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S1. Cytotoxicity assays 
 

S1.1. PrestoBlue™ HS & CyQUANT™ XTT assays 
Testing compound stock solution, 20 mM in DMSO: 20 mM DMSO stock solutions were diluted for 20-

fold in EMEM medium, followed by 1:10x dilution in EMEM with 5% DMSO, add 11.1 μL of the 10-

fold diluted compounds into the cells with 100 μL medium, final DMSO concentration in each well is 

0.5%. The cells treated with medium with 0.5% DMSO served as DMSO control.  The final compound 

concentrations were 100 μM and 10 μM, respective, in duplicate. Reference compound Gemcitabine 

stock was 1 mM in H2O. Gemcitabine top concentration for both PANC-1 and U87-MG was 10 μM, 

followed by 8 points of 5-fold serial dilutions in EMEM medium. The tenth point contained no 

compounds, only medium served as DMSO control.  In addition, a single point of 50 μM Gemcitabine, 

in quadruplet, for both PANC-1 and U87-MG, was tested in the plate treated with compounds. 

Reference compound Cytarabine stock was 2 mM in DMSO. The top concentration for both PANC-1 

and U87-MG was 100 μM, followed by 8 points of 3-fold serial dilutions in EMEM medium with 0.5% 

DMSO. The tenth point contained no compounds, only medium with 0.5% DMSO served as DMSO 

control.  

The cells were seeded in a density of 3000 cells/well/100 μL for both PANC-1 cells and U87-MG cells 

on 96-well black plates with clear bottom and clear plates, respectively, and incubated at 37 °C with 

5% CO2 for 24 h. On day two, 10 μL of the serial diluted compounds were added onto the plate with 

cells in duplicate. The top concentration of the testing compound was 100 μM, and 10 μM, respectively, 

in duplicate. The final DMSO concentration in the assay for all wells was 0.5%. The top concentrations 

of references were indicated above #8. Incubate the cells with the compounds for three days at 37 °C 

with 5% CO2. After the cells were treated with compounds for 72h, cell viabilities were determined 

using PrestoBlue™ HS Cell Viability Reagent (Invitrogen, catalog# P50200). Briefly, 10 μL of 

PrestoBlue™ HS Cell Viability Reagent was added to cells in the 96-well black plates with clear bottom 

and was incubated at 37 °C for 10 minutes. The fluorescence signal, which was positively correlated 

with viable cell counts, was measured with Fluorescence excitation/emission maxima: 560/590 nm on 

an EnSpire plate reader. The fluorescence signals from 4 wells containing only medium were used as 

background which was subtracted from all other testing wells. The wells treated with only 0.5% DMSO 

or medium only (for Gemcitabine) were DMSO or medium control, were set as 100% of cell viability. 

All the wells with treated cells will be as % of the Control.  
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S1.2 Control viability assays 
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S1.3 Biological data  
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S2. X-Ray Crystallography Data 

Crystal and refinement parameters are given in Table 1. All data were collected on a Bruker D8 Quest 

ECO diffractometer using graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) and a Photon II-

C14 CPAD detector. Crystals were mounted on Mitegen micromounts in NVH immersion oil, and all 

collections were carried out at 150 K using an Oxford cryostream. Data collections were carried out 

using φ and ω scans, with collections and data reductions carried out in the Bruker APEX-3 suite of 

programs.1 Multi-scan absorption corrections were applied for all datasets using SADABS.2 The data 

were solved with the intrinsic phasing routine in SHELXT,3 and all data were refined on F2 with full-

matrix least squares procedures in SHELXL,4 operating within the OLEX-2 GUI.5 All non-hydrogen 

atoms were refined with anisotropic displacement parameters. Carbon-bound hydrogen atoms were 

placed in riding positions and refined with isotropic displacement parameters equal to 1.2 or 1.5 times 

the isotropic equivalent of their carrier atom. Absolute configurations in each case were assigned based 

on the known configurations of carbons C2 and C3. CCDC 2193041 – 2193043. 

