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A B S T R A C T   

The human milk trisaccharide 3′- sialyllactose was reacted with an excess of N-methyl-O-benzylhydroxylamine 
(MBHA) and the product 3′- sialyllactose-MBHA was isolated in high (91%) yield by solid-phase extraction. The 
isomeric trisaccharide 6′-sialyllactose-MBHA was also prepared, in this case by enzymatic sialylation of lactose- 
MBHA. A 50/50 mixture of the two sialyllactose-MBHA derivatives was easily separated by reversed-phase 
HPLC. The free oligosaccharides were recovered from their respective MBHA derivatives by acid hydrolysis.   

1. Introduction 

Mixtures of complex oligosaccharides can be obtained from a variety 
of sources, such as human milk [1], urine, or hydrolysates of glyco-
proteins or glycolipids. Analytical or preparative fractionation of such 
mixtures by HPLC chromatography with common column materials 
such as RP-silica, HILIC, or graphitized carbon is complicated by the fact 
that each oligosaccharide often gives rise to two peaks due to the pres-
ence of both α and β forms. Therefore, various modification procedures 
have been used to avoid the α/β isomerism. Of these, glycosylamine-type 
derivatizations have shown great promise since they often result in 
almost exclusive formation of the beta derivatives. We recently reported 
[2] the use of N,O-dimethylhydroxylamine (DMHA) derivatization for 
preparative RP-HPLC separations of neutral oligosaccharide mixtures. 
We now present work along the same lines with sialylated oligosac-
charides and a slightly more hydrophobic derivatization reagent, 
N-methyl-O-benzylhydroxylamine. 

2. Results and discussion 

After having demonstrated [2] that oligosaccharide derivatization 
with a simple hydroxylamine (N,O-dimethylhydroxylamine, DMHA) 
could facilitate RP-HPLC separation of neutral oligosaccharide mixtures, 
we speculated that this type derivatizations could also be useful for 
separating charged oligosaccharides. A mixture of the human milk tri-
saccharides 3′- and 6′-sialyllactose was chosen as a first test example. 

Sialyated oligosaccharides are more polar than their neutral 

counterparts, so for better RP-HPLC retention the more hydrophobic N- 
methyl-O-benzyl hydroxylamine (MBHA) was chosen as derivatization 
reagent instead of N,O-dimethylhydroxylamine (DMHA). Thus, 3′-sia-
lyllactose was derivatized with MBHA using a similar protocol as that 
previously reported [2] for DMHA derivatizations. The MBHA derivative 
1 was obtained in 91% yield (Scheme 1). 

To prepare (Scheme 2) 6′-sialyllactose-MBHA (3) we synthesized 
lactose-MBHA (2) and performed a 6′-sialylation of this derivative with a 
sialyltransferase from Photobacterium damsela and an excess of CMP- 
sialic acid. Solid-phase extraction from the reaction mixture gave 
MBHA derivative 3 in 94% yield. Thus, the MBHA group can also serve a 
convenient hydrophobic “tag” enabling [3–6] simple isolation of 
glycosylation products from enzymatic reaction mixtures. As with the 
DMHA derivatives, the MBHA derivatives gave strong molecular ions in 
electrospray MS and NMR spectra indicating beta-configuration at 
glucose C-1. 

The two derivatives 1 and 3 were analyzed separately by RP-HPLC 
on a C-18 column using a shallow (5–30%) 0.01 M aq. ammonium 
carbonate - acetonitrile gradient. Both 1 and 3 gave sharp UV (205 nm) 
peaks with different retention times (Fig. 1a and b). A 1:1 mixture of 1 
and 3 showed baseline separation (Fig. 1c). Isocratic conditions (7% 
acetonitrile in 0.01 M aq. ammonium carbonate) gave an even better 
separation (data not shown). 

Having demonstrated good separation of the two sialyllactose MBHA 
derivatives on a C-18 HPLC column, we next investigated conditions for 
hydrolyzing the MBHA derivatives back to their parent oligosaccharides. 
Among the different acidic conditions tested, treatment with acidic ion 
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exchange resins gave the best results. Room temperature treatment 
(6–14 h) with Dowex-50 (H+) in water produced 3′-sialyllactose, 
lactose, and 6′-sialyllactose from 1, 2, and 3 in excellent (80–90%) 
yields, without any signs of further hydrolysis. 

