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ABSTRACT 

In contrast to reactlons with high concentration, reactlons of several derlvatlves 
of 2,3,4&-i- O-benzyl-a-D-glucopyranosyl bromxde with low concentrations of methanol 
gave mamly the a-D-glucoedes regardless of the structure of the C-6 substituent 
Methanolysls of the same or-D-glucosyl bromides or the correspondmg chlorides m the 
presence of sliver tetrafluoroborate or hexafluorophosphate at -78” gave mamly 
the /3-D-glucosldes The use of these sliver salts led to side reactlons, partrcularly 
when the glucosyl halide had an acyl blocking group at C-6 The srde reactions were 
mmumzed when sliver tnfluoromethanesulfonate (tnflate) was used The relative 
amounts of cx- and fi-D-glucosldes produced m the presence of sliver tnflate depended 
on the structure of the C-6 substituent and the solvent polarity A rapid methanolysls 
of 2,3,4-tn-O-benzyI-6-U-(N-phenylcarbamoyl)-a-D-glucopyranosyl bromide w&h 
silver tnflate m ether at -78” gave a high proportron of the methyl a-D-glucoade 

The results of direct methanolysls seem to be due to competitive methauolysls 
of the anomenc bromxdes and a “push-pull” mechanism IS postulated m the presence 
of sdver tetrafluoroborate or hexafluorophosphate Glucosyl t&ate intermediates 
are proposed for the sliver tnflate-asslsted methanolyses 

IN-IRODUCTION 

The sold-phase synthesis of ohgosaccharldes being developed m this lab- 
oratory1-3 reqmres a glycoslde-formmg reaction wluch IS both rapld and stereo- 
specific The 6-U-acyl-2,3,4-tn-0-beu&a-n-glucopyranosyl halides are useful for 
the preparation of (l-+6)-lmked ohgomers of D-glucose smce the C-6 ester group IS 
easily cleaved after each coupling step It IS advantageous to use an excess of the glucosyl 
hahde m the couphng steps since the alcohol functrons are attached to a sohd support 
and the excess glucosyl hahde and products of side reactxous are easily ehmmated 

Frechet and Schuerch’ have shown that, m a senes of 6-0-acyl-2,3&n-O- 
benzyl-cr-D-@ucopyranosyl bromides, methanoiysls with excess methanol in acetone 
IS subject to stenc control by C-6 substltuents When 2,3,4-t.n-0-beuzyl-6-U-p- 
methoxybenzoyl-a-D-glucopyranosyl brormde was used over 90% of j?-D-glucoslde 
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was obtamed, whereas 2,3,4-tr~-O-benzyI-6-O-p-mtrobenzoyI-c-~ucopyranosyl 
bromide, as previously reported by Tshlkawa and Fletcher4, gave over 90% of (X-D- 
glucoslde When these two monomers were used m the sohd-phase synthesis, however 
the couplmg reactions were very slow and, accordmg to the optical rotations of the 
products, the proportion of c(- and /I-D-linkages was the same no matter which of 
the two monomers was employed The exact proportion of cc- and /%D-hnkages m the 
products was not determined but the optlcal data suggest that the ohgosaccharldes 
were mostly a-D lmked 

In the sohd-phase techmque benzene was used as a solvent Instead of acetone, 
and the hydroxyl groups were lmmobihzed Although these vanatlons could have 
affected the stereoselectlvlty of the reactions, the fact that the sohd-phase coupling 
reactlons were much sIower than the solvolys~s reactlons suggests that the alcoho1 
concentration was an Important variable Several experiments were, therefore, carried 
out to determine the effect of the alcohol concentration of the stereochemistry of the 
methanolysls of some of the monomers Also, a new monomer-2,3,4-trl-0-benzyl-6- 
0-(N-phenyIcarbamoyI)-a-D-gIucopyranosy1 bromide-was synthesized and xts 
reactlon with methanol was studied This monomer 1s interesting because the nitrogen 
atom, bonded directly to the carbonyl group, should be a better electron-donator 
than any of the p-substituted phenyl groups prevlousIy studled 

