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ABSTRACT 

The sulfated glucuro~yl glycosphingolipids isolated from the human peripheral nervous system, 
~O~S-3-~-Glc~A-(l -+ 3)-j@-o-Gatp_(l + 4)-~-~-G~c~NAc-(l -+ 3)~ti-&n-Galp-(l + 4)-p-D-Gkp-(1 --t 

I)-Cer in = 1,2) (1 and 2) were synthesized. The glycan part of target molecules was designed to be 
constructed from glucuronate, lactosamine, and lactose fragments 8, 9 (or lO), and 11, which in turn 
were synthesized stereo- and/or regio-selectively from readily available compounds. The coupling 
reaction between 9 and 11 was performed by the action of trimethylsilyl trifiuoromethanesulfonate 
(Me&OTf)), and subsequent manipulation of product 31 gave 33. On the other hand, slight modifica- 
tion of this sequence, including repetitive glycosylation reactions using 10, afforded he~asacchar~de 46. 
These compounds were reacted with nonreducin~ end glucur~nate synthon 8 under the agency of 
~Br~-AgOTf-Bu~NBr. and the resultant penta- and hepta-saccharides 34 and 47, respectively, were 
transformed into glycosyl fluorides. Final coupling with the ceramide derivative 7, followed by 
chemoselectise deprotection of the levulinoyi group, sulfation and complete deprotection, afforded the 
target glyco~ipids 1 and 2. 

INTRODUCTXON 

In 1984: Ilyas and co-workers first reported’ the presence of acidic glyco~ipid 
antigens in human peripherai nerve tissue which was recognized by IgM of patients 
having peripheral neuropathies and plasma cell abnormalities. The glycolipids 
were also shown3 to be recognized by an antibody HNK-1 (anti-Leu-7) raised 
against a membrane antigen from T cell line HSB-2. Recently, these glycolipids 
have been isolated and chemically characterized4. Their structures were proposed 
as 1 and 2, based OR sugar analysis, e~~rnatic digestion, mild acid hydrolysis, 
permet~yiation, fast-atom-bombardment mass spectrometry, and NMR studies. A 
prominent feature of these compounds is the presence of a nonreducing-end 
glucuronic acid residue sulfated specifically at the C-3 position, which is carried on 

’ Part 92 in the series “Synthetic Studies on Cell-Surface Glycans” For part 91, see ref 1. 
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a neoiacto-type backbone. This totally novel gtycan sequence. seems to hold an 
emerging importance in n~urobiologicaJ sciences and quite probably in the broader 
field of glycobiology. For instance, neural cell-adhesion molecules Ll and N-CAM, 
Jl glycoprotein, and myelin-associated glycoprotein (MAGI were also shown” to 
share a carbohydrate epitope of similar structure recognized by monoclonal 
antibodies L2 and HNK-1. These results suggest that the epitope seems to be 
involved in ne~e-astroc}~tc and astrocyte-astrocyte adhesion, acting as a Iigand in 
celf-cell interaction”. Considering their potential biomedical significance, we be- 

gan synthetic approaches toward these novel glycoconjugates, and our efforts have 

resulted in the syntheses of sulfated glucuronyl glycosphingolipids 1 (ref 7) and 2 
(ref 8). Our syntheses feature the combined use of various modern glycoside 

bond-forming technologies Kc., trichloroacetimidate, thi~~~iycosidc, glycosyl fhro- 
ride). Described herein is the FulI account of the results of this synthetic work. 

RESULTSANDDISCUSSION 

In order to successfully execute the synthetic path toward the target molccules~ 
the most critical point is the construction of properly protected ohgosaccharide 
portions so that stereoselective coupling with the lipid portion (ccramide), regiose- 
lective sulfation of the glucuronate residue, and final deprotection without touch- 

ing the sulfate functionality could be achieved. In spite of recent advances in 

g[yc~sp~ingni~pid synthesis, multifunctional (carboxylatc, sulfate, amide, and car- 
bon-Carson double bond, in additi~~n to a large number of llydro~~ groups) 
molecules of this magnitude, such as I or 2 having five and seven sugar residues, 

were considered a formidable challenge. 
Based on the fullowing scenario, penta- and hepta-saccharide units were de- 

signed as 5 and 6, respectively. First of ail, the sulfated function, being highly 
unlikely to survive under any glycosyIation conditions, should he introduced after 
coupling with ceramidc. Secondly, final deprotection must be executed under 
neutral or basic (preferably at low-temperature) conditions, because the sulfate 
group is reasonably stable only as a salt. Although the benzyl-type protecting group 

would be an ideal choice in this respect’, it is not applicable to this particular case 
because of the presence of a carbon-c~~rb{)n double bond on the ceramide moiety. 
Thirdly, in order to minimize practical difficulties during the end-game manipuia- 
tions, the N-phthaloyl group, which is an obvious choice as a temporary protecting 
group for nitrogen, has to bc converted into an N-acetyl group before couphng 
with the ccramide derivative’“. Finally, the O-2a position had to be protected with 
a ~ivaio~~l (Piv) group so that facile coupling could be assumed. Thus gjycos~~ 
donors 5 and 6 so designed were to be synthesized from mono- (8) and di-sac- 
charide (9 and 10) derivatives. and the previously reported lactose derivative 11 
(ref I 1). 

The giucuronyl donor, designed as a thio~iycoside 5, was synthesized from 
tetr~~~~cct~~tc 12 (ref 13 in 34% overall yield as described below. C(~rnpt~nnd 12 was 
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R,3-~-U.GI~pA.(?13)~~-D-GalpNA~-(Ii4)-~-D-Glc~Ac-(t-13)),-B_D-G~l~(l~4)-~-D-Glc~(l-tl)_,Car 

f n=l,R=S@H 2 n-Z,R=sc$H 
3 n=l,R~H 4 na2,R:ti 

5 ” = I, R = AC (GICAC~~.GICNAC-G~~-GIC~ 
ed c ba 

6 n = 2, R’ = Piv (GlcA-Gal-GlcNAc-Gal-GicNAc-Gai.Glc) 
9f e dc ba 

7 

first converted into thioglycoside 13 (Bu,SnSMe13, SnCl, in l,Zdichloroethane), 
which was subsequently deprotected and then protected, with the aid of dibutyltin 
oxide14, into the di-(p-methylbenzoyl)ated product as a mixture of 14 and IS in a 
ratio of 12 : 1. Although, separation of these isomers was not practical at this stage, 
subsequent le~linoylation into 8 and 16 allowed remarkably easy separation by 
silica gef column chromatography. 
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The preparation of the lactosamine segment 9 basically relied upon the general 
strategy developed for the synthesis of the ~olyiactosamine-type oligosaccharide”. 
A minor modification made for the present purpose was ~-metho~~hen~ group 
protection at the anomeric position, which, although seemingly triviai. confers a 
substantial degree of flexibility on the whole synthetic scheme. The introduction of 
this protecting group was conveniently achieved by treatment of the @-acetate 17 

(ref 16) with 4-methoxyphenol and Me,SiOTf. The product was selectively pro- 
tected into 22, via 19, 20, and 21 in a standard manner. Reaction with the 
galactosyl chloride 23 (ref 1.5) using silver trifluoromethanesulfonatc ~Ag~Tf~ as an 
activator gave 24 in an almost quantitative yield, ~eacetylatio~ into 25 (LiO0f-l in 
aq THF)r7 and subsequent benzylation into 26 (benzyi bromide, Ag,O, and KI in 
DMF) were performed following a previously established protocol”. After deally- 
lation”, the dial 27 was selectively protected into 29 via 28. The ~~-methoxyph~nyl 

group was then oxidativeiy removed’“. and the resultant 30 was transf~)rmed into 
the trichloroacetimidate”’ 9. 

Glycosylation of 9 with 11 was performed by the action of McJiOTf to give 

tetrasaccharide 31 in 86% yield, which was subjected to the following deprotec- 
tion-protection sequence in order to liberate the C-3d hydroxyl group. First of all, 
simultaneous cleavage of the phthaloyi, acetyl, and l~vuIin(~yl groups was achieved 
by treatment with hydrazine hydrate in refluxing ethanol. The amino group was 

acetylated, and the resuhant diol was selectively acetylated into 33. Among the 
various conditions, the coupling with the glucuronate fragment 8 turned out to be 
best achieved under the agency of CuBrz--Bu,NBr-AgOSO$F, (ref 211 in 
nitromethan~ as sotvent to give the pentas~lccllaride 34 in 58% yield. C~}nv~rsioIl~~ 
into the fluoride 5 (ar : j3 ratio 1: 3) was performed in four steps via 35 and 36. In 
this instance, because of the presence of the levulinoyl group which should be kept 
untouched at this stage, piperidine-acetic acid was the reagent of choice for the 
chemoselective cleavage of the anomeric ace&l group into 36. 

Compound 5 thus obtained was reacted with 7 (SnCl~-~~OSO~CF~~~~ in 



freshly distilled chloroform to afford a 55% yield of the desired 37. It should be 
noted that only the p-fluoride was consumed in this transformation, and the 
corresponding ff-counterpart was quantitatively recovered. This obse~ation allows 
us to estimate that the yield based on the P-fluoride is actually > 70%. The 
structure of 37 was rigorously confirmed by ‘H NMR spectroscopy, including a 
COSY experiment. Further strong support was obtained from the ‘H NMR 
spectra of fully deprotect~d compound 3, which revealed the presence of five 
anomeric protons at 6 4.681, 4.368, 4.317, 4.279, and 4.174, all assignable as that of 
the P-glycosidic linkage (d, J * 7.5 Hz). 

Further conversion into the target glycolipid was executed as follows. Selective 
removal of l~vulinoyl group2” at O-3e by hydra~ine-acetic acid gave 38 in almost 
quanti~tive yield. From a COSY experiment, the H-Se and H-4e signals were 
found at S 4.224 (d, J 9.5 Hz) and 5.438 0, J 9.5 Hz), respectively. Although an 
unambiguous assignment could not be made for the H-3e proton whose resonance 
had shifted upfield after cleavage of the levulinoy~ group, the absence of a 
corresponding signa in the region of 5.563 ppm was in accordance with the 
presence of a free hydroxy group at this position. Compound 38 was then treated 
with sulfur trioxide-trimethyiamine in dry DMF for 72 h at 55°C. After extensive 
purification by sequential chromatography (see Experimental section), product 39 
was isolated in 59% yield. The structure of 39 was confirmed by a COSY NMR 
experiment. Especially supportive of the structure was the downfield shift of the 
H-3e signal to 64.876, confirming that a sulfate group had actually been intro- 
duced at this position. 

Complete deprotection was carried out under carefully controlled conditions (1, 
LiOH in aq THF, -15 to 0°C; 2, NaOMe in THF-MeOH at 2OQ. After 
purification by chromatography on Sephadex LH-20, the target gly~olipid 1 was 
obtained in 86% yield. Although the ‘H NMR spectrum of synthetic 1 is not 
directly comparable with that of a natural sample, because the latter spectrum was 
recorded with a very small amount of compound, all chemical shifts and coupling 
constants of the anomeric protons and H-3e were in good agreement with the 
reported values. 

Being encouraged by this result, we turned our attention to the hexaheptaosyl 
ceramide 2. This compound can be viewed as a homologue of 1 with respect to the 
la~osamine unit. Therefore, our expectation was that only a slight modification of 
the synthetic route should be adequate enough for the synthesis of 2, which turned 
out to be the case (uide i@ra). 

The requisite protective-group manipulation of the lactosamine fragement was 
started by selective protection of diol 27 with pivaloyl chloride and 4-dimethyl~ 
aminopyridine @MAP) in pyridine to give 40 in 83% yield. The choice of the 
pivaloyl group was based on the observation in model studies that this particularly 
hindered acyl group is not affected under the conditions of dephthaloylation (e.g., 
hydrazine in reftuxing EtOH), thereby allowing us to achieve the following task in 
a minimum number of steps. After conversion to 41, oxidative removal of the 
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37 R = Lev 
38 R-H 
39 R SO-,Na 

~-metho~pheny1 group gave the hem&eta) 42 in 87% yieid, which was then 
converted into trichloroacetim~date 10. Cou~Iing of 10 with 11 using ~e~Si~Tf as 
an activator gave an 83% yield of tetrasaccharide 43. Selective removal of the 
levulinoyl group gave 44, which was again coupled with 10 to afford hexasaccharidc 
45 in 81% yiefd. The simultaneous removalal of phthatoyl and Jewiinoyl groups was 
achieved with hydrazinc hydrate in refluxing &OH, and the resultant diamino 
alcohol was N-acetylated to give compound 46 in 81% overall yield. 

Attachment of the glucuronate residue was again carried nut by use of the 
thio~lycoside 8 as a glycosyl donor, and the product 47 was subjected to conven- 
tional protective group modulatiol~ as described for the prcpar~t~on of 5 to give the 

designed glycosyl donor 6 via 48 and 49. Compound 6 thus obtained was revealed 
to be a 1 :4 mixture of N and /3 anomers. 

