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ABSTRACT

Coupling of the sodium salt of 2,3,4,6-tetra-O-acetyl-1-thio-f-p-glucopyranose, --p-galactopyra-
nose, 0-(2,3,4,6-tetra-O-acetyl-f-p-galactopyranosyl)-({ = 4)-2,3,6-tri-O-acetyl-1-thio-f-p-glucopyranose,
or O-(methyl 5-acetamido-4,7.8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosyl-
onate)-(2 - 3)- 0-(2,3-di- O- acetyl-6-O-bezoyl-f-p- galactopyranosyl)-( 1 —4)-3-O-acetyl-2,6-di-0-benzoyl-
1-thio-f-p-glucopyranose, which were prepared from the corresponding 1-S-acetates, 1, 3, 6, and 9, with
(28,3R 4E)-2-azido-3-0-benzoyl-1-O-(p-tolylsulfonyl)-4-octadecene- 1,3-diol (12) derived by tosylation of
11, gave the corresponding f-thioglycosides 13, 17, 21, and 28, respectively in good yield. The g-thioglyco-
sides obtained were converted, via selective reduction of the azide group, condensation with octadecanoic
acid, and removal of the protecting groups, into the title compounds.

INTRODUCTION

It is well known that glycolipids, the so-called cerebrosides, glycosphingolipids,
and gangliosides, have biological roles® such as cell growth, differentiation, adhesion,
oncogenis, and receptor functions for viruses and bacterial toxins. Recently, we have
synthesized® several ganglioside analogs containing a-thioglycosides of sialic acid, and
have observed that these analogs are potent inhibitors’ of sialidase activities of different
subtypes of influenza viruses. Further modification of the glycolipid molecule, to place
sulfur in the glycosidic linkage between the sugar and ceramide, should be carried out,
not only for obtaining endoglycoceramidase® inhibitors, but also for elucidating the
functions of the glycolipids at the molecular level. We describe here the synthesis of
cerebrosides, lactosyl ceramide, and ganglioside GM, analogs, containing S-thioglyco-
sidically linked ceramide.

RESULTS AND DISCUSSION

The title thioglycolipids 1 and 3, by potassium thioacetate treatment of the
corresponding per-O-acetyl-a-D-hexopyranosyl bromides, and 6 and 9 by treatment of
the corresponding a-trichloroacetimidates 5 (ref. 9) and 8 (ref. 10), respectively, with

*Synthetic Studies on Sialoglycoconjugates, Part 20. For Part 19, see ref. 1. Presented at the 15th
International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990.
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thivacetiv acid in the presence of boron trifluoride etherate. were prepared in good vields
s the reguired intermediaies

{285 3R 4E3-2-Azido-3-O-benzoyl-1-O-(p-tolylsulfonyl)-4-octadecene-1.3-dicl - (12),

derived by p-tolylsuifonyletion of (28.3R4E)-2-avido-3-0-bepzoyl-4-octadecene-1,3-

dio!™ (11 was used as the ehyeosyl acceptor. The coupling products could be readily

converted into the trget compounds.
Treatnent of the »odiunt salt 2, freshly prepared from 2.3 4. 6-tetra-O-aceivi-1-
acetvl-1-thio-f-p-glucopyranose (1) by selective S-deacetylation with sodium m:‘thm—
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wle. with compound 12 in & N-dimethylformamide under niiroocn afforded S-(2.3.4.6-
tetra-O-aeetyl-f-D-glucopyranosyh-{ 1 — -2 R 3R 4 F)-2-azido-3-benzovioxy-4-o0tu-

decene-1-thiol {13y it 87 % vield. after column chromategraphyv. The structure of 13 wus
unambiguously proved by 270-MH7z ‘Henmor. spectroscopy. The observed signals
eshibited four sharp singlets. cach itegrating {or three protons, which demonstrated
the pxewmcuf ic;ur Oracetyigr oupx H I reson: m,d at ¢ 4.55 as g wide doublet J,_ I

