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Synthesis of well-defined glycopolymer via hydrophilic RAFT reagent 
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Abstract : The sugar-protein interaction can be amplified by the multivalency, so-called glycol-cluster effect. Therefore, the glycol-
cluster compounds, such as glycopolymer, dendrimer and calixarene, are the potential candidates to detect the sugar-protein 
interaction. In particular, RAFT living radical polymerization is the applicability to a wide range of monomers and to a diverse 
reaction conditions. In addition, they realize the conjugation of other materials with complex architecture. 
In this study, I designed hydrophilic RAFT reagent via exchanged Na, and synthesized sugar carrying glycopolymers by the living 
radical polymerization with a hydrophilic RAFT. The glycopolymer can control molecular weight, modify label material and expect 
to design the new biomaterials. 
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2.1.  

 

D-  (

, ), S-(Thiobenzoyl) thioglycolic acid (

, ), 40 nm  ( , ), 

 ( , ), p- , , Pd/C, 

DMF, MeOH, ,  

( , )   ( , )

 (CHCl3 : CH3OH = 10 : 3) 
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2.2.  

 

 (1HNMR(300 

MHz) (Varian Inova),  (IR 

Prestige21, ) 

TLC (Merk) 2

JASCO800 

Shodex Ohpac  SB-803 

HQ PBS(-) 

4

TEM  H-9000NAR ( ) 

 ( , STEM150 Cu-A)  

 

2.2  

2.2.1. p-(N-Acrylamido) phenyl -D-mannoside   

 

D-  (1) (5.00 g, 27.7 mmol)  (40 mL) 

 (44 mL, 466 mmol) 

TLC 

1N HCl, NaHCO3, 

H2O 2

( :  = 2 : 1) 

 (2)  

 2 (10.7 g, 27.5 mmol) p-nitrophenol (11.5 g, 82.5 

mmol), , 

2 BF3OEt2 (20 

mL, 150 mmol) TLC 

 1N NaOH, H2O 

 (3)  (yield 45.0 %)  

1HNMR (300 MHz, CDCl3)  = 8.22 (d, 2H, Ar), 7.20 (d, 2H, Ar), 

5.60 (d, 1H, J = 1.8 Hz, H-1), 5.51 (dd, 1H, J = 3.6 Hz, 9.9 Hz, H-3), 

5.44 (dd, 1H, J = 1.8 Hz, J = 3.6 Hz, H-2), 5.36 (t, 1H, J = 9.9 Hz, H-4), 

4.25 (dd, 1H, J = 5.7 Hz, J = 12.3 Hz, H-6-ProR), 4.07 (dd, 1H, J = 2.4 

Hz, J = 12.3 Hz, H-6-ProS), 4.00 (m, 1H, H-5), 2.19 (s, 3H, Ac), 2.00 

(s, 9H, Ac) 

 

3 (215 mg, 0.46 mmol) NaOH Pd/C 

2 TLC

 (4) 4
DMF  (25 L, 

0.55 mmol) (100 L, 0.70 mmol) 1

TLC

(CHCl3 : MeOH = 20 : 1) 

 (5)  (yield 81.0 %)  
1HNMR (300 MHz, CDCl3)  = 7.49 (d, 2H, Ar), 7.07 (d, 2H, Ar), 

6.40 (d, 1H, J = 18.0 Hz, H2C = CH), 6.22 (t, 1H, J = 9.9Hz, H2C = 

CH), 5.77 (d, 1H, J = 18.0 Hz, H2C = CH), 5.51 (dd, 1H, J = 3.6 Hz, 

9.9 Hz, H-3), 5.46 (d, 1H, J = 1.8 Hz, H-1), 5.42 (dd, 1H, J = 1.8 Hz, J 

= 3.6 Hz, H-2), 5.36 (t, 1H, J = 9.9 Hz, H-4), 4.25 (dd, 1H, J = 5.7 Hz, J 

= 12.3 Hz, H-6-ProR), 4.07 (dd, 1H, J = 2.4 Hz, J = 12.3 Hz, H-6-

ProS), 4.00 (m, 1H, H-5), 2.19 (s, 3H, Ac), 2.00 (s, 9H, Ac) 

 

5 (150 mg, 0.30 mmol) MeOH (20 mL) 

NaOMe (15 mg) 1 TLC

 (6)  (yield 

98.0 %) (Scheme 1) 
1HNMR (300 MHz, D2O)  = 7.35 (d, 2H, Ar), 7.07 (d, 2H, Ar), 6.34 

