


























Figure 24. WaterLOGSY NMR spectra from assay with AtUSP.

(700 MHz, 1:9 DO:H,0) showing ligand binding above the baseline and non-binding
phased in the opposite phase. (A) 5.0 mmol galactose 1-phosphate. (B) 5.0 mmol
compound3. (C) 5.0 mmol compountl0. (D) 5.0 mmol compouné. *Benzoic acid,
added as a negative control. The peak at 3.65 ppm is Tris-HCI buffer.

3.3.4 WaterLOGSY NMR Experiments: GalT

Given that the fourgalactoketose phosphonates were not substrates for GalT,
WaterLOGSY NMR binding experiments with GalT aBdr, 8, or 10 were observed in
the presence and absence of UDP-GIc. In the case of GalT, it was found that benzoic acid

binds GalT, and during these assays benzoic acid functioned as a binding control.
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Attempts were made to screen other non-binders. However, acetic acid, ethyl acetate,

phenol, and cyclohexanol were all found to bind GalT as shown in Figure 31.
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Figure 25. GalT WaterLOGSY NMR non-binding screen.

(700 MHz NMR, 9:1 H,0:D,0), containing acetic acid, ethyl acetate, phenol,
cyclohexanol, and benzoic acid showing ligand binding phased above the baseline. (A)
WaterLOGSY NMR spectrum. (B) 'H NMR spectrum of the same sample.

Binding was observed using waterLOGSY NMR to monitor the physiological
reaction, whereby it shows the generation of products (Figure 32), NMR binding studies
show binding to the substrates and products. Binding interactions in the WaterLOGSY
experiments with 3, 7, 8, or 10 were observed in the presence or absence of UDP-Glc.
Figure 33 shows this with compound 10 as an example. Results suggest that the galacto-
configured ketose phosphonates do bind GalT. However, the ketose phosphonates were
shown not to be substrates, these results suggests that the ketose phosphonates were not

able to act as nucleophiles and react with the UMP bound in the active site
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Figure 26. WaterLOGSY NMR spectrum of the physiological GalT reaction.

Shown is the reaction in progress where the anomeric protons on all four sugar containing

compounds are clearly resolved (labeled above). During this experiment, UDP-Gal and
glucose 1-phosphate are being generated by GalT catalysis. *Tris HCI buffer, non-
binding.
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Figure 27. WaterLOGSY NMR comparison of reactions with substrates or non-
substrates.

(700 MHz, 1:9 D,0:H,0) showing ligand binding above the baseline and non-binding
phased in the opposite phase. (A) a reaction in progress with galactose 1-phospate and
UDP-Glc. (B) no reaction observed between UDP-Glc and 3. *Benzoic acid, positive
binding control.
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Figure 28. WaterLOGSY of Compound 10 in the presence and absence of UDP-Glc.

(700 MHz, 1:9 D,0:H,0) showing ligand binding above the baseline and non-binding
phased in the opposite phase. (A) Compound 10. (B) Compound 10 and UDP-Glc.
*Benzoic acid, positive binding control.

3.3.5 WaterLOGSY NMR Experiments: Cps2L

The coupling of 3, 7, 8, or 10 with UTP to give the desired UDP-Galp analogues was
unsuccessful. In an attempt to better understand the binding interactions between 3, 7, 8,
or 10 with Cps2L, WaterLOGSY NMR binding experiments were performed in the
absence of NTP because Cps2L has an ordered bi-bi mechanism as previously described,

where the nucleoside must bind first, followed by the sugar 1-phosphate.

In the case of gluco-configured ketose phosphonate analogues, binding was
observed in the absence of NTP.” This suggests that these analogues could function via a
different enzymatic mechanism. In the WaterLOGSY NMR experiment with 3, 7, or 10
in the absence of NTP, no binding was observed. This suggests that the galacto-
configured ketose phosphonates do not bind Cps2L in the same manner as the gluco-

configured phosphonates. Interestingly, the (S)-monofluorinated ketose phosphonate
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shows binding to Cps2L. Figure 35 shows the WaterLOGSY spectra. This result suggests
that binding of this diastereomer does not follow the ordered bi-bi mechanism and could
be further explored for potential inhibition of Cps2L, as this compound appears to be

acting via an alternative mechanism.

Figure 29. WaterLOGSY NMR spectra showing Cps2L and the novel galacto-ketose
phosphonates binding.

(700 MHz, 1:9 D,0:H,0) showing ligand binding above the baseline and non-binding
phased in the opposite phase. (A) 5.0 mmol compound 8. (B) 5.0 mmol compound 3. (C)
5.0 mmol compound 10. (D) 4.0 mmol compound 7; the spectrum shows poor water
suppression, likely as a result of using an alternative 3.0 mm NMR tube in efforts to
maintain an appropriate concentration of compound. *Benzoic acid, added as a negative
control. The peak at 3.65 ppm is Tris-HCI buffer.
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During binding studies the concentration was found to play an important role
while observing binding. Initial studies using 1.0 mmol of these sugars gave dispersive
spectra where little to no sugar proton character was observable. However, recent
experiments at 5.0 mmol of 8 showed binding. At this time, data has been collected for
compound 7 at 4.0 mmol, in a 3.0 mm NMR tube to determine if increasing the reagent
concentrations will generate similar results. It was found that 7 does not show binding at
this concentration. However, the water suppression was poor during this experiment

(Figure 35, entry D) as a 3.0 mm NMR tube was used.
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CHAPTER 4. CONCLUSIONS

4.2 Conclusions

A series of galacto-configured ketose phosphonates were synthesized and evaluated as
substrates for GalT, AtUSP, and Cps2L. WaterLOGSY NMR binding studies showed
that the (S)-configured monofluorinated galacto-ketose phosphonate interacted with
Cps2L in the absence of NTP which is not in-line with the ordered bi-bi mechanism of
this enzyme. WaterLOGSY NMR studies showed binding of galp to AtUSP in the
absence of NTP demonstrating that the binding order of this enzyme does not require
NTP to bind before the sugar substrate. WaterLOGSY NMR studies of the synthetic
substrate analogues also showed binding to AtUSP. WaterLOGSY studies with GalT
demonstrated that the substrates galp and UDP-glc, as well as the synthetic substrate
analogues, bound GalT. However, non-specific binding to other small molecules was also

observed.

The synthesis of gl/uco-configured a-hydroxy phosphonates was achieved. The
diastereomeric mixture of this material was shown to include a novel Cps2L substrate.
The protected gluco-configured a-hydroxy phosphonate in a diastereomeric mixture was

found to be unreactive with DAST™,

4.2 Future Work

Currently, efforts are focused on generating sufficient material for future inhibition
studies with UGM for our collaborators. Generating more material will also allow for

WaterLOGSY NMR experiments with the (R)-monofluoro ketose phosphonate to be
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reexamined with sufficient concentration. With sufficient material, Cps2L inhibition
could also be explored. Chemical coupling approaches to the sugar nucleotide analogues

should also be developed.