,nnsxslmt wnth xtruc,turc 13 By essentially the SAMe way as d<:~icrm;:—d for 13 mndcnm-
tion of 12 with the sodium salts 4.7, and 16, derived [rom the corresponding 1-5S-acetyl

derivatives 3.6, and 9. respectively. vielded the desired f-thioglveosides 17, 24 and 28 in
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92,91, and 41 % yields. '"H-N.m.r. data for 17, 21, and 25 demonstrated them to be fully
blocked glycosides; each H-1 signal from the newly formed j-glycosidic linkage ap-
peared at 6 4.52 (J,, 9.9 Hz), 4.55 (J, , 10.1 Hz), and 4.80 (J,, 9.5 Hz); other n.m.r. data
are consistent with the structures assigned. Selective reduction'*" of the azide group in
13 with hydrogen sulfide in 5:1 pyridine-water gave the amine 14, which, on condensa-
tion with octadecanoic acid using 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide hy-
drochloride (WSC) in dichloromethane, afforded the S-(per-O-acetyl-f-p-glucopyra-
nosyl)-(1-»1)-(2R,3R 4 E)-3-benzoyloxy-2-octadecanamido-4-octadecene-1-thiol (15)
in 75% yield. According to the same procedure described for 15, selective reduction of
the azide group in compounds 17, 21, and 25, and subsequent condensation with
octadecanoic acid yielded the corresponding desired products 19, 23, and 27, respec-
tively in high yields.
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Finally, O-deacylation of compounds 15, 19, and 23, with sodium methoxide in
methanol, yielded the target products 16, 20, and 24 respectively in good yields
0-(5-Acetamido-3,5-dideoxy-p-glycero-a-D-galacto-2-nonulopyranosylonic acid)-
(2-3)-0-(B-p-galactopyranosyl)-(1 - 4)-S-(f-p-glucopyranosyl)-(1 - )-(2R3R 4E)-
3-hydroxy-2-octadecanamido-4-octadecene-1-thiol (28), a ganglioside GM, analog
containing f-thioglycosidically linked ceramide, was obtained in good yield by O-
deacylation of 27 with sodium methoxide and subsequent saponification of the methyl
ester group.
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EXPERIMENTAL
General methods. - Melting points are uncorrected. Optical rotations were

determined with a Union PM-201 polarimeterat 25 _and i.r. spectra were recorded with
a Jasco A-100 spectrometer. 'H-N.m r. spectra were recorded at 270 MH~ with a Jeol
INM-GX270 spectrometer. Preparative chromatography was performed on silica gel
(Wako Co.; 200 mesh) with the solvent systems specified. Concentrations and evap-
orations were conducted i ravin,
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0-(2,3 4 6-Tetra-O-acetyl-f-p-galactopyranosyl)-( 1—4 )-2,3,6-1ri-O-acet yi-1-S-
acetyl-1-thio-f-p-glucapyranose (6). — To a solution of 0-(2,3,4,6-tetra-O-acetyl-f-n-
galactopyranosyl)-(1 —4)-2,3,6-tri-O-acetyl-a-D-glucopyranosyl trichloroacetimidate’
(8, 90 mg, 0.12 mmol) in dry CH,Cl, (3 mL) were added AcSH (0.01 mL) and BF,-Et,0
(0.01 mL), and the mixture was stirred for 2 h at room temperature. The mixture was
successively washed with M Na,CQ, and water, dried (Na,SO,), and concentrated to a
syrup that was chromatographed on a column of silica gel (20 g) with 170:1 CH,Cl,~
MeOH to give 6 (60 mg, 75%) as an amorphous mass; [« 0° (¢ 1.2, CHCL); 'H-n.m.r.
(CDCly): ¢ 1.97,2.02, 2.04, 2.05, 2.07, 2.11, 2.15(7 s, 21 H, 7 CH,CO,), 2.38 (5, 3 H,
CH,COS).4.47(d,1 H,J, ,81Hz, H-1),495(dd, 1 H,J,;,103,J, ,3.8Hz, H-3),5.04
(t, 1H,/,, = J;, = 10.3Hz, H-3),5.11 (dd, 1 H, H-2"),5.23(dd, 1 H, J,, 6.6 Hz, H-2),
531(d, 1 H, H-1), and 5.35 (d, 1 H, H-4").

