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Abstract 

Coupling reactions were performed in the a-D-qlucopyranosyl bromide 
series (i.e. canpounds 1 a-c, 2 a, b, 3 and 4) and the a-b-mannopy- 
ranoayl bromide series (i.e.-compounds 7-a-c, A a, b, 9) with 
aglyma 5 or 10 in the presence of -ineoluGlc silvGr salt 
prmtors. (i.e. alver silicate and silver zeolite). The insoluble 
silver salt prcmoter the formation of the b-glycosidic linkage, 
while a non-participating group in present at C-2 of the glycon. It 
wan found that in both series 4-O-acyl functions increase the B/O 
ratio of the qlycooidic bcod formation relative to 4-O-alkyl func- 
tions, whereas 34 and 6+acyl functions decrease this ratio. 
We aeeune that inductive effect0 are responsible for the influence 
exerted by 3_O_suhstituents, but that through-bond interactions are 
essential for the effect8 exerted by 4-O and 6-O eubstituente. 
Another unexpected findinq was that coupling of a-D-wmano8yl 
bromide derivatives qave much hiqher 0 /a ratios than the 
corresponding reactions of a-D-qlucopyranosyl branides. 

Introduction 

The main challenqe in the synthesis of 

oligoaaccharides is the stereoaclective 

formation of the glycosidic linkage between 

an activated ananeric centre of a glycon 

and the hydroxyl function of a suitably 

protected aglycon derivative. lr2 It is 

well recognized that protecting qroupa on 

the glycon aa well as on the aqlyron may 

exert tremendous influence on the rate and 

stereochemical outcane of carbohydrate 

couplinq reactions. In particular, the 

hydroxyl protecting qroup at C-2 of a 

glycon is k- to bo of high importance in 

directing the formation of the glycoaidic 

bond. ?br example, 2-O-acyl substituents on 

fully protected a-D-qlycopyranoayl halide0 

direct the formation of 1,2-tranr-glycopy- 

ranosidic bonds, because of neighbouring- 

group participation of the eater function 

at C-2. On the other hand, the presence of 

a non-participating group (e.g. benzyl or 

azido group) at C-2 of a glycom in a pre- 

requisite for the synthesis of virtually 

all 1.2-cie-qlycoWranwidic 1 inkages. 

Thus, the introduction of a 1,2-cis- 

glycosidic bond in the gluco-qalacto-and 

fucopyranoryl series can readily be 

performed in the presence of a soluble 

prazotor, under conditions *mere a rapid fn 

situ ananerization of an a -tight ion-pair 

into a P-tight ion-pair occura. l-3 

Because the P-ion-pair has a much greater 

reactivity relative to the a -ion-pair, 

mainly an a-glycoaidic linkage (1,2-cis 

bond) will be focmed. Iiwwer, a convenient 

introduction of a 1,2-cia-glycoeidic bond 

in the manno-and rhwranoryl series is 

Lnpossible under in situ anwrization _- 
conditions. Neverthelese, it is possible to 

prwte the conversion of a witably 
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protected a-D-manno(rhamno)pyranosyl halide 

into a 1,2-cis-( P Jglycoside by utilizing an 

insoluble or inunobilized silver salt. 
4-10 

In addition to the firmly established 

influence of C-2 substituents on coupling 

reactions, some information is also availa- 

ble on the effects exerted by substituents 

at the C-3, c-4 and C-6 sites of a 

glycon. 1,2 In general, 0-allyl-and O-benzyl- 

protected glycons appear to be more reactive 

than 0-acetylated derivatives which in turn 

are more reactive than 0-trichloroacetyl 

protected glycons.' However, up to now no 

profound investigations have been performed 

to elucidate the differences in the stereo- 

chemical outcome of a coupling reaction, 

when a given protective group is positioned 

at either the C-3, C-4 or C-6 site of the 

glycon. 