3. Conclusion 

MBHA derivatization of two sialyllactoses enabled their baseline 
separation on a C-18 column. Acid hydrolysis of the MBHA derivatives 
gave back the original free oligosaccharides. An MBHA-derivatized 
oligosaccharide could be conveniently isolated from an enzymatic re-
action mixture by simple solid-phase extraction. 

4. Experimental 

Materials and general methods: Concentrations were performed at 
reduced pressure (bath temperature <40 ◦C). 1H and 13C NMR spectra 
were recorded at 298 K for filtered D2O solutions unless otherwise stated 
with an Agilent 400 MR spectrometer. Chemical shifts are reported in 
parts per million (ppm) and referenced to internal acetone (δH = 2.225, 
δC = 30.0). Vicinal H–H coupling constants are given in Hz. 

LC/MS was performed on an Agilent 1260 Infinity II/LC-MSD iQ 
instrument using a 2.1 × 50 mm C18 column and gradient elution over 7 
min with 5:95 acetonitrile/water with 0.1% formic acid to 95:5 aceto-
nitrile/water with 0.1% formic acid. 

Analytical HPLC was performed on a Hitachi Chromaster instrument 
using a YMC Pack Pro C-18 reversed-phase column (150 × 4.6 mm) at 
30 ◦C column temperature and a flow rate of 0.5 mL/min with detection 
at 205 nm. The mobile phase consisted of aqueous 0.010 M ammonium 
bicarbonate – acetonitrile mixtures. Derivatized oligosaccharides were 
eluted with a 30 min gradient from 95:5 to 70:30 aqueous 0.010 M 
ammonium bicarbonate – acetonitrile buffer. 

TLC was performed on Silica Gel F254 (Merck, Darmstadt, Germany) 
plates. Analytes in 1–5 mg/mL solutions were applied to the plates with 
the aid of a glass capillary, and the plates were briefly evacuated at 1 torr 
to evaporate the application solvent. Elution was with 8:4:1, 10:4:1 or 
20:4:1 isopropanol-water-conc aq. ammonia or 12:3:3:2 ethyl acetate- 
methanol-acetic acid-water, and the spots were visualized by dipping 

in 5% sulfuric acid in ethanol, followed by heating with a heat gun. 
Specific rotations were recorded for solutions in water containing 

ammonium bicarbonate (10 mM) at 25 ◦C. 
Solid phase extraction was performed with C-18 reversed-phase sil-

ica columns (Waters Bondapak HC18, 37–55 microM, 125 Å). 
Yields were calculated from the weights of the reactants versus the 

products. The purites and identities of the new compounds were ascer-
tained by NMR, LC-MS and TLC. 

Reagents and solvents of high commercial quality were used without 
further purification unless otherwise stated. High-quality water (MQ 
water) was obtained by passing de-ionized tap water through a Milli-Q 
purification unit. The two sialyllactoses were from IsoSep AB (Tul-
linge, Sweden), N-methyl-O-benzylhydroxylamine was from AmBeed 
Inc. (Arlington Hts, Illinois, USA), CMP-NeuAc was from Roche (Basel, 
Switzerland), and recombinant Photobacterium damsela alpha-2,6- 
sialyltransferase was from Sigma-Aldrich/Merck (Darmstadt, Ger-
many). One unit of the enzyme is defined as the amount that will ca-
talyse the formation of 1 micromol of Neu-5-Ac alpha-2,6-Lac-MU from 
CMP-Neu-5-Ac and Lac-beta-MU per minute at pH 8.0 at 37 ◦C. 

4.1. N-methyl-O-benzylhydroxylamine hydrochloride 

Methanolic HCl (1 M, 10 mL, 10 mmol, freshly prepared by slowly 
adding the required amount of acetyl chloride to methanol, stirred and 
cooled in ice) was added portionwise to a solution of N-methyl-O-ben-
zylhydroxylamine (1000 mg, 7.15 mmol) in methanol (5.0 mL), stirred 
and cooled in ice. The solution was evaporated, coevaporated once with 
methanol (5 mL), and then kept under vacuum (0.1 torr) for 30 min to 
give an oily residue which solidified on seeding. Recrystallization from 
chloroform-pentane gave a total of 915 mg (72%) in 3 batches. NMR 
data (CDCl3, δH CHCl3 = 7.26, δC CDCl3 = 77.00): 1H, δ 2.976 (s, 3H), 
5.319 (s, 2H), 7.37–7.43 (M, 5H), 12.345 (s, 2H); 13C, δ 35.38, 76.58, 
128.79, 129.53, 129.61, 132.37. 