Anal. Cale. for C,gH,,0,S (694.7): C, 48.41; H, 5.51. Found: C, 48.54; H, 5.63,

O-( Methyl S-acetamido-4,7 8 9-tetra-O-acetyl-3,5-dideoxy-p-glycero-a-D-galac-
to-2-nonulopyranosylonate )-{ 2 3 )-0-{ 2,4-di-O-acetyl-6-O-benzoyl-$-p-galactopyra-
nosylj-( 1—4)-3-O-acetyl-1-S-acetyl-2,6-di-O-benzoyl- I-thio-f-D-glucopyranose (9). —
To a solution of O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-
a-D-galacto-2-nonulopyranosylonate)-(2—3)-0-(2,4-di-O-acetyl-6-O-benzoyl-f-p-ga-
lactopyranosyl)-(1 —4)-3-0-acetyl-2,6-di-O-benzoyl-a-D-glucopyranosy! trichloroace-
timidate' (8, 100 mg, 71.5 ymol) in dry CH,Cl, (5 mL) were added AcSH (0.01 mL) and
BF,-Et,0 (0.01 mL), and the mixture was stirred overnight at room temperature. A
similar processing as that described for 6, and column chromatography {silica gel, 50 g)
using 90:1 CH,Cl,-MeOH as eluant gave 9 (85 mg, 91%) as an amorphous mass; [«
+0.5° (¢ 6.2, CHCl,); v,,,, 3400 (NH), 1750 and 1230 (ester), 1700 (S-acetyl), 1680 and
1550 (amide), and 720 cm™ (Ph); 'H-n.m.r. (CDCI,): NeuSAc unit § 1.67(t, 1 H, J,,;, =
Jy4 = 12.5Hz,H-30a),1.83(s,3H,CH,CON),2.57(dd, 1 H, J,,,4.6 Hz, H-3e), 3.60 (dd,
1H,J,10.7,J,,2.6 Hz, H-6), 3.71 (s, 3 H, CH,0),4.12 (m, | H, J, ;9.9 Hz, H-5), 4.23
(dd, 1H, Jg, 7.1, J54 11.4 Hz, H-9), and 4.40 (dd, 1 H, J;, 3.7 Hz, H-9'); Gal unit §4.33
(d,1H,8.0Hz, H-1),5.01(dd, I H,J,,10.3,/,,3.3 Hz, H-3),and 5.39(d, 1 H, H-4); Gic
unit62.22(s,3 H, CH,COS),5.32(d, | H,/,,9.5Hz, H-1),545(t, 1 H,J;,9.3Hz, H-3);
O-acyl groups 6 1.94,2.00,2.01(2),2.02,2.11,and 2.21 (75,21 H, 7CH,CO,), 7.38-8.12
(m, 15 H, 3 Ph-H).

Anal. Cale. for C,,HgNO,S (1312.2): C, 55.83; H, 5.30; N, 1.07. Found: C, 55.70;
H, 521;N, L.12.

(28,3R 4E j-2-Azido-3-O-benzoyl-1-O-( p-tolylsulfonyl )-4-octadecene-1,3-diol
(12). — To a solution of (25,3R,4 E)-2-azido-3-0-benzoyl-4-octadecene-1,3-diol'! (11,
653 mg, 1.52 mmol) in CHCI, (30 mL) and Et;N (3 mL), cooled to 0°, was added
p-toluenesulfonyl chloride (1.2 g), and the mixture was stirred for 24 h at room
temperature, the progress of the reaction being monitored by t.1.c. Methanol (1 mL) was
added to the mixture, which was stirred for 10 min and concentrated. The residue was
chromatographed on a column of silica gel (50 g) with hexane~EtOAc to give 12 (815
mg, 92%) as a syrup; [a]p, — 387 (¢ 1.2, CHCLy); v,,,, 2100 (azide), 1740 and 1220 (ester),
and 720 cm™ (Ph); 'H-n.m.r. (CDCL,): 6 0.87 (m, 3 H, CH,CH,), 1.24 (s, 22 H, 11 CH)),
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202(m,2H. H-6.67.2420 3H.Ph-CH,), 546 (dd. 1 H.Jj 6.8/, 14 3Hz H-4). 552
(dd. 1 H,J. ;42Hz H-3). S88¢td. T H.J. = /., = 6.8 Hz H-5) and 710 8.14(m. 9 H.
COPh-H, CH,Ph- 1.

dnal, Cale for CoH N OGS (5838 COO5 83 H, 777 N, 7,200 Found: € 6599
H. 7.68; N. 7.16.

S-02.34.6- T’z’im—()ﬂu'uf;vv"~/x'-D»g/u('np_\'rcmrm/M =1 2R IR 4E -2 azido-3-
benzovioxy-4-octadecene-i-thiol (13).  To a stirred solution of 2.3.4.6-tetra-O-ace-
tyl-i-5S-acetvl-1-thio-f-p-glucopvranose (1, 400 mg. 8.9% mmolyin dry MeOH (4 mL)
and CHCL (0.5 ml b cooled to - 20 | was added a solution of sodmum metal {22.6 mg)in
dry MeOH (1 mbL). Stirring wus contmumj for 5 mup at - 200 and the miziure was
concentrated to give 2 as an amorphous mass, which was used for the next reaction
without purification. A solution of 2(1.08 g, 278 mmob and 12 (810 mg. .39 mmol)in
dry N N-dimethylformannde (DME: 20 mi) was stirred for 24 hat 40 under NG the
course of the reaction being moenitored by t.Le. Acetw anhydride (3 miy and pyridine
{10 mL} were added to the nuxture, which was stirred overnight at room temperature.
and concentrated. The residue was dissolved in CH.CL (204 L. and the solution was
successively washed with 2m HCOL M Na,CO L and water, and then dried (Na SO, und
evaporated o a syrup that was chromatographed on a columm of silica gel (100 g) with
6:1 hex -me—fFi()Ac to afford 13 (940 mg, 87% ) as an amorphous mass: {2}, ~64.5 (
0.73. CHCL): 'H-nmor (CDCY (IIL unit 5192201, 2.02, 2054« 12 H, $CHLCO,
3.72(m. 1 H. H-53. 412 (dd. | H W22 F 125 He  He6) 4 26 (ddl T 48 Hz
H-()’) 4.55(d, 1 H. J, _ji ! Hz. H- i} 506(dd. T H. /. ;9.9 Hz, H-24 5.09 (broad 1.1 H.

