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ABSTRACT 

A simple strategy was developed for the procurement of benzyl2-acetamido- 

6-0-benzyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-~-D-galactopyranosyl)-P_D-gluco- 

pyranoside (8). Reductive opening of the acetal ring of benzyl 2-acetamido-4,6- 

O-benzylidene-2-deoxy-3-0-(2.3,4,6-tetra-O-acetyl-P_D-galactopyranosyl)-~-D- 

gluco-pyranoside gave, exclusively, the desired, key intermediate 8. Fucosylation 

of 8 with 2,3,4,-tri-O-benzyl-a-L-fucopyranosyl bromide, under catalysis by 

bromide ion, afforded the trisaccharide derivative which, on 0-deacetylation, fol- 

lowed by hydrogenolysis, prdduced the title trisaccharide. Starting from methyl 2- 

acetamido-4,6-O-benzylidene-2-deoxy-3-0-(2,3,4,6-tetra-o-acetyl-~-D-ga~acto- 

pyranosyl)-a-D-glucopyranoside, the synthesis of methyl 2-acetamido-2-deoxy-4- 

O-cY-L-fucopyranosyl-3-~-~-D-galactopyranosyl-~-D-glucopyranoside was ac- 

complished by a similar reaction-sequence. The synthesis of 2-acetamido-2-deoxy- 

4-O-cu-L-fucopyranosyl-D-glucopyranose is also described. The structures of the 

final saccharides, and of various other intermediates, were established by ‘H- and 

13C-n.m.r. spectroscopy. 

INTRODUCTION 

During the past decade, there has been an extraordinary burst of activity in 

studies related to the chemical synthesis of oligosaccharides2. There is no doubt 

that the appropriately protected glycosylating reagents and new catalysts now av- 

ailable have proved to be excellent tools for successful synthesis of such com- 

pounds. However, another key factor that plays an important role in the achieve- 

ment of these synthetic ventures is the availability of different, new protecting 
groups introduced into the field of carbohydrate chemistry3. Moreover, efficient 
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and attractive methodologies for the removal of such proteitlng groups ha\se been 

developed”. For example. partial alkylation of polyhydroxy cc~rnp~mntis through 

the (trialkylstannyl)ation procedure IS very effiaent’. lise of organotln derivatives 

of a pair of vicinal. axial and equatorial. hydroxvl groups t’or sclecti~ t‘ oblation and 

alkylation has proved successful’ In another approach. rn~~nc~lh~ lntlon of a dlol 

by the phase-transfer-catalysis method“ ha\ heen found 10 13ts ;in cscelicnt method 

Interestingly. the trityl group, which has frcquentlc been used for >elc:ctivr protrt’- 

tion of the primary hydrc>xyl group ot polyhydroxv compound>. can now also bc 

successfully employed for prote&ion of certain secondary hydroxyl groups’. Thus, 

different methods have been developed for the prcpar;ltlon of rq>propn;~tcl!~ pro- 

tected sugars having free hydroxyl groups \vhlch c:rn htx iurthcr ~~~lployed for 

glycosylatlon. 

Recently. Garcgg and co-worker? reported ii nc>\cl method of rcducti\e 

ring-opening of carbohydrate benzylidrne acctals VI ith sc~diurn ~~;inc?horoh\cirid~ 

in HCI-ether. Thus, under these condltionr. the J.h-henz~lidenc acetal ot a given 

sugar affords the h-O-bcnzyl derivative exclusively. Wc ha\c made successful USC’ 

of these reaction conditions to procure suitable aglvcon hvdroxlde\ needed tar the 

synthesis of oligosaccharide?,‘,“. and applied’ this reactIon III the \\nthcsis of 7- 

acetamido-2-deoxy-3,3-di-O_B-D-galact~~pyr~~nosy~-~~-galact~~pyr~~n~~se. 