Since the direct coupling reactions of the 2,3,4-tn-O-benZyl-cc-D-gIucopyranosy1 
bromides were quite slow, the utlhty of using sliver salts to increase the reactlon rates 
was also explored Sliver carbonate and sliver oxide have been used quite extensively 
to Increase reactlon rates m Koemgs-Knorr reactlons, but the yIeIds are often low 
owing to hydrolysis of the glucosyl hahde by the water formed m the reactions and 
to other side reactions Also, the reactlons are somewhat unpredictable because they 
are performed under heterogeneous condltlons 5 6 A number of sdver salts of strong 
acids, such as sliver perchlorate, silver nitrate, and sliver tetrafluoroborate, which 
are soluble m many orgamc solvents, react rapldly with glycosy1 hahdes The weakly 
nucleophlhc amons m such silver salts are easily displaced from C-l of the sugar If 
an mtermedlate ester or carboruum Ion IS formed Hlckrnbottom7 has shown that 
silver mtrdte can be used advantageously m an a-D-glucoslde synthesis from 3,4,6- 
trl-0-acetyl-P-D-gIucopyranosyI chlonde Sliver perchlorate has been used along 
with sliver carbonate, notably by Wolfram and co-workers’ ’ Igarashl, Honma, and 
Jrisawa’” I1 have shown that silver per&orate converts various gIycosy1 chIor!des 
rnto perchlorate esters which react rapidly with methanol at low temperatures 
Bredereck and co-workers” hale employed both silver perchlorate and silver tetra- 
fluoroborate m the reaction of sugar tntyl ethers with 2,3,4,6-tetra-0-acetyl-cr-D- 
glucopyranosyl bromide. 

We expected that lughly reactive mtermedlates could be generated by treatmg 
the 2,3,4-tn-O-benZyl-a-D-glucopyranosyl halides with silver tetrafluoroborate, 
hexafluorophosphate, or tnfluoromethanesulfonate (t&ate) Smce the mtermedlates 
were expected to be hghly reactive, the experiments were performed under anhydrous 
conltlons at -778” The low-temperature procedure also mmxmlzed anomerizatlon 
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of the glucosldes and other side-reactIons produced by the strong acrds formed m the 

reactlon In some expenments, 2,6-dl-tert-butylpyrldlne was used as an acid acceptor 

In this amme the nitrogen atom IS blocked so effectively that It does not react with 

Lewrs aclds13 Thus, it was not expected to react with any of the mtermedlates m the 

glucoslde formatlon Methanol was used as the alcohol m the model reactlons because 

the relative amounts of at- and /I-D-glucosldes produced could be convemently 

determined by an n m r method’ 

RESULTS 

The results of the duect methanolysls experiments together with some results 

obtamed under solvolys~s condltlons by other mvestlgators are given m Table I The 

results of the sliver salt-asslsted methanolyses are given m Table II The error m the 

Z- to B-D-gIucoslde ratios IS about +5% or possibly less where a high proportlon of 

TABLE I 

METHAhOLYSIS OF SOME DERI\ATIVES OF 2,3,+TRI-O-BENZYL-Z-D-GLUCOPYRAhOSYL BROhIIDE 

Sabstm~ent SolLent 
at C-6 

Methanol Methanolf Ratto of Reactron Y&d Ref’ 
cone brotnrde D-&KO- tune (12) (“/I 
(molejlrter) (moles/mole) srdes 

(a P) 

Acetyl 
Benzoyl 
Benzyl 

p-Methoxy- 
benzoyl 

p-Nltro- 
benzoyl 

Phenylcar- 
bamoyl 

Acetone 18 390 7 13 
Acetone 18 390 4 21 
Acetonltrde 04 4 41 24 
Acetomtrde* 0 12 15 93 7 60 
Dlchloromethane 2 2 67 9 11 

