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1. Introduction (Neu5Ac2en, DANA, derived from naturdl-acetyl neuraminic
. . . ) i o acid, Neu5Ac) and various CS-acyl modified derivatives, as
Sialic acids (Sias) are a family of nine-carbonsdiac he N-trifluoroacetylated congendb (FANA) [4] and, the less-

monosaccharides  present at the terminal portion  ofy,gied, N-glycolyl derivative 1c (Neu5Gc2en, derived from
glycoconjugates, affecting their chemical and higal

properties. Significantly, Sias are involved in es@l molecular

" - o . OH OH
recognition events associated with immune regulataati-cell H
. . . . . - 0. _COsH
interaction, inflammation processes, and bacteoal viral Y |
infections [1]. The most abundant mammalian-relévaembers OH
of the sialic acid family ar&-acetylneuraminic acid (Neu5Ac) R" =
and N-glycolylneuraminic acid (Neu5Gc). In contrast to eith ’ R? 5
mammalians, NeuSGc is not biosynthesized genetically 121 =NHAC, R”=OH; DANA 2a R = NHAC; 4-epiDANA
humans; however, the presence of exogenous Neu5@pe it 1b R" = NHCOCF, R? = OH; FANA  2b R = NHOOGF; 4-epiFANA
! e p g 1cR' =NHCOCH,OH, RZ=OH  2¢ R=NHCOCH,0H

human cancers has generated high interest in thenti§ic

12 2
community [1-2]. 1d R" =NHAc, R®= N3

1e R = NHCOCF,, R2 = N4
As well known, Sias removal from glycoconjugates is 1fR' = NHAc, R? = NH(C=NH)NH,; Zanamivir
catalyzed by sialidases, enzymes widely distribiecertebrates  1g R' = NHCOCH,OH, R? = N,
and a variety of microorganisms and viruses [1CRinsiderable  naturalN-glycolyl neuraminic acid, Neu5Gc) [2b,5].
interest was devoted to studying the sialidase iactf viruses
due to their crucial role in the release and spngpdf newly Fig. 1. Chemical structures of some 2,3-unsaturatedisisdi inhibitors.
synthesized viral progenies from the host cellsasA®nsequence

of these researches, several 2,3-unsaturated thegiveof the Interestingly, the C4 position is also ideal foe tinsertion of
NeuSAc have been synthesized as sialidase inhibifors structural modifications necessary to improve mole@nzyme
therapeutic purposes [4]. catalytic site interactions [4b,d,e,6]. In this aed) several C4

. A . . modified derivatives of DANA and FANA have been extensivel
This class of inhibitors includes the 5-acetamig@-&nhydro- developed [4b,d,e,6,7], as potent sialidase andabghatinin-
3,5-dideoxy-D-glycero-D-galacto-non-2-enoic acid 1la Tl



2
ne

such as the azido derivativéd and le |4c,d,/] and, the well-

known, guanidino derivativelf, commercially available as

Tetrahedron

1 C4
compoundib, the precursor of several potential glycal intatst
including compoundg, and the 3,4-unsaturated derivatigeg.

Zanamivir [8]. On the other hand, the modified C4 analogs of . .
Neu5Gc, such as compourd, have not yet been synthesized 2- Resultsand discussion

and studied. Analogously, while the inhibitory aittiyv on
different sialidases, of the DANA and FANA C4 epim&aand
2b, has been investigated [4e,9], that of 4-epi Neu®B22 has
never been described.

The limited literature on C4-modified glycals of N&tiis not
justified based on the sialidase activity inhibitiealues reported
for the parent compountt [2b,5]. Indeed, th&i or IG5, values,
found on some sialidases, are comparable to thHioBANA la
(e.g.,Ki 2.61uM or IC5, 8.6+ 1 uM for Neu5Gc2eric versusKi
3.56 UM or ICsq 8.6 £ 1 uM for DANA 1la againstVibrio
cholerae ICsq 34+ 4 uM for Neu5Gc2erlc versus 1G, 18.0+ 1

We recently developed a procedure of high synthetitue
involving the conversion of the 4,5-oxazolig [8b], into the C5
amino derivative and, then, its direct transforomatin a C5
amido compound, employing a suitable acylating agew an
excess of a weak basic resin, having a tertiary arfuinctionality
(IRA-67).

We anticipated the protocol could be used to pegampound
6, having a C5 protected glycolic amido substituent
(acetoxyacetyl amido group) and af=geometry, and to convert
this into the oxazolin@b. Moreover, a further advantage of this
procedure could accrue through the direct hydrelgéb into the

UM for DANA 1la against NEU2) [5b,d]. Probably, the restricted New compoundc, the C4 epimer ofc.

data in Neu5Gc glycals, it could be due to the needqliick
synthetic protocols to obtain these derivatives.

Protected 2,3-unsaturated
derivatives of Sias

OAc OAc
O._CO,Me
6A Free
” C =7 2,3-unsaturated
1 ; 8
RICOHN oo derivatives of Sias
OAc OAc R
O._CO,Me  4aR'=CH R2=N,
: 4b R' = CH,0H, R? =N,
OAc | 2 3
N
>0
R Protected 3,4-unsaturated
| derivatives of Sias
3aR'=CHj; BN
3b R' = CH,0Ac Ohc QAc s Free
0. 3,4-unsaturated
: “R1 derivatives of Sias
OAc =

R3COHN
5a R' = OMe, R? = CO,Me, R® = CH; (a-anomer)
5b R' = CO,Me, R? = OMe, R® = CHj (B-anomer)
5¢ R' = OMe, R? = CO,Me, R® = CH,OH (a-anomer)
5d R' = CO,Me, R? = OMe, R® = CH,OH (B-anomer)

Fig. 2. Chemical structures of protected 2,3- and 3,4tumated Sias
derivatives4a,b and5a,d, achieved starting from 4,5-oxazolida or
3b.

