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An efficient approach to build the three contiguous stereogenic centers of sphingosine unit starting from
cheap glutamic acid is described. The key step of this approach is the Sml,-mediated cross-coupling of
chiral N-tert-butanesulfinyl imine 11 with sterically hindered aliphatic aldehyde 9 or 21 to construct
hydroxymethyl B-amino alcohol 10 or 22 in high diastereoselectivity (>99%, de). The utility of this
flexible method has been demonstrated in the synthesis of p-ribo-phytosphingosine 1, its two derivatives
18 and 29. Moreover, a practicable synthetic route for synthesis of various sphingolipids, ceramides, -
galactosylceramides and their derivatives is also described.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Sphingosine and phytosphingosine are two most important
long-chain constituents of cell members (Fig. 1).! They are widely
distributed in mammalian cells, bacteria and fungi, yeasts, plants,
and marine organisms.? Their structural function of a small positive
change at neutral pH as a consequence of intermolecular hydrogen
bonding enable them as an unusual class of sphingolipids, which
serve as an essential components of all eukaryotic cell membranes
together with glycerolipids and sterols.> Sphingosine and phytos-
phingosine 1 play critical roles in many physiological processes,
which include cellular recognition, modulation of immune re-
sponse, adhesion and apoptosis.# In addition, they can effectively
inhibit the protein kinase C, and their ceramide derivatives are also
potent stimulators of the mammalian immune system.> Phytos-
phingosine or its derivatives are one essential core fragment of
several ceramides, which possess diverse bioactivities, such as
controlling cell growth, maturity, survival and death, and inhibiting
or activating certain enzymes, and lead to promising efficacies for
the control of cancer and other cell proliferation.® As a prime in-
stance, modification of marine natural product agelasphine-9b 4
led to an anticancer drug candidate KRN7000,” which can regulate
immune system through interaction with CD1d protein located on
the surface of antigen-presenting cells.® Recent studies revealed
that some of sphingolipids analogues could inhibit the diabetes,
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cancers, infection by microorganisms, Alzheimer’s disease, heart
disease of human body. In nature, among of eight possible

1 D-ribo-phytosphingosine 3 KRN-7000
H'go (CH2)100HM92

4 Agelasphine-9b

Fig. 1. The structure of several bioactive molecules.
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stereoisomers of phytosphingosines, p-ribo-phytosphingosine 1 is
the most predominant one. Due to their biological activities and
intriguing structures, the p-ribo-phytosphingosine 1, agelasphine-
9b 4 or their derivative KRN7000 3 have attracted more attention
of many chemists and several approaches to the asymmetric syn-
thesis of them have been reported recently.!® From the practical
point of view, the most challenging work is the construction of
three contiguous chiral centers in optically active sphingosine.

In continuation of our tremendous efforts to explore some
multifunctional building blocks based on the cheap resources and
utilizing them in the asymmetric synthesis of some natural prod-
ucts'! including asymmetric synthesis of ceramide sphingolipid 2,
a sex pheromone of hair crab, based on the chiral lactam derived
from the cheap glutamic acid.'? As part of this program, we focus on
developing efficient asymmetric methods to build the three chiral
centers unit of sphingosine and using them in the asymmetric
synthesis of p-ribo-phytosphingosine 1 and its ceramides, a-gal-
actosylceramide derivatives. Herein we describe a flexible method
for the construction two chiral centers of the b-ribo-phytos-
phingosine 1 promoted by Sml; and its utility in the diverse syn-
thesis of the derivatives.

Chiral N-tert-butanesulfinamide, as pioneered by Ellman and
Davis, is undoubtedly one of the most efficient auxiliaries occurring
in modern organic synthesis,’> and Lin group has achieved a pow-
erful method for the synthesis of unsymmetrical vicinal f-amino
alcohols based on it.' Later, our group used it to study the chemical
selectivity of the imine ' with aldehydes in the presence of ester or
ketone, and those results have been applied in the total synthesis of
(—)-deoxoprosophylline 5 (Fig. 2).1>3 As shown in Fig. 2, in this work
our purpose is to study the stereoselective cross-coupling reaction
of imine with high sterically hindered long-chain aliphatic alde-
hydes derived from the glutamic acid, and to build a flexible
method for synthesis of bioactive bp-ribo-phytosphingosine 1,
agelasphine-9b 4 and their analogues.
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Fig. 2. The synthetic strategy of this work.

2. Results and discussion

Firstly, p-glutamic acid was selected as a starting material to
prepare the aldehyde R-6 for the cross-coupling reaction in our plan
according to our previous method.""d Then the unpurified aldehyde
6 was directly subjected to the Wittig reaction with undecane-
triphenylphosphonium bromide in the presence of n-BulLi to afford
the E and Z mixture of the olefin in 89% combined yield (Scheme 1).

Hydrogenation (10% Pd/C, MeOH) of the olefin afforded the ester 8
in 95% yield. Treatment of ester 8 with DIBAL-H'® in toluene
at —78 °C for 3 h gave aldehyde 9 in 85% yield. Although the cross-
coupling reaction of (S)-N-tert-butanesulfinyl imine with aromatic
aldehydes is a robust method to build the unit of f-amino alcohol, it
often need 4 equiv amounts of aldehydes for the aliphatic reac-
tants.'*? Considering the difficulty of preparation for 9 through the
multi-steps reaction, we started to screen the ratio of sterically
hindered aliphatic aldehyde 9 with (S)-N-tert-butanesulfinyl im-
ine!” 11. Fortunately, when the equivalent amount aldehydes 9 was
used, the cross-coupling reaction was smoothly occurred in 5 h, and
generated protective hydroxymethyl f-amino alcohol 10 with high
diastereoselectivity (>99%, de) in 68% yield. Then, compound 10
was treated with dry HCl in MeOH for 4 h, the chiral auxiliary'4?
and tert-butyldimethylsilyl group of secondary hydroxyl was re-
moved in one-pot. Then transfer hydrogenation'® (HCOOH/MeOH)
of the concentrated crude salt 11 in the presence of stoichiometric
catalyst (10% Pd/C) at room temperature for 12 h produced crude 1,
which was purified by chromatography on silica gel (DCM/MeOH)
to give p-ribo-phytosphingosine 1 {[0]3°> +7.9 (c 0.2, CgHsN); lit.1?
[]3 +7.0 (c 0.09, CgH5N); 1it.198 [023 +8.0 (c 0.8, CgHsN)} in 54%
overall yield. The spectroscopic and physical data of the synthetic
p-ribo-phytosphingosine 1 were identical with the reported data.'%8

o) H
a
D-Glutamic acid <ef- 11d MeOWO e,
OTBS
6
o) OTBS
CioHay b O~ c
MeO N0 == PNTNC g Hyy ——
OTBS OMe
7 8
OTBS g OH
OY\(CH2)13CH3 BnO/YY\(CH2)120H3
H _NH OTBS
oS
9 10
OH Cy3Hyy (;)H
BnO - —2~ HO (CH3)12CH3
NH, OH NH, OH
HCl
1 1 phytosphingosine

Scheme 1. Synthesis of b-ribo-phytosphingosine 1. a. n-Cy;Hz3PPh3Br, n-BulLi,
THF, —78 °C, rt, 6 h, 89%; b. Hy, 10% Pd/C, MeOH, rt, 1 h, 95%; c. DIBAL-H, toluene,
—78 °C, 3 h, 88%; d. 2-benzoxyl ethyl (S)-N-tert-butanesulfinyl imine, Smly, t-BuOH,
—78°C, 5 h, 68%; e. (i) HCI/MeOH, 4 h; (ii) 10% Pd/C, HOOH, MeOH, 12 h, 54%.

To explore an efficient method for the synthesis of KRN7000 3, The
crude salt 11 was treated with di-tert-butyl dicarbonate in the pres-
ence of 1 M NaOH to afford compound 12 in 75% yield (Scheme 2).
When compound 12 was treated with TBSOTf and 2,6-Lutidine in
DCM, the hydroxyl were protected, simultaneously, the deprotection
of amino group was occurred in one-pot to afford amine 13 in 78%
overall yield. Then compound 13 was treated with the commercial
active ester 14 in the presence of DMAP to afford amide 15 in 45%
yield. Hydrogenation (20% Pd(OH),—10% Pd/C, H) of amide 15 gave
alcohol 16 {[2%° —9.2 (¢ 1.0, CHCl3); 1it.2° [] 1° —9.5 (¢ 6.2, CHCl3); lit.”!
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[0]3® —10.9 (c 1.0, CHCl3)} in 82% yield, which can be easily converted
to KRN7000 3 by known method.?°~%? Conveniently, when the al-
cohol 16 was treated with dry HCl in MeOH, a new derivative 17 of
cerebroside was produced {[]3° —5.3(c 1.0, CHCl3)} in 52% yield. The
spectroscopic and physical data of the compound 16°%?! and 17 were
identical with the reported data.
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Scheme 2. Reagents and conditions: a. Boc;0, 1 M NaOH, dioxane/H,0 (1:1), 48 h,
75%; b: TBSOTf, 2,6-Lutidine, 0 °C, rt, 12 h, 78%; c. (i) hexacosanoic acid, NMM, Ethyl
chloroformate, THF, —20 °C, rt, 1 h; (ii) C;Hs0C0,C;6Hs3 14, NMM, DMAP, THF, 45%; d.
H,, 10% Pd/C, 20% Pd(OH),, MeOH, rt, 12 h, 82%; e. HCI/MeOH, 4 h, 52%.

