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Figure S1. 1H NMR spectrum of 1 (Me2CO-d6, 500 MHz) 



Figure S2. 1H NMR spectrum of 1 (CD3OD, 500 MHz) 



Figure S3. Crystal Structure of 1

2, 3, 4, 5-tetrabromo-6-(3ʹ, 5ʹ-dibromo-2ʹ-hydroxyphenoxy) phenol



Identification code 180726irai

Empirical formula C12H6Br6O4

Formula weight 693.63

Temperature/K 123.15

Crystal system monoclinic

Space group P21/n

a/Å 4.74979(10)

b/Å 18.7360(3)

c/Å 18.3463(4)

α/° 90

β/° 91.6135(19)

γ/° 90

Volume/Å3 1632.02(6)

Z 4

ρcalcg/cm3 2.823

μ/mm-1 14.772

F(000) 1280.0

Crystal size/mm3 0.281 × 0.279 × 0.221

Radiation MoKα (λ = 0.71073)

2Θ range for data collection/° 3.108 to 62.354

Index ranges -6 ≤ h ≤ 6, -25 ≤ k ≤ 25, -26 ≤ l ≤ 25

Reflections collected 20780

Independent reflections 4898 [Rint = 0.0374, Rsigma = 0.0252]

Data/restraints/parameters 4898/0/208

Goodness-of-fit on F2 1.086

Final R indexes [I>=2σ (I)] R1 = 0.0435, wR2 = 0.1179

Final R indexes [all data] R1 = 0.0526, wR2 = 0.1269

Largest diff. peak/hole / e Å-3 1.42/-0.77

Table S1. Crystal Data & Structure Refinement for 1



Atom x y z U(eq)

Br01 -227.5(9) 8111.4(2) 6204.8(3) 34.75(12)

Br02 7616.6(9) 6700.4(2) 8071.2(3) 34.93(12)

Br03 -790.8(10) 3995.6(3) 7420.9(3) 34.86(12)

Br04 -89.4(10) 4628.6(2) 9099.8(2) 34.71(12)

Br05 6901.4(10) 6977.5(3) 4062.1(3) 36.74(13)

Br06 4059.1(11) 5999.0(3) 9432.1(3) 37.98(13)

O00A 6453(6) 5900.9(16) 6644.2(17) 29.8(6)

O007 8319(7) 5945.1(17) 5269.5(19) 34.9(7)

O008 2752(7) 4874.0(18) 6353.4(17) 33.3(6)

C00B 2409(9) 7428(2) 5905(2) 30.4(8)

C00C 5445(9) 6955(2) 5004(3) 31.1(8)

C00D 5283(9) 6417(2) 6184(2) 29.1(8)

C00E 3283(9) 6900(2) 6398(3) 31.4(8)

C00F 2945(9) 5093(2) 7060(2) 28.8(8)

C00G 6383(9) 6428(2) 5484(2) 29.7(8)

C00H 3461(9) 7463(2) 5213(3) 32.7(9)

C00I 4826(9) 5659(2) 7212(2) 29.7(8)

C00J 1528(9) 4788(2) 7626(2) 29.3(8)

C00K 3673(9) 5619(2) 8478(2) 30.9(8)

C00L 5196(9) 5926(2) 7910(2) 29.6(8)

C00M 1877(9) 5049(2) 8338(2) 31.0(8)

O009 7827(7) 4570.4(18) 5686.3(19) 33.8(7)

Table S2. Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement
Parameters (Å2×103) for 1. Ueq is defined as 1/3 of the trace of the 
orthogonalized UIJ tensor.



Atom U11 U22 U33 U23 U13 U12

Br01 31.5(2) 30.9(2) 42.1(3) -1.96(17) 6.89(17) 4.77(16)

Br02 33.7(2) 33.4(2) 37.9(2) -2.53(17) 4.49(17) -4.54(17)

Br03 36.4(2) 34.0(2) 34.4(2) -0.82(16) 6.55(17) -7.00(17)

Br04 38.1(2) 35.6(2) 30.9(2) 1.45(16) 9.31(17) -2.63(17)

Br05 44.1(3) 34.4(2) 32.3(2) 2.96(16) 10.48(18) 4.25(18)

Br06 43.6(3) 38.1(3) 32.4(2) -3.13(17) 5.03(18) -4.09(19)

O00A 26.9(14) 30.5(14) 32.2(15) 2.5(12) 6.2(11) 1.3(11)

O007 39.7(17) 29.3(15) 36.2(17) 1.9(12) 12.3(13) 4.3(13)

O008 30.4(15) 36.2(16) 33.5(16) -1.4(13) 3.7(12) -4.4(13)

C00B 25.9(18) 29(2) 37(2) -2.7(16) 4.4(15) 1.9(15)

C00C 32(2) 29(2) 33(2) -1.1(16) 6.9(16) -0.1(16)

C00D 26.7(18) 28.7(19) 32(2) 1.2(15) 4.0(15) -2.0(15)

C00E 29.5(19) 32(2) 33(2) -2.3(16) 7.3(16) -3.5(16)

C00F 28.2(18) 29.7(19) 28.6(19) -2.4(15) 5.7(15) 2.8(15)

C00G 30.0(19) 26.3(18) 33(2) -2.4(15) 5.7(15) -1.0(15)

C00H 32(2) 32(2) 34(2) 3.7(17) 4.3(16) -0.1(17)

C00I 26.7(18) 29.4(19) 33(2) 3.7(16) 6.2(15) 1.4(15)

C00J 28.6(18) 27.6(19) 32(2) 1.2(15) 2.8(15) -0.5(15)

C00K 33(2) 32(2) 27.5(19) -1.5(16) 4.4(15) 1.6(17)

C00L 26.0(18) 26.6(19) 36(2) -1.1(16) 2.6(15) -0.4(15)

C00M 31(2) 31(2) 32(2) 2.2(16) 7.2(16) 3.7(16)

O009 32.8(16) 33.0(16) 36.0(17) -4.2(13) 9.6(13) -1.7(13)

Table S3. Anisotropic Displacement Parameters (Å2×103) for 1.                                                  
The anisotropic displacement factor exponent takes the form: 
-2π2[h2a*2U11+2hka*b*U12+…]



Atom Atom Length/Å

Br01 C00B 1.884(4)

Br02 C00L 1.869(4)

Br03 C00J 1.881(4)

Br04 C00M 1.876(4)

Br05 C00C 1.880(5)

Br06 C00K 1.893(4)

O00A C00D 1.389(5)

O00A C00I 1.390(5)

O007 C00G 1.357(5)

O008 C00F 1.361(5)

C00B C00E 1.396(6)

C00B C00H 1.380(6)

