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Supporting Information 
Materials and Methods.  
X-Ray crystallographic measurements were carried out with an Oxford-Diffraction XCALIBUR E CCD diffractometer equipped with 
graphite-monochromated Mo-K radiation. Single crystals were positioned at 40 mm from the detector and 346, 298 and 424 frames
were measured each for 150, 200 and 150 s over 1° scan width for 4a, 5c and 8c, respectively. The unit cell determination and data 
integration were carried out using the CrysAlis package of Oxford Diffraction.[1] The structures were solved by direct methods using 
Olex2[2] and refined by full-matrix least-squares on F² with SHELXL-97.[3] Atomic displacements for non-hydrogen, atoms were refined 
using an anisotropic model. All H atoms were introduced in idealized positions (dCH = 0.96 Å) using the riding model with their 
isotropic displacement parameters fixed at 120% of their riding atom. In the absence of significant anomalous scattering, the absolute 
configuration for 4a and 5c structures could not be reliably determined. Friedel pairs were merged and any references to the Flack 
parameter were removed. The 8c sample gave a weak diffraction and the resolution of the collected X-ray data has been estimated to be 
1.0 Å. Nevertheless the structure could be solved and electron density of the molecule was well defined allowing to determine the atomic 
connectivity and to refine the model with anisotropic temperature factors. Trifluoracetic acid and water solvate molecules were found to 
be severely disordered and their positional parameters were refined in combination with PART and SADI restraints using isotropic model 
for non-H atoms. Taking into account these areas of possible solvent inclusion, the “Use solvent mask routine” subroutine of the Olex2 
was used to account for the scattering from a disordered solvent molecule. As the result, the value of R1obs has been reduced from 0.1551 
to 0.0995. The molecular plots were obtained using the Olex2 program. 

X-ray crystallography 
These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data 
Centre, 12 Union Road, Cambridge CB2 1EZ, UK).
4a: C27H20N2O3, Mr = 420.45 g mol-1, size 0.40 0.02 0.02 mm3, monoclinic, space group P21, a = 4.5150(7) Å, b = 9.9297(13) Å, c =
22.904(4) Å, = 91.867(14) , V = 1026.3(3) Å3, Z = 2, calcd = 1.361 g cm-3, MoK 0.090 mm-1, F(000) = 440, 7599 reflections in 
h(-4/5), k(-12/12), l(-28/28), measured in the range 3.56 51.98, T = 173 K, completeness max=99.91%, 2156 independent 
reflections, Rint = 0.1328, 290 parameters, 1 restraints, R1obs=0.0967, wR2obs = 0.1749, R1all = 0.1664, wR2all = 0.2003, GoF = 1.036, 
largest difference peak and hole: 0.34/-0.31 e A-3. CCDC – 980024. 
5c: C28H22F2N2O3, Mr = 472.48 g mol-1, size 1.00 0.70 0.03 mm3, triclinic, space group P-1, a = 7.1282(14) Å, b = 8.8913(18) Å, c =
19.611(3) Å, = 102.928(15) , = 91.713(14) , = 106.364(17) , V = 1156.6(4) Å3, Z = 2, calcd = 1.357 g cm-3, MoK 0.100 mm-1,
F(000) = 492, 7429 reflections in h(-8/7), k(-10/10), l(-14/24), measured in the range 4.92 52.00, T = 173 K, completeness 

max=98.90%, 4479 independent reflections, Rint = 0.0722, 317 parameters, 0 restraints, R1obs=0.0694, wR2obs = 0.12038, R1all = 0.1547, 
wR2all = 0.1502, GoF = 0.939, largest difference peak and hole: 0.29/-0.32 e A-3. CCDC – 980025. 
8c: C21.7H18.55F3.55N2O5.05, Mr = 455.59 g mol-1, size 0.50 0.05 0.05 mm3, triclinic, space group P-1, a = 3.8246(5) Å, b = 13.713(2) Å, c
= 20.895(3) Å, = 104.754(14) , = 93.402(13) , = 90.436(12) , V = 1057.6(3) Å3, Z = 2, calcd = 1.431 g cm-3, MoK 0.122 mm-

