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ABSTRACT

Total synthesis of O-B-p-galactopyranosyl-(1—4)-O-[a-L-fucopyranosyl-
(1-53)]-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1—3)-O-B-D-galactopyra-
nosyl-(1—4)-0-B-b-glucopyranosyl-(1->1)-2-N-tetracosanoyl-(2S,3R 4 E)-sphing-
enine was achieved by use of the key glycosyl donors O-(2,3,4,6-tetra-O-acetyl-B8-D-
galactopyranosyl)-(1—4)-0-[(2,3,4-tri-O-acetyl-a-1-fucopyranosyl)-(1—3)]-O-(2-
acetamido-6-O-acetyl-2-deoxy- B-D-glucopyranosyl)-(1—3)-0-(2,4, 6-tri-O-acetyl-
imidate and fluoride, as well as key glycosyl acceptor 3-O-benzoyl-2-N-tetracosa-
noyl-(25,3R,4E)-sphingenine, in an unambiguous manner.

INTRODUCTION

X-Antigen (LeX), III? Fuca-nlec, Cer, a glycosphingolipid containing the
carbohydrate sequence occurring in lacto-N-fucopentaose III (ref. 2) was first
isolated from human adenocarcinoma?® and the structure was proposed to be 1 from
methylation and mass-spectrometric studies*. Glycolipid 1 has also been shown to
occur in hog stomach’, dog small-intestine®, human brain’, human erythrocytes®,
human granulocytes®, and human plasmal'®. The proposed structure 1 was further
supported by 'H-n.m.r. data both for permethylated® and peracetylated!® deriva-
tives.

Owing to the biological significance of X-antigen, two approaches to the syn-
thesis of antigenic trisaccharide have been reported!!. Synthetic approaches to the
type 2 hexotetraose back-bone structure, B-Gal-(1—4)-8-GlcNAc-(1-3)-8-Gal-
(1->4)-Glc, have also been reported by using either the N,N-phthaloyl? or
oxazoline derivative!® of lactosamine as the key glycosyl donor. However, an
approach to the total synthesis of X-antigen 1 has remained to be developed. As

*Part 49 in the series “Synthetic Studies on Cell-Surface Glycans™. For Part 48, see ref. 1. Part of this
work was presented orally at the annual meeting of the Agricultural and Biological Chemical Society of
Japan (August, 1985, Sapporo), and also at the X1IIth International Carbohydrate Symposium (August,
1986, Ithaca).

"To whom enquiries shouid be addressed.
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part of our project on the synthesis of glycosphingolipids, we describe here the first
total synthesis of X-antigen 1 in a stereocontrolled manner.

RESULTS AND DISCUSSION

Retrosynthetic analysis of LeX antigen 1 led to the glycopentaosyl donor equi-
valent 2 and protected ceramide 3. Synthetic precursors for compound 2 may be
designed as the glycotriosyl imidate 4 and the glycosy!l acceptor 5. Among these
key intermediates, ceramide derivatives 3 (ref. 14) and hexa-O-benzyllactose
derivative 5 (ref. 15) have already been reported. Therefore. we first describe a
synthesis of hexotriosyl imidate 4, and then the use of compound 4 as a key inter-
mediate for the synthesis of the target glycolipid 1 via glycopentaasyl donor 2.
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Regioselective benzylation of allyl glycoside 6 (ref. 16) at the primary hydroxyl
group was achieved in one flask, in 71% yield, by the stannyl method", to give
monobenzyl ether 7. An alternative approach via the benzylidenc derivative of 6
and subsequent reductive ring opening by use of the borane-trimethylamine
complex in the presence of aluminium chloride'® also afforded 7 (in 61% overall
vield). Glycosylation of the diol system 7 with the imidate 8 (ref. 19y afforded a
mixture of disaccharides 9, 10, and 11 in 33, 2.0, and 29% yield, respectively. The
regiochemistry of 9 and 10 was assigned by 'H-n.m.r. data, which contained the
signals CH,Ph-6a as two doublets at § 4,762 and 4.539 with */,;; 12.2 Hz for com-
pound 9, and at § 4.664 and 4.620, with 2/, 12.5 Hz. for compound 10, indicating
the presence of more steric congestion around CH,Ph-6a in compound 9 compared
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with compound 10. The 'H-n.m.r. spectrum of the acetylation product of 9 showed
a deshielded signal for H-3a at & 5.684, which was also in agreement with the
assigned regiochemistry of 9. The structure of 11 was assigned as (1—3) by observ-
ing a similar signal pattern for CH,Ph-6a in the spectrum of 10. The anomeric
stereochemistry was evident from the 'H- and C-n.m.r. data. A reasonable expla-
nation for the formation of 11 as the major product from the glycosylation at OH-3
of 7 with the imidate 8 is not yet available.

The introduction of an L-fucosyl group at O-3a of 9 was periormed according
to L6nn? by using the methyl 1-thioglycoside 12, which was readily available from
L-fucose (see the Experimental section). Thus, treatment of 9 with 12 in the
presence of methyl triflate in ether afforded stereoselectively a 77% yield of the
desired trisaccharide 13. Deallylation of 13 with palladium(II) chloride and sodium
acetate in aq. acetic acid?! gave hemiacetal 14 in 66% yield. Treatment of 14 with
trichloroacetonitrile? in the presence of 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU)
afforded the desired imidate 4 in 67% yield.

Having both the hexotriosyl donor 4 and the glycosyl acceptor 5 in hand,
crucial glycosylation was examined in the presence of boron trifluoride etherate in
dichloroethane. To our surprise, complete regioselectivity was observed in this
case?, and the (1-3)-linked pentasaccharide 15 was isolated in 67% yield. The
regiochemistry of 15 was readily assigned from the '"H-n.m.r. data for pentaacetate
16, obtained from 15 by acetylation, which revealed a deshielded signal for H-4b at
85.445.

