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ABSTRACT

The reaction of an aldose dervative containing a free anomeric hydroxyl group
with trifluoromethanesulfonic anhydride or methanesulfonic anhydrnide, 1n the
presence of halide 1on and s-collidine, furnishes a glycosy! halide, 1f an alcohol 1s then
mtroduced, glycoside synthesis 1s effected 1n an overall, “one-pot” reaction Several
v-D-glucopyranosides including disaccharides, have been prepared in high yield by
us.ng 2,3,4,6-tetra-O-benzyl-D-glucose as the aldose, and generating the corresponding
glycosyl bromude(s) 1 situ As a halide-exchange step 1s incorporated in the reaction
sequence, orthoacetate formation was favored in reactions of 2,3,4,6-tetra-O-acetyl-
D-glucose, such as occurs with per-O-acetylglycosyl halides Methanesulfonic
anhydride promotes glycosidation or orthoester formation in the absence of halide
10n, as well as mn its presence, whereas formation of an mtermediate glycosyl halide
appears to be necessary i order to moderate the more vigorous reactions of the
trifluoro derivative The analogous reaction of methanesulfonyl chloride with an
aldose provides a ready route to glycosyl chlondes Under the conditions employed
for these various syntheses, acid-sensitive protecting groups may be used, including
cyclic and acyclic acetals and O-trityl substituents

INTRODUCTION

In an earher article’, 1t was reported that a glycoside (4) may be synthesized in
high yield from a sugar derivative bearing a free anomeric hydroxyl group (1) by
direct addition of the appropriate alcohol (R’OH) to a mixture of the sugar, bromide
1on, s-collidine, and trifluoromethanesulfonic (triflic) anhydride It was proposed that,
in the formation of 4, a glycosyl trifiuoromethanesulfonate (triflate) (2) and a bromide
(3) are mtermediates, and that the latter undergoes displacement by the alcohol We
now provide a fuller description of this synthetic procedure, describe some charac-
teristics of the reactions involved, and deal with the use of related sulfonyl derivatives
in the synthesis of halides and glycosides
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RESULTS AND DISCUSSION

Synthesis of a-D-glucopyranosides — Inmitially, an attempt was made to use a
I-triflate (2) directly in a reaction with the alcohol, but this was unsuccessful Thus,
2,3,4,6-tetra- O-benzyl-«-D-glucopyranose> (5) m cold s-collidine—dichloromethane
was treated with triflic anhydride According to chromatographic and nmr -
spectroscopic evidence, a rapid transformation of S took place, giving, presumably*,
6, but the product was unstable, and the introduction of methanol or ethanol under
anhydrous conditions failed to produce an appreciable yield of glycoside

An alternative approach was then examined bromide 1on, a more efficient
nucleophile than an alcohol, was mtroduced, so as to allow for the possibility of a
rapid reaction with the glycosyl trifiate generated from S This procedure, employing
tetrabutylammonium bromide, afforded a syrupy product that, by pm r spectro-
scopy, was mdistinguishable from 2,3,4,6-tetra- O-benzyl-x-p-glucopyranosyl bromide
(7)**, prepared by the reaction of hydrogen bromide with 1-O-benzoyl-2,3,4,6-tetra-
O-benzyl-z-D-glucopyranose (8) On momnitoring the halogenation reaction by pmr
spectroscopy, the transient existence of a product was detected in the form of a
relatively weak doublet (J ~4 Hz), appearing 0 I p p m downfield of the H-1 signal
(J 40 Hz) of bromide 7 As there was no bromunation in the absence of triflic
anhydride, 1t appeared hhkely that the product detected as an mtermediate was the
z-trflate (6) If displacement by bromide 10n then occurred, to give the f-bromide (9)
mitially, 1somerization to the thermodynamically more stable %« anomer (7) would
follow, through halide exchange* © 7 under the conditions of the reaction®**

Based on these observations, an experiment was performed in which a solution
of aldose 5 (1 O mmol), collidine (3 0 mmol), and tetrabutylammonium bromide
(2 0 mmol) 1n dichloromethane was added to triflic anhydride (1 5 mmol), followed,
after 1h, by methanol This afforded methyl 2,3,4,6-tetra- O-benzyl-x,5-D-gluco-
pyranoside (10, 11) in an overall yield of 94% (x =13 7)

When cholesterol was used as the hydroxylic component nstead of methanol,
crystalline cholesteryl 2,3,4,6-tetra- O-benzyl-x-D-glucopyranoside® (12) was obtained
in 62% y:eld No trace of the f anomer of 12 was found Similarly, with 1,2,3,4-tetra-
O-acetyl-f-D-glucopyranose, disaccharide 13 [re, 1,2,3,4-tetra-O-acetyl-(2,3,4,6-
tetra-O-benzyl-x-D-glucopyranosyl)-f-p-glucopyranose] was isolated in 63% yield,
and disaccharide 14 (ref 5) was synthesized in a yield of 85% by the use of 1,2 5,6-di-
O-1sopropylidene-7-D-glucofuranose as the hydroxylic component According to
1*C-n m r -spectroscopic evidence, none of the § anomer of 13 or 14 was produced
in these reactions

*Additional evidence for the formation of a 1-triflate 1s provided later (by tne reaction of 5 with
pyridine in the presence of triflic anhydride)