Inhibition assays with Cps2L have been standardized within the Jakeman lab and
may allow for the determination of inhibition parameters for Cps2L with the (S)-
monofluorinated galacto-ketose phosphonates. At this time, a strategy for exploring GalT
inhibition within the Jakeman lab has not been established. Given that non-specific
binding was observed for all ligands studied during the enzyme-ligand binding
experiments, those experiments did not aid in generating any predictions regarding
potential binding, or narrow the library of compounds that should be investigated for
inhibition of GalT. An avenue of inhibition experiments that could be considered would
be NMR analysis of the reaction progress in the presence and absence of the novel

galacto-ketose phosphonates.
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CHAPTER 5. EXPERIMENTAL

5.1 General Synthetic Methods

Reagents and anhydrous solvents were purchased from Sigma-Aldrich and used without
further purification. All other solvents were used without further purification. Unless
otherwise stated, all reactions were performed under a nitrogen atmosphere and in oven-
dried glassware (>100 °C). Molecular Sieves were activated before use by drying in an
oven (>100 °C, >12 h). Thin layer chromatography and low-resolution LCMS were used
to monitor the progress of all reactions. Glass Silicycle™ precoated silica gel plates (250
um thickness) were utilized and visualized with ultraviolet light (A = 254 nm), and a
potassium permanganate dip solution (3.0 g potassium permanganate, 20.0 g potassium
carbonate, 5.0 mL 5% aqueous sodium hydroxide, 300 mL distilled water) or a p-
anisaldehyde dip solution (p-anisaldehyde 3.4%, sulfuric acid 2.2%, and acetic acid 1.1%
in ethanol), followed by warming with a heat gun. Evaporations were performed using a

Biichi rotary evaporator. Lyophilizations were performed using an Edward Freeze-Dryer.

Normal-phase silica gel chromatography was performed using a bench-top glass
column or using a Biotage SP1™ high performance flash chromatography system using
Silicycle™ ultra pure silica (230-400 mesh) or Silicycle™ Siliasep™ cartridges,
respectively. Compounds were dried onto Biotage ™ Isolute HM-N for chromatography.
Water-soluble compounds were purified with LH-20 size exclusion resin. Yields are
reported for chromatographically and analytically pure compounds, unless otherwise

discussed.
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NMR spectra were acquired using a Bruker AV-300 and AV-500 spectrometers at
the Nuclear Magnetic Resonance Research Resource, Dalhousie University, or using a
Bruker AV-700 spectrometer at the Biomolecular Magnetic Resonance Facility, National
Research Council of Canada, Halifax. Chemical shift data were measured relative to
TMS (0.00 ppm) for 'H, CDCl; (77.16 ppm) for °C or methanol-d, (3.31 ppm for 'H).
Proton assignments were based on COSY experiments, coupling constants, and 1D NOE
NMR, and H-P HSQC. High-resolution mass spectra were recorded using a microTOF

instrument (Bruker Dalton) with an electrospray (ESI) source.
5.2 pK,2 Determinations

10 mM solutions of the diammonium salt of the ketose phosphonates (3, 8, 7, or 10) were
adjusted to pH 9 with 0.2 M NaOH and titrated with 2 pL aliquots of 0.2 M HCI to pH
1.5. The pH was measured using a Hach waterproof microelectrode (model H160). pK,
values were then determined by fitting the data, moles of HCI added against pH, in GraFit

5.0.5 (Erithacus Software Limited).
5.3 WaterLOGSY Sample preparation

In general, WaterLOGSY NMR experiments were composed of 1:1:0.1
sugar:UTP:enzyme using either 5 mM or 1 mM sugar and 0.2 mM cation(s). An
equimolar amount of benzoic acid to sugar was used as a non-binding control (except for
experiments with GalT). Each sample was buffered with deuterated Tris and run in 10%

D,0/ 90% H>0 on the AV 700 MHz NMR spectrometer.
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5.4 Enzymatic Assay Methods

Unless otherwise noted, enzymatic reaction were incubated at 37 °C with aliquots taken
at various time points analyzed via HPLC using methods previously described.”
Enzymatic reactions were analyzed using HPLC with Hewlett Packard Series 1050
instrument with an Agilent Zorbax 5 uM Rx-C18 column (150 cm % 4.6 mm) as well as
low resolution mass spectrometry, where beneficial, using an Applied Biosystems hybrid
triple quadrupole linear ion trap (Qtrap2000) mass spectrometer with an electrospray
(ESI) source. The enzymes used were over-expressed and purified in the lab using

methods that were previously described.’®%-*%¢!

The enzyme concentrations were
determined spectrophotometrically at 280 nm using the respective extinction coefficients

(Cps2L € =29 340 M'em™, AfUPS £ = 83 685 M'cm™, GalT ¢ =71 765 M'em™)"
5.4.1 Assays Containing Cps2L or AtUSP

Assays containing sugar analogues (2 mmol), NTP (1 mmol), MgCl, (2.2 mmol),
inorganic pyrophosphatases (0.5 EU), and enzyme (2 EU or up to the maximum enzyme
concentration based on volume) were made up to 50 or 100 pL final volume with
Tris-HCI buffer (50 mM, pH 7.5) and incubated at 37 °C. Aliquots (5 pL) of the reaction
mixtures were quenched with MeOH (15 pL), centrifuged (4 minutes, 13 000 rpm), and

analyzed using HPLC.
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5.4.2 Assays Containing GalT

Cps2L coupled reaction assays containing glucose 1-phosphate (2 mmol), UTP (4 mmol),
MgCl, (2.2 mmol), inorganic pyrophosphatases (0.5 EU), and Cps2L (4 EU) were made
up to 50 pL final volume with Tris-HCI buffer (50 mM, pH 7.5) and incubated at 37 °C
for 1 hour, at which point an aliquot (5 puL) of the reaction mixture was quenched with
MeOH (15 pL), centrifuged (4 minutes, 13 000 rpm), and analyzed using HPLC to
confirm consumption of approximately half of the UTP. Next, the galactose 1-phosphate
analogue (2 mmol), FeCl, (2.2 mmol), ZnCl;, (2.2 mmol) were added, followed by GalT
(24 pL GalT in Tris-HCI buffer), for a final volume of 100 pL which was allowed to react
at rt. Aliquots (5 pL) of the reaction mixture were quenched with MeOH (15 pL),

centrifuged (4 minutes, 13 000 rpm), and analyzed using HPLC.

Alternatively, reaction assays containing galactose 1-phosphonate analogues (2
mmol), UDP-glc (2 mmol), ZnCl, (2.2 mmol), FeCl, (2.2 mmol), and GalT were made up
to a final volume of 100 puL with Tris-HCI buffer (50 mM, pH 7.5) and allowed to stand
at rt. Aliquots (10 pL) of the reaction mixture were quenched with MeOH (30 pL),
centrifuged (4 minutes, 13 000 rpm), and analyzed using low resolution mass

spectrometry.
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5.5 Compound Preparation and Characterization Data

2,3,4,6-Tetra-O-benzyl-D-galactonolactone (1)

BnO OBn
(0]
BnO
OoBn O

1

To a stirring solution of 2,3,4,6-tetra-O-benzyl-D-galactopyranose (10.00 g, 18.5 mmol)
in anhydrous DMSO (60 mL) was added acetic anhydride (46.0 mL) at rt. The reaction
mixture was stirred for 18 h before being poured into H,O (200 mL). The resultant
solution was then extracted with EtOAc (2 x 50 mL). The combined organic fractions
washed further with H,O (3 x 150 mL) to remove residual DMSO, then dried with
anhydrous Na,SOs, filtered and concentrated. The residue was purified using silica gel
flash chromatography (1:3 EtOAc:hexanes) to afford 2 as a colourless oil (4:6
EtOAc:hexanes, Ry product = 0.83) (9.26 g, 17.2 mmol, 92%); spectroscopic data were

consistent with literature.**%

2,3,4,6-Tetra-O-benzyl-C-(1'-dibenzylphosphonomethyl)-a-D-galactopyranose (2)