Acetone 18 
Acetomtrlle 04 
Acetomtrkb 0 10 

Dlchloromethane 2 2 

Acetomtrde 0 12 15 23 2 4s 
Ether 0 12 1.5 10 48 
Methanol 22 760 11 89 24 

390 
4 
15 

73 

2 23 
23 2 60 
47 3 60 

24 1 

1 
1 

100 T 
50= T 

4 

1 
100 T 
42= T 

4 

IOOd T 
70e T 

IOOd T 

“r denotes this worh bLutldme used as an acceptor CProduct contamed lmpuntles dProduct crys- 
talhzed spontaneously ‘Product contamed unreacted gh~cosyl bromide 

one anomer IS present The yields of glucosldes, which were estimated by comparmg 

the ratios of the ahphatlc proton Integrals to the aromatm proton integrals with 

theoretIca ratios expected for the pure glucosrdes, may be m error by as much as _+20% 

In some cases it was possible to detect unreacted U-glucosyl chlorides m the products, 

whereas unreacted D-glucosyl bromides were probably hydrolyzed durmg the work- 

up of the reactlon mixture Products of side-reactlons or hydrolysis products were 

found m some cases, but no quantltatlve estimates of these materials were obtamed 
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Dwect methanoIy.ws experrments - The reaction of the derivatives of 2,3&tn- 
O-benzyl-a-D-glucopyranosyl bromide with dilute methanol proved to be quite slow 
and rt was necessary to use hrgh-vacuum techmques to Insure anhydrous condtttons 
Most of the reactions were performed m acetomtrde because drsplacement of a 
bromtde ion by an alcohol IS expected to be faster m polar solvents’4. The one reaction 
carned out m ether was still mcompIete after 48 h The rattos of (x- to /+.@cosldes 
produced m these reacttons are strongly dependent on the methanol concentratron 
Without exception, the glucosyl bromide dertvatlves, many of which gave hrgh 
proporttons of @-D-glucosides at htgh methanol concentrations, gave a blgh propor- 
tton of cc-D-glucosrde at low methanol concentrations According to these results the 
ohgosacchandes prepared by Frcchet and Schuerch3 on a sohd support may have 
been almost exclustvely CC-D lurked 

Srlver salt-asswted methanolyses - Very good yrelds of the methyl glucostdes 
were obtamed from 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl bromide and a five- 
fold excess of methanol m the presence of either silver tetrafluoroborate or hexa- 
fluorophosphate m dlchloromethane The ratio of p- to a-D-ghxoslde was over 9 1 

Similar treatment of 2,3,4,6-tetra- O-benzyl-a-D-ghtcopyranosyl cblonde gave much 
poorer yields and It appeared, from n m r and t 1 c data, that l,6-anbydro-2,3&n- 

O-benzyl-B-D-glucopyranose was a maJor component of the reactlon mixtures When 
ether was used as the solvent, the chlortde was converted cleanly mto the glucosldes 
(Nos 6 and 7) Again over 90% B-D-glucoside was obtained A slight improvement 
m stereospeclficlty was observed m one experiment (No 8) m whrch 2,6-dr-tert- 
butylpyrrdme was used as an acrd acceptor In the other expenments, allowmg the 
reactron mrxtures to warm to O” before termmatton may have caused a small amount 
of anomenzatron 

Wrth stlver trrflate, good yrelds of the methyl D-glucosides were rcahzed from 
both 2,3,4,6-tetra-U-benzyl-a-D-glucopyranosyl bromrde and 2,3,4,6-tetra-O-benzyr- 
a-D-glucopyranosyl cblorlde m either ether or drchloromethane (Nos 9-l 5) No trace 
of 1,6-anbydro-2,3,4-trr-O-benzyl-j3-D-glucopyranose was found m any of these 
products, although 2,3,4,6-tetra-O-benzyl-a-D-glucopyranose was detected m some 
cases This apparently resulted from the hydrolysis of the glucosyl hahdes or reactrve 
intermediates either during work-up of the reaction mixtures or because of traces of 
water m the solvents In ether, 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl bromrde 
gave essentially a 1 1 rmxture of a- and P-D-glucosides with srlver tnflate, but the 
results obtamed with 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl chlonde depended on 
the length of ttme allowed for the mtttal reaction of the chlonde wrth the stlver salt 
(Compare Nos 9 and 10 with No 11) The reason for tins will be discussed later With 
silver t&ate m dtchloromethane, both the bromide and the chloride gave the B-D- 
glucoslde and no trace of a-D-ghtcostde or l,6-anhydro-2,3,4-trr-O-benzyl-/3-D- 
glucopyranose was found 