We have now extended the use of this key reaction for the synthesis of ?- 

acetamido-2-deoxy-3-O-tr-r-fucopyran~)syl-3-~~-~-i~-galact~)~~~r~ln~)s~i-D-glucopy- 

ranose”‘.’ I (16) and methyl 2-acetamido-7-deoxy-S-(.,-n-i -fucopyran~~svl-3-O-P-D- 

galactopyranosyl-w-D-glucupyranoside (17). The disaccharide 5 and the trisac- 

charides 16 and 17 are needed in our laboratory for studies of I -fu~~~sidasc” and I - 
fucosyltransferase13. 

Treatment of benzyl 7-acetamido-J.h-O-bcn7)jlidrne-~-dec,.- 

pyranoside” (1) . m anhydrous oxol;me with sodium c~anc,bc,roh\dridc in the 

presence of HCl-ethe? game, cxclusicely, bcnzyl ?-acetarnldo-h-i)-hen,~yl-‘-deox~- 

,B-D-glucopyranoside (2) In 72Y yield. The “C-n.m.r. spectrum d 2 ~howcd the 

complete absence of a C-6 signal in the region of NM3 p.p.m.. cc~nlirrnlng thereb! 

that reductive cleavage of the 4,h-bcnzylidene acctal 1 yields ~~nl!~ the o-O-benzpl 

derivative (2). Exposure of bcnzyl ‘-acetamldo-~.h-O-herlzylidene-_7-~ie~~~~-.~-O- 

(3.3,~,6-tetra-O-acetyl-~-r~-galactopyran~~~yl)-~-D-glucop~r;tn~~~~~ic’5 (6\ to sodium 

cyanoborohydride under identical conditions afforded I~enz~l ~-acctamldo-h-O- 

benzyl-3-deoxy-3-0-(;1.3.~,h-tetra-O-acet41-jj-r,-gal~~ct~~p~ran~~~~l!-~~-:~-glucop~r~~- 

noside (8) in 55.4% yield. Its ‘H-n.m.r. rpecrruxl \how/cd the prt’<en<‘r c>t four O- 

acetyl and two henzyl grc)upk. ‘To pro\‘c: the structure of 8 ~ln;lrnl~j~,l(~~lsl~. ;I portion 

of 8 was O-deacetylatrd”‘ to g~ce 9. The “C’-n.m.r data tor 9, alt)ng wrtlr those for 
2. are reported in Table I. Data cited In Table 1. clearlv supportctl the structure as- 

slgned to compound 9. SimIlarI>. reductive cleavage’: ~~f’mcthvi ~-;lc~tamida-~.h-0- 
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benzylidene-2-deoxy-3-0-(2,3,4.6-tetra-O-acety~-~-D-ga~actopyranosy~)-~-D-g~u- 

copyranoside” (7) gave only the 6-0-benzyl derivative 10, which, on O-deacetyla- 

tion16, afforded methyl 2-acetamido-6-O-benzyl-2-deoxy-3-O-P-D-galactopyra- 

nosyl-a-D-glucopyranoside (11). The structure of the latter compound was also 

supported by its 13C-n. m. r. spectrum (see Table I). 

TABLE I 

25.2-MHz, 13C-~ M.R. CHEMICALSHIFIS" IN Me*SO-db 

Atom Compound 

&GlcNAc-I+OCH2Ph 2 9 11 

C-I 
c-2 
c-3 
c-4 
c-5 
C-6 
NCOCH3 
c=o 
OCH3 
C-I ’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 

100.53 100.59 100.10 
55.32 55.33 54.12 
74.05 74.02 84.08 
70.57 70.61 68.80 
76.90 75.62 75.04 
61.01 72.24 72.27 
23.01 22.99 22.99 

168.82 168.88 169.70 

103.73 
70.46 
72.91 
68.17 
75.69 
60.54 

97.74 
52.18 
79.98 
68.84 
70.34 
72.27 
22.67 

169.75 
54.36 

103.05 
70.98 
73.17 
68.27 
75.80 
60.57 

“In p.p.m. downfield from internal Me4Si 

L-Fucosylation” of 8 with 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide 

under bromide-ion-catalyzed reaction-conditions gave crystalline 12 in excellent 

yield. The ‘H-n.m.r. spectrum of the trisaccharide derivative 12 exhibited a clear 

doublet at 6 5.4 (d. 1 H, J1V,,2,9 3 Hz, H-l), supporting the presence of an a-linked 

L-fucosyl group in 12. Subjected to L-fucosylation” under identical conditions. 

compound 10 produced 13 in 86% yield. 

