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ABSTRACT 

Glycosylation of benzyl 2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-galacto- 

pyranoside with 3,4,6-tri-0-acetyl-2-deoxy-2-phthalimido-~-~-glucop~anosyl bro- 

mide in dichloromethane, in the presence of silver trifluoromethanesulfonate, 2,4,6- 

trimethylpyridine, and molecular sieves, afforded benzyl 2-acetamido-4,6-O-benzyli- 

dene-2-deoxy-3-0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)-a- 

D-galactopyranoside (3). Cleavage of the benzylidene group of 3 gave benzyl 2-acet- 

amido-2-deoxy-3-0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl)- 

a-D-galactopyranoside (4), which, on deacylation, followed by peracetylation, 

furnished the peracetylated disaccharide derivative (7). The structures of 3, 4, and 7 

were established by ‘H-n.m.r. spectroscopy. 0-Deacetylation of 7 afforded the title 

/I-(l-3)-linked disaccharide (8). Compound 3 was also deacylated and then per- 

acetylated, to give benzyl 2-acetamido-3-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy- 

~-~-glucopyranosyl)-4,6-O-benzylidene-2-deoxy-cr-~-galactopyranoside, which was 

0-deacetylated to give its 4,6-0-benzylidene derivative (6). For the synthesis of the 

/_?-(l-+6)-linked disaccharide, the readily accessible benzyl 2-acetamido-3-O-acetyl- 

2-deoxy-a-D-galactopyranoside was condensed with 2-methyl-(3,4,6-tri-o-acetyl- 1,2- 

dideoxy-cc-D-glucopyrano)-[2,1-d]-2-oxozaline, and the product was isolated as its 

peracetylated derivative, which, on saponification, afforded the title p-(1 +6)-linked 

disaccharide (12). The structures of compounds 6, 8, and 12 were established by 

13C-n.m.r. spectroscopy. 

INTRODUCTION 

The majority of glycoproteins isolated from mucous secretions consist of O- 

glycosylically linked carbohydrate chains that can be released by b-elimination in 

alkaline aqueous solution, with protection of the reducing groups, by sodium boro- 

hydride reduction2,3. Such oligosaccharides have been isolated, and characterized, 
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from hog submaxillary-gland”, human ovarian-cysts”.“, and human-. horseX, and 

hog0.‘0 gastric-mucins. The core structure of these complex oligosnccharidcs cc>nststb 

of either /?-Gal-( I +3)-GalNAc or /I-Gal-( I -3)-[/LGlcNAc-(I --+f))]-GafNAc, 

attached to a peptidc through an O-glycosylic linkage. Recently. oligosacchnridc\ 

havinga ne\vtypc ofcorc structure. nanloly, /J’-GlcNAc-( 1 -+3 )-GdNAcsntf ,&GlcNAc- 

( I +3)-[/wJlcNAc-( I +6)]-GalNAc. further O-glyco<ylically linked to protein. hale 

been identified rn various muous glycoprotcins’ I _ I.‘. 

in our laboratory, LLL’ ha\c initiated a program of chemical synthesis of oligo- 

saccharides that occur as ;I part of mucinouc glvcoprotcins. Our intcwt in thw _ 

synthetic ventures has tremendously increased due to the fact that thcbe synthetic 

compounds, ha\,ing well defined structures, can be elrcctivcly utilized as acccptor- 

substrates in the starch for glq’cos~ltranferasc~ inv-olvcd in the brosynthesis of such 

glycoproteins . ” Moreover. J s .nthctic oligosaccharidcs can pIa> an important role 

in specificity studies of glycos~dases and lectins. We describe hc*rc the synthesis of 

the title disaccharides. 

IIESI.IL.TS AND DISCIJSSION 

Two methods for the synthesis of ?-acetamido-2-deoxy-~~-~lyc~~pyranosides of 

the D-~IZKV and D-~SN/OC~O series, namely, the oxazoline and the phthulimide methods. 

