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1H NMR and 13C NMR spectra of synthesized compounds  
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X-Ray crystallographic data of compound 5c: Empirical Formula- C23 H22 N2 O4, M = 390.43, 
Monoclinic, Space group P2(1)/c, a = 12.1869(5) Å, b = 14.4300(6) Å, c = 12.8949(5) Å, V = 
2039.18(14) Å3, Z = 4, T = 296(2) K, ρcalcd = 1.272 Mg/m3, 2Өmax. = 28.350, Refinement of 264 
parameters on 5091 independent reflections out of 73769 collected reflections (Rint = 0.0800) led 
to R1 = 0.0471 [I >2σ(I)], wR2 = 0.1242 (all data) and S = 1.024 with the largest difference peak 
and hole of 0.255 and -0.214 e. Å-3 respectively. The crystal structure has been deposited at the 
Cambridge Crystallographic Data Centre (CCDC 1501115). The data can be obtained free of 
charge via the Internet at www.ccdc.cam.ac.uk/data_request/cif.

Fig. S1 X-Ray Structure of Compound 5c.

http://www.ccdc.cam.ac.uk/data_request/cif
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X-Ray Data of Compound 5c

Table S1  Crystal data and structure refinement for 5c.
Identification code 5c
Empirical formula C23 H22 N2 O4

Formula weight 390.43
Temperature 296(2) K
Wavelength 0.71073 Å
Crystal system Monoclinic
Space group P2(1)/c
Unit cell dimensions a = 12.1869(5) Å = 90°.

b = 14.4300(6) Å = 115.9411(17)°.
c = 12.8949(5) Å  = 90°.

Volume 2039.18(14) Å3

Z 4
Density (calculated) 1.272 Mg/m3

Absorption coefficient 0.088 mm-1

F(000) 824
Crystal size 0.21 x 0.18 x 0.07 mm3

Theta range for data collection 2.25 to 28.35°.
Index ranges -16<=h<=16, -19<=k<=19, -17<=l<=17
Reflections collected 73769
Independent reflections 5091 [R(int) = 0.0800]
Completeness to theta = 28.35° 99.8 % 
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9939 and 0.9818
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 5091 / 0 / 264
Goodness-of-fit on F2 1.024
Final R indices [I>2sigma(I)] R1 = 0.0471, wR2 = 0.1063
R indices (all data) R1 = 0.0866, wR2 = 0.1242
Largest diff. peak and hole 0.255 and -0.214 e.Å-3
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Table S2  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103)
for 5c