It is noteworthy that the 4,5-oxazoline of Neu53&[8] is a
key intermediate for the synthesis of the C4-aziddvative4a,
precursor of free glycalsld-f [4c,d,7,8] Moreover, the
compound3a is a useful starting material for the synthesi8 df
unsaturated derivatives of DANA (i.esa and 5b), via Ferrier
reaction [9], as described in the literature ancendly reported
by us [9d,e]. Finally, as we have recently demortetrg8b], the
ring-opening of oxazoline can be directed botthegynthesis of
the 4-epi derivative of NeuSA®a and to a C5 amino
intermediate, variously modifiable.

With these premises,
unreported protected glycolyl 4,5-oxazolifile could be a good
precursor for the synthesis of both: a) the pretkcylycal

we thought that the previously

To this end, the compour@lwas able to be synthesized in high
yield (78%) from oxazoline3a by treatment with aqueous
acetonitrile containing trifluoroacetic acid (TFAnd, after the
disappearance of the starting material, additioraoétoxyacetyl
chloride in the presence of excess of basic reHRA-67)
(Scheme 1, path A).

A
OAc OAc OAc OAc
H H
3a
o
6 OAc
- 3b
L iii, iv
2c
B
OAc OAc
O._CO,Me
: ii
OHAI‘\:I l — 3b
AcOA[f OAc
(e}
7

Scheme 1. Synthesis of the oxazolin8b and the free 2,3-unsaturated
compound2c. Reagents and conditions} TFA, CH;CN-H;O, 40/1 vlv,
23°C, 10 min, then acetoxyacetyl chloride, weakidoessin IRA 67, 0°C to
23°C, 40 min, 78%; ii) BFELO, CHCl,, 23°C to 80°C, 20 min, 63-65%; iii)
NaOMe, MeOH, 23°C, 1h, 68%y;) NaOH ag. 1 M, MeOH, 23 °C, 30 min,
then strong acidic resin (Dowex 50WX8})H80%.

Then, by simple treatment o6 with BF; EtO in
dichloromethane, we obtained the unreported oxaz8ln(63%
yield), having correct physicochemical propertigg$s,'"H and

derivative 4b of NeuSGc to generate various 2,3-unsaturated C NMR spectra). Alternatively, 4,5-oxazolie was obtained
derivatives (i.e.,1g); b) the 3,4-unsaturated derivatives of (65% yield), using the same reaction conditions sbarting from

Neu5Gc (i.e.bc and5d), via Ferrier reaction.

Thus, in our continuous effort to understand thasSble in
biological matrices and to provide new syntheticldom this
field [10], we report here an efficient protocoldbtain the 4,5-
oxazoline of Neu5G@8b, exploiting our procedure involving the
generation of a C5 amino group by the 4,5-oxazoBae&ing-
opening. We, therefore, showed the effectivenesshef 4,5-
oxazoline intermediat8b in the synthesis of new 2,3- and 3,4-
unsaturated glycolyl derivatives. Just by way of regke, we

the known compound [5d] (scheme 1, path B).

Remarkably, compoun@ could be rapidly transformed into
the 4-epi glycolyl derivativ€c, in good overall yield (54%)y
deacetylation with  NaOMe in methanol, followed by
chromatography purification, and basic hydrolysi§ e
corresponding methyl ester with NaOH in water solution.

Then, to demonstrate the utility of this approamhthe synthesis
of 2,3-unsaturated Neu5Gc glycals, we subjected tledixe
3b to reaction with azidotrimethyl silane inbutyl alcohol to



repl
reportedpreviously [11] (scheme 2, path A). Thus,weee able
to obtain the key intermedia# in acceptable yield (44%).
In order to confirm the structure of the azidlg and to improve
its yield formation, we also attempted a second @ggr based
on a longer synthetic protocol (scheme 2, path @gyviously
used by the von ltzstein group to synthesize sirattanalogues
[4c].
Oxazoline3a wastransformed into the C5 amino derivati®én
five steps (39%), according to literature protoddt, 11].
Compound 8 was dissolved in C}l, and acylated with
acetoxyacetyl chloride in the presence of an exoéd€siN, to
give the desired compoudd in good yield (75%).

As expected, both the synthetic routes led to theireld

product4b, showingNMR and MS spectra superimposable and

in agreement with the reported structure.

The two routes are, in our hands, comparable in seof
overall yields starting from oxazolirga (22% first way versus
29% second way); however, the first pathway is defipishorter
in terms of synthetic passages (tree versus sipsktand
reagent/solvent and time-consuming.

Then compoundb was transformed in free new glyca by
Zemplén deacetylation and, subsequent, hydrolyatinent
with NaOH.

A OAc OAc
) O.__CO,Me
I : B
3b - onc | Vv 1g
AcO/\If Nj
(e}
4b
‘iii
B OAc OAc
O._CO,Me
3a " C:)AC |
H,oN B
Ng
8

Scheme 2. Two strategies to synthesized compouftll Reagents and
conditions:i) TMSNs, tBuOH, 80°C, overnight, 44%,; ii) ref [4c,11], ovdral
yield 39%; iii) Acetoxyacetyl chloride, BN, CH,CI,, 0°C to 23°C, overnight,
75%; iv) NaOMe, MeOH, 23°C, 1 h, 66%} NaOH aq. 1 M, MeOH, 23 °C,
30 min, then strong acidic resin (Dowex 50WX8),H6%.