4.2. MBHA derivative of 3′-sialyllactose (1) 

A mixture of anhydrous sodium acetate (14 mg) and N –methyl-O- 
benzylhydroxylamine hydrochloride (40 mg, 0.21 mmol) in water (125 

Scheme 1. 3′-Sialyllactose derivatization with N-methyl-O-benzylhydroxylamine (MBHA).  

Scheme 2. Derivatization of lactose with MBHA to give 2 and enzymatic 6′-sialylation to give 3.  
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microL) was added to 3-sialyllactose (36 mg, 0.057 mmol) in water (50 
microL). The reaction was monitored periodically by TLC. For proper 
TLC’s, 10 microL aliquots of the reaction mixture were diluted with 100 
microL10 mM aqueous ammonium bicarbonate before application, the 
plates were then shortly evacuated and eluted. After 16 h the reaction 
was approximately 90% finished. The reaction mixture was diluted with 
aq 0.5 M sodium bicarbonate (1.0 mL, 0.5 mmol) and applied onto a 
column of Sep-pak-C-18 (1.3 g, wetted with methanol and equilibrated 
with 10 mM aq ammonium bicarbonate) which was eluted with first 10 
mM aqueous ammonium bicarbonate (5 mL), then with this buffer in 
mixture with increasing amounts of methanol (10, 20, 30, 40, 50%), 5 
mL each. Appropriate fractions were pooled, partially evaporated, and 
lyophilized. Solid material (39 mg, 91%) was obtained. LC-MS showed a 
main peak that gave a strong positive ion at m/z 753.6 (M + H)+, [α]D =

+13.1◦ (c = 0.5). HRMS: Calc. for C31H49N2O19 
+: 753.2924. Found: 

753.2908. NMR data (D2O): 1H, δ 1.807 (t, 1H, J = 12.5), 2.038 (s, 3H), 
2.766 (dd, 1H, J = 12.5, 4.5), 2.801 (s, 3H), 3.50–4.00 (m, 18H), 4.119 
(dd, 1H, J = 9.8, 2.4), 4.174 (d, 1H, J = 8.2), 4.531 (d, 1H, J = 7.9), 

4.790 (d, 1H, J = 10.2), 4.830 (d, 1H, J = 10.2), 7.40–7.50 (m, 5H); 13C 
NMR, δ 21.95, 38.66, 39.55, 51.59, 60.01, 60.98, 62.48, 67.40, 68.01, 
68.27, 69.28, 69.57, 71.67, 72.79, 75.08, 75.11, 75.39, 75.46, 76.01, 
77.89, 92.93, 99.70, 102.52, 128.64, 129.36, 135.73, 173.79, 174.91. 

4.3. MBHA derivative of lactose (2) 

Lactose monohydrate (72 mg, 0.2 mmol) was dissolved in water (400 
microL) and added to a slurry of anhydrous sodium acetate (33 mg, 0.2 
mmol) and N-methyl-O-benzylhydroxylamine hydrochloride (130 mg, 
0.75 mmol) in water (200 microL). The reaction was monitored peri-
odically by TLC. For proper TLC’s, 10 microL aliquots of the reaction 
mixture were diluted with 90 microL10 mM aqueous ammonium bi-
carbonate before application, the plates were then shortly evacuated 
and eluted. After 20 h at room temperature the reaction was approxi-
mately 90% finished. The mixture was diluted with aq 1 M sodium bi-
carbonate (1.0 mL) and quickly applied to a column of Bondapak-C-18 
(3 g, wetted with methanol and equilibrated with 10 mM aq 

Fig. 1. HPLC chromatograms (0.01 M aq. ammonium carbonate - acetonitrile 5–30% gradient. a) 3′-Sialyllactose-MBHA (1), b) 6′-Sialyllactose-MBHA (3), c) A 1:1 
mixture of compound 1 and 3. 
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ammonium bicarbonate) and eluted with first 10 mM aqueous ammo-
nium bicarbonate (5 mL), then with this buffer in mixture with 
increasing amounts of methanol (10,20,30,40,50, 60%, 70%), 5 mL 
each. Appropriate fractions were pooled, partially evaporated, and 
lyophilized. Solid material (83 mg, 90%) was obtained. LC-MS showed a 
main peak that gave a strong positive ion at m/z 462.2 (M + H)+, [α]D =

+ 6.4◦ (c = 0.8). HRMS: Calc. for C20H32NO11 
+: 462.1970. Found: 

462.1983. NMR data (D2O): 1H, δ 2.804 (s, 3H), 3.50–3.95 (m, 12H), 
4.176 (d, 1H, J = 8.5), 4.45 (d, 1H, J = 7.8), 4.790 (d, 1H, J = 10.2), 
4.833 (d, 1H, J = 10.2), 7.40–7.50 (m, 5H); 13C NMR, δ 38.68, 60.03, 
60,99, 68.50, 69.59, 70.88, 72.44, 75.14, 75.28, 75.51, 76.02, 78.03, 
92.92, 102.82, 128.65, 129.38, 135.73. 

