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A modification of the previously reported route
[1,2]

 to intermediate 24 was devised in 

order to achieve a larger scale preparation. The major modification over the previously 

reported route was the use of acetone cyanohydrin/ LiH combination in place of lithium 

cyanide in a synthetically challenging 10
th

 step. This led to a considerably higher ratio of 

product to byproduct for this step and resulted in the key intermediate 24 with 0.04% overall 

yield over 16 steps. The yield was largely limited by the low yield of the isopropylidene 

isomerization in step h, which was only 11% (barring that the total yield would be 0.34%). 

Other contributing low yield steps were d, f, g and n. An improvement would greatly increase 

the global yield and hence, further optimization may be needed before adapting this route to a 

production process. 

 

Scheme S1: Synthesis of intermediate 24. 

 

 
 

Reagents and conditions: (a) acetone, MeOH, HCl, overnight, rt, 91%; (b) PPh3, I2, 

imidazole, CH3CN, toluene, 70 °C, 1 h, 85%; (c) Zn, MeOH, 60
 
°C, 20 min, 83%; (d) 

N2CHCO2Et, SnCl2, CH2Cl2, 0
 
°C, 30 min, 38%; (e) TsN3, CH3CN, TEA, 0

 
°C, 30 min, 99%; 

(f) CuI, toluene, 80-83 °C, 36 h, 40%; (g) NaBH4, EtOH, 15 °C, 1 h, 48%; (h) TFA, acetone, 

22-25 °C, 40 h, 11%; (i) Tf2O, pyridine, CH2Cl2, 0 °C, 30 min; (j) LiH, DMF, CH2Cl2, 75%, 

often lower yield, produces side product 18; (k) H2/Pd/C, MeOH, HOAc, 25 °C, 2 h, 79%; (l) 

NaBH4, MeOH, rt, 30 min, 62%; (m) TBDPSCl, imidazole, DMF, 25 °C, overnight, 62%; (n) 

NaOH, 80 °C, 2 h, 48%; (o) (PhO)2P(O)Cl, DIPEA, NaN3, acetone, 22-25 °C, 30 min, 91%; 

(p) benzene, THF, H2O, 30 min, rt, 74%. 

 

 

[(4R,6R)-6-Methoxy-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxol-4-yl]methanol 

(8). Into a 20-L 4-necked round-bottom flask purged and maintained with an inert 
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atmosphere of nitrogen, was placed D-ribose 7 (2.00 kg, 13.32 mol, 1.00 equiv.), acetone 

(4.00 L), 2.2-dimethoxypropane (4.00 L) and methanol (4.00 L). The reaction mixture was 

cooled to 0 °C and added a saturated solution of hydrogen chloride in methanol (0.80 L) 

dropwise with stirring. The resulting solution was stirred overnight at room temperature. The 

pH was adjusted to 7 with aqueous NaHCO3 and stirred for additional 40 min. The solids 

were removed by filtration, and the filtrate was concentrated under vacuum. The residue after 

concentration was dissolved in ethyl acetate (24 L) and washed with brine (24 L). The 

aqueous phase was extracted with ethyl acetate (12 L x 2) and the combined organic layer 

was dried over anhydrous sodium sulfate. The drying agent was filtered off and the filtrate 

concentrated under vacuum to give title compound as yellow oil. A total of 13 batches (26 

kg) resulted in 32.5 kg of the title compound with 91% average yield. 

       

(4S,6R)-4-(Iodomethyl)-6-methoxy-2,2-dimethyl-tetrahydro-2H-furo[3,4-d][1,3]dioxole 

(9). Into a 20-L 4-necked round-bottom flask purged and maintained with an inert 

atmosphere of nitrogen, was placed 8 (1.60 kg, 7.83 moles, 1.00 equiv.), imidazole (0.80 kg, 

11.74 moles, 1.50 equiv.), toluene (8.00 L), CH3CN (2.00 L) and the mixture was stirred for 

30 min. This was followed by the addition of PPh3 (2157 g, 8.22 moles, 1.05 equiv.) portion 

wise with stirring and then at 40 °C was added I2 (2381 g, 9.41 moles, 1.20 equiv.) in several 

batches with stirring. The reaction mixture was stirred at 70 °C for 1 h in an oil bath and then 

cooled to 0 °C with an ice/salt bath. The solids formed were removed by filtration and the 

filtrate was concentrated under vacuum. The residue was treated with hexane (32 L) and the 

solids formed were filtered off. Concentration of the filtrate under vacuum gave the title 

compound as yellow oil. A total of 20 batches (32.5 kg) resulted in 42.4 kg of the required 

product in 85% average yield. 