BnO OBn
o} B_
BnO clP)BOBn
n
BnO OH
2

To a stirring solution of freshly prepared dibenzyl methylphosphate (11.99 g, 43.3 mmol)
in anhydrous THF (55 mL) at —78 °C, was added n-BuLi (18.0 mL, 43.3 mol, 2.5 M in

hexanes) dropwise. The reaction mixture was stirred for 30 min before 1 was added (8.32
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g, 15.5 mmol, in 15.0 mL THF) dropwise. The resultant solution was then allowed to
warm to rt with stirring for 2 h. The reaction was quenched with saturated NH4CI (50
mL). The organic layer was then washed with HO (100 mL). The aqueous layers were
combined and extracted with DCM (2 x 50 mL). the organic extracts were combined
dried with anhydrous Na,SO,, filtered and concentrated. The remaining residue was
purified using silica gel flash chromatography (35:65 EtOAc:hexanes) to afford 2 as a
white solid (4:6 EtOAc:hexanes, Ryproduct = 0.64) (12.6 g, 14.5 mol, 94%); 'H NMR
(500 MHz, CDCl3) 6 =7.45-7.22 (m, 30H, 6 x Ph), 5.90 (s, 1H, anomeric OH), 5.11, 5.07
(ABq, 2H, Jag = 4.5 Hz, CH,Ph), 5.03, 5.00 (ABq, 2H, Jag= 10 Hz , CH,Ph), 4.96,4.88
(ABq, 2H, Jag= 8.5 Hz, CH,Ph), 4.80 (s, 2H, CHPh), 4.70, 4.65 (ABq, 2H, Jag=11.5
Hz, CH,Ph), 4.41, 4.38 (ABq, 2H, Jag= 11.5 Hz, CH,Ph), 4.32 (dd, Js56. = 7.4 Hz, J45=
1.4 Hz, 1H, H-5) 4.16 (dd, J34 = 2.7 Hz, J,3=10.3 Hz, 1H, H-3), 4.06 (dd, Js5= 1.4 Hz,
J34=2.7 Hz, 1H, H-4) 3.81 (d, J>3=10.3 Hz, 1H, H-2), 3.56 (dd, Js6. = 7.5 Hz, Jea6b =
5.4 Hz 2H, H-6a, H-6b), 2.55 (dd, *Jyp= 17.2 Hz, J 1a15= 15.3 Hz, 1H, H-1'a), 1.95 (dd,
*Jup= 18.5 Hz, Jia1p= 15.3 Hz, 1H, H-1'b); °C NMR (125 MHz, CDCl;) 6 =140.0,
139.7, 139.4, 139.2 (4 quaternary aromatic C), 137.8 (d, 3Jc,p= 6.4 Hz), 137.2(d, 3Jc,p=
6.4 Hz), 127.9-126.8 (30C, Ph x 6), 98.7 (d, *Jep = 9.1 Hz, C-1), 81.6 (d, *Jcp= 4.0 Hz,
C-2), 80.3 (d, *Jep= 13.6 Hz, C-5), 76.5 (C-4), 76.3, 76.0, 74.4, 74.0 (CH,Ph x 4), 71.4
(C-3), 70.3 (C-6), 69.5 (d, *Jep= 5.3 Hz, PhACH,OP), 68.1 (d, *Jcp= 8.2 Hz, PhCH,OP),
32.4 (d, 'Jep=137.5 Hz, C-1"); *'P{'"H} NMR (202.5, CDCl3) 6 =29.98 (s, 1P) ppm;
HRMS (ESI, positive mode): found (M + Na)' 837.3173. C49Hs;00P requires (M + Na)"

837.3168.
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Dibenzyl (Z)-C-(1'-deoxy-2,3,4,6-tetra-O-benzyl-D-galactopyranosyl-2-ylidene)
methanephosphonate (4)

To a stirring solution of 2 (4.02 g, 4.93 mmol) in anhydrous THF (50 mL) over molecular
sieves (4A) at 0 °C, was added pyridine (4.38 mL, 49.3 mmol). After 20 min, TFAA
(3.50 mL, 24.7 mmol) at 0 °C was added dropwise. The resultant solution was then
stirred for 4 h at 0 °C. The reaction was quenched with saturated NaHCO; (50 mL) and
extracted with EtOAc (3 x 100 mL). The combined organic extracts were dried with
anhydrous Na;SO,, filtered and concentrated. The remaining residue was purified using
silica gel flash chromatography (35:65 EtOAc:hexanes) to afford 4 as a colourless oil (4:6
EtOAc:hexanes, Ryproduct = 0.49 ) (2.39 g, 3.01 mmol, 61%); "H NMR (700 MHz,
CDCls) 8 =7.32-7.28 (m, 30H, 6 x Ph), 5.44 (dd, *Jup= 13.65 Hz, 'J1-,= 1.9 Hz, 1H, H-
17), 5.01-4.99 (m, 2H, CHPh), 5.00, 4.94 (ABq, 2H, Jag= 11.5 Hz, CH,Ph), 4.78, 4.69
(ABq, 2H, Jag= 11 Hz, CH,Ph), 4.71, 4.59 (ABq, 2H, Jag= 11 Hz, CH,Ph), 4.43, 4.36
(ABq, 2H, Jag= 11.5 Hz, CH,Ph) 4.42 (dd, J45 = 1.4 Hz, J56,. = 3.2 Hz, 1H, H-5), 4.07
(d, Jss=1.4 Hz, 1H, H-4), 3.81 (dd, J>3 = 5.5 Hz, J»,- = 1.9 Hz, H-2), 3.68-3.66 (m, Js 61
= 5.3 Hz, Jsasp = 9.0 Hz, 2H, H-6a, H-3), 3.55 (dd, Js e, = 5.3 Hz, Jeasr = 9.0 Hz, 1H, H-
6b); °C NMR (176 MHz, CDCls) 6 =169.8 (C-1), 139.6, 139.2, 138.9, 138.8, 138.1 (d,
2Jc,p= 6.9 Hz), 138.0 (d, ch,p= 6.9 Hz), (6 quaternary aromatic C), 129.8-128.1 (30C, 6

x Ph), 96.4 (d, 'Jep= 192.8 Hz, C-1'), 83.0 (C-5), 79.7 (C-3), 77.9 (d, *Jep = 13.3 Hz,
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CHC=C-P, C-2), 73.98 (C-4), 76.23, 75.96, 75.14 (4 x CH,Ph), 69.06 (C-6), 68.50 (d,
*Jep = 5.8 Hz, 1C, PACH,OP), 68.12 (d, *Jep = 5.6 Hz, 1C, PhCH,OP); *'P{'"H} NMR
(202.5, CDCl3) 8 = 18.70 (s, 1P) ppm. HRMS (ESI, positive mode): found (M + Na)"
819.3057. C40H4905P requires (M + Na)* 819.3063.
2,3,4,6-Tetra-O-benzyl-C-(1'R-fluoro-dibenzylphosphonomethyl)-a-D-

galactopyranose (5) and 2,3,4,6-tetra-O-benzyl-C-(1'S-fluoro-
dibenzylphosphonomethyl)-a-D-galactopyranose (6)

