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Compound (S, R)-12b  
H1 NMR
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Compound (S, S)-12b  
H1 NMR

 
 
 
C13 NMR
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HPLC spectra of compounds 

Compound (R, R)-12a 

 

 

Compound (R, S)-12a 
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Compound (S, R)-12a 

 

 

 

 

Compound (S, S)-12a 
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Compound (R, R)-12b 

 

Ret.Time Compounds Width(Height 50%) Height Area Area% N(USP) T R(USP) 

1.045  0.059 1140 5031 2.004 1304 -- -- 

1.506 M=518 0.069 48161 246057 97.996 1849 1.886 3.602 

   49301 251088 100.000    

 

 

Compound (R, S)-12b 

 

Ret.Time Compounds Width(Height 50%) Height Area Area% N(USP) T R(USP) 

1.493 M=518 0.070 8975 46527 100.000 1772 1.977 -- 

   8975 46527 100.000    
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Compound (S, R)-12b 

 

Ret.Time Compounds Width(Height 50%) Height Area Area% N(USP) T R(USP) 

1.024  0.074 356 1801 0.217 816 1.822 -- 

1.301  0.072 271 1510 0.182 1122 -- 1.856 

1.546 M=518 0.068 182115 823796 99.435 2064 1.218 1.675 

2.070  0.087 237 1368 0.165 2443 1.470 3.452 

   182979 828474 100.000    

 

 

Compound (S, S)-12b 

 

Ret.Time Compounds Width(Height 50%) Height Area Area% N(USP) T R(USP) 

1.024  0.055 796 3168 0.270 1451 1.774 -- 

1.510 M=518 0.068 235375 1168377 99.730 2185 1.509 4.100 

   236171 1171545 100.000    
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HPLC Spectra of Chiral Purity 
Mixture of enantiomer (R, R)-12a and (S, S)-12a 

 
 
 
 
 
 
 
Compound (R, R)-12a 
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Compound (S, S)-12a 

 
 
 
 
 
Mixture of enantiomer (R, S)-12a and (S, R)-12a 
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Compound (R, S)-12a 

 
 
 
 
 
 
 
 
Compound (S, R)-12a 
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Mixture of enantiomer (R, R)-12b and (S, S)-12b 

 
 
 
 
 
Compound (R, R)-12b 
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Compound (S, S)-12b 

 
 
 
 
 
 
 
Mixture of enantiomer (R, S)-12b and (S, R)-12b 



19 

 

 
 
 
 
 
 
 
 
 
Compound (R, S)-12b 

 
Compound (S, R)-12b 
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Compound (R, R)-12a 
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Compound (R, S)-12a
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Compound(S, R)-12a 
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Compound(S, S)-12a 
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Compound(R, R)-12b 
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Compound(R, S)-12b 
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Compound(S, R)-12b 
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Compound(S, S)-12b 
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Hy0102 representing compound R-5b 

Table S1 Crystal data and structure refinement for hy0102. 

Identification code hy0102 

Empirical formula C30H31ClN6O2 

Formula weight 543.06 

Temperature/K 169.99(10) 

Crystal system monoclinic 

Space group P21 

a/Å 13.7983(8) 

b/Å 7.3771(3) 

c/Å 14.3578(7) 

α/° 90 

β/° 101.730(5) 

γ/° 90 

Volume/Å3 1430.97(12) 

Z 2 

ρcalcg/cm3 1.260 

μ/mm-1 1.482 

F(000) 572.0 

Crystal size/mm3 0.15 × 0.11 × 0.09 
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Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 6.288 to 133.078 

Index ranges -16 ≤ h ≤ 14, -5 ≤ k ≤ 8, -17 ≤ l ≤ 16 

Reflections collected 5010 

Independent reflections 3735 [Rint = 0.0499, Rsigma = 0.0818] 

Data/restraints/parameters 3735/1/354 

Goodness-of-fit on F2 1.018 

Final R indexes [I>=2σ (I)] R1 = 0.0529, wR2 = 0.1253 

Final R indexes [all data] R1 = 0.0592, wR2 = 0.1330 

Largest diff. peak/hole / e Å-3 0.30/-0.34 

Flack parameter 0.02(3) 

 

Crystal structure determination of [hy0102] 

Crystal Data for C30H31ClN6O2 (M =543.06 g/mol): monoclinic, space group 
P21 (no. 4), a = 13.7983(8) Å, b = 7.3771(3) Å, c = 14.3578(7) Å, β = 101.730(5)°, V = 
1430.97(12) Å3, Z = 2, T = 169.99(10) K, μ(Cu Kα) = 1.482 mm-1, Dcalc = 
1.260 g/cm3, 5010 reflections measured (6.288° ≤ 2Θ ≤ 133.078°), 3735 unique (Rint = 
0.0499, Rsigma = 0.0818) which were used in all calculations. The final R1 was 0.0529 
(I > 2σ(I)) and wR2 was 0.1330 (all data). 