x y z U(eq)
________________________________________________________________________________  
C(1) 10493(1) 6132(1) 3712(1) 34(1)
O(1) 11608(1) 5993(1) 4145(1) 46(1)
C(2) 9880(1) 6329(1) 4447(1) 32(1)
C(3) 10496(1) 6138(1) 5638(1) 37(1)
O(2) 11649(1) 5812(1) 6140(1) 49(1)
C(4) 9913(2) 6275(1) 6338(1) 45(1)
C(5) 8752(2) 6624(1) 5884(2) 48(1)
C(6) 8147(2) 6862(1) 4727(2) 44(1)
C(7) 8712(1) 6717(1) 4025(1) 38(1)
C(8) 9807(1) 6075(1) 2440(1) 32(1)
C(9) 10417(1) 6266(1) 1767(1) 32(1)
C(10) 9846(1) 6159(1) 591(1) 31(1)
C(11) 8610(1) 5845(1) 81(1) 31(1)
N(1) 8026(1) 5638(1) 724(1) 34(1)
C(12) 8619(1) 5748(1) 1860(1) 34(1)
C(13) 10510(1) 6343(1) -111(1) 33(1)
O(3) 10084(1) 6234(1) -1148(1) 45(1)
O(4) 11640(1) 6632(1) 520(1) 41(1)
C(14) 12409(1) 6747(1) -75(1) 42(1)
C(15) 13625(2) 7088(1) 789(2) 47(1)
C(16) 14525(2) 7150(2) 279(2) 74(1)
C(17) 15775(2) 7448(2) 1129(2) 94(1)
N(2) 8005(1) 5725(1) -1076(1) 38(1)
C(18) 6798(1) 5424(1) -1755(1) 38(1)
C(19) 5840(2) 5590(1) -1480(2) 51(1)
C(20) 4677(2) 5307(2) -2222(2) 65(1)
C(21) 4455(2) 4853(2) -3226(2) 67(1)
C(22) 5402(2) 4689(1) -3505(2) 61(1)
C(23) 6575(2) 4977(1) -2779(1) 47(1)
________________________________________________________________________________ 
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 Table S3   Bond lengths [Å] and angles [°] for 5c.
_____________________________________________________ 
C(1)-O(1)#1 1.2384(17)
C(1)-O(1) 1.2384(17)
C(1)-C(2) 1.469(2)
C(1)-C(8) 1.4821(19)
C(2)-C(7) 1.399(2)
C(2)-C(3) 1.411(2)
C(3)-O(2) 1.3489(19)
C(3)-C(4) 1.385(2)
O(2)-H(2) 0.8200
C(4)-C(5) 1.369(2)
C(4)-H(4) 0.9300
C(5)-C(6) 1.387(2)
C(5)-H(5) 0.9300
C(6)-C(7) 1.373(2)
C(6)-H(6) 0.9300
C(7)-H(7) 0.9300
C(8)-C(12) 1.389(2)
C(8)-C(9) 1.3943(19)
C(9)-C(10) 1.3729(19)
C(9)-H(9) 0.9300
C(10)-C(11) 1.4286(19)
C(10)-C(13) 1.4781(19)
C(11)-N(1) 1.3415(18)
C(11)-N(2) 1.3548(18)
N(1)-C(12) 1.3295(18)
C(12)-H(12) 0.9300
C(13)-O(3)#1 1.2139(17)
C(13)-O(3) 1.2139(17)
C(13)-O(4) 1.3240(17)
O(4)-C(14) 1.4571(17)
C(14)-C(15) 1.496(2)
C(14)-H(14A) 0.9700
C(14)-H(14B) 0.9700
C(15)-C(16) 1.508(2)
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C(15)-H(15A) 0.9700
C(15)-H(15B) 0.9700
C(16)-C(17) 1.498(3)
C(16)-H(16A) 0.9700
C(16)-H(16B) 0.9700
C(17)-H(17A) 0.9600
C(17)-H(17B) 0.9600
C(17)-H(17C) 0.9600
N(2)-C(18) 1.4115(19)
N(2)-H(2N) 0.8600
C(18)-C(19) 1.381(2)
C(18)-C(23) 1.386(2)
C(19)-C(20) 1.381(2)
C(19)-H(19) 0.9300
C(20)-C(21) 1.368(3)
C(20)-H(20) 0.9300
C(21)-C(22) 1.371(3)
C(21)-H(21) 0.9300
C(22)-C(23) 1.387(2)
C(22)-H(22) 0.9300
C(23)-H(23) 0.9300

