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ABSTRACT
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a.) R'OH, NIS, AgOTf, CHoCly, -40 °C.
b.) R'OH, Tf,0, DTBMP, CHoCly, -78 °C.

The stereocontrolled synthesis of 2,3-anhydro-g-p-lyxofuranosyl glycosides from thioglycoside 2 and glycosyl sulfoxide 3 is reported.

The key role of oligosaccharide-mediated recognition events bonds?~® many either suffer from a lack of generality or
in many important biological events is now undisputeth require multiple steps. Accordingly, there is a continuing
interest in the biology and biochemistry of these molecules need for investigations directed toward the efficient prepara-
has increased, so to has the need for efficient and stereotion of glycosidic bonds with this stereochemistry.
selective methods for the formation of glycosidic boAds. Recently, we reported the synthesis of arabinofuranosyl
Although some glycosidic linkages can be readily con- oligosaccharides_that are fragments of two mycobactgrial cell
structed in a stereocontrolled manner, others remain chal-Wall polysaccharide&:®One of the targets we synthesiZed
lenging synthetic targets. For example, Iras linkages is hexasaccharidk which contains twg-p-arabinofuranosyl

can be reliably prepared through the use of glycosyl donors linkages (Figure 1). The key step in our synthesid efas

with participating (e.g., acyl) protecting groups at &-2 (3) f-Mannopyranosides: (a) Ohtake, H.; Ichiba, N.; Ikegamil. ®rg.
or through the Lewis acid-promoted opening of glycal epox- Chem2000,65, 8171. (b) Crich, D.; Sun, 3. Am. Chem. S0d998,120,

. > g 435. (¢) Crich, D.; Sun, SJ. Org. Chem1997,62, 1198. (d) Hodosi, G.;
ides by nucleophile¥:790n the other hand, there are fewer ovac, P.J. Am. Chem. Sod 997,119, 2335. (e) Barresi, F.; Hindsgaul,

general strategies for the selective formation of di®- (c)thm{ tNEtd PErod[lg%;f%%E)?,?léf)l%S)l-St(f)klt% YK Qgég\J/a,ATArégheW-
- —d: . . ., em., Int. Ed. Eng ,33, . (g) Stork, G.; Kim, Gl. Am. Chem.
linkages?2~din particular those possessing Li8-j stereo- So0c.1992, 114, 1087.

chemistry, e.g3-mannopyranosideg;arabinofuranosides, (4)f-é\rabinofuranosides: (a)(g)anchez, S.; Bamhaoud, T.; Prandi, J.
: : Tetrahedron Lett2000,41, 7447. D’Souza, F. W.; Lowary, T. Org.
and p-fructofuranosides. Wh'!e some m.EthOdS have be_er? Lett.2000,2, 1493. (c) Subramaniam, V.; Lowary, T. Tetrahedronl999,
developed for the stereoselective synthesis of these glycosidicss, 5965. (d) Désiré, J.; Prandi, Garbohydr. Res1999, 317, 110. (e)
Mereyala, H. B.; Hotha, S.; Gurjar, M. K. Chem. Soc., Chem. Commun.

1997, 685.
(1) (@) Varki, A. Essent. Glycobiol1999, 57. (b) Dwek, R. AChem. (5) p-Fructofuranosides: (a) Oscarson, S.; Sehgelmeble FJ.V&m.
Rev.1996,96, 683. Chem. Soc2000, 122, 8869. (b) Krog-Jensen, C.; Oscarson,])SOrg.
(2) Reviews: (a) Davis, B. Gl. Chem. Soc., Perkin Trans200Q 2137. Chem.1998 63, 1780. (c) Miiller, T.; Schneider, R.; Schmidt, R. R.
(b) Boons, G.-JTetrahedronl996,52, 1095. (c) Toshima, K.; Tatsuta, K. Tetrahedron Lett1994,35, 4763.
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a low-temperature glycosylation reaction that installed both
pB-arabinofuranoside residues in a single step and with
excellent stereocontrol. However, upon further exploration
of this method, we found it not to be generally applicable to
a range of alcoholsConsequently, we have explored other

methods for the formation of these linkages.

stereocontrol. Thé-glycosides are the major or, in many
instances, the exclusive product and product yields range
from modest to excellent.