Refinement model description 
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Table S2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for hy0102. Ueq is defined as 1/3 of the trace 

of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Cl1 9110.0(9) -255.3(16) 1009.5(8) 32.6(3) 

O1 5324(3) 5668(6) 9674(2) 43.5(10) 

O2 7510(2) 5542(5) 3237(2) 30.0(8) 

N1 4192(6) 8460(8) 3222(4) 73(2) 

N2 4389(3) 7162(5) 7318(3) 25.1(9) 

N3 4901(3) 7052(5) 8223(3) 23.5(8) 

N4 6661(3) 6914(6) 5333(3) 25.6(9) 

N5 8371(3) 6173(6) 5796(3) 28.8(9) 

N6 8297(3) 3325(6) 79(3) 27.0(9) 

C1 3176(4) 6144(7) 6012(4) 32.5(12) 

C2 3692(4) 6829(7) 5351(4) 32.7(12) 

C3 3207(4) 7062(8) 4410(4) 41.0(14) 

C4 2215(5) 6614(9) 4114(4) 50.3(16) 

C5 1717(5) 5922(8) 4768(5) 52.0(17) 

C6 2179(4) 5685(8) 5722(4) 41.4(14) 

C7 3748(5) 7843(9) 3742(4) 50.4(16) 
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Table S2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for hy0102. Ueq is defined as 1/3 of the trace 

of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

C8 3690(4) 5959(7) 7020(3) 27.6(11) 

C9 3473(4) 4569(8) 7634(4) 36.3(12) 

C10 4008(4) 4440(7) 8529(4) 38.0(13) 

C11 4781(4) 5694(7) 8871(3) 32.3(12) 

C12 5636(3) 8498(7) 8518(3) 26.0(10) 

C13 5211(4) 10328(7) 8173(4) 31.7(11) 

C14 6591(3) 8105(6) 8193(3) 24.6(10) 

C15 7487(3) 8343(7) 8836(3) 27.4(11) 

C16 8366(4) 8069(7) 8552(3) 30.3(11) 

C17 8395(4) 7564(7) 7627(3) 30.4(11) 

C18 7498(3) 7322(6) 6969(3) 22.5(10) 

C19 6613(4) 7621(7) 7257(3) 26.1(10) 

C20 7522(3) 6757(7) 5984(3) 26.1(10) 

C22 8395(4) 5727(7) 4894(3) 30.6(11) 

C23 7551(3) 5896(7) 4176(3) 25.3(10) 

C24 6695(4) 6463(7) 4443(3) 27.4(11) 
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Table S2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for hy0102. Ueq is defined as 1/3 of the trace 

of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

C26 8430(3) 5167(7) 2954(3) 28.4(12) 

C27 8217(3) 5128(6) 1873(3) 26.0(11) 

C28 9182(3) 4896(7) 1532(3) 25.6(10) 

C29 8979(3) 4845(7) 448(3) 26.2(10) 

C30 7333(4) 3508(8) 390(3) 34.4(12) 

C31 7512(4) 3605(8) 1476(3) 31.4(11) 

C32 8139(4) 3198(8) -988(3) 40.0(13) 

  

Table S3 Anisotropic Displacement Parameters (Å2×103) for hy0102. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Cl1 44.5(7) 28.5(6) 23.4(5) -1.5(5) 3.7(4) 2.2(6) 

O1 56(2) 45(2) 29.1(19) 13.6(18) 7.1(17) 9.9(19) 

O2 30.8(18) 43(2) 16.9(15) -3.6(15) 7.2(13) 6.8(16) 

N1 138(6) 45(3) 41(3) 3(3) 30(4) 22(4) 
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Table S3 Anisotropic Displacement Parameters (Å2×103) for hy0102. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

N2 32(2) 22(2) 21.0(19) -1.9(16) 5.5(16) 0.0(17) 

N3 32(2) 22(2) 18.9(18) 1.7(17) 10.3(16) 0.9(17) 

N4 28(2) 32(2) 16.8(19) -2.1(18) 5.8(16) 1.3(18) 

N5 28(2) 37(3) 22(2) -2.0(18) 6.7(16) 3.1(18) 

