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ABSTRACT 

Several 1 -O-sulfonyl derlvatlves of o-mannopyranose havmg a nonpartlcrpatmg 
benzyl ether group at C-2 and ester funct,qns at C-6 and C-4 were synthesized from 
the correspondm g D-mannopyranosyl chloride Gsi ,;atlves with sliver sulfonates m 
acetomtnle The reactlon of I-0-sulfonyl-D-mannopyranose compounds with 
methanol in various solvents at room temperature gave hgh yields of glycosrdes w:th 
low degrees of stereoselectlvlty On the other hand, l-0-sulfonyl-D-mannopyranose 
denvatlves hawn,o an acyl partlclpatlng-group at O-2 and benzyl ethers at C-3, C-4, 

and C-6 gave Izlgh yields and high stereoselectlvlty of a-D-mannopyranosldes with 
primary and secondary alcohols In several solvents Model studies were carried out 
to determme the best combmatlon of 2-0-acyl group, solvent, time, temperature, and 
I-0-sulfonyl group to give high yrelds with lugh stereoselectlvlty The method has 
been used to prepare m good yields more complex glycosIdes, mcludmg perbenzylated 
methyl 2-O-(x-D-mannopyranosyl)+D-mannopyranosIde 

INTRODUCTION 

A systematic study of glycoslde-formmg reactIons undertaken m this 
laboratory’-5 has shou n that the sterlc outcome of reactIons bet\\ een equal amounts 
of a glycosyl derlvatlve havm g a C-3 nonpartIcIpatIng group and an alcohol can be 
controlled by a careful choxe of C-l leavmg group, sohent, and substltuents at C-4 
and C-6 Both D-glucosyl and D-galactosyl derivatives have been Investigated and 
con&tlons determmed that give l-ugh degrees of stereoselectIvIty for a-D-glycoslde m 
high yields Thus knowledge has been used to prepare u-D-(1 +6)-Imked glucose 
oligome@ and their protem conjugates’ Recently, we have become Interested m 
preparmg a senes of ohgosacchandes contammg both a-D-glucopyranosyl and 
a-D-mannopyranosyl residues for nnmunologlcal testmg Methods of preparmg a-D- 

mannopyranosyl lmkages usually Involve the use of Koemgs-Knorr or orthoester 

*This work \%as supported b> NatIonal Science Foundation Grant MPS74-17354 
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reactlons, m ~h~chthe mannopyranosyl derlvatwe has a partlclpatm,o group at C-3 
Both of these redctlons usually give lugh stereoselectwlty, but often gve 10~ yields, 
sometlmes due to side products wth unreactive sugar alcohols We have found that 
the hahde Ion-catalyzed reactlon of mannopyranosyl hahdes havmg a nonpartlclpatlng 
group at C-2 can also give mamly x-glycosldes, however, the yields and reactlon 
rates are low unless a large excess of glycos>l h&de 1s used 

In this report we have extended the mvestlgatlon of these glycoslde-formmg 
reactlons to D-mannopyranose derlvatlves havmg a I-0-sulfonyl group and elther 
a nonpartlclpatmg benzyl ether or a partlclpatmg ester group at C-2 

RESULTS AaD DISCLSSIOX 

1 6-D~-~-acetyl-~,3,-C-tr~-U-benzy~-r-D-mannopylanose was prepared from 

methyl a-D-mannopyranoslde by trltylatlon benzylatwn, detntylatlon, and acetolysib 
as described by Sondheuner Eby, and Schuerch * The acetyl groups were removed by 
transesterlficallon to give 3 3,4-tn-O-benzyl-D-mannoDyranose (1) The 1,6-dl- O- 

(IV-phenylcarbamo>l) derlvatlve 2 \~as prepared by the method of Kronzer and 
Schuerch’ 

The 6-0-p-tolylsulfon>l derlvatlve \\cls prepared from 2,3,4-tn-O-benzyl-u- 
mannopyranose b> treatment \\ Ith p-toluenesulfonyl chloride m 2,6-dImethyl- 
Dyrldme The 1,6-dl-0-substituted derlvatlte \las formed mltlally, but this compound 
was very reactwe due to the nonpartwpatmg benql group at O-3 Hydrolysis of the 
I ,6-Lb-O-tosyl derl\ atI\ e 1~ Ith \\ ater gave ewluslvely 2,3,4-trl-0-benzyl-6-O-tosyl- 
D-mannopyranose (3) Reactlo I n~th phenyl isocyanate m pyndme ga\e 2 3,4-two- 
ben~l-l-O-(~V-phenylcarbanio~l)-6-O-tosyl-;c-D-mannopyranose (-I) 

2 3 4-Tr~-O-(p-bron~obenz_vl)-1,6-dl-U-(~~-phenylcarbamoyi)-D-mannopyranose 
(6) LL‘LS prepared from methyl 6-a-tr It> I-x-D-mannopyranoslde by the same reactlon 
sequence used to prepare the correspondln g trxbenzjl derlratlbe 2 The purpose for 
preparing this compound was to see 1~ hat Influence the nonpxtwpatmg group has 
on the stereoselectwty of the glycoslde-formlng redctlon 

Synthesis of 1 4,6-trcO-acet>l-3,3-dl-U-benzyl-x-D-mcmnop> ranose (7) ~1;~s 
aclueved through acetolysls of meth! 1 3,3-dl-O-benzyl-y-D-mannopyranoslde’ The 

6-substituted l-O-( Y phenylcarbamoyl) derrbatlkes nere converted mto the glycosyl 
chloride derlvatl\es wth hydrogen chloride m dlchloromethane as described pre- 
v1ousIy6 ’ Hoiiever, for 4,6-d- O-acetyl-2,3-dl- O-benzyl-r/-D-mannopyranos>l 
chloride (8) a solution of 20% dlchloromethane m ether uas found to be better for 
carrymg out the dsplacement 

