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ABSTRACT 

Ganglioside GM, analogs containing 4-, 7-, S-, and Y-deoxy-N-acetylneuraminic acids in the place of 
N-acetylneuraminic acid (Neu5AcJ have been synthesized. Glycosylation of 2-(trimethylsilyl)ethyl O-(6- 
0-benzoyl-P-o-galactopyranosyl)-(1 + 4)2,6-di-O-benzoyl-P_D-glucopyranoside with the methyl 2- 
thioglycoside derivatives of the respective deoxy+V-acetylneuraminic acids, using dimethyltmethyl- 
thio)sulfonium triflate as a promoter, gave the four required 2-(trimethylsilyl)ethyl ru-sialosyl-(2 + 3b)- 
p-lactosides. These were converted via 0-acetylation, selective removal of the 2-(trimethylsilyl)ethyl 
group, and subsequent imidate formation, into the corresponding cr-sialosylL(2 + 3bklactose 
trichloroacetimidates 1.5, 17, 19, and 21. Glycosylation of (2S,3R,4E)-Z-azido-3-O-benzoyl-4-octadec- 
ene-1,3-diol with 15, 17, 19, and 21 in the presence of boron trifluoride etherate afforded the expected 
p glycosides, which were transformed in good yields, via selective reduction of the azido group, coupling 
with octadecanoic acid, 0-deacylation, and de-esterification, into the target compounds. 

INTRODUCTION 

Ganglioside GM,, as well as other gangliosides, is a polymorphous molecule at 
the sialic acid and ceramide moieties, and it exhibits various important biological 
functions, serving as the influenza A virus receptor2, causing induction of mono- 
cytic differentiation of human myeloid cells”, and enhancing or inhibiting protein 
kinase activity4. In view of these facts, it is an interesting substance for further 
investigation at the molecular level. As previously noted’, we have achieved a 
facile, stereoselective a-glycosidation of sialic acids’, and synthesized a series of 
gangliosides and their analogs’. In order to elucidate the role of the ceramide and 
sialic acid parts in the functions of GM, we synthesized this ganglioside, analogs 
containing a variety of lipophilic parts in place of the ceramide, and analogs having 
truncated CC,, C,) sialic acid@. 

Correspondence to: Professor A. Hasegawa, Department of Applied Bioorganic Chemistry, Gifu 
University, Gifu 501-11, Japan. 
* .Synthetic Studies on Sialoglycoconjugates, Part 30. For Part 29 see ref. 1. 
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In the immediately preceding paper’, we described the methyl 2-thioglycosides 
of 4-, 7-, 8-, and 9-deoxy-N-acetylneuraminic acids. As part of our continuing 
efforts on the synthesis and structure-function relationship of gangliosidcs, we 
describe here the synthesis of ganglioside GM, analogs containing the dcoxy sialic 
acids, in order to clarify the structural features of the sialic acid moiety required 
for the functions of GM,. 

RESULTS AND DISCUSSION 

For the synthesis of the desired ganglioside GM, analogs we employed the 
methyl 2-thioglycosides 1-4 of the deoxy-N-acetylneuraminic acids’ as the glycosyl 
donors and 2-(trimcthylsilyl)ethyl O-(6-O-benzoyl-/I%b-galactopyranosyl)-(I + 4)- 
2,6-di-O-bcnzoyf-@-u-glucopyranoside’.’ (5) as a suitably protected glycosyl accep- 
tor. The acceptor 5 was coupled with the donors using 
dimethyl(methylthio)sulfonium tritlateX (DMTST) as a promoter. According to our 
method”, the intermediates could be converted into the end products by introduc- 
tion of a ceramide moiety. 

The glycosylation”.’ of 5 with methyl (methyl 5acetamido-7,8,9-tri-O-acetyl- 
3,4,5-trideoxy-2-thio-n-n2anno-2-nonulopyranosid)onatet (l? 2.0 equiv with respect 
to the acceptor), in acetonitrile for 24 h at - 15” in the presence of DMTST (4.0 
equiv with respect to 1) and 3A molecular sieves, gave exclusively the a-glycoside 6 
in 38% yield. Acetylation of 6 with acetic anhydride in pyridine gave the acetate 7. 
The structure of 7 was unambiguously proved by 270 MHz ‘H-NMR spectroscopy. 
The observed chemical shifts and coupling constants for H-7c (is 5.47. ,I,,, 2.6, J7,8 
9.3 Hz) and H-8c (6 5.72) are characteristic of cw-glycosidically linked”‘.“‘V” sialic 
acid analogs, and the values for H-2b (6 5.16, J,.2 8.1. I,,, 10.1 Hz), H-I% (6 4.67, 
J 3.1 3.1 Hz), and H-4b (6 5.09) in the lactose unit indicate the position of 
glycosylation to be C-3b. Other ‘H-NMR data arc given in the Experimental 
section and are consistent with the structure assigned. 

In essentially the same way, reaction of 5 with methyl (methyl S-acctamido-8,9- 
di-O-acctyl-4-O-benzoyl-3,5,7-trideoxy-2-thio-o-~~~~~f~-~-n~~~~ulopyran~~sid)on~~te’ 
(21, methyl (methyl 5-acetamido-4,7,9-tri-O-acetyl-3,5,8-trideoxy-2-thio-D-~~~u~~~-2- 
nonulopyranosid)onatc’ (3). or methyl (methyl 5acetamido-4.7,8-tri-O-acetyl- 
3.5.9-trideoxy-2-thio-r,-gl~cr~c~-cu-D-~u~~c~~-2-nonulopyranosid)onate’ (4) furnished 
the corresponding a-sialosyl-(2 --f 3b)-lactosides 8, 10, and 12 in 51, 53, and 43% 
yields, respectively. It is noteworthy that neither the unwanted /3-glycoside of sialic 
acid nor any position isomer was isolated from these glycosylations, as we observed 
previouslyim7.‘. Acetylation of 8, 10, and 12 gave the acetates 9, 11, and 13, 
rcspectivcly, in almost quantitative yields. 

Selective removal of the 2-(trimethylsilyl)ethyl group from 7, 9, 11 and 13 was 
performed by treatment’.‘.’ with boron trifluoride etherate in dichloromcthane for 
6-8.5 h at O”, to give the corresponding I-hydroxy derivatives 14, 16, 18, and 20 in 
high yields (S4-96%). 
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R’, RZ R’ R4 R’ R6 5 

1 SMe,COOMe H OAC OAC OAC 
2 SMe,COOMe OBz H OAc OAC 

3 SMe,COOMe OAc OAc H OAc 
4 SMe,COOMe OAc OAc OAc H 

SE = 2.(mmethylsllyl)ethyl 
Bz = benzoyl 

R’ R* R3 R4 RS 

6~ H OAc OAc OAc 
7 AC H OAc OAc OAc 

8 H OBz H OAc OAc 
9 AC OBz H OAc OAc 

10 H OAc OAc H OAc 
11 AC OAc OAc H OAc 

12 H OAc OAc OAc H 

13 AC OAc OAc OAc H 

Treatment5,14,15 of 14, 16, 18, or 20 with trichloroacetonitrile in the presence of 
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) for 2 h at 0” gave the corresponding 
trichloroacetimidates 15, 17, 19, and 21 as the cu-anomers in 82-89s yields. 

The glycosylatiot? of (2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-l,3- 
dial”,” (22) with 15, 17, 19, or 21 thus obtained, in dichloromethane for 4 h at 0 

R’. R2 R3 R4 R5 R6 R’ R2 R3 R4 RS R6 

14 H.OH H OAc OAc OAc 15 H OC(=NH)CCI, H OAc OAc OAc 

16 H,OH OBz H OAc OAc 17 H OC(=NH)CCl, OBz H OAc OAc 

18 H,OH OAc OAc H OAc 19 H OC(=NH)CCI, OAc OAc H OAc 

20 H, OH OAc OAc OAc H 21 H OC(=NH)CCI, OAc OAc OAc H 
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in the presence of boron trifluoride etherate and 4A molecular sieves, gave only 
the desired P-glycosides 23, 26, 29, and 32, respectively, in good yields. A 
significant signal in the ‘H-NMR spectra of 23, 26, 29, and 32 was a one-proton 
doublet at 6 4.61-4.68 (J, 2 7.7-8.1 Hz, H-la of the lactose unit), showing the 
newly formed glycosidic linkages to be p. 

Selective reduction”.‘” of the azido group in 23, 26, 29, or 32 with hydrogen 
sulfide in aqueous 83% pyridine for 48 h at room temperature, and subsequent 
condensation with octadecanoic acid, using I-(3-dimethylaminopropyl)-Z&ethyl- 
carbodiimide hydrochloride (WSC) in dichloromcthane furnished good yields of 
the corresponding acylated ganglioside analogs 24, 27, 30, and 33, respectively. 
O-Deacylation of 24, 27, 30, and 33 with sodium methoxidc in methanol. with 
subsequent saponification of the sialate methyl ester group, yielded the desired 
products 25, 28, 31, and 34 in almost quantitative yields. The ‘H-NMR data of the 
products thus obtained are consistent with the structures assigned. 