N6 37(2) 25(2) 19.5(19) -1.3(17) 6.0(16) 1.5(18) 

C1 33(3) 25(3) 38(3) -9(2) 4(2) 3(2) 

C2 40(3) 27(3) 29(3) -5(2) 2(2) 4(2) 

C3 56(4) 33(3) 32(3) -6(3) 5(3) 8(3) 

C4 60(4) 45(4) 39(3) -7(3) -6(3) 5(3) 

C5 43(3) 41(4) 61(4) -16(3) -16(3) 0(3) 

C6 38(3) 32(3) 52(3) -6(3) 5(3) -6(2) 

C7 77(5) 43(4) 29(3) -7(3) 7(3) 15(3) 

C8 28(2) 22(2) 33(3) 0(2) 8(2) -1(2) 

C9 47(3) 28(3) 39(3) -4(3) 19(2) -10(2) 

C10 58(3) 25(3) 37(3) 4(2) 24(3) -2(2) 

C11 44(3) 29(3) 28(3) 8(2) 17(2) 8(2) 
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Table S3 Anisotropic Displacement Parameters (Å2×103) for hy0102. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

C12 28(3) 28(2) 21(2) -4(2) 4.1(19) -1(2) 

C13 35(3) 22(3) 38(3) -3(2) 8(2) 4(2) 

C14 27(2) 26(3) 21(2) -0.6(19) 6.2(19) 0(2) 

C15 37(3) 25(3) 20(2) -1(2) 5(2) -4(2) 

C16 29(3) 38(3) 21(2) -2(2) -2.7(19) -6(2) 

C17 27(2) 38(3) 27(2) -3(2) 7(2) -6(2) 

C18 25(2) 27(2) 14(2) -0.3(18) 0.7(17) -4(2) 

C19 30(2) 27(3) 20(2) -2(2) 3.8(19) 0(2) 

C20 29(2) 30(3) 18(2) 0(2) 1.1(18) -5(2) 

C22 30(3) 36(3) 27(2) 0(2) 6(2) 9(2) 

C23 32(3) 28(3) 16(2) 1(2) 4.0(18) 3(2) 

C24 28(2) 34(3) 21(2) 1(2) 6.4(19) -2(2) 

C26 32(3) 33(3) 21(2) -1(2) 7.7(19) 3(2) 

C27 32(2) 27(3) 19(2) 1.1(19) 7.0(19) 3(2) 

C28 29(2) 27(2) 20(2) -1(2) 3.3(18) 3(2) 

C29 31(2) 27(2) 22(2) -1(2) 8.2(18) 0(2) 
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Table S3 Anisotropic Displacement Parameters (Å2×103) for hy0102. The 

Anisotropic displacement factor exponent takes the form: -

2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

C30 30(3) 46(3) 28(3) -6(2) 5(2) -1(2) 

C31 31(3) 38(3) 27(2) -7(2) 12(2) -4(2) 

C32 60(4) 39(3) 22(3) -4(2) 10(2) -3(3) 

  

Table S4 Bond Lengths for hy0102. 

Atom Atom Length/Å   Atom Atom Length/Å 

O1 C11 1.240(6)   C4 C5 1.370(9) 

O2 C23 1.363(5)   C5 C6 1.398(8) 

O2 C26 1.436(5)   C8 C9 1.423(7) 

N1 C7 1.152(8)   C9 C10 1.349(7) 

N2 N3 1.350(5)   C10 C11 1.422(7) 

N2 C8 1.316(6)   C12 C13 1.515(7) 

N3 C11 1.400(6)   C12 C14 1.513(6) 

N3 C12 1.474(6)   C14 C15 1.395(6) 

N4 C20 1.358(6)   C14 C19 1.397(6) 

N4 C24 1.331(6)   C15 C16 1.372(7) 
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Table S4 Bond Lengths for hy0102. 

Atom Atom Length/Å   Atom Atom Length/Å 

N5 C20 1.327(6)   C16 C17 1.387(7) 

N5 C22 1.342(6)   C17 C18 1.407(6) 

N6 C29 1.490(6)   C18 C19 1.385(6) 

N6 C30 1.494(6)   C18 C20 1.481(6) 

N6 C32 1.505(6)   C22 C23 1.395(6) 

C1 C2 1.393(7)   C23 C24 1.379(7) 

C1 C6 1.396(7)   C26 C27 1.520(6) 

C1 C8 1.483(7)   C27 C28 1.519(6) 

C2 C3 1.391(7)   C27 C31 1.519(6) 

C3 C4 1.388(8)   C28 C29 1.525(5) 

C3 C7 1.448(9)   C30 C31 1.530(6) 

  

Table S5 Bond Angles for hy0102. 

