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ABSTRACT 

Two different sugar derivatives having free hydroxyl groups have been em- 

ployed for synthesis of the title trisaccharide. In one attempt, benzyl2-acetamido- 

6-0-benzyl-2-deoxy-a-D-galactopyranoside (8) was treated with an excess of 

2,3,4,6-tetra-O-acetyi-a-D-galactopyranosyl bromide (ll), to give a mixture of 

products which, on fractionation, afforded benzyl 2-acetamido-6-0-benzyl-3,4-di- 

0-(2.3,4,6-tetra-O-acetyl-P_D-galactopyranosyl)-~-D-galactopyranoside (15) in 

21% yield. However, in another, preferable approach, benzyl 2-acetamido-6-0- 

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

ranoside (13) was treated with 11, to produce 15 in 69% yield. Both 8 and 13 were 

conveniently prepared via reductive ring-opening of the respective 4,6_benzylidene 

acetals. 0-Deacetylation of 15, followed by hydrogenolysis, provided the title 

Disaccharide. The structure of the final product, and of various other inter- 

mediates, was established by ‘H- and 13C-n.m.r. spectroscopy. 

1NTRODI:CTION 

The carbohydrate sequence B-Gal-( l&4)-GalNAc 

p-Gal 

has been found to be a part of the carbohydrate moiety of the component of T-anti- 

gens2. The title trisaccharide is also reported to be a part of the core structure of 

the carbohydrate sequence of the blood-group, M-specific glycopentapeptide, 

which is further linked to neuraminic acid groups as follows’. 
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cY-NeuAc-(2+3)-,$Gal-( 1+3) 

\ 
&;alNAc-( 1+3)-Ser 

/ 
a-NeuAc-(2+3)-,&Gal-( 1+4) 

We had already accomplished the synthesis of 2-acetamido-3-deoxy-4-O-~-r~- 

galactopyranosyl-I)-galactose”. and also reported that synthetic phenyl ;I-acet- 

amido-2-deoxy-3-O-P-D-galactopyranoslilside acts ‘ts an accep- 

tor for one of the sialyltransferases present in human serum”. The possibility of 

glycosyltransferases as tumor markers has been demonstrated by various rnvcs- 

tigator?. The title trisaccharide was needed in our laboratory for %pecrficrty testmg 

of human sialyltransferastc. and we now describe a practical and elegant synthesis 

of it. 

According to Bovin rt cd.“, reaction of benzyl 2-acetamido-h-O-acrtyl-2- 

deoxy-a-D-glucopyranoside with an equimolar proportion of 2,3.4,6-tetra-O- 

acetyl-a-D-galactopyranosyl bromide afforded the corresponding 3-O-substituted 

disaccharide derivative. In a recent review. Paulsen7 mentioned that the title trisac- 

charide had been a-linked to CIH,(‘F-I,NHCO(CH,)JC’07Me in his laboratory. and 

that the order in which the two n-galactosyl groups are attached to the GalNAc re- 

sidue is important. The protected. disubstitutcd trisaccharide is obtained in high 

yield if the first galactosyl group is coupled at OH-3, and the second at (If i-4. 

Consequently. based on these two observations” ‘. we anticipated in our first 

approach that the reaction of an appropriately protected ‘-acetarnictu-ll-dleoxL-r>- 

galactose (having both OH-3 and -3 free) with an excess of compound 1 I would af- 

ford the expected trisaccharide derivative. It is also apparent that the desired (J-O- 

substituted derivative. e.g., henzyl 2-acetamido-6-O-benzyl(or h--O-acetyl)-2- 

deoxy-n-D-galactopyranoaide. can be obtained from bcnzyl ‘-acctarnido-7-dt’cx~- 

cY-v-galactopyranoside in three steps, namely, acetonation to give the 3.4O-iso- 

propylidene derivative as the main product, protection of the primary hvdrnnyl 

group thereof by henzylation or acetylation. and O-dcisopropylidcnation. 