Interestingly, O-deacetylation’h of both of the trisaccharide derivatives, 12 

and 13, proceeded satisfactorily to give 14 and 15, respectively. The ‘H-n.m.r. 

spectrum clearly showed the complete absence of 0-acetyl groups in these two de- 

rivatives, which were readily isolated in pure form. It should be mentioned that, in 

a previous investigation13, on the synthesis of phenyl 2-acetamido-2-deoxy-4-0-a- 

L-fucopyranosyl-3-O-P-D-galactopyranosyl-P-D-glucopyranoside, phenyl 2-aceta- 

mido-6-O-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-P_D-galactopyranosyl)-~-D- 

glucopyranoside reacted with 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide 

under similar conditions to give phenyl 2-acetamido-6-0-acetyl-2-deoxy-3-0- 

(2,3,4,6-tetra-O-acetyl-P_D-galactopyranosyl)-4-0-(2,3,4-triO-benzyl-cr-L-fucopy- 



0 I 
I ‘JHAc 

anb 
4 

6 R = 3an. R’ = i 

ranosyl)-/3-u-glucopyranoside. However. t.l c. of the product obt:tlnrd hl O- 

deacctylation of the latter product revealed the presence of t\\o components. and 

the ‘H-n.m.r. spectrum showed the presence of XI O-;icrtyl group. ‘4s also rc- 

ported by Lemieux and co-workers“‘. 0-deacetylation of X-etho~~c~lrh~,n~it~ct! 1 11- 

acctaniido-6-O-act~t~~-~-~~~~~~y-.3-O-(~.3.J.h-tctra-O-acet~i-~-~~-g~l.i~t~~~~~r~~n~~s~i)- 

-1-0-(1.3,3-tri-O-bcnzyl-~-~~-fuc~~p~r~n~~s~l)-~-~-~luc~~~~r,~nosid~ \\lth sodium 

methovide in methanol gave a product that still posscsscd ;IJI O-acct>l gro~lp. JJI the 

investigation hq Lemieux ktnd co-w01 h-t.r\’ ’ as Nell 2,~ ii1 l)ur own prt.z\w~~s 

studies”. it was tentatikelq assumed that the acetvl group on O-f1 at’ the J- 

acetamido-2-deoxy-D-glucoside residue remains intact on saponitic:ttlon. Houcvcr. 

in the present studies. wt’ found no difficulty in the saponiticT:ttlon of dr~ric.,ltives 12 
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CHzOBn 

13R = H.R’ = OMe,R’ = Ac 

14R = OB”,R’ = R* = H 

15R= A’=H.R’=OMe 

16 17 

and 13 which possess a benzyl group at O-6 of the 2-acetamido-2-deoxy-D- 

glucoside residue. The structures of the deacetylated products 14 and 15 were also 

supported by their 13C-n m.r. spectra. Catalytic hydrogenolysis of 14 and 15 in . 

95% ethanol, in the presence of 10% Pd-C, respectively. gave the title trisac- 

charide 16 and methyl 2-acetamido-2-deoxy-4-O-cu-L-fucopyranosyl-3-O-P-D-galac- 

topyranosyl-cY-D-glucopyranoside (17). The structures of 16 and 17 were confirmed 

by ‘H- and 13C-n.m.r. spectroscopy. 
For the synthesis of 2-acetamido-2-deoxy-4-O-~-L-fucopyranosyl-D-gluco- 

pyranose” (5), benzyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-P-D-glucopyranosidey 

(3) was treated with 2,3,4-tri-O-benzyl-a-L-fucopyranosyl bromide under bromide- 

ion-catalyzed reaction-conditions”. Compound 4 was isolated from the reaction 

mixture as an amorphous material after chromatography in a column of silica gel. 