The D-mannopyranosyl chlorides were used to prepare the correspondms 
wmannopyranose -I -O-tosyl -p-bromophenylsulfonyl -2,2 2-tnfiuoroethylsulfonyl, 
and -tr~fluoromethylsulfon~~l derwatltes by reactlon wth the sliver salt of the cor- 
respondmg sutfomc acid m acetomtrlle They \iele then treated \\lth one equivalent of 
methanol, as described for the D-gIucose and D-galactose derlvatlves4-6_ The relative 

amounts of methyl c1- and /i’-D-mannopyranosldes were determmed from 'H-n m r 
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spectra of the reactlon products The methoxyl group of the U-D anomer resorates at 
b 3 25 and that of the /I-D anomer at 6 3 45 for all of the methyl 2-O-benzyl or 2-O-p- 

bromobenzyl glycosldes The yields In all cases were over 90%, as determmed from the 
‘H-n m r spectra’ The results she\\ n rn Table I mdlcate that, m general, the nature 
of the C-6 substltuent, C- 1 leavmg group, C-2 nonpartlclpatmg group, and the solvent 

TABLE I 

RE-\CTIO\ OF 6-SUBSTITUTED 2 x,4-TRI-o-BEhZYL-D-\lA\hOPYRA\OSE I-SULFOUATES AhD 

RELATED DERIVATIVES WITH WETHA..OLU 

Substltuent at 

o-.? 3,4 O-6 

Liawlg group 
nr C-lb 

SolLelrt 

Benz\ I I\‘-Phenl Icorbamo\ 1 TOS) IO\) 

p-Bromobrnz)I 

-l-Acct> I-? 3-d;- 
benz\ I -l-OS> IO\\ 

Ether 
CH,CN 
CH2CIz 
Ether-Me,SO’ 
CH3CN-Me&O’ 
Ether-EtaNd 
CH3CN-Et3N 
Ether 
CHJZh 
Ether 
CH,CN 
Ether 
CHlCll 
(MeOCH& 
CH,CN 
(MeOCH:j_ 
CH,CN 
Ether 
CH3CN 
CHICI 

CHSCh J6 
Ether 50 

43 
37 
53 

2 
33 
44 
11 
33 
43 
73 
-10 
47 
3s 
40 
10 
36 
35 
3s 
40 

“R ltlo of meth.mol to o-mannoze dL.rl\atl\e \\.I\ I I at room tcmperaturc tor 16 h (cork 0 IS1 mol/l) 
“-Xborc\ I muons p-bromop(len\I~uIfon~I bras) I 2 2 I-trttluoroeth~lsulfon~ I tresvl ?nd ttxfluoro- 
mLLh\Isulfon\l trltl\l ‘Ratto of Xlr2S0 to D-m,mnoc\I derl\ we u 1s 1 1 (m/m) “R 1110 ot trleth\ I- 
umne to o-m mnos\l dew ttr\c \\ i> I 1 (m’m) Re talon pe-tormed at -7s for 1 h 

had very httle effect on the stereosrlectl\lty of rhe glycoslde-formmg re‘tctlon The 

rebults arc sInular to those obtalned fo: the 6-substituted 2 3,4-tn-O-benzyl-D- 
galactosyl derivative? 5, \\h~ch ~150 sho\\rd only a small change In stereoselrcti\ lty 

:I 1111 changes m solvent and lenwn= 17 groups The one e\ceptlon mvolves the use of the 

tr~tluoromethylsulfonyl group as the le‘t\ m, m group at low remperature fn the cdse of 

D-galactose’ 6, the yields of methyl /I-D-glycoslde \iere quite hgh, \\hlie wth I)- 
mannose the yield of the [I-D anomer was about 50% 
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3,4,6-Trr-O-benzyl-o-mannose10 was acylated with varrous acylatmg agents to 
grve the Chester derrvatrves 9-13 These compounds, whrch m some cases were 
rsolated as a mixture of rl- and /II-D anomers (Table II), were converted to the cor- 
respondmg glycosyl hahdes by conventronal methods” (Table III) The I-U-tosyl- 
D-mannopyranose derivatrves were prepared from the correspondrng cc-D-manno- 
pyranosyl bromrdes or chlorides (14-18) by treatment wrth silver p-toluenesulfonate 
in acetonrtrrle at room temperature3 

The glycosylatron reactrons were carrred out m several solvents (Table IV), of 
whrch drchloromethane was found to provrde the best yrelds In the model studres 
wrth methanol, the anomerlc purrty and the yield were estrmated from ‘H-n m r and 
r3C-n m r data In contrast to the 2-0-benzyIglycosrdes the methovyl group of the 
varrous methyl cr-D-giycosrdes from 14-18 gave a signal that appeared between 
S 3 31 and 3 41 (Tables IV and V) The methoxyl group srgna! of the P-D anomer 
appeared - 0 1 p p m don nfield compared to the IL-D anomer A srmilar change was 
observed also, in the r3C-n m r spectrum, between C-l TV and C-l p 

Acetyl, benzoyl, and p-methoxybenzoyl resrdues were found to be effectrve 
partlcrpators as nelghbormg groups and led to trafzs-glycosrde formation, however, 
reactions wrth the 2-0-benzoyl derivative gave products rn hrghest purrty and yreld 
The efficacy of the I-0-tosyl-2-0-benzoyl derrvatrve was further demonstrated m the 
preparatron of glycosrdes 25,29,30, and 31, usually m yrelds of over 90% of essentrally 
pure product The yield of the glycosyiation dropped to about 80% only m the 
reactron \\rth an axral secondary hydrouyl group 

The 2,2,2-trrfluoroethylsulfonyl derrvative obtained from 17 was srgmficantly 
less stereoselectrve than the tosyl derrvatrre on reactron wrth methanol at room 
temperature, and it sho\\ed the formation of an observable amount of a /I-D-glycosrde 
derrvatrve Ho\\e\er, at O”, hrgh stereoselectrvlty was also obtamed wrth this more 
reactrve leavmg-group 