Very recently. Garegg and Huhberg” reported a novel mcth~~d 01 reductive 

ring-opening of carbohydrate benzylidene acetals with sodium cyanoborohydride 

in HClLether. Under these conditions, benzyl ?-acetamido-~,6-C)-berlz~lidenc-’- 

deoxy-a-n-galactopyranoside (2). preparable from I. gave 8 tn Sh’l y~cld. It may 

also be pointed out that pure bcnzyl 7-acetamido-‘-deouy-Lu-r,-g~ll~lctop)ranoside IS 

obtained by removal of the 1.6Oben7vlidene group from 2. as II ha\ been rc- 

ported” that. on treatment wrth benzyl alcohol containing a catalytic anwunt ot drq 

HCI. commercially available 3-acetamido-7-deoxy-l>-galactosc gives ;t mixture of 

anomers that are convenientlv separated bv conversion rntc> the I.+()-bcnzvtidene 
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TABLE I 

Atom Compound 

1 7 8 9 10 

C-l 96.08 
c-2 49.59 
c-3 67 19 
C-4 67.55 
C-5 71.34 

C-6 60.53 
COGHI 22.49 
CH,Ph 67.99 

c=o 1 169.22 169.09 169.30 169.53 

96.36 96.30 96.96 
4X.28 49.51 48.58 
75.89 68.41 76.17 
64.36 67.07 65 23 
71 44 69.64 70.42 
60.58 72.08 72.61 
22.63 22.52 23.00 
67.87 67.91 68 54 
69.88 69.55 70.03 

96.31 
50.09 
68.09 
77.03 
74.30 
72.16 
22 56 
67.56 
68.91 
69.14 

169 34 

‘At 25.2 MHz; solution in MeZSO-dh.‘In p.p.m. downfield from MeJSi (internal). 

acetal followed by fractional recrystallization. In other words, the reductive-cleav- 

age technique provides a rapid method for preparation of the diol 8, required for 

further glycosylation. The structure of diol 8 was unambiguously supported by its 

i3C-n.m.r. spectrum (see Table I). The pronounced, downfield shift of 11.55 

p.p.m. exhibited by C-6 on benzylation, and the upfield shift (1.70 p.p.m.) of C-5, 

confirmed the position of substitution in 8. In the present studies. we have also pre- 

pared benzyl 2-acetamido-3,6-di-O-benzyl-cY-D-galactopyranoside3 (9) by reductive 

cleavage of the benzylidene acetal of compound 4, whereas, in a previous attempt”, 

compound 9 was obtained by selective benzylation of benzyl2-acetamido-3-O-ben- 

zyl-2-deoxy-a-D-galactopyranoside (7) by the phase-transfer-catalysis method. 

The reaction of compound 2 with ally1 bromide in N,N-dimethylformamide 

in the presence of barium oxide and barium hydroxide produced crystalline 3 

which, on treatment with aqueous acetic acid at 100”. gave 5 in 81% yield. On ben- 

zylation, compound 5 afforded 6 which, on 0-deallylation with potassium fert- 

butoxide in dimethyl sulfoxide”‘, gave 10 in 76% yield. The structures of the ben- 

zylated derivatives 7,8,9, and 10 were established by 13C-n.m.r. spectroscopy (see 

Table I). 

The coupling reaction of diol8 with bromide 11 in dichloromethane was con- 

ducted in the presence of silver triflate and 1,1,3,3_tetramethylurea’ ‘. the reaction 

being monitored by t.1.c. (4: 1 chloroform-acetone) which, after 3 days, showed a 

major spot corresponding to benzyl2-acetamido-6-O-benzyl-2-deoxy-3-0-(2,3,4,6- 

tetra-O-acetyl-P-D-galactopyranosyl)-cY-D-galactopyranoside (13), trisaccharide 

derivative 15 as a minor product, and a significant amount of the starting material 

8. Additional amounts of the halide and catalyst were introduced, to give 15; 
nevertheless, a considerable amount of starting material remained under these cou- 

pling conditions. 