Encouraged by the convenient method for synthesis of p-ribo-
phytosphingosine 1, we then started to investigate the synthesis of
agelasphine-9b 4 and its derivatives. The Wittig reaction of alde-
hyde 6 with 7-(benzyloxy)heptan-1-triphenylphosphonium
bromide in the presence of n-BuLi gave the mixture of E and
Z-olefin 18a in 72% yield (Scheme 3). Hydrogenation [20%
Pd(OH),—10% Pd/C, H;] of a mixture of olefin 18a gave alcohol 19 in
78% yield. Upon Swern oxidation [(COCl);, DMSO] of compound
18a, the resulting crude aldehyde 19 was directly treated with
2-methylpropanetriphenylphosphonium bromide in the presence
of n-Buli to generate the mixture of E and Z-olefin 20 in 84% overall
yield. Reduction (10% Pd/C, H,) of the olefin 20 and subsequent
reaction with DIBAL-H in dry tetrahydrofuran at —78 °C gave al-
dehyde 21 in 82% overall yield. Then the Smly-induced cross-
coupling of 21 with (S)-N-tert-butanesulfinyl imine generated
hydroxymethyl f-amino alcohol 22 with high diastereoselectivity
(>99%, de) in 67% yield. After removal (HCl/MeOH) of the chiral
auxiliary and protective group of secondary alcohol, the crude
amide 23 was obtained without further purification, which was
directly subject to react with di-tert-butyl dicarbonate and followed
by TBSOTf to produce the key intermediate amide 24a in 59%
overall yield from compound 22 (Scheme 3).

To build an effective method for preparation of the side chain in
agelasphine-9b 4 and its derivatives, the numerous material S-18b
derived from r-glutamic acid was considered.'? Thus, Swern oxi-
dation [(COCl),, DMSO] of compound S-18b and the resulted crude
aldehyde was directly subjected to the Wittig reaction with
dodecanetriphenylphosphonium bromide in the presence of n-BuLi
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Scheme 3. Reagents and conditions: a. BnOC;H14PPh3Br n-BuLi, THF, —78 °C, 1t, 6 h,
72%; b. Hy, 10% Pd/C, 20% Pd(OH),, MeOH, rt, 12 h, 78%; c. DMSO, (COCl),, TEA, —78 °C,
3.5 h, 82%; d. isobutanenetriphenylphosphonium bromide, n-BuLi, THF, —78 °C, rt, 6 h,
84%; e. (i) Hy, 10% Pd/C, MeOH, rt, 1 h, 96%; (ii) DIBAL-H, toluene, —78 °C, 3 h, 85%; f. 2-
benzoxyl ethyl (S)-N-tert-butanesulfinyl imine, Sml,, t-BuOH, —78 °C, 5 h, 67%; g. HCl/

MeOH, 4 h; h. Boc,0, 1M NaOH, dioxane/H,0 (1:1), 48 h, 75%; i. TBSOTT, 2,6-Lutidine,
0°C, rt, 12 h, 78%.

to afford the E and Z mixture of the olefin 25 in 85% combined yield.
Hydrogenation (10% Pd/C, Hy) of the olefin 25 and subsequent re-
action with LiOH in mixture solvent of MeOH and water (MeOH/
THF/H,0=5:3:3) generated crude intermediate acid, which was
directly treated with ethyl carbonochloridate in the presence of
NMM to give crude compound 26 in quantitative yield. When the
compound 24 was treated with the active ester 26 in the presence
of DMAP, amide 27 was produced in overall 27% yield from olefin
25. Although several conditions were conducted to improve the
yield of amide 27, all the results were not significantly improved.
Hydrogenation (20% Pd(OH),—10% Pd/C, Hy) of amide 27 generated
alcohol 28 in 65% yield. The compound 28, an important protective
isomer of cerebrosides, was easily converted to the epimer of
agelasphine-9b 4 by resemble reported method.”?°72? Simulta-
neously, the alcohol 28 was treated with a solution of saturated
hydrogen chloride in 1,4-dioxane to afford an epimer of ceramide
29 {[0J2° 7.7 (¢ 0.2, CHCl3)} in 60% yield (Scheme 4). The structure of
29 was readily determined by all spectroscopic and physical data.

3. Conclusions

In summary, an efficient approach by Smly-induced cross-
coupling of N-tert-butanesulfinyl imine with sterically hindered
aliphatic aldehydes derived from cheap glutamic acid for building
the three chiral centers of sphingosine unit has been developed.
p-ribo-phytosphingosine 1 and its two derivatives 18 and 29 have
been synthesized by this approach. Simultaneously, a practicable
approach for synthesis of agelasphine-9b 4 and its derivative
KRN7000 3 has also been achieved. Furthermore, this flexible ap-
proach might be generally applicable in the synthesis of various
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Scheme 4. Reagents and conditions: a. (i) DMSO, (COCl),, TEA, —78 °C, 3.5 h; (ii)
n-C12H,5PPhsBr, n-Buli, THF, —78 °C, rt, 6 h, two steps 85%; b. (i) H, 10% Pd/C, MeOH, rt,
1 h, 95%; (ii) LiOH-H,0, MeOH, THF, H,0, 85%; (iii) NMM, Ethyl chloroformate,
THF, —-20 °C, rt, 1 h; c. 24a, NMM, DMAP, THF, in four steps 27%; d. H,, 10% Pd/C, 20%
Pd(OH),, MeOH, rt, 12 h, 65%; e. HCI/MeOH, 4 h, 60%.

sphingolipids, ceramides, o-galactosylceramides and their de-
rivatives with important structural and biological.

4. Experimental section
4.1. General

THF was distilled from sodium/benzophenone. All reactions
were monitored by thin layer chromatography (TLC) on glass plates
coated with silica gel with fluorescent indicator (Huanghai
HSGF254). Flash chromatography was performed on silica gel
(Huanghai 300—400) with Petroleum/EtOAc as eluent. Melting
points were recorded on a Mel-Temp apparatus and uncorrected.
Optical rotations were measured on a JASCO P-1030 polarimeter
with a sodium lamp. Mass spectra were recorded on a HP-5989
instrument and HRMS (MALDI/DHB) were measured on a LCMS-
IT-TOF (Shimazu Corporation) apparatus. IR spectra were recor-
ded using KBr disks or film, on a Fourier Transform Infrared Spec-
trometer, Type: Avatar 360 E.S.P, manufactured by Thermo Nicolet
Corporation, USA. NMR spectra were recorded on a Varian or
a Bruker spectrometer (300 or 400 MHz), and chemical shifts are
reported in d (parts per million) referenced to an internal TMS
standard for 'H NMR and CDCl; (77.0 ppm) for >C NMR.

4.2. (R)-Methyl 2-(tert-butyldimethylsilyloxy)hexadec-5-
enoate (7)

To a solution of n-undecanetriphenylphosphonium bromide
(9.3 g,18.7 mmol) in dry THF (60 mL) was treated with a solution of
n-BuLi (11.3 mL, 18.1 mmol, 1.6 in THF) to 0 °C under argon atmo-
sphere for 2 h. Then, the resulted mixture was cooled to —78 °C and
a solution of crude aldehyde 6 (3.24 g, 12.4 mmol) in dry THF was
slowly dropped. After being stirred for 1 h, the mixture was allowed
to worm to room temperature within 2 h and stirred for another 3 h

at room temperature. The reaction was quenched with an aqueous
solution of saturated NaHCO3 (10 mL) and diluted with water
(10 mL) and ethyl acetate (20 mL). The resulted mixture was sep-
arated and the aqueous phase was extracted with ethyl acetate for
three times. The combined organic layers were washed with brine
for three times and dried over anhydrous Na,SO4. Filtered and
concentrated, the residue was purified by chromatography on silica
gel to give 7 (4.4 g, 89%) as a colorless oil. [oZ° +17.4 (c 1.0, CHCl3):
IR (film); vmax 2926, 1758, 1461, 1257, 1216, 1139, 1039 cm~'; 'H
NMR (400 MHz, CDCl3) 6: 5.38—5.44 (m, 2H), 4.26—4.23 (m, 1H),
3.75 (s, 3H), 2.22—2.10 (m, 2H), 2.08—1.96 (m, 2H), 1.81-1.75 (m,
2H), 1.38—1.30 (m, 16H), 0.94 (s, 9H), 0.92 (t, J=6.8 Hz, 3H), 0.1 (s,
3H), 0.08 (s, 3H) ppm; 3C NMR (CDCl3, 100 Hz): 6=174.2, 131.0,
128.3, 71.9, 51.6, 35.4, 31.9, 29.7, 29.6, 29.5, 29.3, 27.3, 25.7, 22.8,
22.6,18.3,14.1, —4.9, —5.3 ppm; MS (ESI): 399 (M+H™); HRMS (ESI)
calcd for (Ca3H4603Si+H™): 399.3294, found: 399.3276.