Conventional protective-group modulation of 15 was performed to give the
designed pentasaccharide donors, either 20 (38%) or 21 (19%), in 7 steps: (i)
sodium methoxide in methanol, (if) hydrazine hydrate and ethanol®, (iii) acetic
anhydride-pyridine—4-(dimethylamino)pyridine (DMAP), (iv) 10% palladium-on-
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Fig. 1. 400-MHz, 'H-n.m.r. spectrum of synthetic LeX antigen (1), The spectrum was recorded for the
sample in 49:1 Me,SO-d~D,0 after exchanging several times with Me,SO-D,O at 60°.
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carbon and hydrogen., (v) Ac O-pyridine~DMAP . (07 hydrazinium acetate in AN
dimethylformamide®. and {vi) tx'ichim-n;:,mchm::zs, SIBL dror 2 o Jdierhvl

aminosulfur trifluorde™ (for 21).

Finally. giveosvhition of benzoyl cormomude 3.4
cither the glveosyl donor 20 in the presence of boron iriffuonide ctheraie o the

aftorded

glycosyl donor 21 i the presence of sitver iriflate and
protected Le™ glycolipid 22 in T vietdy respectivedys thi s deacylated
with sodium methuxulc in U1 omethanol-THE, o afford Lo® uos
tively., The 'H-nomor. data e
sphingolipid T wore in good agreement with those of symihetoe Fop Mo S04 100
{sce Fig. 1)

In conclusion. a total svnthesis of Le™ hexopentaosyiceramide Twas achueved

atly reported” for natural boo

with sterco- and regio-control by use of .wxmu;u}a}l qehtoroncctimedate 40 hexo-

i

pentaosyl donors 20 and 21 as the Key glycosvl donors, and optoathy sorive benzovd

ceramide 3 as the kev alveosyd

EXPERIMENTATL

General. — Melting points were determined with o Yanagimoro ancro mel
ing-point apparatus and are uncorrected. Opiical rotations were measured witho s
Perkin-Eimer Model 241 MC polarimeter. {or solutions 1 CHOT ar .
noted otherwise. Column chromatography was porformed on columes of Nihics Gl
{(Merck, 70-230 mesh). Flash chromatography was performed on
gel C-300 (200-300 mestiy. Ve, and high-performanee (Lo w
Silica Ge! 60 Fu, (Merck. Darmstadt), Molocular sieves wers

1
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columns of Wako

oo

ased from

Hirachs

Nakarai Chemicals, Ltd. f.ro spectra were recorded with un b

spectrophotometer, using KBr pellets for the erystailine samplos. anc

liquid samples. *H-N.m.r. T\;Pf"‘t‘tri‘z were recordoed with cithor o NI 0 d
INM-FX900 w.mur. spectrometer. SC-Nomuy specton wore revorded with 1 INM-
FX 100FT n.m.r. spectrometer upcm[cd at 25,05 MMz, The values of
expressed in pop.m. downward from the signal for intornal Me S
CDCI,, unless noted otherwise. Values of 8, (1.0 and §
p.p-m. downward from the signal for Me 51, by reference 1o miernn
Mc,CO {8 2.225) or Me,COM 8 12303, and d-dioxane {8 87 4y o
49.8). respectively.

AT 6-Cr-benzyl-2-deoxy-2-phthalimido-8-t-gliccopyvranoside ¢75 — {47 A

. M3rs
1y i

(x5

mixture of compound 6 {250 g, 716 mmol) and (BuSn)p. O (2048 o0 35 mmol) in

toluene (300 mL) was stirred for 4 b under seflux. with contimuous soentyope ro

moval of water, cooled, and concentrated to 150 mb . a-Bromotoluone (36
210 mmol) and Bu,NBr {11.3 & 35 mmoly were added. and the miniare was stirred

for 16 h at 90-100G°, cooled. and evaporated. A solution of the rosidue m P AC
(500 mL) was washed with ag. KF, and filtered through Celite

o Hiltrate was
successively washed with ag. NaHCOO, and satd, NaCh dried (MaSO01 and e
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rated in vacuo. Chromatography of the residue over SiO, in 1:1 toluene-EtOAc
afforded crystalline 7 (22.3 g, 71%); m.p. 116-117°, [a]p —27° (c 0.8); R 0.36 in
3:2 EtOAc-toluene; n.m.r. data: 8, 5.222 (d, 1 H, J 8.5 Hz, H-1), 4.638 (d, 1 H,
J 12.2 Hz, CH,Ph), and 4.581 (d, 1 H, J 12.2 Hz, CH,Ph); 8- 97.5 (C-1) and 56.5
(C-2).

Anal. Calc. for C,,H,.NO,: C, 65.59; H, 5.73; N, 3.19. Found: C, 65.97; H,
5.84; N, 3.09.

(B) A mixture of compound 6 (20.3 g, 58 mmol), a,a-dimethoxytoluene (13.2
g, 87 mmol), and TsOH-H,O (1 g) in DMF (100 mL}) was stirred for 6 h at 60° at
a pressure of 2.7-5.3 kPa. Et;N (1 mL) was added, the mixture was evaporated
in vacuo, and a solution of the residue in EtOAc was washed successively with aq.
NaHCO, and aq. NaCl, dried (MgSO,), and evaporated in vacuo to give crystalline
allyl  4,6-O-benzylidene-2-deoxy-2-phthalimido-B-D-glucopyranoside  (22.6 g,
88.5%); [a]p —36° (c 0.7), m.p. 184-186° (iPr,O); Ry 0.58 in 2:3 EtOAc-hexane;
n.m.r. data: &, 5.57 (s, 1 H, CHPh) and 5.16 (d, 1 H, J 9.2 Hz, H-1). To a stirred
mixture of the benzylidene derivative (19.7 g, 45 mmol) and BH;-NMe; (19.7 g,
270 mmol) in THF (400 mL) was added, portionwise, powdered AICl, (35.9 g, 270
mmol} at 20°. The mixture was stirred for 3 h at 20°, poured into ice-water, and
extracted with EtOAc. The extract was successively washed with aq. NaHCO, and
aq. NaCl, dried (MgSQO,), and evaporated in vacuo. Chromatography of the residue
over SiO, in 2:3 EtOAc-toluene afforded 7 (13.7 g, 69.3%).