At this stage, we tested the possibility also to eahithe 3,4-
unsaturated derivativesyia our optimized Ferrier reaction
conditions [9d, 12], starting from oxazolifdb. At this purpose
we dissolved compound3b in anhydrous CECN, using
methanol as a nucleophile and Montmorillonite Kacatalyst
(scheme 3). The reaction mixture was stirred at 8Qf@il the
disappearance of the starting material (1h). Thetien gave, in
a short time (1h), an inseparable mixturésofand5d in high -
anomeric selectivity (19/81/B), and satisfactory yields (62%).
Moreover, minor traces of by-products were deteetalyl TLC.

The correct anomeric stereochemistry was assignsedoan the
new empirical rules, we recently set-up for 3,4aingted
derivatives of Neu5Ac[12]. In this previous work, we
concluded that th&C chemical shiftd) of the C6 signal was
diagnostic for the anomers stereochemistry assighnieeo
anomers showed a C6 chemical shift > 74 ppm, wkesea
value < 72 ppm waisdicative for the}-ones.

3b r,

10
: R
FSeL

Ac
AcOCH,COHN

5c¢ R' = OMe, R2 = CO,Me
5d R' = CO,Me, R? = OMe

K

OH OH OH OH
H o CO,;Me . H o OMe
éH _ OMe (:)H P CO,Me
HOCH,COHN HOCH,COHN
9a 9b
Scheme 3. Synthesis of 3,4-usaturated derivatives of Neu%@cFerrier
reaction. Reagents and conditions:i) MeOH (as nucleophile),

montmorillonite K-10 40%w/w, CECN, 80°C, 1h, 62% (inseparable mixture
5c + 5d, yield after chromatography); ii) NaOMe, MeOH, £3°30 min,
80%.

In the present case, we observed that the C6 vafue o
compound5c (o anomer)was ofd = 73.9 ppm, slightly lower
than that reported in our rule, while that5af (6 = 70.0 ppmp
anomer)was in agreement with that described.

In the aforementioned work [12], we noticed that cloammshift

differences were particularly significant for anosdsearing
unprotected hydroxyl functions. Therefore, to fertsupport the
correct anomeric stereochemistry &f and 5d we transformed
the mixture of these compounds into the correspundiee,

chromatographically separable, alcoh@dsand9b.

The NMR analyses of the obtained derivatives corditnthe
general applicability of empirical rules. Indeede °C chemical
shifts of C6 signal showed a value of 76.8 ppn» (74 ppm) for
the o derivative9a and a value of 71.6 ppm € 72 ppm) for the
B anomedb.

3. Conclusions

In this study we set-up an efficient synthetic pecoldo obtain
the 2,3- and 3,4-unsaturatBEglycolyl derivatives. In particular,
we demonstrated that the 4,5-oxazoline of NeuBBcould be
readily obtained from the 4,5-oxazoline of Neu53cand could
be used as a starting material for the synthesigyofl 4b or the
synthesis of 3,4-unsaturated Ferrier prodéctd. Moreover, we
synthesized a key azido compoutiy] precursor of different free
glycals, by an additional independent way. Furtheendhe
synthetic protocol allowed for the efficient syntisesf 4-epi
Neu5Gc2erfc in few steps fronB8a. The biological evaluation of
these molecules as sialidase inhibitors will be shbject of
future studies and, it is currently ongoing in tabs.

4, Experimental

4.1 Chemistry
4.1.1 General information.

All chemicals and solvents used were of analyticatlgrand
purchased from Sigma-Aldrich (St. Louis, MO, USA). Dérexl
water was prepared by filtering water on a Milli-Q Sliwipy
185 filtration system from Millipore (Bedford, MA, US.
Solvents were dried using standard methods andletisbefore
use. The progress of all reactions was monitoredhbylayer
chromatography (TLC) carried out on 0.25 mm Sigmdrigh
silica gel plates (60 F254) using UV light, anisalglith /H,SO,
/EtOH solution or 0.2% ninhydrin in ethanol and heatthe
developing agent. Flash chromatography was performiia



4

nc
gel), following the general protocol of Still. Nuctemagnetic
resonance spectra were recorded at 303K on a BANMeb00
spectrometer equipped with a 5-mm inverse-geometgdband
probe and operating at 500.13 MHz fét and 125.76 MHz for
¥C. Chemical shifts are reported in parts per niilland are
referenced fofH spectra, to a solvent residue proton sigsat (
7.26 and 3.31 ppm, respectively, for C@@hd CRQOD) and for
¥%C spectra, to solvent carbon signal (central liné a 77.0 and
49.05 ppm, respectively, for CDGind CROD). The'H and**C
resonances were assigned'bly-'H (COSY) and'H-*C (HSQC
and HMBC) correlation 2D experiments. Th¢ NMR data are
tabulated in the following order: multiplicity (s¥gjlet,
d=doublet, t=triplet, br s=broad singlet, m=mukpl
app=apparent), coupling constant(®)dre given in Hertz ([Hz]),
number of protons and assignment of proton(s). @ptaations
were taken on a Perkin-Elmer 241 polarimeter equippi¢h a 1
dm tube; ], values are given in Ibdeg cm ¢g* and the
concentrations are given in g per 100 mL. Elemeatsllyses
were performed on a Perkin Elmer series Il, 2400 CHalyaer
and experimental data were within @4% of the theoretical
values. Mass spectrometry was performed by usingBBciex
4000Qtrap mass spectrometer equipped with an ES$aarce.
The spectra were collected in a continuous flow madge
connecting the infusion pump directly to the ESlurse.
Solutions of the compounds were infused at a flow oft0.01
mL min, the spray voltage was set at 4.5 kV in the negative
mode with a capillary temperature of 550°C. Fullrsgaass
spectra were recorded by scanningnafz range of 100—2000.
The preparative HPLC purifications were performedaddionex
Ultimate 3000 instrument equipped with a Dionex RSalde
wavelength detector, using an Atlantis C-18-PrepeiOCB (5
um, 19 x 10 mm) column and starting from 100% agsebd%
(v/v) formic acid to 100% CECN as the eluent. The crude
product was dissolved in water and the solution wherdd
(polypropylene, 0.45m, 13 mm g, PK/100) and injected into the
HPLC, affording purified products.