C00C C00G 1.387(6)

C00C C00H 1.400(6)

C00D C00E 1.378(6)

C00D C00G 1.400(6)

C00F C00I 1.410(6)

C00F C00J 1.377(6)

C00I C00L 1.382(6)

C00J C00M 1.400(6)

C00K C00L 1.408(6)

C00K C00M 1.386(6)
5 of 30

Table S4. Bond Lengths for 1



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

C00D O00A C00I 117.5(3) C00B C00H C00C 118.9(4)

C00E C00B Br01 118.7(3) O00A C00I C00F 117.4(4)

C00H C00B Br01 119.8(3) C00L C00I O00A 121.2(4)

C00H C00B C00E 121.5(4) C00L C00I C00F 121.2(4)

C00G C00C Br05 118.6(3) C00F C00J Br03 118.2(3)

C00G C00C C00H 121.1(4) C00F C00J C00M 120.8(4)

C00H C00C Br05 120.3(3) C00M C00J Br03 121.1(3)

O00A C00D C00G 114.6(4) C00L C00K Br06 119.5(3)

C00E C00D O00A 123.4(4) C00M C00K Br06 120.3(3)

C00E C00D C00G 122.0(4) C00M C00K C00L 120.3(4)

C00D C00E C00B 118.4(4) C00I C00L Br02 119.2(3)

O008 C00F C00I 116.1(4) C00I C00L C00K 118.9(4)

O008 C00F C00J 124.9(4) C00K C00L Br02 121.8(3)

C00J C00F C00I 118.9(4) C00J C00M Br04 120.0(3)

O007 C00G C00C 120.0(4) C00K C00M Br04 120.2(3)

O007 C00G C00D 121.9(4) C00K C00M C00J 119.9(4)

C00C C00G C00D 118.1(4)

Table S5. Bond Angles for 1



A B C D Angle/˚ A B C D Angle/˚

Br01 C00B C00E C00D -177.8(3) C00E C00B C00H C00C 0.1(7)

Br01 C00B C00H C00C 179.2(3) C00E C00D C00G O007 -178.9(4)

Br03 C00J C00M Br04 -2.3(5) C00E C00D C00G C00C 1.3(7)

Br03 C00J C00M C00K 177.8(3) C00F C00I C00L Br02 -177.7(3)

Br05 C00C C00G O007 0.2(6) C00F C00I C00L C00K 0.5(7)

Br05 C00C C00G C00D -179.9(3) C00F C00J C00M Br04 179.7(3)

Br05 C00C C00H C00B 179.3(3) C00F C00J C00M C00K -0.2(7)

Br06 C00K C00L Br02 0.3(5) C00G C00C C00H C00B -0.8(7)

Br06 C00K C00L C00I -177.9(3) C00G C00D C00E C00B -2.0(7)

Br06 C00K C00M Br04 -2.2(5) C00H C00B C00E C00D 1.3(7)

Br06 C00K C00M C00J 177.7(3) C00H C00C C00G O007 -179.6(4)

O00A C00D C00E C00B 175.4(4) C00H C00C C00G C00D 0.2(7)

O00A C00D C00G O007 3.5(6) C00I O00A C00D C00E 27.7(6)

O00A C00D C00G C00C -176.3(4) C00I O00A C00D C00G -154.8(4)

O00A C00I C00L Br02 7.4(6) C00I C00F C00J Br03 -176.1(3)

O00A C00I C00L C00K -174.4(4) C00I C00F C00J C00M 1.9(6)

O008 C00F C00I O00A -4.9(6) C00J C00F C00I O00A 173.0(4)

O008 C00F C00I C00L -180.0(4) C00J C00F C00I C00L -2.1(6)

O008 C00F C00J Br03 1.6(6) C00L C00K C00M Br04 178.7(3)

O008 C00F C00J C00M 179.6(4) C00L C00K C00M C00J -1.5(7)

C00D O00A C00I C00F 86.5(5) C00M C00K C00L Br02 179.4(3)

C00D O00A C00I C00L -98.5(5) C00M C00K C00L C00I 1.3(7)

Table S6. Torsion Angles for 1



Atom x y z U(eq)

H007 8230 5579 5532 52

H008 1318 4616 6292 50

H00E 2518 6874 6871 38

H00H 2849 7826 4883 39

H00A 6146 4500 5816 51

H00B 8140(110) 4250(30) 5380(30) 31(13)

Table S7. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement
Parameters (Å2×103) for 1



Table S8. Refinement Model Description of 1

Number of restraints - 0, number of constraints - unknown.

Details:

1. Fixed Uiso

At 1.2 times of: All C(H) groups

At 1.5 times of: All O(H) groups

2a. Free rotating group: O009(H00A)

2b. Aromatic/amide H refined with riding coordinates: C00E(H00E), C00H(H00H)

2c. Idealized tetrahedral OH refined as rotating group: O007(H007), O008(H008)



Table S9.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 1



Figure S4. HOMO-LUMO of 1

1

HOMO 1                                               LUMO 1



Figure S5. Calculated 13C NMR Chemical Shift of 1



Figure S6. 1H NMR spectrum of 2 (Me2CO-d6, 500 MHz) 



Table S10.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 2



2

HOMO 2                                       LUMO 2

Figure S7. HOMO-LUMO of 2



Figure S8. Calculated 13C NMR Chemical Shift of 2



Figure S9. 1H NMR spectrum of 3 (CDCl3, 500 MHz) 



Table S11.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 3



3

HOMO 3                                              LUMO 3

Figure S10. HOMO-LUMO of 3



Figure S11. Calculated 13C NMR Chemical Shift of 3



Figure S12. 1H NMR spectrum of 4 (Me2CO-d6, 500 MHz) 



Table S12.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 4



4

HOMO 4                                          LUMO 4

Figure S13. HOMO-LUMO of 4



Figure S14. Calculated 13C NMR Chemical Shift of 4



Figure S15. 1H NMR spectrum of 5 (CDCl3, 500 MHz) 



Table S13.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 5



5

HOMO 5                                          LUMO 5

Figure S16. HOMO-LUMO of 5



Figure S17. Calculated 13C NMR Chemical Shift of 5



Figure S18. 1H NMR spectrum of 6 (Me2CO-d6, 500 MHz) 



Figure S19. 13C NMR spectrum of 6 (Me2CO-d6, 500 MHz) 



Figure S20. 1H-13C HSQC spectrum of 6 (Me2CO-d6, 500 MHz) 



Figure S21. 1H-13C HMBC spectrum of 6 (Me2CO-d6, 500 MHz) 



