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ABSTRACT

The total synthesis of two neutral glycosphingag{GSLs) from the fungusirsutella
rhossiliensis has been achieved. The GSLs possess a commoriaieoga
(GalB1-6Gal) and have the following sequence:
a-D-Manp(1—3)-p-D-Galp(1—6)--D-Galp(1—6)-p-D-Galp(1 - 1)Cer () and
a-D-Manp(1—3)-p-D-Galp(1—6)[a-D-Glcp(1—4)]-p-D-Galp(1—6)-p-D-Galp(l — 1)Ce

r (2). Our efficient synthetic strategy uses the déferreactivity of the hydroxyl groups
of galactose and thee-orienting solvent effect of dioxane-toluene to giete GSLsY)
and Q).

1. Introduction

Many glycosphingolipids (GSLs) sequences isolatethfvertebrates terminate in
sialic acid residues. In recent years, the syrmshafsdihese GSLs and the understanding
of the biological functions has attracted a loatiéntion by various research grotiga
contrast, research on GSLs isolated from invertebraas been neglected. There are
only limited reports which describe naturally ogtuy sequences of GSLs in
invertebrate$®™. These structures are significantly different froi8LG isolated from
vertebrates. Moreover, the biological function @IS in invertebrates and fungi are
unknown. For this reason we have been interestdtkisynthesis of glycolipids
derived from various invertebrate sources in otdearify their biological
functiong?3’,

Isolation and purification of glycolipids from inktebrate species are very difficult
and the amount available is extremely small. Assalt, controlled regio- and
stereoselective synthetic approaches are requirpcbtiuce sufficient amounts of
homogenous material to explore biological struc¢turetion relationships. Once the
synthetic methodology has been developed this approan also be applied to produce
non-natural glycolipid analogs to exploit or mangia their biological functions.

Tani et al. isolated and characterized three kaidew GSLs,
a-D-Manp(1—3)-p-D-Galp(1—6)--D-Galp(1—6)-p-D-Galp(1 — 1)Cer (),
a-D-Manp(1—3)-p-D-Galp(1—6)[a-D-Glcp(1—4)]-p-D-Galp(1—6)-p-D-Galp(l ~ 1)Ce
r (2), anda-D-Glcp(1—2)-B-D-Galp(1—6)-p-D-Galp(1—6)--D-Galp(1l - 1)Cer @),
which have neogala-serigsp-Galp(1-6)-D-Galp(1-6)-D-Galp, as core structure
from the nematophagous fungds sutella rhossiliensis®®. Compound was also
isolated from moldNeurospora crassa and the synthesis of compouBtias been



completed by Otsuka et?alIn this paper we describe our efforts to prej&ds (1)

and @). We were patrticularly interested to develop alsgtic scheme which minimizes
the number of protection and deprotection stepsxdpjoiting the different reactivities
of hydroxyl groups in galactose. This approachxjsegeted to reduce the number of
synthetic steps while at the same time improvirggdverall yield of the desired
products.

2. Result and discussion
2.1 Total synthesis of glycosphingolipid 1

The tetrasaccharide glycosphingolididontains the neogala-core sequence
[B-D-Galp(1—6)-B-D-Galp(1—6)-B-D-Galp] was prepared by stepwise synthesis of
galactosyl donors and acceptors (Scheme 1). Galetoosyl dono# and5 were
obtained from phenyl 4,6-benzylidene-1-thig-p-galactopyranosides)**.
Regioselective chloroacetylation and subsequermthzoylation of3 provided donon™.
Benzoylation of the two free hydroxyl groups3iising standard condition providsd.
We envisaged to achieve regioselectiv@-gtycosylation of galactoside accepéor
unprotected at both C-4 and C-6 by taking advantédgiee greater steric hindrance
between primary and secondary (axia) hydroxyl gscagwell as using deactivating
2,3-0-benzoyl protecting groups. Disaccharitieas synthesized by selective
glycosylation of diol-based glycosyl accep8f with thiogalactosyl donds using
N-iodosuccinimde (NIS)/ trifluoromethanesulfonic@¢TfOH) as promotéf*% The
B-linkage in7 was confirmed byH-NMR spectroscopy. The nature of the new
glycosidic linkage was determined by coupling cansbf anomeric proton (H-1§ =
4.94,J = 8.1 Hz). This reaction was achieved by usinglsamount of donob (1.1
equv.) which reacted regioselectively with the 6-Gfthcceptob. In addition, the
glycosylation with the 6-OH was evidenced by HMB®relation between the signal of
C-6 atd = 66.9 and H-1" ab = 4.94. The 4-OH group inwas acetylated and the
benzylidene was cleaved by treatment with 80% A¢@produce dioB in 72% yield.
Comparing théH-NMR data of7 with those o8 showed that H-4 signal of Gal a
residue was shifted downfield by 1.49 ppm. Thie ahslicates that the Gal b was bound
at the 6-position of Gal a. The same previouslydesd regioselective glycosylation
strategy was used to generate trisacch&ifdem diol 8. NIS/TfOH promoted
glycosylation of thiogalactoside dondmwith acceptoB provided trisaccharid@ in
78% yield as the only product. The anomeric pratbnewly established anomeric



center appeared as a doubled at7.83 ( = 8.2 Hz) consistent with the expected
B-linkage. Trisaccharide acceptt® was synthesized by hydrolysis of the chloroacetyl
group in9 with aqueous pyridine in 92% vyield.
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Scheme 1. Reagents and conditions: (a) see ref. 40; (b)dgdmhloride, pyridine, 87%;

(c) NIS, TfOH, 4A MS, CHCI,, 7 86%,9 78%: (d) 1) AgO, pyridine, 2) 80% AcOH,
72% (two steps); (e) pyridine,.8, 92%.
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Regioselective glycosylation of thiomannosyl dofitf with the trisaccharide
diol-acceptorlO in the presence of NIS and TfOH gave desired disatdel2. As
expected, the more reactive equatorial hydroxyligrat 3-position of acceptdf was
successfully glycosylated. However, we were un#blsolate any other glycosylation
product derived from glycosylation of the axial hyxlyl group indicating the highly
regioselective nature of this glycosylation. Theonfiguration of the new glycosidic
linkage in12 was indicated by théc.;,n.1- value of 170 Hz. Furthermore, the binding to
the 3-position was indicated by HMBC between tlgmai of C-3 of Gal c ai = 74.8
and H-1 of Man aé = 5.10. The successful selective introduction ahnose residue to
reactive 3-OH makes this strategy very attractivé @avoids time-consuming protection
and deprotection steps. Removal of the benzylid¢id@ with 80% AcOH and
acetylation gave protected tetrasacchati@len 92% yield over two steps. Comparing
the'H-NMR data of12 with those ofl3 showed that H-4 signal of Gal b residue was
shifted downfield by 1.30 ppm, so it was confirntedt the mannose was bound to
3-position of the Gal c. Selective removal of 2ng&thylsilyl)ethyl (TMS-ethyl) group
in 13 with trifluoroacetic acid (TFA) in CkCl,, followed by treatment with CECN in



the presence of 1,8-diazabicyclo[5,4,0]-undeca-@{@BUY* afforded corresponding
a-trichloroacetimidatd4 in 90% vyield over two steps. Glycosylation of piggramide
acceptor (23R 4R)-3,4-di-O-benzoyl-2-hexadecanamido-octadecane-1,3,44808|

with glycosyl donor4 in the presence of trimethylsilyl trifluoromethaaéonate
(TMSOTH)*® afford desired protected glycosphingoligiélin 56% yield. Finally,
Zemplén-based deacylation 18 and purification by column chromatography on
Sephadex LH-20 produced glycosphingolipi(Scheme 2) in 84% yield. The structure
and purity ofl were demonstrated by itsl NMR and HR-FABMS data.
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Scheme 2. Reagents and Conditions: a) NIS, TfOH, 4A MS ,CH, 75%: b) 1)
80%AcOH, 2) AgO, pyridine, 92% (two steps); c) 1) TFA, gEl,, 2) CCECN, DBU,
CH,Cl,, 90% (two steps); d) TMSOTf, 4A MS, GEl,, 56%; e) NaOMe,
1,4-dioxane/MeOH, 84%.

2.2 Total synthesis of glycosphingolipid 2

The pentasaccharide glycosphingoli@idontains differs fromi by addition of a
glucose residue to the unreactive axial hydroxgligrin tetrasaccharide. The
pentasaccharide portion of glycolif2dvas synthesized by glycosylation of reactive
perbenzylated thioglucoside dorid?® with tetrasaccharide acceptift. We studied



various reaction conditions varying solvent andgemture to optimize the desired
a-selectivity in this reaction. Using a toluene/tli¢xane mixturé” as solvent at —20°C
resulted in completa-selectivity in this reaction to produd8a in 77% yield. (Scheme
3. Table). Thex-linkage was assigned on the homonuclear coupbngtant (br. d) of
newly anomeric proton signal at= 5.10 and carbon signal@t 99.4. The3-linkage

in 18P was assigned on proton siglat 4.36 (d,J = 7.6 Hz) and carbon signal @t
103.8.
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Table a-glycosylation under various conditions
Ent. Solvent Temp. Yield a:p
1 CH.Cl, -40C  83% 1.2:1
2 CH,Cly/ether = 5/1 X 79% 5:1

3  toluene/l,4-dioxane=3/1 -ZD 77% Onlya

Removal of benzylidene and benzyl group48a using catalytic hydrogenolysis
over 10%Pd(OH)C in THF/MeOH/AcOH followed by acetylation provide
O-acetylated intermediat®. Compoundl9 was exposed to TFA to produce the
hemiacetal which was converted imterichloroacetimidat®0 in quantitative yield.
TMSOTf-promoted glycosylation of phytoceramide gatoel5 with glycosyl imidate
donor20 produced desire@-glycoside2l in 42% yield. Finally standard deacylation of
21 and purification by column chromatography on Seletxa_H-20 afforded



glycosphingolipid2 (Scheme 4). The structure and purity2afere demonstrated by its
'H NMR, **C NMR and HR-FABMS data.

