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Highlights

» Efficient synthesis of enantiomerically enrichedbare enones from pentoses.
» Glycosylation of 2-acetoxyglycals with BnOH/In@ave enones with ee > 78%.
» Enantiomerically pure enones were synthesized fsenzyl pentopyranosides.

» Reactions involving substituted benzyl groups dawer yields than those unsubstituted.



Abstract

The useful synthons sugar enones (2-benzyloxyp§ranes) derived from pentoses have
been prepared starting from 2-acetoxyglycals oeyguentopyranosides. The glycals were
glycosylated with benzyl alcohol in the presencedfewis acid (SnGlor InCk) to give
enantioenriched enones (ee = 80-90%). Under c&alygth InCk, benzyl 2-
enopyranosides gave also the enones (ee = 87%helother hand, enantiomerically pure
enones were synthesized via an improved straighiiar and high yielding sequence (70%
overall) from benzyl pentopyranosides. However, yledds of both, the glycosylation of
glycals as well as some specific reactions of #gpuence from glycosides, were lowered
when ap-nitro substituent was introduced into the benzyugp. These routes became
impractical in the case gf-acetamidobenzyl derivatives, because of the lasgent of
decomposition. Therefore, alternative sequencese baen developed for the synthesis of

2-(p-acetamidobenzyloxy)pyran-3-ones.
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Introduction

Common carbohydrates and derivatives are widelyd uas chiral precursors in
enantiospecific synthesis. Particularly, sugar espnwhich combine the versatile
unsaturated carbonyl motif in addition with therimsic chirality of the carbohydrate, are
useful synthons for the synthesis of a wide vargdtpatural and unnatural compounds [1-
4]. The most popular sugar enone is levoglucosenongafihydro-3,4-dideoxy-D-
glycero-hex-3-enopyranos-2-ulose), which is considereddoa promising platform for
both fine and commodity chemical industries [5] an for the development of new
therapeutics [6]. The varied applications of thisral template for the synthesis of
enantiomerically pure compounds, as well as itstidty and chemical transformations to
provide key intermediates, chiral auxiliaries, bsts, and organocatalysts useful in
asymmetric synthesis have been profusely revielwed-0].

Levoglucosenone is usually obtained as one of thdyets of pyrolysis of cellulose [7-10],
in contrast to these rather drastic reaction camtitwe have described mild and efficient
procedures (see below) for the preparation of @wals sugar enones (alkyl 3-
enopyranosid-2-uloses or 2-alkoxypyran-3-ones).s€éheompounds proved to be useful
precursors in the synthesis of a varied type ofecudes. Thus, they have been employed as
dienophiles in Diels-Alder cycloadditions with bdianes and cyclic dienes [11-15], or
dipolarophiles in 1,3-dipolar cycloadditions witzomethine ylides [16-18]The enones
also behave as Michael acceptors of thiols or daldoses in the respective synthesis of 3-
deoxy-4-thio-glycosides [19-22] or thiodisacchasid@3-27]. Furthermore, sugar 3,4-
epoxides, prepared by epoxidation of pyranonesemmeht nucleophilic substitution by 1-

thioaldoses to give (4 3)- and (1-4)-linked thiodisaccharides [28]. Analogous operfig



thiiranes derived from enones led to branched tlgosaccharides and disulfides [29].
Naturally occurring amino deoxy sugars, constitaaftantibiotics, have been synthesized
starting from pyranones [30,31].

One of the most useful methods to prepared sugarede2-alkoxypyran-3-ones is the
Lewis acid-promoted glycosylation of 2-acetoxyglydarivatives obtained from common
pentoses [11] or hexoses [32,3Bhis procedure applied to glycals derived from rs®e0
led to enantiomerically pure enones, while glyadsived from pentoses gave pyranones
having enantiomeric excesses (ee) in the range080{21]. To prepare enantiomerically
pure enones derived from pentopyranoses, we haxdaped a multistep sequence from
common glycosides [34], or employed chiral alcoHolsthe glycosylation. Thus, the use
of 2(R) or 2(§)-octanol led to practically enantiomerically pumeones (ee > 97%), after a
rather difficult separation of the diastereoisomigyscolumn chromatography [1AVhen
(-)-menthol was employed as chiral alcohol, the ag@is pryranones were crystalline
products, that were readily purified by recrystation to obtain the enantiomerically pure
product [16-18].However, we have demonstrated that the stereoseimethe aglycon
affected the stereochemical course of the reactmerormed on then,p-unsaturated
carbonyl system [16-18Furthermore, the benzyloxy substituent at the amnoenter of
the pentopyranoside unit of-{34) thiodisaccharides inhibitors, obtained from 2xbgoxy
pyranones, play an important role in the interactiath the catalytic site of the enzyme
[35]. Particularly, saturation transfer difference (SEDY transferred-NOESY experiments
showed major transfer to the aromatic benzyl pretdde expected that the introduction in
the benzyl aromatic ring of substituents with diéf& electronic properties and able to

participate in hydrogen bonding could affect theenaction with the enzyme, and hence the



inhibitory activity. To explore this hypothesis weeeded, as precursor of the
thiodisaccharides, pyran-3-ones carrying benzyloxygs with substituents of diverse
nature. Therefore, we have explored and we repad the approaches developed for the

preparation of such enantiomerically pure 2-bengypgranones.

Results and discussion

The Lewis acid-promoted glycosylation of 2-acetgkytal derivatives of pyranoses
proved to be a straightforward and high yieldinggadure for the synthesis of sugar
enones (alkyl 3-enopyranosid-2-uloses) [11,32,B8]ing such glycosylation the Lewis
acid promotes a double allylic (Ferrier) rearrangemto afford the pyran-3-one. The
alcohol nucleophile is diastereoselectively introelly as the axial orientation is preferred
because of the anomeric effect. Thus, glycals fnexopyranoses gave theanomer of the
enone as practically the only product. In contréms,stereochemistry of the C-4 substituent
in glycals of pentopyranoses induces the appro&cheoalcohol from the opposite face,
and with assistance of the anomeric effect afféhéscorresponding or 3 anomers [11].
When common alcohols (no chiral ones) are employbd, glycosylation leads to
enantioenriched enones as the only stereocentBeiproduct is that generated during the
reaction (C-1). For example, the reactionpekylal 1 with benzyl alcohol, promoted by
SnCl, led to the enon@S having an enantiomeric excess (ee) of approximagélo
(Scheme 1) [11]. Now, we have explore this reactisimg InC} as an alternative to the
hygroscopic and moisture sensitive Sp@h view of the different properties of these two

Lewis acids and their capacity to promote the cosiga of glycals into enones, in the



present work we have focused on them. An advantégsing InC} over SnCJ was that
the concentration of the indium catalyst could ®&dred to 20 mole% and the enone was
obtained in an excellent yield (91%), and the &%y was slightly lower compared with
that of SnCJ. The ee were estimated as optical purities, aaogrt the ratio between the
optical rotation of the product and that of thegpanone2S [34] ([a]p = +248.4). Further
lowering in the indium catalyst to 5 mole% led tcsianilar ee (80%), but the reaction
required a longer time (as happened with the usmtlytic SnCJ) and some degradation

of the product took place, leading to a lower yieldhe reaction (83%).

AcO BnOH, Lewis acid QBn
,A-&? . © = °
Ach OAC CH,Cl, +
c
1 2s° 2RO OBN
Lewis acid Reaction Yield Ratio (%)
(mol equiv) conditions (%) 2S 2R
SnCl, (1.20) —18°C (0.5 h) 85 93 7
InCl; (0.20) 0°C (thytort(2h) 91 89 11
InCl; (0.05) rt (12 h) 83 90 10
25 (93%) + 2R (7%)
BNnOH, InCl; (0.20), | /aro
CH.Cly, 11,2 h ‘(82 %)
AcO OBn
a BnOH, NIS, CH,CI O
/ ! O/Z nOR, » LR /Q_OZ/ N ACO/Ee\
_ [
AcO OAc —18°C (Thytort (0.5h) AcO OAC AcOOBN
1 3B (51%) 3a (31%)

Scheme 1. Lewis acid-promoted glycosylation andasgement of 2-acetoxyglycals.

In order to obtain enantiomerically pure enones dbable allylic rearrangement
was conducted in two steps. This is, the intermediaopyranoside®n and3p, formed by
Ferrier rearrangement upon glycosylatioripivere isolated and the major isom@)(was

converted into the enor®S, via a second allylic rearrangement promoted hgwis acid.



