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Abstract

The oxidative deamination ®f-nitrosoN-acetylneuraminic acid (NeuAc) derivatives is afuke

reaction for the formation of 5-desamino-5-hydrddguAc derivatives and their stereoisomers.
We demonstrated previously that replacement ofclassical nucleophile in these reactions,
acetic acid, by phenols resulted in a novel dodplacement process with substitution of the

acetoxy group at the 4-position taking place initald to that of the 5-acetamido group, for



which we postulated a mechanism centered on thmation of a highly reactive vinyl
diazonium ion. We now extend these studies to mpess the use of hydroxylamine-based
systems and weakly basic amines as nucleophile fintfeéhat the nature of the product depends
significantly on the a of the nucleophile, with the more acidic spetygscally affording only
substitution at the 5-position, while the less mcgpecies give mixtures of elimination products
and disubstitution products. The use of anilin@adeophile is of particular note as it affords a

novel aziridine spanning positions 4- and 5- ofikaraminic acid skeleton.
Introduction

The oxidative deamination df-acetyl neuraminic acid (NeuAc) glycosideby treatment of the
correspondingN-nitrosoamides?2 with sodium trifluoroethoxide followed by the atdn of
acetic acid resulting in the replacement of the @dhd by a C-O bond with retention of
configuration is a practical and convenient syntheef 3-deoxy-D-glycero-D-galacto-
nonulosonic acid (KDN) glycoside® (Scheme 1, X = OAc) first described by Schreined a
Zbiral! and extended to encompass NeuAc thioglycosidesumlaboratory. The overall
transformation of2 to 3 also may be achieved by simple thermolysis, algb vetention of

configuration, but such conditions with their seegly narrower scope have been less widely

explored®
AcO
20§ oac X Ao ] Qe ¥
AHNSZF7Q/"COMe  —— ALy " COMe
OAc
ACO1 O//N 2
AcO X
i) PrONa, CF4CH,OH AcO QAc
O~ /07 COMe
ii) ACOH A

X=0R, OAc, SR



Scheme 1. Oxidative Deamination of NeuAc

As originally described by Schreiner and Zbirdie only nucleophiles employed were acetic
acid (Scheme 1) and hydrogen azide, with the lattiErding 5-azido-5-desacetamido-NeuAc
derivatives, also with retention of configuratiorin our laboratory we extended the range of
nucleophiles to include alternate carboxylic acigpecifically levulinic acidf, hydrogen
fluoride? trifluoromethanesulfonic acitithioacetic acid, thiophenols, and provided the second
step is conducted in the presence of fluoroborid,a@cohols’, with each substitution taking
place with retention of configuration (Scheme ). a series of experiments designed to probe
mechanism of substitution with retention of confaion we conclusively eliminated
stereodirecting participation by esters at the 4- 7epositions from consideration and
hypothesized that participation by the pyranosidicg oxygen via an intermediate 1-
oxabicyclo[3.1.0]Joxahexanium ion underlies the epehemical outcome of these reactidns.
Seeking to further expand the range of nucleopluteapatible with the oxidative deamination
we recently explored the use of phenols and uneove new reaction manifold with
concomitant substitution at the 4-position. Theplacement of acetic acid as nucleophile by
phenol under our otherwise standard conditionsltexsin the isolation of the 4,5-disubstituted
derivative4 as major product with retention and inversion ohfgguration at the 4- and 5-
positions, respectively.  Conversely, the use [Bhaphthol as nucleophile gave the
crystallographically-established tricyclic syst@&nas major product with inversion and retention

of configuration at the 4- and 5-positions, respety (Scheme 2.
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Scheme 2. Nucleophiles Employed Previously in the Deamrabf NeuAc

We understand this ensemble of results in terntheofnitial formation of a diazonium io®on
treatment oR with trifluoroethoxide that is in a pH dependeqgu#ibrium with the diazoalkane
7 (Scheme 3). The intermediacy of the diazonium 6ois established by the isolation of a
typical azo dye as byproduct (not shown) in thectiea with B-naphthol’ whereas the
equilibrium 6 and7 rests on the isolation ot&deuterio3 (not shown) when deuterioacetic acid
is used as nucleophife.Addition of nucleophiles with ipa <~8 results in the loss of nitrogen
with formation of the 1-oxabicyclo[3.1.0]hexaniuomi8, and overall substitution with retention
of configuration as i, ie, the classical reaction described by Schresmer Zbirat and widely
employed by ourselves and others as a means of iemtr KDN and other sialosidés® &*°
With the less acidic phenols as nucleophiles thaliegum favors the diazoalkanéresulting in
the elimination of acetate from the 4-position giyian alkenediazonium idl0. Kinetic attack
on thep-face of this alkenediazonium ion, perhaps via#g half-chair conformer, gives an

adduct11 which following protonation and displacement afrogen affords the final products.

The kinetic mode of reaction @& is exemplified by the use d§-naphthol as nucleophile



resulting ultimately in the isolation & Thermodynamic attack occurs on tidace of the
alkenediazonium iorl0, perhaps via th&H, half-chair conformer, to give an adduk from

which disubstituted products suchq®bserved with phenol as nucleophile, flow (Sch&yfe
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Scheme 3. Classical and New Reaction Manifolds for the Deation of NeuAc Dependent on

the Ka of the Added Nucleophile

We now report on the on the use of further nucldeplof varying Ka in the deamination of
NeuAc with a view to providing further insight inthe overall mechanistic scheme and

increasing the variety of NeuAc-like structuresikalde for medicinal chemistry purposes.

Results

The first nucleophile studied in this investigatian view of its well-known and widely
exploited nucleophilicity, was 1-hydroxybenzotrilz¢HOBt). A single major produdt3 was

isolated in 48% yield that arose from substitutddrthe nitrosoacetamide function with retention



of configuration (Table 1, entry 1). A mixture thfe two elimination product$4 and 15 was
also formed in this reaction, as determined by nspsstrometry and NMR spectroscopy of the
crude reaction mixture, albeit they were not isdatind quantified owing to the relative
complexity of the reaction mixture, which is tyfdicd the general reaction class. Turning to the
use of N-hydroxyphthalimide as nucleophile, we isolated 3@%the standard Zbiral-type
product 16, and 32% of the disubstitution produtf. Again, significant amounts of the
elimination productd4 and15 were formed in this reaction (Table 1, entry 2)ith the less
acidic acetohydroxamic acidas nucleophile a bicyclic produt8 was formed in 21% yield
alongside a single elimination produd, which was isolated in 28% yield (Table 1, entjy 3
Use of N-(p-methoxybenzyl)acetohydroxamic acid as nucleophiiethe other hand gave only
18% of the combined elimination produd# and15, and 21% of the 4-deoxy-5-desacetamido
non-4-eneulosonic acid derivatiu® (Table 1, entry 4), a class of sialic acid derixeg only
previously accessed by Takahashi and coworkergbgsadation of the NeuAc framework to a 7-
carbon synthon, followed by reassemily. With the more acidiodN-hydroxyimide, N-Boc
acetohydroxamic acid, the elimination produd# and 15 were the predominant products
isolated in a combined yield of 41%, whil® was isolated as a minor product in 10% yield. An
inseparable mixture of the keto@& and the enon22 in 17% yield Table 1, entry 5) was also
isolated. Turning to the use of oximes as nucléephapplication op-nitrophenylbenzaldehyde
oxime afforded the addu®0 in 26% vyield along with a mixture of eliminatiomgalucts14 and

15 in 24% yield, together with the inseparable migtof the keton21 and the enon22 in 8%
yield Table 1, entry 6). With the less acidic andre hindered acetone oxime on the other hand
only a mixture of the elimination product4 and15 could be isolated from the reaction mixture

in 38% yield (Table 1, entry 7).