3 Hzo H-3) and 24000 H T, 9.3 Ha H‘-4). sphingosine unmit & 0.87 (1. 3 H.

H( H 12445 221 fo.2.600dd V HOS, 142 v 0 Hz HA LD ‘>Z(dd. H.

J 48 Hz H- ;.4A(;(m. } .t"{-;?ﬂ)A SAS(Ad Y H /S, 4T He Hed 203 idd

H.oJ. 50 Hz H-3), 593 ¢d P HLO UL, = /o0 = 6.8 Hzo H-5, and 743 509 (m. 5 M,
Fh-#,

fual Cale for C HON O S7759) CL60.37:H. 7418542 Found: . 60.33;
H. 760N, 529

St 2350 Tetra- O-acetvi-f-0-glucopvranosyl i-i -+ 1 1= 1 2R IR 4E-3-benzoyl-
oxr-—v-vmla(lwzmanua’u—cl-m radecene-I-1hiof (15). Hvdrogen sultide was bubbled

through csolution of 13 (7% gy, 097 mmoebh in pvridine (25 mb) and water (3 mb) for 2

dave v hile the solution was svveed ut room temperature. The mixture was concentrated
t g the amine 140 which was used for the next reachon withou! purnfication. To a
sotution of 14 obtained as already deseribed, in dry CH.CL (30 mb). were added
sradecanoic acid (540 mg. LY mmolyand -ethyl-3-(3-dimethylaminopropyhicarbodi-

crde havdrochlonide (WSO 500 me. 2.6 mmol), and the mixture was stirred for 2 b at

ature the progress of the reaction bemg monitored by o, After comple-

reaction. CHLCL (50 mi) was added to the mixture. and the sojution was
srhowater dried (Na SO, and evaporated 1o g syrup that was chroma-

wofsiben ool 20 pywith 401 hexane-EtOAc, to unve compound 15
s amorphons mass; (2], - 305 (e 063 CHOLE Heomnuy (CDCL
Lricinind 200 2 6HTR 200d e 12 H A CH OO 3760 (m T HOH-S 4 addl T L

SO L. £ e
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4.8,J5412.6 Hz, H-6),4.22 (dd, 1 H,H-6),4.50 (d, 1 H, /, , 9.9 Hz, H-1), 5.01 (t, 1 H, J,,
9.9 Hz, H-2),5.07 (t, 1 H, J;,9.9 Hz, H-3), and 5.22 (t, 1 H, J, ;9.9 Hz, H-4); Cer unit §
0.87(t,6 H,2CH,CH,), 1.24(s, 50H,25CH,), 1.60 (m, 2 H, COCH,CH,), 2.85 (dd, 1 H,
Jiv13.6,J,,7.7Hz, H-1),2.92(dd, 1 H,J, ,4.4Hz, H-1"), 549 (dd, 1 H, J,,, 6.8, /,,15.4
Hz, H-4),587 (td, 1 H, J;, = J, = 7.0 Hz. H-5), and 7.45-8.04 (m, 5 H, Ph-H).

Anal. Calc. for C;Hy;NO,,S (1016.4): C, 67.35; H, 9.22; N, 1.38. Found: C, 67.33;
H, 9.28; N, 1.44.

