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Glycosyl 1-phosphates are key intermediates inatgrirate primary metabolism and
are utilised by microorganisms to form polyphosphatchitectures that constitute keys parts
of their extracellular capsule and cell walé. They serve as precursors to sugar
nucleotide$>™® the sugar donor components utilised by glycosydiferases in the assembly
of oligosaccharides and glycans and have playedew rble in the development of
glycosylated natural-product-based therapelfficgdditionally, glycosyl 1-phosphates have
been used as substrates for glycoside phosphasylasepidly expanditfy family of CAZy
enzymes for the synthesis of oligosaccharide tdfjend also play important technological
roles in the food and detergent sectf$"

In order to access these significant materials, aiety of chemical and
chemoenzymatic strategies have been developed. @&maymatic methods frequently
involve glycosyl kinasé¥™® although phosphomutase enzymes have also beeoresf’
From a chemical perspective, several syntheticoaptexist to create glycosyl 1-phosphates,
most commonlyia anomeric glycosylation or hemi-acetal deprotomatiad reaction with a
suitable phosphorous electropHfté” These approaches both present a capability tofgnodi
native glycosyl 1-phosphate structures, enablindpén interrogate the biosynthetic enzymes
and processes that utilise thEfh.

As part of a program pursuing the synthesis ofcggyl 1-phosphate and sugar
nucleotide chemical tool§)?Y the MacDonald method for accessing anomeric 1{gates
became of interest. This method has been suctlgas$ed by several groups, including for
non-native system&?”! Originally published in 1968% the procedure uses elevated
temperature and low pressure to form a melt of tallyse phosphoric acid and a
peracetylated sugar, glycosylating the anomericitipasand releasing AcOH. This is
followed by ester hydrolysis in the same pot tawelthe deprotected 1-phosphateclieme
1). However, the reaction can be low yielding, reesiia significant excess of;PO, (10
equiv.) and purification of the product(s) is natife. The capabilities of this transformation
as a simple method for accessing modified 1-phdsghguickly, from acetylated precursors
required investigation to optimise the reaction arglore its scope further.
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The crystalline phosphoric acid reagent is extrgrhggroscopic and whilst received
from suppliers as an opaque, crystalline solide#dily forms a paste as hydration upon
opening the container to the atmosphere is unakt@ddhis is problematic for the ensuing
reaction as water can compete with phosphate iratleneric substitution reaction, which
produces the corresponding hemi-acetal by-prodedticing the final yield.

In order to avoid this, a glove box (or commeiygialailable glove bag) was used for
the anomeric phosphorylation experiments. Henae,etpuivalents of phosphoric acid and
500 mg (one equivalent) df were transferred to a Schlenk tube under an atheospof
nitrogen. The closed tube containing the reactaatsthen transferred to a dual line manifold
and the solid mixture heated to a melt (8) under vacuumScheme R Once the reaction
was complete, as monitored by TLC analysis (3H9,dcetyl groups were saponified in the
same pot and, following work-ug, was isolated as a white solid. Examinatior2dfy *H
and*P NMR showed >90% conversion to the desired 1-patsp'™H & 5.31 (dd,J = 7.3,
3.6 Hz, H). The only impurity observed was a trace amounthef hemi-acetal byproduct
(<10%). As necessary, this could easily be remagalg a strong anion exchange column to
elute the uncharged species with water, followedahyammonium bicarbonate eluent to
release? in a much improved 68% final yield (after freezgidg), compared to the original
procedure.

. OH
aco PAC i) H3PO,(s), 50 °C, 3 h HO
o vacuum (1.6 mbar) 0
AcO OAc . - > HO
A ii) LIOH (1M), 0 °C-RT HOO~P” o
1 68%, 2 steps 2 o)
G 2nHP

Scheme 2Phosphorylation of per-acetylateeGal 1.

Encouraged by these improvements to the yield amiypof the reaction outcome,
other reaction parameters in the conversionldb 2 were targeted. These findings are
summarised in Table 1.

Table 1.0Optimisation of per-acetyl-Galanomerigohosphorylation

OAcC HO OH
AcO o i) H3POy4(s), vacuum (1.6 mbar) o
& \ > Hog;;ﬁ
AcO OAC iy LioH (1M), 0 °C-RT ol o
OAc O‘P" )
1 2 o)
Og 2NH,
Entr Equivalentsi Temperature Yield Scale Time
Y | HPO (cy (%) (mg1) (h)
1 10.0 50 68 500 3
2 10.0 50 65 100 3
3 10.0 50 69 50 3




4 10.0 40 62 80 3
5 5.0 40 67 300 3
6 5.0 35 49 200 3

"Temperature of the heating block, not the intereattion temperature.

The initial reaction with commercially availablewas conducted on 500 mg scale.
However, for more exotic, non-native substratestens availability is often a limiting
factor and so a reduction in the scale of the reast down to ranges between 50 and 100
mg, was investigated first. Pleasingly, littleesff was observed on the isolated yield (Table
1, entries 2 and 3). Generally, this phosphoryfais carried out at a temperature ranging
between 50 and 6 (to form the melt and assist in removing AcOH emdacuum). The
reaction was conducted successfully at @0(Table 1, entry 4) using a high vacuum line
pressure of 1.6 mbar, also noting that the requmett failed to form efficiently when the
temperature was lowered further to 30. Finally, the equivalents of phosphoric acid
required was successfully reduced from ten to (ih&ble 1, entries 5 and 6), observing this
to strike the best balance between reaction timad€asing this led to blackening of the melt
and thus reduced yields) and full conversion oftisig material by TLC at 40C. With an
improved procedure for this phosphorylation in handgeries of monosaccharide substrates
was selected for evaluation. The results of thegemments are presented in Table 2 and
discussed thereafter.

Table 2.Exploring substrate scope for anomgrmsphorylation

) H3POy(s)
ii) LiOH ——0
—O0 —»HO/\’Q'
AcO s=)_-OAC 0
O~|?:O@
Og 2X
Yiel |
Entry Substrate Product (o(/eo)d (mgsgge?ate
OH
OAc o
b HOTG
1| AO%o Ho) 0 41 200
OAGOAC R
3 0@ 2Na
HO o
2 | MO e | T omp. | 20
AcO OAc 6 Q. decomp.
. PL ©
10
O 2Li
HO— OH
AcO OAcC
3 ACO OAC .0 25 250
8 0O-pl @
7 SAPINRC
0@ 2Na
AcO OéC HO OS
. ACO@ HOHo o) 66 250
Me 'OAc Me O-p o °
9 0 55 @
1:2, a:p 2:1, a:f © 4




Br OH
Oo HOTS O
5 ACOAco OAc 0 0 (8%) 400
1 >0
O 2Li
on T
HO
6 ACOA O HO .
cO OAc ,O 72 54
14 50 @
© 2NH,
F
F PO
OAc
HO
o) HO
! ACOAco OAC 0 42 45
16 O
0@ 2NH;
Ns— OH
OAc HO (@)
o) HO
8 ACO@Q/OAC ) 65 100
19 O‘P, @
18 oezNH?
HS— OH
A/gs :O|éc HOYo R
9 ACOo OAc 0 43° 100
21 Osp( @
20 0”@
0@ 2NHj

Conditions used were initially the same as Tablentry 5.°See discussion for formation of cyclic prodt
below. * formed as a 1:0.3 mixture with. *Observed as the disulfide.