1, F(000) = 470, 6743 reflections in h(-8/7), k(-12/15), l(-23/17), measured in the range 3.08 46.52, T = 160 K, completeness 
max=99.40%, 3031 independent reflections, Rint = 0.1099, 293 parameters, 14 restraints, R1obs=0.0995, wR2obs = 0.2308, R1all = 0.1667,

wR2all = 0.2636, GoF = 0.959, largest difference peak and hole: 0.31/-0.27 e A-3. CCDC – 1036766. 
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Figure 1S. X-ray molecular structure of compound 4a. Thermal ellipsoids are drawn at 50% probability level.

Table 1S. Bond lengths (Å) for compound 4a.
O1-C7 1.223(9) C9-C10 1.40(1)
O2-C21 1.22(1) C10-C11 1.42(1)
O3-C12 1.246(9) C10-C12 1.42(1)
N1-C8 1.43(1) C12-C13 1.50(1)

N1-C11 1.381(9) C14-C15 1.36(1)
N1-C14 1.42(1) C14-C19 1.41(1)
N2-C11 1.37(1) C15-C16 1.39(1)
N2-C19 1.41(1) C16-C17 1.39(1)
N2-C20 1.47(1) C17-C18 1.37(1)
C1-C2 1.39(1) C18-C19 1.38(1)
C1-C6 1.40(1) C20-C21 1.53(1)
C2-C3 1.40(1) C21-C22 1.46(1)
C3-C4 1.34(1) C22-C23 1.44(1)
C4-C5 1.36(1) C22-C27 1.39(1)
C5-C6 1.38(1) C23-C24 1.35(1)
C6-C7 1.49(1) C24-C25 1.36(1)
C7-C8 1.43(1) C25-C26 1.38(1)
C8-C9 1.37(1) C26-C27 1.41(1)

Table 2S. Bond angles (º) for compound 4a.
C11N1C8 108.2(6) N2C11C10 141.7(8)

C11N1C14 109.6(6) O3C12C10 122.8(8)
C14N1C8 142.2(7) O3C12C13 118.7(7)

C11N2C19 109.2(6) C10C12C13 118.5(8)
C11N2C20 127.5(7) C15C14N1 133.2(9)
C19N2C20 123.2(7) C15C14C19 120.8(8)

C2C1C6 121.5(7) C19C14N1 105.9(7)
C1C2C3 117.7(8) C14C15C16 117.1(9)
C4C3C2 120.6(8) C17C16C15 121.6(9)
C3C4C5 121.3(8) C18C17C16 122.2(9)
C4C5C6 121.0(8) C17C18C19 115.8(9)
C1C6C7 122.9(7) N2C19C14 107.6(7)
C5C6C1 117.7(8) C18C19N2 130.0(7)
C5C6C7 119.2(7) C18C19C14 122.4(8)
O1C7C6 119.3(7) N2C20C21 111.3(7)
O1C7C8 122.1(8) O2C21C20 120.4(7)
C8C7C6 118.6(7) O2C21C22 121.9(8)
N1C8C7 123.9(7) C22C21C20 117.7(8)
C9C8N1 104.6(7) C23C22C21 123.0(7)
C9C8C7 131.5(8) C27C22C21 119.0(8)
C8C9C10 113.9(8) C27C22C23 118.0(8)

C9C10C11 102.6(8) C24C23C22 120.6(9)
C9C10C12 128.7(8) C23C24C25 121.7(9)



C12C10C11 128.5(8) C24C25C26 119.5(8)
N1C11C10 110.7(7) C25C26C27 120.8(9)
N2C11N1 107.7(7) C22C27C26 119.3(9)

Figure 2S. X-ray molecular structure of compound 5c. Thermal ellipsoids are drawn at 50% probability level.

