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Abstract: A series of aldo-bis-indole derivatives (aldo-BINs) was prepared by aromatic C-

alkylation reactions of aldoses and indole in acetic acid solution. Common 

monosaccharides such as glucose, mannose, galactose, fucose, xylose, rhamnose, ribose, 

arabinose and N-acetylglucosamine were smoothly derivatized to form the UV absorbing 

aldo-BINs. The use of a capillary electrophoretic method to separate these novel aldo-BIN 

derivatives was established. The capillary electrophoresis conditions were set by using 

borate buffer (100 mM) at high pH (pH 9.0). The limit of determination was assessed to be 

25 nM. The enantioseparation of D, L-pairs of aldo-BINs based on chiral ligand-exchange 

capillary electrophoresis technology was also achieved by using modified hydroxypropyl-β-

cyclodextrin as the chiral selector in the presence of borate buffer. This aldose labeling 

method was applied successfully to the compositional and configurational analysis of 

saccharides, exemplified by a rapid and efficient method to simultaneously analyze the 

composition and configuration of saccharides from the medicinal herbs Cordyceps sinensis 

and Dendrobium huoshanense. 
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1. Introduction  

Carbohydrates are one of the most important components of organisms and they are essential 

materials in many biological processes [1]. Many conjugation methods have been developed by tagging 

carbohydrates to facilitate their compositional analysis and chiral resolution [2,3]. However, some of 

these methods are time-consuming and result in low yield due to the many preparation steps required. 

A series of synthetic methods for the preparation of the bis(3’-indolyl)alkanes using Lewis or protic 

acids as catalyst have been developed [4–6]. In general, the reactions took place by the condensation of 

two molecules of indole with an aldehyde or ketone [5]. Recently, Sato reported a Lewis acid 

([Sc(OTf)3], catalyzed synthesis of bis(3’-indolyl)alkanes in aqueous media by the C-glycosylation of 

indole with unprotected aldoses (Scheme 1) [7,8]. Here we used a mild and environmental friendly 

protic acid (HOAc) for the reaction of unprotected and unmodified aldoses with indole to generate 

aldo-bis(3’-indolyl)alkanes (aldo-BINs) in a rapid and convenient process. These products should be 

promising in further application to investigate the composition and stereoconfiguration of saccharides 

in biological systems. Here, we are interested in the use of aldo-bis(3’-indolyl)alkanes as aldose-tags 

for the compositional analysis of saccharides by capillary electrophoresis (CE), which has been proven 

a powerful analytical tool in saccharide analysis [9,10]. In continuation of our studies on a rapid 

transformation of aldose to its imidazole derivative (aldo-NAIM) using 2,3-naphthalene diamine and 

catalytic iodine in acetic acid solution [11], we developed a new protocol for the synthesis of various 

aldo-BINs by direct reductive condensation of aldoses with two moles of indoles in H2O/HOAc 

solution. We also demonstrated that these UV active aldo-BINs are useful for sugar composition 

analysis. 

 

Scheme 1. Synthesis of bis(3’-indolyl)alkanes by the C-glycosylation of indole with 

unprotected aldoses [8]. 

H
N

+ Aldoses
Lewis or protic acids

H
N

H
N

C

OHH

HHO

OHH

OHH

CH2OH

H

Gluco-BIN

 

 

Chiral resolution is an important topic in analytical chemistry [12,13], because chiral enantiomers 

have the same physical properties and are thus difficult to separate each other. In addition, optical D-, 
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L-monosaccharide isomers present in Nature lack electric charges and chromophores for 

chromatographic analysis, so that they are hard to analyze without chemical derivation. CE has been 

proven as a good tool to resolve D-, L-monosaccharides in recent years [14–16] by pre- and in-column 

introduction of cationic or anionic UV absorbing tags that have been used to analyze enantiomers. The 

use of borate buffers with chiral selectors has been reported for the enantioseparation of saccharides 

[17] by derivation with aromatic reagents. These derivatives were separated using the cavity of 

cyclodextrins (CDs) to form mixed borate complexes in CE chromatography. Stefansson and Novotny 

firstly reported that enantioseparation of several monosaccharides by reductive amination with 5-

aminonaphthalene-2-sulfonic acid, or 4-amino-5-hydroxynaphthalene-2,7-disulfonic acid, and these 

derivatized D-, L-polyols were enantioseparated by CE as complexes with borate using linear or cyclic 

dextrins as chiral selectors [18]. Kodama et al. used 1-phenyl-3-methyl-5-pyrazolone (PMP) 

derivatives for chiral resolution of monosaccharides by ligand-exchange capillary electrophoresis 

(LECE) using borate anion as the central ion presence CDs as the chiral selectors. The electrophoretic 

patterns of several aldo-PMPs were enantioseparated [19].  

