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Improved large-scale synthesis of phenylisoserine and the taxol
C-13 side chain
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Abstract—Dihydrodihydroxycinnamic acids and their esters react with acetonitrile or benzonitrile in the presence of sulfuric acid
to afford the corresponding syn-�-amino-�-hydroxypropionic acid derivatives. High yields and diastereoselectivity of this
transformation allows preparation of various phenylisoserine derivatives on a practical scale. © 2002 Elsevier Science Ltd. All
rights reserved.

The efficiency and high enantioselectivity of the Sharp-
less Asymmetric Dihydroxylation (AD) provides an
excellent entry to various chiral building blocks.1

Among those are syn-diols derived from cinnamate
esters,2 important intermediates en route to phenyliso-
serine and its analogs, notably, N-benzoylphenylisoser-
ine, a C-13 side chain of taxol. Several approaches to
the conversion of cinnamate diols to the corresponding
syn-�-amino-�-hydroxy derivatives have been reported,
all of them having a common strategy: the �-hydroxyl
group is appropriately activated, then displaced with a
halide which is finally substituted with azide or benzo-
ylisothiocyanate.3a,b Thus, the syn-geometry of the
resulting aminoalcohol is achieved through a double
inversion at the �-carbon. We now report a simple
one-step protocol for the preparation of various
phenylisoserine derivatives from 2,3-dihydroxycinnamic
acids or its esters which is based on the Ritter reaction.4

The Ritter reaction is a powerful yet rather underuti-
lized synthetic tool, which allows one to convert alco-
hols to amines or their derivatives by treating the
alcohol with a nitrile in the presence of a strong acid.
Reportedly, the reaction proceeds though a carboca-
tionic intermediate thus often scrambling the stereo-
chemistry of the starting alcohol and limiting the
synthetic value of the reaction.

However, certain factors can sometimes lead to high
stereoselectivity levels in this transformation. For exam-
ple, Buckland et al. developed a stereoselective process

for converting cis-indanediol to cis-aminoindanol based
on Ritter reaction5 (Scheme 1). Vicinal diols react with
nitriles in the presence of an acid through oxazoline
intermediates;6 in the indane case cis-aminoalcohol is
the only possible isomer that can form due to a rigid
cis-geometry of the two fused five-membered cycles.
Acyclic diols, as in our case of dihydroxydihydrocinna-
mates, would not be expected to have such stringent
stereocontrol.

In fact, when acetonitrile solutions of dihydroxy dihy-
drocinnamate esters (easily prepared by AD from com-
mercially available cinnamates3a) or the corresponding
acids were treated with concentrated sulfuric acid at
−10°C, mixtures of diastereomeric aminoalcohols were
isolated after aqueous HCl hydrolysis of the initially
formed oxazolines7 (Scheme 2). However, the levels of
diastereoselectivity were surprisingly high: 20:1 to 11:1
(Table 1) in favor of the syn isomer. The major syn
isomer was separated from the mixture by crystalliza-
tion from isopropanol in 78–86% yield. The geometry
of the product was confirmed by comparing the NMR
data of aminoacid 3a with those of the authentic sam-
ples of the corresponding syn- and anti-�-amino-�-
hydroxyacid derivatives.6 The geometry of other
products was assigned by correlation of their spectro-
scopic data with that of 3a.

Scheme 1.
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Scheme 2.

Table 1. Reaction of dihydroxycinnamic acids and esters with nitriles in the presence of sulfuric acid

R1 ProductEntry Diastereomer ratiosR Yield (%)

H 3a1 18:1Me 86
2 H H 3a 13:1 61
3 Me Me 3b 15:1 82

Me 3bH 14:14 77
Me5 F 3c 11:1 81
H6 F 3c 11:1 78

H 4aMe 20:17 52
H 4a8 20:1H 59
Me 4bMe 20:19 54
Me10 4bH 20:1 64

N-Benzoylphenylisoserines 4a and 4b were prepared in
a similar fashion from either 1a and 2a or 1b and 2b
and benzonitrile. The oxazoline intermediates were
treated by dilute acid at room temperature to effect
opening of the oxazoline and ester hydrolysis and to
keep the amide bond intact.9 The pure hydroxyamido
acids crystallized from the reaction mixture and were
purified by crystallization (Table 1, entries 7–10).3a In
this case acids 2a,b rather that esters 1a,b proved to be
beneficial due to simplified work-up.

To explain such a high level of stereocontrol in the
reaction we have to assume that the benzylic carboca-
tion generated from the alcohol in the presence of the
acid is stabilized by the neighboring hydroxyl group,
i.e. the cis-epoxide-like intermediate locks the stereo-
chemistry at the benzylic position and then reacts with
the nucleophilic nitrogen of the nitrile.

In conclusion, an efficient one-step protocol for prepa-
ration of both phenylisoserine derivatives and the cor-
responding taxol C-13 side chain has been
demonstrated on a 0.2 mol scale. This method compli-
ments the AD reaction and allows preparation of vari-
ous phenylisoserine derivatives in enantio- and
diastereoselective fashion.
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