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4-Formylazetidin-2-one as a Useful Building Block for the Formal Synthesis of 
xylo-(2S,3R,4R)-Phytosphingosine and threo-(2S,3S)-Sphingosine
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Abstract: Stereoselective formal synthesis of xylo-(2S,3R,4R)-
phytosphingosine and threo-(2S,3S)-sphingosine is described start-
ing from an enantiopure formyl-substituted b-lactam. Grignard re-
action of the N-Boc-protected-b-lactam carbonyl group, followed
by further transformations, provides a common intermediate for
xylo-(2S,3R,4R)-phytosphingosine and threo-(2S,3S)-sphingosine.

Keywords: b-lactam, Grignard reaction, sphingosine, phytosphin-
gosine, azetidin-2-one

b-Lactams have a prominent position in medicinal chem-
istry as the most widely used antibiotics and continue to
exhibit utility in newer applications.1–3 Over the last few
decades the scope and applications of the b-lactams has
widened appreciably opening new avenues of research.4

Amongst these applications the most important one,
which has shown a staggering growth, has been their use
as synthons for other biologically important products.5

The ease of cleavage of the b-lactam bond, ascribable
largely to ring strain, makes it amenable to various trans-
formations. All four bonds of the b-lactam ring can be
cleaved selectively, which renders it flexible for different

transformations. Various natural products and intermedi-
ates have thus been synthesized using the b-lactam syn-
thon method.4d,5,6 It has been applied successfully to
asymmetric synthesis of a variety of protein and nonpro-
tein amino acids, peptides and peptidomimetics.4d,6 Syn-
thesis of the phenylisoserine side chain of taxol from
enantiopure 3-hydroxy-b-lactams7 has provided one of
the most practical semisynthetic routes to taxol. The sub-
ject has been extensively reviewed8c and remains a field of
constant activity. We have been engaged in the use of
enantiopure b-lactams as synthons for biologically useful
compounds and intermediates.8,9 As a part of this research
program, we now present our work on the synthesis of
sphingolipids, xylo-(2S,3R,4R)-phytosphingosine (2) and
threo-(2S,3S)-sphingosine (5) (Figure 1), from an optical-
ly pure formyl-substituted b-lactam.

Sphingolipids are membrane components of all eukaryot-
ic cells, plasma membranes and some intramolecular cell
organelles.10 It is known that sphingosines and ceramides
play an important role in intracellular signaling, along
with secondary messenger molecules.11 Sphingosines are
lipophilic components of glycosphingolipids and ceram-
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ides.11b,12 Phytosphingosines (e.g., 1–4) constitute the ma-
jor base component of higher plants, protozoa, yeast and
fungi.13 They have also been found in human kidney cere-
brosides and in some cancer cell types.14 D-erythro-Sphin-
gosine (6) shows promising protein kinase inhibitory
activity.11c,15 Moreover, it has been shown that diastereo-
mers of ceramides, sphingosines and dihydrosphingosines
exhibit different activities and metabolisms.16 Thus, ow-
ing to the number of applications, this area has attracted a
large number of synthetic chemists.17 The subtle varia-
tions in biological activities over the range of diastereo-
mers have inevitably led to synthesis of all diastereomers
of sphingosines. This fact is reflected in a steep rise in the
number of publications dealing with the synthesis of
sphingosines.13,14,17

Since sphingosines are popular synthetic targets, many
synthetic routes have been reported; however, a literature
survey brought forth only two examples using b-lactams
as synthons. In one of the reports the starting b-lactam was
subjected to ring opening by a phosphonate-stabilized
carbanion, followed by a Horner–Wadsworth–Emmons
reaction to obtain unsaturated ketone, which on further
elaboration yielded sphingosines.17i In another approach
n-tetradecyl p-toluenesulfonate and n-butyllithium were
used to open the b-lactam ring. Subsequent desulfonyla-
tion using lithium naphthalenide, and further synthetic
manipulations, led to the corresponding sphingosines.12g

While both reports present beautiful approaches to sphin-
gosines, the installation of the tetradecyl chain essentially
happens in a two-step process in both cases. In view of the
above-mentioned facts, we envisaged that an attack of
Grignard reagent would open the b-lactam ring and simul-
taneously bring into place the side chain in one step
(Scheme 1).