Table 1. Application of Hydroxylamine Derivatives and Aminas Nucleophiles in the Zbiral Reaction
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1 N-Hydroxybenzotriazole 209 oac Qe 0P ope OMe ACO op.  OMe
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oH N
QN\ N’ 13’ 48% AcO 14 AcO 15
_N
N
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N OAc N g
0 °N
0 o) 14 +15=23%
N-OH 16, 36% o
o) 17,32%
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15, 28%
0
)J\N/OH 18, 21%
H
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N-(p-Methoxybenzyl)acetohydroxamic

acid

p-Nitrobenzaldehyde oxime
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A0} oAc  OMe A0} oAc  OMe 70 ] OAc  OMe
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19, 21% AcO 14 AcO 45
14+15=18%
AcO
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. -
AcO 14 AcO 15
19, 10%
14+15=41%
AcO AcO
AcO. ] OAc OMe A0 ] OAC  CoMe
0 2 O 2
21+22=17%
AGO AcO OAc OMe OMe OMe
5 7~0 CO,Me R@\Cone Rw\cone
N/O AcO 14 AcO 15
I 14 + 15 = 24%
ON 21 +22=8%
2

20, 26%



7 Acetone oxime A0’} oAc  OMe 209 oac  OMe
\J\@LCOQMe \J\@LCOQMe
HO‘N AcO 14 AcO 15
|
A 14 + 15 = 38%
8 Aniline CHOACCHOACcCH,OAc
Ph—N
0]
Ph—NH, OMe
COQMe
23, 49%
9 Indole

a0} oac OMe oA oac  OMe
\J\w‘\C%Me \J\w\COQMe
©E\> AO 44 A0 45
N 14 + 15 = 80%

H

10 3,5-Dimethylpyrazole (CF2),CHO OMe

R7 10O CO,Me
\@/ in (CF3),CHOH (CF3),CHO

HN-N
24, 9%

a) Unless otherwise stated all reactions were ottedwat -10 °C in dichloromethane. M)icleophiles were employed in 10-20 fold
excess as detailed in the Supporting Informatipnliceelimination productd4 and15 are the major side products in all reactions as
determined by inspection of the crude reaction uneg by mass spectrometry and NMR spectroscopgit dfiey were not isolated
and quantified in every case. .
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In addition to the use of hydroxylamine derivatisssnucleophiles we also briefly investigated thfat
the nitrogen nucleophiles aniline, indole, and dybethylpyrazole. With aniline a complex reaction
mixture was observed from which we isolated theidinie 23 in 49% vyield (Table 1, entry 8), while the
use of indole afforded only the elimination produtd4 and 15, albeit with an excellent yield of 80%
(Table 1, entry 9). 3,5-Dimethylpyrazole was noffisiently soluble in dichloromethane for use as
nucleophile, but was soluble in hexafluoroisoprapam weakly nucleophilic solvefit*® we had
previously employed to good effect for the additiminthe poorly soluble 6-hydroxyquinoline to the
vinyldiazonium ion20 and resulting in the isolation of a heterocyclalg of tricyclic product in
good yield’ Unfortunately, addition of 3,5-dimethylpyrazole hexafluoroisopropanol to a typical
dichloromethane solution of ti¢-nitrosoamide2 gave a complex reaction mixture from which none of
the anticipated products could be recovered. Wie libwever, isolate from this mixture a prodadt
resulting from the combination of two molecules béxafluoroisopropanol with the activated

nitrosoamide, albeit in only 9% vyield (Table 1,rgrit0).
Structural Elucidation

The structures of elimination productd and 15 was confirmed by comparison of their spectra with
those of authentic samplésyhile the structures of adducts, 17, and19 follow without complication
from inspection of their NMR spectroscopic and mggsctrometric data. The structure of the adduct
20 is assigned by comparison of its spectral dath thiat of15 and an analogous product isolated from
the application of 4-nitrophenol as nucleopfil&he structure of enor22 was assigned by comparison
with an authentic samplewhile that of ketone?1 follows from its gradual decomposition ing2,

which also prevented it from being isolated in piamen.

The configuration of theN-hydroxybenzotriazole addud3 is readily apparent from itSH NMR

spectra, which reveal the all-equatorial naturéhefsubstituents at the 4-,5-, and 6-positionsratdabe
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pyranoside ring. Thé&lk3 resulted from the attack of the ambident nucleedidihydroxybenzotriazole
on oxygen and not nitrogen — resulting in the fdramof betaine25 — was ascertained by treatment
with zinc in acetic acid followed by acetylation gove the known KDN derivativ@6 in 97% overall

yield (Scheme 4).

AcO OMe AcO OMe

AcO_ ] QAc i) Zn, AcOH ~ AcO_ ] 9Ac
\W\COQMe ’ - ACO> 07/ ~CO,Me
Q—N\ OAc i) Ac,0, py OAc
_N

N 13 26, 97%

o
O, OMe
N-N

“Nw COMe
©  Oac

25 (eliminated from consideration
as an alternative structure to 13)

Scheme 4. Confirmation of the Structure of tiNnHydroxybenzotriazole Addudi3.

