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ABSTRACT 

As a route for forming spacers of differing functionality for linking oligo- 

saccharides to carrier molecules, the ally1 glycosides of ~~D-G~c-~/&D-G~cNAc di- 

saccharides having p-D-(1 +3) and /i-~-(1 -t6) linkages were prepared. The aglycon 

could be removed directly to yield the corresponding free disaccharides. Condensation 

of 2,3,4,6-tetra-@acetyl-cc-D-glucopyranosyl bromide (1) with the known ally1 

2-acetamido-4,6-O-benzylidene-2-deoxy-P-D-glucopyranoside (2) under Koenigs- 

Knorr conditions gave the protected P-D-( l-+3)-linked disaccharide in excellent 

(86%) yield. Removal of all protecting groups afforded the previously unreported 

2-acetamido-2-deoxy-3-O_B-D-glucopyranosyl-D-glucopyranose (6). Condensation 

of ally1 2-acetamido-3,4-di-O-acetyl-2-deoxy-B-D-glucopyranoside (9) with 1 under 

the same conditions gave an acceptable yield (64”,/,) of the acetylated p-~-(1 -6)- 

linked disaccharide 11. ZemplCn deacetylation of the resulting disaccharide derivative 

11 followed by palladium-assisted hydrolysis of the ally1 group afforded the previ- 

ously unreported 2-acetamido-2-deoxy-6-0-13-D-glucopyranosyl-D-glucopyranose (13). 

INTRODUCTION 

In our studies’- 3 of the structure-specificity relationships involved in the im- 

munological properties of the capsular polysaccharides of Group B Streptococcus, 

we needed synthetic oligosaccharides in forms suitable for use as water-soluble 

models for n.m.r. studies, for attachment to soluble protein-carriers to form immuno- 

gens, and for attachment to insoluble carriers for affinity chromatography. Although 

various functional groups have been successfully used as aglycons for the preparation 

of neoglycoproteins and immunoadsorbents4- 6, we oriented our approach to provide 

a group amenable to multifunctional transformations. We selected the ally1 glycosides 

because they are water-soluble, readily cleaved to release the reducing oligosaccharide, 

and the alkenic bond can be readily transformed into a number of different functional 

*Part I of the series: Ally1 Glycosides in Oligosaccharide Synthesis. 
+N.R.C.C. No. 20734. 
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groups capable of forming glycocon.iugates or inlmunoadsorhents under a wide 

range of already-described conditions’ i. 

I-MI cf (11.~ demonstrated that ozonnlysis of the ally1 glycoside gcneratcs a 

terminal aldehydic functron that may be finked to protcin b\, reducti\-s amination. 

Sevcrai possibititics exist for tcrminnl fLlnction~~tization. O\idati\c c~ronol~aia or 

Lemieux-Von RudtolT’ okidativc cleavage may be L~SCCI to generate the corresponding 

carboxylic acid. Epoxides’ ‘” may also be introduced and t!lesc ha\c been u\cd 

as enzyme inhibitors’) I”. free-radical addition of thiols to unsaturated compounds* ’ 

has also been used by Lee CI ~1. ” to prepare 3-(‘-aminoeth!~lt~i~~~)proi~~l glycosides. 

We arc also studying the addition of thioglycolic acid in the prc~cncc or ;I radical 

initiator to form a larger spacer-arm. containing terminal carh,\>~l group. It 15 als;o 

possible to couple the alkcne directly WI th thiol-asarose by ;!-irradiai 1011 I’. 

In addition to the foregoing fwtum, ally1 groups also) ha\ u conslderablc 

synthetic utility III that they may he used as t.1.c. tracers” a5 they are aclectivcl!~ 

detected by the potassium pcrmanganate spray. they arc rcadlly rcmo~ed’5 I’. and 

they can be used in routes to oligosnccharjdc eutensron ty direct c>\aAine forma- 

tion I’. 