Coupling between 6 and 7 (SnClz-AgOTf in chtoroforml afforded 50 in 49% 
yield. This compound was converted into the target molecule 2 via 51 and 52, as 
well as into neutral glycolipid 4, following the protocol established for the prepara- 

tion of I and 3. Although the physical data of natural 2 is not yet rcporlcd, the ‘H 
NMK spectrum of the synthetic material is yuitz reasonable in cornparis(~~~ with 
the pentasacch~iride c~~unter~art 1 and shows, in ~~~~dition to the signals for the 
an~~meric protons, the prescncc of the deshielded signal for H-7g, indicating the 
presence of suffatc group at O-3g. 
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EXPERIMENTS 

General methods. -Melting points were determined with a Yanagimoto micro 
melting-point apparatus and are uncorrected. Optical rotations were determined 
with a Perkin-Elmer Model 241 MC polarimeter, for solutions in CHCl, at 25”C, 
unless noted otherwise. Silica gel column chromatography was performed on 
columns of Wako-gel C-300 (200-300 mesh). TLC and high-performance (HPTLC) 
were performed on Silica Gel 60 F2s4 (Merck). Molecular sieves were purchased 
from Nakarai Chemicals. ‘H NMR spectra were recorded with either a GNM- 
GSX-500, JEOL GX400, or FX90Q spectrometers. The values of 6, are expressed 
in ppm downfield from the signal for internal Me,Si. Assignments of peaks made 
for compounds 31,34,37,38,39, 45, 47, 50,51, and 52 were verified by COSY 
experiments. 

methyl (~et~}?~ 2,3,4,-t~-0-acetyl-I-thio-IY- and B-D-glucopyranosid)ur~nute (13). 
-To a stirred mixture of 12 (5.01 g, 13.3 mmolf and BuJnSMe (5.40 g, 16.0 
mmol) in (CICH,), (90 mL> was added dropwise SKI, (2.1 mL, 17.9 mmol) at 0°C 
over 1 h. The mixture was stirred for 3 days at 2o”C, evaporated in vacua and 
diluted with EtOAc. The solution was vigorously stirred with aq NaHCO,-KF for 
3 h, filtered through Celite, washed with aq NaCI, dried (Na,SO,), and evaporated 
in vacua. Chromatography of the residue on SiO, in 10 : 3 toluene-EtOAc gave 13 

SYNTHETIC 

3.5 ppm 

Fig. 1. 5OO-MHz ‘H NMR spectrum in 49: 1 MelSO-d,-D,O at 60°C. 



(4.37 g, 90%/c N, 0.35 (to&en+EtOAc); ‘H NMR (CDCl,) 6 5.621 (0.63 H. d, .I 
5.5 Hz, H-lar), 5.396 (0.63 H, t, I 9.8 Hz, H-3~1, S.282 (0.38 H, t, 9.8 Hz, H-2,3 or 

481, 5.216 (0.38 H, t, f 9.8 Hz, H-2,3 or 481, 5.188 CO.63 M, t, f 9.8 Hz. H-4~1, 
5.092 (0.38 H, t, f 9.8 Hz, H-2,3 or 4p), 5.051 (0.63 I-i, dd, ,I 9.8 and 5.5 Hz, H-k), 

4.725 (0.63 Ii, d, 9.8 Hz, H-&I, 4.432 (0.38 H, d, ,I 9.8 Hz, H-l or S@, 4.061 tO.38 
H, d, J 9.8 Hz, H-l or 501, 3.762 (I.88 H, s, COOMctr). 3.753 (1.13 H, s. 
~~(~M~~), 2.195, 2,108, 2.073, 2.071, 2.042, 2.031, 2.026. and 2.023 (12 H, 8s. 3Ac 

and SMe). Anal. Calcd for C,.IH,,tOoS: C, 46.15: t-1, 5.53; S. 8.80. Found: C, 36.07: 

II, S.58; s, x.57. 
~~~~t~~~l l~~e~~ty~ 2,4-~i-O-ip-meth~f~?L~nzr~~~(l- I-t&>-a- n-sl~.lcop!‘mnositJf urtorlntc~ 

(14) und rrrcthyl fmethyl 2,S-ni-O-ip-rtlci~t~l~~~~l~~)~~)~ I-t~rlj~-~~-~)-~~~lcu~~~~.~~I~ 

mmtte (IS).---To a solution of 13 (3.90 g, 10.7 mmot) in I : I M&H-THF (80 mL) 
was added a solution of 11.3 M N~OMe-~~eOH (2.5 mIJ. The mixture was stirred 
for 2 h at W’C, made neutral with Amberl}~st-~5 (f-f ’ 1 and cva~~r~~tcd in vxuo to 
give the trio1 (2.35 g, 93%). A mixture of the trio1 (6.10 mg, ;I.# mmolf and 
Bu,SnO (1.35 g. 2.64 mmol) in toluene (52 mt) wits stirred for 4 h under reffus 
with continuous azeotropic rcrnoval of water, cooled, evaporated in v~uo. and 
diluted with THF (40 mL). To the solution were added, succcssivcfy, p-methylbcn- 
zoyl chloride (0.518 mL, 7.41 mmol) and Et,N (1.0 mL, 7.3 mmol), and the mixture 
was stirred for 20 h at 20°C. After the addition of MeOH, the solution was 

evaporated in VBCUO, diluted with EtOAc, and then vigorously stirred with 219 
NaHCO,-KF for 3 h. The precipitate was filtered off through Celitc, and the 
filtrate was washed with aq NaC’I, dried (Na,SO,II and evaporated in vacua. 
(~hr~~miltogr~phy of the residue on SiO, in 7 : 2 t~~]Ll~ne-EtOA~ gave a mixture of 
14 and 15 (660 mg, 53%): R, 11.44 (4: I t~lu~ne-~tOAc). ‘H NMR data (CDCI;): 

6 5.7s’) @.OS H: d, J 5.2 Hz, H-l of 15), 5.747 W.92 H, d. f 5.2 Hz. H-i of IQ), 
5.699 ((1.08 H, t, .I 9.5 Hz, H-3 of i5k 5.397 (0.0X t-l, dd, J 0.5 and 5.2 Hz. H-2 ol 
15), 5.379 (0.92 H. t, I 8.0 Hz, t-I-4 of 14), 5.286 (0.92 f-i, dd, .I 8.9 and 5.2 Hz, H-2 
of 14): 4.870 (O.%? H, d: J X.9 Hz. H-S of 14), 4.779 (0.08 t-i, d, .I 9.5 HZ, H-S of XSf, 
4.365 10.92 H, dt, f 5.9 and 3.4 Hz, H-3 of 14), 4.152 ((I.08 H, dt, J 9.5 2nd 3.8 Hz, 
H-4 of f5), 3.836 j0.23 H, s. COOMe of I§), 3.689 (2.77 H, s, COOMe of 14),2.402 

(2.77 f-i. s, C,H,Me of 141, 2.3% (2.77 i-1, s, C,H,& of 141, 2.345 (0.23 H. s. 
C,H,Me of 15>, 2.342 (0.23 H, s, C,HJMe of 15), 2.142 (2.77 H. s, SMe of 141, and 

2.100 (0.23 H, s, SMe of li;>. Anal. Calcd for C,,H,,O,S t 0,35H,O: C:, 60.18: H. 
5.58; S, 5.69. Found: C, 60.15; H, 5.54; S, 6.76. 

.!&yl ~?~~~~~y~ .~-0-Irr,ldlirz(1yf-2,4-di-O-(p-methylhe~lzo~fl-I-t~~~~~-ff-~~-~~l~~i~- 
~~~ili~~s~~~Llr~~ut~ (8) urrd methyl /methyl ~-O-~~~!t~~i~~o~L-~~ 3-~~-O-iP-17lrtl~~~~- 

zoylj- I-thio-ru-n-s~l~cu~~~~n~~.~~~i/~~~~~?~te (l(i).---To a solution of a mixture of 14 and 
15 (660 mg, 1.39 mrnol) in pyridine (8 mL) were added a solution of 1.08 M 
levulinic anhydride in (CICH,& 13.9 mL, 4.2 rnm~l) and DMAP. The mixture 1~3s 
stirred for 20 h at 2@‘C, and c~evap~~rated with a mixture of EtOH and toluene. 
Sequential chrorn~t~g~~ph~ of the residue on SiO, first in 5 : 2 hexanc-EtOAc and 
then in 3 : 1 toluene-EtOAc gave. 8 (587 mg, 74%) and 16 (44 mg, 6%). 
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Scheme 5. 
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Compound 8 had: [a 11) + 103” (c 0.9); R, 0.35 (2: I hexane-EtOAc). ‘H NMK 

data cCDCl,>: S 5.811 (1 H, d, J 5.5 Hz, H-l), 5.77’1 (1 H, t, J 9.5 Hz, H-3), 5.463 
(‘I H, t, / 9.5 Hz, H-4), 5.338 (1 H, dd, J 9.5 and 5.5 Hz, H-2), 4.905 (1 H, d, .I 9.5 

Hz, H-51, 3.486 (3 H, s, COOMe), 2.411 (6 H, s, C,H,>&), 2.122 (3 H, s, SMe or 
CH,COCN,I, and 1.963 (3 H, s, SMc or CHzCOCB,). Anal. Calcd for 
C,,H,,O,,S: C, 60.83; H, 5.63; S, 5.60. Found: C, 60.96; H. 5.67; S, 5.54. 

Compound 16 had: Ialu -t- 158” (c 2.1); K, 0.29 (2 : I hexane-EtOAc). ‘H NMR 
data (CDCI,): 6 5.821 (I H, t, .I 9.0 Hz, H-3 or 41, 5.814 (1 H, d, J 5.3 Hz, H-l), 
S.421 (1 H, t, J 9.0 Hz, H-3 or 41, 5.380 (1 H, dd, J 9.0 and 5.3 Hz, H-21, 4.852 (1 
11, d, J 9.0 Hi: H-5). 3.765 (3 H> s, COOMef, 2.363 (6 H, s, ChHJ~V~>, 2.143 (3 H, 
s, SMc or CHZCO~&), and 2.062 (3 H, s, SMe or CH,COMe). Anal. Calcd for 
C29H3,0,,,S: C, 60.83; H, 5.63. Found: C, 60.83; H, 5.66. 

p-Methoxyphenyl 3,4, 6-tri-O-acetyl-2-~~e~~xy-2-~~hthatimidu-~-n-~luc~~pyran~~sid~ 

(IS).--To a stirred mixture of 17 (2.16 g, 4.52 mmol) and p-methoxyphenol (0.87 g, 
7.01 mmol) in (CICH,), (30 mL1 was added dropwise Me,SiOTf (90 FL, 0.47 
mmall. The mixture was stirred for 3 h at o”C, diluted with EtOAc, washed 
successively with aq NaHCO, and aq NaCI, dried (MgSO,), and evaporated in 
VBCLIO. Chromatography of the residue on SiO, in 2: 1 toluene-EtOAc gave 18 
(2.05 g, 84%); mp 14%14Y”C; [cyb +51.3” (c 1.0). ‘H NMR data (CDCI,): 6 S.KG4 
(1 H, d, J 8.5 Hz, H-l), 5.862 (1 H, dd, J 10.7 and 9.0 Hz, I-f-3), 5.251 (1 H, dd, .I 
10.7 and 9.0 Hz, H-41, 4.579 (I H, dd, J 10.7 and $5 Hz, H-2): 3.720 (3 H, OMe), 
2.108, 2.049, and 1.892 (9 H, 3 s, 3 AC). Anal. Cakd for C,,HLTNO,,: C, 59.88; ii, 
5.03; N, 2.59. Found: C, 50.37; H, 4.911; N, 2.57. 

p-hkrkuKyp~re?zyl 4, 6-O-benz),~jdene-2-c~~~x~~~~-pht~~u~inrido-~-I~-~hccopyranosid~ 
(19L--To a solution of 18 (47.2 g, X7.1 mmol) in 1 : I MeOH-THF (l~~(~ mL) were 
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added a solution of 0. 2M NaOMe-MeOH (43.5 mL>. The mixture was stirred for 
2 h at 2O”C, made neutral with Amberlyst-15 (H+), and evaporated in vacua. The 
residue was dissolved in DMF (33 mL) containing ~,~-dimetho~toluene (20 mL, 
130 mmol) and TsOH . H,O (1.67 g, 8.76 mmol), and the solution was stirred for 
20 h at 20°C. The mixture was diluted with EtOAc and washed with water. The 
organic layer was washed successively with aq NaHCO, and aq NaCI, dried 
(MgSO,), and evaporated in vacua. The residue was crystallized from MeOH to 
give 19 (39.2 g, 89%); mp 128-129”C, ICYID +9.7” (c 0.8); R, 0.49 (3: 1 toluene- 
EtOAc). ‘H NMR data (CDCI,): 6 5.799 (1 H, d, J 8.6 Hz, H-l), 5.W (1 H, s, 
benzylidene), 4.702 (1 H, ddd, J 10.0, 8.5, and 3.7 Hz, H-3), 4.499 (1 H, dd, J 10.5 
and 8.6 Hz, H-21, 3.717 (3 H, s, OMe), and 2.642 (1 H, d, I 3.7 Hz, OH). Anal. 
Calcd for C,H,NO,*OSH,O: C, 65.52; H, 5.31; N, 2.73. Found: C, 65.57; H, 
4.99; N, 2.74. 

p-~et~oxyp~e~yl 3-0-benzyl-4,6-O-benzy2idene-2-deoxy-2-phthalimido-P_- 

copy~a~o~jde (20).--To a solution of 19 (21.2 g, 42.2 mmol) in DMF (50 mL) was 
added NaH (2.76 g, 55% oil dispersion 63 mmol) at 0°C. To the mixture was added 
dropwise benzyl bromide (7.5 mL, 63 mmol) over 2 h at O”C, and the mixture was 
then stirred for 20 h at 20°C. The excess NaH was carefully decomposed with 
MeOH. After evaporation in vacua, a solution of the residue in CHCl, was 
successively washed with aq NaHCO, and aq NaCl, dried (MgSO~), and evapo- 
rated in vacua. Chromatography of the residue on SiO, in 5 : 1 toluene-EtOAc 
gave 20 (15.2 g, 61%) and recovered 19 (6.4 g, 30%). 