The structure o8 is based on the HMBC correlation of the imidatéboayl C with H5 and not with
H4, which excludes the regioisome@7 (Figure 1). Thecisfused ring junction and chair-like
conformation of the pyranose ring 8 is apparent from inspection of its NMR spectroscagata
including analysis of the complete set *df proton-proton couplings in the H3a,e-H6 spin syste
Finally, the fusion of the heterocylic ring to thdace of the pyranose is confirmed by nOe correheti
between H5 and H’s 3 and 7 on thace of the molecule (Figure 1). Aziridi28 was assigned on the
basis of the nOe correlations between the sidengbraton H7 and the ring protons H4 and H5, which
place the aziridine ring on the opposite face @& pyranoside ring to the side chain. The exo-
configuration is clear from the nOe correlationsaEen the ortho-protons on the phenyl ring and4’s

and 5 (Figure 2).
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27, regioisomer
18 excluded from consideration

Figure 1. HMBC and Nuclear Overhauser Correlations Suppgrtine Structure df8 as Compared to

the Regioisome2?.

nOe nOe OAc
H H
’\ . N "OAc
NH < 0OAc
’ o)
(4 OMe
H
nOe CO,Me

23
Figure2. Nuclear Overhauser Correlations EstablishingStmecture o23.

Finally, the configuration and conformation of thexafluoroisopropanol addu2# are established by
analysis of NMR coupling constants and nOe cofigat Thus3Jus s at 8.2 Hz indicates that H's 4
and 5 are either close to antiperiplanar or sypfgrar, while th€Juzax a JnzeqHa and*Jus ne coupling
constants of 6.1, 3.2, and 2.1 Hz, respectivelglugle axial orientations for both H4 and H5. This
ensemble of information points to a chair-like aynfation with axial substituents at C4 and C5, with
twisting of the C4-C5 bond to minimize repulsiorivieeen the hexafluoroisopropyl groups, which forces
the near-eclipsing of H's 4 and 5. In terms oftggroximity, nOe correlations were observed
between the 4£-hexafluoroisopropyl proton and the ring protons HAd H5. One of the two

trifluoromethyl groups in the same @Ghexafluoroisopropyl ether also showed heteronucle@e
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correlations with H4 in the HOESY‘H-'F) spectrum further supporting the assigned coriion

(Figure 3).

OAc
noek'nFO'e H OMe R OAc
\Son
0]

|
(CF3)2CHO COzMe
24

Figure 3. Nuclear Overhauser Correlations Establishing3tnecture o24.

Discussion

With reported Ea’s in aqueous solution varying between #°5thd 7.39" '8 N-hydroxybenzotriazole
performs similarly to acetic acid and delivers aderate yield of the direct substitution prod@8twith
retention of configuration (Table 1, entry 1). Téituation withN-hydroxyphthalimide (Table 1, entry
2) on the other hand is more complex: the diretisstion productl6, expected to be the major
product on the basis of th&a (6.1) of the nucleophifé,was isolated in 36% vyield. On the other hand,
the double substitution produt?, isolated in 32% vyield, approximates more clogelyhe reactivity
pattern observed with phendl, (Scheme 2) and was not anticipated. Clearly,rddeors intervene
with N-hydroxyphthalimide to promote elimination of theetoxy group from the 4-position giving rise
to the vinyl diazonium iorll0. Whatever the reason for the elimination, Michadtition of N-
hydroxyphthalimide td.0 takes place under thermodynamic control as wigmphto give an equatorial
adduct. Also as with phenol we propose that a reamolecule ofN-hydroxyphthalimide then
protonates the diazoalkane axially on théace leading to a contact ion pair. However, kalthe

phenol case where this contact ion pair collapsés lass of nitrogen and formation of the axial C-O
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bond, this ion pair containing a more stable arfmlows the pattern established with acetic acid as
nucleophile and lives sufficiently long for parpeition by the ring oxygen leading ultimately to

nucleophilic substitution on thgface with overall retention of configuration aetb-position (Scheme

5).
Oy o OMe OMe
@ Nu Nu-H ®
R N, OMe @ R/ CO:Me N,R77Q7 ~COMe
CO,Me thermodyn. @N//N Nu axial Nu o
10 addition protonation H Nu
contact ion pair (CIP)
Nu-H = PhthO-H (or AcO-H) ~
(more stable CIP) Nu-H = PhOH
(less stable CIP)
OMe
o OMe OMe
prthoRZAQY ~COMe o R\OXCOMe R7~07~COsMe
OPhth PhthO OPhth o
17 H PhO

4
R = CHOAcCHOACCH,OAc

Scheme 5. Reaction oN-Hydroxyphthalimide with Vinyl Diazonium lo&0

Acetohydroxamic acid, with aka of 9.40'" favors the diazoalkan@ over its conjugate acid, the
diazonium ior6, leading to the formation of the vinyl diazoniuamil0. Conjugate addition then occurs
on thep-face leading to a kinetic adduct, which undergoésmolecular proton transfer leading to a
zwitterion followed by collapse with loss of nitreg to give the observatis-fused produci8 (Table 1,
entry 3, Scheme 6) in close overall analogy tortteehanism postulated for the usepafaphthol as
nucleophile and leading to the formation 05. Turning to the wuse of N-(4-
methoxybenzyl)acetohydroxamic acid, with an expbgi€a similar to that of acetohydroxamic acid

itself 1

no substitution products were isolated, rather akene19 was observed for the first time
(Table 1, entry 4). We speculate that this forpealuction product arises from competing nucleophili
attack of the bulky nucleophile of the terminakogen of the vinyl diazonium ion leading to a coexpl

intermediate. This intermediate presumably dec@apavith loss of nitrogen and of an unstable acyl
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nitronium ion, resulting in the formation of a vingnion ready for protonation to give alket®
(Schemeb). AlthoughN-Boc acetohydroxamic acid can be expected to havacality comparable to
that of N-hydroxyphthalimide, it has considerable sterickbaihd so might be expected to follow the
same reaction path &k(4-methoxybenzyl)acetohydroxamic acid resultinghie formation of alken&9

rather than of any substitution product (Tableritrye5, Schemé).

Me )L _OH OY o%
COMe H N, OMe N OMe
o RZZLQ7 ~COMe 4 R7L07~CO,Me

@ N @
O N N2
-OH
Me I}l ©
R
+H . AcOACO OAc OMe YN\O OMe
) :
44;:&02“6 d@“’zm SRz ~come
19 18
/N Me
R7e

3@/ - O

R = CHOAcCHOACcCH,0Ac

Scheme 6. Reaction of Hydroxamic Acids with Vinyl Diazomiulon 10.