The work described above shows that the use of the methyl 2-thioglycosides of 
sialic acids as glycosyl donors in acetonitrile in the presence of DMTST is effective 
for obtaining the a-glycosides of the sialic acids. 

EXPERIMENTAL 

General methods.-Optical rotations were determined with a Union PM-201 
polarimeter at 25”, and IR spectra were recorded with a Jasco IRA-100 spec- 
trophotometer. ‘H-NMR spectra were recorded at 270 MHz with a JEOL JNM-GX 
270 spectrometer. Preparative chromatography was performed on silica gel (Wake 
Chemical Co., 200 mesh) with the solvent systems specified. Concentrations were 
conducted in vacua. 
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2-~Trirnethylsilyl)ethyl @(methyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-a- 

D-manno-2nonulopyranosylonate)-(2 + 3)-0-(6-O-b enzoyl-P-D-galactopyranosyl)-(I 

-+ 4)-2,6-di-0-benzoyl-fi-~glucopyranoside (6).-TO a solution of methyl (methyl 
5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideo~-2-th~o-D-~anno-2-nonulopyranosid)- 
onate’ (1, 1.6 g, 3.45 mmol) and 2-(trimethylsilyl)ethyl O-(6-O-benzoyl$-D-galac- 
topyranosylj-(1 + 4)-2,6-di-O-benzoyl-P_D-glucopyranoside5 (5, 1.35 g, 1.79 mmol) 
in dry MeCN (17 mL) was added molecular sieves 3 A (MS-3A, 5.0 g), and the 
mixture was stirred overnight at room temperature, then cooled to -30”. To the 
cooled mixture was added, with stirring, a mixture (5.0 g, 50% DMTST by weight) 
of dimethyl(methylthio)sulfonium triflate (DMTST) and MS3A, and the stirring 
was continued for 24 h at - 15”. The solids were filtered off and washed 
thoroughly with CH,Cl,. The filtrate and washings were combined, and the 
solution was successively washed with M Na,CO, and water, dried (Na,SO,), and 
concentrated to a syrup that was chromatographed on a column of silica gel (150 
g), with 3: 1 EtOAc-hexane, to give 6 (800 mg, 37.5%) as an amorphous mass, 
[alo + 24.2” (c 0.97, CHCIJ; ‘H-NMR (CDCl,): 6 0.98 (m, 2 H, Me,SiCH,CH,), 
1.54-2.50 (m, 4 H, H-3cux, 3ceq, 4cux, 4ceq), 2.04 (s, 3 H, AcN), 2.07, 2.18, 2.26 (3 
s, 9 H, 3 AcO), 3.86 (s, 3 H, MeO), 4.75 (d, 1 H, I,,, 7.7 Hz, H-lb), 4.76 (d, 1 H, 
J,,, 8.1 Hz, H-la), 5.38 (dd, 1 H, J,,, 9.5 Hz, H-2a), 5.52 (m, 2 H, H-7c&), 5.91 (d, 

1 H, JS,NH 9.9 Hz, NH), and 7.37-8.20 (m, 15 H, 3 Ph). 
Anal. Calcd for C,,H,,NO,,Si (1170.3): C, 57.47; H, 6.12; N, 1.20. Found: C, 

57.39; H, 6.09; N, 1.18. 
2-(TrimethylsilyZ)ethyl 0-(methyl .5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-a- 

D-manno-2-nonulopyranosylonate) - (2 --) .?)-O-(2,4-di-O-acetyi-6-0-benzoyl-P-D-ga- 

lactopyranosylk(1 + 4)-3-0-acetyl-2,6-di-O-benzoyl-P-D-glucopyranoside (7).- 

Compound 6 (430 mg, 0.37 mmol) was acetylated with acetic anhydride (10 
mlkpyridine (12 mL) overnight at room temperature. The product was purified 
by column chromatography (70 : 1 CH,Cl,-MeOH) on silica gel (60 g), to give 7 
(400 mg, 84%) as an amorphous mass, [aID +19.8” (c 2.2, CHCl,); ‘H-NMR 
(CDCI,): 6 0.96 (m, 2 H, Me,SiCH,CH,), 1.41 (m, 1 H, Jdan,s 10.5 Hz, H-4cax), 
1.62 (m, 1 H, H-3ceq), 1.99 (s, 3 H, AcN), 2.11, 2.13, 2.14, 2.16, 2.24, 2.32 (6 s, 18 
H, 6 AcO), 3.77 (s, 3 H, MeO), 4.67 (dd, 1 H, J,,, 10.1, J.3,4 3.1 Hz, H-3b), 4.78 (d, 
1 H, .I,,, 8.1 Hz, H-la), 5.02 (d, 1 H, J,,, 8.1 Hz, H-lb), 5.09 (br. d, 1 H, H-4b), 5.16 
(dd, 1 H, H-2b), 5.32 (dd, 1 H, H-2a), 5.47 (dd, 1 H, J6,, 2.6, I,,, 9.3 Hz, H-7c), 5.60 
(t, 1 H, J,,, =.I,,, = 9.5 Hz, H-3a), 5.72 (m, 1 H, H-8c), and 7.27-8.19 (m, 15 H, 3 
Ph). 

Anal. Calcd for C,,H,,NOnSi (1296.4): C, 57.44; H, 5.99; N, 1.08. Found: C, 
57.49; H, 6.20; N, 0.95. 

2-(Trimethyisilyl)ethyl O-(methyl 5-acetamido-8,9-di-0-acetyl-4-0-benzoyl-3,5,7- 

trideoxy-a-D-gala&o-2-nonulopyranosylonate) - (2 + 3)-0-(6-0-benzoyl-P-~galacto- 

pyranosylj-(1 -+ 4)-2,6-di-0-benzoyl$-~glucopyranoside (8X-Glycosylation of 5 
(360 mg, 0.48 mmol) with 2 (ref. 1) (490 mg, 0.93 mmol) in CH,CN (7 mL) in the 
presence of DMTST (1.0 g) and MS-3A (20 g) for 24 h at - 15”, then workup as 
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described for the preparation of 6, gave 8 (400 mg, 51%) as an amorphous mass, 
[(Y],, +1.9” (C 0.4, CHCl,); ‘H-NMR (CDCl,): 6 0.99 (m, 2 H, Me,SiCH&H,), 
1.84-2.09 (m, 2 H, H-7c,7’c), 1.97 (s, 3 H, AcN), 2.11, 2.16 (2 S, 6 H, 2 AcO), 2.29 

(t, 1 H, J3ax.,~rq =J3a.Y,4= 12.6 Hz, H-3cax), 2.95 (dd, 1 H. J3rc,.J 4.6 Hz, H-3ceq), 
3.92 (s, 3 H, MeO), 4.69 (d, 1 H, Jr,, 7.3 Hz, H-lb), 4.77 (d, 1 H, I,,2 8.1 Hz, H-la), 
4.88 (dd, 1 H, J5,(, 3.3, Jh,hr 12.4 Hz, H-6a), 5.24 (ddd, 1 H, H-4~1, 5.37 (dd, 1 H, J,,, 
9.5 Hz, H-2a), 5.49 (m, 1 H, H-S), and 7.35-8.19 (m, 20 H, 4 Ph). 

Anal. Calcd for C,,H,,N02,Si (1232.2): C, 59.45; H, 5.97; N, 1.14. Found: C, 
59.43; H, 5.89; N, 1.09. 

