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General Experimental Methods: 

Methanol and acetone were distilled before use. All reactions were 

performed under an inert atmosphere with unpurified reagents and dry 

solvents. Analytical thin-layer chromatography (TLC) was performed 

using 0.25mm silica gel coated plates. Flash chromatography was 

performed using the indicated solvent and silica gel 60 (230-400 mesh). 

All the microwave experiments were performed in a Biotage initiator 

under optimized reaction conditions of power and pressure. 
1
H NMR 

(300 MHz) and 
13

C NMR (75 MHz) spectra were recorded on a Bruker 

DX- 300 MHz spectrometer. Chemical shifts are reported in parts per 

million (ppm) on the scale from an internal standard.  High-resolution 

mass spectra (HRMS) were recorded on a JEOL TMS-HX 110 mass 

spectrometer.  Analytical HPLC analyses were performed on a Shimadzu 

LC-10 AT series machine. (Column: Sphereclone 5μ Si (250 x 4.6 mm); 

Eluent: 10% IPA/Hexane; Flow rate: 1 mL/min; Detector: λ=254 nm 

UV. 
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1
H NMR spectrum (300 MHz) of compound 5a in CDCl3 
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C spectrum (75 MHz) of compound 5a in CDCl3 
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IR spectrum of compound 5a 
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EI Mass spectrum of compound 5a 
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HRMS Mass (EI) spectrum of compound 5a 
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HPLC chromatogram of compound 5a 
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H NMR spectrum (300 MHz) of compound 5b in CDCl3 
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IR spectrum of compound 5b 
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EI Mass spectrum of compound 5b 
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HRMS Mass (EI) spectrum of compound 5b 
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HPLC chromatogram of compound 5b 
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IR spectrum of compound 5c 
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EI Mass spectrum of compound 5c 
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HRMS Mass (EI) spectrum of compound 5c 
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HPLC chromatogram of compound 5a 
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HRMS Mass (EI) spectrum of compound 5d 
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HPLC chromatogram of compound 5d 
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EI Mass spectrum of compound 5e 
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HRMS Mass (EI) spectrum of compound 5e 
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H NMR spectrum (300 MHz) of compound 5t in CDCl3 
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C spectrum (75 MHz) of compound 5t in CDCl3 
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IR spectrum of compound 5t 
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EI Mass spectrum of compound 5t 
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HRMS Mass (EI) spectrum of compound 5t 
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HPLC chromatogram of compound 5t 
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Figure 1. ORTEP diagram of 5i. 

 

  Table 1.  Crystal data and structure refinement for 091228_0m. 

Identification code  091228_0m 

Empirical formula  C23 H21 N5 O2 

Formula weight  399.45 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 7.10800(10) Å = 80.4350(10)°. 

 b = 10.9002(2) Å = 85.6770(10)°. 

 c = 14.3071(2) Å  = 71.9600(10)°. 

Volume 1039.01(3) Å3 

Z 2 

Density (calculated) 1.277 Mg/m3 

Absorption coefficient 0.085 mm-1 

F(000) 420 

Crystal size 0.30 x 0.10 x 0.10 mm3 

Theta range for data collection 1.44 to 26.40°. 

Index ranges -8<=h<=8, -13<=k<=13, -17<=l<=17 

Reflections collected 17384 

Independent reflections 4237 [R(int) = 0.0199] 

Completeness to theta = 26.40° 99.4 %  
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Absorption correction Empirical 

Max. and min. transmission 0.7454 and 0.7126 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4237 / 0 / 274 

Goodness-of-fit on F2 1.080 

Final R indices [I>2sigma(I)] R1 = 0.0449, wR2 = 0.1269 

R indices (all data) R1 = 0.0560, wR2 = 0.1417 

Largest diff. peak and hole 0.403 and -0.294 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 

103) for 091228_0m.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 2157(2) 5380(1) 10011(1) 33(1) 

C(2) 2449(2) 5219(1) 10972(1) 36(1) 

C(3) 1555(2) 6298(2) 11429(1) 39(1) 

C(4) 431(2) 7484(2) 10932(1) 42(1) 

C(5) 136(2) 7638(1) 9972(1) 40(1) 

C(6) 1012(2) 6563(1) 9518(1) 34(1) 

C(7) 2068(2) 5166(1) 8476(1) 33(1) 

C(8) 3490(2) 3431(1) 7721(1) 35(1) 

