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A one pot synthesis of mono- and
di-lactosyl sphingosines
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The importance of analogues of lactosyl ceramides as basic structures of many natural glycosphingolipids provided a
rationale for developing an efficient synthetic route to these compounds. We report herein a novel approach to synthesize
several members of this family. Glycosylation of N-diphenylmethylene-spingosine, which exists in an imine–oxazolidine
tautomeric mixture, with acetobromolactose under a modified Koenigs-Knorr condition yielded lactosyl β-(1 → 1) sphingo-
sine, lactosyl β-(1 → 3) sphingosine and dilactosyl sphingosine in good yields. A similar glycosylation could be applicable
to the synthesis of other glycosphingolipids.
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Introduction

Glycosphingolipids (GSLs) have been implicated as media-
tors of cell adhesion and as modulators of signal transduc-
tion [1]. Recent studies indicate that GSLs are clustered at the
cell surface in close association with various signal transducer
molecules, and are involved in initiation of signal transduc-
tion coupled with GSL-dependent cell adhesion [2,3]. A typi-
cal example is GM3 ganglioside clustering at the cell surface
of mouse melanoma B16, forming a “glycosignaling domain
(GSD)”.
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GM3 in B16 cells is also recognized as a melanoma-
associated antigen [4], and may have a role in initiating adhesion
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of melanoma to endothelial cells, the first step in metastasis [5].
Antigenicity, mediation of adhesion, and initiation of signaling
through GM3 ganglioside at the B16 cell surface are thought
to be maintained by GM3 clustering in GSD. If GM3 cluster-
ing in GSD is inhibited, antigenicity, adhesion, and signaling
through GM3 could be blocked. We therefore undertook a new
approach to observe disruptive effects of chemically synthe-
sized GSL analogues on GSD structure and function in B16
cells. Such compounds should have structural features analo-
gous to those of GM3, destroy or reduce clustering of GM3
in GSD, and inhibit GM3-dependent adhesion and signaling
[6]. On the other hand, lactosyl ceramide (LacCer) has been
implicated as a stimulator of aortic smooth muscle cells [7],
and claimed to induce Ras-GTP loading causing a variety of
signal transductions [8]. Since smooth muscle cell prolifera-
tion in aorta is the initial event leading to atherosclerosis, the
functional role of LacCer and its derivatives is of great patho-
biological significance. Several analogues of GM3 have been
synthesized and investigated for their biological activities, in-
cluding sialyl α-(2 → 1) sphingosine [6], lyso-GM3 [9] and
lactosyl β-(1 → 1) sphingosine (1), lactosyl β-(1 → 3) sphin-
gosine (2) and dilactosyl sphingosine (3). Here we describe a
one pot method to synthesize the derivatives 1, 2 and 3. These
compounds have been involved in a variety of biological stud-
ies on the structure and function of GSD [6,9], and may have
potential interest in relation to LacCer, which initiates signal
transduction as a component of GSD, to activate neutrophils
[10], including phagocytosis [11].
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Results and discussion

The importance of lactosyl ceramides as basic structures of
many natural glycosphingolipids provided a rationale for de-
veloping an efficient synthetic route to these compounds. A
common synthetic method to the glycosphingilipids consists in
condensation of a glycosyl trichloroacetimidate with an appro-
priately protected ceramide or azidosphingosine [12,13]. For
example, lactosyl β1 → 1 sphingosine 1 has been prepared
by Zimmermann et al. [14] as an intermediate in the synthe-
sis of lactosyl ceramide. The strategy used by these authors
was the lactosylation of 3-O-benzoyl azidosphingosine with
the O-acetyl protected lactosyl trichloroacetimidate, through
in situ rearrangement of the intermediate ortho-ester, followed
by O-deprotection and transformation of the azido group into an
amino group. The O-glycosyltrichloroacetimidates as glycosyl
donors have been largely employed in the synthesis of biolog-
ically important glycosphingolipids [15–18]. Another method
for preparing the glycosphingolipids, using a glycal procedure,
has been developed by Bilodeau et al. [19]. Glycosyl halides
have not attracted much attention for glycosphingolipids prepa-
ration. However, recently the glycosyl chloride [20] and glyco-
syl fluoride [21] have been successfully applied to the glycosph-
ingolipids synthesis.

Having D-erythro-sphingosine readily available [22], we en-
visaged that the lactosylation of the amino-protected sphin-
gosine could provide the desired three compounds in one
pot. Thus the D-erythro-sphingosine (4) was reacted with
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Scheme 1. Reagents and conditions: i. Ph2C NH, CH2Cl2, rt, 15 h, 78%; ii. Ac2O, Py, rt, 20 h, 99%.

diphenylketimine using the published procedure of O’Donnell
and Polt [23] to give the Schiff base 5a, with 10% of sphingo-
sine being recovered (Scheme 1). The isolated product 5a was
proven by 1H NMR to exist in a tautomeric equilibrium with
the oxazolidine forms 5b and 5c in the ratio of 21:23:56, re-
spectively. This phenomenon has been observed previously by
other authors [24] for the β-hydroxy Schiff base. The structure
was characterized by acetylation to compound 6, which exists
as a single compound according to the 1H and 13C NMR data.