The results obtamed with the 6-0-acyl-2,3,4-trr-O-benzyl-a-D-glucopyranosyl 
hahdes m the presence of srlver tetrafluoroborate or hexafluorophosphate were 
somewhat unpredictable (Nos 16-21 and 28-33) Little or no methyl D-glucoside 
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could be obtamed, unless the methanol was added after only a very short time had 
been allowed for the mltlal reactlon between the glycosyl hahde and the silver salt 
In many of these expenments only byproducts (which were not Identified) were found 
In other cases, slgmficant amounts of startmg matenal were present All the reactlons 

performed with sliver tetrafluoroborate or hexafiuorophosphate gave high propor- 

trons of j?- to a-D-glucoslde 

Much better yleids were obtamed mhen sdver tnflate was used m the methan- 

olys~s of the 6- 0-acyl-2,3,&n- 0-benzyl-a-D-glucopyranosyl hahdes The dependence 

on the solvent of the stereoselectlvlty of the reactions was slmdar to that found with 

the tetrabenzyl analogs The 6- 0-p-methoxybenzoyl-@-r-D-glucopyranosyl bromide 

denvatlve gave more P-D-glucoslde than did the 6-O-p-mtrobenzoyl analog m both 

soIvents The most promlsmg result was obtained with 2,3,4-tn-0-benzyl-6-O-(N- 

phenylcarbamoylj-a-D-glucopyranosyl bromide, which gave a high proportion of 

a-D-glucoslde with silver t&ate m ether Interestmgly, the same bromide gave a high 
proportion of b-D-glucoside when a large excess of methanol was used m either the 

direct or the silver tnflate-assisted methanolysls 

DISCUSSION 

Dzrect illetlranolyszs expennle&s - A rather simple explanation for the results 

of the direct methanolysls experiments may be advanced If one adopts Ishlkawa and 
Fletcher’s4 scheme for the methanoIysls of the 2- 0-benzyl-a-D-glucopyranosyl 

bromide Accordmg to their scheme, the a-D-glucosides are formed from a small 
amount of /I-D bromide which IS In equlhbnum with the a-D bromide and reacts much 

faster than the a-D bromide with methanol (with mverslon at C-l) This process 

requires a constant supply of P-D bromide tva anomenzatlon of the a-D bromide At 
high concentrations of methanol, much of the a-D bromide may react directly with 
the alcohol (agam with mverslon at C-l), and the B-D-glucowde may be formed 

preferentially At low concentrations of methanol, the reaction of the a-D bromide 

with methanol IS much slower This allows most of the a-D bromide to anomenze 

to the /II-D bromide before reacting with methanol, and the a-D-glucoslde IS always the 

maJor product lshlkawa and Fletcher4 have also shown that acceleration of the 

rate of methanolysls of 2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl bromide by 
add&on of sodium methoxlde to methanol increased the yield of j?-D-glucoslde. 

whereas the Increase of the rate of anomenzation of the D-glucosyl bromide by 

add&on of tetrabutylammonmm bromide resulted m an increase In the yield of 

a-D-glucoslde 

In terms of thrs scheme, the stenc control by C-6 substltuents observed by 

Frechet and Schuerchl was probably due to vanatlons m the rates of anomenzatlon or 

methanolysls m the senes of 6-0-acyl-2,3,4-tn-0-benzyl-D-glucopyranosyl bromides 

that they studied Their results of the solid-phase synthesis are aiso readily mter- 
preted m terms of this scheme, smce It has been demonstrated here that at the low 

alcohol concentrations, inherent m the solid-phase synthesis, all of the 2,3,4-&i-O- 
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benzyl+D-glucopyranosyl bromides are converted preferentially mto a-D-glucosldes 
Judgmg from these results, It 1s not surpnsmg that the stereoselectlvliy of glycoslde 
formatIon IS often unpredictably dependent on the structure of the glycosyl halides 
and the condltlons employed m the reactlons Thus, partlclpatlon by C-4 or C-6 
substltuents, which has also been postulated by Flowersl’ l6 to account for the 
formatIon of a-glycoades from a-glycosyl hahdes, IS probably not responsible for the 
varlatlons observed here 

