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ABSTRACT 

A facile synthesis of p-nitrophenyl 2-acetamido-2-deoxy-4-O-P_D-galactopyra- 

nosyl-P-D-glucopyranoside was accomplished by saponification of the product ob- 

tained by reaction of 2-acetamido-3,6-di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl- 

/I-D-galactopyranosyl)-a-D-glucopyranosyl chloride and Amberlyst A-26 p-nitro- 

phenoxide. The reaction ofp-nitrophenyl2,3-O-isopropylidene-cc-D-mannopyranoside 

(7) with the easily accessible 2-methyl-[4,6-di-O-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-O- 

acetyl-~-o-galactopyranosyl)-a-o-glucopyrano]-[2,1-d]-2-oxazoline proceeded readi- 

ly, to give the protected trisaccharide derivative which, on deacetonation, followed by 

0-deacetylation, produced one of the title trisaccharides, namely, p-nitrophenyl 

6-0-(2-acetamido-2-deoxy-3-O-P-D-galactopyranosyl-~-D-glucopyranosyl)- a-~-man- 

nopyranoside. Synthesis of the other trisaccharide, p-nitrophenyl 6-0-(2-acetamido- 

2-deoxy-4-0-/3-D-galactopyranosyl-~-D-glucopyranosyl)- c( -D - mannopyranoside was 

accomplished by a similar reaction-sequence when the corresponding 2-methyl-[3,6- 

di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl-~-n-galactopyranosyl)- a-D-glucopy- 

rano]-[2,1-d]-2-oxazoline (19) reacted with 7. Preparation of oxazoline 19 was 

achieved via acetolysis of methyl 2-acetamido-2-deoxy-4-O-B-D-galactopyranosyl-~-D- 

glucopyranoside. The structures assigned to the final saccharides were supported by 

‘H- and i3C-n.m.r.-spectral data. 

INTRODUCTION 

For the past few years, we have engaged in the synthesis of aryl saccharides, 

because these synthetic derivatives can be further employed for modification of 

enzyme assay-procedures for certain glycosidases and glycosyltransferases. For 

example, the synthetic disaccharidep-nitrophenyl2-O-a-r.-fucopyranosyl-B_D-galacto- 

*Synthetic Studies in Carbohydrates, Part XXIX. For Part XXVIII, see ref. 1. 
**To whom correspondence should be directed. 
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pyranoside’ has been successfully employed in a rapid assay procedure f;w ‘x-( l---+7)-1 I 

fucosidase. Similarly, with the aid of o-nitrophenyl 2-O-a-I.-fucapqranosyl-/l-l)- 

galactopyranoside’. we wcr-c able to develop ;1 convenrent assay-method for r-f I -7)- 

r.-fucosyltransferrsc in human serum. The availability’ of the “4 nthetlc disacchar~dcs 

,wiitrophenyl ?-acctnmidn-3-deo~~-3-O-P-r,-gal3ct~~~~~r~~~~~~~~~-~I- 1~-~1~1ca17!1’;1no~lci~ 

(2). /+nitrophenyl rl-acetamido- 3-cieo\~-l-O-/i-v-~alacto~~~r;lnos~l-/i-!~-~ILlcc,pyl-;~no- 

srde (5), and /I-nitrophunyi 3-:icetamido-?-dcouy-h-O-/~-~~-~~~l~~ctt~~~~rano~~l-/:-r~- 

glucopyranoside (6) pro\,idcd a rapid method for linkage-sp~cilici~~ studies of e\o- 

/j-r>-galactosidase’. We no\5 describe 3 f:lcile synthesly 01‘ disaccharide 5. and also ;I 

comparison of its “C’-n.m.r, spectrum with thaw of the analog\ 2 ;tnd 6. 

Our interest in the synthesi\ of5 and the trkiccharide~ 1 i and 22 \\;is incrcad 

because these compounds may be further employed fc,r the icicntiti~atic,n of the 

cnzymic product obtained by the reaction of i)-galactosqltran~l‘era~t~x and thc~t 

corresponding acceptors. WC had observed” that ~+n~trc~phcn~l 3-acetamidn-J- 

deoxy-/I-I>-glucopyrano>idc may be used as an acceptor for the /j-t i -~-bJ I-r)-galacto~! I- 

transferase present in h~iiiinn >erum, yielding disaccharide 5. Scr um I)-galnctosyl- 

transferase has been found to be elevated in various t>pcs of canccrr “. including 

cancer of the ovary’~“. tfowevcr. discrepant dnt:l had been reported” with fctuin 

as the acceptor for this enzyme in the sera of ovarian cancer paticnth,. T’hesc con- 

flicting results indicated the need for appropriate acceptors for specific :la\;ly-method> 

for human r,-galactosyltr~ll7sferase. As mentioned in a recent publication ‘I. we ha\c 

successfully accomplished the synthesis of /+nitrophenyl (1-0-(3-acct~tlnIdo-‘-ticou~- 

p-I>-glucopyranosyl )-z-r,-mannopyranosidc. ~1 possible nccrptor for /;-I I -+-I)-II.- 

galactosyltransferasc. Thuh, the availability of trrsaccharide 22 ‘or, ;I rct’crence com- 

pound should facilitate the assay procedure for this cwyme. 

