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Abs t rac t :  Glycosidation of silicon-connected glycosyl donors on polystyrene resin is described 
Thiophenyl glycoside 2a and glucopyranosyl fluoride 2 b reacted with glycosyl acceptor 3 ( R 2 = Bn) to give 
disaccharide 4a in 96% and70% yields, respectively. Glycosidation of thiophenyl glucoside 2a ( R j =Bn or 
Bz) with glycosyl acceptor 3 (R 2 = Bn or A c) yielded 4a - 4c in satisfactory yields and 4d in moderate yield. 
© 1999 Elsevier Science Ltd. All rights reserved. 
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Solid phase synthesis is a powerful tool for preparing libraries of compounds for bioactive target molecules, 

especially in the field of oligopeptides and oligonucleotides. However, the solid phase synthesis of 

oligosaccharides ~3 and oligosaccharide libraries 4 has been considerably more challenging which has thwarted 

efforts towards fully automated synthesis. Recently, Danishefsky et al. demonstrated that a silicon-connected 

linker may be employed in the solid phase synthesis of oligosaccharides using a glucal-activation method under 

mild, neutral conditions. 5 However, it still remains to be shown whether silicon linkers are chemically stable 

to the various acid-promoted glycosidation conditions. 6 It would be helpful for the solid phase synthesis of 

oligosaccharides if the conditions the silicon linker can endure among numerous glycosidation conditions could 

be established, along with the proper combination of glycosyl acceptor and Lewis acid required. Our concept, 

a one-pot sequential glycosidation, reported as a solution phase version, 7 could also be useful on the solid 

phase without transformation of functional groups, such as deprotection (Figure), Herein, we wish to report 

the glycosidation of solid-supported glycosyl donors linked to the polymer backbone with a trialkylsilane 

linker. 

Figure Sequential Synthesis of Oligosaccharides on Solid Phase by Utilizing a One-Pot Glycosidation. 

step 1 
Et, lEt _ 

~ S i . t ~  [ activation of X "~ 
w ~ "l / intact to ¥ I 

| ~ J H O - ,  
_\  n ~ ~ - - ~ . ~ 0 - . ~  

step 2 [ activation of ¥ ~1-10.,,, 
[ intact to W I RO~-&"..----~W 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. Al l  rights reserved. 
Pl1:S0040-4039(99)00133-1 



2142 

P S - D E S  res in  ( A r g o n a u t  Techno log ies ,  0 .75  m m o l / g  ) was  u s e d  after chlor inat ion by  1 ,3-d ich loro-5 ,5-  

d ime thy lhydan to in  (0 .3  M in CH2C12). 8 G l ycosy l  donor s  l a - d  (R ~ = Bn)  wi th  a benzoy l  g r o u p  at the 2- 

pos i t ion  (for the  exc lus ive  format ion  o f  13-glycoside) were  loaded on to  the silyl  chlor ide res in  in the  p resence  o f  

imidazole  in d i ch lo rome thane  ( S c h e m e  1). After  w a s h i n g  three t imes wi th  CH2C12, D M F ,  T H F  / H 2 0  (4 : 1), 

me thano l  and  CH2C12, the resin was  dried in vacuo. The  loading yields o f  the g lycosy l  dono r s  2 a - d  (R'  = 

Bn)  were  de te rmined  to be  39%,  40%,  30%,  and  54%,  respect ively,  after c leavage  f r o m  the solid suppor t .  

G lycos ida t ion  o f  2 a - d  (R'  = Bn)  with 10 equiv ,  o f  3 (R 2 = Bn)  was  carried out  in the p resence  o f  L e w i s  acid 

S c h e m e  I 1) CI..N(~ N.CI/-,. 

Et, ,,Et " ' ~  0U2CI2 El, jEt 
,v,u MemO ~ - ~ ~ ) ~ / % f - S k o ~  

2) ...OH Imidazole R l t : l ~ x  
R10__~.. Q vCH2CI 2 - v  BzO 

PS-DES resin R 1 ~ ^ 4  h ' ' ' 2a -d  (RI=Bn) 
BzO a: X = SPh I 

b : X = F  | 
la-d c: X = OC(NH)CCI3| 

d: X = S(O)Ph J 
11 Activator 

CH2CI2 OH 
R-O(~Me MS-4A 1 0 ~  

3 (R 2 = Bn) Additive R 1 . O ~  

BzO R ~ z ~  2) AcOH / THF / H20 
= 6 / 6/t  R~O6M e 

6 5 ° C / t 0 h  4a (R I = R  2=Bn) 

