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Methyl 4,6-O-benzylidene-3-O-benzyl-α-D-glucopyranoside (23) Synthesised as described in Bourdreux et al.1 using methyl α-D-glucopyranoside (100 mg, 0.515 mmol). The crude product was purified with flash chromatography (petroleum ether/EtOAc, 0-100%) and the pure product was collected as a white solid (143 mg, 0.384 mmol, 74% yield). mp 178.4-181.0 °C (Lit.2 mp 184 °C); [α]22D  87.7 (c= 0.70, CHCl3) [Lit.2 [α]20D  77 (c= 0.91, CHCl3)]; 1H NMR (CDCl3, 400 MHz): δ 7.52-7.27 (m, 10H, Ar), 5.57 (s, 1H, H-7), 4.97 (d, J= 11.6 Hz, 1H, CH2Ph), 4.82 (d, J= 3.8 Hz, 1H, H-1), 4.79 (d, J= 11.6 Hz, 1H, CH2Ph), 4.30 (dd, J= 4.3, 9.8 Hz, 1H, H-6), 3.87-3.71 (m, 4H, H-2, H-3, H-5, H-6), 3.65 (t, 1H, J= 9.1 Hz, H-4), 3.45 (s, 3H, OMe), 2.29 (d, 1H, J= 7.4 Hz, OH); 13C NMR (CDCl3, 100 MHz): δ 138.6 (Ar), 137.4 (Ar), 129.1 (Ar), 128.5 (Ar), 128.4 (Ar), 128.1 (Ar), 127.9 (Ar), 126.1 (Ar), 101.4 (H-7), 100.0 (C-1), 82.1 (C-4), 79.0 (C-2 or 3 or 5), 74.9 (CH2Ph), 72.5 (C-2 or 3 or 5), 69.1 (C-6), 62.7 (C-2 or 3 or 5), 55.5 (OMe). 
[bookmark: _Toc514664943]Methyl 3-O-benzyl-α-D-glucopyranoside (24) As described in Boettcher et al.3 using methyl 4,6-O-benzylidene-3-O-benzyl-α-D-glucopyranoside (23) (120 mg, 0.322 mmol). The product was purified with flash chromatography (petroleum ether/EtOAc, 0-100%) to yield the pure product as a white solid (75.7 mg, 0.266 mmol, 83% yield). mp 92.1- 93.9 °C (Lit.4 mp 85-86 °C); [α]23D  89.9 (c= 1.05, CHCl3) [Lit.4 [α]23D  95.1 (c=1.16, CHCl3)]; 1H NMR (CDCl3, 400 MHz): δ 7.39-7.27 (m, 5H, Ar), 4.99 (AB, J= 11.6, 1H, CH2Ph), 4.74 (AB, J= 11.6 Hz, 1H, CH2Ph), 4.73 (d, J= 3.7 Hz, 1H, H-1), 3.82-3.74 (m, 2H, H-6 x2), 3.67-3.52 (m, 4H, H-2, H-3, H-4, H-5), 3.42 (s, 3H, OMe), 2.74 (d, J= 2.5 Hz, 1H, OH), 2.32 (d, J= 8.7 Hz, 1H, OH), 2.27 (t, J = 6.4 Hz, 1H, OH); 13C NMR (CDCl3, 100 MHz): δ 138.6 (Ar), 128.7 (Ar), 128.10 (Ar), 128.07 (Ar), 99.7 (C-1), 82.8 (C-3), 75.1 (CH2Ph), 72.9 (C-2), 71.2 (C-5), 70.1 (C-4), 62.3 (C-6), 55.5 (OMe).
Methyl α-L-glucopyranoside (8) In an modified version of the Li et al.5 procedure, L-glucose (850 mg, 4.7 mmol) was dissolved in anhydrous MeOH (6.5 mL). A solution of hydrogen chloride was prepared by adding acetyl chloride (0.25 mL) to anhydrous MeOH (1.5 mL) at 0°C and this solution was added dropwise to the glucose reaction solution. The reaction was refluxed for 5 days while under nitrogen before the MeOH was evaporated to yield the crude product. The product was recrystallized from EtOH as a white crystalline solid, which contained approximately 5% of the β anomer. The product was recrystallized from EtOH again to yield the pure α anomer of the product as white crystals (414 mg, 2.13 mmol, 45% yield). mp (EtOH) 167.2-168.1°C (Lit.6 mp (EtOH) 161-163 °C); [α]23D -168.4 (c= 1.00, MeOH) [Lit.6 [α]D -161 (c= 1.0, MeOH)]; 1H NMR (CD3OD, 400 MHz): δ 4.67 (d, J= 3.8 Hz, 1H, H-1), 3.81 (dd, J= 11.8, 2.4 Hz, 1H, H-6), 3.67 (dd, J= 11.8, 5.8 Hz, 1H, H-6), 3.61 (t, J= 9.2 Hz, 1H, H-3), 3.55-3.50 (m, 1H, H-5), 3.41 (s, 3H, OMe), 3.38 (dd, J= 9.7, 3.8 Hz, 1H, H-2), 3.27 (dd, J= 10.0, 9.0 Hz, 1H, H-4); 13C NMR (CD3OD, 100 MHz): δ 101.2 (C-1), 75.1 (C-3), 73.54 (C-5), 73.53 (C-2), 71.8 (C-4), 62.7 (C-6), 55.5 (OMe). 