C(9) 4315(2) 2693(1) 8560(1) 36(1) 

C(10) 3966(2) 3206(1) 9459(1) 36(1) 

C(11) 1825(2) 6122(2) 12467(1) 45(1) 

C(12) 981(3) 7114(2) 13851(1) 71(1) 

C(13) -109(2) 7346(1) 7802(1) 44(1) 

C(14) 1212(3) 7969(2) 7128(1) 65(1) 

C(15) 2191(5) 8702(3) 7605(2) 110(1) 

C(16) -1(5) 8821(3) 6300(2) 108(1) 

C(17) 3804(2) 2960(1) 6786(1) 38(1) 

C(18) 3614(3) 3870(2) 5971(1) 49(1) 

C(19) 3883(3) 3492(2) 5084(1) 58(1) 

C(20) 4342(3) 2202(2) 4998(1) 65(1) 

C(21) 4502(4) 1289(2) 5801(1) 74(1) 

C(22) 4226(3) 1661(2) 6689(1) 58(1) 

C(23) 5617(2) 1390(2) 8630(1) 48(1) 

N(1) 2802(2) 4526(1) 9340(1) 33(1) 

N(2) 972(2) 6402(1) 8579(1) 36(1) 

N(3) 2331(2) 4692(1) 7677(1) 36(1) 

N(4) 4534(2) 2664(1) 10291(1) 49(1) 

N(5) 6661(3) 352(2) 8754(1) 79(1) 

O(1) 2777(2) 5124(1) 12923(1) 69(1) 

O(2) 885(2) 7201(1) 12839(1) 59(1) 

________________________________________________________________________________  
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Table 3.   Bond lengths [Å] and angles [°] for  091228_0m. 

__________________________________________________  

C(1)-C(2)  1.3813(19) 

C(1)-C(6)  1.3987(19) 

C(1)-N(1)  1.4007(18) 

C(2)-C(3)  1.394(2) 

C(2)-H(2)  0.9300 

C(3)-C(4)  1.398(2) 

C(3)-C(11)  1.485(2) 

C(4)-C(5)  1.381(2) 

C(4)-H(4)  0.9300 

C(5)-C(6)  1.386(2) 

C(5)-H(5)  0.9300 

C(6)-N(2)  1.3872(18) 

C(7)-N(3)  1.3090(18) 

C(7)-N(2)  1.3571(17) 

C(7)-N(1)  1.3681(17) 

C(8)-N(3)  1.3599(18) 

C(8)-C(9)  1.388(2) 

C(8)-C(17)  1.488(2) 

C(9)-C(23)  1.427(2) 

C(9)-C(10)  1.460(2) 

C(10)-N(4)  1.2735(19) 

C(10)-N(1)  1.4092(17) 

C(11)-O(1)  1.200(2) 

C(11)-O(2)  1.334(2) 

C(12)-O(2)  1.441(2) 

C(12)-H(12A)  0.9600 

C(12)-H(12B)  0.9600 

C(12)-H(12C)  0.9600 

C(13)-N(2)  1.4650(17) 

C(13)-C(14)  1.520(2) 

C(13)-H(13A)  0.9700 

C(13)-H(13B)  0.9700 

C(14)-C(15)  1.479(3) 

C(14)-C(16)  1.517(3) 

C(14)-H(14)  0.9800 

C(15)-H(15A)  0.9600 
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C(15)-H(15B)  0.9600 

C(15)-H(15C)  0.9600 

C(16)-H(16A)  0.9600 

C(16)-H(16B)  0.9600 

C(16)-H(16C)  0.9600 

C(17)-C(22)  1.382(2) 

C(17)-C(18)  1.386(2) 

C(18)-C(19)  1.380(2) 

C(18)-H(18)  0.9300 

C(19)-C(20)  1.366(3) 

C(19)-H(19)  0.9300 

C(20)-C(21)  1.375(3) 

C(20)-H(20)  0.9300 

C(21)-C(22)  1.379(3) 

C(21)-H(21)  0.9300 

C(22)-H(22)  0.9300 

C(23)-N(5)  1.138(2) 

N(4)-H(1)  0.9660 

C(2)-C(1)-C(6) 121.75(13) 

C(2)-C(1)-N(1) 132.18(13) 

C(6)-C(1)-N(1) 106.06(12) 