In this paper we wish to discuss in which 

way hydroxyl protecting groups, at the 3.4 

and 6 positions of a-D-gluco-and a-D-manno- 

pyranosyl brcmides affect the formation of 

the p-glycosidic bond in coupling reactions 

promoted by insoluble silver salts. This 

particular reaction was chosen, because its 

mechanism is less complex than that of 

reactions conducted in the presence of 

soluble silver or mercury salts, which give 

rise to the formation of many intermediate 

ion-pairs. 
1 

More precise information obtained, about 

substituent effects on coupling reactions, 

may be highly important for the selection of 

appropriate carbohydrate protecting groups. 

Results and discussion 

Koenig8 and Knorr have described the use of 

insoluble silver salts (i.e. Ag20 and 

Ag2C03) as promotors for the synthesis of 

/3 -glycosides starting from a 2,3,4,6- 

tetra-O-acetyl-a-D-glycopyranosyl halide and 

an alcohol." 

The drawback of the insoluble silver re- 

aqents Ag20 and Ag2C03 turned out to be the 

formation of water during the reaction, 

leading to hydrolysis of the starting 

materials. 

Although some carbohydrate chemists tried to 

overcome this problem by performing the re- 

action in the presence of a drying agent 

(e.g. Drierite), the attention was turned to 

the use of soluble mercurv and silver 
salts 2,12,13 . 

Recently, the use of insoluble silver salts 

has been advocated again for the synthesis 

of P-glycosidic bonds. However, the insolu- 

ble silver salts are now applied mainly for 

the synthesis of p-D-mannopyranoside and 

P-L- rhamnopyranoside derivatives, contain- 

ing non-participating groups at the 2-O 

position of the glycon.4-10 

The mechanism we propose for this reaction 

is outlined in Fig.1. It can be seen that an 

a -D-mannopyranosyl bromide and an aglycon 

XOH react with each other in the presence of 

an insoluble promotor. 

FIGURE I 
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FIGURE 2 

In Pig. 1A it is shhovn that a surface- bound 

a-D-mannopyranosyl branide (i.e.Ial is re- - 
placed by the hydroxyl function of an 

aglyccn (XOH) in an SR2-reaction, leading to 

inversion of configuration 80 that the 

required j3-glycosidic linkaqe ia obtained. 

Analogously, it should be possible to 

introduce a B-glycosidic linkage in the 

gluco- and galactopyranosyl series without 

the asristance of an acyl eubstituent at the 

24 p0sitiul.l 

In thie reaction the undesired a-linkage can 

only be formed via a glycosyloxocarboniun - 
ion (i.e. Ib in Fig.19). which oriqinatce - 
after dieaociation of the fi -intimate ion- 

pair Ia. Because the attack of the aglym - 

XOH on the hiqhly reactive glycosyloxo- 

carboniun ion Ib does not proceed aterm - 
selectively, a mixture of a and p qlyco- 

aides results. 

Alternatively, the oxocarbcnilrm ion Ib may - 
canbine again with the negatively charqed 

surface to give a or 3 intimste ion-pairs 

(i.e. Ia and z respectively). Reaction of - 
the B-intimate ion-pair E with the aglycon 

XOH gives also the undesired e -qlycoeidic 

linkage. Thur, in order to minimize the 

formation of the a-glycosidic linkage, the 

formation of the free glycoeyloxocarboni~ 

ion Ib ha8 to be suppressed. Consequently, - 
the reactions should be performed in apolar 

solvents such as dichlorcwthane or toluene. 
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Purthenmre, react ions with reactive 

hydroxyl grouIm as wll aa application of an 

excess of the aglycm should facilitate the 

formation of the $ -glycosidic linkage 

considerably. Other factors that influence 

this reaction are the temperature, the type 

of insoluble silver salt and the protective 

groups at the glycon. 

