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A Fundamentally New, Simple, Stereospeciﬁc Table 1. Reaction Conditions Applied and Yields Obtained
Synthesis of Oligosaccharides Containing the Nw@  Eb yield temp reaction salt/
p-Mannopyranosyl and f-Rhamnopyranosyl equiv equiv prod (%) solvent (°C) time equiv
Linkage 745 51 8 88 DMF -5  80min CsF/6
7/45 91 10 78 DMF 25 25h CsF/6
Gyorgy Hodosi* and Pavol Kola 14 51 13 40 DMF 0,25 4h,10h
1/3 51 13 57 CHCN 25 20 h BuNF/1

NIDDK, Section on Carbohydrates, LMC 16 91 18 40 DMF 25 5d
National Institutes of Health ~ 1¥6 91 18 52 DMAA 25 3d

Bethesda, Maryland 20892-0815 1V6 91 18 59 DMSO 25 2d
12/5 5/1 14 75 CHCN 25 14 h BuNF/1

Receied Navember 20, 1996 126 91 19 67 DMF 25 18 h CsF/6

The important role of oligosaccharides in biological pro-  *Nucleophile.” Electrophile.
cesses _has _been recogmzed for a long t|_me_. Consequently, Table 2. Characteristic Data for Newly Synthesized Substahces
synthetic oligosaccharides have become indispensable probes - : ; : -
for the life scienced. Methods for the chemical synthesis of [oJo®  Ou-1/  On-1 dc-1/ dc-1"/

oligosaccharides are based on a two-step process: The firs€OmPd_mMPIC) deg JhoHz oMz Jen(Hz)  Jew(H2)

comprises activation of the anomeric center to generate a > 5.26/3.7 97.7

glycosyl donor, and the second is its transfer to a glycosyl 89' 150-151 +127 5512%%27 4521 9977-2‘}1727 99.1/157 8
acceptor. The stereochemical outcome of the reaction depends ; 1142 515/34 4.48/1 96.9/1700 1002/158.0
on complex stereoelectronic effects as well as the presence or 13 130 5.22/3.3 4.4H1 97.0/175.9 101.1/158.3
absence of groups at O-2 in the glycosyl donor capable of 14 +16 5.22/3.7 4.40f1 96.9/175.7 100.9/158.6
neighboring group participatioh.Except for rare cases, when 16 +56 5.17/3.5 6.06/2.0 96.7/172.9 90.3/177.2

the coupling of a glycosyl donor and a glycosyl acceptor occurs 18 106-107 +104 5.13/3.6 4.58/1 96.8/176.1 100.5/156.3
as an almost entirely\@ procesd,the reaction of the glycosyl 183 512/3.7 45641 97.0/171.0 99.3/157.7

donor involves the formation of the oxocarbenium i@ Thus, 2Unless stated otherwise, the NMR spectra were measured at 300
the norstereospecificity of glycosylation is virtually inherent (*H) and 75 {°C) Mz for solutions in CDG. ® Optical rotations were
in the method. measured for solutions in CHEE ~ 1. ¢ NMR spectra were measured
in CsDs. 9 Onco 7.58; dnco 160.0.¢ Crystalized from ethanol.
Bu
40 ; =2 0/;,,/3“ constitutes a fund_amenta_lly new met_hod for the glycosylation
N, 9 s #~le é, of carbohydrates in that it does not involve the formation of
OR ,sﬂ\ ¢ the oxocarbenium ion as an intermediate of the process, and
B “Bu makes specific protection of hydroxyl groups in the glycosyl
1 2(e.g. a-gluco) 3 (e.g. B-manno) donor unnecessaf® Here, stereospecific formation of the 1,2-

cis-glycosidic linkage occurs because D2stannylene acetals
Syntheses of 1,#Fanslinked oligosaccharides are relatively  of sugars favor theis-arrangement around the anomeric center

easy, but not the highly stereoselective syntheses of their 1,2-(2, 3).° Therefore, we propose to call the procedure “the
cis-linked counterparts. Most difficult are synthesegahan- glycosylationvia locked anomeric configuration”. Accordingly,
nosides ang@-rhamnoside$. Both the anomeric effect, which ~ when the stannylene derivativ8prepared from.-rhamnose
favors the formation of the-mannopyranosyl linkage, and the or b-mannose were treated with carbohydrates bearing the
formation of 1 during the transition state of the reaction are (trifluoromethyl)sulfonyl (triflyl) group, the 1,Zis-oligosac-
largely responsible for this unfavorable situation. Efforts aimed charided! formed could be isolated in 5788% yields (Table
at overcoming these difficulties continue, and some new 1).