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

C23 O2 C26 117.1(3)   N3 C12 C13 110.7(4) 

C8 N2 N3 118.5(4)   N3 C12 C14 111.4(4) 

N2 N3 C11 125.0(4)   C14 C12 C13 111.9(4) 
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Table S5 Bond Angles for hy0102. 

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

N2 N3 C12 115.4(4)   C15 C14 C12 118.8(4) 

C11 N3 C12 119.6(4)   C15 C14 C19 118.7(4) 

C24 N4 C20 116.3(4)   C19 C14 C12 122.4(4) 

C20 N5 C22 118.1(4)   C16 C15 C14 120.2(4) 

C29 N6 C30 111.2(4)   C15 C16 C17 121.6(4) 

C29 N6 C32 111.1(4)   C16 C17 C18 119.0(5) 

C30 N6 C32 110.9(4)   C17 C18 C20 119.4(4) 

C2 C1 C6 119.5(5)   C19 C18 C17 119.2(4) 

C2 C1 C8 119.3(5)   C19 C18 C20 121.5(4) 

C6 C1 C8 121.1(5)   C18 C19 C14 121.4(4) 

C3 C2 C1 119.7(5)   N4 C20 C18 116.6(4) 

C2 C3 C7 118.8(5)   N5 C20 N4 124.9(4) 

C4 C3 C2 121.2(6)   N5 C20 C18 118.5(4) 

C4 C3 C7 120.1(5)   N5 C22 C23 120.7(4) 

C5 C4 C3 118.7(5)   O2 C23 C22 125.0(4) 

C4 C5 C6 121.7(6)   O2 C23 C24 117.8(4) 

C1 C6 C5 119.2(6)   C24 C23 C22 117.1(4) 

N1 C7 C3 178.8(7)   N4 C24 C23 122.8(4) 
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Table S5 Bond Angles for hy0102. 

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

N2 C8 C1 115.4(4)   O2 C26 C27 107.1(4) 

N2 C8 C9 121.2(4)   C28 C27 C26 109.3(4) 

C9 C8 C1 123.5(5)   C31 C27 C26 111.9(4) 

C10 C9 C8 119.8(5)   C31 C27 C28 109.4(4) 

C9 C10 C11 120.7(5)   C27 C28 C29 109.9(4) 

O1 C11 N3 119.9(5)   N6 C29 C28 110.7(4) 

O1 C11 C10 125.5(5)   N6 C30 C31 109.9(4) 

N3 C11 C10 114.7(4)   C27 C31 C30 112.0(4) 

  

Table S6 Torsion Angles for hy0102. 

A B C D Angle/˚   A B C D Angle/˚ 

O2 C23 C24 N4 -177.3(5)   C12 N3 C11 O1 -3.2(7) 

O2 C26 C27 C28 175.2(4)   C12 N3 C11 C10 176.1(4) 

O2 C26 C27 C31 -63.5(5)   C12 C14 C15 C16 -177.4(5) 

N2 N3 C11 O1 176.5(4)   C12 C14 C19 C18 178.0(5) 

N2 N3 C11 C10 -4.2(7)   C13 C12 C14 C15 101.1(5) 

N2 N3 C12 C13 43.7(5)   C13 C12 C14 C19 -74.9(6) 
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Table S6 Torsion Angles for hy0102. 

A B C D Angle/˚   A B C D Angle/˚ 

N2 N3 C12 C14 -81.5(5)   C14 C15 C16 C17 0.4(8) 

N2 C8 C9 C10 -2.0(8)   C15 C14 C19 C18 2.0(7) 

N3 N2 C8 C1 -178.7(4)   C15 C16 C17 C18 -0.3(8) 

N3 N2 C8 C9 0.1(7)   C16 C17 C18 C19 1.0(7) 

N3 C12 C14 C15 -134.4(4)   C16 C17 C18 C20 -179.1(5) 

N3 C12 C14 C19 49.6(6)   C17 C18 C19 C14 -1.9(7) 

N5 C22 C23 O2 177.5(5)   C17 C18 C20 N4 -166.5(5) 

N5 C22 C23 C24 -2.6(8)   C17 C18 C20 N5 12.3(7) 

N6 C30 C31 C27 55.8(6)   C19 C14 C15 C16 -1.3(7) 

C1 C2 C3 C4 -0.4(8)   C19 C18 C20 N4 13.3(7) 