have enjoyed wide application’ ‘~ Although different laboratories prrfir ant‘ method 

over the other, it appears from the current literaturc’5 that the t\vo methods arc 

complemenlary to one another. Thus, for plycosylatinn of primary l~ydroxyl groups, 

the oxazoline method gives excellent results, and, in most cases. the deblocking 

sequence involves only tr;tnse5teri~cation. Athough it has not been explicitly delin- 

eated. it would appear that it IS a prerequisite to have hcnzyl qroups’ ‘. ;lt least rn th;> 

immediate vicinity of the secondary hydrouyl group to bc gIycos\ latcd. In OUI _ 

experience. for example. HO-3 on it galactopyt-anoside ring was im~~~u~w to glycosyla- 

tion by the oxazoline method when O-3 and O-h carried acctyl groups. Houccer, 

glycosylation was readily accon~pli~hrd’h on replacing the acetyl groups with hcwyl 

groups at the respective po+tionh. The phthahmide method, on the other hand, has 

proved advantageous in numerous synthc\cs: honevcr, the use of hydr:tzine at higher 

temperatures (to cleave the l~hthnlimido = wwp of the reaultlng ~~llgosaccharidc 

derivative) may not IX entirely free from problems if that oligosaccharidc is hcnsiti\c 

to alkali’ ‘. 

With these points in mind, we utilized the oxazoline m&hod for the synthesis 

of the /Y-( I +6)-linked disaccharide, whereas, for the synthesis of its /I-( I a?)-iinkcd 

isomer, the phthalimide procedure was the method of choice. 

Condensation of‘ tetr:~-O-acct~l-2-dcc,r;y-2-phthala~iii~l(~- /;- n-glucopyranosyl 

bromide (1) 1% ith henry1 ?-;~cct;rmido-~.h-O-henrylidenc-~-~l~~~~~--/-~~-g;~I~~ctopyr:~nn- 

side’ ’ 111 dlchlorc,mcthanc. III the presence of hilvt’r tril~~~o~-orncth~~~~e~~ill~~nate, J.-l,& 

trimethylpyridinc. and molecular s~c~es. for 3 h at room tempcraturc altc~rded, altcl 

column chromatography. the fully protected tlixaccharide 3 in 73.5”,, bitId. The ‘t-f- 
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n.m.r. spectrum of 3 was in agreement with the structure expected; H-l’ was observed 

as a doublet at 6.61, with spacings of 9 Hz, whereas H-l resonated as a doublet at 

5.00 (J 4 Hz), in accord with a B and an LY configuration, respectively, of the two 

glycosidic linkages. 

Cleavage of the benzylidene group of 3 in 600/, aqueous acetic acid at 85’ 

furnished 4, which was purified in a column of silica gel. Deacylation of 4 with 85 % 

hydrazine hydrate in ethanol, and peracetylation according to the procedure of 

Caregg and Norberg18, afforded, after column-chromatographic purification, the 

peracetylated, crystalline disaccharide 7, the ‘H-n.m.r. spectrum of which con- 

tained signals in support of its overall structure (see Experimental section). O- 

Deacetylation of 7 with methanolic sodium methoxide gave the title disaccharide 8. 

The 13C-n.m.r. spectrum of 8 was consistent with the structure proposed (see Table I). 

Although the deblocking sequence described was adopted in order to expose 

HO-6 for further glycosylation with bromide 1 (to give a related trisaccharide, the 

synthesis of which has been achieved”), it was also possible to deacylate compound 3 

and then acetylate the resulting intermediate to furnish 5, exactly as described for 

4 (to give 7). 0-Deacetylation of 5 afforded the benzylidenated disaccharide 6, whose 

identity was evidenced by its 13C-n.m.r. spectrum (see Table I). 

On condensation of the oxazoline 9 with 10 in 1,2-dichloroethane in the presence 

of p-toluenesulfonic acid, examination of the crude product by thin-layer chromato- 

graphy (t.1.c.) with 14: 14: 1 benzene-ether-methanol revealed the presence of a 

major product, marginally slower-migrating than 10, and some faster-migrating 

contaminants (presumably due to decomposition of 9). After customary processing, 

the crude product was acetylated with 1 : 2 acetic anhydride-pyridine to give, after 

AcO 
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10 

Me 

9 
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Finally, it may be pertinent to comment on the assignment of the 13C resonances 
for benzyl 2-acetamido-2-deoxy-~-D-galactopyranoside. With the exception of the 
resonances for C-3 and C-4, the 13C resonances for this glycoside follow the same 
pattern as those reported for Z-acetamido-2-deoxy-~-D-gala~topyranose, 2-amino-2- 
deoxy-a-D-galactopyranose hydrochloride” and methyl 2-acetamido-2-deoxy-c+D- 
galactopyranoside24. However, in those reports, the assignments of the resonances 
for C-3 and C-4 were either reversed21,23, compared to our entries in Table I, or left 
without definitive assignment ‘* We were inclined to adopt the entries in Table I . 