The glycosylation of 5 with known per-O-acetyl lactosyl bro-
mide (7) [25], promoted by AgOTf as described by Polt [26],
gave mono-lactosyl sphingosine derivatives 8 and 9 as an in-
separable mixture in 65% yield, together with di-lactosyl sph-
ingosine derivative 10 in 12% yield (Scheme 2). Separation of
8 and 9 by silica-gel column chromatography was not feasible
due to their similar chromatographic behavior as well as their
tautomerization to the corresponding oxazolidine forms.

Separation of 8 and 9 was therefore carried out as the amino-
deprotected derivatives 11 and 12, respectively (Scheme 3).
After acid hydrolysis, flash column chromatography allowed
isolation of 11 and 12 in 56% and 39% yield, respectively. Their
1H NMR spectra (J1,2 = 8.2 Hz for 11 and 12) indicated that the
newly formed glycosidic linkage wasβ. Their glycosylation site
was assigned based on examination of their acetates, 13 and 14.

The 1H NMR spectra of 13 and 14 revealed the deshielded
signal of H-c (for 13, δ 5.25, dd, Jb,c = Jc,d = 7.2 Hz) and H-a,
H-a′ (for 14, δ 4.29, m), respectively, supporting the structure
shown in Scheme 3.
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Scheme 2. Reagents and conditions: i. 4Å molecular sieves, dry CH2Cl2, AgOTf, rt, 15 h.
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Scheme 3. Reagents and conditions: i. 5% trifluoroacetic acid solution (prepared from 49.5:49.5:1 THF-CH2Cl2-H2O), rt, 10 min;
ii. Ac2O, Py, rt, 13 h, quantitative.

Deprotection of the Schiff base 10 was effected by acid hy-
drolysis as described above for preparation of 11 and 12, yield-
ing the free amino compound 15 in 93% yield (Scheme 4).
De-O-acetylation of 11, 12 and 15 under Zemplèn condition
gave 1, 2 and 3, respectively, in quantitative yields.

In summary, we have presented a one pot method for prepa-
ration of the lactosyl sphingosine (1), and its analogues 2 and
3. A similar glycosylation could be applicable to the synthesis
of other glycosphingolipids.

Materials and methods

General methods

Optical rotations were measured at 589 nm (Na line) at 20 ±
2◦C with a Perkin Elmer Model 241MC digital polarimeter.
Mass spectra were obtained on a JEOL JMS-HX 110 mass
spectrometer in a fast atom bombardment (FAB) mode using
m-nitrobenzyl alcohol (NBA) as matrix. High resolution mass
spectra (HRMS) were recorded with a JMS-700 spectrometer
in FAB mode using NBA as matrix. 1H NMR spectra were
recorded with a Bruker DRX 400 spectrometer or a Bruker

WM-500 spectrometer. 13C NMR spectra were measured on a
Bruker AM-300 (75.5 MHz) spectrometer or a Bruker DRX 400
(100.6 MHz) spectrometer. Reactions were monitored by thin-
layer chromatography (TLC) on a pre-coated plate of silica gel
60 F254 (Merck, 0.2 mm). Flash column chromatography was
performed on silica gel 60 (230–400 mesh).

(2S,3R,4E) -1,3-Dihydroxy-2-[N-(Diphenylmethylene)-
amino]-4-octadecene (5a), (4S)-2,2-Diphenyl-4-[(1R,2E)-1-
hydroxy-hexadec-2-en-1-yl)]oxazolidine (5b) and (4S,5S)-
2,2-Diphenyl-4-hydroxymethyl-5-[(E)-pentadec-1-en-1-yl]-
oxazolidine (5c). Diphenylketimine (181 mg, 1 mmol) was
added at room temperature to a stirred suspension of D-erythro-
sphingosine (248 mg, 0.83 mmol) in CH2Cl2 (10 mL), and
the mixture was stirred overnight under argon. The mixture
was concentrated, and the resulting syrup was purified by
flash chromatography (4:1 hexane-EtOAc) to give 5 (362 mg,
78%) as a syrup: 1H NMR (400 MHz, CDCl3): δ 7.71–7.16
(m, 10 H, 2 Ph), 5.88 (dt, 0.21 H, Je,f = 6.8, Jd,e = 15.4 Hz,
H-e), 5.74 (2 dt, 0.79 H, Je,f = 6.8, Jd,e = 15.4 Hz, H-e), 5.56
(ddt, 0.21 H, Jd,f < 1, Jc,d = 7.5, Jd,e = 15.4 Hz, H-d), 5.47
(ddt, 0.56 H, Jd,f < 1, Jc,d = 6.5, Jd,e = 15.4 Hz, H-d), 5.39
(ddt, 0.23 H, Jd,f < 1, Jc,d = 7.0, Jd,e = 15.4 Hz, H-d), 4.50
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Scheme 4. Reagents and conditions: 5% trifluoacetic acid solution (prepared from 49.5:49.5:1 THF-CH2Cl2-H2O), rt, 10 min, 93%.

