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[Synthesis of compound 6 for X-ray Analysis] 

Dimethyl 2-((1R,2R)-2-(3,5-bis(4-bromobenzamido)benzamido)cyclohexyl)-2-fluoromlaonate 

(6): To a stirred suspension of 4aa (37.1 mg, 0.084 mmol) in MeOH (1.5 ml) was added NiCl2•6H2O 

(40 mg, 0.17 mmol) at 0 ºC. Then, the mixture was added NaBH4 (64 mg, 1.7 mmol) in several 

portions and stirred for 5 min at 0 ºC. The reaction mixture was quenched by NH4Cl and diluted with 

CH2Cl2. The organic layer was separated, and the aqueous layer was extracted with CH2Cl2 and 

AcOEt. Combined organic phases were dried over Na2SO4, filtration and evaporation. The obtained 

crude mixture dissolved in CH2Cl2, and the mixture was added p-bromobenzoic acid (38 mg, 0.19 

mmol) and EDCI•HCl (48 mg, 0.25 mmol) at 0 ºC. Then, the mixture was allowed to warm to room 

temperature and stirred for 24 h. The reaction mixture was diluted with AcOEt and H2O, and the 

organic layer was separated. The aqueous layer was extracted with CH2Cl2 and AcOEt, and 

combined organic layers were dried over Na2SO4. After filtration and evaporation, the obtained crude 

mixture was purified by silica gel column chromatography (AcOEt/hexane = 1:1) to afford 6 (37.5 

mg, 60% yield in 2 steps); colorless solid, 1H NMR (CDCl3, 400 MHz)  δ 1.05-1.44 (m, 4H), 

1.44-1.83 (m, 4H), 2.50-2.71 (m, 1H), 3.43 (s, 3H), 3.76 (s, 3H), 3.87-4.00 (m, 1H), 6.77 (d, J = 9.5 
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Hz, 1H), 7.49 (d, J = 8.2 Hz, 4H), 7.70 (d, J = 8.2 Hz, 4H), 8.02 (d, J = 1.2, 2H), 8.38 (brs, 1H), 9.35 

(brs, 2H); 13C NMR (CDCl3, 100 MHz) δ 24.7, 25.0, 26.4, 33.9, 46.6 (d, JC-F = 21.0 Hz), 48.2, 53.5, 

96.0 (d, JC-F = 209 Hz), 115.0, 115.5, 126.7, 129.0, 131.7, 133.2, 135.2, 139.2, 165.7, 166.0, 166.2 (d, 

JC-F = 25.7 Hz), 167.4 (d, JC-F = 24.8 Hz); HRMS (ESI): m/z calculated for C32H30O7N3Br2FNa+ 

[M+Na]+: 768.0327, found: 768.0331 

 

 

 

Table.  Crystal data and structure refinement for compound 6. 

Identification code  ty01 

Empirical formula  C34 H40 Br2 F N3 O10 

Formula weight  829.51 

Temperature  133(2) K 

Wavelength  1.54187 Å 

Crystal system  Trigonal 

Space group  P 31 

Unit cell dimensions a = 17.5493(13) Å a= 90°. 

 b = 17.5493(13) Å b= 90°. 

 c = 10.6154(4) Å g = 120°. 

Volume 2831.3(3) Å3 

Z 3 

Density (calculated) 1.460 Mg/m3 

Absorption coefficient 3.257 mm-1 

F(000) 1272 

Crystal size 0.20 x 0.12 x 0.08 mm3 

Theta range for data collection 5.04 to 68.07°. 

Index ranges -21<=h<=20, -21<=k<=21, -12<=l<=12 

Reflections collected 37327 
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Independent reflections 6478 [R(int) = 0.1072] 

Completeness to theta = 68.07° 99.8 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 1.0000 and 0.5784 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6478 / 2 / 478 

Goodness-of-fit on F2 1.037 
Final R indices [I>2sigma(I)] R1 = 0.0817, wR2 = 0.1605 

R indices (all data) R1 = 0.1486, wR2 = 0.1875 

Absolute structure parameter 0.07(3) 

Largest diff. peak and hole 0.678 and -0.300 e.Å-3 
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Dimethyl 2-((1R,2R)-2-(3,5-dinitrobenzamido)cyclohexyl)-2-fluoromalonate (4aa) 

 

 

NH

O

NO2

NO2

CO2Me

CO2Me
F



 

 S-5

Dibenzyl 2-((1R,2R)-2-(3,5-dinitrobenzamido)cyclohexyl)-2-fluoromalonate (4ab) 
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Dimethyl 2-((1R,2R)-2-(3,5-dinitrobenzamido)cyclopentyl)-2-fluoromalonate (4ba) 
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Dimethyl 2-((1R,2R)-3-(3,5-dinitrobenzamido)butan-4-yl)-2-fluoromalonate(4ca) 
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Dimethyl 2-((4R,5R)-5-(3,5-dinitrobenzamido)octane-4-yl)-2-fluoromalonate (4da) 
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Dimethyl 
2-((2R,3R)-3-(3,5-dinitrobenzamido)1,2,3,4-tetrahydronaphthalen-2-yl)-2-fluoroma
lonate (4ea)  
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Dimethyl 
2-((1R,6R)-6-(3,5-dinitrobenzamido)cyclohex-3-en-1-yl)-2-fluoromalonate (4fa) 
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Methyl 2-((1S,2R)-2-(3,5-dinitrobenzamido)cyclohexyl)-2-fluoroacetate (7aa) 
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Methyl 2-((1S,2R)-2-(tert-butoxycarbonylamino)cyclohexyl)-2-fluoroacetate (8aa) 
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(3S, 3aR, 7aR)-3-fluorooctahydro-2H-indol-2-one (10aa) 
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(3R, 3aR, 7aR)-3-fluorooctahydro-2H-indol-2-one (10’aa) 
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