Glycosrdatron reactrons of r-glycosyl derrvatrves with electronegatrve leavmg- 
groups at C-l and nonparttcrpatrng substrtuents at C-2 vary greatly m therr stereo- 
selectrvity The stereoseIectr\ity of the reactron can be Interpreted on the basrs of the 

TABLE III 

2-0-SI.,BSTITUTIID 3,4 6-TRI-O-UEhZ’L L-x-D-\~A\\OPI RA\OS\ L HALIDES 

14 Duzhloroacetate Br 1123 6 4, 17 5 55 

15 Acetate Cl c47 60 17 5 41 

16 p-Nltrobenzoate Br f34S 6 55 17 5s 

17 Benzoate Cl f30 5 621 17 5 72 

18 p-Methoy benzoxe Cl r57 6 21 17 5 71 

“Measured on solutions m drchloromethane ‘Unrts of 8 (P P m ) 
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TABLE IV 

REACTIOX OF 2-0-ACYL-3,4 6-TRI-0-BEXZYL-I-0-TOSI L-D-PIIANYOPYRAVOSE WITH 

%IETHANOLa 

cotnp Sabstltaent Sohent Total z Anonzer ‘H-N ,,I r ‘3C-VIII r 

formed at C-2 J IeId W) 
(O/b ) MeO, MeO, H-2 C-I, C-l, 

23 Did- Icro- 

acetate 

24 Acetate 

25 

26 

p-Nmo- 
benzoate 

Benzo ue 

27 p-Metholy- 
benzoate 

Ether 
CHrCN 

CHZCI, 
Ether 

CH3C& 

CH3CN 
Ether 
CH2C12 

Ether 
CH,CN 

65 54 3 42 
70 61 

so >98 3 31 
7.5 >98 

70 97 3 41 

75 >9s 
70 >98 3 33 
95 >9s 

-15 -9s 3 36 
40 -98 

3 53 5 4s 99 16 9935 

5 37 98 95 

3 5’ 5 61 9s 56 99 2 

5 61 9s 9 

6 61 

“I-0-Benroxl-3 4,6-trl-0-benzvl-l-O-12 3- 2-tnfluoroeth>Isulfonyl)-D-mannop>ranose formed 60% of 
(x- and 40% of j?-D-gi\cosrdes at room temperature and essentlak pure (>98?0) z-D-gl>coslde at 0 
Because of difficult) m mcasurmg methanol the hsted yields should be consIdered mmlmnl In 
reaLtlons carried out wtth a smalt e\Less ofdrl meth.mol the yields are usunlly essentlaIl> quancwtl~e 

TABLE \ 

GLt COSIDES OF ?-0-EE\ZO’rL-3,-t,6-TRI-0-ElE~Z\ L-l-D-V4kXOPt R-iXOSIDE 

Contp tz&Y C-Y ToraI 1 reld zi Amrrrer 
(o/o) ( % ) 

28 -3 I 90 >9s 

29 I1 5 90 ; 95 

30 -1-56 95 >9s 

31 -5s 7%90 90 

“Dettrmmed on sotutlons m d~chlorometh,rne 

‘H-h it, r 

HZ H-2 

497 5 63 

5 15 5 60 

3 95 5 60 

491 5 77 

‘3C-h II, r 
C-l, 

9s 97 

95 97 

97 6s 

100 10 

mechamsm proposed by Rhmd-Tutt and Vernon” The course of the redctlon 
depends upon a cornpetItIon between three possible processes (see Fig 1) direct 
/I-glycosldatlon (reactlon 2), or anomerlzatlon of an z-tight Ion-pair, followed 
mm~ed~ately by a very rapld glycosldatlon (reactlons 3 and 5), or ion separation 
\\hlch leads to loss of sterlc control (reactions 6, 7, and 8) In order to avoId Ion 
separation, solvents of 101% dlelectrlc constant are advantageous In these systems, the 

rate of reactlon 2 IS Increased over that of reactron 3, and /I-glycoslde formatlon IS 
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1 
CX-GX _ - a-G l , x- 2 ROH 

--1 

3 ’ 

-HX 
- #3-ROG 

A G+ 11 X- 8RoH - a,+ROG 

\ / 

-HX 

4 
,Q-GX -P-G*. X- ‘_,“,“” - a-ROG 

FIN I Mechamsm of glycoslddnon modified lccordmg to Rhmd-Tutr and Vernon” 

enhanced by hrgh concentrations of alcohol Reactlon 3 and r-glycoslde formatlon 
can aiso often be enhanced by proper selectlon of experlmental condltlons The 
hahde-Ion catalyzed a-glycosldatlon described by Lemleux et nl ’ 3 depends upon 
suppresslon of reactlon Z by low alcohol concentration and enhancement of Ion-pax 

anomerlzatlon (reactlon 3) by nucleophlhc attack of hahde Ion Glaudemans and 
Fletcher” have noted that mcreased hahde-Ion concentration can suppress the rate- 
determmmg ionzwon (reactlon I) by a common-Ion effect and thus offset any rate 
enhancement by reactlon 3 The two factors that are required for high cc-stereo- 
selectlwty (low alcohol and high halide-Ion concentration) thus tend to produce a 
relatively slow reactlon We have attempted to apply the halide Ion-catalyzed method 
to 2,3,4-tn-O-benzyl-6-O-(~~-phenylcarbamoyl)-r-D-mannopyranosyl bromide Usmg 
the customary redctlon condltlons” \\lIth - 1 1 equw of methanol m dlchloro- 
methane, \\e found that the reactlon \\as sterecselectl\e (- 90% of rl anomer) but at 

only 50% of completion after four days 
Therefore, It appeared advisable to mvestlgate some of the structural modI- 