2. Results and Discussion 

In a preliminary study, we used molecular iodine as catalyst to condense aldoses with aromatic 

ortho-diamines. These aldo-naphthylimidazole (aldo-NAIM) derivatives are separated well in CE for 

sugar composition analysis [11]. Here, in continuation of our studies, we have synthesized a series of 

bis(3’-indolyl)alkanes derivatives by direct C-glycosylation of indole with aldoses and used them for 

sugar compositional analysis. Several neutral and amino-containing monosaccharides (rhamnose, 

xylose, ribose, glucose, mannose, arabinose, fucose, galactose and N-acetylglucosamine) were easily 

derivatized by such chemical labeling. This reaction can be carried out with/without molecular iodine 

as a catalyst, even though Ji et al. had reported that a catalytic amount of molecular iodine improved 

synthesis of bis(indolyl)methanes at room temperature [6]. Here, we report a simultaneous separation 

of nine aldo-BINs for saccharide analysis by CE using borate buffers (Figure 1). Not only neutral 

monosaccharides but also C6 deoxyl and amino-containing monosaccharides are separated. In addition, 

these monosaccharide-BINs are stable at the high pH values (borate buffer, pH 8~10) used for sugar 

composition analysis by CE. 

The resolution and migration time of all derivatives increased, as expected, with increasing borate 

concentration. The reason might depend on the destabilization of aldo-BIN-borate complex. With the 

high-pH BGE system, the extents of proton ionization of aldo-BINs and charge/mass ratio would result 

in differences in migration rates. Considering the resolution and speed, the optimized CE condition 

was set as 100 mM borate buffer and pH 9.0. These aldo-BINs can be applied to analyze the 

composition of saccharides in medicinal herbs. Optimization of the separation of nine aldo-BINs was 

achieved by optimizing the CE conditions, including pH value, temperature, applied voltage and 

concentration of borate buffer [10]. The migration velocities of derivatives were affected primarily by 

the extent of five-member diol-borate complexation [19]. The speculative elution order of aldopentose-

derivatives was attributed by the orientation of hydroxyl groups at the C3/C4 position; e.g., Ara 

possessing cis-oriented hydroxyl groups was more retarded than Xyl with trans-oriented hydroxyl 

groups. The same behavior could be observed with aldohexoses and deoxyhexoses. As such, the 
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observed elution order of Glc (trans) > Man (trans) > Gal (cis); and Rha (trans) > Fuc (cis) was similar 

to that of a previous report [9]. 

 

Figure 1. Electrophorogram of aldo-BINs in CE. Peaks: 1 = Rib-BIN; 2 = Rha-BIN;  

3 = GlclNAc-BIN; 4 = Xyl-BIN; 5 = Glc-BIN; 6 = Man-BIN; 7 = Ara-BIN; 8 = Gal-BIN; 9 

= Fuc-BIN. CE conditions: buffer, 100 mM borate (pH 9.0) contains hydroxypropyl-β-CD 

(10 mg/mL); applied voltage, 20 kV; uncoated fused-silica capillary, 50/60.2 cm × 50 µm 

I.D.; sample injection, 3s by pressure (0.5 psi); wavelength, 254 nm; system temperature, 

15 °C. 
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Pre-column introduction of cationic or anionic UV absorbing tags have been used to analyze 

enantiomeric compounds [12,15,20]. We used D-, L-aldoses and a UV absorbing indole to form a series 

of D-, L-aldo-BIN derivatives by Sato’s method [7,8]. Then, we further investigated that if these UV 

absorbing D-, L-aldo-BINs can be explored for chiral resolution using the LECE method. The use of 

borate buffers with chiral selectors has been reported [17–19]. The enantioseparation conditions were 

similar to Stefansson’s method whereby these derivatized D-, L-polyols were enantioseparated by CE 

as complexes with borate and linear or cyclic dextrins used as a chiral selector [18]. We determined 

these D-, L-polyol-BINs by using hydroxypropyl-β-CD as selector ligand in LECE to investigate the 

ability of enantioseparation for these new derivatives. We found that using a borate buffer system as 

mobile phase, a series of D-, L-aldo-BINs can be separated well in CE for monosaccharide 

enantioseparation analysis (Figure 2). The ability to enantioseparate seven pairs of D-, L-aldo-BIN 

derivatives was tested on the each enantiomeric pair, individually. The electrophoretic experiments 

were set in 10 mg/mL of hydroxypropyl-β-CD, 100 mM of borate buffer at pH 9.0 with an uncoated 

fused-silica capillary. Each D-, L-monosaccharide pair could be identified, even if a short capillary 

column was used.  
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Figure 2. Enantioseparation of seven enantiomeric pairs of indole derivated 

monosaccharides (aldo-BINs). Conditions: borate buffer (100 mM, pH 9.0) contains 

hydroxypropyl-β-CD (10 mg/mL); applied voltage, 20 kV (detector at cathode side); 

uncoated fused-silica capillary, 50 cm (effective length) × 50 µm I.D.; wavelength, 254 nm; 

system temperature, 15 °C. 
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Enantioseparation depends on the stability of the ternary space complex when chiral ligands are 

used in CE [12]. Therefore, a high concentration of borate anion in the CE system contributed to the 

stability of the borate complexes. It seems that the electrophoretic pattern of aldo–BINs depends on the 

ionic strength of the borate solution, which affects the running current during the electrophoresis. The 

longer migration time at the higher ionic concentration may be attributed to an increase in the viscosity 

and migration time. However, to increase the peak’s resolution by the enhancement of the interaction 

between the enantiomers (D-, L-aldo-BIN) and the hydroxypropyl-β-CD complex, while maintaining a 

moderately short migration time, the appropriate CE conditions were set at hydroxypropyl-β-CD  

(10 mg/mL) with 100 mM borate buffer and the migration time was shortened to under 20 min. 