The optically pure formyl-substituted b-lactam 7 can be
easily prepared from commercially available D-glyceral-
dehyde acetonide via a Staudinger ketene–imine cycload-
dition reaction, in excellent yield and high enantiopurity,
by following a reported procedure.6a The aldehyde 7 was
reduced in good yield to the corresponding alcohol 8 with
sodium borohydride. Oxidative removal of the p-meth-
oxyphenyl group was then carried out using cerium(IV)
ammonium nitrate to provide N-deprotected b-lactam 9.
Subsequently, the b-lactam nitrogen and the hydroxy
were protected as the N-Boc and O-Boc derivatives, re-
spectively, giving compound 10. Grignard reaction of 10
with n-tetradecylmagnesium bromide proceeded smooth-

ly furnishing the required keto compound 11 in good
yield. Attempts to deprotect the N-Boc and O-Boc groups
using various conditions led to a complex mixture of
products. Alternatively, it was decided to reduce the keto
group first and then carry out the deprotection; however,
to our dismay, the reduction reaction also gave a very
complex reaction mixture. Therefore, the hydroxymethyl-
ene group at the C-4 position of azetidin-2-one 9 was pro-
tected as the O-tert-butyldimethylsilyl ether 12
(Scheme 2). This was followed by protection of the lac-
tam nitrogen as the tert-butoxycarbonyl derivative 13.
Compound 13 was then subjected to Grignard reaction
with n-tetradecylmagnesium bromide in tetrahydrofuran
to obtain compound 14. The benzyloxy group was suc-
cessfully deprotected by transfer hydrogenation with am-
monium formate and 10% Pd/C to give 15. Compound 15
on treatment with tert-butyldimethylsilyl chloride yielded
the protected (2S,3R)-2-(tert-butoxycarbonylamino)-1,3-
bis(tert-butyldimethylsilyloxy)octadecan-4-one (16) in
good yield. The transformation of 16 to xylo-(2S,3R,4R)-
phytosphingosine (2) is a well-documented three-step
synthetic protocol.17i,j Compound 16 is also an important
intermediate in the synthesis of threo-(2S,3S)-sphingosine
(5), via a well-established three-step synthetic se-
quence.17i,j Thus, (2S,3R)-2-(tert-butoxycarbonylamino)-
1,3-bis(tert-butyldimethylsilyloxy)octadecan-4-one (16)
is a common intermediate in the synthesis of xylo-
(2S,3R,4R)-phytosphingosine (2) and threo-(2S,3S)-
sphingosine (5).

In conclusion, we have established a stereoselective syn-
thesis of a common intermediate 16 for xylo-(2S,3R,4R)-
phytosphingosine (2) and threo-(2S,3S)-sphingosine (5)
starting from an enantiopure formyl-substituted b-lactam.
A Grignard reaction on the b-lactam carbonyl, followed
by further transformations, provided this crucial common
precursor in good yield.

1H and 13C NMR spectra were recorded in CDCl3 solution on a
Bruker AV200 or DRX500 spectrometer and the chemical shifts are
reported in ppm downfield from TMS (for 1H NMR spectra). IR
spectra were recorded on a Shimadzu FTIR-8400 instrument using
NaCl optics. Mass spectrometric measurements were carried out
with electrospray ionization on an API QSTAR Pulsar mass spec-
trometer. Melting points were recorded on a Buchi Melting Point B
540 apparatus and are uncorrected. Optical rotations were recorded
on a JASCO-181 digital polarimeter under standard conditions. The
microanalyses were performed on a Carlo–Erba CHNS-O EA 1108
elemental analyzer. Petroleum ether refers to the fraction boiling at
60–80 °C.