4.4. MBHA derivative of 6′-sialyllactose (3) 

Recombinant alpha-2,6-sialyltransferase from Photobacterium 
damsela (0.6 mL of a 1.00 U/mL solution in MQ water, 600 mU) was 
added to a mixture of compound 2 (30 mg, 60 micromol) and CMP- 
NeuAc (49 mg, 75 micromol) in buffer (3.0 mL, 0.1 M sodium cacody-
late, 0.015 MnCl2, pH 7.3). The reaction mixture was magnetically 
stirred at 37 ◦C. A check by TLC (isopropanol-water-aq NH3, 20:4:1 or 
ethyl acetate-methanol-acetic acid-water, 12:3:3:2) revealed a >95% 
finished reaction after 20 h. The mixture was diluted with aqueous 10 
mM ammonium bicarbonate (2 mL) and applied onto a C-18 Bondapak 
column (10 g, wetted with methanol, then equilibrated with aqueous 10 
mM ammonium bicarbonate). The column was eluted first with aqueous 
10 mM ammonium bicarbonate (15 mL), then with methanol-aqueous 
10 mM ammonium bicarbonate mixtures (10 mL each, from 5 to 40% 
methanol, 5% increments). The fractions were checked by TLC. 
Appropriate fractions were pooled, partially evaporated, and lyophilized 
to give material (46 mg, 94%). LC-MS showed a main peak that gave a 
strong positive ion at m/z 753.3 (M + H)+, [α]D = - 8.2◦ (c = 0.5). 
HRMS: Calc. for C31H49N2O19 

+: 753.2924. Found: 753.2922. NMR data: 
1H, δ 1.781 (t, 1H), 2.043 (s, 3H), 2.737 (dd, 1H), 2.804 (s, 3H), 
3.49–4.05 (m, 19H), 4.177 (d, 1H), 4.428 (d, 1H), 7.40–7.50 (M, 5H); 
13C NMR, δ 21.97, 38.79, 40.03, 51.69, 60.19, 62.56, 63.47, 68.28, 
68.32, 68.40, 69.39, 70.66, 71.72, 72.25, 72.42, 73.60, 75.21, 75.77, 
75.80, 79.65, 92.76, 103.20, 128.62, 129.35, 135.64. 

4.5. General procedure for hydrolysis of oligosaccharide MBHA 
derivatives 

A slurry (0.4 mL, pre-washed with MQ water until the supernatant 
was neutral to pH paper) of Dowex-50W x 2 (200 mesh, H+) was added 
to a solution of the MBHA derivative (0.020 mmol) in MQ water (1.6 
mL) in a 3 mL capped vial. The tube was gently agitated by rotation at 
room temperature (22–24 ◦C), and the progress of the reaction was 
monitored by TLC (isopropanol-water-conc aq ammonia 10:4:1). When 
TLC indicated a complete reaction (usually after 6–14 h) the mixture 
was filtered and the ion exchange resin was washed with MQ water (2 ×
2 mL). Aqueous ammonia (25%, 40 microL) was added to the combined 
filtrate and washings, and the solution was evaporated to a small vol-
ume, then lyophilized. The residual colorless solid (0.15–0.018 mmol) 
gave an H NMR spectrum identical to that of the corresponding free 
oligosaccharide. 

4.6. Hydrolysis of derivative 1 

A 90% yield of a solid which was indistinguishable (H-NMR) from an 
authentic sample of 3′-sialyllactose was obtained. 

4.7. Hydrolysis of derivative 2 

An 81% yield of a solid which was indistinguishable (H-NMR) from 
an authentic sample of lactose was obtained. 

4.8. Hydrolysis of derivative 3 

A 90% yield of a solid which was indistinguishable (H-NMR) from an 
authentic sample of 6′-sialyllactose was obtained. 
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