O(1)#1-C(1)-C(2) 120.49(13)
O(1)-C(1)-C(2) 120.49(13)
O(1)#1-C(1)-C(8) 117.85(13)
O(1)-C(1)-C(8) 117.85(13)
C(2)-C(1)-C(8) 121.65(13)
C(7)-C(2)-C(3) 117.88(13)
C(7)-C(2)-C(1) 123.00(13)
C(3)-C(2)-C(1) 119.11(13)
O(2)-C(3)-C(4) 117.44(14)
O(2)-C(3)-C(2) 122.45(13)
C(4)-C(3)-C(2) 120.11(15)
C(3)-O(2)-H(2) 109.5
C(5)-C(4)-C(3) 120.15(15)
C(5)-C(4)-H(4) 119.9
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C(3)-C(4)-H(4) 119.9
C(4)-C(5)-C(6) 121.03(15)
C(4)-C(5)-H(5) 119.5
C(6)-C(5)-H(5) 119.5
C(7)-C(6)-C(5) 119.13(16)
C(7)-C(6)-H(6) 120.4
C(5)-C(6)-H(6) 120.4
C(6)-C(7)-C(2) 121.56(15)
C(6)-C(7)-H(7) 119.2
C(2)-C(7)-H(7) 119.2
C(12)-C(8)-C(9) 116.50(13)
C(12)-C(8)-C(1) 124.40(13)
C(9)-C(8)-C(1) 118.74(13)
C(10)-C(9)-C(8) 120.92(13)
C(10)-C(9)-H(9) 119.5
C(8)-C(9)-H(9) 119.5
C(9)-C(10)-C(11) 117.89(12)
C(9)-C(10)-C(13) 120.52(13)
C(11)-C(10)-C(13) 121.57(13)
N(1)-C(11)-N(2) 118.15(13)
N(1)-C(11)-C(10) 121.54(12)
N(2)-C(11)-C(10) 120.29(13)
C(12)-N(1)-C(11) 118.35(12)
N(1)-C(12)-C(8) 124.74(13)
N(1)-C(12)-H(12) 117.6
C(8)-C(12)-H(12) 117.6
O(3)#1-C(13)-O(4) 123.12(13)
O(3)-C(13)-O(4) 123.12(13)
O(3)#1-C(13)-C(10) 124.51(14)
O(3)-C(13)-C(10) 124.51(14)
O(4)-C(13)-C(10) 112.36(12)
C(13)-O(4)-C(14) 116.58(12)
O(4)-C(14)-C(15) 107.55(13)
O(4)-C(14)-H(14A) 110.2
C(15)-C(14)-H(14A) 110.2
O(4)-C(14)-H(14B) 110.2
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C(15)-C(14)-H(14B) 110.2
H(14A)-C(14)-H(14B) 108.5
C(14)-C(15)-C(16) 111.60(15)
C(14)-C(15)-H(15A) 109.3
C(16)-C(15)-H(15A) 109.3
C(14)-C(15)-H(15B) 109.3
C(16)-C(15)-H(15B) 109.3
H(15A)-C(15)-H(15B) 108.0
C(17)-C(16)-C(15) 113.48(19)
C(17)-C(16)-H(16A) 108.9
C(15)-C(16)-H(16A) 108.9
C(17)-C(16)-H(16B) 108.9
C(15)-C(16)-H(16B) 108.9
H(16A)-C(16)-H(16B) 107.7
C(16)-C(17)-H(17A) 109.5
C(16)-C(17)-H(17B) 109.5
H(17A)-C(17)-H(17B) 109.5
C(16)-C(17)-H(17C) 109.5
H(17A)-C(17)-H(17C) 109.5
H(17B)-C(17)-H(17C) 109.5
C(11)-N(2)-C(18) 129.75(13)
C(11)-N(2)-H(2N) 115.1
C(18)-N(2)-H(2N) 115.1
C(19)-C(18)-C(23) 119.36(15)
C(19)-C(18)-N(2) 123.78(14)
C(23)-C(18)-N(2) 116.79(14)
C(20)-C(19)-C(18) 119.84(17)
C(20)-C(19)-H(19) 120.1
C(18)-C(19)-H(19) 120.1
C(21)-C(20)-C(19) 121.00(19)
C(21)-C(20)-H(20) 119.5
C(19)-C(20)-H(20) 119.5
C(20)-C(21)-C(22) 119.40(18)
C(20)-C(21)-H(21) 120.3
C(22)-C(21)-H(21) 120.3
C(21)-C(22)-C(23) 120.56(18)
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C(21)-C(22)-H(22) 119.7
C(23)-C(22)-H(22) 119.7
C(18)-C(23)-C(22) 119.83(17)
C(18)-C(23)-H(23) 120.1
C(22)-C(23)-H(23) 120.1
_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms: 
#1 x,y,z      
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 Table S4.   Anisotropic displacement parameters  (Å2x 103) for 5c.  The anisotropic
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ]
______________________________________________________________________________ 