 

5-Ethenyl-2,2-dimethyl-1,3-dioxolane-4-carbaldehyde (10). Into a 20-L 4-necked round-

bottom flask purged and maintained with an inert atmosphere of nitrogen, was placed 9 (3.28 

kg, 10.44 moles, 1.00 equiv.) and methanol (8.00 L). This was followed by the addition of Zn 

(497 g, 7.65 moles, 1.20 equiv.) in several batches. The reaction solution was stirred at 60 °C 

for 20 min in a hot bath. The solids were removed by filtration, and the filtrate was 

concentrated under vacuum. The residue was diluted with water (12 L) and the solids were 

filtered off. The filtrate was extracted with ethyl acetate (12 L). The organic layer was 

washed with brine (15 L), dried over anhydrous sodium sulfate and concentrated under 

vacuum. The resulting residue was treated with 6 L of hexane and the solids were filtered off. 

The filtrate was concentrated under vacuum to afford title compound as brown oil. A total of 

13 batches (42.4 kg) resulted in 14.77 kg of the desired product in 83% average yield. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Ethyl 3-(5-ethenyl-2,2-dimethyl-1,3-dioxolan-4-yl)-3-oxopropanoate (11). Into a 20-L 4-

necked round-bottom flask purged and maintained with an inert atmosphere of nitrogen, was 

placed 10 (1200 g, 7.68 moles, 1.00 equiv.), dichloromethane (2.40 L), stannous chloride 

(175 g, 0.923 moles, 0.12 equiv.) sequentially. At 0
 
°C was added with stirring, a solution of 

ethyl 2-diazoacetate (701.5 g, 6.15 moles, 0.80 equiv.) in dichloromethane (9.60 L) dropwise 

over 3h. The reaction mixture was allowed to warm to room temperature in 30 min and 

concentrated under vacuum. The product was diluted with of hexane (4.8 L), stirred at 0
 
°C 

for 30 min, solids were removed by filtration, and the filtrate was concentrated under vacuum. 

The residue was purified by silica gel column chromatography (ethyl acetate/petroleum ether, 
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1:60→1:30). A total of 11 batches (14.77 kg) resulted in 7.81 kg (38%) of the title compound 

as a yellow oil. 

 

Ethyl 2-diazo-3-(5-ethenyl-2,2-dimethyl-1,3-dioxolan-4-yl)-3-oxopropanoate (12). Into a 

20-L 4-necked round-bottom flask purged and maintained with an inert atmosphere of 

nitrogen, was placed 11 (2.00 kg, 8.26 moles, 1.00 equiv.), MeCN (10 L) and tosyl azide 

(1628 g, 8.26 moles, 1.00 equiv.). Followed by at 0
 
°C, was added TEA (1669 g, 16.49 moles, 

2.00 equiv.) dropwise with stirring. The reaction mixture was stirred for 30 min at 0
 
°C and 

then allowed to attain room temperature in 30 min. The reaction mixture was concentrated 

under vacuum and the residue purified by silica-gel column chromatography (ethyl 

acetate/petroleum ether, 1:60→1:15). A total of 4 batches (7.81 kg) resulted in 8.9 kg (99%) 

of the title compound as a yellow oil. 

