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A highly enantioselective synthesis of D-(+)-erythro-dihy-
drosphingosine (sphinganine) as its triacetate derivative 10,

Introduction

Sphingosine (1) and its biosynthetic precursor, dihy-
drosphingosine (sphinganine, 2) are highly abundant, long-
chain amino alcohols, generally possessing 18 or 20 carbon
atoms. Sphinganine is known to be an important precursor
in the biosynthesis of sphingolipids such as ceramides,
sphingomyelin, cerebrosides and gangliosides, which play
important roles in cell regulation, cell growth modulation
and signal transmission,[1] with sphinganine itself found to
be an inhibitor of protein kinase C.[2]

Various methods for the synthesis of sphingosine (1), di-
hydrosphingosine (2) and their derivatives have been re-
ported. One is based on the ring-opening of a chiral epoxide
with azide as the key step.[3] The second major synthetic
strategy uses chiral pool carbohydrate precursors to estab-
lish the stereochemistry at C-2 and C-3.[4] The most com-
monly employed methods are the diastereoselective addi-
tion of an organometallic reagent to chiral aldehydes, de-
rived particularly from -serine.[5] This approach leads to
the carbon2carbon bond formation (C-3 and C-4) and sim-
ultaneous fixing of the stereochemistry of the C-3 hydroxy
group in one step. The other interesting synthetic methodo-
logies involve the use of a variety of chiral precursors to
build up the structure by nucleophilic addition process.[6]

However, there are sufficient drawbacks to most of these
procedures to confirm the need for a practical and alternat-
ive approach to the synthesis of the target molecule. In con-
nection with our studies on the enantioselective synthesis
of some naturally occurring compounds,[7] mainly by ster-
eoselective transformation of diols via cyclic sulfite/sulfates,
we became interested in developing a simple and feasible
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starting from palmityl alcohol (3) and employing the Sharp-
less asymmetric dihydroxylation as the key step, is described.

route to dihydrosphingosine. Here we report a new and
highly enantioselective synthesis of sphinganine, in which
the Sharpless asymmetric dihydroxylation was employed as
the key step and as the source of chirality in the synthesis.

Results and Discussion

Scheme 1 summarizes our synthesis of sphinganine as its
triacetate derivative 10. The commercially available palmityl
alcohol (3) was converted into the corresponding aldehyde,
which on treatment with (ethoxycarbonylmethylene)tri-
phenylphosphorane in THF under reflux gave the Wittig
product 4 in 89% yield. Compound 4 was subjected to DI-
BAL-H reduction to furnish the corresponding allylic alco-
hol 5[8] in 92% yield. The dihydroxylation of olefin 5 with
osmium tetraoxide and potassium ferricyanide as co-oxid-
ant in the presence of 1,4-bis(dihydroquinidin-9-O-yl)-
phthalazine [(DHQD)2PHAL] ligand under the Sharpless
asymmetric dihydroxylation reaction conditions[9] gave the
(2R,3R)-triol 6 in excellent yield, with [α]D20 5 17.2 (c 5
1.0, CHCl3). Sharpless asymmetric dihydroxylation (SAD)
on the allylic alcohols presented in Scheme 2, with different
long alkyl chains, is reported to give the two stereogenic
centres, in 95297% enantiomeric excess.[10]

Thus, by analogy, the triol 6 prepared was assumed to be
enantiomerically pure.

Furthermore, in order to achieve the synthesis of azidos-
phinganine 9 from the triol 6, we required the transforma-
tion of a hydroxy group into an azido one, with concomit-
ant reversal of stereochemistry at the 2-position. To this
end, protection of 6 as a benzylidene derivative was ef-
fected, using benzaldehyde dimethylacetal in the presence
of a catalytic amount of pTSA to afford a mixture of 1,3-
and 1,2-benzylidene compounds in 9:1 ratio. The desired
major 1,3-benzylidene compound 7 was separated by silica
gel column chromatography. Compound 7 was then con-
verted into the 5-O-mesylate derivative, which on reaction
with sodium azide in DMF afforded compound 8 with the
desired stereochemistry at the 5-position. The benzylidene
protecting group was cleaved by treating 8 with 3  hydro-
chloric acid to furnish the azidosphinganine 9 in 72% yield,
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Scheme 1. Reagents: (a) (i) P2O5, DMSO, CH2Cl2, Et3N, 0 °C, (ii)
Ph3P5CHCO2Et, THF, reflux, 18 h (89%); (b) DIBAL-H, Et2O,
0 °C (92%); (c) (DHQD)2PHAL, OsO4, MeSO2NH2, K3Fe(CN)6,
K2CO3, tBuOH:H2O (1:1), 24 h, 0 °C (91%); (d) PhCH(OMe)2,
pTSA, CH2Cl2, room temp., overnight (69%); (e) (i) MeSO2Cl,
Et3N, DMAP (cat.), CH2Cl2, room temp., overnight, (ii) NaN3,
DMF, 80 °C, 24 h (83%); (f) 3  HCl, MeOH, room temp., over-
night (72%); (g) (i) LiAlH4, Et2O, 0 °C, room temp., overnight, (ii)
Ac2O, pyridine, room temp., 18 h (71%)

