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X-ray crystallographic data and refinement details. 

X-ray diffraction data for 2a, 5a', 5c and 5q' were collected at 100K on a Rigaku 

Synergy S diffractometer equipped with a HyPix6000HE area-detector (kappa geometry, 

shutterless ω-scan technique), using monochromatized Cu K-radiation. The intensity data were 

integrated and analytically corrected for absorption and decay by the CrysAlisPro program1. 

X-ray diffraction data for 2b were collected at 100K on a Bruker Quest D8 diffractometer 

equipped with a Photon-III area-detector (shutterless φ- and ω-scan technique), using graphite-

monochromatized Mo K-radiation. The intensity data were integrated by the SAINT program2 

and were corrected for absorption and decay using SADABS.3 All structures were solved by 

direct methods using SHELXT4 and refined on F2 using SHELXL-20185 within the OLEX2 

program6 (for 2a, 5a', 5c and 5q') or the ShelXle program7 (for 2b). Positions of all atoms were 

found from the electron density-difference map. Atoms were refined with individual anisotropic 

(non-hydrogen atoms) or isotropic (hydrogen atoms) displacement parameters. The disordered 

fragment in 5a' was modeled by applying similarity constraints on anisotropic displacement 

parameters on similar atoms and by constraining similar distances between neighboring atoms to 

be equal within the deviation of 0.003Å. 

Crystal data, data collection and structure refinement details are summarized in Table S1. 

The structures have been deposited at the Cambridge Crystallographic Data Center with the 

reference CCDC numbers 2232898-2232902; they also contain the supplementary 

crystallographic data. These data can be obtained free of charge from the CCDC via 

https://www.ccdc.cam.ac.uk/structures/ 
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Table S1.  Crystal data and structure refinement for 2a, 2b, 5a', 5c and 5q'. 

Identification code  2a 2b 5a' 5c 5q' 

Empirical formula  C11H11N3O7  C12H11F3N2O5 C18H14N6O7 C17H14N4O6 C19H17FN4O7 

Formula weight  297.23 320.23 426.35 370.32 432.36 

Temperature, K  100.0(1) 100(2) 100.0(1) 100.0(1) 100.0(1) 

Wavelength, Å 1.54184  0.71073 1.54184 1.54184 1.54184 

Crystal system  Triclinic Orthorhombic Triclinic Triclinic Triclinic 

Space group  P 1  P212121  P 1  P1 P 1  

Unit cell dimensions      

a, Å 7.74419(6) 8.09850(10) 9.04170(10) 4.89510(10) 10.54644(11) 

b, Å 10.79552(10) 10.8223(2) 9.63200(10) 9.4778(2) 12.45588(15) 

c, Å 16.71942(16) 15.0333(3) 12.3591(2) 9.8235(2) 16.4948(2) 

α, ° 78.7491(8) 90.0 73.5870(10) 116.202(2) 79.7936(11) 

β, ° 78.6511(7) 90.0 85.1740(10) 92.5690(10) 80.1675(10) 

γ, ° 70.7659(8) 90.0 69.2910(10) 96.3260(10) 68.9608(10) 

Volume, Å3 1281.08(2) 1317.58(4) 965.63(2) 404.198(16) 1976.80(4) 

Z 4 4 2 1 4 

Calcd density, g∙cm-3  1.541 1.614 1.466 1.521 1.453 

μ, mm-1 1.138 0.152 0.993 1.003 1.019 

F(000) 616 656 440 192 896 

Crystal size, mm 0.71×0.40×0.33 0.50×0.29×0.24 0.11×0.08×0.06 0.41×0.24×0.09 0.21×0.13×0.11 

θ range, ° 2.723-7.850 2.319-33.740 3.729-77.897 5.046-77.748 2.741-77.857 

Complentess θfull / θmax 0.999 / 0.992 0.999 / 1.000 0.999 / 0.989 1.000 / 0.984 1.000 / 0.992 

      

Index ranges -8 ≤ h ≤ 9, 

-13 ≤ k ≤ 13, 

-21 ≤ l ≤ 21 

-12 ≤ h ≤ 12,  

-16 ≤ k ≤ 16,  

-23 ≤ l ≤ 23 

-11 ≤ h ≤ 11,  

-12 ≤ k ≤ 12,  

-15 ≤ l ≤ 15 

-6 ≤ h ≤ 5,  

-11 ≤ k ≤ 11,  

-12 ≤ l ≤ 12 

-13 ≤ h ≤ 11,  

-15 ≤ k ≤ 15,  

-20 ≤ l ≤ 20 

Reflections       

collected 32895 48435 21004 16296 52168 

independent [Rint]  5411 [0.0386] 5269 [0.0392] 4097 [0.0320] 3174 [0.0402] 8381 [0.0268] 

observed, I>2σ(I) 5309 4804 3844 3160 7985 

Tmax / Tmin  0.802 / 0.603 0.6957 / 0.6630 0.956 / 0.934 0.773 / 0.451 0.927 / 0.869 