S-(f-p-Glucopyranosyl)-(1—1)-( 2R, 3R 4E j-3-hydroxy-2-octadecanamido-4-
octadecene- 1-thiol (16). — To a solution of 15 (102 mg, 0.1 mmol)indry MeOH (10 mL)
was added NaOMe (10 mg). The mixture was stirred overnight at room temperature
and then made neutral with Amberlite IR-120 (H™*) resin. The resin was filtered off, and
washed with MeOH. The filtrate and washings were combined and concentrated to a
syrup. The residue was chromatographed on a column of Sephadex LH-20 (80 g) with
1:1 CHC1,-MeOH, to give compound 16 (68 mg, 91%) as an amorphous mass; [o]y
—34.0° (¢ 0.2, Me,SO); '"H-n.m.r. (Me,SO-4,): Glc unit §4.26 (d, 1 H, J,, 9.3 Hz, H-1);
Cer unit 6 0.87 (t, 6 H,2 CH,CH,), 1.25 (m, S0 H, 25 CH,), 1.28 (m, 2 H, COCH,CH.),
2.70(dd,1H,J,,13.9,/,,8.4Hz,H-1),2.98(dd, 1 H,J.,4.4Hz,H-1),5.40(dd, 1 H, J; ,
6.6, J,s 15.6 Hz, H-4), and 5.60 (td, 1 H, J,, = J,, = 6.8 Hz, H-5).

Anal. Calc. for C,Hy NO,S (744.1): C, 67.79; H, 10.97; N, 1.88. Found: C, 67.61;
H, 11.03; N, 1.92.

S-(2,3,4,6-Tetra-O-acetyl-f-D-galactopyranosyl )-( 1 -1 )-( 2R 3R 4E )-2-azido-3-
benzoyloxy-4-octadecene-1-thiol (17). — To a solution of 2,3,4,6-tetra-O-acetyl-1-5-
acetyl-1-thio-g-p-galactopyranose (3, 400 mg, 0.98 mmol)in dry MeOH (4 mL)}, cooled
to —20°, was added, with stirring, a solution of sodium metal (22.6 mg) in dry MeOH (1
mL). The mixture was stirred for 5 min at —20°, and concentrated to the crude 4 which
was used for the next reaction without purification. A solution of 4 (1.0 g, 2.59 mmol)
and compound 12 (760 mg, 1.32 mmol) in dry DMF (20 mL) was stirred for 24 h at 40°
under N,. Acetic anhydride (5 mL) and pyridine (10 mL) were added, and the mixture
was stirred overnight at room temperature and concentrated to a syrup which was
dissolved in CH,Cl, (200 mL). The solution was successively washed with 2M HCI, m
Na,CQ,, and water, then dried (Na,SO,), and evaporated. The residue was chroma-
tographed on a column of silica gel (50 g) with 6:1 hexane-EtOAc to give 17 (920 mg,
92%) as an amorphous mass; [a], — 50.5° (¢ 0.63, CHCL,), '"H-n.m.r. (CDCl,): Galunit o
1.98,1.99,2.07,2.16 (4s,12H,4CH,CO,),3.94 (t, | H, J;, = J,, = 6.8 Hz, H-5),4.52
(d,1H,J,,9.9Hz, H-1),5.06 (dd, 1 H, J,,9.9, J,,3.3 Hz, H-3), 5.27 (t, 1 H, H-2), and
5.44 (broad d, 1 H, H-4); sphingosine unit § 0.87 (t, 3 H, CH,CH,), 1.24 (s, 22 H, 11
CH,),2.63(dd, 1 H,J, . 14.3,J,,8.8 Hz, H-1),2.95(dd, 1 H,J,., 5.1 Hz, H-1"), 4.04 (m, 1
H,H-2),5.56(dd,1H,J,,8.2,/J,,14.5Hz, H-4),5.63(dd, 1 H,J,,3.8 Hz, H-3), 5.96 (td,
1H, J,, = J;, = 6.8 Hz, H-5), and 7.43-8.08 (m, 5 H, Ph-H).

Anal. Calc. for C,,H;;N;0,,S(775.9): C, 60.37; H, 7.41: N, 5.42. Found: C, 63.51;
H, 7.52; N, 5.38.

S-(2.3,4,6-Tetra-O-acetyl-B-n-galactopyranosyl )-( 1— 1 )-( 2R 3R 4E)-3-benzoy!-
oxy-2-octadecanamido-4-octadecene-1-thiol (19). — Selective reduction of the azide
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group in 17 (920 mg. 1.2 mmol) with H.S, and subsequent condensation of the amine 18
with octadecanoic acid (660 mg, 2.32 mmol) using WSC (667 mg. 347 mmol), as
described for 15, gave compound 19 (1.03 g, 85.5%) as an amorphous mass: [x],, - 12.2
(¢ 1.O.CHCL): "H-nom v ACDCHLY Galunit § 198, 190, 203 2 1243 [ 2H4CH.CO..
396 (LI H A, = J., = 69 Hz H-5.407 (dd. | H. /. i1 4 Hz H-61 4 14 dd. T L
H-61.448(d. T H,J .99 H/ H-1), 504 (dd. T HL /99,7 3 A HZ H-3L 822101 HL
H-2), and 544 (d, 1 H. H-4) Ceruntt SOXT (Lo L2 CH CHLL 1 2560 M HL 25 CHL
1.61 (m.2H.COCH,CH.). ‘E«éﬂ dd TH. /1370, 79 He HA 1. «U‘% dd.THL /.40
Hz. H-1).549(dd. 1 H, /., 71/, 158 }{L. H-3). 560 (1. 11 140 5 87 1. | HoJ. =
Joo=66Hz H-5), and 7.42-8 U(\ (m, $ H. Ph-H).