Recently, new insoluble silver salt8 have 

been introduced for the coupling reactions 

mentioned above. Paulsen et al. developed 

highly reactive silver silicate irrmobilired 

on alwnina or silica, ‘-lo and Garegg et al. 

recaunenled the application of silver 

zeolite for the synthesis of 0 -Wmnnno- 

and /3-L-rhamnoglycoaidic derivatives. 

Paulsen et al. 1,7,8,9,10 aleo discussed the 

influence of glycon protecting groups, and 

rtated that protective groups should be 

selected that afford an a-glycopyranosyl 

halide of the higheat poesible reactivity. 

Thi8 means that ally1 and benzyl groups are 

preferred over dessctivating acyl protective 

groups. In agreement with thin, coupling 

react ions of 3+allyl-or benzyl protected 

a-n_mannoWranoaylbranide derivatives, with 

an aglycon in the presence of eilverailicate 

afford disaccharides wfth a higher /3/a ratio 

than obtained by couplinq of the correspm- 

ding 3*acetyl protected qlycons. 
10 

However, in the couree of a rtudy directed 

at the syntheeis of /31--,4 glycouidic bond6 

we wre confronted with unexpected results, 

which indicated that the influence of 

carbohydrate protecting groups on couplinq 

reactions is more complex than stated by 

Paulsen et al. 

Par instance, when the 4-o-levulinoyl 

derivative lb (see Pig.2) was reacted with - 
aglycon 5 in the presence of silver reolite, 

disaccharide e wo obtained with a p/a 

ratio of 2.0/l (Table 1, entry 31, whereas a 

similar coupling with the corresponding 

44allyl derivative la afford& disacchari- - 
de 6a with a low p/a ratio of l/2.2 (Table, - 
entry 1). 

l?lUS, contrary to cxpctations, a sea- 
activating protective group (i.0. 44 

levulinoyl) instead of an activating pr* 

tective group (i.e. 4+allyl) facilitates 

the formation of the p-glycoeidic linkage. 

In principle this phenanenon might be ex- 

plained by participation of the runote 

4-O-lcvulirwyl group as depicted in Pigure 

3. If this explanation is correct coupling 

of a corresponding glycon, containing a poor 

Participating and strongly electron- 

withdrawing group (e.g. trichloroacetyl 14 ) 

at the 4-O position (i.e. corrpound s), im 

expected to give more a-glmidic linked 

product than coupling of the 4-O-ally1 

protected glycon 12. Howver, reaction of 

the 4-O-trichloroacetyl protected gluco- 

pyranosyl bromide lc with aglycon 5 in the - 
presence of eilver silicate on silica (Table 

1, entry 4) gave an anomeric mixture of 

disaccharide 6c with an unexpected high - 
p /a ratio again ($/a=l.S/l). lherefore, it 

is unlikely that the increased p/a ratio 

has to be aecribed to participation of a 

4-O-acyl function. 

At this point it should be noted that the 

latter reaction wae perfoimed with silver 

silicate an promotor instead of leaa re- 

active silver reolite, since the trichle 

roacetyl group desactivatee glycopyranoeyl 

bromide & considerably. That the unexpec 

tedly high $/a ratio can not to be attrfbu- 

ted to the use of silver Alicate was con- 

firmed by the silver silicate prcmDted 

reaction of la with 2, which gave a similar - 
unfavourable p/a ratio of l/2.0 (Table 1, 

entry 2). 

i 

llcull I 
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Having eatabliohed that, in the cane of 

4-O-acyl protectim , the snhancsnnt of 

fi-glyr~~idic bond formation, can hardly be 

aacribod to participetion of the acyl group, 

M turned our attention to 3*acyl-protec- 

tad derivativcn. 

In order to avoid a possible participntion, 

it wan decided first to investigate a 

Coupling react ion vith the 3-o-trichlcw 

roacatyl protected glycon 2a (see Pig.2). - 
The coupling of corp~und 2a vith aqlycon 1 - 

vae performed with silver silicate ax 

activating agent (Table 1, entry 5) to 

afford disaccharide 66 as an anawric - 
mixture with a p/a ratio of l/9. Coupling 

of the 3-O-acetyl protected derivative 2b - 

vith 2 gave disaccharide e vith an equally 

unfavourable b/a ratio of l/9 (Table 1, 

entry 6). 