[bookmark: _Toc514664950]Methyl 4-O-benzyl-α-D-glucopyranoside (21)
Method A: In a version of the Daragics et al.7 method, methyl 4,6-O-benzylidene-α-D-glucopyranoside (100 mg, 0.354 mmol) was dissolved in dry DCM (5.3 mL) and put under argon. The solution was cooled in an ice bath and borane-THF (1 M, 1.8 mL, 1.77 mmol, 5 equiv) was added, followed by a solution of AlCl3 (94.4 mg, 0.708 mmol, 2 equiv) in dry diethyl ether (0.9 mL). The solution was allowed to gradually warm to room temperature and then stir for 24 h. After this time, the reaction was quenched with the addition of triethylamine (0.2 mL) followed by MeOH (0.9 mL). The reaction solution was concentrated in vacuo to form a solid residue. This residue was dissolved in DCM (50 mL) and washed with 1 M HCl(aq), sat. NaHCO3(aq) and water. The combined aqueous washes were also extracted three times with EtOAc and the organic layers were combined, dried over MgSO4 and concentrated to yield the crude product. The crude product was purified through silica column chromatography using petroleum ether and EtOAc. It should be noted that this product was not entirely pure as a very small amount of methyl 6-O-benzyl-α-D-glucopyranoside was generated as well. This regioisomer could not be separated from the desired product (although separation of the regioisomers post-phosphorylation was achievable).
Method B: Using a version of the Shie et al.8 procedure, methyl 4,6-O-benzylidene α-D-glucopyranoside (100 mg, 0.355 mmol) was added to borane-THF (1M, 1.8 mL, 1.8 mmol, 5 equiv) and the reaction was put under argon. The solution was allowed to stir for 10 min before lanthanum triflate (31.2 mg, 0.053 mmol, 0.15 equiv) was added and the reaction was allowed to stir at room temperature for a week. The reaction was then cooled to 0°C and the reaction was quenched with triethylamine (0.5 mL, 1 equiv), followed by MeOH (0.7 mL). The reaction was concentrated in vacuo and co-evaporated with MeOH twice before the crude product was isolated as a white solid. The product was purified with flash chromatography (1. petroleum ether/EtOAc, 0-100% and 2. DCM/EtOAc, 0-100%). As impurities were still present, an aqueous work up was carried out. The product was dissolved in EtOAc and washed with 1 M HCl(aq), sat. NaHCO3 and water. The aqueous washes were extracted with EtOAc again and the organic phases were combined, dried over MgSO4 and concentrated to yield the pure product as a white solid (30.8 mg, 0.108 mmol, 31% yield).