In another approach, we observed that the reductive cleavage” of benzyl 2- 

acetamido-4,6-O-benzylidene-2-deoxy-3-~~-(~._3.3.6-tetra-O-acetyl-P-I,-galactopy- 

ranosyl)-cu-I>-galactopyranoside (12) afforded 13. having an CLbenzyl group selec- 

tively at the primary position. O-Deacetylation of 13 provided benzyl2-acrtamido- 

6-O-benzyl-2-deoxy-3-O-~-~~-galactopyranosyl-ru-r>-galactopq~~si~lc (14) in 

87%, yield. The downfield shift of 11.5X p.p.m. exhibited by C-h on benzylation 

(see Table II). and the upfield shift of C-5 (1 7.1 p.p.m ) confirmed the position of 

substitution in 14. The complete absence of a C-h signal in the rcgitln of 6tM.3 

p.p.m. also confirmed that reductive cleavage of the benzylidenc acctal 12 had 

given only the 6-0-benzyl derivative 13. Treatment of alcohol 13 with bromide 11 

in anhydrous dichloromethane in the presence of silver triflate and 1.1 J,Stetra- 

methylurea” afforded trisaccharide derivative 15 in 60’;) yield 

It is unclear why. on coupling with bromide 1 I. dial 8 gives a ICM yield of ex- 

pected compound 15. although slow formation of disaccharide derkativc 13 was 

observed. It is possible that. for glvcosylation of diol 8. changes in the reaction con- 

ditions. e.g.. in solvent and catalyst (probably a catalyst which is not h~groscopic) 

and use of a higher temperature. might provide compound 15 in apprcciahle yield. 

Nevertheless, based upon the present experimental observation, the MC of “agly- 

con” hydroxide 13. alreadv having a 3-CJ-r>-galactosyl unit. is strongly prcferrcd for 
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TABLE II 

25.2-MHz, 13C-~ M R CHEMICALSHIFIS" 
_ -~ ._.. ____._ ._~ ._~. ~_ ___.. ~___ .___ 

Atom ~urn~of4nd 
. ~. ~_. ~. .__ ..---- ____ ____ ~ 

14 16 17a 178 
-.. -- ~ .---_ ~ “--. .~.. .- ___ 

C-l 96.46 97.93 92.37 96.20 
C-2 48.34 50.65 50.57 53.99 
C-3 75 53 77.86 77.62 80.64 
c-4 67.58 17.32 76.95 76.05 
C-5 69.61 71.73 70.89 75.25 
C-6 72.11 72.33 61.76 61.53 
C=O 169.48 173.91 175.62 175.94 
W 22.57 22.71 23.19 23.41 
C-l’ 103.55 104.78 104.24 
C-2’ 70.64 73.13 71.72 
C-3’ 73.24 74.51 73.59 
C-4’ 68.05 70.22 69.74 
C-5’ 75.21 76.23 75.84 
C-6’ 60.42 62.40 62.13 
C-l” 106.35 105.92 106.22 
C-2” 74.20 12.28 
C-3” 74.90 73.72 
C-4” 70.36 6Y.74 
C-5” 76.77 76.05 
C-6” 62.74 62.20 
___ __ _____~ ______ _~ ,... ~_ ..~ ~._ .~ ..___.~~._ 

“In p.p,m. downfield from Me&. The solvent was MezSO-d, for 14, CDsOD for 16. and D@ for 17. 
The reference (MQSI) was internal for solutions in MezSO-dh and CD&ID. and external for that in 

D&I. 