For the obtained chromatographically inseparabbegurgs of

OAc OAc 1’ OAc OAc

CO,Me RY
k2 o 52 oJ 1
2 6| 2Rt 4+ 8:I 6 2|
OAc N Ao OAc R 2, COMe
AcHN™ - AcHN® 7

a-compounds B-compounds

5c,d the'H and**C NMR assignments refer to:

4.1.2 Preparation of methyl 5-acetoxyacetamido-497i&tra-
O-acetyl-2,6-anhydro-3,5-dideoxy-D-glycero-D-talo-nan-
enoate §).To a solution of oxazolinda [8] (250 mg, 0.6 mmol)
in CH;CN-H,0, 40:1 v/v (4 mL) TFA (0.05 mL) was added and
the reaction was stirred at 23 °C until the comptisappearance
of the starting material (10 minutes), by monitgriwith TLC
(AcOEt). At this time, a weak basic resin (IRA-67), @rcess
compared to the acylating agent, was added and ethetion
mixture was immediately treated with acetoxyacetybigtie (0.1
mL, 0.9 mmol) at O °C. The mixture was stirred at’€3until the
complete formation of the desired compoufd (40 min).
Methanol (1 mL) was added and the reaction mixture stiared
for 15 minutes, filtered (washing with 12 mL of AcOEhd
evaporated. After purification by flash chromatodnageluting
with AcOEt/hexane, 7/3 to 8/2 v/v), the compouh @251 mg,
78%) was obtained as a white amorphous s&HdNMR (500
MHz, CDCL): 6=6.27 (d,Jyu5=10.3 Hz, 1H; MbCOCH,0), 6.20
(d, J334~5.6 Hz, 1H; H-3), 5.45 (ddl;2.3,J,4.1 Hz, 1H; H-
7), 5.31 (dddJg 9=2.5,Jg =4.1,Jg =7.5 Hz, 1H; H-8), 5.16 (dd,
J45=4.3,34,75.6 Hz, 1H; H-4), 4.76 (ddlgy52.5, Jga,05=12.5 Hz,
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),
4.30 (dd,Js=2.3, Js=11.0 Hz, 1H; H-6), 4.18 (ddlgp&=7.5,
Jono=12.5 Hz, 1H; H-9b), 3.79 (s, 3H; COOQH2.16 (s, 3H;
OCOCH), 2.10 (s, 3H; OCOCH), 2.08 (s, 3H; OCOCH), 2.07
(s, 3H; OCOCH), 2.04 ppm (s, 3H; OCOGH “*C NMR (125
MHz, CDCL): §=170.5 (@COCH, at C-9), 170.4 (GOCH; at C-
8), 170.1 (@OCH, at C-7), 169.3 (COCH, at C-4), 169.2
(CHsCOOCH,CO at C-5), 166.8 (OC4€0 at C-5), 161.5 (C-1),
146.4 (C-2), 105.8 (C-3), 73.8 (C-6), 71.7 (C-8),85(C-7), 64.7
(C-4), 63.3 (@H,CO), 62.1 (C-9), 52.6 (COTH,), 44.0 (C-5),
20.9, 20.7, 20.6 ppm (5C; 5 x OCH5); MS (ESI positive)m/z
532.3 [M+HT; elemental analysis calcd (%) fop,B,0NO;4 C
49.72, H5.50, N 2.64; found: C 49.93, H 5.32, N 2.50.