Consequently, the optimum conditions for both high resolution and moderately short migration time 

consisted of 10 mg/mL of hydroxypropyl-β-CD with 100 mM borate buffer at pH 9.0, 15 °C, 20 kV 

and 254 nm. To elucidate the mechanism of enantioseparation, the migration order of D-aldo-BINs and 

L-aldo-BINs were confirmed for the aldo-BINs used in this study (Figure 1). Typically the D-forms 

migrated faster than the L-forms (except for mannose and arabinose, Figure 2) when hydroxypropyl-β-

CD was used as chiral selector. The most likely explanation for this migration behavior is that the 

separation of the enantiomers is due to formation of diastereomeric ternary complexes, however, the 

details of the mechanism of interaction between aldo-BINs and the chiral selector are unclear.  
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Simultaneous analysis of seven common saccharide pairs of D-, L-aldo-BINs was investigated by 

LECE using borate as a central ion with hydroxypropyl-β-CD as a chiral selector ligand (Figure 3). The 

enantiomeric pairs of D-, L-aldo-BINs were separated from each other, however, several peaks 

corresponding to different types of aldo-BINs overlap slightly and they can be separated by further 

optimization of the CE analysis conditions. This result indicates that LECE is applicable to separate 

enantiomeric pairs of monosaccharides in the same time, which is attributed to the formation of a 

mixed of diastereomeric aldo–BIN–hydroxypropyl-β-CD ternary complex with the various types of 

aldo-BINs.  

 

Figure 3. Simultaneous enantioseparation of seven enantiomeric pairs of indole derivatized 

monosaccharides. Peaks: 1 = D-Rib-BIN; 2 = L-Rib-BIN; 3 = D-Xyl-Bin; 4 = L-Man-BIN + 

L-Ara-BIN; 5 = L-Xyl-BIN; 6 = D-Glc-BIN; 7 = D-Man-BIN; 8 = D-Ara-BIN; 9 = L-Glc-

BIN + D-Fuc-BIN; 10 = D-Gal-BIN; 11 = L-Fuc-BIN; 12 = L-Gal-BIN. CE conditions: 

borate buffer (100 mM, pH 9.0) contains hydroxypropyl-β-CD (10 mg/mL); applied 

voltage, 20 kV (detector at cathode side); uncoated fused-silica capillary, 50 cm (effective 

length) × 50 µm I.D.; wavelength, 254 nm; system temperature, 15 °C. 
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Because of the potential of aldo-BINs in saccharides compositional and chiral resolution in 

medicinal herbs by CE analysis we propose that the aldo-BINs derivative might be applicable to the 

simultaneous analysis of the composition and chiral resolution of the saccarides. Indeed, the 

polysaccharides from Cordyceps sinensis (C. sinensis) and Dendrobium huoshanens (D. huoshanens), 

which is a tonic medicinal herb with immunomodulatory functions to stimulate some growth factors in 

vitro [21–25] have been determined in this study (Figure 4). The hydrolysate of polysaccharides in 

Dendrobium huoshanen was composed with D-mannose (75.2%) and D-glucose (24.8%) and the 
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hydrolysate of polysaccharides in Cordyceps sinensis was composed of D-mannose (53.0%) and D-

galactose (47.0%), respectively. 

Figure 4. Electrophorograms of composition and configuration analysis of polysaccharide 

hydrolysate from medicinal herbs. (A) Enantioseparation of D, L pairs of seven kinds of 

aldo-BINs. (B) Standards of nine D-aldo-BINs for monosaccharide compositional analysis. 

(C) The polysaccharide hydrolysate from Dendrobium huoshanen. (D) The polysaccharide 

hydrolysate from Cordyceps sinensis. Peaks: 1 = D-Glc-BIN; 2 = D-Man-BIN; 3 = D-Gal-

BIN; 4 = L-Glc-BIN; 5 = L-Man-BIN; 6 = L-Gal-BIN. CE conditions: buffer, 100 mM 

borate (pH 9.0) contains hydroxypropyl-β-CD (10 mg/mL); applied voltage, 20 kV 

(detector at cathode side); uncoated fused-silica capillary, 50 cm (effective length) × 50 µm 

I.D.; sample injection, 3s by pressure (0.5 psi); wavelength, 254 nm; system temperature, 

15 °C. 
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3. Experimental  

3.1. General 

D, L-Glucose (Glc), D, L-galactose (Gal), D, L-mannose (Man), D, L-arabinose (Ara), D, L-ribose 

(Rib), D, L-xylose (Xyl), D, L-fucose (Fuc), L-rhamnose (Rha), N-acetyl D-glucosamine (GlcNAc),  

hydroxypropyl-β-CD and 2-naphthol (used as the internal standard, IS) were purchased from Sigma-

Aldrich (St. Louis, MO, USA). Indole, acetic acid and iodine were purchased from Acros (Morris 

Plains, NJ, USA). Disodium tetraborate (Na2B4O7), hydrochloric acid (HCl) and sodium hydroxide 

(NaOH) were obtained from Merck (Darmstadt, Germany) and all materials are analytical grade. Milli-

Q water (Millipore, Bedford, MA, USA) was used for the preparation of buffer and related aqueous 

solution. Analytical instruments: The NMR spectra were recorded on Bruker 600 MHz NMR 

spectrometer (Bruker BioSpin GmbH, Rheinstetten, Germany) with 5 mm Cryoprobe DCI 
1
H/

13
C. The 
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MALDI-TOF mass spectrometer which was used to acquire the spectra was a Voyager Elite (Applied 

Biosystems, Foster City, CA. USA), equipped with a nitrogen pulsed laser (337 nm). The accelerating 

voltage was set at 20 kV in a positive ion mode. Spectra from 80–100 laser shots were accumulated to 

obtain the final spectrum. The CE system is described as section 3.3 in below. 