The disaccharide /l-I,-Gic-( I --~3)+11-GlcNAc is part of the repeating unit 

of the capsular polysaccharide of type 27 Strcptorwutr /“7l,z/i77~‘77irrc,’ ’ ;md is also 

present in the lipopolysaccharidc’ ‘) ’ trom P~oteris ftzirchiliv strain D-51. The /:-I)-( I -+6) 

counterpart is a part of the rcpeatin g unit of ttic capsular potysaccharides oftqpr-Ill 

Group R Strcyptococ~~ii.~ ’ ~- ’ ;tlld t)ipC 13 s. ,“7~‘“l”“/7iL~t’“f’ and fi~nna 311 integral part 

of the backbone determinant of the former”. It has also been rcccntl! dlscovcred as 

part of a component of th c antitxolic nioen~~mycin”‘. 

KESCLTS AND I~ISC~l’SSIC)N 

The well known” ” ally1 2-acetamido-2-de~~~y-~~-L~-~lucop! ranosidc, used as a 

common intermediate for preparation of the two ~ ~dycnsvl acceptor\ 2 and 9 \V;~S _ 

prepared by glycosidation of‘ ~-accta~iiido-3.3.6-tri-O-acct~l-~-dcc~~\~-x-I~,-gluco- 

pyranosyl chloride with ally1 alcohol in the presence of mercuric cyunidc”. The 

chloride was formed bj a modification” of Hortc‘n‘s procedure’“. Synthon 2 was 

prepared in reproducible, quantitatlvc yield by the method of Jcanloz cat (I/.“- using 

benzaldehyde and anhydrouh zinc chloride. The intcrmcdiatc 8 \\;I\ prepared b>, 

acetylstion (91 IJU ) of ally1 7-acctatnidu-‘-deoxy-~-~-trit~l-/~-li-r,lucop~ranoside” (7) 

or, more conveniently. In a one-flash reaction by tntytation of ally1 I-acetamrdo-7- 

droxy-/I-o-glucopyranos[de in the presence of 4-dimcthylaminol,~ridinc.“~ ‘(’ followed 

by the addition of acetic anhydride {74”,,). Removal of the tntyl group from 8 to 

form the glycosyl acceptor 9 had to bc performed under c~ontr~~tlcd conditions as it 

is knolvn that acid-catalyzed hydrolysis of the trityl group may rcsutt in O-4--0-6 

acetyl migration. UtiliTatinn of hvdrogcn bromide in cold acetic ac~k_t failed to xi\ c 

9 in high yield: ally1 ‘-acetamIdo-.i,h-di-O-acet~l-~-deoxq--/l-l>-glut~opq ranosrdc (10) 
was invariably the major product. The two isomers coulti t-w ditFcrcntl:itcd by IIIC~IIS 
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of ‘H-n.m.r. spectroscopy (C-6 protons) and by the resistance of one of them (10) 

to tritylation. The recently described detritylation procedure using anhydrous 

cupric sulfate in benzenez7 also failed to g’ 1ve any hydrolyzed product. Detritylation 

was eventually accomplished by careful hydrolysis with aqueous acetic acid at room 

temperature and afforded pure 9 in quantitative yield. Prolonged reaction times or 

heating during hydrolysis invariably promoted acetyl migration. 

Koenigs-Knorr condensation of the glycosyl acceptor 2 with 2,3,4,6-tetra-0- 

acetyl-x-D-glucopyranosyl bromide (I), following the procedure of Flowers and 

Jeanloz2* using mercuric cyanide in 1 : 1 benzene-nitromethane at 70”, afforded 3 

as an amorphous powder in 867: yield after chromatography. Treatment of 3 with 

SO:/, aqueous acetic acid for 30 min at loo”, and evaporation of the residual acid 

by distillation of toluene left a glassy residue (4), exhibiting no aromatic signals in 

its ‘H-n.m.r. spectrum; it was used without further characterization for the next 

step. ZemplCn deacetylation then liberated 5 in 67 yfi net yield for the two steps. The 

structure of ally1 2-acetamido-2-deoxy-3-O_P-D-glucopyranosyl-P-D-glucopyranoside 

(5) was ascertained by ‘H- and 13C-n.m.r. spectroscopy. The two anomeric protons 

gave signals at 4.42 (J1 ,,2 I = 7Hz,H-l’)and4.54p.p.m.(JI,, = SHz, H-l),whereas 

the anomeric carbon atoms resonated at 104.3 and 101.0 p.p.m., respectively, thus 

confirming the /?-D-orientation of the anomeric residues29. Furthermore, the signal 

for C-3 of the 2-amino-2-deoxyglucose moiety had undergone a significant downfield 

displacement of 9.0 p.p.m. (Table I) relative to that of the parent ally1 2-acetamido- 