(dd, 0.21 H, Jb,c = 7.2 Hz, H-c), 4.39 (dd, 0.23 H, Jb,c = 6.3
Hz, H-c), 4.29 (dd, 0.56 H, Jb,c = 4.4 Hz, H-c), 3.93–3.88
(m, H-a, H-a′), 3.68 (dd, Ja,b = 4.4, Ja,a′ = 11.2 Hz, H-a),
3.62–3.39 (m, H-a′, H-b), 2.9–2.6 (br, NH), 2.15–2.01 (m,
2 H, H-f), 1.38–1.26 (m, 22 H, 11 CH2), 0.94 (t, 3 H, J = 6.8
Hz, CH3); 13C NMR (100.6 MHz, CDCl3): δ 170.26 (C N),
144.62, 144.39, 144.11, 143.94, 139.63, 136.67 (6 quaternary
C), 135.11, 133.69, 133.43 (C-e), 129.63, 129.53, 126.17
(C-d), 130.27, 128.60, 128.47, 128.44, 128.22, 128.14, 128.12,
128.02, 127.95, 127.52, 127.49, 127.32, 126.31, 125.99,
125.81, 125.51 (aromatic CH), 78.98, 74.93, 71.83 (C-c),
67.43, 62.61, 62.43 (C-b), 65.57, 64.36, 60.90 (C-a), 32.33,
32.31, 32.18 (C-f), 31.89, 29.64, 29.63, 29.57, 29.50, 29.48,
29.44, 29.33, 29.19, 29.10, 29.07, 29.01, 22.66 (CH2), 14.10
(CH3).

HRMS (FAB+): Calcd for C31H46NO2 (M + H)+ m/z
464.3529, found 464.3543.

(2S,3R,4E) -1,3-Di-acetoxy-2-[N-(diphenylmethylene)-
amino]-4-octadecene (6). Compound 5 (6 mg, 0.013 mmol)
was acetylated with Ac2O (0.2 mL) in pyridine (0.3 mL) for
20 h at room temperature. After concentration, the residue
was co-evaporated with toluene, and the resulting syrup was
purified by flash chromatography to afford 6 (7 mg, 99%)
as an amorphous solid. TLC (5:1 hexane-EtOAc): Rf = 0.3;
[α]D = −7.6 (c = 0.4, chloroform); 1H NMR (500 MHz,
CDCl3): δ 7.62–7.13 (m, 10 H, 2 Ph), 5.77 (dt, 1 H, Je,f = 6.7,
Jd,e = 15.4 Hz, H-e), 5.56 (dd, 1 H, Jc,d = 8.0 Hz, H-d), 5.39
(dd, 1 H, Jb,c = 5.2 Hz, H-c), 4.27 (dd, 1 H, Ja,b = 4.5, Ja,a′

= 11.0 Hz, H-a), 4.18 (dd, 1 H, Ja′,b = 7.9 Hz, H-a′), 3.86
(ddd, 1 H, H-b), 2.01–2.00 (m, 8 H, 2 H-f, 2 OAc), 1.35–1.25
(m, 22 H, 11 CH2), 0.89 (t, 3 H, J = 6.9 Hz, CH3); 13C NMR
(75.5 MHz, CDCl3): δ 170.65, 170.33, 169.73 (2 C O, C N),
136.98 (C-e), 124.73 (C-d), 75.59 (C-c), 65.06 (C-a), 63.14
(C-b), 32.36, 31.93, 29.68, 29.56, 29.47, 29.37, 29.17, 28.92,
22.69 (12 CH2), 21.31 (OAc), 20.95 (OAc), 14.12 (CH3).

HRMS (FAB+): Calcd for C35H50NO4 (M + H)+ m/z
548.3740, found 548.3749.

(2S,3R,4E)-1-[2,3,4,6-Tetra-O -acetyl-β-D-galactopyran-
osyl)-(1 → 4)-2,3,6-tri-O-acetyl-β-D-glucopyranosyloxy]-2-
[N-(diphenylmethylene)amino]-octadec-4-en-3-ol (8), (2S,
3R,4E) -3-[2,3,4,6-Tetra-O-acetyl-β-D-galactopyranosyl)-
(1→4)-2,3,6-tri-O -acetyl-β-D-glucopyranosyloxy]-2-[N-
(diphenylmethylene)amino]-octadec-4-en-1-ol (9) and (2S,

3R,4E) -1,3-Bis-[2,3,4,6-tetra-O-acetyl-β-D-galactopyrano-
syl)-(1→4)-(2,3,6-tri-O-acetyl-β-D-glucopyranosyloxy]-2-
[N-(diphenylmethylene)amino]-octadec-4-ene (10). A mix-
ture of hepta-O-acetyl-α-D-lactopyranosyl bromide 7 (133 mg,
0.19 mmol), acceptor 5 (79 mg, 0.17 mmol), and 4-Å powdered
molecular sieves (200 mg) in dry CH2Cl2 (4 mL) was stirred
at room temperature for 30 min. To this mixture was added
AgOTf (49 mg, 0.19 mmol) portionwise over 15 min at room
temperature, and the mixture was stirred overnight under
argon. After the addition of Et3N (0.1 mL), the mixture
was filtered through celite and the filtrate was washed with
aqueous Na2S2O3, water and brine. After drying over MgSO4

