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Abstract: 

Arylboronic acids were widely used as efficient catalysts in direct amide formation and 

other organic transformations. Surprisingly, reports on their use as catalysts in 

carbohydrates synthesis are very rare even though boron acid-diol complexation was 

extensively investigated in molecular recognition for saccharides and so on. Here we 

developed an efficient arylboronic acids catalyzed dimerization of glucosamines 

forming deoxyfructosazine which is important compound in pharmaceutical and food 

industries, against a commonly held belief that excess amount of phenyl boronic acid 

(or boric acid) is a must. A catalytic mechanism was also proposed and arylboronic 

acids instead of their boronates was identified as catalysts. 

 

Arylboronic acids can be handled in air without special precautions and mostly are 

chemically stable for long periods of time. Not surprisingly they are widely used in 

various organic transformations1,2,3 as coupling reagents4 or as organocatalysts by 

activating carboxylic acids5,6,7 and alcohols2,8,9 forming reversible covalent bond with 

hydroxyl groups of carboxylic acids and alcohols. In addition, arylboronic acids also 

showed promising as chemical sensors10 by molecular recognition of carbohydrates and 

other diol-containing compounds, and boron acid-diol complexation was extensively 

investigated in several previous reports11,12.  

Arylboronic acids were also common masking reagents in glycosides synthesis13. Very 

recently, they also demonstrated to be excellent phase-transfer reagents for Fischer 

glycosidations14 and were applied in click biorthogonal reaction system enabling a fast 

ligation15. However, their application as catalyst in glycosides transformation are very 

less explored and only very limited progress was reported. D. Takahashi and K. 

Toshima found aromatic boronic acids could catalyze glycosylation of protected16 and 
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unproctected17 sugar acceptors with epoxide ring in a regioselective manner via SNi-

type mechanism in the presence of water.  

A clean conversion of D-glucosamine hydrochloride to deoxyfructosazine in the 

presence of 2.5 equivalent phenylboronic acid and NaOH in water was reported by J. 

A. Peters18 encouraged by pioneer works19,20. Further optimization in this conversion 

with boric acid as additive ([C2C1Im][OAc] as a catalyst) and phenylboronic acid as 

sole promoter gave little improvement on yield of deoxyfructosazine although more 

glues were achieved in mechanism investigation21,22. In these literatures (Scheme 1), a 

commonly held belief is that excess amount of phenyl boronic acid (or boric acid) is a 

must for self-condensation of glucosamine hydrogen chloride in achieving a good yield 

of deoxyfructosazine; in which phenyl boronic acid masked diols on glucosamine and 

activated the subsequent dimerization reaction. Here we reported a catalytic 

dimerization of glucosamine forming deoxyfructosazine by aryl boronic acids (Scheme 

1); the reaction was completed with clean conversion in a few hours and yields were 

excellent. 

 

Scheme 1: Reported work with excess amount of phenyl boronic acid and this catalytic 

work. 

 

 

J. A. Peters18 proposed a double molecular promoted mechanism with boric acid as 

model promoter evidenced by 11B NMR; in which boric acid reacted with glucosamine 

forming borate esters and then the two borate esters generated boric acid protected 

deoxyfructosazine (esters formed by two boric acids) via self-condensation. An 

acidification workup after reaction produced deoxyfructosazine in a clean manner. X. 

Liu, Y. Wang and X. Hou21 proposed a single molecular promoted mechanism with 

boric acid based on 1H NMR investigation on boric acid effects on deoxyfructosazine 

formation with different amount of boric acid, in which a glucosamine borate ester 
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protected by a molecular of boric acid reacted with a free glucosamine generating a 

boric acid protected deoxyfructosazine (ester formed by one boric acid) via self-

condensation; similarly an acidification workup after reaction produced 

deoxyfructosazine. Result of following DFT calculation was consistent with the 

proposed mechanism. In our reproducing experiment with phenyl boronic acid as a sole 

promoter, we found both free deoxyfructosazine and boronic acid were observed in 

crude 1H NMR. Encouraged by this finding, we envisaged that a catalytic cycle might 

be possible if boronic acid could transfer from deoxyfructosazine to a free glucosamine 

by properly tuning reaction conditions (Scheme 2). Arylboronic acid reacted with one 

molecular of D-glucosamine forming ester intermediate 3, activated ester intermediate 