Scheme 1 Synthesis of keto compound 11. Reagents and conditions: a) NaBH4, MeOH, 8 h; b) CAN, MeCN–H2O, 45 min; c) (Boc)2O,
DMAP, CH2Cl2, 12 h; d) C14H29MgBr, THF, –78 °C to –40 °C, 1 h.
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(3R,4S)-3-(Benzyloxy)-4-(hydroxymethyl)-1-(4-methoxyphe-
nyl)azetidin-2-one (8)
To a cooled soln of the 4-formylazetidin-2-one6a 7 (3.11 g, 10
mmol) in MeOH (50 mL) at 0 °C was added NaBH4 (1.85 g, 50
mmol) portionwise under an argon atmosphere. The mixture was al-
lowed to warm to r.t. and stirred for 8 h. After completion of the re-
action (TLC), H2O (20 mL) was added carefully and the mixture
was further stirred for 1 h. MeOH was removed under reduced pres-
sure and the residue was extracted with EtOAc (2 × 80 mL). The
combined organic layer was washed with brine (15 mL) and dried
(anhyd Na2SO4). Removal of the solvent under reduced pressure
gave the crude product, which was purified by column chromatog-
raphy (acetone–petroleum ether, 25:75) to afford alcohol 8 (2.56 g,
82%) as a white crystalline solid; mp 119–120 °C; [a]D

30 +160 (c
1.0, CHCl3).

IR (CHCl3): 3337, 1743 cm–1.
1H NMR (200 MHz, CDCl3): d = 2.38 (dd, J = 5.6 Hz, 1 H), 3.79 (s,
3 H), 3.99–4.08 (m, 2 H), 4.08–4.26 (m, 1 H), 4.78 (d, J = 11.6 Hz,
1 H), 4.87 (d, J = 5.1 Hz, 1 H), 5.03 (d, J = 11.6 Hz, 1 H), 6.87 (d,
J = 9.1 Hz, 2 H), 7.36–7.42 (m, 7 H).
13C NMR (50 MHz, CDCl3): d = 55.3, 57.9, 59.2, 73.5, 80.7, 114.3,
118.7, 128, 128.2, 128.5, 130.4, 136.4, 156.7, 164.1.

MS: m/z = 314 [M + 1].

Anal. Calcd for C18H19NO4: C, 68.99; H, 6.11; N, 4.47. Found: C,
68.93; H, 6.09; N, 4.38.

(3R,4S)-3-(Benzyloxy)-4-(hydroxymethyl)azetidin-2-one (9)
A soln of CAN (10.5 g, 19.2 mmol) in H2O (65 mL) was added
dropwise to a soln of (3R,4S)-3-(benzyloxy)-4-(hydroxymethyl)-1-
(4-methoxyphenyl)azetidin-2-one (8) (2 g, 6.4 mmol) in MeCN (67
mL) at 0 °C. The mixture was stirred at 0 °C for 45 min. H2O (50
mL) was added, and the mixture was extracted with EtOAc (3 × 125
mL) and washed with sat. aq NaHCO3 (2 × 50 mL). The aqueous
NaHCO3 layer was extracted with EtOAc (1 × 25 mL), and the com-
bined organic extracts were washed with 40% NaHSO3 (3 × 60 mL)
and brine (10 mL), and then dried (anhyd Na2SO4). The solvent was
removed under reduced pressure to give crude product, which was
purified by flash column chromatography (acetone–petroleum
ether, 40:60) to furnish 9 (0.9 g, 68%) as a white solid; mp 80 °C;
[a]D

25 –36 (c 1.0, CHCl3).

IR (CHCl3): 3373, 1753 cm–1.
1H NMR (200 MHz, CDCl3): d = 3.51–3.9 (m, 5 H), 4.62 (d, J =
11.6 Hz, 1 H), 4.66 (d, J = 5.5 Hz, 1 H), 4.78 (d, J = 11.6 Hz, 1 H),
7.34–7.42 (m, 5 H).