4.1.3 Preparation of 2,6-anhydro-3,5-dideoxy-5-
hydroxyacetamido-D-glycero-D-talo-non-2-enoic  acid 2c¢)(
Compound6 (53 mg, 0.10 mmol) was treated with a methanolic
solution of NaOMe, freshly prepared by dissolvingisodmetal
(5 mg, 0.22 mmol) in anhydrous MeOH (2 mL). The rieact
mixture was stirred at 23 °C for 1 h, and then ghed with
acidic resin (Dowex 50WX8, Bl. The resin was filtered off and
washed with MeOH (2 mL x 3) and the filtrate was evajgata
under vacuum. The crude compound was purified by
chromatography (eluting with AcCOEt/MeOH, 9/1 v/v), affiorg
the methyl ester of compounzc (22 mg, 68%) as a white
amorphous solid’H NMR (500 MHz, CROD): §=6.14 (d,
J:4~5.6 Hz,1H; H-3), 4.24-4.14 (overlapping, 3H; H-4, Hbd
H-6), 4.11-4.01 (AB system, 2H; GH 3.94 (ddd,Js¢+2.9,
Jgoi=5.4, Jg=9.3 Hz, 1H; H-8), 3.83 (ddJoqs2.9, Joaoi-11.4
Hz, 1H; H-9a), 3.78 (s, 3H; COOGH 3.68 (dd, Jg, 5.4,
Jopos11.4 Hz, 1H; H-9b), 3.56 ppm (dd;<1.0, J; 9.3 Hz,
1H; H-7); °C NMR (125 MHz, CROD): §=176.3 (OCHCO at
C-5), 164.6 (C-1), 146.4 (C-2), 110.7 (C-3), 74304), 71.3 (C-
8), 70.0 (C-7), 65.0 (C-9), 62.6 @H,CO), 61.9 (C-4), 52.9
(COCCHz3), 49.0 ppm (C-5 under solvent signal). Then, the
purified methyl ester oRc was dissolved in methanol (0.5 mL)
and subjected to hydrolysis with aqueous 1M NaOH soiui®.5
mL) and kept at 23°C for 0.5 h. At this time, thaaton mixture
was treated with acidic resin (Dowex 50WX8;)Hintil acidic
pH, and then, the resin was filtered and washed wit®M¢2
mL x 3). Finally, the solvent was removed under el
pressure and the residue was purified by preparétReC and
the desired free glycdc was obtained after lyophilization as a
white amorphous solid (17 mg, 80%): *H NMR (500 MHz,
CD,OD): 0=6.18 (d, J;~5.7 Hz,AH; H-3), 4.31-4.23
(overlapping, 3H; H-4, H-5 and H-6), 4.19-4.08 (ABt&mM, 2H;
CHy,), 3.96 (dddJg 2.7, Jg 0=5.5, Jg =9.4 Hz, 1H; H-8), 3.87
(dd, Jga52.7, Joaoi=11.8 Hz, 1H; H-9a), 3.70 (ddJopg=5.5,
Jope11.8 Hz, 1H; H-9b), 3.62 ppm (br &,¢9.4 Hz, 1H; H-7);
¥C NMR (125 MHz, CROD): 6=174.9 (OCHCO), 165.2 (C-1),
145.3 (C-2), 109.0 (C-3), 72.2 (C-6), 70.0 (C-8,46(C-7), 63.4
(C-9), 61.1 (@H,CO), 60.5 (C-4), 49.0 ppm (C-5 under solvent
signal); MS (ESI positive)n/z306.1 [M-HJ; elemental analysis
caled (%) for GH;sNOg: C 43.00, H 5.58, N 4.56; found: C
43.23,H5.30, N 4.61.

4.1.4 Preparation of methyl oxazolo[5,4]-fused 7,8,9-tri-O-
acetyl-2,3,4,5-tetradeoxy-2,3-didehydro-4',5'-diny<’-
(acetoxymethyl)-D-glycero-D-talo-non-2-enoate3b)( To a
solution of compound (200 mg, 0.38 mmol) in C}l, (1.5
mL), BR.EtO (0.13 mL, 1.50 mmol) was added at 23 °C and the
mixture was stirred at 80 °C for 20 min in a sedl@oe. Then,
the reaction mixture was diluted with gEl, (8 mL) containing
Et:N (1.04 mL, 7.5 mmol), washed with saturated NaHCO
solution and brine, dried over anhydrous,8(@, and evaporated.
Then, the crude was purified by a flash chromatduygpluting
with  AcOEt/hexane, 6/4 v/v containing the 0.3% of;Ngt
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amorphous solid:*H NMR (500 MHz, CDCj): 0=6.36 (d, properties were superimposable with those above tehoAs
J;=4.0 Hz, 1H; H-3), 5.57 (dd};=2.8,J,55.9 Hz, 1H; H-7), example,”*C NMR (125 MHz, CDG)): 6=170.6 (2C, @OCH,
5.41 (ddd,Js9:2.6, Jg7=5.9, J395=6.3 Hz, 1H; H-8), 4.90 (dd, at C8 and @OCH; at C9), 169.9 (BOCH; at C7), 169.5
J;=4.0,0,5=8.5 Hz, 1H; H-4), 4.74-4.65 (AB system, 2H; §H (CH,COOCH,CO at C-5), 168.0 (OH,0OCO at C-5), 161.4 (C-
4.52 (dd,Joa 2.6, Jsa0512.4 Hz, 1H; H-9a), 4.21 (ddg, 6.3, 1), 145.1 (C-2), 107.3 (C-3), 74.8 (C-6), 70.2 (C&7.8 (C-7),
Jobo=12.4 Hz, 1H; H-9b), 4.03 (m, 1H; H-5), 3.79 (s, 3H;62.9 (QCH,CO), 61.8 (C-9), 56.6 (C-4), 52.6 (CQH;), 49.4
COOCH,), 3.44 (dd,Js=2.8, Js5=10.0 Hz, 1H; H-6), 2.12 (s, (C-5), 20.8, 20.7, 20.6 ppm (4C; 4 x OCB).

SH; OCOCH), .2'11 (s, 3H;13 ococy, 2.05-2.03 pbm 4.1.6 Preparation of 2,6-anhydro-4-azido-3,4,5-trideoxy-5

(overlapping, 6H; 2 x OCOCHt ~°C NMR (125 MHz, CDC)): : . .