Compound 20 had: [a]~ i72.3” (c 0.8); Rf 0.17 (5: 1 hexane-EtOAc). ‘H 
NMR data (CDCL,): S 5.742 (1 H, d, J 8.3 Hz, H-l), 5.643 (1 H, s, benzylidene), 
4.822 (1 H, d, J 12.4 Hz, benzyl), 4.534 (1 H, d, J 12.4 Hz, benzyl), 4.409 (1 H, dd, 
J 10.5 and 5.1 Hz, H-61, and 3.683 (3 H, s, OMe). Anal. Calcd for C&H,,NO,: C, 
70.81; H, 5.26; N, 2.36. Found: C, 70.80; H, 5.30; N, 2.30. 

p-~etho~pheny~ 3-O-benzyl-2-deo~-2-pht~zalimido-P-D-gl~copyra~oside (21).- 
To a solution of 20 (19.2 g, 32.3 mmol) in MeOH-1,4-dioxane (300 mL) were 
added TsOH * H,O (0.615 g, 3.33 mmol). The mixture was stirred for 1 h at 6o”C, 
and for 45 min at SS’C, neutralized with Et,N, and evaporated in vacua. Chro- 
matography of the residue on SiO, in 1: 1 toluene-EtOAc gave 21 (12,6 g, 77%) 
and recovered 20 (0.57 g, 3%). 

Compound 21 had: [a]~ 1-73.0” (c 1.1); R, 0.32 Cl: 1 toluene-EtOAc). ‘H 
NMR data: 6 5.711 (1 H, d, J 8.1 Hz, H-l), 4.744 (1 H, d, J 12.2 Hz, benzyl), 4.569 
(1 H, d? .I 12.2 Hz, benzyl), and 3.696 (3 H, s, OMe). Anal. Calcd for Cz8Hz7NOs: 
C, 66.53; H, 5.38; N, 2.77. Found: C, 66.16; H, 5.45; N, 2.76. 

p-~ethu~yphe~y~ 3,6-di-O-benzyl-2-deoxy-2-phthalimido-P-~-glucopyraaoside 

@?).--A mixture 21 (9.24 g, 18.3 mmol) and (Bu~S~)*O (IO.9 g, 18.3 mmol) in 
toIuene (260 mL) was stirred for 4 h under reflux, with azeotropic removal of 
water, and then cooled to room temperature. Benzyl bromide (11 mL, 92.5 mmol) 
and Bu,NBr (0.59 g, 1.83 mm00 were added, and the mixture was stirred for 20 h 
at 100°C and evaporated in vacua. A solution of the residue in EtOAc (2SO mL) 



was vigorously stirred with aq NaHCO,-KF for 5 h and filtered through Celite. 
The filtrate was successively washed with aq N&I, dried (Na2S0,k and evapo- 
rated in vacua. Chromatography of the rcsiduc on SiO, in 5: 1 toluene-EtOAc 
gave 22 (9.90 g, 91%); [n]u t-56.1” (c. 0.8); /if 0.40 (4: 1 toluenc--EtOAcJ ‘H 
NMR data (CDCi,): 6 5.655 (1 H, d, J 8.5 Hz, H-l), 4.766 (1 H, d, J 11.2 Hz, 
benzyl), 4.628 (1 H, d. .I 11.9 Hz, benzyl), 4.573 (1 H, d, / 11 .I) Hz, bcnzyl), 4.5’60 I1 
H, d, J 12,2 Hz, benzyl). 4.406 (1 H, dd, J 10.7 and 8.5 Hz, H-21, 4.305 (1 H. dd, / 
10.7 and 8.5 Hz, H-31, 3.8X8 fl H, ddd, J 9.5, 8.5, and 2.8 Hz, H-41, 3.690 (3 H. s, 
OMe>, and 2.947 (1 H, d, .I 3.8 Hz: OW. Anal. Calcd for C,,H:,NO,: C. 70.57: H. 
S.59; N, 2.35. Found: C, 70.24; H. 5.59; N, 2.32. 

p-Methmyphenyl 0 C2,4-di-0-ace@3, h-di-O-a(!,!i-G’-n-~al~~~t~pyr~~lc~~~~~)-tl + 4I- 
3,6-di-O-l~enzyf-2-dec~~-~-pl~t~~a~i~~id~-~-r~-~~u~o~?yrano~side (24).--To ;I stirred mix- 

ture. of 22 (7.11 g, Il.9 mmolf, AgOTf (h. 14 g, 23.9 mmol) and 4A molecular sieves 
(42 g) in (CICH2)2 (150 mt) were added, at -2O”C, a solution of 23 (6.39 g. 17.9 
mmot) in (CICH,), ( 100 mL) over 5 min. The mixture was diluted with CHCI, and 
aq Naf-ICO,, and filtered through Celite. The filtrate was successively washed with 
ay NaHCO, and aq NaCI, dried (Na,SO,), and evaporated in vacua. Chromatog- 
raphy of the residue on $0, in 4: 1 toluenc-EtOAc gave 24 (IO.4 g. 91 %f; [CY]IJ 
+47,2” (c 0.6); R,. 0.44 (4: 1 tolucnc-EtOAc). ‘H NMR data (CDCI,): h‘ 5.615 (1 
H, d, J 8.3 Hz, H-la), 5.408 (I H, d, I 2.7 Hz, H-4b), 5.068 (1 H. dd, J 10.0 and $1 
Hz, H-2b), 4.874 and 4.766 (2 H, 2 d, .I 12.0 Hz, benzyl), 4.565 (1 H. d. f X.1 Hz, 
H-lb), 4.515, 4.476 (2 H, 2d, ,I 12.0 Hz, bcnzyl), 4.408 11 H, dd, J 10.7 and 8.3 Hz, 
H-2a), 4.326 (1 H, dd, J 10.7 and 9.5 Hz, H-3a), 4.104 (1 H, dd, .I 9.5 and 8.X Hz. 
H-4a), 3.697 13 H, s, 0Me.J 2.063 (3 H, s, AC), and 2.055 (3 t-1. s, Ac). Anal. Calcd 
for C,,H,,NO,,: C, 66.44: H, 6.01; N, 1.52. Found: C, 66.47: F-1, 5.99: N, 1.54. 

~-l~~tJ~~“~~~heilyl 0-(.~,h-tli-O-allyl-~-~-~ul~~topyra~z~.~~l~-~J -+ ~~-.3,6-rfi-0-hc~rIz- 

y~-2-cieo~?~-Z-pl~thalim~d~-~-~-~~~~~~~~~~yr~~~~).~~c~t? f25).--To 3 solution of 24 10.550 g? 
0.59 mmol) in THF (15 mL) were added H,O, (3376, 4.1 mL) and I.35 N LiOH 
(1.45 ml,). The mixture was stirred for 8 h at V’C. The mixture was diluted with 
water and extracted with EtOAc. The organic layer was washed with aq NaCI. 
dried (Na,SOJ, and evaporated in vacua. Chromat(~~ra~hy of the r&due on $0, 
in 3 : 2 toluene-EtOAc gave 25 (0.329 g, 67%); [afr> +6X.2” tc I .I): Rr 0.20 (2: I 

toluene-EtOAc). ‘H NMR data (C’DCI,): 8 5.593 (1 H, d, J 8.2 Hz, H-la). il.%? 
il H, d, .I 7.6 Hz, H-lb), and 3.693 (3 H, s, OMe). Anal. Calcd for C-17H5,N0,3 ’ 
HzQ: C, 6595; H, 6.24; N. 1.64. Found: C, 66.34; H. 6.07; N, 1.66. 

p-Methoxyphenyi O-f3,6-di-O-nllyl-2,4-di-O-henzyI-~-v-~alu~t~pyra~~~s~l- (I -+ 4)- 

3,6-di-O-hei?zyi-2-deoxy-2-pJ1tizrriinzic~o-p-r~-gk~i~uj?~raJz~.~ici~~ (26).-To ;L mixture of 

2.5 (0.293 g, 0.35 mmo0, AgzO (0.992 g, 4.3 mmol), and KI iO.290 g, 1.8 mmolf in 
DMF (7 mL) was added dropwise benzyl bromide fO.5 mLI 4.2 mmolk The mixture 
was stirred for 1 h at 0°C and then for 1 h at 20°C. The mixture was diluted with 
water and Et,0 and filtered through Cehte. The filtrate was washed with water 
and aq NaCl and evaporated in vacua. Chromatography of the residue on SiO, in 
5: 2 hexane-EtOAc gave 26 (0.348 g. 98%f: [a]~ +2X.if” ic 0.0): R, 0.42 (5: 1 
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toluene-EtOAc). ‘H NMR data (CDCI,): 6 5.618 (1 H, d, .7 8.5 Hz, H-la), 4,454 
(1 H, d, J 7.6 Hz, H-lb), 4.427 (1 H, dd, .I 10.7 and 8.5 Hz, H-2a), 4.096 (1 H, dd, J 
9.8 and 8.2 Hz, H-4a), 3.854 (1 H, d, J 2.8 Hz, H-4b), 3.733 (1 H, dd, J 9.8 and 7.6 
Hz, H-2b), 3.692 (3 H, s, OMe), and 3.348 (1 H, dd, J 9.8 and 2.8 Hz, H-3b). Anal. 
Calcd for C,,H,,NO,,: C, 71.96; H, 6.24; N, 1.38. Found: C, 71.75; H, 6.17; N, 
1.36. 

p-~~~~oxyp~zen~i 0-~2,4-d~-O-~en~y~-~-~-guluctopyra~osy~~-~~ --f 4&3,6-di-O- 
bertzyl-2-deoxy-2-phrhaEimido-~-o-glucopyranoside (27).-A solution of 26 (3.89 g, 
3.82 mmol), in 10 : 5 : 1 MeCN-EtOH-E-I,0 (120 mL) was degassed by passage of 
N, for 1 h at 100°C. To this solution was then added (Ph,P)RhCI (636 mg, 0.67 
mmol) and DABCO (346 mg, 3.09 mmol), and the mixture was stirred for 72 h 
under reflux. The mixture was concentrated in vacua, and the residue was 
dissolved in 10: 1 acetone-H,0 (120 tnLf containing HgClz (9.98 g, 36.8 mmol) 
and HgO (0.5 g, 2 mmol). The suspension was stirred for 2 h at 20°C and filtered 
through C&e, and the filtrate was evaporated in vacua. The residue was dissolved 
in GHCI,, and the solution was successively washed with 10% aq KI and aq NaCI, 
dried (Na,SO,), and evaporated in vacua. Chromatography of the residue on SiO, 
in 1: 1 toluene-EtOAc gave 27 (2.94 g, 82961; [a$ ‘-t-44.2” (c 1.3); R, 0.33 (3 : 2 
toluene-~tOAc). ‘H NMR data (CDCIJ: S 5.638 (1 H, d, J 8.2 H, H-la), 4.936 (1 
H, d, J 12.2 Hz, benzyl), 4.459 (1 H, d, J 7.3 Hz, H-lb), 4.426 (1 H, dd, J 10.2 and 
8.2 Hz, H-2a or 3a), 4.383 (1 H, dd, I 10.2 and 8.2 Hz, H-2a or 3a), 4.111 (1 H, dd, 
J 10.1 and 8.2 Hz, H-4a), 3.693 (3 H, s, OMe), and 3.645 (1 H, dd, J 10.7 and 7.3 
Hz, H-2b). Anal. Calcd for C,,H,,NO,,: C, 70.42; H, 5.91; N, 1.49. Found: C, 
70.12; H, 5.91; N, 1.52. 

p-,~et~ox~~~enyl O-j6-O-acety~-2,4-di-~-~e~~zy~-~-D-ga~uct~~y~a~~sy~~-~~ -+ 4j- 
3,6-diii-O-benzyl-2-deoxy-2-phthalimido-~-o-g~copymnoside @$I.-To an ice-cold 
solution of 27 (4.29 g, 4.57 mmol) in pyridine (30 mL) was added AcCI (0.68 mL, 
9.6 mmol). After being stirred for 30 min at o”C, MeOH and toluene were added, 
and the solution was evaporated in vacua. Chromatography of the residue on SiO, 
in 5:2 toluene-EtOAc gave 28 (3.42 g, 76%); Irul~ +41.5” cc 1.0); R, 0.26 (3:2 
hexane-EtOAcj. ‘H NMR data (CDCI,?: S 6.623 (1 H, d, J 8.6 Hz, H-la), 4.468 (1 
H, d, J 7.0 Hz, H-lb), 4.170 (1 H, dd, J 11.0 and 6.4 Hz, H-6b), 3.994 (1 H, dd, J 
11.0 and 6.4 Hz, H-6b), 3.518 (1 H, t, i 6.4 Hz, H-Sb), and 2.004 (3 H, s, AC). Anal. 
Calcd for CS,H,,NO,,. OSH,O; C, 69.22; H, 5.91; N, 1.42. Found: C, 69.05; H, 
5.81; N, 1.34. 