C(1)-C(2)-C(3) 116.70(13) 

C(1)-C(2)-H(2) 121.7 

C(3)-C(2)-H(2) 121.7 

C(2)-C(3)-C(4) 121.40(14) 

C(2)-C(3)-C(11) 116.91(14) 

C(4)-C(3)-C(11) 121.68(14) 

C(5)-C(4)-C(3) 121.68(14) 

C(5)-C(4)-H(4) 119.2 

C(3)-C(4)-H(4) 119.2 

C(4)-C(5)-C(6) 116.97(13) 

C(4)-C(5)-H(5) 121.5 

C(6)-C(5)-H(5) 121.5 

C(5)-C(6)-N(2) 130.75(13) 

C(5)-C(6)-C(1) 121.49(13) 

N(2)-C(6)-C(1) 107.76(12) 

N(3)-C(7)-N(2) 124.55(12) 

N(3)-C(7)-N(1) 127.10(12) 
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N(2)-C(7)-N(1) 108.35(12) 

N(3)-C(8)-C(9) 122.14(13) 

N(3)-C(8)-C(17) 113.21(12) 

C(9)-C(8)-C(17) 124.64(13) 

C(8)-C(9)-C(23) 124.03(13) 

C(8)-C(9)-C(10) 122.38(12) 

C(23)-C(9)-C(10) 113.56(12) 

N(4)-C(10)-N(1) 117.69(13) 

N(4)-C(10)-C(9) 130.84(13) 

N(1)-C(10)-C(9) 111.47(11) 

O(1)-C(11)-O(2) 123.62(15) 

O(1)-C(11)-C(3) 124.10(16) 

O(2)-C(11)-C(3) 112.28(14) 

O(2)-C(12)-H(12A) 109.5 

O(2)-C(12)-H(12B) 109.5 

H(12A)-C(12)-H(12B) 109.5 

O(2)-C(12)-H(12C) 109.5 

H(12A)-C(12)-H(12C) 109.5 

H(12B)-C(12)-H(12C) 109.5 

N(2)-C(13)-C(14) 113.08(13) 

N(2)-C(13)-H(13A) 109.0 

C(14)-C(13)-H(13A) 109.0 

N(2)-C(13)-H(13B) 109.0 

C(14)-C(13)-H(13B) 109.0 

H(13A)-C(13)-H(13B) 107.8 

C(15)-C(14)-C(16) 111.9(2) 

C(15)-C(14)-C(13) 112.64(18) 

C(16)-C(14)-C(13) 108.95(18) 

C(15)-C(14)-H(14) 107.7 

C(16)-C(14)-H(14) 107.7 

C(13)-C(14)-H(14) 107.7 

C(14)-C(15)-H(15A) 109.5 

C(14)-C(15)-H(15B) 109.5 

H(15A)-C(15)-H(15B) 109.5 

C(14)-C(15)-H(15C) 109.5 

H(15A)-C(15)-H(15C) 109.5 

H(15B)-C(15)-H(15C) 109.5 

C(14)-C(16)-H(16A) 109.5 
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C(14)-C(16)-H(16B) 109.5 

H(16A)-C(16)-H(16B) 109.5 

C(14)-C(16)-H(16C) 109.5 

H(16A)-C(16)-H(16C) 109.5 

H(16B)-C(16)-H(16C) 109.5 

C(22)-C(17)-C(18) 118.21(14) 

C(22)-C(17)-C(8) 123.28(14) 

C(18)-C(17)-C(8) 118.49(13) 

C(19)-C(18)-C(17) 121.10(16) 

C(19)-C(18)-H(18) 119.4 

C(17)-C(18)-H(18) 119.4 

C(20)-C(19)-C(18) 120.11(17) 

C(20)-C(19)-H(19) 119.9 

C(18)-C(19)-H(19) 119.9 

C(19)-C(20)-C(21) 119.45(17) 

C(19)-C(20)-H(20) 120.3 

C(21)-C(20)-H(20) 120.3 

C(20)-C(21)-C(22) 120.76(18) 

C(20)-C(21)-H(21) 119.6 

C(22)-C(21)-H(21) 119.6 

C(21)-C(22)-C(17) 120.34(17) 

C(21)-C(22)-H(22) 119.8 

C(17)-C(22)-H(22) 119.8 

N(5)-C(23)-C(9) 175.05(19) 

C(7)-N(1)-C(1) 108.95(11) 