13C NMR (50 MHz, CDCl3): d = 54.8, 61.5, 73.4, 82.1, 128, 128.2,
128.5, 136.5, 169.1.

MS: m/z = 208 [M + 1].

Anal. Calcd for C11H13NO3: C, 63.76; H, 6.32; N, 6.76. Found: C,
63.62; H, 6.28; N, 6.68.

(3R,4S)-3-(Benzyloxy)-1-(tert-butoxycarbonyl)-4-[(tert-butoxy-
carbonyloxy)methyl]azetidin-2-one (10)
Boc2O (3.8 mL, 16.9 mmol) and DMAP (0.77 g, 6.3 mmol) were
added to a soln of azetidin-2-one 9 (1 g, 4.8 mmol) in CH2Cl2 (20
mL) at 0 °C, and the reaction mixture was stirred for 12 h. Then,
CH2Cl2 (25 mL) was added, and the mixture was washed with sat.
aq NaHCO3 (20 mL) and brine (10 mL). The organic layer was
dried (anhyd Na2SO4) and the solvent was removed under reduced
pressure to give crude product, which was purified by column chro-
matography (acetone–petroleum ether, 5:95) to furnish the title
b-lactam 10 (1.38 g, 70%) as a white solid; mp 98–99 °C; [a]D

25 +77
(c 1.0, CHCl3).

IR (CHCl3): 1812, 1741 cm–1.
1H NMR (200 MHz, CDCl3): d = 1.44 (s, 9 H), 1.46 (s, 9 H), 4.26–
4.33 (m, 2 H), 4.36–4.44 (m, 1 H), 4.63 (d, J = 5.1 Hz, 1 H), 4.72
(d, J = 11.7 Hz, 1 H), 4.79 (d, J = 11.7 Hz, 1 H), 7.27–7.37 (m, 5 H).
13C NMR (50 MHz, CDCl3): d = 27.6, 27.8, 55.5, 62.5, 73.4, 80.5,
82.2, 83.7, 127.8, 128.0, 128.3, 136.4, 147.5, 152.8, 164.1.

MS: m/z = 408 [M + 1].

Anal. Calcd for C21H29NO7: C, 61.90; H, 7.17; N, 3.44. Found: C,
61.77; H, 7.12; N, 3.31.

(2S,3R)-3-(Benzyloxy)-2-(tert-butoxycarbonylamino)-1-(tert-
butoxycarbonyloxy)octadecan-4-one (11)
n-Tetradecylmagnesium bromide (1 M in THF; 3.2 mL, 3.2 mmol)
was added to a soln of the starting b-lactam 10 (1.2 g, 2.9 mmol) in
THF (15 mL) at –78 °C (acetone–CO2 bath). The reaction mixture
was stirred at –40 °C (MeCN–CO2 bath) for 1 h. After completion
of the reaction (TLC), sat. NH4Cl soln (4 mL) was poured into the
mixture, which was then extracted with EtOAc (3 × 40 mL). The
combined organic extracts were washed with brine (10 mL) and
dried (anhyd Na2SO4). The solvent was removed under reduced
pressure to yield the product. Purification by flash column chroma-
tography (acetone–petroleum ether, 3:97) gave b-amino ketone 11
(1.1 g, 62%) as an oil; [a]D

25 +56 (c 0.8, CHCl3).