p-Methoxyphenyl 0-~6-0-acetyl-2,4-di-O-benzyl-3-O-leLluEinoy~-~-D-galactopyra- 

nosylj-fl --) 41)-3,6-di-O-benzyl-2-deoxy-2-p~zthaliPnido-~-r)-glucopy~anoside (29).- 
To a solution 28 (627 mg, 0.64 mmolf in pyridinc (6 mL) were added a solution of 
0.73 M levulinic anhydride in (CICH,), (2.8 mL, 2.1 mmol) and a catalytic amount 
of DMAP. The mixture was stirred for 20 h at 20°C and then coevaporated with 
tohrene. Chromatography of the residue on SiO, in 5 : 2 toluene-EtOAc gave 29 
(689 mg, 100%); [a]~ +41X’ (c 1.6); K, 0.32 (3: 1 toiuene-EtOAc). i H NMR 
data (CDCl,): 6 5.609 (1 H, d, J 8.4 Hz, H-la), 4.856 (1 H, dd, 1 10.3 and 2.9 Hz, 
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9.2 and 8.0 Hz, H-2a), 4.856 (1 H, dd, J 10.3 and 3.3 Hz, H-3d) 4.526 (1 H, d, f 7.7 
Hz, H-ld), 4.493 (1 H, dd, .? 10.8 and 8.5 Hz, H-3~1, 4.286 (1 H, d, J 8.0 Hz, H-la), 
4.262 (1 H, dd, J 10.8 and 8.5 Hz, H-2c),4.225 (1 H, d, J 7.7 Hz, H-lb), 3.956 (1 H, 
d, J 3.1 Hz, H-4b), 3.808 (1 H, d, J 3.3 Hz, H-4d), 3.788 (1 H dd, J 10.3 and 7.7 
Hz, H-2d), 3.530 (1 H, dd, J 9.8 and 3.1 Hz, H-3b), 3.440 (1 H, dd, J 9.7 and 7.7 
Hz, H-2b), 3.395 (1 H, t, J 9.2 Hz, H-3a), 2.153 (3 H, s, AC or CH,CO&k), 1.935 (3 
H, s, AC or CH,COMe), and 1.082 (9 H, s, ‘Bu). Anal. Calcd for C,,,H,,,N02, C, 
71.27; H, 6.35; N, 0.73. Found: C, 71.01; H, 6.36; N, 0.55. 

Benzyl 0-(6-O-aceryl-2,4-di-O-benzyl-~-o-galactopyranosyl)-~l --j 4)-O-f’2-acet- 
amido-3,6-di-O-benzyl-2-deo.xy-~-D-glucopyranosyl)-(l + 3)-f2,4,6-tri-O-benzyl-/SD- 
galactopyrunosyi)- (1 --+ 4)-3,6-di-O-benzyl-2-O-pivaloyi-~-~-glucopyranoside (33).- 
To a solution of 31003 mg, 0.37 mm00 in EtOH (45 mLf were added NH,NH, t 
H,O (1.36 mL, 27 mmolf. The mixture was stirred for 48 h under reflux, and then 
evaporated in vacua. To the solution of the residue in MeOH (18 mL) was added 
Ac,O (1 mL, 10 mmol), and the mixture was stirred for 30 min at 20°C and then 
coevaporated with toluene. Chromatography of the residue on SiO, in toluene- 
EtOAc gave 32 (206 mg, 34%) and 33 (411 mg, 65%). 

Compound 32 had: [a]~ -5.7” (c 0.9); Rf 0.14 (5 : 2 toluene-EtOAc). ‘H NMR 
data (CDCIJ 6 5.092 (1 H, dd, J 9.5 and 8.1 Hz, H-2a), 5.031 (1 H, d, J 8.4 Hz, 
NHAc), 4.948 (1 H, d, J 8.1 Hz, H-lc), 1.418 (3 H, s, NAc), and 1.118 (9 H, s, “Bu). 
Anal. Calcd for C,~,H,,~NO~~: C, 71.65; H, 6.73; N, 0.86. Found: C, 71.30; H, 6.72; 
N, 0.66. 

Compound 33 had: [ a]~ - 12.7” (c 0.7); R, 0.37 (5 : 2 toluene-EtOAc). ‘H 
NMR data (CDCl,): S 5.100 (1 H, d, J 8.1 Hz, NHAc), 5.090 (1 H, dd, J 9.5 and 
8.1 Hz, H-2a), 4.972 (1 H, d, J 7.7 Hz, H-lc), 3.444 (1 H, t, J 6.6 Hz, H-5b or 5d), 
1.921 (3 H, s, AC), 1.491 (3 H, s, NAc), and 1.116 (9 H, s, ‘Bu). Anal. Calcd for 
C,,,H,,,NO,: C!, 71.30; H, 6.68; N, 0.81. Found: C, 71.01; H, 6.70; N, 0.66. 

To an ice-cold solution of 32 (162 mg, 0.096 mmol) in pyridine (3 mL) was 
added AcCl (20 FL, 0.28 mmol). The mixture was stirred for 1.5 h at PC, and 
coevaporated with toluene-MeOH in vacua. Chromatography of the residue on 
SiO, in 5 : 2 toluene-EtOAc gave 33 (142 mg, 86%). 

Benzyl 0-[methyl 3-O-levulinoyl-2,4-di-0-(p-methylbenzoyl~-~-~-gZucopyranosyl 
uronatel-(1 + 3)-0-f6-0-acetyl-2,4-di-O-benzyl-~-a-galactopyranosyl~-~l -+ 4)-O-(2- 
acetamido-3,6-di-O-benzyi-2-deoxy-P-~-glucopyranosyl~-~l -+ 3)-O-(2,4,6-tri-O-benz- 
yl-~-o-galuctopyranu.sysyl)-(f --f #~-3,6-di-O-benzyl-2-O-pivaEoyl_P-D-g~ucopyranoside 
(34).--To a mixture of CuBr, (415 mg, 1.86 mmol), AgOTf (491 mg, 1.19 mmol), 
Bu,NBr (41 mg, 0.127 mmol) and 4A molecular sieves (0.13 g) was added a 
solution of compounds 8 (43.5 mg, 0.765 mmol) and 33 (215 mg, 0.124 mmol) in 
MeNO, (9 mL). The mixture was stirred For 48 h at 20°C diluted with EtOAc and 
aq NaHCO,, and then filtered through Celite. The filtrate was washed with aq 
NaCI, dried (Na,SO,) and evaporated in vacua. The residue was purified by 
successive chromatography first on Bio-Beads S-X3 (22 X 900 mm) in toluene and 
then on SiO, in 3: 1 toluene-EtOA~ to give 34 (163 mg, 58%); Iab - 17.9” (c 



0.9); K, 0.42 (5: 2 toluene-EtOAc). ‘H NMR data: S 5.622 (1 H: I, J 9.9 Hz, 
H3e), 5.494 (1 H, t, J 9.9 Hz? H-4ef, 5.359 (1 H, dd, f 9.9 and 7.7 Hz, H-k), 5.219 
(1 H, d, .I 7.7 Hz, H-lc), 3.884 (1 H, d, J 7.7 Hz, H-la or cl). 4.174 (1 H, d, .I 9.9 
Hz, H-k), 3.873 (2 H, d, J 2.6 Hz, H-4b and 4d), 3.072 (3 H, s. COOMe). 7.431. 
2.3411 (6 H, 2s, C,W,IME), 1.953 (3 H, s, AC or CH,CO,V<). 1.%X (3 I-I, s. Ac or 
CH3COhfe), and 1.1 I:! (9 H, s, ‘Bu). Anal. Calcd for C,,X,H IJ’NOs.;: c’. 69.G; H. 
6.38; N, (UK?. Found: C, 69.52; H. 6.48; N, 0.6:. 

O-[iV~th~!l .?-O-let~~~lit~o~l-2,4-di-O-(p-tt~~~fh~ll,errzoyl~-~~-~~-~~ttcuJ~~~~t~~~.~~f- 

irrot~atc~/-(1 -+ 3)-0-12,J,6-tri-O-ucetyl-~-r~-~~~luctuj~yr~t~osyl~-~J + 4)-0-(2-(tcLJtNtlli- 

cio-.?,6-~l’i-O-~~c’etyl-?-~~~~~~-~-~~-~~~~tcopyrat~~~.~yl~-~l + .?)-0-(2,4,.6-iri-O-rrt~r~f~~-~-~~- 

gulactopyritnos~l)-jl + 4)-3, h-di-O-ritr~tyl-2-O-pir~ulo~l-r~-glut~ct~?)rrat~r~.s~l iIc’L’f(ltc! 

(35).-A mixture of 34 (3% mg, O.lh mmol) and 10% Pd-C (380 mg) in MeOIl (38 
mL) was stirred under Hz for 20 h at WC, diluted with c’HCIJ and filtered 
through Celite. The filtrate was concentrated in vacua. To a solution of the residue 
in pyridine (12 mL) were added Ac,O (4 mL) and DMAP. The mixture m’as stirred 
for 1 h at 20°C and then coevaporated with EtOH and toluenc in WICWI. Chro- 
matography of the residue on SO, in 4 : 3 toluene-acctonc gave 35 (278 mg. 81 S) 
as a 1 : 1 mixture of CY and /!I anomers: K, O.IW (I : 1 tolucne-acctonc). ’ tl NMR 
dab (CDCI,f: is 6.285 (0.5 H. d. J 3.7 Hz, H-lacut, 5.691 (0.5 H. d. ,f X.I Hz. 
H-lap), 5.553 (I I-1, t, I 9.5 Hz. H-k or 4~1, 5.457 it H, ct. .I 7.3 Hz. W-le). 5.457 
(1 H, d, J 3.3 Hz. H-4b or 3d). 5.288 f I 13, d. J 3.3 Hz. H-4h or W. 5.201 4 I F-1, dd, 

J 9.5 and 7.3 Hz, I-1-2~1, 4.837 (I H, d. J 7.3 Hz: H-lck 1.566 (1 i-i, d, J X.1 Hz. 
H-lb or Id), 4.189 (I H, d, J 9.5 Hz, H-Se), 3.690 (3 H, s, COOMe), 2.41 1, 7.403 (b 
H, 2 s, C,H,Mc), 2X6-1.892 (36 H, multi s, 11 AC and C‘H ,CC)&). I .0X9 (3 H. s. 
NAc), 1.130, and 1.117 (9 H, 2s. ‘Bu). Anal. Calcd for C’,,k,,,:,NO,:; . WSi,O: C. 

53.hl; H, 5.79; N, 0.77. Found: C, 53.34; H, 5.77: N, 0.X.5. 
O-/Methyl .~-0-ier~u~it~oyl-2,4-r~i-0-~p-methylbct~zoyl~-~-u-ghrcopy~~~~t~~~~~l~~~~t~~t~~f 

-(1 --) .~~-0-(2,4~6-tri-0-ace~~l~~-r~-~aiact~pyrai~~~,~yl~-~l + 4)-O-(Z-cxcc,rtrntii~o-.3. b-di- 

O-ucetyl-2-deo?c)~-~-~-~l~rco~~~rutt~~~~~l)-~l + 3)-0-(2,4,6-rri-O-nce~i~~-I~-,grclluci~j~~,~~t- 
no.Yyl)-(1 -+ 4~-3,h-~li-O-uci~l).l-2-0-~~ii~al~~yl-n-~luco~~yr~?t~o.cc (3h).-A mixture of 35 
(122 mg, 0.069 mmol) and piperidine acetate (98 mg, 0.6H mmol) in THF (IO mL) 
was stirred for 22 h at 20°C. The mixture was diluted with water and extracted with 
EtOAc. The organic layer was washed with at1 NaCI, dried (Na,SO,), and 
evaporated in vacua. Chromatography of the residue on SK& in 4: 5 tolucno- 
acetone gave 36 (94.4 mg, 79%), along with recovered 35 i 18.3 mg, IS%). Com- 
pound 36 had: R, 0.19 (1 : 1 toluene-acctonc). ‘H NMR data (CDCI,-D,Ot: i5 
5.565 (1 H, t, .I 0.5 Hz, H-3e or k), 5.480 (1 H, t, J 9.5 Hz, H-3e or de). ~.3jr) (d, ,I 