R%0
R330
Ao OAcR’O N R' R R® R4 RS
Ao -0 OR?__, 180 >CHPh Bn OSE H
Kco OR" o a
0, 0
0&/ <’ AcO
OBz _0 19 Ac Ac Ac OSE H
BzO OB 0
Z 4
BzO R b
BzO
RS 20 Ac Ac Ac H OC(NH)CCl;

z 3
H RO
HO_AA 3
\/\‘/\C“Hgg AcR O’%
OBz
AcO
AgOS -0 OR?

20

BzO

c é d
OBz /0 c H .
BzO %l 151 2

C14H29

Scheme 4. Reagents and Conditions: a) 1) Pd(@8)H,, THF/MeOH/AcOH, 2) AgO,
Pyr, 86% (two steps); b) 1) TFA, GEl,, 2) CCECN, DBU, CHCI,, quant. (two steps);
c) TMSOTf, 4A MS, CHCIl,, 42%; d) NaOMe, 1,4-dioxane/MeOH, 88%.

3. Conclusion

In summary, a systematic and integrated approactéosynthesis of two naturally
occurring glycosphingolipid$ and2 from the fungugirsutella rhossiliensis has been
accomplished. The synthetic strategy describedatsybe useful for the synthesis of
related GSLs from other species. Biological agggitof glycosphingolipidd and2 is
currently in progress, and the results will be régbin detail elsewhere.

4. Experimental

4.1 General

Optical rotations were measured with a Jasco P-tigfital polarimeter'H and**C



NMR spectra were recorded with a JEOL 400 FT NMEcsmmeter. MgSi or acetone
were used as internal standards for G CD;OD and BO. MALDI-TOFMS was
recorded on an SHIMADZU AXIMA-CFR Plus mass spegteter. High-resolution
mass spectra were recorded on a JEOL T100LP urglerdaditions. TLC was
performed on Silica Gel 60 F254 (E. Merck) withetgton by quenching of UV
fluorescence and by charring with 10%3€, in EtOH. Column chromatography was
carried out on Silica Gel 60N 100-2fith (KANTO KAGAKU). Ultra Pack A (p11 x
300, Silica gel 4Qum, YAMAZEN), Ultra Pack B (26 x 300, Silica gel 4Qm,
YAMAZEN), and Hi-flash column L@26 x 100, Silica gel 40m, YAMAZEN) were
used for flash column chromatography.

Phenyl 4,60-benzylidene-1-thi®-D-galactopyranoside3)*°, 2-(trimethylsilyl)ethyl
2,3-di-O-benzoylB-D-galactopyranosides)*?, phenyl
2,3,4,6-tetra@-acetyl-1-thioe-D-mannopyranosidel{)**, phenyl
2,3,4,6-tetrad@-benzyl-1-thio-D-glucopyranosidelf)*® were prepared as reported.
Benzoylceramidd5 was prepared from phytosphingosine, which washasged from
Degussa (The Netherlands) by the conventional $eep-procedur?’

4.2. Phenyl 2,3-di-O-benzoyl-4,6-O-benzylidene-B-D-galactopyranoside (5)

To a solution o8 (600 mg, 1.67 mmol) in pyridine (10.0 mL) was adda{l| (0.58
mL, 5.00 mmol), and the mixture was stirred for ti.&t C. The mixture diluted with
CHCI;, washed with 10% aq. HCI, sat. ag. NaHC@nd brine, dried (MgS and
concentrated. The residue was purified by silidecgkumn chromatographypb0 x 130
mm) using 4:1 hexane-AcOEt to gi8€824 mg, 87%) as a white solid.

[a]p?® —20.1 € = 1.0, CHC}). *H NMR (400 MHz, CDCJ): & 7.99-7.23 (m, 20H, 4 x
Ph), 5.81 (t, 1HJ); 2= J,3= 9.9 Hz, H-2), 5.51 (s, 1H,HPh), 5.36 (ddJs; 4 = 3.2 Hz,
1H, H-3), 4.96 (d, 1HJ;> = 9.8 Hz, H-1), 4.59 (d, 1Hl; 4 = 3.2 Hz, H-4), 4.54 (dd,
Js,6a= 1.6 HZ,Jsa b= 12.4 Hz, 1H, H-6a), 4.09 (dd, 1Bker= 1.5 Hz,Jsa6p= 12.5 Hz,
H-6b), 3.75 (br. d, 1HJ = 0.9 Hz, H-5);"*C NMR (100 MHz, CDGJ): 5 166.1, 164.9,
137.5, 133.8, 133.3, 133.1, 131.0, 130.1, 129.9,71229.6, 129.0, 128.7, 128.4, 128.3,
128.2,128.1, 126.4, 100.9, 85.2 (C-1), 74.0, 78963, 69.1, 67.0.

HR-FABMS: calcd for GaH250;SNa:m/z 591.1453; foundnvz 591.1478 [M+Nal.

4.3. 2-(Trimethylsilyl)ethyl
2,3-di-O-benzoyl-4,6-O-benzylidene-B-D-galactopyranosyl-(1 - 6)-2,3-di-O-benzoyl-
[3-D-galactopyranoside (7)



A mixture of acceptor 2-(trimethylsilyl)ethyl
2,3-di-O-benzoylB-D-galactopyranosidesf (2.30 g, 4.71 mmol} (2.94 g, 5.18 mmol)
and 4A MS (4.50 g) in dry Ci€l, (25.0 mL) was stirred for 3 h at room temperature,
then cooled to —60°C. NIS (1.75 g, 7.75 mmol) af@H (69.6 uL, 0.78 mmol) was
added, and the mixture was stirred for 1 h at —6@R€n neutralized with EN. The
precipitates were filtrated off and washed with G Cr'he combined filtrate and
washings were successively washed with sat. agS;Ng sat. aq. NaHC§) brine,
dried (MgSQ), and concentrated. The product was purified Bigasigel column
chromatography@0 x 170 mm) using 3:1 hexane-AcOEt to giv8.83 g, 86%) as an
amorphous powder.

[a]p? +103.9 € = 1.0, CHCY). *H NMR (400 MHz, CDCYJ): 8 8.01-7.27 (m, 25H, 5 x
Ph), 5.92 (dd, 1HJ; >, = 8.1 Hz,J,3 = 10.3 Hz, H-2 of Gal b), 5.71 (dd, 1B}, = 8.0
Hz, J,3 = 10.3 Hz, H-2 of Gal a), 5.56 (s, 1H, HEPh), 5.42 (dd, 1HJ), 3= 10.2 Hz,
Js.4= 3.5 Hz, H-3 of Gal b), 5.25 (dd, 1Bb3=10.2 Hz J3 4= 3.2 Hz, 1H, H-30of Gal a),
4.94 (d, 1HJ; » = 8.1 Hz, H-1 of Gal b), 4.62 (d, 1B 4 = 3.5 Hz, H-4 of Gal b), 4.58
(d, 1H,J;,, = 8.0 Hz, H-1 of Gal a), 4.42 (dd, 1Bkea= 1.1 Hz,Jsaep= 12.6 Hz, H-6a
of Gal b), 4.29 (br. t, 1H] = 3.4 Hz, H-4 of Gal a), 4.21 (dd, 1B},6,= 6.5 Hz,Jsa,60=
10.6 Hz, H-6a of Gal a), 4.15 (dd, 18,6 = 1.6 Hz,Jsa 6= 12.4 Hz, H-6b of Gal b),
4.03 (dd, 1HJs5 6p = 6.4 Hz,J6a 6= 10.7 Hz, H-6b of Gal a), 3.92-3.86 (m, 2H, H{5 o
Gal a, ¢H,CH,;SiMe3), 3.74 (s, 1H, H-5 of Gal b), 3.45-3.38 (m, 1H{LCH,SiMey),
2.78 (d, 1HJon 4 = 5.3 Hz, 4-OH of Gal a), 0.85-0.62 (m, 2H, LH,SiMe;), —0.12 (s,
9H, CH,CH,SiMe3); *C NMR (100 MHz, CDGJ): 5 166.1, 165.6, 165.4, 165.2, 137.4,
133.3, 133.2, 133.1, 132.9, 129.9, 129.8, 129.9.612129.4, 129.4, 128.99, 128.96,
128.9, 128.33, 128.32, 128.27, 128.13, 128.08,21280.8 (C-1 of Gal b), 100.73,
100.65 (C-1 of Gal a), 74.1, 73.5, 73.4, 72.6, 58884, 68.81, 67.3, 67.0, 66.9, 66.5,
17.6, -1.50.

HR-FABMS: calcd for GHs40:5SiNa:mvz 969.3130; foundavz 969.3060 [M+Nal.

4.4. 2-(Trimethylsilyl)ethyl
2,3-di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-B-D-gal
actopyranoside (8)

To a solution of7 (3.83 g, 4.04 mmol) in pyridine (15.0 mL) was addsziO (10
mL) at 0°C, and the mixture was stirred for 18 hr@m temperature. The mixture
diluted with CHC4, washed with 10% ag. HCI, sat. ag. NaHC@nd brine, dried



(MgSQ,) and concentrated. To a solution of the residuAd®H (24 mL) was added
H,O (6.0 mL), and the mixture was stirred for 6 W&iC. The residue was purified by
flash column chromatography (Hi-flash column L)ngsil:1 hexane-AcOEt to giv@
(2.60 g, 72%) as an amorphous powder.

[a]p® +74.3 € = 1.0, CHCY). *H NMR (400 MHz, CDCJ): & 7.97-7.29 (m, 20H, 4 x
Ph), 5.82 (dd, 1H}; = 7.8 Hz,J, 3= 10.3 Hz, H-2 of Gal b), 5.78 (d, 1Bk 4= 3.4 Hz,
H-4 of Gal a), 5.63 (dd, 1H,; » = 8.0 Hz,J; 3= 10.3 Hz, H-2 of Gal a), 5.40 (dd, 1H,
Jo3=10.3 Hz,J34 = 3.4 Hz, H-3 of Gal a), 5.30 (dd, 1B, = 3.2 Hz,J,3 = 10.3 Hz,
H-3 of Gal b), 4.78 (d, 1H}, , = 7.8 Hz, H-1 of Gal b), 4.68 (d, 1H;, = 8.0 Hz, H-1

of Gal a), 4.45 (br. s, 1H, H-4 of Gal b), 4.071(t, Js 6a= Js 6 = 5.9 Hz, H-5 of Gal b),
3.97-3.85 (m, 6H, H-6 of Gal a, H-6 of Gal H£H,SiMes, 4-CH of Gal b), 3.74 (t,
Js.6a=Js 60 = 5.9 Hz, 1H, H-5 of Gal b), 3.49-3.42 (m, 1H{£LH,SiMe;), 3.18 (br. s,
1H, 6-CH of Gal b), 2.13 (s, 3H, CQd), 0.88—-0.67 (m, 2H, C¥H,SiMe3), —0.14 (s,
9H, CH,CH,SiMes); **C NMR (100 MHz, CDGJ): 5 170.78, 165.9, 165.6, 165.3, 165.2,
133.3, 133.2, 133.1, 129.8, 129.69, 129.66, 12828,1, 128.9, 128.4, 128.4, 128.3,
128.2, 101.2 (C-1 of Gal b), 100.8 (C-1 of Gal7.4, 73.9, 72.3, 72.1, 69.7, 69.6, 68.4,
68.0, 67.7, 67.2, 62.6, 10.7, 17.7, -1.54.

HR-FABMS: calcd for G/Hs,016SiNa: mz 923.2983; foundavz 923.2922 [M+Nal.

4.5. 2-(Trimethylsilyl)ethyl
2-O-benzoyl-4,6-O-benzylidene-3-O-chlor oacetyl-B-D-galactopyranosyl-(1 - 6)-2,3-
di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-B-D-galacto
pyranoside (9)

A mixture of acceptoB (1.44 g, 1.60 mmol), donat (0.950 g, 1.76 mmol) and 4A
MS (2.00 g) in dry CHCI, (16.0 mL) was stirred for 1.5 h at room tempemtdahen
cooled to —60°C. NIS (593 mg, 2.63 mmol) and Tf(#3.6 pL, 0.263 mmol) was
added, and the mixture was stirred for 1 h at —6@R€n neutralized with ENXl. The
precipitates were filtrated off and washed with G§Cr'he combined filtrate and
washings were successively washed with sat. agS;Ng sat. aq. NaHC§) brine,
dried (MgSQ), and concentrated. The product was purified bgsHl column
chromatography (Ultra pack B) using 4:3 hexane-Ac€@Egive9 (1.65 g, 78%) as an
amorphous powder.

[a]p® +49.7 € = 1.0, CHC}). *H NMR (400 MHz, CDCJ): 5 8.99-7.15 (m, 30H, 6 x
Ph), 5.70-5.63 (m, 2H, H-2 of Gal b, H-2 of Gal®$0-5.56 (m, 2H, H-2, 4 of Gal a),
5.23 (s, 1H, >E—-Ph), 5.31-5.24 (m, 2H, H-3 of Gal a, H-3 of GalxR0 (dd, 1H,J, 3

-10-



=10.6 Hz J3 4= 3.2 Hz, H-3 of Gal b), 4.83 (d, 1Bk = 8.2 Hz, H-1 of Gal c¢), 4.67 (d,
1H,J:,=7.7 Hz, H-1 of Gal b), 4.57 (d, 1Bk, = 7.8 Hz, H-1 of Gal a), 4.47 (br. d, 1H,
J34=3.3 Hz, H-4 of Gal c¢), 4.39 (br. d, 1Bz 11.5 Hz, H-6a of Gal c), 4.28 (br. s, 1H,
H-4 of Gal b), 4.17-4.10 (m, 2H, H-6a of Gal b, B-&f Gal c), 4.02 (d, 1H] = 15.6
Hz, COMH.CI), 3.99-3.91 (m, 3H, H-5, 6b of Gal b, C&gCl), 3.87-3.73 (m, 4H, H-5,
6 of Gal a, ®l,CH,SiMe;), 3.67 (br. s, 1H, H-5 of Gal c), 3.40-3.33 (m,,1H
CH,CH,SiMes), 2.85 (s, 1H, 4-8 of Gal b), 2.02 (s, 3H, CQ43), 0.81-0.59 (m, 2H,
CH,CH,SiMe3), —0.16 (s, 9H, ChCH,SiMes); *C NMR (100 MHz, CDGJ): & 170.0,
167.2, 165.6, 165.4, 165.3, 165.2, 165.1, 137.3.5,3133.2, 133.03, 133.01, 129.8,
129.74, 129.67, 129.63, 129.58, 129.5, 129.19,1R929.0, 128.6, 128.33, 128.31,
128.29, 128.24, 128.22, 128.2, 126.3, 125.3, 1(¢-1 of Gal b), 101.0, 100.6 (C-1 of
Gal a), 100.5 (C-1 of Gal c¢), 73.7, 73.5, 73.41732.7, 71.9, 69.7, 69.5, 68.7, 68.6,
68.0, 67.5, 67.2, 66.8, 66.4, 66.0, 40.6, 21.4,200/.6, —1.50.

HR-FABMS: calcd for GgH71ClO23SiNa: mvz 1353.3661; found:nvVz 1353.3653
[M+Na]".

4.6. 2-(Trimethylsilyl)ethyl
2-O-benzoyl-4,6-O-benzylidene-3-D-galactopyr anosyl-(1 - 6)-2,3-di-O-benzoyl-B-D-
galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-pB-D-galactopyranoside (10)

To a solution 00 (322 mg, 0.242 mmol) in pyridine (6.0 mL) was addé&® (1.2
mL), and the mixture was stirred for 18 h a@0The mixture diluted with CHg|
washed with 10% aq. HCI, sat. aq. NaHCand brine, dried (MgS{pand concentrated.
The residue was purified by silica gel column chatmgraphy ¢30 x 150 mm) using
3:2 toluene-acetone to giue (280 mg, 91%) as an amorphous powder.

[a]p® +29.1 € = 1.0, CHC}). *H NMR (400 MHz, CDCJ): 5 8.06—7.16 (m, 30H, 6 x
Ph), 5.70 (dd, 1H}; » = 7.8 Hz,J, 3= 10.3 Hz, H-2 of Gal b), 5.61-5.57 (m, 3H, H-2, 4
of Gal a, >®1-Ph), 5.36 (dd, 1H}; » = 8.0 Hz,J,3 = 9.9 Hz, H-2 of Gal c), 5.20 (dd,
1H, J,3=10.3 HzJ3 4 = 3.4 Hz, H-3 of Gal a), 5.22 (dd, 1Bh3 = 10.3 Hz,J34= 3.2
Hz, H-3 of Gal b), 4.77 (d, 1Hj > = 8.0 Hz, H-1 of Gal c), 4.67 (d, 1H;, = 7.8 Hz,
H-1 of Gal b), 4.57 (d, 1H); > = 8.1 Hz, H-1 of Gal a), 4.38 (br. d, 1Bi= 11.7 Hz,
H-6a of Gal c), 4.28 (br. d, 2H,= 3.0 Hz, H-4 of Gal b, H-4 of Gal c), 4.14-4.19, (
3H, H-6a of Gal b, H-6 of Gal c¢), 4.01-3.76 (m, HH5, 6 of Gal a, H-5, 6b of Gal b,
H-3 of Gal ¢, GH,CH.,SiMe3), 3.61(br. s, 1H, H-5 of Gal c¢), 3.39-3.32 (m, 1H,
CH,CH,SiMe3), 2.84 (d, 1HJon 4 = 5.3 Hz, 4-® of Gal b), 2.66 (d, 1HJon s = 11.0
Hz, 3-CH of Gal c), 2.03 (s, 3H, CQ4g3), 0.81-0.59 (m, 2H, CiH,SiMes), —0.16 (s,
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9H, CH,CH,SiMes); **C NMR (100 MHz, CDGJ): 5 170.4, 166.3, 165.6, 165.4, 165.17,
165.15, 137.2, 133.2, 133.04, 133.02, 129.82, B29129.7, 129.63, 129.58, 129.5,
129.3, 129.1, 128.99, 128.95, 128.5, 128.33, 128128.22, 128.18, 126.3, 101.5,
101.1 (C-1 of Gal b), 100.6 (C-1 of Gal a), 100C41( of Gal c), 75.5, 73.7, 72.8, 72.5,
71.9, 71.5, 69.7, 69.6, 67.8, 68.1, 67.5, 67.40,686.8, 66.1, 20.5, 17.6, —1.49.
HR-FABMS: calcd for GH7002,SiNa:m/z 1277.3873; foundiz 1277.3826 [M+Nal].

4.7. 2-(Trimethylsilyl)ethyl
2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-2-O-benzoyl-4,6-O-benzylidene-
[3-D-galactopyranosyl-(1 - 6)-2,3-di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-ac
etyl-2,3-di-O-benzoyl-B-D-galactopyranoside (12)

Compoundl2 was prepared fromi0 (1.19 g, 0.95 mmol) andl (459 mg, 1.04
mmol) as described for preparation/ofThe product was purified by silica gel column
chromatography (5:2 toluene-acetone) to di2€1.13 g, 75%).

