
Molecules 2016, 21, 238; doi:10.3390/molecules21020238 S1 of S43 

Supplementary Materials: Synthesis of 
2-Alkenyl-2H-indazoles from 
2-(2-Carbonylmethyl)-2H-indazoles 
Mei-Huey Lin *, Kung-Yu Liang, Chang-Hsien Tsai, Yu-Chun Chen, Hung-Chang Hsiao,  
Yi-Syuan Li, Chung-Hao Chen and Hau-Chun Wu 

Table of Contents:  

I. X-ray Crystallographic Analyses.      Page S1-S7 
II. Copies of 1H and 13C NMR spectra.      Page S8-S43 

I. X-ray Crystallographic Analyses 

 

Figure S1. ORTEP plot of X-ray crystallographic data for 2a. 

 

Table S1. Crystal data and structure refinement for 2a (CCDC: 1442986, LKYIII901). 

Identification Code lkyiii901  
Empirical formula C15 H20 N2  

Formula weight 228.33  
Temperature 150 K  
Wavelength 0.71073 Å  

Crystal system Orthorhombic  
Space group Pca2(1)  

Unit cell dimensions a = 7.8713(4) Å α = 90° 
 b = 5.7010(3) Å β = 90° 
 c = 25.0463(13) Å γ = 90° 

Volume 1123.93(10) Å3  
Z 4  

Density (calculated) 1.349 Mg/m3  
Absorption coefficient 0.080 mm−1  

F(000) 496  
Crystal size 0.20 × 0.09 × 0.01 mm3  

Theta range for data collection 3.25 to 28.74°  
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Index ranges −10 ≤ h ≤ 10, −7 ≤ k ≤ 7, −33 ≤ l ≤ 33  
Reflections collected 15,208  

Independent reflections 2922 [R(int) = 0.0899]  
Completeness to theta = 28.74° 99.9%  

Absorption correction Semi-empirical from equivalents  
Max. and min. transmission 0.9992 and 0.9842  

Refinement method Full-matrix least-squares on F2  
Data/restraints/parameters 2922/1/154  

Goodness-of-fit on F2 0.854  
Final R indices [I > 2sigma(I)] R1 = 0.0518, wR2 = 0.1218  

R indices (all data) R1 = 0.0853, wR2 = 0.1459  
Absolute structure parameter −2(4)  

Largest diff. peak and hole 0.184 and −0.232 e·Å−3  

Table S2. Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2 × 103 for 
LKYIII901. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

x y z U(eq) 
C(7) 733(3) 6181(4) 9911(1) 25(1) 
C(9) 2586(3) 3665(4) 8390(1) 30(1) 

C(10) 3154(3) 3123(4) 7847(1) 28(1) 
C(5) −555(3) 7436(4) 10,719(1) 34(1) 
C(8) 2064(3) 5761(4) 8548(1) 30(1) 
C(2) 257(3) 8341(4) 9663(1) 24(1) 

C(14) 4570(4) 473(5) 7238(1) 35(1) 
C(11) 2809(3) 4605(4) 7414(1) 30(1) 
C(12) 3351(4) 4036(5) 6906(1) 35(1) 
C(13) 4230(3) 1958(5) 6817(1) 36(1) 
C(15) 4030(3) 1050(4) 7749(1) 31(1) 
C(6) 337(3) 5766(4) 10,452(1) 30(1) 
C(3) −673(3) 10,046(4) 9950(1) 30(1) 
C(4) −1086(3) 9563(5) 10,466(1) 32(1) 
N(2) 1502(2) 6299(3) 9069(1) 28(1) 
C(1) 1533(3) 4920(4) 9508(1) 27(1) 
N(1) 740(3) 8419(3) 9146(1) 27(1) 

Table S3. Bond lengths [Å] and angles [°] for LKYIII901 a. 

C(7)-C(1) 1.389(3)
C(7)-C(6) 1.411(3) 
C(7)-C(2) 1.429(3) 
C(9)-C(8) 1.324(3) 

C(9)-C(10) 1.465(3) 
C(10)-C(15) 1.390(3) 
C(10)-C(11) 1.401(3) 

C(5)-C(6) 1.359(4) 
C(5)-C(4) 1.430(4) 
C(8)-N(2) 1.409(3) 
C(2)-N(1) 1.350(3) 
C(2)-C(3) 1.414(3) 

C(14)-C(13) 1.378(4) 
C(14)-C(15) 1.388(4) 
C(11)-C(12) 1.382(4) 
C(12)-C(13) 1.390(4) 

C(3)-C(4) 1.360(4) 
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N(2)-C(1) 1.354(3) 
N(2)-N(1) 1.363(3) 

C(1)-C(7)-C(6) 135.3(2) 
C(1)-C(7)-C(2) 104.5(2) 
C(6)-C(7)-C(2) 120.2(2) 

C(8)-C(9)-C(10) 124.3(2) 
C(15)-C(10)-C(11) 118.1(2) 
C(15)-C(10)-C(9) 119.7(2) 
C(11)-C(10)-C(9) 122.1(2) 

C(6)-C(5)-C(4) 121.7(2) 
C(9)-C(8)-N(2) 124.8(2) 
N(1)-C(2)-C(3) 127.7(2) 
N(1)-C(2)-C(7) 111.8(2) 
C(3)-C(2)-C(7) 120.5(2) 

C(13)-C(14)-C(15) 120.0(2) 
C(12)-C(11)-C(10) 120.8(2) 
C(11)-C(12)-C(13) 120.1(3) 
C(14)-C(13)-C(12) 119.9(3) 
C(14)-C(15)-C(10) 121.2(2) 

C(5)-C(6)-C(7) 118.0(2) 
C(4)-C(3)-C(2) 117.9(2) 
C(3)-C(4)-C(5) 121.5(2) 
C(1)-N(2)-N(1) 114.0(2) 
C(1)-N(2)-C(8) 128.3(2) 
N(1)-N(2)-C(8) 117.56(19) 
N(2)-C(1)-C(7) 106.4(2) 
C(2)-N(1)-N(2) 103.38(18) 

a Symmetry transformations used to generate equivalent atoms. 