For per-acetyb-glucose3, anomeric phosphorylation proceeded smoothly, aed th
target 1-phosphatd was isolated in 41% vyieldT@ble 2 entry 1). This was lower than
observed fo2 and was attributed to the melt requiring a higeenperature (60C) to effect
full conversion, which led to a blackening of tleaction mixture. The reaction for 2-deoxy
glucose derivativé showed only decomposition by TLC after 3 h atragerature of 60C,
with the reaction melt turning black almost immeela (Table 2 entry 2). After several
repeats, no conversion intbwas detected, concludirgyto be a poor substrate for these
anomeric phosphorylation conditions. Finally, foese simple glycosyl 1-phosphates the
manno compoun@® was isolated in satisfactory 55% yield frafnnoting that the reaction
temperature was successfully lowered to 45Té&b(e 2 entry 3).

A 5-C-methyl mannose derivative was evaluated next tabésh if a steric effect
from a C5-axial methyl group would influence theoareric selectivity of phosphorylation.
Following the procedure reported by Dagtsal*® 5-C-methyl-D-mannose was accessed and
acetylation of the free sugar using either,@#pyridine or A¢O/H,SO, gave9. Anomeric
phosphorylation was accomplished in good yield (b@&odeliver10. (Table 2 Entry 4).
Formation of arw/p 1-phosphate mixture was observed'ByNMR [*H & 5.27 (dd,J = 9.1,
2.2 Hz, H,), 5.19 (dd,J = 8.6, 1.1 Hz, k)] with a 2:1 preference for formation of tie
anomer. This finding indicated that a stericalljcembering C5-Me group introduced a
competing pathway for formation of tiiel-phosphate. To question whether the formation of
10 was influenced by the ratio of anomeric mixturedusis starting material the ratio of
acetate irD was increased to 50% from 33% (accomplished biykt®n with AGO/H,SO,
instead of AgO/Pyr). However, this made only a small differetcehe observed/p ratios



in the productd/p-10 2:1, from a 1:2/p ratio in9 anda/p-10 2.5:1, from a 1:X/p ratio in
9).

A series of C6-halogenated analogu@&sible 2 entries 5-7) were targeted next.
Starting from C6-bromiddl (accessedia an Appel reaction from the corresponding C6-
alcoho%‘)]), exposure to the established conditions showesimaoth conversion to one
product in 85% yield, which is proposed to be ayghosphatel3, not the expected 1-
phosphatel2 (Scheme B HRMS analysis forl3 showed no bromine isotope pattern and
inspection of theH NMR data showed an apparent triplet in the ananegion p 5.20
(app. t,J = 6.9 Hz)]. This indicated that tHdp_; and®Ju,.1 coupling constants were now
almost equal and distinct from the characteristioldet of doublets for Hin a 1-phosphate
e.g. as seen f@ [ 5.23 (ddJ = 8.6>.11, 1.341-42 HZ]. In addition, the apparent triplet usually
observed for i of “C, mannose derivatives was now a doublet of doulpéets20 (dd,J =
6.0, 2.8 Hz)], leading us to conclude tHt8 had adopted an alternative solution state
conformation. Inspection of the data fog showed the distinctive doublet of doublets to be
absent for one of these protons as only the distiepic?J coupling was observed (.10 (d,

J = 10.9 Hz, Hex. A very small (not always detectabf&) He.5 coupling exists only as the
dihedral angle between these two protons approagfBeswhich can occur in a locked
bicyclic system. Finally*'P*H HMBC data for13 demonstratedJs 4 coupling to both H
and Hexo confirming cyclisation through C1/C6.
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Scheme 3 Attempted phosphorylation of C6-halb-mannose derivatives. Anomeric
configuration ofl3 is tentatively assigned as theonfiguration.

In accounting for this unexpected finding, it candonsidered that phosphorylation at
C1 of 11 occurred, followed by an intramolecular substdatiof the C6 bromo derivative
through anomeric phosphate oxygeBclieme 4a However, in the absence of X-ray
crystallographic data the anomeric configuratiorl®is unconfirmed. As evidenced by the
examples highlighted iTable 2 a-phosphorylation is the predominant product usimg t
method (nd3 1-phosphate was observed usihgs a substrate) btlinked products can be
obtained, as evidenced fdO. It is possible that under the acidic reaction dittons
interconversion between theandp 1-phosphates occurs, allowing for irreversiblelicyc
phosphate formation of tifeanomer, when a suitable C6 electrophile is presknemains
unconfirmed as to whether this cyclisation coulduwauring the saponification process (the
protected 1l-phosphates were not isolated), howawesuch products were observed for
native substrates and the strongly alkaline cooltiwould likely displace a C6-halide to the
parent C6-OH*H NMR data forl3 showed &Ju1.+> coupling constant of 6.9 Hz, which is
small for an H-H, axial-axial coupling. DFT calculations were conipte for a- and -
configurations of13 (Scheme 4bp-phosphate shown) which showed a -24.3 kcal/mol
preference for thd and an H-H, dihedral angle of 40.3 This correlates well to the
experimentally observetly;.> coupling, whereas the dihedral angle obtainedttiera-
linked system was 163.&ee SI), which would give rise to a much largesptimg. To the



best of our knowledge this is the first report of@,0° 7-membered cyclic phosphate; an
O',0° system was previously reported foglucose!

a) :’

.................

<

Scheme 4. apossible mechanism for the formation of cyclic gieep-13 b) DFT energy
minimised®Co conformation foB-13.

To investigate this further (in pursuit of C6-hadogted mannose 1-phosphates), the
phosphorylation of the corresponding C6-fluoro amtive 142 was completedTiable 2
entry 6). As expected with this inferior leavinggp, using the same conditions seenifpr
reaction withl4 led to the desired glycosyl 1-phosph&fe However, the bicyclic phosphate
13 was still observed, in a three to ori&:(3) ratio, as adjudged b{H NMR (Scheme B
Intramolecular §2 reactions with aliphatic fluoride are uncommout bave been described
for substrates with reduced conformational flexipi®! Lowering the temperature for this
reaction to 30C gave the same ratio of products and increasirig 80 C reduced the
amount ofl5 formed (5:13, 1:1). For comparative purposes, a C6-chloride syashesised
(see Experimental) and, when subject to phospharglawas fully converted ta3. These
findings suggest that the identity of the halogepredictably) key to the rate of competing
nucleophilic substitution at C6.