These examples clearly demonstrate the great 

difference in stereochemical out- if an 

electron withdrawing group is placed at 

either the 3-O functiar (Table 1, entries 5 

and 6) or the 4-O function (Table 1, entries 

3 and 4). 

Cu mentioned already, it was found that a 

3+acetyl eubatitucnt at a mannopyranoeyl 

branide has a deleterious effect on the 

0 -coupling reaction. ‘I?wx, coupling of the 

3+acetyl protected a -0_wnmpyratw- 

aylbrcnnide derivative 7a with aglycon E - 
(mee Pig.4) reaulted into the formation of 

disaccharide 11s with a B/a ratio of l/l - 
(Table 1, entry 9). On the other hand, a 

similar reaction performed vith the 

3+benxyl protected a -tWnsnnopyranoayl 

braniile derivative E provided disaccharide 

llb vith a b/a ratio of 6/l (Table 1, entry - 
10). 

In view of our observations in the gluco- 

eerie0 it va* expected that a coupling of 

aglycon 10 with the 4-O-acetyl- a -D-man- - 
nopyranosyl branide derivative 8s uould give - 
more of the fi-coupled product than by using 

3-O-acetylated derivative 2 (xee Piq.4). In 

aqreement vith this expectation, the 

reaction of compound 8a with aglycon E, - 
performed under the conditions described by 

Pauleen, lo yielded disaccharide llc vith a - 

high fi/aratio of 9/l (Table 1, entry 12). 

entry 

1: 

2: 

3: 

4: 

5: 

6: 

7: 

8: 

9: 

10: 

11: 

12: 

13 : 

D’yCOfl 8glyccm poduct 

la - 5 88 - 

la - 5 68 - 

Ib - 

1c - 

20 - 

2b - 

3 

5 66 
5 6c - 

5 6d - 

4 

70 - 

z? 

7c - 

6a - 

6b - 

9 

5 E 

5 6’ 

5 !?Q 

10 110 - - 

10 lib - - 

10 114 - - 

10 11c - - 

10 110 - - 

5 12 - 

Table 1 

i/r rat10 

l/2.2 

112 

2/l 

1.5/l 

l/9 

l/9 

2.8/l 

l/3.6 

l/l 
b) 

6/l 
b) 

l/1.2 

9/l 

110/l 

5.1/l 

a) 
yield 

59% 

64% 

46% 

40% 

68% 

66% 

50% 

56% 
b) 

em 
b) 

76% 

40% 

45% 

20# 

67% 

srlver zaollte ; r.t. ; 3 

silver sillcate ; -00’ ; 3 

silver rwlite ; r.t. ; 3 

s~lvef silicate 

s~lvef silicate 

91 lver si I icate 

silver molite 

silvaf zeoli10 

O”-r.t. 

O’-r.t. 

O’-r.t. 

-78O-r.l. 

r-t. 

16 

16 

16 

3 

2 

&YS 

hrs 

days 

hrs 

hrs 

hrs 

days 

days 

sliver silicate ; r.(. ; 3.5 hrs 

silver silicate ; r.t. ; 3 hrs 

silver silicate ; r.t. ; 16 hrs 

silver silicate ; r.t. ; 16 hrs 

solver sillcole ; r.t. ; 16 hrs 

silvaf silicale ; -50°-r.t ; 7 hrs 

a) Yield based m glycon b) SW reference 10 
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Furthermore, coupling of the 3-O and 4-O 

trichloroacetyl protected a -D-mannopyran~- 

syl branides 7c - and Rb respectively, with - 

aglycon 10 gave results similar to the coup- - 

ling reactions of the corresponding ace- 

tylated derivatives mentioned above (Table 

1. entries 11 and 13 respectively). 

