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Abstract—Use of MsCl/Et3N was proven to provide a convenient synthetic tool for the stereochemical intercoversion of the hydr-
oxyl group in N-acetyl 1,3-aminoalcohols. Thus, under these conditions, the alcohols 4 and 6 smoothly converted to the oxazines 5
and 7, respectively, which were hydrolyzed to generate the corresponding inverted alcohols 6 and 4 in one pot. Further elaboration
of 4 and 6 led to the efficient asymmetric synthesis of N-acetyl LL-xylo- and LL-arabino-phytosphingosines (11 and 15), respectively, via
olefin cross metathesis reactions.
� 2004 Published by Elsevier Ltd.
Along with sphingosines and sphinganines, phyto-
sphingosines (PS) constitute the three most abundant
core structures for the sphingolipids, which are ubiqui-
tous membrane components in eukaryotic cells and in
all plasma membranes. In addition to their passive struc-
tural roles as membrane constituents, sphingolipids are
also dynamically involved in essentially all aspects of cell
regulation covering cellular recognition, growth, and
development.1 Phytosphingosines are major membrane
components in plants and yeasts, and have also been dis-
covered in mammalian tissues and marine organisms.2

Among these, of particular interest is DD-ribo-phyto-
sphingosine with 18-carbons, since it is the most fre-
quently occurring in nature and has been shown to play
an important role as a potential heat stress signal in
yeast cells,3 as a modulator for the activity of the Ca2+

release channel,4 and as an inhibitor for calf thymus
DNA primase as well as a cytotoxic agent against
human leukemic cell lines.5 Furthermore, DD-ribo-phyto-
sphingosine is an essential part of more complex
bioactive molecules such as KRN7000, which is believed
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to be involved in the activation of natural killer T cells
and is currently under clinical trial for the treatment
of liver tumors.6 Phytosphingosines with other chain
lengths as well as different stereochemistries of the
amino and hydroxyl groups are also known and bio-
active to varying degrees.2

As a consequence of these diverse biological roles of
phytosphingosines, a considerable number of methodol-
ogies have been developed for the synthesis of phyto-
sphingosines, most of which rely upon use of chiral
starting materials such as a-amino acids and carbo-
hydrates.2,7 Asymmetric approaches have scarcely been
reported, and/or are quite lengthy.8

Recently we became interested in the asymmetric syn-
thesis of phytosphingosines, since it was envisioned that
the reactions between the aldehyde 1 and various Grig-
nard reagents would provide the most direct and flexible
asymmetric route for their production (Eq. 1). Indeed,
this approach worked out well for the asymmetric syn-
thesis of phytosphingosines with syn-diol stereochemis-
try at C3 and C4. However, for the cases in which R
is longer than a five carbon chain, inversion of the C4
hydroxyl group of 2 using either Mitsunobu9 or
Burgess10 conditions was not possible, limiting the flex-
ibility and general applicability of this approach (Eq. 1
of Fig. 1).
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Scheme 1. Asymmetric synthesis of N-acetyl LL-xylo-(2R,3S,4S)-phyto-

sphingosine using Grignard reagents. Reagents and conditions: (a)

K2OsO4Æ2H2O, (DHQD)2PHAL, LiOH, AcNHBr, t-BuOH–H2O 2:1,

4 �C, 70%; (b) (i) NaH, PMBCl, DMF, 0 �C, 80%; (ii) DIBAL-H,

CH2Cl2, �78 �C, 60%; (c) C14H29MgBr, THF, �30�C, 1h then 25�C,
2h, 88%; (d) CAN, MeCN–H2O 4:1, 0 �C to room temperature, 75%.

PMPO
NH

OPMB

O
Ac

H

RMgX
PMPO

NH

OPMB

Ac

R

OH

PMPO
NH

OPMB

Ac

R

OH

PS
4

(Eq. 1)

PMPO
NH

OPMB

OH
Ac

N O

OPMB

PMPO
MsCl, Et3N

PMPO
NH

OPMB

OH
Ac

N O

OPMB

PMPO
MsCl, Et3N

(Eq. 2)

Mitsunobu
Burgess

1 2

3

4 5

6 7

H+ then OH-

Figure 1. Formation and hydrolysis of the oxazines 5 and 7.
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During the course of other research projects in the
laboratory, it was observed that treating the N-acetyl
1,3-aminoalcohols 4 and 6 with MsCl and Et3N in
THF resulted in the formation of the oxazines 5 and
7, respectively, with the stereochemical inversion at the
allylic carbons, which were hydrolyzed to generate the
corresponding inverted N-acetyl 1,3-aminoalcohols 6
and 4 (Eq. 2 of Fig. 1). Formation and subsequent
hydrolysis of the oxazines 5 and 7 could be done in
one pot, making it possible to interconvert between
the syn- and anti-diol stereochemistries at the C3 and
C4 of these phytosphingosines.