ficatlons of sugar derlvatwes that ha\e been shown to alter, Independently, rate and 
stereoselectwty of r-glycosldatlons These modlficatlons have been reviewed else- 
where ’ ’ In general, compounds havmg tightly bound leaving-groups, such as 
chloride or fluoride, tend to react by direct substltutlon rather than by Ion anomen- 
zatlonor separation Thus, methanoiysls of 2 3,4,6-tetra-O-methyl-r-D-glucopyranosyl 

chloride produces nearly pure P-glycosrde” However, the correspondmg D-mannose 

aerwatlve m methanol (dlelectnc constant E 32 6) produced a mlyture of glycosldes 
contaln.Tg 42% of /I anomer” Rlund-Tutt and Vernon” ascrlbe tills behawor to 
shlel&ng by the axial C-2 substltuent, which allons the Ion pair to separate and C-L to 

adopt a planar ConformatIon before reactlon The stram due to I,3 mteractlons wth 
the 2-anal group may be released and prowde the drlvmg force for the lomzatlon and 
&ssoclatlon The same explanation probably accounts for the poor steleoselectwty 
of the reactIons reported m Table I The reason for our selectIon of compounds 111th 
nonpartlclpatmg groups at C-2 1s as follows 

It has been observed m other systems L 5 that 2-O-benzylglycosyl sulfonates tend 

to undergo glycosIdatlon wth more a-stereoselectwty If C-6 and C-4 are esterlfied 
rather than ether&d Tlus higher wspeclficlty appears to be the result of a SensltIvltY 
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to solvent that is less prominent with the fully etherified derivatives. Apparently, 
when an z ion-pair of appropriate reactivity is generated in a solvent of high 
donicity “*l 6, the solvent can compete effectively with the alcohol and solvate the 
ion pair, thus reducing its reactivity’ ’ and providing time for anomerization. Thus, 
reaction 3 is favored over reaction 2. In order to avoid dissociation (reaction 6), the 

solvent must have a low dielectric constant. Ethers are inert solvents of high donicity 

and low dieIectric constant and are thus especially suitable for ot-glycosidation 
reactions. 

The compounds reported in Table 1 should produce ion pairs of different 
reactivities since they have leaving groups of different electronegativities. They have 
ester functions at C-6 (and in one case C-4). The solvents include those of relatively 
high donicity and high dielectric constant” (acetonitrile), low donicity and low 
dielectric constant (dichloromethane), and hvo of high donicity and low dielectric 
constant (ethyl ether and dimethoxyethane). No clear trends and almost no significant 
variation in selectivity is apparent. The results give strong support to the inter- 
pretation of Rhind-Tutt and Vernon” that shielding by the C-2 axial substituent 
alIows planarity of the D-mannosyl cation before reaction. 

It, therefore, appeared to be necessary to select 2-0-acyl participating groups 
to ensure trcztzs-I ,2 r-stereoselectivity Lvith D-mannose. Glycosyl halides having an 
acyl participating group at C-l, yield I,_ 3-tlmzs-glycosides or orthoesters when allowed 
to react with alcohols under a variety of conditions (for a review, see Ref. IS). The 
orthoesters themselves can be caused to rearrange or react with alcohols to give 
I,?-trans-glycosides. Thus, methods are available to give /3-D-gluco-, D-D-galacto- 
and cc-D-manno-pyranosides. 

Per-0-acyl-D-mannopyranosyi bromides or chlorides have been LvideIy used in 
the Koenigs-Knorr or orthoester reaction to give r-o-mannopyranosides of simple or 
reactive alcohols in good yields and stereoselectivity. However, when aglycons of low 
reactivity are used, yields are reduced and in some cases so is the stereoselectivity. The 
low yields seem to be due mainly to the 101~ reactivity of peracyl derivatives, which 
provides time for side reactions to occur. The results of Wallace and Schroeder” and 
of Shaban and Jeanloz” indicate that wglucopyranosyl halides having an acyl group 

at O-2 and ether functions (either benzyl or methyl) at O-3, O-4, and O-6 give hish 
stereoselectivity in the synthesis of 1 ,2-trazzs glycosides and faster reaction rates than 
the corresponding peracylated derivatives. Hanessian and Banoub have activated 
peracylated glucopyranosyl halides usin g silver trifluoromethanesulfonate2’. Good 
yields of p-D-glucopyranosides were obtained with good stereoselectivity in short 
reaction-times (4-S h), although it is not clear whether the I-0-tritluoromethylsulfonyl 
derivative is the intermediate or whether the reaction proceeds by silver-assisted 
abstraction of halide ion. 

In the present work, partially etherified 2-0-aCyl-x-D-mannOpyranOSyl bromides 
or chlcrides (14-18) were converted into the corresponding 1-0-sulfonyl derivatives 
(X9-22) by reaction with the appropriate silver sulfonate in acetonitrile solution. The 
silver halide was separated by filtration in an evacuated system. The acetonitrile 
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sOh.~tiOn either was evaporated to dryness and the product dissolved in the desired 

solvent and treated with methanol, or was treated directly with methanol. (A number 

of D-&Co- and D-gaiacto-pyranosyl sulfonates have been shown previously to have 
the u cOnf&wation, but no attempt was made to characterize these D-mannosyl 
sulfonates). The glycosides formed lvere characterized by ‘H-n.m.r. spectroscopy_ As 
shown in Table IV, the stereoselectivity of the glycoside-forming reaction is dependent 

on the electronic nature of the 2-U-acyl group. Dichloroacetyl and p-nitrobenzoyl 
groups are poorer participating groups and give lower degrees of stereoselectivity, as 
expected’“. To the degree that participation is incomplete, an uncontrolled attack by 
an alcohol at C-l gives both a- and /3-glycosides. Acetyl, benzoyl, and p-methoxy- 
benzoyl groups are good participatin g groups, and all gave very high stereoselectivity. 
However, the benzoyl group appears preferable because of ease of manipulation. 