mp 123.9-129.0 °C (Lit.9 mp 126-127 °C); [α]21D 116.2 (c=1.47, CHCl3) [Lit.9 [α]D 154.1 (c= 1, CHCl3)]; 1H NMR (CDCl3, 400MHz): δ 7.36-7.28 (m, 5H, Ar), 4.86 (AB, J= 11.4 Hz, 1H, CH2Ph), 4.75 (d, J= 3.9 Hz, 1H, H-1), 4.72 (AB, J= 11.4 Hz, 1H, CH2Ph), 3.86 (t, J= 9.2 Hz, 1H, H-3), 3.83 (ABX, J= 11.6, 2.6 Hz, 1H, H-6), 3.75 (ABX, J= 11.9, 3.6 Hz, H-6), 3.63 (apt dt, J= 9.8, 3.3 Hz, 1H, H-5), 3.51 (brs, 1H, H-2), 3.45 (t, J= 9.4 Hz, 1H, H-4), 3.39 (s, 3H, OMe); 13C NMR (CDCl3, 100 MHz): δ 138.3 (Ar), 128.7 (Ar), 128.2 (Ar), 128.1 (Ar), 99.2 (C-1), 77.2 (C-4), 75.1 (C-3), 74.8 (CH2Ph), 72.8 (C-2), 70.9 (C-5), 62.0 (C-6), 55.5 (OMe).
[bookmark: _Toc514664932]Methyl 4,6-O-benzylidene-α-L-glucopyranoside (9) In a version of the Tseberlidis et al.10 method, methyl α-L-glucopyranoside (8) (100 mg, 0.514 mmol) was suspended in dry MeCN (1.7 mL) and put under a nitrogen atmosphere. To this suspension, benzaldehyde dimethyl acetal (0.24 mL, 1.55 mmol, 3 equiv) and catalytic camphor-10-sulphonic acid (1.6 mg, 0.0068 mmol) were added and the reaction was allowed to stir at room temperature overnight. After 24 h, the reaction was neutralised with a few drops of triethylamine and evaporated to yield the crude product as a white crystalline solid. The crude product was purified through flash chromatography (petroleum ether/EtOAc, 0-100%) and the pure product was collected as a white solid (132.6 mg, 0.470 mmol, 91 % yield). mp 163.1-164.4 °C (Lit.6 mp 161-162 °C); [α]21D -110.5 (c= 0.69, CDCl3) [Lit.6 [α]D -95 (c= 1.0, MeOH)]; 1H NMR (CDCl3, 400 MHz): δ 7.51-7.48 (m, 2H, Ar), 7.40-7.34 (m, 3H, Ar), 5.53 (s, 1H, H-7), 4.79 (d, J= 4.0 Hz, 1H, H-1), 4.29 (dd, J= 9.6, 4.3 Hz, 1H, H-6), 3.93 (apt td, J= 9.3, 2.2 Hz, 1H, H-3), 3.84-3.78 (m, 1H, H-5), 3.75 (apt q, J= 10.3 Hz, 1H, H-6), 3.63 (apt td, J= 9.3, 3.9 Hz, 1H, H-2), 3.49 (apt t, J= 9.3 Hz, 1H, H-4), 3.46 (s, 3H, OMe), 2.76 (d, J= 2.2 Hz, 1H, OH), 2.30 (d, J= 9.5 Hz, 1H, OH); 13C NMR (CDCl3, 100 MHz): δ 137.2 (Ar), 129.4 (Ar), 128.5 (Ar), 126.4 (Ar), 102.1 (C-7), 99.9 (C-1), 81.1 (C-4), 73.0 (C-2), 72.0 (C-3), 69.1 (C-6), 62.5 (C-5), 55.7 (OMe).
[bookmark: _Toc514664953]Methyl 4-O-benzyl-α-L-glucopyranoside (10) Methyl 4-O-benzyl-α-L-glucopyranoside was made as described for methyl 4-O-benzyl-α-D-glucopyranoside (21) using both method A to generate large amounts of impure product and method B to generate smaller amounts of pure product (26 mg, 37% yield). mp 128.5- 132.0 (Lit.11 mp 125-127 °C); [α]25D -142.5 (c= 0.3, MeOH) [Lit.11 [α]25D -144.2 (c= 1.2, MeOH)]. 1H NMR (CDCl3, 400MHz): δ 7.37-7.27 (m, 5H, Ar), 4.87 (AB, J= 11.5 Hz, 1H, CH2Ph), 4.75 (d, J= 3.9 Hz, 1H, H-1), 4.72 (AB, J= 11.4 Hz, 1H, CH2Ph), 3.86 (t, J= 9.2 Hz, 1H, H-3), 3.83 (ABX, J= 11.8, 2.6 Hz, 1H, H-6), 3.75 (ABX, J= 11.8, 3.8 Hz, H-6), 3.67-3.62 (m, 1H, H-5), 3.50 (dd, J= 3.9, 9.4 Hz,1H, H-2), 3.45 (t, J= 9.4 Hz, 1H, H-4), 3.40 (s, 3H, OMe); 13C NMR (CDCl3, 100 MHz): δ 138.3 (Ar), 128.7 (Ar), 128.2 (Ar), 127.9 (Ar), 99.2 (C-1), 77.3 (C-4), 75.3 (C-3), 74.8 (CH2Ph), 72.9 (C-2), 70.9 (C-5), 62.1 (C-6), 55.5 (OMe).