_ . hydroxyacetamido-D-glycero-D-galacto-non-2-2-enoiaa@n).
0=170.5, 170.0, 169.8, 169.5 (4C; 3 xCOCH; and C d4b (35 0.068 | treated  with
CH,COOCH,CO at C-5), 164.8 (OC)EO at C-5), 161.7 (C-1), ~ompound4b (35 mg, 0.068 mmol) was treated with a

methanolic solution of NaOMe, freshly prepared bysadliging

147.4 (C-2), 106.7 (C-3), 76.3 (C-6), 73.1 (C-4),17(C-8), 68.8 di wal (5 0.22 N i hvd MeOH
(C-7), 61.9 (C-9), 61.8 (&), 57.9 (@TH,CO), 52.5 (CO@H,), ~ Sodium metal (5 mg, 0.22 mmol) in anhydrous MeOH (@.m

The reaction mixture was stirred at 23 °C for 1 hgd ahen
20.8, 20.7, 20.6, 20.4 ppm (4C; 4 x OCOLHMS (ESI . - . > .
positive): m/z 472.2 [M+H[; elemental analysis calcd (%) for quenched with acidic resin (Dowex 50WX8;)HThe resin was

. , . filtered off and washed with MeOH (1 mL x 3) and thiérdie
gzo"';zsNolz' C 50.96, H 5.35, N 2.97; found: C 50.81, H 5.03, Nwas evaporated under vacuum. The crude compounduwidigg

by chromatography (eluting with GBI,/MeOH, 9/1 to 8/2 v/v),

Compound 3b was alternatively obtained starting from affording the methyl ester of compoudd (16 mg, 66%) as a
compound? [5d] (200 mg, 0.38 mmol) in Ci&l, (1.5 mL),  white amorphous solidH NMR (500 MHz, CROD): 6=5.95 (d,
adding BR.EL,O (0.13 mL, 1.50 mmol) at 23 °C. The mixture J;,=2.5 Hz,1H; H-3), 4.49 (dd),s=2.5, J,5=9.4 Hz, 1H; H-4),
was stirred at 80 °C for 20 min in a sealed tube, #émeh, the 4.39 (dd,Js <1.0, Js5=10.9 Hz, 1H; H-6), 4.24 (m, 1H; H-5),
reaction mixture was diluted with GBI, (8 mL) containing 4.10-4.01 (AB system, 2H; Gl 3.88 (dddJgo:2.9, Jg o=5.3,
Et:N (1.04 mL, 7.5 mmol), washed with saturated NaHCO Jg+=9.4 Hz, 1H; H-8), 3.82 (ddly, 2.9, Joa0s-11.5 Hz, 1H; H-
solution and brine, dried over anhydrous,8l@, and evaporated. 9a), 3.80 (s, 3H; COOCH 3.66 (dd,Jops=5.3, Jopes11.5 Hz,
The crude was purified by a flash chromatographytifey with ~ 1H; H-9b), 3.61 ppm (ddJ;<1.0, J; 9.4 Hz, 1H; H-7);°C
AcOEt/hexane, 6/4 v/v containing the 0.3% ofNgt Compound NMR (125 MHz, CROD): §=176.5 (OCHCO at C-5), 163.9 (C-
3b (115 mg, 65%) was obtained as a white amorphoud. sulli 1), 146.9 (C-2), 108.5 (C-3), 78.0 (C-6), 71.3 (C@0.7 (C-7),
the chemical-physical properties were superimposatitethose  64.9 (C-9), 62.7 (GH,CO), 59.7 (C-4), 53.0 (COCH,), 49.0
reported above. ppm (C-5 under solvent signal); MS (ESI positive)iz 347.3
[M+H]"; elemental analysis calcd (%) fog8,sN,Og C 41.62,
H 5.24, N 16.18; found: C 41.85, H 5.17, N 16.02. Thbe,
purified methyl ester olg was dissolved in methanol (0.5 mL)
and subjected to hydrolysis with aqueous NaOH (0.5 i)
solution and kept at 23°C for 0.5 h. At this timke treaction
mixture was treated with acidic resin (Dowex 50WX8) Hintil
acidic pH, and then, the resin was filtered and washid
MeOH (2 mL x 3). Finally, the solvent was removed unde
reduced pressure and the residue was purified byapatve
HPLC and the desired free glycdlg was obtained after
lyophilization as a white amorphous solid (12 mg%J6tH
NMR (500 MHz, CQOD): 6=5.87 (d,J; /2.2 Hz,1H; H-3), 4.44
(dd, 3, =2.2,3,59.4 Hz, 1H; H-4), 4.40 (br dlgs=10.9 Hz, 1H;
H-6), 4.25 (m, 1H; H-5), 4.15-4.04 (AB system, 2H; £8.91
(ddd, Jgoi=3.0, Jgo=5.3, Jg~=9.8 Hz, 1H; H-8), 3.82 (dd,
Joa53.0,J9a05=11.6 Hz, 1H; H-9a), 3.70-3.63 ppm (overlapping,
2H; H-7 and H-9b);"*C NMR (125 MHz, CROD): 6=176.4
(OCH,CO at C-5), 166.8 (C-1), 148.3 (C-2), 106.9 (C-3),277
(C-6), 71.6 (C-8), 69.2 (C-7), 64.5 (C-9), 62.50,CO), 59.8
(C-4), 49.0 ppm (C-5 under solvent signal); MS (BBgative):
m/z331.1 [M-HJ; elemental analysis calcd (%) fog;8:6N4Os:
C 39.76, H 4.85, N 16.86; found: C 39.96, H 4.68, N026.