4.3. (S)-Methyl 2-(tert-butyldimethylsilyloxy)hexadecanoate (8)

To a suspension of 10% Pd/C (450 mg) in methanol (20 mL) was
dropped to a solution of 7 (4.3 g, 15.04 mmol) in methanol (100 mL)
under H, atmosphere. After stirring for 1 h, the mixture was filtered
and concentrated under reduced pressure. The residue was purified
by chromatography on silica gel to give 8 (4.11 g, 95%), as a colorless
oil. [0]& +15.5 (c 1.0, CDCl3); IR (film): ymax 3416, 2927, 2855, 2283,
1591,1467,1216, 1121 cm’]; H NMR (400 MHz, CDCl3) ¢: 4.23—4.20
(m, 1H), 3.74 (s, 3H), 1.74—1.69 (m, 2H), 1.46—1.38 (m, 2H), 1.37—1.29
(m, 24H), 0.94 (s, 9H), 0.91-0.90 (m, 3H), 0.11 (s, 3H), 0.08 (s, 3H)
ppm; 3C NMR (CDCls, 100 Hz): 6=174.5, 72.3, 51.7, 35.2, 31.9, 29.7,
29.6,29.5,29.4,29.3, 25.7,25.1, 22.7,18.3, 14.1, - 5.0, —5.3 ppm; MS
(ESI): 401 (M+H"); HRMS (ESI) calcd for (Cy3HsgNO3Si+H™):
401.3451, found: 401.3434.

4.4. (S)-2-(tert-Butyldimethylsilyloxy)hexadecanal (9)

To a solution of compound 8 (4.0 g, 9.99 mmol) in dry toluene
(50 mL) was slowly dropped a solution of DIBAL-H (9.7 mlL,
9.99 mmol, 20% in toluene) at —78 °C under argon atmosphere.
After stirring for 3 h at the same temperature, the reaction mixture
was quenched with an aqueous solution of saturated potassium
sodium tartrate and stirred for another four 4 h at room tempera-
ture. The organic layer was separated and aqueous layer was
extracted with ethyl acetate for three times (40mLx3). The com-
bined organic layers were washed with brine for three times
(20mLx3) and dried over anhydrous Na,SOy. Filtered and concen-
trated under reduced pressure, the residue was purified by chro-
matography on silica gel to give 9 (3.36 g, 88%), as a colorless oil.
[oa]]%5 +10.8 (c 1.0, CDCl3); IR (film): vmax 3426, 2926, 2855, 1738,
1467, 1468, 1115, 838, 778 cm™!; '"H NMR (400 MHz, CDCl3) 6: 9.61
(d, J=2.0 Hz, 1H), 4.00—3.97 (m, 1H), 1.69—1.61 (m, 2H), 1.45—-1.36
(m, 2H), 1.35—1.29 (m, 22H), 0.95 (s, 9H), 0.91 (t, J=6.8 Hz, 3H), 0.11
(s, 3H), 0.10 (s, 3H) ppm; *C NMR (CDCls, 100 Hz): 6=204.3, 77.7,
32.6,31.9,29.7, 29.6, 29.5, 29.4,29.3, 25.7, 24.6, 22.7,18.2, 14.1, —4.6,
—4.9 ppm; MS (ESI): 371 (M+HT); HRMS (ESI) calcd for
(C2HggNO,Si+H™): 371.3345, found: 371.3321.

4.5. N-((2S,3S,4R)-1-(Benzyloxy)-4-(tert-
butyldimethylsilyloxy)-3-hydroxyoctadecan-2-yl)-2-
methylpropane-2-sulfinamide (10)

The mixture of compound 9 (3.10 g, 8.36 mmol), t-BuOH
(2.45 mL, 25.80 mmol) and 2-benzoxyl ethyl (S)-N-tert-butane-
sulfinyl imine (2.16 g, 8.36 mol) in the dry THF (30 mL) was stirred
at —78 °C under argon atmosphere. Then a freshly solution of Sml,
(25.80 mmol, 20 mL) in dry THF was dropped. After stirred for 5 h,
the reaction mixture was quenched with an aqueous solution of
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saturated Na;S,03 (10 mL) and warmed to room temperature. The
mixture was diluted with ethyl acetate (30 mL) and the organic
layer was separated. The aqueous layer was extracted with ethyl
acetate for three times (40mLx3) and the combined organic layers
were washed with brine for three times. Dried, filtered and con-
centrated, the residue was purified by chromatography on silica gel
to give 10 (3.36, 68%), as a colorless oil. [ot]lzf’ +1.2 (c 1.0, CDCl3); IR
(Alm): vmax 3409, 2924, 1739, 1598, 1467, 1119, 1077, 776 cm™'; 'H
NMR (400 MHz, CDCl3) é: 7.40—7.30 (m, 5H), 4.63 (d J=11.6 Hz, H),
4.58 (d J=11.6 Hz, H), 4.09—4.06 (m, 2H), 3.94 (dd, J=4.2, 9.0 Hz, 1H),
3.78 (dd, J=3.2, 8.8 Hz, 1H), 3.46—3.44 (m, 1H), 3.28—3.23 (m, 1H),
2.63 (d, J=9.2 Hz, 1H), 1.73—-1.69 (m, 1H), 1.62—1.57 (m, 1H),
1.49—-1.44 (m, 1H), 1.41-1.38 (m, 1H), 1.26 (s, 9H), 1.31-1.27 (m,
22H), 0.91 (s, 9H), 0.92—0.89 (m, 3H), 0.13 (m, 6H) ppm; 3C NMR
(CDCl3, 100 Hz): 6=138.3, 128.3, 127.8, 127.6, 73.3, 71.1, 70.8, 70.1,
58.0, 56.1, 34.6, 31.9, 29.7, 29.6, 29.3, 25.9, 25.3, 22.8, 22.7, 18.1,
14.1, —3.8, —4.1 ppm; MS (ESI): 626 (M+H™"); HRMS (ESI) calcd for
(C35Hg7NO4SSi+H™): 626.4638, found: 626.4616.

4.6. (2S,3S,4R)-2-Aminooctadecane-1,3,4-triol
phytosphingosine (1)

To a solution of 10 (130 mg, 0.21 mmol) in absolute MeOH (3 mL)
was treated with a solution of HCI/MeOH (4 M, 3 mL) at room
temperature. After stirring for 4 h, the mixture was concentrated
under reduced pressure to afford crude intermediate salt 11 with-
out further purification. A suspension of 10% Pd/C (85 mg) in
methanol (3 mL) was dropped to a solution of above crude salt 11
(85 mg, 0.21 mmol) in methanol (4 mL) under argon atmosphere.
Then a solution of HCOOH (1 mL) was slowly dropped and the
mixture was stirred for 12 h. The mixture was directly concentrated
and the residue was purified by chromatography on silica gel to
give 1 (36 mg, 54% for two steps), as a white solid. {[OL]ZDS +79(c0.2,
CeHsN); 1it.!® [o]2® +7.0 (c 0.09, CeHsN); 1it.1%8 )3 +8.0 (c 0.8,
CgHsN)}; IR (film): vmax 3361, 2918, 2495, 1592, 1468, 1320, 1076,
1028 cm~'; 'H NMR (400 MHz, CDCl3) 6: 3.78 (dd, J=4.2, 10.7 Hz,
1H), 3.60—3.53 (m, 2H), 3.39—-3.34 (m, 1H), 3.67—-3.66 (dd, J=6.0,
10.4 Hz, 1H), 1.80—1.75 (m, 1H), 1.60—1.58 (m, 1H), 1.46—1.36 (m,
2H), 1.35-1.26 (m, 22H), 0.93 (t, J=6.8 Hz, 3H), ppm; *C NMR
(CDCl3, 100 Hz): 6=75.2, 73.1, 62.9, 54.5, 33.4, 31.7, 29.6, 29.4, 29.1,
25.3, 22.3,13.0 ppm: MS (ESI): 308 (M+H™); HRMS (ESI) calcd for
(C18H39NO3+H™): 318.3008, found: 318.3008.