The preparation o2 and3 was straightforward (Scheme
1). The knowrf2and readily accessible, thioglycosidievas
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Figure 1. Hexasaccharidé.

As part of our investigations, we have studied the use of
thioglycoside 2 and glycosyl sulfoxide3 (Figure 2) as
precursors tg3-p-arabinofuranosyl residues. We reasoned
that if conditions could be found by which these reagents
could stereoselectively glycosylate alcohols to afford the
B-glycoside, then openifigof the epoxide moiety by the
attack of nucleophiles at C-3 would lead fharabino-
furanosides.
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Figure 2.

To the best our knowledge there have been no previous
reports on the use of 2,3-anhydrosugars as glycosylating
agents. In contrast to donors typically used for the formation
of 1,2-cis-f-glycosides, the C-2 substituen®iand3 is not
a sterically demanding nonparticipating protecting group.
Such groups are generally believed to negatively influence
the stereocontrol of a 1,2-ciglycosylation. Instead, the
secondary hydroxyl groups ihand3 are “protected” as an
epoxide, which we expected would provide little steric
impedance to the attack of a nucleophile (e.g., an alcohol)
from the top face of the ring. In this Letter, we report tRat
and3 do indeed glycosylate alcohols with a high degree of

(7) Yin, H. F.; Lowary, T. L. Unpublished Results.
(8) Williams, N. R.Adw. Carbohydr. Chem. Biocherh970,25, 109.

reacted with diisopropylazodicarboxylate, triphenylphos-
phine, and benzoic acid to provide, in a single step, epoxide
2 (82%). Oxidation withm-CPBA provided3 as a mixture

of diastereomers in 78% yield.

With an efficient route in place for the preparation 2f
and 3, we first explored the glycosyl donor abilities &f
Coupling of this thioglycoside with a panel of alcohols
(Figure 3) usind\-iodosuccinimide and silver triflate activa-
tion afforded glycosides in the yields indicated in Table 1.

In the case of the simple alcohds-7 (entries 1—3), the
products were obtained in excellent yield and with a high
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Figure 3.
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Table 1. Glycosylation of Various Alcohols with
Thioglycoside2 and Glycosyl Sulfoxide3

Bz0 /o ROH BZO—@M
o] o) OR
AorB
R
yield
entry R’ alcohol activation? product (%)° p:a ratio®
1 STol 5 A 17 79 B only
2 STl 6 A 18 81 B only
3 STol 7 A 19 83 6.5:1
4  STol 8 A 20 77 B only
5 STol 9 A 21 81d 7:1
6 STol 10 A 22 83 5:1
7 STol 11 A 23 72 ponly
8 STol 12 A 24 84 S only
9 STol 13 A 25 51¢ 3:2
10  STol 15 A 27 82f 31
11 STol 16 A 28 759 5:1
12 S(O)Tol 9 B 21 82 Bonly
13 S(O)Tol 13 B 25 43 B only
14  S(O)Tol 14 B 26 83 B only
15  S(O)Tol 15 B 27 74 B only
16 S(O)Tol 16 B 28 87 5.5:1
17  STolh 5 A 17 82 B only

aA: thioglycoside2 (0.6 mmol), alcohol (0.5 mmolj-iodosuccinimide
(0.6 mmol), and silver triflate (0.15 mmol) in 10 mL of GEll, at—40°C.
B: sulfoxide 3 (0.5 mmol), alcohol (0.6 mmol), 3O (0.6 mmol), and
DTBMP (2.0 mmol) in 10 mL of CHCI, at —78 °C. P Isolated yield after
chromatographyt Ratio determined by product yields following chroma-
tography.d 5% of 29 obtained.¢ 20% of30 obtained.! 11% of31 obtained.
920% of 32 obtained . 8-Anomer, 34, used.

degree of stereocontrol. Glycosylationrectanol (5) and
cyclohexanol (6) led exclusively to the formation of the
p-glycoside. The more hinderedrt-butanol (7) provided a
6.5:1f:a ratio of glycosides.

tonation of the epoxide by triflic acid generated in the course
of the reaction, followed by migration of the thiocresyl
moiety and concomitant epoxide ring opening. Attack of the
alcohol (e.g.9) upon the intermediat&3, affords the product
with p-xylo stereochemistri? An analogous migration in
2-O-phenoxythiocarbonyl thioglycosides has been repdfted.