3.7 Hz, H-lan), 5.200 (I H, dd, ./ 9.5 and 7.3 Hz. H-2e). 3.836 (I H. d, .I 7.3 Hz, 
H-lc or lc), 4.379 (1 H, d, .I X.1 Hz, H-lb or Id), 4.102. (1 H, d. ,I 9.5 Hz, H-W, 
3.687 (3 H, S, COOMe). 2.411, 2.403 (6 H. 2s, C,,H, kk): 2.138- i .X%I (3.7 f-l, multi 

s, 11 AC and CH,COkk), 1.699 (3 H, s, NAc), and 1.174 (9 H. s, ’ Bu). Anal. Cnlcd 
for CmH ro,NO,, . H ,O: C, 54.08; H, 5.92; N, 0.X0. Found: C. 54.00: 11, h.00: N, 
0.7ti. 
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O-lh8ethyi 3-O=ieuu~inoyt-2,4-di-O-(p-methylbenzoy~~-~-~-g~ucopyranosyE- 
uronatef-(1 + 3)-O-(2,4,4-tri-O-acetyl-b-~galacfopyranosy~,LCl + 4)-O-(2=acetami- 
do=3,6-d~-O~ace~t-2=deo~-~-D-g~uco~yranosyi~-~l -+ 3)-0-(2,4,6-tri-O-acetyl-P-r>- 
guiactopyranosyz~=~l + 4)-.?,6-d~-o-acety~-2-O-~iz~a~oy~-D-g~ucopyrano.~y~ borne (5). 
-To a solution of 36 (80 mg, 0.046 mmol) in (CICH,), (2.5 mL) was added 
di~thylaminosulfur trifIuoride (20 FL, 0.16 mmol). The mixture was stirred for 10 
min at Zo”C, diluted with CHCl,, and washed successively with aq NaHCO, and aq 
NaCl, dried (Na,SO,), and evaporated in vacua. Chromatography of the residue 
on $0, in 1: 1 toluene-acetone gave 5 (75.4 mg, 93%) as a 1: 3 mixture of (Y and 
p anomers; R, 0.37 (1: 1 toluene-acetone). ‘H NMR data (CDCI,): S 5.698 (0.25 
H, dd, J 53.1 and 2.1 Hz, H-lace), 5.561 (1 H, t, .I 9.5 Hz, H-3e), 5.487 (1 H, t, J 
9.5 Hz, H-4e), 5.313 (0.75 H, dd, J 52.5 and 5.8 Hz, H-lap>, 4.838 (1 H, d, J 7.0 
Hz, H-k), 4.378 (1 H, d, J 7.6 Hz, H-lb or Id), 4.190 (1 H, d, .I 9.5 Hz, H-k), 
3.691 (3 H, s, COOMe), 2.411,2.402 (6 H, Zs, C~H~~e~, 1,187, and 1.183 (9 H, 2s, 
‘Bu cy and /3). Anaf. Calcd for C,,HIUOFN04, +3H,O: C, 52.93; H, 5.96; N, 0.78. 
Found: C, 53.02; H, 5.70; N, 0.64. 

O-/Methyl 3-0-levuLinoyE-2,4-di-O-~p-methy~benzoyi~-~-~-giuco~yranosyZ- 
uronatej-(2 J 3~-0-~2,4,6-tri-O-ace~l-~-D-galactopyrano~Z~-~Z + 4)-O-@=acetami- 
do-3,6-di-O-uce~t-2=~o~-~-D-g~uco~yrano~l~-~l -+ 3)-0-f2,4,6-tri-O-acetyt-P-D- 

gata~to~yrano~~~-(1 =+ 4~-0-~3,6-di-0-ace:etyl-2-O-piuuloy~-~-D-g~u~opyran~.~~~-~l 3 
1)-3-0-benzoyl-2R,3S,4E-2-N-tetracosanoy~s~hingen~ne (37X--To a stirred mixture 
of SnCI, (34.4 mg, 0.17 mmol), AgOTf (45.1 mg, 0.18 mmol) and 4A molecular 
sieves (0.36 g) was added a solution of 5 (73 mg, 0.042 mmol) and 7 (41.2 mg, 0.055 
mmol) in freshly distilled CHCl, (3.5 mL) at -20°C. The mixture was gradually 
warmed over a period of 20 h to 2O”C, diluted with CHCI,, and filtered through 
Celite. The filtrate was washed successively with aq NaHCO, and aq NaCl, dried 
(Na,SO,), and evaporated in vacua. Chromatography of the residue on SiO, in 
3:2 toluene-acetone gave 37 (57 mg, 55%) and recovered cu-fluoride (19.9 mg, 

27%). 
Compound 37 had: [a]~ +12.4” (c 0.6); Rf 0.30 (3: 2 toluene-acetone). ‘H 

NMR data (CDCI,): S 5.871 (1 H, dt, J 14.7 and 7.0 Hz, H-SCer), 5.744 (1 H, d, J 
9.5 Hz, NHCer), 5.563 (1 H, t, J 9.5 Hz, H-3e), 5.483 (1 H, t, I 9.5 Hz, H-4e1, 5.268 
(1 H, d, J 3.4 Hz, H-4b or d), 5.202 (1 H, dd, J 9.5 and 7.3 Hz, H-2e), 5.175 (1 H, t, 
J 9.5 Hz, H-3a), 4.947 (1 H, dd, J 9.8 and 7.6 Hz, H.2b or d), 4.884 (1 H, dd, J 9.5 
and 7.9 Hz, H.2a), 4.834 (1 H, d, .7 7.3 Hz, H-le), 4.539 (1 H, d, J 7.6 Hz, H-lc), 
4.409 (1 H, d, J 7.9 Hz, H-la), 4.369 (1 H, d, f 7.9 Hz, H-lb or Id), 4.274 (1 H, d, 
J 7.6 Hz, H-lb or d), 4.189 (1 H, d, f 9.5 Hz, H=5e), 3.784 Cl H, t, J 6.4 Hz, H-5b 
or .Sd), 3.690 (3 H, s, COOMe), 2.413 and 2.403 (6 H, 2s, X,H,Me), 1.139 (9 H, s, 
tBu), and 0.879 (6 H, t, J 7.0 Hz, 2CH,Me). Anal. Calcd for C,,H,,,N,O,, - H,O: 
C, 61.72; H, 7.53; N, 1.12. Found: C, 61.76; H, 7.58; N, 1.05. 

O-P-D-Cl~copvranosyluroaic acid-cl -+ 3)-O=~-D-galactopyranosy~=~~ -+ 4)-O-j2- 
acetamido-2-deo~-~-D=giucopyrano~~}-~1 + 3)=O=P--o-ga~actopyranosyl-(~ -+ 4)-O- 

~=D=g~ucvpyrunosyl-~~ + 1~-2R,3S,4E-2-N-tetrucosanoylsp~z~ngen~ne~ sod~un~ salt 



(3).-To a solution of 37 (3.4 mg, 1.4 ~mol) in 24 : 1 THF-H,O (1 mL1 was added 
a solution of 1.25 N LiOH (30 pL). The mature was stirred for 1 h at - IYC, and 
then gradually warmed to 0°C over 3 h. The resultant mixture was diluted with 
toluene and evaporated in vacua. A solution of the residue in 0.15 M N&Me 1 : 1 
MeOH-THF (1 mL1 was stirred for 3 h at 20°C. The mixture was purified by 
chromatography on a column of Sephadex LH-20 in 6:4: 1 CHCl,-MeOH-H,O 
to give 3 (1.8 mg, 86%); R, 0.29 (6 : 4 : 0.8 CHCI ,-MeOH-H,O). ‘H NMR data 
i4Q: 1 Me,SO-d,-D,O, 60°C): 6 5.555 (1 H, dt, J 15.0 and 7.3 Hz, H-SCer), 5.372 
(1 H, dd, J 1.5.0 and 7.3 Hz, H-4Cer), 4.681 (1 H, d, f 7.6 Hz, H-ICI, 4.368 il H, d, 
J 7.6 Hz, H-le), 4.317 (1 t-l, d, J 7.6 Hz, H-lb or Id), 4.279 (1 H, d, J 7.3 Hz, H-lb 
or Id), 4.174 (1 H, d, J 7.6 Hz, H-la), 1.832 (3 H. s, NAc), and 0.854 (6 H. t, 
2CH,), 

~-/~~#~~I 2,4-~i-O-~p-mefhylbenzoyl~-~-~-gl~i~~o~yra~osyfuron~tel-~~ --+ .9-o- 
f2,4,6-tn’-O-acetyl-~-~~~~a~f~p~lr~~~as~~l~-~~ 3 4~-0-~2-~cefa~i~u-3,6-~~-O-acet~~~-2- 

deoxy-P-u-g~uco~yru~usyL)- (1 -+ 3)-O-(2,4* 6-tri-O-acetyE-~-D-gff~~ct~~y~ffr~~,s~~~~-~~ -+ 

4~-0-~3,6-~~-0-acefyyf-2-O-~~iz~~loyi-~-~-g~~~op~ru~osy~~-~l --+ ?)-3-O-brrrzo~I-2R,3S, 
4E-2-N-terrffcosarzoytsphingconine (38).---A mixture of 37 ( 11.2 mg, 4.5 pmol) and 
hydrazine-acetic acid (1.4 mg, 15 cc.mol) in EtOH (1 mL) was stirred for I h at 
20°C. The mixture was diluted with CHCl,, and then washed successively with aq 
NaHCO, and aq NaCI, dried (Na2S0,), and evaporated in vacua. Chromatogra- 
phy of the residue on SiOz in 3 : 2 toluene-acetone gave 38 (1 mg, 100%); R, 0.28 
(3: 2 toluenc-acetone); [ty]~ f 11.6” (c 0.9). “H NMR data (CDCI,-D,O): 6 5.872 
(1 H, dt, .I 15.9 and 7.3 Hz, H-SCer), 5.534 (I H, t, J 7.3 Hz, H-30~1, 5.449 (1 H. 
dd, J 1S.9 and 7.3 Hz, H-4&r), 5.435 (I H, t, J 9.5 Hz, H-4e), 5,278 (1 H, d, d 3.4 
Hz, H-4h or d), 4,948 (1 H, dd, J 9.X and 7.9 Hz, H-2b or d), 4.558 (1 Ii, d, J 7.6 
Hz, H-lc), 4.409 (1 H, tit J 7.9 Hz, H-la, b or d), 4.403 (1 H, d, .I 8.2 Hz. H-la, b 
or d), 4.274 (1 H, d, J 7.9 Hz, H-la, b or d), 4.224 (1 H, d, J 9.5 Hz, H-Se), 3.818 (1 
H, t, J 6.7 Hz, H-5h or d), 3.708 (3 H, s, COOMe~, 2.419 and 2.413 (6 H, 2 s, 
X,H,Me), 1.140 (9 H, s, ‘Bu), and 0.879 (6 H, t, XH,Me). Anal. Calcd for 
C,~~H,~~~N~O~~ ’ H,O: CI 61.74; H, 7.67; N, 1.17, Found: C, 61.64; HI 7.61; N. 1.19. 

0-/~eihyl 2,4-&-O-( p-nret~~ylbe~zn~~(-3-O-~~~lfo-~-o-glucopyrur~u.~~~i~onafef- iI 
-+ 3)-0-(2,4~6-tri-O-ace~~~-~-r>-g~~~et~~yr~~~.~y~~-~~ --+ 4j-O-~2-a&ctQmif~~~-3~G-rli-O- 
ace~l-2-deo~~~~-w-~l~~copymnos?;l~-!l + 3.I-0-~2,4,6-tri-0-acetyl-#%~galuctopyratm- 
sylb jl -+ 4)-0-~3,6-di-O-acefyl-2-~-~~~?ff~oy~-~-~-g~z~c~~?~~r~n~~~~~-~J --) li-3-O-herr- 
~oyE-2R,.?S,JE-2-N-tetracosmloy~~p~inge?zit7e, sodium salt (39).-A solution of 38 
116 mg_ 6.4 bmol) and sulfur trioxidc-trimethylamine complex (27.4 mg, 200 prnol) 
in DMF (0.6 mL) was stirred at 5YC for three days and then cooled to room 
temperature. MeOH (0.5 m1.J and CHCl, (0.5 mL) were added, and the solution 
was applied to a column of Sephadex LH-20 and was eluted with 1 : I McOH- 
CHCI,. Glycc~lipid-containing fractions were subsequently passed through a col- 
umn of Dowex-50 X 2 (Nat’) resin in 9: 1 h4eOH-H20. Final purification on $0, 
in 8: 1 CHCI,-MeOH gave 39 (‘1.8 mg, 50%) and recovered 38 (4.2 mg, 26’?&). 

Compound 39 had: [LY]D 47.7’ (c 0.4, MeOH); R( 0.49 (S: I CHCl,-MeOH). 



‘H NMR data (CD,OD): S 5.775 (1 H, dt, f 15.3 and 7.3 Hz, H-SCer), 5.461 (1 H, 
t, J 7.3 Hz, H3Cer), 5.398 (I H, dd, J 15.3 and 7.3 Hz, H-4Cer1, 5.369 (1 H, d, / 
3.4 Ha, H-4b or d), 5,261 (1 H, d, J 3.7 Hz, H-4b or d), 5.199 (1 H, t, .I 9.5 Hz, 
H-4e), 5,006 (1 H, dd, J 9.5 and 7.9 Hz, H-2e), 4.970 (1 H, dd, J 10.4 and 8.9 Hz, 
H-3c),4.896 (1 H, d, J 7.9 Hz, H-le), 4.876 (1 H, t, J 9.5 Hz, H-3e), 4.536 (1 H, d, 
J 7.9 Hz, H-lb or d), 4.527 (1 H, d, J 8.2 Hz, H-k), 4.371 (1 H, d, J 7.9 Hz, H-la, 
b or d), 4.355 (1 H, d, J 8.2 Hz, H-la, b or d), 4.214 (3 H, d, J 9.5 Hz, H-5e), 3.743 
(3 H, s, COOMe), 3.532 (3 H, s, COOMe), 2.403 and 2.389 (6 H, 2s, 2C,H,,We), 
1.282 (9 H, s, ‘Bu), and 0.895 (6 H, t, 2CH,Me). Anal. Calcd for 
Crt,H,,,N,NaO,,S + ZH,O: C, 58.79; H, 7.34; N, 1.11. Found: C, 58.78; H, 7.38; N, 
1.10. 