Table  1 Glycosidation of Polymer-Supported Various Glycosyl Donors 

Entry X Activator Additive Yield g / % Purity h / % 

1 J3--SPh a DMTST DTBP quant 93 
2 NIS / TfOH DTBP quant 96 
3 DMTST 
4 NTIS / TfOH 

5 o~, 13 - F a Cp2Hf(OTf)2 DTBP / TMSOMe quant 64' 
6 (or : 13 = 1) Cp2Hf(OTf)2 DTBP 90 78 j 
7 Cp2Hf(OTf) 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 or, 13-OC(NH)CCI3 a'b TfOH DTBP 95 69 k 
9 BFyOEt2 DTBP 70 70 k 
10 TfOH 47 76 k 
11 BFyOEt2 59 50 k 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12 13-S(O)Ph c Tf20d DTBP quant m 
13 TMSOTf / P(OEt)3 e DTBP quant m 
14 TfOH / MP f " DTBP quant m 
15 TMSOTf / P(OEt) 3 quant m 
16 TfOH / MP quant m 

a Glycosidation was carried out at room temperature for 12 h. b Trichloroacetimidate was prepared from 2 (X = OH) 
(2 equiv DBU, 10 equiv CI3CCN, CH2CI2, r.t.), c Glycosidation was carried out at -78 °C to r.t. for 12 h. d ref 14. 
e ref 15. f ref 16. g Yield was determined by the weight of the crude product after acid cleavage. It Purity was 
determined by HPLC analysis, i co-Fluoride of lb  was recovered in 17% yield. J or-Fluoride lb  was recovered in 10% 
yield, k The hydrolized product 1 (R I = Bn, X = OH) was also observed, m Unreacted sulfoxide was fully recovered 
after acid cleavege. DMTST = dimethyl(methylthio)sulfonium triflate; DTBP = 2,6-di-tert-butyl pyridine; MP = 
methyl propiolate. 
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with or without base additive. After reaction, the resins were washed with solvents mentioned above several 

times and cleaved using AcOH / T H F / H 2 0  (6 / 6 / 1, 65 ~C, 10 h ). Reaction mixtures were concentrated, and 

the yield and the purity of the desired disaccharide 4a  was determined by HPLC. The results are given in 

Table 1. Thiophenyl glycoside 2a was effective as a glycosyl donor with the relatively active glycosyl 

acceptor 3 (R 2 = Bn) in the presence of 2,6-di-tert-butyl pyridine (DTBP) to give 4a  in quantitative yield 

(Entries 1 and 2 in Table 1). HPLC analyses of the crude product obtained by both activators, 

dimethyl(methylthio)sulfonium triflate (DMTST) 9 and N-iodosuccinimide (NIS) / trifluoromethanesulfonic acid 

(TfOH), t° gave 93 and 96% purities, respectively. Glucopyranosyl fluoride 2b  (m-fluoride : I~-fluoride = 1 : 

1) underwent glycosidation in the presence of Cp2Hf(OTf)2 ~l and DTBP to afford the disaccharide in good yield. 

The purity of the product 4a  was inferior to the product obtained in the glycosidation of thiophenyl glycoside 

because unreacted t~-fluoride of l b  was also recovered (Entries 5 and 6). In the absence of DTBP, polymer- 

supported glycosyl donors were cleaved from the resin under glycosidation conditions (Entries 3, 4, and 7). ~2 

Glycosidation using trichloroacetimidate 2c ~3 as the glycosyl donor also gave the disaccharide in better yield in 

the presence of DTBP (Entries 8-11). However, the purity of the product reached a maximum of 70% due to 

the hydrolized product of the imidate. Sulfoxide 2d  did not undergo glycosidation ~4t6 on the solid phase in 

our hands for this particular substrate (Entries 12-16) although the glycosidadon of a polymer-supported 

glycosyl acceptor has been successfully reported by Kahne.17 

Since thiophenyl glycoside 2a  is the optimal glycosyl donor as shown in Table 1, the glycosidation of an 

armed- or a disaxmexl-thioglycoside with an armed- or a disarmed-glycosyl acceptor was next examined. ~8 

The results are given in Table 2. When either the glycosyl donor or acceptor is armed by benzyl ether 

protection, the glycosidation on solid phase proceeded well to provide the desired disaccharide in good yield. 

However, when both substrates are disarmed by electron-withdrawing protective groups, such as benzoates 

and acetates, the yield of the disaccharide was less than 41% because of the lower reactivity of the combination 

of both glycosyl donors and acceptors. 

Scheme 2 
I) 3 (R2=BnorAc)  

Activator, CH2CI 2 
MS-4A, Additive 4b RI=Bn, R 2 = Ac 

2a ~ 4c RI=Bn, R 2 = Bn 
2) AcOH/THF / H20 4d RI=Bz, R 2 = Ac 

(R 1 = Bn or Bz) = 6 / 6/1 
65 ° C / 1 0  h 

Table 2 Glycosidation of Polymer-Supported Armed- or Disarmed Thiophenyl Glycosides 

Entry a R t R 2 Activator Additive Product Yield b / % Purity c / % 

1 Bn Ac DMTST DTBP 4b quant 70 
2 NIS / TfOH DTBP quant 85 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 Bz Bn DMTST DTBP 4¢ quant 78 
4 NIS / TfOH DTBP quant 81 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 DMTST DTBP 96 41 d 
6 Bz Ac NIS / TfOH DTBP 4d 97 22 d 

a All reactions were carried out at room temperature for 12 h. b Yield was determined by the 
weight of the crude product after acid cleavage, c Purity was determined by HPLC analysis. 
d By-products are not structure-determined. 
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In conclusion, we have demonstrated that the glycosidation of solid-supported glycosyl donors may be 

carried out using a trialkylsilane resin (PS-DES), and both thiophenyl glycosides and [3-glucopyranosyl 

fluorides were found to be compatible with this linker and the most effective glycosyl donors in solid-phase 

glycosidation. Further studies, including the synthesis of oligosaccharide libraries, are ongoing in our 

laboratories and will be reported in due course. 
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