Table 3S. Bond lengths (Å) for compound 5c.
F1-C20 1.374(5) C9-C10 1.383(4)
F2-C26 1.363(4) C10-C11 1.371(5)
O1-C2 1.455(3) C11-C12 1.376(5)
O1-C3 1.346(4) C12-C13 1.396(4)
O2-C3 1.200(4) C14-C23 1.506(5)

O3-C16 1.219(4) C15-C16 1.518(4)
N1-C6 1.393(4) C16-C17 1.482(5)
N1-C7 1.360(4) C17-C18 1.387(5)
N1-C8 1.412(3) C17-C22 1.380(4)

N2-C13 1.402(4) C18-C19 1.381(6)
N2-C14 1.479(3) C19-C20 1.355(5)
N2-C15 1.438(4) C20-C21 1.341(6)
C1-C2 1.497(4) C21-C22 1.396(6)
C3-C4 1.468(4) C23-C24 1.382(4)
C4-C5 1.421(5) C23-C28 1.388(4)
C4-C7 1.363(4) C24-C25 1.356(5)
C5-C6 1.356(4) C25-C26 1.365(5)

C6-C14 1.495(5) C26-C27 1.366(4)
C8-C9 1.390(5) C27-C28 1.403(5)

C8-C13 1.382(5)

Table 4S. Bond angles (º) for compound 5c.
C3O1C2 113.9(3) C12C13N2 123.5(3)
C6N1C8 121.7(3) N2C14C6 107.1(3)
C7N1C6 109.6(2) N2C14C23 112.2(3)
C7N1C8 128.7(3) C6C14C23 112.8(3)

C13N2C14 114.7(3) N2C15C16 115.8(3)
C13N2C15 119.5(3) O3C16C15 120.3(3)
C15N2C14 118.8(3) O3C16C17 123.1(3)
O1C2C1 107.8(3) C17C16C15 116.6(3)
O1C3C4 111.9(3) C18C17C16 122.3(3)
O2C3O1 123.7(3) C22C17C16 118.9(4)
O2C3C4 124.4(3) C22C17C18 118.8(4)
C5C4C3 130.4(3) C19C18C17 121.8(4)
C7C4C3 121.6(4) C20C19C18 117.0(5)
C7C4C5 107.9(3) C19C20F1 115.8(5)
C6C5C4 107.6(3) C21C20F1 120.2(5)

N1C6C14 116.2(3) C21C20C19 124.0(5)
C5C6N1 107.3(3) C20C21C22 119.1(4)
C5C6C14 136.3(3) C17C22C21 119.4(4)



N1C7C4 107.7(3) C24C23C14 122.9(3)
C9C8N1 120.3(3) C24C23C28 118.5(3)
C13C8N1 117.6(3) C28C23C14 118.6(3)
C13C8C9 122.0(3) C25C24C23 121.8(3)
C10C9C8 119.5(3) C24C25C26 118.6(3)

C11C10C9 118.8(4) F2C26C25 119.1(3)
C10C11C12 121.8(3) F2C26C27 117.7(4)
C11C12C13 120.4(3) C25C26C27 123.2(4)
C8C13N2 119.0(3) C26C27C28 117.3(4)
C8C13C12 117.4(3) C23C28C27 120.6(3)

Figure 3S. X-ray molecular structure of compound 8c. Thermal ellipsoids are drawn at 50% probability level.

Table 5S. Bond lengths (Å) for compound 8c
F1-C3 1.38(1) C12-C11 1.34(1)

O2-C18 1.34(1) C16-C15 1.41(1)
O2-C19 1.44(1) C6-C1 1.40(1)
N2-C10 1.39(1) C6-C5 1.42(2)
N2-C8 1.43(1) C1-C2 1.37(1)

N2-C15 1.32(1) C3-C4 1.36(2)
O1-C18 1.26(1) C3-C2 1.38(2)
N1-C9 1.39(1) C4-C5 1.36(2)
N1-C7 1.33(1) F7-C23 1.35(1)
C10-C9 1.42(1) F6-C23 1.35(1)

C10-C11 1.39(1) F5-C23 1.34(1)
C14-C9 1.35(2) C24-O6 1.21(1)

C14-C13 1.37(2) C24-O5 1.276(9)
C18-C16 1.44(2) C24-C23 1.55(1)
C19-C20 1.45(2) F2-C22 1.37(1)

