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ABSTRACT 

Condensation of ~-methyl-(3,4.6-tr~-O-ncctyl-l,~-dideoxy-a-o-glucopyrano)- 

[?‘.I ‘:4,5]-3-oxazoline with p-nrrrophenyl 2,3-dj-O-acetvl-B-D-ealactopyranoside (4). 

follo\ved by saponification of the resulting disaccharide derivative, produced p-nirro- 

phsnyl 6-0-(2-scetam~do-2-dsoxy-B_D-glucopyranosyl)-~-D-galaclopyranoside as a 

crystalline compound. React ion of 2-methyl-[3,6-di-O-acetyl-I .2-dideoxy-3-0- 

(~,3,4,6-tetra-O-acetyl-~-D-galactopyranosy~)-a-D-g~ucopqrano]-f~‘, I ‘.4,5]-2-oxazoline 
with 4 m a similar reaction-sequence provided the tttle tnsaccharide compound. - 

INTRODUCTION 

Endoglycosidases, as we!l as exoglycosidases. seem to be excellent tools l-or 

slructurai studies of glycoproteins and various other complex. sugar-containrng 

molecules. Recently. there has been great interest in the Isolation and characterization 

of various endoglycosidases present in different micro-organisms’-‘. but studies 
related to these enzymes have been somewhat hampered by the una~tilability of 

suitable substrates for fheir activity. The enzyme substrates required for such studies 

have generally been derived from parent glycoproteins, or isolated from various 

btologica! resources, but me have initiated a program of developing surtable routes 
for the chemical synthesis of the oligosaccharides which may be useful in studies 

relating to the specificity ot’ these enzymes. In these investigations. facile syntheses of 

p-nirrophenyl 6-0-(3-acet~mido-3-dcouy-8-D-,olucopyranosyl)-~-~-galactop~ranoside 

and p-nitrophenyl O-(~-~-galactopyranosyl)-(l+3)-0-(2-acetamtdo-7-deoxy-~~- 

b-glucopyranosyl)-( I -+6)-/?-D-galactopyranoside have been accomplished by the 

oxazoline method’ . &cording to Fukuda and klatsumnra’. endo-b-o-galactosidase 

l Synthe~lc Studies In Csrhohydrates, Part VI. For Pan V of the xrlei. see ref. I. This worh uil~ 
panly aided by Institute General Res. GranI RR-0561Y. The n m.r. studies reported In these in- 
vesligntlons were supported, In pan. b:, RPhll Core Graol PO-I-CA-16036. 



210 K. L. MAlTA. J. J. BARLOV 

acls on desialyzed. pig-colonic mucin to release 3-0-(2-acetamido-3-deoxy-P-D 

_glucopyranosyl)-D-@alactoje and 3-0-~2-acetnmido-2-deoxy-6-O-sulfatO-j?-D-gluco 

pyranosyl)-D-galaclose. This enzyme also releases the r:isaccharide 0-(P-D-galacto 

pyranosyl)-( 1 -3)-0-ikicetamido-2-deoxy-jY-D-glucopyranosyl)-( I +3)+3-D-galactosc 

from lacto-IV-tetraosr [O-p-D-Gal-( I +3)-0-p-D-GlcNAc-(l +3)-O-/?-D-Gal-( 1-3) 
D-Glc] and lacto-X-tetraitol [0-/?-D-Gal-( I +3)-0-~-~-GkN,k-( I +3)-O-&D-Gal 

( I -+4)-D-glucitol]. 

RESULTS AND DlSCClSSlON 

Reaction of 2.3.4,6-tetra-O-acetyl-a-D-palactopyranosyl bromide with sodiun 

p-nitrophenotide in anhydrous N,Wdimethylformamide’, folIolied by saponificatior 

of the resulting cqstalline product, gobe p-nirrophenyl F-D-galactopyronoside (I) !r 

satisfactory yield. Condensation of 1 with p-methouybenzaldehyde in the presence o 

anhjdrous zinc chloride’ produced the crystalline acetal 2, which. on treatment with : 
mixture of pyridine and acerlc anhydride, provided the 2,3-diacetate 3 in 83% yield 