[a]p? +60.8 € = 1.0, CHC}). *H NMR (400 MHz, CDCJ): 5 8.10-7.31 (m, 30H, 6 x
Ph), 5.73 (dd, 1H}; > = 8.0 Hz,J, 3= 10.3 Hz, H-2 of Gal b), 5.64-5.58 (m, 4H, H-2, 4
of Gal a, H-2 of Gal ¢, >8-Ph), 5.33 (dd, 1H}, 3= 10.5 Hz J3 4= 3.4 Hz, H-3 of Gal
a), 5.25 (dd, 1H}),3=10.2 Hz J3 4= 2.9 Hz, H-3 of Gal b), 5.21-5.14 (m, 3H, H-243,
of Man), 5.10 (br. s, 1H, H-1 of Man), 4.85 (d, 1H; = 8.0 Hz, H-1 of Gal c), 4.69 (d,
1H,J; 2= 8.0 Hz, H-1 of Gal b), 4.61 (d, 1B, > = 8.0 Hz, H-1 of Gal a), 4.47-4.40 (m,
2H, H-4, 6a of Gal c), 4.33 (d, 1k 4= 2.9 Hz, H-4 of Gal b), 4.21-4.12 (m, 3H, H-6a
of Gal b, H-3, 6b of Gal c¢), 4.01-3.76 (m, 8H, He5f Gal a, H-5, 6b of Gal b, H-5, 6
of Man, 4-CH of Gal b, H,CH;SiMe3), 3.62(br. s, 1H, H-5 of Gal ¢), 3.44-3.37 (m, 1H,
CH,CH,SiMes), 2.13, 2.08, 2.07, 1.94, 1.77 (each s, each 3biCH3), 0.85-0.63 (m,
2H, CH,CH,SiMes), -0.13 (s, 9H, CbCH,SiMe3); *C NMR (100 MHz, CDG)): &
170.4, 170.03, 169.98, 169.5, 169.1, 165.6, 16863,2, 165.1, 164.9, 149.6, 137.2,
133.3, 133.2, 133.1, 133.0, 132.9, 129.8, 129.9,6% 129.60, 129.55, 129.5, 129.2,
129.0, 128.9, 128.4, 128.3, 128.3, 128.2, 126.5,112123.7, 101.0 (C-1 of Gal b),
100.8, 100.54 (C-1 of Gal a), 100.45 (C-1 of Gal9®).2 0c 4 = 170 Hz, C-1 of Man),
74.8, 73.7, 73.2, 72.7, 71.9, 71.6, 69.9, 69.766%9.6, 68.9, 68.6, 68.3, 68.0, 67.4,
67.1, 66.7, 66.6, 65.8, 65.6, 61.7, 20.8, 20.6562®0.50, 20.4, 17.5, -1.52.
HR-FABMS: calcd for G;HggO3:SiNa:mz 1607.4977; foundiz 1607.4806 [M+Nal].

4.8. 2-(Trimethylsilyl)ethyl
2,3,4,6-tetr a-O-acetyl-a-D-mannopyranosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-3-D
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-galactopyranosyl-(1 - 6)-6-O-acetyl-2,3-di-O-benzoyl-f3-D-galactopyr anosyl-(1 - 6)
-4-O-acetyl-2,3-di-O-benzoyl-a-D-galactopyranoside (13)

To a solution ofl2 (156 mg, 98.Jumol) in AcOH (2.4 mL) was added,B (0.6 mL)
at room temperature, and the mixture was stirre®f0 h at 78C. After completion of
the reaction, the mixture was concentrated. Tolatisa of the residue in pyridine (3.0
mL) was added A© (2.0 mL), and the mixture was stirred for 18 hrabm
temperature. The mixture diluted with CHClvashed with 10% aqg. HCI, sat. aqg.
NaHCGQ;, and brine, dried (MgS{pand concentrated. The residue was purified ligesil
gel column chromatographyZ2 x 180 mm) using 8:1 toluene-acetone to di8¢147
mg, 92%) as an amorphous powder.
[a]p® +55.2 € = 1.0, CHC}). *H NMR (400 MHz, CDCJ): & 8.05-7.31 (m, 25H, 5 x
Ph), 5.63 (br. d, 1H);4 = 3.2, H-4 of Gal b), 5.61-5.58 (m, 2H, H-2 of @alH-2 of
Gal b), 5.55 (br. d, 1Hl34 = 3.5 Hz, H-4 of Gal a), 5.45-5.39 (m, 2H, H-&f4Gal c),
5.34 (dd, 1HJ; 3= 10.3 Hz,J3 4 = 2.4 Hz, H-3 of Gal b), 5.30 (dd, 1B, 3= 10.5 Hz,
Js.4 = 3.5 Hz, H-3 of Gal a), 5.12-5.07 (m, 2H, H-2fMan), 5.01 (d, 1HJ);,= 1.6
Hz, H-1 of Man), 4.97 (dd, 1H, ;= 10.4 Hz J; 4= 3.4 Hz, H-3 of Man), 4.75 (d, 1H,
Ji12=7.8 Hz, H-1 of Gal ¢), 4.69 (d, 1B, = 8.0 Hz, H-1 of Gal b), 4.60 (d, 1B, =
8.0 Hz, H-1 of Gal a), 4.27 (dd, 1Bk 6a= 6.6 Hz,Jsa6p= 11.5 Hz, H-6a of Gal c), 4.20
(dd, 1H,Js6p= 6.4 Hz,Jsa 6= 11.5 Hz, H-6b of Gal c), 4.10 (dd, 18,3= 10.3 Hz J3 4
= 6.4 Hz, H-3 of Gal c), 4.03-3.65 (m, 11H, H-%f6Gal a, H-5, 6 of Gal b, H-5 of Gal
¢, H-5, 6 of Man, El,CH,SiMe3), 3.42-3.36 (m, 1H, B,CH,SiMe3), 2.23, 2.10, 2.083,
2.06, 1.90, 1.67 (each s, each 3H, 6 x E)C2.078 (s, 6H, 2 x COdz), 0.84-0.62 (m,
2H, CH,CH,SiMes), -0.15 (s, 9H, CbCH,SiMe3); *C NMR (100 MHz, CDG)): &
170.6, 170.4, 170.3, 169.9, 169.7, 169.31, 1691%%.34, 165.26, 165.11, 165.06,
164.4, 133.4, 133.2, 133.1, 133.0, 129.8, 129.@2.5B, 129.5, 129.4, 129.3, 128.9,
128.8, 128.5, 128.3, 128.2, 128.1, 101.0 (C-1 dfdgal00.8 (C-1 of Gal b), 100.6 (C-1
of Gal a), 94.9 (C-1 of Man), 73.8, 72.6, 72.5,97T7.1.6, 70.8, 70.0, 69.5, 69.4, 68.6,
68.52, 68.45, 67.9, 67.7, 67.4, 67.0, 65.03, 6560061, 61.47, 29.6, 20.7, 20.6, 20.5,
20.4, 20.3, 17.5, -1.55.
HR-FABMS: calcd for GoHgoO34SiNa: m/z 1645.4980; foundivz 1645.4910 [M+Nal].

4.9.

2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-3-D
-galactopyranosyl-(1 - 6)-6-O-acetyl-2,3-di-O-benzoyl-f3-D-galactopyr anosyl-(1 - 6)
-4-O-acetyl-2,3-di-O-benzoyl-B-D-galactopyranosyl trichloroacetimidate (14)
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To a solution ofL3 (136 mg, 83.8umol) in CHCI; (2.0 mL) was added GEO,H
(1.0 mL) at 6C, and the mixture was stirred for 1.5 h &€ OAfter completion of the
reaction, the mixture was concentrated. To a swiubf the residue in Ci&I, (2.0 mL)
was added C@CN (69.0uL, 670 umol) and DBU (18.8uL, 126 pmol) at GC. The
reaction mixture was stirred for 3.0 h at rt. Thixtare was concentrated and purified
by silica gel column chromatographg2@ x 105 mm) using 20:1 chloroform-acetone to
give 14 (126 mg, 90.2%) as an amorphous powder.

[a]p® +79.7 € = 1.0, CHCH). *H NMR (400 MHz, CDCJ): 5 8.23 (s, 1H, M), 8.07—
7.31 (m, 25H, 5 x Ph), 6.61 (d, 18i,, = 3.2 Hz, H-1 of Gal a), 5.79 (dd, 18$,5=10.5
Hz, J3 4= 3.2 Hz, H-3 of Gal a), 5.74 (dd, 1B, = 3.2 Hz,J, 3= 10.5 Hz, H-2 of Gal
a), 5.70 (br. d, 1H), 3= 3.2 Hz, H-4 of Gal a), 5.62 (br. d, 184,, = 3.2 Hz, H-4 of Gal
b), 5.57 (dd, 1HJ; > = 8.0 Hz,J, 3= 10.5 Hz, H-2 of Gal b), 5.44 (br. d, 18,4, = 3.5
Hz, H-4 of Gal c), 5.40 (dd, 1H; , = 8.0 Hz,J, 3= 10.0 Hz, H-2 of Gal c), 5.31 (dd,
1H, J;3=10.5 Hz J3 4= 3.2 Hz, H-3 of Gal b), 5.13-5.08 (m, 2H, H-Z%pf4Man), 5.02
(d, 1H,J;2 = 1.4 Hz, H-1 of Man), 4.98 (dd, 1K;3 = 3.2 Hz,J34 = 10.1 Hz, H-3 of
Man), 4.71 (d, 2HJ; > = 8.0 Hz, H-1 of Gal b, H-1 of Gal c¢), 4.47 (hrJt&= 5.5, 6.4 Hz
1H, H-6a of Gal a), 4.28-4.18 (m, 2H, H-6 of Gal4)12 (dd, 1HJ),3=10.0 HzJ3 4=
3.5 Hz, H-3 of Gal c¢), 4.02-3.82 (m, 6H, H-6b ofl @aH-5, 6 of Gal b, H-5 of Gal c,
H-6a of Man), 3.75-3.68 (m, 3H, H-5 of Gal a, H6b,0f Man), 2.25, 2.14, 2.10, 2.074,
2.069, 2.06, 1.91, 1.68 (each s, each 3H, 8 x B)C>C NMR (100 MHz, CDG)): &
170.6, 170.34, 170.29, 169.6, 169.5, 169.34, 169188.2, 165.5, 165.24, 165.18,
165.0, 164.4, 160.1, 133.41, 133.37, 1333.2, 13B29,.74, 129.66, 129.6, 129.48,
129.45, 129.2, 129.0, 128.9, 128.8, 128.6, 12&8,31, 128.27, 128.2, 128.1, 101.0
(C-1 of Gal b), 100.6 (C-1 of Gal c), 94.9 (C-1Mén), 93.3 (C-1 of Gal a), 90.5, 73.8,
72.7, 71.6, 70.7, 70.0, 69.1, 68.6, 68.5, 68.42,687.6, 67.5, 66.9, 65.0, 64.5, 61.4,
20.64, 20.60, 20.51, 20.48, 20.4, 20.3.