Data / restr. / param. 5411 / 0 / 466 5269 / 0 / 243 4097 / 4 / 346 3174 / 3 / 300 8381 / 0 / 696 

GooF on F2 1.063 1.064 1.025 1.085 1.038 

R1/wR2 (I>2σ(I)] 0.0362 / 0.0953 0.0320 / 0.0772 0.0416 / 0.1133 0.0284 / 0.0773 0.0314 / 0.0841 

R1/wR2 (all data) 0.0368 / 0.0958 0.0378 / 0.0811 0.0434 / 0.1148 0.0284 / 0.0773 0.0326 / 0.0851 

Extinction coeff. 0.0057(4) - - - 0.00088(11) 

Flack x - 0.03(17) - 0.15(9) - 

Δρmax / Δρmin, ē∙Å-3 0.350 / -0.243 0.330 / -0.227 0.360 / -0.295 0.165 / -0.194 0.297 / -0.196 

CCDC number 2232898 2232899 2232900 2232901 2232902 
 

  



Figure S1. Structures of two crystallographically non-equivalent molecules in crystals of 
2a. A thermal ellipsoids probability level is set to 50%. 

Table S2. Selected bond distances for 2a, Å 

O1A-C1A 1.2317(15) O7A-N3A 1.2242(15) C2A-C5A 1.4790(16) 

O2A-C1A 1.3290(14) N1A-C5A 1.3454(15) C3A-C4A 1.4917(18) 

O2A-C10A 1.4609(14) N1A-C9A 1.3333(16) C5A-C6A 1.4061(16) 

O3A-C3A 1.3312(15) N2A-C6A 1.4671(14) C6A-C7A 1.3779(16) 

O4A-N2A 1.2273(14) N3A-C8A 1.4649(15) C7A-C8A 1.3802(17) 

O5A-N2A 1.2249(14) C1A-C2A 1.4634(16) C8A-C9A 1.3900(17) 



O6A-N3A 1.2252(15) C2A-C3A 1.3719(16) C10A-C11A 1.5042(17) 

O1B-C1B 1.2289(15) O7B-N3B 1.2258(14) C2B-C5B 1.4826(15) 

O2B-C1B 1.3330(15) N1B-C5B 1.3479(15) C3B-C4B 1.4912(17) 

O2B-C10B 1.4585(14) N1B-C9B 1.3338(15) C5B-C6B 1.4026(16) 

O3B-C3B 1.3402(14) N2B-C6B 1.4718(14) C6B-C7B 1.3836(16) 

O4B-N2B 1.2244(13) N3B-C8B 1.4627(14) C7B-C8B 1.3785(16) 

O5B-N2B 1.2238(14) C1B-C2B 1.4617(16) C8B-C9B 1.3880(16) 

O6B-N3B 1.2274(14) C2B-C3B 1.3598(17) C10B-C11B 1.5027(18) 

Table S2. Hydrogen bond parameters for 2a, Å and °. 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

O3A-H3A...O1A 0.91(2) 1.72(2) 2.5483(13) 150.9(18) 

O3B-H3B...O1B 0.87(2) 1.78(2) 2.5745(13) 150.1(18) 

Figure S2. The crystal structure of 2b (p=50%). 

Table S3. Selected bond distances for 2b, Å 

O1-C1 1.2317(16) C5-N1 1.3510(16) C9-N1 1.3389(17) 

O2-C1 1.3336(16) C5-C6 1.4102(17) N2-O4 1.2234(14) 

O2-C11 1.4655(16) C6-C7 1.3824(17) N2-O5 1.2273(15) 

C1-C2 1.4626(18) C6-N2 1.4779(16) C10-F1 1.3371(16) 

C2-C3 1.3696(18) C7-C8 1.3898(18) C10-F2 1.3379(16) 

C2-C5 1.4776(17) C8-C9 1.3869(18) C10-F3 1.3382(17) 

C3-O3 1.3346(16) C8-C10 1.4979(18) C11-C12 1.505(2) 

C3-C4 1.4929(19) 



Table S4. Hydrogen bond parameters for 2b, Å and °. 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

O3-H3...O1 0.90(3) 1.74(3) 2.5674(15) 151(3) 

O3-H3...O5#1 0.90(3) 2.45(3) 2.9027(16) 111(2) 

Symmetry transformation used to generate equivalent atoms:  #1  -x+3/2, -y+1, +z+1/2. 

Figure S3. The crystal structure of 5a' (p=50%). The disorder ratio for atoms N3, O5, O6 and 
N3A, O5A, O6A is 0.786(14):0.214(14). 