Figure S22. HREIMS of 6



Table S14.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 6



6

HOMO 6                                          LUMO 6

Figure S23. HOMO-LUMO of 6



Figure S24. Calculated 13C NMR Chemical Shift of 6



Figure S25. 1H NMR spectrum of 7 (Me2CO-d6, 500 MHz) 



Figure S26. HRESIMS of 7

[M+H]+



Table S15.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 7



7

HOMO 7                                          LUMO 7

Figure S27. HOMO-LUMO of 7



Figure S28. Calculated 13C NMR Chemical Shift of 7



Figure S29. 1H NMR spectrum of 8 (CDCl3, 500 MHz) 



Figure S30. HRESIMS of 8

[M+H]+



Figure S31. Crystal Structure of 8

2,3,4,5-tetrabromo-6-(3',5'-dibromo-2'-methoxyphenoxy) anisole 



Identification code 190412irai-TN-2-1

Empirical formula C14H8Br6O3

Formula weight 703.66

Temperature/K 113

Crystal system triclinic

Space group P-1

a/Å 8.733(3)

b/Å 8.911(3)

c/Å 12.769(4)

α/° 104.185(4)

β/° 100.011(3)

γ/° 101.892(3)

Volume/Å3 916.0(5)

Z 2

ρcalcg/cm3 2.551

μ/mm-1 13.158

F(000) 652.0

Crystal size/mm3 0.317 × 0.229 × 0.21

Radiation MoKα (λ = 0.71075)

2Θ range for data collection/° 6.588 to 54.968

Index ranges -10 ≤ h ≤ 11, -11 ≤ k ≤ 11, -15 ≤ l ≤ 16

Reflections collected 7554

Independent reflections 4046 [Rint = 0.0369, Rsigma = 0.0427]

Data/restraints/parameters 4046/3/210

Goodness-of-fit on F2 1.088

Final R indexes [I>=2σ (I)] R1 = 0.0422, wR2 = 0.0964

Final R indexes [all data] R1 = 0.0472, wR2 = 0.0997

Largest diff. peak/hole / e Å-3 1.42/-1.20

Table S16. Crystal Data & Structure Refinement for 8



Atom x y z U(eq)

Br01 2276.2(7) 1367.2(7) 10563.0(4) 28.28(14)

Br02 7526.5(6) 3871.0(7) 8927.1(4) 25.11(13)

Br03 2872.1(8) 3874.3(7) 3447.4(4) 33.07(15)

Br04 3773.5(8) 9527.4(6) 7030.9(5) 36.51(16)

Br05 1413.9(9) 1719.4(7) 5016.7(5) 39.38(17)

Br06 3877.1(9) 7832.3(7) 4419.8(5) 36.83(16)

O007 394(4) 2350(4) 8712(3) 20.7(7)

O008 1522(4) 3791(4) 7275(3) 21.4(7)

O009 2645(5) 7055(5) 8153(3) 28.2(8)

C00A 2004(6) 2697(6) 8750(4) 16.8(9)

C00B 5293(6) 3424(5) 8861(4) 18.2(9)

C00C 4734(6) 2704(6) 9618(4) 20.8(10)

C00D 4274(6) 3806(6) 8068(4) 17.8(9)

C00E 3078(6) 2350(6) 9543(4) 18.4(9)

C00F 2663(6) 3457(6) 8034(4) 18.3(9)

C00G 2705(6) 4899(6) 4885(4) 24.4(11)

C00H 2594(6) 6365(6) 7068(4) 20.4(10)

C00I 3110(6) 7292(6) 6400(4) 23.2(10)

C00J -555(6) 1008(6) 7776(4) 26.0(11)

C00K 2103(6) 4710(6) 6627(4) 19.8(10)

C00L 2141(6) 3969(6) 5543(4) 23.2(10)

C00M 3146(6) 6553(6) 5305(4) 22.9(10)

C00N 1244(9) 7187(8) 8383(4) 40.6(16)

Table S17. Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement
Parameters (Å2×103) for 8. Ueq is defined as 1/3 of the trace of the
orthogonalized UIJ tensor.



Table S18. Anisotropic Displacement Parameters (Å2×103) for 8. The anisotropic 
displacement factor exponent takes the form:                               
-2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12

Br01 29.0(3) 35.4(3) 23.5(3) 16.9(2) 9.2(2) 2.7(2)

Br02 15.9(2) 32.0(3) 26.8(3) 8.9(2) 5.92(19) 3.8(2)

Br03 42.7(3) 28.1(3) 21.7(3) 4.5(2) 6.5(2) -1.0(2)

Br04 52.9(4) 15.5(3) 37.7(3) 4.4(2) 15.4(3) 1.6(2)

Br05 56.5(4) 17.4(3) 36.1(3) 4.3(2) 12.5(3) -5.0(3)

Br06 57.8(4) 23.9(3) 30.2(3) 15.1(2) 14.4(3) 1.7(3)

O007 14.4(16) 24.4(18) 22.8(18) 6.5(14) 6.6(13) 2.1(14)

O008 18.0(16) 24.4(18) 24.9(18) 15.2(15) 4.4(14) 3.2(14)

O009 33(2) 27(2) 17.9(17) 4.4(15) 2.2(15) 0.4(16)

C00A 14(2) 17(2) 19(2) 3.8(18) 6.5(17) 3.1(17)

C00B 18(2) 14(2) 21(2) 2.8(18) 3.1(18) 1.8(18)

C00C 18(2) 21(2) 20(2) 3.2(19) 0.0(19) 4.0(19)

C00D 19(2) 16(2) 17(2) 5.3(18) 7.3(18) 0.4(18)

C00E 22(2) 19(2) 14(2) 5.4(18) 4.6(18) 3.3(19)

C00F 21(2) 14(2) 20(2) 6.7(18) 5.2(19) 2.9(18)

C00G 29(3) 23(3) 19(2) 8(2) 3(2) 3(2)

C00H 18(2) 21(2) 19(2) 5.2(19) 1.1(18) 2.0(19)

C00I 27(3) 16(2) 22(2) 5.8(19) 0(2) 2(2)

C00J 20(2) 24(3) 29(3) 6(2) 2(2) 1(2)

C00K 17(2) 23(2) 20(2) 13(2) 1.5(18) 2.0(19)

C00L 26(3) 13(2) 27(3) 5.8(19) 3(2) 1.6(19)

C00M 27(3) 22(2) 18(2) 9(2) 5(2) 0(2)

C00N 76(4) 42(3) 13(2) 6(2) 2(3) 44(3)



Table S19. Bond Lengths for 8
Atom Atom Length/Å

Br01 C00E 1.891(5)

Br02 C00B 1.891(5)

Br03 C00G 1.885(5)

Br04 C00I 1.878(5)