4.1.5 Preparation of methyl 5-acetoxyacetamido-7,8,9-tri-O-
acetyl-2,6-anhydro-4-azido-3,4,5-trideoxy-D-glycébegalacto-
non-2-enoate 4p). Starting from oxazoline3b (52 mg, 0.11
mmol) in tert-butyl alcohol (1.0 mL) containing azido-trimethyl
silane (0.07 mL, 0.55 mmol), according to the &tare
procedurd11] (performed on a different oxazoline), compound
4b (25 mg, 44%) was obtained after flash chromatograph
(eluting with CHCl,/acetone, 9/1 v/v ), as a white solitH
NMR (500 MHz, CDC)): 6=6.48 (d, Jnus=8.2 Hz, 1H;
NHCOCH,OCOCH), 5.98 (d,J;~2.7 Hz, 1H; H-3), 5.37-5.31
(overlapping 2H; H-7 and H-8), 4.79 (d8,s2.7, J,5=8.8 Hz,
1H; H-4), 4.62 (d,Jy;=15.5 Hz, 1H; CH), 4.60 (dd,Js =1.8,
Js5=10.3 Hz, 1H; H-6), 4.55 (ddgs 2.2, Joa 05=12.4 Hz, 1H; H-
9a), 4.45 (d,Jy;=15.5 Hz, 1H; CH), 4.22 (dd, Jo,s5.2,
Jope=12.4 Hz, 1H; H-9b), 3.80 (s, 3H; COOQH3.61 (m, 1H;
H-5), 2.19 (s, 3H; OCOCH), 2.13 (s, 3H; OCOC}H), 2.07 (s,
3H; OCOCH), 2.05 ppm (s, 3H; OCOGH *C NMR (125
MHz, CDCL): 6=170.6 (2C, @OCH; at C8 and @QOCH; at
C9), 169.9 (@OCH; at C7), 169.5 (CKCOOCH,CO at C-5),
168.0 (OCHCO at C-5), 161.4 (C-1), 145.1 (C-2), 107.2 (C-3),
74.6 (C-6), 70.1 (C-8), 67.8 (C-7), 63.0@B,CO), 61.7 (C-9),
56.5 (C-4), 52.6 (COCOH,), 49.6 (C-5), 20.9, 20.8, 20.6 ppm

(4C; 4 x OC@H,); MS (ESI positive):m/z 515.4 [M+HJ; 4.1.7 Preparation of thea/-anomeric mixture of methyl (2-
elemental analysis calcd (%) fopH,6N4O;2: C 46.70, H 5.09, N methyl-5-acetoxyacetamido-7,8,9-tri-O-acetyl-3,4,8¢dxy-D-
10.89; found: C 46.91, H 5.15, N 10.62. manno-non-3-en-2-ulopyranosid)-onatés,q). To a solution of

oxazoline3b (100 mg, 0.21 mmol) in C{€N (3.5 mL) under
argon, methanol, selected as nucleophile (0.0862v1lQ mmol)
and Montmorillonite K-10 (40 mg; 40% w/w) were addddhe
reaction mixture was stirred at 80°C, until the pgigzarance (1h)
of the starting material. Subsequently, the reactias filtered
over Celite and the solvent was then evaporatedalllfi the
residue was purified by silica gel chromatograpHutieg with
AcOEt/hexane 8/2, v/v) to provide a mixture (19:8%)tbe
desired 3,4-unsaturated protected anonterand 5d (66 mg,
62%) as a white solid: *H NMR (500 MHz, CQ15=6.33 (d,

Compound4b was alternatively obtained starting from the
amine compound. To a solution of compound (41 mg, 0.10
mmol), prepared from oxazolinga according to the literature
procedure (five steps, overall yield 39%) [4c,1ih],CH,Cl, (2
mL) under argon was added ;Et (70 pL, 0.5 mmol) and
acetoxyacetyl chloride (16L, 0.15 mmol) at 0°C. The mixture
was stirred at 23°C overnight and then the crudelymbwas
evaporated and purified by a flash chromatograjgfytiGg with
AcOEt/hexane, 2/1 v/v). Compoundb (38 mg, 75%) was
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NHCOCH;), 6.10 (ddJz 5=1.8,J34=10.1 Hz, 1H; H-3'), 5.97-
5.91 (overlapping, 2H; H-3 and H-4), 5.81 (dd,s=2.5,
Jy3=10.1 Hz, 1H; H-4"), 543 (m, 1H; H-8), 5.36-5.30
(overlapping, 2H; H-7 and H-8), 5.28 (di,¢=1.9,J,¢=7.0 Hz,
1H; H-7"), 4.63-4.56 (overlapping, 3H; H-9aHg and GH,),
4.53 (m, 1H; H-5), 4.50-4.43 (overlapping, 3H; H-9@H, and
CHy), 4.40 (m, 1H; H-5'), 4.35 (dJs7=1.9, Js5=9.6 Hz, 1H;
H-6"), 4.29-4.22 (overlapping, 2H; H-9b and H-9b’),18 (dd,
Js~1.6,J55=10.2 Hz, 1H; H-6), 3.81 (s, 3H; COOGH3.79 (s,
3H; COOCH)), 3.34 (s, 3H; OCHl), 3.30 (s, 3H; OCH), 2.20
(s, 3H; OCOCH), 2.19 (s, 3H; OCOCH, 2.15 (s, 3H;
OCOCH), 2.13 (s, 3H; OCOCH), 2.12 (s, 3H; OCOCH), 2.09
(s, 3H; OCOCH), 2.05 (s, 3H; OCOCH), 2.04 ppm (s, 3H;
OCOCH,); *C NMR (125 MHz, CDCJ): §=170.6 (QCOCHy)
170.6 (QCOCH;y), 170.5 (GCOCHy), 170.4 (2 x C, @OCHj),
170.3 (GCOCH;),169.4 (2C; GCOCH, and OCOCH,), 168.5
(C-1), 167.4 (C-1), 167.1 (OCIEO’ at C-5) 167.0 (OCKCO at
C-5), 134.7, 133.0, 126.0, 125.8 (C-3', C-3, C-AdaC-4), 97.7
(C-2), 96.5 (C-2), 73.9 (C-6"), 70.6 (C-8), 70.0-6), 69.6 (C-
8, 68.3 (C-7"), 68.2 (C-7), 63.0 CH,CO), 63.0 (TH,CO",
62.1 (C-9), 62.1 (C-9'), 52.9 (2C; C@®Bi; and CO®@Hy), 52.1
(OCHy), 51.3 (OCH), 43.4 (C-5"), 43.2 (C-5), 21.1 (OGIHy),
21.0 (OCQCHs3), 20.7 (OCGTHy), 20.7 ppm (3C; OCGCH4, 2 x
OCCQOCH,); MS (ESI positive):m/z 504.5 [M+H]; elemental
analysis calcd (%) for £H,JNO;5 C 50.10, H 5.81, N 2.78;
found: C 50.36, H 5.73, N 3.00.

