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1. Synthesis Procedure of Di/trifluoroacetohydrazonoyl Bromides 11

Step 1: A mixture of hydrazine hydrochlorides (2.0 mmol, 1.0 equiv.), triethylamine 

(1.0 mmol, 1.0 equiv.), di/trifluoroacetaldehyde ethyl hemiacetal (1.5 mmol, 1.5 

equiv.), and freshly activated molecular sieves 4Å in EtOH (8 mL) was stirred at 75 
oC in a round-bottom in an oil bath, and the reaction was monitored by TLC. After the 

reaction was completed, the solvent was removed in vacuo to afford intermediate 

products, which was used directly for the next step.

Step 2: To a solution of crude mixture from step 1 in DMF (8 mL) was added NBS. 

The resulting solution was stirred at room temperature, and the reaction was 

monitored by TLC. After the reaction was completed, the reaction was quenched with 

sat. NaCl aq., and the mixture was extracted with ethyl acetate (3 x 15 mL), dried over 

MgSO4, filtered, and concentrated in vacuo. The resulting products was purified by 

column chromatography on silica gel (EA)/petroleum ether (PE) (1:8−1:20) to afford 

di/trifluoroacetohydrazonoyl bromides.
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2. Copies of 1H NMR, 13C NMR of products 3, 3′, 4 and 4′
Spectrogram copies of compound 3a
1H NMR copy of compound 3a

13C NMR copy of compound 3a
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19F NMR copy of compound 3a
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HRMS copy of compound 3a
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Spectrogram copies of compound 3b
1H NMR copy of compound 3b

13C NMR copy of compound 3b
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19F NMR copy of compound 3b

HRMS copy of compound 3b
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Spectrogram copies of compound 3d
1H NMR copy of compound 3d

13C NMR copy of compound 3d 
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19F NMR copy of compound 3d
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HRMS copy of compound 3d
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Spectrogram copies of compound 3e
1H NMR copy of compound 3e

13C NMR copy of compound 3e
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19F NMR copy of compound 3e

HRMS copy of compound 3e
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Spectrogram copies of compound 3f
1H NMR copy of compound 3f

13C NMR copy of compound 3f
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19F NMR copy of compound 3f
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HRMS copy of compound 3f
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Spectrogram copies of compound 3g
1H NMR copy of compound 3g

13C NMR copy of compound 3g
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19F NMR copy of compound 3g

HRMS copy of compound 3g
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Spectrogram copies of compound 3h
1H NMR copy of compound 3h

13C NMR copy of compound 3h
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19F NMR copy of compound 3h
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HRMS copy of compound 3h
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Spectrogram copies of compound 3i
1H NMR copy of compound 3i

13C NMR copy of compound 3i
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19F NMR copy of compound 3i
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HRMS copy of compound 3i
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Spectrogram copies of compound 3j
1H NMR copy of compound 3j

13C NMR copy of compound 3j
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19F NMR copy of compound 3j
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HRMS copy of compound 3j
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Spectrogram copies of compound 3k
1H NMR copy of compound 3k

13C NMR copy of compound 3k
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19F NMR copy of compound 3k
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HRMS copy of compound 3k
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Spectrogram copies of compound 3l
1H NMR copy of compound 3l

13C NMR copy of compound 3l



S31

19F NMR copy of compound 3l
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HRMS copy of compound 3l
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Spectrogram copies of compound 3m
1H NMR copy of compound 3m

13C NMR copy of compound 3m



S34

19F NMR copy of compound 3m
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HRMS copy of compound 3m
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Spectrogram copies of compound 3n
1H NMR copy of compound 3n

13C NMR copy of compound 3n
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19F NMR copy of compound 3n
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HRMS copy of compound 3n
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Spectrogram copies of compound 3o
1H NMR copy of compound 3o

13C NMR copy of compound 3o
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19F NMR copy of compound 3o
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HRMS copy of compound 3o
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Spectrogram copies of compound 3a′
1H NMR copy of compound 3a′

13C NMR copy of compound 3a′
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19F NMR copy of compound 3a′
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HRMS copy of compound 3a′
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Spectrogram copies of compound 3b′
1H NMR copy of compound 3b′

13C NMR copy of compound 3b′



S46

19F NMR copy of compound 3b′

HRMS copy of compound 3b′
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Spectrogram copies of compound 3c′
1H NMR copy of compound 3c′

13C NMR copy of compound 3c′
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19F NMR copy of compound 3c′

HRMS copy of compound 3c′
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Spectrogram copies of compound 3e′
1H NMR copy of compound 3e′

13C NMR copy of compound 3e′
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19F NMR copy of compound 3e′
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HRMS copy of compound 3e′
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Spectrogram copies of compound 3f′
1H NMR copy of compound 3f′