Br05 C00L 1.882(5)

Br06 C00M 1.889(5)

O007 C00A 1.366(6)

O007 C00J 1.447(6)

O008 C00F 1.396(6)

O008 C00K 1.385(6)

O009 C00H 1.359(6)

O009 C00N 1.329(8)

C00A C00E 1.394(7)

C00A C00F 1.397(7)

C00B C00C 1.387(7)

C00B C00D 1.384(7)

C00C C00E 1.396(7)

C00D C00F 1.368(7)

C00G C00L 1.397(7)

C00G C00M 1.383(7)

C00H C00I 1.392(7)

C00H C00K 1.387(7)

C00I C00M 1.401(7)

C00K C00L 1.390(7)



Table S20. Bond Angles for 8

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

C00A O007 C00J 113.6(4) C00M C00G Br03 121.3(4)

C00K O008 C00F 116.9(4) C00M C00G C00L 119.4(5)

C00N O009 C00H 115.8(4) O009 C00H C00I 120.9(5)

O007 C00A C00E 120.7(4) O009 C00H C00K 120.1(5)

O007 C00A C00F 122.4(4) C00K C00H C00I 118.9(5)

C00E C00A C00F 116.9(4) C00H C00I Br04 117.6(4)

C00C C00B Br02 118.0(4) C00H C00I C00M 120.1(5)

C00D C00B Br02 119.8(4) C00M C00I Br04 122.2(4)

C00D C00B C00C 122.2(5) O008 C00K C00H 119.0(4)

C00B C00C C00E 117.3(4) O008 C00K C00L 119.8(5)

C00F C00D C00B 118.5(5) C00H C00K C00L 121.2(5)

C00A C00E Br01 119.2(4) C00G C00L Br05 122.4(4)

C00A C00E C00C 122.5(5) C00K C00L Br05 117.8(4)

C00C C00E Br01 118.3(4) C00K C00L C00G 119.7(5)

O008 C00F C00A 113.7(4) C00G C00M Br06 120.1(4)

C00D C00F O008 123.7(4) C00G C00M C00I 120.5(5)

C00D C00F C00A 122.6(4) C00I C00M Br06 119.4(4)

C00L C00G Br03 119.3(4)



Table S21. Torsion Angles for 8

A B C D Angle/˚ A B C D Angle/˚

Br02 C00B C00C C00E -178.6(3) C00E C00A C00F O008 -179.0(4)

Br02 C00B C00D C00F 179.5(3) C00E C00A C00F C00D 2.2(7)

Br03 C00G C00L Br05 -3.9(6) C00F O008 C00K C00H -82.3(6)

Br03 C00G C00L C00K 176.2(4) C00F O008 C00K C00L 99.6(5)

Br03 C00G C00M Br06 1.8(6) C00F C00A C00E Br01 178.5(3)

Br03 C00G C00M C00I -176.0(4) C00F C00A C00E C00C -1.3(7)

Br04 C00I C00M Br06 -0.3(6) C00H C00I C00M Br06 -179.2(4)

Br04 C00I C00M C00G 177.5(4) C00H C00I C00M C00G -1.4(8)

O007 C00A C00E Br01 0.7(6) C00H C00K C00L Br05 -179.0(4)

O007 C00A C00E C00C -179.2(4) C00H C00K C00L C00G 1.0(8)

O007 C00A C00F O008 -1.2(6) C00I C00H C00K O008 -177.1(4)

O007 C00A C00F C00D -180.0(4) C00I C00H C00K C00L 1.0(7)

O008 C00K C00L Br05 -0.8(6) C00J O007 C00A C00E -107.6(5)

O008 C00K C00L C00G 179.1(4) C00J O007 C00A C00F 74.6(6)

O009 C00H C00I Br04 -3.1(7) C00K O008 C00F C00A 172.6(4)

O009 C00H C00I C00M 175.9(5) C00K O008 C00F C00D -8.6(7)

O009 C00H C00K O008 6.2(7) C00K C00H C00I Br04 -179.7(4)

O009 C00H C00K C00L -175.7(5) C00K C00H C00I C00M -0.8(8)

C00B C00C C00E Br01 -180.0(3) C00L C00G C00M Br06 -178.9(4)

C00B C00C C00E C00A -0.1(7) C00L C00G C00M C00I 3.3(8)

C00B C00D C00F O008 179.8(4) C00M C00G C00L Br05 176.8(4)

C00B C00D C00F C00A -1.6(7) C00M C00G C00L C00K -3.1(8)

C00C C00B C00D C00F 0.0(7) C00N O009 C00H C00I 103.5(6)

C00D C00B C00C C00E 0.9(7) C00N O009 C00H C00K -79.9(6)



Atom x y z U(eq)

H00C 5433.13 2465.87 10153.75 25

H00D 4675.83 4290.02 7569.01 21

H00A -447.93 1253.01 7096.84 39

H00B -1665.7 805.46 7809.42 39

H00E -180.51 73.77 7800.72 39

H00F 812.91 7854.42 7989.34 61

H00G 1400.96 7657.17 9167.9 61

H00H 504.42 6142.63 8158.12 61

Table S22. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement
Parameters (Å2×103) for 8



Table S23. Refinement Model Description of 8

Number of restraints - 3, number of constraints - unknown.

Details:

1. Fixed Uiso

At 1.2 times of: All C(H) groups

At 1.5 times of: All C(H,H,H) groups

2. Rigid body (RIGU) restrains O009, C00N with sigma for 1-2 distances of 0.004 and sigma for 1-3 

distances of 0.004

3.a Aromatic/amide H refined with riding coordinates: C00C(H00C), C00D(H00D)

3.b Idealized Me refined as rotating group: C00J(H00A,H00B,H00E), C00N(H00F,H00G,H00H)



Table S24.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 8



Figure S32. HOMO-LUMO of 8

8

HOMO 8                                          LUMO 8



Figure S33. Calculated 13C NMR Chemical Shift of 8



Figure S34. 1H NMR spectrum of 9 (CDCl3, 500 MHz) 



Figure S35. HRESIMS of 9

[M+H]+



Figure S36. Crystal Structure of 9

2,3,4,5-tetrabromo-6-(3',5'-dibromo-2'-methoxyphenoxy) anisole 



Identification code 190412irai-TN-7

Empirical formula C14H9Br5O3

Formula weight 624.76

Temperature/K 113.15

Crystal system orthorhombic

Space group Pca21

a/Å 6.9014(15)

b/Å 11.940(3)

c/Å 21.090(5)

α/° 90

β/° 90

γ/° 90

Volume/Å3 1737.9(7)

Z 4

ρcalcg/cm3 2.388

μ/mm-1 11.569

F(000) 1168.0

Crystal size/mm3 0.26 × 0.11 × 0.06

Radiation MoKα (λ = 0.71075)

2Θ range for data collection/° 6.82 to 54.952

Index ranges -8 ≤ h ≤ 8, -15 ≤ k ≤ 15, -27 ≤ l ≤ 22

Reflections collected 17770

Independent reflections 3584 [Rint = 0.0623, Rsigma = 0.0509]

Data/restraints/parameters 3584/1/201

Goodness-of-fit on F2 1.059

Final R indexes [I>=2σ (I)] R1 = 0.0359, wR2 = 0.0648

Final R indexes [all data] R1 = 0.0480, wR2 = 0.0681

Largest diff. peak/hole / e Å-3 0.61/-0.60

Flack parameter 0.087(12)

Table S25. Crystal Data and Structure Refinement for 9



Atom x y z U(eq)

Br01 7455.4(13) 530.8(7) 6203.2(4) 22.52(18)

Br02 3198.4(13) 3974.1(8) 7432.3(4) 25.8(2)

Br03 -533.9(14) 1031.0(8) 4576.7(4) 31.2(2)

Br04 4843.4(15) 1132.5(8) 2567.4(4) 31.9(2)

Br05 7279.5(13) 3188.6(9) 3310.0(5) 31.0(2)

O006 1251(8) 4088(4) 6129(3) 21.0(13)

O007 2018(8) 2887(5) 5088(3) 21.0(14)

O008 5380(8) 3753(5) 4563(3) 25.0(14)

C009 4541(12) 1838(7) 5627(4) 17.4(18)

C00A 5516(11) 1669(6) 6191(4) 18.3(17)

C00B 4003(12) 1709(7) 3355(4) 20.5(18)

C00C 5164(12) 2280(8) 6735(4) 20.8(19)

C00D 2306(14) 1270(7) 3609(4) 24(2)

C00E 2669(12) 3275(6) 6161(4) 18.6(17)

C00F 3731(12) 3093(7) 6702(4) 19.7(19)

C00G 1700(13) 1665(7) 4195(4) 21.8(19)

C00H 3120(12) 2656(7) 5621(4) 16.9(17)

C00I 5014(12) 2548(8) 3671(4) 23.8(19)

C00J -666(11) 3639(8) 6221(5) 28(2)

C00K 2702(13) 2498(7) 4511(4) 21.1(18)

C00L 4356(12) 2961(7) 4245(4) 20.0(19)

C00M 4487(17) 4814(10) 4615(8) 74(5)

Table S26. Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 
Parameters (Å2×103) for 9. Ueq is defined as 1/3 of the trace of the 
orthogonalized UIJ tensor.



Atom U11 U22 U33 U23 U13 U12

Br01 22.8(4) 24.8(4) 19.9(4) 0.8(4) -0.4(4) 6.5(4)

Br02 31.2(5) 28.5(5) 17.6(4) -5.9(4) 1.9(4) 2.8(4)

Br03 34.9(5) 30.9(6) 27.7(5) 1.3(5) 4.9(4) -9.7(4)

Br04 48.0(6) 31.8(5) 15.9(4) -1.9(4) 4.2(4) 3.6(4)

Br05 30.7(5) 36.2(6) 26.0(5) 2.7(4) 5.5(4) -3.4(4)

O006 23(3) 17(3) 23(3) 0(3) 1(3) 3(2)

O007 23(3) 26(3) 14(3) -4(3) 0(2) 7(2)

O008 21(3) 27(4) 28(3) -10(3) -2(3) 0(3)

C009 22(4) 13(4) 17(4) -5(3) 2(3) 0(4)

C00A 18(4) 15(4) 22(5) 5(4) 4(4) -2(3)

C00B 25(4) 25(5) 12(4) 4(4) 2(4) 1(4)

C00C 18(4) 29(5) 15(4) 3(4) -7(4) 1(4)

C00D 39(5) 14(4) 20(5) 2(4) -5(4) 0(4)

C00E 22(4) 15(4) 19(4) 5(4) 4(4) -1(4)

C00F 24(4) 21(5) 14(4) 3(3) 6(4) -6(4)

C00G 24(5) 17(4) 25(5) 3(4) -1(4) -2(4)

C00H 17(4) 21(5) 13(4) -3(3) -2(3) -1(4)

C00I 32(5) 20(5) 19(4) 6(4) 4(4) 1(4)

C00J 18(4) 34(5) 31(5) -2(4) 7(4) 4(4)

C00K 27(5) 18(4) 19(4) 1(4) -3(4) 8(4)

C00L 15(4) 21(5) 23(5) 0(4) -5(3) 0(4)

C00M 37(6) 28(6) 156(14) -39(8) -13(8) -3(5)

Table S27. Anisotropic Displacement Parameters (Å2×103) for 9. The anisotropic 
displacement factor exponent takes the form:                                                              
-2π2[h2a*2U11+2hka*b*U12+…]. 



Atom Atom Length/Å

Br01 C00A 1.907(8)

Br02 C00F 1.901(8)

Br03 C00G 1.898(9)

Br04 C00B 1.890(9)

Br05 C00I 1.899(9)

O006 C00E 1.380(9)

O006 C00J 1.441(10)

O007 C00H 1.386(10)

O007 C00K 1.385(10)

O008 C00L 1.358(10)

O008 C00M 1.413(12)

C009 C00A 1.381(12)

C009 C00H 1.385(11)

C00A C00C 1.381(12)

C00B C00D 1.390(12)

C00B C00I 1.391(13)

C00C C00F 1.388(12)

C00D C00G 1.387(12)

C00E C00F 1.373(12)

C00E C00H 1.394(11)

C00G C00K 1.383(12)

C00I C00L 1.384(12)

C00K C00L 1.386(12)

Table S28. Bond Lengths for 9



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

C00E O006 C00J 112.5(6) C00E C00F C00C 122.2(8)

C00K O007 C00H 117.3(6) C00D C00G Br03 119.2(7)

C00L O008 C00M 115.8(7) C00K C00G Br03 119.2(7)

C00A C009 C00H 117.1(8) C00K C00G C00D 121.6(8)

C009 C00A Br01 117.2(6) O007 C00H C00E 115.8(7)

C00C C00A Br01 119.2(6) C009 C00H O007 122.5(7)

C00C C00A C009 123.6(7) C009 C00H C00E 121.6(8)

C00D C00B Br04 117.3(7) C00B C00I Br05 120.8(7)

C00D C00B C00I 120.7(8) C00L C00I Br05 118.5(7)

C00I C00B Br04 121.9(6) C00L C00I C00B 120.7(8)