2- (Trimethylsilyl)ethyl 0-(methyl 5-acetamido-8,9-di-0-acetyl-4-O -benzoyl-3,5,7- 

trideoxy-cu-D-galacto-2nonulopyranosylonate) - (2 -+ 3) -0- (2,4-di-0-acetyyl-60-hen 

zoyl-P-D-galactopyranosyl)-(I + 4)-3-0-acetyl-2,6-di-O-benzoyl-~-~-gl~~copyranoside 

(9).-Compound 8 (200 mg, 0.16 mmol) was acetylated with acetic anhydride (5 
ml)---pyridine (10 mL) overnight at room temperature. Workup as described for 7 
gave 9 (210 mg, 96%) as an amorphous mass, [a], -0.6” (c 1.2, CHCl,); ‘H-NMR 
(CDCI,): 6 0.98 (m, 2 H, Me,SiCN2CH2), 1.89-2.05 (m, 2 H, H-7c,7’c), 1.96 (s, 3 
H, AcN), 2.11 (2), 2.13, 2.22, 2.31, (5 s, 15 H, 5 AcO), 2.85 (dd, 1 H, J, ‘,,. .irrl 12.3. 
J 3eq,4 4.8 Hz, H-3ceq), 3.49 (m, 1 H, H-6c), 3.86 (s, 3 H, MeO), 4.78 (d. 1 H, J,,, 7.7 

Hz, H-la), 4.80 (dd, lH, JZ,.i 9.8, J,,, 3.3 Hz, H-3b), 5.02 (d, 1 H. .I,,, 8.1 Hz, 
H-lb), 5.17 (dd, 1 H, H-2b), 5.18 (br. d, 1 H, H-4b), 5.19 (m, I H, H-4c), 5.33 (dd, 1 
H, J,,, 9.5 Hz, H-2a), 5.64 (t, 1 H, J2..1 = J,,, = 9.5 Hz, H-3a), 5.66 (d, 1 H. J, N,, 9.5 

Hz, NH, and m, 1 H, H-&z), and 7.39-8.18 (m, 20 H, 4 Ph). 
Anal. Calcd for C,,H,,NO,,Si (1358.4): C, 59.23; H, 5.86; N, 1.03. Found: C, 

59.09; H, 5.91; N, 1.08. 
2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,~-trii-O-acetyl-3,S,8-trideoxy-~- 

D-galacto-2-nonulopyranosylonate) - (2 -j ~~-0-(6-O-henzuyl-~-o-~a~a~topyrano.~~~) - 

(1 + 4)-2,6-di-0-benzoyf-P-D-glucopyranoside (lo).-Glycosylation of 5 (656 mg, 
0.87 mmol) with compound 3 (ref. 1) (806 my, 1.74 mmol) in CH,CN (10 mL) in 
the presence of DMTST (1.76 g) and MS-3A (2.0 g) for 24 h at - 15”. and workup 
as described for 6, gave 10 (540 mg, 53%) as an amorphous mass, [~]r) -0.4” (c 
1.7, CHCl,); ‘H-NMR (CDCI,): 6 0.98 (m, 2 H, Me,SiCH,CHL), 1.92-2.06 (m, 2 
H, H-8c,g’c), 2.00 (s, 3 H, AcN), 2.11, 2.15, 2.22 (3 s, 9 H, 3 AcO), 2.85 (dd. 1 H. 
J 3n.\,3r,q 13.1, J+q 4 4.7 Hz, H-3ceq), 3.57 (dd, 1 H, H-bc), 3.67 (m, I H, 
Me,SiCH,CH,), 3.92 (s, 3 H, MeO), 4.56 (d, 1 H, J,,, 7.9 Hz, H-lb), 4.76 (d, 1 H, 
Jr,, 8.2 Hz, H-la), 5.07-5.18 (m, 2 H, H-4c,7c), 5.37 (dd, 1 H, JL,I 9.5 Hz, H-2a), 
5.69 (d, 1 W Js,w 9.0 Hz, NN), and 7.07-8.20 (m, 15 H, 3 Ph). 

Anal. Calcd for CS,H,,NOZ.lSi (1170.3): C, 57.47; H, 6.12; N, 1.20. Found: C, 
57.55; H, 6.20; N, 1.25. 

2- (Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,9-tri-0-acetyl-3,5,8- trideoxy-a- 

D-galacto-2-nonulopyranosylonate) - (2 + 3)-0-(2,4-di-0-acetyl-6-0-henzoyl-p-D-ga ” 
lactopyranosylj-(1 + 4)-.?-0-acetyl-2,6-di-O-benzoyl-B-D-Rlu~opyranosidP (II).- 

Compound 10 (360 mg, 0.31 mmol) was acctylatcd with acetic anhydride (6 
ml)-pyridine (7 mL) overnight at room temperature. Workup as described for 7 
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gave 11 (333 mg, 83.5%) as an amorphous mass, [(~]o +1.4” (c 1.9, CHCI,); 
‘H-NMR (CDCl,): 6 0.98 (m, 2 H, Me,SiCH,CH,), 1.85 (t, 1 H, .13ar,3Pq = J3ax,4 = 
12.6 Hz, H-30x), 1.96-2.17 (m, 2 H, H-8c,8’c), 1.97 (s, 3 H, AcN), 2.10, 2.11 (2), 
2.13, 2.23, 2.31 (6 s, 18 H, 6 AcO), 2.68 (dd, 1 H, J3ey,4 4.9 Hz, H-3ceq), 3.47 (dd, 1 
H, J5,h 10.5, Je,, 2.1 Hz, H-6c), 3.65, 4.07 (2 s, 2 H, Me,SiCH,CH,), 3.88 (s, 3 H, 
MeO), 4.16 (4, 1 H, J4,s = J5,6 = J5,NII = 10.5 Hz, H-k), 4.68 (dd, 1 H, J,,, 10.1, J,,, 
3.3 Hz, H-3b), 4.78 (d, 1 H, .I,,, 7.9 Hz, H-la), 4.83 (d, 1 H, J,,, 8.1 Hz, H-lb), 5.17 
(dd, lH, H-2b), 5.19 (m, 1 H, H-7c), 5.26 (br. d, 1 H, H-4b), 5.33 (dd, 1 H, I,,, 9.4 
Hz, H-2a), 5.59 (t, 1 H, Jz,3 = J3,4 = 9.4 Hz, H-3a), 5.86 (d, 1 H, NH), and 7.39-8.16 
(m, 15 H, 3 Ph) 

Anal. Calcd for C,2H,,N0,,Si (1296.4): C, 57.44; H, 5.99; N, 1.08. Found: C, 
57.49; H, 6.12; N, 1.10. 

2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8-tri-0-acetyl-3,5,9-trideoxy-D- 

glycero-a-D-galacto-Znonulopyranosylonate) - (2 + 3)-O-(6-0-benzoyl-P-D-gakto - 
pyranosyl)-(1 -+ 4)-2,6-di-0-benzoyl-j?-D-glucopyranoside (12).-Glycosylation of 5 
(900 mg, 1.2 mmol) with compound 4 (ref. 1) (1.1 g, 2.4 mmol) in CH,CN (10 mL) 
in the presence of DMTST (1.5 g) and MS-3A (3.0 g) for 24 h at - 15”, and 
subsequent processing as described for 6, gave 12 (600 mg, 43%) as an amorphous 
mass, [aID +8.3” (c 0.7, CHCl,); ‘H-NMR (CDCI,): 6 0.98 (m, 2 H, 
Me,SiCH,CH,), 1.14 (d, 3 H, J,,, 6.2 Hz, CH,CH), 2.01 (s, 3 H, AcN), 2.12, 2.15, 
2.26 (3 s, 9 H, 3 AcO), 2.80 (dd, 1 H, J3aw,.3Eq 13.0, J3eq,4 4.6 Hz, H-3ceq), 3.68 (m, 1 
H, Me,SiCH,CH,), 3.90 (s, 3 H, MeO), 4.68 (dd, 1 H, Jr,, 8.1 Hz, H-lb), 4.76 (d, 1 
H, Jr,, 8.1 Hz, H-la), 4.87 (dd, 1 H, J5,6 2.9, Jh,hl 11.9 Hz, H-6a), 5.15 (2 m, 2 H, 
H-4c,8c), 5.22 (dd, 1 H, J6,, 1.7, J,,, 9.2 Hz, H-7c), 5.36 (dd, 1 H, .I,,, 9.5 Hz, 
H-2a), and 7.40-8.20 (m, 15 H, 3 Ph). 

Anal. Calcd for C,,H,,NO,,Si (1170.3): C, 57.47; H, 6.12; N, 1.20. Found: C, 
57.30; H, 6.29; N, 1.18. 

2-(Trimethylsilyljethyl 0-(methyl S-acetamido-4, 7,8-tri-O-acetyl_3,5,9,trideoxy-D- 

glycero-cu-D-galacto-2-nonulopyranosylonatej-(2 -+3)-O-(2,4-di-0-acetyl-6-O-benzoyl- 

/3-D-galactopyranosyl)-(I + 4)-3-0-acetyl-2,6-di-O-benzoyl-P-D-glucopyranoside 

(W).-Compound 12 (450 mg, 0.38 mmol) was acetylated with acetic anhydride (7 
ml)-pyridine (10 mL) overnight at room temperature. Processing as described for 
7 gave 13 (420 mg, 84%) as an amorphous mass, [al,, +1.6” (c 0.6, CHCIJ; 
‘H-NMR (CDCl,): 6 0.98 (m, 2 H, Me,SiCH,CH,), 1.23 (d, 3 H, J,,, 6.6 Hz, 
CH,CH), 1.96 (s, 3 H, AcN), 1.99, 2.11, 2.12, 2.16, 2.23, 2.32 (6 s, 18 I-I, 6 AcO), 

2.68 (dd, 1 H, Jjax,jeq 12.6, J3eq,4 4.4 Hz, H-3ceq), 3.68, 4.08 (2 m, 2 H, 
Me,SiCH,CH,), 3.95 (s, 3 H, MeO), 4.67 (dd, 1 H, J,,, 10.3, J3,4 3.3 HZ, H-3b), 
4.78 (d, 1 H, J,,, 8.1 Hz, H-lb), 4.96 (m, 1 H, H-4c), 4.97 (d, 1 H, Jr,, 8.1 Hz, 
H-la), 5.11 (br. d, 1 H, H-4b), 5.32 (dd, 1 H, Je,, 1.8, J,,, 9.9 HZ, H-7c), 5.34 (dd, 1 
H, J2,3 9.5 Hz, H-2a), 5.47 (m, 1 H, H-8c), 5.58 (t, 1 H, J,,, = J,,, = 9.5 Hz, H-W, 
and 7.39-8.20 (m, 15 H, 3 Ph). 

