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Chiral Benzazaborole-Catalyzed Regioselective Sulfonylation of 

Unprotected Carbohydrate Derivatives 

Satoru Kuwano,*[a] Yusei Hosaka,[a] and Takayoshi Arai*[a] 

 

Abstract: Chiral benzazaborole-catalyzed regioselective 

sulfonylations of unprotected carbohydrate derivatives have been 

developed. This methodology enables direct regioselective 

functionalization of the secondary OH group in carbohydrate in the 

presence of the primary OH group. Using the chiral organoboron 

catalysis, kinetic resolution of the carbohydrate derivatives was also 

achieved.  

Carbohydrate derivatives play essential roles in various 

physiological and pathological events such as cell adhesion, 

fertilization, and cancer cell metastases.[1] For the synthesis of 

various carbohydrates, practical methods involving the catalyst-

controlled regioselective functionalization of one specific OH 

group have been extensively investigated and developed.[2] After 

the pioneering works such as the development of N-

methylimidazole[3] and 4-pyrrolidinopyridine[4,5] catalysts by Miller 

and Kawabata, respectively, several outstanding nucleophilic 

catalysts have been developed for the activation of electrophiles 

(Scheme 1a).[6] The other approach is the catalyst-controlled 

activation of carbohydrates so that they can themselves act as 

nucleophiles. Onomura et al. reported the organotin-catalyzed 

regioselective acylation through tin-alkoxide formation (Scheme 

1b).[7] Although organotin catalysts are widely used, their inherent 

potential toxicity poses a problem sometimes.[8] Recently, Dong 

et al. reported the iron-catalyzed alkylation of polyols, thus 

avoiding the use of tin-based catalysts (Scheme 1c).[9,10] 

Organoboron catalysts are among the most nontoxic 

compounds.[11] In 2011, Taylor et al. demonstrated that borinic 

acids serve as elegant catalysts for the regioselective acylation of 

minimally protected carbohydrate derivatives through nucleophile 

activation.[12,13] However, to the best of our knowledge, a general 

method using organoborons for the regioselective 

functionalization of unprotected carbohydrates has not been 

reported.[14,15,16] This is because the  organoboron catalyst binds 

to both cis-1,2-diol and 1,3-diol moieties (Scheme 1e).[12,14] Herein, 

we describe the chiral benzazaborole-catalyzed regioselective 

sulfonylation of unprotected carbohydrates.[17] Sulfonylated 

carbohydrates are used as electrophiles in the synthesis of 

 

Scheme 1. Regioselective functionalization of unprotected carbohydrate 

derivatives. 

biologically interesting pseudosugars and building blocks.[18] 

Organoboron species 1 were evaluated as catalysts for the 

regioselective sulfonylation of α-D-galactopyranoside 2a (Table 

1).[19] While phenyl boronic acid 1a, benzoxaborole 1b, 

benzazaborole 1c, and ethanolamine ester of borinic acid (1d) 

provided varying degrees of rate enhancement, formations of 6- 

O-tosylated product 4a was observed (entries 1–4). In contrast, 

heterocyclic borinic acid 1e promoted tosylation at the 3-position, 

and 3-O-tosylated product 3a was produced in 19% yield (entry 

5). To our delight, the use of chiral benzazaborole 1f was effective 

for the regioselective sulfonylation with assistance of NMI,[20] and 

product 3a was predominantly furnished in 71% yield (entry 6).[21] 

The high catalytic activity of 1f would be derived by the electron-

donation from nitrogen atom onto the boron center. Introduction 

of a methoxy substituent on the quinoline ring did not improve the 

chemical yield (entry 7). 
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Table 1: Optimization of reaction conditions. 