OBn OBn
o - @) _
BnO gBOBn BnO gBOBn
n n

To a solution of 4 (2.40 g, 3.04 mmol) in anhydrous CH3;CN (30 mL) was added
Selectfluor™ (2.13 g, 6.12 mmol) at rt and stirred for 12 h. Following the addition of
H,O (10 mL) the mixture was heated to 70 °C and stirred for an additional 2 h. The
solution was poured into H;O (30 mL) and extracted with EtOAc (3 x 50 mL). The
combined organic extracts were dried with anhydrous Na,SOg, filtered and evaporated to
dryness under reduced pressure. The remaining diastereomeric mixture was purified
using silica gel flash chromatography (3:7 EtOAc:hexanes) to afford 5 followed by 6 as
colourless oils. 5 (4:6 EtOAc:hexanes, Rf product = 0.83) (1.13 g, 1.36 mmol, 45%); 'H
NMR (700 MHz, CDCls) 6 =7.32-7.28 (m, 30H, 6 x Ph), 5.23 (s, anomeric OH), 5.19 (d,
2H, J= 8.45 Hz, CH,Ph), 5.05 (m, 4 H, 2 x CH,Ph), 5.02, 4.92 (dd, *Jiur = 45.85 Hz,
*Jup= 4.9 Hz, 1H, H-1'), 473 (s, 2H, CH,Ph), 4.68, 4.64 (ABq, 2H, Jxg = 11.5 Hz,
CH,Ph), 4.30 (dd, Jy.s = 0.92 Hz, Js6,= 6.41 Hz, 1H, H-5), 4.26 (dd, J>5=9.37 Hz, /o=

2.19 Hz, 1H, H-2), 4.28, 4.27 (ABq, 2H, Jas= 12 Hz, CH>Ph), 4.11 (dd, J»5 = 9.37 Hz,
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Jy4=2.78 Hz, 1H, H-3), 3.96 (dd, J34 = 2.78 Hz, J,5= 0.92 Hz, 1H, H-4), 3.49 (dd, Js 6,
= 6.41 Hz, Jeoeo= 9.40 Hz, 1H, H-6a), 3.42 (dd, Js g = 6.41 Hz, Jeaeo= 9.40 Hz, 1H, H-
6b); °C NMR DEPT135 (125 MHz, CDCl;) 6 = 128.4-127.6 (30H, 6 x Ph), 87.4 (dd,
'Jer=1202.37 Hz, 'Jcp = 158.75 Hz, C-1') 80.2 (d, C-5), 75.6 (CH,Ph), 74.9 (C-3), 74.5
(CH,Ph), 74.4 (*Jcp= 8.89 Hz, C-2), 73.3 (CH,Ph), 72.9 (CH,Ph), 71.0 (C-4), 69.8 (d,
Jep= 5.7 Hz, PhACH,0P), 69.2 (C-6), 68.2 (d, *Jep J = 6.6 Hz, PACH,OP); *'P{'H}
NMR (202.5, CDCl3) 8 = 18.26 (d, *Jp.r= 68.75 Hz, 1P); '°’F NMR (282 MHz, CDCl3) 8
= 211(dd, *Jpr= 68.75 Hz, *Jeu.1 = 45.85 Hz, "/, = 2.19 Hz, 1F) ppm; HRMS (ESI,

positive mode): found (M + Na)" 855.3069. C49HsoFOoP requires (M + Na)" 855.3074.

6 (4:6 EtOAc—hexanes, Rf product = 0.93) (451 mg, 0.54 mmol, 18%). 'H NMR (700
MHz, CDCl3) 8 =7.39-7.19 (m, 30H, 6 x Ph), 6.06 (d, J = 9.99 Hz, anomeric OH), 5.17-
5.06 (m, 5H, 2 x CH,Ph, H-1"), 5.01 (d, J =11.5, 2H, CH,Ph) 4.78, 4.55 (ABq, 2H, Jag=
10.5 Hz, CH,Ph h), 4.73, 4.48 (ABq, 2H, Jxg= 11 Hz, CH,Ph), 4.34, 427 (ABq, 2H, Jas
= 5 Hz, CH,Ph), 4.30 (quartet, J= 11.67 Hz, 1H, H-5), 4.02 (d, J = 1.70 Hz, 1H, H-4),
3.97 (dd, Jo3 = 9.94 Hz, *Jyr= 2.11 Hz, 1H, H-2), 3.48 (dd, J= 6.45 Hz, 2H, H-6a, H-
6b); *'P{'"H} NMR (202.5, CDCl;) 6 = 15.5 (d, *Jpr = 68.75 Hz, 1P); "’F NMR (282
MHz, CDCls) 6 = -219.9 (dd, *Jpr= 68.75 Hz, *Jru.- = 45.85 Hz, 1F) ppm; HRMS (ESI,

positive mode): found (M + Na)" 855.3069. C49HsoFOoP requires (M + Na)" 855.3074.
General deprotection procedure (3, 7, and 8).

To a solution of globally benzylated ketose phosphonates (2, 5, or 6; 51 mg, 55 mg, or 30
mg, respectively) in 1:1 MeOH:EtOAc (3 mL) was added palladium on carbon (10%

w/w) (0.1 equivalents) and degassed under vacuum. The reaction mixture was then stirred
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vigorously under hydrogen gas at 1 atm. pressure for 18 h. The suspension was then
filtered and condensed. The resultant residue was immediately dissolved in H,O (2 mL)
and extracted with EtOAc (2 x 2 mL). The aqueous fraction was adjusted to pH 8 with
NH4OH (0.2 mM) and lyophilized. The crude solids were dissolved in a minimal amount
of water (~1-2 ml) and passed through a Sephadex® LH-20 resin, fractions found to
contain compound using NMR were combined and lyophilized to afford compound 3

(10.11 mg, 63%), 7 (14.57 mg, 73%), and 8 (3.71 mg, 35%) as colourless foams.