Anal. Calcd for C,2H7,N0,,Si (1296.4): C, 57.44; H, 5.99; N, 1.08. Found: C, 
57.29; H, 6.18; N, 1.05. 



0-(Methyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-a-o-manno-2-nonulopyr- 

anosylonute)-(2 + 3)-0-(2,4-di-O-acetyl-6-O-henzoy~-~-r~-~~~lactopyranosy~~-fl + 4)- 

3-0-acetyf-2,6-di-0-benzoyl-D-&rcopyranose (14).-To a stirred solution of 7 (400 
mg, 0.31 mmol) in CH ,Cl 2 (10 mL), cooled to o”, was added dropwise BF, . OEt, 
(0.5 mL). The mixture was stirred for 6 h at O”, the course of the reaction being 
monitored by TLC. Dichloromethane (50 mL) was added to the mixture, and the 
solution was successively washed with M Na2C0, and water, dried (Na2SO_,), and 
evaporated. The residue was chromatographed on a column of silica gel (30 g) with 
60 : 1 CHzC12-MeOH to give compound 14 (350 mg, 95%) as an amorphous mass, 

. 
[a], +53.0” (c 1.5, CHCl,); IR: v 3700-3140 (OH. NH), 1670 and 1530 (amide). 
and 710 cm-’ (Ph). 

Anal. Calcd for C,,H,,NO,, (1196.1): C, 57.23; H, 5.48; N, 1.17. Found: C. 
57.24; H, 5.60; N, 1.15. 

0-(Methyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-cu-~-manno-2-nonulo~~yr- 

anosylonate)-(2 --f 3)-0-(2,4-di-O-acetyl-6-O-benzoyl-~-~-galact~~pyra~~osyl~-~~ + 4)- 

3-O-ace~l-2,6-di-0-benzoyl-cu-n-glucopyranosyl trichloroacetimidate (15).-To a 
stirred solution of 14 (350 mg, 0.29 mmol) in CH,CI, (4 mL), cooled to 0”. were 
added Cl ,CCN (1 .O mL) and l&diazabicyclo[5.4.O]undec-7-ene (DBU. 40 mg). 
The mixture was stirred for 2 h at 0” and then concentrated. The residue was 
chromatographed on a column of silica gel (20 g> with 70: 1 CH,Cl,-MeOH to 
give compound 15 (320 mg, 82%) as an amorphous mass, [cY]~ +56.0” (I‘ 1.5, 
CHCI,); ‘H-NMR (CDCI,): 6 1.20-2.30 (m, 4 H, H-3cax, 3cex, 4cax, 4ceq), 1.87 
(s, 3 H, AcN), 1.99 (2), 2.03, 2.07, 2.14, 2.19 (6 s, 18 H, 6 AcO), 3.66 (s, 3 H, MeO), 
4.82 (dd, 1 H, J2.3 10.1, J,,, 3.1 Hz, H-3b), 4.95 (d, 1 H, J,,, 7.9 Hz, H-lb), 4.98 (hr. 
d, 1 H, H-4b), 5.07 (dd, 1 H, H-2b), 5.28 (dd, 1 H, J,,z 3.8, J2,3 9.5 Hz, H-21, 5.35 
(dd, 1 H, Jo., 2.6, J,,, 9.1 Hz, H-7c), 5.57 (m, 1 H, H-k), 5.87 (t, 1 H, 
J2,3 = J,,, = 9.5 Hz, H-3a), 6.65 (d, 1 H, H-la), 7.27-8.07 (m. 15 H, 3 Ph), and 8.55 
(s, 1 H, C=NN). 

Anal. Calcd for CjsH,,C1,N,O,, (1340.5): C, 52.86; H, 4.89; N, 2.09. Found: C. 
52.71; H, 5.14; N, 2.13. 

0-(Methyl 5-acetamido-X,9-di-0-ace@-4-0-benzoyl-3,5, 7-trideoxy-wn-galacto-2- 

nonulopyranosylonate)-(2 + 3)-0-(2,4-di-O-acetyl-6-O-benzoyf-~-r~-galacfopyrar?o- 

syl)-(Z + 4)-3-O-acetyf-2,6-di-O-benzoyf-D-glucopyranose (16).--Selective removal 
of the 2-(trimethylsilylkthyl group in 9 (210 mg, 0.15 mmol) with BF, . OEt, (0.24 
mL) in CH,Cl, (4 mL), as described for the preparation of 14, gave compound 16 
(185 mg, 93.5%) as an amorphous mass, [cu], +27.5” (c 1.4, CHCl,); IR: I/ 
3700-3200 (OH, NH), 1730 and 1220 (ester), 1660 and 1540 (amide). and 710 cm- ’ 

(Ph). 
Anal. Calcd for C,zH,,NO,, (1258.2): C, 59.18; H, 5.37; N: 1.11. Found: C, 

59.03; H, 5.41; N, 1.15. 
0-(Methyl 5-acetamido-8,9-di-0-acetyl-4-0-benzoyl-3,5, 7-trideoxy-ru-o-galacto-2- 

nonulopyranosylonate) - (2 + 3)-0-~2,4-di-0-acetyl-6-O-benzoyl-~-r>-~ro- 

syl)-(1 + 4)-3-0-acetyl-2,6-di-O-benzt~yl-cu-~-glucopyrarzo~~yl trichloroacetimidate 
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(17).-To a stirred solution of 16 (182 mg, 0.14 mmol) in CH,Cl, (2.5 mL), cooled 
to o”, were added Cl,CCN (0.5 mL) and DBU (20 mg). After completion of the 
reaction workup as described for 15 gave 17 (180 mg, 89%) as an amorphous mass, 
[a], +32.0” (c 0.95, CHCl,); ‘H-NMR (CDCI,): 6 1.82-2.04 (m, 2 H, H-7c,7’c), 
1.83 (s, 3 H, AcN), 1.97, 1.98, 2.06, 2.11, 2.18 (5 s, 15 H, 5 AcO), 2.73 (dd, 1 H, 
J 3ax,3eq 12.4, J3eq,4 4.7 Hz, H-3ceq), 3.34 (m, 1 H, H-6c), 3.75 (s, 3 H, MeO), 3.92 

(9, 1 H, J4,5 = J5,cj = J5.w = 10.3 Hz, H-5c), 4.69 (dd, 1 H, J,,, 10.0, J,,, 3.2 Hz, 
H-3b), 4.95 (d, 1 H, J,,, 8.2 Hz, H-lb), 5.06 (m, 1 H, H-4c), 5.07 (m, 2 H, H-2b,4b), 
5.28 (dd, 1 H, J,,, 3.8, J,,, 10.3 Hz, H-2a), 5.51 (d, 1 H, NH), 5.54 (m, 1 H, H-8c), 
5.86 (t, 1 H, J,,, = J,,, = 10.3 Hz, H-3a), 6.67 (d, 1 H, H-la), 7.27-8.07 (m, 20 H, 4 
Ph), and 8.54 (s, 1 H, C=NH); 

Anal. Calcd for C,,H,,Cl,N,O,, (1402.6): C, 55.66; H, 4.82; N, 2.00. Found: C, 
55.53; H, 4.89; N, 2.08. 

0-(Methyl 5-acetamido-4, 7,9-tri-O-acetyl-3,5,8-trideoxy-cr-~-galacto-2-nonulopyr- 

anosylonate)-(2 + 3)-0-~2,4-di-0-acetyl-6-O-benzoyl-~-~-galactopyrano~l~-~l --f 4)- 

3-O-acetyl-2,6-di-0-benzoyl-D-glucopyranose (18).--To a stirred solution of 11 (333 
mg, 0.26 mmol) in CH,Cl, (4.5 mL), cooled to o”, was added BF, . OEt, (0.36 mL), 
and the mixture was stirred for 8.5 h at 0”. Workup as described for 14 gave 18 
(298 mg, 96%) as an amorphous mass, [(Y]~ +34.5” (c 0.94, CHCl,); IR: v 
3700-3150 (OH, NH), 1750 and 1230 (ester), 1670 and 1540 (amide), and 710 cm-’ 
(Ph). 

Anal. Calcd for C,,H,,NO,, (1196.1): C, 57.23; H, 5.48; N, 1.17. Found: C, 
57.05; H, 5.63; N, 1.08. 