Table 1: Crystal data and structure refinement for Compounds 8, 11 and 16 (left to right) 

Identification code Compound 8 Compound 11 Compound 16 
Empirical formula C10H15FO3 C10H15FO3 C9H14F2O4 
Formula weight 202.22 202.22 224.2 
Temperature/K 150 150 150 
Crystal system trigonal monoclinic trigonal 
Space group P32 P21 P32 
a/Å 11.884(3) 7.6334(3) 12.3659(5) 
b/Å 11.884(3) 5.7702(2) 12.3659(5) 
c/Å 6.298(2) 11.1406(5) 5.8839(4) 
α/° 90 90 90 
β/° 90 100.4260(10) 90 
γ/° 120 90 120 
Volume/Å3 770.2(4) 482.60(3) 779.20(8) 
Z 3 2 3 
ρcalcg/cm3 1.308 1.392 1.433 
μ/mm-1 0.106 0.113 0.133 
F(000) 324 216 354 
Crystal size/mm3 0.15 × 0.14 × 0.09 0.17 × 0.08 × 0.07 0.32 × 0.2 × 0.09 
Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) MoKα (λ = 0.71073) 
2Θ range for data 
collection/° 6.858 to 61.044 5.998 to 61.1 6.59 to 54.952 

Index ranges -16 ≤ h ≤ 15, -16 ≤ k ≤ 
16, -9 ≤ l ≤ 9 

-10 ≤ h ≤ 10, -8 ≤ k ≤ 
8, -15 ≤ l ≤ 15 

-16 ≤ h ≤ 16, -16 ≤ k ≤ 
15, -7 ≤ l ≤ 7 

Reflections collected 15475 15047 9224 

Independent reflections 3119 [Rint = 0.0724, 
Rsigma = 0.0742] 

2937 [Rint = 0.0424, 
Rsigma = 0.0376] 

2375 [Rint = 0.0334, 
Rsigma = 0.0301] 

Data/restraints/parameters 3119/2/132 2937/2/132 2375/3/144 
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Goodness-of-fit on F2 1.053 1.054 1.042 
Final R indexes [I>=2σ 
(I)] 

R1 = 0.0542, wR2 = 
0.0805 

R1 = 0.0394, wR2 = 
0.0832 

R1 = 0.0319, wR2 = 
0.0680 

Final R indexes [all data] R1 = 0.0914, wR2 = 
0.0896 

R1 = 0.0487, wR2 = 
0.0871 

R1 = 0.0391, wR2 = 
0.0714 

Largest diff. peak/hole / e 
Å-3 0.18/-0.23 0.28/-0.20 0.14/-0.16 

Flack parameter 0.0(5) -0.1(3) -0.2(3) 
CCDC number 2193041 2193042 2193043 
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S3. NMR Spectra Compounds 2-40 
(2R,3R,4R)-2,3-O-isopropylidene-4-vinylcyclopentan-1-one, 2 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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(2R,3R,4R)-2,3-O-isopropylidene-4-vinyl-7-α/β-fluorocyclopentan-1-one, 4-®/4-(S) 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(2R,3R,4R)-2,3-O-isopropylidene-4-vinyl-7-gem-difluorocyclopentan-1-one, 7 
 
1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4R,6R)-2,3-O-isopropylidine-4-vinyl-7-fluorocyclopentan-1-ol, 10 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4R,6S)-2,3-O-isopropylidine-4-vinyl-7-fluorocyclopentan-1-ol, 8 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1S,2S,3R,4R, 6R)-2,3-O-isopropylidine-4-vinyl-7-fluorocyclopentan-1-ol, 11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4R)-2,3-O-isopropylidine-4-vinyl-7-gem-difluorocyclopentan-1-ol, 12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2R,3R,4R,7R)-1-O-acetate-2,3-O-isopropylidine-4-vinyl-7-fluorocyclopentane, 13 
 

 

1H NMR (400 MHz, CDCl3) 



S28 
 

 

13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2R,3R,4R)-1-O-acetate-2,3-O-isopropylidine-4-vinyl-7-gem-difluorocyclopentane, 14 
 

 1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4R,6R)-2,3-O-isopropylidine-4-hydroxymethyl-6-fluorocyclopentan-1-ol, 15 
 

 1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4R)-2,3-O-isopropylidine-4-hydroxymethyl-6-gem-difluorocyclopentan-1-ol, 16 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R, 2S, 3R)-2,3-O-isopropylidine-4-hydroxymethyl-6-fluoro-4,6-cyclopenten-1-ol, 17 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4S,6R)-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-fluorocyclopentan-1-ol 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1R,2S,3R,4S)-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-gem-difluorocyclopentan-1-ol 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 



S47 
 

 

19F NMR (377 MHz, CDCl3) 
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(1S,2S,3R,4S,6R)-1-azido-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-fluorocyclopentan-1-ol, 18 

 

1H NMR (400 MHz, CDCl3) 
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1H NMR (400 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1S,2S,3R,4S)-1-azido-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-gem-difluorocyclopentane, 19 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1S,2S,3R,4S,6R)-1-amino-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-fluorocyclopentane  