The choice of solvent had little effect on the stereoselectivity of reactions with 
compound 22. Thus, participation of the benzoyl group was more rapid than, and 
preferred over, solvation of the cation by another molecule. However, the yield of 
glycoside was dependent on the solvent for reasons that are not clear. The best solvent 
was found to be dichloromethane, nhich dissolved all the D-mannopyranosyl 

derivatives and aglycons, and gave high yields and stereoselectivity. When the 
trifluoroethanesulfonate group was the leaving group, stereoselectivity \vas lost at 
room temperature but, at zero degree, the stereoselectivity was as high as that with the 
p-toluenesulfonate group. The best and most convenient choice of variables, there- 
fore, included reaction at room temperature in dichloromethane with 2-O-benzoyl- 
3,4,6-tri-U-benzyl-l-O-p-tolylsulfonyl-u-mannopyranose (22). A series Of r*-D- 

mannopyranosides having various aglycons were synthesized under these conditions 
(Table V). The yields and stereoselectivity Deere very high but, in general, when the 
aglycon was of low reactivity or sterically hindered, the yield and stereoselectivity 
were somewhat decreased. 

2-O-Benzoyl-3,4,6-tri-O-benzyl-l-O-p-tolylsuIfonyl-~-n~annopyranose(22) may 
exist as the ‘1 or /3 anomer, but the x form is presumably greatly preferred. in theory, 
E/Z~O and EYO isomers of the acy1osoniu.n p-toluenesulfonate may also exist. We have, 
holvever, not obtained adequate spectral evidence to determine which isomers exist 
or preponderate. There are four corresponding, tight-ion pairs, which may be present 

as reactive intermediates in $ycosidation. However, the lack of sensitivity to the 
solvent, and the influence of nitro substitution of the benzoyl group on stereo- 

selectivity (as shown by the reaction of 21) strongly support the classical inter- 
pretation that an acyloxoniunr ion is the important intermediate in this glycosidation. 
It appears unlikely that this iOn is converted to an orthoester and that the orthoester 
rearranges. A reaction betlveen 0.7 mmol of 22 and 1.4 mmol of methanol in 2 ml of 
chloroform-d was followed by 1 H-n.m.r. spectral analysis at 35”. The reaction had 

progressed very far at the first reading, 15 min after mi.xing; no methoxyl proton 

characteristic of an orthoester could be seen. After 3 h, no change in the relative size 
Of the peaks of free methanol (5 3.40) and r-D-giycosidic methosyl group (6 3.46) was 
observed, and processing of the reaction misture showed that the reaction had gone t0 
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, R’= R5’ H R2,R3, R’C ez, 

* I?’ = $ = PnNHCO Rz = R3 = R4 = &I 

3 F? = H R* = R3 = R’ = EL, R5 = Ts 

4 R’ = PhNHCO R’= d= R’= BzI R5= 1s 

5 RI = d = H d = R3 = R’ = ID, 6rC6H,,Ck2 

6 R’ = R= = PhNHCO R*= R3 = R1= Ip18rC6H&H2 

7 R’ = R. = R’ = CC RI = R3 = 6~, 

ACOCH, 

9 R = R = C12CHC0, 

10 R = R = AcO 

11 R = R’= IPJNO&,H,CO~ 

12 R = R = 520 

13 R = R = ~DJM~OC&,CO, 

14 R = er F1 = “pi’+ 

15 I? = CL 9 = PC0 

16 R = B- R = ~PJNO&H&O~ 

17 R = ” R = &A, 

16 R = Cl R’ = (,?JMeO~H,CO, 

19 R = 

20 R = 

21 R = 

22 R = 

23 R = 

24 R = 

2.5 R = 

26 R = 

27 R = 

TS R = Cl,CHicO, 

TS R = *co 

Ts R = IPJNO&H&O, 

T5 a = BZO 

Me R = CIZCHCCZ 

we R = AC0 

Me R = rDJru3,C,u,co, 

We R = 6~0 

We R = frJMeOC.&CO 

completion The rate of react on appears grtxter than expected for an orthoester 

Intermediate 
When 17 \\as treated \\lth s11ker trifluoromethanesulfonate and the product 

allo\\ ed to rcctct D lth methanol JO” ,‘, ot /I-glycoslde \xas formed at room temperatLlre 

~1 hereas at zero degree the product u a> ebsentlallq pure +gI_vcoside Apparently, \i Ith 
the more reactike tr~fluoromethnnesulfonate leaving-group, direct glycosldatlon u Ith 
lnverslon can compete \\lth rearrangement to the acjloxonlum ion Ho\\e\el 

the former reaction has the higher activation energy and can be elmunated by 
loi\ ermg the temperature Thrs method of preparmg 11 ntrs- 1,Zglycosldes rapidly ‘md 
m high yield IS also useful for the preparation of rJaJ?s-1 ?-/j-D-salactosides 

E\PERIXIENTAL 

Gene) al - ‘H-N m r spectra were determined with a Varlan A-60-A spec- 
trometer on solutions In chloroform-d with tetramethylsllane as an internal standard 
Optical rotations \\eere recorded with a Perkm-Elmer 141 polarimeter Melting 
pomts were determmed wrh a 76-mm immersion thermometer Spectrograde dl- 
chloromethane, acetomtrlle, dlethyl ether. and 1 2bmethouyethane were dried over 
CaH, Sllverp-toluenesulfonate (Eastman Organic Chemicals, Rochester, NY 14650), 
silver trlfluoromethanesulfonate (CatIomcs, Inc Columbia, SC 29240), and silver 
p bromobenzenesulfonate (prepared from the sodmm salt with sliver nitrate) were 
dried under high vacuum before use 
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Sher 2,224 I~~toroetharresuIfofonate - 2,2,2-Trlfluoroethanesulfonyl chloride 
(5 ml) was hydrolyzed wth water at room temperature to the suIfomc acid and HCI 
The HCl was removed by azeotroplc dlstlllatlon wth water, and the reman-ung 
sulfomc acid was treated wth a silver rutrate solution A white preclpltate formed, 
and was filtered off and dned The silver salt can be recrystallized from benzene 