Table S5. Selected bond distances for 5a', Å 

C1-O1 1.2024(16) C6-N3 1.4732(19) N5-C12 1.4409(15) 

C1-O2 1.3347(16) C6-N3A 1.477(3) C10-O7 1.2126(18) 

C1-C2 1.5096(18) C7-N1 1.3367(19) C10-C11 1.4972(19) 

O2-C8 1.4677(18) N2-O3 1.2266(15) C12-C13 1.3996(18) 

C2-C3 1.5038(17) N2-O4 1.2260(15) C12-C17 1.3817(18) 

C2-N4 1.2819(17) N3-O5 1.227(3) C13-C14 1.3976(18) 

C3-C4 1.4008(18) N3-O6 1.209(3) C13-C18 1.4396(19) 

C3-N1 1.3355(17) N3A-O5A 1.228(4) C14-C15 1.387(2) 

C4-C5 1.3831(18) N3A-O6A 1.211(4) C15-C16 1.390(2) 

C4-N2 1.4645(17) C8-C9 1.499(3) C16-C17 1.3940(18) 

C5-C6 1.375(2) N4-N5 1.3737(15) C18-N6 1.147(2) 

C6-C7 1.382(2) N5-C10 1.3984(17) 



Figure S4. The crystal structure of 5c (p=50%). 

Table S6. Selected bond distances for 5c, Å 

O1-C1 1.206(3) N2-C4 1.372(3) C6-C7 1.414(3) 

O2-C1 1.340(3) N2-C10 1.438(3) C8-C9 1.505(3) 

O2-C8 1.460(3) N3-C3 1.356(3) C10-C11 1.385(3) 

O3-N4 1.228(3) N3-C7 1.324(3) C10-C15 1.406(3) 

O4-N4 1.229(2) N4-C6 1.465(3) C11-C12 1.393(3) 

O5-C16 1.211(3) C1-C2 1.481(3) C12-C13 1.385(3) 

O6-C16 1.334(3) C2-C3 1.424(3) C13-C14 1.387(3) 

O6-C17 1.448(3) C3-C4 1.408(3) C14-C15 1.400(3) 

N1-N2 1.345(3) C4-C5 1.393(3) C15-C16 1.493(3) 

N1-C2 1.334(3) C5-C6 1.378(3) 



Figure S5. The crystal structure of 5q' (p=50%). Two crystallographically non-
equivalent molecules are shown. 

Table S7. Selected bond distances for 5q', Å 

F1A-C17A 1.3621(12) N1A-C7A 1.3366(13) C6A-C7A 1.3909(14) 

O1A-C1A 1.2036(12) N2A-C4A 1.4668(13) C6A-C8A 1.4971(13) 

O2A-C1A 1.3291(12) N3A-N4A 1.3725(11) C9A-C10A 1.4972(16) 

O2A-C9A 1.4602(12) N3A-C2A 1.2817(13) C12A-C13A 1.5034(15) 

O3A-N2A 1.2270(11) N4A-C12A 1.3998(13) C14A-C15A 1.3864(15) 

O4A-N2A 1.2228(12) N4A-C14A 1.4428(13) C14A-C19A 1.3906(14) 

O5A-C8A 1.2051(13) C1A-C2A 1.5086(13) C15A-C16A 1.3895(15) 

O6A-C8A 1.3315(12) C2A-C3A 1.5060(13) C16A-C17A 1.3771(17) 

O6A-C11A 1.4532(12) C3A-C4A 1.3965(14) C17A-C18A 1.3778(19) 



O7A-C12A 1.2125(13) C4A-C5A 1.3839(14) C18A-C19A 1.3900(16) 

N1A-C3A 1.3398(13) C5A-C6A 1.3867(14) 

F1B-C17B 1.3630(12) N1B-C7B 1.3384(12) C6B-C7B 1.3914(14) 

O1B-C1B 1.2032(12) N2B-C4B 1.4664(12) C6B-C8B 1.4963(13) 

O2B-C1B 1.3315(11) N3B-N4B 1.3797(11) C9B-C10B 1.5069(14) 

O2B-C9B 1.4670(11) N3B-C2B 1.2812(12) C12B-C13B 1.5011(14) 

O3B-N2B 1.2287(11) N4B-C12B 1.3996(12) C14B-C15B 1.3897(14) 

O4B-N2B 1.2252(11) N4B-C14B 1.4403(12) C14B-C19B 1.3907(14) 

O5B-C8B 1.2035(13) C1B-C2B 1.5089(12) C15B-C16B 1.3925(15) 

O6B-C8B 1.3312(13) C2B-C3B 1.5007(12) C16B-C17B 1.3773(16) 

O6B-C11B 1.4558(12) C3B-C4B 1.3966(13) C17B-C18B 1.3783(16) 

O7B-C12B 1.2149(12) C4B-C5B 1.3829(13) C18B-C19B 1.3885(14) 

N1B-C3B 1.3384(13) C5B-C6B 1.3860(14) 



NMR spectra of synthesized compounds. 

