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Abstract—The lipase from Candida rugosa (Sigma) was used to catalyze the regioselective deacetylation at the 5-position of 1,2,3,5-
tetra-O-acetyl-B-D-ribofuranose on a preparative scale. Enzymatic deacetylation provides a convenient one-step preparation of

1,2,3-tri-O-acetyl-B-p-ribofuranose.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Lipase; Regioselective; Deacetylation; Deprotection; Ribofuranose

Enzyme-catalyzed deacetylation reactions have been
successfully utilized in selective deacetylation of acetyl-
ated sugars. Cleavage of the primary ester group is
preferred in methyl glycosides.>”'' However, a range of
results were observed when deacetylation was carried
out with peracetylated sugars.>°'> Furthermore, most
of the studies focused on hexopyranose derivatives; thus,
pentofuranose derivatives received less attention.’*!3 In
this investigation, a commercially available lipase (EC
3.1.1.3) from Candida rugosa (formerly Candida
cylindracea) (CRL, type VII, Sigma L 1754) was selected
for our study. This enzyme has previously been shown
to regioselectively deacetylate the primary hydroxy
group of peracetylated methyl hexopyranosides and
methyl pentofuranosides.?3>7? Although several exam-
ples have demonstrated that CRL can also be used to
deacetylate the acetyl ester on the primary hydroxy

*Part X in a series. For the previous paper, see Ref. 1.
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group of peracetylated hexopyranoses,”!? its action on

the ribofuranose derivatives has been only rarely stud-
ied. A recent report from the Guisan’s group shows that
purified CRL immobilized on octyl agarose catalyzes the
hydrolysis of 1,2,3,5-tetra-O-acetyl-B-p-ribofuranose (1)
in sodium phosphate buffer to yield 1,2,3-tri-O-acetyl-p-
D-ribofuranose (2) in 47% yield. Although the conver-
sion is fairly effective, the reaction was limited to the
analytical scale and required purification and immobi-
lization of the enzyme.'® Herein, we would like to report
an efficient enzyme-catalyzed regioselective deacetyl-
ation to prepare 1,2,3-tri-O-acetyl-B-p-ribofuranose (2)
on a preparative scale.

A variety of reaction conditions, including different
enzyme/substrate ratios, solvent systems, reaction tem-
peratures and reaction times were investigated. The
reaction did not proceed when the reaction was per-
formed in organic solvents such as methanol, ethanol, or
hexane. However, the deacetylated product 2 was
obtained in low yield with byproducts when the reaction
was carried out in water at room temperature. By
changing the solvent system to a mixture of 0.1 M
pH 7.0 sodium phosphate buffer and DMF in a ratio of
9:1,% the desired product 2 was obtained in 75-80%
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Table 1. Enzymatic deacetylation of 1,2,3,5-tetra-O-acetyl-p-p-ribofuranose (1)

Enzyme/substrate (w/w) Solvent(s) Temperature Time (h) Yield* (%)
1:1 to 2:1 H,O rt 2-24 <25
1:1 Buffer’’ DMF =9:1 37°C 2 50
2:1 Buffer®/ DMF = 9:1 rt 24 75
1.5:1 Buffer’’ DMF =9:1 rt 24 80

#TIsolated yields after flash column chromatography.
0.1 M sodium phosphate buffer, pH 7.0.

yield. It should be noted that the reaction was acceler-
ated but accompanied with undesired byproducts when
the reaction temperature was raised to 37 °C (Table 1).

The structural elucidation was carried out by intensive
NMR studies. The 'H and *C NMR spectra show that
only one isomer was obtained. A singlet anomeric pro-
ton resonance suggests that the anomeric configuration
is B-configuration based on Townsend’s empirical rule.'*
The only D,0O-exchangeable proton (OH-5) shows cor-
relations only with H-5 peaks from the COSY spectrum.
In addition, the chemical shifts for the protons at the
S5-position of the deacetylated product 2 appeared at
3.64 and 3.84 ppm, while the protons of the peracety-
lated ribofuranose 1 were at 4.15 and 4.38 ppm (CDCI,).
The tremendously upfield shifts indicated that the
deacetylation was carried out at the 5-position. 'H and
13C NMR data are consistent with the data previously
reported in the literature for the same compound ob-
tained from chemical synthesis.!'31>10

This study has shown that 1,2,3-tri-O-acetyl-p-D-
ribofuranose (2) can be prepared effectively from the
lipase-catalyzed deacetylation of the peracetylated
ribofuranose (1) on a preparative scale. This partially
acetylated sugar is an important building block for
nucleoside or glycoside synthesis. Further studies of its
applications are under investigation.

