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Abstract

The anomers methyl 2,3,5-t@-acetyle-p-ribofuranoside and methyl 2,3,5-t@-acetyl3-p-ribofuranoside showed a different behaviour
in theCandida antarctica lipase-catalysed alcoholysis. While the enzymatic deprotection of the former proceeded regioselectively affording
methyl 2,3-diO-acetyl«-p-ribofuranoside in 81% yield in 3 h at 48 showing no further transformation, the alcoholysis ofgkdiasteromer
was less selective. For this anomer, mixtures of partially acetylated products were formed, but contrastingepuirtter, full deacetylated
methyl B-p-ribofuranoside was quantitatively formed at long reaction times (5 days).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tion or deacylation of peracylated derivatives, most of
them involve hexopyranose rings; in contrast, the enzy-
Partially acylated carbohydrates are key intermediates in matic regioselective transformation of pentofuranoses has
the preparation of oligosaccharides, glycopeptides and mod-been studied in a lesser extdbt-11]. Among the enzy-
ified nucleosideg1,2]; in particular, sugar monoesters are matic deacetylations related to pentofuranosidesndida
important as biodegradable surfactdi3fs Due to the poly- rugosdipase (CRL)-catalysed hydrolysis of methyl 2,3,5-tri-
hydroxylated nature of sugars, the preparation of partially O-acetylp-ribofuranosidd9,10]and 1,2,3,5-tetr&®-acetyl-
acylated derivatives has been traditionally carried out using ribofuranos¢11] afforded the corresponding 5-hydroxyl free
protection—deprotection procedures, usually yielding mix- derivatives.
tures of products. During the last years we have been studyingGlaadida
At present, hydrolases are well-recognized biocatalysts antarcticaB lipase (CAL B)-catalysed alcoholysis of per-
for the regioselective transformation of polyhydroxylated acylated nucleosides and this procedure provided a simple
compounds and therefore, they provide an useful accessand efficient access of’,2-di-O-acetyl ribonucleosides
to partially acylated carbohydrat¢4—6]. Even when the [12,13] 2,3-di-O-acyl ribonucleosides carrying lipophilic
literature describes many examples of the regioselective acyl groupg14] and 3-O-acetyl-2-deoxy nucleosidefl5].
modification of carbohydrates through enzymatic acyla- As far as we know, no results have been published on CAL
B-catalysed deacetylation of carbohydrate pentofuranoside

* Corresponding author. Tel.: +54 11 4365 7182; fax: +54 11 4365 7182, derivatives, the only work being a paper dealing with
E-mail addressleiglesias@ung.edu.ar (L.E. Iglesias). pyranosides[16]. In this work we report the different
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R3O H R40. tri-O-acetylf3-p-ribofuranoside Z). Both epimers afforded
0 ( OCH, satisfactory NMR data.
OCHj,3 H }
OR, OR; OR, OR; 2.3. General procedure for CAL B-catalysed
deacetylation ofl and2

1: R1=R2=R3=COCH3 2: H7=R2=R3=COCH3
3:Ry=R,=COCH3 R3=H 4:R;=R;=COCH; Ry =H Typically, 1 or 2 (20 mg, 0.069 mmol) was dissolved in
5: R, = Ry =H, Ry = COCHg ethanol (0.48 mL, 8.28 mmol) and CAL B (20 mg) was added.
?{f S::RH;:FEL‘ fﬁf COCH, The reaction mixture was shaken at 200 rpm at 30 GiCG15
' Samples were taken at different times and monitored by TLC.
Scheme 1. . Experiments of CAL B-catalysed hydrolysis were carried

out according to the above-described protocol replacing the

. - . . alcohol by th I f potassi hosphate buff
behaviour exhibited by the diasteromers methyl 2,3,5-tri- ?3%Om(lz/| gH 7e) Same VolUme of potassitim phosphate butier

O-acetyle-p-ribofuranoside I, Scheme )1 and methyl
2,3,5-tri-0O-acetylf3-p-ribofuranoside Z, Scheme YLin CAL
B-catalysed alcoholysis.

Control experiments carried out in the absence of the
enzyme showed no reaction band2.