**Bromide 7 has been described is an unstable syrup by several workers3~5, who prepared it by other
methods

***Bromide 7 should also be produced 1f some of the g-triflate (6 ) were formed due to anomerization
of 5 1n solution, according to the n m r spectrum of a solution of 5 1n s-collidine-CDCl;, however,
-<10% of the f anomer (5’) of 5 1s present at equilibrium
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These findings mndicate, therefore, that an aldose such as 5 may be converted
into a glycoside (10-14) through the successive intermediacy of a 1-triflate (6) and a
glycosyl bromide (7,9) Due to the presence of an excess of bromide 10n 1n the medium,
7 and 9 are m equilibrium, permtting glycoside formation to take place under kinetic
control, e, 9 reacts more rapidly*~® with the alcohol, with imversion, favoring
synthesis of the «-D-glucoside With cholesterol and the monosaccharide alcohols, «
anomers (12-14) appear to be formed exclusively Perhaps because of its greater
reactivity, methanol 1s less stereoselective, although the o-D-glycoside (10) 1s still
favored by a factor of two
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A noteworthy feature of the current procedure 1s the fact that it circumvents
the usual practice of emploving the reaction of a hydrogen halide with a 1-QO-acyl-
aldose derivative to generate a glycosyl halide For example, earlier preparations of
2,3,4,6-tetra- O-benzyl-a-pD-glucopyranosyl bromide (7) mvolved>~> the conversion
of the tetra-O-benzylaldose (5) mnto a 1-O-acyl derivative (e g, 15), followed by
treatment with hydrogen bromide to give 7 Compound 7 was then employed for the
synthesis of b-glucosides, e g , 13 Thus, compound 5 has now been converted mnto 13
m a “one-pot” reaction, leading to an improved, overall yield of product, as well as a
diminution m both the individual number of steps involved in the synthetic sequence
and the time required

Another advantage lies 1n the feasibility of preparing glycosyl halides bearing
acid-labile protecting-groups, because acidic conditions are not employed in the
tnflation-bromination procedure, For example, when 2,3-O-i1sopropylidene-5-0-
trityl-D-ribofuranose (16), in the presence of s-collidine and tetrabutylammonium
bromide, was treated with triflic anhydride, followed by methanol, 1t afforded a 2 1
muxture of the methyl «- and f-glycosides (17, 18) in 64% yield Hence, both the cychic
acetal and O-trityl groups were stable under these reaction conditions In an analogous
way, methyl 2,3 5,6-di- O-1sopropylidene-z,-D-mannofuranoside (19, 20) (x f =2 3)
was obtained from the free aldose*
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Some experumental factors — In most of the reactions just described, the triflic
anhydride was 1nitially mixed with other components of the reaction mixture at —70°
When the bromide had formed (usually, in 15-30 min), its reaction with the alcohol
was then conducted at room temperature However, i some mstances, the bromide
was also generated at room temperature without apparent disadvantage, indicating

*Prehmmary experiments with an acyclic acetal protecting group, .1z, -OCH(OEt)Me, showed that
this type of substituent 1s also stable
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that the precaution of working at a low temperature with triflic anhydride may not be
necessary All of these rcactions were accompanied by the development of a dark color
(from unidentified by-products), although there was substantially less coloration at
—70° (whuch, mnitially, prompted the choice of a low temperature) Column chromato-
graphy on silica gel was highly effective 1n decolorization of the reaction products

The question of stoichiometry in these reactions merits comment For each
mole of the aldose, one mole of triflic anhydride 1s needed in order to promote the
conversion Into a glycosyl bromide and, subsequently, by mtroduction of an aglycon
alcohol, mnto a glycoside It may be advantageous to use a small excess of anhydride,
to counter traces of moisture in the system and also to favor formation of the triflate
However, unreacted anhydride could then be present when the alcohol 1s added When
the aglycon is denived from a readily available alcohol, this practice 1s warranted
However, 1if the aldose 1s relatively accessible (e g, 5) and the alcohol 1s the moie
expensive compound, the use of no more than one molar proportion of triflic
anhydride 1s advisable, 1 ¢, the yield based upon the aglycon moiety should be
mmproved

Reactions mwoluing neighboring-gioup paiticipation — Experiments with a
sugar derivatine having a free hydroayl group at C-1, and O-acyl, rather than O-
benzyl, substituents were expected to shed more light on the action of triflic anhydride
at the anomeric center

When a solution of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranose (21) (I mmol) 1n
collidine (3 mmol) and dichloromethane was added to triflic anhydnde (1 5 mmol), a
rapid reaction took place, giving a  disaccharide™ orthoester (22) as the main product
(44% yield) The p mr spectrum of 22 exhibited a 3-proton singlet at 1 7p pm due
to the C-CH; group, a value characteristic of an exo orientation of -OR m 1,2-ortho-
acetates'® The presence of 12 carbon atoms in two sugar moietes, as well as of the
C-methyl group and 7 carbonyl groups, appropriate to structure 22 was confirmed by
13C.nmr spectroscopy According to the 'H-coupled '3C spectrum, which clearly
demonstrated the presence of the quaternary carbon atom in 22, 'J. | _y;, of the
glycosyl group 1s 162 Hz, which 1s mdicative!! 12 of a S-gluco configuration for that
moiety Optical rotatory data were also consistent with the structure shown

Probably, the synthesis of tlus disaccharide orthoester originates in the for-
mation of the f-trnflate (23) from 21 With participation of OAc-2, a cychc
acetonomum 1on (24) can be generated, and this may undergo attack from as-yet-
unreacted aldose 21 In the presence of s-collidine!?, the ¢\o diastereoisomeric
orthoester, 22, would be favored An analogous type of disaccharide orthoester in the
D-mannose series, and also a trimeric species, have been encountered!* 13 as side-
products of Koenigs—Knorr reactions