13C NMR copy of compound 3f′
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19F NMR copy of compound 3f′
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HRMS copy of compound 3f′
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Spectrogram copies of compound 3g′
1H NMR copy of compound 3g′

13C NMR copy of compound 3g′
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19F NMR copy of compound 3g′
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Spectrogram copies of compound 3h′
1H NMR copy of compound 3h′

13C NMR copy of compound 3h′
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19F NMR copy of compound 3h′
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Spectrogram copies of compound 3j′
1H NMR copy of compound 3j′

13C NMR copy of compound 3j′
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19F NMR copy of compound 3j′
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HRMS copy of compound 3j′



S62

Spectrogram copies of compound 3k′
1H NMR copy of compound 3k′

13C NMR copy of compound 3k′
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19F NMR copy of compound 3k′
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HRMS copy of compound 3k′
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Spectrogram copies of compound 4a
1H NMR copy of compound 4a

13C NMR copy of compound 4a
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19F NMR copy of compound 4a

HRMS copy of compound 4a
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Spectrogram copies of compound 4b
1H NMR copy of compound 4b

13C NMR copy of compound 4b
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19F NMR copy of compound 4b
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HRMS copy of compound 4b



S70

Spectrogram copies of compound 4c
1H NMR copy of compound 4c

13C NMR copy of compound 4c
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19F NMR copy of compound 4c

HRMS copy of compound 4c
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Spectrogram copies of compound 4d
1H NMR copy of compound 4d

13C NMR copy of compound 4d
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19F NMR copy of compound 4d
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HRMS copy of compound 4d
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Spectrogram copies of compound 4e
1H NMR copy of compound 4e

13C NMR copy of compound 4e
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19F NMR copy of compound 4e
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HRMS copy of compound 4e
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Spectrogram copies of compound 4f
1H NMR copy of compound 4f

13C NMR copy of compound 4f
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19F NMR copy of compound 4f

HRMS copy of compound 4f
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Spectrogram copies of compound 4h
1H NMR copy of compound 4h

13C NMR copy of compound 4h
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19F NMR copy of compound 4h



S82

HRMS copy of compound 4h
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Spectrogram copies of compound 4i
1H NMR copy of compound 4i

13C NMR copy of compound 4i
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19F NMR copy of compound 4i



S85

HRMS copy of compound 4i
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Spectrogram copies of compound 4j
1H NMR copy of compound 4j

13C NMR copy of compound 4j
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19F NMR copy of compound 4j



S88

HRMS copy of compound 4j
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Spectrogram copies of compound 4k
1H NMR copy of compound 4k

13C NMR copy of compound 4k
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19F NMR copy of compound 4k



S91

HRMS copy of compound 4k
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Spectrogram copies of compound 4l
1H NMR copy of compound 4l

13C NMR copy of compound 4l
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19F NMR copy of compound 4l
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HRMS copy of compound 4l
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Spectrogram copies of compound 4a′
1H NMR copy of compound 4a′

13C NMR copy of compound 4a′
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19F NMR copy of compound 4a′

HRMS copy of compound 4a′
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Spectrogram copies of compound 4b′
1H NMR copy of compound 4b′

13C NMR copy of compound 4b′
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19F NMR copy of compound 4b′

HRMS copy of compound 4b′
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Spectrogram copies of compound 4c′
1H NMR copy of compound 4c′

13C NMR copy of compound 4c′
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19F NMR copy of compound 4c′

HRMS copy of compound 4c′
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Spectrogram copies of compound 4d′
1H NMR copy of compound 4d′

13C NMR copy of compound 4d′
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19F NMR copy of compound 4d′
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HRMS copy of compound 4d′
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Spectrogram copies of compound 4e′
1H NMR copy of compound 4e′

13C NMR copy of compound 4e′
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19F NMR copy of compound 4e′
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HRMS copy of compound 4e′
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Spectrogram copies of compound 4g′
1H NMR copy of compound 4g′

13C NMR copy of compound 4g′
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19F NMR copy of compound 4g′



S109

HRMS copy of compound 4g′
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Spectrogram copies of compound 4h′
1H NMR copy of compound 4h′

13C NMR copy of compound 4h′
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19F NMR copy of compound 4h′
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HRMS copy of compound 4h′
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Spectrogram copies of compound 4i′
1H NMR copy of compound 4i′

13C NMR copy of compound 4i′
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19F NMR copy of compound 4i′
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HRMS copy of compound 4i′
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Spectrogram copies of compound B
1H NMR copy of compound B
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HRMS copy of compound B
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3. X-Ray Crystallographic Data of Compounds 3n and 4j

Compound 3n

Thermal ellipsoids are set at a 50% probability level. Crystal data have been deposited 

to CCDC, number 2313274.

Crystallization Details 

The obtained compound 3n (35 mg) was dissolved in THF (0.2 mL) in a NMR tube 

at room temperature. Then petroleum ether (2 mL) was added to the solution slowly 

along the tube wall, resulting in a two-phase mixture. The colorless crystal of 3n was 

formed after the two-phase mixture has diffused. 