2.4. Preparative procedure for methyl

] 2,3-di-O-acetyk-p-ribofuranoside B)
2. Experimental

CompoundL (50 mg, 0.17 mmol) was dissolved in ethanol

2.1. General (1.25mL) and CAL B (52mg) was added. The reaction
) ] mixture was shaken at 48 and 200rpm for 3h; then
Lipase B fromC. antarctica(CAL B, Novozym 435,  ihe |ipase was filtered off, washed with dichloromethane

10,000 PLU/mg solid; PLU: propyl laurate units) was a gen- anq the resulting filtrates evaporated. The crude product
erous gift from Novozymes (Brazil). The eénzyme was used ag purified by silica gel column chromatography using
straight without any further treatment or purification. Al gichloromethane-methanol 98:2, yieldidg(35 mg, 81%

employed reagents and solvents were of analytical grade a”q/ield) as a syrup that provided NMR data according to pre-
obtained from commercial sources. Methanol and pyridine viously reported specti].

were dried and distilled prior to use.

TLC was performed on Silicagel 634z plates (Merck) 2.5. CAL B-catalysed alcoholysis »f
and column chromatography was carried out using Silicagel
Merck 60. For TLC analyses, dichloromethane—-methanol 2 51 Ateh

95:5 (v/v) was used as the mobile phase. TLC plates were Compound (51 mg, 0.18 mmol) was dissolved in ethanol

revealed using ethanol—sulphuric acid 80:20 (v/v) with heat- (1.25mL) and CAL B (52 mg) was added. The reaction mix-

Ing. ture was shaken at 3€ and 200 rpm for 6 h and then, the
NMR spectra were recorded on a Bruker AC-500 spec- piotransformation was stopped, the enzyme filtered off and

trometer in CDC4, at 500MHz for'H and 125MHz for  the ethanol evaporated. The crude obtained residue (42 mg)
'3C using TMS and CDGl as internal standards, respec- as analysed byH NMR.

tively.
Enzymatic reactions were carried out in a temperature- 2 52 At 24h
Controlled inCUbator Shaker (Sontec (O 11, Argentina) at F0||owing the above_described procedure, the bio_

200 rpm and 30 or 4%C. transformation was carried out for 24h. The resulting
crude was analysed byH NMR, revealing a mixture
2.2. Preparation of methyl of methyl 2.0-acetyl3-p-ribofuranoside and methyl @-
2,3,5-tri-O-acetyle-p-ribofuranoside {) and methyl acetylf-p-ribofuranoside in a 1.5:1 ratio. The residue was
2,3,5-tri-O-acetylg-p-ribofuranoside 2) then purified by silica gel column chromatography using

dicloromethane—methanol 98:2 (v/v) affording the mixture
Substratesl and 2 were prepared by modification of —Of monoacetylated products in 45% yield.

previously described method47]. Reaction of ribose in
methanol containing $80; and CuSQ afforded methyl 2.5.3. At 7 days
o,B-p-ribofuranoside; subsequent reaction with acetic anhy-  In a similar way, the biotransformation was conducted
dride and dimethylaminopyridine in pyridine gave a mixture for 7 days. At this time, TLC analysis of an aliquot of the
of peracetylated anomers. Isolation of each anomer was car-biotransformation showed a sole spot coinciding with the
ried out by silica gel column chromatograpy, affording methyl Rt of a patron of methyB-p-ribofuranoside, indicating full
2,3,5-tri-0O-acetyla-p-ribofuranoside ) and methyl 2,3,5-  quantitative deacetylation.
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3. Results and discussion of its maximal formation (6 h). At this time, the reaction
was stopped and after removal of the lipase and the ethanol,
First, CAL B-catalysed alcoholysis of methyl 2,3,5-tri- the crude reaction mixture was analysed by NMR without
O-acetylo-p-ribofuranoside 1) was studied. Since a very further purification. Thé'H NMR spectrum of the mixture
high ethanol/substrate ratio (E/S =1300) at’@0provided showed signals at 3.58-3.66 and 3.72-3.80 ppm, typical
conditions that favoured the regioselective CAL B-catalysed chemical shifts of hydrogens attached to a carbon bearing a
deprotection of 50-acyl groups of peracylated nucleo- free primary hydroxyl group, in an equal ratio. This would
sides[12—15] such experimental conditions were initially suggest that the diacetylated product in the mixture was
employed. As only low conversion of the substrate was methyl 2,3-di©O-acetyl-p-ribofuranoside 4, Scheme }
observed after 48 h, the alcoholysis was carried out at a minorand would indicate the same regioselectivity of the lipase
ethanol/substrate ratio (E/S =120). In this case, the regiose-towards the removal of the first acetyl group in both anomers
lective formation of a sole product was observed at 3 h; after (Entry 3, Table 1. As in the CAL B-catalysed butanolysis
purification by column chromatography, it was isolated in of pentaacetylated glucosamine epimgg], the a epimer
65% vyield and its structure determined as methyl 2,84di-  afforded more regioselective results and the reaction did not
acetyle-p-ribofuranoside §, Scheme 2; Entry 1Table 1. further proceed.
Thel3C NMR spectrum o8 showed two pairs of related sig- At 24 h, a different behaviour was again observed for
nals at 20.52 and 20.83 ppm and at 170.02 and 170.79 ppnthe alcoholysis o if compared withl. The reaction mix-
corresponding to the methyls and carbonyl groups of the ture consisted of monoacetylated products and meshyl
acetyls. A signal at 3.73-3.81 ppm in the NMR spec- p-ribofuranoside 7, Scheme ) and only minor amounts
trum of 3 was consistent with the chemical shifts of the of 2 and 4 were detected. The crude reaction mixture
5-hydrogens attached to a carbon bearing a primary free alco-was purified by column chromatography, isolating the mix-
hol. ture of monoacetylated compounds in 45% yield (Entry 4,
The regioselectivity showed by CAL B in the alcoholysis Table J), identified as methyl 23-acetyl{-p-ribofuranoside
of 1 is in agreement with the selectivity displayed by this (5, Scheme Land methyl 30-acetyl{-p-ribofuranoside ,