IR (CHCl3): 3438, 1739, 1722 cm–1.
1H NMR (200 MHz, CDCl3): d = 0.86–0.92 (m, 3 H), 1.17–1.26 (m,
21 H), 1.35–1.43 (m, 3 H), 1.40 (s, 9 H), 1.49 (s, 9 H), 2.42–2.53

Scheme 2 Synthesis of common intermediate 16. Reagents and conditions: a) TBDMSCl, imidazole, DMF, 3 h; b) (Boc)2O, DMAP, CH2Cl2,
5 h; c) C14H29MgBr, THF, –78 °C to –40 °C, 1 h; d) HCOONH4, 10% Pd/C, MeOH, reflux, 1 h; e) TBDMSCl, imidazole, DMF, 35 °C, 12 h.
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(m, 2 H), 3.56 (br s, 1 H), 4.07 (d, J = 6.3 Hz, 2 H), 4.41 (d, J = 11.4
Hz, 1 H), 4.67–4.73 (m, 2 H), 4.95 (d, J = 11.4 Hz, 1 H), 7.33–7.36
(m, 5 H).
13C NMR (50 MHz, CDCl3): d = 13.9, 22.5, 23.0, 27.6, 28.1, 28.2,
29.0, 29.2, 29.3, 29.4, 30.2, 31.7, 39.0, 50.3, 64.9, 72.8, 75.9, 81.3,
81.5, 81.9, 127.8, 128.1, 128.3, 136.9, 152.9, 154.9, 208.9.

MS: m/z = 606 [M + 1].

Anal. Calcd for C35H59NO7: C, 69.39; H, 9.82; N, 2.31. Found: C,
69.28; H, 9.78; N, 2.24.

(3R,4S)-3-(Benzyloxy)-4-[(tert-butyldimethylsilyloxy)meth-
yl]azetidin-2-one (12)
To a mixture of azetidin-2-one 9 (0.73 g, 3.5 mmol) and imidazole
(0.6 g, 8.8 mmol) in anhyd DMF (1.2 mL) was added TBDMSCl
(0.63 g, 4.2 mmol) at r.t. The reaction mixture was stirred at r.t. for
3 h. After completion of the reaction (TLC), the mixture was poured
onto H2O (5 mL) and extracted with EtOAc (3 × 15 mL). The com-
bined organic extracts were successively washed with H2O (3 × 5
mL) and brine (10 mL), then dried (anhyd Na2SO4). The solvent
was removed under reduced pressure to afford crude product, which
was purified by column chromatography (EtOAc–petroleum ether,
20:80) to furnish 12 (1.02 g, 90%) as a colorless oil; [a]D

25 +0.51 (c
1.0, CHCl3).

IR (neat): 3259, 1762 cm–1.
1H NMR (200 MHz,  CDCl3): d = 0.05 (s, 3 H), 0.06 (s, 3 H), 0.88
(s, 9 H), 3.70–3.82 (m, 3 H), 4.67 (d, J = 11.9 Hz, 1 H), 4.71–4.74
(m, 1 H), 4.81 (d, J = 11.9 Hz, 1 H), 6.12 (br s, 1 H), 7.26–7.35 (m,
5 H).
13C NMR (50 MHz, CDCl3): d = –5.4, 18.2, 25.8, 55.7, 62.8, 73.1,
82, 127.9, 128.3, 128.4, 137, 168.7.

MS: m/z = 322 [M + 1].

Anal. Calcd for C17H27NO3Si: C, 63.51; H, 8.47; N, 4.36. Found: C,
63.40; H, 8.41; N, 4.22.

(3R,4S)-3-(Benzyloxy)-1-(tert-butoxycarbonyl)-4-[(tert-butyl-
dimethylsilyloxy)methyl]azetidin-2-one (13)
Boc2O (1.35 mL, 5.9 mmol) and DMAP (0.04 g, 0.3 mmol) were
added to a soln of azetidin-2-one 12 (0.950 g, 2.9 mmol) in anhyd
CH2Cl2 (10 mL) at 0 °C, and the mixture was stirred for 5 h. Then,
CH2Cl2 (20 mL) was added, and the mixture was washed with sat.
NaHCO3 soln (20 mL) and sat. brine (10 mL). The organic layer
was dried (anhyd Na2SO4) and the solvent was removed under re-
duced pressure to give crude product, which was purified by column
chromatography (EtOAc–petroleum ether, 12:88) to furnish the title
b-lactam 13 (1.03 g, 83%) as a colorless oil; [a]D

25 +51 (c 1.5,
CHCl3).