4.7. tert-Butyl (25,3S,4R)-1-(benzyloxy)-3,4-
dihydroxyoctadecan-2-ylcarbamate (12)

To a solution of 11 (2.10 g, 5.43 mmol) in 1,4-dioxane and water
(30 mL, v/v=1:1) was treated with a solution of 1 M NaOH (5 mL)
and stirred for 2 h. Then a solution of Boc;0 (1.77 g, 8.16 mmol) in
1,4-dioxane (5 mL) was dropped and the resulted mixture was
stirred for 48 h at room temperature. The reaction mixture was
quenched with a solution of HCI (5 mL, 1 M), and the mixture was
extracted with ethyl acetate for three times (30 mLx3). The com-
bined organic layers were washed with saturated NaHCO3 aqueous
solution (30 mL) and brine (20 mLx3). Dried, filtered and con-
centrated, the residue was purified by chromatography on silica gel
to give 12 (2.06, 75%), as a white solid. [¢]3> —6.4 (¢ 1.0, CDCl3); IR
(film): vmax 3378, 2928, 1710, 1502, 1463, 1377, 1169, cm~!; 'TH NMR
(400 MHz, CDCl3) 6: 7.42—7.30 (m, 5H), 5.27 (d, J=8.4 Hz, 1H), 4.59
(d, J=11.6 Hz, 1H), 4.54 (d, J=11.6 Hz, 2H), 3.9 (dd, J=1.8, 9.0 Hz, 1H),
3.84 (d, J=4.0 Hz, 1H), 3.68—3.66 (m, 1H), 3.64—3.58 (m, 2H),
3.49-3.45 (m, 1H), 2.34 (d, J=10.0 Hz, 1H), 1.70—1.68 (m, 1H),
1.51—1.46 (m, 1H), 148 (s, 9H), 1.32—1.28 (1, 24H), 0.92 (t, J=6.4 Hz,
3H), ppm; *C NMR (CDCls, 100 Hz): 6=157.2, 137.5, 128.5, 127.9,
127.8, 80.3, 73.6, 72.7, 69.5, 69.1, 52.5, 35.1, 32.7, 30.0, 29.7, 29.6,

28.3, 28.0, 27.4, 26.1, 22.7, 14.1 ppm: MS (ESI): 508 (M+H"); HRMS
(ESI) calcd for (C3gH53NOs+H™): 508.4002, found: 508.4000.

4.8. (2S,35,4R)-1-(Benzyloxy)-3,4-bis(tert-
butyldimethylsilyloxy)octadecan-2-amine (13)

To a solution of 12 (1.9 g, 3.85 mmol) and 2.6-luditine (1.31 mL,
11.24 mmol) in dry DCM (20 mL) was stirred for 15 min at 0 °C
under argon atmosphere. Then, a solution of TBSOTf (2.58 miL,
11.24 mmol) was slowly dropped and the mixture was stirred for
over night at room temperature, the reaction mixture was
quenched with Hy0, and the resulted mixture was extracted with
DCM for three times (50 mLx3). The combined organic layers were
washed with saturated NaHCOs; aqueous solution (40 mL) and
brine (20 mLx3), dried over anhydrous NaySO4. Filtered and con-
centrated under reduced pressure, the residue was purified by
chromatography on silica gel to give to 13 (1.91 g, 78%), as a col-
orless oil. [o]3° +18.1 (c 1.0, CDCl3); IR (film): rmax 3379, 2928, 1702,
1502, 1464, 1377, 1179, 772 cm™'; 'H NMR (400 MHz, CDCl3) é:
7.37—7.28 (m, 5H), 4.59 (d, J=12.0 Hz, 1H), 4.51 (d, J=12.0 Hz, 1H),
3.70 (dd, J=2.6, 9.0 Hz, 1H), 3.66—3.65 (m, 1H), 3.64—3.63 (m, 1H),
3.54—3.50 (m, 1H), 3.21-3.17 (m, 1H), 2.09—2.04 (m, 2H), 1.77—1.69
(m, 1H), 1.57—-1.50 (m, 1H), 1.42—1.28 (m, 24H), 0.93 (s, 9H),
0.92—0.90 (m, 3H), 0.89 (s, 9H), 0.15 (s, 3H), 0.11 (s, 3H), 0.09 (s,
3H), 0.06 (s, 3H) ppm; 3C NMR (CDCls, 100 Hz): 6=138.6, 128.3,
127.6, 127.4, 76.5, 74.5, 73.2, 72.6, 52.9, 31.2, 30.9, 29.7, 29.6, 29.4,
26.7, 26.0, 25.8, 22.7, 18.0, 14.1, -3.8, —4.1, —4.8, —4.9 ppm; MS
(ESI): 636 (M+H"); HRMS (ESI) calcd for (C37H73NO3Si;+H™):
636.5207, found: 636.5199.

4.9. (2S,3S,4R)-Benzyl-3,4-bis-tert-butyldimethylsilyloxy-2-
hexacosanoyl-amide-4-octadecanol (15)

To a solution of hexacosanoic acid (627 mg, 1.58 mmol) and
NMM (0.52 mL, 4.74 mmol) was stirred at —20 °C under argon at-
mosphere. Then a solution of ethyl chloroformate (0.15 mlL,
1.58 mmol) in dry THF was dropped and the reaction mixture was
stirred for 1 h at the same temperature to prepare a fresh solution
of 14. A mixture of NMM (0.52 mL, 4.74 mmol) and catalytic amount
of DMAP in THF (3 mL) was dropped, then, a solution of 13 (1 g,
1.58 mmol) in dry THF (8 mL) was dropped. The reaction mixture
was allowed to warm to room temperature and stirred for 5 h. The
reaction was quenched with water and extracted with ethyl acetate
for three times (50 mLx3). The combined organic layers were
washed with saturated NaHCO3 aqueous solution (40 mL) and brine
(40 mLx3), dried over anhydrous Na;SO4. Filtered and concen-
trated under reduced pressure, the residue was purified by chro-
matography on silica gel to give 15 (720 mg, 45%), as a colorless oil.
[]% —12.1 (c 1.0, CDCl3); IR (flm): vmax 3415, 2924, 2854, 1678,
1466, 1258, 1097, 836, 778 cm™!; '"H NMR (400 MHz, CDCl3) é:
7.34—7.28 (m, 5H), 6.78 (d, J=5.6 Hz, 1H), 4.54 (d, J=12.0 Hz, 1H),
4.48 (d, J=12.0 Hz, 1H), 4.11 (dd, J=2.8, 8.4 Hz, 1H), 3.99—3.92 (m,
1H), 3.78—3.72 (m, 2H), 3.70—3.67 (m, 1H), 2.15-2.11 (m, 2H),
1.73—-1.70 (m, 2H), 1.66—1.62 (m, 2H), 1.30 (m, 68H), 0.96 (s, 9H),
0.90 (s, 9H), 0.94—0.92 (m, 6H), 0.14 (s, 3H), 0.12 (s, 3H), 0.10 (s, 3H),
0.07 (s, 3H) ppm; *C NMR (CDCls, 100 Hz): 6=172.6, 138.7, 128.2,
127.3, 76.3, 73.1, 70.2, 68.4, 53.4, 37.3, 31.9, 31.5, 314, 30.2, 29.7,
26.0, 25.8, 22.7, 18.0, —4.2, —4.9 ppm; MS (ESI): 1014 (M+H™);
HRMS (ESI) caled for (Cg3H123NO4Sir+H™'): 1014.9069, found:
1014.9066.

4.10. (2S,35,4R)-3,4-Bis-tert-butyldimethylsilyloxy-2-
hexacosanoyl-amide-4-octadecanol (16)

To a suspension of 10% Pd/C (90 mg) and 20% Pd(OH); (90 mg) in
methanol (90 mL) was dropped a solution of 15 (600 mg,
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0.59 mmol) in methanol (20 mL) under H, atmosphere. After being
stirred for 12 h, the mixture was filtered and concentrated under
reduced pressure and the residue was purified by chromatography
on silica gel to give 16 (447 mg, 82%), as a colorless oil. {[o]Z* —9.2 (c
1.0, CHCI3); 1it.20 [0]® —9.5 (c 6.2, CHCl3); lit2! [)2® —10.9 (c 1.0,
CHCl3)}; IR (film): vmax 3415, 2925, 2853, 1655, 1529, 1467, 1256,
1095 cm™!'; 'H NMR (400 MHz, CDCl3) é: 7.22 (d, J=4.0 Hz, 1H),
3.97-3.88 (m, 2H), 3.75—-3.69 (m, 2H), 3.70—3.67 (m, 1H),
3.65—3.61 (m, 1H), 2.21-2.17 (m, 2H), 1.80—1.71 (m, 2H), 1.70—1.61
(m, 2H), 1.35—1.24 (m, 68H), 0.99 (s, 9H), 095 (s, 9H), 0.92—0.89 (m,
6H), 0.15 (s, 3H), 0.13 (s, 3H), 0.12 (s, 3H), 0.10 (s, 3H) ppm; °C NMR
(CDCls, 100 Hz): 6=174.9, 76.6, 71.8, 65.0, 56.9, 37.0, 31.9, 30.8, 29.7,
25.8,22.7,18.0, 14.1, —4.1, —4.5, —4.9 ppm; MS (ESI): 924 (M+H™");
HRMS (ESI) caled for (CsgHq17NO4Sip+H™): 924.8599 found:
924.8596.