Scheme 2

identical in all respects to the reported compound.[4f] Trans-
formation of azido alcohol 9 into the target molecule 10
was readily accomplished by reduction with lithium alumi-
nium hydride and subsequent acetylation.[4f]

Conclusion

In conclusion, an asymmetric synthesis of sphinganine
has been achieved using for the first time the Sharpless
asymmetric dihydroxylation as the source of chirality. The
merits of this synthesis are high-yielding reaction steps, high
enantioselectivity and various possibilities available for
structural modification. The other enantiomer can be syn-
thesized by α-dihydroxylation of olefin 5 and following the
reaction sequence as shown above.

Experimental Section

General Information: Solvents were purified and dried by standard
procedures before use; petroleum ether of boiling range 60280°C
was used. 2 Melting points are uncorrected. 2 Optical rotations
were measured using the sodium D line of a JASCO-181 digital
polarimeter. 2 Infrared spectra were recorded with an ATI MATT-
SON RS-1 FT-IR spectrometer. 2 1H NMR spectra were recorded
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with a Bruker AC-200 spectrometer. 2 Mass spectra were obtained
with a TSQ 70, Finningen MAT mass spectrometer. 2 Elemental
analyses were carried out with a Carlo Erba CHNS-O analyzer.

Ethyl trans-Octadec-2-enoate (4): A two-necked, round-bottomed
flask was charged with hexadecanol (8 g, 33 mmol) and CH2Cl2
(150 mL) under nitrogen and then cooled in ice. DMSO (5.16 g,
4.7 mL, 66 mmol) and P2O5 (9.4 g, 66 mmol) were added sequen-
tially. The reaction mixture was stirred and allowed to warm to
room temperature until the TLC showed complete disappearance
of the starting material (45 min). The flask was cooled to 0°C and
Et3N (16 mL, 115 mmol) was added dropwise over 1 min. Stirring
was continued for 45 min in the ice bath and another 45 min at
room temperature. The reaction mixture was quenched with
150 mL of 10% aq. HCl and the solution extracted with EtOAc (3
3 50 mL). The combined organic extracts were washed with brine,
dried (Na2SO4), filtered and concentrated in vacuum to give hexa-
decanal as a pale yellow, low-melting solid, which was used in the
next step without further purification. 2 To a solution of (ethoxy-
carbonylmethylene)triphenylphosphorane (11.8 g, 33.8 mmol) in
dry THF (80 mL) was added dropwise a solution of hexadecanal
in THF (10 mL) at room temperature. The reaction mixture was
refluxed for 18 h. The solvent was removed under reduced pressure
and the crude product was purified on a silica gel column, using
petroleum ether/EtOAc (9:1) as eluent, to give 4 (9.165 g, 89%) as a
white solid; m.p. 25226°C. Spectroscopic properties (IR, 1H NMR,
mass) are in agreement with those described.[7d]

trans-Octadec-2-en-1-ol (5): To a solution of 4 (2.6 g, 8.37 mmol)
in dry Et2O (70 mL) at 0°C was added dropwise DIBAL-H (19 mL,
19 mmol, 1  in toluene) through a syringe. The reaction mixture
was allowed to warm to room temperature over 0.5 h, then recooled
to 0°C and treated with 1  HCl (50 mL). The resulting gel was
dissolved by dropwise addition of 6  HCl. The ethereal phase was
separated and the aqueous layer was extracted with CH2Cl2 (3 3

