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Synthesis of Two New Chromogenic Glycosides of
4-nitrocatechol – ααααα-D-N-acetylmannopyranosaminide

and ααααα-L-rhamnopyranoside, as Substrates for Exoglycosidases

FLORENTINA DUICA1, SILVIA STEFANIA GITMAN1, CORINA LOREDANA HOTOLEANU1, ALINA NICOLESCU2,
DUMITRU PETRU IGA1*
1 University of Bucharest, Faculty for Biology, 95 Splaiul Independentei, 050095, Bucharest, Romania
2“Petru Poni” Institute of Macromolecular Chemistry, Group of Biospectroscopy, 4A  Gh. Ghica, 700487, Iasi, Romania

The peracetates of N-acetyl-D-mannosamine and L-rhamnose were reacted with 4-nitrocatechol in a Helferich
glycosylation, by using BF3·OBu2 as chemical promotor. The synthesized glycosides were purified by column
chromatography on silica gel or by crystallization from ethanol and then characterized chemically,
chromatographically and by 1H and 13C NMR spectroscopy. Both synthetic glycosides were hydrolyzed by an
enzymatic extract of snail, Helix pomatia.
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Aromatic glycosides are a vast group of natural [1-5] or
synthetic [6-9] compounds having important biological and
practical implications. Prechromogenic [10-13]
chromogenic [14-17], and fluorogenic [18,19] glycosides
mimick the structure of natural aromatic glycosides.

A great diversity of aglycons have been used as chemical
moiety for mono- or oligosaccharides in the construction
of glycosides to be used as substrates for exo-glycosidases.
In order to synthesize prechromogenic substrates, phenol
[10,13,20-22], 2-naphthol [6,23] and many other
derivatized phenols [24,25] were used as aglycons. Instead,
for the synthesis of chromogenic substrates, 2-nitrophenol
[14,15,22,26], 4-nitrophenol [22,27-29], halogenated indols
[30,31] and even 4-nitrocatechol [9,16,17] were aglycons
of choice. Many other phenolic derivatives served for the
preparation of substrates for exoglycosidases: 4-methyl
umbelliferone [18], phenolphthalein [32], cyclo-hexeno-
esculetin [33,34], p-naphtholbenzein [35], alizarin [36].

Synthesis of natural (soluble) glycosides constituted the
first ample approach in carbohydrate chemistry. β-D-
Glucopyranosyl-phenol and helicin were synthesized in
methanol by the reaction of tetra-O-acetyl β-D-
glucopyranosyl chloride and potassium phenoxide [10].
Other authors kept the idea of halogen-activated sugar
reacting with phenoxide but replaced methanol, as
chemical environment, by acetone [37]. This method has
been extensively used to our days with aromatic aglycons
[9, 34, 38]. An important improvement of the glycosylation
reaction was the Koenigs and Knorr synthesis (1901) [39].
Alternatively, carbohydrate peracetates were directly linked
to phenols in the presence of p-toluenesulfonic acid or
anhydrous zinc chloride; the first promotor leads to β-
anomers while the second one produces α-glycosides [6].
A modified Koenigs-Knorr alternative recommends BF3·
OEt2 (or BF3·OBu2) as promotor and per-O-acetylated
carbohydrates as glycosylation donors [9,23]. A large variety
of phenols were glycosylated either by using one of the
three metods – Koenigs-Knorr, Michael, Helferich [24] or
by reaction with acetobromosugar in the presence of
tetrabutylammonium bromide [25].
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4-Nitrocatechol is a metabolic intermediate in the
degradation of nitrobenzene, being preceded in this
pathway by 4-nitrophenol [40,41]. In fact, both products
are the result of a hydroxylation reaction and are further
metabolized to the corresponding glucuronide and sulfate
conjugates[42-44]. A new pathway of biological
degradation, by nitrite releasing and 1,2,4-benzenetriol
formation was discovered in Burkholderia cepacia.
Moreover, this metabolic pathway is encoded in plasmid
[45].