4.11. (28,35,4R)-3,4-Diol-2-hexacosanoyl-2-amino-4-
actadecanol (17)

To a solution of 16 (100 mg, 0.108 mmol) in MeOH (2 mL) was
dropped to solution of HCI/MeOH (4 M, 1 mL) at room temperature.
After stirring for 4 h, the mixture was concentrated under reduced
pressure to afford crude intermediate product, which was diluted
with water and extracted with ethyl acetate for three times
(10 mLx5). The combined organic layers were washed with brine
(10mLx2) and dried over anhydrous Na,SO4. Filtered and concen-
trated under reduced pressure, the residue was purified by chro-
matography on silica gel to give 17 (40 mg, 52%), as a white solid.
[@]% —5.3 (c 1.0, CDCl3); IR (film): ymax 3500, 2956,1739, 1456, 1261,
1216, 1164, 1107 cm~'; 'TH NMR (400 MHz, CgHsN) §; 8.01 (d,
J=8.8 Hz,1H), 5.10 (br s, 3H), 4.78—4.72 (m, 1H), 4.39—4.34 (m, 2H),
4.19—-4.16 (m, 1H), 2.52—2.48 (m, 2H), 2.11-2.05 (m, 2H), 1.86—1.83
(m, 2H), 1.69—1.60 (m, 64H), 0.87—0.82 (m, 6H) ppm; >C NMR
(CDCl3, 100 Hz): 6=176.1, 74.8, 72.3, 63.1, 55.9, 37.9, 36.4, 35.8, 35.2,
33.4,32.7,31.1, 30.3, 28.1, 27.5, 24.1, 20.5, 15.4, 14.8 ppm; MS (ESI):
696 (M+Na™); HRMS (ESI) calcd for (C44HggNO4+Na'): 696.6870,
found: 696.6843.

4.12. (R)-Methyl 2-(tert-butyldimethylsilyloxy)-7-methyloct-
5-enoate (20)

To a solution of isobutanenetriphenylphosphonium bromide
(9.29 g, 22.5 mmol) in dry THF (60 mL) was treated with a solution
of n-BuLi (13.4 mL, 18.1 mmol, 1.6 in THF) at 0 °C under argon at-
mosphere. After stirring for 2 h, the mixture was cooled to —78 °C
and a solution of crude aldehyde derived from compound 18b
(5.37 g, 15 mmol) in dry THF was slowly dropped. The reaction was
stirred for another 1 h at the same temperature and warmed to
room temperature within 2 h. After being stirred for 3 h at room
temperature. The mixture was quenched with an aqueous solution
of saturated NaHCOs3 (10 mL) and diluted with water (10 mL) and
ethyl acetate (20 mL). The resulted mixture was separated and the
aqueous phase was extracted with ethyl acetate for there times. The
combined organic layers were washed with brine. Dried, filtered
and concentrated, the residue was purified by chromatography on
silica gel to give 20 (5.0 g, 84%) as a colorless oil. [¢]3° +17.5 (c 1.0,
CHCl3): IR (film): vmax 3416, 2926, 2283, 1758, 1590, 1467, 1257,
1216, 1120,1039 cm ™ '; "H NMR (400 MHz, CDCl3) é: 5.39—5.20 (m,
2H), 4.22 (t, J=6.0 Hz, 1H), 3.74 (s, 3H), 2.59—2.47 (m, 1H),
2.08—2.03 (m, 2H), 1.75-1.69 (m, 2H), 1.43-1.30 (m, 14H),
1.00—0.96 (m, 6H), 0.96 (s, 9H), 0.11 (s, 3H), 0.08 (s, 3H) ppm;
13C NMR (CDCl3,100 Hz): 6=174.4, 1375, 1275, 723, 517,
35.3, 29.9, 29.5, 29.4, 29.3, 27.3, 25.7, 26.4, 25.7, 25.1, 23.2, 22.7,
18.3, —4.9, —5.3 ppm; MS (ESI): 399 (M+Na*); HRMS (ESI) calcd for
(C23H4603Si+H™): 399.3294, found: 399.3270.

4.13. (R)-2-(tert-Butyldimethylsilyloxy)-14-
methylpentadecanal (21)

To a suspension of 10% Pd/C (490 mg) in methanol (20 mL) was
dropped to a solution of 20 (4.9 g, 12.31 mmol) in methanol
(100 mL) under H, atmosphere. After stirring for 1 h, the mixture
was filtered and concentrated to give 21 (4.68 g, 95%) without
further purification. To a solution of above crude compound (4.6 g,
11.5 mmol) in dry toluene (50 mL) was slowly dropped a solution of
DIBAL-H (11.2 ml, 11.5 mmol 0.73, 20%) at —78 °C under argon at-
mosphere. After stirring for 3 h, the reaction mixture was quenched
with an aqueous solution of saturated potassium sodium tartrate
and stirred for another four 4 h at room temperature. The organic
layer was separated and aqueous layer was extracted with ethyl
acetate for three times (40mLx3). The combined organic layers
were washed with brine for three times (20mLx3) and dried over
anhydrous NapSOg4. Filtered and concentrated under reduced
pressure, the residue was purified by chromatography on silica gel
to give 21 (3.62 g, 85%), as a colorless oil. [a}%S +3.4(c 1.0, CDCl3); IR
(Alm): vimax 3451, 2926, 2855, 1738, 1467, 1468, 1115, 838, 778 cm™};
TH NMR (400 MHz, CDCl3) 6: 9.62 (d, J=2.0 Hz, 1H), 4.01-3.97 (m,
1H), 1.66—1.63 (m, 2H), 1.62—1.61 (m, 1H), 1.44—1.36 (m, 2H),
1.33—-1.26 (m, 16H), 1.19—1.17 (m, 2H), 0.93 (s, 9H), 0.90—0.88 (m,
6H), 0.11 (s, 3H), 0.10 (s, 3H) ppm; C NMR (CDCls, 100 Hz):
0=203.3, 77.7, 39.1, 32.6, 31.9, 29.7, 29.6, 29.5, 29.4, 25.7, 24.6, 22.7,
18.2, 14.1, —4.6, —4.9 ppm; MS (ESI): 371 (M+Na"); HRMS (ESI)
calcd for (CyaHggNO,Si+H™): 371.3345, found: 371.3305.

4.14. N-((2S,3S,4R)-1-(Benzyloxy)-4-(tert-
butyldimethylsilyloxy)-3-hydroxy-16-methylheptadecan-2-
yl)-2-methylpropane-2-sulfinamide (22)

The mixture of compound 21 (3.5 g, 9.46 mmol), t-BuOH (3.6 ml,
28.4 mmol) and 2-benzoxyl ethyl (S)-N-tert-butanesulfinyl imine
(2.4 g, 9.46 mmol) was stirred in dry THF (30 mL) at —78 °C under
argon atmosphere. Then a freshly solution of Sml, (28.4 mmol,
20 mL) in dry THF was dropped and the resulted mixture was
stirred for 5 h the reaction was quenched with an aqueous solution
of saturated Na,S;03 (10 mL) and warmed to room temperature.
The mixture was diluted with ethyl acetate (30 mL) and the organic
layer was separated. The aqueous layer was extracted with ethyl
acetate for three times (40mLx3) and the combined organic layers
were washed with brine for three times. Dried, filtered and con-
centrated, the residue was purified by chromatography on silica gel
to give 22 (3.96, 67%), as a colorless oil. [¢)3° +0.34 (c 1.0, CDCl3); IR
(film): rmax 3436, 2926, 1739, 1631, 1598, 1467,1119, 1077, 776 cm™;
TH NMR (400 MHz, CDCls) é: 7.40—7.29 (m, 5H), 4.63 (d, J=11.6 Hz
1H), 4.58 (d, J=11.6 Hz 1H), 4.08—4.06 (m, 2H), 3.94 (dd, J=4.0,
8.6 Hz 1H), 3.79 (dd, J=3.2, 8.8 Hz 1H), 3.50—3.45 (m, 1H),
3.28-3.24 (m, 1H), 2.62 (d, J=9.6 Hz, 1H), 1.77—1.69 (m, 1H),
1.58—1.51 (m, 1H), 1.50—1.41 (m, 1H), 1.31-1.27 (m, 18H), 1.26 (s,
9H), 1.21-1.16 (m, 2H), 0.93 (s, 9H), 0.90 (d, J=6.8 Hz, 6H), 0.13 (s,
6H) ppm; '3C NMR (CDCl3, 100 Hz): 6=138.3, 128.4, 127.9, 127.6,
73.4,71.1,70.8, 70.1, 58.0, 56.1, 39.1, 34.6, 31.9, 29.7, 29.6, 29.3, 25.9,
25.3,22.8,22.7,22.6 18.1, —3.8, —4.1 ppm; MS (ESI): 626 (M+H™");
HRMS (ESI) caled for (C3sHgzNO4SSi+H™): 626.4638, found:
626.4613.

4.15. tert-Butyl (2S,3S,4R)-1-(benzyloxy)-3,4-dihydroxy-16-
methylheptadecan-2-ylcarbamate (24b)

To a solution of 12 (2.47 g, 6.07 mmol) in 1,4-dioxane and water
(30 mL, v/v=1:1) was treated with a solution of 1 M NaOH (5 mL)
and stirred for 2 h at rt °C. Then a solution of Boc,O (1.98 g,
9.11 mmol) in 1,4-dioxane (5 mL) was dropped and the resulted
mixture was stirred for 48 h at room temperature. The reaction was
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quenched with a solution of HCI (5 mL 1 M), and the mixture was
extracted with ethyl acetate for three times (30 mLx3). The com-
bined organic layers were washed with saturated NaHCO3; aqueous
solution (30 mL) and brine (20 mLx3). Dried, filtered and con-
centrated, the residue was purified by chromatography on silica gel
to give 24b (2.31, 75%), as a white solid. [o]Z° —6.3 (c 1.0, CDCl3); IR
(film): vmax 3378, 2928, 1710, 1502, 1463, 1377, 1169, 722.3,
696.3 cm™!; TH NMR (400 MHz, CDCl3) 6: 7.41—7.30 (m, 5H), 5.28 (d,
J=8.0Hz,1H), 4.60 (d,J=11.6 Hz, 1H), 4.55 (d, J=11.6 Hz, 1H), 3.97 (d,
J=7.6 Hz, 1H), 3.84 (s, 1H), 3.67—3.64 (m, 1H), 3.62—3.59 (m, 2H),
3.49-3.44 (m, 1H), 2.46—2.40 (m, 1H), 1.73—1.65 (m, 1H), 1.60—1.52
(m, 1H), 1.48 (s, 9H), 1.34—1.27 (m, 18H), 1.20—1.16 (m, 2H), 0.90 (d,
J=6.8 Hz 6H) ppm; >C NMR (CDCls, 100 Hz): $=157.2, 137.8, 128.5,
127.9, 127.8, 80.3, 73.6, 72.7, 69.5, 69.1,52.6,, 32.7, 32.0, 30.0, 29.7,
29.6,29.3, 28.3, 26.1, 22.7, 14.1 ppm: MS (ESI): 508 (M+H'); HRMS
(ESI) calcd for (C3gH53NOs+H™): 508.4002, found: 508.4000.

4.16. (2S,35,4R)-1-(Benzyloxy)-3,4-bis(tert-
butyldimethylsilyloxy)-16-methylheptadecan-2-amine (24a)

To a solution of 24b (2.2 g, 4.34 mmol) and 2.6-luditine (1.55 mL,
13.29 mmol) was stirred in dry DCM (20 mL) for 15 min at 0 °C
under argon atmosphere, then a solution of TMSOTf (3.05 mlL,
13.29 mmol) was slowly dropped and the mixture was stirred for
over night at room temperature. The reaction mixture was
quenched with H,O and extracted with CH;Cl, for three times
(50 mLx3). The combined organic layers were washed
with saturated NaHCOs; aqueous solution (40 mL) and brine
(20 mLx3). Dried, filtered and concentrated, the residue was
purified by chromatography on silica gel to give to 24a (2.15 g, 78%),
as a colorless oil. [a}%s +19.3 (¢ 1.0, CDCl3); IR (film): vmax
3379, 2928, 1702, 1502, 1464, 1377, 1179, 772 cm~'; 'H NMR
(400 MHz, CDCl3) 6: 7.37—7.329 (m, 5H), 4.60 (d, J=12.4 Hz, 1H),
4,51 (d, J=12.4 Hz, 1H), 3.72—3.69 (m, 1H), 3.66—3.63 (m, 2H),
3.53—3.50 (m, 1H), 3.21-3.16 (m, 1H), 2.01 (s, 2H), 1.74—1.70 (m,
1H), 1.57—1.50 (m, 2H), 1.44—1.30 (m, 2H), 1.35-1.26 (m, 16H),
1.20—1.17 (m, 2H), 0.93 (s, 9H), 0.92—0.90 (m, 6H), 0.89 (s, 9H), 0.15
(s, 3H), 0.11 (s, 3H), 0.09 (s, 3H), 0.06 (s, 3H) ppm; >C NMR (CDCl3,
100 Hz): 6=138.6,128.3,127.6,127.4, 76.5, 74.5, 73.2, 72.7,52.9, 39.1,
30.9, 29.9, 29.7, 29.6, 29.5, 27.9, 274, 26.7, 25.9, 25.8, 22.7, 18.0,
14.1, —3.8, —4.1, —4.8, —4.9 ppm; MS (ESI): 635 (M+H"); HRMS
(ESI) calcd for (C37H70NO3Sio+H™): 635.5207, found: 635.5190.

4.17. (R)-N-((2S,35,4R)-1-(Benzyloxy)-3,4-bis(tert-
butyldimethylsilyloxy)-16-methylheptadecan-2-yl)-2-(tert-
butyldimethylsilyloxy)tetracosanamide (27)

To a mixture of compound 26 (3.15 mmol, 10 mL), NMM (0.7 mL
6.31 mmol) and catalyticamount of DMAP was stirred in THF (3 mL),
then a solution of 24a (2.0 g, 3.15 mmol) in dry THF (4 mL) was
dropped. The reaction mixture was warmed to room temperature
and stirred for 5 h. The mixture was quenched with water and
extracted with ethyl acetate for three times (50 mLx3). The com-
bined organic layers were washed with saturated NaHCO3 aqueous
solution (40 mL) and brine (40 mLx 3), dried over anhydrous Na;SO4.
Filtered and concentrated under reduced pressure, the residue was
purified by chromatography on silica gel to give 27 (912 mg, 27%).
[0)3° —8.5 (¢ 1.0, CDCls); IR (film): vmax 3415, 2924, 2854, 1678, 1466,
1258, 1097, 836, 778 cm™'; 'H NMR (400 MHz, CDCl3) é: 7.35—7.29
(m, 5H),6.95(d,J=8.8 Hz,1H), 4.55—4.47 (m, 2H), 4.23—4.19 (m, 2H),
4.09—4.00 (m, 1H) 3.70—3.68 (m, 1H), 3.57—3.55 (m, 2H), 1.78—1.72
(m, 2H), 1.59—1.52 (m, 1H), 1.47—1.41 (m, 2H), 1.32—1.26 (m, 56H),
1.23-1.18 (m, 4H), 0.97-0.95 (m, 12H), 0.92—0.89 (m, 19H),
0.84—0.83 (m, 5H), 0.15—0.02 (m, 18H) ppm; *C NMR (CDCls,
100 Hz): =177.7, 138.7, 128.2, 127.3, 124.5, 123.8, 76.0, 73.1, 70.6,
68.9,60.2,54.2,39.1,34.9, 314, 30.9, 30.2, 29.9, 29.7, 29.6, 29.7, 27.9,

274,26.5,25.8,22.7,18.0,14.6, —4.0, —4.3, —4.5, —4.9 ppm; MS (ESI):
1116 (M+H+); HRMS (ESI) calcd fOI'(C67H133N05Si3+H+)I 1116.9570,
found: 1116.9541.

4.18. (R)-N-((2S,35,4R)-3,4-Bis(tert-butyldimethylsilyloxy)-1-
hydroxy-16-methylheptadecan-2-yl)-2-(tert-
butyldimethylsilyloxy)tetracosanamide (28)

To a suspension of 10% Pd/C (22.5 mg) and 20% Pd(OH);
(22.5 mg) in methanol (20 mL) was dropped to a solution of 26
(150 mg, 0.14 mmol) in methanol (5 mL) under Hy atmosphere.
After being stirred for 12 h, the mixture was filtered and concen-
trated under reduced pressure, the residue was purified by chro-
matography on silica gel to give 28 (89 mg, 65%), as a colorless oil.
[0]%° —0.9 (c 1.0, CDCls); IR (film): vmax 3428, 2925, 2853, 1658, 1461,
13771257, 1093, 836, 778 cm™'; 'H NMR (400 MHz, CDCl3) ¢: 7.27
(d, J=8.8 Hz, 1H), 4.32—4.25 (m, 1H), 4.24—4.14 (m, 1H), 3.90—3.87
(m, 1H), 3.87—3.83 (m, 1H), 3.69—3.66 (m, 2H), 1.83—1.81 (m, 1H),
1.78—1.68 (m, 2H), 1.58—1.50 (m, 2H), 1.48—1.40 (m, 2H), 1.31—-1.27
(m, 56H), 0.98—0.95 (m, 18H), 0.94—0.88 (m, 18H), 0.16—0.12 (m,
18H) ppm; >C NMR (CDCl3, 100 Hz): 6=174.9, 76.4, 76.2, 74.2, 71.8,
65.0, 56.9, 37.0, 31.9, 30.8, 29.7, 25.8, 22.7,18.0, 14.1, —4.1, —4.9 ppm;
MS (ESI): 1048 (M+Na'); HRMS (ESI) caled for
(CgoH127NOsSiz+Na™): 1048.8920 found: 1048.8885.