In light of the positive result obtained for acsieg 15, phosphorylation of C6-
deoxygemdifluoro D-mannose tetraacetalé was attemptedT@ble 2 entry 7). Pleasingly,
17 was isolatedn a moderate yield of 42%. Thisgg&mdifluoro substituted material was
unreactive to phosphorylation at 40 °C and conwversvas instead completed at 60 °C and
over 6 h. This inevitably induced significant reantblackening/decomposition, hence the
lower yield. It is however encouraging that suchegectronically deactivated substrate can
be converted to its glycosyl 1-phosphate usinggimgple process from the tetraacetate.

Investigating other C6-substituted substrates, phaylation of 6-deoxy-6-azidp-
mannosel8 proceeded smoothly on 100 mg scale and in 65% yeedeliver19 (Table 2
entry 8). A C6-thioacetat20 was accessed from the C6-chloro derivative by euaptilic
substitution using KSAc and enabled an attemptethsgis of 6-thio 1-phospha?d (Table
2, entry 9). The yield for this reaction was lowean that of the native mannose compo8@nd
(43% compared to 55%) and disulfide formation 2drwas observedy HRMS and‘H
NMR. Purification of this material was further colicpted by the free hemi-acetal by-
product also forming a mixed disulfide wigi. Any hemi-acetal by-product was normally
removed by anion exchange chromatography, but dubet charged nature of this mixed
disulfide it was not possible to isolate pure amsuwf 21. H; in the disulfide form of21
could clearly be observed By NMR, alongside Hof the mixed disulfide in a ratio of 2.5:1
for 21. Attempts to reduce these disulfides with TCEPefiable removal of the hemi-acetal)
were unsuccessful.



Conclusions

An improved access to glycosyl 1-phosphates has degeloped, formed using a
melt of an acetylated precursor withRO, under high vacuum. Through preparation of the
reaction components in a glove box and reducingdhetion temperature and equivalents of
HsPQ,, small scale access to the preparation of natider@n-native glycosyl 1-phosphates
in good vyields and with facile purification is ehedh Additionally, the formation of an
unexpected',0°-cyclic phosphate is reported when good leavingipso(Br, Cl) at C6 of
the starting material are included. These anonm@rasphates will serve as key tools for the
study of enzymes and biochemical processes tHaeugjlycosyl 1-phosphates, for example,
phosphorylases and uridylyltransferases.
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Experimental

General Experimental

All reagents and solvents which were available cenwnally were purchased from
Acros, Alfa Aesar, Fisher Scientific, or Sigma Atdr. All reactions in non-aqueous solvents
were conducted in oven dried glassware under agatr atmosphere with a magnetic stirring
device. Solvents were purified by passing throughvated alumina columns and used
directly from a Pure Solv-MD solvent purificatioryssem and were transferred under
nitrogen.lH NMR spectra were recorded at 600 or 400 MHz 1agmispectra at 100 MHz
respectively using a Bruker AVI111400 spectromeﬁH.NMR signals were assigned with the
aid of gDQCOSY.BC NMR signals were assigned with the aid of gHSQCADupling
constants are reported in Hertz. Chemical shiitsi{ ppm) are standardised against the
deuterated solvent peak. NMR data were analysexd) Iiicleomatica INMR or Mestrenova
software.'H NMR splitting patterns were assigned as follolarss (broad singlet), s (singlet),
d (doublet), app. t (apparent triplet), t (triplet)dd (doublet of doublets), ddd (doublet of
doublet of doublets), or m (multiplet and/or mukipesonances). Reactions were followed
by thin layer chromatography (TLC) using Merck caligel 60F254 analytical plates
(aluminium support) and were developed using stahdesualising agents: short wave UV
radiation (245 nm) and 5% sulfuric acid in meth&nolPurification via flash column
chromatography was conducted using silica gel a4@0.063 mm). Optical activities were
recorded on automatic polarimeter Rudolph autopot Bellingham and Stanley ADP430
(concentration in g/100mL). MS and HRMS (ESI) wet#ained on Waters (Xevo, G2-XS
TOF) or Waters Micromass LCT spectrometers usinghethanol mobile phase. High
resolution (ESI) spectra were obtained on a Xev.XS TOF mass spectrometer. HRMS
was obtained using a lock-mass to adjust the esaédrmass. Phosphorylation reactions were
prepared in a MBRAUN LABstar glove box.

General procedure anomeric phosphorylation
The acetylated sugar (1.0 equiv.) was weighed anpoe-dried and weighed Schlenk
tube and dried under high vacuum for 1 BP8, (5.0 equiv.) was weighed out inside a glove



box, transferred to the Schlenk tube and the tebaéed under N The tube was placed under
N, on a double manifold and heated under high vacatB® C with gentle stirring. In most
instances a yellow-gold melt was formed during timee and all reactions were monitored to
completion by TLC (petroleum ether/EtOAc, 1/2) tbe formation of a baseline {R 0)
spot (1-phosphate) with any hemi-acetal side prodgecerally at R= 0.5. The resultant melt
was allowed to cool to room temperature then retomesd in anhydrous THF. This was then
added slowly to a stirred solution of 1.0 M LiOHbfeentration = 0.025 M with respect to
starting material) at 0 °C and stirred until safication was complete by TLC analysis
(MeCN/H,O/AcOH, 3/1/0.1), typically 48-72 h. The reactionxtare was filtered through a
Whatman GA filter under vacuum and rinsed with desed water. The resultant filtrate was
then neutralised through the addition of AmbeHftd20 ion-exchange resin {Horm) to pH

= 7, filtered and concentrated under reduced pres3ine crude residue was then triturated
with MeOH, centrifuged and the supernatant remoMee pellet was purified by dissolving
in deionised water and passed through a Bio-Scalei MNOsphere Q (strong-anion
exchange) cartridge [Column Volume (CV) = 5 mLJytedlg with 3 CV of deionised water
followed by 3 CV of 1.0 M NHHCO; solution. Fractions containing the glycosyl-1-
phosphate were collected and lyophilised repeatéollyemove residual NMCO; and
deliver the target material.

o-D-Galactose 1-phosphate bis ammonium 2alt

1 (300 mg, 0.77 mmol) ga&(152 mg, 0.52 mmol, 67%).