In contrast to those dealing with 2,3,4,6-tetra-O-benzyl-D-glucose (5), the
reaction just described was performed in the absence of bromide 1on Apparently, the
aldose 1tself (21) 1s a sufficiently good nucleophile to react with a triflate (23) as 1t 1s
formed Bromude 1on, however, should capture the triflate much more efficiently than
21, this proved to be true with the introduction of tetrabutylammonrum bronude,
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crystalline 2,3,4,6-tetra- O-acetyl-a-D-glucopyranosyl bromide (25) was obtained as
the major product (50% yield) and there was no indication that orthoester 22 had
been formed Furthermore, when ethanol was added to a solution of the aldose (21)
s-collidine, tetrabutylammomnum bromide and triflic anhydride 1n dichloromethane,
the expected ethyl 1,2-orthoacetate was obtained m 66% yield this product consisted
of a 7 1 mixture of the exo and endo diastereoisomers, from which the evo species”’
(26) was 1solated 1n crystalline form That 1s, as the bromide (25) was undoubtedly
generated 1 situ, the conventional formation of a 1 2-orthoacetate (t1a 24) could
proceed

Reactions of methanesulfonic anliy diide at the ariomeric center — In view of the
facility with which trifiic anhydride induces reactivity at the anomeric center of
aldoses, 1t was of mterest to examine the behavior of other sulfonic acid derivatuves
One such derivative 1s methanesulfonic (mesic) anhydride which 1s a crystalline,
commercially available compound

To parallel the reactions with tnflic anhydride, a solution of 2,3 4,6-tetra-O-
benzyl-«-D-glucopyranose (5, 05 mmol), s-collidine (20 mmol), and tetrabutyl-
ammonium bromide (1 0 mmol) 1in dichloromethane (2 5 mL) was added to mesic
anhydride (1 5 mmol), and then to methanol Column chromatography of the reaction
mixture afforded a 7 3 miature of the methyl x- and S-glycosides (10 and 11) in 61%
overall yield Moreover, the use of the same experimental conditions, but without
mgclusion of the bromide 10n, again produced a mixture (3 2) of 10 and 11, in 87%
yield

The latter finding indicates that a l-mesylate, in contrast to a l-triflate, 1s
sufficiently stable to allow for a displacement reaction by the alcohol The fact that
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the a-glucoside (10) 1s the preponderant product in all of these reactions with 5
suggests that, as with a glycosyl halide, the intermediate mesylate undergoes anomeric
equilibration (27=28), and that a more rapid displacement occurs with the  anomer
to give, with mversion, the «-glycoside

The reaction of 2,3,4,6-tetra- O-acetyl-f-p-glucopyranose with mesic anhydride
gave a crystalline product (74% yield), which had a m p (108-110°) and specific
rotation (+124°) close to those (112-113°, +121°) of a 1-O-mesyl compound
prepared'® from 2,3,4,6-tetra-O-acetyl--D-glucopyranosyl bromide and silver
mesylate Although formation of a B-mesylate would have been expected'” in the
silver-catalyzed reaction, a value of 3 Hz for Jy ;_y » for the current product showed
that both preparations must have the o configuration, a designation also 1n
accord with the high, positive rotation observed for both

By incorporating ethanol into a reaction muxture conststing of 2 3.4,6-tetra-O-
acetyl-f3-p-glucopyranose, s-coliidine, and mesic anhydride, a quantitative yield of
orthoester 26 admixed with 10% of the endo 1somer was obtained

Overall, these reactions bear a substantial resemblance to those employing
triflic anhydride Differences appear to arise from the greater stability of 4 mesylate
than of a triflate Accordingly, 1n the latter series, 1t was found necessary to moderate
reactions by converting the tniflate into the corresponding bromude Glycoside
synthesis occurs smoothly in both series when non(or weakly!®)-participating
O-benzyl groups are present yielding a preponderance of z-anomeric products,
whereas orthoesters are formed with O-acetyl substituents through neighboring-group
participation

Reacrions of sulfom!l chilorides ar the anomeric center — By analogy with the
trific and mesic anhydrnide reactions, when 2,3,4,6-tetra-O-benzyl-x-D-gluco-
pyranose (5) collidine, and tetrabutylammonium bronude in aichloromethane were
mixed with methanesulfonyl (mesyl) chloride, and methanol was introduced, the
product was a miture of methyl 2,3,4,6-tetra- O-benzyl-z- and -f3-D-glucopyranosides
(10 and 11 «fi=41 80% yield)

Although the bromide 7 would be expected to be an intermediate, chloride 10n
hiberated during the reaction might also affect the anomeric position In fact the
addition of mesyl chioride to a solution of 5 and s-collidine 1n dichloromethane gave
a syrupy product (63% yield) which, according to n m r -spectral and optical rotatory
data, was 2,3,4,6-tetra- O-benzyl-z-p-glucopyranosyl chloride (29) It 1s known!? that
glycosyl bromides undergo raoid displacement with chloride 1on and, 1n accordance
with this fact, the addiuon of tetrabutylammonium bromide to a solution of 29 m

C+H,08nN L\I:IZOE ' C\Hzan
BnO < Bno/\{";l/ BAO~ —Q
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8nQ 8nO. Okits BnO \
\ \
8n0O BnO BnQC
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dichloromethane had no detectable effect (n m r evidence) Hence, 1t 1s possible that,
m the formation of 10 and 11 (see preceding paragraph), methanol enters 1nto reaction
simultaneously with 1-bromo, l-chloro, and 1-mesyl intermediates

p-Toluenesulfonyl chloride reacted much more slowly than mesyl chloride with
5, although 1t, too, afforded the glycosyl chioride 29 (yield, 42%)

Chlormation of C-1 during attempted O-sulfonylation of carbohydrates had
been observed 1n earher studies For example, the reaction of mesyl chloride with
D-glucose i pyrnidine yielded 2,3,4,6-tetra-O-mesyl-D-glucosyl chloride!®, and the
corresponding O-tosyl denivative was also prepared??, although it was formed much
more slowly (Perhaps, a related observation®!, m 1870, concerned the 1solation of
tetra-O-acetyl-D-glucosyl chloride from the reaction between D-glucose and acetyl
chloride )