H
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2 .
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33

Figure 4.

When secondary carbohydrate alcohdl8,(15, 16) are
glycosylated with2 (Table 1, entries 911), the yields are
similar; however thg-selectivity is reduced. Larger amounts
of the 2-thiocresyp-p-xylofuranoside product80—32) are
also formed. We attempted to prevent this rearrangement
process by adding 2,6-dért-butyl-4-methylpyridine (DT-
BMP) to the reaction. However, this resulted in very low
conversion of the thioglycosides.

The formation of these rearranged glycoside products and
the relatively poor stereoselectivity obtained upon glycosyl-
ation of secondary carbohydrate alcohols prompted us to
explore the use of glycosyl sulfoxid8. Sulfoxides are
generally excellent glycosylating agedtsFurthermore,
glycosylation reactions involving these species are carried
out in the presence of an excess of DTBMP, which was
expected to prevent acid-promoted reactions of the epoxide
moiety.

The stereochemistry at the anomeric center was proven Sulfoxide3 is indeed highly reactive. It rapidly glycosyl-

by measuring the magnitude of the one-bond -€H11
coupling constant as previously reporfédn all cases,
1Jc1-n1 Was 163—168 Hz, characteristic of tReglycoside.

ates alcohols upon treatment with triflic anhydride and
DTBMP at low temperatures. In most cases, the yields are
indistinguishable from those obtained using thioglycogide

It was not possible to discriminate between the isomers usingand thegs-selectivity is excellent (Table 1, entries426).
the NMR parameters usually used for the assignment of Only with alcohol 16 is the formation of thex-glycoside
anomeric stereochemistry in furanosides: the chemical shiftfound. As expected, no rearranged products were detected.

of C-1 or the magnitude ofJy;—p21*

We next investigated the reaction @f with various
carbohydrate alcohol8—16 (Table 1, entries 411). With
the primary alcohols8—12 the yields are high and the
[-glycosides are the major or sole products. Only with the
benzoylated substrat&sand10 were detectable amounts of
the o-glycoside formed. Also isolated (5% vyield) in the
reaction of2 with 9 was the 2-thiocresyp-glycoside29.
This product presumably arises (Figure 4) via initial pro-

(9) A modification of a previously reported method for the formation of
methyl 2,3-anhydro-m-lyxofuranoside was used: Martin, M. G.; Ganem,
B.; Rasmussen, J. RCarbohydr. Res1983,123, 332.

(10) Callam, C. S.; Gadikota, R. R.; Lowary, T. . Org. Chem.
Submitted.

(11) Mizutani, K.; Kasai, R.; Nakamura, M.; Tanaka, O.; Matsuura, H.
Carbohydr. Res1989,185, 27.
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Sulfoxide 3 is clearly superior to thioglycosid@ as a
glycosylating agent.

The generally high stereoselectivity of these reactions
intrigued us, and we initially postulated that the reaction
proceeded via an\& or §y1 ion-pair mechanism. To further
probe the mechanism, octanol was glycosylated with thio-

(12) Disaccharid@9 and theo.-glycoside isomer 021 had identicaRy's,
and separation required acetylation of the mixture followed by chromatog-
raphy. The anomeric stereochemistry in tHeOBacetyl derivative o9
was established by the C-1 chemical shift (108.3 ppm, Gp@hd the
magnitude ofJy1—p2 (1.2 Hz). The position of the thiocresyl moiety was
determined by an HMQC experiment that correlated hizh the carbon
resonating at 56.5 ppm (CD4J!