4.1.8 Preparation of the Zmethyl (5-hydroxyacetamido-3,4,5-

trideoxy-D-manno-non-3-en-2-ulopyranosid) methyl estei)

and the 2 methyl (5- hydroxyacetamido-3,4,5-trideoxy-D-

manno-non-3-en-2-ulopyranosid) methyl es8z)(

The peracetylated mixture &t and5d (66 mg, 0.13 mmol)
was treated with a methanolic solution of NaOMe (0.5 di\)
freshly prepared in anhydrous MeOH (0.5 mL). The tieac
mixture was stirred at 23°C for 30 min and then ghed with
acidic resin (Dowex 50WX8, Bl. The resin was filtered off and

washed with MeOH (2 mL) and the combined filtrates were

evaporated under vacuum. The crude compound wasepluloly
flash chromatography (AcOEt/MeOH, 95/5 to 8/2, v/M)fiest
affording the correspondinga2anomeric methyl esteé9a as a
white solid (7 mg, 15%), showind4 NMR (500 MHz, CROD):
0=6.14 (dd,Jy=1.7,J44=10.1 Hz, 1H; H-3 or H-4), 5.88 (dd,
Jun=2.7, Juy=10.1 Hz, 1H; H-3 or H-4), 4.81 (m, 1H; H-5),
4.04-3.98 (overlapping, 3H; GHand H-6), 3.92 (dddlg 2.6,
Jg0i=5.8, Jg=9.1 Hz, 1H; H-8), 3.86 (ddJoss2.6, Joaoi-11.4
Hz, 1H; H-9a), 3.81 (s, 3H; COOGH 3.66 (dd,Jy,s5.8,
Jopbe=11.4 Hz, 1H; H-9b), 3.55 (dd; ~=1.6,J,¢=9.1 Hz, 1H; H-
7), 3.34 ppm (s, 3H; OCH °C NMR (125 MHz, CROD):

9=176.1 (OCHCO), 171.8 (C-1), 137.0 (C-3 or C-4), 127.1 (C-3

or C-4), 99.3 (C-2), 76.9 (C-6), 72.5 (C-8), 6997) 64.7 (C-9),
62.7 (QCH,CO), 53.7 (COOCH), 51.3 (OCH), 44.1 ppm (C-5);
MS (ESI positive):m/z 336.3 [M+H]. Further elution afforded
23 anomeric methyl esté@b (28 mg, 65%), showingH NMR
(500 MHz, CQOD): §=5.98 (dd,Jy=1.7,J4=10.1 Hz, 1H; H-
3 or H-4), 5.91 (ddJy=2.4, 3y =10.1 Hz, 1H; H-3 or H-4),
4.86-4.80 (overlapping to water signal, 1H; H-5), 64.(dd,

J67~=1.0, Js5=10.3 Hz, 1H; H-6), 4.02-3.99 (AB system, 2H;

CH,), 3.86-3.79 (overlapping, 5H; H-8, H-9a, COO{H3.67
(m, 1H; H-9b), 3.52 (dd}; 1.0, J;9.4 Hz, 1H; H-7), 3.32
ppm (s, 3H; OCH); °C NMR (125 MHz, CROD, 23°C):d=

175.7 (OCHCO), 171.1 (C-1), 135.2 (C-3 or C-4), 127.1 (C-3 or

C-4), 97.8 (C-2), 71.6 (C-6), 71.4 (C-8), 69.9 (C65.2 (C-9),
62.7 (QCH,CO), 53.6 (CO@Hy), 52.3 (OCH), 44.1 ppm (C-5);
MS (ESI positive)m/z336.3 [M+HT.

We gratefully acknowledge Irene Delcarro for hertéhnical
assistance.

Appendix A. Supplementary Data

See Electronic Supplementary Material (ESI).

Supplementary data'{ and °C NMR spectra of all new
compounds) associated with this article can be fpumdthe
online version, at
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Highlights

- Protocol to obtain the 2,3- and 3,4-unsaturated N-glycolyl derivatives.

- Transformation of the 4,5-oxazoline of NeuSAc into 4,5-oxazoline of Neu5Gc.
- Sialidase inhibitors derived from N-glycolylneuraminic acid.

- 3,4-Unsaturated Ferrier products of sialic acid.

- 2,3-Unsaturated glycals of siaic acid.
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Compound 4b first pathway
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Compound 4b second pathway
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