The stability of acetal substituents to this chlornation reaction was demon-
strated by treating 2,3 5,6-di-O-1sopropylidene-x-pD-mannofuranose with mesyl
chloride 1 s-colhdme-dichloromethane, this afforded, after chromatographic
purtfication, the x-chloro derivative (30) 1n 72% yield Compound 30 has also been
prepared?? from the aldose by the use of thionyl chloride and, very recently, through
the action of dichlorocarbene generated?® 1n a phase-transfer* system

oCH,
Me,C

Relationshp to silier sulfonate-modified reactions — Glycoside synthesis by the
sequence of reactions described here 1s, in part, the converse of that introduced by
Schuerch and co-workers?? 2%, which employs silver sulfonates to mediate the
reaction between an alcohol and a glycosyl halide In both sequences, 1-O-sulfonyl
derivatives are plausible intermediates However, our conditions are generally more
favorable for glycoside synthesis when bromide 10n 1s present, whereas halide 1on 1s
removed from the medium when the silver salt 1s used As a consequence, the pro-
cedure described here favors a halide-exchange step and, therefore, the formation of
a-D-glucosides With silver sulfonates. the stereoselectivity can be varied widely,
depending on such factors as the solvent and the nature of the substituent groups on
the glycosyl halide An elegant example 1s the recent synthesis®? of « anomers 1n the
1isomalto-oligosaccharide series, employmng silver p-toluenesuifonate and 2,3,4-tri-O-
benzyl-6-O-(N-phenylcarbamoyl)-z-p-glucopyranosyl chloride Alternatively, the use
of silver triflate (and an acid acceptor) with per-O-acyl-D-glucopyranosyl halides has

*A related type of reaction s the preparation of (alkyloxy)glycosylphosphonium salts from aldoses
for use mn the synthesis of glycosides3+
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been shown by Hanessian and Banoub?® 2° to give excellent yields of S-D-glucosyl
disaccharides

The current study furnishes a procedure for the preparation of glycosyl halides
from aldoses, and hence supplements the general chemistry of syntheses involving
glycosyl halides For applications in the synthesis of glycosides, the procedure offers
several advantages when an aldose 1s a suitable starting-material Among these 1s the
fact that the glycosyl halide 1s generated 1 siti under conditions conducive to a lugh
yield of a-glycoside, and that acid-labile substituent groups may be employed

Formation of 1-(2,3,4,6-tetra-O-benz3l-B-pD-glucopyranosy Dpyridvuuum nifluoro-
methanesulfonate (31) — In a prehiminary attempt to prepare a 1-O-sulfonyl
derivative®?, 2,3,4,6-tetra-O-benzyl-x-D-glucopyranose (5) was dissolved n pyridine,
and a 1 5-fold excess of triflic anhydride was introduced After 20 min, the reaction was
quenched with water, and the product extracted into chloroform, and subsequently
crystallized Instead of the 1-triflate (3) expected, however, this product (50% yield)
proved to be 1-(2,3,4,6-tetra-O-benzyl-f-p-glucopyranosyD)pyridinium triflate (31)
Among other data supporting formulation 311s *3C-n m r evidence for the presence

CH,0BN C—pCBn
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of a trifluoromethyl group, ¢ e, a quartet exlibiting 'J_g 320 Hz (triflic acid gives
'Je_r 315 Hz) The B configuration 1s indicated by the fact that the H-1 signal of 31
1s a doublet, J, , 8 5 Hz, and that the specific rotation of 3115 —20°

In examining some properties of 31, 1t was found that the compound undergoes
displacement when heated under reflux m N,N-dimethylformamide with sodium
benzoate, to give 1-0O-benzoyl-2,3,4,6-tetra-O-benzyl-f3-D-glucopyranose (32) Also,
as has been observed with other pyridimium triflates, 1t readily afforded the analogous
(crystalline) 10dide upon treatment with sodrum 10dide

The tendency of glycosyl halides to quaternize in pyridine has been known’
for many years Also, pyridinium p-toluenesulfonates havs been obtaied®?* by the
reaction of pyridine and silver p-toluenesulfonate with halogen derivatives of carbo-
hydrates More recently, Haill and Miller®? described the formation of 1-(6-deoxy-
1,2 3,4-d1- O-1sopropylidene-r-D-galactopyranos-6-yl)pyridimum triflate by the action
of trifiic anhydride in pyridine on 1,2 3 3-di-O-i1sopropylidene-xz-D-galactopyranose
The synthesis of 31 is another example of this reaction 1t appears that aldose 5
rapidly yields a 1-triflate (6), which reacts with pyridine to give the pyridinium trifiate
salt (31)

Because pyridme so readily forms quaternary salts in the presence of tnflic
anhydride, 1ts use was avoided 1n the subsequent experiments However, 2,6-dimethyl-

31
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pyridine shows!? little tendency to quatermize with glycosyl halides, and as 2,4,6-
trimethylpyridine (s-collidine) 1s an even more hindered base®*, 1t was employed as

the acid acceptor, as already indicated

EXPERIMENTAL

General — Evaporations were conducted at 40°, or lower, 1 vacuo Melting
points are corrected Optical rotations were measured at 23 +2° P mr spectra were
recorded at 100 MHz with a Varian HA-100 spectrometer '*C-N mr spectra were
recorded at 22 63 MHz with a Bruker WH-90 spectrometer Glass plates coated with
silica gel G were used for thin-layer chromatography (t 1 ¢ ), usually, the solvents were
chloroform, 9 1 chloroform—ether, or 9 1 chloreform-acetone Column chromato-
eraphy was performed with MN silica gel (0 05-0 2 mm particle size) or E Merck
stlica gel 60 (0 06-0 2 mm particle size) s-Collidine. pynidine, and N, N-dimethyl-
formamide were distilled from barium owude. and stored over molecular sieves Other
solvents were dried with molecular sieves Triflic anhydride was prepared by miing
trifftuoromethanesulfonic acid (3 M Co ) with an equal weight of phosphorus penta-
oxide and, after 1 h collecting the anhydrnide (b p 80-82°) by distillation (caution
the fumes of triflic acid and anhydride are very corrosive)

1-(2,3,4,6-Tetra-O-benzal-f-p-glucopyranosy Dpyvridinnum  trifluoromethance -
sulfonate (31) — A solution of compound 5 (21 g) i pyridine (40 mL) was added
during 5 min to trifiic anhydride (23 g) contained in a stoppered flask and cooled to 0°
A fter 20 min, 1ce water was added, the minture was extracted with chloroform, and the
extract was washed successively with M hydrochloric acid and water, and evaporated
A crystalline residue (14 2 g, 49%) was obtained that, after tw o recrystallizations from
petroleum ether-ethanol, had mp 151-1515° [«], —201° (¢ 4, chloroform)
pmr data 658 (d, I H, H-I, J, - 85Hz), 36-50 (14 H H-2-H-6,6', 4 CH,)
77,83, and 8 7 [H-B, -;, -z (pyridimmum)], '*C-nmr data 5937 (1 C, C-1), 68 3,
733,745, 750, 756, 770, 781, 801, 848 (10 C, C2-C-6 4CH,) 1269, 1276,
1278, 1280, 128 3, 128 6, 1292, 136 2, 137 5, 1377 (26 C, 4 Cz;H 5, pyridinium f3-C),
141 7 2 C, pynidinium %-C), and 147 5 (I C, pyrndinium 3-C)

Anal Calc for C,oH,oF3NOgS C,639, H 53.F,76.N.19,S5,43 Found
C,637,H,52,F,83,N,20,8S5,45

Another preparation of 31 was made by adding a solution of 5 (0 14 g) and
pyridine (03 g) in dichloromethane (1 mL) to triflic anhydride (0 48 g) at —70°
Processing as described afforded a solid product (0 13 g, 70%), m p 149-150°, the
p mr spectrum was mdistinguishable from that of 31 prepared at 0°

1-O-Benzoyl-2.3.4,6-tetra-O-benzyl-f-p-glucopyranose (32) — Compound 31
(1 34 g, 1 78 mmol), sodium benzoate (0 43 g, 3 mmol), and N, VN-dimethylformamide
(5 mL) were stirred for 70 h at room temperature without apparent reaction (tlc),
the mixture was then boiled under reflux for 70 h, and cooled Chloroform was added,
the organic layer was washed with water, and evaporated, and the resulting red oil
was purified by column chromatography (solvent, chloroform) The first fractions
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contained the title compound (053 g, 46% yield), mp 96-96 5°, after three re-
crystallizations from ethanol, 1t had [«]p, —17 4° (¢ 3 4, chloroform), p mr data
661 (I H, H-1, J, » 80Hz), '*C-nmr data 6948 (1 C, C-1) and 1648 (1 C,
C=0)

Anal Calc for C;,H,,0,; C,764,H,63 Found C,765,H,6 1

Continued elution of the column afforded compound 5(0 47 g), m p 150-152°
[x]o +20 5° (¢ 3 2, chloroform)

1-(2,3,4,6-Tetra-O-benz) I-B-p-glucopy ranosy Dpy ridinuun 10dide — A solution
of compound 31 (06 g) and sodium 1odide (1 50 g) 1n acetone (10 mL) was boiled
under reflux for 3 h The acetone was evaporated off, chloroform was added, ciystals
of sodium 1odide were removed by filtration, and the filtrate was evaporated The
resulting syrup gave yellow crystals (0 53 g, 91% yield) from ethanol, m p 148-1307,
after recrystallization mp [151-152° [x], —19° (¢ 31, chloroform) pmr data
066(1 H H-1 J,,80Hz), '*C-nmr data & 92 7 (C-1) (other data close to those
tor 31)

dnal Calc for C30H, ,INOs C, 642 H,53,1,174 Found C,641,H,57.
1 18

[¥9]

1-O-Benzo11-2,3,4,6-tetr a-O-benz [I-z-p-glucopy ranose (8) — Benzoyl chloride
(5 mL) was added to a solution of compound 5 (4 0 g) in pyridine (24 mL) at 0° After
20 h chloroform was added and the solution was washed successively with 1 5u
sulfuric acid, saturated sodium hydrogencaibonate solution, and water, and
evaporated to afford & solid residue that was recrystallized from methanol (37 g
78%0) according to its p m r spectrum, this product consisted of a 9 I mnture of the
7 and f3 anomers Repeated recrystallization from methanol gave 20 g of pure 8
mp 795-80 57, [x]p —625 (¢ 29, chloroform) pmr data 066 (1 H, H-1, J, ,
20Hz) '"*C-nmr data 0682,731,733,737,755.757 771 791 819 (C-2-C-6
and 4 CH.), 907 (C-1), 1279, 1280, 1211 1284 1299, 1300 1334 1378 1380
138 2, 138 8 (5 C4H;), and 1650 (C=0)

4nal Calc for C, H,;0; C 764 H,62 Found C 761 H,64

2,34 6-Teti a-O-benzy I-v-p-glucopyirunosyl bronude (7) — The benzoate 8
(0 3 g) was added to a saturated solution of hydrogen brorude in dichloromethane
(53 mL) After | h the solution was evaporated, and the p m1 spectrum (solvent
CDCI;) of the residual o1l v as recorded immediately pmr data ¢ 32-30(m, 14
H-2-6" and 4 CH-), 64 (I H H-1 J, ., 4Hz),and 70-76 (m, 20 H 4 C4H;)