MALDI-TOFMS: calcd for G7H7sClsNOs4Na: vz 1688.3; foundnvz 1688.7 [M+Na].

4.10. (2S, 3S, 4R)-3,4-dibenzyloxy-2-(hexadecanoylamino)-octadecy!
2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-3-D
-galactopyranosyl-(1 - 6)-6-O-acetyl-2,3-di-O-benzoyl-f3-D-galactopyr anosyl-(1 - 6)
-4-O-acetyl-2,3-di-O-benzoyl-B-D-galactopyranoside (16)

A mixture of solution of acceptor
(2S3R/4R)-3,4-di-O-benzoyl-2-hexadecanamido-octadecane-1,3,4-{d6) (72.2 mg,
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94.4 umol), donorl4 (105 mg, 63.qumol) and 4A MS (400 mg) in dry Gigl, (0.80
mL) was stirred for 18 h at room temperature, tbeoled to 0°C. TMSOTT (9.08L,
50.4 umol) was added, and the mixture was stirred fort8&t 0°C, then neutralized
with EtsN. The precipitates were filtrated off and washathwCHCL. The combined
filtrate and washings were successively washed \otime, dried (MgS@), and
concentrated. The product was purified by flastuewl chromatography (Ultra Pack A)
using 1:1 hexane-ethyl acetate to g1%5980.0 mg, 56.0%) as an amorphous powder.
[a]p® +31.4 € = 1.0, CHCJ). 'H NMR (400 MHz, CDCJ): & 8.06—7.30 (m, 35H, 7 x
Ph), 6.05 (d, 1H = 9.1 Hz, NH), 5.59 (d, 1HJ3 4= 3.2 Hz, H-4 of Gal a), 5.55-5.25 (m,
9H, H-2, 3 of Gal a, H-2, 3, 4 of Gal b, H-2, 4®&l c, H-3, 4 of Cer), 5.12-5.06 (m,
2H, H-2, 4 of Man), 5.02 (br. s, 1H, H-1 of Man)94 (dd, 1HJ,3= 3.4 Hz,J; 4= 10.1
Hz, H-3 of Man), 4.67 (d, 1H},, = 8.1 Hz, H-1 of Gal c), 4.40 (d, 1K, > = 7.3 Hz,
H-1 of Gal b), 4.32-4.18 (m, 3H, H-6a of Man, H-2af Cer), 4.13-4.08 (m, 2H; »

= 8.0 Hz , H-1 of Gal a, H-3 of Gal c¢), 3.95-3.6%, O@H, H-5 of Gal a, H-5, 6a, of Gal
b, H-5, 6 of Gal ¢, H-5, 6b of Man, H-1b, 2 of Ge3)55 (dd, 1HJs6a= 4.1 HZ,Jsasb=
10.5 Hz, H-6a of Gal a), 3.09 (dd, 1B, = 2.5 Hz,Jsa6p= 9.4 Hz, H-6b of Gal b),
3.01 (dd, 1HJ5 6= 7.2 Hz Jsp 6a= 10.5 Hz, H-6b of Gal a), 2.21, 2.10, 2.09, 2D®8],
1.67 (each s, each 3H, 6 x CB4), 2.06 (s, 6H, 2 x COd3), 2.17-0.85 (m, 60H,
alkyl-H); **C NMR (100 MHz, CDGJ): & 172.7, 170.6, 170.43, 170.36, 170.0, 169.7,
169.4, 169.3, 166.1, 165.3, 164.9, 164.5, 164.8,413133.34, 133.25, 133.3, 133.0,
132.8, 130.3, 130.1, 129.8, 129.6, 129.5, 129.8,21229.1, 128.9, 128.8, 128.5, 128.3,
128.2, 100.9 (C-1 of Gal a), 100.8 (C-1 of Gal1)0.3 (C-1 of Gal b), 95.0 (C-1 of
Man), 73.8, 72.5, 72.0, 71.23, 71.15, 70.9, 70®0,769.4, 68.64, 68.57, 68.5, 67.8,
67.59, 67.55, 66.8, 66.6, 65.1, 61.53, 61.47, 43663, 31.8, 59.7, 69.6, 29.5, 29.4, 29.3,
29.1, 28.6, 25.6, 25.4, 22.6, 20.70, 20.66, 2@B36, 20.3, 14.1.

MALDI-TOFMS: calcd for G2dH1saNOsgNa: mz 2291 ; foundmvz 2291 [M+NaJ.

4.11. (2S, 3S, 4R)-2-(hexadecanoylamino)-3,4-dihydroxyoctadecyl
a-D-mannopyranosyl-(1 - 3)-B-D-galactopyr anosyl-(1 - 6)-3-D-galactopyranosyl-(1
- 6)-4-B-D-galactopyranoside (1)

To a solution ofl6 (68.3 mg, 30.3Jumol) in MeOH (2.0 mL) was added 1,4-dioxane
(2.0 mL) and NaOMe (200 mg) at room temperaturd,the mixture was stirred for 18
h at room temperature then neutralized with IR-128B). The precipitates were
fillrated off and concentrated. The product was iffgdr by gel filtration
chromatography (Sephadex LH-20 x 1000 mm) using 1:1 chloroform-MeOH to
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give 1 (30.5 mg, 84%) as a white solid.

[a]p®® +12.8 € = 0.2, 1:1 CHGFMeOH)."H NMR (400 MHz, 1:1 CDGCD;OD): &
4.99 (d, 1HJ = 1.1 Hz, H-1 of Man), 4.36 (d, 1d,= 7.3 Hz, H-1 of Gal c), 4.32 (d, 1H,
J=7.3 Hz, H-1 of Gal b), 4.27 (d, 1H,= 7.3 Hz, H-1 of Gal a)**C NMR (100 MHz,
CDClg): 6 175.5, 105.0 (C-1 of Gal b, c¢), 104.9 (C-1 of @gl97.4 (C-1 of Man), 77.7,
76.0, 74.90, 74.87, 74.5, 74.3, 74.1, 73.8, 7272,772.1, 72.0, 71.7, 70.5, 70.3, 69.8,
69.7, 69.6, 69.5, 68.4, 65.6, 62.6, 62.2, 51.41,332.8, 30.5, 30.5, 30.4, 30.3, 30.2,
26.9, 26.8, 23.5, 14.4.

HR-FABMS: calcd for GgHipdNOxsNa: mvz 1226.7237; found:m/z 1226.7118
[M+Na]".

4.12. 2-(Trimethylsilyl)ethyl
2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-2-O-benzoyl-4,6-O-benzylidene-
[3-D-galactopyranosyl-(1 - 6)-[2,3,4,6-tetr a-O-benzyl-a-D-glucopyranosyl-(1 - 4)]-2,

3-di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-B-D-gluco
pyranoside (18a)

4.13. 2-(Trimethylsilyl)ethyl
2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-2-O-benzoyl-4,6-O-benzylidene-
[3-D-galactopyranosyl-(1 - 6)-[2,3,4,6-tetr a-O-benzyl-B-D-glucopyranosyl-(1 - 4)]-2,

3-di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acethyl-2,3-di-O-benzoyl-B-D-gluc
opyranoside (18f3)

(Ent. 1) A mixture of acceptd2 (207 mg, 0.130 mmol), dondi7 (247 mg, 0.390
mmol) and 4A MS (250 mg) in dry GBI, (2.0 mL) was stirred for 2 h at room
temperature, then cooled to —40°C. NIS (132 mg8®..1mol) and TfOH (5.24uL,
58.5 umol) was added, and the mixture was stirred fordt R40°C, then neutralized
with EtsN. The precipitates were filtrated off and washathwCHCL. The combined
filtrate and washings were successively washed sdathaq. Ng5,03, sat. ag. NaHC¢)
brine, dried (MgS@), and concentrated. The product was purified bgasgel column
chromatography¢B0 x 170 mm) using 1:1 hexane-AcOEt to g8 (104 mg, 38%)
and18a (123 mg, 45%) as amorphous powders.

(Ent. 2) A mixture of acceptd2 (220 mg, 0.138 mmol), dond7 (263 mg, 0.414
mmol) and 4A MS (300 mg) in dry GBI, (2.0 mL) and dry diethyl ether (0.4 mL) was
stirred for 4 h at room temperature, then coole¢26°C. NIS (140 mg, 0.621 mmol)
and TfOH (5.56uL, 0.0621 mmol) was added, and the mixture wasestifor 1 h at
—-20°C, then neutralized with 8. The precipitates were filtrated off and washeathw
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CHCI;. The combined filtrate and washings were succebBsiwashed with sat. aqg.
NaS,03, sat. aq. NaHC§) brine, dried (MgS@), and concentrated. The product was
purified by flash column chromatography (Ultra Pd&kusing 5:2 hexane-AcOEt to
give 183 (38.8 mg, 13%) anti8a (189 mg, 65%) as amorphous powders.