RESCTLTS AND DISCUSSJOh 

Recently, a number of syntheses of 2-ncetarnido-7-de~~~y-4-~-~~-li-I,-93lact[~- 

pyranosyl-D-glucose (,2i-3cctyllactos3mine) have been reported from difkrcnt labora- 

tories’ ’ _ “. It has become apparent that ,~‘-acetyll:lctoaaminc can no\\ he rcadil!, 

obtained from the commorciallq a\Glahle 3-O-li-o-gnlactcll,VI-anos~I-r,-alabtnoac 

under the modified rcactic,n-conditions recently reported by :Ilais and Vqrkt.c>“. 

However, we observed that, using thi> preparatiw procsclul c”, clrrC)Iiiatogr:lpliic 

separation of the final product is essontlal for its absolute purllic;itron The crvst;illinc‘ 

h’-acetyllactosamine” \vas converted into 3-acct:tmidc~-3.(~-cii-O-acet\ I-“-deo\y--LO- 

(2.3.4,6-tetra-0-acetyl-P_D-galactopyr~~nos~i)-r-r~-glucop~ranc~~~l chlor~dc (-1) aa 

described by Kaifu and 0saw5. 

Among the various methods”.’ ’ described for the preparati~~n of‘(,-nitroplien~l 

glycosides, the use of rcsln-bound /,-nitrophcnouitie’ _ I\ as prefcrrcd in the present 

investigations. Thus, treatment of sugar halide 3 with .Amberl~~t A-_‘6 /i-ilitro[,lieuox- 

idc’ ’ in Z-propanol and d]chloromethaIlc gave 4. \\,hich M:L\ put-~tird by chromatc~- 

graphy on a column of silica gel. On saponilication’ ‘. compound 4 a~01h.d amorph- 
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ous 5 in 85% yield. As described later, the structure of disaccharide 5, along with 

those of its analogs 2 and 6, were confirmed by 13C-n.m.r. spectroscopy. 

In a recent publication” on the synthesis of /?-D-G~cNAc-(I -+6)-cr-o-Man-1 --f 

OC,H,NO,-p, 2-methyl-(3,4,6-tri-0-acetyl-1,2-dideoxy-a-o-glucopyrano)-[2,l-d]-2- 

oxazoline reacted with p-nitrophenyl 2,3-0-isopropylidene-a-o-mannopyranoside 

(7); we have already described the reasons for preferring a 4,6-diol for the synthesis 

of 6-O-substituted glycosides. In the present studies, a similar strategy was applied 

for the synthesis of the title trisaccharides. Thus, treatment of dio17 with oxazolinel’ 

8 gave the trisaccharide derivative 9 which, without purification, was treated with 65 % 

acetic acid, to give amorphous 10 in an overall yield of 22%. Its ‘3C-n.m.r. spectrum 

clearly exhibited the signals for three anomeric carbon atoms at 6 99.01 (C-l), 

99.78 (C-l’), and 100.83 (C-l”). 0-Deacetylation’ * of 10 provided trisaccharide 11; 

its ‘H- and 13C-n.m.r. spectra confirmed the structure assigned. 

Effective use of acetolysis of methyl 2-acetamido-2-deoxy-n-glucopyranoside 

derivatives has been made in the preparation of certain oxazolines, particularly the 

3-O-substituted disaccharide oxazolines . 1 9 For the preparation of oxazoline 19, we 

aimed at its preparation via acetolysis. For this purpose, a facile method for preparing 

OH 

2 
1 

CH OAc 
I 2 

$H,OR 

- RO 

3 4R = AC 

5R= H 

1 
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methyl ?-acetamido-3.6-di-O-benzyl-2-deox~-~-t~-glucopyranoslde (IS) in two steps 

from methyl ~-acetamido-~,~-O-henzylidene-2-deoxy-x-l~-gli~copyr~nosiilc’0 (12) \vab 

developed. Thus. bcnzylation of 12 wrth benzyl chlor-lde in .t’,,‘l’-dimcth~lli~rmamitle 

in the presence of powdered pot;tssit~n~ hydroxide produced 13. which. on seiectivc 

ring-opening of the bcnzyliclenc gro~~p 111 the prcsencc of &I utn cy,u~c~hoI-oh! dride 

and HCl-ether’n . 3Kordecf IS iti HI ‘I<, yield: rts ‘H- and ‘3C-~i.~~i.r \pcctr;l confirm9 

the structure assigned. Raction of IS \vith 7.3,4.h-tt‘tr:1-0-ac‘tlt!, I-x-i,-r:1i:lctoplrrallo- 

syl bromide in benzene in the prescncc ol‘ mercuric cyanide” fa\c 16. which. on 

O-deacctylatlon follo\+ed by hydrogenolysis. produced methyl 2-aoctamld~~-2- 

deo.uy-4-O-/l-D-galact(~~yr~17(,’;4,1-7-1,-g1tICOp~r:lnc,~idc ( IX) in SO”,, yrcld 1‘11~ Inter- 

sugar linkage in 18 wk supported bq Its ’ Ii-n.m.r. spectrum. \\hrch zho\\ed 3 d~~ublet 

at (5 4.85 (J 6 Hz. H-l ‘). Exposure of18 to at1 xetolysih ml\\turc ~l‘:xcttc anhydride. 
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t2 13 14 R = A' = w 

