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Abstract: Kinetic resolution-epoxidation of the allylic alcohol 4
followed by internal opening of the epoxy N-benzoyl carbamate derived
from the epoxide 5 led, after several functional group transformations,
to the desired B-hydroxy tyrosine derivative 1b and the useful
selectively protected derivatives 12-15.

The modified amino acid, B-hydroxytyrosine, 1a, is found as a
component in several naturally occurring antibiotics, e.g., bouvardin,
vancomycin (as the chloro derivative) and others.3 For this reason
several syntheses of various diastereomers of f-hydroxytyrosine and
their derivatives have appeared.4 We now report an efficient total
synthesis of (28,3R) methyl f-hydroxytyrosinate, 1b, which proceeds
with high enantioselectivity from inexpensive achiral starting materials.
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We recently reported the facile synthesis of B-hydroxy-c-amino
acids by the use of a Sharpless kinetic resolution-epoxidation process
followed by intramolecular ring opening.5 The application of this
chemistry to methyl B-hydroxytyrosinate would seem to be
straightforward. However, this turned out not to be the case due to
problems with protecting groups, especially the one on the aromatic
hydroxyl group. Several routes were examined, only to fail at various
stages of the synthesis. For example, use of a benzyl ether as the
protecting group led to problems in its deprotection at both the
oxazolidinone acid stage and in compounds where the ring was opened,
since there also exists benzylic oxygen functionality in these substrates.
Likewise protection of the phenol as an allyl ether was successful to
give the allyloxy oxazolidinone acid but we were unable to cleanly
deprotect this ether under various conditions. Therefore we chose to
use the r-butyldimethylsilyl (TBS) ether as the protecting group for the

phenol, a strategy that ultimately proved successful.

Protection of p-hydroxybenzaldehyde 2 with TBSCI afforded in
84% yield the aldehyde 3,6 which was treated with vinylmagnesium
bromide to give the allylic alcohol 4 in 73% yield (Scheme 1).
Treatment of the allylic alcohol 4 with 0.6 eq of rert-butyl
hydroperoxide and 1 eq of titanium tetraisopropoxide in methylene
chloride at -20°C for several days in the presence of 1.0 eq of (-)-
dimethyl tartrate (DMT) afforded the desired epoxyalcohol 5 in 71%
yield. The enantiomeric purity of 5 was shown 88% by integration of
the relevant peaks in the IH NMR spectrum in the presence of 0.4 eq of
Eu(hfc)3. The racemic form of 5 was used as a reference; it was
prepared by mixing an equimolar amount of 5 with the corresponding
enantiomer prepared by epoxidation of 4 with the corresponding (+)-
tartrate. The diastereomeric excess (erythro:threo) of the epoxyalcohol
5 was more than 95%. The epoxyalcohol 5 was treated with benzoyl
isocyanate 67 to give the corresponding carbamate which was not
isolated but directly converted into the crystalline oxazolidinone 7 in
89% yield by reaction with sodium hydride and imidazole in
tetrahydrofuran at 25°C without formation of any byproducts. A facile
N to O migration of the benzoyl group was observed. Basic hydrolysis
of the benzoate in the oxazolidinone 7 with alcoholic ammonia
proceeded in 72% yield to give the primary alcohol 8, which was
oxidized to the corresponding acid 9 in 99% yield by Jones reagent.
Strong base, e.g., lithium hydroxide, could not be used for the
hydrolysis of the benzoate since the TBS ether was not stable under

these conditions. However other amine bases worked as well, e.g.,
Et3N in aqueous methanol afforded 8 in 61% yield.
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Scheme 1

Treatment of 9 with excess diazomethane afforded, in 91%
yield, the ester 10, which was treated with di-fers-butyl dicarbonate and
sodium hydride in tetrahydrofuran at room temperature to give the N-
tert-butoxycarbonyl oxazolidinone ester 11 in 87% yield (Scheme 2).
Ring cleavage of the ester 11 was carried out with a catalytic amount of
cesium carbonate in methanol at room temperature8 to afford the desired
B-hydroxy ester 12 in 69% yield. Treatment of the B-hydroxy ester 12

TBSO

CH,N,
Etz0, rt u*t
91% MeOOC

10

: Cs,C03
—_——
H"? MeOH, nt

MeOOC: BIOC 69%

(BOG),0,NaH
—_— -
THF, rt, 87%

12

CF3CO0H
CHClg, it, 3 h;
—_—
H,0
1, 10 min
65%

Scheme 2

with trifluoroacetic acid in chloroform followed by adding water
afforded 65% of the desired B-hydroxytyrosine ester 1b, along with
cyclized products as a side reaction. The formation of cyclized products
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(oxazolidinones) can be explained by an attack of the B-hydroxy moiety
on the N-BOC group before deprotection.? Thus this ester 1b, the
protected form of B-hydroxytyrosine 1a, can be prepared in only 10
steps from 4-hydroxybenzaldehyde in 10% overall yield. It and its
precursors, e.g., 12, may be used for the synthesis of the naturally
occurring peptide antibiotics.

We have also prepared several other derivatives which may be
of value in the synthesis of natural products, especially the silylated
compounds 13-15 (Scheme 3). Thus treatment of 12 with TBSOTf
and 2,6-lutidine in methylene chloride afforded a 95% yield of 13,
which was treated with trifluoroacetic acid in chloroform to give the
amino ester 14 in 71% yield. Deprotection of the tert-butyldimethylsilyl
groups was carried out using tetra-n-butylammonium fluoride (TBAF)
in tetrahydrofuran at room temperature. The aryl rert-butyldimethylsilyl
group was deprotected very quickly to give 15 in 95% yield. Thus five
different protected derivatives of la, namely 1b and 12-15, are
available in high optical purity in only 10-14 steps from 2.10

In conclusion, we have developed an efficient route for the
preparation of several P-hydroxytyrosine derivatives, including
selectively protected compounds in high overall yield from inexpensive
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Scheme 3

achiral starting materials for use in the synthesis of the natural peptide
antibiotics.
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