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N-phenyltrifluoroacetimidate Donor 

Hongliang Zhang, †‡ Hengtao Wang, # Qiulong Xu, ‡ Rui Lu, ‡ Yunhua Cao, ‡ Zhefeng 

Wang, ‡ Pingping Tang,# Feng Lin, †‡$* Yingxia Li †* 

† Department of Medicinal Chemistry, School of Pharmacy, Fudan University, 

Shanghai, 201203, China 

‡ State Key Laboratory of New Drugs & Pharmaceutical Process, Shanghai Institute of 

Pharmaceutical Industry, State Institute of Pharmaceutical Industry, 201203, China 

# State Key Laboratory and Institute of Elemento-Organic Chemistry, Nankai 

University, Tianjin 300071, China 

$ Honghui Medical Group，No. 6 Beijingxi Road, Nanjing, 210008, China 

 

* Corresponding author. Tel.: 86-25-85801888-1802; fax: 86-25-85803122; e-mail: 

(FL) linfeng@ sioc.ac.cn; (YL) liyx417@fudan.edu.cn 

Abstract  

The hexa-fructopyranoside was synthesized with N-phenyltrifluoroacetimidate 

glycosylation. The synthesis was achieved by regioselective glycosylation on the 

1-OH of fructopyranosyl acceptor. Fructosyl oligosaccharides were elongated with 

β-(2 → 1)-difructopyranosyl unit in every two steps, without any further 

protection/deprotection step. This work proved N-phenyltrifluoroacetimidate 

glycosylation a practical method for oligo-fructopyranoside synthesis. 

Key Words  

Glycosylation; fructopyranoside; N-phenyltrifluoroacetimidate; oligosaccharide 
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Inulins are naturally occurring polysaccharides produced by many types of plants as a 

means of storing energy. Inulins also exhibit interesting bioactivities.1 Achyranthes 

bidentata polysaccharides (ABPS), which is a kind of inulin isolated from traditional 

Chinese herbal medicine Achyranthes bidentala, contain hexa- to octa-fructosyl unit 

(around 1400 Da of MW) and exhibited antitumor and immunomodulating 

activities.2,3,4. 

The synthesis of β-fructosides was difficult, especially for the 

β-fructofuranosides.5,6 No glycosylation method was applicable for 

oligo-β-D-fructofuranosides’ preparation till now. The pyrano-type analogs of ABPS 

could be an interesting alternative choice to study. There is no evidence that 

oligo-β-D-fructopyranosides exist in nature,7,8 to the best of our knowledge. Although 

fructopyranosides are simple and common, fructopyranosyl oligomer is the first 

artificial designed oligosaccharide. Kaji and coworkers investigated the glycosylation 

methods for β-D-fructopyranosides and reported a related work with poor yields for 

trisaccharide preparation (<25%).9 There are some other works reported on the 

preparation of β-D-fructopyranosides, but the glycosylation methods were not 

applicable in oligomer synthesis.10 Recently we reported the β-selective synthesis of 

fructopyranosides11 with N-phenyltrifluoroacetimidate donor.12,13 By these methods, 

hexa-fructopyranoside was effectively synthesized with dimeric elongation strategy, 

which we report herein. 

 

Scheme 1. Retrosynthesis of fructopyranose oligomer. 
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   The retrosynthetic analysis is as Scheme 1. Diol 7 could be derived from diol 4. 

According to our previous experiments, the anomeric OH of ketose is much more 

inert than the primary 1-OH in glycosylation.11 The fructosyl diol could be directly 

used for glycosylation, then the glycosylated product could be directly transformed to 

the donor for subsequent reaction. Thus, the oligomer was elongated with difructosyl 

unit in every second step. N-phenyltrifluoroacetimidate donor and acetyl donor were 

both investigated. (Scheme 1). 

    Tribenzoate 3, obtained by reported procedures14, was deacetalized under 60% 

TFA to obtain diol 4, which could be directly precipitated as white solid from reaction 

mixture in 87% yield (Scheme 2). Deacetalization of 3 in Benito’s work leads to 

di-fructose anhydride,14 which was not observed in our condition. Different from 

Benito’s anhydrous reaction condition, our aqueous 60% TFA condition disfavored the 

glycosylation pathway.  

 

Scheme 2. Synthesis of acceptor 4. Condition: a) acetone, conc. H2SO4, 53%; b) HCl, 

MeOH:H2O = 2:1, 80%; c) BzCl, py, 95%; d) 60% TFA, RT, 87%. 