With p-nitrobenzaldehyde oxime K@ 10.5¥" as nucleophile the adduz®, isolated in 26% yield (Table
1, entry 6), must arise from conjugate additiontled nucleophile to the vinyl diazonium idi®,
followed by protonation to the corresponding diamom ion and explusion of nitrogen followed by
deprotonation. Keton2l and, following eliminationg,B-unsaturated keton22 presumably arise by
simple acid catalyzed hydrolysis of the relativelgctron rich enol ethé0. With acetone oxime Ka
12.4) the comparable adduct2@ will be even more electron-rich and so does ndtstéand the reaction
conditions; ultimately only a 38% overall yield efimination productd4 and 15 could be isolated

from this reaction mixture (Table 1, entry 7).
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The aziridine23 formed on the use of aniline as nucleophile isstsiant with a mechanism involving
kinetic attack of the nucleophile on tRdace of the vinyl diazonium iohO followed by tautomerization
and cyclization to afford a triazoline (Scheme Alternatively, by analogy with the well-known
reaction of arene diazonium ions with amif&é! the triazoline may be formed by initial attacktbé
amine onto the terminal nitrogen position of thezdnium moiety to give a vinyl triazene, followeg b
tautomerization and ring closure. The formation af intermediate triazoline is supported by
examination of the crude reaction mixture by EStsnspectrometry, which revealed a major ion of m/z
530 (M+Na) that diminished over time in favor oéthziridine (m/z 501, M+Na). Loss of nitrogen and
formation of the corresponding aziridines in thiammer is the standard mode of decomposition 084,2,
triazolines. This mechanism is further supportgdhe early work of Saalfrank and Ackerman who
studied the reaction of primary amines with simplethoxyvinyl diazonium ions, leading to the
isolation of 1,2,3-triazoles — with the intermedi#tiazoline undergoing elimination of the ethoxpugp

and aromatization, rather than loss of nitrogenamiddine formatiorf>2*
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OMe

COzMe
R® /

N, O

10 \
/ ) PhNH, OMe
o PN OMe ii) tautomerization /XCO;Me
WCOZMe R™ N/

e}

OMe
CO,Me
23

R = CHOAcCHOACCH,OAc

Scheme 7. Mechanism of Triazoline Formation and Subsequerttdinposition to Aziridin@3

The attempted use of indoleK@ 16.2) as nucleophile gave a relatively cleanti@aanixture from
which was isolated a mixture of the two simple @hation productsl4 and 15 in the unusually high
yield of 80%. We suggest that this is the consege@f stabilization of the diazonium iénn the form
of an unstable triazene that retards eliminatiotht vinyl diazonium ion and ultimately decomposes
with formation of the observed alkenes (Scheme RelatedN-arylazoindoles have been isolated

previously from the reaction of indole with areriazbnium salts under basic conditidns.
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Scheme 8. Proposed stablization of Diazonium @by Triazene Formation
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Finally, albeit the attempted use of 3,5-dimethyfjzple as nucleophile in hexafluoroisopropanol

afforded a complex reaction mixture from which nywgzole-containing products could be isolated, the

bis(hexafluoroisopropanol) addug4 was secured in 9% yield. This product is unusumal worthy of

comment as, while there are numerous literaturenples of the trapping of carbenium ions by

hexafluoroisopropanol, often with support from Xr@ystal structure® 3 the formation oP4 requires

hexafluoroisopropanol §a 9.3 to act first as nucleophile in a conjugate additio the vinyl

diazonium ionl0. Thus,24 is envisaged as the product of kinetic additiom@tafluoroisopropanol to

the p-face of10, axial protonation of the resulting diazoalkanetbaao-face by a second molecule of

hexafluoroisopropanol and collapse of the so-fortigitt ion pair to afford®?4 (Scheme9).

N\
- HFIP  (CFy),cHo  §Me
R N, OMe ——= WCOQMe
COzMe ®N¢N
10
J HFIP
oM
(CFa),CHO  T¢ (CFa),cHO §Me
Rﬂ@LCOzMe — © che
N2
CF3),CHO ©
(CFCHO o, " “ocH(CFy),

contact ion pair (CIP)

R = CHOAcCHOACCH,OAc



19
Scheme 9. Reaction of Hexafluoroisopropanol with the Vijiazonium lon10

The conformation of24, a flattened chair conformation with both hexafhiospropyl groups
pseudoaxial, is presumably preferred because ofivordble steric interactions between the
hexafluoroisopropyl groups in alternate conformagidhat would enable them to benefit from the
gauche effect. A similar effect is seen in theaX-crystal structure of the formal glycol derivatizb
that adopts an antiperiplanar relationship of the bulky ethers, even though this forces the tw@ C-

bonds into a gauche relationship (Figuré®).

MeO OCH(CF3),
H
MeO
Me H

O
N
25

O-C-C-O dihedral angle =175°

Figure4. Solid State Conformation of Dieth2s

Conclusion

A variety of hydroxylamine derivatives and weaklgsit amines have been examined as
possible nucleophiles in the Zbiral-type deamimataf N-nitrosoN-acetyl neuraminic acid.
Depending on the nature of the nucleophile prodadte either from direct substitution of the
nitrosoamide moiety with retention of configuratioor from double substitution of the
nitroamide and the vicinal acetoxy group. The dewobstitution products are considered to be
formed by a multi-step process involving eliminatiof the acetoxy group to form a vinyl

diazonium ion followed by Michael addition and filyadisplacement of nitrogen from the
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resulting diazonium ion. The configuration at G5aifunction of the nature of the protonation
step, inter or intramolecular, of the diazoalkand af the tightness of the so-formed ion pair,
which again is a function of the acidity of the laphile. Thus, intermolecular protonation
takes place in the axial direction to afford a eahion pair of the counterion with the equatorial
diazo leaving group. When the ion pair is tight, with counterions arising from less acidic
nucleophiles (eg, phenol, hexafluoroisopropanog tbn pair collapses with inversion of
configuration and formation of an axial bond to thecleophile. On the other hand, with more
stable counterions (acetate, benzotriazole-1-oxpt#&alimide-1-oxide, etc) a looser ion pair is
formed, the ring oxygen participates in explusidmirogen and the product is formed with

overall retention of configuration.

Experimental Section

General. All reactions were performed using oven-dried ghasg under an atmosphere
of argon. All reagents and solvents were purchdised commercial suppliers and were used
without further purification unless otherwise spied. Chromatographic purifications were
performed on silica gel (230-400 mesh) columns §Q0g) of silica gel per gram of crude
compound). Reactions were monitored by analytibal-tayer chromatography on pre-coated
glass backed plates (w/UV 254) and visualized byilw&diation (254 nm) or by staining with
25% HSQO, in EtOH or ceric ammonium molybdate (CAM) solutiddpecific rotations were
measured on an automatic polarimeter with a patgtheof 100 mm in the solvent specified.
Concentrations are given in g/100 mL. High resolutnass spectra (HRMS) were recorded with
an electrospray ionization (ESI) source coupled tone-of-flight (TOF) mass analyzer or with
an electron impact (El) source coupled to a TOFsmasalyzer!H, °C, °F, spectra were

