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1. X-ray crystal data for compound (±)-4a, (±)-4k and (±)-4t
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Compound (±)-4a

Empirical formula C15H15N3O3F2

Formula weight 323.30
Temperature/K 296.15
Crystal system monoclinic
Space group P21/n
a/Å 9.1037(4)
b/Å 18.2464(8)
c/Å 9.7398(5)
α/° 90.00
β/° 105.614(2)
γ/° 90.00
Volume/Å3 1558.17(13)
Z 4
ρcalc g/cm3 1.378
μ/mm-1 0.113
F(000) 672.0
Crystal size/mm3 0.22 × 0.2 × 0.18
Radiation MoKα (λ = 0.71073)
θ range for data collection/° 3.110 to 27.550
Index ranges -11 ≤ h ≤ 11, -23 ≤ k ≤ 23, -12 ≤ l ≤ 12
Reflections collected 23667
Independent reflections 3589 [Rint = 0.0356, Rsigma = 0.0277]
Data/restraints/parameters 3589/87/250
Goodness-of-fit on F2 1.021
Final R indexes [I>=2σ (I)] R1 = 0.0483, wR2 = 0.1174
Final R indexes [all data] R1 = 0.0879, wR2 = 0.1355
Largest diff. peak/hole/e Å-3 0.20/-0.18
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Compound (±)-4k

Empirical formula C16H17F2N3O4

Formula weight 353.32
Temperature/K 100.00(10)
Crystal system triclinic
Space group P-1
a/Å 8.1522(5)
b/Å 9.1400(6)
c/Å 12.4646(8)
α/° 89.726(5)
β/° 76.757(5)
γ/° 63.771(7)
Volume/Å3 806.00(10)
Z 2
ρcalc g/cm3 1.456
μ/mm-1 0.121
F(000) 368.0
Crystal size/mm3 0.28 × 0.2 × 0.18
Radiation MoKα (λ = 0.71073)
2θ range for data collection/° 3.379 to 29.538
Index ranges -11 ≤ h ≤ 8, -12 ≤ k ≤ 11, -14 ≤ l ≤ 15
Reflections collected 7228
Independent reflections 3757 [Rint = 0.0249, Rsigma = 0.0439]
Data/restraints/parameters 3757/0/229
Goodness-of-fit on F2 1.052
Final R indexes [I>=2σ (I)] R1 = 0.0467, wR2 = 0.1074
Final R indexes [all data] R1 = 0.0566, wR2 = 0.1151
Largest diff. peak/hole/e Å-3 0.36/-0.38
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Compound (±)-4t

Empirical formula C20H17F2N3O3

Formula weight 385.36
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P21/n
a/Å 10.7505(5)
b/Å 12.0115(5)
c/Å 14.5754(7)
α/° 90
β/° 106.876(5)
γ/° 90
Volume/Å3 1801.05(14)
Z 4
ρcalc g/cm3 1.421
μ/mm-1 0.111
F(000) 800.0
Crystal size/mm3 0.3 × 0.25 × 0.2
Radiation MoKα (λ = 0.71073)
2θ range for data collection/° 3.257 to 29.502
Index ranges -14 ≤ h ≤ 13, -16 ≤ k ≤ 16, -19 ≤ l ≤ 19
Reflections collected 15974
Independent reflections 4427 [Rint = 0.0448, Rsigma = 0.0446]
Data/restraints/parameters 4427/0/254
Goodness-of-fit on F2 1.030
Final R indexes [I>=2σ (I)] R1 = 0.0461, wR2 = 0.1027
Final R indexes [all data] R1 = 0.0580, wR2 = 0.1117
Largest diff. peak/hole/e Å-3 0.38/-0.30
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2. 1H, 13C and 19F NMR spectra of (±)-4a-u

N
Me

O
N
N

HF2C

EtO2C

Table 2, entry 1, 4a
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