0-(Methyl 5-acetamido-4,7,9-tri-O-acetyl-3,5,8-trideoxy-cY-D-galacto-2-non- 

ulopyranosylonate) - (2 -+ 3)-0-(2,4-di-O-acetyl-6-0-benzoyl-~-~-galactopyranosyl~- 
(1 -+ 4)-3-0-acetyl-2,6-di-O-benzoyl-cY-D-glucopyranosyl trichloroacetimidate (19).- 

To a stirred solution of 18 (294 mg, 0.25 mmol) in CH,Cl, (3.7 mL), cooled to O”, 
were added Cl,CCN (1.0 mL) and DBU (40 mg), and the mixture was stirred for 2 
h at 0”. Processing as described for 15 gave 19 (293 mg, 89%) as an amorphous 
mass, ICI], +37.5” (c 1.7, CHCl,); ‘H-NMR (CDCI,): 1.72 (t, 1 H, J3eX,3eq = J3aw,4 
= 12.6 Hz, H-3cax), 1.85 (s, 3 H, AcN), 1.94-2.14 (m, 2 H, H-8~8’~) 1.97, 1.98, 
2.01, 2.04, 2.13, 2.21 (6 s, 18 H, 6 AcO), 2.57 (dd, 1 H, Jseq,., 4.8 Hz, H-3ceq), 3.35 
(dd, 1 H, J5,6 10.4, J6,, 2.1 Hz, H-6c), 3.77 (s, 3 H, MeO), 4.04 (9, 1 H, J4,5 = 
55.6 = J5,NH = 10.4 Hz, H-5c), 4.69 (dd, 1 H, J,,, 9.9, J,,, 3.3 Hz, H-3b), 4.78 (d, 1 H, 
J,,, 8.1 Hz, H-lb), 4.94 (dt, 1 H, H-4c), 5.08 (m, 1 H, H-7c), 5.09 (dd, 1 H, H-2b), 
5.17 (br. d, 1 H, H-4b), 5.29 (dd, 1 H, J,,, 3.8, J,,, 10.0 Hz, H-2a), 5.85 (t, 1 H, 
Jz, = J,,, = 10.0 Hz, H-3a), 6.67 (d, 1 H, H-la), 7.28-8.13 (m, 15 H, 3 Ph), and 8.58 
(s, 1 H, C=NH). 

Anal. Calcd for C,,H,,Cl,N,O,, (1340.5): C, 52.86; H, 4.89; N, 2.09. Found: C, 
52.71; H, 5.03; N, 2.13. 

0-(Methyl 5-acetamido-4, 7,8-tri-O-acetyl-3,5,9-trideoxy-D-glycero-a-D-galacto-2- 

nonulopyranosylonate)-(2 --f 3)-0-{2,4-di-O-acetyl-6-O-benzoyl-~-D-galactopyrano- 

syl)-(I + 4)-3-O-acetyl-2,4-di-O-benzoyl-D-glucopyrunose (20X-To a stirred solu- 
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tion of 13 (390 mg, 0.3 mmol) in CH ,C12 (8 tnL), cooled to O”, was added 
BF,. OEt, (0.3 mL) and the mixture was stirred for 6 h at 0”. Processing as 
described for 14 gave 20 (300 mg, 84%) as an amorphous mass. [LY]~ +30.5” (c 0.9, 
CHCI 3; IR: I, 3700-3160 (OH, NH), 1750 and 1230 (ester), 1680 and 1560 (amide), 
and 720 cm-’ (Ph). 

Anal. Calcd for C,,H,,NO,, (1196.1): C, 57.23; H, 5.48; N, 1.17. Found: C, 

57.28; H, 5.45; N, 1.01. 
0-(Methyl 5-acetamido-4,7,8-tri-O-acetyl-3,5, 9-trideoxy-o-glycero-a-o-galactok?- 

nonulopyranosylonate) - (2 --3 3)-0-(2,4-di-O-acetyl-6-O-benzo~~l-~-D-~~lactopyrarzo- 

syl)-(1 --) 4)-3-0-acetyl-2,6-di-O-benzo~~l-cu-r~-~l~~copyrano.~yl trichloroacetimidate 

(21).-To a stirred solution of 20 (240 mg, 0.2 mmol) in CH,Cl, (3 mL), cooled to 
O”, were added Cl,CCN(0.6 mL) and DBU (30 mgl, and the mixture was stirred for 
2 h at 0”. Processing as described for 15 gave 21 (220 mg, 82%) as an amorphous 
mass, [cy]o +31.6” (c 1.0, CHCI,); ‘H-NMR (CDCI,): 6 1.08 (d, 3 H, J,, 6.2 Hz, 

CH,CH), 1.66 (t, 1 H, &,u,xtv/ =Jxa\,4 = 12.5 Hz, H-3caxx), 1.83 (s, 3 H, AcN), 1.85, 
1.99, 2.02, 2.04, 2.12, 2.20 (6 s, 18 H, 6 AcO), 2.56 (dd, 1 H, .13ey,4 4.4 Hz, H-3ceq), 
3.58 (d, 1 H, J5.h 10.6, J(>,, 2.9 Hz, H-6~1, 3.72 (s, 3 H, MeOl, 4.07 (q, 1 H, 

J4.s = J5.h = JSW = 10.6 Hz, H-k), 4.56 (dd. 1 H, J,,, 10.3, Jj,G 3.1 Hz, H-3b1, 4.85 
(ddd, 1 H, H-4c), 4.88 (br. d, 1 H, H-4b), 4.90 (d, 1 H, J,,, 8.1 Hz, H-lb), 5.05 (dd, 
1 H, H-2b), 5.13 (dd, 1 H, JYx 9.9 Hz, H-7~1, 5.27 (dd, 1 H. J, 1 3.7. J2.3 9.7 Hz, 
H-2a), 5.38 (m, 1 H, H-SC), 5.83 (t, 1 H, J2,3 = J,,, = 9.7 Hz, H-3aj. 6.66 (d, 1 H, J,., 

3.7 Hz, H-la), and 7.27-8.54 (m, 15 H, 3 Ph). 
Anal. Calcd for C,,H,5Cl,NZOZ, (1340.5): C, 52.86; H, 4.89; N, 2.09. Found: C. 

52.70; H, 4.91; N, 1.88. 
0-(Methyl 5-acetamido-7,8,Y-tri-O-acety2-3,4,5-trideo~~y-cu-D-manno-2-nonulopyr- 

anosylonate)- (2 ~3)-0-~2,4-di-0-acetyl-6-O-benzoyl-~-~-~alactopyrano.~~~l~-~l -+ 4)- 

O-(.?-O-acetyl-2,6-di-O-benzoyl-~-D-~lucopyranosyl)-(I + I)-(25,3R,4E)-2-azido-3- 

0-benzoyl-+octadecene-1,3-dial (23).-To a solution of 15 (I 80 mg, 0.13 mmol) and 
(2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-l,3-diol1’,‘” (22, 100 mg, 0.23 mmol) 
in dry CH,Cl, (4 mL) was added MS-4A (AW-300, 2.5 gl, the mixture was stirred 
for 30 min at room temperature, and then cooled to 0”. Boron trifluoride etherate 
(0.07 mL) was added to the mixture, and this was stirred for 4 h at O”, the progress 
of the reaction being monitored by TLC. The precipitate was filtered off and 
washed thoroughly with CH,C12. The combined filtrate was washed successively 
with M Na,CO, and water, dried (Na,SOJ, and evaporated to a syrup that was 
chromatographed on a column of silica gel (30 g), with 70 : 1 CH,Cl,-MeOH, to 
give compound 23 (170 mg, 79%) as an amorphous mass, [(ul, +7.8” (I’ 1.5, 
CHCI,); v 3500 (NH), 2940 and 2850 (Me, CH,), 2100 (N,), 1740 and 1230 (ester), 
1660 and 1540 (amide), and 710 cm.-’ (Ph); ‘H-NMR (CDCI,): ii (1.87 (t, 3 H, J,7,,x 

6.6 Hz, CH,CH,), 1.24 (s. 22 H, 11 CH,), 1.50 (m, 1 H, H-4~0x1, 1.86 (s, 3 H, 
AcN), 1.99 (21, 2.03 (21, 2.12, 2.18 (6 s, 18 H, 6 AcO), 3.65 (s, 3 H, MeO), 4.55 (dd, 
1 H, J2,3 10.1, J,,, 3.1 Hz, H-.?b), 4.68 (d, 1 H, J,,, 8.1 Hz, H-la), 4.90 td, 1 H, J,.? 

7.5 Hz, H-lb), 4.96 (br. d, 1 H: H-4b1, 5.01 (dd, 1 H, H-2b1, 5.24 (dd, 1 H. .I,,; 8.1 
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Hz, H-2a), 5.35 (dd, 1 H, Jh,, 2.9, J,,, 9.1 Hz, H-7c), 5.49 (t, 1 H, J,,, = J,,, = 9.7 
Hz, H-3a), 5.66 (dt, 1 H, J4,5 14.0, J5,6 = J5,61 = 7.0 Hz, H-5 of sphingosine), and 
7.26-8.12 (m, 20 H, 4 Ph). 