recorded on a 400, 500 or 600 MHz spectrometer. NIRents were used without purification.
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Chemical shifts are given in pprd)(and coupling constantg)(are given in Hz. Multiplicities
are given as singlet (s), broad singlet (br s),béietu(d), triplet (t), doublet of doublets (dd),
triplet of doublets (td), multiplet (m), apparentagtet (app q), apparent pentet (app p), etc.
General procedure for oxidative deamination. Using the quantities described in the individual
experiments, sodium 2,2,2-trifluoroethoxide and ci®wvn-6 were dissolved in anhydrous
CH.Cl, under Ar and cooled to -1TC. The solution was added to the nitrosyl sialog@lé M
solution in anhydrous Ci€l,) at -10°C under Ar. The mixture was stirred for 5 min Hd °C.
The nucleophile (5-20 equiv) dissolved in the sohwescribed under Ar at -PC was added to
the reaction mixture in one portion. After stirrifigr 5 min, the reaction was quenched by
addition of saturated NaHG@olution and diluted with DCM. The reaction mix@uwas washed
with NaOH/HCI (1M) to remove excess nucleophileeTdrganic layer was washed with brine,
dried over anhydrous N8O, and concentrated under reduced pressure to aff@dcrude

product which was purified by column chromatographgr silica gef?
Methyl (methyl 5-acetamido-4,7,8,9-tetr a-O-acetyl-3,5-dideoxy-D-glycer o-p-D-galacto-non

2-ulopyranosid)onate (1). CompoundL (6 g, 95%) was obtained by a literature procetiover

two steps as a white solid frodiacetylneuraminic acid (20 g, 64.7 mmol).

Methyl  (methyl  4,7,8,9-tetra-O-acetyl-3,5-dideoxy-5-(anti/syn-N-nitr osoacetamido)-D-
glycer o-p-D-galacto-non-2-ulopyranosid)onate (2). A solution of compound. (330 mg, 0.7
mmol) in dry dichloromethane (7 mL) was treatedmwilry pyridine (0.5 mL, 6.5 mmol, 10
equiv) and cooled to -10 °C. After stirring for b&in, crushed nitrosyl tetrafluoroborate (382
mg, 3.0 mmol, 5 equiv) was added in one portiore Téaction mixture was stirred at -10 °C

until TLC showed complete conversion (4-5 h). Thextore was diluted with cold
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dichloromethane (3 mL) and washed with cold 1N H€Hjurated NaHC®and brine. The
organic layer was dried over anhydrous,8&, and concentrated under 10 °C to obtaias a

yellowish foamwhich was carried forward for next reaction withéwrther purificatiofl.

Methyl  (methyl 4,7,89-tetra-O-acetyl-3-deoxy-5-O-(benzotriazol-1-yl)-D-glycer o-p-D-
galacto-non-2-ulopyranosid)onate (13). The nitrosyl sialoside2 (150 mg, 0.3 mmol) in
CH.CI, (3 mL) was deaminated using the general procetturexidative deamination with
sodium 2,2,2-trifluoroethoxide (68 mg, 0.6 mmolg-drown-6 (74 mg, 0.3 mmol) in GBI, (2
mL) and HOBt (380 mg, 2.8 mmol, 10 equiv) in HFPQL) to afford13 after flash column
chromatography over silica gel eluting with hexasityl acetate (1:1), as a colorless oil (78 mg,
48 %);[a]3° + 45.7 (c 0.45, CHCl,)."H NMR (600 MHz, CDC}) § 7.97 (d,J = 8.4 Hz, 1H,
ArH), 7.49 (d,J = 3.5 Hz, 2H, ArH), 7.36 (dt] = 8.0, 3.8 Hz, 1H, ArH), 5.91 (dd,= 5.0, 2.3
Hz, 1H, H7), 5.60 (ddd] = 11.0, 9.4, 5.5 Hz, 1H, H4), 5.39 (ddd+ 7.3, 5.0, 2.6 Hz, 1H, H8),
4.95 (t,J = 9.7 Hz, 1H, H5), 4.76 (dd,= 12.5, 2.6 Hz, 1H, H9), 4.40 (ddi= 10.1, 2.2 Hz, 1H,
H6), 4.20 (ddJ = 12.4, 6.8 Hz, 1H, H9"), 3.80 (s, 3H, GH3.34 (s, 3H, Ch), 2.60 (dd,J =
13.1, 5.5 Hz, 1H, H3e), 2.32 (s, 3H, §H2.11 (s, 3H, Ch), 2.04 (s, 3H, Ch), 1.67 (dd,J =
13.1, 11.2 Hz, 1H, H3a), 1.12 (s, 3H, $HC{*H} NMR (151 MHz, CDC}) § 170.8, 170.6,
170.0, 169.3, 166.9, 143.3, 128.4, 127.9, 124.8,3,208.8, 98.7, 82.8, 71.2, 70.0, 69.3, 68.5,
62.3, 52.9, 51.8, 36.8, 21.1, 21.0, 20.9, 20.1-HRMS Calcd. for GsHsiNsNaOz :([M+Na]")

m/z: 604.1755; found: 604.1756.

Methyl  (methyl  4,7,8,9-tetra-O-acetyl-3-deoxy-5-O-(N-phthalimidoyl)-D-glycer o-p-D-
galacto-non-2-ulopyranosid)onate (16), Methyl (methyl 7,8,9-tri-O-acetyl-3-deoxy-4,5-di-O-
(N-phthalimidoyl)-D-glycer o-p-D-galacto-non-2-ulopyranosid)onate (17), Methyl (Methyl

4,7,8,9-T etr a-O-acetyl-3,5-dideoxy-g-D-ar abino-non-4-en-2-ulopyranosid)onate (14), and
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Methyl (Methyl 4,7,8,9-Tetr a-O-acetyl-3,5-dideoxy-f#-D-ribo-non-5-en-2-
ulopyranosid)onate (15). The nitrosyl sialosid@ (267 mg, 0.5 mmol) in C¥Cl, (5 mL) was
deaminated using the general procedure for oxidatileamination with sodium 2,2,2-
trifluoroethoxide (90 mg, 0.7 mmol), 18-crown-6 §léhg, 0.7 mmol) in CkCl, (2 mL) andN-
hydroxyphthalimide (1.2 g, 7.4 mmol, 20 equiv) foed 16 after flash column chromatography
over silica gel eluting with hexane/ ethyl aceidtd.), as a colorless oil (115 mg, 36%) dficas
a colorless oil (102 mg, 27%, and an inseparabl¢umg of elimination product$4 and15 as a

colorless oil (1:2.5 ratio, 53 mg, 23%).