 

Ethyl (1R,4R)-8,8-dimethyl-5-oxo-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-4-carboxylate 

(13). Into a 2-L 4-necked round-bottom flask purged and maintained with an inert 

atmosphere of nitrogen, was placed 12 (200 g, 0.745 moles, 1.00 equiv.), Toluene (2 L) and 

cuprous iodide (7.1 g, 37.28 mmol, 0.05 equiv.). The flask was evacuated and flushed three 

times with hydrogen, followed by flushing with nitrogen. The resulting solution was stirred 

at 80-83 °C for 36 h. The reaction mixture was subjected to filtration and the filtrate 

concentrated under reduced pressure. The residue was applied onto a silica-gel column and 

eluted with ethyl acetate/petroleum ether (1:15→1:8). A total of 45 batches (8.9 kg) resulted 

in 3.2 kg (40%) of the title compound as a yellow oil. 

 

Ethyl (1R,4R)-5-hydroxy-8,8-dimethyl-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-4-

carboxylate (14). Into a 20-L 4-necked round-bottom flask purged and maintained with an 

inert atmosphere of nitrogen, was placed 13 (1.6 kg, 6.66 mol, 1.00 equiv.), ethanol (15.00 L) 

and then, at 0-10 °C was added NaBH4 (253 g, 6.69 mol, 1.00 equiv.) in portions. The 

resulting solution was stirred for 1 h at 15
 
°C. The reaction was then quenched by the 

addition of 2 L of acetone and stirred for 1 h. The solvent mixture was concentrated under 

vacuum and the residue was dissolved in ethyl acetate (8 L). The organic layer was washed 

trice with brine (8 L), dried over anhydrous sodium sulfate and concentrated under vacuum. 

The product was diluted with hexane (3.2 L) and the solids were collected by filtration. A 

total of 2 batches (3.2 kg) resulted in 1.542 kg (48%) of the title compound 14 as a white 

solid. 

 

Ethyl (2R,5R)-5-hydroxy-8,8-dimethyl-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-2-

carboxylate (15). Into a 10-L 4-necked round-bottom flask purged and maintained with an 

inert atmosphere of nitrogen, was placed 14 (300 g, 1.24 mol, 1.00 equiv.), acetone (6 L), 

CF3COOH (212 g, 1.86 mol, 1.50 equiv.) sequentially and stirred at 20-25
 
°C for 40 h. The 

reaction mixture was concentrated under vacuum, the residue dissolved in DCM (10 L) and 

treated with 10% aqueous Na2CO3 until the pH = 9. The organic layer was separated, washed 

with brine, dried over anhydrous sodium sulfate, filtered, and the filtrate concentrated under 

vacuum. The crude product was purified by re-crystallization from cyclohexane. A total of 3 

batches (900 g) resulted in 100 g (11%) of the title compound 15 as a white solid. 

 

Ethyl (2R,5R)-8,8-dimethyl-5-[(trifluoromethane)sulfonyloxy]-7,9-
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dioxatricyclo[4.3.0.0^[2,4]]nonane-2-carboxylate (16). Into a 2-L 4-necked round-bottom 

flask purged and maintained with an inert atmosphere of nitrogen, was placed 15 (50 g, 

206.38 mmol, 1.00 equiv.), dichloromethane (500 mL), Pyridine (20 g, 252.84 mmol, 1.20 

equiv.), then at 0 °C was added a solution of trifluoromethanesulfonic anhydride (70 g, 

248.10 mmol, 1.20 equiv.) in dichloromethane (500 mL) dropwise with stirring. After stirred 

for additional 30 min at 0
 
°C in an ice/salt bath, hexane (500 mL) was added and the solids 

filtered. The solids were washed with a mixture of 3:7 ethyl acetate/ petroleum ether (200 

mL). The filtrate was concentrated under vacuum and diluted with 250 ml dichloromethane. 

The resulting solution was used directly for the next step without further purification (The 

reaction was repeated for 17 times). 

 

Ethyl (2R,5R)-5-cyano-8,8-dimethyl-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-2-

carboxylate (17). Into a 3-L 4-necked round-bottom flask purged and maintained with an 

inert atmosphere of nitrogen, was placed LiH (2.3 g, 281.81 mmol, 1.37 equiv.), N,N-

dimethylformamide (250 mL) and cooled to 0 °C. To this was added 2-hydroxy-2-

methylpropanenitrile (acetone cyanohydrin, 22 g, 258.51 mmol, 1.25 equiv.) dropwise and 

stirred at 10-15
 
°C for 6 h. The suspension was filtered in to a 3-L 4-necked round-bottom 

flask purged and maintained under nitrogen and the solids were washed with DMF (125 mL). 