the mixture was concentrated, and the residue was flash
chromatographed (1:1 hexane-EtOAc) to afford first recovered
5 (12 mg, 15%), then a mixture of 8 and 9 (120 mg, 65%).
FABMS (C57H79NO19): 1082.6 (M + 1)+. The NMR spectra
were very complicated, and the confirmation of the structures
was made as the corresponding acetates 13 and 14 (see below).
The third fraction yielded 10 (34 mg, 12%). Rf = 0.46 (2:1
CH2Cl2-EtOAc); 1H NMR (500 MHz, CDCl3): δ 7.57–7.54
(m, 2 H, Ar H), 7.42–7.27 (m, 6 H, Ar H), 7.17–7.13 (m, 2 H,
Ar H), 5.65 (dt, 1 H, Je,f = 7.5, Jd,e = 15.5 Hz, H-e), 5.39 (dd,
Jc,d = 8.8 Hz, H-d), 5.34 (dd, 1 H, J3′A,4′A = 2.6, J4′A,5′A < 1
Hz, H-4′A), 5.31 (dd, 1 H, J3′B,4′B = 2.7, J4′B,5′B < 1 Hz,
H-4′B), 4.51–3.45 (m, 30 H), 2.18–1.97 (m, 44 H, 2 H-f, 14
OAc), 1.39–1.25 (m, 22 H, 11 CH2), 0.89 (t, J = 6.5 Hz,
CH3); 13C NMR (75 MHz, CDCl3): δ 170.39, 170.32, 170.27,
170.14, 170.06, 169.79, 169.74, 169.64, 169.46, 169.09 (14
C O, C N), 140.14, 138.10, 136.68, 129.96, 128.61, 128.56,
128.15, 127.93, 125.67 (C-d, C-e, Ar C), 101.19, 101.15,
100.14, 96.33 (C-1A, C-1A′, C-1B, C-1B′), 79.56, 76.46,
76.24, 73.28, 73.12, 72.48, 72.38, 71.96, 71.49, 70.98, 70.66,
70.58, 69.13, 69.05, 66.60 (ring C, C-a, C-c), 64.17 (C-b),
62.24, 62.06, 60.77, 60.76 (C-6A, C-6A′, C-6B, C-6B′), 32.49,
31.93, 29.72, 29.67, 29.62, 29.47, 29.37, 22.69 (12 CH2),
20.88, 20.77, 20.63, 20.50, 20.22 (14 OAc), 14.12 (CH3).

HRMS (FAB+): Calcd for C83H113NO36 (M + H)+ m/z
1700.7121, found 1700.7115.

(2S,3R,4E)-1-[2,3,4,6-Tetra-O-acetyl-β-D-galactopyran-
osyl-(1→4)-2,3,6-tri-O-acetyl-β-D-glucopyranosyloxy]-2-
amino-octadec-4-en-3-ol (11) and (2S,3R,4E)-3-[2,3,4,6-
Tetra-O-acetyl-β-D-galactopyranosyl-(1→4)-2,3,6-tri-O-
acetyl-β-D-glucopyranosyloxy]-2-amino-octadec-4-en-1-ol
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(12). A mixture of 8 and 9 (32 mg, 0.0296 mmol) in 5% TFA so-
lution (0.8 mL, prepared from 49.5:49.5:1 THF-CH2Cl2-H2O)
was stirred at room temperature for 10 min. The reaction mix-
ture was diluted with CH2Cl2 (4 mL) and poured into saturated
aqueous NaHCO3 (10 mL). The aqueous layer was extracted
with CH2Cl2 (2 × 15 mL) and the combined organic layers
were dried over MgSO4. After filtration, the filtrate was con-
centrated to dryness. The residue was flash chromatographed
(13:1 CH2Cl2-MeOH) to afford first 11 (15.3 mg, 56%) as
a white amorphous solid. Rf = 0.30 (11:1 CH2Cl2-MeOH);
[α]D = −5.8 (c = 0.8, CHCl3); 1H NMR (500 MHz, CDCl3):
δ 5.73 (dt, 1 H, Je,f = 6.8, Jd,e = 15.4 Hz, H-e), 5.42 (dd, 1
H, Jc,d = 6.9 Hz, H-d), 5.34 (dd, 1 H, J3′,4′ = 3.5, J4′,5′ < 1
Hz, H-4′), 5.19 (dd, 1 H, J2,3 = J3,4 = 9.3 Hz, H-3), 5.11 (dd,
1 H, J1′,2′ = 7.9, J2′,3′ = 10.3 Hz, H-2′), 4.97 (dd, 1 H, H-3′),
4.89 (dd, 1 H, J1,2 = 8.2 Hz, H-2), 4.49 (d, 1 H, J1,2 = 8.2
Hz, H-1), 4.48 (d, 1 H, J1′,2′ = 7.9 Hz, H-1′), 2.16 (s, 3 H,
OAc), 2.13 (s, 3 H, OAc), 2.07–2.03 (m, 11 H, 2 H-f, 3 OAc),
1.97 (s, 3 H, OAc), 1.37–1.25 (m, 22 H, 11 CH2), 0.88 (t, 3 H,
J = 6.9 Hz, CH3); 13C NMR (75.5 MHz, CDCl3): δ 170.57,
170.41, 170.20, 169.99, 169.87, 169.73, 169.22 (7 C O),
134.37 (C-e), 128.17 (C-d), 100.42, 100.20 (C-1, C-1′), 75.68,
72.51, 72.28, 71.39, 70.69, 70.13, 68.86, 66.50 (C-2,3,4,5,
C-2′,3′,4′,5′, C-a, C-c), 61.60, 60.51 (C-6, C-6′), 54.40 (C-b),
31.90, 31.42, 29.17, 29.14, 29.00, 28.85, 28.80, 28.74, 22.16
(12 CH2), 20.13, 20.01, 19.93, 19.89, 19.84, 19.74 (7 OAc),
13.38 (CH3).