U11 U22 U33 U23 U13 U12

______________________________________________________________________________ 
C(1) 32(1) 39(1) 30(1) 0(1) 13(1) -4(1)
O(1) 31(1) 72(1) 34(1) 0(1) 13(1) 0(1)
C(2) 35(1) 35(1) 28(1) -3(1) 14(1) -5(1)
C(3) 40(1) 37(1) 31(1) 0(1) 15(1) -5(1)
O(2) 44(1) 67(1) 31(1) 8(1) 13(1) 7(1)
C(4) 62(1) 44(1) 33(1) 0(1) 25(1) -2(1)
C(5) 60(1) 48(1) 50(1) -7(1) 37(1) -4(1)
C(6) 40(1) 44(1) 51(1) -8(1) 23(1) -1(1)
C(7) 38(1) 41(1) 33(1) -5(1) 14(1) -3(1)
C(8) 31(1) 36(1) 27(1) 0(1) 12(1) 1(1)
C(9) 26(1) 36(1) 32(1) -1(1) 12(1) 1(1)
C(10) 30(1) 35(1) 30(1) -1(1) 14(1) 2(1)
C(11) 30(1) 34(1) 29(1) -2(1) 12(1) 4(1)
N(1) 30(1) 41(1) 31(1) -4(1) 14(1) -3(1)
C(12) 33(1) 41(1) 32(1) -1(1) 17(1) -1(1)
C(13) 33(1) 35(1) 34(1) 2(1) 16(1) 5(1)
O(3) 45(1) 63(1) 32(1) -4(1) 21(1) -3(1)
O(4) 34(1) 56(1) 38(1) 2(1) 20(1) -3(1)
C(14) 41(1) 49(1) 46(1) 2(1) 30(1) -1(1)
C(15) 41(1) 51(1) 56(1) 0(1) 26(1) -2(1)
C(16) 56(1) 98(2) 86(2) -17(1) 47(1) -24(1)
C(17) 54(1) 119(2) 118(2) -29(2) 48(1) -29(1)
N(2) 32(1) 53(1) 28(1) -5(1) 13(1) -1(1)
C(18) 35(1) 41(1) 30(1) -1(1) 8(1) 4(1)
C(19) 35(1) 71(1) 41(1) -10(1) 11(1) 1(1)
C(20) 36(1) 86(2) 60(1) -4(1) 9(1) -1(1)
C(21) 45(1) 66(1) 61(1) -5(1) -4(1) -6(1)
C(22) 68(1) 53(1) 38(1) -10(1) -1(1) 3(1)
C(23) 50(1) 48(1) 32(1) -3(1) 9(1) 7(1)
______________________________________________________________________________ 
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Table S5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3)
for 5c.
________________________________________________________________________________ 

x y z U(eq)
________________________________________________________________________________ 
 
