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ABSTRACT

The stereoselective synthesis of 2,4- and 2,5-disubstituted 1,3-oxazolidines is accomplished via Pd-catalyzed carboamination of O-vinyl-1,
2-amino alcohol derivatives. The transformations generate cis-disubstituted products with good to excellent diastereoselectivity, and
enantiomerically enriched substrates are converted without loss of optical purity. In addition to yielding synthetically useful products that are
difficult to generate with existing methods, these transformations illustrate that electron-rich enol ethers are viable substrates for alkene
carboamination processes.

Substituted 1,3-oxazolidines are displayed in many bio-
logically active compounds1 and are also broadly em-
ployed in asymmetric synthesis as chiral auxiliaries, or as
chiral ligands for transition metal catalysts.2 The classical
approach to 2,4- and 2,5-disubstituted 1,3-oxazolidines
involves condensation of an aldehyde with an amino
alcohol,2 and alternative routes that involve carbon�
heteroatom bond-forming cycloaddition,3 conjugate addi-
tion,4 or aza-Wacker type reactions5 have also been ex-
plored. However, most methods for the preparation of

1,3-oxazolidines effect the construction of the C�N and
the C�O bond during the ring-forming event. Transfor-
mations that generate both a carbon�heteroatom bond
and a carbon�carbon bond during oxazolidine formation are
relatively rare and are typically not amenable to the stereo-
controlled preparation of 2,4- or 2,5-disubstituted products.6

We sought to develop a newmethod for the preparation
of 1,3-oxazolidines (e.g., 4) via Pd-catalyzed carboamina-
tion reactions7 between aryl or alkenyl bromides and enol

Scheme 1. Carboamination Strategy for Stereoselective Oxazo-
lidine Synthesis
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ethers 1 derived from readily available 1,2-amino alcohols
(Scheme 1). This approach has significant potential utility,

as the reactions should proceed with kinetic control of

stereochemistry and provide enantiomerically pure pro-

ducts with good levels of diastereoselectivity.7,8 However,

in order to accomplish this goal it was necessary to over-

come twokeyobstacles. The transformationswere expected

to proceed via intramolecular syn-aminopalladation of

intermediate 2,7�9 but enol ethers (or similarly electron-

rich alkenes) have not previously been employed in Pd-

catalyzed carboaminations between unsaturated amines

and aryl/alkenyl halides.10 No studies have demonstrated

that such highly electron-rich alkenes can undergo syn-

migratory insertion into Pd�N bonds of LnPd(R
1)(NR2)

complexes.11 Moreover, mechanistic experiments by Stahl

indicate that the transition state for syn-aminopalladation

exhibits characteristics of a N-nucleophile/alkene electro-

phile combination,12 which suggests that insertions of

electron-rich alkenes could have relatively high barriers.13

In addition to the challenges associated with syn-amino-

palladation of an electron-rich alkene, the reductive elim-

ination of intermediate 3 was also expected to be difficult.

The two inductively electron-withdrawing heteroatoms on

the carbon beta to Pd will slow the rate of C�C bond

formation from 3.9a,b,14 Thus, competing β-hydride
elimination15 to generate 6 or β-alkoxide elimination11,16

to form 5 could be problematic.

In preliminary feasibility studies we elected to examine
the reactivity of bromobenzene with the simple, geometri-

cally constrained enol ether 7. Given the anticipated

challenges described above, we focused our catalyst opti-

mization studies on two classes of ligands: (a) bis-phos-

phine ligandswith relativelywide bite angles; and (b) bulky

monodentate phosphine ligands (Table 1). These classes of

ligands have been shown to promote rapid C�C bond-

forming reductive elimination,17 and prior studies sug-

gested they could also potentially facilitate the key amino-

palladation step.18 A preliminary survey of catalysts

composed of Pd2(dba)3 and a wide bite angle ligand

indicated that the yield of 8 increased with increasing

bite angle, and promising results were obtained with

Xantphos (58% yield).19 However, our experiments

withmonodentate phosphines showed themonodentate

S-Phos ligand was superior to Xantphos,20 as the 1,

3-oxazolidine product 8 was isolated in 70% yield when

this phosphine was employed.

Table 1. Catalyst Optimization Studiesa

entry ligand yieldb

1 dppb 0%

2 Dpe-Phos 13%

3 Xantphos 58%

4 P(o-tol)3 0%

5 Ru-Phos 20%

6 S-Phos 70%c

aConditions: 1.0 equiv of 7, 2.0 equiv of PhBr, 2.0 equiv of NaOtBu,
2 mol % Pd2(dba)3, 2�4 mol % ligand, Toluene, 95 �C. bYields were
determined by 1H NMR analysis of crude reaction mixtures using
phenanthrene as an internal standard. c Isolated yield (average of two
experiments).
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Having discovered a suitable catalyst system for enol
ether carboamination, we sought to probe the scope of this
new method. A variety of substrates were synthesized via
O-vinylation of the corresponding amino alcohols.21 As
shown in Table 2, substrates bearing substituents adjacent
to the oxygen or nitrogen atom were transformed to 2,5-
cis- or 2,4-cis-disubstituted-1,3-oxazolidines in good yield
(entries 4�14).19 The products were typically generated
with 8�17:1 dr (crude). Additionally, in many cases

diastereomers could be partially separated by chromato-
graphy, and upon isolation the desired products were

obtainedwith up to>20:1 dr.Disubstituted substrate (�)-

15 was converted to trisubstituted products (�)-30 and

(�)-31 with good stereocontrol (entries 15�16).22 The

transformations were effective with a wide range of aryl

bromides, and alkenyl halides were also successfully used

as coupling partners (entries 3 and 13).

Table 2. Stereoselective Synthesis of Substituted Oxazolidines

aConditions: 1.0 equiv of amine, 2.0 equiv of R1Br, 2.0 equiv of NaOtBu, 2 mol % Pd2(dba)3, 4 mol % S-Phos, Toluene, 95 �C. bDiastereomeric
ratios were determined by 1HNMRanalysis of the pure, isolatedmaterial. Numbers in parentheses are diastereomeric ratios observed byNMRanalysis
of crude reaction mixtures. c Isolated yields (average of two or more experiments).
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(22) For a representative case, chiral HPLC analysis indicated com-
plete retention of enantiomeric purity (99% ee) during the three-step
conversion of (R)-phenylglycinol to (þ)-27.
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Amodel that accounts for the relative stereochemistry of
the products is illustrated in Figure 1. Transformations of
substrates 12�14 proceed via transition state 32, in which
the substituent adjacent to the nitrogen atom is oriented in
an axial position to minimize A1,3 strain in alternative
transition state 33. Reactions of 10�11 undergo cyclization
via transition state 34, in which the substituent adjacent to

the oxygen atom is equatorial to avoid 1,3-diaxial interac-
tions thatwould be present in transition state 35. The nature
of the aryl or alkenyl halide appears to have a small effect on
diastereoselectivity, but no clear trend is apparent.
In summary, we have developed a concise approach to

the synthesis of enantiomerically pure 2,4- and 2,5-disub-

stituted 1,3-oxazolidines. The heterocyclic products are

generated in only three steps from commercially available

amino alcohols in good yield and diastereoselectivity. This

transformation provides access to compounds that are

difficult to prepare in a stereocontrolled manner with

existing methods. These transformations also illustrate the

viability of enol ethers as participants in alkene carboami-
nation processes and highlight the efficacy of S-Phos
in promoting challenging sp3�sp3 C�C bond-forming
reductive elimination from Pd(II).
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Figure 1. Stereochemical model.