Hydrogenolysis of 4 in 95% ethanol in the presence of 10% Pd-C provided the 



known disaccharide 5; its structure was confirmed by ‘H- and “C-n.m.r spectros- 

copy (see Table II) 

TABLE II 

C-l 
C-2 
c-3 
C‘4 

c-5 
C-h 
c=o 
NCOCHl 
OCH, 
C-l ’ 
C-7 ’ 
(‘-3 ’ 
c-4 
c-5 ’ 
C-6’ 
C-l” 
C-2” 
(‘-3” 
c’_y 
C-5” 
( ‘_h” 

EXPERIMENTAL 

General method.~. -Melting points were determined with a Fisher-Johns ap- 

paratus and are uncorrected. Optical rotations were measured with a Perkin- 

Elmer 241 polarimeter at room temperature. Ascending t.1.c. was conducted on 

plates coated with a 0.25-mm layer of silica gel 60 PF-754 (E. Merck. Darmstadt. 

Germany): the components were located by exposure to u.\. light, or by spraying 

the plate with 5% sulfuric acid in ethanol and heating. Descending p.c. was per- 

formed on Whatman No. 3MM paper. and spots were detected with pcriodate. fol- 

lowed by the silver nitrate reagent”. Elemental analyses were performed by 

Robertson Laboratory, Florham Park. New Jersey. IJ.S.A N.m.r. spectra were 

recorded with Varian EM-390 and XL-IO0 instruments; ‘H-n.m.r. spectra (100 
MHz) and ‘-‘C-n.m.r. spectra (25.3 MHz) were determined by use of the Fourier- 

transform (F.t.) mode; the positions of the peaks are expressed in h‘ from the sig- 

nal for tetramethylsilane 
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Ben+ 2-acetamido-6-0-benzyl-2-deoxy-P-D-glucopyranoside (2). - A solu- 

tion of 1 (3.99 g, 10 mmol) and sodium cyanoborohydride (5.656 g, 90 mmol) in dry 
oxolane (150 mL) containing 3A molecular sieves (15 g) was cooled to 0”. Hydro- 

gen chloride in diethyl ether was added until the solution was acidic (pH paper, gas 

evolution). After the mixture had been stirred for 40 min at O”, t.1.c. in 3:2 (v/v) 

chloroform-acetone indicated complete reaction; the mixture was poured into ice- 

water, and extracted with dichloromethane (4 x 100 mL), and the extracts were 

combined, washed successively with water, saturated sodium hydrogencarbonate 

solution, and water, dried (sodium sulfate), and evaporated in vacua, to give a 

solid residue which was purified by chromatography on a column of silica gel, elut- 

ing with 9: 1 (v/v) chloroform-methanol, to give 2 in 72% yield (2.9 g); m.p. 176 

178” (from hot ethyl acetate), [c~]~ -41.8” (c 1.6, Me,SO); t.1.c. (9: 1 chloroform- 

methanol): RF 0.46; ‘H-n.m.r. data (Me$SO-d,): 6 1.82 (s, 3 H, NAc), 7.3-7.45 

(m, 10 H, aromatic), and 7.73 (d, 1 H, JNH,Z 9 Hz, NH). 

Anal. Calc. for CZ2HZ7NOh: C, 65.82; H, 6.78; N, 3.49. Found: C, 65.53; 

H, 6.97; N, 3.24. 

Benzyl 2-acetamido-3,6-di-O-benzyl-2-deoxy-4-0-(2,3,4-tri-O-benzy~-~-~- 
fucopyranosyl)-p-D-glucopyranoside (4). - Compound 3 (0.653 g, 1.33 mmol) was 