C00A C00C C00F 117.0(7) O007 C00K C00L 120.2(8)

C00G C00D C00B 117.9(8) C00G C00K O007 119.6(8)

O006 C00E C00H 119.4(8) C00G C00K C00L 120.2(8)

C00F C00E O006 122.1(8) O008 C00L C00I 120.6(8)

C00F C00E C00H 118.5(8) O008 C00L C00K 120.4(8)

C00C C00F Br02 119.0(6) C00I C00L C00K 118.8(8)

C00E C00F Br02 118.8(7)

Table S29. Bond Angles for 9



A B C D Angle/˚ A B C D Angle/˚

Br01 C00A C00C C00F -179.6(6) C00B C00I C00L C00K 2.0(13)

Br03 C00G C00K O007 -2.6(11) C00D C00B C00I Br05 -177.6(6)

Br03 C00G C00K C00L 179.0(6) C00D C00B C00I C00L 0.3(13)

Br04 C00B C00D C00G 178.4(7) C00D C00G C00K O007 178.4(8)

Br04 C00B C00I Br05 1.6(11) C00D C00G C00K C00L 0.0(13)

Br04 C00B C00I C00L 179.5(7) C00F C00E C00H O007 -179.1(7)

Br05 C00I C00L O008 -4.4(11) C00F C00E C00H C009 2.9(12)

Br05 C00I C00L C00K 179.9(6) C00G C00K C00L O008 -177.8(8)

O006 C00E C00F Br02 1.1(11) C00G C00K C00L C00I -2.1(13)

O006 C00E C00F C00C -179.6(8) C00H O007 C00K C00G 112.5(9)

O006 C00E C00H O007 -2.5(11) C00H O007 C00K C00L -69.1(10)

O006 C00E C00H C009 179.4(7) C00H C009 C00A Br01 179.3(6)

O007 C00K C00L O008 3.8(12) C00H C009 C00A C00C -1.1(13)

O007 C00K C00L C00I 179.5(8) C00H C00E C00F Br02 177.5(6)

C009 C00A C00C C00F 0.8(13) C00H C00E C00F C00C -3.2(13)

C00A C009 C00H O007 -178.7(7) C00I C00B C00D C00G -2.4(12)

C00A C009 C00H C00E -0.8(12) C00J O006 C00E C00F -98.5(9)

C00A C00C C00F Br02 -179.3(6) C00J O006 C00E C00H 85.1(9)

C00A C00C C00F C00E 1.4(13) C00K O007 C00H C009 -17.0(11)

C00B C00D C00G Br03 -176.7(6) C00K O007 C00H C00E 164.9(7)

C00B C00D C00G C00K 2.3(13) C00M O008 C00L C00I 113.5(11)

C00B C00I C00L O008 177.7(8) C00M O008 C00L C00K -70.9(12)

Table S30. Torsion Angles for 9



Atom x y z U(eq)

H009 4827.61 1419.61 5266.82 21

H00C 5856.47 2151.82 7106.42 25

H00D 1599.05 728.47 3392.07 29

H00A -993.9 3162.57 5870.23 42

H00B -1581.68 4242.78 6246.43 42

H00E -699.22 3213.84 6606.7 42

H00F 4394.88 5149.86 4203.06 111

H00G 5246.52 5284.57 4887.94 111

H00H 3211.6 4726.98 4790.67 111

Table S31. Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement
Parameters (Å2×103) for 9



Number of restraints - 1, number of constraints - unknown.

Details:

1. Fixed Uiso

At 1.2 times of: All C(H) groups

At 1.5 times of: All C(H,H,H) groups

2.a Aromatic/amide H refined with riding coordinates: C009(H009), C00C(H00C), C00D(H00D)

2.b Idealized Me refined as rotating group: C00J(H00A,H00B,H00E), C00M(H00F,H00G,H00H)

Table S32. Refinement model description for 9



Table S33.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 9



9

HOMO 9                                          LUMO 9

Figure S37. HOMO-LUMO of 9



Figure S38. Calculated 13C NMR Chemical Shift of 9



Figure S39. 1H NMR spectrum of 10 (Me2CO-d6, 500 MHz) 



Figure S40. 1H NMR spectrum of 10 (CDCl3, 500 MHz) 



Figure S41. 1H-1H COSY spectrum of 10 (CDCl3, 500 MHz) 



Figure S42. 1H-13C HSQC spectrum of 10 (CDCl3, 500 MHz) 



Figure S43. 1H-13C HMBC spectrum of 10 (CDCl3, 500 MHz) 



Figure S44. HRESIMS of 10

[M+H]+



Table S34.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 10



10

HOMO 10                                          LUMO 10

Figure 45. HOMO-LUMO of 10



Figure S46. Calculated 13C NMR Chemical Shift of 10



Figure S47. 1H NMR spectrum of 11 (Me2CO-d6, 500 MHz) 



Figure S48. HRESIMS of 11

[M+H]+



Table S35.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 11



11

HOMO 11                                          LUMO 11

Figure S49. HOMO-LUMO of 11



Figure S50. Calculated 13C NMR Chemical Shift of 11



Figure S51. 1H NMR spectrum of 12 (Me2CO-d6, 500 MHz) 



Figure S52. 1H NMR spectrum of 12 (CDCl3, 500 MHz)



Figure S53. 1H-1H COSY spectrum of 12 (CDCl3, 500 MHz) 



Figure S54. 1H-13C HSQC spectrum of 12 (CDCl3, 500 MHz) 



Figure S55. 1H-13C HMBC spectrum of 12 (CDCl3, 500 MHz) 



Figure S56. HRESIMS of 12

[M+H]+



Table S36.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 12



12

HOMO 12                                          LUMO 12

Figure S57. HOMO-LUMO of 12



Figure S58. Calculated 13C NMR Chemical Shift of 12



Figure S59. 1H NMR spectrum of 13 (Me2CO-d6, 500 MHz) 



Figure S60. 1H NMR spectrum of 13 (CDCl3, 500 MHz) 



Figure S61. 1H-1H COSY spectrum of 13 (CDCl3, 500 MHz) 



Figure S62. 1H-13C HSQC spectrum of 13 (CDCl3, 500 MHz) 



Figure S63. 1H-13C HMBC spectrum of 13 (CDCl3, 500 MHz) 



Figure S64. 1H-13C HMBC spectrum of 13 (CDCl3, 500 MHz) 



Figure S65. HRESIMS of 13

[M+Na]+



Table S37.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 13



13

HOMO 13                                          LUMO 13

Figure S66. HOMO-LUMO of 13



Figure S67. Calculated 13C NMR Chemical Shift of 13



Figure S68. 1H NMR spectrum of 14 (as a mixture with compound 2) (CD3OD, 500 MHz) 