Into another of nitrogen, was placed the solution in the first reaction. To this filtrate at 0 °C 

was added a solution of 16 (77 g, 205.70 mmol, 1.00 equiv.) in dichloromethane (250 mL) 

dropwise with stirring. The resulting solution was stirred for 30 min at 0 °C. Ethyl acetate (1 

L) was added to the reaction mixture and the organic layer was washed thrice with 700 mL of 

brine, dried over anhydrous sodium sulfate and concentrated under vacuum. The residue was 

purified by silica gel column chromatography using ethyl acetate/petroleum ether (1:15) as 

eluent. A total of 18 batches (900 g of 15) resulted in 700 g (75%) of the title compound 17 

as colorless oil. 

 

Ethyl (2R,5S)-5-formyl-8,8-dimethyl-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-2-

carboxylate (19). Into a 2-L 4-necked round-bottom flask purged and maintained with an 

inert atmosphere of nitrogen, was placed 17 (50 g, 198.98 mmol, 1.00 equiv.), methanol (600 

mL), water (300 mL), acetic acid (100 mL), Palladium carbon (25 g), palladium hydroxide 

(25 g, 178.02 mmol, 0.89 equiv.). The flask was evacuated and flushed three times with 

nitrogen, followed by flushing with hydrogen. The resulting solution was stirred for 2 h at 

25 °C in an oil bath. The solids were filtered out and the filtrate was concentrated under 

vacuum. The residue was diluted with ethyl acetate (500 mL), washed with aqueous NaHCO3 

(5x300 mL) and brine (3x300 mL). The organic layer was dried over anhydrous sodium 

sulfate and concentrated under vacuum. A total of 11 batches (550 g) resulted in 440 g (79%) 

of the title compound 19 as a light yellow oil.  

 

Ethyl (2R,5R)-5-(hydroxymethyl)-8,8-dimethyl-7,9-dioxatricyclo[4.3.0.0^[2,4]]nonane-

2-carboxylate (20). Into a 1-L 4-necked round-bottom flask purged and maintained with an 

inert atmosphere of nitrogen, was placed 19 (40 g, 157.31 mmol, 1.00 equiv.) and methanol 

(400 mL). This was followed by the addition of NaBH4 (9 g, 244.40 mmol, 1.50 equiv.) in 

portions at 0 °C and stirred for 30 min at room temperature. The reaction was then quenched 

by the addition of 80 mL of acetone. The resulting mixture was concentrated under vacuum 

and the residue was dissolved in 300 mL of ethyl acetate. The organic phase was washed 
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with brine (2x200 mL), dried over anhydrous sodium sulfate and concentrated under vacuum. 

The residue was applied onto a silica gel column and eluted with a gradient of ethyl 

acetate/petroleum ether (1:6→1:3). Total of 11 batches (440 g) resulted in 176 g (40%) of the 

title compound 20 as a colorless oil.  

 

Ethyl (2R,5R)-5-[[(tert-Butyldiphenylsilyl)oxy]methyl]-8,8-dimethyl-7,9-

dioxatricyclo[4.3.0.0^[2,4]]nonane-2-carboxylate (21). Into a 5-L 4-necked round-bottom 

flask purged and maintained with an inert atmosphere of nitrogen, was placed 20 (100 g, 

390.18 mmol, 1.00 equiv.), N,N-dimethylformamide (2.5 L), Imidazole (13 g, 195.00 mmol, 

0.50 equiv.) and tert-butyl(chloro)diphenylsilane (156 g, 567.56 mmol, 1.45 equiv.). The 

resulting mixture was stirred for 10 min and was added triethylamine (103 g, 1.02 mol, 2.60 

equiv.) dropwise with stirring. The resulting solution was stirred for overnight at 25 °C. The 

reaction mixture was diluted with 6 L of 1:5 ethyl acetate/petroleum ether. The resulting 

mixture was washed with water (3 L) and brine (2x3 L). The organic layer was dried over 

anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto a 

silica gel column and eluted with ethyl acetate/petroleum ether (1:100→1:30). This resulted 

in 120 g (62%) of the title compound 21 as a colorless oil. 