Therefore, it can bs concluded that, both in 

the gluco- and the mannopyranosyl series, a 

4-O-acyl function increases the @/a ratio, 

whereas a 3-O-acyl substituent decreases 

this ratio. 

Apart from this discovery we met another 

remarkable phenomenon when comparing 

coupling reactions in the mennose series 

with the glucose series. 

Thus , it was found that coupling of 

a -D-glucapyranosyl bdae derivative & 

with 2 in the presence of silver silicate 

was achieved with a @/a ratio of l/Z, (Table 

1, entry 2) whereas a similar coupling 

performed with the mannose analogue 2 

resulted into the formation of disaccharide 

12 (see Fig.41 - with a $/a ratio of 5.1/l 

(Table 1, entry 14). It is most unusual that 

a coupling reaction of a mennopyranoayl 

branide derivative proceeds with a higher 

fi /a ratio than a similar coupling with the 

00rresponding glucopyxanosyl derivative, 

because it is generally accepted that the 

za:R’ =Ac 

b:R’ =Bn 

c:R’ =TCA 

;a:R2 =Ac 

b:R2 =TCA 

jJa:R’=Ac ; R2=Bn 

b:R’=Bn ; R2=Bn 

c:R’=Bn R2=Ac 

d:R’=TCA; R2=Bn 

e:R’=Bn ; R2=TCA 

FIGURE 4 
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axial C-2 subetituent of manno facilitatem 

the foxnation of the a-glycomidic linkage. 
1,15,16 Appsrently, in the prcmence of an 

inwluble prawtor an S$ reaction much am 

outlined in Pig. 1A ia more favoured for 

fully protected wnnopyranomY1 braide 

derivative. than for their glucopyranomyl 

analoguern. 

It reasinm to be investigated vhere this 

phsnolawxr ehould be attributed to. l7 Pom- 

l ibly, in a apolar solvent the hydroxyl 

function of the aglycar can becans hydroqen 

baded to the axial oxygen atan at C-2 of 

mannose and in thim way the p-attack im 

facilitatmd.In addition, the premence of an 

axial C-2 l ubetitwnt at a mannopyranomyl 

derivative leads to flattening of the 

pyranow ring, hich in turn lowers the Sh2 

tranmition l tate. 

However, it l hould be -sixed that the 

lattrr argmnt dome not hold caapletely, 

becaume flattening of the wanwe ring 

should almo facilitate the formstim of the 

free glycomyloxazarbcmiu ion Ib - 
(?ig.lB).15’16 

Pins1 ly, ve were anxious to find out the 

influence of 6-O-protecting groupe on 

coupling reaction. prfonnmd with inmoluble 

prcmotorm. In order to cmtablimh the effect 

of 6-O-alkyl mubrtitwnto 2,3,4,6-tetra-O- 

b==Yl a-D-gluoopyranomyl branide 2 vas 

coupled vith 2 in the premence of l ilver 

xwlite. Thim reactia, leads to the fonna- 

tion of disaccharide c vith a b/a ratio of 

2.B/l (Table 1, entry 71, vhich in sub- 

l tantially higher than found for the 

corrempaxling coupling reaction of the 

6-0-acetyl derivative la vith 2 - (B/e - 

l/2.2). In the latter coupling reaction, 

participation of the 6-O-acetyl group in 

principle may a-t for the adverme 

@/a ratio. However, in thim reaction alw 

participation of a 6-O-acetyl function ia 

very unlikely, becaume coupling of the 

6-+trichloroacetyl derivative * vith 

aglycon 2 leads to the forrastion of 69, with 

an mfavourable @/a ratio again (mee Table 

1, entry 8, B/a - l/3.61. 

If ve mm-pare the l terwchsmicel outcome of 

the coupling reactionm (see Table 1). it may 

k concluded that electron vithdraving 

grouper at the 3-C and 64 positions of both 

sbannose-and glucopyr~Y1 branida 

derivativem, advermely affmct the formation 

of the B-qlycoeidic linkage, whereas such 

submtituentm at the 4-o pmition facilitate 

the formation of the B-glycosidic bond. 

In our opinion, these differencea can not be 

aecribed to participation or to inductive 

effects only. 

Taking into conmideration inductive effects 

we refer to studies of paulson et al. ‘q, in 

+ich vam sham that S,,$ reaction0 at 

2-axi&Z-dwxy- a -D-glucopyranomyl braxide 

derivative8 are retarded by acetyl sub 

stitwnts. 

Consequently. it should be expsctedl that 

acetyl and trichloroacetyl mubetituents, at 

the 3-O. 4-O or 6-C pomitiono of glwand 

wnnopyranomyl bronide derivatives, hinder 

the formation of the fi-glycosidic bond, 

since this bond is formed via an S$2 - 

reaction. Hwever, in this paper ve have 

demnatrated that acyl qroups at 4-O 

facilitate the formation of the B-TWO- 
l idic lxzod. Apparently, an electrcn- 

vithdraving l ubmtituent at 4-C suppresses 

the fomticn of a glycoeyloxocarboniun ion 

( formation of 2 and E in Pig. 11 more than 

it doem the Sp2 reaction, whereas the 

oppomite im the came for electron-withdraw- 

ing substituentr at the 3-O and 64 po~i- 

tions,in accordance vith the predictions of 

Paulmen. 

Cbreover, it ia surprisingly that the 

effects exerted by 4-O and 6-O subetituentm 

are revermed, since the submtituentm are 

separated by the same n&r of 6ingle bndm 

frm the ananeric centre and inductive 

affectm are supposed to be similar. 

In order to explain the contradicting ef- 

fects brought about by substituentm at 3-0, 

4-O and 6-O. w propose that through-bond 

interacticmm 1g-23 should alma bs taken into 

ac-nt .z4 
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In carbohydrate chemistry the interaction8 

of oxygen lone pair orbitals have been dia- 

cussed particularly in connection vith the 

americ effect.25 Recently, Box diwcusaed 

the importance of lone pair interactions in 

the chsaistry of nvnosaccharidea.26’27 In 

these publicationa it hae been ameunad that 

lone pairs interact through apace and are 

therefore mstly pronounced *en they are 

close together. 

Hovever. it haa been recently shovn that 

distant orbital8 may also be Coupled 

through-bonds via o orbital8 of the same 

eYr=aetrY. 1g-23 It has been predicted that 

such interactiona mat readily apply to 

rrPlecule0 having imlated or lone pair 

( nl orbitals, hich couple vith each other 

through trans arrangernentm of bonds. 

Taking into account that through - bond 

interactions will be significant only *hen a 

l ucceenim of -tranm bridges’ is available, 

it can be deduced that lone pairs of the 3-O 

oxygen of a qlum or mannopyranosyl 

derivative can neither be coupled vith the 

ring oxygen lone pairs, nor vith the -C - 

O*- x bond of the intermediate oxocarboniun 

im 2. Therefore wa aaaune that the 

influence of 3-Welectron-vithdraving 

l uktitwnte cx7 couplinq reaction0 vi11 be 

attributed mainly to inductive effects, 

tiich hinder the RR2 reaction xore than the 

formation of g and Xc. - 
On the other hand, a lone pair of the oxygen 

atom at C-4 (i.e. na in Pig.51 can be 

coupled vith the cqustorial lone pair (i.e. 

n1 in Fig.51 of the ring oxygen, but not 

with the -C - 0 +- x bond of Ib. - 
while the ring oxygen 

can be described in 

lone pair0 n1 and n2 

tenne of a pair of 

canonical orbitala with p and sp syranetry, 

the renxote 4-O wlmtituent aloo interacte 

through-bond with the p(0) orbital of the 

ring oxygen, Rich l tabilireo the ananric 

carbonium ion carbon of Ib. Taking into - 
account this through-bond interaction, it 

WY be underetood that a dimtant 

electron-withdrawing nubotitwnt at 44 

euppresaea the forlustial of qlY* 

syloxocarbonium ion Ib stronger than ex- - 
petted on the basis of inductive effects 

only. 