by comparison of the signals for C-3 and C-4 of the benzyl glycoside with their 
counterparts in its benzylidenated derivative 2, and in the disaccharides 6 and 8; 
because of substitution, the downfield and upfield shifts expected are observed. This 
is particularly apparent on comparing the signal for C-4 in the spectrum of the benzyl 
glycoside with that of the disaccharide 8, in which the signal for C-4 is shifted upfield 
by 0.43 p.p.m. Should the resonances for C-3 and C-4 in the benzyl glycoside be 
reversed, the signals for C-4 in both compounds would remain very close to each 
other, contrary to the upfield shift invariably observed on substituting at a p carbon 
atom25. The present assignment for C-3 and C-4 agree with those reported for some- 
what similar glycosidesz6 and with those for the iu-GalNAc unit in the Forssman 
hapten’ 7 b 

EXPERIMENTAL 

Cemmi methods. - These were the same as those described in ref. 20, except 
that the following solvent systems (v/v) were used for chromatography: A, 3 : 1 ethyl 
acetate-hexane; B, 2 : 1 ethyl acetate-hexane; C, 1: 1 chloroform-acetone; D, 2 : I 
chloroform-acetone; and E, 4 : 1 chloroform-acetone. 

Ber& 2-aceta~~~ido-4,6-O-benzylidene-2-deo.~y-3-0-(3,4,6-tri-O-acety1-2-deo.~y- 
2-phthalilnido-P-D-glucopyranosyl)-a-D-galactop~,ranoside (3). - A mixture of 2 
(2.4 g), silver trifluoromethanesulfonate (2.2 g), 2,4,6_trimethylpyridine (0.9 g), and 
molecular sieves type 4A (6 g) in dichloromethane (90 mL), protected from light and 
moisture, was stirred for 1 h at room temperature in an atmosphere of nitrogen. A 
solution of 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-P-D-glucopyranosyl bromide (1) 
in dichloromethane (60 mL) was added dropwise, with stirring, during 1 h, and 
stirring was continued for a total of 4 h. T.1.c. (solvent A) then revealed the presence 
of a major product, faster-migrating than 2; a trace of 2, as well as some faster- 
migrating products (presumably, due to decomposition of l), were also revealed by 
t.1.c. The mixture was diluted with an equal volume of di~hloromethane, and the 
solids were filtered off, and washed with dichloromethane. The filtrate and washings 
were combined, successively washed with ice-cold water, cold 3Pg aqueous hydro- 
chloric acid, cold saturated sodium hydrogencarbonate, and water, dried, and con- 
centrated to a small vofume. The concentrate was applied to a column of silica gel, 
and eluted with solvent B, followed by solvent A. Earlier fractions contained the 
faster-migrating contaminants. On evaporation, fractions corresponding to the major 



product yielded a foam. which was dissolved in dichlorotncth;lnc. Precipitation bl 

the addition of ether-hewnc atlrorded 3 (3.6 g, 73.5”,,). a white prwdcr: [x]~, ~88.6’. 

((’ 0.83, chloroform ); ’ H-n.m.r. data (CDC’I, ). <i 7.90~ 7.76 (m. 1-I H. aromatic). 

5.6X (dd, I H. J9and IO Hr. H-2’). 5.61 (d. I H../9 Hz. H-i’). 5 51 (s. I H. PhCH). 

5.34 (d, I H. .I 9 Hz. NH ). 5.1s (t. I H, ./ IO Hz. H-3’). 5.00 (ti. I H. J 1 HT. H-l), 

and 1.02. 1.87, and 1.4-l (5. 12 H. 3 OAc and NAc). 

,3/w/. Calc. for C‘,,H,,N?O, i, C’. 61.75: 13, 5.44: N. 3.43. Found: C. 61.97: 

H, 5.74: N. 3.41. 