3.2. Preparation of aldo-BINs 

Typically, a solution of aldose (54.0 mg, 0.3 mmol) and indole (87.9 mg, 0.8 mmol) was stirred 

with iodine (0.5 mg, 10 mol%) in AcOH (1.0 mL) for 12~16 h at 50 °C. The reaction was completed as 

indicated by the TLC analysis. The reaction mixture was concentrated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel (9:1 CHCl3/MeOH) to give the 

aldo-BINs in 80~95% yields (Figure 5).  

Figure 5. The chemical structures of D-, L-aldo-BIN. 
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(2R,3R,4R,5S)-6,6-di(1H-Indol-3-yl)hexane-1,2,3,4,5-pentaol [8] C22H24N2O5 1: brown solid; [α]
20
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J = 8.0 Hz, ArH), 7.61 (1 H, d, J = 8.0 Hz, ArH), 7.38 (1 H, s, ArH), 7.30 (1 H, d, J = 12.7 Hz, ArH), 

7.28 (1 H, d, J = 12.7 Hz, ArH) 7.09 (1 H, s, ArH), 7.04 (1 H, d, J = 14.7 Hz, ArH), 7.03 (1 H, d,  

J = 14.8 Hz, ArH), 7.00 (1 H, d, J = 8.0 Hz, ArH), 6.92 (1 H, d, J = 8.0 Hz, Ar H), 4.96 (1 H, d,  

J = 7.8 Hz, H-6), 4.69 (1 H, dd, J = 7.8, 3.6 Hz, H-5), 3.92 (1 H, dd, J = 3.6, 2.3 Hz, H-4), 3.74 (1 H, 

dd, J = 7.3, 2.3 Hz, H-3), 3.70–3.67 (2 H, m, H-2, H-1a), 3.54 (1 H, dd, J = 12.3, 6.9 Hz, H-1b); 
13

C-

NMR (MeOD-d4, 150 MHz) δ 138.1, 138.0, 129.3, 128.3, 124.3, 124.2, 122.3, 122.2, 120.31, 120.29, 

119.56, 119.50, 118.0, 116.6, 112.24, 112.19, 77.6, 75.3, 73.3, 71.2, 64.7, 38.0; MS (MALDI) found: 

m/z = 419.105 [M + Na]
+
. 

 

(2S,3S,4S,5R)-6,6-di(1H-Indol-3-yl)hexane-1,2,3,4,5-pentaol C22H24N2O5 2: brown solid; [α]
20

D –50 (c 

1.0, MeOH); Rf 0.25 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.71 (1 H, d, J = 7.9 Hz, 

ArH), 7.60 (1 H, d, J = 7.9 Hz, ArH), 7.40 (1 H, s, ArH), 7.30 (1 H, d, J = 11.6 Hz, ArH), 7.29 (1 H, d, 

J = 11.6 Hz, ArH), 7.12 (1 H, s, ArH), 7.03 (1 H, t, J = 6.9 Hz, ArH), 7.02 (1 H, t, J = 6.9 Hz, ArH), 

6.95 (1 H, t, J = 7.6 Hz, ArH), 6.91 (1 H, t, J = 7.6 Hz, ArH), 4.93 (1 H, d, J = 7.9 Hz, H-6), 4.67 (1 H, 

dd, J = 7.9, 3.4 Hz, H-5), 3.92 (1 H, dd, J = 3.4, 2.0 Hz, H-4), 3.72 (1 H, dd, J = 7.2,  

2.0 Hz. H-3), 3.67–3.64 (2 H, m, H-2, H-1a), 3.50 (1 H, dd, J = 12.3, 6.9 Hz, H-1b); 
13

C-NMR 

(MeOD-d4, 150 MHz) δ 138.3, 138.2, 129.3, 128.5, 124.3, 124.2, 122.3, 122.2, 120.4, 120.3, 119.6, 

119.5, 118.0, 116.7, 112.3, 112.2, 77.7, 75.4, 73.3, 71.2, 64.7, 38.2; MS (MALDI) found:  

m/z = 419.115 [M + Na]
+
. 

 

(2R,3R,4R,5R)-6,6-di(1H-Indol-3-yl)hexane-1,2,3,4,5-pentaol C22H24N2O5 3: brown solid; [α]
20

D –18 

(c 1.1, MeOH); Rf 0.28 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.70 (1 H, d,  

J = 8.0 Hz, ArH), 7.56 (1 H, d, J = 8.0 Hz, ArH), 7.34 (1 H, s, ArH), 7.30 (2 H, t, J = 7.9 Hz, ArH), 

7.19 (1 H, s, ArH), 7.04 (2 H, t, J = 7.2 Hz, ArH), 6.94 (1 H, t, J = 7.3 Hz, ArH), 6.91 (1 H, t,  

J = 7.3 Hz, ArH), 5.15 (1 H, d, J = 3.0 Hz, H-6), 4.52 (1 H, dd, J = 8.5, 3.0 Hz, H-5), 3.92 (1 H, d,  

J = 7.9 Hz, H-3), 3.78 (1 H, d, J = 8.5 Hz, H-4), 3.73 (1 H, dd, J = 11.2, 3.6 Hz, H-1a), 3.65 (1 H, m, 

H-2), 3.56 (1 H, dd, J = 11.2, 3.6 Hz, H-1b); 
13

C-NMR (MeOD-d4, 150 MHz) δ 138.3, 137.9, 129.9, 

128.5, 125.3, 124.4, 122.2, 122.1, 120.5, 120.2, 119.5, 119.4, 119.1, 115.2, 112.2, 112.1, 75.4, 73.4, 

71.7, 71.4, 65.1, 36.6; MS (MALDI) found: m/z = 419.116 [M + Na]
+
. 