'H NMR (400 MHz, DO) 6 5.31 (1H, ddJyp = 7.3,J12 = 3.6 Hz, H), 4.01 (1H, ddJ = 7.0,
4.9 Hz, H), 3.82 (1H, dJ = 2.7 Hz, H), 3.74 (1H, ddJ = 10.2, 3.4 Hz, i), 3.57 (3H, m,
Ha, Heaand Hy); °C NMR (101 MHz, O) 6 94.1 (G), 71.0 (G), 69.6 (G), 69.0 (G), 68.7
(Cy), 61.4 (GQ); *'P{*H} NMR (162 MHz, DO) & 2.56. Data matched those previously
reported?®

o-D-Glucose 1-phosphate bis sodium <alt

3 (200 mg, 0.51 mmol) gave(54 mg, 0.20 mmol, 41%). Following purification @esscribed
in the General Experimental, the material was éeatith DOWEX-IR-120 (N& form) to
obtain the bis-sodium salt form for comparisonéparted datdH NMR (400 MHz, BO)
5.44 (1H, dd )1 p=7.4,J; 2= 3.4 Hz, H), 3.92 (1H, dddJ = 10.0, 5.2, 2.1 Hz, §), 3.86 (1H,
dd,J=12.2, 2.2 Hz, &), 3.75 (2H, dtJ = 12.3, 7.3 Hz, bl Hsy), 3.47 (dddJ = 9.7, 3.3, 1.6
Hz, Hy), 3.38 (1H, app. t) = 9.6 Hz, H); *C NMR (101 MHz, BO) § 93.5 (G), 73.1 (G),
72.2 (G), 71.9 (G), 69.7 (G), 60.7 (G); *'P NMR (161 MHz, BO) 5 2.45 (1P, dJp = 7.4
Hz). Data matched those previously repoH&d.

2-Deoxy-1,3,4,6-tetra-O-acetylf-D-glucoseb

To a stirred solution of 2-deoxy-glucose (1.0 g, 6.1 mmol, 1.0 equiv.) in anhydrous
pyridine (12 mL) at O °C was added dropwise acahbydride (4.6 mL, 48.7 mmol, 8.0
equiv.). The reaction mixture was warmed slowlydom temperature then stirred for 15 h,
whereby TLC analysis (petroleum ether/EtOAc, l/@glicated complete conversion of
starting material to a higher; Bpot. The reaction mixture was poured onto icetemwg 00
mL) and diluted with EtOAc (75 mL). The organic éaywas washed successively with 1.0 M
HCI, saturated aqueous NaHg€&blution, water and brine (75 mL each). The agadayer
was re-extracted with EtOAc (100 mL) and the coratiorganic layers dried (MgQQ)
filtered and concentrated under reduced pressure.r@sultant oil was co-evaporated with
toluene (3 x 20 mL) to affor®d as a white solid (1.84 g, 5.54 mmol, 91%). R.74
(petroleum ether/EtOAc, 1/13H NMR (400 MHz, CDC}) 5:1 pla, & (B-anomer).77 (1H,
dd,J = 10.0, 2.3 Hz, i), 5.06-4.97 (2H, m, K Ha), 4.29 (1H, ddJ = 12.4, 4.7 Hz, k),



4.06 (1H, ddJ = 12.4, 2.2 Hz, &), 3.72 (1H, dddJ = 9.3, 4.6, 2.2 Hz, ), 2.32 (1H, dddJ

= 12.6, 4.9, 2.3 Hz, §, 2.09 (3H, s, C(O)8s), 2.06 (3H, s, C(O)Hs), 2.02 (3H, s,
C(O)CH5), 2.01 (3H, s, C(O)Hs); *C NMR (100 MHz, CDC}) & (B-anomer)70.8 (C=0),
170.2 (C=0), 169.8 (C=0), 168.9 (C=0), 91.3)(@2.9 (G), 70.2 (G), 68.4 (G), 62.1 (G),
34.8 (G), 21.0 (C(OFHs), 20.9 (C(OFHs), 20.9 (C(OFH:), 20.8 (C(OFHs);: HRMS m/z
(ESI) Found: (M+Na) 355.1010, @H»OsNa requires355.1005. Data matched those
previously reporte

o-D-Mannose 1-phosphate bis sodium Salt

7 (250 mg, 0.64 mmol) gav& (91 mg, 0.35 mmol, 55%). Reaction temperature 4#8SC,
following purification as described in the Gendfaperimental, the material was treated with
DOWEX-IR-120 (N& form) to obtain the bis-sodium salt form for comigan to reported
data. R0.40 (acetonitrile/water/N¥DH, 2/1/0.1); §]2+22.2 € = 0.45, HO); 'H NMR (400
MHz, D,O) 6 5.23 (1H, d,J;p = 8.5 Hz, H), 3.87-3.74 (4H, m, K Hs, Hs, Hey), 3.66-3.59
(1H, m, Hy) 3.50 (1H, app. t) = 9.6 Hz, H); *C NMR (100 MHz, B0) & 95.0 (G), 73.0,
71.2, 70.2, 67.2 (§, 61.3 (G); *P NMR (161 MHz, BO) & 2.00 (1P, dJp = 8.5 Hz);
HRMS m/z(ES) Found: (M-H) 259.0224, @H1,0s requires259.0231. Data matched those
previously reportef®’