B~Iz_L~/ _‘-oc.ct(rnrillr7-~-l/c,o \rl~-J-0-(,3.fi-t~i-O_trc’L’trl-~-~/~~~~.~~~-~-~~l7t/7~7~i777j~l~7-/~-~~- 

,~Ic7c~or~l,~rrt7o.s~~/)- rr-v-~~ikct.ro~~~~r.~Illo.)i~/~~ (4 ). C‘otnpound 3 (-i g) in MI”,, ;tqueous 

acetic acid (60 mL) was attrred for 1.5 II at H5”. T.l.c. (solvent C’) ih211 revealed the 

presence of a slo\vrsr-miglatin~. major product. Traces of ;I slwcr- and a faster- 

migrating contamt tiant \iere also rrvealcd !?y t.l.c. The acetic acid \\:I\ evaporated 

under diminrshcd prcssurc. the last traces being rcmob cc1 by co-t‘\ aporation \\tth 

several portions of toluenc. and the rcsiduc wa> purified tn a columt~ of Glica gel by 

elution \ktth solvent c’. The I‘ractic>na corresponding to the cf~het~7?‘lidelialcci (ii- 

sacchnride were evaporated to drytwsh. and the residue ~~35 cli\yol\cd in :t st;tall 

volume of dichloronicth;tne. Addition of ether caused the crystaliwation of 4 (1.4 g,. 

89.9”,,), a line white po\\dcr. n1.p. 11%131 . [yjI, t 110.-l (I I.?. chlorof~orm): 

‘H-n.m.r. data (ClXl,): ,i X.OO~7.25 (tn. 9 H, aromatic). 5.73 i&l. I H, J 10 and 

S Hz, H-Z’), 5.53 (d, I H, .I S Hr, H-l ‘1, 5.32 (d. I H, ,I 9 H7, whangcable by D,O. 

NH), 5.15 (t. I H, .I 9 HZ, H-3’), 3.86 (d* I H, J-l Hz, H-l ). 2.38 and 2.70 (broad 5. 

2 H, exchangeable by I>,O. 2 OH), and 3.10, 2.04. 1.83. and 1.2s (s. I7 H. 3 OAc 

and NAc). 

.4/7ctl. C’alc. fi)t- C,iH,,,N,O, i: C, 57.68: 1-I. 5.5-l: N, 3.84. Found: C.‘. 57.39: 

H, 5.43: N, 3.74. 

Bc77qd ?N(.(‘t~7t77ilk7-3-0-( _7-~it.c~t~ii7ii~o-.~.4,15-t7~i-O-~i(~~~t~~~/-l-i~~~o \~~-/l-u-g/rmy~~~ - 

7xr77n.~~~~)-l,6-r~ii-O-uc~~~t~~/-~-~/~~o \-_I*- r-l~-~~c7lcr~tolll,~c777o.\,iLli, (7 ). (.botti pound 4 (,(I. 5 g ) 

was heated fiw I5 rnin at 70. in a mixture of ethanol (IO ml.) and SS:‘,, hydrazinc 

hydrate (5 mL). The mixture F\;LS evaporated, and several pcwions of cthannl were 

added to, 2nd evaporated from, the residue. which was then taken up in I :1 (L,v) 

acetic anhydrjdc--pyridillc ( I6 ml_). and the mi\turc heated for 170 min :rt 90 , cooled, 

concentrated, and puntied by column chI.cltnato~r-aphv on silica gel. using sol~cnt /> 

and then solvent CY as the cluants. to afford, after recrystallizstic~l? from chloroform- 

ether-hcsane. 7 (0.38 g, 76”,,): m.p. 193-195 , [Y],, +9_i..? CC, 0.53, chloroform); 

‘H-n.m.r. data (CDCI, ): ci i.36 (s. 5 H. aromatic). _3.2kl.s0 (cfustc*r of stnglets, 

21 H. 5 OAc and 2 NAc). :tnd 6. 15--3.4CJ (uartwlved signals, IS i-I ). 

.3w/. Calc. for C,,H,,N,O,,: C. 54.6%; H. 6.13: N. 3.87. I-ound: c’. 54.36: 

H. 5.99: N, 3.x I. 

B~vI~~~/ -7-Nc,c~t~r777iCio-.~-O-( _‘-trc~c~tin777r/o-3,$,/,-t7~i-O-r~c~~~t~~i-~-(f~,o.~~.-ll_D~~~~- 

wt7os~d )--l,6-O-he77~~~liL~~7~~-~-~~~~o.~~~-~-~~-~~~~/~~eto~7~~7~~7770.~;~/~~ (5). ~:otllpound 3 

(0.5 g) was deacylated. and then acetylated. exactly as descrtbed for 1 (to give 7). 