Ammonium-C-(1'-phosphonomethyl)-a-D-galactopyranoside (3)

Major compound: '"H NMR (500 MHz, D,0) 6 =3.97 (m, 1H, H-4), 3.84 (dd, J = 3.38
Hz, J=1.07 Hz, 1H, H-2), 3.70 (dd, Js ¢ = 10.40 Hz, J=3.34, 1H, H-5), 3.66 (d, J = 7.98
Hz, 1H, H-6a), 3.59 (m, 1H, H-3), 3.51 (d, Js» =10.06 Hz, 1H, H-6b) 2.28 (dd, J = 17.44
Hz, 15.55 1H, H-1") 2.08 (dd, J = 16.72 Hz, 15.5 Hz 1H, H-1); °C NMR (176 MHz,
D,0) 8 = 98.74 (m, *Jep= 6.6 Hz, C-1), 72.6 (C-5), 71.3 (d, *Jcp= 3.0 Hz, C-2) 71.0 (C-
4) 63.0 (C-3), 60.7 (C-6), 37.5 (d, 'Jep= 127 Hz, C-1") *'P{'"H} NMR (202.5, D,0) ¢
=20.62 (s, 1P) ppm; HRMS (ESI, negative mode): found (M —H) 273.0381. C;H;509P

requires M —H) 273.0383.
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Ammonium-C-(1'R-Fluoro-phosphonomethyl)-a-D-galactopyranoside (7)

Ho Of e o
o n O®
P—-O NH,4
HO OH NH,4
7

Major compound: "H NMR (500 MHz, D,0O) 6 =4.05 (dd, J =7.90 Hz, 1H, H-1"), 3.97
(m, 1H, H-2), 3.68 (d, J = 8.06 Hz, 1H), 3.60 (dd, J=3.02 Hz, J = 14.67 Hz, 1H), 3.63 (d,
J =16.38 Hz, 1H), 3.45 (d, J = 10.10 Hz, 1H), 2.15 (dd, J = 17.44 Hz, 15.5, 1H, H-6a)
1.90 (dd, J = 16.72 Hz, 15.5 Hz 1H, H-6b) (found 8H, expected 7H); >C NMR (176
MHz, D,0) 8 = 98.74 (m, “Je.p= 6.6 Hz, C-1), 72.6 (s, C-5), 71.3 (d, *Jcp= 3.0 Hz C-2)
71.0 (C-4) 63.0 (d, C-3), 60.7(C-6), 37.5 (d, 'Je.p= 127 Hz, C-1") *'P{'H} NMR (202.5,
CDCls) 6 =11.92 (s, 1P) ppm; °F NMR (282 MHz, CDCls) 6 = -207 (dd, *Jp.r= 68.75
Hz, *Jrq1.1-= 45.85 Hz, *Jop = 2.19 Hz, 1F) ppm; HRMS (ESI, negative mode): found (M

+ H) 291.0287. C7H3FOyP requires M —H) 291.0280.

Ammonium-C-(1'S-Fluoro-phosphonomethyl)-a-D-galactopyranose (8)

OH
HO
P9 oo
O —P-ONH,
HO I
oP®
HO oy NH,
8
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Major compound: 'H NMR (500 MHz, D,0) 6= 4.70 (dd, *Jir= 44.6 Hz, *Jip= 6.5 Hz
1H, H-1"), 4.07 (dd, J»3 = 7.70 Hz, *Jur = 3.11 Hz 1H, H-2), 3.92 (d, J = 2.80 Hz, 1H, H-
4), 3.83 (m, 3H, H-3, H-5, H-6a), 3.65 (dd, J =12.4 Hz, J = 3.35 Hz 1H, H-6b), °C NMR
(176 MHz, D,0) & = 100.25 (d, *Jcp= 19 Hz, C-1"), 74.3 (C-5), 72.6 (C-3), 72.2 (C-4),
69.5 (C-2), 64.0 (C-6) ppm; *'P{'H} NMR (202.5, D,0) & =12.48 (d, *Jpr= 65.35 Hz
1P) ppm; "F{'H} NMR (282 MHz, D,0) é = -211(dd, *Jpor= 65.35 Hz, 1F) ppm; HRMS

(ESI, negative mode): found (M —H) 291.0287. C7H3FOyP requires (M —H) 291.0280.

2,3,4,6-Tetra-O-benzyl-C-(1'0,0-difluoro-diethylphosphonomethyl)-a-D-

galactopyranose (9)

BnO FF 9
BnO 2 P_OEt
BnO oy OFEt
9

To a stirring solution of diisopropylamine (1.27 mL, 9.70 mmol) in THF (3 mL) at —78
°C was added n-BuLi (3.65 mL, 9.70 mmol, 2.5 M in hexanes). The resulting solution
was warmed to 0 °C for 30 min. The resultant LDA was then cooled to —78 °C and an
equitemperature solution of diethyl difluoromethyl phosphonate (0.92 mL, 9.70 mmol) in
THF (4 mL) was added and stirred for 15 min. A solution of lactone 2 (1.04 g, 1.94
mmol) in THF (4 mL) was added and the resulting solution was stirred for 30 additional
min at —78 °C. The reaction was quenched with saturated NH4Cl (aq.) and extracted with
diethyl ether (3 x 50 mL). The combined organic layers were dried with anhydrous

NaySO,, filtered and concentrated. The remaining residue was purified using silica gel
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flash chromatography (3:7 EtOAc:hexanes) to afford 9 as a pale yellow oil (3:7
EtOAc:hexanes, Rf product = 0.42) (723 mg, 1.00 mol, 52%). 'H NMR (500 MHz,
CDCl3) 6 = 7.41-7.30 (m, 20 H, 4 x Ph), 5.09 (s, 1H, anomeric OH), 5.07, 4.66 (ABq,
2H, Jap= 12.5 Hz, CH,Ph), 4.92, 4.83 (ABq, 2H, Jag= 11 Hz, CH,Ph), 4.83, 4.77 (ABq,
2H, Jap= 11.5 Hz, CH>Ph), 4.49, 4.45 (ABq, 2H, Jag= 11.5 Hz, CH,Ph), 4.39 (m, 4H, 2
x OCH,CHz), 4.28 (m, 1H, H-2), 4.07 (d, J = 2.78 Hz, 1H, H-5), 4.05 (m, 1H, H-3), 3.63
(d, *Jeaso = 6.17 Hz, 2H, H-6a, H-6b), 1.41 (m, 3H, OCH,CH3), 1.35 (m, 3H, OCH,CH});
C NMR DEPTI135 (176 MHz,CDCls) 6 =138.0, 137.8, 137.2, 136.8 (4 x quaternary
aromatic C), 128.3, 127.4 (30C, 6 x PH), 96.9 (C-1"), 80.3 (C-5), 75.2 (CH,Ph), 74.5 (C-
3), 74.4 (CH,Ph), 74.3 (C-2), 73.2 (CH,Ph), 73.1 (CH,Ph), 70.5 (C-4), 68.4 (C-6), 65.2
(d, *Jep = 6.5 Hz, P-OCH>) 65.0 (d, “Jcp = 6.4 Hz, P-OCHy), 16.3 (s, P-OCH,CHj3), 16.2
(s, P-OCH,CH3);>'P{'"H} NMR (202.5, CDCls) 8 =7.18 (dd, *Jp.= 97.0 Hz, 1P) ppm; '°F
NMR (282 MHz, CDCls) 8 = -119.1 (dd, *Jor= 97.0 Hz, *Jrr= 305 Hz, 1F), -119.9 (dd,
2Jp,F = 97.0 Hz, 2JF,F = 305 Hz, 1F) HRMS (ESI, positive mode): found (M + Na)

749.2661. C39H4sF209P requires (M + Na)' 749.2667.
Ammonium-C-(1'a,0-difluoro-phosphonomethyl)-a-D-galactopyranose (10)
"0 TRFO o
HO Po2 NH,
O
NH,