(2R,3S,4R,5S)-6,6-di(1H-Indol-3-yl)hexane-1,2,3,4,5-pentaol C22H24N2O5 4: brown solid; [α]
20

D +30 

(c 1.1, MeOH); Rf 0.24 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.67 (1 H, d,  

J = 7.9 Hz, ArH), 7.64 (1 H, d, J = 7.9 Hz, ArH), 7.33 (1 H, s, ArH), 7.29 (1 H, d, J = 13.1 Hz, ArH), 

7.27 (1 H, d, J = 13.1 Hz, ArH), 7.23 (1 H, s), 7.01 (2 H, t, J = 7.9 Hz, ArH), 6.92 (1 H, t, J = 7.3 Hz, 

ArH), 6.91 (1 H, t, J = 7.3 Hz, ArH), 4.90 (1 H, d, J = 10.3 Hz, H-6), 4.85 (1 H, dd, J = 10.3, 6.5 Hz, 

H-5), 3.89 (1 H, td, J = 6.5, 0.8 Hz, H-4), 3.76–3.72 (2 H, m, H-3, H-1a), 3.62–3.57 (2 H, m, H-2, H-

1b); 
13

C-NMR (MeOD-d4, 150 MHz) δ 138.3, 138.1, 129.2, 128.6, 123.9, 123.8, 122.21, 122.18, 120.4 

(2 ×), 119.5, 119.4, 118.2, 117.7, 112.2 (2 ×), 73.7, 72.1, 71.9, 71.8, 65.1, 38.4; MS (MALDI) found: 

m.z = 419.108 [M + Na]
+
. 

(2R,3R,4R)-5,5-di(1H-Indol-3-yl)pentane-1,2,3,4-tetraol C21H22N2O4 5: brown solid; [α]
20

D –51 (c 1.0, 

MeOH); Rf 0.39 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.67 (1 H, d, J = 8.0 Hz, ArH), 
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7.63 (1 H, d, J = 8.0 Hz, ArH), 7.32 (1 H, s, ArH), 7.28 (1 H, d, J = 10.6 Hz, ArH), 7.27 (1 H, d,  

J = 10.6 Hz, ArH), 7.19 (1 H, s, ArH), 7.02 (2 H, t, J = 7.4 Hz, ArH), 6.93 (1 H, t, J = 7.5 Hz, ArH), 

6.91 (1 H, t, J = 7.5 Hz, ArH), 4.90 (1 H, br, H-4), 4.8 (1 H, d, J = 10.1 Hz, H-5), 3.77–3.75 (2 H, m, 

H-3, H-1a), 3.60 (1 H, dd, J = 7.1, 4.6 Hz, H-2), 3.54 (1 H, dd, J = 12.1, 7.1 Hz, H-1b); 
13

C-NMR 

(MeOD-d4, 150 MHz) δ 138.3, 138.1, 129.3, 128.6, 123.9, 123.8, 122.24, 122.19, 120.4 (2 ×), 119.54, 

119.46, 118.1, 117.8, 112.2 (2 ×), 73.8, 73.7, 72.8, 65.2, 38.3; MS (MALDI) found:  

m/z = 389.077 [M + Na]
+
. 

 

(2R,3R,4S)-5,5-di(1H-Indol-3-yl)pentane-1,2,3,4-tetraol C21H22N2O4 6: brown solid; [α]
20

D +58 (c 1.0, 

MeOH); Rf 0.46 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.66 (1 H, d, J = 8.0 Hz, ArH), 

7.61 (1 H, d, J = 8.0 Hz, ArH), 7.37 (1 H, s, ArH), 7.31 (1 H, d, J = 11.4 Hz, ArH), 7.30 (1 H, d,  

J = 11.4 Hz, ArH), 7.12 (1H, s, ArH), 7.05 (1 H, t, J = 7.4 Hz, ArH), 7.04 (1 H, t, J = 7.4 Hz, ArH), 

6.94 (1 H, t, J = 7.3 Hz, ArH), 6.93 (1 H, t, J = 7.3 Hz, ArH), 5.16 (1 H, d, J = 3.1 Hz, H-5), 4.42  

(1 H, dd, J = 8.5, 3.1 Hz, H-4), 3.88 (1 H, dd, J = 9.5, 5.8 Hz, H-2), 3.80 (1 H, dd, J = 11.4, 3.7 Hz, H-

1a), 3.69–3.64 (2 H, m, H-3, H-1b); 
13

C-NMR (MeOD-d4, 150 MHz) δ 138.3, 137.8, 129.9, 128.4, 

125.3, 124.6, 122.2, 122.1, 120.4, 120.1, 119.5, 119.5, 118.7, 115.1, 112.3, 112.1, 77.7, 75.3, 73.9, 

64.1, 36.8; MS (MALDI) found: m/z = 389.076 [M + Na]
+
.  

 

(2R,3S,4S)-5,5-di(1H-Indol-3-yl)pentane-1,2,3,4-tetraol C21H22N2O4 7: brown solid; [α]
20

D +60 (c 1.1, 

MeOH); Rf 0.43 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.71 (1 H, d, J = 8.0 Hz, ArH), 

7.59 (1 H, d, J = 8.0 Hz, ArH), 7.37 (1 H, s, ArH), 7.28 (1 H, d, J = 8.4 Hz, ArH), 7.27 (1 H, d,  

J = 8.4 Hz, ArH), 7.10 (1 H, s, ArH), 7.03 (1 H, t, J = 7.6 Hz, ArH), 7.02 (1 H, t, J = 7.6 Hz, ArH), 

6.95 (1 H, t, J = 7.7 Hz, ArH), 6.90 (1 H, t, J = 7.7 Hz, ArH), 4.93 (1 H, d, J = 8.0 Hz, H-5), 4.63  

(1 H, dd, J = 8.0, 3.3 Hz, H-4), 3.81 (1 H, dd, J = 10.2, 4.5 Hz, H-1a), 3.67 (1 H, t, J = 3.6 Hz, H-2), 

3.62–3.53 (2 H, m, H-3, H-1b); 
13

C NMR (MeOD-d4, 150 MHz) δ 138.2, 138.1, 129.3, 128.5, 124.3, 

124.1, 122.3, 122.2, 120.34, 120.29, 119.6, 119.5, 118.1, 117.0, 112.3, 112.2, 76.3, 75.2, 72.6, 64.7, 

38.0; MS (MALDI) found: m/z = 389.071 [M + Na]
+
. 

 

(2S,3R,4S,5R)-1,1-di(1H-Indol-3-yl)hexane-2,3,4,5-tetraol C22H24N2O4 8: brown solid; [α]
20

D –34 (c 

1.0, MeOH); Rf 0.55 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.69 (1 H, d, J = 8.0 Hz, 

ArH), 7.65 (1 H, d, J = 8.0 Hz, ArH), 7.30 (1 H, s, ArH), 7.28 (1 H, d, J = 14.4 Hz, ArH), 7.26 (1 H, d, 

J = 14.4 Hz, ArH), 7.21 (1 H, s, ArH), 7.03 (2 H, t, J = 7.0 Hz, ArH), 6.93 (1 H, t, J = 7.3 Hz, ArH), 

6.91 (1 H, t, J = 7.3 Hz, ArH), 4.90 (1 H, br, H-2), 4.85 (1 H, d, J = 10.3 Hz, H-1), 4.01 (1 H, dd,  

J = 10.3, 2.3 Hz, H-3), 3.71 (1 H, d, J = 6.5 Hz, H-5), 3.49 (1 H, dd, J = 7.5, 2.3 Hz, H-4), 1.12 (3 H, d, 

J = 6.5 Hz, CH3); 
13

C-NMR (MeOD-d4, 150 MHz) δ 138.2, 138.1, 129.3, 128.6, 123.9, 123.8, 122.2, 

122.2, 120.5 (2 ×), 119.5, 119.5, 118.2, 117.8, 112.2 (2 ×), 75.9, 74.0, 71.9, 67.8, 38.4, 20.1; MS 

(MALDI) found: m/z = 403.114 [M + Na]
+
. 

 

(2R,3R,4R,5R)-1,1-di(1H-Indol-3-yl)hexane-2,3,4,5-tetraol C22H24N2O4 9: brown solid; [α]
20

D +120 (c 

1.0, MeOH); Rf 0.53 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 7.71 (1 H, d, J = 8.0 Hz, 

ArH), 7.60 (1 H, d, J = 8.0 Hz, ArH), 7.34 (1 H, s, ArH), 7.31 (2 H ,t, J = 8.2 Hz, ArH), 7.18 (1 H, s, 
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ArH), 7.06 (2 H, t, J = 7.9 Hz, ArH), 6.95 (1 H, t, J = 7.7 Hz, ArH), 6.93 (1 H, t, J = 7.7 Hz, ArH), 

5.17 (1 H, d, J = 3.2 Hz, H-1), 4.55 (1 H , dd, J = 8.4, 3.2 Hz, H-2), 3.85 (1 H, d, J = 8.4 Hz, H-3), 3.78 

(1 H, m, H-5), 3.68 (1 H, d, J = 7.5 Hz, H-4), 1.18 (3 H, d, J = 6.3 Hz, CH3); 
13

C NMR (MeOD-d4, 150 

MHz) δ 138.2, 137.8, 129.8, 128.4, 125.3, 124.3, 122.2, 122.1, 120.5, 120.2, 119.5, 119.4, 119.0, 

115.2, 112.2, 112.1, 75.6, 75.1, 71.5, 69.3, 36.6, 20.6; MS (MALDI) found: m/z = 419.105 [M + Na]
+
. 