2-deoxy-B-D-glucopyranoside, whereas the C-2 and C-4 signals underwent smaller 

upfield displacements (1 .O and 1.3 p.p.m. respectively), due to shielding effects. These 

results are in good agreement with those found for the corresponding 6-aminohexy13’ 

TABLE1 

13c-N.M.R. CHEMICAL SHIFTS OF GLYCOSYL RESIDUES IN DzO RELATIVE TO EXTERNAL TETRAMETHYL- 

SILANE (P.P.M.) 

Com- D-ClcNAc residue ?-D-Gk group 

pound c.l ___ 
c-2 c-3 c-4 C-5 C-6 C-l’ C-2’ C-3’ C-4’ C-5’ C-6 

__~~_ ___~ ___ 

a 101.3 56.7 75.0 71.1 77.0 61.9 
gb,c 101.0 55.7 84.0 69.8 76.6 61.8 104.3 74.1 77.1 70.6 76.6 61.8 
6l7b 92.2 54.0 81.7 69.8 72.4 61.8 

104.1 74.1 77.1 70.6 76.6 61.8 
6Bb 95.9 56.8 84.1 69.8 76.7 61.8 

120.r 101.4 56.7 74.9 70.8 76.1 69.7 104.0 14.2 77.1 70.8 76.8 61.9 
13x0 92.1 55.2 71.8 71.1 71.8 69.9 

103.9 74.3 77.1 70.8 76.8 61.9 
13/P 96.2 57.8 75.0 70.8 76.1 69.9 

aAllyl 2-acetamido-2-deoxy-B-D-glucopyranoside. bC=O at 175.8 and CHB at 23.4. ~Allyl group: 
OCHz, 71.6; CH=, 134.5; -CHz, 119.3. 
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and tu-carboxyoctyP ’ glycoGdcs of the /I%>-( I --t 3)-galacto\~ idcd disaccharide 

analogs. 

In addition, the fret disaccharide 6 could be liburated diroctl). as it ~~3s rc- 

cognized that the prototroptc r~:arratlgemel?t.~~ of the ;tllyi ether to the enol ether. ~1s 

catalyzed by transjtton-n?etal reagcnts”3. could be perfot-nicd under conditions 

promoting hydrolysis of the cool cthet “. T!ius, treatment of 5 with 10”,, palladiuni- 

on-charcoal tn boiling aqueous :tcetic acid’ ’ for 71 h resulted in complctc hydrolysi:, 

and gave 2-accta~nidu-‘-de~~~~-~-~-~~-~~-~l~tc~~p~~~~~~(~~~l-~)-~l~~c~~~~~rSnost: (61 in 9 I “(, 

yield. More recently, Oga~a and Nakabayasht’ h . t eportcd even milder ccwditinns 

for this transformation using k xllladium chloride- sodium act’tatc ;t\ the catalqst. 

The ‘f-l- and “C-n.tn.r-. >pcctra wt’re conGstcnt cith the propoxxt structure for 6 

(Table I). 

+ 
‘O\ /\\ 

A~NH 
Br 

1 2 
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Preliminary attempts to apply directly the procedure of Flowers and Jeanloz” 

to synthesis of the /I-D-(l-+6)-linked isomer indicated that appreciable O-4-+0-6 

acetyl migration had occurred in 9. 
Glycosylation of 9 was therefore effected by the same procedure as for 3 except 

that the temperature was lowered to room temperature and dichloromethane was 

used as co-solvent with nitromethane. The acetylated disaccharide 11 was obtained in 