HRMS (FAB+): Calcd for C44H71NO19 (M + H)+ m/z
918.4699, found 918.4684.

The second fraction yielded 12 (10.7 mg, 39%) as a white
amorphous solid. Rf = 0.23 (11:1 CH2Cl2-MeOH); [α]D =
−11.7 (c = 1.5, CHCl3); 1H NMR (500 MHz, CDCl3): δ

5.72 (dt, 1 H, Je,f = 6.7, Jd,e = 15.4 Hz, H-e), 5.35 (dd, 1 H,
J3′,4′ = 3.5, J4′,5′ < 1 Hz, H-4′), 5.26 (dd, 1 H, Jc,d = 7.7 Hz,
H-d), 5.18 (dd, 1 H, J2,3 = J3,4 = 9.3 Hz, H-3), 5.11 (dd, 1 H,
J1′,2′ = 8.0, J2′,3′ = 10.3 Hz, H-2′), 4.97 (dd, 1 H, H-3′), 4.88
(dd, 1 H, J1,2 = 8.2 Hz, H-2), 4.50 (d, 1 H, J1,2 = 8.2 Hz, H-1),
4.49 (d, 1 H, J1′,2′ = 8.0 Hz, H-1′), 2.14 (s, 3 H, OAc), 2.13
(s, 3 H, Ac), 2.10–2.00 (m, 14 H, 2 H-f, 4 OAc), 1.96 (s, 3
H, OAc), 1.33–1.22 (m, 22 H, 11 CH2), 0.88 (t, 3 H, J = 7.0
Hz, CH3); 13C NMR (75.5 MHz, CDCl3): δ 170.48, 170.32,
170.09, 170.02, 169.69, 169.58, 169.03 (7 C O), 137.82 (C-
e), 125.57 (C-d), 101.05, 97.63 (C-1, C-1′), 76.21, 72.60, 72.56,
71.39, 70.87, 70.61, 69.00, 66.51 (C-2,3,4,5, C-2′,3′,4′,5′, C-a,
C-c), 61.56, 60.73 (C-6, C-6′), 54.47 (C-b), 32.36, 31.87, 29.66,
29.63, 29.57, 29.41, 29.32, 29.24, 29.09, 22.65 (12 CH2), 20.83,
20.77, 20.65, 20.62, 20.49 (7 OAc), 14.10 (CH3).

HRMS (FAB+): Calcd for C44H71NO19 (M + H)+ m/z
918.4699, found 918.4690.

(2S,3R,4E)-1-[2,3,4,6-Tetra-O-acetyl-β-D-galactopyran-
osyl-(1→4)-2,3,6-tri-O-acetyl-β-D-glucopyranosyloxy]-2-
acetamido-3-acetoxy-octadec-4-ene (13). Compound 11
(2.1 mg, 0.0023 mmol) was acetylated with Ac2O (0.3 mL)
in pyridine (0.2 mL) for 13 h at room temperature. After

concentration, the residue was co-evaporated with toluene
and flash chromatographed (15:1 CH2Cl2-MeOH) to afford
13 (2.3 mg, 100%) as an amorphous solid: TLC : Rf = 0.3
(15:1 CH2Cl2-MeOH), or Rf = 0.35 (1:2 CH2Cl2-EtOAc);
[α]D = −16.9 (c = 0.23, CHCl3); 1H NMR (500 MHz,
CDCl3): δ 5.77 (dt, 1 H, Je,f = 6.7, Jd,e = 15.4 Hz, H-e), 5.71
(d, 1 H, Jb,NH = 9.1 Hz, NH), 5.35 (dd, 1 H, Jc,d = 7.7 Hz,
H-d), 5.35 (dd, 1 H, J3′,4′ = 3.7, J4′,5′ < 1 Hz, H-4′), 5.25 (dd,
1 H, Jb,c = 6.6 Hz, H-c), 5.19 (dd, 1 H, J2,3 = 9.5, J3,4 = 9.1
Hz, H-3), 5.11 (dd, 1 H, J1′,2′ = 7.9, J2′,3′ = 10.4 Hz, H-2′),
4.96 (dd, 1 H, H-3′), 4.87 (dd, 1 H, J1,2 = 7.8 Hz, H-2), 4.53
(dd, 1 H, J5,6a = 2.0, J6a,6b = 12.0 Hz, H-6a), 4.49 (d, 1 H,
H-1′), 4.43 (d, 1 H, H-1), 4.28 (m, 1 H, H-b), 4.15–4.09 (m,
2 H, H-6′a, H-6′b), 4.06 (dd, 1 H, J5,6b = 4.7 Hz, H-6b),
3.90–3.86 (m, 2 H, H-5′, H-a), 3.80 (dd, 1 H, J4,5 = 9.9
Hz, H-4), 3.59 (ddd, 1 H, H-5), 3.55 (dd, 1 H, Ja,a′ = 10.1,
Ja′,b = 4.3 Hz, H-a′), 2.15 (s, 3 H, Ac), 2.13 (s, 3 H, Ac),
2.09–2.00 (m, 17 H, 2 H-f, 5 Ac), 1.96 (s, 3 H, Ac), 1.94 (s, 3
H, Ac), 1.36–1.25 (m, 22 H, 11 CH2), 0.88 (t, 3 H, J = 6.9
Hz, CH3); 13C NMR (100.6 MHz, CDCl3): δ 170.37, 170.36,
170.14, 170.08, 169.93, 169.80, 169.70, 169.58, 169.05 (9
C O), 137.34 (C-e), 124.54 (C-d), 101.05, 100.32 (C-1, C-1′),
75.95, 73.46, 72.66, 72.45, 71.70, 70.93, 70.68, 69.03, 66.56
(C-2,3,4,5, C-2′,3′,4′,5′, C-c), 67.11 (C-a), 61.67, 60.76 (C-6,
C-6′), 50.72 (C-b), 32.29 (C-f), 31.90, 29.68, 29.67, 29.66,
29.64, 29.59, 29.45, 29.34, 29.18, 28.97, 22.67 (11 CH2),
21.07, 20.83, 20.78, 20.76, 20.65–20.63, 20.51 (9 Ac), 14.11
(CH3).