50 mL). The combined organic extracts were washed with sat.
NaHCO3, dried (Na2SO4), filtered and concentrated. Silica gel col-
umn chromatography of the crude product, using petroleum ether/
EtOAc (8:2) as eluent, gave 5 (2.07 g, 92%) as a white solid; m.p.
47248°C (ref.[8] 46248°C). Spectroscopic data (IR, 1H NMR,
mass) are in full agreement with those described.[8]

(2R,3R)-Octadecane-1,2,3-triol (6): To a mixture of K3Fe(CN)6

(4.14 g, 12.6 mmol), K2CO3 (1.74 g, 12.6 mmol) and
(DHQD)2PHAL (33 mg, 42.4 µmol, 1 mol-%) in tBuOH/H2O (1:1,
50 mL) at 0°C was added osmium tetraoxide (170 µL, 0.1  solu-
tion in toluene, 0.4 mol-%), followed by methanesulfonamide (0.4
g, 4.2 mmol). After stirring for 5 min at 0°C, the olefin 5 (1.13 g,
4.2 mmol) was added in one portion. The reaction mixture was
stirred at 0°C for 24 h and then quenched with solid sodium sulfite
(6 g). The stirring was continued for an additional 45 min and then
the solution was extracted with EtOAc (5 3 30 mL). The combined
organic phases were washed with 10% KOH and brine, dried
(Na2SO4) and concentrated. Silica gel column chromatography of
the crude product using petroleum ether/EtOAc (4:6) as eluent gave
6 (1.16 g, 91%) as a white solid; m.p. 86288°C. 2 [α]D20 5 18 (c 5

1.0, CHCl3/MeOH,1:1). 2 IR (nujol): ν̃ 5 340023200, 2919, 2851,
1458, 1375, 1074 cm21. 2 1H NMR (CDCl3/[D6]DMSO,
200 MHz): δ 5 0.9 (t, J 5 6 Hz, 3 H), 1.221.4 (m, 27 H),
1.4521.55 (m, 3 H), 2.63 (br. s, 1 H), 3.4723.51 (m, 1 H),
3.5623.82 (m, 3 H). 2 MS; m/z: 302 [M1], 279, 167, 149. 2

C18H38O3 (302.5): calcd. C 71.46, H 12.66; found C 71.09, H 12.39.

(2R,3R)-1,3-O-Benzylideneoctadecane-1,2,3-triol (7): To a solution
of 6 (1.00 g, 3.3 mmol) in dry CH2Cl2 (60 mL) was added pTSA
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(60 mg) and benzaldehyde dimethylacetal (0.61 g, 3.96 mmol); the
mixture was stirred at room temperature overnight. Subsequently
it was neutralized with sat. aq. NaHCO3 (10 mL).The organic
phase was separated and the aqueous phase extracted with CH2Cl2
(2 3 30 mL). The combined organic extracts were washed with aq.
NaHCO3, brine, dried (Na2SO4) and concentrated. Column chro-
matography on silica gel, using petroleum ether/acetone (9.2:0.8)
as eluent, furnished 7, the major product (0.89 g, 69%), as a white
solid; m.p. 69270°C. 2 [α]D20 5 17.2 (c 5 1.0, CHCl3). 2 IR
(CHCl3): ν̃ 5 3423, 2917, 2849, 1605, 1451, 1377, 1276, 1215, 1079,
1026, 751 cm21. 2 1H NMR (CDCl3, 200 MHz): δ 5 0.9 (t, J 5

6 Hz, 3 H), 1.1521.45 (m, 26 H), 1.71 (m, 2 H), 2.40 (br. s, 1 H),
3.6523.90 (m, 2 H), 4.0324.09 (dd, J 5 2, 12 Hz, 1 H), 4.2124.28
(dd, J 5 2, 12 Hz, 1 H), 5.58 (s, 1 H), 7.3727.42 (m, 3 H), 7.51-
7.55 (m, 2 H). 2 MS; m/z: 391 [M 1 1], 390 [M1], 389, 285, 107. 2

C25H42O3 (390.6): calcd. C 76.87, H 10.84; found C 76.53, H 10.67.

