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Abstract The first high yield synthesis is mported of 2-(aimethylsily1) a-D-mannopymnoside, using 
2-0-benzoylated mannosy donors, as precursors. 

The success of the chemical synthesis of complex oligoaaccharides depends on the availability of monc+ 

and oligosaccharide building blocks that: 1. can dictate the stereoselectivity of glycosylation, 2. permit chain 

extention at desired position(s), and 3. allow -on with a minimum number of chemical transformations. 

In this regard the 2-(trimethylsilyl)l (SE) glycosidesl proved to be particularly valuabie.2 This is due to the 

stability of the glycosidlc bond of the SE glycosides under a variety of reacthm conditions, thus permitting diverse 

functional group manipulations. On the other hand, the SE glycosides can be converted to glycosyl donors3 such 

as glycosyl acetates and glycosyl chlorides. NJ Hydrolytic conditions can lead to glycosyl hemia&als,‘v’@ which 

may be used as precursors to other activated, glycose dezivatives.*~ Further transformations include conversion 

into trimethylsilyl and methoxymethyl glycosideh under moderately acidic conditions. 

The published syntheses of the SE glycosides of the commonly occuning hexopyranoses utilize the 

Koenigs-Knorr procedure.1 A remarkable exception is the SE glycoside of D-mannopyranose, which was 

prepared by the Fischer-glycosidation method. In Magnusson’s protocol, 2-(himethylsilyl)ethyl a-D- 

mannopyranoside (1) WBS obtained in admixture with the B anomer (2). in 18 % yield, in the milligram scale.*b 

Compound 1 could be purified through its acetatelb 3. scale-up of this protocol would be difficult, considering 

the high cost of the precursor alcohol 2-(trimethylsilyl)ethanol (SEOH), and the additional steps needed for the 

separation of the anomeric mixture. Since D-mannose is a major constituent of many biologically important 

glycoconjugates.5 e. g. mammalian glycoproteins, and bacterial, capsular polysaccharides, compound 1 can be an 

important synthetic intermed&. HEX we describe our experiments towards its synthesis. 

As presumed at the outset of this work, reaction of the chloride6 5 or the con-esponding bnxnlde2b with 

SEOH failed to give the desired glycoside in an acceptable yield. In both cases, the &or product was the 

hemiacetal7 7 (43 %).* It appcarad to us, that the formation of 7 is twIOf due to direct hydrolysis of 5 but rather to a 

secondary reaction, such as decomposition of an intenn&ate orthoester.9 

We surmised, that the relative rates of the reactions leading to the de&d glycoside versus the other 

products can be controlled by the array of the protecting groups. We reasoned, that a mannoSy donor, less 

reactive than compound 5, can favourably influence the product distribution. Indeed, reaction of the O- 

bemoylated chloride10 6 with SEOH [AgOTf (2 eqll), 2,6-di-terr-butyl-4methylpyridiie (DTBMP, 0.8 eq), 

CHzClz, at 25 VI, afforded the target glycoside7 4 as the major product. However, the yield (48 96) was less 

* Mailing address: NIH/NICHD/LDMI, Bldg. 6. Rm. 145, Bethesda, MD, 20892. USA. 
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aOH 

i’R=Ac 
BR=Bz 

AC = acetyl 
Bz = benzoyl 
SE = 2-(trimethylsilyl)ethyl 

than acceptable.t2 In this reaction the major side-product was the hemiacetal’ 8 (32 46). When the reaction was 

carried out at between -20 and -10 OC, orthoester7 9 predominated, accompanied by small amounts of the 

glycoside 4, and the hemiacetal8, while at 0 Oc the major product was 8, and only trace amounts of 9 were 

detected (TLC). Zcmplen deacylation of 4 affoxded the target glycoside7 1. The examples just described clearly 

demomtmted the crucial importance of the pmtecting group scenario. In addition, they indicated that subzero 

tempemtums are unfavourable for the 0-glycoside formation. Since the substituent at the carbon atom adjacent to 

the anomeric center is the most critical in glycosylation dons, we hypothesized, that a mannosyl donor having 

a (substituted) benmyl group at the O-2 position only, and acetyl groups elsewhere can be the donor of choice. 