2,3,4-Tr~-O-benq I-D-mamopvt anose (1) - 1,6-DI-0-acetyl-2,3,4-tn- O-benql- 
=-D-mannopyranose (16 g) was deacetylated wth sodmm ethoxlde m ethanol The 
solutmn was neutrahzed with acetx acid and evaporated to a syrup The product was 
dissolved m dlchloromethane and washed \\ Ith water, dilute HCI, NaHCO, solution, 

water, dried (Na,SO,), and evaporated to a syrup T 1 c on slhca gel wth ether as 
eluent showI only one spot and ‘H-n m r showed 3 benzyl groups and 2 protons 
exchangeable wth D20, (yield 13 g). [;(I;’ ~45 0” (c 1. chloroform) 

ha/ Cak for C27H3006 C, 71 98, H, 6 71 Found C, 71 75, H, 6 67 
2,3,4- Trr -0 -betq i- 1,6-ch -0-(N-~IWIIJ lcar batno? I) -D-?ilailtIOp_) t anose (2) - 

2 3,4-Tri-O-benzyl-o-mannopyranose (I 0 2) was converted Into 2 accordmg to the 
method used for the correspondmg D-glucose denvatwe’ The product nas punf’ied by 
column chromatography on alumma to g IL ‘c 13 g of 2 as a noncrystallme, glassy sohd, 
b] A’ + 17 4” (c 1, chloroform) 

-Inal Calc for C1, H,,N,O, C, 71 59, H, 5 S5, N, 407 Found C, 71 35 
H, 5 SO, N, 4 05 

2,3,4-Trr-O-betqf-6-O-p-toll IwIfou~ I-D-urannop~ ratlose (3) - 2,3,4-%-O- 
benzll-D-mannopyrnnose (I) (3 0 g) u as dissolved m dry 2,6-dlmetlylpyndme 
(20 ml) p-Toluenesulfonyl chloride (2 0 g) was added and the solutlon stirred 
overmght at room temperature Water (1 ml) was added to decompose the ewess of 
chloride and to hydrolyze the tosyl group at O-1 After 4 h the solution \\as poured 
Into eater, and the suspension was extracted with dlchloromethane The orgamc 
ph‘tie \\as washed wth water dilute HCl NaHCO, solution, \\&er, dried (NaSO,), 
and e\ aporated to d syrup Chromatography on SI~ICIC acid gave 3 as a syrup (2 0 f), 
b] 2 + 2 5’ (c 1, chloroform) the 1 H-n m r spectrum sho\\ed 3 benzyl groups, one 

tosyl group, and one proton exhangeable wth D,O 
7 3,4-i? r-0-bet1-J I-I-0-(N-plrenl (car bamo1I)-6-0-p-to/> Islrffofr~I-x-D-trlatItro- 

ptr ani& (4) - 2,3,1T~~-O-benzyl-6-O-p-toly~s~lfonyl-D-niannopyranose (3) (2 0 g) 

was dissolved m dry pyrldme (20 ml), and phenyl lsocyanate (I g) was added The 
reactlon mlvture was processed as described prewously’ The product crystalhzed 

from ether-petroleum ether to gve 2 0 g (S3%) of 4, m p 154-I%“, big’ +2-I 3” 
(c 1, acetone) The n m r spectrum showed 3 benzyl groups, 2 carbamlate groups, and 

a doublet at 6 6 05 (J1 Z 1 5 Hz) characterlstlc of the X-D anomer 
Anal Calc for C,, HaIN09S C, 6s 03 H, 5 71 N, 1 9-l Feud C, 6s 59 

H, 5 45, N, 1 85 
2,3,4-T? l-O-(p-b) onzobetq I)-D-nlannop~‘rarrose (5) - Methyl 6 0-tntyl-r-D- 

mannopyranoslde (10 g) was &ssolved m dry tetrahydrofuran (200 nil), and NaH 
(3 5 g) \xas added After the evolution of H, had ceased, a solution ofp-bromobenzyl 
bromide (23 g) m dry tetrahydrofuran (100 ml) was added dropnlse The mllturc 



15s E S RACHAMAh, R EBY, C SCHUERCH 

was boded under reflux for 4 h, and then the excess NaH was ehmmated with 
methanol The solution was evaporated to give a syrup, water was added, and the 
orgamc compounds were extracted with dlchloromethane The orgamc phase was 

\\ashed \\lth water, dried (NaSO,), and evaporated to a syrup that would not 
crystallrze The syrup WLS detrltylated with HBr III glacial acetrc acid, followed by 
acetolysls m acetlc anhydrIde-H,SO, for 3 h at room temperature The crude, non- 
crystalhne 1,6-do- 0-acet) I-2,3,4-tn-0-(p-bromobenzyl)-D-mannopy-ranose was de- 
acetylated by transesterlficatlon m ethancl \\Ith sodmm ethoxlde to give 5, wIzlch 
crqstalhzed from chloroform-petroleum ether to give 7 0 g (45%), m p 168-171”, 
[XI;’ --59 7’ (c 1, &methyl sulfoxlde) 

A& Calc for G7HZ7Br306 C, 47 IS, H, 3 96, Br, 34 S9 Found C, 47 3 1, 
H, 4 17, Br, 35 43 

-3 3,-&i? r-0-(p-b] onroberq l)- I,~-L~I-O-(N-~IKVIJ lcal bamoJ I)-wnzannopyr anose 

(6) - This compound nas prepared from 5 by reactlon \L Ith phenll Isocyanate 1x1 
pyrldlne, as described for the correspondmg glucose denvatlve’ The product was 
purified on an alumma column to gl\ e 6 as a noncrystallme, glassy sohd, [r]L5 - 3 1 S’ 
(c 1, chloroform) 

hai Czlc for C,,HJ7Br,0,N, C, 53 21, H, 4 03, N, 3 03 Found C, 53 3S, 
H, 4 11. N, 3 10 