C(7)-N(1)-C(10) 121.31(12) 

C(1)-N(1)-C(10) 129.72(12) 

C(7)-N(2)-C(6) 108.88(11) 

C(7)-N(2)-C(13) 123.06(12) 

C(6)-N(2)-C(13) 128.01(11) 

C(7)-N(3)-C(8) 115.51(12) 

C(10)-N(4)-H(1) 106.9 

C(11)-O(2)-C(12) 116.66(15) 

 

Symmetry transformations used to generate equivalent atoms 
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for 091228_0m.  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) 33(1)  32(1) 34(1)  -5(1) -1(1)  -10(1) 

C(2) 37(1)  38(1) 34(1)  -1(1) -4(1)  -12(1) 

C(3) 40(1)  45(1) 36(1)  -8(1) 0(1)  -17(1) 

C(4) 43(1)  40(1) 43(1)  -13(1) 2(1)  -11(1) 

C(5) 42(1)  33(1) 42(1)  -6(1) -1(1)  -7(1) 

C(6) 36(1)  33(1) 33(1)  -3(1) -2(1)  -10(1) 

C(7) 34(1)  30(1) 34(1)  -2(1) -2(1)  -8(1) 

C(8) 35(1)  31(1) 37(1)  -4(1) 0(1)  -10(1) 

C(9) 38(1)  28(1) 38(1)  -4(1) -3(1)  -6(1) 

C(10) 36(1)  30(1) 39(1)  -1(1) -4(1)  -7(1) 

C(11) 45(1)  56(1) 39(1)  -12(1) -2(1)  -17(1) 

C(12) 66(1)  106(2) 43(1)  -32(1) 1(1)  -20(1) 

C(13) 48(1)  34(1) 40(1)  -1(1) -10(1)  -1(1) 

C(14) 81(1)  53(1) 53(1)  10(1) -8(1)  -18(1) 

C(15) 159(3)  117(2) 81(2)  12(2) -13(2)  -92(2) 

C(16) 136(2)  102(2) 69(2)  41(1) -27(2)  -33(2) 

C(17) 38(1)  38(1) 38(1)  -7(1) 0(1)  -9(1) 

C(18) 64(1)  41(1) 40(1)  -5(1) -2(1)  -13(1) 

C(19) 76(1)  61(1) 37(1)  -5(1) 0(1)  -20(1) 

C(20) 84(1)  67(1) 43(1)  -22(1) 2(1)  -16(1) 

C(21) 116(2)  47(1) 56(1)  -22(1) -7(1)  -12(1) 

C(22) 86(1)  40(1) 44(1)  -8(1) -5(1)  -14(1) 

C(23) 56(1)  37(1) 46(1)  -6(1) -8(1)  -4(1) 

N(1) 36(1)  29(1) 31(1)  -2(1) -3(1)  -6(1) 

N(2) 41(1)  29(1) 32(1)  -2(1) -4(1)  -4(1) 

N(3) 41(1)  31(1) 33(1)  -4(1) -3(1)  -6(1) 

N(4) 60(1)  37(1) 40(1)  0(1) -13(1)  -2(1) 

N(5) 96(1)  41(1) 78(1)  -11(1) -22(1)  15(1) 

O(1) 86(1)  71(1) 40(1)  -7(1) -15(1)  -6(1) 

O(2) 68(1)  69(1) 41(1)  -22(1) 0(1)  -15(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for 091228_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2) 3205 4430 11299 44 

H(4) -132 8187 11258 50 

H(5) -617 8427 9644 48 

H(12A) 547 6395 14161 106 

H(12B) 141 7909 14048 106 

H(12C) 2320 6982 14018 106 

H(13A) -1136 8026 8065 52 

H(13B) -749 6909 7447 52 

H(14) 2249 7266 6878 78 

H(15A) 3023 9063 7155 165 

H(15B) 2982 8125 8108 165 

H(15C) 1206 9395 7862 165 

H(16A) -1041 9514 6527 162 

H(16B) -566 8304 5993 162 

H(16C) 838 9185 5856 162 

H(18) 3301 4751 6022 59 

H(19) 3752 4116 4545 70 

H(20) 4544 1943 4402 78 

H(21) 4799 411 5744 89 

H(22) 4324 1034 7226 69 

H(1) 5241 1760 10252 80 

________________________________________________________________________________  
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