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ABSTRACT 

The reactlon of an aldose denvatlve contammg a free anomerx hydrovyl group 
wth tnlluoromethanesulfomc anhydrlde or methanesulfomc anhydnde, m the 
presence of hahde Ion and s-colhdme, furmshes a glycosy! halide, If an alcohol IS then 
Introduced, glycoslde synthesis 1s effected m an overall, “one-pot” reactIon Several 
r-D-ghicopyranosldes mcludmg dlsacchandes, have been prepared m lugh yield by 
us_n,o 2,3,4,6-tetra-0-benzyl-D-glucose as the aldose, and generatmg the correspondmg 
glycosyl bromide(s) ztz szttt As a hahde-exchange step IS mcorporated m the reactIon 
sequence, orthoacetate formatIon \\ as fa\ ored m reactIons of 2,3,4,6-tetra-O-acetyl- 
D-glucose, such as occurs wth per-O-acetylglycosyl hahdes Methanesulfomc 
anhydrIde promotes glycosldatron or orthoester formatIon m the absence of hahde 
Ion, as well as m Its presence, whereas formatIon of an rntermedlate glycosyl hahde 
appears to be necessary m order to moderate the more wgorous reactIons of the 
trlfluoro denvatwe The analogous reactlon of methanesulfonyl chlonde wth an 
aldose prowdes a ready route to giycosyl chlorides Under the condmons employed 
for these various syntheses, acid-sensltlve protectm g groups may be used, mcludmg 
cychc and acychc acetals and O-tntyi substltuents 

iNTRODUCTION 

In an earher article’, It was reported that a glycosIde (4) may be synthesized III 

htgh yield from a sugar derwatwe bearm g a free anomerlc hydrovyl group (1) by 
dxect addltlon of the appropriate alcohol (R’OH) to a mature of the sugar, bromide 
Ion, s-colhdme, and tnfluoromethanesulfomc (tnfhc) anhydrIde It was proposed that, 
m the formatIon of 4, a gIycosy1 trIfluoromethanesulfonate (t&ate) (2) and a bromide 
(3) are mtermelates, and that the latter undergoes displacement by the alcohol We 
now prowde a fuller descrlptlon of this synthetic procedure, describe some charac- 
terlstxcs of the reacttons Involved, and deal wtth the use of related sulfoql derl\ attves 

m the synthesis of halldes and glycosldes 
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RESULTS AND DISCUSSION 

Syithesrs of u-D-gl~lco~~~rallos~~es - Imtlally, an attempt was made to use a 
I-t&ate (2) &rectly m a reactlon wth the alcohol, but this was unsuccessful Thus, 
2,3,4,6-tetra-0-benzyl-u-D-glucopyranose’ (5) m cold s-colhdme-d&loromethane 

was treated wth trlfhc anhydride Accordma 0 to chromatographic and n m r - 

spectroscopic evidence, a rapld transformation of 5 took place, gwmg, presumably*, 
6, but the product was unstable, and the mtroductlon of methanol or ethanol under 

anhydrous condltrons failed to produce an appreciable yield of glycoslde 
An alternative approach was then exammed bromide Ion, a more efficient 

nucleophile than an alcohol, was Introduced, so as to allow for the posslblhty of a 
rapld reaction wth the glycosyl trlflate generated from 5 Thus procedure, employmg 
tetrabutylammomum bromide, afforded a syrupy product that, by p m r spectro- 

scopy, was mdlstmgwhable from 2,3,4,6-tetra-0-benzyl-x-D-glucopyranosyl bromide 

(7)**, prepared by the reaction of hydrogen bromide with I-O-benzoyl-2,3,4,6-tetra- 
0-benzyl-r-D-glucopyranose (8) On morutormg the halogenatlon reactlon by p m r 
spectroscopy, the transient existence of a product l+as detected m the form of a 
relatively weak doublet (J -4 Hz), appearmg 0 I p p m doiinfield of the H-l slgnal 
(J 4 0 Hz) of bromide 7 As there was no brommation m the absence of trlfllc 

anhydrIde, It appeared hhely that the product detected as an mtermedrate was the 
z-tnflate (6) If &placement by bromide ion then occurred, to give the /?-bromide (9) 
mxtlally, Isomerlzation to the thermodynamlcally more stable SL anomer (7) would 
follow, through hahde exchange4 6 ’ under the condmons of the reactIon*** 

Sased on these observations, an expermlent was performed m whch a solutlon 
of aldose 5 (1 0 mmol), colhdme (3 0 mmol), and tetrabutylammomum bromide 
(3 0 mmol) m &chloromethane was added to trlfllc anhydrrde (1 5 mmol), followed, 
after 1 h, by methanol Thus afforded methyl 2,3,4,6-tetra-O-benzyl-z,P-D-gluco- 
pyranoslde (IO, 11) m an overall >leld of 94% (a p = 13 7) 

When cholesterol Leas used as the hydroxyhc component mstead of methanol, 
crystallme cholesteryl 2,3,4,6-tetra-0-benzyl-r-D-glucopyranoslde* (12) \\as obtamed 

m 62% yield No trace of the fi dnomer of 12 was found Slmllarly, w lth 1,2,3,4-tetra- 
0-acetyl-B-D-glucopyranose, &sacchande 13 [[ e , 1,2,3,4-tetra-O-acetyl-(3 3 4 6- -, , 3 
tetra-O-benzyl-r-D-glucopyranosy~)-~-D-glucopyranose] was Isolated m 63% yield, 

and ksaccharide 14 (ref 5) was synthesized m a yield of 85% by the use of l,2 5,6-do- 
0-isopropylidene-Y-D-glucofuranose as the hydroxyhc component According to 
13C-n m r -spectroscopic ekldence, none of the p anomer of 13 or 14 was produced 
m these reactlons 