1,4,6-T1 r-0-acet) I-2 3-d1-O-ben~~ I-1-D-lnantlopjrairose (7) - Methyl 2,3-dl-O- 
benzyl-rr-D-mannopyranoside’ (-I g) 1~ as dissolved m acetIc anhydnde (10 ml) To 
tlus solution \\as added S ml of acetIc anhydnde contammg 5 drops of cone H?SO, 
The acetoI>sls L, ds follot\ed by ‘H-n m r and appeared complete after 10 nun Thus 
reaction must be carefully momtored Processmg of the acetolysls reactIon by a 
procedure sumlar to that of 3 led to the lsoiatlon of a syrup In an almost quantltatlve 
yield, pure accordmg to t 1 c Cr>stalhzatIon from ether at - 5” ga\e 7, m p 96-98’ 

[I]:” + 7 5” (c 4 39, chchloromethane) 
AIral Calc for C,,H,,O, C, 64 IS, H, 6 22 Found C, 63 54, H, 5 99 
4,6-Dr-0-acrr] I-Z,3-d~-O-bc~q I-rr-D-i?rarl~rop_t I arlos_l I chlorrde (8) - The two- 

acetyl-dl-0-benzql derndtne 7 (4~) Q;~S dlssolked In ether (SO ml) and dlchloro- 
methane (20 ml) Into tlus solution gaseous HCI \\as bubbled for 15 mm The 
reactIon flask \\as closed and kept o~ermght ‘tt room temperature After 20 h, t 1 c 
(3 2 ether-hexane) mdlcated that rhe reactlon \\as completed The solution was 
concentrated under vacuum at room temperature The residue \\as dissolved in 
&chloromethane, and the solution was washed with cold sodmm hydrogencarbonate 
solution and \\ater The dried orgamc extract was evaporated under vacuum to give a 
syrupy residue, [Y];” f2S S” (c 4 7, dIchioromethane), ‘H-n m r (CDCI,) 6 7 3 
(IO aromatlc H), 6 I (d, JI Z 1 8 Hz, H-l), 4 65 and 4 5 (4 H of 2 CH?), and 1 9s 
(6 H of 2 AC) 

PI epat atlon and ~IJ cosrciatlokr of 6-xtbstrtrrrerl-3 mamopJ I anose derr&atlLes KU/I 

methanol - 6-Substituted 2,3,4-trl-O-(benzyl- or p-bromobenzyl)-i-O-(N-phenyl- 

carbamoyl)-D-mannopyranoses were conkerted Into the D-mannopyranosyl chlorides 
nlth HCI gas m chchloromethane as described for D-glucopyranosyl chloride 
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derlvatlves’ The chlorides were treated mune&ately with the correspondmg silver 
salt m acetomtrxle to form the sulfonates, as described for D-glucosyl and o-galactosyl 
derlvatives3-5 The D-mannose I-p-toluenesulfonate, I-p-bromobenzenesulfonate, 
I-(2,2,2-trlfluoroethanesulfonate), and I-trtiuoromethanesulfonate were &ssolved m 
the appropriate solvent, and the sliver chlorxde formed was filtered off and the solution 
allowed to react with 1 equlv of methanol 4,6-Dl-0-acetyl-2,3-dl-O-benzyl-r-o- 

mannopyranosyl chloride was converted mto the corresponchng I-0-tosyl denvatlve, 
which was allowed to react with methanol slmllarly All operations were performed 
on a high-vacuum rack, as described for the D-glucose denvatlves3 The nuxtures were 
Isolated and the crude product analyzed by IH-n m r , results are shown m Table I 

Preparatron of ~,.i’-d1-O-acy~-3,4,6-t! r-O-benzl,l-D-ma?lnopJ ratlose c/et WatrL es 
(9-13) - The startmg material for a11 syntheses of 2-O acyl derlvatlves was 3,4,6-tn- 
O-benzyl-D-maMOpyranOSe, ~\h~ch was obtamed as described by Franks and 
Montgomery lo To a IOmM solution of 3,4,6-tn-0-benzyl-o-mannopyranose (1) m 
dry benzene (20 ml) contammg a shght excess of 2,6-dlmethylpyndme (for the 

preparation of 9 and 11) or pyndme (for the preparation of lo,12 and 13) was added 
with coohng 2 2 eqmv of the appropriate acyl chloride In most cases, a preclpltate of 
hydrochloride formed unmedlately and the resultm, (3 suspension was stirred for 24 h 
at room temperature Afterwards, a few drops of water were added to destroy any 
unreacted chloride After stirring for an ad&tlonal 30 mm, the reactlon mixture was 
treated several times with cold sodium h)drogencarbonate solution The orgamc 
extract was dned and concentrated under vacuum, and the resxdue was chromato- 
graphed on a short column of s&a gel In all cases, yields of the dlesters Deere nearly 
quantltatlve The products were composed generally of a ml\ture of anomers In 
some cases, It was possible to obtam the Z-D anomer ma crystallme state (see Table II) 
The propertles of the &ester derlvatlves are hsted in Table II 

T 1 c analysis was performed \ilth 3 2 (v/v) ether-helane or 19 1 (v/v) dlchloro- 
methane-ether 

3,4,6-T] r-0-benq I-2-O-p-f~rrroberl=oy~-~-D-lnm2nop~ 1 anosyl bt omrde (16) - 
Into a solution of 11 (1 S g) m dlchloromethane (20 ml) was bubbled gaseous HBr, 
p-mtrobenzolc acid started to separate after 2 mm, and after 10 mm the acid was 
filtered off The filtrate was concentrated under vacuum at room temperature The 
residue was dissolved m &chloromethane , and the solution was washed successively 
with cold sodnun hydrogencarbonate solution and water The dry extract was con 

centrated under vacuum to give a syrupy product (1 5 g, 94%) The physlcnl data are 
reported m Table II Chromatographc purlficatlon on either alumma or slhca caused 
extensive decomposltlon Thus, the glycosyl hahdes \\cere used \\lthout further 

purification 
3,4,6-Trt-0-berlzl I-2-O-(rlrcl1Ior oacetj I)-r-D-mamopyf atloq 1 bf omrrk (14) - 