Anal. Calc. for C. H NO S04y Coo7 35 H 922N 138 Found: C.67.21
H. .34, N, 1.24.

S-(f-D-Galactopyranosyl )~ [ -1 ;-1 2R IR GE-3-hvdroxe-2-octadecanamido-4-
octadecenc-1-thiol (20). - O-Deacylation of 194510 myg, 0.5 mmol). as described for 16,
gave 20 in quantitative vield: [»],, — 30 (¢ 0.4, Me.SO): 'H-nm r. Me.SO-4 ) Gaiunit 8
328(dd, T H. /. ,9.2.0,, 3 0 He, H-30, 372 (broad do T HOH-4) and 419401 HUJ L 89
Hz, H-1): Cerumit ¢ 086 6. 6 H, 2 CHOHL)L 25 (60 30 ML 28 CHL 147 im. 2 H.
COCH,C/1,). 2.70(dd. T H. ./, 13700, K4 Hz H-1). 28 t‘,uj(L PR 39 He  H-1
ST H /610 /7, 156 Hz H-5y and 556 (d, T HLU L =00 = 0.8 Mz H-5)

'Wf Cale for CuH,NO S(744 10 C 6779 H é»;m‘"?; NLLSE Found: CL 6754
H. 11.09: N, 1.87.

O~/ 3.f.4,(‘)-T(’rm—()-c’uw1‘!»[)’—1)—gala(’mp‘t‘rum;w[,‘~' fad 1-S-0 2 36 - Oaceivi
B-D-glucopyranosyl;-i i -1 IR 3R 4E)-2-azido-3-benzoviovv-4-octadecene-{-thiot
(21). Condensation of 7. derived from 6 (200 mg. (.29 mmol} by treatment with
NaOMe in MeOH. with 12 (85 mg. 0.15 mmol}as deseribed for 13, xhwdmmmpmmd
21 (145 mg, 91%) as an amurphom mass: [of, 422 (o 200 CHCH v 2130 (azide).
1760 and 1230 (estery, and 720 cm " ¢Ph); '"H-nm.r., i’(‘i}(»‘!;): Cal unet f,\‘ IE9L T HOJ
=J, = T3Hz H-5).448¢d. 1 H, /.79 Hz, H-1n 496 dd P HUG 10207, , 29 He,
H-3), 5.11 (dd. 1 H. H-2), and 335 {broad d. | H. H 4y Gicumit a 3 h4 {m, 1 H. H-53.
380(LIHL,,, =J,.=92H2 H-4),455(d. T H./ 10 THZ H-10 498 T HLLL 92
Hz, H-3). and 5.22(’L i }L -2y sphingosine unit 8 ¢ % C3HLC H LOH, 124 (8, 22 HL
1IMCH,). 2.60(dd. | H.J, 145 J,,8.6Hz H- H 3,2»,3 ;d doHOJ S S HZ H-) 360
(dd, I H,J,,8.3.J,, 15.0 Hz, H- 4," ), 5,67 (dd, TH.O S 35 HA  H-20 590 ad T HL A, =
Jo o= 6.6 Hz, H-5). and 7.43 R.08 (m, S H. th-Hi: O-acetvi groups & 194, 196, 2.03,
2.06(25.2.07.2.09(7 s 21 H, TCH.CO,),

Anal. Cale for O, HL. N O S(1064 2 CoST.56. H 691N 293 Found: €. 57.41;
H, 7.09: N, 3.80.