Predicted binding modes of compounds 2-7 in Ins(1,4,5)P3R


Figure S1. Possible binding modes for the Ins(1,4,5)P3R ligands. The α- and β-domains of the IBC have been color coded and the regions in which phosphates are required to bind are in bold. The likely binding modes that could plausibly mimic Ins(1,4,5)P3 binding have been highlighted in yellow, and a possible binding mode for 7 has been highlighted in green. 




Molecular modeling of compounds 2, 3, 6 and 7
A
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Figure S2. The highest scoring docking conformations of 6 (carbon atoms shown in green, row A) and 7 (green carbons, row B) using GOLD software and the X-ray crystal structure of the type 1 InsP3R IBC compared to the crystallographic Ins(1,4,5)P3 (aqua carbons).
Molecular Modeling Methods
The X-ray crystal structure of the IBC of mouse Type 1 Ins(1,4,5)P3R in complex with Ins(1,4,5)P3 (PDB ID 1N4K) was used in this work.4 Compounds 1-6 were built and minimized using Chem3D version 15.1 and Mercury version 3.10. GOLD version 5.6.1 was used for docking experiments. The compounds were docked 100 times, with two water molecules in the binding site (1139 and 1198) being allowed to toggle and spin while the remaining waters molecules were removed. The lysine residues in the binding site (K412, K508 and K569) were permitted constrained movement. The highest scoring solutions were exported and figures were prepared using PyMOL (DeLano Scientific LLC).

Ligands were docked into the type 1 InsP3R using structure pdb.1N4K. Docking of Ins(1,4,5)P3 itself  was able to reproduce the binding conformation in the X-ray structure with the inclusion of two of the waters (assigned labels 1139 and 1198 in the crystal structure) and allowing limited movement of the lysine residue side chains.12 The calculated binding modes from an optimised GOLD docking protocol also predicted that the axial phosphate in -D-glucopyranosyl 1,3,4-trisphosphate (6) would cause the ligand to shift slightly to accommodate the axial steric bulk, disrupting it from overlapping as closely as 7 with the positioning of the bound Ins(1,4,5)P3. In docking, the axial 1-phosphate of 6 seems to be able to interact more with the side chain of Arg504 and less with the side chain of Arg568 than the auxiliary phosphate in Ins(1,4,5)P3 (Figure S2).

 [image: ] 
[image: ] 
Figure S3. Two angles showing the most favorable docking conformation of methyl α-L-glucopyranosyl 2,3,6-trisphosphate (2, green carbon atoms) to the 1N4K crystal structure of InsP3R as predicted by the molecular docking experiments. Crystallographic Ins(1,4,5)P3 (1, aqua carbons) is depicted for comparison, α-domain shown in green; β-domain shown in yellow. 

[bookmark: _GoBack]In docking studies, there was found to be significant enough overlap of the vicinal phosphates of 2 with those of Ins(1,4,5)P3 that the interactions with the residues in the binding site do not appear to deviate from those with Ins(1,4,5)P3. The auxiliary phosphate (extended in 2) appears still to interact with the side chain of Arg568, although the residue is predicted to bend from its usual position to accommodate the increased steric bulk of the extended phosphate in that region (Figure S3).


[image: W:\Write\publication stuff\246L with cartoon 2.PNG]
Figure S4. Docking prediction for methyl α-L-glucopyranosyl 2,4,6-trisphosphate (3, green) to the 1N4K crystal structure of InsP3R as predicted by the molecular docking experiments. Crystallographic Ins(1,4,5)P3 (1, aqua) is depicted for comparison. Green carbons, α-domain; yellow carbons, β-domain. 
The extended phosphate of compound 3 is expected to be accommodated in the region of the binding site normally occupied by the 4-phosphate of Ins(1,4,5)P3 and to interact with the side chain of Arg265, resulting in the central ring of the ligand being slightly shifted from the position of Ins(1,4,5)P3 (Figure S4). The axial O-methyl of 3 is then able to point out of the binding site and into solvent. 
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	NMR trace
	Conditions
	Relative integration of 7 compared to normalised 6 peak