Then, as shown in Figure 2, it was envisioned that com-
bining the present oxazine chemistry with an olefin cross
metathesis (CM) reaction11 could lead to an extremely
efficient and flexible methodology for the asymmetric
synthesis of phytosphingosines. The C2 and C3 stereo-
centers of phytosphingosines could be installed by the
regioselective asymmetric aminohydroxylation (RAA)
reaction12 of the readily available achiral olefin VI.
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Figure 2. Retrosynthetic analysis for phytosphingosines.
Scheme 1 describes the asymmetric synthesis of N-acetyl
LL-xylo-(2R,3S,4S)-phytosphingosine (11) with the syn-
3,4-diol stereochemistry via the RAA reaction of the
achiral olefin 8 and the reaction of the aldehyde 1 with
Grignard reagents. The RAA reaction of 8 using the
(DHQD)2PHAL as a ligand and N-bromoacetamide as
a nitrogen source/oxidant afforded the syn-aminoalcohol
9 with excellent regio- (>20:1) and enantioselecivity
(>99% after one recrystallization from ethyl acetate).
Protection of the hydroxyl group of 9 by p-meth-
oxybenzyl (PMB) chloride and sodium hydride in
DMF13 and the partial reduction of the resulting ester
by slow addition of DIBAL at �78 �C14 generated the
aldehyde 1. Reactions of the aldehyde 1 with tetradecyl-
magnesium bromide were examined under various con-
ditions. Slow addition of the Grignard reagent to the
reaction mixture at �30 �C in THF followed by the slow
warm-up of the reaction mixture to room temperature
proved to provide optimal conditions in terms of both
diastereoselectivity and reaction yield, providing the
alcohol 10 as a major product in a ratio of >10:1 and
88% yield.7f Simultaneous deprotection of the PMP
and PMB groups of 10 by CAN15 gave N-acetyl
LL-xylo-(2R,3S,4S)-phytosphingosine (11).

N-Acetyl LL-xylo-(2R,3S,4S)-phytosphingosine (11) was
also prepared using a nuclophilic addition reaction of
the aldehyde 1 with vinylmagnesium bromide and a
cross metathesis reaction of the resulting olefin 4 with
1-tetradecene (Scheme 2). The second generation
Grubbs� catalyst {Tricyclohexylphosphine[1,3-bis(2,4,6-
trimethyl-phenyl)-4,5-dihydroimidazol-2-ylidene][benzyl-
idine]-ruthenium (IV) dichloride} was used for the
cross metathesis reaction. Hydrogenation of the olefin
12 and deprotection of the PMP group by CAN yielded
N-acetyl LL-xylo-(2R,3S,4S)-phytosphingosine (11).17

To prepare N-acetyl LL-arabino-(2R,3S,4R)-phytosphingo-
sine (15) with anti-3,4-diol stereochemistry, the allylic
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Scheme 2. Asymmetric synthesis of 11 using olefin cross metathesis

reaction. Reagents and conditions: (a) vinylmagnesium bromide, THF,

�50�C to room temp, 74%; (b) 1-tetradecene, second generation

Grubbs� catalyst, CH2Cl2, 40�C, 8h, 80%; (c) (i) H2, Pd/C, ethyl

acetate, quantitaive; (ii) CAN, MeCN–H2O 4:1, 0 �C, 80%.
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hydroxyl group of the alcohol 4 was inverted to give the
alcohol 6 in a three-step, one-pot operation: treatment
of 4 with MsCl and Et3N followed by the sequential
additions of 0.5N HCl and K2CO3 after the complete
disappearance of 4 and 5, respectively.10,16 Use of MsCl
and Et3N (0 �C to ambient temperature) transformed the
alcohol 4 to the corresponding mesylate, under which
conditions the alcohol 4 underwent an SN2 type intra-
molecular cyclization to give the oxazine 5. Acidic
hydrolysis of the oxazine 5 by 0.5N HCl at ambient tem-
perature generated the O-acetyl ester 13, which upon
treatment with K2CO3 at 60 �C underwent a 1,5-shift
of the acetyl group to provide the inverted alcohol 6.
Similarly the alcohol 6 with anti-diol stereochemistry
could be transformed back to the alcohol 4 with syn-diol
stereochemistry. The oxazine 5 could also be prepared
by using Mitsunobu reaction or Burgess reagent. How-
ever, the former method suffered from interference by
a triphenylphosphine oxide by-product during column
chromatography, and the latter reagent is commercially
available but expensive. Notably, a clean one-pot oper-
ation was possible only with the reaction conditions
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Scheme 3. Asymmetric synthesis of N-acetyl LL-arabino-(2R,3S,4R)-

phytosphingosine (15) using olefin cross metathesis reaction and

oxazine chemistry. Reagents and conditions: (a) MsCl, TEA, 0 �C to

room temperature, 6h; (b) 0.5N HCl, THF, 30min then K2CO3, 60�C,
8h, 70% in two steps; (c) 1-tetradecene, second generation Grubbs�
catalyst, CH2Cl2, 40�C, 8h, 80%; (d) (i) H2, Pd/C, ethyl acetate,

quantitaive; (ii) CAN, MeCN–H2O 4:1, 0 �C, 75%.
involving MsCl and Et3N. As with the olefin 4, a se-
quence of cross metathesis reaction of 6 with 1-tetrade-
cene in the presence of the second generation Grubbs�
catalyst, the hydrogenation of 14, and final deprotection
of the PMP group by CAN finished the asymmetric syn-
thesis of N-acetyl LL-arabino-(2R,3S,4R)-phytosphingo-
sine (15) (Scheme 3).17

In summary, we have shown that MsCl/Et3N can be
conveniently used for the stereochemical intercoversion
of the hydroxyl group in N-acetyl 1,3-aminoalcohols
through the formation of the corresponding oxazines.
Also demonstrated is that, combined with the regioselec-
tive asymmetric aminohydroxylation (RAA) and olefin
cross metathesis (CM) reactions, the developed oxazine
chemistry provides an extremely efficient and flexible
route for the asymmetric synthesis of phytosphingo-
sines. Asymmetric synthesis of other phytosphingosine
derivatives is currently in progress, and will be reported
in the full paper version of this letter.
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