*Addltlonal ewdence for the formauor. of a I-tnfiate is pro\lded later (bl tne reactlon of 5 with 

pyrldme rn the presence of trtfltc anhydnde) 
**Bromide 7 has been described 1s an unstable syrup by several worhers3-‘, who prepared It by other 
methods 
***Bromide 7 should also be produced If some of the &trlflate (6 ) were formed due to anomerlzatlon 
of 5 m soluuon, accordmg to the n m r spectrum of a solutton of 5 m s-colhdme-CDCI,, however, 
< 10% of the j? anomer (5’) of 5 IS present at equlhbrmm 
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These findmgs m&cate, therefore, that an aldose such as 5 may be converted 
mto a glycoslde (10-14) through the successwe mtermehacy of a I-trlflate (6) and a 
glycosyi bromide (7,9) Due to the presence of an excess of bromide Ion m the me&urn, 

7 and 9 are In eqwhbnum, permlttmg glycoslde formatlon to take place under kmetlc 
control, z e , 9 reacts more rapldlys-6 wth the alcohol, with mverslon, favoring 

synthesis of the cr-D-glucoslde With cholesterol and the monosaccharide alcohols, CI 
anomers (12-14) appear to be formed evcluswely Perhaps because of Its greater 

reactwty, methanol IS less stereoselectlve, although the cr-D-glycoslde (10) IS still 

favored by a factor of two 
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A noteworthy feature of the current procedure is the fact that It crrcumvents 
the usual practrce of employmg the reactJon of a hydrogen hahde with a I-O-acyl- 
aldose derivatrve to generate a glycosyl halide For example, earher preparatrons of 
2,3,4,6-tetra-0-benzyl-cc-D-glucopyranosyl bromrde (7) mvolved3-5 the conversron 
of the tetra-0-benzylaldose (5) mto a l-0-acyl derrvatrve (e g , 15), followed by 
treatment wnh hydrogen bromrde to grve 7 Compound 7 was then employed for the 
syntheses of D-glucosldes, e g , 13 Thus, compound 5 has now been converted mto 13 
m a “one-pot” reaction, leadmg to an Improved, overall yreld of product, as well as a 

drmmutlon m both the md.rvJduaI number of steps mvolved m the synthetic sequence 
and the time reqwred 

Another advantage hes in the feasrbrhty of preparmg glycosyl hahdes bearmg 
acrd-labile protectmg-groups, because acidic condmons are not employed m the 
tnflation-brommatron procedure, For example, when 3,3-0-isopropyhdene-5-0- 
tntyl-D-ribofuranose (16), m the presence of s-colhdme and tetrabutylammomum 

bromxde, \kas treated wth trlfllc anhydnde, followed by methanol, It afforded a 2 1 
mMure of the methyl x- and P-_elycosldes (17, IS) m 64% yield Hence, both the cychc 

acetal 2nd 0-trityl groups were stable under these reaction condrtrons In an analogous 
way, methyl 3,3 5,6-ch-0-rsopropyhdene-r,p-D-mannofuranosrde (19, 20) (z /I = 2 3) 

was obtamed from the free aldose* 

TrOCH2 

i/Y---OH 

0 
\ 1” 
CMe2 

16 

19 

0 
\ 1” 
CMe, 

Some ex-pet-mental factors - In most of the reactlons Just described,, the trlfhc 
anhydrlde was mltlalIy mxed with other components of the reaction mwure at - 70” 

When the bromide had formed (usually, m 15-30 mm), Its reactlon wth the alcohol 

was then conducted at room temperature However, m some mstances, the bromide 
was also generated at room temperature without apparent disadvantage, mdrcatrng 

*Prehmmary experiments \\~th an acychc acetal protectmg group , AZ, -OCH(OEt)Me, sho\\ed that 
this type of substltuent IS also stable 
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that the precaution of workmg at a low temperature with trlfllc anhydrlde may not be 
necessary All of these reactions were accompamed by the development of a dark color 
(from umdenMied by-products), although there was substanfially less coloration at 
-70” (which, Imtlally, prompted the choice of a low temperature) Column chromato- 
graphy on silica gel was hghly effective m decolorlzatlon of the reaction products 

The questlon of stoicluometry m these reactions merits comment For each 
mole of the aldose, one mole of trlfhc anhydride IS needed m order to promote the 
converslon mto a glycosyl bromide and, subsequently, by mtroductlon of an aglycon 
alcohol, mto a glycoslde It may be advantageous to use a small excess of anhydride, 
to counter traces of moisture m the system and also to favor formation of the trlfiate 
HOD ever, unreacted anhydride could then be present L\ hen the alcohol IS added When 
the aglycon IS denked from a readily available alcohol, this practice IS tlaarranted 
However, If the aldose IS relatwely accessible (e 9, 5) and the alcohol IS the mole 
expensive compound, the use of no more than one molar proportion of trlfllc 
anhydrIde IS adwsable, I e , the yield based upon the aglycon moiety should be 
Improved 

Reactrom IIWOIL ry nerghbot mg-gr orip pal trcrpatrorl - Expermlents with a 
sugar derxvatlle having a free hydroxyl group at C-l, and U-acyl, r,ither than O- 
benzyl, substltuents were expected to shed more hght on the action of tr&c anhydrlde 
at the anomerlc center 

When a solution of 2,3,4,6-tetra-O-acetyl+D-glucopyranose (21) (1 mmol) in 
colhdme (3 mmol) and &chloromethane \\as added to trlfhc anhydride (1 5 mmol), a 
rapid reachon took place, gwmg a disaccharide” orthoester (22) as the main product 
(44% yield) The p m r spectrum of 22 e\hlbited a 3-proton singlet at 1 7 p p m due 
to the C-CH3 group, a value characterlstlc of an e\o orlentntlon of -OR m 1,2-ortho- 
acetates” The presence of 12 carbon atoms m t\\o sugar moletles, as well as of the 
C-methyl group and 7 carbonyl groups, appropriate to structure 22 was confirmed by 
1 3C-n m r spectroscopy Accordmg to the ‘H-coupled * 3C spectrum, which clearly 
demonstrated the presence of the quaternary carbon atom m 22, ‘.J, 1_k1 1 of the 
glycosyl group 1s 162 Hz, ~1 hlch IS mdicatlve’ 1 l2 of a j&j&co configuratlon for that 
moiety Optical rotatory data were also consistent wth the structure sho\\n 