64% yield after careful column chromatography of the mixture. The physical data 

were in agreement with the proposed structure for 11, but the integrity of the anomeric 

center could not be ascertained from its ‘H-n.m.r. spectrum because of overlapping 

signals. Zempltn deacetylation furnished ally1 2-acetamido-2-deoxy-6-O-/?-D-gluco- 

pyranosyl-fl-D-glucopyranoside (12) in 77 3; yield. The ‘H-n.m.r. spectrum of the 

disaccharide was then clarified and showed two resolved anomeric-proton signals 

as doublets at 6 4.49 (J1 I ,2 I = 7.1 Hz, H-l’) and4.55 p.p.m. (Jr,, = 7.8 Hz, H-l). The 

anomeric carbon resonances appeared at 104.0 p.p.m. for the P-D-Glc residue and 

at 101.4 p.p.m. for the fi-D-G~cNAc residue, again confirming the B-D orientation 

of the anomeric aglycons29’31. Furthermore, the C-6 signal of this (l-+6)-linked 

disaccharide 12 showed a downfield shift of 7.8 p.p.m., consistent with a linkage 

carbon, whereas the C-5 signal had also undergone a characteristic3’ upfield shift 

of 0.9 p.p.m. Having thus confirmed the stereochemistry of 12, the same direct 

procedure used previously for formation of 6 was then used to remove the ally1 

protecting-group, affording free 2-acetamido-2-deoxy-6-O-/?-D-glucopyranosyl-D- 

glucopyranose (13) in excellent yield (95 7:). 

The /?-D-(l-+6)-linked disaccharide 13 is a constituent of the backbone re- 

CH,0R3 

R’O 0 

R’O 

w 
O-k-2 

AcNH 

7 R’ = R2= H,R3= Tr 

8 R’= R2= Ac, R3= Tr 

9 R’= R* =AC,$= H 

lOR’= Ac,R’= H,R’=Ac 11 R = AC 

lZR= H 
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peating-unit of the capsular polywzcharide of type-JJI Group R Slt.c~/,foc,)(,(,~~\. and 

its ‘“C-n.m.r. parameters (Table J) were used in correlating some ofthe assignments 

made In the ’ “C-n.m.r. >pcctrum of this polyraccharidc J 

Grticrnl rllrtliodr. --- Melting points were determined using a Fisher--Johns 

apparatus and are uncorrected. Solutions were evaporated ~lndcr dimini&d prcssurc 

Optical rotations \+cre dctcrmlned with a Perkln~ EImcr YAodcl l-11 poiarlmetcr. l.r. 

spectra were recorded uith a Perkin-Elmer blodc 1 337J? ~~eCtrO~lllOl~~mcter-. ‘H_ 

N.m.r. spectra wcrc recorded \+,ith a b’arian CFT70 spcstromcter ;~ncl ~hcn11cai shift> 

are cxpresscd in p.p.m do\\‘nticld from the tctrameth~lsil~ltl~ u~ccl ah the internal 

standard for solutions in C‘DCI,. ‘“C‘-3.ni.r. spectra nerc also recorded pith a \‘arian 

CFT20 spectrometer, usinp D20 acAutions at room tempcraturi V, rth cxtcrnsl tctra. 

methylsilanc as the htandard Column chromatc)gruphy was perform4 (>!i silica gel 60 

(70-330 mesh: E. Merck, Dnrmstadt. Germany). Thin-layer ciilnniato~~-apli~, \+a\ 

performed on 0.25mm precoated plates of Silica Gel 60 FJi4 (E. Merch. Darmstadl, 

Germany). The spray reagent wa$ ammonium molybdate (25 g! and ceric sulfate 

(IO ,g) in sulfurrc acid (IO0 mL) and water (900 mL)“’ and the plate\ xi i‘rc hcatcd 11.1 

I IO ; spots \\crc bl~ie on :I white backgrc>unci. Cln~aturntion was clitc’ctccl spcciticnll\ 

after spraying with a 1 ‘I,, neutral, aqueous solution of‘ potassluni pcrnianganatc 

The use ofbase (sodium carbonate) in this spray was also LISAI to detect free-anomcrlc 

by-products arising from the _ glccosvlutinn reaction\. 