HRMS (FAB+): Calcd for C48H76NO21 (M + H)+ m/z
1002.4910, found 1002.4944.

(2S,3R,4E)-3-[2,3,4,6-Tetra-O-acetyl-β-D-galactopyran-
osyl-(1→4)-2,3,6-tri-O-acetyl-β-D-glucopyranosyloxy]-2-
acetamido-1-acetoxy-octadec-4-ene (14). A mixture of
compound 11 and 12 (14 mg) was treated with Ac2O (0.3 mL)
in pyridine (0.6 mL) for 15 h at room temperature. TLC
indicated disappearance of the starting material, and a new
spot with Rf = 0.3 in 15:1 CH2Cl2-MeOH, but this spot could
be separated into two spots using 1:2 CH2Cl2-EtOAc; the
first one had Rf = 0.35 which corresponds the compound 13
and the second one had Rf = 0.31. After concentration, the
residue was co-evaporated with toluene and purified by flash
chromatography (2:3 CH2Cl2-EtOAc) to afford 13 (1.3 mg)
and 14 (4.8 mg), together with a mixture of 13 and 14 (7.5 mg).
14: [α]D = −11.7 (c = 0.48, CHCl3); 1H NMR (400 MHz,
CDCl3): δ 6.02 (d, 1 H, Jb,NH = 9.0 Hz, NH), 5.74 (dt, 1 H,
Je,f = 6.8, Jd,e = 15.5 Hz, H-e), 5.38 (dd, 1 H, J3′,4′ = 3.4,
J4′,5′ = 0.8 Hz, H-4′), 5.33 (dd, 1 H, Jc,d = 7.3 Hz, H-d),
5.21 (dd, 1 H, J2,3 = 9.6, J3,4 = 9.1 Hz, H-3), 5.14 (dd, 1 H,
J1′,2′ = 7.9, J2′,3′ = 10.4 Hz, H-2′), 4.99 (dd, 1 H, H-3′), 4.94
(dd, 1 H, J1,2 = 8.0 Hz, H-2), 4.54 (dd, 1 H, J5,6a = 2.1,
J6a,6b = 11.8 Hz, H-6a), 4.52 (d, 1 H, H-1′), 4.46 (d, 1 H, H-1),
4.28 (m, 1 H, H-b), 4.23–4.09 (m, 6 H, H-a, H-a′, H-6b, H-c,
H-6′a, H-6′b), 3.91 (dt, J5′,6′a = J5′,6′b = 7.0 Hz, H-5′), 3.83
(dd, J4,5 = 9.8 Hz, H-4), 3.58 (ddd, 1 H, J5,6b = 5.0 Hz, H-5),
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2.19 (s, 3 H, Ac), 2.17 (s, 3 H, Ac), 2.11 (s, 3 H, Ac), 2.09–2.06
(m + 4 s, 14 H, H-f, H-f′, 4 Ac), 2.01 (s, 3 H, Ac), 2.00 (s, 3
H, Ac), 1.31–1.28 (m, 22 H, 11 CH2), 0.92 (t, 3 H, J = 7.0
Hz, CH3); 13C NMR (100.6 MHz, CDCl3): δ 170.97, 170.37,
170.33, 170.14, 170.09, 169.75, 169.74, 169.52, 169.03 (9
C, 9 C O), 136.93 (C-e), 124.84 (C-d), 101.04 (C-1′), 97.97
(C-1), 80.23 (C-c), 72.67 (2 C, C-3, C-5), 71.34 (C-2), 70.91
(C-3′), 70.67 (C-5′), 69.06 (C-2′), 66.54 (C-4′), 62.08, 61.63,
60.76 (C-a, C-6, C-6′), 51.32 (C-b), 32.31 (C-f), 31.91, 29.69,
29.68, 29.66, 29.64, 29.59, 29.45, 29.35, 29.24, 29.07, 22.68
(11 CH2), 23.22, 20.83, 20.82, 20.80 (4 Ac), 20.65 (4 C, 4 Ac),
20.52 (Ac), 14.12 (CH3).