Probably, the synthesis of tlus disaccharide orthoester orlgmates m the for- 
mation of the ,G-tnflate (23) from 21 With partlclpatlon of OAc-2, a cyclic 
aceto\omum Ion (24) can be generated, and tlus may undergo attack from as-yet- 
unreacted aldose 21 In the presence of s-collldme’ 3, the 910 dlastereolsomerlc 
orthoester, 22, would be favored An analogous type of chsacchande orthoester in the 
D-mannose senes, and also a trimeric species, have been encountered’ ’ Is as side- 
products of Koemgs-Knorr reactions 

In contrast to those deahng wth 3,3,4,6-tetra-U-benzyl-D-glucose (51, the 
reaction Just described was performed m the absence of bromide Ion Apparently, the 
aldose Itself (21) 1s a sufficiently good nucleophle to react ~1th a t&ate (23) as It IS 

formed Bromide Ion, honever, should capture the triflate much more efficiently than 
21, ths proved to be true wth the mtroductlon of tetrabutylammomum bromide, 
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21 R = H R’ = OH 

23 R = H ,R’ = OSO,CF, 

25 R = Br R’ = H 
AC0 

22 

Me 26 

24 

crystallme 2,3,4,6-tetra-O-acetyl-z-D-&copyranosyl bromide (25) was obtamed as 

the maJor product (50 ?A yield) and there \tas no m&catlon that orthoester 22 had 
been formed Furthermore, when ethanol was added to a solution of the aldose (21) 
s-colhdme, tetrabutylammonnm~ bromide and trlfllc anhydride in dlchloromethane, 
the expected ethyl 1,Zorthoacetate was obtamed m 66 o/o yield tlus product consIsted 
of a 7 1 mixture of the exe and e&o dlastereolsomers, from which the eye specIesi 
(26) was Isolated m crystallme form That IS, as the bromide (25) was undoubtedly 
generated UI ~rtrr, the conventlonal formatlon of a 1 2-orthoacetate (L ICI 24) could 
proceed 

Reactmrs of nletlraileslrlfortrc aA1 (11 de at rhe afiomef IC ceflter - In we\\ of the 
faclhty with which tnfhc anhydrlde Induces reactwlty at the anomertc center of 
aldoses, It \\as of Interest to examme the behawor of other sulfomc acid den\atwes 
One such derlvatwe IS methanesulfomc (meslc) anhydrlde which IS a crystalhne, 
coinmercmlly avaIlable compound 

To parallel the reactlons wth trlfllc anhydnde, a solutlon of 2,3 4,6-tetra-0- 
benzyk-D-glucopyranose (5, 0 5 mmol), s-colhdme (2 0 mmol), dnd tetrabutyl- 
ammonmm bromide (I 0 mmol) m dlchloromethane (2 5 mL) was added to meslc 
anhydrIde (1 5 mmol), and then to methanol Column chromatography of the reactlon 
mixture afforded a 7 3 mixture of the methyl X- and p-glycosldes (10 and 11) m 6 1% 

overall yield Moreover, the use of the same experunental condltlons, but wthout 

mcluslon of the bromide Ion, agam produced a mixture (3 2) of 10 and 11, m S7% 
yield 

The latter findmg mdtcates that a I-mesylate, m contrast to a I-t&ate, IS 
sufficiently stable to allow for a dsplacement reactlon by the alcohol The fact that 
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the cw-_glucoslde (10) IS the preponderant product m all of these reactlons with 5 
suggests that, as wth a glycosyl halide, the mtermehate mesylate undergoes anomerlc 
equlhbratlon (27~ 28), and that a more rapld displacement occurs wth the p anomer 
to gwe, wth mverslon, the cc-glycoslde 

The reaction of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranose wth meslc anhydrlde 
gave a crystalhne product (74% y’eld), which had a m p (108-I loo) and specific 

rotation (+ 124”) close to those (I 12-113”, +121”) of a I-O-mesyl compound 
prepared’ 6 from 3,3,4,6-tetra-0-acetyl-Z-D-glucopyranosyl bromide and silver 
mesylate Although formatlon of a &mesylate would have been expected” m the 
silver-catalyzed reactlon, a value of 3 Hz for J, I_-H Z for the current product showed 
that both preparations must have the rl configuratlon, a deslgnatlon also m 
accord 11 Ith the high, posItwe rotatlorl observed for both 

By mcorporatmg ethanol mto a reactlon mixture conslstmg of 23.4,6-tetra-O- 
acetyl$-D-glucopyranose, A-colhdme, and meslc anhydnde, a quantltatlve yield of 
orthoester 26 admlred wth 10% of the e&o Isomer was obtained 

Overall, these reactlons bear a substantial resemblance to those employmg 
trlfhc anhydrlde Differences appear to arlse from the greater stablhty of d mesylate 
than of a t&ate Accordmgly, II-I the latter series, It was found necessary to moderate 
reactions by convertmg the trlflate Into the corresponding bronude Glycoslde 
synthesis occurs smoothly m both series \\hhen non(or weahly’s)-partlclpatmg 

O-benzyl groups are present >leldm g a preponderance of z-anomerlc products, 
u hereas orthoesters are formed wth 0-acetyl substltuents through nclghbormg-group 
partlcipatlon 

Remtrom of w’f~ot~~ I LIII~I rcieh ru rhe mumet IC centet - By analogy u Ith the 

trlfhc and mesIc anhydrIde reactions, when 2,3,4,6-tetra-O-benzyl-rr-wgluco- 

pyranose (5) collldme, and tetrabutylammomum bronude In alchloromethane \\ere 
nwed wth methanesulfonyl (mesyl) chloride, and methanol was Introduced, the 
product \\as d mixture of methyl 2,3,4,6-tetra-O-benzyl-z- and -/II-D-glucopyranosldes 
(10 and 11 ~1 /I = 4 1 SO% yield) 

Although the bromide 7 ~oould be expected to be an Intermediate, chloride Ion 
ilberated during the reactlon might also affect the anomerlc posltlon In fact the 
addltlon of mesyl chiorlde to a solutlon of 5 and s-colhdme m dlchloromethane gave 

d syrupy product (63% yield) I\ hlch, dccordmg to n m r -spectral and optlcal rotatory 

data, \\ds X,3,4,6-tetra-O-benzyl-z-D-glucopyranosyl chloride (29) It IS known I9 that 
glycosyl bromides undergo raold displacement ii~th chloride Ion and, m accordance 
111th this fact, the addmon of tetrabutylammoruum bromide to a soiutlon of 29 In 
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dlchloromethane had no detectable effect (n m r ewdence) Hence, it is possible that, 
in the formation of 10 and 11 (see precedmg paragraph), methanol enters mto reaction 
simultaneously with l-bromo, 1-chloro, and l-mesyl mtermedrates 

p-Toluenesulfonyl chlonde reacted much more slowly than mesyl chlonde wth 
5, although It, too, afforded the glycosyl chlonde 29 (yield, 42%) 

Chlormatlon of C-l dunng attempted 0-sulfonylatlon of carbohydrates had 
been observed m earher stu&es For example, the reactlon of mesyl chlonde with 
D-&cose m pyndme YIelded 2,3,4,6-tetra-O-mesyl-D-glucosyl chloride’ 6, and the 
correspondmg 0-tosyl denvatwe was also prepared”, ahhough It was formed much 
more slo\\ly (Perhaps, n related observation”, m lS?O, concerned the lsolatron of 
tetra-O-acetyk-glucosyl chlonde from the reactlon bet\\een D-glucose and acetyl 
chloride ) 

The stablhty of acetal substltuents to this chIonnatlon reactlon was demon- 
strated by treatmg 2,3 5,6-&-O-lsopropylidene-r-D-mannofuranose wth mesyl 
chlonde m s-colhdme-&chloromethane, this afforded, after chromatographlc 
punficatron, the r-chloro derrvatlre (30) m 72 o/o yield Compound 30 has also been 
prepared” from the aldose by the use of thlonyl chlonde and, hery recently, through 
the actlon of duzhlorocarbene generatedz3 m a phase-transfer* system 

Relatronslrlp ro srltet sulfo~late-nloc~~~ed reactlom - Glycoslde synthesis by the 
sequence of reactlons described here IS, In part, the converse of that Introduced by 
Schuerch and CO-D orkers” 26, \\luch employs sliver sulfonates to me&ate the 
reactlon between an alcohol and a glycosyl hahde In both sequences, 1-0-sulfonyl 
denkatwes are plausible Intermediates Ho\\e\cr, our condltlons are generally more 
favorable for glycoslde s> nthesls \\ hen bromtde Ion IS present, whereas hahde Ion IS 
removed from the medium LLhen the sker salt IS used As a consequence, the pro- 
cedure described here favors a hahde-exchange step and, therefore, the formatIon of 
a-D-glucosldes With silver sulfonates. the stereoselectwty can be vaned wdely, 
dependmg on such factors as the solvent and the nature of the substltuent groups on 
the glycosyl hahde An elegant example IS the recent synthesis”’ of a anomers m the 
IsomaIto-ohgosacchande series, employm g sliver p-toluenesulfonate and 2,3,4-tn-O- 
ben~~l-6-O-(AT-phenylcarbamoyl)-~-~-glucopyranosyl chlonde Alternatively, the use 
of sliver tnflate (and an actd acceptor) wth per-0-acyi-D-gIucopyranosy1 hahdes has 

*A related type of redwon IS the preparation of (albylou~)glycosylphosphontum salts from aldoses 
for use m the s.1 nthesls of glycosldeszi 
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been shown by Hanesslan and Banoubz8 2g to give excellent yields of @-D-glucosyl 
hsacchandes 

The current study furrushes a procedure for the preparation of glycosyl hahdes 
from aldoses, and hence supplements the general chemistry of syntheses mvolvmg 
gIycosy1 hahdes For apphcatlons m the synthesis of glycosIdes, the procedure offers 
several advantages when an aldose IS a suitable startmg-matenal Among these IS the 
fact that the glycosyl hahde IS generated ZIZ sztzr under condltlons conducive to a lugh 
yield of cr-glycoslde, and that acid-lablie substltuent groups may be employed 

Formatzom of I-(2,3,4,6-tetra-O-betzq ~-~-D-~~llCOpyraflOS~ i)p~ t zc~znz~~~n tt zflzroro- 

izzethaneszrlfo~rate (31) - In a preln-runary attempt to prepare a I-0-sulfonyl 
derlvative30, 2,3,4,6-tetra-O-benzyl-r-D_Slucopyranose (5) was drssolved m pyndme, 
and a 1 5-fold excess of trlfhc anhydrlde was introduced After 20 mm, the reaction was 
quenched with water, and the product extracted mto chloroform, and subsequently 
crystalhzed Instead of the 1-tnflate (3) expected, however, this product (50% yield) 
proved to be 1-(2,3,4,6-tetra-O-benzyl-~-D-gIucopyranosyl)pyr~dln~unl trrflate (31) 
Among other data supporting formulation 31 IS 1 3C-n m r evidence for the presence 

31 32 

of a trlfluoromethyl group, z e , a quartet exhlbltmg ‘J,_, 320 Hz (trlfhc acid gives 

X-F 315 Hz) The /J configuration 1s mdlcated by the fact that the K-l signal of 31 
IS a doublet, J, 1 S 5 Hz, and that the specific rotation of 31 IS -20’ 

In exanunmg some properties of 31, it \\as found that the compound undergoes 
displacement 11 hen heated under refluv In rV,N-d~methylformarnlde lath sodmm 
benzoate, to give l-O-benzoyl-2,3,4,6-tetra-O-benz?rl-jS-o-glucopyranose (32) Also, 
as has been observed with other pyndmmm tnflates, it rea&ly afforded the analogous 
(crystalline) lodlde upon treatment with sodmm iodide 

The tendency of glycosyl hahdes to quatermze m pyrldme has been hno\kn7 31 
for many years Also, pyndmmm a-toluenesulfonates ha\: been obtarned3’ by the 
reaction of pyrxdme and sliver p-toluenesulfonate with halogen derlvatlves of carbo- 
hydrates More recently, Hall and Miller33 described the formatIon of 1-(6-deouy- 
I,2 3,4-di-O-isopropyl~dene-~-D-galnctopyranos-6-yl)pyr~d~n~un~ triflate by the actlon 
of triflic anhydride m pyrldme on I ,3 3 l-dl-O-isopropyhdene-z-D-gakictopyrenose 
The synthesis of 31 IS another example of this reactzon It appears that aldose 5 
rapidly yields a I-tnflate (61, which reacts with pyndme to give the pyrldmlum t&ate 
salt (31) 

Because pyndme so rea&ly forms quaternary saIts m the presence of trlfhc 
anhydnde, Its use was avoided m the subsequent experiments However, 2,6-dunethyl- 
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pyrldme shows I3 httle tendency to quatemlze 1~1th glycosyl hahdes, and as 2,4,6- 
tnmethylpyndme (s-colhdme) 1s an even more hmdered base3A, It was employed as 
the acid acceptor, as already m&cated 

EXPERIMENTAL 

GeJzeraZ - Evaporations were conducted at 4O”, or lower, 111 uacuo Meltmg 
points are corrected Optical rotations were measured at 23 +2” P m r spectra were 
recorded at 100 MHz wth a Varlan HA-100 spectrometer ’ 3C-N 111 r spectra were 
recorded at 22 63 MHz wth a Bruher WH-90 spectrometer Glass plates coated wth 
skca gel G were used for thm-layer chromatography (t 1 c ), usually, the solvents were 
chloroform, 9 1 chloroform-ether, or 9 1 chloroform-acetone Column chromato- 
graphy was performed \\lth MN s&a gel (0 05-O 2 mm particle size) or E Merck 

slhca gel 60 (0 06-O 2 mm particle size) s-Colhdme. pyndme, and ~~,Wdlmethyl- 
formamide \\ere distilled from barmm oude. and stored oker molecular sieves Other 
solvents ~\ere drred \vrth molecular sle\es Trlfllc anhydride ~\as prepared by mr~ng 
trlfluoromethanesulfomc acid (3 M Co ) wth an equal \\elght of phosphorus penta- 
owde and, after 1 h collectmg the anhydride (b p SO-S2’) by dIstlllatlon (canrmti 

the fumes of trlfhc acid and anh\drlde are \ery corroswe) 
I - (-7,3,4,6- Tetra- 0 - bcrrq 1-b - D -glrrcop~ rarlosj I)p~rmdmmz trrflrroronrrtl~tnle - 

ml&o/rate (31) - A solution of compound 5 (21 g) m pyrldme (-iO mL) was added 
during 5 mm to trlflic anhydnde (23 g) contained m a stoppered flash and cooled to 0’ 
After 20 mm, Ice \\ater was added, the mixture nas extracted with chloroform, and the 
extract was \\ashed successively wth 11 hydrochlorrc acid and water, and evapor‘lted 
A crystallme residue (1-I 2 =, 0 49%) was obtained that, after tM o recrystnlllzatIons from 
petroleum ether-ethanol, had m p 151-151 Y, blD -_)O 1” (c 4, chloroform) 
13 m r data & 5 S (d, 1 H, H-l, J, Z S 5 Hz), 3 6-5 0 (14 H H-2-H-6,6’, 4 CH,) 
7 7, S 3, and S 7 [H-p, -;, -r (pyndmmm)], 13C-n m r data 6 93 7 (1 C, C-l), 6s 3, 
73 3, 74 5, 75 0, 75 6, 770, 7s 1, SO 1, S4 S (10 C, C-2-C-6 -I CH?) 126 9, 127 6, 
127 S, 12s 0, 12s 3, 13s 6, 129 2, 136 2, 137 5, 137 7 (26 C, 4 CBHS, pyrldmlum P-C), 
141 7 (2 C, pjrldmmm Z-C), and 147 5 (I C, pyrldmmm ;-C) 

AIral Calc for CaOHSOFjNOsS C, 63 9, H 5 3_ F, 7 6. N. 1 9, S, 4 3 Found 
C, 63 7, H, 5 3, F, S 3, N, 2 0, S, 4 5 

Another preparation of 31 was made by adding a solution of 5 (0 14 g) and 
pyndme (0 3 g) m dlchloromethane (1 m!_) to t&xc anhydrlde (0 48 g) at - 70” 
Processmg as described afforded a sohd product (0 13 z, 70%), m p 149-l 50”, the 
p m r spectrum was mdistmgwshable from that of 31 prepared at 0” 

I-O-Be~z=o~I-~.3,4,6-tetr~-O-be~z~~f-~-D-~I~~cop~~ratzose (32) - Compound 31 
(1 34 g, 1 78 mmol), so&urn benzoate (0 43 g, 3 mmol), and N,N-&methylformamlde 
(5 mL) were stlrred for 70 h at room temperature without apparent reactlon (t 1 c), 

the mixture \\ as then bolled under reflux for 70 h, and cooled Chloroform was added, 
the orgamc layer was washed wth water, and evaporated, and the resulting red 011 
was purfied by column chromatography (solvent, chloroform) The first fractions 
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contamed the title compound (0 53 g, 46% yield), m p 96-96 5”, after three re- 
ccystalhzatlons from ethanol, it had [sclD - 17 4” (c 3 4, chloroform), p rn r data 
6 6 1 (1 H, H-l, J, 1 8 0 Hz), 13C-n m r data 6 948 (1 C, C-l) and 164 8 (1 C, 
C=O) 

Amzl Calc for C,,H,,O, C, 76 4, H, 6 3 Found C, 76 5, H, 6 1 

Contmued eIutlon of the column afforded compound 5 (0 47 s), m p 150-i 52” 

[XID -i 20 5” (c 3 2, chloroform) 
I-(2,3,4,6-Tetm-0-belq /-/3-D-ghrcop~ ranosl l)p~ rrdrr~~mz rodde - A solution 

of compound 31 (0 6 g) and sodmm lodlde (1 50 g) rn acetone (10 mL) \\as bolled 
under refluv for 3 h The acetone was evaporated off, chloroform was added, cl ystals 
of sodmm lodlde were removed by filtration, and the filtrate \\ds evaporated The 

resultmg syrup gave yellow crystals (0 53 g, 91 “/o yield) from ethanol, m p 14S-l50’, 
after recrystakatlon m p 15 I-1 52’, [zlD - 19’ (c 3 1, chloroform) p m r dat,L 

066(l H H-l J, zSOHz), “C-n m r data d 92 7 (C-I) (other data close to those 
for 31) 

-i~znI Calc for C3,H,,IN0s C, 612, H, 5 3, I, 17 4 Found C, 6-C 1, H, 5 7. 
I 1s3 

Z-O-B~w~o~ I-2,3,4,6-tett a-0-betrzl l-Y-u-glrrcop~ rallose (8) - Benzoyi chlorrde 

(5 mL) \\as added to a solution of compound 5 (10 go) m pyrldlne (24 mL) at 0’ After 
20 h chloroform was added and the solutlon was dashed successively wth I 511 
sulfuric dcld, saturated sodium hydrogencal bonnte solution, and eater, and 
e\,lporated to afford ‘1 solid residue that mas reCryStdlllZed from methanol (3 7 g 
7S0,0) according to Its p m r spectrum, this product consIsted of a 9 1 mixture of the 
‘I and /I anomers Repeated recrystalhzatlon from methanol gake 2 0 g of pure 8 
m p 79 S-SO 5’, [I]~ -62 5” (c 2 9, chloroform) p m r data b 6 6 (1 H, H-i, J, z 

20Hz) “C-nmr data (>653,73 1,733,737,75X757 771 79 1 SI 9(C-2-C-S 
dnd 4 CH,), 90 7 (C-l), 127 9, 12s 0, 121 I 12s 4 129 9, 1300 133 -I I37 S IX 0 
13s 2, 13s S (5 &H,), and 1650 (C=O) 

-inni Calc for C1,H,OO, C 76 4 H, 6 2 Found C 76 1 H, 6 -i 
.?,3,4 6-Ten a-0-betq I-I-D-~IIICO~J I remit 1 I br omrrfc (7) - The benzoate S 

(0 3 g) RC?S added to a saturated solution of hydrogen brolhlde m dIchlorometh,tne 
(5 mL) After I Ii the solution \\ds evaporated, and the p nl I SpeCtiWtl (bOhent 

CDCI,) of the residual 011 v as recorded m~mcdIcltely p m r data 3 3 2-5 0 (m, 1-I t-i 
H-2-6’ and -l CH,), 6 4 (1 H H-i J, Z 4 Hz), and 7 O-7 6 (m, 20 H 4 C,H,) 

_3,3,6 6- Tetr n-0-benq I-;c-LI-gl~tcop~ I LIIIOJ I I ht ot111ck (7) \W 11 ~fr;c ~II r/r I& - 

A solution of compound 5 (0 _/ 3- 2, 0 5 mmol), wolhdme (0 25 g, 2 0 mmol), and 
tetlabutylammomum bromide (0 32 g, 1 0 mmol) In d1chloronlethane (2 5 mL) was 

added to trlfllc anhydnde (0 27 ,o, 1 0 mmol) at -70” The nurture ws allowed to 

\\arm to room temperatllre (t I c then sho\\ed that all of the 5 had reacted) and 
diluted wth dIchloromethane, and the solwon \\ds rapIdly passed through a column 
of s111ca gel Immediate evaporation of the effluent afforded an 011, the p m r spectrum 
of whxh was vu-tually mdlstmgurshable from that of 7 (see precedmg section) 4s 
reoorted by several WOI bcrs3 -S, the product decomposed lapIdly 
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Methyl 2,3,4,6-tetm-O-be~lz~&x$-D-giucopyranomie (10, 11) - Trlflic an- 
hydride (0 42 g, 1 5 mmol) was placed m a septum-sealed flask m a dry box, and then 
the flask was removed, and cooled to -70” A solution of compound 5 (0 54 g, 
1 0 mmol), s-colhdme (0 36 g, 3 0 mmol), and tetrabut~lammomum bronude (0 64 g, 
2 0 mmol) m dlchloromethane (5 mL) was no\v introduced by means of a syrmge 
After 5 mm, t 1 c showed that wrtuallp all of the 5 had been converted mto a faster- 
movmg compound_ the mixture \\as allowed to warm to room temperature, and 
methanol (0 6 mL, 15 mmol) was added One hour later, the solution was diluted wth 

chloroform, washed successnely 1~1th 11 hydrochloric acid, M sodium hqdrogen- 
carbonate, 2nd water, and evaporated Column chromatography of the residue 
(solvent, 9 1 chloroform-ether) afforded an 011 (0 52 g, 94%) wluch, accordmg to 

n m r spectroscopy, consisted of a 3 2 ml\ture of methql 2,3,4,6-tetra-O-benzyl-r- 
and -/3-D-ghicopyranoslde (10 and 11) this anomerlc ratlo was based on the relative 
mtensmes of the metho\} resonances ‘H, S 3 3 (x) and 3 5 c/3), ’ 3C, S 55 1 (r), 