Anal. Calcd for C,,H,,,N,O,, (1607.7): C, 61.26; H, 6.40; N, 3.49. Found: C, 
61.33; H, 6.59; N, 3.38. 

0-(Methyl 5-acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-a-D-manno-2-non- 
ulopyranosylonate)-(2 -+ 3) -0- (2,4-di-O-acetyl-6-O-benzoyl-~-o-galactopyranosyl)- 

(1 --j 4)-0-~3-0-acetyl-2,6-di-O-benzoyl-~-~-glucopyranosyl)-(l + I)-(2S,3R,4E)-3- 
0-benzoyl-2-octadecanamido-4-octadecene-I,3-diol (24).-Hydrogen sulfide was 
bubbled through a solution of 23 (120 mg, 0.07 mmol) in pyridine (5 mL) and water 
(1 mL) for 2 days while the solution was stirred at room temperature, the course of 
the reaction being monitored by TLC. The mixture was concentrated and the 
residue dissolved in CH,Cl, (6 mL). Octadecanoic acid (50 mg, 0.17 mmol) and 
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSC, 50 mg) were 
added to the solution, and the mixture was stirred overnight at room temperature. 
After completion of the reaction, CH,Cl, (50 mL) was added to the mixture, and 
the solution was washed with water, dried (Na,SO,), and concentrated to a syrup 
that was chromatographed on a column of silica gel (30 g), with 75 : 1 CH,Cl,- 
MeOH, to give compound 24 (110 mg, 80%) as an amorphous mass, [al, + 18.0” (c 
2.0, CHCl,), IR: v 3350 (NH), 2940 and 2840 (Me, CH,), 1740 and 1220 (ester), 
1660 and 1530 (amide), and 710 cm-’ (Ph); ‘H-NMR (CDCI,): 6 0.87 (t, 6 H, J,7,18 

6.5 Hz, 2 CH,CH,), 1.26 (s, 50 H, 25 CH,), 1.87 (s, 3 H, AcN), 2.00 (2) 2.02, 2.03, 
2.12, 2.16 (6 s, 18 H, 6 AcO), 3.66 (s, 3 H, MeO), 4.55 (dd, 1 H, J,,, 10.5, J,,, 3.3 
Hz, H-3b), 4.60 (d, 1 H, J,,, 7.7 Hz, H-la), 4.86 (d, 1 H, J,,, 8.1 Hz, H-lb), 4.98 
(br. d, 1 H, H-4b), 5.02 (dd, 1 H, J,,, 9.0 Hz, H-2b), 5.18 (dd, 1 H, J,,, 7.7, J,,, 9.9 
Hz, H-2a), 5.37 (dd, 1 H, J6,, 2.7, J,,, 9.1 Hz, H-7c), 5.48 (t, 1 H, J*,, =J,,, = 9.9 
Hz, H-3a), 5.55 (m, 1 H, H-8c), 5.65 (d, 1 H, Js,NH 9.3 Hz, NH), 5.75 (dt, 1 H, 
J4,5 = 14.1, J5,6 = J5,6s = 6.6 Hz, H-5 of ceramide), and 7.26-8.13 (m, 20 H, 4 Ph). 

Anal. Calcd for C,,,H,,,N,Os, (1848.2): C, 64.98; H, 7.53; N, 1.52. Found: C, 
64.79; H, 7.66; N, 1.51. 

0-(5-Acetamido-3,4,5-trideoxy-a-~-manno-2-nonuiopyranosylonic acid)-(2 + 3)- 

0-P-D-galactopyranosyl-(1 + 4)-0-P-D-glucopyranosyl-(I -+ 1)-(2S,3R,4E)-2-octa- 
decanamido-Coctadecene-2,3-diol (25).-To a solution of 24 (105 mg, 0.057 mmol) 
in MeOH (3.5 mL) was added NaOMe (30 mg), and the mixture was stirred for 6 h 
at room temperature, the course of the reaction being monitored by TLC. Water 
(0.5 mL) was added and the mixture was stirred for 24 h at room temperature, 
then treated with Amberlite IR-120 (Hf) resin to neutralize the base. The resin 
was filtered off and washed with MeOH, and the combined filtrate and washings 
were concentrated. Column chromatography (MeOH) of the residue on Sephadex 
LH-20 (40 g) gave 25 (66 mg, quantitative) as an amorphous mass, [alp - 14.0” (c 
1.2, 1: 1 MeOH-CHCl,); ‘H-NMR (1: 1 CDCl,-CD,OD): 6 0.89 (t, 6 H, J,,,,, 6.6 

Hz, 2 CH,CH,), 1.28 (s, 50 H, 25 CN,), 1.98 (s, 3 H, AcN), 4.30 (d, 1 I-I, J,,, 7.7 
Hz, H-la), 4.42 (d, 1 H, J,,, 7.5 Hz, H-lb), 5.43 (dd, 1 H, J,, 7.0, J,,, 15.4 Hz, H-4 



of ceramide), and 5.68 (dt, 1 H, J5,h =.ls,(,, = 6.6 Hz, H-5 of ceramide). 
Anal. Calcd for Cs,H,o,N20,,, (1165.5): C, 60.80; H, 9.34; N, 2.40. Found: C, 

60.58; H, 9.49; N, 2.43. 
0-(Methyl 5-acetamido-8,9-di-0-acetyl-4-0-benzoyl-3,5, 7-trideoxy-a-wgalacto-2- 

nonulopyranosylonate)-(2 + 3)-0-~2,4-di-0-acetyl-6-O-henzo~vl-P-D_S’~)~ 

(I + 4)-0-~3-0-acetyl-2,6-di-O-benzoyl-~-~-~l~~copyrano.sy~)-(l -+ l)-fSS,3R,4E)-2- 
azido-3-O-benzoyl-4-octadecene-I,3-diol (26).-Coupling of 17 ( 110 mg, 0.08 mmol) 
and 22 (90 mg, 0.19 mmol), as described for 23, gave 26 (HO mg, 61%) as an 
amorphous mass, [(u], +8.5 (c 0.7, CHCI,); v 3400 (NH), 2950 and 2840 (Me, 
CH2), 2100 (NJ, 1730 and 1220 (ester), 1660 and 1540 (amide), and 710 cm.-’ 
(Ph); ‘H-NMR (CDCI,): ii 0.81 (t, 3 H, .I ,,,, x 6.6 Hz, C/Y&Hz), 1.18 (s, 22 H, 11 
CH2), 1.63-1.87 (m, 2 H, H-7c,7’c), 1.77 (s, 3 H, AcN), 1.90. 1.92, 1.95, 2.02, 2.10 
(5 s, 15 H. 5 AcO), 2.65 (dd, 1 H, J.3ax,3rr, 12.6, J3pi,.4 4.6 Hz, H-3ceq), 3.29 (dt, 1 H, 
J5,h = J(,,,, = 10.3, J(,,, = 2.5 Hz, H-6c), 3.67 (s, 3 H, MeO), 4.01 (q, 1 H, J1,T = J,,, = 

J,,,I~, = 10.3 Hz, H-5c), 4.60 (dd, 1 H, J,,, 10.1, J,,, 3.3 Hz, H-3b), 4.61 (d, 1 H, J,,? 

8.0 Hz, H-la), 4.83 (d, 1 H, J,,, 7.9 Hz, H-lb), 4.97 (dd, 1 H, H-2b). 4.98 (br. d, 1 
H, H-4b), 4.99 (m, 1 H, H-4c), 5.17 (dd, 1 H, .12,3 9.9 Hz, H-3a), 5.46 (m, 1 H, 
H-k), 5.47 (dd, 1 H, J,,, 8.4, J4,5 14.5 Hz, H-4 of sphingosine), 5.60 (dt. 1 H, 

Js,e = Js,,, = 6.6 Hz, H-5 of sphingosine), and 7.19-8.00 (m, 25 H. 5 Ph). 
Anal. Calcd for C,,H ,,,, N,0J9 (1669.8): C, 62.57; H, 6.46; N, 3.36. Found: C, 