 

N-((2S,3R,4R,5R)-3,4,5,6-Tetrahydroxy-1,1-di(1H-indol-3-yl)hexane-2-yl)acetamide C24H27N3O5 10: 

brown solid; [α]
20

D –37 (c 1.1, MeOH); Rf 0.55 (8:2 CHCl3/MeOH); 
1
H-NMR (MeOD-d4, 600 MHz) δ 

7.73 (1 H, d, J = 8.0 Hz, ArH), 7.55 (1 H, d, J = 8.0 Hz, ArH), 7.27–7.24 (3 H, m, ArH), 7.21 (1 H, s, 

ArH), 7.02 (1 H, t, J = 7.4 Hz, ArH), 7.00 (1 H, t, J = 7.4 Hz, ArH), 6.94 (1 H, t, J = 7.4 Hz, ArH), 

6.89 (1 H, t, J = 7.4 Hz, ArH), 5.06 (1 H, dd, J = 10.8, 4.8 Hz, H-2), 4.87 (1 H, d, J = 10.8 Hz, H-1), 

4.07–4.03 (2 H, m, H-3, H-4), 3.87–3.84 (2 H, m, H-5, H-6a), 3.65 (1 H, dd, J = 5.9, 2.6 Hz, H-6b); 
13

C-NMR (MeOD-d4, 150 MHz) δ 173.7, 138.3, 138.1, 129.1, 128.5, 124.3, 122.8, 122.3, 122.1, 120.5, 

120.0, 199.6, 119.4, 118.4, 117.8, 122.3, 112.1, 83.2, 74.3, 74.0, 72.7, 55.2, 37.5, 22.7; MS (MALDI) 

found: m/z = 442.149 [M + Na]
+
. 

3.3. CE system 

A Beckman P/ACE System MDQ (Fullerton, CA, USA) equipped with a filter UV detector and a 

liquid-cooling device was used. The separation of aldo-BINs was carried out in an uncoated-silica 

capillary (50 cm length × 50 µm i.d.; Polymicro Technologies, USA). The background electrolyte 

(BGE) was borate buffer (100 mM, pH 9.0). The samples were injected by pressure (0.5 psi for 3s) at 

the anodic end of the capillary and a constant voltage of +20 kV was applied during analyses. For 

enantioseparation of seven pairs of racemic aldo-BINs, the analyses were achieved by using BGE 

consisted of borate buffer (100 mM, pH 9.0) and hydroxypropyl-β-CD (10 mg/mL) as the chiral 

selector in a 50 cm capillary (effective length) at 20 kV. After CE analysis the each new sample 

running was conditioned with 0.1 M NaOH for 5 min, water for 3 min and BGE for another 5 min. 

3.4. Optimization of the separation of aldo-BIN derivatives 

Simultaneous determination of nine aldo-BINs was achieved using optimized CE conditions  

(Figure 1). Effects of concentration of borate buffer, chiral selector, separation voltage, temperature 

and pH were studied to decide the optimal separation conditions. The resolution and migration time of 

all derivatives increased in expectation with increasing of borate concentration. The reason was depend 

on the destabilization of aldo-BIN-borate complex. With the high-pH BGE system, the extents of 

proton ionization of aldo-BINs and charge/mass ratio would result in the difference of migration 

velocities. Considering the resolution and migration time, the optimizing CE condition was set as 

borate buffer (100 mM), hydroxypropyl-β-CD (10 mg/mL), 20 kV, 15 °C and its pH was 9.0. 

4. Conclusions  

We have achieved a simple and efficient process for saccharide labeling using indole as a tagging 

agent. Various aldoses react readily with indole to form the corresponding aldo-BINs in high yield. In 
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comparison with the reductive amination of saccharides, this reaction is easier to operate and more 

environmentally friendly. Here we demonstrate that not only the compositional analysis but also the 

enantioseparation of D-, L-monosaccharides is facilitated by incorporating a chiral selector in borate 

buffer. Several kinds of D-, L-aldo-BIN pairs can be enantioseparated distinctively in this LECE 

system. The present CE method also allows simultaneous chiral resolution and composition analysis of 

polysaccharides from medicinal herbs. Here, D-, L-aldo-BINs in CE chromatography provides a rapid 

method for identification of saccharides’ D-, L-configuration, which should be promising in further 

application to investigate the composition and stereoconfiguration of saccharides in medicinal herbs. 

This is a first example of the use of aldo–BINs for compositional analysis of polysaccharides and the 

enantioseparation of monosaccharides in LECE analysis. 

Acknowledgements 

We thank the Genomics Research Center at Academia Sinica and National Science Council (NSC), 

Taiwan for financial support and Jim-Min Fang for discussion and manuscript revision. 

References  

1. Bertozzi, C.R.; Kiessling, L.L. Chemical glycobiology. Science 2001, 291, 2357–2364. 

2. Price, N.P.J.; Bowman, M.J.; Gall, S.L.; Berhow, M.A.; Kendra, D.F.; Lerouge, P. Functionalized 

C-glycoside ketohydrazones: Carbohydrate derivatives that retain the ring integrity of the terminal 

reducing sugar. Anal. Chem. 2010, 82, 2893–2899. 

3. Colombeau, L.; Traoré, T.; Compain, P.; Martin, O.R. Metal-free one-pot oxidative amidation of 

aldoses with functionalized amines. J. Org. Chem. 2008, 73, 8647–8650. 

4. Kamal, A.; Qureshi, A.A. Synthesis of some substituted di-indolylmethanes in aqueous medium at 

room temperature. Tetrahedron 1963, 19, 513–520. 