preparation of compound 15. An “aglycon” hydroxide, similar to 13 but having an 
ester as the protecting group on the primary hydroxyl group of the GalNAc re- 
sidue, has been recommended for such glycosylation’2; however, it is apparent that 
preparation of such a disaccharide “aglycon” hydroxide with a &ester group on the 
GalNAc unit is likely to be accomplished by selective acetylation of the corre- 
sponding 4,6-dial derivative. For example, should there be an interest in employing 
benzyl 2-acetamido-6-O-benzoyl-2-deoxy-3-O-(2,3,4,6-tetra-O-acetyl-~-D-galacto- 
pyranosyl)a-D-galactopyranoside for further glycosylation at O-4 of GalNAc, this 
compound will have to be obtained by selectively benzoylating O-6 of the diol ob- 
tained by removal of the 4,6-0-benzylidene group of 12. On the other hand, reduc- 
tive cleavages of 12 directly afforded, in one step, the desired, key jntermediate 
having a 6-0-benzyl group on the GalNAc residue. The use of reductive cleavage 
of 4,6-0-benzylidene acetals, recently introduced into the field of carbohydrate 
chemistry, seems to be excellent for procurement of suitably protected sugars hav- 
ing free alcohol groups. To the best of our knowledge, the present investigation 
provides the first example of the technique of reductive ~ng-opening of a 4,6-ben- 
zyhdene acetal in order to utilize the product successfully in the preparation of ap- 



propriately protected disaccharides having it tree alcohol group for further \ynthe- 

sis of higher saccharides. 

O-Deacrtqlatinn ’ ot 15 gave 16. which, on catalytic h~dropenc~ly~~s in glacial 

acetic acid in the presence cjf Il)‘i Pd-C. produced the title ~ris;rcch;rrlde 17 ;1\ an 

amorphous material: its structure U;IS contirmed h\ ‘k‘-n.m.r. sptzk_Trf~xxq~~. 

Gencrul m&ods. - Melting points were determtned with ~1 Flshcr -Johns ap- 

paratus and 3-e uncorrected. Optical rotations were measured with :I PerkIn-- 

Elmer 741 polarimeter at room temperature. Ascending t l.c. W;IS cx>nducted on 
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plates coated with a 0.25-mm layer of silica geL 60 PF-2.54 (E. Merck, Darmstadt, 

Germany); the components were located by exposure to U.V. light, or by spraying 

the plate with 5% sulfuric acid in ethanol, and heating. Elemental analyses were 

performed by Robertson Laboratory, Florham Park, New Jersey, U.S.A. N.m.r. 

spectra were recorded with Varian EM-390 and Varian XL-100 instruments, ‘H- 

n.m.r. (100 MHz) and r3C-n.m.r. spectra (25.2 MHz) being obtained by use of the 

Fourier-transform (F.t.) mode, and the positions of the peaks expressed in 6 from 

the signal for tetramethylsilane. 

Benzyl 2-acetamido-3-O-alfy1-4,6-O-benzylidene-2-deoxy-~-~-~ulactopy- 

ranoside (3). - A solution of compound 2 (3.0 g, 7.5 mmol) in N,N-dimethylfor- 

mamide (50 mL) was stirred for 1 h at room temperature in the presence of barium 

oxide (5 g), barium hydroxide octahydrate (1.5 gf, and ally1 bromide (1.25 mL). 

The resulting, crystalline mass was then poured into cold, 20% acetic acid (100 mL) 

with stirring; stirring was continued for 15 min, and the white precipitate was 

filtered off, washed several times with cold water, and recrystallized from hot 

methanol, to give 3 (2.8 g) in 85% yield; m.p. 250-252”, [LY]~ +176.1” (c 1.1, 

Me,SO>; t.1.c. (5: 1 ~hioroform-acetone): RI: 0.8; v:z 3300 (NH), 1650 (amide), 

and 700 cm-’ (aromatic). 

Anal. Calc. for C2sH29NOh: C, 68.32; H, 6.65; N, 3.19. Found: C, 68.14; H, 

6.80; N, 3.04. 

Benzyl 2-acetamido-3-O-allyl-2-deoxy-cu-D-galactopyranoside (5). - A sus- 

pension of 3 (2 g) in 60% acetic acid (100 mL) was stirred for 50 min at loo”. Evap- 

oration, followed by several additions and evaporations of water, and then dry to- 

luene, gave a solid mass which was recrystallized from methanol-ether, to give 5 in 

81% yield (1.3 g); m.p. 18O-181”, [a]n +182.5” (c 0.6, Me$O); t.1.c. (9:l chloro- 
form-methanol): RF 0.64; ~,“,1: 3400 (OH), 3300 (NH), 1645 (amide), 730, and 695 

cm -~-’ (aromatic); ‘H-n.m.r. data (Me2SO-d,): 6 1.84 (s, 3 H, NAc), 4.76 (d, 1 H, 

Jr,Z 4 Hz, H-l), 5.06-5.40 (m, 2 H, =CH2), 5.77-6.15 (m, 1 H, -CH=), 7.40 (m, 

5 H, aromatic), and 7.84 (d, 1 H, J,,,, 9 Hz, NH). 

Anal. Calc. for ClxHzsNO,: C, 61.52; H, 7.17; N, 3.99. Found: C, 61.W; H, 

7.34; N, 3.86. 

Benzyl 2-acetamido-3-O-allyl-4,6-di-O-benzyl-2-deoxy-cY-~-galactopyra- 
noside (6). - A solution of 5 (1.3 g, 3.7 mmol) in ~,~-dimethylformamide (40 

mL) was stirred for 2 days at room temperature in the presence of barium oxide 

(2.1 g), barium hydroxide octahydrate (0.75 g), and benzyl bromide (2.3 mL, 4 

equiv.). After dilution with chloroform (150 mL), 50% acetic acid (50 mL) was 

added with stirring; stirring was continued for 15 min. and the chloroform layer was 

separated, washed successively with water, saturated aqueous sodium hydrogen- 

carbonate, and water, dried (potassium carbonate), and evaporated to dryness. 

The residue crystallized from ethyl acetate-ether-hexane, to afford 6 in 76% yield 

(1.5 g); m.p. 155-156”, [ah:, +94.7” (c 1.3, chloroform); t.1.c. (9:l chloroform- 

acetone): RF 0.75; the i.r. spectrum showed the complete absence of hydroxyl 

group; ‘IL-n.m.r. data (Me&O-d,): 6 1.86 (s, 3 H, NAc), 4.78 (d, 1 H, Jr.2 4 Hz, 



H-l), S.OX-t-5.40 (m. 2 11, =CH:). 5.8(k(j.lri (m, I Ii. --(‘F-I=). and 7..W7.45 (m. 

IS H. aromatic). 

Anal. Calc. for C37H37NLIo~,: <‘. 72.19: I-I. 7.02; K. 3.63. Found: c‘. 71.13; H. 

7.31; N. 2.61, 

Bmzyl 2-acetar~~ido-h-O-hrn~~l-2-deo.u~-cu-~-gulacto~~~runo.sitir (8). -- A 

mixture of 2 (1.6 g. 4 mmol) and sodium cyanoborohydride (3.262 g. 3h mmol) in 

dry oxolane (60 ml.) containing 1A molecular sieves (8 g). was cooled to 0”. Hydra- 

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

evolution). After 30 min at (I”, when t.1.c. (1:: chloroform-acetc)ne) inthcated com- 

plete reaction, the mixture was poured into ice-water. and estIacted uith 

dichloromethane (5 x 40 ml,). The combined extracts were surcesG\,ely washed 

with water, saturated aqueous sodium hydrogencarbonate, and uniter. dried 

(anhydrous magnesium sulfate). and evaporated. The solid mass was purified by 

chromatography on a column of silica gel, with elution with 3:’ chloroform-- 

acetone, to give 8 in 56q.; yield (WI mg). amorphous; [alI, +l45. I”((, I._‘. Me$W): 

‘H-n.m.r. data (Me$W-d,): 8 I .Y.J (s. 3 Il. NAc). 4.00 (J. 1 FI. .I, 2 4 [IT. [I-l). and 

7.33 (m. 10 H. aromatic). 

Anal. Calc. for C’,,H:7N0,,: C’. 65.X3: H, 6.7X; N. 3 IY. Found. (‘. (35.X1: H, 

68h~N 3 ‘9 . , ,..I . 
i?enql ,7-acrtam~do-3,6-di-O-hen~~l-2-deox~-cu-~~-gal~cto~~~r~no.s~dc~ (9). - 

Compound 4 (2.445 g, 5 mmol) was transformed into 9 as described for the prepa- 

ration of 8. The residue was purified by chromatography on a column of silica gel, 

eluting first with chloroform, then with 9: 1 chloroform-acetone. .md linallv with 

5: 1 chloroform-acetone, tc> give 9 in 77”; yield ( 1.Y go. :~morphous; [cY]~) 

+121.6” (C 1.4. chloroform). lit.” [cy],) + 111.5” (c I. chloroform): tor “C’-n.m.r. 

data, see Table I. 

Renzyl -3-acctomido-4, ri-di-O-hcn=~l-2-deo.r~,-~-i~-~alact~)p~r(~n~).~/~~~ ( IO). -- 

A solution of 6 ( 1.063 g, 2 mmol) and potassium ferf-hutoxide ( 1 .Jli g) in dimethyl 

sulfovidc (JO ml_) was stirred for 3 h at 100” under a nitrogen atrm>sphere. After 

being cooled, the mixture was poured into ice-water (IO0 mI.). c\tracted \sith 

chloroform (-t x 50 ml,). and the extract washed with water. dried (;tnh)drouT 

sodium sulfate), and evaporated to drynce. The colored. oil! residue 111 ‘I: 1 (\.‘L ) 

acetone-water (30 mL) wac stirred with yellow mercuric osidc ( 1 g). ;i \oluticm of 

mercuric chloride (YOO mg) in 0: 1 (v/v) acetone-mater ( IO mL) \iac added drop- 

wise. and the mixture was <rirrc*d for 3 5. the suspension filtered. and the filtrate 

evaporated to dryness. The residue was dissolved in chloroform (200 nlI_ I. itnd the 

solution wa\ successil*ely \\ashed with 10’; aqueou\ potassium Iodide and azttcr. 

dried (anhydrous sodium sulfate), and e\,aporated to dryne\r. I‘hc residue was 

purified by chromatograph!, on a column of silica gel. with cluticjn with LI): I (1 \,) 

chloroform-acetone, to afford crvstalline IO (750 mg, 7h’i); m.p. l7h- 177“ (from 

acetone-ether--hexane), [cY]~) +t;1.3” (c.O.J. Me$O): ‘II-n.m.r. da(e (CDCl.;\: 

6 I.‘)8 (s. 3 H. NAc), 4.96 (d. I [I. <I:.? 4 F-17. H-I )* 5.X0 (d. I lI. I\~,.> c) I-17. N~I). 

and 7.30-7.50 (m, IS H, aromatic). 
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Anal. Calc. for CZ9Hs3N06: C, 70.85; H, 6.77; N, 2.85. Found: C, 70.75; H, 
6.81; N, 2.84. 

Renzyl 2-acetamido-4,6-O-benzylidene-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl- 
P-D-galactopyranosyI)-a-D-gafactopyranoside (12). -A solution of 2 (3.45 g, 8.65 

mmol) in 1: 1 (v/v) benzene-nitromethane (220 mL) was boiled until 60 mL of the 

solvent had been distilled. The temperature of the solution was adjusted to 40”, and 

mercuric cyanide (1.88 g) and a solution of bromide 11 (3.55 g, 8.65 mmol) in 1: 1 

(v/v) benzene-nitromethane (40 mL) were added. The mixture was stirred for 24 

h at room temperature, mercuric cyanide (1.2 g) and bromide 11 (1.78 g, 4.33 

mmol) were added, and the suspension was stirred for an additional 24 h. The sol- 

ids were removed by filtration through a Celite pad, and washed with benzene (200 

mL). The filtrate and washings were combined, successively washed twice with 

aqueous potassium iodide solution, saturated aqueous sodium hydrogencarbonate 

solution, and water, dried (anhydrous sodium sulfate), and evaporated. The re- 

sidual syrup was purified by chromatography on a column of silica gel, with elution 

with 6:l (v/v) chloroform-acetone, to give amorphous 12 in 81% yield (5.12 g); 

[(~]r, +103.8” (c 1.6, Me,SO); vE~!J 3300 (NH), 1745 (OAc), 1655 (Amide I), 1525 

(Amide II), 1220 (OAc), and 700 cm ’ (Ph); ‘H-n.m.r. data (CDCI,): 6 1.90,1.95, 
2.0, 2.10 (s each, 15 H, 4 AcO + 1 NAc), 5.50 (s, 1 H, benzylic H), and 7.3-7.6 

(m, 10 H, aromatic). 

Anal. Calc. for C36H44N0’5: C, 59.17; H, 6.07; N, 1.92. Found: C, 59.17; H, 

6.09; N, 1.91. 

Benzyl 2-acetamido-6-O-benzyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-~-D- 
gahctopyrunosyf)-cY-D-galactopyranoside (13). - Compound 13 was prepared 

from 12 (1.46 g, 2 mmol) as described for 8. The product was purified by 

chromatography on a column of silica gel, with elution with 6: 1 (v/v) chloroform- 

acetone, to give 13 (920 mg, 63%); m.p. 150-152” (ethyl acetate-ether-hexane), 

[a]” +66” (c 1.4, chloroform); t.1.c. in 3:l chloroform-acetone: RF 0.41; ‘H- 

n.m.r. data (CDCls): S 1.90, 1.93, 2.0, 2.10 (4 s, 15 H, 4 AcO + NAc) and 7.20- 

7.40 (m, 10 H, aromatic); 13C-n.m.r. data (CDC13): 6 20.47, 20.59 (OAc), 23.31 

(NAc), 47.78 (C-2), 61.21 (C-6’), 78.02 (C-3), 97.18 (C-l), and 101.47 (C-l’). 

Anal. Calc. for C3hH3sN0’s: C, 59.09; H. 6.20; N, 1.91. Found: C, 59.16; H, 

5.93: N, 2.05. 

Benzyl 2-acetamido-6-O-benzyl-2-deoxy-3-O-~-D-galactopyranosy~-~-D-ga- 
luctopyranoside (14). - A solution of 13 (150 mg) in dry methanol (15 mL) was 

stirred overnight in the presence of a catalytic amount of the macroreticular’ Am- 

berlyst A-26 (OH-). The resin was removed by filtration, and the filtrate was 

evaporated, to give a solid mass that was recrystallized from methanolether, to af- 

ford 14 in 87% yield (100 mg); m.p. 229-230”, [cy]o +102.5” (c 1.5, Me,SO); the 

i.r. spectrum showed the complete absence of ester group. 

Anal. Calc. for C28H37NOl’: C, 59.67; H, 6.62; N, 2.49. Found: C, 59.59; H, 

6.36; N, 2.56. 
Benzyl 2-acetamidod-O-benzyl-2-deoxy-3,4-di-0-(2,3,4,6-tetra-O-acetyl-~- 



I>-gulactopyranoside (15). -.-- Method u. To a stirred solution of 13 (500 mg. (I.68 

mmol) and bromide 11 (575 mg. 1.4 mmol) in dry dichloromethane (20 mL.) was 

added 1.1.3 3tetramethylurea (0.4 mL. dissolved in 20 mL of dichloromethane). 

The flask was then wrapped in aluminum foil, silver triflate (0.36 g) was added, and 

stirring was continued for 3 days at room temperature. The suspension was filtered 

through a Celite pad, and the filtrate wab successively washed with a saturated solu- 

tion of sodium hydrogencarbonate and water, dried (anhydrous sodium sulfate), 

and evaporated. The syrupy product was purified by chromutographv on a column 

of silica gel. with elution with 9: 1 (v/v) chloroform-acetone. to give 15 (SO0 mg. 

69% j; m.p_ lY4195” (chloroform-ether-hexane), [nl,, +X3.6” (C 0.6. chloro- 

form); t.1.c. (4: 1 chloroform--acetone): K,. 0.36; ‘H-n.m.r. data ((~‘IX‘I,3): 8 1 90 

3.20 (cluster of singlets, 27 H, 8 AcO + NAc) and 7.2-7.3 (m, 10 H. aromatic ). 

+ NAc) and 7.7-7.3 (m. IO II, aromatic). 

A&. Calc. for C5,,N,,3N0,1: (‘, 56.54: H, Z.YX; S. 1.37. Found: C. 56.7Y; H. 

5.71: N. I .36. 

Mefhod h. In another experiment. dial 8 (301 mg. 1 mmol) ~vas glycos!lated 

exactly as described in ((I), using the appropiate quantities 01 reqents. and the 

reaction was monitored b\ t.1.c. in 4: 1 chloroform--acetone After 3 davs, t.l.c 

showed a major spot corresponding to compound 13 and a \t‘r\ minor spot corrc- 

spending to compound IS. but also a large amount of‘ unchanged starrlng-material 

(8). More bromide 11 (300 mg) and silver triflate (I.$(, mg) berr’ .~ddcd and stirrlng 

was continued for an additmnal 5 days. T.1.c. then showed that cornp~~und 13 wab 

no longer present. hut that large amounts of dial X still remamcd. Attcr 3 total ot 

8 days. the mixture \\as processed. and the product purified ah descrihcd in (N). to 

give. in 21V yield (Xi mg). ;I pure compound that wa\ &!ntical to c:i~mpound 15 

on the basis of spectral data. 

BenzJl -7-c~~rta~~~id~~-6-0-hcr~~~l-~-drox)’-.~.-C-di-O-~-u-galrrcto~~~~ rrrr~o,s~I-U-I,- 

Rulactopyrullo.ridr (16). --- O-Deacetylation of compound 15 (3011 mg) as descnhcd 

for 14 gave amorphous 16 (180 mg. MC; ); [u],, i7h.Y (C I 1. mcthano~): the i.r. 

spectrum showed the complete absence of CI-acetyl group; ‘H-r1.m.r. dater (Mc<>L-i- 

~1,): 6 1.X (s, 3 F-I, NAc). 1.87 (d, 1 II. .I, : 4 f17, H-l). and 7..17 (m. IO F1. ;\ro- 

matic). 

A&. Calc. for C13.,II,,N0,, . FI,O: C. 54.90: I-i. 6.64: N. I .Sh Found: C. 

54.83; IT, 6.71; N. 1.80. 

2-Aceturr~rdo-l-rlco.~~-~~-I-~i-O-~-~-galuct~~~~~~rur~~~v~l-~-~o~ucrop~~rnt~~~,~~~ ( 17). 

-~ A solution of 16 (150 mg) in glacial acetic acid (31 ml.) \~a\; hydrogenoly7rd in 

the presence of 105; Pd-C‘ ( 150 mg) for 2 days. the suspension filtered. the filtrate 

evaporated. and the residue purified hp chromatography on ;I column t~f silica gel. 

with elution with I I :q:? (WC%) chlorof~~rm-mrthanol--~~;lter. to ~I\C amorphous 17 

(Y5 mg. X-It;): {a],, +34.i’ (c. 1.2. water); t.1.c. In I I :O:? chloroform-meth;lnol-- 

water: R,. 0.3. The purity of compound 17 was catahlishcd hy papc.1 chromatog- 

raphy on Whatman Ko. 1 papa with 3.7: 1 (VA) hutyl acetatc-:lcctic aci&~+;;iter. 
R (,.,, 0.41 (silver nitrate reagent’J): for ‘“C-n.m.r. data. see 7 ahlt: II. 
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An&. Calc. for C2,,H35N0,6 . H,O: C, 42.63; H, 6.62; N, 2.49. Found: C, 

42.39; H, 6.45; N, 2.39. 
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