(13) Zuurmond, H. M.; van der Klein, P. A. M.; van der Marel, G. A;;
van Boom, J. HTetrahedron1993,49, 6501.

(14) Kahne, D.; Walker, S.; Cheng, Y.; Van Engen, D.Am. Chem.
Soc.1989,111, 6881.
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glycoside34°the anomer of (Figure 5 and Table 1, entry triflates 38 and 39, which have determined that the former
17). The reaction proceeded to give thglycosidel?, as is 4.5 kcal/mol lower in energy (B3LYP/6-31G**//B3LYP/
the only product in a yield essentially identical to that 6-31G*) than the lattel®

obiained fromz. [ —
] o o

o

BZ09 o 579  CHyCHpoH  Bz0 o OCHICHs 1

NIS, AgOTH, 420, 2x-STd

34 CHyCly, -40 °C . A
i JActivate
Figure 5.
BzO o
L Qo 7 +

35
This result suggests that with these thioglycosides the

reaction proceeds via an oxonium ion intermediad8, (
Figure 6) that is attacked by the alcohol in a stereoselective RO o RO o 9T
manner from the face of the ringjs to the epoxidé? It is =y —- w
also possible that an activated intermediate (e.go.-aty- ot 7 B B2
cosyl triflate, 36) is generated in situ, which is in turn 22;2:2&,3 39.R = CH,
displaced by the alcohol via anSBreaction'® However, we
believe the intermediacy of a glycosyl triflate is unlikely.
These reactions are carried out by activating the thioglycoside B-glycoside o-glycoside
in the presence of the acceptor alcohol using less than a

stoichiometric amount of silver triflate. Reaction28 with Figure 6.

the alcohol would be expected to be favored over trapping

by the weakly nucleophilic triflate aniof. In conclusion, we have described for the first time the use
On the other hand, glycosyl triflates may be important of 2,3-anhydrosugars as glycosylating agents. Glycosylation
intermediates in glycosylations wiBh The sulfoxide activa-  of a panel of alcohols wit@ and3 affords glycoside products
tion protocol we used was that developed by Crich and co- in generally excellent yields. These reactions are stereo-
workers?®® This method involves treatment of the sulfoxide selective, leading to the formation of tjfeglycoside as the
with triflic anhydride prior to addition of the alcohol. Under  major or exclusive produéf Work currently underway in
these conditions glycosyl triflates have been shown to be our laboratory is focused on understanding the mechanism
formed?®@ Accordingly, we propose that in glycosylation of these glycosylation reactions, as well as extending our
reactions with3 the stereoselectivity arises from an2S  investigations to other 2,3-anhydrosugars. Also ongoing are
displacement of a glycosyl triflate which is generated in situ. studies directed toward the regioselective ring opening of
The stereochemistry in the final glycoside product neces- these epoxides with nucleophil&s.
sitates that thec-triflate (36) be formed in preference to the
p-isomer (37). Consistent with this proposal are our pre-
liminary density functional theory calculations on glycosyl

J ROH l ROH
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(17) Other transient intermediates could also be involved. For example,
the succinimide liberated from NIS could form a glycosyl succinimide OL007008Y
species. However, we also view this as unlikely as such intermediates have
been isolated as stable byproducts from other NIS promoted glycosylation  (19) In our experience, whew/s mixtures are formed, the two anomers
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Chem. 1996, 61, 1234). Accordingly, we do not feel such species are (20) In initial experiments, a solution df8 and sodium in allyl alcohol

productive intermediates in the synthesis of these glycosides. was heated at reflux to afford, in 92% vyield, a mixture of ring-opened
(18) Thep-anomer of3 also provides theg-glycoside products exclu- products in a 2:Xylo:arabinoratio. Heating an ethanolic solution af,

sively in yields identical to that o8, which is also consistent with the NaNs;, and NHCI at reflux provided a 2:Zfrabino:xyloratio of products

pathway proposed in Figure 6. in 93% vyield.
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