Experimental

A suitable crystal was selected and placed on a ROD, Synergy Custom system, 

HyPix diffractometer. The crystal was kept at 150.00(10) K during data collection. 

Using Olex2, the structure was solved with the ShelXT structure solution program 

using Intrinsic Phasing and refined with the ShelXL refinement package using Least 

Squares minimisation.

Experimental

A suitable crystal was selected and compound 3n on a ROD, Synergy Custom system, 

HyPix diffractometer. The crystal was kept at 300.27(10) K during data collection. 

Using Olex2 [1], the structure was solved with the SHELXT [2] structure solution 

program using Intrinsic Phasing and refined with the SHELXL [3] refinement 

package using Least Squares minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, 

H. (2009), J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.
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Crystal structure determination of compound 3n

Crystal Data for C13H10BrF5N2 (M = 369.14 g/mol): monoclinic, space group P2/n 

(no. 13), a = 17.6937(9) Å, b = 4.5126(2) Å, c = 18.7442(10) Å, β = 105.041(5), V = 

1445.35(13) Å3, Z = 4, T = 300.27(10) K, μ(Cu Kα) = 4.376 mm-1, Dcalc = 1.696 

g/cm3, 8115 reflections measured (6.122° ≤ 2Θ ≤ 154.342°), 2870 unique (Rint = 

0.0543, Rsigma = 0.0641) which were used in all calculations. The final R1 was 0.0619 

(I > 2σ(I)) and wR2 was 0.1963 (all data).

Refinement model description

Number of restraints - 24, number of constraints - unknown.

Details:

1. Fixed Uiso

 At 1.2 times of:

  All C(H) groups, All C(H,H) groups

 At 1.5 times of:

  All C(H,H,H) groups

2. Uiso/Uaniso restraints and constraints

Uanis(F4) ≈ Ueq, Uanis(F4B) ≈ Ueq, Uanis(F5) ≈ Ueq, Uanis(F5B)

≈ Ueq: with sigma of 0.004 and sigma for terminal atoms of 0.002

3. Others

 Fixed Sof: F4(0.7) F4B(0.3) F5(0.5) F5B(0.5) H5A(0.5) H5B(0.5)

4.a Ternary CH refined with riding coordinates:

 C5(H5A), C5(H5B)

4.b Aromatic/amide H refined with riding coordinates:

 C2(H2), C6(H6), C12(H12)
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4.c Idealised Me refined as rotating group:

 C3(H3A,H3B,H3C), C11(H11A,H11B,H11C)
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Table S1 Crystal data and structure refinement for compound 
3n.
Identification code compound 3n
Empirical formula C13H10BrF5N2

Formula weight 369.14
Temperature/K 300.27(10)
Crystal system monoclinic
Space group P2/n
a/Å 17.6937(9)
b/Å 4.5126(2)
c/Å 18.7442(10)
α/° 90
β/° 105.041(5)
γ/° 90
Volume/Å3 1445.35(13)
Z 4
ρcalcg/cm3 1.696
μ/mm-1 4.376
F(000) 728.0
Crystal size/mm3 0.15 × 0.06 × 0.05
Radiation Cu Kα (λ = 1.54184)
2Θ range for data collection/° 6.122 to 154.342
Index ranges -22 ≤ h ≤ 21, -5 ≤ k ≤ 2, -23 ≤ l ≤ 23
Reflections collected 8115
Independent reflections 2870 [Rint = 0.0543, Rsigma = 0.0641]
Data/restraints/parameters 2870/24/210
Goodness-of-fit on F2 1.107
Final R indexes [I>=2σ (I)] R1 = 0.0619, wR2 = 0.1805
Final R indexes [all data] R1 = 0.0764, wR2 = 0.1962
Largest diff. peak/hole / e Å-3 0.62/-0.60
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Table S2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for compound 3n. Ueq is defined as 1/3 of the 