The cleavage of the p-methoxybcnzylidene group from 3 was effected under milt 

conditions with aqueous acetic acid at room temperature, to @ve compound ld. whict 

was quite diKerent from p-nilrophenyl 3,6-dl-0-acctyI$?-D-gslactopyranoside on the 

basis of its melting point. Hoicever. the two compounds were found to be onl) 

slightly distingulrhable on the basis of their mobility m t.1.c. and their optica 

rotations. Nevertheless, these observations clearly suggested that the 3-0-acety 

group did not migrate to the 6-hydrolyl group during the removal of the p-methoxy 

benzqlidene group from 3. 

It is -.cell Known that the signal due to aGal, acetouyl-group protons appear! 

downlield from that due to those of an equatorial poupio. This observation, as well 

as proton magnetic resonance studies of 0-aceryl derivatives of various glycopyranosc 

molecules, reported by S. A. Barker rl al.’ ‘, suggested chat the lo\!,-field resonance 

should be assigned to an axial acetovyl group at C-4 in p-nitrophenyl 2.3.1.6-tetra-0. 
acetyl-P-D-galactopyranoside [r 7.80, the other acetouyl signals being at r 7.92 (6 H, 

2 OXc) and 7.97 (I Ok)] and in p-nitrophenyl 2.4,6-tri-0-aceryl-13-D-galacto- 

pjrnooside [T 7.78, with the other two acetouyl protons at 7 7.85 and 7.921. The 

awtolyl signals for J were fouod to be at T 7.86 and 7.92, whereas, for p-nitrophenyl 

2,6-di-0-acetyl-fi-D-galactopyranoside, they were at r 7.85 and 7.89, showing the 

absence of any axial acetovyl protons in these two compoucds. In order further to 

establish the strucwe of 4 as the _,_ 3 1-diacetate, a portion of the compound was 

condensed with p-methouybenzaldehyde m the presence of anhydrous zinc chloride 

co pro\ tde :he 4.6-(p-metho\ybenzylidene) acetal 3 In 26.70,/o yield. 

Recently, it has been shown” that the +hydroxyl group of the D-galacto- 

pyranosyl group can participate in glycoside formation with a glycosyl halide having a 

non-participating group ar C-2, in the presence of a tetraethylammonium halide 

(halide ion-catalyzed glycosid&rion) I’. Interestingly, under the reaction conditions 

generally emplcyed for glycosidation, the avial hqdroxyl group of the D-galactose 
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moiety is known to he quite unreactive’ 3.’ ‘. Flowers ef al. I5 showed that protected 

D-galactopyranose derivatives having the 3- and 4-hydroxyl groups free react 

preferentially at the 3-hydroxyl group in glycosidation reaciions. Also, we accom- 

plished the facIII: synthesis of 6-O-a-L-fucop~ranosyl-D-gnlactoseih from I .2,3-tri- 

U-benzoyl-a-D-galactopyranose. Fun hermore, the latter compound was utilized I’! 

for the synthesis of 6-0-(2-acetnmido-2-deo\y-B_D-galacropqranos)I~-D-galactosz ria 

the oxazoline rlethod, supporting the conclusion that the O-benzoyl group did not 

migrate under the conditions employed for glycosidation. 

In the present studies, con?pound 4 has been employed for the synthesis of the 

title compounds 8 and 12. The condensation of4 with the oxazotine’* 5 was conducted 

in I: I nitromethane-toluene in the presence of a catalytic amount of p-toluenesulfonic 

acid to provide p-nitrophenyl 6-O-!a-acetnmido-3,4,6-tri-O-acetyl-2-deoxy-P-D-gluco- 

pjrsnosql)-2,3-di-O-acetyl-P-D-galactopyranoside (6) as the major product. The 

infrared spectrum of 6 clearly showed the presence of a free hydrolyl group in the 

molecule The n.m.r spectrum of 6 exhibited the acetyl signals at T 7.87, 7.90, 7.94, 
7.96 (with a shoulder at 7.97), and 8.13 for five O-ncetyl groups and one acetamido 

group, whereas the acetyl protons for compound 7 (obtained by acetylation of 6) 

appeared at T 7.52, 7.92, 7.94, 7.96, 7.98 (Gth a shoulder at 7.99). and S.15 for six 

O-acetyl groups and one acetamldo group. As already mentioned. the low-field 

resonance signal at T 7.82 for 7 may be assigned to an axial acetoNy group, sup- 
porting the presence of an tial hydroxyl group in 6. Treatment of 7 \\ith triethylsmlne 

in methanol-lvater produced the desired disaccharide derivative 8. 