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1S,2S,3R,4S)-1-amino-2,3-O-isopropylidine-4-O-(tert-butyldiphenylsilyl)methyl-6-gem-difluorocyclopentane  

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1’S,2’S,3’R,4’S,6’R)-1’-(6-ethoxyacryloylurea)-2’,3’-O-isopropylidine-4’-O-(tert-butyldiphenylsilyl)methyl-6’-
fluorocyclopentane, 20 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(1’S,2’S,3’R,4’S)-1’-(6-ethoxyacryloylurea)-2’,3’-O-isopropylidine-4’-O-(tert-butyldiphenylsilyl)methyl-6’-gem-
difluorocyclopentane, 21 

 

1H NMR (400 MHz, CDCl3) 



S64 
 

 

13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(6’R)-6’-fluorocarbauridine, 22 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, D2O) 
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19F NMR (377 MHz, D2O) 
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6’-gem-difluorocarbauridine, 23 

 

1H NMR (400 MHz, MeOD) 
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13C NMR (101 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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(6’R)-2’,3’,5’-tri-O-acetatyl-6’-fluorocarbauridine, 24 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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2’,3’,5’-tri-O-acetyl-6’-gem-difluorocarbauridine, 25 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(6’R)-6’-fluorocarbacytidine, 26 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, D2O) 
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19F NMR (377 MHz, D2O) 
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6’-gem-difluorocarbacytidine, 27 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, D2O) 
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19F NMR (377 MHz, D2O) 
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(6’R)-3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-fluorocarbauridine, 28 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-gem-difluorocarbauridine, 29 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(6’R)-2’-deoxy-3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-fluorocarbauridine, 30 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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2’-deoxy-3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-gem-difluorocarbauridine, 31 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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(6’R)-2’-deoxy-6’-fluorocarbauridine, 32 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, D2O) 
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19F NMR (377 MHz, D2O) 
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2’-deoxy-6’-gem-diflurocarbauridine, 33 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, D2O) 
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19F NMR (377 MHz, D2O) 
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(6’R)-2’-deoxy-3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-fluorocarbacytidine 

c  

1H NMR (400 MHz, MeOD) 
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13C NMR (101 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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2’-deoxy-3’,5’-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-6’-gem-difluorocarbacytidine 

 

1H NMR (400 MHz, MeOD) 
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13C NMR (101 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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(6’R)-2’-deoxy-6’-fluorocarbacytidine, 34 

 

1H NMR (400 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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2’-deoxy-6’-gem-difluorocarbacytidine, 35 

 

1H NMR (400 MHz, D2O) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, D2O) 



S113 
 

(6’R)-2’,3’-O-isopropylidine-6’-fluorocarbauridine, 36 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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2’,3’-O-isopropylidine-6’-gem-difluorocarbauridine, 37 

 

1H NMR (400 MHz, CDCl3) 
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13C NMR (101 MHz, CDCl3) 
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19F NMR (377 MHz, CDCl3) 
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[P(S),6’R]-5’-[phenoxy(isopropyl-L-alaninate)]phosphate-6’-fluorocarbauridine, 39 

 

1H NMR (400 MHz, MeOD) 
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13C NMR (101 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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31P {1H} NMR (162 MHz, MeOD) 
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[P(S)]-5’-[phenoxy(isopropyl-L-alaninate)]phosphate-6’-gem-difluorocarbauridine, 40 

 

1H NMR (400 MHz, MeOD) 



S124 
 

 

13C NMR (101 MHz, MeOD) 
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19F NMR (377 MHz, MeOD) 
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31P {1H} NMR (162 MHz, MeOD) 
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S4. Analytical HPLC traces 
 

(6’R)-6’-fluorocarbauridine, 22 
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6’-gem-difluorocarbauridine, 23 

(6’R)-6’-fluorocarbacytidine, 26 
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6’-gem-difluorocarbacytidine, 27 

 

(6’R)-2’-deoxy-6’-fluorocarbauridine, 32 
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2’-deoxy-6’-gem-diflurocarbauridine, 33 
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(6’R)-2’-deoxy-6’-fluorocarbacytidine, 34 
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2’-deoxy-6’-gem-difluorocarbacytidine, 35 

 

[P(S),6’R]-5’-[phenoxy(isopropyl-L-alaninate)]phosphate-6’-fluorocarbauridine, 
39 
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[P(S)]-5’-[phenoxy(isopropyl-L-alaninate)]phosphate-6’-gem-
difluorocarbauridine, 40 
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