4.19. (R)-2-Hydroxy-N-((2S,3S,4R)-1,3,4-trihydroxy-16-
methylheptadecan-2-yl)tetracosanamide (29)

To a solution of 28 (60 mg, 0.038 mmol) in MeOH (2 mL) was
dropped to solution of HCl/1.4-dioxane (4 M, 1 mL) at room tem-
perature. After stirring for 4 h, the mixture was concentrated under
reduced pressure to afford crude intermediate product, which was
diluted with water and extracted with ethyl acetate for three times
(10 mLx5). The combined organic layers were washed with brine
(10mLx2) and dried over anhydrous NaySO4. Filtered and concen-
trated under reduced pressure, the residue was purified by chro-
matography on silica gel to give 29 (25 mg, 60%), as a white solid.
[0]3° +7.7 (¢ 0.2, CDCl3); IR (film): »max 3338, 2953, 2850, 1733, 1650,
1469, 1417, 1279, 1217, 1125, 1103 cm~'; '"H NMR (400 MHz, CDCl3)
0; 5.05—4.95 (m, 1H), 4.48—4.39 (m, 1H), 4.36—4.27 (m, 1H),
4.03—3.88 (m, 1H), 3.82—3.70 (m, 1H), 1.83—1.70 (m, 1H), 1.55—1.51
(m, 2H),1.43—1.41 (m, 2H), 1.37—1.25 (br m, 58H), 1.24—1.19 (m, 2H),
0.93-0.89 (m, 9H) ppm; '3C NMR (CDCls, 100 Hz): 6=173.9, 77.3,
75.2,72.9,60.3,53.4,38.9,33.7,31.8,29.7, 27.8, 26.8, 22.7,14.0 ppm;
MS (ESI): 684 (M+H"); HRMS (ESI) calcd for (C4HgsNOs+H™):
684.6506, found: 684.6498.

Acknowledgements

We thank the National Natural Science Foundation of China
(20832005, 21072034, 20702007), and the National Basic Research
Program (973 program) of China (grant no. 2010CB912600) for fi-
nancial support. The authors also thank Dr. Xin-Sheng, Lei and Han-
Qing, Dong for helpful suggestions.

References and notes

1. For see: (a) Liao, ].; Tao, J.; Lin, G.; Liu, D. Tetrahedron 2005, 61, 4715; (b) Kolter,
T.; Sandhoff, K. Angew. Chem., Int. Ed. 1999, 38, 1532; (c) Dickson, R. C. Annu. Rev.
Biochem. 1998, 67, 27; (d) Merrill, A. H,, Jr.; Sweeley, C. C. In Biochemistry of
Lipids, Lipoproteins and Membranes; Vance, D. E., Vance, ]. E., Eds.; Elsevier
Science: Amsterdam, 1996; Chapter 12, pp 309—339; (e) Kolter, T.; Sandhoff, K.
Chem. Soc. Rev. 1996, 371; (f) Hannun, Y. A.; Bell, R. M. Science 1989, 243, 500.

2. (a) Pata, M. O.; Hannun, Y. A.; Ng, C. K. New Phytol. 2009, 185, 611; (b) Molinski,
T. E. Curr. Med. Chem. 2004, 3, 197; (c) Daniel, V.; Lynch, D. V.; Dunn, T. M. New
Phytol. 2004, 161, 677; (d) Takamatsu, K.; Mikami, M.; Kikuchi, K.; Nozawa, S.;
Iwamori, M. Biochim. Biophys. Acta 1992, 1165, 177; (e) Wertz, P. W.; Miethke,
M. C; Long, S. A,; Strauss, ]. S.; Downing, D. T. J. Invest. Dermatol. 1985, 84, 410;



10.

C. Xarnod (Lu-Men Chao) et al. / Tetrahedron 68 (2012) 6688—6695

(f) Karlsson, K. A.; Samuelsson, B. E.; Steen, G. O. Acta Chem. Scand. 1968, 22,
1361; (g) Okabe, K.; Keenan, R. W.; Schmidt, G. Biochem. Biophys. Res. Commun.
1968, 31, 137; (h) Barenholz, Y.; Gatt, S. Biochem. Biophys. Res. Commun. 1967, 27,
319; (i) Vance, D. E.; Sweeley, C. C. J. Lipid Res. 1967, 8, 621; (j) Olsen, L.; Jantzen,
E. Anaerobe 2001, 103; (k) Karlsson, K. A. Acta Chem. Scand. 1964, 18, 2395.

. (a) Holthuis, J. C. M.; Pomorski, T.; Raggers, R. ].; Sprong, H.; van Meer, G.

Physiol. Rev. 2001, 81, 1689; (b) Pascher, L. Biochim. Biophys. Acta 1976, 455, 433.

. (a) Welsch, C. A.; Roth, L. W. A.; Goetschy, J. F.; Movva, N. R. J. Biol. Chem. 2004,

279, 36720; (b) Park, M. T.; Kang, ]. A.; Choi, ]. A.; Kang, C. M.; Kim, T. H.; Bae, S.;
Kang, S.; Kim, S.; Choi, C. L.; Cho, C. K.; Chung, H. Y.; Lee, Y. S.; Lee, S. ]. Clin.
Cancer Res. 2003, 9, 878; (c) Natori, T.; Morita, M.; Akimoto, K.; Koezuka, Y.
Tetrahedron 1994, 50, 2771; (d) Turinsky, ].; Nagel, G. W. Biochem. Biophys. Res.
Commun. 1992, 188, 358; (e) Honda, M.; Ueda, Y.; Sugiyama, S.; Komori, T. Chem.
Pharm. Bull. 1991, 39, 1385; (f) Dharmawardhane, S.; Rubinstein, B.; Stern, A. I.
Plant Physiol. 1989, 89, 1345; (g) Merrill, A. H.,, Jr.; Nimkar, S.; Menaldino, D.;
Hannun, Y. A.; Loomis, C.; Bell, R. M.; Tyagi, S. R.; Lambeth, ]. D.; Stevens, V. L.;
Hunter, R.; Liotta, D. C. Biochemistry 1989, 28, 3138.

. (a) Shamshiev, A.; Donda, A.; Prigozy, T. I.; Mori, L.; Chigorno, V.; Benedict, C. A.;

Kappos, L.; Sonnino, S.; Kronenberg, M.; De Libero, G. Immunity 2000, 13, 255;
(b) Rodriguez-Lafrasse, C.; Rousson, R.; Valla, S.; Antignac, P.; Louisot, P.;
Vanvier, M. T. Biochem. J. 1997, 325, 787.

. (a) Milstien, S.; Spiegel, S. Cancer Cell 2006, 9, 148; (b) Franck, R. W.; Tsuji, M.

Acc. Chem. Res. 2006, 39, 692; (c) Ogretmen, B.; Hannun, Y. A. Nat. Rev. Cancer
2004, 4, 604; (d) Spiegel, S.; Milstien, S. Nat. Rev. Mol. Cell Biol. 2003, 4, 397; (e)
Smith, W. L.; Merrill, A. H., Jr. J. Biol. Chem. 2002, 277, 25841.

. Morita, M.; Motaki, K.; Akimoto, K.; Natori, T.; Sakai, T.; Sawa, E.; Yamaji, K.;

Koezuka, Y.; Kobayashi, E.; Fukushima, H. J. Med. Chem. 1995, 38, 2176.

. Kawano, T.; Cui, J.; Koezuka, Y.; Toura, I.; Kaneko, Y.; Motoki, K.; Ueno, H.; Naka-

gawa, R.; Sato, H.; Kondo, E.; Koseki, H.; Taniguchi, M. Science 1997, 278, 1626.

. (a) Zhou, S.; Zhou, H.; Walian, P. ].; Jap, B. K. Biochemistry 2007, 46, 2553; (b)

Kolter, T.; Sandhoff, K. Biochim. Biophys. Acta 2006, 1758, 2057; (c) Heung, L. J.;
Luberto, C.; Del Poeta, M. Infect. Immun. 2006, 74, 28; (d) Modrak, D. E.; Gold, D.
V.; Goldenberg, D. M. Mol. Cancer Ther. 2006, 5, 200; (e) Summers, S. A.; Nelson,
D. H. Diabetes 2005, 54, 591.

For reviews see: (a) Morales-Serna, J. A.; Llaveria, J.; Diaz, Y.; Matheu, M. L;
Castillon, S. Curr. Org. Chem. 2010, 14, 2483; (b) Howell, A. R.; So, R. C.; Ri-
chardson, S. K. Tetrahedron 2004, 60, 11327; (c) Howell, A. R.; Ndakala, A. J. Curr.
Org. Chem. 2002, 6, 365 Selected publications for recent syntheses of phytos-
phingosines, see: (d) Lee, Y. M.; Baek, D. ].; Lee, S.; Kim, D.; Kim, S. J. Org. Chem.
2011, 76, 408; (e) Lee, Y. M.; Lee, S.; Jeon, H.; Baek, D. J.; Seo, J. H.; Kim, D.; Kim,
S. Synthesis 2011, 867 Stuttgart; (f) (b) Perali, R. S.; Mandava, S.; Chalapala, S.