dissolved in a mixture of dichloromethane (15 mL), N,N-dimethylformamide (3 

mL), tetraethylammonium bromide (0.55 g, 2.65 mmol), and diisopro- 

pylethylamine (0.5 mL). A solution of freshly prepared 2,3,4-tri-O-benzyl-U-L- 

fucopyranosyl bromide (1.32 g, 2.65 mmol) in dichloromethane (5 mL) and dry 

HCONMe, (1 mL) was added, and the mixture was stirred for 3 days at room tem- 

perature. Dichloromethane (200 mL) was added, and the solution was washed with 

water (3 x 50 mL), dried, and evaporated. The residue was purified by chromatog- 

raphy on a column of silica gel, eluting first with 9:l (v/v) hexane-ethyl acetate, 

then with 5:l (v/v) hexane-ethyl acetate (to remove the 2,3,4-tri-Gbenzyl-L-fu- 

case), and finally with 2: 1 (v/v) hexane-ethyl acetate, giving amorphous 4 in 79% 

yield (950 mg); [(Y]~ -83.4” (c 2, chloroform); t.1.c. (3:2 hexane-ethyl acetate): 

RF 0.35; ‘H-n.m.r. data (CDCI,): 6 0.98 (d, 3 H, J 6 Hz, CMe), 1.6 (s, 3 H, NAc), 

5.27 (d, 1 H, J,‘,2, 3.5 Hz, H-l’), 6.50 (d, 1 H, JNH,2 9 Hz, NH), and 7.20-7.50 (m, 

30 H, aromatic); 13C-n.m.r. data (CDC13): 6 16.54 (C-6’), 22.90 (NAc), 51.12 (C- 

2), 66.92 (C-5’), 77.41 (C-4), 79.35 (C-3), 94.27 (C-l’), 99.03 (C-l), and 169.67 

(C=O). 

Anal. Calc. for Cs6H6rNOIO: C, 74.07; H, 6.77; N, 1.54. Found: C, 73.99; 

H, 6.96; N, 1.39. 

2-Acetamido-2-deoxy-4-O-a-L-fucopyranosyl-D-giucopyranose (5). - A So- 
lution of 4 (500 mg) in 95% ethanol (50 mL) was hydrogenolyzed in the presence 

of 10% Pd-C (500 mg) for 2 days, the suspension filtered, and the filtrate evapo- 

rated to dryness. The residue was purified by chromatography on a column of silica 

gel, with elution with 65:35:8 (v/v) chloroform-methanol-water, to give amorph- 

ous 5 (175 mg, 87%); [cy]o -93.8” (c 1.3, water) {lit.20 [cy]n -99” [c 0.8, 1:1 (v/v) 



methanol-HzO]}; ‘H- n.m.r. data (l&O): 8 1.57 (d. 3 H. J 6.5 Hz. CMe) dnd 2.-k 
(s. 3 H. NAc); for ‘“C-n.m.r. data, see Table II. 

BtWZJbi 2-ucet~r?rid~r-6-O-b~~~t~~i-~-d~J(?.~~~-3-~~~(_1..(.I,~-tt?trrt-( )-l~~~~~~~~i-~-r)-~i~- 
lcict~~p_vrtwru.s~~l~ -/3- D-~ilic~~~.vrrr~zrl.~i~~ ( 8 ) . - Compound 8 VW prcparrd frr lm b 

( 1 AS8 g, 2 mmol) as described for 2. After purlficatron h> chromatr,grtiphq WI 3 
column of sllica gel. wjth elutron with (1: I (v/l ) chl~lrc~fr~rm-~~c~tcln~~. cry+Wllmc 

compound 8 was obtained in a yield of 55.J Pr (X1(1 mg): m.p. l-S5- !-tfI’ (aLltzWn< - 

ether-hexane), [& - lZ.6” (c 1, chlorof~lrm); t.1.c (_%:! chlOrcl!r~rrtl--Jc~t~~l~~ 1. 
R,_ 0.76; ‘H-n.m.r. (CDCI,): S f ,9-l+ 194, XC. 2.08. and 2.lfr I\ LL;ich. 15 H. 4 
AcO + 1 NAc). U8 (d. 1 I-I. JNH,’ 9 Hr. NH). and 7.25-7.15 [m. Ii] 11. ;~rwn;~t~c): 
‘-‘C-n.m.r. data (CDCl,,: 6 20.X 20.55, ZO.72 (.4cc)). 23.hh (NAc). 57.3s ((‘-2) 
61.47 (C-6’), 83.36 (C-3). Y8.41 (C-l). 101.23 (C-l’). and IW.&Y. Ifs tis md 171k-U 