HRMS (FAB+): Calcd for C48H76NO21 (M + H)+ m/z
1002.4910, found 1002.4892.

(2S,3R,4E)-1,3-Bis-[2,3,4,6-tetra-O-acetyl-β-D-galacto-
pyranosyl)-(1→4)-(2,3,6-tri-O-acetyl-β-D-glucopyranosyl-
oxy]-2-amino-octadec-4-ene (15). A mixture of 10 (25 mg,
0.0147 mmol) in 5% TFA solution (0.6 mL, prepared from
49.5:49.5:1 THF-CH2Cl2-H2O) was stirred at room tempera-
ture for 30 min. The reaction mixture was diluted with CH2Cl2
(2 mL) and poured into saturated aqueous NaHCO3 (5 mL).
The aqueous layer was extracted with CH2Cl2 (2 × 10 mL)
and the combined organic layers were dried over MgSO4.
After filtration, the filtrate was evaporated to dryness. The
residue was flash chromatographed (12:1 CH2Cl2-MeOH) to
afford first 15 (21 mg, 93%) as a white amorphous solid. Rf =
0.45 (11:1 CH2Cl2-H2O); [α]D = −14.6 (c = 1.6, CHCl3);
1H NMR (500 MHz, CDCl3): δ 5.68 (dt, 1 H, Je,f = 6.7,
Jd,e = 15.4 Hz, H-e), 5.35 (2 dd, 2 H, J3′,4′ = 3.5, J4′,5′ < 1 Hz,
H-4A′, H-4B′), 5.24 (dd, 1 H, Jc,d = 8.2 Hz, H-d), 5.18, 5.16
(2 dd, 2 H, J2,3 = J3,4 = 9.3 Hz, J2,3 = J3,4 = 9.4 Hz, H-3A,
H-3B), 5.11, 5.10 (2 dd, 2 H, J1′,2′ = 8.0, J2′,3′ = 10.5 Hz,
J1′,2′ = 7.8, J2′,3′ = 10.5 Hz, H-2A′, H-2B′), 4.96 (2 dd, 2
H, H-3A′, H-3B′), 4.88 (dd, 1 H, J1,2 = 8.0 Hz) and 4.87
(dd, 1 H, J1,2 = 8.1 Hz) (H-2A and H-2B), 4.49, 4.48, 4.47,
4.44 (4 d, 4 H, H-1A, H-1A′, H-1B, H-1B′), 2.14 (s, 6 H, 2
OAc), 2.13 (s, 3 H, OAc), 2.12 (s, 3 H, OAc), 2.09–2.01 (m,
26 H, 2 H-f, 8 OAc), 1.96 (s, 6 H, OAc), 1.39–1.25 (m, 22
H, 11 CH2), 0.88 (t, 3 H, J = 6.9 Hz, CH3); 13C NMR (75.5
MHz, CDCl3): δ 170.35, 170.29, 170.09, 170.02, 169.71,
169.51, 169.01 (14 C O), 138.18 (C-e), 124.80 (C-d), 101.07,
101.06, 100.63, 97.14 (C-1A, C-1A′, C-1B, C-1B′), 80.27,
76.34, 76.21, 72.83, 72.78, 72.57, 72.06, 71.74, 71.58, 70.95,
70.64, 69.08, 66.59 (C-2A,3A,4A,5A, C-2A′,3A′,4A′,5A′,
C-2B,3B,4B,5B, C-2B′,3B′,4B′,5B′, C-a, C-c), 61.96, 60.75
(C-6A, C-6A′, C-6B, C-6B′), 53.77 (C-b), 32.41, 31.87, 29.65,
29.61, 29.41, 29.31, 29.20, 22.64 (12 CH2), 20.84, 20.77,
20.70, 20.67, 20.59, 20.46 (14 OAc), 14.08 (CH3).

HRMS (FAB+): Calcd for C70H106NO36 (M + H)+ m/z
1536.6495, found 1536.6504.

(2S,3R,4E)-1-[β-D-Galactopyranosyl-(1 → 4)-β-D-gluco-
pyranosyloxy]-2-amino-octadec-4-en-3-ol (1). NaOMe
(2 mg) was added to a solution of 11 (16 mg, 0.0174 mmol)
in MeOH-CH2Cl2 (3:1, 1 mL) at room temperature under