1,2,3,4,6-Penta-O-acetyl-5-C-Methyls-D-mannos&

Acetylation using AgO/pyridine

5-C-methyl-a/B-D-mannos&” (1.1 g, 5.8 mmol, 1.0 equiv.) was stirred in acethhydride
(20 mL) and pyridine (40 mL) for 18 hours at roc@mperature under a nitrogen atmosphere.
The reaction mixture was concentrated/acuoand co-evaporated with toluene (3 x 20 mL).
TLC (3% MeOH in DCM) showed four spots {(R.39-0.75) corresponding to the
diastereomeric pyranoside and furanoside formss Tesidue was purified by silica gel
column chromatography to afforfl as an inseparable mixture of pyranosides and
furanoside(>93% pyranoside b{H NMR integration and a 58:35a pyranoside ratioys an
off-white solid (688 mg, 1.73 mmol, 67%). TRduranosidevas separable as a yellow, flaky
solid (91 mg, 0.23 mmol, 4%IH NMR (400 MHz, CDC}) & a-pyranosides.11 (1H, dJ =
2.3 Hz, H), 5.58 (1H, d,J = 10.5 Hz, H), 5.25 (2H, ddJ = 10.2, 3.3 Hz, K H3), 4.11-3.95
(2H, m, Hasp), 2.02 (3H, s, (C(AJH3), 2.06 (3H, s, (C(AJHs3), 2.12 (3H, s, (C(QJH,),
2.14 (3H, s, (C(QJH3), 2.17 (3H, s, (C(AH3), 1.39 (3H, s, Chk); p-pyranosides.06 (1H,
d,J = 1.4 Hz, H), 5.48 (1H, dJ = 10.4 Hz, H), 5.25 (2H, dd,J = 10.2, 3.3 Hz, & Hy),
4.11-3.95 (2H, m, Ky 2.01 (3H, s, (C(AJH3), 2.05 (3H, s, (C(AJH3), 2.10 (3H, s,
(C(O)CHs3), 2.12 (3H, s, (C(AJH3), 2.21 (3H, s, (C(GJH3), 1.40 (3H, s, Ch); a-furanoside
5.41 (1H, s, H), 5.21 (A1H, m, K) 4.99 (1H, ddJ =5.6, 1.8 Hz, H), 4.91 (1H, dJ= 1.8 Hz,
Ha), 4.35, 3.56 (2H, q) = 7.7 Hz, Ha+ep, 2.19 (3H, s, (C(AJH3), 2.15 (3H, s, (C(GJH53),
2.07 (3H, s, (C(AJH3), 1.98 (3H, s, (C(AJH3), 1.34 (3H, s, Ch), B-furanosides.25 (1H, d,
J=3.2 Hz, H), 5.71-5.68 (1H, m, &), 5.41 (1H, dd) = 5.1, 3.2 Hz, k), 4.27 (1H, dJ =
4.3 Hz, H), 4.15-4.14 (2H, m, H.), 2.11 (3H, s, (C(A)H3)), 2.10-2.10 (6H, m,
(C(O)CHa), 2.07 (3H, s, (C(@Hs), 1.29 (3H, s, ChH; *C NMR (101 MHz, CDC}) For
pyranose$ 170.6, 170.5, 170.2, 170.0, 169.9, 169.7, 1695,4, 168.6, 168.4, 91.1 {g},
86.8 (G,), 78.2 (Gp), 76.1 (G.), 68.4, 68.3, 67.3 (&), 67.2 (Gp), 66.5, 21.2, 20.8, 20.8,
20.8, 20.7, 20.6, 19.3 (Gl), 15.0 (CH,); HRMS m/z (ES’) Found: (M+Na) 427.1215,
C17H2401:Na requires (M+Nd)427.1217.

Acetylation using AgO/H,SO,

To a stirred mixture of A© (850 pL, 9.0 mmol, 10.3 equiv.) andCamethyl-w/B-D-
mannos&” (170 mg, 0.87 mmol, 1.0 equiv.) .5 (1 drop) was added at 0 °C, under an
atmosphere of N The solution was stirred for 10 min at O °C ahent allowed to warm to




room temperature and stirred for a further 45 riine mixture was then diluted with ice—
water (30 mL), and the organic phase extracted Bi@Ac (50 mL). The extract was washed
with water (3 x 20 mL), sat. ag. NaHg®&plution (30 mL), dried over MgSQfiltered, and

the solvent evaporated to dryness to yi@lds diastereomeric pyranoside and furanoside
forms as a pale-yellow viscous oil (9.9 g, 0.69 MnM®%).'H NMR integration showed
>83% pyranoside and a 43:4(. pyranoside ratio*C-GATED (101 MHz; CDC}): 91.1
(Nern1 = 176 Hz, G,), 86.8 {Jci+1 = 164 Hz, Gy). Other analytical data matched those
presented above and as previously repdfed.

5-C-Methyla/fp-D-mannose 1-phosphate bis ammonium Halt

From9 (250 mg, 0.69 mmol) gavid (141 mg, 0.46 mmol, 66%).

'H NMR (400 MHz, BO) & a-anomer5.27 (1H, dd, Jp= 9.1,J1» = 2.2 Hz, H), 4.09 (1H,
dd,J=10.2, 3.3 Hz, B, 3.93-3.91 (1H, m, §), 3.78 (1H, d,J= 10.2 Hz, H), 3.39 (2H, g,
=11.9 Hz, Ha+p); B-anomerd 5.19 (1H, ddJ = 8.6, 1.1 Hz, k), 3.96 (1H, dJ = 2.8 Hz, H),
3.84 (1H, ddJ = 10.2, 3.4 Hz, B), 3.64 (1H, d,J = 10.2 Hz, H), 3.54-3.45 (2H, m, .
3C NMR (101 MHz, DO) 8 a-anomer95.8 (d,J = 3.9 Hz), 79.8, 68.0, 67.2, 66.7, 66.0,
18.0; *'P {*H} NMR (162 MHz, BO) & 1.88, 2.31;HRMS m/z (ES) Found: (M-H)
273.0385, GH;1409Prequires273.0381.

1,2,3,4-Tetra-O-acetyl-6-bromo-6-degfyp-mannosell

Triphenylphosphine (2.25 g, 8.60 mmol, 2.0 equwgs added to a stirred solution of
1,2,3,4-tetra-O-acetyi-D-mannosE” (1.50 g, 4.30 mmol, 1.0 equiv.) in anhydrous pyrédi
(43 mL) at room temperature under g &mosphere. The reaction mixture was cooled to 0
°C and carbon tetrabromide (3.08 g, 9.30 mmol,e®j@iv.) was added portion wise over 5
min. After 16 h at rt, TLC analysis (hexane/EtOA¢]1) showed complete conversion of
starting material to a higher; Ralue spot. The solvent was removed under reducesspre
and the residue re-suspended in EtOAc (30 mL), aashith HO (20 mL) and brine (20
mL). The organic phase was dried over MgSfiitered and concentrated under vacuum.
Purification using silica gel column chromatograghgxane/EtOAc, 8:2) furnisheld (1.52

g, 3.70 mmol, 86%) as a pale yellow solid.0R77 (petroleum ether/EtOAc, 1/1y]{° -14.6

(c = 0.55, CHCJ); *H NMR (400 MHz, CDCY) §5.89 (1H, dJ = 1.1 Hz, H), 5.47 (1H, dd,
J=3.2,1.2 Hz, b), 5.27 (1H, appt) = 9.7 Hz, H), 5.13 (1H, dddJ = 9.8, 3.2, 1.2 Hz, ¥},
3.82 (1H, dddJ = 9.4, 6.2, 3.0 Hz, &), 3.50 (1H, dd,) = 11.4, 3.0 Hz, &), 3.42 (1H, dd)

= 11.5, 6.4 Hz, &), 2.20 (3H, s, C(O)0B3), 2.10 (3H, s, C(O)OB3), 2.07 (3H, s,
C(O)OCHs), 1.99 (3H, s, C(0)0Bs); *C NMR (100 MHz, CDCJ) 6 170.3 (C=0), 169.9
(C=0), 169.7 (C=0), 168.5 (C=0), 90.44JC74.5 (G), 70.6 (G), 68.3 (G), 68.1 (G), 30.3
(Ce), 20.9 (2C, C(OFHs), 20.8 (2C, C(QFH3), 20.6 (2C, C(QFHs); HRMS m/z (EST)
Found: (M+Naj 433.0115, GuH1BrOgNa requires (M+N&d)433.0110. Previously reported
data were for the-anomer*®!