Allyl  0-(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)-(1—-4)-6-O-benzyl-2-
deoxy-2-phthalimido-B-D-glucopyranoside (9), allyl O-(2,3,4,6-tetra-O-acety!-3-D-
galactopyranosyl-(1—3)}-6-O-benzyl-2-deoxy-2-phthalimido-3-D-glucopyranoside
(10), and allyl O-(2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl)-(1—3)-6-O-benzyl-
2-deoxy-2-phthalimido-B-p-glucopyranoside (11). — To a stirred mixture of com-
pound 7 (1.310 g, 3 mmol), imidate 8 (1.770 g, 3.6 mmol), and powdered molecular
sieves 4A (3 g) in CI(CH,),C1 (30 mL) was added dropwise BF;- etherate (0.36 mL)
under Ar, with cooling by a CCl,~Dry Ice bath (—23°). The mixture was stirred for
4 h at —23°, and filtered. The filtrate was successively washed with aq. NaHCO,
and satd. saline, dried (MgSO,), and evaporated in vacuo. Chromatography of the
residue over SiO, in 1:1 EtOAc-hexane afforded 9 (760 mg, 33%), 10 (50 mg,
2.2%), and 11 (680 mg, 29%).

Compound 9 had [o]p +15.1° (¢ 1.1); R 0.60 in 3:2 EtOAc-hexane; n.m.r.
data: 8 5.80-5.68 (m, 1 H, -CH=CH,), 5.331 (d, 1 H, J 2.4 Hz, H-4b), 5.249 (d,
1 H, J 8.5 Hz, H-1a), 5.190 (dd, 1 H, J 7.9 and 10.4 Hz, H-2b), 5.141 (tdd, 1 H, J
1.5, 2.2, and 17.4 Hz, =CH,), 5.064 (tdd, 1 H, J 1.5, 2.2, and 10.4 Hz, =CH,),
4.932 (dd, 1 H, J 3.7 and 10.5 Hz, H-3b), 4.762 (d, 1 H, J 12.2 Hz, CH,Ph), 4.539
(d, 1 H,J 12.2 Hz, CH,Ph), 4.484 (d, 1 H, J 7.9 Hz, H-1b), 4.411 (ddd, 1 H,J 1.5,
8.2, and 10.7 Hz, H-3a), 4.286 (tdd, 1 H, J 1.5, 4.9 and 13.3 Hz, OCH,CH=),
4.207 (dd, 1 H, J 8.6 and 10.7 Hz, H-2a), 3.972 (d, 1 H, J 1.5 Hz, H-3a), 3.907 (t,
1 H,J 7.0 Hz, H-5b), 2.124 (s, 3 H, Ac), 2.008 (s, 3 H, Ac), 1.981 (s, 3 H, Ac),
and 1.923 (s, 3 H, Ac); 8. 101.6 (C-1b), 97.5 (C-1a), 82.2 (C-4a), 61.5 (C-6b), and
56.1 (C-2a).
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Anal. Cale. for C,H;:NO ;- 0.5 H,O: C, 58.60: H. 5.69: N. 1.80. Found: C,
58.40; H, 5.56; N, 1.80.

Acetylation of 9 with Ac,O-C.H:N-DMAP afforded the penta-O-acetyl
derivative of 9; 8, 5.8-5.67 (m, | H, CH=CH,). 5.684 (dd, t H./&.8 and 10.7 Hz,
H-3a), 5.372 (d, t H. J 8.3 Hz, H-1a), 5.269 (d, | H., / 2.7 Hz, H-db), 5.131 (tdd,
I H, /J1.5,2.2, and 17.3 Hz, =CH,), 5.059 (dd. | H,/ 1.2 and {03 Hz. =CH,),
5.019 (dd. 1 H, J 8.1 and 10.5 Hz. H-2b), 4.820(d, 1 H. J 12.2 Hz. CH,Ph). 4814
(dd, 1 H, J 3.2 and 10.5 Hz. H-3b), 4.515 (d,  H. / 12.2 Hz. CH,Ph), 4475 (d, |
H, /8.1 Hz, H-1b), 4.270 (dd., | H. J 8.3 and 10.5 Hz. H-2a). 2. 114, 2068, 1.974,
1.962, and 1.878 (55, 15 H, 5 Ac).

Compound 10 had [«], +4.5° (¢ 1.1}: R 0.52in 3:2 EtOAc-hexane; n.m.r.
data: 8,; 5.70-5.60 (m. | H. -CH=CH,), 5.294 (d, I H. /2.8 Hz. H 4h) 141 (dd.
1 H. /7.9 and 10.4 Hz, H-2b), 5.074 (tdd, 1 H. / 1.5, 2.2, and 18.0 Hz, =CH,).
5.047 (d, 1 H, J 8.2 Hz, H-ta), 5.001 {tdd, 1 H,J 1.5, 2.2, and ! ‘4 Hz. =CH,),
4.820 (dd, t H,J 3.4 and 10.7 Hz, H-3b). 4.664 (d, 1t H, J 12.5 Hz, CH,Ph}, 4.620
(d, 1 H, J 12.5 Hz, CH,Ph), 4.503 (dd. 1 H, J 7.6 and 10.7 Hz, H-34). 4.407 (d. 1
H.J7.9 Hz, H-1b), 2 131 (s, 3 H. Ac), 2.036 (s, 3H. Ac), 1.879 (5. 2 H, Ac). and
1.455 (s, 3 H. Ac): 8. 101.2(C-1b), 97.3 (C-1a), 82.2 (C-3a). 6.5 (C-6b), and 54.9
(C-2a).

Anal. Calc. for C;,,HNO 0 CL59.20; H. 5.63: N, 1.82, Found: €, 5%.83: H.
5.68; N, 1.73.

Compound 11 had [a]p +98.1° (¢ 0.7); R 0.40 in 3:2 EtOAc~hexane: n.n.t,
data: 8, 5.7-5.6 (m. 1 H, CH=CH,), 5.181 (d, | H. J 8.3 Hz. H-1a}. 3.175 (d. 1 H,
J 3.4 Hz, H -4b), 5.134 (1. 1 H,J 9.5 Hz, H-4a), 5.074 (tdd, T H./ 1.5. 2.2, and 17.1
Hz, =CH,), 5.023 (d, 1 H. J 4.6 Hz, H-1b), 5.018 {tdd, | H. J 1.5, 2.2, and 10.4

=CH,). 4.943 (dd. 1 H. J 3.3 and 10.7 Hz, H-3b), 4755 (dd. 1 H. /9.2 and
10.7 Hz, H-3a), 4.560 (d. 1 H, J 11.9 Hz, CH,Ph), 4526 (d. | H. J 1.9 Hz,
CH,Ph), 4.345 (dd. 1 H, J 8.5 and 10.7 Hz, H-2a). 4.267 (tdd. | H. J 1.5, 5.2 and
13.1 Hz, OCH,CH=}. 4.014 (dd. tH,J 6.1 and 128 Hz, OCH.CH=}, 1996 (5. 3
H. Ac). 1.985 (s. 3 H. Ac). 1.967 (% 3 H. Ac), and 1.827 (s. 3 H, Ac); 6. 1014
(C-1b, ey 173.4 Hz). 97.2 (C-la, ey 163.5 Hz), 78.0 (C-3a). 59.9 (C-6b), and
55.7 (C-2a).