15 R = h,R’ = Bn 

en = C”&+i5 

CH a? 
/ 2 Ch oat 

I 2 

bR’ GAc 

,6 R = B”, R’ = Ac 19 

17 R = Bn.R’= H 

18 I? = I?‘= H 

7 

CHZOR 

i-_-O r 

HO OC6H4N02-~ 

C;R 

20 R = AC 

OR 
21 R = AC 

22R = L-! 
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TABLE II 

EFFECTS OF /hGALACTOSYLATION ON CHEMICAL SHIFT 

Compound D-Galactopyranosyl Position on Shieldirrg effect at 

group ,!I-D-GIcNAc position of xrbstrtutrorl 
residw (p.p.m.) 

2 8- o-3 c-3 (” 10.10) 

5 8- o-4 C-4 (+10.38) 

6 B- O-6 C-6 (+8.55) 

263 

Shielding eficts at carbon 
atoms adjacent to position 
of substitution (p.p.m.) 

c-2 (-1.33) 
C-4 (-1.87) 
C-3 ( -2.03) 
C-5 (-2.13) 
C-5 (-2.34) 

acetic acid, and sulfuric acid gave a mixture of components which, on chromato- 

graphy on a column of silica gel, afforded the expected oxazoline 19*, identical with 

an authentic sample prepared from chloride 3 by the method of Kaifu and Osawa”. 

As already mentioned, N-acetyllactosamine is now readily obtainable, and we con- 

sider that preparation of oxazoline 19, starting from N-acetyllactosamine, is practical. 

Condensation of oxazoline 19 with diol 7 in 1,2-dichloroethane in the presence 

of p-toluenesulfonic acid gave the 6-O-substituted derivative 20 in 53 7: yield. O- 

Deisopropylidenation, followed by saponification, produced the title trisaccharide 22 

in 77yd yield; its structure was confirmed by ‘H- and ‘3C-n.m.r. spectroscopy. 

Recently, Vernon and co-worker? reported the ‘“C-n.m.r. spectra of the 6- 

aminohexyl glycosides of all of the positional isomers of 0-P-Pgalactopyranosylated 

2-acetamido-2-deoxy-fl-D-glucopyranose. Availability of the synthetic p-nitrophenyl 

disaccharides 2, 5, and 6 prompted us to examine their ‘jC-n.m.r. spectra in detail, 

as it is obvious that such studies of these reference compounds will further aid in 

determining the structures of oligosaccharides in which a ,E-D-galactopyranosyl 

group is linked to a 2-acetamido-2-deoxy-D-glucose residue; our results on these 

13C-n.m r spectra are summarized in Tables 1 and Il. Tt was observed that the chemi- . 
cal shifts of all of the carbon atoms of the /3-D-galactopyranosyl group remain almost 

constant for disaccharides 2, 5, and 6. It is well establishedz3 that alkylation of a 

hydroxyl group causes a 7-lo-p.p.m., downfield shift in the resonance of a carbon 

atom originally bearing a hydroxyl group, and inspection of Tables I and II shows 

that this holds here. Thus, C-3 of 2, C-4 of 5, and C-6 of 6 showed downfield shifts 

of 10.1, 10.38, and 8.55 p.p.m., respectively, relative to tha? of the parent glycoside 

1. In the 13C-n.m.r. spectra of disaccharides 2, 5. and 6, the C-l signal was observed 

at 98 +0.5 p.p.m., and this value is appreciably lower than that reported by Vernon 

and co-workers22 for the corresponding 6-aminohexyl glycosides, indicating the 

effect of the p-nitrophenyl group on the signal of the anomeric carbon atom. 

It is also well established25 that the carbon atoms of the hydroxymethyl group 

*In different experiments, the yield varied from 40 to 70:,. 
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TABLE ITI 

IJC-N.hl.R. CHEMICAI SHE-TS” 

I04 17 

7 I .JX 

73.3 I 
6931 

76. I3 

hl x0 

“In p.p.m. downfield from Me 61 (external) at 25.2 M H7, in 11X). 

of aldohexopyranoses exhibit their signals in the region of 60--63 p.p.m+ from Me,Si 

(external) with LIZ0 as the solvent, and this region is generally free from signals 

from other types of carbon atoms that occur in carbohydrate btructurcs. Thus, it 

could be anticipated that ctructures 11 and 22 would give signals for WLo carbon 

atoms In this region. the substitution having caused a dc4liclding of‘ 7-10 p.p.m. 