For the synthesis of the trisaccharide derivative 12, the crude ovazoline 9, 

prepared by acetolysis of methyl ?-acetamido-3-deoxy-3-0-(3,3,4,6-tetra-O-acetyl- 

b-D-g~actopyrsnosyI)-r-D-plucopyranoside. wzs condensed with 4 under similar 
reaction-conditions. to give the partially protected sugar derivative 10 in -2O”G 
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OAc 

9 

N-C 

10 R = kI.R = rl.Y = C6H41UC,;-p 

II R=R=;; Y = Ccl+J3,-p 

12 R = R’= H Y = c$!‘-‘~S;-p 

yield. Treatment of 10 with pyridine-acetic anhydride yielded II as a crysrallme 

compound which, on O-deacctylation followed by freeze-drying, gave the trisac- 

charide derivative 12 in 93% yield. 

EXFERIhfENTA L 

General methods. - These are described in ref, I _ 

p-NirruphenFl B-D-galacto~~runosi (1). - A solution of 2.3,4,6-terra-CL 

acztyl-a-o-galactopyranos~l bromide (40.0 g, 97 mmoles) in anhydrous N,.N-dr- 

mcthylformnmide (200 ml) containing sodium p-nitrophcnotide (23.7 g, I45 mmoles) 

sac stirred for !6 h at room temperature and then poured into water (3 liters). After 

3 h, the impure precipttate was collected by filtration. and washed several times with 

water. It was air-dried, and recrystallrzed from ethanol, to give p-nitrophenyl 2,3,4,6- 

tetra-O-acetyl+D-galactopyrsnoslde as long needles, yield 19.S g (43.5%), m.p. l40- 

142” (lit. ” m-p. l-I-I-145”), [a];” - i I .3” (c I. chloroform) (lit.‘g [ali -8.3’ (chloro- 

form)); n.m.r. data (CDCI,): r 1.70-2.94 (m, 4 H, C6HJNOa). 7.80, 7.92, and 7.97 

( I2 H, 4 Ok). 

A portion (30.0 g) of this compound in absolute methanol (200 ml) was treated 

with 0.5~ sodium methotide (IO ml). The clear solution thus obtained was kept for 

3 h at room temperature, resulting in a thick precipitate of 1. The mixture was made 

neutral with acetic acid, and filtered, and the crystalline residue was recrystallized 

from methanol, to give chromatographidlj pure 1 (17.5 g. 90.8%) m.p. 180-182” 

(reported* m.p. I79”), [a]E3 - 79.5’ (c I, water) {reported* [c(]p - 85” (c 2, \catcr);. 

l J. T. Baker, lab. chemical products. 
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p-Nifrophert~~l 4,6-0-(p-nterhox.l~ben=~~lidene)-13-D-galac~op~~ranoside (2). - .A 

mixture of 1 (5.6 g, 18.6 mmoles), anhydrous zinc chloride (5.5 g), and p-methoxy- 

benzaldehyde (50 ml) was stirred at room temperature. A cake formed in the mixture 
after 15-20 min. An addition oip-me[houybenzaldehyde (25 mi) was made, and the 

contents were shaken for 4 days at room temperature. The resulting, viscous material 

was diluted wrth ether (300 ml), and the mixture stirred with ice-cold water (300 ml). 

The solid material thus obtained was filtered off. washed several times with ice-cold 

water and ether, and air drieci; it was then stirred with hot acetone (300-350 ml). and 

the suspension tiltered. On cooling, the filtrate gave crysrals (needles) of 2 (4.5 g, 

57.70,b), m.p. 220-222’, [a];’ - 13-I.S’ (c I, iV,rV-dlmethylformamide); $,f: 3400 (OH). 