(C=O). 
&ul. Calc. for CIhH4;N0 15: c’. SY.09: H. 01: N,l.Yl Found: c’. TK.XtS: 

H. 6.14; N, 1 XL 
Ret?zyi 2- U~ei~~li~~~1-6-~-~en~~~-2-~~~~~-~’-3-~-~-~-~u~~~‘ir,I~~~f~~lrJ,~?~i-~-~-~~lI- 

cop~ranoside (9). - A solution of compound 8 (150 mg) in dry mvthwwl ( IS ml.) 
was stirred overnight in the presence of a catalytic amount of the mwxwctlcuk~r 
Amberlyst A-26 (OH - ) resin. The disaccharide which prcclpitated tluf ~~1s rcdw- 
solved by addition of a f‘t3H Jr-ups ot Hater. The resin waz+ rernov~d by tiltratIOn. antI 
the filtrate was evaporated. to give amorphous 9 (105 mg) in W’-; @i; Iu][, 
-2-L 1’ (cm 0.0, Me&)): ‘H-n.m.r. (Me$O-d,,): fi 1.W (k, 3 11. Nk). TV7 45 (m. 
1OH. aromatic). and 7.81 (d. I H,JNHqz U Hz, NH). 

Anal. Calc. for C2xH37NOI ]: C. ?1).(17: H. A.hZ; N. 2.W Found: <‘. SY.S?: 
H. 6.7h: N. 2.40. 

Methyl 2-acetumid~.-6-O-~enzyZ-2-deo.r_v-3-0-(2,3,~, 6-tetru-O-aclrt~l)-~-D-~a” 
ktopyrannsyll -a- D-giucopyranoslde ( 10). - Compound 10 was prepared from 7 
(3.918 g. 6 mmol) as described for 2. After being stirred for h h :tt W-W. the mix- 
ture was processed, and the residue was purified by chrtlmatograph) cln a column 
of silica gel, cluting with 9: 1 (v/v) chloroform-acetone. to giw 10 in ;I yield ot 
68.7% (2.7 g); m.p. lf9-120” (from ethyl acetate-hexane). [<Y]~, +-I2 9” (t 1.3. 
chloroform); t.1.c. (4: 1 chloroform-acetone): RF LW ‘H-n.m.r. data (CDCl& 
S 1.93, 1.98, 2.0, 2.07 and 2X (s each. 15 H, -I AcO + 1 NAcj. ,X.35 (s. 3 H. 
OMe), 4.97 (d, 1 H. JIql 3 Hz, H-l), 5 12 (d. 1 H, J,f .‘. 7 Hz. H-l ‘). 5.33 (d. 3 H. 
.&pq4r 3, .I~~,~~ <I Hz. H--V), 5.57 (d. 1 H, JNH.’ Y Hz. NH). and 7.25 (m, 5 H. 
aromatic); “C-n.m.r. data (CDCIJ~: S 20.S7 @AC). Z3.U (Nk). 51.38 (C-21. 
54.96 @Me). 61.16 (C-6’). ?U.W (C-.3), 98.31 (C-b ltU.-IY (C-l’). and lh9 10. 
169.24. 169.90 and 170.1s) (C=O j. 

Anal. Cab for CJ(,HJ,NO15: C, ,C&YS; H, 630: N. 2 14 Found: C. 54.72. 
H. h-31 ; N. 2.09. 