As N-iodosuccinimide (NIS) is a convenient reagentth& conversion of 2-acetoxyglycals
into enopyranosides [36he glycosylation ofl with benzyl alcohol was conducted using
catalytic NIS (20 mole%) to successfully produces tenopyranosides3a,p. This
diastereomeric mixture was separated by column nchtography. The anomeric
configuration of each product was stablished byeasion of the major isomeBf) into
the known enone (see below) and also on the basieedH NMR spectra. Interestingly,
the coupling constant pattern 8¢ showed a high preference of this compound forlthe
conformation as deduced from the values for thgligir{*J; » = 6.9 Hz) and allylic 0, 5 ~
0 Hz) coupling constants in agreement with the rntada estimated from dihedral angle
(6) formed between those protons (Garbisch equat®n]).[ In addition, such a
conformation is also supported by the W-couplingveen H-3 and H-5edJz5eq= 1.1 Hz)
and the small values for tligsax (2.8 Hz) andls 5¢q(0.9 Hz).

The °*Ho conformation of3p is stabilized by the anomeric and allylic effef38-
40], as both the anomeric benzyloxy and the allgtietate are axially disposed. In contrast,
the isomer3a cannot satisfied both stereoelectronic effectsl bence its conformation
may be described as an equilibridfio = °Hs sinceJs4, Jas and Jas showed values
characteristic of theHo form (J1.3 = 0.6,J15 = 0.7 andls5 = 0.5 Hz), while the smalls 4
(2.8 Hz) and largelss (8.0 Hz) magnitudes are indicative of the presenicéhe °Hs
conformer. In addition, the long-range homoallytioupling constantJd; 4 = 1.2 Hz,
observed only foBa is in agreement with thes axial-equatorial disposition of H-1 and H-
4 in both conformers [41], while iBp these protons are unfavorably dispostdn§
diequatorial) and the homoallylic coupling is netetted.

As next step, the enopyranosi@f was converted into the pyrano2& upon

treatment with benzyl alcohol and InC{20 mole%). In contrast to our expectations,



compound2S showed an optical rotation that was in absolutee/§a]p = —216) smaller
than that of the enantiomerically pure enone. Téssilt indicated tha&2f underwent partial
isomerization of the anomeric center, under thediacconditions employed for the
rearrangement, to give an ee 87%. To confirm that the product obtained was
enantioenriched, NMR experiments were performedguai chiral lanthanide shift reagent
for racemic resolution. Thus, addition of incregsiamounts of europium (lll) tris[3-
heptafluoropropylhydroxymethylene-(+)-camphoratépwed gradual splitting of some
signal (See Supporting Information). In particuléme anomeric proton signal, which
appeared in a clean region of the spectrum, spbttwo broad singlets. From the integral
of these signals (er = 93:7) the enantiomeric caitipm was estimated as ee86%, in
agreement with the value determined from the optatation.

In view of the difficulties encountered to prep#éne enantiomerically pure enone
from the glycall, we turned back to the enantioespecific synthefs®S or 2R from benzyl
pentopyranosides that we have already describefd Elowing, the original synthetic
scheme, an improvement was now achieved by modjfyire reagents and reaction
conditions employed in some steps (Scheme 2). Tlis, starting benzylf-D-
arabinopyranosided] was treated with 1,1’-thiocarbonylimidazole folled by acetylation
to give the 20-acetyl-3,4-thionocarbonate derivatisan 97% yield. The increment in the
yield compared with the previous synthesis (75%8 vesmched by using higher temperature
(100 °C against 80C) and shorter time (4 h against 40 h) in the fdram of the
thionocarbonate. In addition, a slight excess ef tagent (1.3 equiv) was added at the
beginning of the reaction and no successive additiwwere required, that led to a larger

amount (2.7 equiv) of the reagent in the reportedhesis.



1) ImzCS C5H5N O n OBn
100°C, 4 h P(OEt);
2)Ac,0, 1t, 1h o & OfoAC

o 150 °C, 2.5 h
OBn O
5(97% 6 (88%)
OH
OH NaOMe, MeOH
HO rt,1.5 h o8
Im;CS, CsHsN OBn n
100 °C. 4 h P(OEt); C\ 0 Zon IBX, MeCN @(
J OH 150°c, 7h 80°C, 2.5 h

(97%)

o)
0,
O\( 702%)  (43%) 8 25 (85%)
S (ee = 100%)

Scheme 2. Enantiospecific synthesis @)2{enzyloxy-H-pyran-3(61)-one @S).

For the Corey-Winter olefination of the thionocamate5 the originally employed
trimethyl phosphite, which needed distillation prito use, was replaced by triethyl
phosphite that was used as commercially providée. yiield in both cases was similar (~
90%) using the same reaction temperature but deshiime for triethyl phosphite (2.5 h
instead of 10 h). Furthermore, it was confirmedt ttree acetylation step prior to the
olefination is needed, as although the alcoholvagirie 8 was also obtained in good yield
(92%), it partially decomposed during the eliminatto afford7 in 43% vyield.

The oxidation of the hydroxyl group 8fwas conducted witB-iodoxybenzoic acid
(IBX), thus avoiding the use of the chromium (VIxidizing agent PDC previously
employed. The expected eno28 was obtained after a rapid purification by column
chromatography in a yield (85%) somewhat highen timathe PDC oxidation (80%). The
optical rotation value oB ([a]p —248.3) was coincident with that determined for the
enantiomerically pure enone [3§4]p —248.4).

As next step, we have employed the optimized sempdascribed above to prepare

enone analogues @6 with a substituent on the benzyl aromatic ring.ekplained in the



introduction section, the resulting enone will bepéoyed as starting material in the
synthesis of thiodisaccharides, in order to studw fsuch a substitution modifies the
interaction with theE. coli B-galactosidase. In first instance, we explore tteparation of

the enantiomerically pure enodéS having an electron withdrawing (nitro) group o th

benzyl substituent (Scheme 3).

AcO 30% HBr, AcO 1) HOpNBn, CH,Cl,, AcO NaOMe, HO

AcOH 4 AMS,0°C, 10 mi MeOH
AcO%OAc AcONTY, o= ) =8 OpNEn HO O__OpNBn
rt, 6 h 2)InCl3, rt, 12 h 0°C,3h
OAc AcOBr OAc OH
9 10 11 (57% from 9) 12 (91%)
pNBn = HQCQ‘NOQ
1) Im,CS, CsHsN SYO OpNBn OpNBn
100°C,6.5h P(OEt /\: IBX, MeCN
2 2) A OC,t:h ° S OpNEn e - @(
, ° Y °
) ACz OAC 115°C,35h OR 80°C,3.5h o)
13 (71%) NaOMe, MeOH / 14 R = Ac (58%) 16S (80%)
0 OC, 1h 15R=H (95%) (ee = 100%)
AcO o HOpNIBnnéICHQCIQ, OpNBn
< rt 163h N
AcO OAc ' o)
1 16S (75%)
(ee = 82%)

Scheme 3. Synthesis of${(4-nitrobenzyloxy)-#-pyran-3(6-)-one(16S).

The sequence involves treatment of t€racetyla,p-L-arabinopyranosedj with
30% HBr in AcOH to produce the glycosyl bromiti@ [42], which was employed crude
for the next step. The glycosylation ®® with 4-nitrobenzyl alcohol in the presence of
InCl3 [43], led after purification by column chromatography tie-arabinopyranoside
derivative1l. The'H NMR spectrum ofl1 was in agreement with that previously reported
[44]. The anomeric configuration was confirmed basedhencoupling constant values for

Ji2 (7.6 Hz),J23 (9.3 Hz) and small ones fdk s, Jssax and Jaseq (3.5, 3.6 and 1.9 Hz



respectively). Removal of the acetyl groupdbfwith NaOMe/MeOH gave the crystalline,
unprotected glycosidd2. Compoundl2 possesses the convenien$ equatorial-axial
orientation of OH-3 and OH-4 for the formation bktthionocarbonate ring, which was
obtained upon treatment with 1,1’-thiocarbonyldilazole to givel3 after acetylation.
This compound was sensitive to the temperature @yl for the elimination with triethyl
phosphite. At 150 °C high decomposition was obskrge the temperature was lowered to
115 °C. After 3.5 h of heating about 50% of coni@r=f 13 into the enopyranosidi&t
was observed, and then the decomposition incregedly. Therefore, the mixture was
concentrated and fractioned by column chromatographgive enopyranosidé4 and
remaining startingl3 was also recovered. A second elimination procegdiesd to the
remaining13 afforded some additiond4 (58% overall yield). The D-acetyl group of
enopyranosidd4 was quantitatively hydrolyzed with NaOMe/MeOH tetcorresponding
HO function, which was oxidized with IBX in acettiile (80 °C, 3.5 h). The target enone
16S was thus obtained, although in an overall yi€lB206 from12) smaller than that of the
preparation frond (70% overall).

Alternatively, the enon&6S was prepared by the Ingbromoted glycosylation of
glycal 1 with p-nitrobenzyl alcohol. The target moleculéS was obtained in 75% vyield,
but the optical rotation ¢]p = —136.8) smaller in absolute value to that1fS obtained
from 12, indicated partial isomerization of the stereoeete~ 82%).