57 0 (/I), ~l:h reference to the correspondm, 0 spectra of authentic r-D-glucoside 10 

The maJor signals m the 13C-n m r spectrum of the nxvture [e 9, S 9s 2 (C-l)] 
comcldeci m chemical shift \\Ith those of authcntlc 10 Other signals [S 10 47 (C-I), 
84 7, 52 4, 52 2, 79 5, 75 5, 77 1, 74 7, 73 5, and 69 0] were attributed to C-l-C-6 and 

4 CH, of 11 
ChoIesteryI 2,3,4,6-terra-O-benq I-r-D-ghrcopl I anomie (12) - A solution of 5 

(0 54 g, 1 0 mmol), s-colhdme (3 2 mmol) and tetrzbutylammonwm bromide 
(0 64 g, 2 0 mmol) m dlchloromethane (5 mL) nas added to trlfhc anhydrrde (0 33 g, 
1 2 mmol) at -70” After 5 mm, cholesterol (0 5s g, 1 5 mmol) v as added, and, after 

36 h at room temperature, the mixture \bas processed as for compounds 10 and 11 

Column chromatography afforded a crystallme product (0 57 g, 62%), m p (after 2 
recrystalllzatlons from ethanol-ethyl acetate) 137 5-13s 5”, [xlD -1-47” (c 4, chloro- 
form), (lit ’ m p 127-12s=, [X]D f40’), “C-n m r data S 65 S, 70 3, 73 0, 73 5, 

75 1, 75 6, 76 9, 7s I, 7S 4, S2 2 (C-2-6, 4 CH2), 91s (C-l), 127 7, 127 9, 125 1, 
12s -I (4 phenql, C-?-6), 1X 2, 13s 4 (2 C), and 139 1 (phenyl C-l), signals for the 
c!iolesteryl a&con moiety had almost the same chemical shifts as the 26 signals 
reported for cholesteryl methyl ether35 

1,?,3,4- T@ti a-O-a~ctjd-6-O-(2,3,4,6-tetm-C-bt~~~~~ I-‘/-D-iJhOP_I ranos] 1)-/3-D- 

~h~cop~ratzose (13) - Usmg the same procedure ds for the synthesis of 12, 1,2,3,4- 
tetra-0-acetyl+D-&cop> ranose (0 35 g, 1 0 mmol) was added to a mixture of 5 
(0 27 g. 0 5 mmol), s-collrdme (0 30 g, 2 5 mmolj, tetrabutl Iammomum bromide 
(0 32 g, 1 0 mmol), dlchIoromethane (5 mL), and triflx anhydnde (0 27 g, 1 0 mmol) 
After IS h at room temperatwe, the product was isolated by column chromatography 
as an 011(0 27 g 63%), [T]~ +32” (c 7, chloroform), 13C-n m r data 6 20 5 (4 CH,), 
65 9, 6s 6, 69 0, 70 5, 72 9, 73 1, 73 5, 7-l S 74 9, 7.5 6, 77 3, 77 7, SO 0, S I 7 (1-t C, 

C-2-6, C-2’-6’, 4 CH,), 91 S (C-l’, p) 97 0 (C-l, v), I27 5, 127 S, 12s 0, 128 4 (20 C 

phenyl C-2-6), 138 1 138 4 135 6, 139 0 (4 C, phenyl C-l), 166 7, 169 1, 169 4, and 
170 1 (4 c, C=O) 
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wth M hjdrochlonc actd, ha sodmm hydrogencarbonate, and water, and evaporated, 
the 011~ resrdue was found by t 1 c to consrst of a major and several minor components 

Column chromatography (eluant, 9 1 chloroform-ether) afforded 22 (0 6 g, 44%), 
w&h crystaihzed m cold methanol, but melted below room temperature, [a], + 10" 

(c 6, chloroform), M,, +70” [Calc for 22 Mb +32”, based on model compounds 
ethyl 2,3,4,6-tetra-0-acetyl-/?-o-glucopyranosrde (M, -SS”) and orthoester 26 
(Mu + I 17”), talc for r anomer of 22 Mu +613”, based on ethyl 2,3,4,6-tetra-O- 
acetyk-D-&copyranoside (MD t496”) and orthoester 26 (M, + 117”)], p m r 

data b 1 7 (s, 3 H, CCH,), --20(6s,21 H,7COCH,),59(d, 1 H,H-l,J, 250Hz) 
* 3C-n m r data b 20 6 (7 C, COCH,), 21 9 (CCH3), 61 7, 63 0 (C-6,6’), 67 1, 65 2, 
70 0, 71 1, 72 3, 73 0, 73 3, 75 6 (C-2-5, C-2’-5), 94 6 (C-l, Jc_r_u_r 184 Hz), 97 I 
(C-l’, Jc_r _u_r 162 Hz), 121 2 (CO,) 168 8, 169 I 169 3. 169 5, 170 2, !704, and 

170 6 (C=O) 
2,3,4.6- T’.‘.tt a-O-am 1 I-x-D-glttcop~ rmrosyl 61 onrrde (25) - The preceding 

elperrment \\as repeated, except that tetrabutylammonmm bronude (0 64 g) was 
added to the reactron mr\ture before the trrflrc anhydrrde (0 41 g) The product was 

purrfied by column chromatography (0 20 g from 0 34 g of 2,3,4,6-tetra-O-acetyl- 

/3-D-glucopyranose 50% yreld), and recrystalhzed from ether-hexane m p S9 5- 
90 5”, [ZID T lS6” (c 6, drchloromethane), mdrstmgmshable from authentrc 25 