trace of the orthogonalised UIJ tensor.
Atomx y z U(eq)
Br1 8698.7(3) 1227.0(15) 6755.0(3) 85.9(3)
F1 4973.6(19) 3181(6) 4349.6(17) 78.0(8)
F2 5571(2) -886(6) 4303(2) 87.3(9)
F3 4567.2(19) 284(8) 3435.9(18) 90.7(9)
F4 5749(4) 4838(14) 1331(3) 108.4(16)
F4B 5674(9) 6870(40) 1485(9) 110(4)
F5 6133(5) 8730(14) 1812(4) 86.0(17)
F5B 6638(6) 8787(15) 2029(5) 96(2)
N1 6486(2) 3380(7) 3741.2(19) 55.6(8)
N2 6787(2) 4588(9) 3213(2) 62.8(9)
C1 5710(2) 2831(8) 3472(2) 52.2(8)
C2 7685(3) 1273(9) 4508(3) 61.1(10)
C3 8950(3) -905(15) 5236(4) 91.1(17)
C4 7312(3) 3422(9) 5777(2) 58.7(9)
C5 6329(4) 5965(12) 1924(3) 75.8(13)
C6 5496(3) 3731(9) 2754(2) 58.9(10)
C7 8201(3) 760(10) 5186(3) 64.5(10)
C8 6190(3) 4802(10) 2626(2) 61.6(10)
C9 8001(3) 1877(10) 5807(2) 59.8(10)
C10 7001(2) 2836(9) 4459(2) 54.9(9)
C11 7098(4) 4572(15) 6450(3) 84.4(15)
C12 6816(3) 3906(9) 5079(2) 58.8(10)
C13 5211(3) 1378(8) 3895(3) 58.0(9)
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Table S3 Anisotropic Displacement Parameters (Å2×103) for compound 3n. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…].

Atom U11 U22 U33 U23 U13 U12

Br1 68.9(4) 109.8(5) 63.3(4) 4.7(3) -10.9(3) 11.2(3)
F1 89(2) 77.7(15) 80.6(19) -10.6(13) 45.4(17) -8.3(14)
F2 93(2) 67.9(14) 99(2) 28.3(14) 21.5(18) -0.8(14)
F3 70.1(18) 126(2) 69.3(19) -5.3(17) 6.8(14) -33.3(17)
F4 115(2) 114(2) 95(2) 8.4(17) 24.7(17) -8.7(17)
F4B 110(4) 113(4) 108(4) 4(2) 29(2) 3(2)
F5 95(2) 81(2) 83(2) 8.1(17) 25.5(18) -0.1(18)
F5B 102(3) 95(2) 94(3) 6.8(18) 31.5(19) -2.2(18)
N1 53.1(18) 68.8(18) 43.2(17) 9.2(14) 9.6(14) 2.8(14)
N2 61(2) 81(2) 48.3(19) 8.3(16) 17.8(16) -0.1(17)
C1 52(2) 55.9(18) 45.8(19) -1.0(16) 8.1(16) 1.7(16)
C2 54(2) 73(2) 56(2) -0.6(19) 13.5(19) 3.1(18)
C3 63(3) 118(4) 88(4) 0(3) 12(3) 29(3)
C4 52(2) 72(2) 47(2) -2.4(17) 4.6(17) 2.4(17)
C5 85(3) 86(3) 55(3) 13(2) 17(2) 14(2)
C6 59(2) 69(2) 46(2) 1.7(17) 7.7(18) 7.2(18)
C7 53(2) 72(2) 66(3) 0(2) 12(2) 5.7(19)
C8 66(3) 68(2) 50(2) 7.9(18) 15.2(19) 10.6(19)
C9 51(2) 72(2) 49(2) 5.4(18) -1.0(17) -0.9(17)
C10 50(2) 63(2) 49(2) 3.6(17) 6.4(17) 1.3(16)
C11 74(3) 122(4) 53(3) -7(3) 8(2) 17(3)
C12 52(2) 72(2) 51(2) 1.3(18) 10.0(18) 8.4(18)
C13 58(2) 55.8(19) 56(2) 4.1(17) 8.7(19) -3.5(16)
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Table S4 Bond Lengths for compound 3n.
Atom Atom Length/Å  Atom Atom Length/Å
Br1 C9 1.905(4)  C1 C6 1.363(6)
F1 C13 1.323(5)  C1 C13 1.483(6)
F2 C13 1.335(5)  C2 C7 1.378(7)
F3 C13 1.332(5)  C2 C10 1.383(6)
F4 C5 1.398(9)  C3 C7 1.506(7)
F4B C5 1.301(16)  C4 C9 1.393(6)
F5 C5 1.297(8)  C4 C11 1.500(7)
F5B C5 1.380(9)  C4 C12 1.390(6)
N1 N2 1.354(5)  C5 C8 1.495(7)
N1 C1 1.357(5)  C6 C8 1.396(7)
N1 C10 1.436(5)  C7 C9 1.395(7)
N2 C8 1.317(6)  C10 C12 1.375(6)

Table S5 Bond Angles for compound 3n.

Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚

N2 N1 C1 110.8(3)  C2 C7 C9 117.2(4)
N2 N1 C10 118.6(3)  C9 C7 C3 122.5(5)
C1 N1 C10 130.7(3)  N2 C8 C5 118.8(4)
C8 N2 N1 104.9(4)  N2 C8 C6 112.4(4)
N1 C1 C6 107.9(4)  C6 C8 C5 128.7(4)
N1 C1 C13 124.6(4)  C4 C9 Br1 117.6(3)
C6 C1 C13 127.5(4)  C4 C9 C7 123.7(4)
C7 C2 C10 120.5(4)  C7 C9 Br1 118.6(3)
C9 C4 C11 123.2(4)  C2 C10 N1 118.8(4)
C12 C4 C9 116.6(4)  C12 C10 N1 119.9(4)
C12 C4 C11 120.1(4)  C12 C10 C2 121.2(4)
F4 C5 C8 108.5(5)  C10 C12 C4 120.7(4)
F4B C5 F5B 93.2(8)  F1 C13 F2 106.6(4)
F4B C5 C8 110.1(8)  F1 C13 F3 106.4(4)
F5 C5 F4 96.4(6)  F1 C13 C1 113.9(3)
F5 C5 C8 112.5(5)  F2 C13 C1 112.5(4)
F5B C5 C8 110.4(5)  F3 C13 F2 106.7(3)
C1 C6 C8 104.0(4)  F3 C13 C1 110.3(4)
C2 C7 C3 120.2(5)      
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Table S6 Torsion Angles for compound 3n.

A B C D Angle/˚  A B C D Angle/˚

F4 C5 C8 N2 154.4(5)  C1 C6 C8 C5 177.0(5)
F4 C5 C8 C6 -22.4(7)  C2 C7 C9 Br1 -179.8(3)
F4B C5 C8 N2 -160.6(9)  C2 C7 C9 C4 1.0(7)
F4B C5 C8 C6 22.7(10)  C2 C10 C12 C4 -0.5(7)
F5 C5 C8 N2 -100.2(7)  C3 C7 C9 Br1 -0.8(7)
F5 C5 C8 C6 83.0(8)  C3 C7 C9 C4 -180.0(5)
F5B C5 C8 N2 -59.1(7)  C6 C1 C13 F1 -102.2(5)
F5B C5 C8 C6 124.2(6)  C6 C1 C13 F2 136.3(4)
N1 N2 C8 C5 -177.7(4)  C6 C1 C13 F3 17.3(6)
N1 N2 C8 C6 -0.5(5)  C7 C2 C10 N1 178.7(4)
N1 C1 C6 C8 0.4(4)  C7 C2 C10 C12 -0.2(7)
N1 C1 C13 F1 80.7(5)  C9 C4 C12 C10 1.4(6)
N1 C1 C13 F2 -40.7(6)  C10 N1 N2 C8 179.6(4)
N1 C1 C13 F3 -159.7(4)  C10 N1 C1 C6 -179.4(4)
N1 C10 C12 C4 -179.4(4)  C10 N1 C1 C13 -1.8(7)
N2 N1 C1 C6 -0.7(5)  C10 C2 C7 C3 -179.1(5)
N2 N1 C1 C13 176.9(4)  C10 C2 C7 C9 0.0(7)
N2 N1 C10 C2 -51.5(5)  C11 C4 C9 Br1 -0.2(6)
N2 N1 C10 C12 127.5(4)  C11 C4 C9 C7 179.0(5)
C1 N1 N2 C8 0.7(5)  C11 C4 C12 C10 -179.3(5)
C1 N1 C10 C2 127.1(5)  C12 C4 C9 Br1 179.1(3)
C1 N1 C10 C12 -53.9(6)  C12 C4 C9 C7 -1.6(7)
C1 C6 C8 N2 0.1(5)  C13 C1 C6 C8 -177.1(4)
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Table S7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for compound 3n.

Atomx y z U(eq)
H2 7797.6 563.3 4081.71 73
H3A 8936.42 -1769.23 4765.03 137
H3B 9007.58 -2442 5600.41 137
H3C 9385.13 436.11 5375.22 137
H5A 6858.97 5559.18 1880.52 91
H5B 6623.46 4606.43 1689.4 91
H6 5002.85 3650.54 2424.58 71
H11
A 6614.97 5649.64 6302.42 127

H11B 7504.56 5862.27 6718.36 127
H11C 7038.78 2939.06 6758.91 127
H12 6354.96 4965.76 5031.12 71

Table S8 Atomic Occupancy for compound 3n.
AtomOccupancy  AtomOccupancy  AtomOccupancy
F4 0.7  F4B 0.3  F5 0.5
F5B 0.5  H5A 0.5  H5B 0.5
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Compound 4j

Thermal ellipsoids are set at a 50% probability level. Crystal data have been deposited 

to CCDC, number 2380999.

Crystallization Details 

The obtained compound 4j (30 mg) was dissolved in THF (0.2 mL) in a NMR tube 

at room temperature. Then petroleum ether (2 mL) was added to the solution slowly 

along the tube wall, resulting in a two-phase mixture. The colorless crystal of 

compound 4j was formed after the two-phase mixture has diffused. 