2,3.4 6-Teti1 a-O-benzy I-x-p-glucopiianosyl hionvde (7) via tniflic anindiide —
A solution of compound 5 (027 g, 0 5 mmol), s-colhidine (0 25 g, 2 0 mmol), and
tetiabutylammonium bronude (0 32 g, 1 O mmol) in dichloromethane (2 5 mL) was
added to triflic anhydride (0 27 g, 1 O mmol) at —70° The munture was allowed to
warm to room temperature (tl ¢ then showed that all of the 5 had reacied) and
diluted with dichloromethane, and the solution was rapidly passed through a column
of silica gel Immediate evaporation of the efluent afforded an o1l, the p m r spectrum
of which was virtually indistinguishable from that of 7 {see preceding section) As
reported by several woikers?® -3, the product decomposed 1apidly
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Methyl 2,3,4.6-tetra-O-benzyl-a,f-D-glucopyranoside (10, 11) — Trflic an-
hydride (0 42 g, 1 5 mmol) was placed 1n a septum-sealed flask 1n a dry box, and then
the flask was removed, and cooled to —70° A solution of compound 5 (054 g,
1 0 mmol), s-collidime (0 36 g, 3 0 mmol), and tetrabutylammonium bronude (0 64 g,
2 0 mmol) 1n dichloromethane (5 mL) was now introduced by means of a syringe
After 5 min, t1c showed that virtually all of the 5 had been converted mto a faster-
moving compound. the mmture was allowed to warm to room temperature, and
methanol (0 6 mL, 15 mmol) was added One hour later, the solution was diluted with
chloroform, washed successnvely with s hydrochloric acid, M sodium hydrogen-
carbonate, and water, and evaporated Column chromatography of the residue
(solvent, 9 1 chloroform-ether) afforded an oil (052 g, 94%) which, according to
nmr spectroscopy, consisted of a 3 2 miture of methyl 2,3,4,6-tetra-O-benzyl-a-
and -B-p-glucopyranoside (10 and 11) this anomeric ratio was based on the relative
mtensiiies of the methovyl resonances 'H, §33 (%) and 35 (), '°C, 6551 (%),
57 0 (B), with reference te the corresponding spectra of authentic x-p-glucoside 10
The major signals 1 the *3C-nmr spectrum of the muxture [eg, 6 982 (C-1)]
comcided 1n chemical shift with those of authentic 10 Other signals [ 10 47 (C-1),
847,824,822,795,785,77 1,747, 73 5, and 69 0] were attributed to C-1-C-6 and
4CH, of 11

Cholesteryl 2,3,4,6-tetra-O-benzy I-z-D-glucopi1anoside (12) — A solution of 5
(054¢g, 10mmol), s-collidine (32mmol) and tetrabutylammonium bromude
(0 64 g, 2 0 mmol) 1n dichloromethane (5 mL) was added to trific anhydride (0 33 g,
1 2 mmol) at —70° Afier 5 mun, cholesterol (0 58 g, 1 5 mmol) v as added, and, after
36 h at room temperature, the miture was processed as for compounds 10 and 11
Column chromatography afforded a crystalline product (0 57 g, 62%), m p (after 2
recrystallizations from ethanol-ethyl acetate) 137 5-138 5°, {x], +47° (¢ 4, chloro-
form), (it® mp 127-128° [x]p +407), '*C-nmr data 5688, 702, 730, 735,
751, 756, 769, 781, 784, 822 (C-2-6, 4 CH,), 948 (C-1), 1277, 1279, 1281,
128 4 (4 phenyl, C-2-6), 13§82, 1384 (2 C), and 139 | (phenyl C-1), signals for the
cholesteryl aglycon moiety had almost the same chemical shifts as the 26 signals
reported for cholesteryl methyl ether?®?

1,2,3,4-Tetia-O-acetyl-6-0-(2,3,4,6-tetra-C-benz) [-y-D-glucopy ranosy I )-fi-b-
glucopyranose (13) — Using the same procedure as for the synthesis of 12, 1,2,3,4-
tetra-O-acetyl-8-p-glucopyranose (035 g, 1 0 mmol) was added to a muxture of 5
(027 g, 05 mmol), s-collidine (030g, 25 mmol), tetrabutylammonium brormide
(0 32 g, 1 0 mmol), dichloromethane (5 mL), and triflic anhydride (0 27 g, 1 0 mmol)
After 18 h at room temperature, the product was 1solated by column chromatography
as an 011 (0 27 g 63%), [+lp +32° (¢ 7, chloroform), }3C-nmr data §20 5 (4 CH,),
659, €86, 690, 705, 729, 731, 735,748 749, 756, 773, 777,800, 81 7 (14 C,
C-2-6, C-2'-6’, 4 CH.,), 91 8 (C-1", §) 970 (C-1, v), 127 5, 1278, 128 0, 128 4 (20 C
phenyl C-2-6), 138 1 1384 1386, 139 0 (4 C, phenyl C-1), 168 7, 169 1, 169 4, and
1701 (4C, C=0)

1,2 5,6-Di-O-1sopropylidene-3-0-(2,3,4,6-tetra-O-benzy I-x-p-glucopyranosy I)-
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a-D-glucofuranose (14) — The experiment described 1n the preceding paragraph was
repeated, but using 1,2 5,6-d1-O-1sopropylidene-z-D-glucofuranose (0 26 g, 1 0 mmol)
as the hydroxylic component mstead of tetra-O-acetyl-p-glucose A chromato-
graphically pure o1l was 1solated (0 33 g, 85%), [v]p, +43° (¢ 2, chloforoform) (lit 4
[xlp +46°), *C-nmr data 6255, 262, 268, 270 (4C, CH,), 670, 688, 713,
724,731, 736,753,756, 778,801, 809, 812, 815, 837 (14C, C-2-6, C-2’-6",
4 CH,), 98 1 (C-1, «), 1052 (C-1’, «), 109 3, 111 8 [4 C, 3 C(CH,),], 1276, 1279,
128 0, 128 4, (20 C, 4 phenyl, C-2-6), 138 1 (2 C), 138 2, and 138 8 (4 C, phenyl C-1)

