was used as coupling reagent for the reaction between 11
and 3-fluoro-4-nitrophenylacetic acid (12), prepared from 3-fluorophenylacetic acid 8f to provide the desired
macrocyclization precursor 13 in 65% yield.
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Reagents and Conditions: a) BCly; b) MeCN-HCJ; ¢) 3-fluoro-4-nitrophenylacetic acid (12),

DPPA, DMF; d) K,CO;, 18-crown-6, THF.

Scheme 2
After searching for different reaction parameters, the optimized conditions for the cyclization of 13 were

found to be 10 eq. of K2CO3 in THF in the presence of crown ether 18-C-6. Under these conditions, the
bicyclic D-O-E-F-O-G ring 216 was isolated in 87% yield. Given that this bicyclic system is obviously straincd,
the high yield obtained under mild conditions in the second macrocyclization is remarkable.

In conclusion, these studies have further demonstrated the remarkable efficiency of intramolecular SNAr
reactions in the synthesis of polypeptidic macrocycles containing a biaryl ether bridge. Furthermore, the
sequential cyclization reported in this letter allows differentiation of the two nitro groups and consequently
introduction of the different functionalities (C1, OH in ring E and F, respectively) found in natural products. The
bicyclic D-O-E-F-O-G ring model 2, obtained in 19% overall yield, is the most advanced synthetic intermediate
to date on the way to the total synthesis of teicoplanin and related antibiotics.
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