1610, 1590 (Ph), 1512, 1345 (NO,), and 755 cm- ’ (Ph). The compound was used for 

the next step without furlher characterization. 

p - Nitrop1renr.l ~.3-dt-O-acer~~I-4,6-0-(p- ntetiros_~~bett=l,lne)-8-D-galacio- 

p)*ranoside (3) - A solution of 2 (4.5 g) in anhydrous pyridine (50 ml) and acetlc 

anhydride (30 ml) was kept for 24 h at room temperature. The mixture was then 

poured dropwise into icc+ater (I .6 liters) with vigorous stirring. The resulting, 

crystalline material was filtered off, washed several times with water, and air dried. 

The crystals (5.3 g) were taken up in acetone (30-60 ml), the suspension \vas filtered 
through glass wool. and the filtrate was diluted with absolute ethanol, to give chro- 

matographicnlly pure 3 as colorless crystals (4.5 g. 83.3%). m.p. 226-223’. i,z]b 
- 15.4’ (c I, chloroform); ~g$j: 1750 (OAcj, 1610, 1590 (Ph). 1315. 1345 (NO:), and 

755 cm - ’ (Ph). 

Anal. Calc. for CIJH2-,N0,, : C. 57.25; H, 5.01 ; N. 2.7s. Found: C, 57.20; 

H, MS; N, 2.67. 

;J-Nirrophett>ol .?,3-di-0-aceI)‘/-B-D-ga/acIopj’ranoside (4). - A suspension of 3 

(4.4 g) in a.xtic acid (SO%; 200 ml) was stirred for IO min a[ -40”. to give a clear 

solution which was kept for 20 h at room temperature. Acetic acid was evaporated off 
rn L’UCIIO, and traces of the acid were removed by repeated codtstillarion with toluene. 

The residce crystallized from acetone-pentane, to g11e -I’ (7.9 g. 83. I %), m.p. I77- 

17s j, [a];3 - 5.2-’ (C 0.67, chloroform): I,,,~, shBr 3520 (OH). 174O(OAc). 1610. IS95 (Ph), 

1510, 1345(N03), 1230(OAc),and755cm-‘(Ph); n.m.r. data (CDCI,): r 2.72-2.94 

(m, 4 H, C,H,NO,), 7.86. and 7.9-1(6 H, 2 OAc). 

Anal. Calc. for C,SH,9N0,0. C, 49.87: H. 4.97; N, 3.93. Found: C, 49.78; 

H, 5.i 1: N. 3.47. 

A ponion (0.2 g) of 4 In p-methoxybenzaldehyde (5 ml) containing anhydrous 

zinc chloride (0.2 g) was stirred for 2 days at room remperature. The mixture was then 

processed as described for 2, fo give a solid residue which was recrystallized several 

times from acetone-ethanol, to gi\e 3 (70 mg, 26.7%), m.p. 2X-228”. 

p-Niwoplrettyl 6-O-(d-acerartrido-3,4,6-tri-O-are~~~l-_’-deox~~-~-D-gltrcop~~rattos.~~l)- 

,.3-di-O-acet?,l-8-D-ga!acrop?1ronosidr (6). - A soluiion of oxazoline la 5 (I .5 g, 