(d, 1H, J = 18.0 Hz, H2C = CH), 6.28 (t, 1H, J = 9.9Hz, H2C = CH), 

5.77 (d, 1H, J = 18.0 Hz, H2C = CH), 5.46 (d, 1H, J = 1.8 Hz, H-1), 

4.02 (dd, 1H, J = 1.8 Hz, J = 3.6 Hz, H-2), 3.89 (dd, 1H, J = 3.6 Hz, 9.9 

Hz, H-3), 3.63 (t, 1H, J = 9.9 Hz, H-4), 3.59 (m, 3H, H-5, 6) 

 

Scheme 1 Synthesis of  p-(N-Acrylamido) phenyl -D-mannoside 
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2.2.2 RAFT Na  

 

S-(Thiobenzoyl) thioglycolic acid 

NaHCO3 

 (7)  (Scheme 2)  

IR (KBr,  cm-1) : 3394, 3051, 1593, 1437, 1398, 1361, 1230, 1174, 

1097, 1036, 889, 756 

 

Scheme 2 Synthesis of hydryophilic RAFT reagent 

 

2.2.3.  

 

p-(N-Acrylamido) phenyl -D-mannoside (6) 

 ( 1.50 mmol) Na RAFT  (7) 

(1.6 mg, 7.50 mol)  H2O (1.50 mL)  2,2’-Azobis 

(2-amino propane) –Dihydrochloride  (AAPD)  (0.40 mg, 1.5 mmol) 

3

60 oC 

3000 rpm, 20 

 (8) (Sheme 3) 
1HNMR (300 MHz, D2O) :  7.35(d, Ar), 7.08 (d, Ar), 5.48 (d, J = 1.8 

Hz, H-1), 4.02 (dd, J = 1.8 Hz, J = 3.3 Hz, H-2), 3.89 (dd, J = 3.3 Hz, J 

= 8.7 Hz, H-3), 3.60 (m, H-4, 5, 6), 2.10 (m, -CH2-CH-), 1.45 (m, -

CH2-CH-) 

 

 

NaBH4 H2O 

 (9)

 (10 mg) 40 nm (1 mL) 

 (75000 rpm, 45 min) 

 (10) 

(Scheme 3)

 

Scheme 3 Polymerization of mannose carrying monomer and preparation of gold nanoparticles with mannose carrying glycopolymer. 

 

Table 1 Polymerization of mannose carrying monomer in the absence of the hydrophilic RAFT reagent. 

Run No. 
Monomera 

(0.300 mmol) RAFT 
(7) 

Time 
Yield 
(%) 

Mnb 
(g/mol) 

Mw/Mn 
Sugar ratio 
in polymerc 

(%) (6) Acrylamide 

  1 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 3 10   5,600 1.4   21 

  2 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 6 15   6,700 1.3   18 

  3 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 12 14    6,500 1.4   17 

  4 0.030 mmol 0.270 mmol 1.50 x 10-3 mmol 24 22  10,000 1.2    15 

  5 0.030 mmol 0.270 mmol  3 85 190,000 2.7    11 

  6 0.150 mmol 0.150 mmol 1.50 x 10-3 mmol 3 30    6,500 1.4    72 

  7 0.300 mmol  1.50 x 10-3 mmol 3  65   14,000 1.3 100 

  8 0.300 mmol   3  88 250,000 2.2 100 

  9  0.300 mmol 1.50 x 10-3 mmol 3       9.4     4,200 1.4     0 

10  0.300 mmol  3  90 200,000 2.6     0 

aMonomer 0.30 mmol, AAPD 0.3 mol%, 60°C; bdetermined relative to pullulan standard;  cdetermined using 300MHz 1HNMR 
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 : RAFT = 200 : 1 p-(N-

Acrylamido) phenyl -D-mannoside (6) 

RAFT

 (Table 1)
1HNMR RAFT

RAFT (Fig. 1)  

RAFT C=S 

RAFT
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Fig. 1 1HNMR spectrum of mannose carrying polymer (8) 

 

 

 

 0.5 mg/mL 

TEM (Fig. 2) 

DLS

40 nm 50 + 3 nm 

 -15 + 1.5 mV 

1

 

 
Fig. 2 TEM micrographs of GNP-glycopolymer (10) (40 nm) 
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