Anal. Cale. for C,(H;NO, -0.5 H,O: C, 58.60: H. 5.69: N. 1.80. Found: C.
58.50: H, 5.59; N. 1.76.

Meihyl 2,3,4-tri-O-acetyi-1-thio-B-L-fucopyranoside. — To a stirred solution
ot 2,3.4-tri-O-acetyl-L-fucopyranosyl acetate (3.3 g, 10 mmol) and Bu,;SnSMe (3.8
g. 10.5 mmol) in CI{(CH.),Cl (40 mL) was added SnCl, (1.4 mL) at ~5° The mix-
ture was stirred for 4 h at 20°, evaporated in vacuo, and the residue diluted with
EtOAc. The solution was successively washed with aq. KF and aq. NaCl, dried
(MgSQ,), and filtered. The filtrate was evaporated in vacuo. and chromatography
of the residue over SiO, in 2:1 hexane—EtOAc afforded the o {11 ¢, 3%} and B8
anomer (1.8 g. 56%).

The o anomer had m.p. 80-81°, [a], —222° (¢ 1.2); Rp 0.5 in 1:2 EtOAc—
hexane; n.m.r. data: 8, 3.27 (d. | H, /3.3 Hz, H- 1)., 2.16,2.07,2.05,1.99 (45, 12
H.4 Ac),and 1.17 (d. 3 H. J 6.6 Hz, CHCH,).

R



SYNTHESIS OF X HAPTEN 205

Anal. Calc. for C;;H,,0,S: C, 48.74; H, 6.29; S, 10.01. Found: C, 48.82; H,
6.28; S, 10.07.

The B anomer had [a], —0.7° (¢ 1.0), m.p. 139-141°; R 0.43 in 1:2 EtOAc~
hexane; n.m.r. data: 8, 4.35 (d, 1 H, J 9.4 Hz, H-1), 2.19,2.17, 2.07, 1.99 (4 s, 12
H, 4 Ac), and 1.22 (d, 3 H, J 6.6 Hz, CHCH »).

Anal. Calc. for C;H,,0-S: C, 48.74; H, 6.29; S, 10.01. Found: C, 48.75; H,
6.27; S, 9.87.

Methyl 2,3,4-tri-O-benzyl-1-thio-B-L-fucopyranoside (12). — A solution of
methyl 2,3 4-tri-O-acetyl-1-thio-B-L-fucopyranoside (27.2 g, 85 mmol) in 0.01Mm
NaOMe-MeOH (350 mL) was stirred for 4 h at 20°, made neutral with Amberlyst
15, and evaporated to a solid residue (17.4 g). To a suspension of NaH (60%, 16 g,
320 mmol) in DMF (200 mL) was added portionwise this solid (15.5 g, 80 mmol),
the mixture was stirred for 30 min at 20°. To this mixture was added dropwise
PhCH,Br (38 mL, 320 mmol) at 0-5°, and the mixture was stirred for 16 h at 20°.
The usual processing, and chromatography over SiO, in 10:1 hexane-EtOAc, af-
forded 12 (33.5 g, 90%); [a]p —0.2° (¢ 1.5); R 0.50 in 4:1 hexane-EtOAc; n.m.r.
data: 64 7.5-7.2 (m, 15 H, aromatic) and 1.20 (d, 3 H, J 6.4 Hz, CHCH,).

Anal. Calc. for C,3H4,0,S: C, 72.38; H, 6.94; S, 6.90. Found: C, 72.44; H,
6.91; S, 6.65.

Allyl 0-(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)-(1—4)-O-[(2,3,4-tri-O-
benzyl-a-L-fucopyranosyl)-(1—3)]-6-O-benzyl-2-deoxy-2-phthalimido- B-n-gluco-
pyranoside (13). — To a stirred mixture of compound 9 (154 mg, 0.2 mmol), com-
pound 12 (139 mg, 0.3 mmol), and molecular sieves 4A (500 mg) in Et,O (6 mL)
was added MeOSO,CF; (70 nL). The mixture was stirred for 16 h and filtered. The
filtrate was washed with aq. NaCl, dried (MgSO,), and evaporated in vacuo.
Chromatography of the residue over SiO; in 6:1 toluene-EtOAc afforded 13 (182
mg, 76.8%); m.p. 164-165° (from MeOH), {a], +3.3° (¢ 0.9), R 0.56 in 1:1
hexane-EtOAc; n.m.r. data: 8 5.7-5.58 (m, 1 H,-CH=CH,), 5.218 (d, 1 H,J 2.7
Hz, H-4b), 5.097 (d, 1 H, J 8.5 Hz, H-1a), 2.017, 2.008, 1.947, 1.816 (45, 12 H, 4
Ac), and 1.193 (d, 3 H, J 6.6 Hz, CHCH,); 8- 99.7 (C-1b, Uy 164 Hz), 97.6 (C-1a,
Yen 161 Hz), 97.6 (C-1c, oy 169 Hz), 60.5 (C-6b), 56.5 (C-2a), 20.7 (COCH,),
and 16.8 (CHCH,).

Anal. Calc. for CsH.NO,,: C, 65.81; H, 6.03; N, 1.18. Found: C, 66.20; H,
6.16; N, 1.24.