62.51; H, 6.48; N, 3.29. 
0-(Methyl 5-acetamido-8,9-di-0-acetyl-4-0-henzoyl-3,.5, 7-trideoxy-cu-I>-galacto-2- 

nonulopyranosylonate) - (2 -j 3) -0- (2,4-di-O-acetyl-6-O-henzoyl-P-D-~aiacto~~~rarzo- 

syl) - (1 + 4) -O- (3 - 0- ace@- 2,6 ” di -O- benzoyl - p - I~-gluco~~}~rcrnosyl) - (I + I)- 
(2S,3R,4E)-3-0-benzoyl-2-octadecanamido-4-octadecene-l,3-diol (27).-Selective 
reduction of the azido group in 26 (60 mg, 0.04 mmol) with H,S, and subsequent 
coupling with octadecanoic acid (25 mg, 0.09 mmol) in the presence of WSC (40 
mg) as described for 24 afforded compound 27 (54 mg, 78%) as an amorphous 
mass, [(y&+8.5 (c 1.0, CHCI,); ‘H-NMR (CDCI,) 6 0.88 (t, 6 H, J,7,,x 6.5 Hz, 2 
CH,CH,), 1.26 (s, 50 H, 25 CN,), 1.76-1.95 (m, 2 H, H-7c,7’c). 1.84 (s, 3 H, AcN), 
1.97, 2.00, 2.01, 2.09, 2.15 (5 s, 15 H, 5 AcO), 2.72 (dd, 1 H, J3,>r,3erl 12.3, J.iey,J 4.6 
Hz, H-3ceq), 3.36 (m, 1 H, H-6c), 3.74 (s, 3 H, MeO), 4.68 (d, I H. J,,: 7.7 Hz, 
H-la), 4.87 (d, 1 H, J,,, 7.7 Hz, H-lb), 5.02 (dd, 1 H, J,,, 9.9 Hz, H-2b), 5.05 (m, 1 
H, H-4c), 5.06 (br. d, 1 H, H-4c), 5.18 (dd, 1 H, J,., 9.7 Hz, H-2a), 5.48 (m, 1 H, 
H-8c), 5.52 (t, 1 H, J2.3 = J,, = 9.7 Hz, H-3a), 5.66 (d, 1 H, NH), 5.77 (dt, 1 H, 
J4,5 = 14.0, J5,6 = J,,,, = 7.0 Hz, H-S of ceramide), and 7.27-8.07 (m, 25 H, 5 Ph). 

Anal. Calcd for C,,,,H,,oN,O,,, (1910.3): C, 66.01; H. 7.39; N, 1.47. Found C, 
65.86; H, 7.41; N, 1.45. 

0-(5-Acetamido-3,5,7-trideoxy-cu-D-gakto-2-nonu/opyranosy/onic acid)-(2 -+ 3)- 
0-p-D-galactopyranosyl- (I -+ 4)-0-/3-D-&cop_vranosyl-(I -+ 1)-(2&3R.4E)-2-octa- 

decanamido-4-octadecene-Z,3-diol (28).-Deacylation and saponification of 27 (54 
mg, 0.03 mmol), as described for 25, yielded compound 28 (35 mg, quantitative) as 
an amorphous mass, 1~1, -9.2” (c 0.7, 1 : 1 MeOH-CHCI,): ‘H-NMR (1 : 1 
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CDCl,-CD,OD): 6 0.89 (t, 6 H, I,,,,, 6.6 Hz, 2 W&H,), 1.28 (s, 50 H, 2.5 CH,), 
1.99 (s, 3 H, AcN), 2.78 (dd, 1 H, H-3ceq), 4.31, 4.43 (2 d, 2 H, Jr,, 7.5 Hz, H-la,b), 
5.45 (dd, 1 H, J,,, 7.0, J4,5 15.2 Hz, H-4 of ceramide), and 5.69 (dt, 1 H, 
J5,h = J5,6T = 6.6 Hz, H-5 of ceramide). 

Anal. Calcd for C,,Ht,,N,O,, (1165.5): C, 60.80; H, 9.34; N, 2.40. Found: C, 
60.55; H, 9.49; N, 2.42. 

0-(Methyl 5-acetamido-4,7,9-tri-O-acetyl-3,5,8-trideoxy-a-~-galacto-2-non- 

ulopyranosylonate)- (2 -+ 3)-0-(2,4-di-O-acetyl-6-O-benzoyl-P-D-gaZactopyranosyl)- 

(1 + 4)-0-(3-0-acetyl-2,6-di-O-benzoyl-~-o-glucopyranosyl~-(l + I)-f2S,3R,4E)-2- 
azido-3-0-benzoyl-4-octadecene-l,3-dial (29).-Coupling of 19 (183 mg, 0.14 mmol) 
and 22 (145 mg, 0.34 mmol), as described for 23, gave compound 29 (167 mg, 

75.5%) as an amorphous mass, [cr], - 9.5” (c 1.3, CHCl,); IR: Y 3500-3300 (NH), 
2940 and 2840 (Me, CH,), 2100 (N,), 1720 and 1220 (ester), 1670 and 1540 
(amide), and 710 cm-’ (Ph); ‘H-NMR (CDCI,): 6 0.88 (t, 3 H, Jr,,,, 6.5 Hz, 
CH,CH,), 1.25 (s, 22 H, 11 CH,), 1.72 (t, I H, J3ax,3rq = J3nx,4 = 12.6 Hz, H-3cax), 
1.85 (s, 3 H, AcN), 1.90-2.15 (m, 2 H, H-8c,8’c), 1.97, 1.99, 2.01 (2), 2.12, 2.19 (6 s, 
18 H, 6 AcO), 2.56 (dd, 1 H, J3eq,4 4.6 Hz, H-3ceq), 3.35 (dd, 1 H, J5,6 10.4, J6,, 2.0 

Hz, H-6c), 3.77 (s, 3 H, MeO), 4.00 (q, 1 H, J4,5 = J5,6 = J5,NH = 10.4 Hz, H-5c), 4.58 
(dd, 1 H, J2,3 9.9, J,,, 3.3 Hz, H-3b), 4.69 (d, 1 H, J,,, 7.7 Hz, H-la), 4.72 (d, 1 II, 
J,,, 7.7 HZ, H-lb), 4.94 (ddd, 1 H, H-4c), 5.04 (dd, 1 H, H-2b), 5.15 (br. d, 1 H, 
H-4b), 5.22 (d, 1 H, NH), 5.26 (dd, 1 H, .& 9.2 Hz, H-2a), 5.43 (m, 1 H, H-7c), 
5.48 (t, H, J,,, =J3,4 = 9.2 Hz, H-3a), 5.54 (dd, 1 H, J,,, 8.2, J4,5 15.0 Hz, H-4 of 
sphingosine), 5.69 (dt, 1 H, J5,6 = 5,hF J = 6.6 Hz, H-5 of sphingosine), and 7.27-8.09 
(m, 20 H, 4 Ph). 

Anal. Calcd for C,,H,,,N,O,, (1607.7): C, 61.26; H, 6.40; N, 3.49. Found: C, 
61.18; H, 6.59; N, 3.45. 

0-(Methyl 5-acetamido-4,7,9-tri-O-acetyl-3,5,8-trideoxy-cu-D-galacto-2-nonulopyr- 

anosylona te) - (2 + 3)-0-(2,4-di-O-acetyl-6-O-benzoyl_P-~-galactopyranosyl)-(~ --t 4)- 

0-(3-0-acetyl-2,6-di-O-benzoyl-~-D-glucopyranosyl)-(~ + I)-(2&3R,4E)-3-0- 
benzoyl-Zoctadecanamido-I-octadecene-l,3-diol (30).-Selective reduction of the 
azide group in 29 (165 mg, 0.1 mmol) and subsequent coupling with octadecanoic 
acid (50 mg, 0.18 mmol), as described for 24, afforded compound 30 (150 mg, 
78.5%) as an amorphous mass, [cx]~ +5.4” (c 1.2, CHCi& ‘H-NMR (CDCl,): 6 
0.88 (t, 6 II, J,,,,, 6.6 Hz, 2 W&H,), 1.26 (s, 50 H, 25 CH,), 1.85 (s, 3 H, AcN), 
1.88-2.16 (m, 2 H, H-8c,S’c), 1.97, 1.99 (2), 2.00, 2.11, 2.16 (6 S, 18 H, 6 AcO), 2.55 

(dd, I H, J3ax,3eq 12.9, Jm.4 4.7 Hz, H-3ceq), 3.36 (dd, 1 H, J5,h 10.1, J6,, 2.1 HZ, 

H-6c), 3.77 (s, 3 H, MeO), 4.09 (q, 1 H, J4,s = Js,b = J5,NH = 10.1 Hz, H-5c), 4.55 (dd, 

1 H, J,,, 10.4, J3,4 3.5 HZ, H-3b), 4.60 (d, 1 H, J,,, 8.6 Hz, H-la), 4.68 Cd, 1 H, J,,, 
8.1 HZ, H-lb), 4.93 (ddd, 1 H, H-4c), 5.02 (dd, 1 H, H-2b), 5.14 (br. d, 1 I-I, I-I-4b), 
5.19 (dd, 1 H, J,,, 9.7 Hz, H-2a), 5.47 (t, 1 H, J,,, = J,,, = 9.7 Hz, H-S), 5.78 (dt, 1 

H, J3,4 = 15.0, J5,6 = J5,6v = 6.7 Hz, H-5 of ceramide), and 7.25-8.03 (n-i, 20 H, 4 
Ph). 
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Anal. Calcd for C,,,,,H 138N2030 (1848.2): C, 64.98; H, 7.53; N, 1.52. Found: C, 
64.70; H, 7.68; N, 1.50. 