Methyl 2,3-O-1soprop) lidene-5-O-trityl-4,-D-11bofin anoside (17, 18) — A
solution of 2,3-O-i1sopropylidene-5-O-trityl-b-ribofuranose* (16) (048 g, I 1 mmol),
s-collidine (0 54 g, 4 5 mmol), and tetrabutylammonium bronude (0 70 g, 2 2 mmol)
in dichloromethane (55 mL) was added to trifiic anhydnide (060 g, 22 mmol),
followed, after 5 min, by methanol (1 0 mL) The mixture was kept for 18 h at room
temperature, and then processed as described for analogous reactions the product
was purified by column chromatography, yield, 028 g (59°%) of a colorless oil
'*C-nmr data 6253 and 267 [C(CH,)., ), 258 and 26 1 [C(CH,),, «], 547
(OCHj3;, ), 56 3 (OCH;, ) 643 (C-5, ), 647 (C-3, »), 80 8, 81 5, 81 8 (C-2-4, ),
822,853,861 (C-2-4, ), 1037 (C-1, =) 1094 (C-1, B), 1147 [C(CsH5)sl, 1273,
1279, 128 7 (15 C, phenvl C-2-6) and 143 6 (3 C phenyl C-1) Based on relative
signal-intensities, the ratio of z S (1718) =32

Methyl 2,3 5,6-di-O-1soprop) lidene-=- and -f3-D-mannofuranoside (19 and 20) —
A solution of crystalline 2 3 5,6-di-O-1sopropylidene-7-p-mannofuranose (0 26 g,
1 0 mmol), s-collidine (0 36 g, 3 0 mmol) and tetrabutylammonium bromude (0 64 g,
2 0 mmol) in dichloromethane (5 mL) was added to triflic anhydride (0 41 g, 1 5 mmol
at —70° and 15 nun later, when t1¢ showed that all of the aldose had reacted,
methanol (1 5 mL) was added The mintuie was kept for (8 h, at room temperature
and processed as already described Column chromatography (eluant, 9 1 chloro-
form—ether) afforded two products the first fraction consisted of 19 (0 06 g, 22%),
[4]p +37° (¢ 3, chloroform) (it *7 [«x]p, +50°), the pmr specirum coriesponded
closely to that reported®” for 19 '*C-nmr data 6 246,25 3,260,269 [4 C(CH;).],
54 6 (OCHj;), 670 (C-4), 737, 757, 804 851 (C-2,3,5,6), 107 5 (C-1), 109 3, and
112 7[2 C(CH;).] The second chromatographic fraction consisted of 20 (0 08 g 30%)
[#]p —37° (¢ 3, chloroform) (i1t *® [x], —42°), the pmr spectrum corresponded
closely to that reported®” for 26, '*C-nmr data 5251, 254, 257, 270
[4 C(CH;),], 580 (OCH,), 66 9 (C-4), 734, 773, 792, 792, 797 (C-2,356) 1642
(C-1), 109 2, and 1150 [2 C(CH,),]

3,4,6-T11-O-acety l-1,2-O-[I-ex0-(2,3 4,6-teti a-O-acetrI-f-D-glucoprianosi loxy )-
ethy idenel-u-p-glucopy 1anose (22) — A solution of crystalline 2,3,4 6-tetra-O-acetyl-
x-D-glucopyranose (1 4 g, 4 mmol), s-collidine (1 45 g, 12 mmol), and triflic anhydnde
(1 64 g, 6 mmol) in dicnloromethane (20 mL) was kept for 1 h, washed successively

*Prepared as described bv Fox cr af 3°, 1in CDCl;, the oily compound equilibrated to a 5 & minture of
z and B anomers
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with M hydrochloric acid, M sodium hydrogencarbonate, and water, and evaporated,
the oily residue was found by t 1 ¢ to consist of a major and several minor components
Column chromatography (eluant, 9 1 chloroform—ether) afforded 22 (0 6 g, 44%),
which crystallized in cold methanol, but melted below room temperature, [o], + 10°
(¢ 6, chloroform), My +70° [Calc for 22 M, +32° based on model compounds
ethyl 2,3,4,6-tetra-O-acetyl-f-D-glucopyranoside (M, —85°) and orthoester 26
(Mp +117°), calc for x anomer of 22 My +613°, based on ethyl 2,3,4,6-tetra-O-
acetyl-z-p-glucopyranoside (Mp +496°) and orthoester 26 (M, +117°)], pmr
data 01 7(s,3 H,CCHj;), ~20(6s,21 H,7 COCH,),59(d, | H,H-1, J, , 50 H2)
'3C-nmr data 6206 (7C, COCH,), 219 (CCH,), 617, 630 (C-6,67), 671, 63 2,
700, 711, 723, 730, 73 3, 756 (C-2-5, C-2°-5), 946 (C-1, Jc;_u.: 184 Hz), 97 1
(C-1', Jeq —u1 162 Hz), 1212 (CO;) 1688, 1691 1693. 1695, 1702, 170 4, and
170 6 (C=0)