Alternatively, the effect of the 40 mub- 

stitwnt wy also be explained by 

through-bard interactims via “ribbon or- 

bitalo-, Cmich have hen propmed for 

six-mambered ring,.” FW instance ZefirovZg 

USd frontier orbital interactione of 

“rib&m orbitals’ to explain that equate 
rial ly 30 poeitioned electron-withdrawing 

groups at C-4 of cyclohexane hinder the 

generation of a positive charge at C-l 

considerably. According to both explana- 

tione, electrcm-vithdrawing groupe at 44 

strongly suppreee the formation of the 

glycosyloxocarmnic im J& Therefore the 

B-coupled product will be formed predmi- 

nantly. 

Although the fi /a ratio io effected eimi- 

larly by 3-O and 6+eubetitwnts, the cauea 

io probably different. An deaciibed earlier 

no through-bond interactions are pooeibla 

between the 34 function and the ananeric 

region. HGFeVer, 64 lone pair. may interact 

through-bond. The throvgh-bond interaction 

ie depicted in Fiq. 6A, in which it can ba 

seen that the lone pair na, borne by the 

oxygen atan at C-6, interacts through-bond 

vith the -C 9 Otxbond of intermediate b, 

but not vith the equatorial lone pair of the 

ring oxygen. The energy level of the 6-C 

lone pair na ia lowered by slectron-vith- 

drawing qroupe (Rl to give energy level na-v 

and raised by electron tinting group@ (RI 

to qive energy level na-d (gee fig.681. The 

interaction of na-v and n,-d with the -C = 

0+-x orbital is shown by a molecular-orbital 

diagram. 
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FIGURE b 

It can be seen that the -C - 0%rorbital 

vi11 bt etabilized xore by a 6-O electron- 

-withdrawing group. If through-bmd 

intersctions outweigh inductive effectn, it 

will be found that 6+acyl protectul 

glycosylcarboniun ions are more stabilized 

than their correqzcmding 6Qalkyl 

derivatives. ‘Ihe conaeguence is that 6-O- 

acyl functions decrease the b/a ratio of 

the coupling product. The curious phenomenon 

that 6+acyl-substituenta etabilite the 

glycosyloxocarboniux ion (in contraat with 

3-O- acyl substituted derivatives) finds 

support in the observation of Schuerch et 

al..‘1 &o prformed kinetic measurements on 

carbohydrates. 

They established that the solvoly8i8 of 

l-O-tosyl-2,3,4-tri-0-benzyl-6-O-(N-phe- 

nylcarbamDyl)-D-glucopyranoside proceeds 

faster than the solvolysis of the corres- 

porrdinq C+benxyl protected derivative. 

In conclusicxi. the stereochemical outcune of 

coupling reactions pranoted by insoluble 

silver ralts, is strongly dependent on the 

type of protective group that is used and 

its place of substitution at the glycon. 

Thus, with respect to O-alkyl protected 

derivatives, 4+acyl function8 increase the 

P/x ratio, whereas 3-O and 6-O acyl 

functiona decrease thie ratio. It remaina to 

be investigated whether this influence is 

similar for other carbohydrate coupling 

reaction6 performed with other solvents and 

different pranotors. 

Experimental Part. 

‘Methade and Materiala’ 

Silver reolite and silver silicate on milica 

were prepared aa demcrilmd in reference8 6. 

7, and 10 respectively. Toluene uae.dietill- 

ed from P205 and stored over wdim vire. 

