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Abstract—Novel chiral xylofuranose-based phosphinooxathiane and phosphinooxazinane ligands have been synthesized and
found to be effective ligands for palladium-catalyzed asymmetric tandem allylic allylations of 1,4-diacetoxy-cis-2-butene with
2-(benzylamino)ethanol or 1,2-bis[benzylamino]ethane to give chiral 4-benzyl-2-vinylmorpholine (94% ee) or 1,4-dibenzyl-2-
vinylpiperazine (70% ee). © 2002 Elsevier Science Ltd. All rights reserved.

Palladium-catalyzed allylation1 is an important method
for carbon�carbon bond formation and the asymmetric
version has been extensively studied during the past
decade.2 The tandem allylic allylation3 is versatile reac-
tion for the construction of chiral morpholine or piper-
azine skeletons that are present in many biologically
active compounds such as mosapride and indinavir
sulfate (Scheme 1).4

Catalytic syntheses of these compounds have been
difficult, but a few examples using this tandem allyla-
tion have been reported by the Hayashi and Achiwa
groups.5 The best enantioselectivities realized up to 83%
ee for morpholines and up to 60% ee for piperazines
(Scheme 2).

Herein, we wish to report the synthesis of new chiral
xylofuranose-based phosphinooxathiane and phosphino-
oxazinane ligands (1 and 2a–d) and their application in

the Pd-catalyzed tandem allylic allylation to produce
chiral morpholines and piperazines.

Phosphinooxathiane 1 and phosphinooxazinanes 2a–d
were synthesized easily from commercially available
xylofuranose 3 (Scheme 3). Diol 3 was converted to 5
by monotosylation followed by acetylation. The dis-
placement of the tosylate group with potassium thioac-
etate and the treatment of 6 with potassium carbonate
afforded the mercapto-alcohol 7. The condensation of 7
with 2-(diphenylphosphino)benzaldehyde 8 gave the
desired chiral phosphinooxathiane ligand 1 in 43%
yield. Similarly, chiral ligands 2a–d were also easily
prepared by the reaction of tosylate 4 with the corre-
sponding amines followed by the condensations of 9a–d
with 8 in good yields (63–76%). In all five cases (1 and
2a–d), the assigned stereochemistry at the �-position
of the 1,3-oxathiane ring was determined by the
NOE difference spectrum (NOEDS). Enhancement was

Scheme 1.
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Scheme 2.

observed between the hydrogen at the �-position and
the hydrogen at the �-position when the �- and �-pro-
tons were irradiated, respectively (Scheme 3).6

The Pd-catalyzed tandem allylic allylation of 1,4-diace-
toxy-cis-2-butene 10a with 2-(benzylamino)ethanol 11a
using chiral phosphinooxathiane ligand 1 or phosphino-
oxazinane ligands 2a–d were examined in the presence
of [PdCl(�3-C3H5)]2 or Pd2(dba)3·CHCl3 and triethyl-
amine to give chiral 4-benzyl-2-vinylmorpholine 12a;
the results are summarized in Table 1. The reaction
using chiral ligand 1 (5 mol%) in dichloromethane gave
the product 12a in 62% yield, but in very low enantio-
purity (4% ee, entry 1). Reactions with chiral phos-
phinooxazinane ligands 2a–d under the same conditions
as ligand 1 gave higher enantiomeric excesses (entries
2–5). In particular, the bulkiest (R)-phenylethyl-
ated ligand 2d7 afforded the highest ee (87% ee) and in
47% chemical yield (entry 5). To optimize reaction
conditions, we next examined the influences of tempera-
ture, the molar ratio of ligand 2d, and the Pd(0) source
(entries 6–9). Increasing temperature to 40°C brought
about a decrease in enantioselectivity (83% ee, entry 6).
Conversely, cooling to 0°C led to an increase in enan-
tioselectivity (94% ee, entry 7) but in lower yields
(60%).8 Varying catalyst loading did not affect enan-
tioselectivity (94% ee, entries 8 and 9), but did signifi-
cantly influence chemical yield. Substituting
Pd2(dba)2·CHCl3 for [PdCl(�3-C3H5)]2 resulted in a
very sluggish but highly selective reaction (94% ee,
entry 10). The chiral norbornane-based phosphi-
nooxathiane and oxazolidine ligands (13 and 14),6 used

in a previous study were also tested under the same
conditions as entry 7, but yielded disappointing results
(entries 11 and 12). The reaction of 1,4-dicar-
bomethoxy-2-butene 10b with 11a was examined using
chiral ligand 2d in the presence of [PdCl(�3-C3H5)]2, or
Pd2(dba)3·CHCl3 (entries 13–15). The reaction using
[PdCl(�3-C3H5)]2 at 0°C did not proceed at all (entry
13), even at room temperature gave 12a in quite low
yield (15%), but in high enantiomeric purity (92% ee,
entry 14). On the other hand, the use of
Pd2(dba)3·CHCl3 led to a slight increase in chemical
yield (34%) and in enatioselectivity (94% ee, entry 15).
The tandem allylic allylation of 10a with 1,2-bis[benzyl-
amino]ethane 11b was also attemped using the chiral
ligand 2d and [PdCl(�3-C3H5)]2 to give chiral 1,4-dibenz-
yl-2-vinylpiperazine 12b. Increasing catalyst loading of
2d from 5 to 10 mol% at room temperature gave only
moderate enatioselectivities (52 and 53% ee, entries 16
and 17). Best results were obtained when the reaction
was conducted at 0°C with 10 mol% of 2d (50%, 70%
ee, entry 18). From these results, the combination of
chiral oxazinane ligand 2d (10 mol%) and [PdCl(�3-
C3H5)]2 was most effective to give 12a in the tandem
allylations of 10a with 11a or 11b.

The obtained tandem product 12a was converted easily
to chiral morpholine alcohol 16 that is useful intermedi-
ate of NAS-1814c as follows (Scheme 4). The obtained
product 12a (94% ee) was converted to known carba-
mate 155a and subsequent ozonolysis and reduction
gave the desired alcohol 16 in good yield and excellent
enantioselectivity (91%, 94% ee).

Scheme 3.
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Table 1. Palladium-catalyzed tandem allylation using chiral ligands 1, 2a–d, 13, and 14

Scheme 4.
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We have examined five new chiral xylofuranose-based
phosphinooxathiane and phosphinooxazinane ligands 1
and 2a–d. Particularly, 2d has been found to be an
efficient ligand for the asymmetric tandem allylic allyla-
tion of 11a, providing the chiral 4-benzyl-2-vinylmor-
pholine 12a or 1,4-dibenzyl-2-vinylpiperazine 12b that
are useful intermediates of biologically active com-
pounds. Further applications and modifications of the
ligands 1 and 2a–d are in progress.
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