1,2,3,4-Tetra-O-acetyl-6-chloro-6-deogyp-mannose

To a stirred solution ofl,2,3,4-tetra-O-acetyp-D-mannos&® (500 mg, 1.44 mmol, 1.0
equiv.) and triphenylphosphine (640 mg, 2.45 mmal7 equiv.) in anhydrous
dichloromethane (14 mL) under inert ldtmosphere at 0 °C was added dropwise carbon
tetrachloride (0.24 mL, 2.45 mmol, 1.7 equiv.). Tkeaction mixture was stirred at 0 °C for
30 min then warmed gradually to room temperatuhe feaction mixture was then heated to
40 °C for 6 h, whereby TLC analysis (petroleum gE&Ac, 1/1) showed conversion of
starting material to a higher; Ralue spot. The reaction mixture was poured omstilled
water (30 mL) and diluted with dichloromethane (@R). The organic layer was washed
with distilled water (2 x 30 mL) and brine (30 miben the aqueous layer was re-extracted
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with dichloromethane (35 mL). The combined orgdaigers were dried (MgS{D filtered
and concentrated under reduced pressure. Pumiical silica gel column chromatography,
eluting with petroleum ether/EtOAc (4/1, 3/1, 1td)afford the title compound (320 mg, 0.82
mmol, 61%) as a white foam.; ®.78 (petroleum ether/EtOAc, 1/1)]f -13.3 € 0.75,
CHCly); *H NMR (400 MHz, CDC}) §5.87 (1H, dJ = 0.7 Hz, H), 5.44 (1H, dJ = 2.3 Hz,
H,), 5.26 (1H, app. t) = 9.7 Hz, H), 5.12 (1H, ddJ = 9.9, 3.2 Hz, ), 3.84-3.78 (1H, m,
Hs), 3.64 (1H, ddJ = 12.2, 2.9 Hz, &), 3.57 (1H, ddJ = 12.2, 5.8 Hz, &), 2.16 (3H, s,
C(0)Os), 2.07 (3H, s, C(0)OBs), 2.04 (3H, s, C(0)0B3), 1.96 (3H, s, C(O)0Bs); *C
NMR (100 MHz, CDC}) 6§ 170.2 (C=0), 169.8 (C=0), 169.6 (C=0), 168.4 (C=40)3 (G),
74.7 (G), 70.5 (G), 68.2 (G), 66.9 (G), 42.9 (G), 20.8 (C(OLHS3), 20.7 (2C 2 x C(GJH3),
20.6 (C(OLHs); HRMS m/z (ESI") Found: (M+Na)j 389.0633, @H:sClOgNa requires
[M+Na]" 389.0616.

O',0°-Hydroxyhosphoryb-mannopyranose ammonium shdt

Synthesised from1

11 (400 mg, 0.97 mmol) gavi8 (200 mg, 0.82 mmol, 85%).

Rf = 0.30 (MeCN/HO/ACOH, 2/1/0.1); ¢]* +3.93 ¢ 0.25, HO), 'H NMR § (600 MHz,
D,0) 4 5.20 (1H, app. th pe12= 6.9 Hz, H), 4.29 (1H, app. t) = 2.8 Hz, H), 4.20 (1H, dd,
J=6.0, 2.8 Hz, k), 4.14 (1H, br. d) = 6.5 Hz, H), 4.10 (1H, d,J = 10.9 Hz, H_), 3.96 (1H,
dd,J = 10.8, 3.0 Hz, k), 3.76 (1H, dd)J = 6.6, 1.2 Hz, B); *C NMR (125 MHz, BO) 5
96.5 (C1, d3Jcp = 3.2 Hz), 76.9 (C3), 75.3 (C5), 70.3 (C2%3p = 4.4 Hz), 70.0 (C4), 68.9
(C6); *'P {*H} NMR (162 MHz, BO) & 2.41;HRMS m/z (ESI) Found: (M-H) 241.01186,
CsH100gP requiregM-H) 241.0119.

Synthesised from 6-chloro-6-deoxy-1,2,3,4-téra&cetyl-D-mannose

6-chlor o-6-deoxy-1,2,3,4-tetr a-O-acetyl-p-D-mannose (150 mg, 0.41 mmol) gavé3 (15
mg, 0.07 mmol, 17%). Analytical data matched thaiseve.

1,2,3,4-Tetra-O-acetyl-6-deoxy-6-fluofiee-mannopyranosé4
Synthesised from 1,2,3,4-tet@xacetyl$-D-mannos 30] according to literature
procedure§?

6-Deoxy-6-fluoros-D-mannose 1-phosphate bis ammonium Ealt

14 (54 mg, 0.15 mmol) gavis (40 mg, 0.15 mmol, 72%45:13 = 1.0:0.3).

Data for15: *H {**F} NMR (600 MHz, DO)  5.26 (ddJ.p = 8.5,J1,= 1.0 Hz, H), 4.62
(1H, dd,J = 10.5, 3.1 Hz, &}, 4.55 (1H, ddJ = 10.6, 1.8 Hz, k), 3.92-3.85 (3H, m, b
Hs, Hs), 3.70 (1H, app. t) = 9.7 Hz, H); *C NMR (101 MHz; O) & 95.0 (d,Jcp = 5.6
Hz, C), 82.4 (0cr = 170.0 Hz, @), 71.5 (G), 71.1 (G), 69.7 (G), 65.5 (c = 20.0 Hz, G);
¥p {1H} NMR (162 MHz, O) § -1.81;°F {*H} NMR (282 MHz, BO) & -122.8;HRMS
m/z(ESI) Found: (M-H) 261.0178, GH10FOgP requiregM-H) 261.0181.