Methyl 2-ucetumido-6-O-benry~-~-de~x~-3-O-~-D-ga~acrclp~runt~.~yl-cu-D-~lz~- 
cupyranoside ( 11). - O-Deacetylation of 10 (150 mg) as described for 9 gave crys- 
talline 11 (90 mg, X0.7~2 ): m-p. 215-217” (from mcth;inol). [LY],, +hX.i” (19 tl 7. 
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Me,SO); t.1.c. (5:l chloroform-methanol): RF 0.35; ‘H-n.m.r. data (MeSO-&): 

6 1.81 (s, 3 H, NAc), 3.30 (s, 3 H, OMe), 7.30 (m, 5 H, aromatic), and 7.60 (d, 

1 H, IN”,2 7.5 Hz, NH). 

Anal. Calc. for C22H33NOll: C, 54.20; H, 6.82; N, 2.87. Found: C, 53.99; 
H, 7.08; N, 2.70. 

Benzyl-2-acetamido-6-O-benzyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-~-D-ga- 
lactopyranosyl)-4-0-(2,3,4-tri-O-benzyl-cu-L-fucopyranosyl)-~-D-glucopyranoside 
(12). - Glycosylation of compound 8 (1.462 g) as described for 4 gave 12 (1.9 g, 

82.7%); m.p. 112-114” (ethyl acetate-ether-hexane), [a],, -74.9” (c 1, chloro- 

form); t.1.c. (4:l chloroform-acetone): RF 0.69; ‘H-n.m.r. data (CDCI,): S 1.23 

(d, 3 H, J 6.5 Hz, CMe), 1.68, 1.86, 1.96, 1.98 and 2.0 (s each, 15 H, 4 AcO + 1 

NAc), 5.40 (d, 1 H, Jr, 2” 3 Hz, H-l”), 6.36 (d, 1 H,JNH,Z 9 Hz, NH), and 7.20-7.45 

(m, 25 H, aromatic); ‘k-n m.r. data (CDC13): 6 16.72 (C-6”), 20.52 (AcO), 22.89 

(NAc), 51.56 (C-2), 60.48 (C-6’), 76.94 (C-4), 79.96 (C-3). 94.10 (C-l”), 98.17 (C- 

l), 99.22 (C-l’), and 169.15,169.45, 169.75 and 169.95 (C=O). 

Anal. Calc. for C6sH7sN0i9: C, 65.90; H, 6.41; N, 1.22. Found: C, 65.85; 

H, 6.47; N, 1.21. 

Methyl 2-acetamido-6-O-benzyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-~-D-ga- 
lactopyranosyl) -4- 0- (2,3,4- tri- O- benzyl-a-L-fucopyranosyl)-a-D-glucopyranoside 
(13). - Glycosylation of compound 10 (1.31 g, 2 mmol) as described for 4 gave 

amorphous 13 (1.85 g, 86%); [LX]~ +3.2” (c 0.8, chloroform); t.1.c. (4:l chloro- 

form-acetone): RF 0.53; ‘H-n.m.r. data (CDC13): 6 1.32 (d, 3 H, J 6.5 Hz, CMe), 

1.81 (s, 3 H, NAc), 1.96, 2.0, 2.04 and 2.10 (4 s, 4 x 3 H, 4 OAc), 3.32 (s, 3 H, 

OMe), 5.36 (d, 1 H, JIP,.2,, 3.5 Hz, H-l”), 5.60 (d, 1 H, JNH,2 9.5 Hz, NH), and 7.32 

(m, 20 H, aromatic). 

Anal. Calc. for C57H69N019: C, 63.85; H, 6.49; N, 1.31. Found: C, 63.62; 

H, 6.38; N, 1.37. 

Benzyl 2-acetamido-6-0-benzyl-2-deoxy-3-O-~-D-galactopyranosyl-4-O- 
(2,3,4-tri-O-benzyl-cy-L-fucopyranosyl)-P-D-glucopyranoside (14). - O-Deacety- 

lation of 12 (2.0 g) as described for 9 gave amorphous 14 (1.4 g, 82%); [a]o 

-81.6” (c 1.6. methanol); t.1.c. (9: 1 chloroform-methanol): RF 0.37; ‘H-n.m.r. 

data (CDsOD): 6 1.22 (d, 3 H, J 6.5 Hz, CMe), 1.94 (s, 3 H, NAc), 4.95 (d. l H, 

.T,,* 6.5 Hz, H-l), 5.1 (d, 1 H, J1f,,7,, 3 Hz, H-l”), and 7.2-7.45 (m. 25 H, aromatic); 

13C-n.m.r. data (CD,OD): 6 17.06 (C-6”), 23.13 (NAc), 57.05 (C-2), 63.23 (C-6’), 

79.53 (C-4), SO.89 (C-3), 98.37 (C-l”), 101.44 (C-l), 104.67 (C-l’), and 173.62 

(C=O). 