3 further cyclized with another one molecular of D-glucosamine forming boronic acid 

protected product 4; An ester transfer might occur between product 4 and D-

glucosamine regenerating ester intermediate 3 for next catalytic cycle. After all D-

glucosamine is consumed, a mixture of protect product 4 and free deoxyfructosazine 

will be achieved at the end. 

 

Scheme 2: Proposed catalytic cycle with arylboronic acid. 

 

 

Based on this hypothesis, initially we investigated base effect on deoxyfructosazine 

formation with 40 mol% phenyl boronic acid as catalyst in different volume of 0.1 N 

NaOH solution for 36 hrs at room temperature. Because at least 1 equiv. base was 

necessary in order to neutralize hydrogen chloride salt within the starting material D-

glucosamine hydrogen chloride, we selected a range of 1.0 to 1.5 equiv. of NaOH 

(equivalent to D-glucosamine hydrogen chloride) for the parallel study (Table 1). The 

increase of base till 1.3 equiv. led to increase of deoxyfructosazine yield (Entries 1 - 4, 

Table 1) as literature reported; yields of deoxyfructosazine decreased with the increase 

of base use over 1.3 equiv. (Entries 4 - 6, Table 1)and obvious amount of byproduct 

fructosazine appeared probably the presence of more base accelerate further oxidization 

of deoxyfructosazine to fructosazine. The best yield (68%) of deoxyfructosazine was 

achieved in the presence of 1.3 equiv. NaOH (Entry 4, Table 1). The yield is over the 
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40 mol% use of phenyl boronic acid, which indicated the expected catalytic cycle 

indeed occurred. 

 

Table 1: Investigation on base effect on deoxyfructosazine formation with boronic acid 

as a catalyst. 

 

Entry NaOH 

(equiv.) 

Yield 

[%][a] 

1 1.0  56 

2 1.1 64 

3 1.2 65 

4 1.3 68 

5 1.4 59 

6 1.5 60 

[a] Determined by crude 1H NMR. 

 

Next under the optimized conditions, we screened some commercially available aryl 

boronic acids in order to investigate effect of different functional groups on aromatic 

moiety (Table 2). Electron-donating groups of OMe and OiPr on aryl boronic acids led 

to an obvious drop on reaction yields (Entries 1 - 3, Table 2). Electron-deficient groups 

of CF3 on 2-position and pentafluoridation also had negative effect on catalytic 

efficiency (Entries 4 and 6, Table 2); however comparable yield to that catalyzed by 

phenyl boronic acid was observed surprisingly when 3,5-di(trifluoromethyl)aryl 

boronic acid or 2-fluoroaryl boronic acid was employed as a catalyst (Entries 5 and 7, 

Table 2). It was concluded that inductive effects had limited influence on reaction yield 

of deoxyfructosazine. Subsequently some aryl boronic acids with interactive groups on 

aromatic moiety were also evaluated (Entries 8 - 11, Table 2) in order to investigate 

potential assistant effects by coordinating with boron centre or activating terminal 

aldehyde moiety of glucosamine. Carboxylic acid group on 3-position and hydroxyl 

group on 4-position both slowed down the self-condensation reaction and low yields of 

deoxyfructosazine were observed (Entries 8 and 9, Table 2). To our delight, amino 

group on 3-position did benefit the conversion and 76% yield of deoxyfructosazine was 

obtained with which as a catalyst under the same conditions (Entry 10, Table 2); pyridyl 

boronic acid delivered a similar high catalytic efficiency (Y: 78%) (Entry 11, Table 2) 

although mechanism of the big difference made by small changes on how pyridyl group 

and amino group assisted the self-condensation was still unknown. 

 

Table 2: Screening Catalysts of Aryl Boronic Acids.[a] 
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Entry Cat. [ArB(OH)2] Yield[b] 

1 Phenyl 68 

2 2,5-(MeO)2C6H3 60 

3 4-iPrOC6H4 57 

4 2-CF3C6H4 46 

5 3,5-(CF3)2C6H3 69 

6 2,3,4,5,6-F5C6 39 

7 2-FC6H4 71 

8 3-HOOCC6H4 59 

9 4-HOCH2C6H4 69 

10 3-NH2C6H4 76 

11 4-Pyridyl 78 

[a] Reaction conditions: D-Glucosamine hydrochloride (0.5 mmol) and ArB(OH)2  (0.2mmol) 

were stirred in NaOH solution (6.5 mL; 0.1N) for 36 h at room temperature. 

[b] Determined by crude 1H NMR. 

 

To increase yield of deoxyfructosazine and to shorten reaction time, we further 

optimized reaction temperature in the presence of the two best catalysts 1 and 2 as well 

as phenylboronic acid (Table 3). Initially a parallel study of self-condensation reactions 

with the three catalysts (Entries 1 - 3, Table 3) was performed at 40℃ for 6 hours; and 

yields of deoxyfructosazine were comparable to these achieved at room temperature for 

36 hours (Entries 1, 10 and 11, Table 2), respectively. Prolonged reaction time to 12 

hours did not improve yields significantly for all three reactions (Entries 4 - 6, Table 

3). A further increase temperature to 60℃ had remarkable impact on reaction efficiency 

and excellent yields of deoxyfructosazine (Entries 7 - 9, Table 3) were achieved for all 

three parallel reactions in 6 hours. Although pyridyl boronic acid catalyst 2 still showed 

the highest activity (Y: 89%), the difference with either of catalyst 1 (Y: 86%) and 

phenylboronic acid (Y: 85%) became very narrow.  

 

Table 3: Optimization on reaction temperature. 
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Entry Cat. [ArB(OH)2] Temperature   Time (h) Yield[a] 

1 Phenyl 40℃ 6 62 

2 3-NH2C6H4 40℃ 6 69 

3 4-Pyridyl 40℃ 6 74 

4 Phenyl 40℃ 12 69 

5 3-NH2C6H4 40℃ 12 70 

6 4-Pyridyl 40℃ 12 78 

7 Phenyl 60℃ 6 85 

8 3-NH2C6H4 60℃ 6 86 

9 4-Pyridyl 60℃ 6 89 

[a] Determined by crude 1H NMR. 

 

It is well known that aryl boronic acids could switch from boronic acid form into their 

boronates form under basic conditions, and the latter form might also act as catalysts. 

In order to figure out which form was the real active catalytic specie, pH values were 

measured with pH meters for reaction media after 30 mins, after 3 hours and after 12 

hours respectively when the reactions were stopped in the parallel reactions under 40℃ 

(Entries 4 - 6, Table 3). pH Values ranging at 8.35 – 8.21 after 30 mins, values ranging 

at 8.07 – 8.00 after 3 hours and values ranging at 8.06 – 7.97 after 12 hours were 

observed, which indicated reactions proceeded in neutral–alkaline solution. According 

to excellent pioneering mechanistic study between arylboronic acids and diols in 

aqueous solution by K. Ishihara23, in neutral–alkaline solution the order of kinetic 

reactivities is RB(OH)2>RB(OH)3 (sometimes RB(OH)2 > > RB(OH)3). Hence aryl 

boronic acids instead of their boronates were proposed as the catalytic species in 

glucosamine self-condensations. The amount of NaOH in reactions was crucial to 

occurrence of a catalytic cycle and over use of NaOH would prohibit the boronate ester 

transfer to free glucosamine at room temperature and slow the rate at elevated 

temperature. The interactive groups on catalyst 1 and 2 might lower energy barrier in 

borate ester transfer step (Scheme 2) because yields of deoxyfructosazine were 

remarkable higher while the difference became much narrow when temperature was 

increased to 60℃. 

 

Scheme 3: Arylboronic acids instead of their boronates as catalysts in the mechanism. 

 

 

 

In summary, a catalytic self-condensation of glucosamine forming deoxyfructosazine 
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by commercially available arylboronic acids was developed, which is one of rare 

successful exploration in boronic acids catalyzed glycosides transformation in aqueous 

media. Evidences indicated arylboronic acids instead of their boronates worked as 

catalysts in the proposed catalytic cycle. 
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General Information:  

D(+)-Glucosamine hydrochloride, phenylboronic acid, deuterium oxide 

and 3,5-Bis(trifluoromethyl)phenylboronic acid were purchased from 

Shanghai Macklin Biochemical Co., Ltd. NaOH, HCl and ethanol were 

purchased from Guangdong Test Agent Technology Co., Ltd. other 

arylboronic acids were purchased from Aladdin Industrial Corporation. All 

reagents were used without further purification. Deionized water was 

used in all experiments. 1H NMR spectra were recorded on Bruker AV-300 

(300 MHz) instrument. Yields of reactions were determined by integration 

of two peaks (δ 5.20 for deoxyfructosazine VS δ 3.40 for Glucosamine 

hydrochloride) on 1H NMR spectra of crude products. The yields of 

products were calculated as: 

Yield=
2×𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝛿 5.20

2×𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝛿 5.20+𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝛿 3.40
× 100% 

1. General procedure 

1.1 General procedure for investigation on base effect in self-

condensation of glucosamine hydrochloride with phenylboronic acid: 

D-Glucosamine Hydrochloride (107.8 mg, 0.50 mmol) and PhB(OH)2 (24.4 

mg, 0.20 mmol) were stirred in different amounts of NaOH(0.1N) solution 

for 36 hrs at room temperature. The pH value of the reaction mixture was 

acidified to 1-3 by dropwise addition of 2N HCl, and then the mixture was 

stirred for another 30 mins. After then, 1 mL of the reaction mixture was 

mixed with ethanol and was evaporated to dryness under reduced 
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pressure at 33℃. Removal of residual solvent in vaccum gave a crude 

product for 1H NMR to determine a yield. Data of crude 1H NMR indicated 

that the best yield (68%) of deoxyfructosazine was achieved in the 

presence of 1.3 equiv. NaOH. 

1.2 General procedure for screening catalysts of aryl boronic acids in 

NaOH Solution: 

D-Glucosamine Hydrochloride (107.8 mg, 0.50 mmol) and ArB(OH)2 (0.20 

mmol) were stirred in NaOH(0.1N, 6.5 mL) solution for 36 hrs at room 

temperature. The pH value of the reaction mixture was acidified to 1-3 by 

dropwise addition of 2N HCl, and then the mixture was stirred for another 

30 mins. After then, 1 mL of the reaction mixture was mixed with ethanol 

and was evaporated to dryness under reduced pressure at 33℃. Removal 

of residual solvent in vaccum gave a crude product for 1H NMR to 

determine a yield. 

1.3 Procedure for 1H NMR tracking on aryl boronic acids promoted self-

condensation of glucosamine hydrochloride: 

D-Glucosamine Hydrochloride (107.8 mg, 0.50 mmol) and ArB(OH)2 (0.20 

mmol) were stirred in NaOH(0.1N, 6.5 mL) solution for 12 hrs at 40℃. The 

pH value of the reaction mixture was acidified to 1-3 by dropwise addition 

of 2N HCl, and then the mixture was stirred for another 30 mins. 500 µL 

of which was transferred to a single-necked flask in 30 mins, 3 hrs, 12 hrs 

and 30 mins after acidification repectively. After then, 500ul of the 
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reaction mixture was mixed with ethanol and was evaporated to dryness 

under reduced pressure at 33℃.Removal of residual solvent in vaccum 

gave a crude product for 1H NMR to determine a yield. 
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