 

(2R,5R)-5-[[(tert-Butyldiphenylsilyl)oxy]methyl]-8,8-dimethyl-7,9-

dioxatricyclo[4.3.0.0^[2,4]]nonane-2-carboxylic acid (22). Into a 5-L 4-necked round-

bottom flask purged and maintained with an inert atmosphere of nitrogen, was placed 21 

(100 g, 202.14 mmol, 1.00 equiv.) and methanol (2 L). This was followed by a solution of 

NaOH (16 g, 400.03 mmol, 1.98 equiv.) in water (400 mL). The resulting solution was 

stirred for 2 h at 80
 
°C in an oil bath. The resulting mixture was concentrated under vacuum. 

The residue was diluted with 2 L of H2O. The pH was adjusted to 4-5 with HCl (5 M 

aqueous). The product was extracted in dichloromethane (2x2 L) and the combined organic 

layer was washed with water (3 L), dried over anhydrous sodium sulfate, and concentrated 

under vacuum. This resulted in 45 g (48%) of the title compound 22 as a brown solid.  

 

(2R,5R)-5-[[(tert-Butyldiphenylsilyl)oxy]methyl]-8,8-dimethyl-7,9-

dioxatricyclo[4.3.0.0^[2,4]]nonane-2-carbonyl azide (23). Into a 5-L 4-necked round-

bottom flask purged and maintained with an inert atmosphere of nitrogen, was placed 22 

(104 g, 222.9 mmol, 1.00 equiv.), acetone (2.0  L) and DIPEA (35.0 g, 270.8 mmol, 1.20 

equiv.). This was followed by the addition of diphenylphosphory chloride (DPCP, 72 g, 

267.7 mmol, 1.20 equiv.). The resulting mixture was stirred for 30 min at room temperature. 

To this was added a solution of NaN3 (19 g, 300.00 mmol, 1.33 equiv.) in water (300 mL). 

The resulting solution was stirred for 30 min at 20-25 °C and concentrated under vacuum. 

The residue was diluted with 500 mL of H2O and the product was extracted in 

dichloromethane (2x300 mL). the organic layers were combined, dried over anhydrous 

sodium sulfate and concentrated under vacuum. The residue was applied onto a silica gel 

column and eluted with ethyl acetate/petroleum ether (1:30). This resulted in 100 g (91%) of 

the title compound as a colorless oil.  

 

(2R,5R)-5-[[(tert-Butyldiphenylsilyl)oxy]methyl]-8,8-dimethyl-7,9-

dioxatricyclo[4.3.0.0^[2,4]]nonan-2-amine (24). Into a 5-L 4-necked round-bottom flask 

purged and maintained with an inert atmosphere of nitrogen, was placed 23 (100 g, 203.40 
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mmol, 1.00 equiv.) and benzene (2.5 L). The resulting mixture was stirred at 80
 
°C for 5 h. 

Then the mixture was concentrated under vacuum. The residue was dissolved in oxolane (5 L) 

and poured in a 5-L 4-necked round-bottom flask containing a solution of NaOH (160 g, 4.00 

mol, 1.00 equiv.) in water (2 L) with vigorous stirring. After stirred for 30 min at room 

temperature, the volatiles were removed under vacuum. The residue was diluted with 3 L of 

ethyl acetate and the organic phase was washed with 2x2 L of brine, dried over anhydrous 

sodium sulfate and concentrated under vacuum. The residue was applied onto a silica gel 

column and the products eluted with ethyl acetate/petroleum ether (1:8→1:3). This resulted 

in 66 g (74%) of the title compound 24 as a brown oil. 

 

 

Scheme S2: An alternate route to intermediate 51. 

 

 

 

Reagents and Conditions: (a) anhydrous CH2Cl2, CF3SO3H, rt, 5h, quantitative; (b) 

anhydrous THF,DIBAL-H, -78 °C, 3h, 53%; (c) anhydrous CH2Cl2, DMAP, imidazole 

TBDPS-Cl, rt, 18h, 60%. 