 

Entry 1 Solvent base 3a[a] 
(%) 

4a[a] 
(%) 

5a[a] 
(%) 

1 1a MeCN Na2CO3 2   11   2   

2 1b MeCN Na2CO3 7   16   6   

3 1c MeCN Na2CO3 2   12   2   

4 1d MeCN Na2CO3 1   37   24   

5 1e MeCN Na2CO3 19   6   27   

6 1f MeCN Na2CO3 71   1   18   

7 1g MeCN Na2CO3 60   <1   22   

8 1h MeCN Na2CO3 31   <1   20   

9 1i MeCN Na2CO3 9   13   9   

10 1f MeCN Li2CO3 23   <1   4   

11 1f MeCN K2CO3 52   <1   17   

12 1f MeCN NaHCO3 34   3   7   

13 1f MeCN Et3N 11   23   14   

14 1f MeCN DIPEA 33   5   5   

15 1f EtCN Na2CO3 58   <1   18   

16 1f DCM Na2CO3 29   <1   21   

17 1f THF Na2CO3 23   <1   2   

18 1f toluene Na2CO3 13   <1   <1   

19 1f EtOAc Na2CO3 10   <1   4   

20 none MeCN Na2CO3 <1 <1 <1 

[a] NMR yield. 

When benzazaborole 1h was employed as a pseudo-enantiomer 

of 1f, the yield of 3a decreased to 31% (entry 8). This result 

indicated a matching/mismatching between the chirality of the cis-

1,2-diol moiety on the carbohydrates and chiral catalysts. The use 

of chiral 2-aminomethyl phenyl boronic acid 1i did not increase 

the reactivity and selectivity (entry 9). Examination of the base 

effect revealed that Na2CO3 was the optimal choice for this 

reaction (entries 10–14). Among the tested solvents, acetonitrile 

gave the best result (entries 15–19). In the absence of 

organoboron catalyst, reaction did not proceed at all (entry 20). 

Table 2: Chiral benzazaborole 1f-catalyzed regioselective fuctionalization 
of carbohydrate derivatives having cis-1,2-diol moiety. 

 

Entry Substrate Product 
Yield 

(%)[a] 

1 

  

71[d] 

2 

  

70[e] 

3 

4[b] 

5[b] 
 

 

84[f] 

88 

82 

6 

  

60 

7 

  

88 

8 

  

98 

9 

  

>99    

10[c] 

  

81 

11[b] 

  

67 

12[b] 

  

62 

[a] Isolated yield. [b] Reaction was performed in the absence of NMI. [c] TsCl 

(4 eq), Na2CO3 (4 eq), and MS3A were used. [d] 18% of ditosylate were 

produced. [e] 15% of ditosylate were produced. [f] 8% of ditosylate were 

produced. 

With the optimized conditions in hand, we next explored the 

substrate scope of the 1f-catalyzed regioselective sulfonylation of 
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carbohydrate derivatives (Table 2). Besides the α-anomer of a 

galactose derivative (2a), the β-anomer (2b) also gave 

monosulfonate ester 3b in good yield (entry 2). Thioglycoside 2c, 

which was utilized as a glycosyl donor, was smoothly converted 

into the corresponding monosulfonate esters, and various 

sulfonate esters were obtained in 82%–88% yields (entries 3–5). 

N-Boc protected D-galactosamine derivative 2d could also be 

employed in this regioselective reaction in the presence of a free 

6-OH group (entry 6). Derivatives of L-arabinose and L-rhamnose, 

which do not have a free primary OH group, readily afforded 

products 3e and 3f in high yields (entries 7 and 8). This method 

was suitable for the regioselective sulfonation of triol 6a prepared 

from quinic acid, a carbohydrate-like structure present in 

numerous bioactive natural products (entry 9). Upon the addition 

of excess sulfonyl chloride, 2a was converted into disulfonate 

ester 3aa in 81% yield (entry 10).  In addition to the regioselective 

sulfonylation, the catalyst system was applicable to regioselective 

acylation of unprotected carbohydrates (entries 11 and 12). 