Inspection of Table ill shows that this occurs. Thus, the absence of a signal for C-6 

at 60-63 p.p.m,, and the prcsencc of the C-h signal at 70.38 p.p.m, in the spectrum 

of 11 and 70.37 p.p.m. in the spectrum of22. confirm the positlon of the ncwglycosidic 

linkage in tri\accharides I I and 22. respectively. The complete absence 01’ a C-6 xignal 

111 the region of 60-63 p.p.m. 111 the spectrum of 11 and 22 aI50 confirmed that 

glycosylation had occurred only at the h-hydroxyl group 01‘ acctal 7 111 both. The 

C-l’ resonance at (5 101.75 in the ‘“C-n.m.r. spectrum of 11 . and at (5 101.93 Ill the 

spectrum of 22. further support4 the /i-D configuration for both trisaccharides. 

The “C-n.m,r. spectra of partially bcnrylatcd derivatives of mr’Lh)l J-Wet- 

amido-‘-deou~-r-o-glucop~r-anc~side arc summarired in Table IV. The pronounced. 

downfield shift of X.81 p.p.m. exhibited by C-6 on benrylatron, and the upfield shift 



TABLE IV 

X?+.M.R. c~E~lc.4L SHIFTP (25.2 MHZ) 

_ 

Compound GleNAc residue 

C-I c-2 c-3 

~~___ ___-- _______ 

Gal group 

c-4 C-5 C-6 C=O CHz OMe c-s C-2’ C-3’ C-4’ C-5’ C-6’ 

_ 

Methyl Z- 
acetamido- 
2-deoxy-a- 
D-&lCO- 

pyranosideb 
14 
15 
17 
18 

98.6 54.25 71.9 70.40 72.20 61.40 55.60 

98.04 52.18 79.86 70.13 73.42 60.51 169.00 22.47 54.11 
98.05 52.15 79.85 10.25 71.40 69.32 168.93 22.45 54.18 
97.81 51.97 76.32 77.77 70.14 67.43 168.94 22.41 54.21 103.16 71.03 73.34 68.05 14.96 59.70 
98.51 54.03 70.49 79.51 71.13 60.78 175.00 22.73 56.01 103.62 71.76 73.32 69.34 76.12 61.80 

aSolvent MeaSO-de, except for DzO for 18. The reference standard (Me&i) was internal for solutions in MezSO-r/e, and external for solutions in DzO. 
“From ref. 26. 
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GemiYfI nwrhotfs. Melting points were determined \\rth :t Fisher-~Johns 

apparatus and arc uncorrected. Optical rotations wcrc niea~~~red \l’itii ;I Perl\iw 

Elmer 211 polarimeter at r~~nm temperature. Ascending t.1.c. W:IS conducted on plates 

coated \\ith B O.Smm layc’r- ot‘stlica gel 60 PF-251 (E. Merck. Darntstatlt. Germany): 

the components were Iocntcd by exposur-c to U.V. ligh?. or by spr:tyrnF the plate nilh 

5 ” (, sulfur-x acid in rthanol and heating. Elemental analyses \\ et I‘ pcrformcd b, 

Robertson Laboratory, F’lotktm 1’;1rl\. New Jerscc. Li.S.A. U.rn.t. qxctra \k\crv 

recorded with Varian EICl-3%) and XL.-IO0 tnstrutnent~: ’ H-rt.tn.r. hpectra ( I00 M t-I/) 

and I-‘C-n.m.r. spectra (25.2 MHz) \\t‘rc dctetminccl I>> the ~-,out-icr-tl.ansfortn (F.t.) 

mode; the position5 of the pe;tI\x are cuprcssed in (5 from the s12nal I;lr- tetrameth~ I- 

silane. 

p-:l’lt~ot/,liett~,l 17-~f~~~~l~tttiic/o-3,6-tJi-O-tr~~c~t~~l-~-~/~~~~ \,14-Cl-( _‘..~.J,fr-rt,t~rr-O-~ctt.~ l- 

~I-~-~tflcrc~t0f~~‘I.Ntlo.s~~l)-/~-1~-$/11~~r~/J~i irrtro.sirk (4 ). A solution of chl~wid~ 3 (500 mg) 

in 2-propanol (I 0 tnL) and dicltlot-ometllane (1 mL) \bas ~tirrtxi at room temper-aturc 

in the presence of Amber-lyst A-26 /,-ttitroylienc~uide ( 1 .O g). Alicr J-1 h, rnorc resin 

(I .O g) was added, and sttrrtng \X;LZ continued fat 2 da\. 4 more. Tltc suspension \\a 

tiltcred, and the iiltrate e~aporutcd to dryness. The residue w:t\ purtfit‘d by chromatn- 

graphy on a column of jtlicn gel, elutln, 0 first \\ith chlorntbrnt. attd then \\ith 19 : I 

(b,i:V) chlot-oform~-:tcctonc { tu rt‘niovc unreactcd chlor~do). and finally with 9 : I (v \ ) 
chloroform-acetone, giving 4 III :t yield 01’ X 1 ” ,~ (on the h;tst~ of c!tl(,ridc rcco\cred ): 

m.p. 155.~156 (,from ;tcctt,ttr-ke?i317e), [Yjo 30.7 ((’ I ..I. L:hlx4.)tbrni): t.l c. 