(m p S9-S9 5”, [;(]n -206”) by p m r and 1 3C-n m r spectroscopy 

3,4,6-Tt r-0-acet! !-I ,2-O-( I-echo I I etltI~lt~etre)-z-D-~hrcopJ t atzose (26) - When 
ethanol was added to a reactron nurture prepared as m the precedmg paragraph, a 
chromatographrcally pure 011 was isolated (0 25 g, 66%) Accordmg to Its p m r 
spectrum, the product consrsted of a 7 1 mrxture of ero and em/o drastereorsomers of 
26 (relatne mtensrtres of CCH, srgnals” 39 at 6 I 7 and 1 5, 7 1) Crystallrzatron 
afforded the pure e\o isomer, m p 91--92”, b]u +-DC (c, 3 chloroform), mdrstrn- 
gurshable from an authentrc specrmen (m p 93 5-915”, b]u i-35”) by p m r spectro- 

scopy 
dfetlr_ll J,3,4,6- tefta-O-be/q i-rr,p-D-ghcopwattomfe (10, 11) - Methane- 

sulfomc anhydrrde (0 25 g I 5 mmol) was added to a solutron of 5 (0 27 g, 0 5 mmol), 
s-colhdme (0 36 g, 3 0 mmol), and tetrabutylammonmm bromrde (0 32 g, 1 0 mmol) 

m drchloromethane (3 5 mL) After 10 mm, methanol (0 S mL, 20 mmol) \ias added, 
and IS h later, the solutron was diluted wrth chloroform, washed successively wrth \I 

hydrochlorrc actd, \I sodmm hydrogencarbonate, and water, and evaporated Column 
chromatography of the residual 011 afforded a product that was vrrtuaily mdrstm- 
gurshable (by t 1 c , and p m r and r3C-n m r spectroscopy) from the mrxture of 10 
clnd 11 already described, yreld, 0 17 g (6 I “A), b ase d on the relatrve mtensrtres of the 
OCH, proton and “C signals, 10 II (T /_?) = 7 3 

On repeatmg thus experrment, but rctthorrt the mclusron of tetrabutylanunonnm~ 
bromide, a rtuxture of 10 and 11 wds Isolated (yreld, 0 24 g, 87%) m the anomerrc 
ratio of II /?=3 2 

2,3,4,6-Terra-0-acetyf-I-0-(ttlethylsrrlfoorq I)-rr-D-ghcopyt atlose - Methane- 
sulfomc anhydrrde (0 25 g, 1 5 mmol) was added to a solutron of 2,3,4,6-tetra-O- 
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acetyl-p-D-glucopyranose (0 35 g, 1 0 mmol) and s-coIlAne (0 36 g, 3 0 mmol) m 
chchloromethane (5 mL) One hour later, chloroform was added, and the solution 
was successively washed wth hi hydrochlorz acid, hI sodmm hydrogencarbonate, and 
water, and evaporated The brown residue was punfied by column chromatography, 
yleldmg crystals (from ethyl acetate-hexane) (0 31 g, 74%), m p 108-I IO”, b], 
+ 124” (c 1, chloroform) (ht I6 m p 112-l 13”, [z],,+121°),pmr data 823(s,3H, 
SCHJ), 60 (d, 1 H, H-l, J, 2 3 Hz), 13C-n m r data 620 5 (4 COCH,), 39 4 
(SCH,), 61 6 (C-6). 67 7, 69 2, 70 2 (C-3-5), 96 0 (C-I), 16s 6, 170 0, Ii’0 2, and I 70 9 

(C=O) 

3,4,6-Trr-0-acetl I-1,2-O-(I-el/to_\j etlq It~etle)-z-D-glrrcop1 I anose (26) - The 
addltlon of ethanoI(0 14 g, 3 mmol) to a reactlon nuxture prepared as In the precedmg 
paragraph resuhed in the IsoIatlon of 0 37 g (98%) of a crystallme product, m p 92- 
95” Accordmg to Its p m r spectrum, the product consIsted of orthoester 26 (10 parts) 
admlved wth its entio &astereolsomer (1 part) 

2,3,4,6-Tett a-0-beq I-x-D-glrrcopLrcl/lo~~l~ cldot de (29) - Methanesulfonyl 
chloride (0 12 g, 1 0 mmol) was added to a solution of 5 (0 27 g, 0 5 mmol) and 

s-collldme (0 24 g, 2 0 mmol) m dlchloromethane (2 5 mL) After 4 h, when t I c 

sho\\ed that all of the 5 had reacted, chloroform was added, and the solution \\as 
\\ashed successively wth XI hydrochloric dcld 51 sodium hydrogencarbonate and 
\\ater, and evaporated, the residue \sas subjected to column chromatography, 
affordmg an 011 (0 IS g, 63%), [z],, +69” (c 3, chloroform) (ht a’ [‘/ID + 62”), p m r 
data 66 1 (d, I H, H-l, J1 ?40Hz), 13C-n m r data 5 68 0, 73 0 73 6 (2 C), 75 2 
75 S, 76 6, 770 78 5 SOO, 81 5 (C-2-6, 1CH,), 93 5 (C-l, Jc_,_,i_l 180 Hz), 125 1, 
125 4, 125 6 (20 C, phenyl C-2-6), 137 7, 137 9, 13s 3, and 13s 7 (4 C, phenyl C-I) 

2,3 5,6-Dt-O-r yopt opt irrlctte-c/-D-ttlatttto~tt attosl I clrlot rcle (30) -- Under the 
condltrons described for the synthesrs of 29, the reactIon of 2 3 5 6-dr-O-rsopro- 

pi hdene-r-D-mannofuranose (0 26 g, 1 0 mmol) wth methanesuifonyl chloride 

(0 24 g, 2 0 mmol) afforded a chromatograplucaliy pure 011 (0 20 g, 72?G), [xl,, -1-5s’ 

(c 9, chloroform) p m r data 5 6 0 (s, 1 H, H-l, J, 7 < 1 Hz), ’ 3C-n m r data 
b 2-l 7, 25 3, 25 9, 26 9 [C(CHj)J 66 9 (C-6) 72 5 7s 7 82 6 S9 4 (C-2--5), 97 S 

(C-l), 109 6 and 113 4 [2 C C(CH&] 
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