C1 C2 C3 C7 177.6(5)   C19 C18 C20 N5 -167.9(5) 

C1 C8 C9 C10 176.7(5)   C20 N4 C24 C23 -1.1(7) 

C2 C1 C6 C5 0.0(8)   C20 N5 C22 C23 0.8(8) 

C2 C1 C8 N2 31.1(7)   C20 C18 C19 C14 178.2(5) 

C2 C1 C8 C9 -147.8(5)   C22 N5 C20 N4 1.1(8) 

C2 C3 C4 C5 -0.3(9)   C22 N5 C20 C18 -177.6(4) 

C3 C4 C5 C6 0.9(10)   C22 C23 C24 N4 2.8(8) 

C4 C5 C6 C1 -0.8(9)   C23 O2 C26 C27 -170.9(4) 
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Table S6 Torsion Angles for hy0102. 

A B C D Angle/˚   A B C D Angle/˚ 

C6 C1 C2 C3 0.5(8)   C24 N4 C20 N5 -1.0(8) 

C6 C1 C8 N2 -147.4(5)   C24 N4 C20 C18 177.8(4) 

C6 C1 C8 C9 33.8(8)   C26 O2 C23 C22 -7.5(7) 

C7 C3 C4 C5 -178.3(6)   C26 O2 C23 C24 172.6(4) 

C8 N2 N3 C11 3.2(7)   C26 C27 C28 C29 179.7(4) 

C8 N2 N3 C12 -177.2(4)   C26 C27 C31 C30 -177.4(4) 

C8 C1 C2 C3 -177.9(5)   C27 C28 C29 N6 -59.0(5) 

C8 C1 C6 C5 178.5(5)   C28 C27 C31 C30 -56.1(5) 

C8 C9 C10 C11 0.8(8)   C29 N6 C30 C31 -56.8(5) 

C9 C10 C11 O1 -178.7(5)   C30 N6 C29 C28 59.3(5) 

C9 C10 C11 N3 2.1(7)   C31 C27 C28 C29 56.9(5) 

C11 N3 C12 C13 -136.6(4)   C32 N6 C29 C28 -176.8(4) 

C11 N3 C12 C14 98.2(5)   C32 N6 C30 C31 179.1(4) 
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Table S7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for hy0102. 

Atom x y z U(eq) 

H6 8609 2194.44 346 32 

H2 4357.95 7128.57 5536.79 39 

H4 1894.45 6779.72 3484.62 60 

H5 1054.89 5602.33 4573.4 62 

H6A 1826.11 5227.06 6156.49 50 

H9 2962.73 3752.61 7418.51 44 

H10 3869.38 3521.16 8925.88 46 

H12 5787.47 8528.87 9214.87 31 

H13A 5670.46 11264.81 8432.01 47 

H13B 4597.56 10512.89 8376.31 47 

H13C 5096.14 10367.48 7490.62 47 

H15 7487.52 8688.84 9459.11 33 

H16 8957.61 8224.96 8989.15 36 

H17 8997.55 7387.75 7444.56 37 

H19 6020.04 7497.44 6818.06 31 

H22 8979.64 5300.52 4746.57 37 

H24 6116.24 6534.55 3980.49 33 
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Table S7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement 

Parameters (Å2×103) for hy0102. 

Atom x y z U(eq) 

H26A 8692.05 4007.86 3207.44 34 

H26B 8911.9 6101.11 3189.73 34 

H27 7916.61 6285.2 1634.06 31 

H28A 9501.7 3779.5 1785.16 31 

H28B 9623.01 5895.69 1760.57 31 

H29A 8685.18 5984.1 196.81 31 

H29B 9597.72 4694.3 235 31 

H30A 6913.67 2476.7 166.07 41 

H30B 6996.12 4597.72 118.18 41 

H31A 6885.6 3788.9 1669.59 38 

H31B 7785.29 2460.39 1741.43 38 

H32A 7798.14 4260.65 -1268.2 60 

H32B 7750.59 2142.41 -1202.37 60 

H32C 8768.24 3109.05 -1172.5 60 
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Table S8 Solvent masks information for hy0102. 

Number X Y Z Volume 
Electron 

count 
Content 

1 -0.006 -0.078 0.340 39.5 10.0 ? 

2 0.006 0.422 0.660 39.5 10.2 ? 

Experimental 

Single crystals of C30H31ClN6O2 [hy0102].A suitable crystal was selected 
and operated on a SuperNova, Dual, Cu at zero, AtlasS2 diffractometer. The crystal 
was kept at 169.99(10) K during data collection.  

 