1,2,3,4-Tetra-O-acetyl-6-deoxy-6,6-diflugfeD-mannopyranosé6

Dess-Martin periodinane (749 mg, 1.8 mmol) was ddea solution of 1,2,3,4-tet@-
acetyl$-D-mannos€” (513 mg, 1.5 mmol) in dichloromethane (5.0 mL) dhd reaction
mixture was stirred at room temperature for 18 bxtNthe reaction mixture was quenched
with a saturated aqueous solution o0L8®3 (5.0 mL) and the aqueous layer was extracted
with CH,CI, (3 x 10 mL). The combined organic phases were dried &gSQ, and
evaporatedn vacuo The crude aldehyde was then dissolved in dichtetbane (10.0 mL)
and cooled to 0 °C. DAST (0.58 mL, 4.4 mmol) wadextidropwise, after which the reaction
mixture was allowed to warm to room temperatureteAfl8 h, the reaction mixture was
diluted with dichloromethane (10 mL) and quenchathva saturated aqueous solution of
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NaHCQ; (10.0 mL). The aqueous layer was extracted withldromethane (¥ 10.0 mL).
The combined organic phases were dried over Mg&@ evaporateth vacuo The crude
product was purified by flash column chromatografihyield 16 (45 mg, 8%). ¢]%*-19.5 €
1.1, CHCh); *H NMR (400 MHz, CDC}) 6 5.92 (1H, dJ = 1.2 Hz, H), 5.89 (1H, tdJur =
54.3 Hz,Jue ns = 3.4 Hz, H), 5.50-5.42 (m, 2H), 5.18 (dd= 9.6, 3.3 Hz, 1H, ), 3.90-3.81
(m, 1H), 2.20 (3H, s, C(O)Od), 2.11 (3H, s, C(O)0Bs), 2.06 (3H, s, C(0)OBs), 2.02
(3H, s, C(O)O®l5); *C NMR (100 MHz, CDC}) § 170.2 (C=0), 169.8 (C=0), 169.5
(C=0), 168.4 (C=0), 113.3 (8cr = 246.0 Hz, @), 90.1 (G), 73.2 (t,JcF = 24.7 Hz, G),
70.1 (G or G), 67.7 (G or G), 64.1 (t,Jcr = 1.2 Hz, G), 20.84 (3H, s, C(0)0K3), 20.79
(3H, s, C(O)O®i3), 20.71 (3H, s, C(O)OBs), 20.65 (3H, s, C(0)0Bs):; °F NMR (376
MHz, CDCk) 6 -126.6 (ddd,J = 296.6, 54.4, 9.0 Hz, 1F), -130.2 (ddds 296.8, 54.6, 10.6
Hz, 1F);F {*H} NMR (376 MHz, CDC}) & -126.6 (d,J = 296.4 Hz, 1F), -130.2 (d, =
296.4 Hz, 1F);HRMS m/z (ESI) Found: [M+Na] 391.0820, @HsF-NaQ, requires
[M+Na]" 391.0811

6-Deoxy-6,6-difluorax-p-mannopyranosyl 1-phosphate bis ammoniumisalt

16 (44 mg, 0.10 mmol) gavE/ (15 mg, 0.05 mmol, 42%).

'H NMR (600 MHz, BO) & 6.07 (1H, tdJur = 55.3,J4r = 54.9,J55 = 5.5 Hz, H), 5.28
(1H, dd,Jp 4y = 8.5,J1 2= 1.9 Hz, H), 4.62-3.93 (1H, m, §J, 3.89-3.85 (2H, m, K H3), 3.76
(1H, t,J = 9.4 Hz, H); ®*C NMR (101 MHz; DO) & 114.6 (tJcr = 182.0 Hz, C6), 95.0 (d,
Jep=4.4Hz, G), 70.7 (G), 70.3 (G), 69.6 (G), 67.2 (G); **P {*H} NMR (162 MHz, DO)

§ 1.75;°F {"H} NMR (376 MHz, BO) § -131.5 (d,J = 284.6 Hz, 1F), -132.2 (d,= 284.2
Hz, 1F);HRM Sm/z(ESI) Found: (M-H) 279.0086, @HoF,OsP requiregM-H) 279.0087.

1,2,3,4-Tetra-O-acetyl-6-para-tolenesulfomlyb-mannose

To a stirred solution ofl,2,3,4-tetra-O-acetyp-D-mannosE® (250 mg, 0.72 mmol, 1.0
equiv.) in anhydrous pyridine (4.8 mL) was adge@sCl (470 mg, 2.45 mmol, 3.4 equiv.).
The reaction mixture was stirred for 7 h at roomperature, where TLC analysis (petroleum
ether/EtOAc, 1/2) indicated complete conversionstairting material to a higher; Ralue
spot. Distilled water was added to the reactiontunex (10 mL) and stirred for 10 min before
extraction with chloroform (30 mL). The organic émywas washed with saturated aqueous
NaHCG; solution (2 x 20 mL), distilled water (2 x 20 mahd brine (20 mL) then the
combined aqueous layers were re-extracted withrafdom (25 mL). The combined organic
layers were dried (MgS{p filtered and concentrated under reduced presfmgng under
high vacuum afforded the title compound as a cddssrsyrup (340 mg, 0.67 mmol, 93%).
Rt 0.82 (petroleum ether/EtOAc, 1/2p]f -6.70 € 1.65, CHCY); 'H NMR (400 MHz,
CDCl) 6y 7.78-7.74 (2H, m, AH), 7.33 (2H, dJ = 8.0 Hz, 2 x AmH), 7.30-7.27 (1H, m,
Ar-H), 5.79 (1H, d,) = 1.2 Hz, H), 5.42 (1H, ddJ = 3.2, 1.2 Hz, k), 5.20 (1H, appt) = 9.8
Hz, Hy), 5.08 (1H,J = 9.9, 3.3 Hz, B), 4.13 (2H, app. d] = 4.3 Hz, Ha+y, 3.79 (1H, dtJ =
9.6, 4.3 Hz, H), 2.43 (3H, s, E3), 2.16 (3H, s, C(0)0B3), 2.06 (3H, s, C(0O)0OR3), 2.00
(3H, s, C(O)OEls), 1.98 (3H, s, C(0)0Bs); *C NMR (100 MHz, CDC}) § 170.3 (C=0),
169.9 (C=0), 169.7 (C=0), 168.3 (C=0), 149.9 Ar-145.2 (ArC), 136.1 (ArC), 132.6
(Ar-C), 130.0 (ArC), 128.2 (ArC), 90.3 (G), 70.9 (G), 70.5 (GQ), 68.1 (G), 67.6 (G), 65.8
(Ce), 21.8 CHs), 20.8 (C(OFHa), 20.7 (2 x C(OFHs), 20.6 (C(OLH3); HRMS m/z(EST)
Found: (M+Na) 525.1073, GH»¢01,SNa requires [M+Nd] 525.1043. Previously reported
data were for the-anomer=®!