Compoundi16: [a]3® — 52.6 (c 0.4, CHC})."H NMR (600 MHz, CDC}) 5 7.82 (ddJ = 5.5, 3.1
Hz, 2H, ArH), 7.75 (ddJ = 5.5, 3.1 Hz, 2H, ArH), 5.80 (dd,= 5.3, 2.0 Hz, 1H, H7), 5.53 (ddd,
J=11.0, 9.0, 5.4 Hz, 1H, H4), 5.39 (ddbs 6.7, 5.3, 2.7 Hz, 1H, H8), 4.67 (diiz 12.4, 2.7
Hz, 1H, H9), 4.44 (tJ = 9.4 Hz, 1H, H5), 4.23 (@ = 9.8, 2.1 Hz, 1H, H6), 4.16 (dd= 12.4,

6.7 Hz, 1H, HY'), 3.78 (s, 3H, G} 3.29 (s, 3H, Ch), 2.66 (dd,J = 13.2, 5.4 Hz, 1H, H3e),
2.25 (s, 3H), 2.10 (s, 3H, GH 2.04 (s, 3H, Ch), 1.72 (s, 3H, Ch), 1.69 (dd,J = 13.1, 11.0 Hz,
1H, H3a).*C{*H} NMR (151 MHz, CDC}) & 170.8, 170.5, 170.2, 169.4, 167.3, 163.3, 134.8,
128.9, 123.7, 98.6, 79.5, 71.0, 70.2, 69.4, 68%4,62.8, 51.7, 36.4, 21.1, 21.1, 20.9, 20.8. ESI-

HRMS Calcd. for G/H3:NNaO;s :([M+Na]") m/z: 632.1591 ; found: 632.1592.

Compoundl7: [a]Z’ — 32.0° (c 0.25, CHC})). 'H NMR (600 MHz, CDC}) § 7.79 (dd,J = 5.5,
3.1 Hz, 2H, ArH), 7.73 — 7.68 (m, 4H, ArH), 7.6(d = 5.5, 3.0 Hz, 2H, ArH), 5.79 (dd,=
5.7, 2.1 Hz, 1H, H7), 5.39 (td,= 6.2, 2.7 Hz, 1H, H8), 5.17 (ddd,= 10.5, 8.0, 5.5 Hz, 1H,
H4), 4.86 (dd,) = 9.6, 7.9 Hz, 1H, H5), 4.67 (dd= 12.4, 2.7 Hz, 1H, H9), 4.23 (ddi= 9.6, 2.1
Hz, 1H, H6), 4.16 (dd] = 12.4, 6.5 Hz, 1H, H9"), 3.80 (s, 3H, @H3.23 (s, 3H, CH), 2.50 (dd,

J=13.4, 5.5 Hz, 1H, H3e), 2.32 (s, 3H, §H2.13 (dd,J = 13.4, 10.5 Hz, 1H, H3a), 2.10 (s, 3H,
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CHa), 2.03 (s, 3H, Ch). “C{*H} NMR (151 MHz, CDC}) & 170.9, 170.4, 170.2, 167.4, 163.6,
163.3, 134.7, 134.3, 129.3, 128.8, 123.8, 123.60, 9.5, 78.8, 70.8, 69.2, 68.6, 62.3, 53.0,
51.5, 35.5, 21.2, 20.9, 14.3. ESI-HRMS Calcd. fesHzN,NaOyg :([M+Na]*) m/z: 735.1650 ;

found: 735.1650.
Compoundd4 and15 (1:2.5 mixture) had NMR data consistant with tterature’

Methyl (methyl 7,8,9-tri-O-acetyl-3-deoxy-4-O,5-O-(ethanimin-1-yl-N-yl)-D-glycer o-g-D-
talo-non-2-ulopyranosid)onate (18). The nitrosyl sialosid@ (200 mg, 0.4 mmol) in C¥Cl, (4
mL) was deaminated using the general procedurexlative deamination with sodium 2,2,2-
trifluoroethoxide (90 mg, 0.7 mmol), 18-crown-6 §leng, 0.7 mmol) in CkCl, (3 mL) and
acetoxyhydroxamic acid (555 mg, 7.4 mmol, 20 equiv)afford 18 after flash column
chromatography over silica gel eluting with hexagtdyl acetate (1:1), as a colorless oil (62 mg,
36%) and the single elimination produd as a colorless oil (46 mg, 28%). Compour&;
[a]3° — 15.3 (c 0.85, CHCY). *H NMR (400 MHz, CDCY) § 5.51 (dd,J = 5.6, 2.6 Hz, 1H, H7),
5.34 (td,J = 6.2, 2.6 Hz, 1H. H8), 4.57 (dd= 12.5, 2.7 Hz, 1H, H9), 4.33 (ddi= 10.0, 2.6 Hz,
1H, H6), 4.22 (ddJ = 12.5, 6.3 Hz, 1H, HY'), 4.17 (dd,= 10.0, 2.8 Hz, 1H, H5), 4.04 (dl=
4.2, 2.6 Hz, 1H, H4), 3.78 (s, 3H, @H3.23 (s, 3H, Ch), 2.53 (dd,J = 15.5, 2.5 Hz, 1H, H3),
2.14 (s, 3H, Ch), 2.10 (dd,J = 15.5, 4.2 Hz, 1H, H3'), 2.07 (s, 3H, §H2.03 (s, 3H. CH),
1.92 (s, 3H, Ch). *c{*H} NMR (101 MHz, CDC}) & 170.7, 170.3, 169.6, 167.9, 155.2, 97.7,
77.5, 77.2, 76.8, 70.5, 69.1, 68.8, 66.8, 66.11,622.8, 51.8, 34.9, 21.1, 20.8, 20.8, 17.4. ESI-

HRMS Calcd. for GgH27NNaOy, :([M+Na]") m/z: 484.1431 ; found: 484.1400.

Methyl (methy!l 7,8,9-tri-O-acetyl-3,4,5-trideoxy-p-D-ar abino-non-4-en-2-

ulopyranosid)onate (19). The nitrosyl sialosid® (267 mg, 0.5 mmol) in Cil, (5 mL) was
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deaminated using the general procedure for oxidatileamination with sodium 2,2,2-
trifluoroethoxide (122 mg, 1 mmol), 18-crown-6 (284, 1.1 mmol) in CECl, (2.5 mL) andN-
(4-methoxybenzyl)acetyl hydroxamic caid (975 mgmbol, 10 equiv) in CkCl, (5 mL) to
afford 19 after flash column chromatography over silica gleting with hexane/ ethyl acetate
(3:1), as a colorless oil (41 mg, 21%) and an iassge mixture of elimination producig and
15 as a colorless oil (40 mg, 18%Ja]3’ — 10.% (c 1.3, CHC#). 'H NMR (400 MHz, CDCY) &
5.82 (ddtJ = 10.0, 4.9, 2.3 Hz, 1H, H4), 5.63 (ddtr 10.5, 3.0, 1.5 Hz, 1H, H5), 5.45 (i
6.2, 2.3 Hz, 1H, H8), 5.37 (dd,= 6.2, 2.7 Hz, 1H, H7), 4.61 (dd,= 12.5, 2.3 Hz, 1H. H9),
4.43 (tdg,J = 4.9, 2.6, 1.5, 0.9 Hz, 1H, H6), 4.22 (dds 12.5, 6.1 Hz, 1H, H9"), 3.80 (s, 3H,
CHs), 3.28 (s, 3H, Ch), 2.40 (ddtJ = 17.8, 4.0, 2.6 Hz, 1H, H3 ), 2.32 (dddd: 17.8, 4.8, 3.2,
1.4 Hz, 1H, H3"), 2.06 (s, 6H, 2GH 2.04 (s, 3H, CH). **C{*H} NMR (101 MHz, CDC}) &
170.8, 170.1, 170.0, 169.0, 123.8, 123.8, 97.@3,710.3, 69.2, 62.5, 52.6, 51.5, 32.1, 21.0, 20.9,

20.8.ESI-HRMS Calcd. for GH24NaOyo :([M+Na]’) m/z: 411.1262 ; found: 411.1248.