(2R,3R)-2-Azido-1,3-O-benzylideneoctadecane-1,3-diol (8): To a so-
lution of 7 (0.5 g, 1.28 mmol) in dry CH2Cl2 (20 mL) at 0°C was
added methanesulfonyl chloride (0.254 g, 2.2 mmol), Et3N
(0.5 mL) and DMAP (cat.). The reaction mixture was stirred at
room temperature overnight and then poured into an Et2O/H2O
mixture. The organic phase was separated and the aqueous phase
extracted with Et2O (3 3 20 mL). The combined organic phases
were washed with water and brine, dried (Na2SO4) and concen-
trated to a yellow waxy solid which was used directly in the next
step. 2 To the solution of above mesylate in dry DMF (20 mL)
was added sodium azide (0.42 g, 6.4 mmol) and the reaction mix-
ture was stirred at 80°C for 24 h. It was cooled and poured into
water, and extracted with petroleum ether/acetone (9.5:0.5, 4 3

20 mL). The organic extracts were washed with water and brine,
dried (Na2SO4) and concentrated. Column chromatography on sil-
ica gel, using petroleum ether/acetone (9.5:0.5) as eluent, gave 8
(0.44 g, 83%) as a white solid; m.p. 1092110°C. 2 [α]D20 5 26.6
(c 5 1.0, CHCl3). 2 IR (CHCl3): ν̃ 5 2919, 2851, 2097, 1600,
1452, 1372, 1109, 1074, 1029, 745, 693 cm21. 2 1H NMR (CDCl3,
200 MHz): δ 5 0.89 (t, J 5 6 Hz, 3 H), 1.1521.4 (m, 26 H), 1.71
(m, 2 H), 3.9623.99 (m, 2 H), 4.1124.17 (dd, J 5 2, 12 Hz, 1 H),
4.5224.62 (dd, J 5 2, 12 Hz, 1 H), 5.60 (s, 1 H), 7.3627.42 (m, 3
H), 7.5027.58 (m, 2 H). 2 MS; m/z: 415 [M1], 414, 310. 2

C25H41N3O2 (415.6): calcd. C 72.25, H 9.94, N 10.10; found C
72.08, H 10.03, N 9.86.

(2S,3R)-2-Azidooctadecane-1,3-diol (9): To a solution of 8 (0.1 g,
0.24 mmol) in methanol (10 mL) was added 3  HCl (1 mL); the
mixture was stirred for 24 h at room temperature. The reaction
mixture was concentrated and coevaporated with toluene (2 3

10 mL). The residue thus obtained was triturated with n-hexane to
afford the crude product, which was recrystallized from EtOAc/n-
hexane to give 9 (0.057 g, 72%) as a white solid; m.p. 78 280°C
(ref.[4f] 77279°C). 2 [α]D20 5 14.1 (c 5 0.5, CHCl3) [ref.[4f] 14.2
(c 5 0.5, CHCl3/MeOH, 1:1)]. 2 IR (CHCl3): ν̃ 5 345023400,
2925, 2854, 2100, 1465, 1338, 1215, 922, 699 cm21. 2 1H NMR
(CDCl3, 200 MHz): δ 5 0.89 (t, J 5 6.5 Hz, 3 H), 1.1521.45 (m,
26 H), 1.4521.55 (m, 2 H), 2.50 (br. s, 1 H), 3.1723.30 (m, 2 H),
3.8223.98 (m, 2 H), 4.5924.71 (m, 1 H). 2 MS; m/z: 327 [M1],
285, 267.

(2S,3R)-2-Acetamido-1,3-diacetoxyoctadecane (10): To a suspension
of LiAlH4 (4.7 mg, 123 µmol) in Et2O (10 mL) at 0°C was added
a solution of 9 (20 mg, 61 µmol) in Et2O (2 mL). The reaction
mixture was allowed to warm to room temperature and stirred
overnight. Excess LiAlH4 was destroyed by slow addition of 5%
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aq. NaOH until effervescence ceased. EtOAc (10 mL) was added
and the mixture was stirred for 15 min. The white cake was filtered
and washed with EtOAc (3 3 10 mL). The organic layer was dried
(K2CO3) and concentrated to an off white solid, which was sub-
sequently acetylated with Ac2O (0.15 mL) and pyridine (1 mL).
After stirring for 24 h, the solvent was coevaporated with toluene,
and the residue was purified on a silica gel column, using petroleum
ether/EtOAc (1:1) as eluent, to give the triacetate 10 (18.5 mg, 71%)
as a white solid. It was further recrystallized from hexane/EtOAc;
m.p. 95297°C (ref.[4f] 95297°C). 2 [α]D20 5 117.0 (c 5 0.2, CHCl3)
[ref.[4f] 116.8 (c 5 1, CHCl3)]. Spectroscopic data are in full agree-
ment with those reported.[4f]
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