0-(2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl)-(1—4)-O-[(2,3,6-tri-O-ben-
zyl-a-L-fucopyranosyl)-(1—3)1-6-O-benzyl-2-deoxy-2-phthalimido-D-glucopyranose
(14). — A mixture of compound 13 (443 mg, 373 umol), PACl, (318 mg, 1.8 mmol),
and NaOAc (147 mg, 1.8 mmol) in 95% aq. AcOH (6 mL) was sonicated by an
ultrasonic cleaner (Tocho) for 16 h, and filtered. The filtrate was diluted with
CHCl,;, successively washed with water, aq. NaHCO,, and aq. NaCl, dried
(MgS0,), and filtered. The filtrate was evaporated in vacuo, and chromatography
of the residue over SiO, in 3:2 toluene-EtOAc afforded 14 (280 mg, 65.7%); Rg
0.43 in 1:1 toluene-EtOAc; n.m.r. data: 8, 5.222 (d, 1 H, J 3.4 Hz, H—4b): 1.233
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(d, 0.9 H,J 6.7 Hz, CHCH,B). and 1.200 (d. 2.1 H. J 6.7 Hz. CHCH a): 5 99.6
(C-1b), 98.4 (C-1aB). 97.4 (C-1¢), 93.0 ('(‘-»lzla)‘ and 160.7 (CHCH ).

Anal. Cale. for C.H,NO,,: C.64.97: H. 589 N_ .22, Found: C. 64.64; H.
5.89: N. 1.20.

Benzyl -(2,3.4,6-tetra-O-acetvl-B-D-galactopyranosyli-( f -4 -O-[(2, 3 4-1ri-
O-benzyl-a-1-fucopvranosyl)-(1—+3}-O-16-O-benzyl-2-deoxy-2 - piuhalinido- $-1-

glucopvranosyl)-{ 1--31-0-(2,6-di-O-benzyl-B-D-galactopyranosyii-( f—4 -2, 3.0-iri-
O-benzyl-B-D-glucopyranoside (18). — Into a solution of mmpuund 14 {458 mg.

0.4 mmol) and CLCCN (720 mg. 5 mmol) in C{CH.),CT (5 mi.) was njected a
solution of DBU (66 mg, 4.4 mmol) in Ci{CH,).Cl (2 ml,, at =5 under Ar. The
mixture was stirred for 1 h at 20° and evaporated in vacro. Chromatography of the
residue over SiQ, in 2:3:1 EtOAc-hexane—~CHCI, afforded O-12.3.4,6-0tr@-O-
acetyl-B-p- oaluc{()pvm/ws\/) (1-—>4)-O-[{2,3,4-1ri-O-benzvl-co -fucopyranosyli-
(1—3)]-0-O-benzvi-2-deox v- _/r-pizthu/umdu—;ﬂ—D-‘g/m opyranosyl trchiorouceiimidate
(4) (346 mg, 67.1%): el +16.77 (¢ 1.5} R 055 in 101 BrOAc-hexane: nom.r,
data: 8, 6.366 (d. 1 H.J 8.6 Hz. H-1a), 5 f.”ﬁ (d. 1 H, 730 Hzo Hby 30015 (dd.
TH,/82and 10.4 Hz, H-2by, 2.024 (5. 6 H, 2 Acy. 1951 (s, 3 HL Ay, 1.826(s. 3
H, Ac). and 1.206 (d. 3 H. J 6.4 Hz. CHCH,): 8, 1609 (O~ = N1 995 (C-1b],
97.7(C-1c), 94.3 (C-1a), 90.5 (CCKL), 60,5 (C-6b), 35.2(C-2a). and 16,7 (CHCH,).

To a solution of compound 4 (291 mg, 225 ,umnl) and compound § (109 mg.
225 pmol) in CHHCH.)-CH{5 mL) was added dropwise a U.56 solution of BF,- E6.O
in CI(CH,),Cl (0.5 mL}) at 0°. The mixture was stirred for 30 mun ot 207, and diduted
with CHCl; (50 ml.}. successively washed with ag. NaHCO; and aq. NaCt, dried
(MgSO,). and evaporated in vacuo. Chromatography of the rwkdm over 8i0.

2:T hexane-EtOAc-CHCI, gave 15 (303 mg. 67.0% ) [a]y +4 17 (0.3 R 0. “sh
in 3:2 hexane-EtOAc; nomur. data: 8, 5311 (d, I H.J 8.5 Hz. Hru)ﬂ 5.246 {d.
H.J 3.3 Hz, H-4d}. 5.016 {dd, I H, /8.5 and 10.2 Hz, H-2d}. 1992 (.. 6 H. 2 \u
1.954 (s, 3 H, Ac). 1.827 (s, 3 H, Ac}, and 1.I82 (d. 3 H.J o6 Hy, CHC H ok
2..: (C-ta), 1624 ’C~H’>) ‘3 6 (C-1d). 99.0 (C-1¢) . 97.6 (U-1er. 83A 824, ‘i ‘J‘

7 (C-da, C-3b, C-3c. C-4c ) 60.5 (C-6d), 36.3 (C-2cy. and 16.7 (C-ae ).

Anal. Cale. for C, H,.\NO,;; €, 6927, H. 6,16 N O.T70 Found: ¢ 6920
H. 6.14; N, 0.82.

The usual acetylation of 1§ with Ac,O~pyridine afforded henzyvi O-(2.5,4.6-
tetra-O-acetyl-B-p-galactopyranosyl)-(1—4j-O-[ (2,3, 4-tri-O-benzyl-a-t - fucapyra-
nosylj-(1-—3)]-O-(6-0-benzyl-2-deoxy-2-phthalimido-B-o-ghucopvranosyli-( {->3)-
O-(4-O-acetyl-2, ()—dz'-O-h(,’nzy!-ﬁ*Doga[m’mpvranmvi) A fed -2 3, 0-101-O-benzyl-B-
D-glucopyranoside (16); n.m.r. data: §,;5.445 (d. | H. /3.7 Hz. H-dby. 5236 (d.
H, /3.3 Hz, H-4d). 5.234 (d. 1 H. /83 Hz. H-1c), 5.031 (dd. [ H. /&0 and LS
Hz, H-2d). 2.074. 2,032, 2 000, 1951, ] 812 (5. 13 H. 5 Ac). and 1190 (d. 3 H.
J 6.3 Hz, CH(‘HJ