‘p-luitrophenql 2,6-dl-O-acelyl-8-o-galactop~ranojlde prcpxred in our laboratory had m.p. l92- 
I94 ‘, [cr]i3 - 6.0” (c I, chloroform). 
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-4.5 mmoles), 4 (I 2 g, 3.1 mmoles), and p-toluenesulfonk acid (15 mg) in I: I 
nitromerhane-toluene (35 ml) was heated for 2 h at 125-130’, cooled, and the acid 
neutralized with a few drops of pyridine. The solution was evaporated to a brown 
residue ivhich was stirred with water (100 ml). The resulting solid was collected by 
filtration, washed several times with water, and air dried. T.1.c. of the compound 
( 1.7 g) showed the presence of a major spot, and a slightly slower-moving, minor spot. 
Pure compound 6 was isolated by several recrystallizations from acetone-etber- 
hexsne (yield 1.2 g, 53.9X), m.p. 250-253” (dec.), [z]i3 - 16.5’ (c 0.67, chloroform); 
L@’ 3480 (OH). 3320 (NH). l7M (O-k), 1660 (Amide I), 1610, 1590 (Pb), 1540 
(zide II), 1520, 1340 (NO:), 1230 (OAc), and 750 cm- ’ (Ph): n.m.r. data (CDCI,): 
r 1.70-2.90 (m, 4 H, C,H,N02), 7.87, 7.90, 7.94, 7.96 (with a shoulder at 7.97), and 
8.12 (IS H. S OAc and NAc). 

Anal. Calc. for C3,,H38NZ0,8: C, 50.42: H, 5.36: N, 3.92. Found: C, 50.69; 

H. 5.38; N, 3.70. 
p-Ni~oplwn_~l 6-0-(2-aceramido-3,4,6-fri-O-ace~~~i-2-deo.~~v-~-D-g~:tcop~~ra~~os~l)- 

Z,3,4-fri-O-ocer~l_8-D-galacfop_l,ranoside (7). - A solution of 6 (0.5 g) in a mixture of 
pyridine (5 ml) and acetic anhydride (3 ml) was kept for 36 h at room temperature, 
and then evaporated under diminished pressure; traces of acetic anhydride and 
pbridine bvere removed by codisrillation Lrith toluene. The solid residue \va~ re- 
crystallized from absolute ethanol, to give chromatographically pure 7 (0.45 g, 85%), 
m.D. 228-229’, [z]F - 18’ (c I, chloroform); c; 3285 (NH)), 1750 (OAc), 1670 
(Amide I), 1610, 1590 (Ph). 1560 (Amide II), 1515. 1340 (NO,), 1230 (OAc), aod 
750 cm- ’ (Ph); n.m.r. data (CDCI,): r 1.68-2.90 (m, 4 H, C,H,NO,), 7.82, 7.92. 
7.94, 7.96, 7.98 (wrrh a shoulder at 7.99), and 8.15 (31 H, 6 OAc and NAc). 

.4tsa/. Calc. for CS2HSON20r9: C. 50.79; H, 5.33; N, 3.70. Found: C. 50.7-I; 
H. 5.31 ; N, 3.63. 

p-Nib-ophen],d 6-0-(2-acefon~ido-2-deo,~_r~-~-D-g/ucop~~ranos~l)-~-D-gafacfop~~ra- 

rloside (8). - A solution of 7 (0.3 g) in a mixture of methanol (9 ml), trietbylamine 
(3 ml). and water (2.5 ml) was kept for 24 h at 4’, and then evaporated to dryness. The 
residue was co-evaporated with tolueoe. The resulting material crystalked from 
me!hanol, to give 8 (0. I5 g. 72.446). m-p. 240-2-13” (dec.), [lx]:” - 99.4” (c 0.5, ivater); 
r~KB’7~20-3310(broadOHandNH), 1655(AmideI), 1610, l590(Ph), 1560(AmideII), w-lx - 
1510, 1340 (NO,), and 750 cm - ’ (Ph). 

Anal. Calc. for Cz,H,BN,0,3 .H,O: C, -15.97: H, S-78; N. 5.36. Found: 
C. 46.37: H, 5.70; N, 5. I I _ 

p-Nilroph~%~l 0-(2,3,4,6-~erra-0-ace~~~~-~-D-galacrop~ranos~I)-(I~3)-0-(2- 

acetan~ido-4,6-di-O-ace~~~1-2-deox~-B_D-ghrcop~~r~os~i)-(f -+6)-2,3-di-O-ocelyi-B-D- 

galactopyranoside (10). - A solution cf crude oxwoline’ 9 (0.7 g), 4 (0.58 g, 
I .5 mmoles), and p-toluenesulfonic acid (I 5 mg) in I: I nitromethane-benzene (20 ml) 
was heated for 90 min at 130-I 35”, solvent (- 5 ml) being distilled off during the 
reaction*. The resulting, brown solution was cooled, made neutral with a few drops 