The reduced rate of methanolysls, at low concentrations of methanol, observed 
m these expenments may be due mamly to solvent effects The rate of displacement 
of the bromide Ion by an alcohol IS expected to Increase as the alcohol concentration 
Increases, because the add&on of the alcohol causes an Increase m the polanty of 
the solvent Either a ummolecular or a bimolecular displacement of bromide Ion by 
an alcohol should be faster m polar solvents14 Thus, It IS not possible to determme 
from these expenments whether the reactlons are ummolecular or bimolecular 

Sdver salt-assisted nrethanolyses - Silver tetrafluoroborate and silver hexa- 
fluorophosphate are very reactive halogenophlles that promote rapld methanolysls 
of the D-glucosyl bromides and chlorides,, even at - 78’, with approximately equlmolar 
amounts of methanol In every case, these sliver salts promote /?-D-glucoslde forma- 
tlon from the a-D-glucosyl hahdes, the expected result of attack by methanol on a 
sliver-ion complex of the a-D-glucosyl hahde The formation of a-D-glucosrdes IS 
much slower under these condltlons, because the reactlons are rapid compared to the 
rate of anomenzatlon, and no bromide ion accumulates m the reaction mixture When 
no alcohol IS present, the silver salts convert the D-glucosyl halides to other products, 
which m the case of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl chloride appears to 
be l,6-anhydro-2,3,4-tn-0-benzyl-/3-D-glucopyranose The 6-0-acyl-2,3,4-tn-O-ben- 
zyl-a-D-giucopyranosyl hahdes are more vulnerable to side reactions, but none of 
the products were Identdied A number of other workers have found that glycosyl 
halides undergo predommant mverslon of configuration upon reacting with alcohols 
m the presence of reactive, soluble silver salts’-’ WuliT et al 6 ” I8 have shown that 
2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide, m the presence of such msoluble 
silver salts as silver carbonate, reacts w&h alcohols vra a “push-pull” mechamsm 
Others’g*20 have shown that 2-octyl hahdes may react with soluble silver salts uza a 
“push-pull” mechamsm to give an Inverted substltutlon product 

The best explanation for the varlatlons m the configuration of the products 
obtained m the sliver tnflate-asslsted methanolyses IS that the glycosyl halides can 
react with the silver trlflate and alcohol tla the “push-pull” mechamsm but, if enough 
time 1s allowed for the lmtlal reactlon between the glycosyl halide and the silver salt, 
the glycosyl hahde IS converted mto a glycosyl tnflate Reaction ura the “push-pull” 
mecbamsm gave mamly the p-D-glucoslde, but the methanolysls of the tnflate gave 
both the a -and j?-D-glucoslde m various amounts dependmg on the structure of the 
bromide and the polarity of the solvent This appears to be the only reasonable 
explanation for the observation that 2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl 
chloride gave a 9 1 ratio of j?- to a-D-glucoade when one mm was allowed for the 
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lmtial reactlon and a 13 7 ratlo when 30 mm was allowed, whereas 2,3,4,6-tetra-O- 
benzyl-a-D-glucopyranosyl bromide, whch IS apparently converted more rapldly 
mto the trlflate, gave essentially a 1 1 mixture of a- and @-D-glucosldes Also, 2,3,4- 
tr~-O-benzyI-6-O-(N-phenylcarbamoyl)-a-D-glucop~~ranosyl brormde gave a 3 97 
ratio of /3- to a-D-glucoslde when methanol was added to the reaction rmxture of the 
D-ghlCOSy1 bromrde and sdver t&late, but the same monomer gave a 99-l ratlo of 

/% to a-D-glucoslde when methanol was present m a large excess at the time the D- 
glucosyl hahde and sliver salt were allowed to react 