Benzyl  O-(2,3.4.6-tetra-O-aceryl-B-D-galactopvranosvi)-{ 1 -4 -] 2,3, 6-tri-
O-benzyl-a-1.-fucopyranosyvl)-(1—3)|-Q-(2-acetamido-6-O-benzvl-2-deoxyv-8-D-glu-
copyranosyl)-(1-->3)-O-(4-O-acetyl-2,6-di-Q-benzyl- G-n-galactopyvranosvij-{ 14}

17
[AY

Afi
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2,3,6-tri-O-benzyl-B-D-glucopyranoside (17). — A solution of compound 15 (68.5
mg, 34 umol) in SmM NaOMe-MeOH (5.2 mL) was stirred for 16 h at 20°, made
neutral with Amberlyst 15, the suspension filtered, and the filtrate evaporated in
vacuo. A solution of the residual oil in 50:1 EtOH-H,NNH,-H,O (5 mL) was
stirred under reflux for 24 h and then evaporated in vacuo. The residue was dis-
solved in 1:1 Ac,O—pyridine (2 mL) containing a trace of DMAP, and the solution
was stirred for 16 h at 20°, diluted with EtOAc (100 mL), successively washed with
M HCl, aq. NaHCO,, and aq. NaCl, dried (MgSO,), and evaporated in vacuo. The
residue was purified by l.c., using a P-G220 column (Hitachi Kasei) in CHCl,, to
give 17 (47.4 mg, 7T1%); [a]lp —25.53° (c 0.15); R 0.40 in 1:1 toluene-EtOAc;
n.m.r. data: 5.282 (d, 1 H, J 2.9 Hz, H-4b), 5.187 (d, 1 H, J 3.7 Hz, H-4d), 5.142
(d, 1 H,J5.6 Hz, H-1e), 2.031, 1.952, 1.945, 1.932, 1.851, 1.520 (6 s, 18 H, 6 Ac),
and 1.154 (d, 3 H, J 6.6 Hz, CHCH,); 8- 102.5 (C-1a), 102.1 (C-1b), 99.7 (C-1c and
C-1d), 96.3 (C-1e), 82.8, 81.8, 80.4, 79.8 (C-4a, C-3b, C-3c, C-4c), 60.2 (C-6d),
56.6 (C-2c), 22.9 (NHCOCH;), 20.1, 20.5 (OAc), and 16.7 (C-6e).

Anal. Calc. for C,,H;sNO;,: C, 68.45; H, 6.41; N, 0.71. Found: C, 68.55;
H, 6.34; N, 1.11.

0-(2,3,4,6-Tetra-O-acetyl- B-D-galactopyranosyl) - (1—-4)-O-[(2,3,4-tri-O-
acetyl-a-L-fucopyranosyl)-(1—3)]-O-(2-acetamido-6-O-acetyl-2-deoxy--D-gluco-
pyranosyl)-(1—3)-0-(2,4,6-tri-O-acetyl-B-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-
acetyl-D-glucopyranosyl acetate (18). — A mixture of compound 17 (44.8 mg, 22.8
umol) and 10% Pd-C (40 mg) in EtOH (5 mL) was stirred for 16 h at 20° under H,,
filtered, and evaporated in vacuo; the residue was dissolved in 1:1 Ac,O—pyridine
(2 mL) containing a trace of DMAP, and the mixture was stirred for 6 h at 20°. The
usual work-up, and chromatography over SiO, in 3:1 toluene-acetone, afforded 18
(26.8 mg, 79.3%); R 0.54 in 1:1 toluene—acetone; n.m.r. data: & 6.255 (d, 0.6 H,
J 3.7 Hz, H-1aa), 5.661 (d, 0.4 H, J 8.3 Hz, H-1a8), and 1.203 (d, 3 H, J 6.6 Hz,
CHCH,).

Anal. Cale. for C,HNO,,: C, 50.17; H, 5.77; N, 0.94. Found: C, 50.39; H,
5.82; N, 0.91.

Conversion of compound 18 into glycosyl donors 20 and 21. — A mixture of
compound 18 (23.1 mg, 15.5 mmol) and H,NNH,- AcOH (1.8 mg, 20 umol) in
DMF (1 mL) was stirred for 1 h at 20°, when conversion of 18 (Rg 0.51) into com-
pound 19 (R 0.38 in 1:1 acetone—toluene) was complete. The mixture was diluted
with EtOAc (50 mL), successively washed with M HCI and aq. NaCl, dried
(MgS0,), and evaporated in vacuo. To a mixture of the residue and Cl,CCN (14.4
mg, 100 umol) in CI(CH,),Cl (0.5 mL) was added a 0.06M solution of DBU in
CI(CH,),Cl1 (0.5 mL). The mixture was stirred for 1.5 h at 20°, and then directly
submitted to chromatography over SiO, in 3:1 toluene-EtOAc, to give O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-(1-4)-O-[(2,3,4-tri-O-acetyl-a-1-fucopyrano-
syl)-(1—-3)]-O-(2-acetamido-6-O-acetyl-2-decxy-B-D-glucopyranosyl)- (1—3)-O-
(2,4,6-tri-O-acetyl- B-D-galactopyranosyl) - (1—4)-2,3,6-tri-O-acetyl-a-D-glucopyra-
nosyl trichloroacetimidate (20; 16.5 mg, 67.1%); [a]p, —10.4° (c 0.66); Rg 0.47 in
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{01 toluenc—acetone: num.r. data: 8, 0.485 (d. 1 H. /3.7 Hz, H-1a) 5528 (0, [ H.
9.7 Hz, H-3a), 4614 (40U HL 780 Hz, H-Tb or ﬂ). 2 1‘47. 2 244 212094
SOIZHL A A, 2 120(s. Y HL 3 A 2084 (s, 6 HL 2 Ay 2,073, 2,046, 2041, 2,004
(45, 12H, 4 A0, TOR2 (5. 6 HL 2 Ay, 1951 (s, 3 HL 1"\(. amd 1203 0d 3 H 00
Hz, CHCH ).

pamoly m 9% yield as already deseribed] i THE (3 mL } was added diethylamino-
sutfur trifluoride (DAST. 17 2l 136 pmol) under Ar at 07 The muxture was stirred

.