Molecular sievee 4A were activated under 

reduced preesure (50 nm iigl at 2OOOC. TIL 
analysis was perfonxed on Merck-Pertigplat- 

ten (Kieeelgel 60, P254. 5 x 10 cm). The 

solvent systam used uan dichloranethane/ace- 

tone (95/5, v/v). 

Ccrrpounde were visualiced by spraying with 

l ulphuric acid/ethanol (l/9, v/v) and 

charrinq at 14oOc for a fw minutes. 

81~chranatography was perfomed on Merck 

lobar Pertigaliulen 8(310-251, Lichroprep 

5160 (40-63 unl. 

‘H-NCIR and ‘3 C-NHR spectra were manured 

with a Bruker -360 spectramater, equipped 

with an ASP?XI 3000 canputer, operating in 

the Pourier transform xule. Chanical l hifte 

are given in ppm (8) relative to THS as 

internal reference. 

The x -D-glycopyranoayl braride derivative. 

1 a, c: 2 a, b: 1 a, b, c: e a, b and 9 

Mre prepared by TiBr4 treatment32 of the 

corresponding l-+amtyl derivative.. 
33 

The a -n-gluccpyranosyl branide der ivat ivea 

lb and 2 were prepared by reaction of the - 
~rresponding 1-hydroxy derivativea with 

oxalyl branide in dichloranethane/N,N-db 

thy1 formamide 34 
(20/l. v/v). 

In a typical reaction, the aglycon z 35 or 

10 32 (0.8 aunolel was dissolved in dry - 
toluene (1.5 ml). Silver zeolite (1.2 gr.1 

or silver silicate on silica (700 mg) a8 

wall a* activated rrolecular sieves 4A (300 

lag) vere added to this solution. 

The mixture was stirred under nitrogen for 

one hour at the appropriate taqxrature (see 

Table 1) and then the a-n-glucopyranooyl 

branide derivative, dismlved in dry toluene 

(1 ml), was added dropriee. When TLC 

analyaio (dichloranethane/acetone: 95/5. 

v/v) revealed that the reaction va. complete 

(see Table 11, the reaction mixture was 



98.9 
cl 

98. Yd) 
9&4d) 

9% sd” 
Q8:4d) 

5.59 5.0se) 
5.59 - 
5.58 5.0s e) 

S.5iS 4.96 @I 

5.53 5.05 *I 

5.55 5.08 ff> 

5.56 5.04 
S*48 4.63 f) 

s.ss 4.81 
f) 

5.51 4-m 
f) 

5.55 4.?9 
f) 

5.52 4.78 

5.49 

5.49 

S.48 

5.49 

5.49 

S.49 

S-48 

S 

S*dl 

5.51 

5.49 

5.553 

5.47 

4 s4Q) a 

4 72Q) 

4iQQ) 

4.659) 

4 58Q" . 

4 65Q) * 

4 88 . 

4.72 

4.70 

4.76 

4.69 

0.4% 0.3t 

0*1-z 0, r0 

0.53 0.47 

0.45 0.37 

0.17 0.13 

0.60 &SO 

0.66 O.S6 

w t 

O*Sf 0.51 

0.4s O-37 

0.6S 0.63 

0.64 0*6a 

0.38 0*31 

diluted with dichkwanethane [2S ml) and 

then filtermY through Celtte to ramxta ths 

insofublc pranotor. The filtrate was 

evaporated under rdluced pressure and the 

residue wa8 applied to a cotunn of bificaqel 

suspended in #fchlorcsnetbans~ Elution with 

dfchloranethane/acetone (99rl--->%fr 3, v/V) 

and waporatfar of the appropriate fractions 

qaw the desired fi and u disaccharides. 

The identity of all dissccharides f p&u 3 

W1)4 establ irhad by %-Nm and 13C-mtR 

spectrosCq2y. Sun0 characterfatfc resonances 

am prctented in Table 2. 
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