enzyme in the direct acylation of furanogd$,19} in all Scheme Y on the basis of bidimensional heteronuclear and
cases, a preference towards the primary hydroxyl group is'H homodecoupling experiments (data not shown).
observed. However, at longer reaction times (7 daysyas quantita-

CAL-B alcoholysis of1 was also studied at very long tively formed (Entry 5Table ). At 45°C the biotransforma-
times (21 days), showing no remarkable further reaction; only tion of2 proceeded with a similar profile, but the time required
traces of three products were formed, assessed as monoacetye achieve full quantitative deacetylation was slightly short-
lated derivatives and methytp-ribofuranoside, due to their  ened (5 days; Entry 6).

TLC mobility. When the biotransformation was studied at Experiments were also carried out to evaluate the CAL B-
45°C, using the E/S ratio =120, the qualitative reaction pro- catalysed hydrolysis dfand2 (pH 7 at 30°C), finding again

file agreed with that obtained at 3@, but3 could be isolated  differencesinthe behaviour of the anomers. Although the per-
in 81% yield at 3 h (Entry 2Table 1. formance of each diasteromer agreed qualitatively with the

Compared to 1, methyl 2,3,5-triO-acetyl$-p- results obtained in the alcoholysis, aless regioselective profile
ribofuranoside Z, Scheme ) showed a lesser conversion was observed for the hydrolysis fifmoreover, after the first
at an E/S ratio=120 and 3@, but even at short reaction deacetylation step the reaction proceeded further affording
times the formation of a diacetylated and monoacetylated a mixture of monoacetylated products and methyl riboside.
products was observed by TLC. Therefore, the diacetylatedIn this way, the alcoholysis appears as a better procedure for
product could not be obtained in good yield even at the time the preparative obtention 8fthan the hydrolysis; similarly,

Table 1

C. antarcticaB (CAL B)-catalysed alcoholysis of methyl 2,3,5-@acetyl«-p-ribofuranoside 1) and methyl 2,3,5-tr@-acetylf3-p-ribofuranoside 2)?
Entry Substrate t (h) T(°C) Product

1 1 3 30 Methyl 2,3-diO-acetyla-p-ribofuranosid

2 1 3 45 Methyl 2,3-di©-acetyla-p-ribofuranosidé

3 2 6 30 Methyl 2,3-diO-acetylf3-p-ribofuranosidé

4 2 24 30 Methyl 20-acetyl$3-p-ribofuranoside + methyl 8-acetyl-p-ribofuranosidé
5 2 168 30 Methyls-p-ribofuranosidé

6 2 120 45 Methylg-p-ribofuranosidé

a Typical procedure: See Secti@rB.

b |solated in 65% yield after column chromatography. No further appreciable conversion of this product was observed at longer reaction times.
¢ Isolated in 81% vyield after column chromatography. No further appreciable conversion of this product was observed at longer reaction times.
d Monoacetylated products were also formed.

€ Isolated as a mixture in 45% yield, after column chromatography.

f Quantitative formation (determined by tic).
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