0-(5-Acetamido-3,5,8-trideoxy-cu-D-galacto-2-nonulopyranosylo~ic acid)-(2 + 3)- 

0-p-D-galactopyranosyl-(1 --$ 4)-0-/3-D-&copymnosyl-(1 + I)-(2S,.?R,4E)-2-octa- 

decanamido-4-octadecene-1,3-diol (31).-Deacylation and saponification of 30 (149 
mg, 0.08 mmol), as described for 25, yielded compound 31 (90 mg, quantitative) as 
an amorphous mass, [(Y],, - 1.2” (c 1.0, 1 : 1 MeOH-CHCI,); IR: I’ 3500-3300 (OH. 
NH), 2940 and 2850 (Me, CH,), 1720 (COOH), and 1640 and 1550 cm _’ (amide); 
‘H-NMR (1: 1 CDCl,-CD,OD): 6 0.89 (t, 6 H, J,7,,s 6.5 Hz, 2 CH,CHJ, 1.27 (s, 
50 H, 25 CH,), 1.99 (s, 3 H, AcN), 2.71 (dd, 1 H, H-3ceq), 4.30 (d, I H, J,,z 7.7 Hz, 

H-la), 4.42 (d, 1 H, J,,, 7.3 Hz, H-lb), 5.45 (dd, lH, J,,, 7.3, 51,5 15.0 Hz, H-4 of 
ceramide), and 5.69 (dt, I H, Js,h = Js,(,, = 6.4 Hz, H-S of ceramide). 

Anal. Calcd for Csc,H ,(lsNzO,,, (1165.5): C, 60.80; H, 9.34; N, 2.40. Found: C, 
60.73; H, 9.51; N, 2.32. 

0-(Methyl 5-acetamido-4, 7,8-tri-O-aCetyl-.~,5,9-trideOXy-D-glyCerO-~-D-galacto-2- 

nonulopyranosylonate) - (2 + 3) -0- (2,4-di-0-acetyl-6-O-benzoyl-P_D-galactopyruno- 
syl) - (1 + 4) -0- (3 -0- acetyl-2,6- di -0- benzoyl -/ZL D-glucopyranosyl) - (1 + I) - 
(2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-1,3-diol (32).-Coupling of 21 (100 
mg, 0.07 mmol) with 22 (70 mg, 0.16 mmol), as described for 23, gave compound 32 
(110 mg, 92.5%) as an amorphous mass, [a],-8.6’= c 1.1, CHCI,); IR: Y 3400 
(NH), 2940 and 2840 (Me, CHz), 2100 (NJ, 1730 and 1220 (ester), 1650 and 1530 
(amide), and 710 cm-’ (Ph); ‘H-NMR (CDCI,): S 0.87 (t, 3 H, Jr,,,, 6.5 Hz, 
CH,CH,), 1.10 (d, 3 H, J,,, 6.2 Hz,CH,CH), 1.24 (s, 22 H, 11 CH,), 1.87 (s, 3 H, 
AcN), 1.88, 1.99, 2.01, 2.03, 2.11, 2.19 (6 s, 18 H, 6 AcO), 2.55 (dd. 1 H. J3r+,, 

12.3, J3eq.4 4.4 Hz, H-3ceq), 3.57 (dd, 1 H, Js,(, 10.6, J,,, 2.9 Hz, H-6c), 3.71 (s, 3 H. 
MeO), 4.68 (d, 1 H, J,,, 7.9 Hz, H-la), 4.85 (m, 1 H, H-4c), 4.86 (d, 1 H, J,,? 7.9 

Hz, H-lb), 4.99 (br d, 1 H, H-4b), S.00 (dd, 1 H, J,,, 10.1 Hz, H-2b), 5.15 (dd, 1 H, 
H-7c), 5.25 (dd, 1 H, 52.7 9.5 Hz, H-2a), 5.40 (m, 1 H. H-8~). 5.47 (t, I H, 
J2,3 = J3,-1 = 9.5 Hz, H-3a), 5.65 (m, 1 H, H-S of sphingosine). and 7.26-8.07 (m, 20 
H, 4 Ph). 

Anal. Calcd for C,,H,,,,N,02, (1607.7): C, 61.26; H, 6.40; N, 3.49. Found: C, 
61.33; H, 6.51; N, 3.45. 

0-(Methyl 5-acetamido-4, 7,8-tri-O-acetyl-3,5,9-trideo.~-D-glycero-cu-D-galacto-2- 

nonulopyranosylonate) - (2 + 3) -0- (2,4-di-O-acetyl-6-O-ber~zo~~l-B-u_h’al~~ctopyran~~- 

syl) - (1 + 4) -0 - (3 -0 - acetyl-2,6- di -0 - benzoyl - p - D -gkopyranosyl) - (I --) I)- 
(2S,3R,4E)-3-0-berzzoyl-2-octadecunamido-4-octadece~ze-~,3-~liol~33~.-SclcctivC 

reduction of the azido group in 32 (110 mg, 0.06 mmol) and subsequent coupling 
with octadecanoic acid (44 mg, 0.15 mmol), as described for 24, afforded com- 
pound 33 (97 mg, 77%) as an amorphous mass, [ alr, -5.0” (c 1 .O, CHCI j); 
‘H-NMR (CDCl,): 6 0.87 (t, 6 H, J ,,,, x 6.6 Hz, 2 CI-I,CH,), 1.11 (d, 3 H, I,., 6.2 
Hz, CH,CH), 1.26 (s, 50 H, 25 CH,), 1.65 0, 1 H, 13u\,3<y = J.il,s,-l = 12.5 Hz, 
H-3cax), 1.83 (s, 3 H, AcN), 1.88, 1.99, 2.00, 2.03, 2.10, 2.18 (6 s, 18 H, 6 AcO), 
2.58 (dd, 1 H, J3a.,,?cr, 12.5 Hz, Jier,,J 4.3 Hz, H-3~7). 3.58 (dd, 1 H. J5,(, 10.6, .f(,,, 
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2.9 Hz, H-6c), 3.71 (s, 3 H, MeO), 4.55 (dd, 1 H, J,,, 9.9, J3,4 3.3 Hz, H-3b), 4.60 
(d, 1 H, J,,, 7.7 Hz, H-la), 4.82 (d, 1 H, J,,, 7.7 Hz, H-lb), 5.06 (dd, 1 H, H-2b), 
5.14 (dd, 1 H, J,,, 7.3 Hz, H-7c), 5.19 (dd, 1 H, J,,, 9.9 Hz, H-2a), 5.40 (m, 1 H, 
H-SC), 5.43 (t, 1 H, J,,, = J,,, = 9.9 Hz, H-3a), 5.76 (dt, 1 H, J4,5 = 14.0, J5,6 = J5,6f = 

6.6 Hz, H-5 of ceramide), and 7.26-8.07 (m, 20 H, 4 Ph). 
Anal. Calcd for C,,,H,,,N,O,,, (1848.2): C, 64.98; H, 7.53; N, 1.52. Found: C, 

64.71; H, 7.53; N, 1.49. 
0- (5-Acetamido -3,.5,9- trideoxy- D -glycero -Q- D -@Et0 -2 - nonufopyranosyfonic 

acid)-(2 + 3)-O-p- D-galactopyranosyl- (1 -+ 4) -O-P-D-glucopyranosyl- (1 + 1) -(2S, 

3R,4E)-2-octadecanamido-4-octadecene-1,3-diol (34).-Deacylation and saponifi- 
cation of 33 (91 mg, 0.049 mmol), as described for 25, yielded compound 34 (52 mg, 
90%) as an amorphous mass, [al, -0.5” (c 1.2, 1: 1 CHCl,-MeOH); IR: v 
3700-3300 (OH, NH) 2940 and 2850 (Me, CH,), 1720 (COOH), and 1660 and 1540 
cm-’ (amide); ‘H-NMR (1: 1 CDCl,-CD,OD): S 0.88 (t, 6 H, J,,,ix 6.5 Hz, 2 
CH,CH,), 1.27 (s, 50 H, 25 CH,), 2.03 (s, 3 H, AcN) 2.85 (dd, 1 H, H-3ceq), 4.31 
(d, 1 H, J,,* 7.7 Hz, H-la), 4.42 (d, 1 H, 7.6 Hz, H-lb), 5.43 (dd, 1 H, Jae 7.7, J4,5 
15.0 Hz, H-4 of ceramide), and 5.68 (dt, 1 H, J5,6 = Js,h, = 6.8 Hz, H-5 of ceramide). 

Anal. Calcd for C,,H,,,N,O,, (1165.5): C, 60.80; H, 9.34; N, 2.40. Found: C, 
60.73; H, 9.61; N, 2.39. 
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