Thus, we prepared mannosyl chlorides7 14-16 from tctmacctate2b 10 by way of the mono-0-benzoates7 11-13 

(Scheme), and tested their reaction with SEOH under promotion by AgOTf. All three donors afforded the desired 

Scheme l 

Aa a_“A~~A~ 

OAc OAC a 

10 11 R = 4dO.$-C6H&O 14 
12 R = GjH5CO 15 
13 R = 4-MeO-QH&.O 16 

*Reagents: (a) 4-N02-C4i4COa/F’y for 11, C&COCWy for 12,~t.W-C~COCi/Py fa 13 ; 
(b) CN@CHa2, 2na2. Et20, CH2a, (Ref. 2b). 

a glycoside’ (17,18. and 19), the isomeric p glycoside7 (20,21, and 22). and the hem&eta17 (23,24, and 

zs) in comparable ratios, in high overall yields. (Table) Interestingly, the highest yield was obtained with the 



OSE 

R - 4-No&H&O 17 
R = CsH5CO 18 
R = 4dleOC6H4CO 19 

20 23 

I: 
24 
25 

Table Reaction of mannosyl donors 14-16 with 2-(trimcthylsilyl)ethanol~ 

Donor Promo&r/donor Product@ 

14 3.8 17 (67) 20 (5) 23 (22) 

15 2.3 18 (72) 21 (3) 24 (23) 

16 4.0 19 (62) 22 (2) 25 (24) 

‘Woiar mtio ofdcaor/SEOIfz 1.54. pnnnotec Ag#I’f, baser2,6di-~rr-buty14~y~dine11 (0.8 eci). 
solvent CH2Cl2. tcqmmm 25oC. nxction time: 10-U) min. bAt the inifiation of the reaction. Welds 
areinpuentheses. 

26 R = C6H5 
27 R = 4-Nt,2C‘& 

donor 15 having an unsubstituted benzoyl group at O-2. 13 Although the promoter/donor ratio was not optimized, 

it appeared to us that it should be at least 2 for the preferential formation of the 0-glycosides. When the reaction 

of the chloride 15 with SEOH was initiated at -20 Oc, orthoester7 26 could be detected as the major intemrediate 

before the complete disappearance of the chloride 15. Upon increasing the reaction temperature to -10 Oc, 

conversion of 26 to the hem&eta1 24 but PKM to the glycoside 18 was observed. Further, when the reaction of 

the nitmbcnzoate 14 with SEOH was conducted in the presence of an equimolar amount of AgOTf, orthoester 27 

was the major product. These observations, together with the formation of compound 9 as described above 

suggest, that the initial products in the reaction between a mannosyl donor and SEOH are an orthoester and the 

required glycoside, in a ratio which is critically influenced by the temperature and by the promoter/donor ratio. 

‘Ihe mannosyl orthoester is eventually transformed to the corresponding hemiacetal. 

We have thus shown that a proper ensemble of protecting groups in a mannosyl donor can efficiently 

offset abortive reactions and can promote the formation of the target glycoside. We established conditions for the 

preparation of 2-(trimethylsilylethyl) a-D-mannopyranoside in the multigram scale, using easily available starting 

tllStCTi&. 
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AUnewcompwnds~plve~~rrralyciul~FABmdCIMSdara,whichancollgisDentwiththcpmpoaad 
as. Sebxted physical cu~.~mnts (mp; [a]D for CHCl3 solutions IH-NMR (CDCl3); and *T-NMR (CDC13) data): 1. 
Decomposes above 165 q +759 4. -e 5.13 @ 1.9 Hz, H-l), 5.68 (H-2). 5.96 (H-3). 6.09 (HA); 97.1 (‘&t,R_t 171 