Experimental

Single crystals of C17H12BrF5N2 [compound 4j] were []. A suitable crystal was 

selected and [] on a XtaLAB Synergy R, DW system, HyPix diffractometer. The 

crystal was kept at 149.99(10) K during data collection. Using Olex2 [1], the structure 

was solved with the SHELXT [2] structure solution program using Intrinsic Phasing 

and refined with the SHELXL [3] refinement package using Least Squares 

minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, 

H. (2009), J. Appl. Cryst. 42, 339-341.

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8.

3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of [compound 4j]

Crystal Data for C17H12BrF5N2 (M = 419.20 g/mol): triclinic, space group P-1 (no. 2), 

a = 7.4520(4) Å, b = 10.0443(4) Å, c = 11.7716(5) Å, α = 86.890(3), β = 73.961(4), γ 

= 70.172(4), V = 795.85(7) Å3, Z = 2, T = 149.99(10) K, μ(Cu Kα) = 4.064 mm-1, 

Dcalc = 1.749 g/cm3, 8425 reflections measured (7.822° ≤ 2Θ ≤ 151.838°), 3125 

unique (Rint = 0.0251, Rsigma = 0.0198) which were used in all calculations. The final 

R1 was 0.0300 (I > 2σ(I)) and wR2 was 0.0750 (all data).

Refinement model description
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Number of restraints - 0, number of constraints - unknown.

Details:

1. Fixed Uiso

 At 1.2 times of:

  All C(H) groups, All C(H,H) groups

2.a Ternary CH refined with riding coordinates:

 C3(H3)

2.b Secondary CH2 refined with riding coordinates:

 C5(H5A,H5B)

2.c Aromatic/amide H refined with riding coordinates:

 C2(H2), C6(H6), C7(H7), C8(H8), C11(H11), C14(H14), C15(H15), C16(H16),

 C17(H17)
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Table S9 Crystal data and structure refinement for compound 4j.
Identification code compound 4j
Empirical formula C17H12BrF5N2

Formula weight 419.20
Temperature/K 149.99(10)
Crystal system triclinic
Space group P-1
a/Å 7.4520(4)
b/Å 10.0443(4)
c/Å 11.7716(5)
α/° 86.890(3)
β/° 73.961(4)
γ/° 70.172(4)
Volume/Å3 795.85(7)
Z 2
ρcalcg/cm3 1.749
μ/mm-1 4.064
F(000) 416.0
Crystal size/mm3 0.18 × 0.15 × 0.12
Radiation Cu Kα (λ = 1.54184)
2Θ range for data collection/° 7.822 to 151.838
Index ranges -8 ≤ h ≤ 9, -12 ≤ k ≤ 12, -14 ≤ l ≤ 14
Reflections collected 8425
Independent reflections 3125 [Rint = 0.0251, Rsigma = 0.0198]
Data/restraints/parameters 3125/0/226
Goodness-of-fit on F2 1.076
Final R indexes [I>=2σ (I)] R1 = 0.0300, wR2 = 0.0748
Final R indexes [all data] R1 = 0.0306, wR2 = 0.0750
Largest diff. peak/hole / e Å-3 0.39/-0.56
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Table S10 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for compound 4j. Ueq is defined as 1/3 of the 
trace of the orthogonalised UIJ tensor.
Atomx y z U(eq)
Br1 2735.6(3) 3553.2(2) 6780.0(2) 25.57(9)
F1 3987.0(17) 9335.9(13) 7659.0(11) 26.0(3)
F2 9209(2) 8349.8(15) 10819.8(12) 34.9(3)
F3 11976.8(18) 7174.9(16) 9581.3(12) 32.7(3)
F4 4684.7(18) 9022.5(14) 9327.4(10) 26.5(3)
F5 5293.8(19) 10697.4(12) 8234.6(11) 27.0(3)
N1 7535(2) 6868.5(17) 7962.2(14) 17.4(3)
N2 8340(2) 6463.0(18) 8909.9(14) 18.5(3)
C1 6413(3) 6106(2) 7700.1(16) 16.2(4)
C2 9631(4) 8567(3) 3844.1(19) 29.1(5)
C3 10084(3) 7200(2) 10054.1(18) 20.8(4)
C4 8141(3) 8451(2) 6289.3(16) 16.8(4)
C5 8879(3) 8580(2) 8271.6(18) 20.6(4)
C6 7345(3) 9652(2) 5698.2(18) 21.5(4)
C7 8089(3) 9698(2) 4483.4(19) 26.7(5)
C8 5611(3) 6449(2) 6732.7(17) 18.2(4)
C9 4223(3) 4584(2) 7166.0(17) 18.4(4)
C10 9068(3) 7386(2) 9099.6(17) 18.4(4)
C11 9705(3) 7311(2) 5639.1(18) 21.7(4)
C12 7447(3) 8329(2) 7628.4(16) 16.2(4)
C13 5327(3) 9352(2) 8208.8(17) 19.9(4)
C14 6121(3) 4978(2) 8380.1(17) 18.0(4)
C15 10439(3) 7371(3) 4429(2) 28.2(5)
C16 4503(3) 5696(2) 6479.5(17) 19.4(4)
C17 5034(3) 4216(2) 8114.0(18) 20.3(4)
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Table S11 Anisotropic Displacement Parameters (Å2×103) for compound 4j. The 
Anisotropic displacement factor exponent takes the form: -
2π2[h2a*2U11+2hka*b*U12+…].
Atom U11 U22 U33 U23 U13 U12