11.

12.

13.

14.

6695

Tetrahedron 2011, 67, 9283; (g) Liu, Z.; Byun, H. S.; Bittman, R. J. Org. Chem. 2010,
75, 4356; (h) Kumar, P.; Dubey, A.; Puranik, V. G. Org. Biomol. Chem. 2010, 8,
5074; (i) Ait-Youcef, R.; Moreau, X.; Greck, C. J. Org. Chem. 2010, 75, 5312; (j)
Parameswar, A. R.; Hawkins, J. A.; Mydock, L. K;; Sands, M. S.; Demchenko, A. V.
Eur. J. Org. Chem. 2010, 3269; (k) Sauerland, S. J. K.; Castillo-Melendez, J. A.;
Nattinen, K.; Rissanen, K.; Koskinen, A. M. P. Synthesis 2010, 757 Stuttgart; (1)
Seguin, C.; Ferreira, E; Botuha, C.; Chemla, F.; Perez-Luna, A. J. Org. Chem. 2009,
74, 6986; (m) Pandey, G.; Tiwari, D. K. Tetrahedron Lett. 2009, 50, 3296; (n)
Jiang, H.; Elsner, P.; Jensen, K. L.; Falcicchio, A.; Marcos, V.; Jorgensen, K. A.
Angew. Chem., Int. Ed. 2009, 48, 6844; (o) Yoon, H. ].; Kim, Y.-W.; Lee, B. K.; Lee,
W. K.; Kim, Y.; Ha, H.-J. Chem. Commun. 2007, 79; (p) Righi, G.; Ciambrone, S.;
Achille, C. D.; Leonelli, A.; Bonini, C. Tetrahedron 2006, 62, 11821; (q) Lombardo,
M.; Capdevila, M. G.; Pasi, F.; Trombini, C. Org. Lett. 2006, 8, 3303; (r) Enders, D.;
Palecek, J.; Grondal, C. Chem. Commun. 2006, 655; (s) Fan, G. T.; Pan, Y. S.; Lu, K.
C.; Cheng, Y. P.; Lin, W. C; Lin, S.; Lin, C. H.; Wong, C. H.; Fang, ]J. M.; Lin, C. C.
Tetrahedron 2005, 61, 1855.

(a) Ma, J.-Y.; Huang, W.; Wei, B.-G. Tetrahedron Lett. 2011, 52, 4598; (b) Huang, W.;
Ma, J.-Y.; Yuan, M.; Xu, L.-F.; Wei, B.-G. Tetrahedron 2011, 67, 7829; (c) Wang, X.-L.;
Huang, W.-E; Lei, X.-S.; Wei, B.-G.; Lin, G.-Q. Tetrahedron 2011, 67, 4919; (d) Liu,
R.-C.; Huang, W.; Ma, ].-Y.; Wei, B.-G.; Lin, G.-Q. Tetrahedron Lett. 2009, 50, 4046;
(e) Ma, J.-Y.; Xu, L.-F.; Huang, W.-E.; Wei, B.-G.; Lin, G.-Q. Synlett 2009, 1307.
Huang, W.-F; Li, Q.-R.; Chao, L.-M.; Lei, X.-S.; Wei, B.-G. Tetrahedron Lett. 2010,
51, 4317.

(a) Ellman, J. A.; Owens, T. D.; Tang, T. P. Acc. Chem. Res. 2002, 35, 984; (b)
Ellman, J. A. Pure Appl. Chem. 2003, 75, 39; (c) Senanayake, C. H.; Krishna-
murthy, D.; Lu, Z.-H.; Han, Z.; Gallon, E. Aldrichimica Acta 2005, 38, 93; (d)
Daniel, M.; Stockman, R. A. Tetrahedron 2006, 62, 8869; (e) Zhou, P.; Chen, B.-C,;
Davis, F.-A. Tetrahedron 2004, 60, 8003.

(a) Zhong, Y.-W.; Dong, Y.-Z.; Fang, K.; Izumi, K.; Xu, M.-H.; Lin, G.-Q. J. Am.
Chem. Soc. 2005, 127, 11956; (b) Lin, G.-Q.; Xu, M.-H.; Zhong, Y.-W.; Sun, X.-W.
Acc. Chem. Res. 2008, 41, 831.

. (a) Sun, X.; Zheng, W.; Wei, B.-G. Tetrahedron Lett. 2008, 49, 6195; (b) Liu, R.-C,;

Wei, J.-H.; Wei, B.-G.; Lin, G.-Q. Tetrahedron: Asymmetry 2008, 19, 2731.

. Lenox, R. S.; Katzenellenbogen, J. A. . Am. Chem. Soc. 1973, 95, 957.

. Tang, T. P.; Volkman, S. K; Ellman, ]. A. J. Org. Chem. 2001, 66, 8772.

. Brieger, G.; Nestrick, T. Chem. Rev. 1974, 74, 567.

. Shimizu, M.; Wakioka, I.; Fujisawa, T. Tetrahedron Lett. 1997, 38, 6027.

. Kim, S.; Song, S.; Lee, T.; Jung, S.; Kim, D. Synthesis 2004, 847.

. Takikawa, H.; Muto, S.-E.; Mori, K. Tetrahedron 1998, 54, 3141.

. Khaja, S. D.; Kumar, V.; Ahmad, M.; Cue, J.; Matta, K. L. Tetrahedron Lett. 2010, 51,

4411.



	A flexible approach to construct three contiguous chiral centers of sphingolipids, and asymmetric synthesis of d-ribo-phyto ...
	1. Introduction
	2. Results and discussion
	3. Conclusions
	4. Experimental section
	4.1. General
	4.2. (R)-Methyl 2-(tert-butyldimethylsilyloxy)hexadec-5-enoate (7)
	4.3. (S)-Methyl 2-(tert-butyldimethylsilyloxy)hexadecanoate (8)
	4.4. (S)-2-(tert-Butyldimethylsilyloxy)hexadecanal (9)
	4.5. N-((2S,3S,4R)-1-(Benzyloxy)-4-(tert-butyldimethylsilyloxy)-3-hydroxyoctadecan-2-yl)-2-methylpropane-2-sulfinamide (10)
	4.6. (2S,3S,4R)-2-Aminooctadecane-1,3,4-triol phytosphingosine (1)
	4.7. tert-Butyl (2S,3S,4R)-1-(benzyloxy)-3,4-dihydroxyoctadecan-2-ylcarbamate (12)
	4.8. (2S,3S,4R)-1-(Benzyloxy)-3,4-bis(tert-butyldimethylsilyloxy)octadecan-2-amine (13)
	4.9. (2S,3S,4R)-Benzyl-3,4-bis-tert-butyldimethylsilyloxy-2-hexacosanoyl-amide-4-octadecanol (15)
	4.10. (2S,3S,4R)-3,4-Bis-tert-butyldimethylsilyloxy-2-hexacosanoyl-amide-4-octadecanol (16)
	4.11. (2S,3S,4R)-3,4-Diol-2-hexacosanoyl-2-amino-4-actadecanol (17)
	4.12. (R)-Methyl 2-(tert-butyldimethylsilyloxy)-7-methyloct-5-enoate (20)
	4.13. (R)-2-(tert-Butyldimethylsilyloxy)-14-methylpentadecanal (21)
	4.14. N-((2S,3S,4R)-1-(Benzyloxy)-4-(tert-butyldimethylsilyloxy)-3-hydroxy-16-methylheptadecan-2-yl)-2-methylpropane-2-sulfinamid ...
	4.15. tert-Butyl (2S,3S,4R)-1-(benzyloxy)-3,4-dihydroxy-16-methylheptadecan-2-ylcarbamate (24b)
	4.16. (2S,3S,4R)-1-(Benzyloxy)-3,4-bis(tert-butyldimethylsilyloxy)-16-methylheptadecan-2-amine (24a)
	4.17. (R)-N-((2S,3S,4R)-1-(Benzyloxy)-3,4-bis(tert-butyldimethylsilyloxy)-16-methylheptadecan-2-yl)-2-(tert-butyldimethylsilyloxy ...
	4.18. (R)-N-((2S,3S,4R)-3,4-Bis(tert-butyldimethylsilyloxy)-1-hydroxy-16-methylheptadecan-2-yl)-2-(tert-butyldimethylsilyloxy)tet ...
	4.19. (R)-2-Hydroxy-N-((2S,3S,4R)-1,3,4-trihydroxy-16-methylheptadecan-2-yl)tetracosanamide (29)

	Acknowledgements
	References and notes