.-11l_1? -7-trc.c~triniirk,-~.h-O-hc/r-, liti~~ii~-_‘-tic,o.lll -_Kl-( -7,3,~,0-1~‘fl.~i-O-rlc~c’f~ i-/h- 

pluc~c~~~~/~~/~zo.~~~~)-/~-l~-,~/~/~~~~/~l Ixllmid (3 ). -~ A llyl ?-Llcetaiiiitio-~.6-~~-t~eii7~lideiie-~- 

deoxy-lo-v-glucopyrnnosidc (2, I .05 g. 3 0 nimc~l)24~“’ 51:~s diasol\cci in 1 I anii~drot~~ 

nitromethane- bcnzcne ( Ii0 m I> ). To ensure drynes\, the solution u ax concentrated 

by distillation at atmospheric pressure until 50 ml.. of‘ distiilatc had bc‘cn collected 

in a Dean-Stark trap. Mercuric cyanide (700 mg. 1.77 mmol) \\:15 :~dtlcd and the 

temperature of the mixture W;I~ adjuhteti to 70”. While maintaining thih temperature 

under argon. a solution of tctra-O-acctyl-~-~~-~lL~c~~p~r~~~~~~s~l hrom~dc ! I. I .44 g. 

3.5 mmol) in I : I nitrnmcthane~-benzene { 10 mL) was added drop\\,lse durrng 30 min. 

The mixture \vas stirred for 1 h at 70, allowed to cool to room tcmpcrature. and 

diluted with benzene (200 mL). 7 he solution \\;I\ then succc\si\el~ \~;t\hed trith IO”,, 

aqueous potassium iodide, haturatcd aqueous sodium hqdro~cncari-,on;ite. \\ater. 

and then dried (sodium s~~lfate). The organic layer was evaporated to ,lfTor-d an oil that 

was chromatographcd on a column of Glica gel \vith 3 ‘2 ht‘wie-acetone 3s eluant. 

The homogeneous fractions were combined and c\xpornted to ~ t’i\e 3 as ali amorphous 

powder uhich uas dried ovc’r phosphorus pentaosidc. !rcld I 75 g iS6”,,) m.1~. 

216~~217 ‘. [xl; 17.8 (( 0.41. chloroform): I ,,,,, ~ ,(“(‘l :100 (NH). 1750 (OAc). I650 _ _ 

(ally1 and Amide J ). 1550 (Amide II). ;lnd i-150, 750. 690 cm ’ (Ph 1: 1 H-n.m.t 

(CIICI,): d I.91 (s, 3 H, NHAc), 1.96. 1.99 . 2.00 (3s. IL Fi. C)AC). 5 'I (cl. I Fi, 

J 1 1 X HI, H-l ). 5.5&5.90 (m, I H. -CH :=: ). and 7 38 (m, 5 H, Ph). 
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Anal. Calc. for C,,H,,NO,s: C, 56.55; H, 6.08; N, 2.06. Found: C, 56.72; 

H, 6.17; N, 2.06. 

All_vl 2-acetai?zido-2-deox~-3-O-~-D-glucop~ranos~~l-~-D-glucop~ranoside (5). - 

Treatment of 3 (1.70 g, 2.50 mmol) with 50:: aqueous acetic acid (5 mL) for 30 min 

at 100” and evaporation of the solvent left a glassy residue that was used directly 

in the next step. The ‘H-n.m.r. spectrum in CDCI, was consistent with the de-O- 

benzylidenated structure 4. 

The foregoing residue was dissolved in aqueous methanol (1 : I, 50 mL) to 

which was added 0.5 mL of -M sodium methoxide. The mixture was stirred for 

30 min at room temperature, treated with Rexyn 101 (H+) ion-exchange resin, 

filtered, evaporated, and methanol was evaporated a few times from the residue. 

The resulting residue (1.05 g, quantitative) was recrystallized from abs. ethanol to 

give 5 as fine needles (710 mg, 67:d), m.p. 259-260” (dec), [z]F -47.1’ (c 0.35, 

water); ‘H-n.m.r. (D,O): S 1.96 (s, 3 H. NHAc), 4.12-4.37 (m, 2 H, -OCH,CH=), 

4.42 (d, 1 H, J1,,2, 7 Hz, H-l’), 4.54 (d, 1 H, Jr,, 8 Hz, H-l). 5.11-5.37 (m, 2 H, 

CH,=), and 5.63-5.84 (m, I H, =CH-): ‘“C-n.m.r. (D,O): 6 23.4 (NHAc), 55.7 

(C-2), 61.8 (C-6, C-6’), 69.8 (C-4), 70.6 (C-4’), 71.6 (OC’H,-CH=), 74.1 (C-2’), 

76.6 (C-5, C-5’). 77. I (C-3’) 84.0 (C-3), 101.0 (C-l ), 104.3 (C-l ‘), 119.4 (=CH,), 

134.5 (-CH=), and 175.8 (C=O). 