IR (neat): 1811, 1718 cm–1.
1H NMR (200 MHz, CDCl3): d = 0.05 (s, 3 H), 0.06 (s, 3 H), 0.89
(s, 9 H), 1.51 (s, 9 H), 3.97–4.03 (m, 2 H), 4.04–4.09 (m, 1 H), 4.69
(d, J = 5.2 Hz, 1 H), 4.77 (s, 2 H), 7.31–7.36 (m, 5 H).
13C NMR (50 MHz, CDCl3): d = –5.6, –5.5, 18.2, 25.7, 28, 58.2,
63.1, 73.3, 80.3, 83.3, 127.9, 128.2, 128.4, 136.8, 148, 164.9.

MS: m/z = 422 [M + 1].

Anal. Calcd for C22H35NO5Si: C, 62.67; H, 8.37; N, 3.32. Found: C,
62.49; H, 8.29; N, 3.24.

(2S,3R)-3-(Benzyloxy)-2-(tert-butoxycarbonylamino)-1-(tert-
butyldimethylsilyloxy)octadecan-4-one (14)
n-Tetradecylmagnesium bromide (1 M in THF; 2.2 mL, 2.2 mmol)
was added to a soln of b-lactam 13 (0.84 g, 2 mmol) in THF (5 mL)
at –78 °C (acetone–CO2 bath). The reaction mixture was stirred at
–40 °C (MeCN–CO2 bath) for 1 h. After completion of the reaction

(TLC), sat. NH4Cl soln (4 mL) was poured into the mixture, which
was then extracted with EtOAc (3 × 30 mL). The combined organic
layer was washed with brine (10 mL) and dried (anhyd Na2SO4).
The solvent was removed under reduced pressure to yield the prod-
uct. Purification by flash column chromatography (EtOAc–petro-
leum ether, 1:99) gave b-amino ketone 14 (0.804 g, 65%) as an oil;
[a]D

25 –4 (c 1.0, CHCl3).

IR (CHCl3): 3436, 1718, 1706 cm–1.
1H NMR (200 MHz, CDCl3): d = 0.05 (s, 3 H), 0.07 (s, 3 H), 0.85–
0.89 (m, 12 H), 1.20–1.30 (m, 22 H), 1.39 (s, 9 H), 1.55 (t, J = 6.8
Hz, 2 H), 2.48 (dd, J = 6.8, 14.4 Hz, 2 H), 3.51–3.69 (m, 2 H), 4.05–
4.18 (m, 1 H), 4.26 (d, J = 2.9 Hz, 1 H), 4.40 (d, J = 11.2 Hz, 1 H),
4.68 (d, J = 11.2 Hz, 1 H), 4.91 (d, J = 9.6 Hz, 1 H), 7.29–7.39 (m,
5 H).
13C NMR (50 MHz, CDCl3): d = –5.5, –5.4, 14.1, 18.1, 22.6, 23.4,
25.8, 28.2, 29.2, 29.3, 29.4, 29.6, 31.9, 39.1, 53.1, 61.4, 73.0, 81.3,
127.9, 128.1, 128.4, 137.4, 155.2, 210.3.

MS: m/z = 620 [M + 1].

Anal. Calcd for C36H65NO5Si: C, 69.74; H, 10.57; N, 2.26. Found:
C, 69.61; H, 10.48; N, 2.12.