for T hat 07 poured into ce-aq. NaHCO . and cx:ructcd with BrrAc The extract
was washed successively with ag. NaHCO, and ag. NaCl dried (MgSO,) . and
evaporated (a vacoo Chromatography of the residuce over Si6), o 103 acetone-
toluene afforded O-(2.5 4 6-tetra-O-acetvi-B-v-galactopyranosvij-1 1--41-O- (2, 3, 4-
tri-O-ageetvl--1-fucopvrenosyij- 131G 2-acetamido-6-C-acetyi-2-deoxy-3-D-
4 0-1pr1-C-geetyl-B-D-gaductopyranosylj- 1 1-—4)-2,3.6
tri-O-ceryl-o- and -B-v-glucopyranosyl fluoride {28 185 me. 38% 5 and 19 (250

glucopyranosyl)-(}—-31-03-12,

mg. 31% ) which was converted into 18 by Ac,O and pyridine. Compound 21 was a
mixture of the ¢ and B anomers in the ratio of T H R 643 0 121 sectone-toluene:
nom.r. datas & S.675 (dd, 609 H. /2.6 dmi 33 Hz, H-lae), 3362 {dd, 0.91 H,
purtly overfapped signuds. H-fag), 3414 (d, [ HO /4.0 ez, H-470 3560 (d THL 7
28 Hz, H-db®y 4613 d t ML S 7.9 He, H-Ih“m 4308 ¢d, T HL /T8 ezl H-LdT
200920 2472021490 21 20124 201200 201130 2064, 200820 20790 2,069, 2047,
FO82 1680, 1.939 (15 5. 45 HL 15 Ach, and 1.202 (d, 3 HLJ 67 He, CHCOH .
Giveosyiation of ceranude 3. — {4} To a mixture of compound 20 (13,9 mg.

'

10 wmoly, benzoyl ceramide 3 (8.0 mg. 10 gmol}y. and powdered molecular sieves
AW-300 (0.1 g) in cthanol-frce CHCL (I mb) was added o U i solaution of
BF,-E6LO in CHCH,J,CTH00 nhy at 57 under Ar. The mixture was stirred for 1
h at 207, diluted with CHOY (30 mi), successively washed with ag. NaHCO, and

aq. NaCl. dried (MgSO ) iudpumtui ir vacuo. Chromatography of the residue
over 5iG, in 99:1 OHK AcUrt afforded O-(2.3 4.0-icira-Ui-dceivi--b-galacio-

pyranosyl)-(i—s4j-(-{12 .Z!:zzv(?ﬂm etvi-oet-frucopyranosyli-( 1> 3O« 2-acetam-
ido-6-O-aceiyl-2-deoxy-3-D-glucopyranosyi)-( 13- O~ 24,6170 O-ccervl- B-1-ga-
lactopyranosyl)-(f-»2)-O-(2,3,0-tri-O-acervl- B-D-glucopyranosvii-i i1 -3-O-ben-
zoyl-2-N-tetracosanoyi-(25 IR 4E j-sphingenine (22: 1.6 mg. 7.3% ) o, =39 (¢
04): R, 073 n 121 toluum -EtOAC numLr. ddld. Gy D867 (dt. I HoJ 6.8 and 15.0
Hz, H-dcer), 5742 (do 1 HL /8.0 Hzo NHy, 5532 (00 1T ML/ 74 He H-3cer), 5.456
(dd, 1 H, J 7.4 and Iﬁ'.éi Hz. H-dcer), '4.(@12 (d. VHOJ 82 Heo Hedb™h 2019103
(m. 49 H. 15 Ac, COCH. and =CHCH -y and D.879 (. 6 H. 1 6.4 Hel 2 CHLCH ).

Y
() Into a mixture of powde zcd molecular sieves A (100 mg). \g()%() CF,

{i4d mo 18 um v SnCH fY mg 18 aminh aeag indepted o enlorian of com mxunli

T BRgL i i )!l\rlj i 51!6‘ PLY ALY ] WV ALY lll'\.‘-l\,r\l b OMUFIREEERYEE LFY ‘Llill{l'lVLlll\!

1A LT
A pmoly and compound 3 (8 mg. 10 umol)in 2

L

HisieH
) S CHC-toluene (3
mb). The mixture was stirred for 3 h at 207, and filtered thmugh (K”im.‘. The hlirate
was washed successivelv with ag. N;zH(,ff(); and ag. NaCl, dried (MgSO). and

(149 mg

~

TAssignments with the asterish may hiave {0 be inferchanged.
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evaporated in vacuo. Chromatography of the residue over SiO, in 1:2 acetone-
toluene afforded 22 (4.5 mg, 21%) and 19 (7.2 mg, 48%).

Deprotection of compound 22. — A solution of compound 22 (3.1 mg, 1.42
pmol) in 1:1 MeOH-THF (1 mL) containing 0.1M NaOMe-MeOH (140 ul) was
stirred for 16 h at 20°, made neutral with Amberlyst 15, the suspension filtered, and
the filtrate evaporated irn vacuo. Chromatography of the residue over Sephadex
LH-20 in 60:40:4.6 CHCl,-MeOH-H,0 afforded O-B-p-galactopyranosyl-(1—4)-
O-[a-L-fucopyranosyl- (1-3)]-O- (2 -acetamido -2 - deoxy - B-D - glucopyranosyl) -
(1—-3)-O-B-D-galactopyranosyl- (1—4)-O-B-D-glucopyranosyl-(1—1)-2-N-tetra-
cosanoyl-(28,3R,4E)-sphingenine (1; 2.1 mg, quantitative); [a], —23° (¢ 0.1,
MeOH); R;:0.58in2:1:1 BuOH-EtOH-H,C;n.m.r. data: §,;(49:1Me,SO-d~D,0,
60°) 5.545 (td, 1 H, J 6.9 and 15.0 Hz, H-5cer), 5.409 (dd, 1 H, J 7.6 and 15.0 Hz,
H-4cer), 4.897 (d, 1 H, J 2.4 Hz, H-1e), 4.774 (d, 1 H, J 7.6 Hz, H-1c), 4.562 (m,
1H, H-5¢),4.312 (d, 1 H,J 7.0 Hz, H-1b*), 4.294 (d, 1 H, J 7.0 Hz, H-1d%), 4.177
(d, 1 H, J 7.9 Hz, H-1a), 2.044 (t, 2 H, J 7.3 Hz, COCH,CH,), 1.951 (m, 2 H,
H-6cer), 1.834 (s, 3 H, NAc), 1.044 (d, 3 H, J 6.4 Hz, H-6¢), and 0.860 (t, 6 H, J
7.0 Hz, 2 CH,CH,); lit.?: 8;; (49:1 Me,SO-dD,0, 55°) 4.876 (d, 1 H, J 4.3 Hz,
H-1e), 4.778 (d, 1 H, J 7.9 Hz, H-1¢), 4.590 (g, 1 H, J 6.7 Hz and 1.5 Hz, H-5¢),
4.295 and 4.280 (d, 1 H, J 7.3 Hz, H-1b and H-1d), and 4.206 (H-1a).