Deamination of nitrosyl sialoside 2 with N-(‘Butyloxycarbonyl)acetyl hydroxamic acid as
nucleophile. Methyl (7,8,9-tri-O-acetyl-3,5-dideoxy-p-D-ar abino-non-4-oxo-2-
ulopyranosid)onate (21) and Methyl (7,8,9-tri-O-acetyl-2,3,5-trideoxy-B-D-ar abino-non-2-
en-4-oxo-2-ulopyranosid) onate (22). The nitrosyl sialosid@ (267 mg, 0.5 mmol) in C}l,
(5 mL) was deaminated using the general procedareotidative deamination with sodium
2,2,2-trifluoroethoxide (122 mg, 1 mmol), 18-crowrn(291 mg, 1.1 mmol) in Ci€l, (2.5 mL)
andN-("butyloxycarbonyl)acetyl hydroxamic acid (525 mgnénol, 6 equiv) in CECl; (5 mL)
to afford 19 after flash column chromatography over silicagating with hexane/ ethyl acetate

(3:1), as a colorless oil (20 mg, 10%), an inseparanixture of elimination productsl and15
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as a colorless oil (91 mg, 41%) and another ingdpamixture of compound& and22 (1.27:1

ratio, 35 mg, 17%) as a colorless oil.

Compound22;” *H NMR (400 MHz, CDCY) § 6.24 (dJ = 1.1 Hz, 1H, H3), 5.39 (ddd,= 7.9,
5.3, 2.5 Hz, 1H, H8), 5.38 (dd= 7.9, 2.8 Hz, 1H, H7), 4.71 (dddi= 13.3, 4.1, 2.7 Hz, 1H,

H6), 4.49 (ddJ) = 12.5, 2.3 Hz, 1H, H9), 4.25 (m, 1H, H9), 3.873H, CH), 2.57 (dd,J = 16.9,
13.7 Hz, 1H, H5), 2.48 (dd,= 16.9, 3.8 Hz, 1H, H5), 2.14 (s, 3H, @H2.07 (s, 3H, CH),

2.06 (s, 3H, Ch). *C{*H} NMR (101 MHz, CDC}) § 191.8, 170.7, 170.0, 161.7, 158.3, 109.5,

77.7,77.4,77.2,76.9, 70.1, 69.5, 61.7, 53.43,371.0, 20.8, 20.6.

Compound21 was identified in the mixture by the following dizostic signals'H NMR (400
MHz, CDCk) § 5.35 (dddJ = 6.0, 5.7, 2.5 Hz, 1H, H8), 5.29 (dbk 6.0, 3.1 Hz, 1H, H7), 4.58
(dd, J=12.5, 2.6 Hz, 1H, H9), 4.25 (m, 1H, H6),14(@d,J = 12.5, 5.8 Hz, 1H, H9’), 3.82 (s, 3H,
CHa), 3.24 (s, 3H, Ch), 2.74 (d,J = 14.9 Hz, 1H, H3), 2.61 (d,= 14.9 Hz, 1H, H3"), 2.39 (br
s, 1H, H5), 2.37 (br s, 1H, H5’), 2.13 (s, 3H, §H2.05 (s, 3H, Ch), 2.04 (s, 3H, Ch). °C
{*H} NMR (101 MHz, CDC}) § 201.6, 170.7, 170.2, 169.8, 167.2, 100.2, 71.2,89.0, 62.0,

53.0, 51.5, 48.0, 42.1, 21.0, 20.8, 20.8.

Methyl (methyl 7, 8, 9-tri-O-acetyl-3,5-dideoxy-4-O-(4-nitr ophenylmethanimin-N-yl)-g-D-

ar abino-non-4-en-2-ulopyranosid)onate (20). The nitrosyl sialosid@ (267 mg, 0.5 mmol) in
CH.Cl; (5 mL) was deaminated using the general procefurexidative deamination with
sodium 2,2,2-trifluoroethoxide (122 mg, 1 mmol),-d®wn-6 (291 mg, 1.1 mmol) in GBI,
(2.5 mL) and 4-nitrobenzaldehyde oxime (1.66 gni@ol, 20 equiv) in THF (5 mL) to afford
20 after flash column chromatography over silicagating with hexane/ ethyl acetate (1:1), as

a colorless oil (72 mg, 26%), an inseparable metaf elimination productd4 and 15 as a
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colorless oil (53 mg, 24%) and another inseparafilbdure of compound2l1 and22 (17 mg,
8%) as a colorless oil[a]3’ — 15.8 (c 0.9, CHC4). 'H NMR (600 MHz, CDCJ) & 8.22 (d,J =

8.8 Hz, 2H, ArH), 8.02 (s, 1H, NCH), 7.73 @@= 8.8 Hz, 2H, ArH), 5.57 (ddd, = 7.3, 4.5, 2.8
Hz, 1H, H8), 5.53 (dt) = 4.6, 1.2 Hz, 1H, H7), 5.20 (d,= 4.2 Hz, 1H, H5), 4.87 (df = 6.4,
5.0 Hz, 1H, H4), 4.42 (dd} = 12.2, 2.8 Hz, 1H, H9), 4.36 (dd~ 12.1, 7.4 Hz, 1H, H9’), 3.74
(s, 3H, CH), 3.39 (s, 3H, Ch), 2.56 (ddJ = 14.0, 4.8 Hz, 1H, H3), 2.25 (ddl= 14.0, 5.2 Hz,
1H, H3'), 2.15 (s, 3H, Ch), 2.07 (s, 3H, Ch), 2.06 (s, 3H, Ch. **C{*H} NMR (151 MHz,
CDCl) § 170.9, 170.1, 169.4, 167.8, 149.7, 148.6, 14738.2, 127.8 (2 Carbons), 124.1(2
Carbons), 99.4, 98.5, 72.3, 70.5, 70.5, 62.0, 8273, 34.7, 21.0, 20.9 (2 Carbons). ESI-HRMS

Calcd. for G4H2eNoNaO 3 :([M+Na]*) m/z: 575.1484 ; found: 575.1486.