approaches have recently been introdutédevertheless, there Reactions of 1,23-stannylene acetals of sugars with second-
is still a need for more efficient methods of glycosylation not ary triflates of carbohydrates occur, as expected, with inversion
involving the formation of the oxocarbenium ion. of configuration at the activated center in the electrophile. Thus,

We have now discovered that 1C2cisstannylene acetals (7) L-O-Alkylation with alkyl halides of 1,20-stannylene complexes has

of sugars are powerful nUC'_E'Oph”es ca_pable of displacita, _ been previously used to synthesize simple afikkp-mannopyranosides (ref
the 42 process, good leaving groups in carbohydrates. This 8). Unlike the cases described herein, the stannylene complex used was
that of 3,4,6-triO-benzylp-mannose. Under the conditions described (ref

(1) Varki, A. Glycobiology1993 3, 97—130. 8), we have not observed (TLC) formation of oligosaccharides from 1,2-
(2) Synthetic Oligosaccharides. Indispensable Probes in the Life Scjences O-stannylene complexes and nonanomeric halogeno sugars.
Kovéag, P., Ed.; American Chemical Society: Washington, DC, 1994; Vol. (8) (a) Dessinges, A.; Olesker, A.; Lukacs, G.; Thang, TCa&rbohydr.
560. Res.1984 126 C6—C8. (b) Srivastava, V. K.; Schuerch, Tetrahedron
(3) (@) Schmidt, R. RAngew. Chem., Int. Ed. Engl986 25, 212— Lett. 1979 3269-3272.
235. (b) Paulsen, HAngew. Chem., Int. Ed. Engll982 21, 155-173. (c) (9) (&) We verified this (ref 9b) by treatment of 1(®stannylene acetals
Schmidt, R. R. InComprehensgie Organic SynthesisTrost, B. M., Ed.; of various sugars with acetic anhydride and isolation of theCk@s-per-
Pergamon Press: New York, 1991; Vol. 6; pp-33!. (d) Khan, S. H,; O-acetyl derivatives in 85% to virtually theoretical yields. (b) Hodosi, G.;
Hindsgaul, O. IrlMolecular GlycobiologyFukuda, M., Hindsgaul, O., Eds.; Kovég, P.Abstracts, XVIII International Carbohydrate Symposjivilano,
IRL Press: Oxford, 1994; pp 266229. Italy, July 21-26, 1996; International Carbohydrate Organization: Milano,
(4) (a) Lemieux, R. U.; Hendriks, K. B.; Stick, R. V.; James,XAm. Italy, 1966; p 394.
Chem. Socl975 97, 4056-4062. (b) Paulsen, H.; Lockhof, @er. Dtsch. (10) The acetals are prepared as described in a typical experiment above.

Chem. Ges1981, 114, 3102-3114. (c) Paulsen, H.; Lebuhn, R.; Lockhoff,  Their solubility during the reaction is maintained by addition of a phase-
O. Carbohydr. Res1982 103 C7-C11. (d) Garegg, P. J.; Ossowski, P. transfer salt (Table 1). The preferred solvent for glycosylation is acetonitrile.
Acta Chem. Scandl983 B37, 249-254. (e) Schmidt, R. R.; Reichrath, However, the solubility of many stannylene acetals in it decreases, and the
M.; Moering, U.Chem. Ber1982 115 39-49. reaction rate, particularly that of the much less reactive secondary triflates,

(5) Baresi, F.; Hindsgaul, O. IModern Methods in Carbohydrate is impractically slow in that solvent. Therefore, we also used DMF, DMSO,
SynthesisO’Neill, S. H. K. a. R. O., Ed.; Harwood Academic Publishers and DMAA (Table 1).