Anal. Calc. for Cs5H65N015 . HzO: C, 66.18: H, 6.77; N, 1.40. Found: 

C, 66.43; H, 6.76; N, 1.33. 

Methyl 2-acetamido-6-0-benzyl-2-deoxy-3-O-P-D-galactopyranosyi-4-0- 
(2,3,4-tri-O-benzyl-cY-L-fucopyranosyl)-cu-D-glucopyranoside (1.5 ), - O-Deacety- 

lation of 13 (1.2 g) as described for 9 gave crystalline 15 (900 mg, 89%); m.p. 220-- 

222” (from ethyl acetate), [(Y]*, -35.8” (c 1.9, methanol), t.1.c. (9:l chloroform- 

methanol): RF 0.33; ‘H-n.m.r. data (MelSO-d,): 6 1.09 (d, 3 H. J 6 HZ, CMe), 
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1.86 (s. 3 H, NAc). 3.30 (s, 3 H. OMe). 4.90 (d, _ 7 H. J 3 Hz, H-1.1”). 7.3-7.45 (m, 

20 H, aromatic), and 8.03 (d, 1 H. JNH,? Y Hz. NH); ‘3C-n.m.r. data (MeSO-&): 

6 16.41 (C-6”). 12.61 (NAc), 53.02 (C-3). 54.18 (OMe), 60.33 (C-6’). 65.8’(C-5”). 

75.56 (C-5’). 78.27 (C-l), 78.81 (C-3). 96.68 (C-1”).98.25 (C-l I. IO:! 49 (C-l’). and 

169.69 (C=O). 

Anal. Calc. for C,,,H,,NO15: C, 65.10; H. 6.80: N, 1.55. Found: C. h.05; 

H. 6.74; N. 1.48. 
2-Acetamido-2-deoxy-4-O-~-~~-fc~copyranosyl-3-O-~-D-~ala~~t~~pyran~~syl-D- 

glucopyranose (16). - A solution of 14 (300 mg) in 95% ethanol (30 mL) was hy- 

drogenolyzed in the presence of 10%. Pd-C for 40 h. The suspension was filtered. 

and the filtrate evaporated to dryness. The residue was purified by paper 

chromatography (Whatman No. 3MM) using 10:4:3 (v/v) ethyl acetate-pyridine- 

water, to give amorphous 16 (100 mg, 63%); [a]r, -44.5” (c I, water) {lit. I” 

[cY]~‘,’ -45.1” (c 1, water), lit.” [(~]r) -44 +3” (c 0.3. water)}; its ‘H- and “C- 

n.m.r. data were comparable to those reported by Lemieux and Driguez”‘. 

Methyl ~-acetamido-~-deox~-4-O-~-L-fi*copyrano.~~~l-3-O-P-D-galactop~ra- 
nosyl-cu-D-glucopyral2nsicie (17). -- Compound 15 (200 mg) was hydrogenolyzed as 

described for 5, to give amorphous 17 (95 mg, 79%); [a],, -17.4 (c 0.8, water); 

t.1.c. (11:9:3 chloroform-methanol-water): RF 0.44; ‘H-n.m.r. data (D20): 6 1.64 

(d, 3 H. J 6.5 Hz. CMe). 2.50 (s. 3 H. NAc), and 3.86 (s. 3 H. OMe): for “C- 

n.m.r. data, see Table IT. 

Anal. Calc. for C71Hi7N0,i .r! H20: C. 43.53; H. 7.13: N. 7.41. Found: 

C. 33.64: H. 6.89: N. 2.60. 
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