(Ent. 3) A mixture of acceptdr2 (270 mg, 0.170 mmol), dond7 (323 mg, 0.511
mmol) and 4A MS (300 mg) in dry toluene (1.8 mLyadry 1,4-dioxane (0.6 mL) was
stirred for 4 h at room temperature, then coole¢26°C. NIS (173 mg, 0.767 mmol)
and TfOH (6.87uL, 0.0767 mmol) was added, and the mixture wasestifor 1 h at
—-20°C, then neutralized with 8. The precipitates were filtrated off and washathw
CHCI;. The combined filtrate and washings were succebBsiwashed with sat. aqg.
NaS,03, sat. aq. NaHC§) brine, dried (MgS@), and concentrated. The product was
purified by flash column chromatography (Ultra Pd&kusing 5:2 hexane-AcOEt to
give 18a (277 mg, 77%) as amorphous powders.
18a: [a]p®° +78.8 € = 1.0, CHCY). *H NMR (400 MHz, CDC}): & 8.26—7.28 (m, 50H,
10 x Ph), 5.79-5.70 (m, 5H, H-2, 4 of Gal a, H-Zzafl b, H-2 of Gal ¢, >8-Ph), 5.46
(dd, 1H,J,3 = 10.5 Hz,J3 4 = 3.4 Hz, H-3 of Gal a), 5.38-5.31 (m, 5H, H-3sl b,
H-2, 3 of Man, 2 x benzyl methylene), 5.24-5.21 2, H-1, 3 of Man), 5.14-5.10 (m,
2H, H-1 of Glc, benzyl methylene), 5.03 (d, 1H, b@gmethylene), 4.95-4.89 (m, 4H,
H-1 of Gal c, 3 x benzyl methylene), 4.74 (d, Dd; = 8.0 Hz, H-1 of Gal b), 4.71 (d,
1H, J;, = 7.6 Hz, H-1 of Gal a), 4.56-4.47 (m, 4H, H-4, &faGal b, H-4 of Gal c,
benzyl methylene), 4.26-4.19 (m, 4H, H-6b of GaHb3, 5 of Gal c, H-3 of Glc),
4.09-3.85 (m, 8H, H-6 of Gal a, H-5 of Gal b, H®&,of Man, H-4 of Gic,
CH,CH,SiMe3), 3.82 (br. s, 2H, H-6 of Gal c), 3.65 (dd, 1H,= 3.2 Hz,J, 3= 9.8 Hz,
H-2 of Glc), 3.55-3.41 (m, 3H, H-5, 6a of GlcHECH,SiMes), 3.07 (br. d, 1HJ = 9.8
Hz, H-6b of Glc), 2.27, 2.21, 2.19, 2.08, 1.93 feaceach 3H, COdz), 0.91-0.68 (m,
2H, CH.CH,SiMes), -0.03 (s, 9H, CbCH,SiMe3); *C NMR (100 MHz, CDG)): &
170.4, 170.1, 170.0, 169.6, 169.1, 165.8, 165.8,216.65.1, 164.8, 139.0, 138.6, 138.5,
138.0, 137.3, 133.2, 133.14, 133.09, 133.0, 1329,9, 129.8, 129.7, 129.60, 129.55,
129.3, 129.0, 128.9, 128.53, 128.47, 128.28, 128.28.2, 127.9, 127.8, 127.7, 127.6,
127.5, 127.44, 127.42, 127.3, 127.2, 126.2, 100:9 6f Gal a), 100.7, 100.5 (C-1 of
Gal b), 100.4 (C-1 of Gal c¢), 99.4 (C-1 of Glc),.84C-1 of Man), 81.5, 80.2, 77.5,
75.4, 75.2, 75.1, 74.7, 74.3, 73.5, 73.44, 73.382,772.7, 71.9, 71.8, 71.0, 70.5, 70.0,
69.9, 69.7, 68.6, 68.4, 68.1, 67.4, 66.5, 66.26,661.7, 29.7, 20.9, 20.6, 20.54, 20.46,
17.5, -1.49.

MALDI-TOFMS: calcd for GisH12/036SiNa:mz 2129.7; foundnvz 2130.1 [M+Na].
18B: [a]p®® +92.5 € = 1.0, CHCY). *H NMR (400 MHz, CDCJ): & 8.07—7.09 (m, 50H,
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10 x Ph), 5.73 (dd, 1H]; , = 8.0 Hz,J, 3= 10.3 Hz, H-2 of Gal b), 5.59-5.55 (m, 2H,
H-2 of Gal a, >€1-Ph), 5.50-5.46 (m, 2H, H-4 of Gal a, H-2 of Gal®B8-5.32 (m,
2H, H-3 of Gal b, benzyl methylene), 5.26 (dd, Ik = 10.3 Hz,J3 4 = 3.4 Hz, H-3 of
Gal a), 5.22-5.11 (m, 3H, H-2, 3, 4 of Man), 5.841H,J; >, = 1.4 Hz, H-1 of Man),
4.90-4.83 (m, 3H, H-1 of Gal c, 2 x benzyl meth@em.74-4.69 (m, 2H, 2 x benzyl
methylene), 4.67 (d, 1H; , = 7.8 Hz, H-1 of Gal b), 4.58-4.47 (m, 4H, H-1Gl a, 3

x benzyl methylene), 4.36 (d, 1B},, = 7.6 Hz, H-1 of Glc), 4.34 (br. d, 1B=11.9 Hz,
H-6a of Gal c), 4.24-4.19 (m, 3H, H-4, 6a of GaH34 of Gal c), 4.09-4.00 (m, 3H,
H-6b of Gal b, H-3, 6b of Gal c), 3.89-3.70 (m, 8H6 of Gal a, H-5 of Gal b, H-5 of
Gal c, H-5, 6 of Man, B,CH,SiMe3), 3.65 (br. s, 2H, H-6 of Glc), 3.57-3.52 (m, 2H,
H-2, 4 of Glc), 3.44 (d, 1H), 3 =J34 = 8.9 Hz, H-3 of Glc), 3.34-3.28 (m, 2H, H-5 of
Gal a, G,CH,SiMe3), 3.22-3.18 (m, 1H, H-5 of Glc), 2.08, 2.06, 2.0@9, 1.76 (each
s, each 3H, COB;), 0.76-0.52 (m, 2H, C}¥H,SiMe;), —0.18 (s, 9H, CHCH,SiMe3);
%C NMR (100 MHz, CDGJ): & 170.4, 170.13, 170.07, 169.6, 169.1, 165.6, 165.4,
165.1, 164.84, 164.77, 138.8, 138.5, 138.3, 13B37,4, 133.3, 133.2, 133.0, 132.9,
130.1, 129.8, 129.63, 129.56, 129.0, 128.8, 1288,5, 128.4, 128.30, 128.26, 128.2,
128.1, 127.9, 127.8, 127.7, 127.54, 127.47, 1228,2, 103.8 (C-1 of Glc), 100.9 (C-1
of Gal a), 100.7, 100.5 (C-1 of Gal c), 100.40 (6fXGal b), 94.6 (C-1 of Man), 84.6,
82.3, 77.6, 75.6, 75.2, 75.1, 75.0, 74.9, 74.69,783.3, 72.9, 72.8, 72.1, 71.9, 70.9,
70.1, 70.0, 69.7, 69.1, 68.9, 68.6, 68.5, 68.41,687.5, 67.3, 66.3, 65.6, 61.6, 20.9,
20.61, 20.56, 20.53, 20.45, 17.5, -1.47.

MALDI-TOFMS: calcd for GisH12/036SiNa:mz 2129.7; foundnvz 2130.0 [M+Nal].

4.14. 2-(Trimethylsilyl)ethyl
2,3,4,6-tetr a-O-acetyl-a-D-mannopyr anosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-3-D
-galactopyranosyl-(1 - 6)-[2,3,4,6-tetr a-O-acetyl-a-D-glucopyr anosyl-(1 - 4)]-2,3-di-
O-benzoyl-f3-D-galactopyr anosyl-(1 - 6)-4-O-acethyl-2,3-di-O-benzoyl-B-D-glucopyr
anoside (19)

Compound18a (373 mg, 0.177 mmol) in THF-MeOH-AcOH (1:1:1, 14 ynwas
hydrogenolysis under hydrogen (0.11 MPa) in thesgmee of Pd(OH)C (300 mg) for
18 h at room temperature, and the mixture was fiiemed and concentrated. The
residue was acetylated with acetic anhydride (410 m pyridine (6.0 mL). The
reaction mixture was poured into ice®and extracted with CHEIThe extract was
washed sequentially with 5% HCI, ag NaH{Gnd brine, dried (MgS{p and
concentrated. The residue was purified by flashirool chromatography (Ultra Pack A)
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using 8:1 toluene-acetone to gii@ (290 mg, 85.9%) as amorphous powders.

[a]p® +54.3 € = 1.0, CHCY). 'H NMR (400 MHz, CDC}): & 8.04—7.31 (m, 25H, 5 x
Ph), 5.61-5.50 (m, 4H, H-2, 4 of Gal a, H-2 of aH-2 of Glc), 5.45 (d, 1Hl34= 3.0
Hz, H-4 of Gal c), 5.39-5.34 (m, 1H, H-2 of Gal §)30 (dd, 1H,), 3= 10.3 Hz,J3 4 =
3.2 Hz, H-3 of Gal a), 5.18-4.95 (m, 6H, H-3 of ®aH-1, 3, 4 of Glc, H-1, 2, 3, 4 of
Man), 4.73 (d, 1HJ,» = 8.0 Hz, H-1 of Gal c), 4.66 (d, 1B, = 7.7 Hz, H-1 of Gal b),
4.61 (d, 1HJ; » = 8.0 Hz, H-1 of Gal a), 4.34 (br. d, 1Hz= 10.1 Hz, H-5 of GIc), 4.25—
4.09 (m, 5H, H-5 of Gal a, H-4 of Gal b, H-3, 506Gal c), 4.00-3.65 (m, 11H, H-5, 6
of Gal a, H-5, 6a of Gal b, H-6 of Glc, H-5, 6 obN (H,CH,SiMe3), 3.57 (br. d, 1HJ

= 11.2 Hz, H-6b of Gal b), 3.43-3.36 (m, 1HHLH,SiMe), 2.24, 2.15, 2.10, 2.09,
2.07, 2.05, 2.01, 1.98, 1.94, 1.90, 1.66 (eachash &H, COEl3), —-0.17 (s, 9H,
CH,CH,SiMe;); **C NMR (100 MHz, CDGJ): 5 170.6, 170.5, 170.41, 170.37, 170.04,
169.98, 169.9, 169.5, 169.41, 169.38, 169.3, 16K6,3, 165.2, 165.1, 164.5, 133.6,
133.3, 133.13, 133.08, 129.9, 129.74, 129.68, 12286.5, 129.3, 129.1, 129.0, 128.8,
128.6, 128.43, 128.37, 128.3, 128.2, 101.3 (C-Galfb), 100.9 (C-1 of Gal c), 100.6
(C-1 of Gal a), 97.9 (C-1 of Glc), 95.1 (C-1 of MaR5.7, 73.8, 72.9, 72.82, 72.76, 71.9,
70.7, 70.6, 70.2, 69.6, 69.5, 68.7, 68.6, 68.51,688.0, 67.8, 67.6, 66.3, 65.1, 65.0,
61.5,61.2,61.1, 60.4, 20.8, 20.7, 20.6, 20.45,114.2, —1.52

MALDI-TOFMS: calcd for GyH10604,SiNa: m'z 1933.6; foundnvz 1934.3 [M+Nal].

4.15.

2,3,4,6-tetr a-O-acetyl-B-D-mannopyr anosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-3-D
-galactopyranosyl-(1 - 6)-[2,3,4,6-tetr a-O-acethyl-a-D-glucopyranosyl-(1 - 4)]-2,3-d
i-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-a-D-glucopy
ranosyl trichloroacetimidate (20)

Compound20 was prepared frort9 (271 mg, 142umol) as described for preparation
of 14. The product was purified by silica gel column arhatography (20:1
chloroform-acetone) to giv0 (283 mg, quant.) as amorphous powder.

[a]p® +94.4 € = 2.0, CHC)). *H NMR (400 MHz, CDCJ): 5 8.30 (s, 1H, M), 8.06—
7.30 (m, 25H, 5 x Ph), 6.61 (d, 18{,, = 4.4 Hz, H-1 of Gal a), 5.81 (dd, 18},3=10.8
Hz, J; 4= 3.3 Hz, H-3 of Gal a), 5.73-5.69 (m, 2H, H-Xf4Gal a), 5.54-5.48 (m, 2H,
H-2 of Gal b, H-2 of Glc), 5.46 (d, 1”34 = 3.0 Hz, H-4 of Gal ¢), 5.39 (t, 1K, , =
J23=8.0 Hz, H-2 of Gal ¢), 5.17-4.92 (m, 8H, H-3GHl b, H-1, 3, 4 of Glc, H-1, 2, 3,
4, of Man), 4.75 (d, 1HJ; » = 8.0 Hz, H-1 of Gal c¢), 4.65 (d, 18,2 = 7.6 Hz, H-1 of
Gal b), 4.45 (br. d, 1H)s6 = 6.2 Hz, H-5 of Gal a), 4.35-4.32 (m, 1H, H-5@It),
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4.26-4.12 (m, 5H, H-6 of Gal b, H-3, 4, 5 of Gal 4)03-3.89 (m, 3H, H-5 of Gal b,
H-6a of Gal c, H-6a of Glc), 3.82-3.64 (m, 6H, H6Gal a, H-6b of Gal ¢, H-6b of
Glc, H-5, 6 of Man), 2.25, 2.17, 2.13, 2.11, 2.0@5, 1.93, 1.91, 1.67 (each s, each 3H,
COCH>), 2.08 (s, 6H, 2 x COBy); *C NMR (100 MHz, CDG)): & 170.54, 170.49,
170.4, 170.3, 170.0, 169.9, 169.5, 169.41, 169886,3, 165.63, 169.58, 165.1, 165.0,
164.5, 160.3, 133.6, 133.5, 133.4, 133.2, 133.9,91229.7, 129.6, 129.5, 129.3, 129.1,
129.0, 128.7, 128.6, 128.4, 128.2, 100.9 (C-1 dftGa), 97.8 (C-1 of Glc), 95.0 (C-1
of Man), 93.5 (C-1 of Gal a), 90.6, 76.0, 73.8,173.2.9, 70.8, 70.7, 70.6, 70.1, 69.3,
68.7, 68.6, 68.5, 68.2, 68.1, 67.7, 66.9, 66.60,664.9, 61.5, 64.2, 61.0, 20.7, 20.7,
20.6, 20.5, 20.5, 20.3, 14.0, 10.9.

MALDI-TOFMS: calcd for GgHg4ClsNO4Na: mvz 1976; foundmvz 1976 [M+NaJ.

4.16. (2S, 3S, 4R)-3,4-dibenzyloxy-2-(hexadecanoylamino)-octadecy!
2,3,4,6-tetr a-O-acetyl-B-D-mannopyr anosyl-(1 - 3)-4,6-di-O-acetyl-2-O-benzoyl-B3-D
-galactopyranosyl-(1 - 6)-[2,3,4,6-tetr a-O-aceyl-a-D-glucopyr anosyl-(1 - 4)]-6-O-ac
etyl-2,3-di-O-benzoyl-B-D-galactopyranosyl-(1 - 6)-4-O-acetyl-2,3-di-O-benzoyl-3-D
-galactopyranoside (21)

Compound21 was prepared from5 (76.9 mg, 101lumol) and20 (131 mg, 67.1
umol) as described for preparationl® The product was purified by silica gel column
chromatography (1:1 hexane-ethyl acetate) to Biver2.1 mg, 42.0%).

[a]p® +54.4 € = 1.0, CHCY).'H NMR (400 MHz, CDCJ): &; 8.04—7.31 (m, 35H, 5 x
Ph), 5.99 (d, 1HJ = 9.6 Hz, NH of Cer), 5.52-5.23 (m, 9H, H-2, 3 of Gal a, H-f3
Gal b, H-2, 4 of Gal c, H-2 of Glc, H-3, 4 of Ceb)14-4.95 (m, 8H, H-4 of Gal a, H-1,
3, 4 of Glc, H-1, 2, 3, 4 of Man), 4.70 (d, 1H,, = 8.2 Hz, H-1 of Gal c), 4.43 (d, 1H,
Ji12=7.5Hz, H-1 of Gal b), 4.31-4.29 (m, 2H, H-1afXer), 4.22-4.09 (m, 5H, H-4
of Gal b, H-3, 6a of Gal c, H-6 of Glc), 4.04 (d,1J;,= 7.8 Hz, H-1 of Gal a), 3.95—
3.49 (m, 11H, H-6 of Gal a, H-6 of Gal b, H-5, 6bGal ¢, H-5 of Glc, H-5, 6 of Man,
H-1b of Cer), 3.15 (dd, 1Hls 62 = 2.8 Hz,J5 6p = 9.4 Hz, H-5 of Gal a), 2.98 (dd, 1H,
Js6a= 6.4 Hz,J5 6, = 10.8 Hz, H-5 of Gal b), 2.22, 2.15, 2.11, 2.2963, 2.057, 2.00,
1.95, 1.91, 1.90, 1.66 (each s, each 3H, 6C1.78-0.85 (m, 60H, alkyl-H)}*C
NMR (100 MHz, CDC}): 6 170.6, 170.50, 170.45, 170.4, 170.2, 169.9, 169.64.45,
169.4, 169.3, 166.1, 165.6, 165.4, 165.2, 165.8,516.33.6, 133.5, 133.4, 133.3, 132.9,
130.3, 130.2, 129.9, 129.8, 129.7, 129.6, 129.9.2® 129.17, 129.1, 129.0, 128.8,
128.6, 128.5, 128.4, 128.3, 101.4 (C-1 of Gal 8}.0 (C-1 of Gal b), 100.3 (C-1 of
Gal c), 97.7 (C-1 of Man), 95.1 (C-1 of Glc), 7578.8, 72.9, 72.7, 72.4, 72.2, 71.3,
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70.8, 70.6, 70.3, 70.2, 69.6, 68.70, 68.66, 68361,667.9, 67.7, 66.5, 66.0, 65.1, 65.0,
61.6, 61.2, 61.1, 47.8, 36.2, 31.9, 29.71, 29.884£ 29.59, 29.54, 29.47, 29.3, 29.2,
28.8, 25.6, 25.4, 22.7, 20.8, 20.7, 20.59, 20.8%},214.1.

MALDI-TOFMS: calcd for GasH1sdNOs7Na: mz 2579.1; foundnvz 2579.6 [M+Na].

4.17 (2S, 3S, 4R)-2-(hexadecanoylamino)-3,4-dihydroxyoctadecyl
[3-D-mannopyranosyl-(1 - 3)-B-D-galactopyranosyl-(1 - 6)-[a-D-glucopyr anosyl-(1
- 4)]-B-D-galactopyranosyl-(1 - 6)-4-B-D-galactopyranoside (2)

Compound 2 was prepared fréh (72.1 mg, 28.21mol) as described for preparation
of 1. The product was purified by gel filtration chramgraphy (Sephadex LH-2¢20
x 1000 mm) using 1:1 chloroform-MeOH to gi2€33.9 mg, 88.0%).
[a]p® +50.3 € = 0.2, 1:1 CHGFMeOH).*H NMR (400 MHz, CDCY): 5 5.06 (d, 1H,)
= 3.7 Hz, H-1 of Glc), 4.98 (br. s, 1H, H-1 of Ma#)40 (d, 1H,) = 6.9 Hz, H-1 of Gal
c), 4.33 (d, 1H,) = 6.8 Hz, H-1 of Gal b), 4.28 (d, 1H,= 7.5 Hz, H-1 of Gal a)**C
NMR (100 MHz, CDCJ): & 175.3, 104.8 (C-1 of Gal b), 104.6 (C-1 of Gal 1)4.1
(C-1 of Gal a), 101.0 (C-1 of Glc), 97.2 (C-1 of Ma75.9, 74.1, 74.0, 73.9, 73.7, 73.5,
72.9, 71.9, 71.7, 71.4, 71.1, 70.4, 70.1, 69.84,668.0, 67.3, 65.7, 62.5, 62.2, 62.3,
62.1, 62.0, 50.9, 36.9, 32.5, 30.3, 30.2, 30.10,30.9, 26.7, 26.5, 24.0, 23.2, 14.3.
HR-FABMS: calcd for GH1dNOxgNa: m/z 1388.7765; found:m/z 1388.7743
[M+Na]".

Reference

1. Maureen E. Taylor, K. D. Introduction to Glycobiology 3rd Edition; Oxford
University Press, 2011.

2. Itasaka, O.; Hori, T. J Biochem 1979, 85, 1469-81.

3. Hori, T.; Sugita, M.; Ando, S.; Kuwahara, M.; Kumauchi, K.; Sugie, E.; Itasaka, O. J
Biol Chem 1981, 256, 10979-85.

4. Sugita, M.; Iwasaki, Y.; Hori, T. J Biochem 1982, 92, 881-17.

5. Sugita, M.; Nishida, M.; Hori, T. / Biochem 1982, 92, 327-34.

6. Hori, T.; Sugita, M.; Ando, S.; Tsukada, K.; Shiota, K.; Tsuzuki, M.; Itasaka, O. J/ Biol
Chem 1983, 258, 2239-45.

7. Sugita, M.; Inoue, T.; Itasaka, O.; Hori, T. J Biochem 1984, 95, 737-42.

8. Sugita, M.; Itonori, S.; Inagaki, F.; Hori, T. o/ Biol Chem 1989, 264, 15028-33.

9. Sugita, M.; Inagaki, F.; Naito, H.; Hori, T.  Biochem 1990, 107, 899-903.

-21-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Levery, S. B.; Weiss, J. B.; Salyan, M. E.; Roberts, C. E.; Hakomori, S.; Magnani, J.
L.; Strand, M. J/ Biol Chem 1992, 267, 5542-51.

Dennis, R. D.; Wiegandt, H. Adv Lipid Res 1993, 26, 321-51.

Hori, T.; Sugita, M. Prog Lipid Res 1993, 32, 25-45.

Sugita, M.; Hayata, C.; Yoshida, T.; Suzuki, M.; Suzuki, A.; Takeda, T.; Hori, T.;
Nakatani, F. Biochim Biophys Acta 1994, 1215, 163-9.

Sugita, M.; Mizunoma, T.; Hayata, C.; Hori, T.; Nakatani, F.; Aoki, K. Journal of
Japan Oil Chemists' Society 1994, 43, 495-501.

Kawakami, Y.; Nakamura, K.; Kojima, H.; Suzuki, M.; Inagaki, F.; Suzuki, A.; Ikuta,
J.; Uchida, A.; Murata, Y.; Tamai, Y. Eur J Biochem 1996, 239, 905-11.

Sugita, M.; Mizunoma, T.; Aoki, K.; Dulaney, J. T.; Inagaki, F.; Suzuki, M.; Suzuki,
A.; Ichikawa, S.; Kushida, K.; Ohta, S.; Kurimoto, A. Biochim Biophys Acta 1996,
1302, 185-92.

Kurimoto, A.; Kawakami, Y.; Dulaney, J. T.; Miyake, A.; Sugita, M. Journal of Japan
Oil Chemists' Society 2000, 49, 127-135,180.

Iriko, H.; Nakamura, K.; Kojima, H.; Iida-Tanaka, N.; Kasama, T.; Kawakami, Y.;
Ishizuka, I.; Uchida, A.; Murata, Y.; Tamai, Y. Eur J Biochem 2002, 269, 3549-59.
Wuhrer, M.; Kantelhardt, S. R.; Dennis, R. D.; Doenhoff, M. J.; Lochnit, G.; Geyer, R.
Eur J Biochem 2002, 269, 481-93.

Wuhrer, M.; Grimm, C.; Zahringer, U.; Dennis, R. D.; Berkefeld, C. M.; Idris, M. A.;
Geyer, R. Glycobiology 2003, 13, 129-37.

Wuhrer, M.; Grimm, C.; Dennis, R. D.; Idris, M. A.; Geyer, R. Glycobiology 2004, 14,
115-26.

Ohtsuka, I.; Hada, N.; Kanemaru, M.; Fujii, T.; Atsumi, T.; Kakiuchi, N. Carbohydr
Res 2015, 404, 9-16.

Kanaya, T.; Schweizer, F.; Takeda, T.; Kiuchi, F.; Hada, N. Carbohydr Res 2012, 361,
55-72.

Fujita, Y.; Ohshima, N.; Hasegawa, A.; Schweizer, F.; Takeda, T.; Kiuchi, F.; Hada, N.
Molecules 2011, 16, 637-51.

Kanaya, T.; Yagi, S.; Schweizer, F.; Takeda, T.; Kiuchi, F.; Hada, N. Chem Pharm
Bull (Tokyo) 2010, 58, 811-1.

Hada, N.; Shida, Y.; Shimamura, H.; Sonoda, Y.; Kasahara, T.; Sugita, M.; Takeda, T.
Carbohydr Res 2008, 343, 2221-8.

Hada, N.; Oka, J.; Hakamata, K.; Yamamoto, K.; Takeda, T. Carbohydr Res 2008,
343, 2315-24.

Hada, N.; Nakashima, T.; Shrestha, S. P.; Masui, R.; Narukawa, Y.; Tani, K.; Takeda,

-22-



29.
30.

31.
32.

33.

34.
35.

36.

37.

38.

39.
40.

41.

42.
43.

44.

45.

46.
47.

48.

49.

50.

T. Bioorg Med Chem Lett 2007, 17, 5912-5.

Hada, N.; Sonoda, Y.; Takeda, T. Carbohydr Res 2006, 341, 1341-52.

Yamamura, T.; Hada, N.; Kaburaki, A.; Yamano, K.; Takeda, T. Carbohydr Res 2004,
339, 2749-59.

Ohtsuka, I.; Hada, N.; Sugita, M.; Takeda, T. Carbohydr Res 2002, 337, 2037-47.
Ohtsuka, I.; Hada, N.; Ohtaka, H.; Sugita, M.; Takeda, T. Chem Pharm Bull (Tokyo)
2002, 50, 600-4.

Hada, N.; Sato, K.; Sakushima, J. I.; Goda, Y.; Sugita, M.; Takeda, T. Chem Pharm
Bull (Tokyo) 2001, 49, 1464-17.

Hada, N.; Kuroda, M.; Takeda, T. Chem Pharm Bull (Tokyo) 2000, 48, 1160-5.

Hada, N.; Matsusaki, A.; Sugita, M.; Takeda, T. Chem Pharm Bull (Tokyo) 1999, 47,
1265-8.

Hada, N.; Hayashi, E.; Takeda, T. Carbohydr Res 1999, 316, 58-70.

Takeda, T.; Hada, N.; Ogihara, Y. Chem Pharm Bull (Tokyo) 1993, 41, 2058-60.
Tani, Y.; Funatsu, T.; Ashida, H.; Ito, M.; Itonori, S.; Sugita, M.; Yamamoto, K.
Glycobiology 2010, 20, 433-41.

Ellervik, U.; Magnusson, G. The Journal of Organic Chemistry 1998, 63, 9314-9322.
Kanaya, T.; Schweizer, F.; Takeda, T.; Kiuchi, F.; Hada, N. Carbohydr. Res. 2012, 361,
55-72.

Ekholm, F. S.; Arda, A.; Eklund, P.; Andre, S.; Gabius, H. J.; Jimenez-Barbero, J.;
Leino, R. Chemistry 2012, 18, 14392-405.

Zhang, Z.; Magnusson, G. The Journal of Organic Chemistry 1996, 61, 2394-2400.
Konradsson, P.; Udodong, U. E.; Fraser-Reid, B. Téetrahedron Letters 1990, 31,
4313-4316.
Veeneman, G. H.; van Leeuwen, S. H.; van Boom, J. H. Tetrahedron Letters 1990, 31,
1331-1334.

Storch de Gracia, 1.; Bobo, S.; Martin-Ortega, M. D.; Chiara, J. L. Organic Letters
1999, 7, 1705-1708.

Schmidt, R. R.; Grundler, G. Synthesis 1981, 1951, 885-887.

Xia, C.; Yao, Q.; Schiimann, J.; Rossy, E.; Chen, W.; Zhu, L.; Zhang, W.; De Libero, G.;
Wang, P. G. Bioorganic & Medicinal Chemistry Letters 2006, 16, 2195-2199.
Schmidt, R. R. Angewandte Chemie International Edition in English 1986, 25,
212-235.

Damager, 1.; Olsen, C. E.; Moller, B. L.; Motawia, M. S. Carbohydr Res 1999, 320,
19-30.

Demchenko, A. V.; Rousson, E.; Boons, G.-J. Tetrahedron Letters 1999, 40,

-23-



ACCEPTED MANUSCRIPT

6523-6526.

-24-



Stereocontrolled syntheses of two neutral glycosphingolipids from the fungus Hirsutella
rhossiliensis have been achieved.
The synthetic methods may be useful for the synthesis of conjugation of the other glycan.