2,3,4.6-Tetia-O-acet) I-x-b-glucopy ranosyl  bromide (25) — The preceding
experiment was repeated, eacept that tetrabutylammonium bronude (0 64 g) was
added to the reaction mixture before the triflic anhydride (0 41 g) The product was
purified by column chromatography (020 g from 034 g of 2,3,4,6-tetra-O-acetyl-
B-bD-glucopyranose 50% yield), and recrystallized from ether-hexane mp 89 5-
90 5°, [x]p +186° (¢ 6, dichloromethane), indistinguishable from authentic 25
(mp 89-89 5° [«]p —206°) by pmr and '*C-nmr spectroscopy

3,4,6-T11-O-acery I-1,2-O-(1-etho 1 ethviidene)-x-D-glucopy 1anose (26) — When
ethanol was added to a reaction minture prepared as m the preceding paragraph, a
chromatographically pure oil was 1solated (025 g, 66%) According to 1ts pmr
spectrum, the product consisted of a 7 1 muxture of exo and endo diastereoisomers of
26 (relatine ntensities of CCH; signals'® *® at 317 and 1 5, 71) Crystallization
afforded the pure eivo 1some1, mp 91-92° [x], +42° (¢, 3 chloroform), indistin-
guishable from an authentic specimen (m p 93 5-94 5°, [«], +35°) by p m r spectro-
scopy

Metinl 2,3,4,6-tetra-O-benzy -, -D-glucopyranoside (10, 11) — Methane-
sulfonic anhydride (0 25 ¢ | 5 mmol) was added to a solution of 5(0 27 g, 0 5 mmol),
s-collidine (0 36 g, 3 0 mmol), and tetrabutylammomum bromide (0 32 g, 1 0 mmol)
in dichloromethane (2 5 mL) After 10 min, methanol (0 8 mL, 20 mmol) was added,
and 18 h later, the solution was diluted with chloroform, washed successively with M
hydrochloric acid, v sodium hydrogencarbonate, and water, and evaporated Column
chromatography of the residual o1l afforded a product that was virtually indistin-
guishable (by tlc,and pmr and '*C-n mr spectroscopy) from the mixture of 10
and 11 already described, yield, 0 17 g (61%), based on the relative intensities of the
OCH; proton and '*C signals, 10 11 (x ) =7 3

On repeating this experiment, but withour the mclusion of tetrabutylammonium
bronmude, a mixture of 10 and 11 was 1solated (yield, 0 24 g, 87%) 1n the anomeric
ratio of =32

2,3,4,6-Tetra-O-acetyl-[-O-(methyisulfony [)-x-D-glucopyianose  — Methane-
sulfonic anhydride (025 g, 1 5 mmol) was added to a solution of 2,3,4,6-tetra-O-
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acetyl-f-p-glucopyranose (035g, 1 0 mmol) and s-collidine (036 g, 30 mmol) mn
dichloromethane (5 mL) One hour later, chloroform was added, and the solution
was successively washed with M hydrochloric acid, M sodium hydrogencarbonate, and
water, and evaporated The brown residue was purified by column chromatography,
yielding crystals (from ethyl acetate-hexane) (031 g, 74%). mp 108-110° [«lp
+124° (¢ 1, chloroform) (it '* m p 112-113°, [x], +121°), pmr data §22(s, 3 H,
SCH3), 60 (d, 1 H, H-1, J, » 3Hz), "*C-nmr data §205 (4 COCH,), 394
(SCHs), 61 6 (C-6). 67 7, 69 2, 70 2 (C-3-5), 96 0 (C-1), 168 6, 1700, 170 2, and 170 9
(C=0)

3,4,6-Tr1-O-acety I-1,2-O-(1-ethox ) eth) lidene)-«-D-glucoprranose (26) — The
addition of ethanol (0 14 g, 3 mmol) to a reactton mixture prepared as in the preceding
paragraph resulted in the 1solation of 0 37 g (98%) of a crystalline product, m p 92~
95° Accordingto1ts p m r spectrum, the product consisted of orthoester 26 (10 parts)
admixed with 1ts endo diastereoisomer (1 part)

2,3,4,6-Teti a-O-benzy l-a-D-glucopyrarosy! chloride (29) — Methanesulfonyl
chloride (0 12 g, 1 0 mmol) was added to a solution of 5 (027 g, 0 5 mmol) and
s-collidine (024 g, 20 mmol) in dichloromethane (2 5 mL) After 4 h, when tlc
showed that all of the 5 had reacted, chloroform was added, and the solution was
washed successively with M hydrochloric acid ™M sodium hydrogencarbonate and
water, and evaporated, the residue was subjected to column chromatography,
affording an o1l (0 18 g, 63%), [alp +69° (¢ 3, chioroform) (It *° [¢]p +62%), pmr
data 561 (d, 1 H, H-1, J, ;40Hz), *C-nmr data 680,730 736 (2C), 752
758,766,770 785 800, 81 5(C-2-6, 4+ CH,), 93 5 (C-1, Je,_u, 180 Hz), 128 1,
128 4, 128 6 (20 C, phenyl C-2-6), 1377, 1379, 138 3, and 138 7 (4 C, phenyl C-1)

2,3 5,6-Di-O-15opi opi lidene-z-D-mannofur anos\ [ chioiide (30) -— Under the
conditions described for the synthesis of 29, the reaction of 2 3 5 6-di-C-1sopro-
pylidene-z-p-mannofuranose (026 g, 10 mmol) with methanesuifonyl chlonide
(0 24 g, 2 0 mmol) afforded a chromatographically pure o1l (0 20 g, 72%), [2]p, + 58"
(¢ 9, chloroform) pmr data 360 (s, 1 H, H-1, J, , <1 Hz), '*C-nmr data
0217, 253,259, 269 [C(CH3),] 669 (C-6) 725 787 826 894 (C-2-5), 978
(C-1), 1096 and 1342 C C(CH-),]
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