Most of the reactlons that are presumed to go through a glycosyl tnflate mter- 
mediate gave a nearly random rmxture of a- and P-D-glucosides m ether and a pre- 
dominance of the fi-D-glucoslde m dlchloromethane Since the tnfluoromethane- 
sulfonate group IS strongly electron-wlthdrawmg, the glycosyl tnflates may be a-D 
esters In dlchloromethane, shxeldmg by the departmg trlflate Ion could be responsible 
for the formation of a predommance of B-D-glucoslde, since ion-pair separation 
should be unfavorable m this poorly solvatmg solvent More research will be necessary 
to explam the vanatlons m stereoselectlvlty m relation to the various C-6 substituents 
The reaction of the 6- 0-(N-phenylcarbamoyl) monomer with silver t&ate m ether IS, 
in our expenence, uruque, for it gave a very high proportion of a-D-glucoside Ho\\ever 
under other condltlons, the same compound gave a high proportlon of j?-D-glucoslde 
In the latter respect Its behavior IS very slmllar to that of the other monomers studled 

By use of reactlons similar to some of the model reactions described here ior 
the stereospecific, rapxd synthesis of ohgosacchandes appears to be quite feaslbIe 
However, smce the reactlons are sensltlve to subtIe changes m the nature of the reac- 
tants and solvents, the condltlons must be very carefully controlled Perhaps further 
research m this area will result m a better understanding of the stereoselectlvlty and 
m the discovery of even more useful monomers, electropbhc reagents, and reaction 
conditions 

EXPERIMENTAL 

General - N m r spectra were obtarned with a Vanan A-60-A spectrometer, 
chloroform-d contammg tetramethylsllane as an Internal reference was used as the 
solvent Optical rotations were determined with a Perkm-Elmer model 141 polan- 
meter with Jacketed I-dm cells kept at 25” by clrculatmg water from a constant- 
temperature bath Thin-layer chromatograms were developed with dlchloromethane 
or dlchloromethane-ether (ca 9 1) on 3 x 7 cm slhca gel plates with plastic support 
and fluorescent mdlcator (J T Baker Chem Co ) 

Materrals - Silver hexafluorophosphate (Ozark-Mahomng Co ) and sliver 
tetrafluoroborate (K & K Lab ) were dried for severa h zn tame 2,6-DI-terf-butyl- 
pyridme (W~l!ow Brook Labs) was drred over calcium hydride Spectra-grade 
methanol was dned by dlstlllat~on from a magnesmm methoxlde solution Spectro- 
grade dlchIoromethane and spectra-grade ether were dned over caIcmm hydnde 

Preparation of the 2,3,4-trz-O-benzyl-a-D-glucopyranosyl hahdes - Two of the 
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tion was stirred for 0 5 h at O”, 0 5 h at room temperature, 0 5 h at 80”, and then it 
was cooled to 0” Methanol (5 ml) was added, and the solutron was heated to 80”, 
cooled, and poured mto water (500 ml) The product was extracted wrth chloroform, 
the extracts were dried (magnesium sulfate) and evaporated, and the residue was 
dissolved m excess warm benzene Upon coohng, 1 2 g of drphenylurea crystalhzed 
(m p =240”) The filtrate was evaporated, and the crystalhne residrle was recrystalhzed 
twice from ethanol-dxchloromethane, once from methanol-dichloromethane, and 
once from benzene (4 5 g, 30%) The product, a volummous sohd, was homogeneous 
on t I c , m p I95-197”, [cc]i5 - 12 8” (c 1 9, chloroform), the n m r spectrum con- 
tamed a doublet centered at 6 5 72, J, 2 7 5 Hz, and two broad N-H proton peaks 
near 6 6 7 

AnaZ Calc for C,,H,,N& C, 71 50. H, 5 85, N, 4 07 Found C, 71 54, 
H,562,N,402 

Preparatzon of 2,3,4-trz-O-benzyl-6-O-(N-p~zetzylcarbamoyi)-a-~-gIucopyz anosy 

bromzde - 2,3,4-Tn- O-benzyl- 1,6-dr-U-(iV-phenylcarbamoyT)-P_D-glucopyranose 
(577 mg, 0 838 mmole) was dissolved rn dry dichloromethane (15 ml) and hydrogen 
bromide was bubbled through the solution for 10 mm, with amhruum hydrobromrde 
begmmng to preciprtate after about 0 5 mm The solution was kept for 10 mm, and 
the soIvent was evaporated and replaced by fresh, dry dlchloromethane (10 ml) The 
amhmum salt was filtered off, washed wrth dichloromethane, and weighed (144 mg, 
98 8%) The solution was concentrated at room temperature and the syrup which 
remamed turned brown after bemg dried for several h Z’I tacuo. no accurate optical 
rotation was obtamed, the n m r spectrum of the material, which contams a doublet 
centered at 6 6 40, J1 2 3 5 Hz, and a broad N-H proton peak near 6 6 7, IS consistent 
with the assigned structure 