Br1 30.21(14) 24.72(14) 28.68(14) 4.02(9) -12.24(10) -15.06(10)
F1 19.9(6) 30.7(7) 23.9(6) -5.8(5) -10.0(5) 0.0(5)
F2 35.3(7) 42.0(8) 21.7(6) -10.0(6) -11.3(5) -1.3(6)
F3 18.1(6) 48.1(8) 30.4(7) 1.5(6) -10.3(5) -6.3(6)
F4 26.4(6) 33.5(7) 14.7(6) -0.1(5) -2.5(5) -6.3(5)
F5 33.5(7) 17.1(6) 26.0(6) -3.2(5) -10.2(5) -0.7(5)
N1 23.2(8) 17.8(8) 14.8(8) 6.0(6) -11.3(6) -7.2(6)
N2 19.8(8) 21.0(8) 13.7(8) 4.1(6) -9.0(6) -2.7(6)
C1 16.2(8) 16.4(9) 13.1(8) -0.8(7) -3.1(7) -2.4(7)
C2 35.7(12) 46.4(14) 14.7(9) 4.5(9) -6.1(9) -26.8(11)
C3 20.6(9) 24.1(10) 18.0(9) 2.9(8) -9.2(8) -5.1(8)
C4 18.8(9) 19.6(9) 13.8(9) 3.0(7) -6.7(7) -7.5(7)
C5 24.6(10) 21.4(10) 19.5(9) 4.5(8) -12.9(8) -7.6(8)
C6 25.2(10) 20.6(10) 20.3(10) 5.3(8) -10.9(8) -6.7(8)
C7 34.6(11) 34.0(12) 21.1(10) 11.9(9) -16.5(9) -18.1(10)
C8 22.7(9) 18.3(9) 13.9(9) 3.2(7) -6.8(7) -6.2(7)
C9 18.2(9) 18.5(9) 19.2(9) -1.7(7) -4.4(7) -7.2(7)
C10 18.2(9) 21.4(9) 14.8(9) 2.5(7) -7.2(7) -3.9(7)
C11 19.3(9) 22.9(10) 22.2(10) 2.2(8) -6.1(8) -6.0(8)
C12 19.6(9) 15.0(9) 14.2(9) 2.8(7) -7.3(7) -4.5(7)
C13 23.4(9) 20.1(9) 15.0(9) -0.4(7) -7.5(7) -3.8(8)
C14 18.6(9) 18.7(9) 14.9(9) 2.8(7) -5.5(7) -3.4(7)
C15 24.1(10) 35.6(12) 23.5(11) -6.1(9) 0.9(8) -13.1(9)
C16 20.9(9) 20.9(9) 15.4(9) 1.2(7) -6.5(7) -4.7(8)
C17 21.1(9) 19.1(9) 19.1(9) 4.3(7) -3.9(8) -6.7(7)
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Table S12 Bond Lengths for compound 4j.
Atom Atom Length/Å  Atom Atom Length/Å
Br1 C9 1.9007(19)  C3 C10 1.490(3)
F1 C13 1.336(2)  C4 C6 1.394(3)
F2 C3 1.360(2)  C4 C11 1.397(3)
F3 C3 1.358(2)  C4 C12 1.529(3)
F4 C13 1.336(2)  C5 C10 1.498(3)
F5 C13 1.345(2)  C5 C12 1.557(3)
N1 N2 1.388(2)  C6 C7 1.388(3)
N1 C1 1.408(3)  C8 C16 1.388(3)
N1 C12 1.483(2)  C9 C16 1.383(3)
N2 C10 1.278(3)  C9 C17 1.387(3)
C1 C8 1.402(3)  C11 C15 1.384(3)
C1 C14 1.395(3)  C12 C13 1.548(3)
C2 C7 1.381(4)  C14 C17 1.388(3)
C2 C15 1.388(3)     
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Table S13 Bond Angles for compound 4j.
Atom Atom Atom Angle/˚  Atom Atom Atom Angle/˚
N2 N1 C1 118.18(15)  N2 C10 C3 120.32(18)
N2 N1 C12 111.54(15)  N2 C10 C5 114.85(17)
C1 N1 C12 127.07(15)  C3 C10 C5 124.79(18)
C10 N2 N1 108.63(16)  C15 C11 C4 120.5(2)
C8 C1 N1 120.47(17)  N1 C12 C4 112.39(15)
C14 C1 N1 120.61(17)  N1 C12 C5 101.33(14)
C14 C1 C8 118.91(18)  N1 C12 C13 108.40(15)
C7 C2 C15 119.3(2)  C4 C12 C5 112.08(16)
F2 C3 C10 109.87(16)  C4 C12 C13 113.71(15)
F3 C3 F2 104.96(17)  C13 C12 C5 108.13(15)