C8-C7 1.42(2) F4-C22 1.37(1)
C8-C17 1.39(2) F3-C22 1.37(1)
C7-C6 1.50(2) C22-C21 1.51(1)

C17-C16 1.38(1) O3-C21 1.33(2)
C13-C12 1.39(2) O4-C21 1.33(2)

Table 6S. Bond angles (º) for compound 8c
C18-O2-C19 118.1(9) C1-C6-C7 121.0(11)
C10-N2-C8 120.7(10) C1-C6-C5 120.4(11)

C15-N2-C10 130.0(10) C5-C6-C7 118.6(11)
C15-N2-C8 109.1(9) C2-C1-C6 119.6(11)



C7-N1-C9 122.7(10) C4-C3-F1 118.7(11)
N2-C10-C9 118.5(10) C4-C3-C2 124.2(11)

N2-C10-C11 123.6(10) C2-C3-F1 117.0(11)
C11-C10-C9 117.8(10) N2-C15-C16 109.0(10)
C9-C14-C13 120.9(12) C5-C4-C3 118.8(11)
O2-C18-C16 113.6(11) C1-C2-C3 118.1(11)
O1-C18-O2 121.3(11) C4-C5-C6 118.8(11)
O1-C18-C16 125.0(11) O6-C24-O5 123(2)
O2-C19-C20 107.6(10) O6-C24-C23 109.2(17)
N1-C9-C10 119.4(10) O5-C24-C23 127.6(19)
C14-C9-N1 120.3(11) F7-C23-F6 97.0(16)
C14-C9-C10 120.2(11) F7-C23-C24 103.7(17)
C7-C8-N2 118.3(10) F6-C23-C24 121.9(18)

C17-C8-N2 106.1(10) F5-C23-F7 101.7(17)
C17-C8-C7 135.6(11) F5-C23-F6 126(2)
N1-C7-C8 120.3(10) F5-C23-C24 102.6(15)
N1-C7-C6 118.6(10) F2-C22-F4 106.0(16)
C8-C7-C6 121.1(11) F2-C22-F3 110.2(16)

C16-C17-C8 108.2(10) F2-C22-C21 113.6(10)
C14-C13-C12 119.3(11) F4-C22-F3 100.4(17)
C11-C12-C13 120.7(11) F4-C22-C21 112.6(10)
C17-C16-C18 127.5(11) F3-C22-C21 113.0(9)
C17-C16-C15 107.6(10) O3-C21-C22 119.9(14)
C15-C16-C18 124.9(11) O3-C21-O4 123(2)
C12-C11-C10 121.0(11) O4-C21-C22 103.7(15)
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Information for NMR Spectra

1H- and 13C-NMR spectra are provided below as pdf files for the following compounds:
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3456789 ppm



30405060708090100110120130140150160170180190 ppm



3456789 ppm



2030405060708090100110120130140150160170180190200 ppm



3.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170180190200 ppm



3.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170180190200 ppm



2.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm



2030405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm



2030405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm



2030405060708090100110120130140150160170180190 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5 ppm



2030405060708090100110120130140150160170180190 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170180190 ppm



2.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



406080100120140160180200 ppm



2.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



30405060708090100110120130140150160170180190200 ppm



2.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



30405060708090100110120130140150160170180190200 ppm



1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



200 180 160 140 120 100 80 60 40 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



200 180 160 140 120 100 80 60 40 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



180 160 140 120 100 80 60 40 20 ppm



2.53.03.54.04.55.05.56.06.57.07.5 ppm



405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.0 ppm



200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.0 ppm



200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm



200 180 160 140 120 100 80 60 40 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm



200 180 160 140 120 100 80 60 40 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.0 ppm



200 180 160 140 120 100 80 60 40 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



2.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm



2030405060708090100110120130140150160170180190200 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



2030405060708090100110120130140150160170 ppm



1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm



180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



3.03.54.04.55.05.56.06.57.07.58.08.5 ppm



30405060708090100110120130140150160170180190200 ppm



12345678910 ppm



190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm


