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ABSTRACT

A convenient approach to racemic analogues of N-benzoyl-syn-phenylisoserine was realized via the stereoselective iodocyclization of amides
obtained from Baylis−Hillman adducts.

â-Amino-R-hydroxy acids show important biological activi-
ties.1 In particular,N-benzoyl-syn-phenylisoserine1, the C-13
side chain of paclitaxel (Taxol,2a), has been the target of
numerous synthetic efforts, and many paclitaxel derivatives
have been prepared in the quest for new products with
broader activity and lower toxicity than the parent drug
(Figure 1).2 Thus, biological assays carried out with the C-2′-

methylated derivative2b revealed a significant enhancement
of potency in comparison with2a.3 The increased inhibition
activity against microtubule depolymerization and cytotoxy-
city toward KB-V1 was ascribed to a higher energy barrier

between the conformations around the 2′-3′ bond.3b In
addition, the hydroxymethyl derivative2c demonstrates
inhibitory activity in microtubule depolymerization but was
devoid of significant cytotoxicity against KB or KB-V1
(Figure 1).4
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Within an ongoing project aimed at inducing conforma-
tional changes and then activity changes in bioactive oli-
gopeptides5 by introduction of conformationally restricted
â-amino acids,6 we disclose here an efficient method leading
to derivatives of racemic syn-2-substituted 2-hydroxy-3-
amino acids3a-d, analogues ofN-benzoyl-syn-phenyl-
isoserine1 (Figure 2), starting from the Baylis-Hillman
adducts4.

At first, 3-acylamino-2-methylene-3-arylpropanoates7
were prepared by treatment ofN-acylcarbamates6 with
DABCO in DCM at room temperature (Table 1)7 and one

or two heteroatoms were subsequently introduced on the
carbon backbone of these compounds by means of an
iodocyclization reaction.8-11 In fact, use of NIS in chloroform
at room temperature in the cyclization of 3-acylamino
derivatives7 gave the corresponding dihydro-1,3-oxazoles

8 in high yield. The reaction proceeded with total diaste-
reoselection, leading to a single product, as shown from GC
analysis and1H and13C NMR spectra of the crude reaction
mixtures.

This behavior, which could be ascribed to structural
features of the starting amide, was different from the
previously reported cyclizations of acyclic amides, which
invariably led to diastereomeric mixtures of cis- and trans-
4,5-disubstituted dihydro-1,3-oxazoles.12 At first, the geom-
etry of products8 was assigned as cis by means of NOE
experiments. Then the configuration at C-5 in8a was
inverted by simple steps to give the corresponding isomer
13 (Scheme 1). The comparison of the1H NMR spectra

evidenced a shielded ABq for CH2I in 8aat δ 3.00, whereas
the analogous signal was unshielded in compound13 (3.84
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Figure 2.

Table 1. Preparation of 3-Acylamino Esters7 and
4,5-Disubstituted 4,5-Dihydro-1,3-oxazoles8a

entry R1 R2 R3 yield 7 %b yield 8 %b

a Me Ph Ph 79 92
b Me 4-O2N-C6H4 Ph 93 85
c Et Ph Ph 78 88
d t-Bu Ph Ph 94 91
e Et Ph t-Bu 75 86
f t-Bu Ph Bn 83 87
g t-Bu Ph CH2Cl 79 78
h t-Bu Ph CCl3 84 87
i Et 4-CH3O-C6H4 Ph 71 75
j Et 4-Cl-C6H4 Ph 78 84

a Reagents and conditions: (a) DCM, rt, quantitative yield. (b) DABCO,
DCM, rt. (c) NIS, CHCl3, rt. b Yield of pure product after isolation.

Scheme 1a

a Reagents and conditions: (a) 3 M H2SO4 in MeOH, rt. (b) Dry
Na2CO3, MeOH, rt. (c) CsF, DMF, 90°C. (d) TsCl, Et3N, DMAP,
0 °C. (e). NaI, DMSO, 100°C.
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δ), where the effect of the phenyl group is missing. The
opposite trend was observed for the COOMesignal (8a, 3.93
δ; 13, 3.19δ), thus allowing definite assignment of the cis
configuration to8a and trans configuration to13.