1,2,3,4-Tetra-O-acetyl-6-azido-6-deofyp-mannosel8

To a stirred solution of,2,3,4-tetra-O-acetyl-6-para-tolenesulforfifb-mannose200 mg,
0.39 mmol, 1.0 equiv.) in DMF (3.9 mL) was addedcassively 15-crown-5 ether (0.23 mL,
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1.20 mmol, 3.0 equiv.) and NgN78 mg, 1.20 mmol, 3.0 equiv.). The reaction migtwas
heated to 60 °C and stirred for 24 h, whereby Tib@lgsis (toluene/EtOAc, 4/1) indicated
conversion of starting material to a highen@lue spot. The reaction mixture was cooled to
room temperature, poured onto distilled water (40 and extracted with EtOAc (25 mL).
The organic layer was washed successively with Hofteous Ng,0Os solution, distilled
water and brine (20 mL each) then the aqueousdayere re-extracted with EtOAc (25 mL).
The combined organic layers were dried (MgEK@Itered and concentrated under reduced
pressure. Purification by silica gel column chrooga&phy, eluting with toluene/EtOAc (5/1,
4/1) affordedl8 as a clear colourless oil (31 mg, 83 pumol, 32%)0R3 (toluene/acetone,
4/1); [a]* -13.5 € 1.55, CHCY) 'H NMR (400 MHz, CDC}) 55.86 (1H, dJ = 1.2 Hz, H),
5.47 (1H, ddJ = 3.2, 1.1 Hz, K, 5.25 (1H, app. tJ = 9.8 Hz, H), 5.11 (1H, ddJ = 10.0,
3.2 Hz, H), 3.78-.3.72 (1H, m, §), 3.38 (2H, app. qdl = 13.4, 4.5 Hz, &}, Hep), 2.21 (3H,

s, C(O)®Hs), 2.09 (3H, s, C(0)Bs), 2.05 (3H, s, C(0)Bs), 1.99 (3H, s, C(0)8s); *C
NMR (100 MHz, CDCJ) 6 170.3 (C=0), 169.9 (C=0), 169.8 (C=0), 168.5 (C=2).3
(Cy), 745 (@), 70.7 (@), 68.2 (G), 66.5 (Q), 50.8 (G), 20.9 (C(OrHs), 20.8 (2 x
(C(O)CHs3), 20.6 (C(OTHs); HRMS m/z (ESI) Found: (M+Na) 396.1039, G4H;9N3OgNa
requires [M+Na], 396.1019. Previously reported data were forotamomer>®!

6-Azido-6-deoxy-D-mannose 1-phosphate bis ammonium Ealt

18 (100 mg, 0.27 mmol) gav® (25 mg, 0.14 mmol, 65%).

'H NMR (400 MHz, BO) & 5.07 (1H, ddJpy = 8.4,J12 = 1.9 Hz, H), 3.72-3.67 (3H, m,
Hs, Ho, Ha), 3.50-3.45 (1H, m, k), 3.42-3.37 (2H, m, kHep); *C NMR (101 MHz, BO) §
94.9 (G), 72.4, 71.1, 69.7 (CC4 or Gs), 67.2 (G), 51.0 (Q); **P {*H} NMR (162 MHz,
D,0) 6 1.36; HRMS m/z (ESI) Found: (M-H) 284.0288, GH1;N3OgP requires [M-H]
284.0284. Data previously reported for the bistitgammonium salt”’

1,2,3,4-Tetra-O-acetyl-6-S-acetyl-6-degkp-mannose0

To a stirred solution ot,2,3,4-Tetra-O-acetyl-6-chloro-6-deogy®-mannosg58 mg, 0.16
mmol, 1.0 equiv.) in anhydrous DMF (1.6 ml) was edighotassium thioacetate (54 mg, 0.48
mmol, 3.0 equiv.). The reaction mixture was hedaed5 °C for 24 hours, where TLC
analysis (petroleum ether/EtOAc, 2/1) indicatedhfation of a similar Rvalue product to the
starting material). The reaction mixture was codiledoom temperature then poured onto
water (10 mL) and extracted with EtOAc (20 mL). Theganic layer was washed
successively with saturated aqueous Naki€@ution, water and brine (15 mL each) then the
agueous layers were re-extracted with EtOAc (20.rmibhe combined organic layers were
dried (MgSQ), filtered and concentrated under reduced pres®uefication by silica gel
column chromatography, eluting with petroleum efBEDAc (2/1) afforded?0 as a clear
orange oil (55 mg, 0.14 mmol, 88%); R38 (petroleum ether/EtOAc, 2/1p]f* -7.27 €
1.45, CHCY); 'H NMR (400 MHz, CDC)) § 5.80 (1H, s, H), 5.45-5.43 (1H, m, b), 5.18
(1H, app. tJ = 9.8, H), 5.07 (1H, ddJ = 9.9, 3.2 Hz, k), 3.68 (1H, ddd) = 9.8, 7.5, 2.7
Hz, Hs), 3.28, 1H, ddJ = 14.3, 2.5 Hz, k), 3.03 (1H, ddJ = 14.3, 7.4 Hz, &), 2.32 (3H, s,
SCQCHj3), 2.19 (3H, s, CGHj3), 2.10 (3H, s, CCH3), 2.08 (3H, s, COH3), 1.98 (3H, s,
COCH3); *C NMR (100 MHz, CDC}) § 194.9 (C=0), 170.3 (C=0), 170.1 (C=0), 169.9
(C=0), 168.4 (C=0), 90.5 (¢ 74.7 (@), 70.7 (GQ), 68.4 (G), 67.8 (G), 30.5 (SC@Hs3),
30.2 (G), 20.9 (2C, 2 x CQHs), 20.8 (CACHs), 20.6 (CACHs); HRMS m/z(ESIY) Found:
(M+Na)" 424.0832 @H,,0:0SNa, requires [M+Nap24.0832.

6-Deoxy-6-thios-D-mannose 1-phosphate bis ammonium Zhlt
20 (100 mg, 0.25 mmol) gav&l (30 mg, 0.10 mmol, 43%).
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'H NMR (400 MHz, D0O) & 5.34 (d,Jp 1 = 8.1 Hz, H (1-phosphate disulfide), 5.16 @,,=
1.3 Hz (1-phosphate-hemiacetal mixed disulfidejiora 2.5/1;3'P {*H} NMR (162 MHz,
D,0) 6 0.38 (1P, s, 1-phosphate disulfideRM S m/z(EST) of the disulfide: Found: (M-H)
548.9910, @&H230:6PS, requires [M-H] 548.9908; of the mixed disulfide: Found: (M-H)
469.0239, @H,013PS requires [M-H] 469.0240.

DFT calculations

The geometry optimisations were performed with Gaus 16 software using
restricted density functional theory. The B3L'¥Pfunctional hybrid method was employed
and the 6-311+G(2df, 5" with diffused basis set was used for the geommttimisation
and frequency analysis in vacuum. The normal madesaled no imaginary frequencies
indicating that they represent minima on the paaéenergy surface.
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