The preparation of 14 was performed smulally to that of 16, except that In this case 

the hberated acid was soluble m the reactron medmm 
Preparatron of 2-O-ac) I-3,4,6-t) I-0-befr=lI-a-D-f)ttrrrtlopyt aflos$I chlof I& dQf fL - 

atzLe.s (15, 17, IS) - The IOrmx solution of the &ester derlvatve in anhydrous ether 
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(100 ml) was saturated with HCI m the cold (5”), then the flask of the maon ws 
closed tightly with a stopcock After the solution had been kept for two days at room 
temperature, t 1 c on slhca gel m 3 2 (v/v) ether-hexane mdlcated that the chlormatlon 
was almost complete Processmg mcluded washing with cold aqueous sodmm 
hydrogencarbonate and water The products obtained were syrupy and could not be 
induced to crystallize 

The chlonde 15 was prepared by an alternative method 3,4,6-Trl-O-benzyl-D- 
mannopyranose (1 3 g) was assolved m dry toluene (20 ml) Acetyl chloride (5 ml) 
was added, folIowed by 2 drops of pyndme, and the reaction mixture was stlrred 

overmght at room temperature After 20 h, HCl was bubbled m for 3 mm, and the 
reaction was allowed to continue for an addmona 24 h at room temperature The 
processms was as Just described The crude yield of the chlormatlon reaction was 
almost quantltatlve accordmg to ‘H-n m r and t 1 c data 

Reacttort of 2-O-acyl-3,4,6- tt r-O-beit=?‘I-r-D-tttatlttopyt atton I ftaltde det IL am c 7 

rorth nretlzattol - The smtable halide dssolved m acetomtnle was allowed to react 
with sliver p-toluenesulfonate (or trifluoroethanesulfonate) to form the correspondmg 
sulfonyl derlvatlve (19-22) Then, the acetomtrlle \\as dlstllled off (except for the c&se 
where acetorutrlle Itself sened as a medium for the reactIon) The sulfonyl derlvatlve 
was &ssolved m the appropriate solvent, the sliver chloride (or bronude)’ formed 

was filtered off, and the solution was treated N lth 1 equiv of methanol All operations 
were performed on a l-ugh-vacuum rack as described for the D-glucose derlvatlves’ 
The mixtures were Isolated, and the crude product (23-27) was analyzed by ‘H-n m r 
Results are shown m Table IV 

MethvI 2-O-bexo! I-3,4 6-tt t-O-bettzl I-a-D-i?lamOp~ t-mow/e (26, z atlolltel) - 

The reaction of 22 was performed m cfichloromethane as Just mentloned The 
processing of the glycosldatlon mlyture Included washmg of the orgamc extract with 
cold sodmm hydrogencarbonate and thlosulfate solutions The syrupy residue 
obtamed after evaporation of the orgamc solvent was pure accordm,o to ‘H-n m r 
and t 1 c data (3 2 v/v, ether-heuane) After ehmmatmg traces of nnpurltles (mamly 
sillcone grease) by use of a short slllca gel column, a sohd material was obtamed, 
whch crystalhzed from ethanol-hexane at - IO”, m p 76-78”, b]k” -222” (L 1 1, 
&chloromethane) 

Anal Calc for &Hj607 C, 73 92, H, 6 38 Found C, 73 94 H, 6 25 
This compound (100 mg) was treated m abs methanol \\lth a catalytic amount 

of sodmm methoxlde The product obtamed was ldentlcal 11 Ith a reference compound 
synthesized by the method of Franks and Montgomery” This result provided a 
chemical verlficatlon of the absence of any orthoester by-product among the glycoslda- 
tlon products 

-3 -[p - ToJylatt1ttlo)phetly[]etit~ I 2-O-benzoyl-3,4,6-ttr-0-betrzyl-z-D-maruto- 
py-mode (30) - Ths glycoslde was obtamed m a slmllar manner to 26 A glycoslda- 
tlon m dlchloromethane startmg from 17 (500 mg) and 253 mg of 2-[(p-tosylammo) 
phenyllethanol gave 690 mg (95’4) of product, pure accordmg to n m r and t 1 c 

criteria For an analytical sample, chromatography on alumma with elutlon with 
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mixtures of chloroform-ether (startmg from d solution of 10% ether) gave 550 mg of 
30 as a white amorphous sohd, optlcal rotation and n m r data are reported m 
Table V 

Anal Calc for C,gH,,N09S C, 7 I 08, H, 5 96, S, 3 86 Found C, 71 17 
H, 5 95, S, 404 

MerliyI -7 - 0 - (-7 - 0 - benzoyf - 3,4,6 - tn - 0 -beg I - x - D - maiulop~,ranosli) - 3,4,6 - 
trr-O-be~l=_vl-r-D-l?latl~lop~ I atromie (31) - The glycosldatIon was carried out as 
described for 26 The chloride 17 (475 mg) and methyl 3,4,6-tn-O-benzyl-r D- 
mannopyranoslde (415 mg) gave 650 mg (79%) of 31 The proportlon of 31 estimated 

from n m r spectra and t 1 c appeal to be -90% of the total yield, optlcal rotatton 
and n m r data are reported m Table V The /3-u anomer (mmor component) couId 
not be Isolated m a pure state 

Anal Calc for C,IH,IO,, C, 74 52, H, 6 25 Found C, 74 57 H, 6 34 
Characterlzatlon of an analogous disaccharide derived from the condensation 

of 3 [(p-tosylan~~no)phenyl]ethyl-3,4,6-tr~-O-benzyl-rr-D-Inannopyranos~de (30) wth 
22 showed no e\ldence of the /3-u anomer 
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