In order to obtain the enord€R, enantiomer ol6S, the elimination/oxidation route
was applied to 4-nitrobenzyl 2,3,4-@Hacetylo-D-arabinopyranosidelf) (Scheme 4).

Compoundl?7 was prepared from the enantiomerOadis previously described, and it was



O-deacetylated to givel8. The 4-nitrobenzyl glycosidd8 was converted into the

thionocarbonat&9, which via the enopyranosi@i led to16R (27% overall yield).

1) Im,CS, CsHsN
(0] OpNBn 100 °C,6.5h (0] OpNBn
OR 2) Ac,O, rt, 3h OAc
c0, rt,
ROOR ) Acy o (0]
NaOMe, MeOH< 17R=Ac
0°C,3h 48R =H (92%)

S 19 (65%)

R
P(OEt), < :Oio IBX, MeCN < 0:
115°C, 3.5 h OpNBn 80°C,35h 0 OpNBn
NaOMe, MeOH ( 20 R = Ac (55%) 16R (82%)
0°C, Th {34 R =K (93%) (ee = 100%)

Scheme 4. Enantiospecific synthesis d®)2@-nitrobenzyloxy)-H-pyran-3(61)-one(16R).

As described above, the introduction of a nitrossiileent on the benzyl group led
to a lower yield in the formation of the thionocanatel3 from the 4-nitrobenzyl glycoside
12, with respect to that of and from the benzyl glycosidd. The yield was even more
severely lowered in the Corey-Winter olefinationtlofonocarbonaté3 (4-nitrobenzyl) to
the enopyranosid&4 compared with the analogous reactiorbdbenzyl) to6. Therefore,
the substituent of the benzyl group plays a relevale in these two reactions. In order to
obtain the 29-(4-acetamidobenzyloxy)t2-pyran-3(64)-one 7S) through a similar route,
the 4-acetamidobenzytL-arabinopyranoside28) was required. The attempted preparation
of 23 from 9, according to the route applied for the synthesisglycoside 12, was
unsuccessful whenp-acetamidobenzyl alcohol was employed. Howev2B was
satisfactorily prepared via2, by catalytic hydrogenation of the nitro groupldffollowed
by acetylation (Scheme 5). Treatment22f with 1:4:5 EtN:MeOH:H,O resulted in the
removal of theO-protecting groups to affor@3. The next step of the sequence, the

formation of the thionocarbonagd, was unsuccessful and led to decomposition urier t



varied reaction conditions assayed. Again, theamghent of the benzyl group @ by 4-
acetamidobenzyl (i23) led to an unexpected instability of the compoumdslved in the
thionocarbonation reaction. To overcome this diftig, an alternative route was designed
starting from the enopyranosidd. Thus, the nitro group df4 was successfully reduced
under mild conditions with NaB}tharcoal [45] to give, upon acetylation, the 4-
acetamidobenzyl glycosides. Removal of thé-acetyl group, followed by IBX-oxidation
of the resulting OH group in26 led to the target enantiomerically pure 2-(4-

acetamidobenzyloxy)-pyrano2&S (59% overall yield frormi4).

AcO

1) Hyp,10% Pd/C, RO 1) Im,CS, CsHsN SYO
ACO& —Q__opNBn EtOAc, rt, 5 h RO&@VOPN AcBn 100 °C, 65 h o&@vOpN AcBN
OAc 2) Acz?’zCﬁHsN’ OR 2)Ac,O,1t,3h OAc
rt, -4
Et3N:MeOH:H20<
pNAcBn = H20~©—NHAC ,5h 23 R =H (98%)
OpNBN 1) NaBH,/C, THF-H,0 OpNACBn OPN AR HACBNOH, o
o 60°C, 5 h o IBX, MeCN, @z SnCly,CH,Cl, Ac 0
2) Ac,0, CsHsN, 80°C,3.5h ~18°C,1h
OAc t,2h OR  (83%, ee = 100%) O % cogov)AcO  OAC
14 25R = Ac (73%
1:4:5 Ety;N:MeOH:H,0 ( ¢ (73%)
rt,2h 26 R = H (98%) IBX, MeCN, | (80%,
80 °C, 3.5 h | ee = 83%)

OpNBn 1) NaBH,4,CeCls, OpNBn 1) NaBH,/C,THF-H,0 ROOpNAcBn

o) MeOH, -18°C, 3 h fc0 60°C,5h
N ———> (O 7| <\:o %
2) ACZO, C5H5NY 2) ACzo, C5H5N,

(@) rt,2 h rt,2 h
16S 28 (70%) 29 R = Ac (70%)
(ee = 82%) 1:4:5 EtsN:MeOH:H,0 (
rt,2h 30 R=H (97%)

Scheme 5. Synthesis of3{(4- acetamidobenzyloxy)F:pyran-3(64)-one(27S).

The enone27S (having an ee = 80%) was alternatively preparedhgy SnCJ-
promoted glycosylation of 2-acetoxyglydaivith p-acetamidobenzyl alcohol, but the yield

obtained was low (22%). This reaction failed whiem tatalyst employed was IRCAs the



first step in the catalytic process is the coortlamaof the metal (Lewis acid) with the
allylic acetoxy group [4,11], which leads to thdykt rearrangement, probably the
acetamido group (a stronger Lewis base) could ctenpeth the acetoxy group for
chelation of the metal, diminishing the effectivencentration of the catalyst. In this
context, In(lll), a softer acid than Sn(lV), is eqted to exhibit lower reactivity against
hard basic center3hese considerations are in agreement with thetfi@attthe analogous
reaction with benzyl op-nitrobenzyl alcohols took place with good yieldfie enonel6S
(ee = 82%), which is the product of the last memi reaction, was employed as starting
material for the synthesis &7S. Thus, the carbonyl function df6S was reduced with
NaBH, in the presence of Cefto give, after acetylation, the enol es&& The nitro
substituent of the benzyl group 88 was reduced with NaBf#tharcoal to afford the
corresponding amine, which was acetylated to @®e The O-acetyl group of29 was
hydrolyzed under smooth basic conditions (1:4:5NB#leOH:H,O) to produce the allylic
alcohol 30, which was oxidized with IBX to the target pyraedVS (26% overall yield
from 16S). From the optical rotation value @7S ([a]p = -137.1) was estimated the ee
(83%), which was in agreement with that of thetstgrenonel6S.

In conclusion, we succeeded in the preparatiorheftarget enones derived from
pentoses, which have a benzyloxy group or a beryyderivative attached to the anomeric
center. The substituent of the benzyloxy groupcaftee stability of the compounds, and
hence the yield of most of the reactions. Thus L#wis acid-promoted glycosylation of 2-
acetoxyglycals derived from pentoses took placesfaatorily for benzyl op-nitrobenzyl

alcohols, but failed for the-acetamidobenzyl alcohol. The pyranones obtainedhbge



procedures were enantioenriched products, withabrlee enantiomers strongly prevailing
over the other (high enantiomeric excesses).

A straightforward and high yielding route for theaatioselective synthesis of this
type of enones was optimized. Thus, starting froenzlyl arabinopyranoside, the
corresponding 2-benzyloxy-pyran-3-one was obtaimed70% overall yield and in
enantiomerically pure form. However, the nitro ditbson on the benzyloxy group of the
starting glycoside resulted in a lower yield of teteps of such route: the formation of a
thionocarbonate, which involved OH-3 and OH-4 ok tbentopyranoside, and the
following olefination to the corresponding enopyraitle. The thionocarbonation led only
to decomposition in the case of the 4-acetamidofagigcoside. This result, prompted the
development of alternative sequences to the emaatioally pure or enantioenriched 2-(4-
acetamidobenzyloxy)pyran-3-one, starting respelgtifrem a 4-nitrobenzyl enopyranoside
or enone compounds, that have been prepared a®ofpprevious synthesis within the

present work.

3. Experimental section
3.1. General experimental procedures

NMR spectra were recorded (25 °C) at 500 MHH)(or 125.7 MHz ¥C).
Chemical shiftsg, in ppm) are referred to internal standard {8tén CDCk (5 0.0) for'H
and CDC} (5 77.0) for**C) or to a residual solvent peak. Data multiplésitare indicated
as s (singlet), d (doublet), t (triplet), q (quétem (multiplet), br (broad); coupling
constantsJ) given in Hertz (Hz). Assignments &fi and**C NMR spectra were assisted

by 2D *H-COSY or NOESY, and 2DH-*C HSQC or HMBC experiments. The NMR



spectra for compound&S [11], and4 to 8 [34] were in good agreement with those
previously published. High-resolution mass spedti®MS) were obtained using the
electrospray ionization (ESI) techniqgue and Q-TO&tedtion. Analytical thin-layer
chromatography (TLC) was carried out on silica §@/F254 aluminum-supported plates
(layer thickness 0.2 mm). The spots were visualibgdexposure to UV light and by
charring with 5% v/v sulfuric acid in EtOH, contaig 0.5% p-anisaldehyde. Column
chromatography was carried out with silica gel 880400 mesh) and using a stepwise
solvent polarity gradient correlated with TLC matlyil unless otherwise stated. Optical
rotations were measured at the sodium D line amrtemperature in a 1 dm cell, in the
solvent indicated. Unless otherwise noted, all m@mcially available compounds were

used as obtained from suppliers without furtheifjpation.

3.2. Yynthesis of enantioenriched 2(S-Benzyloxy-2H-pyran-3(6H)-one 2S from 2-

acetoxyglycal 1
3.2.1. Catalysiswith InCl3

To a solution ofl [11] (1.00 g, 3.87 mmol) and benzyl alcohol (0.4%,M.33
mmol) in dry CHCI, (30 mL) was added In€l(42 mg, 0.19 mmol). The solution was
stirred overnight (12 h) at rt. When TLC (&E,/EtOAc 30:1) showed formation of a less
polar product (R0.83) and complete disappearance of the startiyplg(R: 0.28). The
organic solution was diluted with G&l, (30 mL) and washed with sat aq NaH{: @ater
and brine. After drying (MgS§), solvent evaporation afforded a residue that piagied
by column chromatography (hexane/EtOAc, 9:1) twraff2S (0,66 g, 83%); andao]p

~198.0 € 1.13, CHCY); ee = 80%.

3.2.2. Via the enopyranoside 3



3.2.2.1. Benzyl 2,4-di-O-acetyl-3-deoxy-S-D-glycer o-pent-2-enopyranoside 3p and its o-

anomer 3a

A solution of benzyl alcohol (0.24 mL, 2.3 mmohdaNIS (90 mg, 0.39 mmol) in
dry CHCI, (2.0 mL) was stirred at room temperature. When gh&-yellow solution
turned to a light red color, the mixture was cooled-18 °C and 2,3,4-tr®-acetyl-1,5-
anhydroe-threo-pent-1-enitol (2-acetoxy-3,4-@-acetylo-xylal 1, 500 mg, 1.92 mmol)
was added. The temperature was kept for 1 h andttiee solution was allowed to reach
room temperature and it was stirred for 30 mintts point TLC (CHCI,/EtOAc 20:1)
revealed the conversion of the startibgR; 0.40) into two main products {R.69 and
0.62), which were separated by column chromatogrgpf:1—9:1 hexane/EtOAc). The
first compound that eluted from the column was idienl as3a (180 mg, 31%);d]p +69.2
(c 1.09, CHCY); *H NMR (CDCk, 500 MHZ)5 7.40—7.29 (m, 5H, OBn), 5.79 (dt, 18,3
~ J35 = 0.6,J34= 2.8 Hz, H-3), 5.50 (dddd, 1H;4=1.2,J34= 2.8,d45= 5.6,ds5 = 8.0
Hz, H-4), 5.14 (M, 1HJ1 5= J15~ 0.6,J14= 1.2 Hz, H-1), 4.84, 4.62 (2 d, 2Bi= 12.0 Hz,
OCH,Ar), 3.95 (ddd, 1H )1 5= 0.7,J45 = 5.6,J55 = 11.2 Hz, H-5), 3.90 (ddd, 1Hgs =
0.5,J45 = 8.0,J55 = 11.2 Hz, H-5), 2,14, 2.09 (2 s, 3H each4CO); *C NMR (CDC,
125.7 MHz)$ 170.4, 168.2 (CECO), 147.4 (C-2), 137.3, 128.4, 127.9, 12T8afomatic),
115.3 (C-3), 92.9 (C-1), 70.3 @H.Ar), 65.5 (C-4), 60.2 (C-5), 20.9, 20.&H3CO).
HRMS (ESI) m/z [M+Na] calcd for GeH1sNaQs 329.0996, found 329.1004; [M+KEalcd

for C16H18K06345.0735, found 345.0727.

From further fractions from the column compoundusolated3p (160 mg, 51%);
[a]p +52.7 € 0.53, CHCY); ee = 100%'H NMR (CDCk, 500 MHz)& 7.40-7.29 (m, 5H,

OBn), 5.90 (dd, 1HJs4= 6.9,J350q= 1.1 Hz, H-3), 5.18 (ddd, 1Hg4 = 6.9, J450= 2.8,



Jaseq= 0.9 Hz,H-4), 5.09 (s, 1H, H-1), 4.78, 4.59 (2 d, 2H= 12.2 Hz, OEI,Ar), 4.19
(dd, 1H,Js5ax = 2.8,Jsax5eq= 13.0 Hz, H-5ax), 3.84 (dt, 1Hg5eq~ Jaseq= 1.0,J5ax5eq=
13.0 Hz, H-5eq), 2,12, 2.08 (2 s, 3H eaclsCO); **C NMR (CDCk, 125.7 MHz)$
170.6, 167.9 (CECO), 149.2 (C-2), 137.3, 128.4, 128.0, 127.9 (C-atic), 111.7 (C-3),
92.0 (C-1), 70.1 (GH,Ar), 64.9 (C-4), 61.2 (C-5), 21.0, 20.8H5CO). Anal. Calcd for
C1H1806: C, 62.74%; H, 5.92%. Found: C, 62.79%:; H, 5.9FRMS (ESI) m/z [M+Na]
calcd for GeHigNaQs 329.0996, found 329.0997; [M+Klalcd for GegH1sKOg 345.0735,

found 345.0722.

3.2.2.2. Conversion of the g-enopyranoside 3p into 2(S)-benzyloxy-2H-pyran-3(6H)-one

2S.

A solution of 3 (155 mg, 0.51 mmol) and benzyl alcohol (0.1 mIQ @amol) in
anhydrous ChkCl, (1 mL) was stirred at room temperature and 4n@4 mg, 0.10 mmol)
was added. The reaction was kept for 2 h, when tmamg by TLC (CHCI,/EtOAc 20:1)
revealed complete conversion of the starting maitéi® 0.69) into a less polar product;(R
0.72). The mixture was diluted with GEl, and extracted with 10% aq NaHg@nd brine.
The organic extract was dried (Mgg(filtered and concentrated. Purification by cotum
chromatography as above led to en@8485 mg, 82%); ¢]p —216 € 1.40, CHC)); ee =
88% (from optical purity).
3.2.2.3. Enantiomeric resolution of 2(S)-benzyl oxy-2H-pyran-3(6H)-one 2S.

The enantiomeric excess (ee) for en@8ebtained from the enopyranosigg, as
described in item 3.2.2.2, was determined By NMR using europium tris[3-

(heptafluoropropylhydroxymethylene)-(+)-camphorads] a chiral resolving reagent. To a

solution of2S (0.05 mmol) in carbon tetrachloride containing bh&mzeneds (0.6 mL) was



added increasing amounts of the europium reagenénv@.3 molar equiv were added, the
'H NMR spectrum showed a spliting of the H-1 sigriato two broad singlets
(enantiomeric shift differencaAs = 0.12). From the integral of these signa?S:ZR

0.93:0.07), the enantiomeric composition £86%) was established fa6.

3.3. Yynthesis of enantiomerically pure 2(S)-Benzyloxy-2H-pyran-3(6H)-one 2S from

benzyl glycosidet
3.3.1. Benzyl 2-O-acetyl--D-arabinopyranoside 3,4-thionocarbonate 5

Benzyl 3-p-arabinopyranosidd (719 mg, 3.00 mmol) was dissolved in pyridine
(6.8 mL) in a thick-wall tube, and I;thiocarbonyldiimidazole (719 mg, 4.03 mmol) was
added. The tube was sealed and heated to 100 °€ Hounder an inert Ar atmosphere.
TLC analysis (hexane/EtOAc 1:1) showed completevemsion of4 (R 0) into7 (Rf 0.79).
The mixture was left to reach temperature and aeethydride (2.8 mL) was added. After
stirring for 1 h, the solution was diluted with MECand concentrated. The residue was
purified by column chromatography (hexane/EtOAc98t2) to afford5 (938 mg, 97%);

[a]p —235.1 € 0.8, CHCA4, lit. [34] [a]p —234.7).
3.3.2. Benzyl 2-O-acetyl-3,4-dideoxy- a-L-glycer o-pent-3-enopyr anoside 6

The thionocarbonaté (516 mg, 1.59 mmol) was dissolved in commerciadtitryl
phosphite (3.8 mL). The tube was sealed undestdhosphere and heated at 150 °C for 2.5
h when TLC (hexane/EtOAc 2:1) showed complete cmsiwe into a single spot &% 0.64.
Triethyl phosphite was distilled under vacuum ahd tesulting syrup was subjected to
column chromatography (hexane/EtOAc 2:1) to aftbelenopyranosidé (348 mg, 88%);

[0]o ~128.9 € 0.9, CHCH, lit. [34] [o]p -131.4).



3.3.3. Benzyl #D-arabinopyranoside 3,4-thionocarbonate 7

Compound? was synthetized under the conditions describe®.fdihe glycosidet
(419 mg, 1.74 mmol) was allowed to react with'-thiocarbonyldiimidazole in pyridine at
100 °C for 4 h. The solvent was distilled underwaa with toluene and the residue was
purified by column chromatography (hexane/EtOAc-98t2) to afford7 (455 mg, 92%);

[a]p —170.9 € 0.70, CHCY, lit. [34] [a]p +172.1 for the enantiomer).
3.3.4. Benzyl 3,4-dideoxy-a-L-glycero-pent-3-enopyranoside 8
3.3.4.1. Sarting from the enopyranoside 6

The 20-acetyl derivatives (348 mg, 1.40 mmol) was treated with NaOMe/MeOH
0.1 M, 15 mL) at room temperature for 1.5 h. TL@xane/EtOAc 2:1) showed complete
conversion into a lower moving compound (R49). The reaction mixture was diluted with
MeOH and neutralized with Dowex 50W (Hresin, filtered and concentrated up to

dryness, to affor@® (280 mg, 97%);d]p —131.9 € 1.1, CHC4, lit. [34] [a]p —132.3).
3.3.4.2. Sarting from thionocarbonate 7

Compound? (419 mg,1.48 mmol) was heated in a sealed tube undetiosphere
with commercial triethyl phosphite (4 mL) at 150 f@ 7 h. TLC (hexane/EtOAc 2:1)
showed complete consumption ©{R; 0.37) and formation of a higher moving compound
(Rf 0.49) as main product. The same work-up as abaone mrification by column
chromatography (hexane/EtOAc 9:B:2) afforded8 (133 mg, 43%);d]p —131.5 € 0.9,

CHCl, lit. [34] [a]o-132.3).

3.3.5. Oxidation of enopyranoside 8 to 2(S)-benzyl oxy-2H-pyran-3(6H)-one 2S.



To a solution 08 (120 mg, 0.58 mmol) in anhydrous MeCN (3.5 mL) \adsled 2-
iodoxybenzoic acid (IBX, 354 mg, 1.26 mmol) andrstl at 80 °C for 2.5 h. The reaction
mixture was diluted with CpCl, and filtered through a celite bed. Concentratiérihe
filtrate and further purification by column chroragtaphy (hexane/EtOAc, 9:1) led 28

(101 mg, 85%):d]p —248.3 € 1.03, CHCY, lit. [34] [a]o —248.4).

3.4. Synthesis of enantiomerically pure 2(S)-(4-Nitrobenzyloxy)-2H-pyran-3(6H)-one 16S

from 4-nitrobenzyl glycoside 12
3.4.1. 4-Nitrobenzyl 2,3,4-tri-O-acetyl-a-L-arabinopyranoside 11

PerO-acetyla,p-L-arabinopyranos® (700 mg, 2.20 mmol) was stirred in the dark
with a solution of 30% HBr in glacial acetic ackRlZ mL) at O °C for 1 h and then at room
temperature for 5 h, when monitoring by TLC (heX&m®Ac 1:1) showed complete
conversion of the starting material;(R64) into a less polar product;(®79). The reaction
mixture was diluted with CkCl, and extracted twice with cold sat ag NaHCOhe
organic extract was dried, filtered and concentfatevacuo at 20 °C in a dark brown
round-bottom flask, to avoid exposure to light. Tdrade glycosyl bromidd0 [42] was
dissolved in dry CbLCl, (20 mL) and 4-nitrobenzyl alcohol (370 mg, 2.42 olmand
recently dried 4A molecular sieves (500 mg) werdead The mixture was stirred for 10
min at 0 °C and upon addition of IGR40 mg, 1.08 mmol) the stirring was continued at
room temperature overnight (14 h). Monitoring byl lI(hexane/EtOAc 1:1) showed a
main spot (R0.60) and disappearance of the starting bromithe. fEaction was diluted
with CH,CI, and filtered through a celite bed. Purification tglumn chromatography

(hexane/EtOAc 4:3-3:2) led toll (516 mg, 57%) as a pale-yellow syrup]d —-19.0 €

0.8, CHCH, lit. [44] [o]o -11); *H NMR (CDCk, 500 MHz)3 8.21, 7.48 (d, 2H] = 8.8 Hz,



H-aromatic), 5.30 (dd, 1Hj; = 6.6,J, 3= 9.3 Hz, H-2), 5.29 (m, 1H, overlapped with H-2,
H-4), 5.08 (dd, 1HJ>3= 9.3,J34 = 3.5 Hz, H-3), 4.99, 4.70 (2d, 2H,= 13.3 Hz, -
OCH,Ar), 4.55 (d, 1H,J; 2= 6.6 Hz,H-1), 4.06 (dd, 1HJs50x= 3.6,J5ax5eq= 13.0 Hz, H-
5ax), 3.66 (dd, 1HJiseq= 1.9, Jsaxseq= 12.9 Hz, H-5eq); 2.14, 2.07, 2.03 (s, 3H each,
CH5CO-); *C NMR (CDCk, 125.7 MHz)$ 170.4, 170.2, 169.6 (GBO), 147.6, 144.8,
127.6, 123.8 (C-aromatic), 100.2 (C-1), 70.0 (C&9.,2 (C-4,@&H.Ar), 67.5 (C-2), 63.2
(C-5), 21.1, 20.9, 20.8CHsCO). HRMS (ESI) m/z [M+N4d] calcd for GgHoiNNaOyg

434.1058, found 434.1077.
3.4.2. 4-Nitrobenzyl a-L-arabinopyranoside 12

Glycosidell (339 mg, 0.82 mmol) was treated with 0.4 M NaOMe{H (12 mL)
at 0 °C for 3 h. The reaction mixture was diluteitheOH, neutralized with Dowex-H
resin and filtered. Solvent evaporation and reeatigaition from EtOH afforded2 (210
mg, 91%) as white solid product; mp 88-89 °Gjp[-17.1 € 0.9, MeOH);'H NMR
(pyridine-ds with D,O, 500 MHz)s 8.09, 7.64 (d, 2H) = 8.3 Hz, H-aromatic), 5.15, 4.90
(2d, 2H,J = 13.6 Hz, O®i,Ar), 4.81 (d, 1HJ; o= 8.3 Hz,H-1), 4.56 (t, 1HJ; ,= Jo 5= 8.3
Hz, H-2), 4.37 (m, 2H, H-4, H-5eq), 4.22 (dd, 1Hg= 8.8,J;4= 3.2 Hz, H-3), 3.81 (dd,
1H, Jasax= 2.4,Jsaxse= 12.9 Hz, H-5ax)1°C NMR (pyridineds with D,O, 125.7 MHz)
136.2, 128.7, 124.2, 124.0 (C-aromatic), 105.1 YC-14.9 (C-3), 72.8 (C-2), 69.8
(OCH,Ar), 69.7 (C-4), 67.6 (C-5). HRMS (ESI) m/z; [M+Nagalcd for G:Hi1sNNaO;

308.0741, found 308.0749.
3.4.3. 4-Nitrobenzyl 2-O-acetyl-a-L-arabinopyranoside 3,4-thionocarbonate 13

A solution of glycosidel?2 (150 mg, 0.52 mmol) and 1,1’-thiocarbonyldiimidbzo

(120 mg, 0.67 mmol) in pyridine (1.2 mL) was stitrat 100 °C for 6.5 h. Monitoring by



TLC (hexane/EtOAc 1:1.5) showed a faster movingt §fp 0.28). Acetic anhydride (1
mL) was added to the mixture and the stirring wastioued at room temperature for 3 h,
when analysis by TLC (hexane/EtOAc 1:1.5) reveaeadain spot (R0.50). The mixture
was diluted with methanol and concentrated. Thaduwes was purified by column
chromatography (hexane/EtOAc 43B:2) to afford13 (138 mg, 71%) as main product;
[a]o—-151.5 € 0.7, CHCH); *H NMR (CDCh, 500 MHz)$ 8.20, 7.50 (d, 2H] = 8.6 Hz, H-
aromatic), 5.18 (t, 1H}, = Jp 3= 3.8 Hz,H-2), 5.06 (dt, 1HJs5~ a5 =~ 4.1,J34= 8.2 Hz,
H-4), 4.96 (dd, 1HJs4 = 8.1, Js4 = 3.8 Hz, H-3), 4.92, 4.68 (2d, 2H,= 13.4 Hz, -
OCH,Ar), 4.81 (d, 1H,J,-= 3.6 Hz,H-1), 4.19 (dd, 1HJs5 = 13.5,J45 = 4.2 Hz, H-5),
3.98 (dd, 1HJss = 13.5,J45 = 4.0 Hz, H-5);*C NMR (CDC}, 125.7 MHz)$ 190.1
(C=S), 169.0 (CKCO-), 147.7, 144.0, 128.0, 123.8 (C-aromatic), q3L), 77.8 (C-3),
76.2 (C-2), 69.0 (GHAr), 68.0 (C-2), 60.0 (C-5), 20.8CH3CO-). HRMS (ESI) m/z

[M+Na]" calcd for GsHisNNaQsS 392.0411, found 392.0424.
3.4.4. 4-Nitrobenzyl 2-O-acetyl-3,4-dideoxy-S-D-glycer o-pent-3-enopyranoside 14

The thionocarbonat&3 (130 mg, 0.35 mmol) was dissolved in triethyl phagp (3
mL) and heated in a sealed tube under After stirring at 115 °C for 3.5 h, TLC
(hexane/EtOAc 1:1) showed the formation of a mawdpct (R 0.67) and some stating
material(Rs 0.22) remaining. Columohromatography (hexane/EtOAc 45B:2) led tol4
(46 mg, 45%) and then the remainit®)(36 mg, 0.10 mmol) was recovered. The unreacted
13 was treated with triethyl phosphite as describedvab Column chromatography
afforded some additiondld (14 mg, 58% overall yield);a]p —243.1 € 0.4, CHC}); *H
NMR (CDCk, 500 MHz)$ 8.22, 7.52 (d, 2HJ = 8.6 Hz, H-aromatic), 6.11 (dt, 1854=

10.5,d45~ a5 = 2.6 Hz,H-4), 5.88 (ddd, 1H), 3= 4.2,Js5= 10.5,J35 = 2.3 Hz,H-3),



5.08 (br d, 1HJ, 3= 4.2 Hz, H-2), 4.91 (d, 1H}; < 1.0 Hz,H-1), 4.90, 4.73 (2d, 2H] =
13.4 Hz, OG1,Ar), 4.21 (t, 2H,H-5, H-5"), 2.10 (s, 3H, EI3CO-); *C NMR (CDCE,
125.7 MHz)8 170.5 (CHCO-), 147.7, 145.1, 127.9, 123.9 (C-aromatic), 13C-3}), 120.3
(C-3), 97.4 (C-1), 68.6 (CH,Ar), 65.9 (C-2), 59.9 (C-5), 21.ZCH3CO-). HRMS (ESI)

m/z [M+NaJ calcd for G4H1sNNaQs 316.0792, found 316.0798.
3.4.5. 4-Nitrobenzyl 3,4-dideoxy--D-glycer o-pent-3-enopyranoside 15

Compoundl4 (112 mg, 0.38 mmohvas treated with NaOMe/MeOH (0.2 M, 6 mL)
at 0 °C for 1 h. TLC (hexane/EtOAc 1:1.5) showedhptete conversion of4 (R 0.74)
into a lower moving compound (B.44). The reaction mixture was diluted with Me@ktl
neutralized with Dowex 50W (Bl resin, filtered and concentrated up to drynessiftord
15 (91 mg, 95%); ¢]po —184.0 € 0.6, CHC}); *H NMR (CDCk, 500 MHz)$ 8.21, 7.52 (d,
2H, J = 8.5 Hz, H-aromatic), 5.95 (dt, 185 4= 10.4,J45= Js5 = 2.1 Hz,H-4), 5.91 (ddd,
1H, J,3= 2.0,J34= 10.4,J55 = 3.7 Hz,H-3), 4.92, 4.72 (2d, 2H] = 13.3 Hz, -OE,Ar),
4.81 (d, 1HJ1 o= 2.7 Hz,H-1), 4.22 (ddd, 1HJs5= 2.0,Js35= 3.7,J55 = 17.0 Hz, H-5),
4.15 (dg, 1HJs5 = s = 2.1 Hz, H-5"), 3.97 (m, 1H, H-2), 1.93 (d, 1Bhon = 8.3 Hz,
OH); 3C NMR (CDCE, 125.7 MHz)s 147.6, 145.2, 128.0, 123.8 (C-aromatic), 129.0 (C-
4), 124.6 (C-3), 100.53 (C-1), 68.9 QB,Ar), 64.9 (C-2), 61.1 (C-5). HRMS (ESI) m/z

[M+Na]" calcd for GoHiaNNaQ; 274.0686, found 274.0679.
3.4.6. 2(S)-(4-Nitrobenzyl oxy)-2H-pyran-3(6H)-one 16S

To a solution oft5 (90 mg, 0.36 mmol) in dry MeCN (3 mL) was added 1885
mg, 0.84 mmol) and stirred at 80 °C for 3.5 h. Thaction mixture was diluted with
CH.Cl, and filtered through a celite bed. Concentratidntie filtrate and further

purification by column chromatography (hexane/EtO#4t) led to16S (72 mg, 80%).



[a]o —166.6 € 0.7, CHC}); 'H NMR (CDClk, 500 MHz)5 8.21, 7.52 (d, 2H] = 8.0 Hz, H-
aromatic), 7.09 (dt, 1Hl 3= 10.6,J56= 1.8,J5¢ = 1.8 Hz,H-5), 6.17 (dddd, 1HJ,4< 1.0,
Ja4= 10.6,J46= 2.5,J46 = 1.8 Hz,H-4), 4.93 (br d, 1HJ),3< 1.0 Hz,H-2), 4.93, 4.81 (2d,
2H, J = 13.2 Hz, OGI,Ar), 4.54 (ddd, 1HJ)46= 2.4,J56= 2.1,J¢ = 19.1 Hz,H-6), 4.33
(ddd, 1H,d¢ = 1.9,J56 = 3.9, Js¢ = 19.2 Hz,H-6"); **C NMR (CDC}, 125.7 MHz)5
188.1 (C-3), 148.1 (C-5), 147.7, 144.4, 128.0, 928-aromatic), 124.9 (C-4), 97.5 (C-2),
69.4 (QCH2Ar), 60.0 (C-6). HRMS (ESI) m/z [M+Né]calcd for G4H1sNNaQs 272.0529,

found 272.05109.

3.5. Synthesis of enantioenriched 2(S)-(4-nitrobenzyl oxy)-2H-pyran-3(6H)-one 16S starting

from 2-acetoxyglycal 1

To a solution of compoundl (502 mg, 1.94 mmol) and 4-nitrobenzyl alcohol (300
mg, 1.96 mmol) in anhydrous GEl, (10 mL) was added In€(22 mg, 0.10 mmol), and
the solution was stirred overnight (16 h) at rt.alsis by TLC (CHCI,/EtOAc 30:1)
showed formation of a less polar product (R76) and complete disappearance of the
starting glycal (R0.28). The reaction mixture was diluted with £ (20 mL) and
washed with sat ag NaHGQOwater and brine. After drying (MgS}) solvent evaporation
afforded a residue that was purified by column oratography (hexane/EtOAc, 9:4:1)

to afford16S (364 mg, 75%); andy]p —136.8 € 0.8, CHC}). The optical rotation indicated

an ee182%.

3.6. Synthesis of enantiomerically pure 2(R)-(4-Nitrobenzyl oxy)-2H-pyran-3(6H)-one 16R

from 4-nitrobenzyl glycoside 18



The NMR spectra of compound3-21 and16R were in good agreement with those of the

respective enantiomers of section 3.4.
3.6.1. 4-Nitrobenzyl 2,3,4-tri-O-acetyl-a-D-arabinopyranoside 17

The procedure for the glycosylation @ applied to pe-acetyla,p-D-
arabinopyranose (480 mg, 1.50 mmol) affordéd (328 mg, 53%); d]p +21.3 € 1.1,

CHCly).
3.6.2. 4-Nitrobenzyl a-D-arabinopyranoside 18

Deacetylation ofl7 (280 mg, 0.68 mmol) gavé8 (178 mg, 92%); Mp 89 °C;

[a]p +17.3 € 0.9, MeOH).
3.6.3. 4-Nitrobenzyl 2-O-acetyl-a-D-arabinopyranoside 3,4-thionocarbonate 19

The synthesis 013 from 12 was applied td8 (130 mg, 0.45 mmol) to affortl9

(108 mg, 65%):d]o +153.1 € 0.5, CHCY).

3.6.4. 4-Nitrobenzyl 2-O-acetyl-3,4-dideoxy-S-L-glycer o-pent-3-enopyranoside 20

Heating compound9 (98 mg, 0.26 mmol) under the conditions statedl®led to

20 (42 mg, 55% overall yield)p]p +247.3 € 0.5, CHCY}).

3.6.5. 4-Nitrobenzyl 3,4-dideoxy-5-L-glycero-pent-3-enopyranoside 21

Removal of theD-acetyl group fron20 (40 mg, 0.14 mmol) affordedl (33 mg,

93%);[a]p +180.3 € 0.7, CHCY}).

3.6.6. 2(R)-(4-Nitrobenzyl oxy)-2H-pyran-3(6H)-one 16R



Oxidation of21 (32 mg, 0.13 mmol) with IBX, as described S, gavel6R (27

mg, 82%)a]o +165.8 € 0.8, CHCY).

3.7. Synthesis of enantiomerically pure 2(S)-(4-acetamidobenzyl oxy)-2H-pyran-3(6H)-one

27Sfromglycoside 11
3.7.1. 4-Acetamidobenzyl 2,3,4-tri-O-acetyl-a-L-arabinopyranoside 22

The glycosidell (424 mg, 1.03 mmol) was dissolved in EtOAc (20 rahyl treated
with H, in the presence of 10% Pd/C (63 mg) at rt for 5Munitoring by TLC
(hexane/EtOAc 1:1.5) showed conversionlaf(Rs 0.60) into a lower moving spot (R
0.43). The reaction mixture was diluted with &M}, filtered through a celite bed and
concentrated. The crude product was acetylated agéic anhydride (0.9 mL) in pyridine
(2,5 mL) at rt for 2 h, when TLC (EtOAc) showed aimproduct of R0.62. The solution
was diluted with MeOH and concentrated. The residugs purified by column
chromatography (hexane/EtOAc 332:3) to afford22 (327 mg, 75%);d]p —25.0 (c 0.7,
CHCL); *H NMR (CDClk, 500 MHz)3 7.50, 7.22 (d, 2H] = 8.1 Hz, H-aromatic), 7.43 (br
s, 1H, NH), 5.31 (m, 1H, overlapped with H-2, H-4), 5.21(d#, J; .= 6.8,J,3= 9.3 Hz,
H-2), 5.01 (dd, 1HJ,3= 9.2, J54 = 3.5 Hz, H-3), 4.85, 4.55 (2d, 2H,= 12.2 Hz, -
OCH,Ar), 4.47 (d, 1HJ1 .= 6.8 Hz,H-1), 4.05 (dd, 1HJs52= 3.5,Jsa50= 13.0 Hz, H-5a),
3.62 (dd, 1H,Js5p = 1.6, Jsasb= 13.0 Hz, H-5eq); 2.16, 2.12, 2.02, 2.00 (s, 3ldhea
CH3CO-); ¥®C NMR (CDCE, 125.7 MHz)$ 170.5, 170.3, 169.6, 168.5 (§ED), 137.8,
132.9, 128.6, 119.9 (C-aromatic), 99.5 (C-1), ACRB), 70.1 (TH.AT), 69.3 (C-2), 67.7
(C-4), 63.1 (C-5), 24.7, 21.0, 20.9, 208H:CO). HRMS (ESI) m/z [M+N4d] calcd for

CaoHzsNNaQy 446.1422, found 446.1420.



3.7.2. 4-Acetamidobenzyl a-L-arabinopyranoside 23

Glycoside22 (300 mg, 0.71 mmol) was treated with 1:4:3NEMeOH:H,O (2.5
mL) and stirred at rt for 5 h, when TLC (EtOAc) osted complete conversion @2 (R
0.62) into a main spot ¢(®). Reaction mixture was concentrated to drynesafford 23
(207 mg, 98%); 4]o —18.3(c 1.0, MeOH):'H NMR (pyridineds, 500 MHz)& 7.98, 7.53
(d, 2H,J = 8.5 Hz, H-aromatic), 5.11, 4.79 (2d, 2Hs 11.7 Hz, O®i,Ar), 4.81 (d, 1HJ; »
= 7.0 Hz,H-1), 4.50 (t, 1HJ. .= 7.1,J,3= 8.7 Hz,H-2), 4.36 (m, 2H, H-4, H-5eq), 4.19
(dd, 1H,d,3= 8.7,J34= 3.0 Hz, H-3), 3.78 (dd, 1Hj5ax= 2.7,Jsax5e= 13.3 Hz, H-5ax);
¥C NMR (pyridineds, 125.7 MHz)$ 169.3 (CHCO), 140.4, 134.1 129.6, 120.3 (C-
aromatic), 104.7 (C-1), 75.0 (C-3), 72.9 (C-2),86@CH,Ar), 69.9 (C-4), 67.4 (C-5), 24.7

(CH3CO). HRMS (ESI) m/z [M+Nd] calcd for GoH2sNNaQy 446.1422, found 446.1420.
3.7.3. 4-Acetamidobenzyl 2-O-acetyl-a-L-arabinopyranoside 3,4-thionocarbonate 24

All the attempts to prepa@ from glycoside23 at temperatures ranging from 50 to
100 °C were unsuccessful, as highly polar decontipasproducts were formed in all

cases.

3.8. Synthesis of enantiomerically pure 2(S)-(4-acetamidobenzyl oxy)-2H-pyran-3(6H)-one

27S from enopyranoside 14
3.8.1. 4-Acetamidobenzyl 2-O-acetyl-3,4-dideoxy- 5-D-glycer o-pent-3-enopyranoside 25

To a solution ofl4 (135 mg, 0.46 mmol) in a mixture of THF (6 mL) aHgO (3
mL), was added activated charcoal (160 mg) and Nagé¥ mg, 2.7 mmol). After 3 hours
of stirring at 60 °C an additional amount of NaBH53 mg, 4.0 mmol) was added and the

stirring was maintained for 2 h. TLC (hexane/EtOI)t) showed complete conversion of



14 (Rf 0.66) into a more polar product¢(BR.20). The mixture was diluted with MeOH,
filtered through a celite bed and concentrated. drbide product was acetylated with acetic
anhydride (1 mL) in pyridine (1 mL) at rt for 2 ma concentrated. The residue was
purified by column chromatography (hexane/EtOAc43t2) to afford25 (102 mg, 73%).
[a]o —199.0 € 0.5, CHCY); *H NMR (CDCk, 500 MHz)$ 7.51-7.28 (2 d, 4H] = 8.3 Hz,
H-aromatic), 7.20 (br s, 1H, ), 6.08 (dt, 1HJs5= Jss = 2.3,J34= 10.4 Hz, H-4), 5.85
(m, 1H, H-3), 4.99 (br dJ, 3= 4.0 Hz, H-2), 4.87 (br s, 1H, H-1), 4.75, 4.584(2H,J =
12.0 Hz, O®1,Ar), 4.24 (ddd, 1HJs5= 2.1,J45= 4.2,Js5 = 7.1 Hz, H-5), 4.16 (dt, 1H,
Jas= a5~ 2.3,J55= 7.1 Hz, H-5'), 2.17, 2.07 (2 s, 3H eactH{0); **C NMR (CDCE,
125.7 MHz)$ 170.4, 168.4 (CECO), 137.7, 133.3, 128.9, 120.0-aromatic), 131.4 (C-4),
122.3 (C-3), 96.6 (C-1), 69.5 (,Ar), 66.1 (C-2), 59.7 (C-5), 24.8, 21.TH;CO).

HRMS (ESI) m/z [M+Na] calcd for GeH1gNNaGQ; 328.1155, found 328.1165.
3.8.2. 4-Acetamidobenzyl 3,4-dideoxy-[-D-glycer o-pent-3-enopyranoside 26

Compound?25 (100 mg, 0.33 mmol) was dissolved in 1:4:3NEMeOH:H,O (2.5
mL) and stirred at rt for 2 h. Monitoring by TLCekane/EtOAc 1:3) showed conversion of
25 (Ry 0.58) into a more polar product{(®25). The reaction mixture was concentrated to
dryness to affor®®6 (85 mg, 98%); ¢]o —195.2 € 0.8, CHC}); *H NMR (CDCk, 500
MHz) 6 7.50-7.28 (2 d, 4H] = 8.2 Hz, H-aromatic), 7.40 (br s, 1HHN 5.92 (br d, 1H,
Js4= 10.6 Hz, H-4), 5.87 (br d, 1Hg4= 10.6 Hz, H-3), 4.77 (d, 1H1, = 1.5 Hz, H-1),
4.77,4.56 (2 d, 2H] = 11.8 Hz, O®l,Ar), 4.24 (m, 1HJs 5 = 16.9 Hz, H-5), 4.13 (m, 1H,
Jss = 16.9 Hz, H-5), 3.91 (m, 1H];,= 1.5 Hz, H-2), 2.16 (1 s, 3H,HGCO); *C NMR

(CDCl, 125.7 MHz)$ 168.5 (CHCO), 137.7, 133.4, 129.0, 120.0 (C-aromatic), 1Z€41



4), 124.7 (C-3), 99.8 (C-1), 69.7 @BI,Ar), 65.1 (C-2), 61.1 (C-5), 24.TH3CO). HRMS

(ESI) m/z [M+Na] calcd for G4H1sNNaQs 286.1050, found 286.1057.
3.8.3. 2(9)-(4-Acetamidobenzyl oxy)-2H-pyran-3(6H)-one 27S

Compound26 (80 mg, 0.30 mmol) was oxidized with IBX under tksame
conditions applied for the oxidation db to 16S. TLC (hexane/EtOAc 1:3) showed
conversion of26 (Rs 0.25) intoa fastermoving spot(Rs 0.40). Purification by column
chromatography (hexane/EtOAC 3:2) le®#5 (65 mg, 83%);d¢]p —165.8 € 0.9, CHC});
'H NMR (CDCk, 500 MHz)5 7.49, 7.31 (d, 4HJ = 8.6 Hz, H-aromatic), 7.04 (ddd, 1H,
Js3=10.6,J56= 1.9,J5 6= 4.0 Hz,H-5), 6.12 (br d, 1HJs5= 10.5,J46= 2.2,J56 = 2.0 Hz,
H-4), 4.92 (br d, 1HH-2), 4.77, 4.67 (2d, 2H] = 11.7 Hz, O®,Ar), 4.51 (dt, 1HJs6=
2.2,J56= 2.2,J55 = 19.2 Hz,H-6), 4.30 (ddd, 1H)s6 = 1.9,J56 = 3.7,J66 = 19.2 Hz H-
6'); 1°C NMR (CDCk, 125.7 MHz)$ 188.8 (C-3), 168.4 (NBOCH), 148.1 (C-5), 137.9,
132.7, 129.1, 120.0 (C-aromatic), 124.9 (C-4), AC2), 70.5 (TH,Ar), 59.9 (C-6).

HRMS (ESI) m/z [M+Na] calcd for GsH1sNNaQ, 284.0893, found 284.0900.

3.9. Synthesis of enantioenriched 2(S)-(4-acetamidobenzyl oxy)-2H-pyran-3(6H)-one 27S by

glycosylation of 2-acetoxyglycal 1

A solution of1 (100 mg, 0.39 mmol) and 4-acetamidobenzyl alcof@dlrfg, 0.58
mmol) in anhydrous C¥Cl, (4 mL) was cooled at18 °C. Upon addition of Sng(0.06
mL, 0.51 mmol), the reaction mixture was stirred-a8 °C for 1 h and then was diluted
with CH,Cl, and washed with sat aqg NaH¢ @vater and brine. After drying (MgSPand
concentration, the residue was purified by columimomatography (hexane/EtOAc,

7:3—1:1) to afford27S (22 mg, 22%);d]p —132.8 € 0.8, CHC}); ee = 80%.



3.10. Synthesis of enantioenriched 2(S)-(4-acetamidobenzyl oxy)-2H-pyran-3(6H)-one 27S

from enone 16S (ee = 82%)
3.10.1. 4- Nitrobenzyl 2-O-acetyl-3,4-dideoxy-a-L-glycer o-pent-3-enopyranoside 28

Compound16S (103 mg, 0.41 mmol) was dissolved in MeOH (3.3 ndrd
CeCk 7H,0O (163 mg, 0.44 mmol) and NaBH60 mg, 1.54 mmol) were added. The
reaction mixture was stirred atl8 °C for 3 h, when TLC (hexane/EtOAc 1:1) analysis
showed complete conversion ®8S (R; 0.60) into a lower moving spot {R.48). The
mixture was dissolved in G&l, (20 mL) and extracted with water twice (10 mL)iedr
(MgSQO,) and concentrated. The residue was treated widticaanhydride (1 mL) in
pyridine (1 mL) at rt for 2 h. Monitoring by TLC ¢xane/EtOAc 1:1) showed conversion
into a less polar product (F0.68). The reaction mixture was diluted with MeOH,
concentrated and purified by column chromatografifgxane> hexane/EtOAc 9:1) to
afford 28 (85 mg, 70%).d]p —93.4 € 0.5, CHC}); ee = 82%;H NMR (CDCk, 500 MHz)

§ 8.21-7.51 (2 d, 4H] = 8.6 Hz, H-aromatic), 5.99 (dq, 1Bhs= Jas~ Jas = 2. 3,J34=
10.5 Hz, H-4), 5.72 (dq, 1Hp 3~ Js5~ Ja5 =~ 2.3,J34= 10.5 Hz, H-3), 5.34 (m, 1H, ;=
3.7,303% Joa= Jos~ Jos~ 2.3 Hz, H-2), 5.10 (d, 1Hl,, = 3.7 Hz, H-1), 4.954.70 (2 d,
2H,J = 13.4 Hz, OEl,Ar), 4.25 (dq, 1HJ, 5~ J35~ J45~ 2.3,J55 = 17.0 Hz, H-5), 4.12
(dg, 1H, o5~ Js5 = Jys =~ 2.3,J55 = 17.0 Hz, H-5");**C NMR (CDC}, 125.7 MHz)8
170.7 (CHCO), 147.6, 145.3, 128.0, 123.8 (C-aromatic), 13€4), 121.9 (C-3), 94.9
(C-1), 68.8 (@H,Ar), 66.2 (C-2), 61.0 (C-5), 21.ZH3CO). HRMS (ESI) m/z [M+N4]

calcd for G4H1sNNaG;316.0792 found 316.0797.

3.10.2. 4-Acetamidobenzyl 2-O-acetyl-3,4-dideoxy-a-L-glycer o-pent-3-enopyranoside 29



The nitroarene group &8 (80 mg, 0.27 mmol) was reduced under the conditions
applied to the reduction and acetylation1ldf Examination by TLC (hexane/EtOAc 1:1)
showed complete conversion 28 (R; 0.68) into a more polar compound; (R26) which
was purified by column chromatography (hexane/Et@AE—-3:2) to afford29 (58 mg,
70%). [u]p —64.4 € 0.7, CHCY); ee = 82%H NMR (CDCk, 500 MHz)5 7.47-7.29 (2 d,
4H,J = 8.1 Hz, H-Aromatics), 7.22 (br s, 1H,H) 5.95 (dq, 1HJ), 4~ Jas~ J45~ 2.5,z 4
= 10.4 Hz, H-4), 5.68 (br d, 1H, 3~ J35~ Jas5 = 2.5,J34= 10.4 Hz, H-3), 5.28 (m, 1H, H-
2), 5.04 (d, 1HJ.» = 3.7 Hz, H-1), 4.78, 4.59 (2 d, 2Bl= 12.2 Hz, O®i,Ar), 4.25 (dq,
1H, Jos=~ Jas= Jas= 2.3,J55 = 16.9 Hz, H-5), 4.08 (dq, 1Hes5 = Ja5 = Jas = 2.5,J55 =
16.9 Hz, H-5'), 2.17, 2.08 (2 s, 3H eactH4CO); *C NMR (CDC}, 125.7 MHz)$ 170.7,
168.5 (CHCO), 137.7, 133.4, 129.5, 119.9 (C-aromatic), 13844), 122.0 (C-3), 93.8
(C-1), 69.5 (@HAr), 66.4 (C-2), 60.7 (C-5), 24.8, 21.ZH3CO). HRMS (ESI) m/z

[M+Na]" calcd for GgH1gNNaQ;328.1155, found 328.1154.
3.10.3 4-Acetamidobenzyl 3,4-dideoxy-a-L-glycer o-pent-3-enopyranoside 30

Compound 29 (58 mg, 0.19 mmol) was deacetylated as descrilmd 25.
Monitoring by TLC (hexane/EtOAc 1:2) showed conwansof 29 (R; 0.30) into a more
polar spot (R0.15). Reaction mixture was concentrated up yoehs to afford0 (48 mg,
97%). fu]p —61.1 € 1.0, CHCY); ee = 82%H NMR (CDCk, 500 MHz)5 7.48-7.29 (2 d,
4H, J = 8.1 Hz, H-aromatic), 7.41 (br s, 1HHN 5.81 (br d, 1HJ; 4= 10.6 Hz, H-4), 5.73
(br d, 1H,Js4= 10.6 Hz, H-3), 4.93 (d, 1H,, = 3.6 Hz, H-1), 4.80, 4.59 (2 d, 2Bi= 11.9
Hz, OCHAr), 4.19-4.14 (m, 2H, H-2 overlapped with H-5), 4.04 (m, 1kls = 17.1 Hz,
H-5%), 2,29 (br s, 1H, @), 2.16 (1 s, 3H, B5CO); **C NMR (CDCk, 125.7 MHz)$ 168.5

(CHsCO), 137.8, 133.3, 129.0, 120.1 (C-aromatic), 13C), 126.2 (C-3), 95.9 (C-1),



69.7 (QCH,AT), 64.3 (C-2), 60.5 (C-5), 24.TTH3CO). HRMS (ESI) m/z [M+N4] calcd

for C14H17NNaQ, 286.1050, found 286.1057.
3.10.4. 2(S)-(4-acetamidobenzyl oxy)-2H-pyran-3(6H)-one 27S

Oxidation of30 (48 mg, 0.18 mmol) with IBX, under the conditicagplied for the

oxidation of15, led t027S (38 mg, 80%): d]o ~137.1 € 0.6, CHC}): ee = 83%.
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