GmbH: Amsterdam, 1996; Vol. 1, pp 25276. (11) (a) The stereochemistry of the newly formed glycosidic linkage was
(6) (a) Ito, Y.; Ogawa, TAngew. Chem., Int. Ed. Endl994 33, 1087. deduced from the chemical shift for H-and from theJc—1 y-1, found in

(b) Stork, G.; Kim, G.J. Am. Chem. S0&992 114, 1087-1088. (c) Baresi, the NMR spectra (Table 2). (b) All new compounds gave correct

F.; Hindsgaul, OJ. Am. Chem. Sod.99], 113 9376. (d) Stork, G.; La microanalyses and/or exhibité#i, 13C NMR, and mass spectral charac-

Clair, J.J. Am. Chem. S0d.996 118 247-248. teristics in accord with their structuresf(Table 2).
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treatment of7 with the knowr2 methyl 2,3,6-triO-benzoyl-4-
O-triflyl- p-galactopyranoside) gave the correspondirfty(1—4)-
linked disaccharidd 0 in 78% yield. The best yield reported
thus fat® for the formation of the3-L-Rha-(1—4)-Glc linkage
was 43%.
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Reactions of7 in DMF were fast and gave virtually one
product. Conversely, the analogous acetab-ohannose 11)
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@ Conditions: (a) B#SnO, anhydrous MeOH, reflux, 2 h; BnBr,
DMF, CsF, 25°C, 16 h, 84%. (b) AgO, AcOH, catalytic HSQ,, 25
°C, 3 h, 94%. (c) anhydrous MeOH, catalytic NaOMe, %5 3 h,
95%.

when each of the triflateS and9 was treated with the 1,0-
stannylene acetal of @-benzylp-mannosel2, obtained from
3-0O-benzylb-mannoseZ2; Scheme 1}#the 3-(1—6)- and the
B-(1—4)-linked disaccharide$4 and 19 were obtained in the
respective yields of 75% and 67%.

Treatment in DMF of the much less reactive secondary triflate

was much less reactive, and side reactions were observed durin® with 11 gave the3-p-mannose-(+-4)-linked disaccharidés

the reaction time required for the conversion to be complete.
For example, formation of formates, such@swvas observed
when DMF was the solvent (Table 1). Also, ether-linked
disaccharides, such &5, were occasionally formed. The latter
was characterizedia the a-per-O-acetyl derivativel6. A
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plausible explanation for the formation b5 is the competitive
reaction at the equatorial O-3 Brmannose whose reactivity,
compared to the O-3 ihl, was increased by the isomerization
of the acetall1 (— 17) during the reaction. The side reactions
could be minimized by conducting the same reaction in
acetonitrile, but the reaction was much slower. Here, formation
of 6 could be completely eliminated, aidi® could be isolated

in 57% vyield.
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The presumed isomerizatidri — 17 during the conversion
5+ 11— 13 suggested that the yield @B could be improved
by the use of the 1,®-stannylene acetal of a @-protected
p-mannose, where such isomerization cannot occur.

in 40% yield only. However, the reaction was very selective:
only traces of a byproduct (an analogl&?) were formed. On

the other hand, the formation of tfig(1—4)-linked disaccharide

18 was very slow, and some of the starting material(s)
decomposed during the long reaction time. By changing the
solvent, the yield ofi8 could be increased to 59% (Table 1). It
is worth noting that the same linkage was recently synthesized
via a newly developed procedutgbut in a yield of only
12%1516

In a typical experiment, a mixture afrhamnose (0.713 g,
3.92 mmol) and dibutyltin oxide (0.877 g, 3.52 mmol) in
anhydrous methanol (25 mL) was stirred at°@Duntil a clear
solution was obtained~1.5 h). CsF (0.714 g, 4.7 mmol) and
toluene (5 mL) were added, and the mixture was concentrated.
The residue, after having been kept at°&) 0.2 Torr, for 2 h
to assure dryness, was dissolved in DMF (5 mL), molecular
sieves (4 A, 0.5 g) were added, and the solution was cooled to
—5 °C. After addition of5 (0.5 g, 0.79 mmol), the mixture
was stirred vigorously at-5 °C for 80 min, and concentrated.
The residue was triturated with acetonitrile, the resulting
suspension was filtered through a pad of Celite, solids were
washed with acetonitrile, and the combined filtrate was con-
centrated. Chromatography of the residue gay@45 g, 88%).

Preliminary attempts to synthesize other oligosaccharides
containing 1,2eis-glycosidic linkages (such as those containing
o-gluco- ora-galactopyranosyl linkages) fromyd2eO-stan-
nylene acetals indicate that those are much more complex
processes.

One of the outstanding features of the new method is that
specific blocking of hydroxyl groups in the glycosyl donor is
not required. Moreover, examples we have shown of the use
of the partially protected 1,©-stannylene acetal @Fmannose
(22) indicate the potential the new method offers for the
sequential construction of complex, higher oligosaccharides.
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