Hz. C-l). 7, +200; 5.30 [H-I(a)]. 5.42 [H-3(a)]: 92.1 [‘Ic_l,H_t 173 Hz, C-l(a)], 92.8 [llc_t,~.t 162 Hz. C-l@)]. 8. +80; 
5.33 fO.05 H. H-l(B)]. 5.54 IO.95 H. H-l(a)]. 5.75 m-%a)], 6.02 [H-3(a)]. 6.19 [H-4(a)]. 9. -990.5.08 (H-2). 5.65 (H-3). 
5.78 (H-l). 5.92 (H-4); 97.8 (l/~.l,H., 176 Hz. C-l). 11.150-152 “c; -92“. 13, 128-130 Oc; -1aoO. 14. -12“. 15,75- 
77 oc; +3? 5.54 (H-4). 5.63 (H-2). 5.73 (H-3). 6.14 (H-l); 88.9 (‘&_t,R_t 184 Hz, C-l). 16, -21°. 5.52 (HA), 5.59 (H- 
2). 5.71 (H-3), 6.13 (H-l); 88.8 &l,H.t 184 Hz. C-l). 17. -270; 5.00 (H-l), 5.4 (H-I)), 5.47-5.53 (H-2.3); %.7 (C-l). 
lg. -14’: 4.89 (H-l), 5.40-5.52 (H-2.3.4); 96.9 (C-l). 19. -33O; 4.97 (H-l). 5.39-5.50 (H-2.3.4); 97.1 (‘&J&t 172 Hz. 
C-l). 28. -900; 4.79 (H-l). 5.18 (H-3). 5.35 (H-4). 5.68 (H-2); 98.0 (bc.t,H_t 158 Hz. C-l). 21. NMR data for CgDg 
solutions: 4.26 (H-l). 5.25 (H-3). 5.67 (H-4). 5.90 (H-2); 98.8 (C-l). 22. -890; 4.75 (H-l). 5.14 (H-3), 5.36 (H-4). 5.66 @I- 
2); 98.4 (l.k.l,H.l 156 HZ, C-l). 23. -83O. 5.41 (H-l). 5.42-5.59 (H-2.3.4). 91.7 [lJc.t,H.t 172 Hz, C-l(a)], 92.7 [tic_ 
t,R-1 160 Hz, C-l@)]. 24. -46O; 5.39 (H-l), 5.45-5.58 (H.2,3,4): 92.1 (‘jC.t,H.l 173 Hz, C-l). 25, -800; 5.37 (H-l), 
5.42-5.56 (H-234); 92.1 [lJ~_t,R.t 173 Hz. C-l(a)], 93.1 [1&_t,R.t 161 Hz. C-l(p)]. 26.78-80 Oc, -790; 4.79 (H-2). 
5.19-5.27 (H-3.4). 5.59 (H-l); 97.5 (lIC_t,H., 178 Hz. C-l). 27, 118-120 oc; 4.83 (H-2), 5.14-5.24 (H-3.4). 5.63 (H-l); 
97.5 (‘Jc_t,H_t 176 Hz, C-l). 
Atleast~ocherproducplwerefomwd,whenthenactionwaJpufanncdunda~ficientconditiolrp[AgoTf; 2,6-d- 
Ierr-butyl4methylpyddine, 0.8 eq, CH2Cl2; -IO to 25 Oc]. indtding the de&d giycosdb 3, in admixture with a 
compound which was tentatively i&d&d as trime&ylsilyl 2,3,4,6-tetra-O-ace&l+DW ‘de. Furtha products 
were indirectly kkdfii 85 2+imeU1yL9iiyl)emy13.4,6- and 2.4&d-O-acetyl-a-D-numnopm. 
The. form&k of the hmtisc&al7 f& a &w&do&m intcrmcdiatc se&s unlikely,& to the non-m&ophilic 
nature of the base employed. Cfi v8n Bocckcl, C. A. A.; Bee@, T.; Vos, J. N.; de Jong. A. J. M.: van Aelst. S. F.; van den 
Bosch. R. H.: Mutena. 1. M. R.: VBI du Vlun F. A. 1. Carbohvdr. Chem. 1985,4,293. 
Pozs&y. V.;.Coxoo. B.; Yeh, fi. Bioorg. M&i.Chem. 1993, In b. 
Molarratiosarebescdonthcdonortkoq@mtthispqter. 
Undcx similar conditions, 23.4~tri-O-bmzoylu-LmanrnoWrrmaPy 1dduidccaddbcckanlyconvutcdtothcawresponding, 
a-LSEglyooeidein869by~lAm~~dthiaproccdureshowedtheconcom itaot formation of 2- 
(trimethylsilyl)ethyl2,3P-tri-O-benzoyl+Ltlmm~ ‘de (1 96; [a]o +MP, (CHCl3); lH NMR (CD(&): 4.89 (H-l), 
5.55 (H-3). 5.62 (H-4), 5.91 (H-2); ‘k NMR (CDCl& 98.4 (‘&J.&l 155 Hz, C-l)), and 2.3.4~hi-o-benzoyl-L- 
IhImnM (10-15 46. deguding on d vafhhis of the CXpwimenUd CondidoIK [alo +m, (aC13); lH b&fR 
(CDCI,): 5.48 (H-l), 5.70 (H-4). 5.73 (H-2). 5.95 (H-3); 13C NMR (CwI& a0 (‘~C_t,R_l 173 Hz, C-l)]. 
Tvoical omcedunx silver triflm ulfonate (10.0 g. 39 mail WBS ad&d tD a stirred mixture of 15 (7.26 g, 16.9 mM), 
2&ii-&kb~Rylk~thylpyhIhe (2s g). 2-(lrh&lsily~&thsnol(3.6 mL. 25 mM). and 4A mokculm si&es(;Lg)in 
CH2C12 (60 mL) at 25 Oc. Afta 10 min the mixtme was treated with .sq NaHCO3. tbcn filtexed. lie CH2Cl2 phase was 
W~V&I H26. dried (T’Ja2SO4) and umantmtcd. Thertsidue was w on silka gel (3:l hexaneEtOAc) to 
give 18 as a syrup (6.52 g. 72%). De-hcybth of 18 (NsOMcfM&H) followed by crysmlization of the residue from di- 
isoppyl ether-hexane affoakd 1 in 90% yield 
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