(3 : I chloroform-~acctoiic ): /i, 0.5; ‘H-n.m.r. data (CDCI,). pi _‘.1)--3 1 (cluster 01’ 

singlets, 31 H, 6 AC t I KAc). 6.2 (d, 1 H. ,/, 7 (1 H/, tl-I 1. and 7.1 anti X.1 (2 tn, 

3 Y 2 H. aromatic). 
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stirred overnight in the presence of a catalytic amount of the macroreticulart8 

Amberlyst A-26 (OH-). The disaccharide that was precipitated was redissolved by 

the addition of a few drops of water. The resin was filtered off, and the filtrate was 

evaporated to give amorphous 5 (115 mg, 85 o/o); [XI,, -4.2” (c 0.5, Me,SO); t.1.c. 

(13 :6: I chloroform-methanol-water): RF 0.76; ‘H-n.m.r. data (Me,SO-d,): 6 1.82 

(s, 3 H, NAc), 5.24 (d, 1 H, Jr,, 8 Hz, H-l), 7.2 and 8.2 (2 m, 2 x 2 H, aromatic), 

and 7.92 (d, 1 H, J,,,, 8 Hz, NH). 

Anal. Calc. for C,,H,,N,O,, . H,O: C, 45.97; H, 5.78; N, 5.36. Found: 

C, 45.77; H, 5.86; N, 5.31. 

p-Nitrophenyl 2-acetamido-2-deoxy-6-0-8-D-galactopyranosyl-P-D-glucop~rano- 

side (6). - Disaccharide 6 was prepared from 1 as described by Matta and Barlow4; 

‘H-n.m.r. data (Me,SO-d,): 6 1.83 (s, 3 H, NAc), 4.18 (d, 1 H, Jr,,,, 7 Hz, H-l’), 

5.10 (d, 1 H, Jr,, 8 Hz, H-l), 7.3 and 8.3 (2 m, 2 x 2 H, aromatic), and 7.88 (d, 1 H, 

J NH,Z 8 Hz, NW. 
p-Nitrophenyl 6-0-[2-acetamido-4,6-di-O-acetyl-2-deos~~-3-0-(2,3,4,6-tetra-O- 

acety~-~-D-galactopyranosyl)-~-D-glucopyranosyl]-2,3-O-isopropylidene-x-D-~nannopy- 

ranoside (9). - A solution of oxazoline 8 (902 mg, 1.5 mmol) and 7 (341 mg, 1 mmol) 

in a 0.01~ solution of p-toluenesulfonic acid in 1,2-dichloroethane (10 mL) was 

stirred at 65”, and the reaction was monitored by t.1.c. After 12 h, the acid was 

neutralized with a few drops of pyridine, and the solution was evaporated to a dark- 

brown residue which was dissolved in chloroform (I 00 mL), and the solution washed 

twice with water (2 x 25 mL), dried, and evaporated. The solid residue was used as 

such for the next reaction. 

p-Nitrophenyl 6-0-[2-acetan~ido-4,6-di-O-acet~~l-2-deo.~y-3-0-(2,3,4,6-tetra-O- 

acety~-~-D-ga~actopJ’ranosy~)-~-D-g~ucopyranosy~]-a-D-mannopJ~ranoside (10). - A 

mixture of 9 (1 .O g) with 65 “/i acetic acid (50 mL) was stirred for 1.5 h at 65 ‘, cooled, 

and evaporated. Several additions and evaporations of toluene gave a solid mass 

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

9: 1 (v/v) chloroform-ethanol, to give amorphous 10 (200 mg) in an overall yield 

of 22%; [&I,, f41.2” (c 1.3, dichloromethane); ‘H-n.m.r. data (Me,SO-d,): 6 1.83, 

1.87, 1.97, 2.0, and 2.07 (cluster of singlets, 21 H, 6 AC + 1 NAc), 5.43 (d, 1 H, 

J -1 Hz, H-l), 7.23 and 8.23 (2 m, 2 x 2 H, aromatic), and 7.73 (d, 1 H, JNH,Zf 

9rGz, NH); r3C-n.m.r. (Me,SO-d,): S 20.21, 20.28 (OCOCH,), 22.77 (NHCOCH,), 

53.72 (C-2’), 60.93 (C-6’), 61.82 (C-6”) 77.72 (C-3’), 99.01 (C-l), 99.78 (C-l’), 

100.83 (C-l”), and 168.76-169.74 (C=O). 

Anal. Calc. for C,,H,,N,O,, . H,O: C, 48.72; H, 5.60; N, 2.99. Found: 

C, 48.87; H, 5.37; N, 2.87. 

p-Nitrophenyl 6-0-(2-acetamido-2-deoxv-;I-O-~-D-galactopyranosy~-~-D-g~uco- 

pyranosy~)-cc-D-mannopyranoside (11). - O-Deacetylation of compound 10 (150 mg) 

as described for 5 gave amorphous 11 (80 mg, 73 %); [LY],, +37.1’ (c 0.5, water); 

t.1.c. [ll :9 : 2 (v/v) chloroform-methanol-water]: RF 0.65; ‘H-n.m.r. data (D,O): 

S 2.46 (s, 3 H, NAG), 6.17 (d, 1 H, J,,, 2 Hz, H-l), and 7.70 and 8.70 (2 m, 2 x 2 H, 

aromatic). 
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Anal. Calc. for C,,H,,N20, x . 2 H20: C, 44.44: H. 6.03: N. 3.99. Found: 

C. 31.59; H, 5.98; N, 3.79. 

il/~t/i~r~l -7-nc~ctcrrllicio-3-O-hrrt_I~f- 1.6-O-hf~tlrl,ticft,Jit~-~-(f~l[~.~.~ - ~-i-,~/ltc~ot/~~~t.~~~i(~,si~i(~ 

(13). --- To a mixture of methyl 7-acetamido--l,6-O-be~~~yi~~~c~~c-’-rfc-x-r~-gluco- 

pyranoside (12; 10 g). h’.N-dimethylfol-mamide (150 ml)). :~nd po~.dcred potassium 

hydroxide (10 g) was added ben~yl chloride ( I5 mL) dropwlse. \\ ith I Igorouh stirring. 

during 15 min at 70-75 ‘_ The reaction was continued for 7 h, and the mixture \\as 

cooled. and poured into ic+water (4 L) with stirring The holid thus produced w;15 

collected by filtration, washed caeral times \vith cold ivater. and recrystallized from 

chloroform--he.xane, to give pure 13 117 53 I’,, yield (6.8 g); rn.p. Z’S 130 ‘. [x],, 

t-53.7 ((’ 0.9. ~~i.N-dimcthylformamrde); L$,,.,, K”’ 37X0 (Nfi ). Ih45 (Amide I). 1550 

(Amide II), 1500, 730. and 695 cm ’ (I%). 

,-2wI. Calc. for CZJH,-NO,: C. 66.81: H. h.58: N. 3.38. Fr~und: C. h7.05: 

H. 6.81; N, 3.25. 

Aleth?~l ~-~~ctta~~ri~fo-_~-O-hrlt~~~f-‘c~).~.~~-~-~~-~~lL~~~~J~.~.~~tt~ositk~~ (l-1). ~~-- A mixture 

of 13 (6.0 g) and 80 “,) acetic acid (300 mL) was stirred for 1 h at 100 -. cooIcd. and 

evaporated. Several additions and evaporations of \vatrr. and then cjt’ toluene, gave 

a solid mass that was recrystallized from acetone-hexane. to aFord 11 (3.5 g. 7-I”,,): 

m.p. 181~183 , [T]~ + 103.4’. ((’ 0.X. methanol): II:,!: 3300 (,OH ), lh-40 (,Amlde I). 

I545 (Amide II ), 1500. 740, and 700 cm ’ (1%): ’ H-n.m.r. data t MelSOd,, 1. (3 I .X3 

(s. 3 H, NAc), 3.3 (s, 3 H. OMe), 5.33 (d. I H, .I 5 Hz, D20-~~cllnn~t’:~bl~, OH-3). 

7.3 (m, 5 H, aromatic), and X.0 (d. I H. J,,,,z 9 Hz, VU-1). 

.4na/. Calc. for C,,,H?>NO,,: C. 59.06: H. 7.17: N. 4 30. Fo~md: C. 58,s:: 

H, 7.23; K, 4.10. 

i2felftJ!l ,‘-ac~tu~~tici~~-3,6-rfi-O-hc~~~~~~f-_7-~i~~~.~-~~- x-o-~f~rc,ol)~,t.crtt(,.~icfr, ( 15). ~~~ A 

solution of 13 (0.8% g. 2 mmol) and sodium cyanoborohydridc \ I. 1.; I g, 18 mmol ) 

in dry oxolane (30 mL) containing 3A molecular sieves (5 g) M~S cooled to 0 ‘. and 

hydrogen chloride in diethyl ether was added unt11 the solution \+as acidic (pH paper). 

After 3 h at 0 . when t.1.c. indicated complete reaction. the mixture 1~3s poured into 

ice-water, and the product vvss extracted with dichloromcthalic The cutract VI:I\ 

successively washed with aturated, ayueous sodium hqdrogencal-bot~atc and water. 

dried (magnesium sulfate), and evaporated 111 ww. atrording ;I wlict that was p~~r~ficd 

by chromatography on ;1 column of Glica gel, with elution with 5 : I 0, \ ) chlor~>fornl 

acetone. to give 15 (700 tng, X I .2”,,): ni.p. 144 ~145 (from acetone--ether hcxanc), 

rz1 ,) +X5.0” (L’ 1. I. chloroform); t.1.c. in 5: I chloroform acetone. K,~ 0.53: ’ H-n.m.r. 

data (.Mc,SO-c/,): (i I.83 (b, 3 H, NAc), 3.3 (j. 3 Ii. OMc), 5.35 (,J. I H, .I 6 Hz, 

D,O-exchangeable. OH-4). 7.3 (m, IO t-I. aromatic). and 7.35 (rl. i i-1. ./h,l,z 9 Hz, 

NH ). 