*The reactIon has cooducred m a Desn and Slark appxrarus; dlsrlllate NE, rsmohed rrom rhe hmb. 
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of pyridine, and evaporated irl vamo. The residue was stirred overnight with water, the 

suspension filtered. and the solid air-dried. It was recrystallized from acerone-ether- 

hexane, to give 10 (0.15 8). The mother liquor afforded an additional amount of 10 

(0.15 g): total yield. 19.59/o: m.p. I-IO-l32’, [%]A3 -6.5’(c I. chloroform); v:J 3510- 

332s (broad OH and NH). 1740 (Ok), 1670 (Amide I), 1610, I590 (Ph), I5-u) 

(Amide Ii), 1515. 1340 (NO,), 1230 (Ok), and 750 cm-’ (Ph); n.m.r. dnra (CDCI,): 

r l.S-1.90 (m, 4 H. C,H,NO,). 4.0 (I H. d. J 8 Hz. NH). and 7.8k8.04 (27 H, 

b OAc and NAc). 

Anal. Calc. for C42H,,N202,-t-l,0: C, 49.Si: H, 5.57: N. 2.73. Found: 

C. 49.45: H, 5.39: N. 2.56. 

p-Nilropherr)~l 0-(-3,3,3,6-f~~~ra-O-ac~f~l-~-D-yolcc~o~~~ra~ros~~~)-( I +3)-O-(& 
act~ra~nido-d,6-dii-O-ace~~~~-~-dt~o.~~~-~-D-gl~~co~~~ra~~os~~l)-( I -,6)-,7,3,~-rri-O-ac~~f~,f-~-D- 
Lya/actopyranosrde (11). - X solution of 10 (0. I5 g) in anhydrous pyridine (3 ml) and 

acetic anhydride (2 ml) was kept for 36 h at room temperarure. Evaporation. and 

co-distdlation with toluene, produced a residue which crystallized from acetone- 

ether-heuaae, to give 11 (0.1 g, 64%), m-p. 133-135’. [cr]i-‘ -5’(ci).65,chloroform): 

\gKBr 3380 (NH. not a sharp band), 1750 (OAc). 1670 (Anlide I). 1610, IS95 (Ph), mnx 
I545 (Amide II), 1515, 1340 (NO,), 1230 (O.&z), and 755 cm-’ (Ph): n.m.r. data 

(CDCI,): 7 1.68-2.90 (m. 4 H. C6H,N0,A 4.13 (I H, d, J S Hz). and 7.82-8.04 

(30 H, 9 Ok and NAc). 

-irral. Calc. for C,,H,,N,?II,,-H,O: C, 49.71: H. 5.47; N. 2.63. Found. 

C. 49.87; H, 5.53: N, 2.46. 

p-Niiroplrrr~~d O-~-D-galac~op~ranos~~l-~l-t3)-O-(~-~cer~~r~rirjO--)-Ljl’O~~~-~-~ 
glrrcop~,railos),l)-( I -r6)-F-D-gal~c~r~pl,rurrusrr/r (12). - A suspension of 11 (70 mg) 

in methanol (3 ml) was stirred with trierhylaminc ( I ml) and \iarer (0.8 ml). The clear 

solution obtained afrer 15-20 min was kept for 36 h in the cold, and evaporated: 

co-dkrillation \virh toluene produced a solid residue which was stirred \i ith de-ionized 

irarer (IO ml). and the suspension filtered through a Celite pad. The clear filtrate was 

freeze-dried, to gibe 12 as amorphous material (15 ms. 93 -l?b). [z]i3 - 53’ (c 0.5, 

brater); \tFl LXIO-3380 (broad OH. NH), 1660 (Amide I), 1610. 1575 (Ph). 1550 

(Amide 11). IS20 (N02), aud 750 cm - ’ (Ph). 

Anal. Calc. for C2rjH38N20,S-2HIO: C, 31.4-!; H. 6.02: N. 3.95. Found: 

-U.24: H, 5.65; N. 3.79. 
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