4-Nitrocatechol sulfate (2-hydroxy 5-nitrophenyl
sulfate), a substrate of (aryl)sulfatase [46,47], is a specific
and selective inhibitor of Yersinia protein tyrosine
phosphatase [48,49]. Although a synthetic compound, 4-
nitrocatechol bears a widespread natural structural motif,
1,2-dihydroxy-aryl [44]. Moreover, 4-nitrocatechol is an
inhibitor of catechol-O-methyltransferase and compounds
imitating its structure (entacapone, tolcapone,
nitecapone) indicated higher inhibitory activity [50].

In this paper, two new glycosides of 4-nitrocatechol have
been synthesized, α-D-N-acetylmannopyranosaminide and
α-L-rhamnopyranoside, as potential substrates for
exoglycosidases. They were synthesized by a Helferich
method and were characterized chemically and by 1H and
13C NMR spectra.

Experimental part
Materials and methods

N-Acetyl D-mannosamine (D-ManNAc) and L-rhamnose
(L-Rha) were from Sigma. All reagents used were either
from Fluka or from Merck and they were of analytical grade.

All reactions were followed by thin layer chromatography
(TLC) analysis: acetylated glycosides were eluted in the
solvent system (SS) 1, chloroform–methanol (19:1), while
deacylated glycosides were eluted in chloroform-
methanol-water 60:25:4 (v/v) (SS 2). Three types of
visualization were used: (a) by dipping the plates in
mostain, followed by heating; (b) by exposure to UV light
(380 nm); (c) by dipping the plates in a 1 M solution of
NaOH in ethanol–water (1:1) [9]. The peracetylated
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glycosides were separated by column chromatography on
silica gel 60 (0.063–0.200 mm, Merck) in a gradient of
methanol in chloroform. Pure compounds were submitted
to mild alkaline hydrolysis with 0.2 M sodium methoxide
and the excess of alkalinity was removed by stirring with
Dowex 50 WX2 (H+). Purification of deacetylated
glycosides was accomplished by silica gel column
chromatography in a gradient of ethanol in 1,2-dichloro-
ethane. The molar ratio determination of glycosides
constituents was preceded by acidic hydrolysis (2 h in 2 M
HCl) and partition between water and ethyl ether; in the
ether phase 4-nitrocatechol was determined and in the
water phase, the sugar, both colorimetrically.

The 1H and 13C NMR spectra of synthetic intermediates
and products were acquired in CDCl3 containing TMS. One-
dimensional NMR experiments were performed on a Bruker
Avance DRX 400 spectrometer using 400 and 100 MHz for
the 1H and 13C frequencies, respectively. The 1H-1H
correlation spectroscopy (COSY) and 1H-13C heteronuclear
multiple quantum coherence (HMQC) experiments were
carried out with an inverse probe.

Tetra-O-acetyl ααααα-D-N-acetylmannopyranosamine. 2.5
g (11.31 mmol) ManNAc was stirred overnight at room
temperature with an excess of a mixture of pyridine-acetic
anhydride (Py-Ac2O, 2/1, v/v) [51]. The next day, the
solvents were removed by rotavapor, the last traces being
removed by co-evaporation with dry toluene. The product,
tetra-O-acetyl α-D-N-acetylmannopyranosamine (4.18 g;
10.7 mmol 95 %), was used for the next step wthout further
purification.
ααααα-D-N-Acetyl-(tri-O-acetyl)mannopyranosaminyl-(2’-

O-acetyl)nitrocatechol-1’-yl (1). To a suspension of 1.5 g
(3.85 mmol) tetra-O-acetyl α-D-N-acetylmannopyranos-
amine, 0.7161 g (4.62 mmol) 4-nitrocatechol and 4 g
molecular sieves in 15 mL dichloromethane, were added
0.4 mL BF3·OBu2 [9,23]. This suspension was stirred
overnight at room temperature. The next day, the solvents
were removed by rotavapor under vacuum and the residue
was partitioned between chloroform and a saturated
solution of sodium bicarbonate. The aqueous layer was
separated and extracted two more times with chloroform.
The total chloroformic solution was extracted with a small
volume of water, dried with magnesium sulfate, filtered,
evaporated to dr yness and separated by column
chromatography on silica gel. The main product, tri-O-
acetyl α-D-N-acetylmannopyranosaminyl-nitrocatechol 1-
yl (0.7453 g; 1.54 mmol; 40 %), was eluted with a gradient
of ethyl acetate in n-hexane, the solution was dried and
acetylated with an excess of Py-Ac2O, 2/1 (v/v). This
acetylation was practically quantitative. The final product,
t r i -O-acety lα -D-N-acety lmannopyranosaminy l -
nitrocatechol 1- yl 2-O-acetyl (0.7890 g; 1.50 mmol; 98 %)
was analyzed by NMR.

1H NMR. (CDCl3; δ ppm; J Hz) (fig. 1): 5.55 (s, 1H) (H-
1â); 4.81 (1H) (H-2); 5.37 (dd, 4.4 Hz, 6 Hz, 1H) (H-3); 5.19
(1H) (H-4); 4.03 (1H) (H-5); 4.27 (1H) (H-6a); 3.97 (1H)
(H-6b); 6.29 (d, 8.8 Hz) (NH of NH–Ac); 1.98 (Me of NH–
Ac); 7.25 (d, 8.8 Hz, 1H) (H-3’); 8.01 (d, 2.8 Hz, 1H) (H-5’);
8.14 (d, 2.8 Hz, 1H) (H-6’); 2.03, 2.08, 2.09, 2.46 (s) (Me
groups of –OAc linked to sugar and 4-nitrocatechol).

13C NMR. (CDCl3; δ ppm; J Hz) (fig. 1): 97.57 (C-1); 50.12
(C-2); 68.47 (C-3); 65.30 (C-4); 69.58 (C-5); 62.23 (C-6);
23.09 (Me of NH–Ac); 152.10 (C-1’); 142.61 (C-2’); 114.56
(C-3’); 140.04 (C-4’); 119.23 (C-5’); 122.64 (C-6’); 20.27,
20.48, 20.62, 20.69 (Me groups of –OAc linked to sugar and
4-nitrocatechol); 169.87, 169.96, 169.99, 170.57, 170.61
(>C=O groups of Ac).

Tetra-O-acetyl ααααα-L-rhamnopyranose. L-Rhamnose (3
g; 18.29 mmol) was stirred overnight with an excess of
Py-Ac2O (2/1, v/v) [52,53]. The next day, the excess
reagents were removed by rotavapor, by adding small
amounts of dry toluene. The residue, tetra-O-acetyl α-L-
rhamnopyranose (5.83 g; 17.56 mmol; 96 %) was
crystallized once from ethanol.
ααααα - L -Tr i -O -ace ty l ) rhamnopyranosy l - (2 ’ -O -

acetyl)nitrocatechol-1’-yl (2). To a suspension of 2 g (6.02
mmol) tetra-O-acetyl α-L-rhamnopyranose, 4 g molecular
sieves and 0.1119 g (7.22 mmol) 4-nitrocatechol in 10 mL
dichloromethane, 0.4 mL BF3·OBu2 was added. This
suspension was stirred overnight at room temperature in
the absence of moisture. The next day the suspension was
diluted with chloroform and filtered by Celite. The solvents
of the filtrate were removed and the residue dried in a
dessicator, acetylated with an excess of Py-Ac2O and
crystallized from ethanol (1.0693 g; 2.28 mmol; 38 %); the
product was analyzed by NMR, submitted to mild alkaline
hydrolysis and analyzed chemically and chromato-
graphically.

1H NMR. (CDCl3; β ppm; J Hz) (fig. 1): 5.51 (d, 2.4 Hz,
1H) (H-1); 5.60 (dd, 1.6 Hz; 8.8 Hz, 1H) (H-2); 5.47 (1H)
(H-3); 5.160 (1H) (H-4); 3.96 (1H) (H-5); 1.20 (d, 6.4 Hz,
3H) (CH3 group); 7.25 (d, 6.0 Hz, 1H) (H-3’); 7.95 (dd, 2.8
Hz, 6.4 Hz, 1H) (H-5’); 8.05 (d, 2.4 Hz, 1H) (H-6’); 1.99,
2.07, 2.20, 2.45 (s), 12H (Me groups of Ac linked to sugar
and 4-nitrocatechol).

13C NMR. (CDCl3; β ppm; J Hz) (fig. 1): 96.40 (C-1); 68.17
(C-2); 69.40 (C-3); 68.69 (C-4); 70.37 (C-5); 17.42 (C-6);
151.08 (C-1’); 145.49 (C-2’); 112.99 (C-3’); 143.04 (C-4’);
116.17 (C-5’); 119.53 (C-6’); 20.68, 20.74, 20.87 (Me groups
of Ac linked to sugar and 4-nitrocatechol); 169.38, 169.45,
170.08, 170.11 (>C=O groups of Ac).

Results and discussions
As indicated above, TLC chromatograms were visualized

by three methods (Experimental  part). TLC chromato-
grams of the reaction mixture disclosed two nuances in
UV: one was blue-violet and the other one, red-brown. The
blue-violet bands released 4-nitrocatechol and sugar by
acidic hydrolysis, so it corresponded to glycosylated
nitrocatechol. The red-brown bands were less investigated
but some data indicated that they corresponded to free
and (partially) acetylated nitro-catechol. By exposure to
sodium hydroxide, the blue-violet bands were coloured to
yellow, while the red-brown ones turned red [16,17]. The
acetylated glycoside of 4-nitrocatechol could be separated
by column chromato-graphy on silica gel or by
crystallization from ethanol. Both α-D-N-acetylmanno-
pyranosaminyl-4-nitrocatechol 1-yl and α-L-rhamno-
pyranosyl-4-nitrocatechol 1-yl presented a molar ratio of

Fig. 1. Synthesis of acetylated glycosides of 4-nitrocatechol with D-ManNAcp and L-Rhap
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1:1 between the sugar and the aglycon. The two glycosides
presented one band by TLC, before and after mild alkaline
hydrolysis, as well as by the three visualization systems.

There was a good agreement between our results and
the results of others concerning the NMR spectral data on
α-D-ManNAcp glycoside [54,55] of 4-nitrocatechol as well
as of the glycoside of α-L-Rhap [56, 57] with the same
phenol. Also, our present results agreed with preceding
data concerning the glycosides of 4-nitrocatechol  [9,16,17].

A comparison of 1H NMR signals of ester methyl groups
of peracetylated 17α-estradiol 17-β-D-glucopyranoside,
disclosed a downfield shift for phenolic acetate in contrast
with aliphatic ones [58]. We have encountered the same
phenomenon in case of peracetates of the following
compounds: 4-nitrocatechol, DOPA, estrone, DL-α-
tocopherol (D. P. Iga, unpublished data). This feature of
acetate aromatic ester could serve to distinguish between
diglycosylated 4-nitrocatechol [25] and monoglycosylated
one [9, 16, 17]. The characteristic signal for α-D-N-acetyl-
(tr i -O-acetyl)mannopyranosaminyl-(2’-O-acetyl)
nitrocatechol-1’-yl was 2.46 ppm (s) and for α-L-(tri-O-
acetyl)rhamnopyranosyl-(2’-O-acetyl)nitrocatechol-1’-yl
2.45 ppm (s) (see above). A smilar downfield shift (2.29
ppm) was noticed in case of peracetylated mono-glucoside
of hydroquinone [59].

An enzymatic extract of digestive tract of snail, Helix
pomatia, hydrolyzed both substrates in a slightly acidic
buffer (D. P. Iga, unpublished data).

Conclusions
Peracetylation of N-acetyl D-mannosamine and L-

rhamnose at low temperature and use of the protected
sugar in Helferich glycosylation of 4-nitrocatechol, with
dibutyletherated boron trifluoride as promotor, produced
α -D-N-acetyl-(tri-O-acetyl)mannopyranosaminyl-
nitrocatechol-1’-yl and α-L-(tri-O-acetyl)rhamnopyranosyl-
nitrocatechol-1’-yl, respectively.

The two major products of glycosylation were separated,
acetylated, and characterized by 1H and 13C NMR spectro-
scopy.

When the two acetylated glycosides were submitted to
mild alkaline hydrolysis they gave α-D-N-acetyl-
mannopyranosaminyl-nitrocatechol-1’-yl and for α-L-
rhamnopyranosyl-nitrocatechol-1’-yl, respectively; both
contained sugar and 4-nitrocatechol in a molar ratio 1:1.

Both synthetic glycosides were cleaved by an enzymatic
extract of digestive tract of snail, Helix pomatia.
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