Deamination of nitrosyl sialoside 2 with acetone oxime as nucleophile. The nitrosyl sialoside
2 (267 mg, 0.5 mmol) in Cil, (5 mL) was deaminated using the general proceflure
oxidative deamination with sodium 2,2,2-trifluorbexide (122 mg, 1 mmol), 18-crown-6 (291
mg, 1.1 mmol) in CKCI; (2.5 mL) and acetone oxime (731 mg, 10 mmol, 20wdgn CH.Cl,

(5 mL) to afford14 and 15, after flash column chromatography over silica gkiting with

hexane/ ethyl acetate (1:1), as a colorless 0ih{§438%).

Methyl (methyl 7,8,9-tri-O-acetyl-3,4,5-trideoxy-4-N,5-N-phenyliminyl-D-glycer o--D-talo-
non-2-ulopyranosid)onate (23). The nitrosyl sialosid@ (267 mg, 0.5 mmol) in C¥Cl, (5 mL)
was deaminated using the general procedure foratxe&l deamination with sodium 2,2,2-
trifluoroethoxide (122 mg, 1 mmol), 18-crown-6 (281g, 1.1 mmol) in CkLCl, (2.5 mL) and
aniline (0.83 mL, 9.2 mmol, 20 equiv) to affoR3, after flash column chromatography over
silica gel eluting with hexane/ ethyl acetate (149 a yellowish oil (110 mg, 49%)a]4’ —

45.08 (c 0.5, CHCl,)."H NMR (600 MHz, CDCJ) § 7.22 (dd,J = 8.5, 7.3 Hz, 2H, ArH), 6.98 —
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6.94 (m, 3H, ArH), 5.69 (dd] = 6.0, 3.9 Hz, 1H, H7), 5.52 (td,= 5.9, 2.8 Hz, 1H, H8), 4.59
(dd,J = 12.5, 2.8 Hz, 1H, H9), 4.32 (ddl= 12.5, 5.9 Hz, 1H, HY"), 4.16 (,= 3.6 Hz, 1H, H6),
3.80 (s, 3H, Ch), 3.22 (s, 3H, Ch), 2.51 (ddJ = 7.1, 3.4 Hz, 1H, H5), 2.47 (ddd= 7.1, 5.3,
1.7 Hz, 1H, H4), 2.37 (dd] = 15.3, 1.8 Hz, 1H, H3pe), 2.26 (dil= 15.3, 5.3 Hz, 1H, H3pa),
2.15 (s, 3H, Ch), 2.09 (s, 3H, CH), 2.08 (s, 3H, Ch. **C{*H} NMR (151 MHz, CDC}) 5
170.8, 170.4, 170.2, 169.4, 153.4, 129.2, 123.0,6,97.6, 71.4, 70.3, 70.2, 62.2, 52.7, 52.0,
37.1, 35.3, 31.2, 21.1, 21.0, 20.9. ESI-HRMS Calfat. CosH,0NNaOyo :([M+Na]*) m/z:

502.1689; found: 502.1682.

Deamination of nitrosyl sialoside 2 with indole as nucleophile. The nitrosyl sialosid@ (267
mg, 0.5 mmol) in CKCl, (5 mL) was deaminated using the general procethur@xidative
deamination with sodium 2,2,2-trifluoroethoxide 21éhg, 1 mmol), 18-crown-6 (291 mg, 1.1
mmol) in CHCI, (2.5 mL) and indole (1.17 g, 10 mmol, 20 equiviCH,Cl, (5 mL) to afford14
and 15, after flash column chromatography over silica detieg with hexane/ ethyl acetate

(1:1), as a colorless oil (182 mg, 81%).

Methyl (methyl 7,8,9-tri-O-acetyl-3-deoxy-4,5-di-O-hexafluor oisopropyl-D-glycer o-g-D-ido-
non-2-ulopyranosid)onate (24). The nitrosyl sialosid@ (267 mg, 0.5 mmol) in C¥Cl, (5 mL)
was deaminated using the general procedure foratxe&l deamination with sodium 2,2,2-
trifluoroethoxide (122 mg, 1 mmol), 18-crown-6 (2681g, 1.1 mmol) in CKCl, (2.5 mL) and
3,5-dimethylpyrazole (960 mg, 10 mmol, 20 equigsdived in HFIP (5 mL) to affor@4, after
flash column chromatography over silica gel elutingh hexane/ ethyl acetate (3:1), as a
colorless oil (31 mg, 9%)[a]3° — 17.% (c 1.5, CHCl,). *H NMR (600 MHz, CDC}) § 5.24 (td,
J=6.0, 3.4 Hz, 1H, H8), 5.10 (3= 6.0 Hz, 1H, CH), 5.03 (§ = 5.5 Hz, 1H, H7), 4.75 (3, =

6.0 Hz, 1H, CH), 4.34 (dd} = 12.3, 3.4 Hz, 1H, H9), 4.17 (ddi= 12.3, 6.2 Hz, 1H, H9’), 3.80
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(s, 3H, CH), 3.71 (ddd,J = 8.7, 6.0, 3.2 Hz, 1H, H4), 3.39 (s, 3H, §H3.11 (ddJ = 8.2, 2.1
Hz, 1H, H5), 3.02 (ddJ = 5.3, 2.1 Hz, 1H, H6), 2.49 (dd= 15.9, 6.1 Hz, 1H, H3a), 2.38 (dH,
=15.9, 3.2 Hz, 1H, H3e), 2.11 (s, 3H, §H.08 (s, 3H, Ch), 2.05 (s, 3H, Ch). *C{*H} NMR
(151 MHz, CDC}) 5 170.6, 170.0, 169.7, 166.7, 101.1, 78.4, 73.5,78.0, 72.8, 72.6, 70.5,
69.8, 69.6, 69.4, 69.2, 68.9, 68.7, 61.6, 58.42,583.0, 52.7, 36.1, 20.7, 20.73C{*°FH}
NMR (126 MHz, CDC}) § 170.7, 170.0, 169.7, 166.7, 121.7, 121.5, 12123,2, 101.2, 78.5,
73.1,70.5, 69.8, 69.2, 61.6, 58.4, 53.3, 53.17,5%6.2, 20.8, 20.7*°F NMR (471 MHz, CDGJ)

8 -75.42 (q,J = 8.0, 7.1 Hz), -75.47 — -75.59 (m), -76.46 ]} 8.5, 7.3 Hz), -76.80 (qd,= 9.2,

6.0 Hz). ESI-HRMS Calcd. for gzHaeF1oNaOr (([M+Na]?) m/z: 745.1130 ; found: 745.1125.
Supporting I nformation.

Copies of théH and™*C NMR spectra of all new compounds (PDF)
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