1. Experimental
1.1. General chemical procedures

NMR spectra were obtained with Varian Gemini-300 or
Bruker DRX500 spectrometer. Optical rotations were
measured on a Rudolph Research Autopol III auto-
matic polarimeter at 589 nm using a quartz cell with a
I mL capacity and a 10cm cell path length. Electro-
spray-ionization (ESI) mass spectra were recorded on a
Micromass LCT mass spectrometer. Elemental analyses
for C, H, and N were carried out on a Perkin—-Elmer 240
elemental analyzer and were within £0.4% of the theo-
retical values. Thin-layer chromatography (TLC) was
performed on E. Merck plates precoated with Silica Gel
60 containing fluorescent indicator. Compounds on
thin-layer chromatography were visualized by dipping
into 10% methanolic sulfuric acid, followed by charring
on a hot plate. E. Merck Silica Gel 60 (230-400 mesh)
was used for flash column chromatography as has been

described.!” Evaporations were carried out with a rotary
evaporator under reduced pressure (water aspirator)
with the bath temperature below 50 °C unless specified
otherwise. Materials obtained from commercial suppli-
ers were used without further purification.

1.2. 1,2,3-Tri-O-acetyl-p-p-ribofuranose (2)

A solution of 1,2,3,5-tetra-O-acetyl-B-p-ribofuranose (1,
3.82¢g, 12mmol) in N,N-dimethylformamide (30mL)
was diluted with 0.1 M pH 7.0 sodium phosphate buffer
(270mL), and then C. rugosa lipase [5.93 g, enzyme/
substrate =1.5:1 (w/w)] was added. The mixture was
slowly stirred at room temperature and followed by
TLC. After 24h the reaction was completed, and the
reaction mixture was extracted with EtOAc
(3x500mL). The organic layer was washed with satd
NaCl solution, dried with anhyd MgSQ,, and evapo-
rated to dryness. The resulting residue was purified by
flash column chromatography (4:6 hexane-EtOAc) to
give 1,2,3-tri-O-acetyl-B-p-ribofuranose [2, oil, 2.65g,
9.59 mmol, 80%, Ry 0.32 (Et,0), 0.25 (4:6 hexane-
EtOAc)]. [o]3) —10.44° (¢ 2.14, EtOH) [lit."® [o]}y 3.3° (c
0.756, EtOH)]; '"H NMR (CDCl;, 300 MHz): § 6.13 (s,
1H, 1-H), 5.39 (dd, 1H, J 4.9, 7.0 Hz, 3-H), 5.33 (d, 1H,
J 49Hz, 2-H), 4.26-4.22 (m, 1H, 4-H), 3.87-3.80 (m,
1H, 5-H), 3.68-3.60 (m, 1H, 5-H), 2.26-2.22 (m, 1H,
D,0 exchangeable, 5-OH), 2.12 (s, 3H, CH3), 2.09 (s,
3H, CH;), 2.06 (s, 3H, CH;); C NMR (CDCl;,
75MHz): 6 170.6, 170.0, 169.8, 98.7 (1-CH), 82.9 (4-
CH), 75.1 (2-CH), 70.4 (3-CH), 62.4 (5-CH,), 21.6, 21.1
(2xCHj3); '"H NMR (DMSO-ds, 500 MHz): § 6.01 (s,
1H, 1-H), 5.26-5.22 (m, 2H, 2-H, 3-H), 5.02 (t, 1H, D,O
exchangeable, J 5.7Hz, 5-OH), 4.12 (dd, 1H, J 4.2,
10.0 Hz, 4-H), 3.57 (dt, 1H, J 4.8, 11.8 Hz, 5-H), 3.49-
3.45 (m, 1H, 5-H), 2.09 (s, 3H, CH3;), 2.06 (s, 3H, CHj;),
2.04 (s, 3H, CHj); ESIMS m/z 299 (100) (M+Na);
HRMS caled for C; H;sOg'Na (M+Na): 299.0743.
Found: 299.0739. Anal. Calcd for C;;H;405: C, 47.83;
H, 5.84. Found: C, 47.80; H, 5.88.
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