1H and 13C NMR spectra of compound 2a in CDCl3 



HRMS spectrum of compound 2a 



1H spectrum of compound 2b in CDCl3 



HRMS spectrum of compound 2b 



1H spectrum of compound 2c in CDCl3 



HRMS spectrum of compound 2c 



1H NMR spectrum of compound 4a in CDCl3 



HRMS spectrum of compound 4a 



1H and 13C NMR spectra of compound 5a in CDCl3 



HRMS spectrum of compound 5a 



1H NMR spectrum of compound 5a’ in CDCl3 

 

  



HRMS spectrum of compound 5a’ 



1H and 13C NMR spectra of compound 5b in CDCl3 



HRMS spectrum of compound 5b 



1H and 13C NMR spectra of compound 5c in CDCl3 



HRMS spectrum of compound 5c 



1H and 13C NMR spectra of compound 5d in CDCl3 



HRMS spectrum of compound 5d 



1H and 13C NMR spectra of compound 5e in CDCl3 

 

 

 



HRMS spectrum of compound 5e 



1H and 13C NMR spectra of compound 5f in CDCl3 



HRMS spectrum of compound 5f 



1H and 13C NMR spectra of compound 5g in CDCl3 



HRMS spectrum of compound 5g 



1H and 13C NMR spectra of compound 5h in CDCl3 



HRMS spectrum of compound 5h 



1H and 13C NMR spectra of compound 5i in CDCl3 

 

 

 



HRMS spectrum of compound 5i 



1H and 13C NMR spectra of compound 5j in CDCl3 



HRMS spectrum of compound 5j 



1H and 13C NMR spectra of compound 5k in CDCl3 



HRMS spectrum of compound 5k 



1H and 13C NMR spectra of compound 5l in CDCl3 



HRMS spectrum of compound 5l 



1H and 13C NMR spectra of compound 5m in CDCl3 

 

 

 



HRMS spectrum of compound 5m 



1H and 13C NMR spectra of compound 5n in CDCl3 

 

 

 



HRMS spectrum of compound 5n 

 

  



1H and 13C NMR spectra of compound 5o in CDCl3 



HRMS spectrum of compound 5o 

 

  



1H and 13C NMR spectra of compound 5p in CDCl3 

 

 

 



HRMS spectrum of compound 5p 

 

  



1H and 13C NMR spectra of compound 5q in CDCl3 



HRMS spectrum of compound 5q 

 

  



1H and 13C NMR spectra of compound 5q’ in CDCl3 



HRMS spectrum of compound 5q’ 

 

  



1H and 13C NMR spectra of compound 5r in DMSO-d6 



HRMS spectrum of compound 5r 



1H and 13C NMR spectra of compound 5s in CDCl3 

 

 

 



HRMS spectrum of compound 5s 



1H spectrum of compound 7a in CDCl3 



1H and 13C NMR spectra of compound 7b in CDCl3 



1H NMR spectrum of compound 7c 

 

  



HRMS spectrum of compound 7c 

 

  



1H NMR spectrum of compound 7d 



HRMS spectrum of compound 7d 

 

  



1H and 13C NMR spectra of compound 8a in CDCl3 



HRMS spectrum of compound 8a 



1H and 13C NMR spectra of compound 8b in CDCl3 



HRMS spectrum of compound 8b 

 

  



1H and 13C NMR spectra of compound 8c in CDCl3 



HRMS spectrum of compound 8c 



1H and spectrum of compound 8d in DMSO-d6 



HRMS spectrum of compound 8d 



1H and 13C NMR spectra of compound 8e in CDCl3 



HRMS spectrum of compound 8e 



1H and 13C NMR spectra of compound 8f in CDCl3 



HRMS spectrum of compound 8f 



1H and 13C NMR spectra of compound 8g in CDCl3 



HRMS spectrum of compound 8g 



1H and 13C NMR spectra of compound 8h in CDCl3 



HRMS spectrum of compound 8h 



1H and 13C NMR spectra of compound 8i in CDCl3 



HRMS spectrum of compound 8i 



1H and 13C NMR spectra of compound 8j in CDCl3 

 

 

  



HRMS spectrum of compound 8j 



1H and 13C NMR spectra of compound 8k in CDCl3 



HRMS spectrum of compound 8k 



1H and 13C NMR spectra of compound 10e in CDCl3 



HRMS spectrum of compound 10e 