Anal. Calc. for C,,HZ9N0,r: C, 48.22: H, 6.90; N, 3.31. Found: C, 48.50; 

H, 7.02; N, 3.51. 

2-Acetan~ido-2-deoxq’-3-O-~-o-gl~icop~1rar?os~~l-D-glucop~ranose (6). - A solu- 

tion of compound 5 (200 mg, 0.47 mmol) and 100/o palladium-on-charcoal (50 mg) 

in 2: 1 : 1 (v/v) ethanol-water-acetic acid (8 mL) was boiled under reflux for 20 h. 

The cooled mixture was filtered through a bed of Celite and the filtrate and aqueous 

washings were evaporated. Evaporation of 2-propanol from the residue and precipita- 

tion from 2-propanol-ether liberated 6 as a white powder (166 mg, 91;:) slightly 

contaminated with a trace of a faster-moving spot (RF 0.48 in 3 : 3 : 2 ethyl acetate- 

2-propanol-water): the starting ally1 glycoside 5 had R, 0.62 in the same system. 

Recrystallization from abs. ethanol afforded pure 6 as needles, m.p. 1555156”, 

[!I];~ f8.2 (5 min) d-5.1 ’ (24 h) (c 1.71, water): ‘H (D,O): 6 2.00 (s, 3 H, NAc), 

4.44 (d, 1 H, J 7.1 Hz, H-IP), 4.48 (d, 1 H, J 7.3 Hz, H-l’), and 5.14 (d, 1 H, J 2.8 

Hz, H-la); 13C-n.m.r. (D,O): S 23.0 (NHAcct), 23.4 (NHA@), 5.40 (C-2c(), 56.8 

(C-2fl), 61.8 (C-6cQ and C-6’) 69.8 (C-4). 70.6 (C-4’), 72.4 (C-5c(), 74.1 (C-2’), 

76.7 (C-5fl and C-5’), 77.1 (C-3’). 81.7 (C-3c(), 84.1 (C-3/?), 92.2 (C-l c(), 95.9 (C-lp), 

and 104.1 (C-l’). 

Anal. Calc. for C,,H,,NO, , : C, 43.86; H, 6.57: N, 3.65. Found: C, 43.63; 

H, 6.75; N, 3.57. 

Ally1 2-acetamido-3,4-di-O-acet~~l-2-deo~~~~-6-O-trit~l-~-~-gl~rcop~ranoside (8).- 

Ally1 2-acetamido-2-deoxy-6-O-trityl-P-D-glucopyranoside24 (7, 5.76 g, I 1.5 mmol) 

in pyridine (50 mL) containing acetic anhydride (IO mL) was stirred overnight at 

room temperature. The excess reagents were removed by successive codistillations 

from methanol and then from toluene. The residue was recrystallized from dichloro- 



70 K. ROY, IT, J. JENNINGS 

methane-ether to afford 8 as needles (6.2 g, 92”,,), m.p. 214.5- 215.5 . [_x]$’ +22.9 

(c 1.03. chloroform ): Y,~;Y,‘,” ’ 3440 (NH), 1750 (OAc), l6SO (ally1 and Amide 1~. 

and 1570 cm- ’ (Amide II): ‘H-n.m.r. (CDCI,): CT 1.71. 1.95. and 2.01 (3s. 9 H, 

NAc, OAc), 3.67 (d, 1 H. J,., X.3 Hz, H-l), 5.10~~5.55 (m, I H. CIiz=), .‘i.AOMi.IC) 

(tn. I H. =CH-), and 7.37 (m, I5 Ii. I%). 

AMI. Calc. for <‘ .jl,H,,NO,: C, 69.49: H. 6.35: N, 2.3s. Found: C. 69.37: 

H, 6.46. N 3.49. , 5 
This compound has also been obtained directly in a one-flash reaction from the 

known’2*“’ allyl 3-acetamido-‘-deoxy-/l-I,-glucoryrnllosidc by the following prnce- 

durc. A suspension of the glycosidc ( I .50 ~7 _ 5.74 mmol) and chlnrc~rrtphen~~lt~~eth:~ne 

(I .76 g, 6.32 mmol) was ,h:tken tn dry pyridine (IO mI_) at room temperature in the 

presence of 4-dimethylatninol7yrtdtne ( 100 m,. 0 Aldrich ). After 2 days. accticanh>,dridc 

(2 mL) was added to the cle:tr solution which was stirred for a further 24 h. The 

mixture WE then poured into ice-Mater (I50 ml_) from which compound II precipitat- 

ed. Filtration of the dried 8 over silica gel MTith a gradient of benzene -ethyl acetate 

(O-loo)‘,,) afforded pure 8 (7.50 g, 7-k”,, 1 tdentical in all respect5 with the compound 

prepared by the foregoing procedure. 

,41f~,l -7-~r~~i~tar~~itio-_~.3-r~ii-O-c~c~i~t~~l-~-~~i~~~.~.~~-~~-~~-~~~~~~~~~~~~~~~i~~~~~.~i~~~~ (9 ). - A solu- 

tion of 8 (58X mg, I mmol) tn X0”,, aqueous acetic acid (20 mL) M;LS stirred for 48 h 

at room temperature. uhereupon some triplrenylmethull~~l started to precrpitatc. The 

mixture was then filtered and the solid bvabhed ~\tth a little XOI’,l acetic acid (5 mL). 

The filtrate and washings wcrc evaporated. the last traces of acetic acid being removed 

by repeated evaporation of toluene from the residue. The residue thus ohtntncd was 

chromatographed on silica gel with 19 _ I clllorof~~rm-cthanC71 IO >icltl a foam (345 

mg) that crystallized froin ethanol-ether. Compound 9 had n1.p. I87-ISS -. [xl:., 

“H2C12 ~-18.5’ ((8 1.35, chloroli~rm): l’mZ,y 3400 (NH, OH), I735 (0.4~1, 1675 (ally1 and _ 

Atnide I), and IS30 cm ’ (Amide II): ‘H-n.m.r. (CDCI,): (5 1.9-l (s. 3 H. NHAc). 

2.03 (s, 6 H, OAc). 3.72 (d. I H, J, .z 8 Hz, H-l ), 3.88-5.43 (tn, 2 H. CH, =. ) 5.50~-6.00 

(m, I H, -CH=). and 5.80 (d. I H. .I 9 Hz, NH). 

Ann/. Calc. for C,iH23N0,: C, 53.17: H, 6.71: N, 3.05. Found: C. 51.86: 

H. 6.90: N. 4.01. 

2Al!,11 2-uc~etan~id~-3.4-~li-O-u~~~t~~I-,7-~i~~o.\-,~-6-0-( _7,3,4.6-tI’t~(r-O-~/[,~,t~,l-[~-~-~~l~/- 
co~~l.ur?n.r~.l)-/3-u-g/l/c~o)~~~~~.~~/~~~,s~~/~~ (I 1 )_ 7,3,4,6-Tetra-O-acet~i-x-r,-Elucopyranosyl 

bromide (1, 617 tng. 1.5 mmol) in dichloromcthane ( 10 ml_) waf added drnpwise to 

a solution of compound 9 (345 mg. I mmol) tn anhydrous nitromothanc (IO ml.) 
containing mercuric cyan~dc (XI6 mg, 2 mmol). After 13 h a1 room temperature, the 

mixture was evaporated and the residue dissolved in chloroform. The solution was 

successively washec! with 10 I’,, aqueous potassium iodide. IO”,, sodium thiosulfatc, 

saturated sodium hydrngencarbonatc. and water. dried (so&urn sulfate) and evapnr- 

akd. The crude syrup w:15 chromatographed \vcith 3 : 7 acetone--ether to aKord pure 

11 (430 mg, 64 ‘il, ), which crystallized on standing. Trituralion M ith cthcr gave needles 

of 11. m.p. IX3.SlX4.5 -. [Ye],‘,’ ~~~70.0 (0 0.36. chlororortn): I,:,!~;’ I’ I735 (OAc). 
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1675 (Amide I and allyl), and 1530 cm-’ (Amide II); ‘H-n.m.r. (CDCI,): 6 1.92 

(NAc), 1.97, 2.00, and 2.07 (3s I8 H, OAc). 