To explain the observed stereoselection, a full conforma-
tional analysis was carried out for the amide7a, by using
molecular mechanics methods.13 Calculations showed that
a conformational equilibrium takes place for this compound,
and rotamerA, leading to cis isomer8a, lies at lower energy
by 2.2 kcal/mol with respect to rotamerB, which would lead
to the trans isomer,13 (Figure 3).14-16 Due to this difference

in energy, it appears that only rotamerA is significantly
populated, and this causes the reaction outcome. Thus, con-
formational stability seems to be the driving force leading
to the cis isomers8, although synergic effects at the transition
state could not be discarded.17

With compounds8 in hand, at first the synthesis of3a
began with cleavage of the C-I bond of8a, performed with
1-ethylpiperidinium hypophosphite,18,19to give the 5-methyl
derivative14 in high yield.

Subsequent cleavage of the heterocyclic ring, carried out
with 3 M HCl in methanol, afforded the corresponding

methyl ester3a, whose spectral data were in total agreement
with that of the reported compound.3h Conversely, treatment
of 14 with 6 M HCl/methanol 1:1 led to the corresponding
acid 15 (Scheme 2).

Furthermore, the nucleophilic substitution at the iodo-
methyl group of8d, directed toward preparation of the hy-
droxymethyl derivative3b, was not trivial, and the introduc-
tion of the acetoxy group proved to be troublesome, due to
the low reactivity of the iodine, probably due to steric
hindrance.20 In fact, reaction of8d with either acetate anion
on IRA 120 in refluxing toluene, and potassium acetate in
DMF at 80 °C, failed and starting material was recovered
along with some decomposition. However, when cesium
acetate was employed as a source of acetate anion in DMF
at 110 °C, the substitution proceeded in moderate yield,
leading to the 5-acetoxymethyl derivative16, which was
subsequently cleaved on treatment with 1 M HCl in refluxing
MeOH to give the ester3b. In analogy with14, treatment
of 16 with 6 M HCl in refluxing MeOH led to the acid17
in good yield (Scheme 3).

On the other hand, substitution of the iodine atom of
8d, with the aim of preparing the analogue3c, proceeded
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Chem. Ber.1990,123, 2455-2456.
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Figure 3. Conformational equilibrium for7a leading to8a.

Scheme 2a

a Reagents and conditions: (a) 1-Ethylpiperidinium hypophos-
phite, AIBN, refluxing toluene. (b) 3 M HCl in MeOH, rt. (c) 6 M
HCl in refluxing MeOH.

Scheme 3a

a Reagents and conditions: (a) CsOAc, dry DMF, 110°C. (b) 1
M HCl, MeOH, 60°C. (c) 6 M HCl in refluxing MeOH.
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straightforwardly by using sodium azide in DMSO
(CAUTION!) (Scheme 4).

Thus, the azidomethyl derivative18was obtained in good
yield, and cleavage of the heterocyclic ring led to the azido
ester19.

After conversion into the amino ester3c, performed by
using Zn-NH4Cl, subsequent benzoylation gave20.21

The reaction of the acetoxymethyl derivative16 with
Na2CO3 in MeOH provided the hydroxymethyl derivative
21. Treatment with DAST in DCM gave22 in good yield,
which was then converted into the ester3d (Scheme 5).

In summary, starting from the Baylis-Hillman adducts
4, we developed a practical, stereoselective synthesis of
racemic analogues ofsyn-phenylisoserine1. The preparation
of derivatives3a-d in the enantiomerically pure form and
evaluation of biological activity data for new compounds
3c-d are currently underway and will be reported in due
course.
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(20) Compound8d was employed, in place of8a, since cleavage of the
ester function of8a was observed under nucleophilic substitution reaction
conditions.

(21) Hydroxyamination of Baylis-Hillman adducts was already re-
ported: Pringle, W.; Sharpless, K. B.Tetrahedron Lett.1999,40, 5151-
5154.

Scheme 4a

a Reagents and conditions: (a) NaN3, DMSO, 80°C. (b) 3 M
HCl in MeOH, rt. (c) Zn, NH4Cl, MeOH, rt. (d) BzCl, Et3N, DMAP,
0 °C.

Scheme 5a

a Reagents and conditions: (a) Anhydrous Na2CO3, MeOH, rt.
(b) DAST, dry DCM, rt. (c) 3 M HCl in MeOH, rt.
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