Dzrect mefhazzoly.szA reactzons-hzgiz vacuum technzqzzes - The direct metha- 
nolysls reactIons were performed m sealed tubes Solvents were distrhed mto the reac- 
tion tube through a breakseal from solvent tubes contaimng calcmm hydrrde Metha- 
nol was dtstilled 111 taczto from a solution of magnesmm methoxide mto small, 
cahbrated tubes which were then sealed with a torch The methanoI vials were put 
mto a sidearm of the reaction vessel along with a magnetic hammer and the methanol 
was distilled mto the reactron tube after breakmg the via1 

The assembled apparatus was connected to the vacuum Ime and an ether soiu- 
non of the D-glucopyranosyl bromide (100-300 mg) was mtroduced through the open 
top The ether was evaporated m a stream of mtrogen, the top was sealed with a 
torch under mtrogen, and the bromide was dried for several h zn tacuo Then the 
apparatus was melted off the vacuum hne, the solvent (5 ml) and methanol were 
drstllled mto the reactIon tube, and the srdearms were melted off The reagents were 
then mixed thoroughly and the tubes were kept at room temperature protected from 
hght 

The reactions were termmated by openmg the tubes and concentratmg the 
solutions to syrups The products were then dissolved m dichloromethane, and the 
soiutions were washed with aqueous sodium hydrogen carbonate, then wrth water, 



2,3,4-TRI-O-BENZYL-IX-D-GLUCOPYRANOSYL BROMIDE 389 

and dned (magnesrum sulfate) The solvent was dIstIlled off and the syrups were dned 

zn taczzo N m r spectra were obtamed with 40-lOO-mg ahquots The reiatrve amounts 

of CY- and j&D&cosldes formed were determined by cuttmg out and welghmg the 

250-Hz sweep-width spectra of the methyl peaks Comparison of the Integrals of the 

ahphatlc regon with those of the aromatlc region gave a semIquantItatIve estimate 

of the punty of the methyl D-ghxcosides 
Methanolyszs reactzons zurtlz szlzler salts - These reactlons were performed m a 

small 2-necked flask which was dned zn tacuo All reagents were added under a stream 
of mtrogen, and a posltlve pressure of mtrogen was mamtamed m the flask during 

the reactlons The silver salt (a 20% molar excess) was dried m the flask for several h, 

the solvent (5 ml) was added, and the solution (or mixture) was cooled to -78” A 
solution of the D-glucopyranosyl hahde (100-300 mg) m the same solvent was added, 

stn-rmg was contmued for several mm (tI m Table II), a solution of methanol m the 

same soIvent was added, and stirrmg was contmued for several more mm (t2 m Table II) 
The reactIons were termmated by shakmg the mixtures with excess saturated sodium 
hydrogen carbonate In some cases the reactlons were allowed to warm to -0’ before 
termmatlon After the end of rhe reactlon, the solutions were filtered through Cehte 

to remove the sliver hahde and the orgamc layer was separated, washed with water, 
dried (magnesium sulfate), and concentrated to a syrup which was dned m t’aczto 

N m r analyses slmllar to those Just described were performed on 40-lOO-mg ahquots 
In some cases the product crystalhzed Pure methyl 2,3,4,6-tetra-O-benzyl-P-D- 

glucopyranoslde from one experiment was recrystallized from ethanol to give needles, 

m p 67 S-68 S’, [a];’ + 12 2” (c 4 9, dloxane): ht l4 mp 68--69”, [a],, +ll” (c 5 0, 

dloxane) 
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