F3 C3 C10 109.54(16)  F1 C13 F5 107.00(16)
C6 C4 C11 118.80(18)  F1 C13 C12 113.87(16)
C6 C4 C12 123.47(18)  F4 C13 F1 106.99(16)
C11 C4 C12 117.69(17)  F4 C13 F5 107.12(16)
C10 C5 C12 101.00(15)  F4 C13 C12 110.45(16)
C7 C6 C4 120.2(2)  F5 C13 C12 111.08(17)
C2 C7 C6 120.8(2)  C17 C14 C1 120.64(18)
C16 C8 C1 120.25(18)  C11 C15 C2 120.4(2)
C16 C9 Br1 119.02(15)  C9 C16 C8 120.03(18)
C16 C9 C17 120.44(18)  C9 C17 C14 119.72(18)
C17 C9 Br1 120.54(15)      
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Table S14 Torsion Angles for compound 4j.
A B C D Angle/˚  A B C D Angle/˚
Br1 C9 C16 C8 -178.94(14)  C4 C12 C13 F5 -72.2(2)
Br1 C9 C17 C14 179.80(14)  C5 C12 C13 F1 173.85(16)
F2 C3 C10 N2 -123.6(2)  C5 C12 C13 F4 -65.7(2)
F2 C3 C10 C5 58.9(3)  C5 C12 C13 F5 53.0(2)
F3 C3 C10 N2 121.6(2)  C6 C4 C11 C15 -0.5(3)
F3 C3 C10 C5 -55.9(3)  C6 C4 C12 N1 146.01(18)
N1 N2 C10 C3 -178.43(17)  C6 C4 C12 C5 -100.6(2)
N1 N2 C10 C5 -0.7(2)  C6 C4 C12 C13 22.4(3)
N1 C1 C8 C16 -179.86(17)  C7 C2 C15 C11 0.2(3)
N1 C1 C14 C17 -179.27(17)  C8 C1 C14 C17 -0.8(3)
N1 C12 C13 F1 -77.1(2)  C10 C5 C12 N1 -14.57(18)
N1 C12 C13 F4 43.3(2)  C10 C5 C12 C4 -134.60(16)
N1 C12 C13 F5 162.05(15)  C10 C5 C12 C13 99.28(17)
N2 N1 C1 C8 -178.30(17)  C11 C4 C6 C7 0.6(3)
N2 N1 C1 C14 0.2(3)  C11 C4 C12 N1 -36.4(2)
N2 N1 C12 C4 135.75(16)  C11 C4 C12 C5 77.0(2)
N2 N1 C12 C5 15.94(19)  C11 C4 C12 C13 -159.98(17)
N2 N1 C12 C13 -97.71(17)  C12 N1 N2 C10 -10.3(2)
C1 N1 N2 C10 -171.56(17)  C12 N1 C1 C8 23.7(3)
C1 N1 C12 C4 -65.1(2)  C12 N1 C1 C14 -157.80(18)
C1 N1 C12 C5 175.11(17)  C12 C4 C6 C7 178.25(19)
C1 N1 C12 C13 61.5(2)  C12 C4 C11 C15 -178.22(19)
C1 C8 C16 C9 -1.4(3)  C12 C5 C10 N2 10.4(2)
C1 C14 C17 C9 -0.3(3)  C12 C5 C10 C3 -172.01(18)
C4 C6 C7 C2 -0.4(3)  C14 C1 C8 C16 1.6(3)
C4 C11 C15 C2 0.1(3)  C15 C2 C7 C6 0.0(3)
C4 C12 C13 F1 48.7(2)  C16 C9 C17 C14 0.5(3)
C4 C12 C13 F4 169.10(16)  C17 C9 C16 C8 0.4(3)
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Table S15 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 
Parameters (Å2×103) for compound 4j.
Atomx y z U(eq)
H2 10133.47 8605.98 3012.89 35
H3 10061.5 6313.65 10479.18 25
H5A 10174.86 8510.79 7711.31 25
H5B 8295.64 9512.39 8706.14 25
H6 6289.84 10440.16 6127.73 26
H7 7531.42 10518.36 4087.01 32
H8 5826.72 7198.54 6248.87 22
H11 10269.75 6488.32 6030.96 26
H14 6671.22 4728.6 9031.7 22
H15 11502.01 6588.99 3995.62 34
H16 3936.29 5945.75 5834.31 23
H17 4847.28 3445.91 8579.08 24