 Acetyl donor 5 was prepared from 415. Glycosylation of donor 5 with the acceptor 4 

with TMSOTf (0.1 equiv) proceeded with excellent regio- and stereo-selectivity, and 

the β-(2→1)-fructopyranoside 6 was obtained in 91% yield. The β-glycosyl 

configuration was determined by their C-2 anomeric 13C NMR data (in the range of 

99~102 ppm).11 The primary O-Ac was deprotected with anhydrous 1N HCl/HOMe 

solution in DCM to obtain diol 7 with all benzoyl groups intact. (Scheme 3) 
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Scheme 3. Synthesis of acceptor 7. a) Ac2O, DMAP, NEt3, 0 ˚C, 92%; b) 4, TMSOTf, 

20 ˚C, 91%; c) 1N HCl/HOMe, DCM, 0 ˚C, 95%. 

      Acetyl donor 8 and N-phenyltrifluoroacetimidate donor 9 (Scheme 4) were both 

prepared. In various glycosylation conditions, acetyl donor 8 only resulted in 

hydrolysis or decomposition, no tetramer was detected. Treatment of 

N-phenyltrifluoroacetimidate donor 9 with diol 7 under standard glycosylation 

condition in dichloromethane provided the tetra-saccharide 10 in 20% yields. Toluene 

or THF as solvent did not improve the yield. Addition of DMSO in DCM or toluene did 

not improve the yield but produced an unknown product of great polarity. Anhydrous 

CH3CN as solvent dramatically improved the yield, and the amount of donor 9 was 

increased to 1.5 equiv., the yield is 82%. (Table 1)16 Under these conditions, 

β-(2→1)-fructopyranoside was obtained with high regio- and stereo-selectivity. The 

solvent effect of N-phenyltrifluoroacetimidate glycosylation were also reported by 

other groups.17 

 The stereochemistry of 10 was confirmed by X-ray analysis (Figure 1).18 The 

crystal data were assigned to the CCDC (The Cambridge Crystallographic Data Centre) 

numbers 1542763. 
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Scheme 4. Investigation of difructosyl donors. a) Ac2O, DMAP, NEt3, 0 ˚C, 76%; b) 

N-phenyltrifluoroacetimidoyl chloride, K2CO3, acetone, 96%; c) diol 7, TMSOTf, 

CH3CN, 82%. 

 

  Table 1. Study of glycosylation with Donor 9.a 
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Entry Solvent Equiv. 

of 

donor 

Result 

1 DCM 1.2 20% yields 

2 DCM:DMSO 

(20:1) 

1.2 no 10 

obtained. 

3 Toluene 1.2 15% 

4 Tolene:DMSO 

(20:1) 

1.2 no 10 

obtained. 

5 THF 1.2 no 10 

obtained. 

6 CH3CN 1.2 62% 

7 CH3CN 1.5 82% 

a: The reaction was carry out with 0.1 equiv. of TMSOTf at -20 ˚C.16 
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Figure 1 ORTEP drawing of compound 10 

   Diol 10 was quantitatively transformed to donor 11 under 

N-phenyltrifluoroacetimidoyl chloride and K2CO3 in acetone. Donor 11 was 

glycosylated with acceptor 7 in CH3CN, regio- and stereo-selectively provided the 

β-(2→1)-fructopyranosyl hexa-saccharide in 51% yield. Because the protection and 

deprotection of anomeric 2-OH suffered low yield,9 this straightforward method 

benefited the synthesis efficiency. Hexa-saccharide was fully deprotected to obtain 13 

in 86% yield. The overall yield was 27% in eight steps from diol 4. (Scheme 5) 
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Scheme 5 Synthesis of β-D-fructopyranosyl oligomer. Condition: a) 

N-phenyltrifluoroacetimidoyl chloride, K2CO3, acetone, 97%; b) diol 7, TMSOTf, -20 

˚C, 51%; c) NaOMe, HOMe, 86%. 

   In conclusion, hexasaccharide 13 was synthesized with fructopyranosyl 

N-phenyltrifluoroacetimidate glycosylation, which is the first practical synthesis of 

β-D-fructopyranosyl oligomer. The solvent CH3CN plays a critical role. By 

regioselective glycosylation on the 1-OH of acceptor 7, the β-fructopyranosyl 

oligosaccharides were elongated with difructosyl unit in every second steps, without 

any deprotection step. From these new oligomeric structures, functional materials and 

drug candidates could be prepared, which will be an interesting field. 
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� The first synthesis of β-D-fructopyranosyl hexamer 

� N-phenyltrifluoroacetimidate glycosylation was vital for oligomer synthesis. 

� Provided an interesting method for selective glycosylation of ketose.  

� Fructopyranosyl oligomer provide new backbone, with promising applications.  