H(2) 11931 5809 5668 73
H(4) 10312 6131 7119 54
H(5) 8363 6702 6358 58
H(6) 7368 7117 4431 53
H(7) 8310 6881 3250 46
H(9) 11222 6469 2121 38
H(12) 8209 5596 2298 41
H(14A) 12044 7190 -699 50
H(14B) 12499 6160 -396 50
H(15A) 13941 6671 1445 57
H(15B) 13530 7695 1062 57
H(16A) 14584 6549 -29 89
H(16B) 14220 7587 -357 89
H(17A) 15739 8070 1378 140
H(17B) 16319 7427 771 140
H(17C) 16067 7040 1782 140
H(2N) 8419 5851 -1454 45
H(19) 5979 5892 -796 61
H(20) 4033 5426 -2037 78
H(21) 3670 4658 -3716 80
H(22) 5256 4382 -4187 74
H(23) 7211 4870 -2979 56
________________________________________________________________________________ 
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 Table S6.  Torsion angles [°] for 5c.
________________________________________________________________ 
C(2)-C(1)-O(1)-O(1)#1 0.00(11)
C(8)-C(1)-O(1)-O(1)#1 0.00(11)
O(1)#1-C(1)-C(2)-C(7) 163.29(15)
O(1)-C(1)-C(2)-C(7) 163.29(15)
C(8)-C(1)-C(2)-C(7) -17.9(2)
O(1)#1-C(1)-C(2)-C(3) -15.4(2)
O(1)-C(1)-C(2)-C(3) -15.4(2)
C(8)-C(1)-C(2)-C(3) 163.44(14)
C(7)-C(2)-C(3)-O(2) -176.20(14)
C(1)-C(2)-C(3)-O(2) 2.6(2)
C(7)-C(2)-C(3)-C(4) 4.4(2)
C(1)-C(2)-C(3)-C(4) -176.89(14)
O(2)-C(3)-C(4)-C(5) 178.54(16)
C(2)-C(3)-C(4)-C(5) -2.0(2)
C(3)-C(4)-C(5)-C(6) -1.3(3)
C(4)-C(5)-C(6)-C(7) 2.1(3)
C(5)-C(6)-C(7)-C(2) 0.5(2)
C(3)-C(2)-C(7)-C(6) -3.6(2)
C(1)-C(2)-C(7)-C(6) 177.68(15)
O(1)#1-C(1)-C(8)-C(12) 145.74(16)
O(1)-C(1)-C(8)-C(12) 145.74(16)
C(2)-C(1)-C(8)-C(12) -33.1(2)
O(1)#1-C(1)-C(8)-C(9) -27.1(2)
O(1)-C(1)-C(8)-C(9) -27.1(2)
C(2)-C(1)-C(8)-C(9) 154.03(14)
C(12)-C(8)-C(9)-C(10) 1.9(2)
C(1)-C(8)-C(9)-C(10) 175.29(14)
C(8)-C(9)-C(10)-C(11) -0.1(2)
C(8)-C(9)-C(10)-C(13) -178.65(14)
C(9)-C(10)-C(11)-N(1) -1.6(2)
C(13)-C(10)-C(11)-N(1) 176.99(13)
C(9)-C(10)-C(11)-N(2) -179.83(14)
C(13)-C(10)-C(11)-N(2) -1.3(2)
N(2)-C(11)-N(1)-C(12) 179.55(14)
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C(10)-C(11)-N(1)-C(12) 1.2(2)
C(11)-N(1)-C(12)-C(8) 0.8(2)
C(9)-C(8)-C(12)-N(1) -2.3(2)
C(1)-C(8)-C(12)-N(1) -175.32(15)
C(9)-C(10)-C(13)-O(3)#1 177.33(15)
C(11)-C(10)-C(13)-O(3)#1 -1.2(2)
C(9)-C(10)-C(13)-O(3) 177.33(15)
C(11)-C(10)-C(13)-O(3) -1.2(2)
C(9)-C(10)-C(13)-O(4) -1.8(2)
C(11)-C(10)-C(13)-O(4) 179.71(13)
O(4)-C(13)-O(3)-O(3)#1 0.00(9)
C(10)-C(13)-O(3)-O(3)#1 0.00(5)
O(3)#1-C(13)-O(4)-C(14) -4.9(2)
O(3)-C(13)-O(4)-C(14) -4.9(2)
C(10)-C(13)-O(4)-C(14) 174.20(13)
C(13)-O(4)-C(14)-C(15) 179.14(14)
O(4)-C(14)-C(15)-C(16) 175.08(16)
C(14)-C(15)-C(16)-C(17) -177.4(2)
N(1)-C(11)-N(2)-C(18) 1.6(2)
C(10)-C(11)-N(2)-C(18) 179.92(14)
C(11)-N(2)-C(18)-C(19) 31.3(3)
C(11)-N(2)-C(18)-C(23) -151.97(16)
C(23)-C(18)-C(19)-C(20) 0.3(3)
N(2)-C(18)-C(19)-C(20) 176.97(18)
C(18)-C(19)-C(20)-C(21) 0.7(3)
C(19)-C(20)-C(21)-C(22) -0.8(3)
C(20)-C(21)-C(22)-C(23) 0.1(3)
C(19)-C(18)-C(23)-C(22) -1.1(3)
N(2)-C(18)-C(23)-C(22) -177.96(16)
C(21)-C(22)-C(23)-C(18) 0.9(3)
________________________________________________________________ 
Symmetry transformations used to generate equivalent atoms: 
#1 x,y,z      
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 Table S7.  Hydrogen bonds for 5c  [Å and °].
____________________________________________________________________________ 
D-H...A d(D-H) d(H...A) d(D...A) <(DHA)
____________________________________________________________________________ 
 O(2)-H(2)...O(1)#1 0.82 1.84 2.5637(15) 145.7
 N(2)-H(2N)...O(3)#1 0.86 1.97 2.6778(16) 139.0
____________________________________________________________________________ 
Symmetry transformations used to generate equivalent atoms: 
#1 x,y,z 