 

The compound mixture SI-1,2 was synthesized following the reported protocol.
[3]

 

 

(3aR,3bR,4aS,5S,5aS)-3b-(hydroxymethyl)-2,2-

dimethylhexahydrocyclopropa[3,4]cyclopenta[1,2-d][1,3]dioxol-5-ol (SI-3): The mixture of 

compounds SI-1 and SI-2 (25 mg, 0.103 mmol) was dried by chasing with anhydrous toluene 

(2x2mL) and desolved in anhydrous THF (1 mL). DIBAL-H (1M in toluene, 0.83 mL, 0.825 

mmol) was added drop wise at -78 °C and stirred at this temperature for 3h. The reaction was 
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quenched by adding saturated Rochelle salt solution (2 mL) and stirred at rt for 30 min. 

Products were extracted in 10% isopropyl alcohol in chloroform (10x10 mL), combined , 

dried over anhydrous Na2SO4, evaporated and the residue purified by silica-gel flash 

chromatography to afford  SI-1 (9 mg, 35%, Rf-0.8); SI-4 (3 mg, 9%, Rf-0.65); SI-5 (~1 mg 

as a mixture with SI-4, Rf-0.60); SI-3 (11 mg, 53%, Rf-0.2); TLC eluent = ethyl acetate. Data 

for SI-3: 
1
H NMR (400 MHz, CDCl3) δ 4.93 (dt, J = 1.2, 6.5 Hz, 1H), 4.62 – 4.47 (m, 2H), 

3.68 (d, J = 11.5 Hz, 1H), 3.50 (d, J = 11.5 Hz, 1H), 2.34 (s, 2H), 1.78 (dtd, J = 1.2, 4.7, 9.2 

Hz, 1H), 1.53 (s, 3H), 1.28 (s, 3H), 1.18 (t, J = 4.9 Hz, 1H), 0.65 (ddt, J = 1.1, 5.3, 8.9 Hz, 

1H). 
 

(3aR,3bR,4aS,5S,5aS)-3b-(((tert-butyldiphenylsilyl)oxy)methyl)-2,2-

dimethylhexahydrocyclopropa[3,4]cyclopenta[1,2-d][1,3]dioxol-5-ol (51): Compound SI-3 

(37 mg, 0.185 mmol) was dissolved in anhydrous CH2Cl2 (1 mL). To this was added 

Imidazole (25 mg, 0.37 mmol), DMAP (5 mg, 0.037 mmol) and TBDPS-Cl (48 µL, 0.185 

mmol) sequentially, and stirred at rt for 18h. Solvent was evaporated under reduced pressure 

and the residue purified by silica-gel flash column chromatography to afford desired product 

51 as a white foam (50 mg, 60%, Rf-0.3; TLC eluent = 20% ethyl acetate in hexanes). 
1
H 

NMR (400 MHz, CDCl3) δ 7.69 – 7.60 (m, 4H), 7.47 – 7.34 (m, 6H), 5.01 (dd, J = 1.2, 6.9 

Hz, 1H), 4.55 (td, J = 0.8, 6.9 Hz, 1H), 4.50 – 4.43 (m, 1H), 4.08 (d, J = 11.0 Hz, 1H), 3.29 

(d, J = 11.0 Hz, 1H), 2.19 (s, 1H), 1.65 – 1.58 (m, 1H), 1.54 (s, 3H), 1.31 (s, 3H), 1.09 (t, J = 

4.9 Hz, 1H), 1.06 (s, 9H), 0.54 (ddt, J = 1.2, 5.2, 8.8 Hz, 1H). 
 
References: 
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Table S1.  Parameters considered for the selection of a representative trajectory among three replicas: 

protein alpha carbon atoms (Cα) average RMSD, ligand average RMSD/RMSF, and slope of the 

dynamic scoring function. RMSD and RMSF values are in Å and the wDSFtot is adimensional. 