Table S38.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 14



14

HOMO 14                                          LUMO 14

Figure S69. HOMO-LUMO of 14



Figure S70. Calculated 13C NMR Chemical Shift of 14



Table S39.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 15



15

HOMO 15                                          LUMO 15

Figure S71. HOMO-LUMO of 15



Figure S72. Calculated 13C NMR Chemical Shift of 15



Figure S73. 1H NMR spectrum of 16 (Me2CO-d6, 500 MHz) 



Figure S74. 1H NMR spectrum of 16 (Me2CO-d6, 500 MHz) 



Figure S75. 1H-1H COSY spectrum of 16 (Me2CO-d6, 500 MHz) 



Figure S76. 1H-13C HSQC spectrum of 16 (Me2CO-d6, 500 MHz) 



Figure S77. 1H-13C HMBC spectrum of 16 (Me2CO-d6, 500 MHz) 



Figure S78. HREIMS of 16



Table S40.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 16



16

HOMO 16                                          LUMO 16

Figure S79. HOMO-LUMO of 16



Figure S80. Calculated 13C NMR Chemical Shift of 16



Figure S81. 1H NMR spectrum of 17 (Me2CO-d6, 500 MHz) 



Figure S82. LREIMS of 17



Table S41.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 17



17

HOMO 17                                          LUMO 17

Figure S83. HOMO-LUMO of 17



Figure S84. Calculated 13C NMR Chemical Shift of 17



Figure S85. 1H NMR spectrum of 18 (Me2CO-d6, 500 MHz) 



Figure S86. LREIMS of 18



Table S42.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 18



18

HOMO 18                                          LUMO 18

Figure S87. HOMO-LUMO of 18



Figure S88. Calculated 13C NMR Chemical Shift of 18



Table S43.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 19



Figure S89. HOMO-LUMO of 19

19

HOMO 19                                          LUMO 19



Figure S90. Calculated 13C NMR Chemical Shift of 19



Figure S91. 1H NMR spectrum of 20 (Me2CO-d6, 500 MHz) 



Figure S92. 1H NMR spectrum of 20 (CD3OD, 500 MHz) 



Figure S93. HRESIMS of 20

[M+H]



Table S44.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 20



Figure S94. HOMO-LUMO of 20

20

HOMO 20                                          LUMO 20



Figure S95. Calculated 13C NMR Chemical Shift of 20



Table S45.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 21



Figure S96. HOMO-LUMO of 21

HOMO 21                                         LUMO 21

21



Figure S97. Calculated 13C NMR Chemical Shift of 21



Table S46.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 22



Figure S98. HOMO-LUMO of 22

22

HOMO 22                                                 LUMO 22



Figure S99. Calculated 13C NMR Chemical Shift of 22



Figure S100. 1H NMR spectrum of 23 (Me2CO-d6, 500 MHz) 



Figure S101. HREIMS of 23



Table S47.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 23



Figure S102. HOMO-LUMO of 23

23

HOMO 23                                                 LUMO 23



Figure S103. Calculated 13C NMR Chemical Shift of 23



Table S48.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 24



Figure S104. HOMO-LUMO of 24

24

HOMO 24                                                 LUMO 24



Figure S105. Calculated 13C NMR Chemical Shift of 24



Table S49.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 25



Figure S106. HOMO-LUMO of 25

25

HOMO 25                                                 LUMO 25



Figure S107. Calculated 13C NMR Chemical Shift of 25



Figure S108. 1H NMR spectrum of 26 (CD3OD, 500 MHz) 



Figure S109. HREIMS of 26



Table S50.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 26



Figure S110. HOMO-LUMO of 26

HOMO 26                                                 LUMO 26

26



Figure S111. Calculated 13C NMR Chemical Shift of 26



Table S51.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 27



Figure S112. HOMO-LUMO of 27

27

HOMO 27                                                 LUMO 27



Figure S113. Calculated 13C NMR Chemical Shift of 27



Table S52.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 28



Figure S114. HOMO-LUMO of 28

HOMO 28                                                 LUMO 28

28



Figure S115. Calculated 13C NMR Chemical Shift of 28



Table S53.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 29



Figure S116. HOMO-LUMO of 29

29

HOMO 29                                                 LUMO 29



Figure S117. Calculated 13C NMR Chemical Shift of 29



Table S54.  Equilibrium Geometry DFT ωB97X-D/6-311+G(2d,p) of 30



Figure S118. HOMO-LUMO of 30

30

HOMO 30                                                 LUMO 30



Figure S119. Calculated 13C NMR Chemical Shift of 30



Pos
Compound

1 
(Me2CO-d6)

1 
(CD3OD)

2 
(Me2CO-d6)

3
(CDCl3)

4
(Me2CO-d6)

5
(CDCl3)

H4’ 7.40
(1H, d, J = 2.2 Hz)

7.35
(1H, d, J = 2.2 Hz)

7.38
(1H, d, J = 2.3 Hz)

7.38
(1H, d, J = 2.3 Hz)

7.47
(1H, d, J = 2.3 Hz)

7.47
(1H, d, J = 2.3 Hz)

H6’ 6.83
(1H, d, J = 2.2 Hz)

6.47
(1H, d, J = 2.2 Hz)

6.79
(1H, d, J = 2.3 Hz)

6.56
(1H, d, J = 2.3 Hz)

6.81
(1H, d, J = 2.3 Hz)

6.52
(1H, d, J = 2.3 Hz)

H2
- - - - -

7.31
(1H, s)

H4
- -

7.47
(1H, s)

7.75
(1H, s)

7.64
(1H, s)

-

OMe’
(Ring B)

- - - -
4.00

(3H, s)
-

OMe
(Ring A)

- - -
3.81

(3H, s)
-

3.79
(3H, s)

Table S55. 1H NMR Data of 1−5



Pos C (mult.) H
(J in Hz) HMBC

1 151.3 C

2 122.0 CH 7.50 (1H, s) 1, 3, 4, 6

3 122.5 C

4 116.9 C

5 122.7 C

6 140.1 C

2’-OMe    
(Ring B) 61.1 CH3 3.99 (3H, s) 2'

1' 152.0 C

2' 146.5 C

3' 119.4 C

4' 129.4 CH 7.40 (1H, d, J = 2.5) 2', 3', 5', 6'

5' 117.8 C

6' 117.4 CH 6.78 (1H, d, J = 2.5) 1', 2', 3', 5'

Table S56. NMR Data of 6 in Me2CO-d6



Pos
Compound

7
(Me2CO-d6)

8
(CDCl3)

9
(CDCl3)