HO oK
10

75



A stirring solution of 9 (102 mg, 0.16 mmol) in anhydrous DCM (2 mL) at 0 °C was
treated with TMSI (0.75 mL, 4.5 mmol) and allowed to warm to rt over 4h. The reaction
was quenched with methanol (2 mL) and concentrated. The resultant residue was
dissolved in H,O (15 mL) and washed with diethyl ether (10 x10 mL). The aqueous layer
was passed through a Dowex (H") ion exchange resin. The acidic aqueous fractions were
combined and adjusted to pH 8 with NH4OH (0.2 M) and lyophilized to afford compound
10 (26.9 mg, 54%). Major compound: '"H NMR (500 MHz, D,0) 6 =4.29 (d, J=9.13 Hz,
1H, H-2), 4.15 (dd, J = 8.36 Hz, J = 7.70 Hz, 1H, H-4), 3.78 (m, 3H, H-3, H-5, H-6a),
3.62 (dd, J=11.65 Hz, J = 6.68 Hz, 1H, H-6b) ppm; °C NMR (176 MHz, D,0) 6 = 79.8
(C-5), 75.0 (C-2), 73.7 (C-3), 71.9 (C-4) 62.1 (C-6) ppm; *'P{'H} NMR (202.5, D,0) 6 =
4.84 (quartet, *Jp = 77.90 Hz, 1P) ppm; '’F NMR (282 MHz, D,0) 8 = -124.81 (dd, *Jp ¢
= 77.90 Hz, *Jgr = 300 Hz, IF) -126.6 (dd, *Jpr= 77.90 Hz, *Jzr = 300 Hz, 1F) ppm;
HRMS (ESI, positive mode): found (M + H) 309.0192. C;H,,F,09P requires (M + H)

309.0192.

2,3,4,6-Tetra-O-benzyl-C-(1'-dimethylphosphonomethyl)-a-D-galactopyranose (11)

BnO 0]
0 B
BnO (I; OMe
Me
BnO OH
11

To a stirring solution of dimethyl methylphosphate (2.001 g, 16.0 mmol) in anhydrous

THF (30 mL) at -78 °C, was added n-BuLi (7.22 mL, 16.0 mmol, 2.5 M in hexanes)
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dropwise. The reaction was stirred for 30 min before adding 1 (3.090 g, 5.74 mmol, in
15.0 mL THF) dropwise. The resultant solution was then allowed to warm to rt while
stirred for a further 2 h. The reaction was quenched with saturated NH4Cl (45.0 mL). The
organic layer was then washed with H,O (50 mL). The aqueous layers were combined
and extracted with DCM (2 x 50 mL), dried with anhydrous Na,SO., filtered and
concentrated. The remaining residue was purified using silica gel flash chromatography
(35:65 EtOAc:hexanes) to afford 11 as a pale yellow oil (3:7 EtOAc:hexanes, Ry product
= 0.29) (2.550 g, 3.848 mmol, 67%). Spectroscopic data was consistent with previous

literature.®¢

3,4,5,7-Tetra-O-benzyl-1,2-dideoxy-D-glucohept-1-enitol (16)

To a suspension of methyltriphenylphosphonium bromide (6.001 g, 0.011 mol) in
anhydrous THF (150 mL) at =78 °C was added n-BuLi (4.5 mL, mol, 2.5 M in hexanes)
dropwise. The resultant orange ylide solution was allowed to warm to rt over 30 min. In a
separate flask also at —78 °C, a solution of 2,3,4,6-tetra-O-benzyl-D-glucopyranose in
anhydrous THF was stirred and n-BuLi (12.5 mL, mol, 2.5 M in hexanes) was added
dropwise. This solution was warmed to rt over 20 min and transferred to the ylide

solution via cannula.
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Upon complete transfer, the combined reaction mixture was stirred at 45 °C for 2
h. Acetone (130 mL) was added and the mixture was stirred for an additional 2 h. The
reaction was evaporated to dryness under reduced pressure, dissolved in brine (400 mL),
and extracted with diethyl ether (3 X 300 mL). The combined organic extracts were dried
with anhydrous Na;SOy, filtered and concentrated. The remaining residue was purified
using silica gel flash chromatography (2:8 EtOAc:hexanes) to afford 16 as a colourless
liquid (2:8 EtOAc:hexanes, Ry product = 0.40) (5.3773 g, 9.98 mmol, 90%) NMR was

consistent with previous literature.® ¢’

C-(1-Deoxy 2,3,4,6-Tetra-O-benzyl-o-D-glucopyranosyl) methyl mercury(Il) chloride

a7
OBn
BnO Q
BnO
BnO
17 HgCl

To a stirring solution of mercuric trifluoroacetate (4.258 g, 9.96 mmol) in anhydrous THF
(100 mL) at rt was added 14 (5.377 g, 9.96 mmol, dissolved in anhydrous THF (50 mL)).
After 18 h, KCI (200 mL, 0.8 M) was added and the mixture was allowed to stir for a
further 2 h before the reaction was condensed, resulting in a single aqueous phase. The
aqueous phase was subsequently extracted with DCM (3 x 30 mL). The combined
organic extracts were dried with anhydrous Na;SO,, filtered and concentrated. The
resulting oil was purified using silica gel flash chromatography (3:7 EtOAc:hexanes)

yielding 17 (2:8 EtOAc:hexanes, Ry product = 0.27, 60%) (4.620 g, 5.97 mmol).
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Spectroscopic data was consistent with previous literature.® In the event that 17 was to be

used to synthesize 18, crude product 17 was not purified using column chromatography.

C-(1-Deoxy 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranosyl) iodomethane (18)

OBn
BnO Q
BnO
BnO
|
18

Iodine (0.576 g, 4.50 mmol) and 17 (2.001 g, 2.59 mmol) were dissolved in anhydrous
DCM (50 mL) at rt and stirred for 1.5 h. Aqueous Na;S,03 (10%, 15 mL) was added and
the biphasic solution was stirred vigorously for 15 minutes. The organic layer was
collected and washed with aqueous KI (5%, 30 mL) and brine (30 mL), dried with
anhydrous Na;SO,, filtered and concentrated. The remaining residue was purified using
silica gel flash chromatography (1:9 EtOAc:hexanes) to afford 18 as a white solid (2:8
EtOAc:hexanes, Ry product = 0.65) (1.203 g, 1.87 mmol, 70%) The spectroscopic data

was consistent with previous literature.®

2,6-Anhydro-3,4,5,7-Tetra-O-benzyl-1-deoxy-D-glucohept-1-enitol (25)

OBn

BnO Q
BnO
BnO

25
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To as suspension of KO, (1.66 g, 18.1 mmol) and 18-crown-6 (4.77 g, 18.1 mmol) in
anhydrous DMSO (40.0 mL) at rt, was added a solution of 15 (3.00 g, 4.52 mmol, 40 mL
anhydrous THF) dropwise and stirred for 3 h. Brine (20 mL) was added and the THF was
removed in vacuo. The remaining aqueous solution was extracted with EtOAc (3 x 100
mL). The combined organic extracts were washed with brine (50 mL), dried with
anhydrous MgSOQ,, filtered and condensed. The remaining residue was purified using
silica gel flash chromatography (2:8 EtOAc:hexanes) to afford 25 as a colourless liquid
(2:8 EtOAc:hexanes, Ry product = 0.60). '"H NMR was consistent with previous

literature.*°

C-(1-Deoxy 2,3,4,6-Tetra-O-benzyl-o-glucopyranosyl) methanol (26)

OBn
BnO Q
BnO
BnO
OH
26

This reaction was not preformed under a nitrogen atmosphere. A solution of 17 (1.001 g,
1.29 mmol) was dissolved in anhydrous DCM (60 mL) and anhydrous DMF (40 mL) in a
wide-mouth 120 mL jar and stirred while a vigorous supply of O, gas was delivered via a
gas dispersion tube (Corning, 30mm, extra-coarse porosity). After oxygenation for 45
minutes, NaBH, (0.423 g, 11.1 mmol) was added in small aliquots to control the resulting
exothermic reaction. After 2 h, the O, supply was removed and the reaction was

quenched with a saturated aqueous solution of NH4Cl and extracted into diethyl ether (3 x
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50 mL). The organic layers were combined, washed with water, dried with MgSQy,
filtered and condensed. The remaining crude oil was purified using silica gel flash
chromatography (4:6 EtOAc:hexanes) to afford 26 as clear viscous oil (3:7
EtOAc:hexanes, Ry product = 0.21) (0.320 g, 0.577 mmol, 46%). HRMS (ESI, positive
mode): found (M + Na)" 577.2561. C3sH3sO¢P requires (M + Na)" 577.2566.

Spectroscopic data was consistent with the literature.*’

C-(1-Deoxy 2,3,4,6-Tetra-O-benzyl-o-D-glucopyranosyl) methanal (19)

OBn
BnO Q
BnO
BnO
\
(0]
19

A stirring solution of 18 (50 mg, 0.090 mmol) and NaHCO; (76 mg, 0.8991 mmol) in
anhydrous DCM (2 mL) was treated with DMP (0.038 g, 0.0903 mmol) and stirred at rt
for 1.5 h. The suspension was then dissolved with Et;O (5 mL) and condensed and
immediately brought up in a solution of saturated aqueous NaHCOs3 (5 mL) containing
NaS,0s (10%) and extracted with EtOAc (2 x 10 mL), washed with HO (10 mL) and
brine (10 mL), dried with MgSQO,, filtered and condensed. Spectroscopic data was

consistent with the literature.®®

2,3,4,6-Tetra-O-benzyl-C-(1'-hydroxy-diethylphosphonomethyl)-a-D-

glucopyranoside (20)
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OBn

BnO 0O
BnO
BnO |C|)
HO II:’—OEt
20 OEt

Method A. To a stirring solution of diethyl phosphite (0.015 mL, 0.12 mmol) in THF (2
mL) at -78 °C was added LiHMDS (20 mg, 0.12 mmol) as a pre-cooled (-78 °C) THF
solution (1 mL). The resultant solution was stirred for five minutes before the addition of
19 (0.060 g, 0.11 mmol), as a THF solution (2 mL) via cannula. Upon complete transfer,
the mixture was stirred for 10 minutes at -78 °C. It was then quenched with saturated
aqueous NH4Cl (5 mL) and allowed to warm to rt. The biphasic solution was then
extracted with Et;O (2 x 10 mL) dried with MgSOQ,, filtered and condensed. The
remaining crude oil was purified using silica gel flash chromatography (4:6
EtOAc:hexanes) to afford the diastereomeric mixture 20 as viscous oil (3:7

EtOAc:hexanes, Ryproduct = 0.21) (0.016 g, 0.2286 mmol, 21%).

Method B. To a stirring solution of 19 (34 mg, 57.0 mmol) and diethyl phosphite (0.090
mL, 63.0 mmol) in THF (3 mL) at 0 °C was added DBU (0.100 mL, 63.0 mmol). The
reaction was allowed to warm to rt over 30 minutes at which point the solvent was
evaporated. The remaining residue was dissolved in DCM (10 mL) and washed with
aqueous HCI (1 M), dried, and condensed. The remaining crude oil was purified using
silica gel flash chromatography (4:6 EtOAc:hexanes) to afford the diastereomeric mixture
20 as viscous oil (3:7 EtOAc:hexanes, Ryproduct = 0.21) (15 mg, 0.0210 mmol, 34%).
HRMS (ESI, positive mode): found (M + Na)" 713.2850. C39H4700P requires (M + Na)"

713.2590. "H NMR (500 MHz, CDCls) 8= 7.39-7.19 (m, 20H, 4 x Ph), 4.85, 4.67 (ABq,
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2H, Jag= 11.5 Hz, CH,Ph), 4.80, 4.57 (ABq, 2H, Jag = 12 Hz, CH,Ph), 4.61, 4.52 (ABq,
2H, Jag= 12.5 Hz, CH,Ph), 4.74 (dd, J = 11.4 Hz, 4.25 Hz, 1H, H-1) 4.25 (m, 2H, H-5,
H-2), 4.17 (m, 4H, 2 x OCH,CHj3), 4.13 (m, 1H, H-4), 3.77 (m, 3 H, H-6a, H-6b, H-3),
3.72, 3.53 (ABq, 1H, Jxg= 5 Hz, H-1"), 2.88 (dd, 1H, OH), 1.36 (m, 6H, 2 x OCH,CH3)
ppm; *'P{'H} NMR (202.5, CDCl;) 6 = 22.60 (s, 1P) ppm; LRMS (ESI, positive mode)

found (M + Na)" 713.0. C30H4,09P requires (M + Na)" 713.2.

Ammonium-C-(1'-hydroxy-diethylphosphonomethyl)-a-D-glucopyranoside (21)

OH
Moo
Ho | By SR
HOY i N4
ONH,
21

The diastereomeric mixture 20 (25 mg, 0.0363 mmol) was dissolved in EtOAc:MeOH
(1:1, 5 mL) and poured over palladium on carbon (10% w/w) (0.1 equivalents) in a glass
Parr hydrogenolysis apparatus. The resultant suspension was then degassed, and shaken
at 55 psi for five hours. The suspension was filtered over celite and condensed. The
remaining residue was dissolved in water and adjusted to pH 8 with 0.2 mM NH4OH, and
lyophilized to yield the diastereomeric mixture 21 as a colourless foam (7.4 mg, 70%).'H
NMR (500 MHz, D,O) 6 =4.19 (dd, 1H), 4.03 (m, 4H), 3.82 (m, 5H), 3.68 (m, 4H), 3.3
(m, 2H) ppm (found 16H, expect 16H); *'P{'H} NMR (202.5, D,0) & =16.05 (s, 1P),
15.94 (s, 1P) ppm; LRMS (ESI, negative mode): found (M —H) 273.10. C;H;s0O9P

requires M —H) 273.15.
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Appendix 1. Selected NMR Spectra and Crystallographic Data
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TH NMR. 2.3.4,6-Tetra-O-benzyl-C-(1'-dibenzylphosphonomethyl)-o-D-galactopyranose (2)

Jakeman Researcher Name Gaia Aish
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3P NMR. 2,3,4,6-Tetra-0O-benzyl-C-(1'-dibenzylphosphonomethyl)-o-D-galactopyranose (2)

Jakeman Researcher Name Gaia Aish
1d_31P{1H}_d CDC13 {C:\nmr_users}
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o] 5_
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BCNMR. 2.3.4.6-Tetta-O-benzyl-C'-(1 -dibenzylphosphonomethyl)-a-D-galactopyranose (2)

