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Synthesis of (5,S)-Isodityrosinol in a Fully Differentiated Form via Diels-Alder Methodology
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Summary: A Diels-Alder cycloaddition reaction of an
aryloxy diene 7 and an acetylenic ketone 8 derived, re-
spectively, from L-tyrosine and D-serine leads to the syn-
thesis of the diaryl ether unit common to isodityrosine,
which upon elaboration provides the functionally differ-
entiated (S,S)-isodityrosinol 15.

(S,S)-Isodityrosine (1) is a major constituent of several
cyclic peptide antibiotics, including K-13,! OF4949-1-1V,?
piperazinomyein,? the bouvardins,* and related RA-I-VIL®
Total syntheses of 1 have been effected,® and in connection
with the total synthesis of the above isodityrosine-con-
taining antibiotics, the preparation of differentially pro-
tected isodityrosine derivatives has been reported.” The
elaboration of the diaryl ether unit in the above studies
has been accomplished by the connection of phenolic
and/or aryl halide substrates by methods involving the
Ullmann reaction,®™><f8i g thallium trinitrate proce-
dure,»*b4 and arene metal (Mn, Fe, or Ru) carbonyl® or
aryl iodonium complexes.®®
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We recently reported® application of the Diels—Alder
reaction involving an amino acid derived acetylenic ketone
dienophile with aryloxy-substituted dienes to furnish,
following elimination or oxidation to an aromatic ring,
diaryl ether derivatives. This methodology offers a new
approach to the synthesis of diaryl ether amino acid de-
rivatives. We have extended the method to a synthesis
of a fully differentiated isodityrosinol 15, a suitably
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functionalized precursor for the synthesis of isodityrosine
peptide antibiotics.
N-(tert-Butyloxycarbonyl)-L-tyrosine (3) was reduced!®
with LiAlH, to the primary alcohol 4, which was converted
to the oxazolidine derivative 5 by treatment with 2,2-di-
methoxypropane and tosic acid in acetone.!! Acylation
of the phenolic hydroxyl with 2-methoxyacrylic acid!?
provided ester 6. Reaction of 6 with the Tebbe reagent!?
yielded aryloxy diene 7 in 64% yield. A Diels—Alder re-
action between diene 7 and the previously reported® ace-
tylenic ketone 8 resulted in the formation, in 91% yield,
of a nearly equal mixture of regioisomers 9 and 10 which
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were readily separated by flash chromatography on silica
gel) (46% yield of desired isomer 9, 45% yield of isomer
10).

Regioisomer 9 was oxidized® with DDQ in high yield to
the diaryl ether 11. The regiochemical assignment for
compound 11 was made by comparison of the H NMR
low-field aromatic region with spectra of known® regioi-
somers that have a phenyl group in place of the tyrosine
moiety, which clearly differentiates the two regioisomers.

We have observed a fortuitous selective methanolysis
of one of the oxazolidine rings in 11 to give 12 in a yield
of 68%.* That the N-(Cbz)oxazolidine ring remained
intact was evident from the !H NMR spectrum wherein
the (Cbz)methylene hydrogens occurred as two AB quar-
tets due to rotamers about the Cbz-N-carbamate bond,®
as they also appear in the spectrum of 11, and the hy-
drogen « to the ketone as two pairs of doublets, the dou-
bling again due to rotamers. In contrast, the tyrosine
methylene hydrogens occur as a doublet in 12 rather than
an ABX pattern as observed in the precursor 11.

Protection of the alcohol in 12 as the tert-butyldi-
methylsilyl (TBDMS) ether'¢ provided 13, which upon
reduction of the ketone with NaBH, furnished benzylic
alcohol 14 in 93% overall yield. Deoxygenation of the
secondary alcohol in 14 via Barton’s procedure!” and re-
moval of the TBDMS ether gave in good yield the dif-
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ferentiated isodityrosinol 15.

Isodityrosinol 15 was converted to the known® N,N*-
bis(Chz)isodityrosinol 16 by treatment with trifluoroacetic
acid followed by acylation of the unprotected amino
function with Cbz-Cl (Scheme III). The 'H NMR spec-
trum of 16 was superimposable with an authentic spectrum
kindly provided by Professor Jung.®

The optical purity of 15 was probed by conversion to
Mosher’s amide 17 by the sequence of reactions given in
Scheme III. The epimer 18, differing in configuration from
17 at the one « center, was prepared via the above meth-
odology by use of the antipodal form of acetylenic ketone
8 in the Diels-Alder cycloaddition. 'H NMR analysis of
an admixture of 17 and 18 established the clean resolution
of the diastereotopic O-methyl peaks of the Mosher’s am-
ide and that, within the limits of the NMR experiment,
none of epimer 18 was detected in a sample of 17 prepared
from 15. The Mosher’s amide 19 (Y = Boc) also was
prepared by N-acylation with Mosher’s acid of the one free
amino group in the corresponding mono-N-(Boc)diamino
diol,!® followed by acetylation with acetic anhydride.
Consistent with the above results, 19 only had a single peak
in the NMR spectrum for the O-methyl group of the
Mosher’s amide.

In summary, the Diels~Alder approach to diaryl ether
amino acid derivatives has proved to be applicable for the
synthesis of a functionally differentiated (S,S)-isodi-
tyrosinol 15. The oxidation of the primary alcohol to the
carboxylic acid stage in isodityrosine derivatives is pre-
cedented;®1? thus, isodityrosinol 15 should prove to be a
useful precursor for the synthesis of isodityrosine-derived
peptide antibiotics.
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