H4’ 7.43
(1H, d, J = 2.2 Hz)

7.50
(1H, d, J = 2.2 Hz)

7.40
(1H, d, J = 2.2 Hz)

H6’ 6.88
(1H, d, J = 2.2 Hz)

6.97
(1H, d, J = 2.2 Hz)

6.50
(1H, d, J = 2.2 Hz)

H2
- - -

H4
- -

7.76
(1H, s)

OMe’                
(Ring B) -

4.00
(3H, s)

4.00
(3H, s)

OMe
(Ring A)

3.87
(3H, s)

3.85
(3H, s)

3.82
(3H, s)

Table S57. 1H NMR Data of 7−9



Pos
Compound

10
(CDCl3) 

10
(Me2CO-d6) 

11
(Me2CO-d6)

12
(CDCl3)

12
(Me2CO-d6)

13
(CDCl3)

13
(Me2CO-d6)

H4’
7.51

(1H, d, J = 2.1 Hz)
7.62

(1H, d, J = 2.2 Hz)
7.64

(1H, d, J = 2.1 Hz) 
7.50 

(1H, d, J = 2.1 Hz)
7.62

(1H, d, J = 2,1 Hz)
7.47 

(1H, d, J = 2.0 Hz)
7.63 

(1H, d, J = 2.1 Hz)

H6’
6.62

(1H, d, J = 2.1 Hz)
7.12

(1H, d, J = 2.2 Hz)
7.14 

(1H, d, J = 2.1 Hz)
6.63

(1H, d, J = 2.1 Hz)
7.00

(1H, d, J = 2,1 Hz)
6.58

(1H, d, J = 2.0 Hz)
7.01

(1H, d,  J = 2.1 Hz)

H2 - - -
-

- - -

H4 - - -
7.54

(1H, s)
7.66

(1H, s)
7.87

(s, 1H)
8.13

(s, 1H)

OAc’  
(Ring B)

- -
2.36

(3H, s)
- -

2.36
(s, 3H)

2.36
(s, 3H)

OAc
(Ring A)

2.47
(3H, s)

2.40
(3H, s)

2.24
(3H, s)

2.47
(3H, s)

2.40
(3H, s)

2.25
(s, 3H)

2.24
(s, 3H)

Table S58. 1H NMR Data of 10−13



Pos

Compound

2
(CD3OD) 

14
(CD3OD) 

16
(Me2CO-d6)

16
(Me2CO-d6)

17
(Me2CO-d6)

18
(Me2CO-d6)

H4’
7.32

(1H, d, J = 2.3 Hz)
7.31

(1H, d, J = 2.3 Hz)
7.38

(1H,  d, J = 2.5 Hz)

7.36

(1H,  d, J = 2.3 Hz)
7.27 

(1H, d, J = 2.5 Hz)
7.81 

(1H, d, J = 2.5 Hz)

H6’
6.65

(1H, bs)
6.45

(1H, d, J = 2.3 Hz)
6.64

(1H, d, J = 2.5 Hz)

6.84

(1H, d, J = 2.3 Hz)
6.69

(1H, d, J = 2.5 Hz)
6.67

(d, overlapped)

H2 -
7.38

(1H, s)
7.24

(1H, d, J = 2.5 Hz)
7.16

(1H, d, J = 2.3 Hz)
-

H3 - - - -
7.78

(1H, d, J = 2.5 Hz)
-

H4
7.39

(1H, bs)
-

7.37

(1H, d, J = 2.5 Hz)

7.27

(1H, d, J = 2.3 Hz)
-

7.03
(1H, dd, J = 8.5 Hz)

H5 - - - -
6.74

(1H, d, J = 2.5 Hz)
7.03

(1H, dd, J = 8.5 Hz)

Ratio 2:14
1:1

Table S59. 1H NMR Data of 2, 14, 16−18



Pos
Compound

20
(Me2CO-d6)

20
(CD3OD) 

23
(Me2CO-d6)

26
(CD3OD)

H3’ - -
6.87

(1H, d, J = 2.0 Hz)

H4’
7.37 

(1H, d, J = 2.3 Hz)
7.07

(1H, d, J = 2.0 Hz)
7.03

(1H, d, J = 2.0 Hz)
6.87

(1H, dq, J = 8.0, 2.0 Hz)

H5’ - -
6.62 

(1H, td, J = 8.0, 2.0 Hz)

H6’
6.60

(1H, d, J = 2.3 Hz)
6.79

(1H, q, J = 2.0 Hz)
6.67

(1H, d, J = 2.0 Hz)
6.48 

(1H, d, J = 8.0 Hz)

H2
6.91 

(1H, d, J = 8.5 Hz)
6.74

(1H, d, J = 8.5 Hz)
7.12

(1H, d, J = 2.0 Hz)
7.05

(1H, d, J = 2.5 Hz)

H3
7.06 

(1H, dd, J = 8.5, 2.3 Hz)
6.97

(1H, dd, J = 8.5, 2.0 Hz)
-

H4 - -
6.93

(1H, dd, J = 8.5, 2.0 Hz)
7.22

(1H, d, J = 2.5 Hz)

H5
7.27 

(1H, d, J = 2.3 Hz)
6.79

(1H, q, J = 2.0 Hz)
6.75

(1H, d, J = 8.5 Hz)
-

Table S60. 1H NMR Data of 20, 24, 26



Compound
EHOMO

(eV)
ELUMO

(eV)
ΔE (ELUMO-EHOMO)

(eV)

1 -8.67 -0.05 8.62

2 -8.75 0.27 9.02

3 -8.48 0.33 8.81

4 -8.65 0.21 8.86

5 -8.48 0.28 8.76

6 -8.79 0.22 9.01

7 -8.52 -0.08 8.44

8 -8.74 -0.12 8.62

9 -8.71 0.29 9.00

10 -8.60 -0.26 8.34

11 -9.12 -0.47 8.65

12 -8.56 0.14 8.70

13 -9.10 -0.02 9.08

14 -8.62 0.20 8.82

15 -8.48 0.18 8.66

16 -8.76 0.38 9.14

17 -8.44 0.27 8.71

18 -8.51 0.35 8.86

19 -8.37 0.29 8.66

20 -8.30 0.43 8.73

21 -8.67 0.60 9.27

22 -8.66 0.63 9.29

23 -8.52 0.56 9.08

24 -8.27 0.59 8.86

25 -8.31 0.72 9.03

26 -8.56 0.82 9.38

27 -8.39 0.71 9.10

28 -8.19 0.94 9.13

29 -8.34 0.99 9.33

30 -7.99 1.13 9.12

Table S61. EHOMO, ELUMO, and ΔE for 1−30