When D-mannose derivative 2g was applied to the 1f-

catalyzed regioselective sulfonylation, the corresponding product 

3g was obtained in only 24% yield. Because the cis-1,2-diolmoiety 

of 2g has enantiomeric stereochemistry relative to D-galactose 

derivative 2a, a pseudo- enantiomeric catalyst 1h was selected 

for the “matched” pair. In the presence of benzazaborole 1h, 

mannopyranoside 2g was smoothly converted into sulfonate 

Table 3: Chiral benzazaborole 1h-catalyzed regioselective sulfonylation of 
carbohydrate derivatives having “enantiomeric” cis-1,2-diol moiety. 

 

Entry Substrate Product Yield (%)[a] 

1 

  

66 

2 

  

>99    

3 

  

>99    

4[b] 

  

84 

5[c] 

  

74 

[a] Isolated yield. [b] TsCl (2 eq) was used. [c] TsCl (3 eq) and Na2CO3 (3 

eq) were used. 

ester 3g in good yield (Table 3, entry 1). The use of 1h was 

effective for the regioselective sulfonylation of carbohydrate 

derivatives possessing the same cis-1,2-stereochemistry as 2g. 

Derivatives of D-lyxose 2h and L-fucose 2i were quantitatively 

transformed to the corresponding products 3h and 3i (entries 2 

and 3). The reaction using 1,6-anhydrogalactopyranose 2j 

resulted in monosulfonylation at the C4 position of an unbridged 

galactopyranoside (entry 4). Monosaccharide Helicid, which 

contains a cis,cis-1,2,3-triol and formyl group, gave disulfonate 

ester 3k in good yield when using three equivalents of TsCl (entry 

5). Interestingly, the free primary OH group was not functionalized, 

and the formyl group was tolerated under the reaction conditions.  

To expand the utility of the benzazaborole-catalyzed 

regioselective sulfonylation, we applied this reaction to the kinetic 

resolution of carbohydrate derivatives. In general, separation of 

structurally similar carbohydrates by simple methods such as 

silica gel column chromatography and recrystallization is difficult 

because of the similar polarity and solubility of these compounds. 

Recently, enzyme, Sn-, and Cu-catalyzed methods have been 

developed for the aforesaid separation,[22] but there is no report 

on the use of an organocatalyst for this purpose. First, the kinetic 

resolution of D-galactose derivative 2c and D-glucose derivative 

9a was investigated (Table 4, entry 1). When a mixture of 2c and 

9a was stirred in the presence of benzazaborole 1f, 2c was 

selectively converted to sulfonate ester 3ca in 80% yield. 

Remarkably, the primary OH group in D-glucopyranoside was not 

tosylated, and 99% of the unreacted 9a was recovered. Our 

method could also be used for the resolution of L-arabinose 

derivative 2e and D-xylose derivative 9b, or L-rhamnose derivative 

Table 4: Chiral benzazaborole-catalyzed kinetic resolution of carbohydrate 
derivatives. 

 

Entry 2 9 1 Yield of 3 
(%)[a] 

Recovered 9 
(%)[a] 

1 2c 9a 1f 80 99          

2 2e 9b 1f 84 88          

3 2f 9a 1f 97 98          

4 2h 9a 1h 97 95          

5 2i 9b 1h 99 94          

[a] Isolated yield. 

2f and D-glucose derivative 9a (entries 2 and 3). In addition, the 

resolutions of D-lyxose derivative 2h and D-glucose derivative 9a, 
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or L-fucose derivative 2i and D-xylose derivative 9b were 

effectively promoted when using 1h (entries 4 and 5). 

 

Scheme 2. Ns group as orthogonal protective group. 

 Finally, deprotection of Ns group in 10 was examined 

(Scheme 2). Use of PhSH and K2CO3 in MeCN gave deprotected 

compound 11 in good yield, and side reactions (substitution, 

elimination, or 1,2-acyl migration) were not observed in the mild 

basic conditions.  

In conclusion, we have developed a chiral benzazaborole-

catalyzed regioselective sulfonylation of unprotected 

carbohydrate derivatives. This methodology enables direct 

regioselective functionalization of the secondary OH groups in the 

carbohydrate derivatives in the presence of the primary OH 

groups. This organoboron catalysis could also be used for the 

kinetic resolution of carbohydrate derivatives. 
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