0-(3-U-Sulfa-P-o-glucopyranosyluronic acid,k(l -+ 3)-O-/?-D-galuctopyranosyl)-(l 

-+ #}-0-~2-~cet~~ido-2-deo~-~-D-gl~co~yrano~l~-~l -+ 3)-0-@-D-gulactopyranmyk 
(1 -+ 4}-O-p-D-gtUcopyrarzo~l-~l--$ 1~-2R,3S,4E-2-N-tetraco~a~oy~~ph~ge~i~e, di- 
~od~~~ salt @).-To a solution of 39 (3.8 mg, 1.5 pmol) in 24: 1 THF-H,O (1 mL) 
was added a solution of 1.25 N LiOH (45 pL). The mixture was stirred for 1.5 h at 
- 15°C and then gradually warmed over 5 h to 0°C. The resultant mixture was 
diluted with toluene and evaporated in vacua. A sohrtion of the residue in 0.15 M 
NaOMe 1: 1 MeOH-THF (1 mL) was stirred for 3 h at 20°C and then purified on 
a column of Sephadex LH-20 in 50 : 45 : 10 CHCl,-MeOH-H,O to give l(2.5 mg, 
99%); R, 0.26 (6 : 4: 0.8 CHCI,-MeOH-H,O). ‘H NMR data (49 : i Me,SO-d,- 
D,O, 60°C); 6 5.541 (1 H, dt, J 15.0 and 7.0 Hz, H-SCer), 5.372 (1 H, dd, J 15.0 
and 7.0 Hz, H-4Cer), 4.675 (1 H, d, f 8.2 Hz, H-lc), 4.514 (1 H, d, J 7.6 Hz, H-le), 
4.310 (1 H, d, J 7.6 Hz, H-lb or Id), 4.280 (1 H, d, J 7.3 Hz, H-lb or -Id), 4.172 il 
H, d, J 7.9 Hz, H-la), 3.995 (1 H, t, I 9.1 Hz, H-3e), 1.827 (3 H, s, NAc), and 0.856 
(6 H, t, J 6.8 Hz, 2CH,AIle). 

p-~ef~oxyp~e~~i 0-~2,4-di-O-benzyI-6-O-~~~~iuyi-~-D-g~~act~pyra~osyL~-~~ + 4k 
3,6-di-O-benzyl-2-deoxy-2-phfhalimido-p- (IO).-To a solution of 
2‘7 (968 mg, 1.0 mmol) in pyridine (25 mt) were added pivaloyl chloride (0.29 mL, 
2.4 mm& and a catalytic amount of DMAP. The mixture was stirred for 2 h at 
20°C and then coevaporated with EtOH and toluene. The residue was diluted with 
EtOAc, and washed with aq NaCI, dried (Na,SOJ, and evaporated in vacua. 
Chromatography of the residue on SiO, in 7: 1 toluene-EtOAc gave 40 (1.00 g, 
95%); [lv]n + 52.4” (c 1.0); R, 0.25 (7 : 1 toluene-EtOAc). ’ H NMR data (CDCI,): 
S 5.617 (1 H, d, J 7.9 Hz, H-la), 4.451 (1 H, d, J 8.2 Hz, H-lb), 4.399 and 4.361 (2 
H, 2dd, J 10.7 and 7.9 Hz, H-2a, 3a), 4.191 (1 H, dd, I 11.0 and 6.1 Hz, H-6b1, 
4.106 (1 H, dd, J 10.7 and 7.9 Hz, H-4a), 4.017 (1 H, dd, J 11.0 and 6.1 Hz, H&b), 
3881 and 3.828 (2 H, 2dd, J 11.0 and 4.3 Hz, H-6a), 3.713 (1 H, d, f 1.8 Hz, H-4b), 
3.695 (3 H, s, OMe), 3.522 (1 H, t, J 6.1 Hz, H-5b), and 1.212 (9 H, s, ‘Bu). Anal. 
Calcd for C,,,Hh3N0r4: C, 70.50; H, 6.21; N, 1.3’7. Found: C, 70.34; H, 6.23; N, 
1.39. 

p-~e~~oxy~~e~yf O-f2,4-di-O-bePrzyl-3-0-~evulinoyl-6-O-pir:aloy~-~-D-ga~ac- 
topyrano~y~~-~~ + 4)-3,6-di-O-benzyl-t-deoxy-2-phthalitnido-p-~-g2ucopyranoside 



(41X--To a solution of 40 (979 mg, 0.96 mmol) in pyridine (IS mL) were added a 
solution of 1.08 M levulinic anhydride in CCICH,)z (2.7 mL, 2.9 mm& and a 
cataiytic amount of DMAP. The mixture was stirred for 20 h at 20°C and then 

coevaporated with toluene. Chromatography of the residue on SiOz in 6: I 

toluene-EtOAc gave 41 (1.00 g, 93%); [d]u I- 55.3” (c 0.9): K, 0.32 (3 : 2 hexane- 
EtOAc). ‘H NMR data (CDCI,): 6 5.602 (1 H, d, J 8.2 Hz, H-la), 4.843 (1 I-I: dd, 
J 10.1 and 3.1 Hz, H-3b), 4.487 (1 H, d, J 7.6 Hz, H-lb), 4.391 (1 H. dd, / 10.7 and 
8.2 Hz, H-2a or 3a), 4.346 (I H, dd, J 10.7 and 8.2 Hz, H-2a or 3a), 4.148 (1 H, dd, 

I 11.0 and 6.4 Hz, H-6b), 4.101 (1 H, dd, 1 9.8 and 8.2 Hz, I-I-4a), 3.947 (1 H, dd, / 
11.0 and 6.4 Hz, H-6b), 3.851 (3 H, dd, J 11.0 and 4.3 Hz. H-6a). 3.784 (1 H. d. .I 

3.1 Hz, H-4b). 3.695 (3 H, s, OMe), 3.510 (1 H, t, d 6.4 Hz. H-%1, 2.140 (3 H, s, 
CH,COMe), and 1.200 (9 H, s, ‘Bu). Anal. Caicd for ChSHh,fNolh: C. 69.69: H, 

6.21; N, 1.25. Found: C, 69.55; H, 6.23; N, 1.18. 
0-2,4-rii-O-Be~zzyf-3-O-ier~ulino~J-6-0-pi~~czluyl-~-r~-g~luctr~p~~)z~~.~l~-~I + 3,L3,6- 

~~-O-henz~l-2-f~e~x~-2-I,hrhal~~?zido-P-o-gl~lco~ylrnnose (42).--A mixture of 41 (1 .OO 

g, 0.89 mmol) and ammonium ceriumW1 nitrate tit.917 g, X.97 mmol) in 1 : I .I5 : I 

toluene-M&N-Hz0 (230 mL) was vigorously stirred for 3.5 h ;rt 2oY’. then 
diluted with EtOAc. The organic layer was washed successively with acl NaHCO; 

and ay NaCl, dried (Na$O,) and evaporated in vacua Chromatography of the 
residue on SiOz in 5 : 2 toluene-EtOAc gave 42 (785 mg, 87OJ ): K, 0.35 and 0.30 

(5: 2 toluene-EtOAc). ‘H NMR data (CDCI,-DO): ii 5.318 (0.33 H, d, .I 3.7 Hz, 

H-laa), 5.280 (0.67 H, d, .J 8.6 Hz, H-lafi), 3.458 (0.67 H. t, J 6.7 Hz, H-Sbfi), 
3.411 (0.33 H, t, J 6.7 Hz, H-SIX), 2.143 (3 H, s, CH,COMe), 1.1X5. and 1.167 (9 

H, 2s ‘Bucu and /3). Anat. Calcd for CSI;H,?NO,,: Ct 68.69; Ii. 6.2h: N, 1.38. 
Found: C, 68.54; H, 6.32: N, 1.30. 

O-~2,4-di-O-Lfenzyi-3-O-le~~~~l~r7uyl-6-O-p~~~aJ~~yl-~~~-g~~a~~~~~~ran~,~~l~-~~ + 4)- 

3, h-di-O-he~~l-2-~eox~~-?-phtJ~nlimi~~-~-n-glrccoJ~y~~no.~~l f$i~J~l~~rilucctir?~~~~ie (IO). 

--To a stirred solution of 42 (494 mg, 0.49 mmoI) in (CICH,), (4 mL) wcrc added 
CCI,CN (0.49 mt, 4.99 mmol) and DBU (14 p*t, 0.094 mmol) at -20°C. The 
mixture was stirred for 1 h at -2o”C, then directly chromatographed on SiOz in 
4 : 1 tolucne-EtOAc to give IO (550 mg, 98c/); [ N]I) + 65.1” (c 0.9); I?[ 0.4 1 (4 : 1 

toluene-EtOAc). ‘H NMR data (CDCI,): 6 X.521 (1 H, s. NH), 6.386 (1 I-1, d, .I 
8.2 Hz, H-la), 4.808 (1 H. d, / 10.1 and 3.1 Hz, t-I-%), 4.142 and 3.943 (2 H, 2dd? .I 

11.0 and 6.7 Hz, H&J), 3.470 (1 H, t, J 6.7 IHz, H-5b), 2.143 (3 H. s. CH,COJ4e), 
and I.198 (9 H, s, ‘Bu). Anal. Calcd for C,,,H,,CI,N30,j: C, 62.21: H, 5.48; N. 
2.42. Found: C, 62.i3; H, 5.51; N, 2.32. 

Benz$ O-(2,4-di-0-hen~)il-3-O-ler~ulinoyl-4-O-pir~aluyl-~-u-gain~tnpy~finos~l)-~l 
+ 4~-0-~3,6-tii-O-ben~~-2-~e~xy-2-p~t~ul~~~u-~-~-gi~c~~~r~~~~.~~J~-~ I --f 3)-O-(2.- 

4,6-rri-O-~-n-g~lacto~y~ff~iu~yJ~-~l + 4/-_~,6-di-O-he~z~~f-2-O-~~ir~afr?);l-~-n-.~~1icn~~rn- 
noside (431.--To a stirred mixture of compounds 11 (8% mg. 0.89 mmol) and 10 

(543 mg, 0.47 mmol) and 3A molecular sieves (1.8 g) in (CICH,fl (12 mL) was 
added a soiution of 0.84 M Me,SiOTf in (CICH,), (I 1 I i.tL, 0.(193 mmol) at 
-20% The mixture was stirred for 2 h at - 20°C neutralized with Et,N, diluted 
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with EtOAc, and filtered through Celite. The filtrate was washed successively with 
aq NaHCO, and aq NaCl, dried (Na,SO,), and evaporated in vacua. The residue 
was chromatographed on SiO, in 5: 1 toluene-EtOAc to give 43 (762 mg, 83%); 
[a]~ -0.7" (c 1.1); RI 0.31 (5: 1 toluene-EtOAc). ‘H NMR data (CDCI,); 6 5.365 
(1 H, d, J 8.5 Hz, H-lc), 5.011 (1 H, dd, J 9.2 and 7.9 Hz, H-2a), 4.841 (1 H, d, J 

9.2 and 3.4 Hz, H-3d), 3.957 (1 H, d, J 3.1 Hz, H-4b), 3.770 (1 H, d, J 3.4 Hz, 
H-4d), 3.768 (1 H, dd, J 9.8 and 7.4 Hz, H-2d), 3.529 (1 H, dd, J 9.8 and 3.1 Hz, 
H-3b), 3.440 (1 H, dd, .I 9.8 and 7.9 Hz, H-2b), 3.397 (1 H, t, J 9.2 Hz, H-3a), 2.143 
(3 H, s, CH,COMe), 1.133 and 1.082 (18 H, 2s, 2’Bu). Anal. Calcd for 
C,,,H,,,NO,,: C, 71.58; H, 6.52; N, 0.71. Found: C, 71.37; H, 6.50; N, 0.67. 