 

 1c 30 57 

 RUN1 RUN2 RUN3 RUN1 RUN2 RUN3 RUN1 RUN2 RUN3 

Cα RMSD 1.90 2.01 2.81 3.95 2.37 2.21 3.78 2.19 1.74 

Ligand RMSD 0.95 1.07 1.24 1.97 0.88 1.00 1.35 0.99 0.81 

Ligand RMSF 0.52 0.79 0.58 1.02 0.61 0.68 0.94 0.75 0.55 

wDSFtot (slope) -119.36 -112.52 -88.37 -71.13 -162.32 -125.98 -102.01 -131.258 -154.16 

      

 34 55 1a 

 RUN1 RUN2 RUN3 RUN1 RUN2 RUN3 RUN1 RUN2 RUN3 

Cα RMSD 2.31 1.98 3.86 1.98 1.77 2.70 4.21 2.36 3.16 

Ligand RMSD 1.36 1.63 2.22 1.31 1.13 1.50 1.65 0.93 1.18 

Ligand RMSF 0.68 0.81 0.97 0.85 0.68 0.93 0.87 0.89 0.75 

wDSFtot (slope) -69.98 -61.36 -42.49 -74.76 -88.98 -76.00 -83.61 -163.90 -117.76 
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Figure S2. Upper panel: IE profile obtained during 60 ns of MD simulations of the hAK in complex 

with 1c starting from the X-Ray structure. The electrostatic (IEele) and van der Waal (IevdW) 

contributions and the total IE (IEtot) are represented as blue, green and pink lines, respectively. IE 

values are in Kcal/mol. Lower panel: selected representative ligand conformations adopted during the 

MD simulation: i) C1'-exo, ii) C2’-endo, and iii) C3’-endo conformations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

S15



Figure S3. IE profiles during 30 ns of MD simulations of the hAdK in complex with 34 and 55 starting 

from the docking poses. The electrostatic (IEele) and van der Waals (IEvdW) contributions and the total 

IE (IEtot) are represented as blue, green and pink lines, respectively. IE values are in Kcal/mol. 
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Figure S4. Panel A: Superimposition between X-Ray protein structures of the hAK in the closed (PDB 

ID: 2I6A, gray ribbons) and open conformation (PDB ID: 2I6B, light green ribbons). Panels B-F: 

superimposition of MD average protein structures obtained after 30 ns of MD simulation of hAK in 

complex with 1c (B, pink ribbons), 30 (C, yellow ribbons), 57 (D, green ribbons), 34 (E, cyan ribbons), 

and 55 (F, orange ribbons) with the starting X-Ray protein structure in the closed conformation (PDB 

ID: 2I6A, gray ribbons). 
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Figure S5. Panel A: Docking pose of 1a in complex with the closed form of hAK (PDB ID: 2I6A) 

obtained after IFD. Ligand and side chains of residues important for ligand recognition are reported as 

line and sticks, respectively. H-bonds are pictured as yellow dashed lines, whereas π–π stacking 

interactions as blue dashed lines with the centroids of the aromatic rings displayed as cyan spheres. 

Nonpolar hydrogen atoms are omitted. Panel B: superimposition of the MD average protein structure 

obtained after 30 ns of MD simulation of hAK in complex with 1a (magenta ribbons) with the starting 

X-Ray protein structure in the closed conformation (PDB ID: 2I6A, gray ribbons). 
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Figure S6.  Endocyclic torsion υ0-υ4 angles used to compute the sugar pseudorotation phase angle
 
(P). 
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Figure S7. Off-target activities 

Ki determinations and binding profiles in a broad screen of receptors and channels were 

generously provided by the National Institute of Mental Health's Psychoactive Drug Screening 

Program, Contract # HHSN-271-2008-00025-C (NIMH PDSP). The NIMH PDSP is Directed by 

Bryan L. Roth MD, PhD at the University of North Carolina at Chapel Hill and Project Officer 

Jamie Driscol at NIMH, Bethesda MD, USA. For experimental details please refer to the PDSP 

web site http://pdsp.med.unc.edu/ and click on "Binding Assay" or "Functional Assay" on the 

menu bar. 

 

Radioligand binding inhibition by compound 38a (MRS4203) at the 5HT7R:  
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Radioligand binding inhibition by compound 55 (MRS4380) at the 5HT2BR: 
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