argon. The mixture was stirred at room temperature for 15 h.
The reaction mixture was neutralized with Amberlite IR-120
resin (H+), filtered and evaporated under reduced pressure.
The residue was purified by passing through a Sephadex
LH-20 column (1:1 CH2Cl2-MeOH) to afford 1 (10.5 mg,
96%) as a white amorphous solid. Rf = 0.53 (5:4:1 CH2Cl2-
MeOH-H2O); 1H NMR (500 MHz, CD3OD): δ 5.83 (dt, 1 H,
Je,f = 6.7, Jd,e = 15.3 Hz, H-e), 5.45 (dd, 1 H, Jc,d = 6.6 Hz,
H-d), 4.32, 4.31 (2 d, 2 H, J = 7.9 Hz, J = 7.8 Hz, H-1,
H-1′), 4.27 (m, 1 H, H-c), 3.96–3.26 (m, 15 H, H-2, H-3,
H-4, H-5, H-6a, H-6b, H-2′, H-3′, H-4′, H-5′, H-6′a, H-6′b,
H-a, H-a′, H-b), 2.07 (m, 2 H, 2 H-f), 1.41–1.22 (m, 22 H, 11
CH2), 0.87 (t, 3 H, J = 6.9 Hz, CH3); 13C NMR (75.5 MHz,
CD3OD): δ 136.64 (C-e), 128.52 (C-d), 105.11, 103.82 (C-1,
C-1′), 80.42, 77.14, 76.61, 76.29, 74.83, 74.54, 72.52, 71.19,
70.28 (C-2,3,4,5, C-2′,3′,4′,5′, C-c), 67.50 (C-a), 62.52, 61.66
(C-6, C-6′), 56.63 (C-b), 33.37, 33.06, 30.78, 30.75, 30.63,
30.46, 30.39, 30.19, 23.73 (12 CH2), 14.43 (CH3).

HRMS (FAB+): Calcd for C30H58NO12 (M + H)+ m/z
624.3959, found 624.3937.

(2S,3R,4E)-3-[β-D-Galactopyranosyl-(1 → 4)-β-D-gluco-
pyranosyloxy]-2-amino-octadec-4-en-1-ol (2). Reaction was
carried out in a similar manner as that described for 1, using
12 (15 mg) to provide 2 (10 mg, 98%); TLC: Rf = 0.37
(5:4:1 CH2Cl2-MeOH-H2O); [α]D = −24.6 (c = 1, MeOH);
1H NMR (500 MHz, CD3OD): δ 5.97 (dt, 1 H, Je,f = 6.8,
Jd,e = 15.4 Hz, H-e), 5.39 (dd, 1 H, Jc,d = 7.7 Hz, H-d), 4.51
(dd, 1 H, Jb,c = 3.7 Hz, H-c), 4.33 (2 d, 2 H, J = 7.7 Hz,
H-1, H-1′), 3.96–3.29 (m, 15 H, H-2, H-3, H-4, H-5, 2 H-6,
H-2′, H-3′, H-4′, H-5′, 2 H-6′, 2 H-a, H-b), 2.13 (m, 2 H, 2
H-f), 1.46–1.22 (m, 22 H, 11 CH2), 0.90 (t, 3 H, J = 6.9 Hz,
CH3); 13C NMR (75.5 MHz, CD3OD): δ 140.38 (C-e), 124.28
(C-d), 105.11, 100.42 (C-1, C-1′), 80.54, 77.14, 76.88, 76.56,
76.35, 74.83, 74.42, 72.50, 70.27 (C-2,3,4,5, C-2′,3′,4′,5′,
C-c), 62.52, 61.76 (C-6, C-6′), 59.64 (C-a), 56.63 (C-b), 33.40,
33.06, 30.79, 30.75, 30.59, 30.45, 30.36, 30.04, 23.72 (12
CH2), 14.43 (CH3).

HRMS (FAB+): Calcd for C30H58NO12 (M + H)+ m/z
624.3959, found 624.3954.

(2S,3R,4E) -1,3-Bis-[β-D-galactopyranosyl-(1 → 4)-β-D-
glucopyranosyloxy]-2-amino-octadec-4-ene (3). Reaction
was carried out similarly to that described for 1, except
that MeOH-CH2Cl2 (7:3) was used as solvent. Thus 15 mg
of compound 15 gave 9.2 mg of 3 (98%); TLC: Rf = 0.2
(3:3:2 EtOAc-iPrOH-H2O); [α]D = −23.3 (c = 1 , MeOH);
1H NMR (500 MHz, CD3OD): δ 6.00 (dt, 1 H, Je,f = 6.8,
Jd,e = 15.4 Hz, H-e), 5.41 (dd, 1 H, Jc,d = 7.7 Hz, H-d), 4.53
(m, 1 H, H-c), 4.37–4.32 (4 d, 4 H, J = 7.7 Hz, J = 8.0 Hz,
H-1A, H-1A′, H-1B, H-1B′), 2.13 (m, 2 H, 2 H-f), 1.46–1.22
(m, 22 H, 11 CH2), 0.90 (t, 3 H, J = 6.8 Hz, CH3); 13C NMR
(75.5 MHz, CD3OD): δ 140.17 (C-e), 123.82 (C-d), 104.85,
104.85, 103.56, 100.31 (C-1A, C-1A′, C-1B, C-1B′), 80.29,
80.18, 76.88, 76.67, 76.38, 76.08, 74.56, 74.23, 74.14, 72.23,
70.00 (C-2A,3A,4A,5A, C-2A′,3A′,4A′,5A′, C-2B,3B,4B,5B,
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C-2B′,3B′,4B′,5B′, C-c), 67.19 (C-a), 62.26, 60.75 (C-6A,
C-6A′, C-6B, C-6B′), 55.52 (C-b), 33.16, 32.17, 30.54, 30.49,
30.32, 30.19, 30.14, 29.77, 23.45 (12 CH2), 14.15 (CH3).

HRMS (FAB+): Calcd for C42H78NO22 (M + H)+ m/z
948.5015, found 948.5002.
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