Benzyl 0-~2,4-di-0-benzyl-6-O-pivaloyl-~-~-galactopyranosyl)-{l + 4)0-(3,6-di- 
O-benzyl-2-deoxy-2-phthalimido-~-~-glucopyra~syl)-~l -+ 3)-0-(2,4,6-tri-0-benzyl$- 
D-galactopyranosyl)-(1 + 4)-3,6-di-O-benzyl-2-O-pivaloyl-~-D-glucopyranoside (44). 
-A mixture of 43 (739 mg, 0.38 mmol) and hydrazine-acetic acid (173 mg, 19 
mmol) in 4: 1 EtOH-THF (70 mL) was stirred for 1.5 h at 20°C. The mixture was 
diluted with CHCl, and then washed with aq NaHCO,, aq NaCI, dried (Na,SO,), 
and evaporated in vacua. Chromatography of the residue on SiO, in 2: 1 hexane- 
EtOAc gave 44 (426 mg, 61%); [a]~ 0” (c 1.3); R, 0.27 (2: 1 hexane-EtOAc). ‘H 
NMR data CDCL,) 6 5.379 (1 H, d, J 8.5 Hz, H-lc), 5.012 (1 H, dd, J 9.5 and 8.2 
Hz, H-2a), 4.289 (1 H, d, J 7.9 Hz, H-la, lb or Id), 4.237 (1 H, d, J 7.6 Hz, H-la, 
lb or Id), 4.226 (1 H, dd, J 9.8 and 8.5 Hz, H-2c or 3c), 4.141 (1 H, dd, .I 11.0 and 

6.7 Hz, H-6d), 4.094 (1 H, dd, J 9.8 and 8.9 Hz, H-4c), 3.985 (1 H, d, J 2.4 Hz, 
H-4b), 3.700 (1 H, d, J 1.5 Hz, H-4d), 3.446 (1 H, dd, J 9.8 and 7.6 Hz, H-2b), 
3.399 (1 H, t, J 9.5 Hz, H-3a), 1.144 and 1.082 (18 H, 2s 2’Bu). Anal. Calcd for 
C,,,H,,,NO,,: C, 72.12; H, 6.54; N, 0.75. Found: C, 72.25; H, 6.57; N, 0.81. 

Benzyl 0-~2,4-di-0-benzyf-3-O-leuulinoyl-6-O-pi~~aloyl-~-~-galactopyranosyl)-(l 
+ 4)-0-(3,6-di-0-benzyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)-~l + 3)-0-(2,4-di- 

0-be&-6-0-pivaloyl-/?-D-galactopyranosyl)-(1 + 4)-O-(3,6-di-O-benzyl-2-deoxy-2- 
phthalimido-p-o-glucopyranosyl)-(1 + 3)-0-(2,4,6-tri-O-benzyl-P-~galactopyrano- 
syl)-(1 + 4)-3,6-di-O-benzyl-2-O-pivaloyl-~-o-glucopyranoside (45).--To a stirred 
mixture of compounds 44 (624 mg, 0.34 mmol) and 10 (412 mg, 0.36 mmol) and 4A 
molecular sieves (1.9 g) in (ClCH,), (10 mL) was added a solution of 0.84 M 
Me,SiOTf in (ClCH,), (60 FELL, 0.05 mmol) at - 20°C. The mixture was stirred for 
1 h at -20°C quenched with Et,N, diluted with EtOAc, and filtered through 
Celite. The filtrate was washed successively with aq NaHCO, and aq NaCI, dried 
(Na,SO,), and evaporated in vacua. The residue was purified by successive 
chromatography, first on SiO, in 3 : 2 hexane-EtOAc and then on Bio-Beads S-X3 
(22 x 900 mm) in toluene to give 45 (773 mg, 81%); [a]~ -0.4” (c 0.8); Rf 0.43 

(5: 1 toluene-EtOAc). ‘H NMR data CDCl,); 6 5.387 (1 H, d, J 8.3 Hz, H-lc or 
le), 5.191 (1 H, d, J 8.3 Hz, H-lc or le), 4.933 (1 H, dd, J 9.5 and 8.1 Hz, H-2a), 
4.819 (1 H, dd, J 10.0 and 3.2 Hz, H-3f), 4.267 (2 H, 2d, J 8.1 Hz, H-la and lb or 
Id), 4.299 and 4.101 (2 H, 2dd, J 10.7 and 8.3 Hz, H-2c,2e), 3.806 (1 H, d, J 3.2 Hz, 
H-4f), 3.756 (1 H, d, J 3.2 Hz, H-4b or 4d), 2.146 (3 H, s, CH,COMe), 1.139 (9 H, 



s, “Bu), and 1.072 (18 H, s, 2’Bu). An& Calcd for C,,,,H,,,NO,,: C, 71.36: H, 6.41; 
N, 0.98. Found: C, 71.37; H, 6.46; N, 0.96. 

Benzyl 0-(2,4-di-O-benz~l-6-O”~~~!~~~y~-~-~”~~~~c~~~~~~~~~~~~~~-~~ --f 4)-O-(2- 
ucetamido-3,6-di-O-her~zyE-2-deox),-~-~-gl~~copyrar~osyI)-(l + 3)-O-(2,4-di-0-her&- 
G-0-piLlaloyl-P-D-galactopyranosyl)-(I --$4)-0-~2-acetamido-3,6-di-O-henzyl-2-de- 

of-P-o-glucopyranoJYI)-(I + 3)-0-(2,4,6-tri-O-benzyl-~-D-gala~to~yrarl~)sy~~-f~ --f 

4)-3,6-d~-O-henzyi-2-O-p7ir~aloy(-P-n-g~uco~yr~~~o.~~~~~~ (4Q).-To a solution of 45 (457 

mg, 0,16 mmof) in EtOH (40 mL) were added ~ydrazin~ hydrate (1.25 mt, 26 

mm&. The mixture was stirred for 50 h under refIux and evaporated in vacua. The 
residue was purified by chromatography on SiO, in 3 : i toluene-EtOAc and then 
evaporated in vacua. To the solution of the residue in MeOH (I1 ml,) was added 
AczO (0.4 ml,, 4.2 mmoi), and the mixture was stirred for 2 h at 2O’C and 
coevaporated with toluene. C~lromatogr~phy of the residue on SiO, in 3: I 

toluene-EtOAc gave 46 (335 mg, 81%?; ((Y]u - 1.8” (c 0.9); Rf 0.33 i5:2 

toIuene-EtOAc). ‘H NMR data (CDCI,); ii S. 176 11 H. d, J 8.2 Hz, NHAc), 5.125 
(1 H, dd, J 9.5 and 7.9 Hz, H-2a), 5.092 (1 H, d, ,I 7.9 Hz, H-lc or le), 5.073 (I H, 

d, J 7.9 Hz, H-lc or Id). 1.423 and 1.390 (6 H, 2s, 2NAc), 1.143, 1.2 13. and 1.073 

(27 Ii, 3s, 3’Bu). Anal. Calcd for C,,,H,,,NO,, * O.SH,O: C! 70.54: H, 6.89; N, 
I.08. Found: C, 70.51: H, 6.84; N, 1.05. 

Reizzyq’f O-~rn~t~ly~ 3-O-l~~~ulino~l-2,4-~~-0-~p-nzelh~lhenzoyi~-~-~-g(~rco~~~rMnus~~s)il- 

~~rorlate]-{~ --+ 3~-0-!2,4-d~-C)-bet~~~clyl-6-O-pir!u~~~y~-~-~-gafa-~~ -+ 4)-O- 
~I?-acetun~i~o-3,6-di-O-benzyE-2-dzt~.~~-~-u-gluco~yrlrnosyl)-~I --f 3)-0-(Z&k-O-hen 
Zyl-h-0-pil:aioyi-P_D-galactopyranofyi)-(1 --t 4)-O-(2-acetnntido-3,6-di-O-~?en~l-2- 

deo,~y-p-u-glz~co~yrarl~~‘s~l~~-~ J + 3)-0-(2,4,6-tri-O-berzzyl-~-l,-gal~z~top~~r~~z~).~~l~-~~ 

-+ 4/-3,6-di-O-benzyl-Z-O-pir~aioyl-~-~-gEuco~yra~osi (47X-Tct a mixture of 

Cug3rz 424 mg, I.9 n~moi). AgOTf ~~~)~~ mg, 2.3 1nrn~I~. Bu,NBr (31 mg, (~.~~~ 
mmol), and 4A moIecuIar sieves (1 g) was added a solution of compounds 8 (320 
mg, 0.56 mm& and 46 (233 mg, 0.09 mm& in MeNO, (8 mL), and the mixture 
was stirred at 20°C. After 3 h, a solution of 8 (102 mg, 0.178 mmolf in McNO, (1.5 
mL) was added, and stirring was continued for additional 2 h at WC. The mixture 

was diluted with EtOAc and aq NaHCO, and then filtered through Cclitc. The 

filtrate was washed with aq NaCI, dried fNa,SO,) and evaporated in vacua. The 
residue was purified by successive chromatography, first on E&j-Beads S-X4 

122 x 900 mm) in toluene and then on SiO, in 1: 1 hcxane-EtOAc, to give 47 (174 
mg, 62%); R, 0.27 (1: 1 hexane-EtOAc); [CY]D -13.1” (c 1.3). ‘14 NMR data 
(CDCI;): 6 5.626 (1 H, t, J 9.5 Hz, H-3g>, 5.506 (1 H, t, J 9.5 Hz, H-4&, 5.469 0 
H, dd, J 9.5 and 7.6 Hz, H-2& 5.186 (1 H, d, J 7.6 Hz, H-l& 5.124 (1 H, d, J 7.9 

Hz, NI_IAc), 5.083 (1 H, dd. J 9.8 and 7.9 Hz, H-b), 5.1157 (1 11, d, J 8.2 Hz, 
NNAc), 3.189 (1 H, d, 3 9.5 Hz, H-Sg), 3.666 (3 H. s, COOMe), 1.418, 2.327 (6 H, 
2s, 2C,H,hle), 1.885 (3 H, s, CH,COW), I.393 and 1.385 (6 H. 2s, 2NAc), 1.134. 
1.113, and 1.058 (27 H, 3s, 3”Bu). Anal. Calcd for C,,,HzodN,O,,: C. 69.87; H. 
6.61; N, 0.90. Found: C: 69.55; H. 6.62; N, 0.87. 
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O-~~et~yl 3-0-leuu~~~oyl-2,4-di-O-(p-naethylbenzoylf-~-~-glucu~yranosyl- 

uranatej-(1 + 3)-0-(2,4-di-0-ace~yl-6-O-pivufoyl-B-r> -+ 4)-0- 

(2-acetamida-3,6-di-O-acetyl-2-deoxy-P-o-gZucopyranosyE)- (I --f 3)-O-f2,4-d&O-ace- 
tyl-6-0-pivaloyl-/3-D-galactapyranosyl)-(1 + 4)-O-j2-acetamida-3,6-di-0-acetyl-2-de 

oxy-/3-D-glucopyranasyl)- (I + 3)-0-~2,4,6-tri-O-acetyl-~-~-galactopyranasyl)-(l + 
4)-0-3,6-di-O-acetyl-2-O-piva~ay++.4capyranosy~ acetate (48).-A mixture of 47 
(210 mg, 0.068 mmol) and 10% Pd-C (240 mg) in MeOH (34 mL) was stirred 
under H, for 20 h at 50°C diluted with CHCI, and filtered through Celite. The 
filtrate was concentrated in vacua. To a solution of the residue in pyridine (12 mL) 
were added Ac,O (4 mL) and DMAP. The mixture was stirred for 1 h at 20°C and 
then coevaporated with EtOH and tofuene. Chromatography of the residue on 
SiO, in 4 : 5 toluene-acetone gave 48 (137 mg, 83%) as a 1: 1 mixture of the LY and 
p anomers; R, 0.34 (4: 5 toluene-EtOA~). ‘H NMR data (CDCL,): S 6.288 (0.5 H, 
d, J 3.7 Hz, H-latu), 5.494 (0.5 H, d, f 8.2 Hz, H-la@), 5.562 (1 H, t, J 9.5 Hz, 
H-3g), 5.489 (1 H, t, J 9.5 Hz, H-4g), 5.430 (1 H, d, J 3.7 Hz, H-4b, 4d or 4f), 5.196 
(1 H, dd, f 9.5 and 7.3 Hz, H-Z& 4,819 (I H, d, J 7.3 Hz, H-lg), 4.604 (1 H, d, J 
7.3 Hz, H-k), 4.343 and 4.335 (2 H, 2d, J 7.9 Hz, H-lb, Id or If), 4.176 (1 H, d, J 
9.5 Hz, H-5g), 3.679 (3 H, s, COOMe), 2.410 and 2.402 (6 H, 2s, 2C,H,Me). Anal. 
Calcd for C,,,H,4sN2058~ H,O: C, 54.28; H, 6.16; N, 1.14. Found: C, 54.17; H, 

6.03; N, 1.37. 
0-[Methyl 3-0-levulinoyI-2,4-di-O-(p-methylbenzoy~)-~-~-giucapyrana- 

syluronate]-(1 --) 3)-0-~2,4-di-O-acetyf-6-O-pivufoyl-P_o-ga~acta~yranosy~)-~~ + 4)- 
O-~2-acetamido-3,6-di-O-acetyl-2-deoxy-P)-~l + 3)-0-(2,4-di-O- 
acetyl-6-0-pivaEoyi-P-D-gaiactaQyranusyi)-(1 -+ 4)-0-(2-acetamido-3,6-di-O-ace@-2- 
dead-~-D-glucopyrana~l)-~Z + 3~-0-~2,4,6-tri-O-ace~~-~-D-galacta~yrano~~)-~l --$ 

4)-0-3,6-d~-~-ace~~-2-O-p~va~~y~-D-g~~apyranose (49X-A mixture of 48 (137 mg, 
0.056 mmol) and piperidjne acetate (65 mg, 0.45 mmoi) in THF (10 mL) was stirred 
for 49 h at 20°C. The mixture was diluted with water and extracted with CHCI,. 
The organic Iayer was washed with aq NaCI, dried (Na,SOJ and evaporated in 
vacua. Chromatography of the residue on SiOz in 2:3 toluene-acetone gave 49 
(118 mg, 88%); R, 0.36 (2: 3 toluene-acetone). ‘H NMR data (CDCI,): 6 5.556 (1 
H, t, J 9.5 Hz, H-3g), 5.483 (1 H, t, J 9.5 Hz, H-4g), 5.434 (1 H, d, J 3.1 Hz, H-4b, 
4d or 4f), 5,350 (1 H, d, J 3.7 Hz, H-4b, 4d or 4f), 5.198 (1 H, dd, J 9.5 and 7.6 Hz, 
H-2$, 4.821 (1 H, d, J 7.6 Hz, H-lg), 4.600 (1 H, d, J 7.6 Hz, H-lc or le), 4.355 
and 4.328 (2 H, 2d, J 7.9 Hz, H-lb, Id or If), 4.180 (1 H, d, J 9.5 Hz, H-581, 3.670 
(3 H, s, COOMe), 2.411, 2.403 (6 H, 2s C,H,Me), 1.212, 1.209, 1.203, 1.117, and 
1.172 (27 H, 5s: tBu). Anal. Calcd for C,,,H146N2057 * toluene: C, 55.99; H, 6.24; 
N, 1.13. Found: C, 56.25; H, 6.68; N, 1.37. 