5. Chen, D.; Yu, L.; Wang, P.G. Lewis acid-catalyzed reactions in protic media. Lanthanide-

catalyzed reactions of indoles with aldehydes or ketones. Tetrahedron Lett. 1996, 37, 4467–4470. 

6. Ji, S.J.; Wang, S.Y.; Zhang, Y.; Loh, T.P. Facil synthesis of bis(indolyl)methanes using catalytic 

amount of iodine at room temperature under solvent-free conditions. Tetrahedron 2004, 60,  

2051–2055. 

7. Sato, S.; Akiya, T.; Suzuki, T.; Onodera, J. Environmentally friendly C-glycosylation of 

phloroacetophenone with unprotected D-glucose using scandium (III) trifluoromethanesulfonate in 

aqueous media: Key compounds for the synthesis of mono- and di-C-glucosylflavonoids. 

Carbohydr. Res. 2004, 339, 2611–2614. 

8. Sato, S.; Sato, T. A mild and environmentally friendly scandium (III) trifluoromethanesulfonate-

catalyzed synthesis of bis(3’-indolyl)alkanes and bis(3’-indolyl)-1-deoxyalditols. Carbohydr. Res. 

2005, 340, 2251–2255. 

9. Guttman, A. Analysis of monosaccharide composition by capillary electrophoresis. J. 

Chromatogr. A 1997, 763, 271–277. 

10. Volpi, N.; Maccari, F.; Linhardt, R.J. Capillary electrophoresis of complex natural 

polysaccharides. Electrophoresis 2008, 29, 3095–3106. 



Molecules 2011, 16                            

 

 

1694

11. Lin, C.; Hung, W.T.; Kuo, C.Y.; Liao, K.S.; Liu, Y.C.; Yang, W.B. I2-catalyzed oxidative 

condensation of aldoses with diamines: Synthesis of aldo-naphthimidazoles for carbohydrate 

analysis. Molecules 2010, 15, 1340–1353. 

12. Ward, T.J.; Baker, B.A. Chiral separations. Anal. Chem. 2008, 80, 4363–4372. 

13. Preinerstorfer, B.; Lämmerhofer, M.; Lindner, W. Advances in enantioselective separations using 

electromigration capillary techniques. Electrophoresis 2009, 30, 100–132. 

14. Underberg, W.J.; Waterval, J.C. Derivatization trends in capillary electrophoresis: An update. 

Electrophoresis 2002, 23, 3922–3933. 

15. Gübitz, G.; Schmid, M.G. Chiral separation by capillary electromigration techniques. J. 

Chromatogr. A 2008, 1204, 140–156.  

16. Chankvetadze, B. Enantiomer migration order in chiral capillary electrophoresis. Electrophoresis 

2002, 23, 4022–4035. 

17. Jira, T.; Bunke, A.; Schmid, M.G.; Gubitz, G. Chiral resolution of diols by capillary 

electrophoresis using borate-cyclodextrin complexation. J. Chromatogr. A 1997, 761, 269–275. 

18. Stefansson, M.; Novotny, M. Electrophoretic resolution of monosaccharide enantiomers in borate-

oligosaccharide complexation media. J. Am. Chem. Soc. 1993, 115, 11573–11580. 

19. Kodama, S.; Aizawa, S.; Taga, A.; Yamashita, T.; Yamamoto, A. Chiral resolution of 

monosaccharides as 1-phenyl-3-methyl-5-pyrazolone derivatives by ligand-exchange CE using 

borate anion as a central ion of the chiral selector. Electrophoresis 2006, 27, 4730–4734. 

20. Lin, C.; Kuo, C.Y.; Liao, K.S.; Yang, W.B. Monosaccharide-NAIM derivatives for D-, L-

configurational analysis. Molecules 2011, 16, 652–664. 

21. Hsieh, S.Y.; Chien, C.; Liao, K.S.; Liao, S.F.; Hung, W.T.; Yang, W.B.; Lin, C.C; Cheng, T.J.; 

Chang, C.C.; Fang, J.M.; Wong, C.H. Structure and bioactivity of the polysaccharides in medicinal 

plant Dendrobium huoshanense. Bioorg. Med. Chem. 2008, 16, 6054–6068. 

22. Hua, Y.; Zhang, M.; Fu, C.; Chen, Z.; Chan, G.Y.S. Structural characterization of a 2-O-

acetylglucomannan from Dendrobium officinale stem. Carbohydr. Res. 2004, 339, 2219–2224. 

23. Buenz, E.J.; Bauer, B.A.; Osmundson, T.W.; Motley, T.J. The traditional Chinese medicine 

Cordyceps sinensis and its effects on apoptotic homeostasis. J. Ethnopharmacol. 2005, 96, 19–29. 

24. Zhou, X.; Gong, Z.; Su, Y.; Lin, J.; Tang, K. Cordyceps fungi: Natural products, pharmacological 

functions and developmental products. J. Pharm. Pharmacol. 2009, 61, 279–291. 

25. Wang, S.H.; Yang, W.B.; Liu, Y.C.; Chiu, Y.H.; Chen, C.T.; Kao, P.F.; lin, C.M. A potent 

sphingomyelinase inhibitor from Cordyceps mycelia contributes to its cytoprotective effect against 

oxidative stress in macrophages. J. Lipid Res. 2011, 52, 471–479. 

 

Sample Availability: Samples of D-, L-aldo-BIN compounds are available from the authors. 

 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 

 