ACKNOWLEDGMENTS

We thank Dr. J. Uzawa and Mrs. T. Chijimatsu for recording and measuring
the n.m.r. spectra, and Dr. H. Honma and his staff for the elemental analyses. We
also thank A. Takahashi and K. Moriwaki for their technical assistance.

REFERENCES

S. Sato, Y. ITO, AND T. OGAWA, Carbohydr. Res., 155 (1986) c1—S.

A. KoBATA AND V. GINSBRURG, J. Biol. Chem., 244 (1969) 5496-5502.

S. HAKOMORI AND R. W. JEANLOZ, J. Biol. Chem., 239 (1964) 3606-3607.

H.-Y. YANG AND S. HAKOMORL, J. Biol. Chem., 246 (1971) 1192-1200.

B. L. SLOMIANY, A. SLOMIANY, AND M. 1. HorOWITZ, Eur. J. Biochem., 56 (1975) 353-358.

J. M. McKIBBIN, W. A. SPENCER, E. L. SMITH, J.-E. MassoN, K.-A. KARLSSON, B. E. SAMUELSSON,

Y.-T. L1, anD S.-C. L1, J. Biol. Chem., 257 (1982) 755-760.

M. T. VANIER, T.-E. MANSSON. AND L. SVENNERHOLM, FEBS Lett., 112 (1980) 70-72.

R. KaNaGl, E. NUDELMAN, S. B. LEROY, AND S. HAKOMORY, J. Biol. Chem., 257 (1982) 14,865—

14,874.

9 L. C. HuanGg, M. BROCKHAUS, J. L. MAGNANI, F. CutTiTTA, S. ROSEN, J. D. MINNA, AND V.
GINSBURG, Arch. Biochem. Biophys., 220 (1983) 318-320.

10 G. PFANNSCHMIDT, J. P. KaTALINIC, M. KORDOWICZ, H. EGGE, J. DABROWSKI, U. DABROWSKI,
AND P. HANFLAND, FEBS Lett., 174 (1984) 55-60.

11 J.-C. JACQUINET AND P. SiNaY, J. Chem. Soc., Perkin Trans. 1, (1979) 314-322; O. HiINDsGAaUL, T.
NORBERG, J. LEPENDU, AND R. U. LEMIEUX, Carbohydr. Res., 109 (1982) 109-142.

12 M. M. PonpipOM, R. L. BUGIANESI, AND T. Y. SHEN, Tetrahedron Lett., (1978) 1717-1720; R. U.
LEMIEUX, S. Z. ABBAS, AND B. Y. CHUNG, Can. J. Chem., 60 (1982) 68-75.

13 J. DAHMEN, G. GNOSSPELIUS, A.-C. LARSSON, T. LAVE, G. Noorl, K. PALssON, T. FREID, AND G.
MAGNUSSON, Carbohydr. Res., 138 (1985) 17-28.

14 K. KOIKE, Y. NAKAHARA, AND T. OGAWA, Glycoconjugate J., 1 (1984) 107-109.

o R A R S

co 2



210 NONATOLY FTOL T NURADAL T NAKAARA T OGAWA

~d

I OGawa anp M. Suagimoto, Carbolvdr, Res., 128 (19853 ¢ f-
W KUTSCHER. AND AL BiNsCH, Justus Liehigs Anne Cheme (TURS)
M. Kisor anp L. ANDErsoN. Carbohvdr, Hes | T2 0007 1 2ooid
NAKABAYASHL, ibid., 93 ¢
T, Ocawa ant Mo Marson Carbolivdr, Res., 62 (1978) ol Tesrahedron, 37 CH98 1) 1363-2369:
I ()(;r\x\,x‘, TONvKADaL aND MMt Carbofivdy Res 10T (1982 20377007 Onawa, Y
TARAHASHL AND M OATA 150 02 (19 Sl Perkin
7mns. /’, (19K Te2a-inl0
M. ER.PT Gareaa, HL HVTRERG. AND S, OSCARSON . J. L arbofivddr. Chene 2 0TS 305 31
R.R.ScHMiD axp M Sooniee, Justes iebigs A, Cheom i
H.LoNN, Carbofivdr. Kes 139 (1085 105 LI R B
R.Bosy anp RoScnerroni, Aages £ hese 0 R {T9767 STR-ST00 T Dav s v 5 NARABAY ASHIL
Cuarbohydr. Bes., 93 { TRy o fe B
KoK Sersiotr ane I Muoner s Angew. Chem, dne Ed Engl 19 {18980 731
AND G GRUNDLER. Svachests, {1981 885-8K57; R RoOSoanner aso bMicaes
31 (1982) 72 ‘*l;; HoOROSouMipt
R RA R Seaimviirr ane R Koagin, ibi
ISEN AND M. Paar ¢ mwulzwlr Res.
R. l [E‘Hi ol TP ARy s BUYL O A0 Svmp Ser
G BExeorvn, B Gacyagur ang -8
W ROsENBROOK, Jroo 1AL Ripey
Posser aNn SR Mg i 76 (19K
27 T MuURAIYaMaL Y Muwar s S SHona. Chem, e, (19813 431
CSOBL Liviewry LD Noorw MOFE AN RSEN . AanD B M AN O 0K

RERERYS

vl b BERRL AND N

THRTY Ct O

RIV 2077050 A Npvatees, i

L SCHMID

Chicre . Tor

0 O GRUNDEER. dhed 0 2T 019Xy TR TR TGRS
(] 6500

Uik, Carbobvdr, Res..
A sy Tereiheds