	A.1
	Neutral pH at RT
	2.3

	A.2
	pH 3 for a week at RT
	1.6

	A.3
	pH 1 for 1 day at RT
	complete hydrolysis

	B.1
	Neutral pH at RT
	2.3

	B.2
	pH 10 for a week at RT
	2.3

	B.3
	pH 14 for 1 day at RT
	1.7


Figure S7. Stability test for -D-glucopyranosyl 1,4,5-trisphosphate (6) and -D-glucopyranosyl 1,4,5-trisphosphate (7). The A. column on the left shows the compounds under increasingly acidic conditions and the B. column on the right shows the compounds under increasingly basic conditions. 
In Figure S7, a portion of the 1H NMR spectrum showing the relevant peaks of interest can be seen from experiments performed under acidic and basic conditions. The differences between the integration under the isomer peaks were tracked (data in the accompanying table). By monitoring this ratio, we are able to determine the relative hydrolysis of the two epimers when exposed to different conditions.
It should be noted that the hydrolysis observed under neutral conditions at the beginning of the stability study is the result of degradation of the mixture of the less stable protected precursors of 6 and 7 (17 and 18). Both 6 and 7 required more extreme pH values than initially expected to degrade. As a result, we are confident that both compounds 6 and 7 remained intact throughout the biological assays.

HPLC data
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D-glucose 3,4-diphosphate


	Compound
	Mean integration %
	Standard deviation %

	methyl α-L-glucopyranosyl 2,3,6-trisphosphate (2)
	99.15
	0.06

	methyl α-L-glucopyranosyl 2,4,6-trisphosphate (3)
	99.83
	0.08

	methyl -D-glucopyranoside 2,3,6-trisphosphate (4)
	97.21
	0.71

	methyl -D-glucopyranoside 2,4,6-trisphosphate (5)
	96.87
	0.23

	-D-glucopyranosyl 1,3,4-trisphosphate (6)
	94.53
	0.10

	-D-glucopyranosyl 1,3,4-trisphosphate (7)
	95.43
	0.58

	D-glucose 3,4-diphosphate
	97.20
	1.76


Figure S5. HPLC traces confirming the purity for compounds 2, 3, 4, 5, 6 and 7. The table gives values of the integrated peak area as a % of total peaks in each chromatogram.

[image: C:\Users\grte2022\Downloads\80+ 82+.tif][image: C:\Users\grte2022\Downloads\80+ 82+.tif]6 after H+
7 after H+
D-glucose 3,4-diphosphate
D-glucose 3,4-diphosphate
Retention time (min)
30
20
10
0
Retention time (min)

Figure S6. HPLC traces of 6 and 7 after they have been exposed to strongly acidic conditions showing the products of hydrolysis. 
Inspection of Figure S5 shows elution of D-glucose 3,4-bisphosphate at 10.2 min. Acid treatment of compounds 6 and 7 generated a peak with similar retention time (Figure S6), rendering D-glucose 3,4-bisphosphate the probable hydrolysis product of both compounds as expected. Both peaks have an earlier-eluting shoulder that we take to likely be D-glucose 2,4-bisphosphate arising from acid-catalysed phosphate migration.

Biological Data

Data analysis
Equilibrium binding results and concentration-effect relationships were fitted to Hill equations (GraphPad Prism, version 5) from which -logIC50 (pIC50) and -logEC50 (pEC50) values were obtained. For equilibrium competition binding assays pKd values were calculated using the Cheng and Prussof equation (Cheng et al. 1973). Because pEC50 and pKd values are normally distributed, these results are presented as means ± SEM from n independent experiments. For comparisons of the ratios between mean values (EC50/Kd), statistical analyses compared the differences between their log values (pEC50 and pKd),13 with the SEM calculated as follows, assuming that the population variances are the same (confirmed using an F test) (Ott et al., 2010):     

where, sp is the estimate of the population variance:

where, s1 and s2 are the sample standard deviations, and n1 and n2 are the sample sizes. Although all analyses were performed using log values, for greater clarity we present ratios as the antilogs of the means and the 95% confidence interval.
Statistical analysis used ANOVA followed by Bonferroni's Multiple Comparison Test (GraphPad Prism, version 5). P < 0.05 was considered significant. 
Adenophostin was not run in parallel to the other compounds in Ca2+ assays. All ligands were run in parallel in ligand-binding assays.
EC39.4% release/Kd was calculated because some ligands did not release the stores fully (so EC50/Kd ratios were not comparable).  The ratio was calculated using the concentration of each ligand that caused release of 39.4% of the total content of the stores (which is the % released by IP3 at its EC50).
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