O-72.3.4.6-Tetra-O-acetvl-f-p-galactopyranosyl i- 1 | —+4 ;-8 23 6-101-O-avetvl-
P-D-glucopyranosyti-( 1 -1 ;-1 2R IR GEY-3-benzovioxv-2-vctadecanamido-4-actadece-
ne-1-thiol (23). - Selective reduction of the azide group in 21 (245 mg. 0.23 mmol) with
H.S. and subsequent couphng of the amine 22 with octadecanoi acid (150 mg, (.52
mmol). as described for 15. gave compound 23 (271 mg, 90%) us an amarphous mass:
3400 (NH). 1750 and 1230 (ester), 1660 and 1530 tamide). and 710 oo 1Ph);

mq\
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'H-n.m.r. (CDCl,): Gal unit 63.86(t, | H, J;, = J;, = 7.2 Hz,H-5),4.52(d, 1 H, J27.9
Hz,H-1),4.96(dd, 1 H, J,,104,J,,3.3Hz,H-3),5.11(dd, 1 H, H-2), and 5.35 (broad d,
1 H, H-4); Glcunit 6 3.67 (m, | H, H-5),3.78 (t, 1H,J,, = J,;, = 9.7Hz, H-4),4.48 (d, |
H,J,,9.2Hz,H-1),4.92(t,1 H,J,,9.7Hz, H-3),and 5.20 (t, 1 H, H-2); Cer unit 6 0.88 (t,
6 H,2 CH,CH,), 1.26 (s, 50 H, 25 CH,), 1.61 (m, 2 H, COCH,CH,), 2.86 (dd,  H, J, .
13.7,J,,7.3Hz,H-1),3.00(dd, 1 H, J,, 5.0 Hz, H-1"), 548 (dd, 1 H, J;, 7.2, J,; 15.2 Hz,
H-4),5.88 (td, | H, J;, = J;, = 6.8 Hz, H-5), 5.89 (d, 1 H, NH), 7.43-8.05(m, S H,
Ph-H); O-acetyl groups 6 1.97, 2.01, 2.03, 2.05, 2.06, 2.11, 2.16 (7 s, 21 H, 7 CH,CO,).

Anal. Calc. for C H (,NO, S (1304.6): C, 63.52; H, 8.42; N, 1.07. Found: C, 63.40;
H, 8.51; N, 0.99.

O-(B-p-Galactopyranosyl)-( 1 -4 )-S-(f-D-glucopyranosyl)-(1— 1)-( 2R, 3R 4E)-
3-hydroxy-2-octadecanamido-4-octadecene- 1-thiol (24). — O-Deacylation of 23 (124
mg, 95 umol), as described for the preparation of 16, gave 24 (81 mg, 94%) as an
amorphous mass; [a], + 10.2° (¢, 0.8, Me,SO); 'H-n.m.r. (Me,SO-d,): Gal unit §4.23(d,
1H,J,,7.3Hz H-1); Glcunit64.29 (d, 1 H, J,,9.7 Hz, H-1); Cer unit 6 0.86 (t, 6 H, 2
CH,CH,). 1.25(s,50 H, 25 CH,), 1.48 (m, 2 H, COCH,CH,), 2.67(dd, 1 H, J,, 134, J,,
8.8 Hz, H-1),3.00 (dd, 1 H, H-1), 5.38 (dd, | H, J, ,15.5 Hz, H-4), and 5.88 (td, 1 H, J,
= J;¢ = 6.4 Hz, H-5).

Anal. Cale. for C,H,,NO,,8(906.3): C,63.61; H, 10.12; N, 1.55. Found: C, 63.59;
H, 10.30; N, 1.48.

O-(Methy! 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-p-glycero-o-D-galac-
to-2-nonulopyranosylonate )-(2— 3 )-O-( 2,4-di-O-acetyl-6-O-benzoyl-f-p-galactopy-
ranosyl)-(1—4)-S-(3-O-acetyl-2,6-di-O-benzoyl-p-dD-galactopyranosyl)-(1—1)-
(2R, 3R 4E)-2-azido-3-benzoyloxy-4-octadecene-1-thiol (25). — Condensation of com-
pound 10 (29.3 mg, 22.6 umol), derived from 9, with 12 (26 mg, 45.6 umol), as described
for 13, afforded compound 25 (15.5 mg, 41%) as an amorphous mass; [a], +0.2° (¢ 0.5,
CHC,); 'H-n.m.r. (CDCl;): NeuSAc unit é 1.84 (s, 3 H, CH,CON), 2.57 (dd, 1 H, J,, .
12.6,J,,,4.6 Hz, H-3e),3.59 (dd, 1 H, J;10.4, J, ;2.4 Hz, H-6), and 3.71 (s, 3 H, CH,0);
Galunit64.74(d, 1 H,J,,9.9Hz, H-1),5.36(dd, 1 H, J,,8.4,/,,2.7 Hz, H-3), and 5.47
(broadd, | H, H-4); Glc unit §4.80(d, 1 H, J,,9.5Hz, H-1),5.25 (t, 1H,J,, = J,, = 9.3
Hz, H-3); sphingosine unit 6 0.88 (t, 3 H, CH,CH,), 1.21 (s,22 H, 11 CH,),2.64 (dd, 1 H,
J,,13.9,J,,84Hz,H-1),2.86 (dd, 1 H, J,., 5.3 Hz, H-1"), and 5.85 (td, 1 H, J, 5 13.4, J ¢
= Js¢ = 6.8 Hz, H-5); O-acyl groups 6 1.98, 2.00 (2), 2.01 (2), 2.11,2.20 (7s, 21 H, 7
CH,CO,), 7.31-8.05 (m, 20 H, 4 Ph-H).