Jakeman Researcher Name Gaia Aish
ld _13C{1lH}_d CDC1l3 (C:\nmr_users}
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'H NMR. Ammonium-C-(1’-phosphonomethyl)-a-D-galactopyranoside (3)
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3P NMR. Ammonium-C-(1'-phosphonomethyl)-o-D-galactopyranoside (3)

Jakeman Researcher Name Gaia Aish
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13C NMR. Ammonium-C-(1’-phosphonomethyl)-a-D-galactopyranoside (3)
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IH NMR. Dibenzyl (Z)-C-(1'-deoxy-2,3.4,6-Tetra-O-benzyl-D-galactopyranosyl-2-ylidene) methanephosphonate (4)
gaia aish
exogycal
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3P NMR. Dibenzyl (Z)-C-(1"-deoxy-2,3,4,6-Tetra-O-benzyl-D-galactopyranosyl-2-ylidene) methanephosphonate (4)

Jakeman Researcher Name Gaia Aish
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3P NMR. Dibenzyl (Z)-C-(1'-deoxy-2,3,4,6-Tetra-O-benzyl-D-galactopyranosyl-2-ylidene) methanephosphonate (4)
Jakeman Researcher Name Gaia Aish
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compound 4

@
=
OBn
BnO
o]
BnO ~ 8
BnO ?—OBH
4 OBn
T T v T v T g T T T T T T y T T T T 1
120 100 80 60 40 20 0 =20 =40 60  ppm

13C NMR. Dibenzyl (Z)-C-(1'-deoxy-2,3,4,6-Tetra-O-benzyl-D-galactopyranosyl-2-ylidene) methanephosphonate (4)
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3P NMR. 2,3,4,6-Tetra-O-benzyl-C-(1"R-Fluoro-dibenzylphosphonomethyl)-a-D-galactopyranose (5)

Jakeman Researcher Name Gaia Aish
1d 31P{1H} d CDC1l3 {C:\nmr_users}
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'H NMR. 2,3,4,6-Tetra-O-benzyl-C-(1’R-Fluoro-dibenzylphosphonomethyl)-u-D-galactopyranose (5)
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19F NMR. 2,3,4,6-Tetra-O-benzyl-C-(1"R-Fluoro-dibenzylphosphonomethyl)-a-D-galactopyranose (5)
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13C DEPT NMR. 2,3,4,6-Tetra-O-benzyl-C-(1"R-Fluoro-dibenzylphosphonomethyl)-o-D-galactopyranose (5)

Jakeman Researcher Name Gaia Aish
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'H NMR. 2,3.4,6-Tetra-O-benzyl-C-(1'S-Fluoro-dibenzylphosphonomethyl)-a-D-galactopyranose (6)

Jakeman Researcher Name Gaia Aish
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'H NMR. Ammonium-C-(1'R-Fluoro-phosphonomethyl)-a-D-galactopyranoside (7)
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3P NMR. Ammonium-C-(1’R-Fluoro-phosphonomethyl)-a-D-galactopyranoside (7)
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User Name aish
galcfkp polar 1lmg re-freeze dried
imb PROTON D20 /opt/
onsT M O N OONME OO TTNATONAODONATNNAONOELWWT N @™ WO
~ W0 W W NI IT A0 C0CO0CONNVOOODVDOMEMFMEEEMNWWWWWWW,mmWm,m
TTTT TV ST TS TTOMMO O MMM MO0 MO e M. 6o e oo
OH
OH | F
o | 00
P—ONH,
HO Lo®
8

T T \ T \ \ T \ \ T \ \ T T \ T T T \
49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 3.2 ppm

T -



YF NMR. Ammonium-C-(1'S-Fluoro-phosphonomethyl)-o-D-galactopyranose (8)
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13C NMR. Ammonium-C~(1'S-Fluoro-phosphonomethyl)-a-D-galactopyranose (8)
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'H NMR. 2,3 ,4,6-Tetra-O-benzyl-C-(1"-a,a-difluoro-diethylphosphonomethyl)-a-D-galactopyranose (9)
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1F NMR. 2,3,4,6-Tetra-O-benzyl-C-(1'-a,a-difluoro-diethylphosphonomethyl)-a-D-galactopyranose (9)
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3IPNMR. 2,3.4,6-Tetra-O-benzyl-C-(1'-a,a-difluoro-diethylphosphonomethyl)-u-D-galactopyranose (9)
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3C NMR. 2,3,4,6-Tetra-O-benzyl-C-(1'-a,0-difluoro-diethylphosphonomethyl)-a-D-galactopyranose (9)
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'H NMR. Ammonium-C-(1’a,a-difluoro-phosphonomethyl)-o-D-galactopyranose (10)
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3P NMR. Ammonium-C-(1'a,0-difluoro-phosphonomethyl)-a-D-galactopyranose (10)
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F NMR. Ammonium-C-(1'a,a-difluoro-phosphonomethyl)-a-D-galactopyranose (10)
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13C NMR. Ammonium-C-(1’a,a-difluoro-phosphonomethyl)-a-D-galactopyranose (10)

Jakeman Researcher Name Gaia Aish
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3P NMR. 2,3,4,6-Tetra-O-benzyl-C-(1'-hydroxy-diethylphosphonomethyl)-a-D-glucopyranoside (20)

Bill Jakeman
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TH NMR. Ammonium-C-(1"-hydroxy-diethylphosphonomethyl)-a-D-glucopyranoside (21)

Bill Jakeman
1d 31P{1H} n D20 {C:\nmr_ users}
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X-Ray Crystal Data. Experimental details.

Empirical Formula

Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type
Indexing Images
Detector Position

Pixel Size

Lattice Parameters

Space Group
Z value

Dcalc

Fooo

uw(MoKa)

108

A. Crystal Data

C49H5209P

815.92

colourless, needle

0.52 X 0.12 X 0.06 mm
monoclinic

C-centered

4 oscillations @ 3000.0 seconds
127.40 mm

0.100 mm

a= 29.8571(9) A
b= 5.6925(2) A
c= 26.8181(9) A
B =112.3035(13) O
V =4217.0(2) A3

C2 (#5)
4
1.285 g/cm3

1732.00

1.230 cm-1



B. Intensity Measurements

Diffractometer

Radiation

Data Images
w oscillation Range

Exposure Rate
Detector Position

Pixel Size
26maX

No. of Reflections Measured

Corrections

109

Rigaku RAXIS-UNKNOWN

MoKa: (A = 0.71070 A)
graphite monochromated

24 exposures
50.0 - 174.00

672.0 sec./0
127.40 mm

0.100 mm
61.00

Total: 13124
Unique: 9789 (Rjnt = 0.030)
Friedel pairs: 3277

Lorentz-polarization
Absorption
(trans. factors: 0.680 - 0.993)



C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights
parameters

20max cutoff

Anomalous Dispersion

No. Observations (1>3.000(1))
No. Variables
Reflection/Parameter Ratio
Residuals: R (1>3.000(1))
Residuals: Rw (I>3.000(1))
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 3277)
Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map
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Direct Methods (SHELX97)

Full-matrix least-squares on F

> w (IFol - IFcl)2
Chebychev polynomial with 3
7.0098,-2.1306,5.2925,
52.00

All non-hydrogen atoms
5227

687

7.61

0.0499

0.0508

1.147

0.05(11)

0.000
0.57 /A3

-0.29 e/A3