(2S,3R)-2-(tert-Butoxycarbonylamino)-1-(tert-butyldimethyl-
silyloxy)-3-hydroxyoctadecan-4-one (15)
A mixture of b-amino ketone 14 (0.62 g, 1 mmol), ammonium for-
mate (0.189 g, 3 mmol) and 10% Pd/C (0.07 g) in MeOH (10 mL)
was refluxed for 1 h. The reaction mixture was filtered through a
small pad of Celite® and washed with EtOAc (2 × 10 mL). The sol-
vent was removed under reduced pressure. The residue was diluted
with EtOAc (50 mL), and washed with H2O (2 × 5 mL) and brine (5
mL). The organic layer was dried (anhyd Na2SO4) and concentrated
to give crude product, which was purified by flash column chroma-
tography (EtOAc–petroleum ether, 2:98) to afford 15 (0.45 g, 85%)
as an oil; [a]D

25 –24 (c 1.0, CHCl3).

IR (CHCl3): 3442, 1712 cm–1.
1H NMR (200 MHz, CDCl3): d = 0.09 (s, 3 H), 0.10 (s, 3 H), 0.79–
0.97 (m, 13 H), 1.20–1.35 (m, 23 H), 1.39 (s, 9 H), 2.41–2.62 (m, 2
H), 3.61–3.73 (m, 3 H), 4.10–4.25 (m, 1 H), 4.30–4.50 (m, 1 H),
4.56–4.65 (m, 1 H).
13C NMR (50 MHz, CDCl3): d = –5.5, –5.4, 14.1, 18.2, 22.7, 23.6,
25.8, 28.2, 29.1, 29.3, 29.4, 29.5, 29.6, 31.9, 37.7, 53.1, 62.3, 74.7,
79.7, 155.2, 211.5.

MS: m/z = 530 [M + 1].

Anal. Calcd for C29H59NO5Si: C, 65.74; H, 11.22; N, 2.64. Found:
C, 65.61; H, 11.18; N, 2.52.

(2S,3R)-2-(tert-Butoxycarbonylamino)-1,3-bis(tert-butyldi-
methylsilyloxy)octadecan-4-one (16)
To a mixture of hydroxy compound 15 (0.3 g, 0.56 mmol) and imi-
dazole (0.096 g, 1.4 mmol) in anhyd DMF (1 mL) was added
TBDMSCl (0.102 g, 0.68 mmol) at 35 °C. The reaction mixture was
stirred at 35 °C for 12 h. After completion of the reaction (TLC), the
mixture was poured onto H2O (3 mL) and extracted with EtOAc
(3 × 15 mL). The combined organic extracts were successively
washed with H2O (3 × 5 mL) and sat. brine (8 mL), then dried (an-
hyd Na2SO4). The solvent was removed under reduced pressure to
give crude product, which was purified by column chromatography
(EtOAc–petroleum ether, 1:99) to furnish 16 (0.26 g, 73%) as a col-
orless oil; [a]D

25 –9 (c 1.0, CHCl3).

IR (CHCl3): 3436, 1715 cm–1.
1H NMR (500 MHz, CDCl3): d = 0.01 (s, 3 H), 0.04 (s, 3 H), 0.07
(s, 3 H), 0.10 (s, 3 H), 0.90 (s, 9 H), 0.94 (s, 9 H), 1.20–1.27 (m, 22
H), 1.41 (s, 9 H), 1.45–1.61 (m, 5 H), 2.42–2.53 (m, 2 H), 3.51 (t,
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J = 8.5 Hz, 1 H), 3.62–3.67 (m, 1 H), 3.70 (br s, 1 H), 4.42–4.44 (m,
1 H), 4.90 (d, J = 9.1 Hz, 1 H).
13C NMR (125 MHz, CDCl3): d = –5.4, –5.3, –4.7, 14.1, 18.2, 18.3,
22.7, 23.5, 25.8, 28.3, 29.2, 29.4, 29.5, 29.6, 31.9, 38.6, 54.2, 61.0,
75.7, 77.2, 79.5, 155.2, 211.3.

MS: m/z = 645 [M + 1].

Anal. Calcd for C35H73NO5Si2: C, 65.26; H, 11.42; N, 2.17. Found:
C, 65.14; H, 11.28; N, 2.10.
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