Ann/. WC. for C,,HZ,,NO,: C. (16.40; Ii. 7.04: N. j.37. Found: C. 66.117, 

H, 7.14; N, 3.43. 

RletI2_~~/ ,7-ac~etanri~k~-3,6-~/;-O-h~tz~~.f-~-~~~u.\-~~-~-O-~ ,‘,.1,3.6-tc~t~rr-O-trc~c~t~,I-lI-l, - 

galuc.to/?l~r.anos.l.I)-~-D-~/Ltc~olfl~.,.un(~.sic/t, ( 16 ). A wlution of the alcohol 15 (Z.-W3 g. 

6 mmol) and mercuric cyanide (1 ..5? g, 6 mmol) in dry benzene (60 in L) \\a boiled 
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under a nitrogen atmosphere until 30 mL of the solvent had distilled. A solution of 

2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (2.47 g, 6 mmol) in dry benzene 

(30 mL) was rapidly added, and the mixture was refluxed for 30 h, a further addition 

of the bromide (1.24 g, 3 mmol) in dry benzene (30 mL) being made after 6 h. The 

mixture was cooled to room temperature, diluted with benzene, successively washed 

with 10 % aqueous potassium iodide solution and water, dried (MgSO.J, and evapor- 

ated to dryness, to give a solid residue which was used as such for the next reaction. 

Methyl 2-aceta~nido-3,6-di-O-ben~~~l-2-deox~~-4-0-~-D-galactop~ranosyI-cc-D-glu- 

copyranoside (17). - A molar solution of sodium methoxide in methanol (4 mL) 

was added to a solution of compound 16 (4 g) in dry methanol (40 mL), and the 

mixture was kept overnight at room temperature, made neutral with acetic acid, 

and evaporated; this was followed by a few additions and evaporations of dry toluene. 

The solid mass was purified by chromatography on a column of silica gel, with elution 

with 9: 1 (v/v) chloroform-methanol, to afford amorphous 17 in 61 “/i yield (from 

15): [x]~ +70.6” (c 1.3, Me,SO); ‘H-n.m.r. data (Me,SO-d,): 6 1.83 (s, 3 H, 

NAc), 3.3 (s, 3 H, OMe), 7.3 (m, 10 H, aromatic), and 8.0 (d, 1 H, J,,,, 9 Hz, NH). 

Methla! 2-acetamido-2-deoxy-4-0-P-D-galactopyranosyl- cc-D-glucopyranoside 

(18). - A solution of 17 (2 g) in glacial acetic acid (100 mL) was hydrogenolyzed 

with hydrogen in the presence of lo:/;, Pd-C for 2 days. The suspension was filtered, 

and the filtrate evaporated 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 18 in SOo,O yield (1 .I g); m.p. 264-265” (methanol), [E]~ f98.4” 

(c 0.9, Me,SO); ‘H-n.m.r. (D,O): 6 2.42 (s, 3 H, NAc), 3.76 (s, 3 H, OMe), 4.85 

(d, 1 K J,,,,, 6 Hz, H-l ‘), and 5.63 (I H, H-l); for 13C-n.m.r. data, see Table IV. 

Anal. Calc. for C,,H,,NO,,: C, 45.33; H, 6.85; N, 3.53. Found: C, 45.05; 

H, 7.05; N, 3.68. 

2-Metl?yl-[3,6-di-O-acetyk2-deoxy-4-O-(2,3, 4,6-tetra-O-acetyl-P_D-galactopy- 

ranosyl)-cc-Dglucopyrano)]-[2,I-d]-2- _ ouazoline (19). - A solution of compound 18 

(200 mg) in a mixture of acetic anhydride (2.15 mL), acetic acid (1.4 mL), and sulfuric 

acid (25 ,uL) was stirred for 2 days at room temperature. It was then diluted with 

cold dichloromethane (100 mL), washed successively with ice-cold, saturated sodium 

hydrogencarbonate solution and ice-cold water (2 x 10 mL), dried (anhydrous 

sodium sulfate), and evaporated to give a solid material, t.1.c. of which in 10 : 10 : 1 

(v/v) chloroform-ether-methanol showed two minor impurities. The product was 

purified by chromatography on a column of silica gel, with elution with 10: 10: 1 

(v/v) chloroform-ether-methanol, to afford amorphous 19 (170 mg, 55%); [U]~ 

f35.9” (c 1, chloroform) [lit.15 [a],, +17” (c 1.1, chloroform)j; 11:: 1750 (AC) 

and 1675 cm-l (C=N); ‘H- n m.r. data (CDCl,): 6 1.97-2.17 (cluster of singlets, . 
21 H, 6 AC + 1 Me of oxazoline) and 5.87 (d, 1 H, J 7.5 Hz, H-l). 