Anal. Calc. for C,,H,,NO,,: C, 51.55; H, 6.12: N, 2.07. Found: C, 51.72; 

H, 6.32; N, 2.11. 

Ally1 2-acetamido-2-deox.v-6-O-P-D-glucopy~arzos~,l-B-D-gll(copyranoside (12). - 

A solution of the protected ally1 disaccharide 11 (930 mg, 1.34 mmol) in 25 mL of 

methanol containing 0.5 mL of NM sodium methoxide in methanol was stirred for 

30 min at room temperature. The mixture was then made neutral with Rexyn 101 

(H+) ion-exchange resin and the solution was filtered and evaporated. Trituration 

of the white solid, obtained after evaporation of ethanol from the residue, with 

acetone gave virtually pure 12 (450 mg, 7774,). One recrystallization from abs. 

ethanol afforded 12 as fine needles: m.p. 218-219” (dec), [e]p -34.3” (c 0.37, 

water); ‘H-n.m.r. (D,O): 6 2.01 (s, 3 H, NAc), 4.14-4.29 (m, 2 H, -OCH,CH=), 

4.49 (d, 1 H, J7.1 Hz, H-l’), 4.55 (d, 1 H, J7.8 Hz, H-l), 5.20-5.40 (m, 2H, CH,=), 

and 5.60-6.00 (m, 1 H, -CH =); 13C-n.m.r. (D,O): 6 23.3 (NAc), 56.7 (C-2), 61.9 

(C-6’), 69.7 (C-6), 70.8 (C-4 and C-4’), 71.8 (OCH,-CH= ), 74.2 (C-2’), 74.9 (C-3), 

76.1 (C-5), 76.8 (C-5’), 77.1 (C-3’), 101.4 (C-l ), 104.0 (C-l’), 119.3 (CH,=), 134.6 

(-CH=), and 175.8 (C=O). 

Anal. Calc. for C17HZ9N011: C, 48.22; H, 6.90; N, 3.3 1. Found: C, 47.94; 

H, 6.97; N, 3.47. 

2-Acetamido-2-deox~,-6-0_8-D-glucopyrarzos~l-D-glucop~~ranose (13). - A sohi- 

tion of the ally1 disaccharide 12 (200 mg, 0.47 mmol), and 10 “,d palladium-on-charcoal 

(50 mg) in 12 mL of 2: 1 : 1 (v/v) ethanol-water-acetic acid was boiled overnight 

under reflux. The flask was cooled to room temperature and the mixture filtered 

through a bed of Celite. The filtrate and washings (methanol, 10 mL) were evaporated. 

Water was removed azeotropically by evaporation of methanol. Precipitation from 

the resulting concentrated solution by 2-propanol afforded pure, free disaccharide 13 

(171 mg, 95 %); R, 0.31 in 3 : 3 : 2 ethyl acetate-2-propanol-water; m.p. 153-154” 

(dec), [xl;” $21.1 (5 min)+ +19.2” (24 h) (c 0.76, water); ‘I-I-n.m.r. (D,O): 6 

2.02 (s, 3 H, NAc), 4.48 (d, 4 H, J 7.2 Hz, H-lb), 4.50 (d, 1 H, J 7.1 Hz, H-l’), and 

5.17 (d, ) H, J3.0 Hz, H-1~); 13C-n.m.r. (D,O) 6: 23.4 (NHAc), 55.2 (C-2x), 57.8 

(C-2/Q 61.9 (C-6’), 69.9 (C-6), 70.8 (C-4fl and C-4’), 71.1 (C-4c(), 71.8 (C-3c(, C-5a), 

74.3 (C-2’), 75.0 (C-3/Q 76.1 (C-5j?), 76.8 (C-5’), 77.1 (C-3’), 92. I (C-lee), 96.2 

(C-lb), 103.9 (C-l ‘), and 175.6 (C=O). 

Anal. Calc. for C,,H,,NO,,: C, 43.86: H, 6.57; N, 3.65. Found: C, 43.83; 

H, 6.80; N, 3.45. 
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