The crude product was purified in a column of silica gel [solvent D) to give, after 
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recrystallization from chloroform-ether, 5 (0.34 g, 76.47;); m.p. 246-248”, [c~]n 
+ 116.42” (c 1.23, chloroform). 

Anal. Calc. for C,,H,,N,O,,: C, 59.32; H, 6.10; N, 3.84. Found: C, 59.43; 
H, 6.15; N, 4.05. 

Betl;ivl 2-acettxmido-3-0-(2-areturtzido-2-deox~~-D-glt~c~p~~~~~os~~)-4,6-O-ben- 

zylidene-2-deo~y-cc-D-gulacto~y~~?~o~~de (6). -- Compound 5 (0.15 g) was O-deacetyl- 
ated in 0.1 M m~thano~c sodium methoxide (6 mL) for 5 h at room temperature, After 
de-ionization with Amberlite IR-120 (H+) cation-exchange resin, the methanol was 
evaporated, and the residue was recrystallized from water containing a little ethanol, 
to afford 6 (0.1 g, 83.3%); m.p. 250” (dec.), [~]u $35.6” (c 0.55, methanol); for 
13C-n.m.r, data, see Table I. 

Anal. Calc. for C30H,,N2C?tr * H,O: C, 58.10; H, 6.51; N, 4.52. Found: 
C, 58.28; H, 6.18; N, 4.66. 

Benzyl 2-aretamid~-3-0-(2-acetamido-Z-deo.s~-~-D-gh~c~py~a~~us~l)-2-deo~y-cc- 

D-galactopymnoside (8). - Compound 7 (0.25 g) was taken up in O.lM methanolic 
sodium methoxjde (IO mL), and stirred at room temperature. The suspended 7 
rapidly dissolved, and, in 20 mitt, crystalli~t~on ensued. The mixture was kept for 
2 h at room temperature, refrigerated for 2 h, the base neutralized by the addition 
of a few drops of glacial acetic acid, and the crystalline material filtered off, and 
thoroughly washed with cold methanol. Recrystallization from aqueous alcohol 
furnished 8 (0.16 g, 88.97:); m.p. 300” (dec.), [e~]b + 131.4” (c 0.41, water); for 
’ 3C-n.m.r. data, see Table I. 

Anal. Calc. for C23H34NZ0,1 - 0.5 H20: C, 52.76; H, 6.75; N, 5.35. Found: 
C, 52.62; H, 6.68; N, 5.04. 

Be@ 2-acetanzido-6-O-(Z-aeetanrid~~-3,4,6-fri-O-acet~l-2-de~xy-~-~-g~ucopy- 

Parlosyl)-3,4-d~-O-acetJ,I-2-de~~y-a-D-galacto~~ra?loside (11). - A mixture of benzyl 
Z-acetamido-3-O-acetyl-Z-deoxy-rr-D-galactopyranoside (10; 0.71 g), oxazoline 9 
(1.0 g), Andy-toluenesulfonic acid (1 I .4 mg), in 1,2-dic~oroethane (20 mt), protected 
from moisture, was heated for 2 days at 70” in an atmosphere of nitrogen, an additional 
amount of 9 (0.5 g in 5 mL of 1,2-dichloroethane), and p-toluenesulfonic acid (7.5 
mg, in 5 mL of 1~2-d~chloroethane) being added after 16 h, The mixture was cooled, 
the acid neutralized by the addition of a few drops of pyridine, and evaporated to 
dryness. Examination of the crude product by t.1.c. with 14: 14: 1 benzene-ether- 
methanol revealed the presence of a major product, lnarginally slower-migrating 
than 10; some faster-nli~ating contaminants (presunlably due to deeompos~tion of 
9) were also revealed by t.1.c. The dried residue was dissolved in pyridine (20 mL) 
and acetic anhydride (10 mL), and the solution was kept overnight at room tempera- 
ture. The acetic anhydride and pyridine were evaporated under diminished pressure, 
the last traces being removed by co-evaporation with severa portions of toluene. The 
solid residue (2.2 g) was dissolved in solvent E: (6 mL), and applied to a column Of 
silica gel. Elution with solvent E removed the faster-migrating contaminants. Con- 
tinued elution of the column with solvent C, and evaporation of the fraction corre- 
sponding to the major product, afforded, after recrystallization from chloroform- 
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