p-Nitrophen_vl 6-0-[2-acetamido-3,6-di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-O- 

acet~l-~-~~-galactopyranosyl)-~-D-glu~opyranos~~l]-2,3-O-isoprop~lidene- cc-D-mannopy- 

ranoside (20). - A solution of oxazoline 19 (1.44 g, 2.4 mmol) and 7 (682 mg, 2 

mmol) in 0.01~ p-toluenesulfonic acid in dichloromethane (25 mL) was stirred at 
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X0 ‘” and the reaction was monitored by t.1.c. Even after 4 days. t.1.c. still showed 

some starting material. More /T-toluenesulfonic acid (‘0 mg) wah ;tdded. and stirring 

was continued for a further 3 days. The mixture was cooled, made neutral \vith a few 

drops of pyridine, and evaporated; the rcsiduc \V:IS applied to a column of sllicu pcl 

Elution with 5 : I (y,‘v) chlorclforin-acetone gave pure compound 20 ( I 03 g. 53 I’,,), 

amorphous; [I~~],, + 18.7 (c 1.2. chloroform): t.1.c. (3. 2 clilorofc~rni~;Icctone): K, 

0.38: ‘H-n.m.r. (Me,SO-c/,,): 6 I .3 and I.-C (h each. 2 x 3 t1, Isopropylidtzne methyls), 

I.72 (s. 3 H, NAc). 1.87, 1.92, 1.99, 1.03 and 2.07 (cluster of hinglet\. IX t-1. 0 Ac). 

5.83 (d, I H, J,,? I.5 Hr. H-l ). 7.25 and X.3 (2 m. :! .t 2 H, arclmatic). and 7 (~7 

(d, I H, J,,,.? 9 Hz. NH ). 

illznl. Calc. for C,,H,,NzO,,: C, 51.35: H. 5,68: N. 2.Y)7, Found: C. 51.15: 

H, 5.77: N. 3.92. 

p-:~lttY~/htlJ~/ 6-o-[?- tr~~c~tcrr7iic/o-3.6-rti-O-ac~et~~~l-_7-rJ~~o ~~~~4-0-( _7.3.4.h-tetro-0 

L/~.t~t.l~l-/~-u-~~alct~~totp~ I.~I~IO.~,~~I)-/I-D-~~/~~~~~~~,~~I~~~~~O~S~~~I~-Y-V-~~INII~~OI,I tmo \ctic (21 ). The 

isopropylidenc group of compound 20 (750 mg) way removed as dekcribed for the 

preparation of 10, tn grvc a solid residue which was purified by cilrc~ln;ltogr-aphy on 

a column of silica gel, with clution with 0: I (v;v) chlolnii~rm~tneth;~~ic)l. to afiord 

21 in h3”,, LieId (453 mg): m.p. I.33 ~133 (from acetone-ether), [_Y],, !~.IS.Y~ ((’ 1.1, 

CH2CI,); t.1.c. (9: I chlorof~~l-mu-methanol): X,- 0.4X: ’ t-l-n.rn.r. dat;t ( Mel%)-cl,.): 

(i 1.77 (s. 3 H. NAc). I.YO. I 95, 3.0. 2.05 and 3.1 (cluster ot‘4nglets. 1S H, 0 Ac). 

4.5 (dd, I H,J,,, 1.5. ./z,.i 7.5 Hr. H--3), 5.15 (d, I H, ./,,? I.5 tir. H-l ). 7.23 and X.23 

(1 m, I! x 2 H. aromattc). and 7.67 (d, I H, ,I,,,., 9 Hz. NH ): ’ “C-n.m.r dnt:t 

(Me,SO-cl,): (5 20.2, 20.33. 70.51 (OCOCH,). 73.6 (NHCOC’tij). 73.09 (C-Z’,. 

60.6 (C-c,‘), 63.15 (C-6”). 76.2’) (C-4’). 9x Y5 (C-l). 09 76 (C-l ‘1. lOO.4:: (C-1”). 

168.75. 169.14, 169.53. ;md 16Y.Y3 (C=O). 

ffn~/. Calc. for C,, t~5,,NzO/a: C. 4Y.67: H. 5.4’): N. 3.05. Found. C‘. 4Y.50. 

H, 5.6’; N, 3.04. 

p-Nitro~hw~~/ 6-O-( _7-rt~~ot~tt~ii~lo-~-~/~~~.\:~~-3-0-/I-~~-~~~tl~i~~t~~~~~i~~~tt~o.~~ I-/ho-,ylut (I- 

/7!.I.atzO.F?‘/)-X-0-t?INt?tzO/!)’t.Cttz(J.Fi(/(’ (.22). -~ - GDcacetylation of compc~u~~d 21 (750 mg ). 

as described for 5, gave amorphous 22 (0.14 g. 77”,,): [Y]~, +-II.0 ((, I, \\nter): 

t.1.c. ( I I : 9 : 2 chloroform methanols-water ): R, 0.6: ’ H-n. m.r (I&O ): A 2.4X (s. 

3 H, NAc), 6.17 (d. I H, J,,, _3 Hz. H-l ), and 7.70 and X.70 (2 m, 2 ; _’ H, aromatic). 

Atlal. Calc. for CZc,H,,N20,8 . HLO: c’, 45.61: H. ?.YX: N. 100. Found: 

C, 45.60; H. 5.83; N. 1.07. 
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