3,6-rfi-O-ucet~l-2-O-pt~~ni~yi-D-~l~~~~pyr~n~syl ~~o~i~e (61.---To a solution of 49 (4X 
mg, 20 ~rn~~~~ in (ClCH,j2 (2.5 rnt) was added di~~~ylamin~~su~fur tr~~~l~~rid~ (10 
~_l I.,, 82 pmol). The mixture was stirred for 10 min at 0°C and then 1.5 h at 20°C. 
‘The mixture was diluted with CHCl, and washed successively with aq NaHCO, 
and aq NaCl, dried (Na,SCI,), and evaporated in vacua. ~~llr~~m~lt~)graph~ of the 

residue on $0, in 4:s toluene-acetunc gave 6 (44 mg, 92%) as ;f 1 :4 mixture of 
the N and p anomers~ K[ 0.36 (4:5 tol~lene-~~c~tone), ‘H NMK data (CD+): ii 
5.649 (0.2 H, dd, J 53.4 and 2.7 Hz, H-laa), 5.563 (1 H, t, J 9.5 Hz. H-3%), 5.488 0 

E-f, t, J 9.5 Hz. H-4g), 5.311 (0.8 H, dd. J 52.8 and 5.8 Hz, H-lap), 5.305 (I Ii. d, J 
2.7 Hz. H-3b, 46 or 4fI: 5.289 (3 H. d, I 3.7 Hz, H-4h. 4d or 4f), 5.197 (1 H. dd, .I 

9.5 and 7.3 Hz, H-Q>, 4.820 (1 H, d. J 7.3 Hz, H-Jg), 4.659 and 460X C? f-3, 3d. J 

7.6 Hz, H-lc and le), 4,333 (1 I-i, d, j 7.9 Hz, H-lb, Id or If). 4.177 (1 H, d, J 9.5 

Hz, H-Sg), 3.678 (3 H, s, COOMe), 2.410, 2.402 (6 H, 2s, 2C,H,&). 1.212 (9 H, s, 
!&I), 1.209 (9 H. s, ‘Bu), 1.189 and 1.186 (9 I-i. 2s. “Buf. Anal. Calcd for 
C,,,,HlaFN,O,,- tolucnc: C, 55.94; H. 6.19; N, 1.12. Found: C, 56.17: I-i. h.50; N, 
1.13. 

~-~~~~t~l~~ 3-0k1:1~firzu~~i-Z, 4-&-O-( p-rnethylbenzo~~l)-~~-~>-gltrc~~~~yrnrrar~l~~~tin- 

u&/-(1 -+ 3~-0-(2,4-~i-O-nccty1-6-O-~i~~ai~~J~-~-r~-~clL~~cto~~y~ff f?r);l?il-il --f 41-O-(2- 

clceta~~iclo-.~,6-ili-O-ac~ctyl-Y3-~~e~~~~-~-o-~li~fo~~ytzlr~~~~s~~l)-IJ ---f 3)“C>-ILQ-nisi-O-ncet\?f- 

6-O-~ir~ul~~~l-~-r~-~fll~~~~~~~~y~~~~~~.~~i~-~l --) ~~-f)-(2-4~etar7rirl”~,6-ci~-O-clcet~i-2-R- 

~~J’-B-l)-~~~lco~y~~~r~~~~~~- (I + .7)-0-(2,4,6-rri-O-ncetyl-~-r~g~~iff~t~~~?~~~~~~~~~s~~~~- il -Y 

4)-O-(.3, h-di-O-acrtyl-_‘-0-pil~ali?yl-~-r~-~l~co~yrut~osyi)-!I ---t I~-2-0-betm~~~l-2 K. 

3S.(IE-2-N-tetuacosunqls~)~ir~~~~l~~~ (SO).-To a stirred mixture of SKI, (57 mg. 

0.20 mmol), AgOTf (45 mg, 0.29 mmol) and 4.A molecular sieves (0.32 g) was 
added a solution of 6 (92 mg, 0.038 mmol) and 7 (44 mg, 0.05X mmoll in freshly 
distilled CHCI, (3.5 ml,,) at -20°C. The mixture was gradllail~ warmed up over 20 
h to 20°C. diluted with CHCI,, and filtered through Celitc. ‘The filtrate was washed 

successively with aq NaHCO, and aq NaCI, dried (NazSO,k and evaporated in 
vacua. Chr~~rn~t~?g~l~hy of the residue on SiO: it1 4: 3 tolucne-acetone gave 50 (SS 
mg, 46’ir) and recovered tu-fluoride (13 mg, 14%). 

Compound 50 had: [IY]II + 10.5” (c 1.1); Ri 0.20 (4: 3 CCI,-acctonek ‘H NMR 
data (CDCI,): S 5.870 (I H, dt, J 15.0 and 7.6 Hz, H-SCeri, 5.723 (1 H, d, J 9.5 
Hz? NI-rCer), 5.563 (I H, t, .I 9.5 Hz, H-3g), 5.573 (1 H, c, .I 7.6 Hz, H-K’er), 5.489 
(I H, t, .I 9.5 Hz, H-ilg), 5.454 (1 H, dd, J 15.0 and 7.6 Hz, H-4&), 5.431 (1 H, d, 

J 3.1 I-k H-4b, 4d or 4f). 5.372 (1 H, d: J 7.9 Hz, N&k). 5.326 (I H. d, J X.2 Hz. 
NkIAcJ, 5.285 (1 H, d, f 3.4 Hz, H-ilh, 4d or 40, 5.106 (1 H, dd, J 9.5 and 7.3 Hz, 
H-2& S.180 il H, t, f 9.5 Hz, H-3a), 4.887 (I H, dd, I 9.5 and 7.9 Hz, Wa), 4.81Y 

(1 If, d, J 7.3 Hz, H-l& 4.652 (1 H, d. J 7.6 Hz, H-lc or le), 4.599 (1 H, d, J 7.3 
Hz, H-lo or ICI, 4.412 (1 H, d, J 7.9 Hz, H-lb, ‘Id or If), 3.284 (1 H. d, .I X.2 Hz, 

H-lb, Id or If>; 4.176 (1 H. cl, J 9.5 Hz, H-Sg), 3.679 (3 H, s, COOMef, 2.409 and 
2.401 (6 H, 2s, 2ChH,MrI, 1.222, 1.206, and 1.141 (27 f-1, I%, YBu), and 0.87(3 (6 H, 
t, J 7.0 Hz, 2CH,Me). Artal. Calcd for C,,,H,,,N,O,,,.3H,O: C, 59.55; H, 7.50: 
N, 1.32. Found: C. 59.29; H, 7.36; N, 1.21. 
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O-P-DG~ucopyranosyluronic acid-f1 --, 3~-O-~-D-g~lactopyra~osy~-~~ + 4)-O-(2- 

aceta~ido-2-deo~-~-D-g~ucopyra~o~~~-~~ + 3~-O-~-D-galaetop.v~anosy~- (1 --+ 4)-O- 
~2-aceta~ido-2-deo~-~-D-g~ucop~?rano~yl~-(~ -+ 3)-O-/3-D-ga!actopyranosyL (I -+ 4)- 
o-p-D-glucopyranosyl (I -+ 1)-2R,3S,4E-2-N-tetracosanoyisphinge~zine, sodium salt 
(4X-To a solution of 50 (6.0 mg, 1.9 prnol) in 97: 3 THF-H,O (2 mL) was added 
a solution of 1.25 N LiOH (70 PL). The mixture was stirred for 1 h at - 15°C and 
then gradually warmed over 4 h to 0°C. The resultant mixture was diluted with 
toluene and evaporated in vacua. A solution of the residue in 0.15 M NaOMe-1: 1 
MeOH-THF (1 mL) was stirred for 6 h at 20°C neutralized with solid CO,, and 
then evaporated in vacua. Chromatography of the residue over Sephadex LH-20 in 
6: 4 : 1 CHCl,-MeOH-H&I gave 4 (2.5 mg, 68%); R, 0.54 (6 : 3 : 0.8 CHCl,- 
MeOH-H,O). ‘H NMR data (49: 1 Me,SO-d,-D,O, 60°C): S 5.558 (1 H, dt, J 

15.4 and 7.0 Hz, H-SCer), 5.375 (1 H, dd, J 15.4 and 7.0 Hz, H4Cer), 4.688 (2 H, 
d, J 8.1 Hz, H-k, le), 4.369 (1 H, d, f 7.7 Hz, H-l& 4.318 (1 H, d, J 7.7 Hz, 
H-lb, Id or lf>, 4.283 (2 H, d: 7.7 Hz, H-lb, Id or If), 4.174 (1 H, d, J 7.7 Hz, 
H-la), and 0.856 (6 H, t, J 7.0 Hz, ZCH,CI-I,). 

O-JMethyl-2,4-di-O-jp-methy~benzoyl)-P-D-gl~copyra~osyiu~o~atel-~~ --f 3)-O-(2, 

4-di-O-acety~-6-O-pivaloy~-~~D-gaIuctopyrano~~~-(l + 4)-0-(2-aceta~ido-3,6-di-O- 

ace@-2-deoxy-P-D-glucopyranosyl)-(1 + 3)-0-f’2,4-di-O-acetyi-6-O-pir~aloyl-~-D-ga- 
lactopyranosyl)-(1 -+ 4~-0-(2-acetarnido-3,6-di-O-acetyl-2-deoxy-~-D-glucopyrano- 

sylj-(1 -+ 3)-0-~2,4,6-tri-O-acetyl-~-D-galactopyranosyl)-(l --+ 4)-O-(3,6-di-O-ace@- 
2-O-pivaloyl-~-D-glucopyranosy~)-~1 + I)-LO-benzoyl-2R,3S,4E-2-N-tetracosan- 
oy~~~hi~ge~i~e W.-A mixture of 50 (21 mg, 6.7 ~mol) and hydraz~ne-acetic acid 
(1.4 mg, 15 ~mol> in EtOH (3 mL> was stirred for 1 h at 20°C. The mixture was 
diluted with CHCl, and then washed successively with aq NaHCO, and aq NaCI, 
dried (Na,SO,), and evaporated in vacua. Subsequent purification on preparative 
TLC f4:3 CCl,-acetone) gave 51 (15.5 mg, 76%); [a]~ f11.6" (c 1.0); Rf 0.26 
(S:4 toiuene-acetones. ‘H NMR data (CDCI,): fi 5.870 (I H, dt, J 15.3 and 7.6 
Hz, H-Xer), 5.721 (1 H, d, J 9.2 Hz, NHAc), 5.535 (1 H, t, J 9.5 Hz, H3Cer), 
5.363 (1 H, d, J 8.6 Hz, NHAc), 5.177 (1 H, t, J 9.5 Hz, H-3a), 5.085 (1 H, dd, I 
9.6 and 6.4 Hz, H-2g), 5.069, 4.992, and 4.955 (3 H, 3dd, J 9.8 and 7.9 Hz, 
H-2b,2d,2f), 4.884 (1 H, d, J 6.4 Hz, H-1$, 4.883 (1 H, dd, J 9.8, 7.6 Hz, H-2a), 
4.652 and 4.610 (2 H, 2d, J 7.6 Hz, H-lc or le), 4.408 (1 H, d, J 7.6 Hz, H-la), 
4.208 (1 H, d, f 9.8 Hz, H-5g), 3.698 (3 H, s, COOMe), 2.418 and 2.411 (6 H, 2s 
2C,H,Me), 1.214, 1.209, and 1.141 (27 H, 3s 3’Bu), and 0.879 (6 H, t, J 7.0 Hz, 
2CH,Me). Anal. Calcd for C,,,H,,N,O,, *H,O: C, 60.20; H, 7.50; N, 1.38. 
Found: C, 59.88; H, 7.44; N, 1.46. 
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