Anal. Cale. for Cg,H,,,N,0,,S (1681.8): C, 59.99; H, 6.23; N, 3.33. Found: C,
59.81; H, 6.40; N, 3.29,

O-( Methyl 5-acetamido-4,7.8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galac-
to-2-nonulopyranosylonate )-{2— 3 )-O-( 2 4-di-O-acetyl-6-O-benzoyl-p-D-galactopy-
ranosyl) - (1-4)-S-(3-0 -acetyl-2,6 - di-OQ-benzoyl- - D-glucopyranosyl)- (1—-1) -
(2R ,3R 4E)-3-benzoyloxy-2-octadecanamido-4-octadecene-1-thiol (27). — The azide
group in 25 (15.5 mg, 9.2 umol) was converted into the amine 26 as described for 15,
which was then condensed with octadecanoic acid (5 mg, 17.5 gmol) in the presence of
WSC (3.5 mg), to give 27 (12.2 mg, 68.2%) as an amorphous mass; {a]; +31.1° (¢ 0.58,
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CHCL); 'H-n.m.r. (CDCL,): Neu5Ac unit § 1.84 (s. 3 H, CH.CON). 2.57(dd. 1 H.J,,
12.8,7,,,5.0Hz, H-3¢). 3.58 (dd, t H.J,, 10.7.J,, 2.8 Hz. H-6).and 3.70(s, A H. CF, O)
Galunit64.67(d, 1 H.J, 9.5 Hz. H-1): Gleunit 6 521 (LT H. J. . = J, ;= 99 Hz, H-3):
Cerunit 0 0.88 (t, 6 H. 2 CH.CH,). 1.26(s. SO H, 25 CH.L 1 60 (m 2 H COCH.CH2).
289 3.03(m, 2 H. H-1.1N. and 5.75(td, T H. J, . 1320, = /., = 6.6 Hz. H-3) U-acyl
groups & 1.97,2.00{2), 2.01 (23, 2.20 ({7 s. ‘,‘] H. TCHLO 736805 (m 20 H. 4
Ph-H).

Anal. Cale, for C,,H ( N,O,S (1922.2): €, 6373 H, 734 NL 146, Found:
63.50; H. 7.38; N, 1.44.

O-(3-Acetamido-3,5-dideoxy-p-glveero-a-p-galucto-J-nonulopyranosyionic
acid)-( 2—-3;-0O-~{ f-D-galactopyranosyl}-{ | =4 }-8-{ f-D-glucopyranosyl - [ -1 ,-
{2R. 3R 4E)-3-hydroxv-2-octadecanamido-4-octadecene- [ -thiol (283, — To a solutionof
27 (10 mg. 5.2 ymol) in dry MeOH (1 mL) was added NaOMe (5 mig), und the mixture
was stirred overnight at room temperature. After completion of the reaction, water (0,1
ml) was added to the mixture. and this was stirred for T h. and treated with Amberlite
IR-120 (H ") resin to remove the base. The solution was concentrated. and the residue
was chromatographed on a column of Sephadex LH-20 (20 gy with | 1 (H¢ "‘L MeOH.

to give 28 (4.8 mg, 77% ) as an amorphous mass: [x}, — 218 (0.2, CHOLY: Henomar,
(1:1 CDCL-CD,ODj: NeuSAcunit 4 204 (s. I H. CH, (‘ON 280 (dd. 1 Hh Jo TLL
Jis44Hz H-3e): Galunit54.12(d T HL/ L 6.8 Hzo H-1 Gl unitd 5.34(dL H 7.9
Hz, H-1); Cer unit 6 0.89 (1, 6 H. 2 CH.CH.). 1.27 (s SO HL 25 TH.y, 160 om. 2 H
COCH.CH). 3.00(dd. t H. ./, 14 J, 48 Hz, H-1) 545 ddL 1 KU/, 7007, 130

Hz, H-4), and 5.73 (td, 1 H. J, = S, = 7.3 Hz  H-5).
Anai. Calc fox' CoH W NJOLS (11975 €0 3907 Ho 908 N, 234 Found: O
59.00; H, 9.21; 39,
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