Table S4. Anisotropic displacement parameters (Å2 × 103) for LKYIII901. The anisotropic displacement 
factor exponent takes the form: −2π2[ h2 a*2U11 + ... + 2 h k a* b* U12]. 

 U11 U22 U33 U23 U13 U12 
C(7) 23(1) 22(1) 30(1) 1(1) −4(1) −2(1) 
C(9) 30(1) 30(1) 29(1) 0(1) −3(1) 0(1) 

C(10) 25(1) 27(1) 32(1) 0(1) −3(1) −1(1) 
C(5) 34(1) 35(2) 32(1) −3(1) 3(1) −6(1) 
C(8) 31(1) 32(1) 26(1) 1(1) 0(1) 0(1) 
C(2) 19(1) 24(1) 30(1) 0(1) −2(1) −1(1) 

C(14) 32(1) 31(1) 42(2) −7(1) 1(1) 1(1) 
C(11) 32(1) 27(1) 32(1) 0(1) −3(1) 2(1) 
C(12) 39(1) 32(1) 33(1) 0(1) −5(1) 0(1) 
C(13) 38(2) 38(1) 33(2) −7(1) 1(1) −3(1) 
C(15) 32(1) 24(1) 38(1) 2(1) −1(1) 0(1) 
C(6) 33(1) 27(1) 30(1) 2(1) −1(1) −4(1) 
C(3) 25(1) 24(1) 40(2) −3(1) −4(1) 0(1) 
C(4) 26(1) 34(1) 38(1) −11(1) 2(1) 1(1) 
N(2) 28(1) 25(1) 30(1) 1(1) 0(1) 3(1) 
C(1) 26(1) 24(1) 29(1) 2(1) −2(1) 2(1) 
N(1) 28(1) 24(1) 31(1) −1(1) −2(1) 2(1) 
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Table S5. Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 × 103) for LKYIII901. 

x y z U(eq) 
H(9) 2592 2459 8640 36 
H(5) −828 7189 11,076 41 
H(8) 2068 6966 8298 36 

H(14) 5162 −916 7179 42 
H(11) 2207 5988 7470 36 
H(12) 3127 5044 6623 42 
H(13) 4588 1571 6475 43 
H(15) 4257 33 8030 38 
H(6) 677 4391 10,621 37 
H(3) −993 11,453 9792 36 
H(4) −1727 10,640 10,659 39 
H(1) 1998 3425 9536 32 

 
Figure S2. ORTEP plot of the crystallographic data of 6 (CCDC: 1442987). 

 

Table S6. Crystal data and structure refinement for 6. 

Identification Code 0211  
Empirical formula  C16 H10 N2 O2  

Formula weight  262.26  
Temperature  296(2) K  
Wavelength  0.71073 Å  

Crystal system  Orthorhombic  
Space group  Pbca  

Unit cell dimensions a = 13.122(2) Å α = 90° 
 b = 9.5421(17) Å β = 90° 
 c = 19.374(3) Å γ = 90° 

Volume 2425.9(7) Å3  
Z 8  

Density (calculated) 1.442 Mg/m3  
Absorption coefficient 0.097 mm−1  

F(000) 1096  
Crystal size 0.13 × 0.08 × 0.07 mm3  

Theta range for data collection 2.10 to 28.28°  
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Index ranges −17 ≤ h ≤ 17, −12 ≤ k ≤ 12, −25 ≤ l ≤ 25  
Reflections collected 28,899  

Independent reflections 3013 [R(int) = 0.0928]  
Completeness to theta = 28.28° 100.0%  

Absorption correction Semi-empirical from equivalents  
Max. and min. transmission 0.9932 and 0.9875  

Refinement method Full-matrix least-squares on F2  
Data/restraints/parameters 3013/0/181  

Goodness-of-fit on F2 1.004  
Final R indices [I > 2sigma(I)] R1 = 0.0494, wR2 = 0.1071  

R indices (all data) R1 = 0.1193, wR2 = 0.1382  
Largest diff. peak and hole 0.155 and −0.186 e·Å−3  

Table S7. Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2 × 103) for 

6. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 x y z U(eq) 
O(1) −410(1) 7923(1) 5030(1) 50(1) 
O(2) −785(1) 9648(2) 5730(1) 60(1) 
N(2) 1218(1) 9738(2) 6296(1) 44(1) 
N(1) 2236(1) 9847(2) 6427(1) 49(1) 
C(3) 2060(2) 12,893(2) 7919(1) 62(1) 
C(2) 1207(2) 12,405(2) 7608(1) 58(1) 
C(6) 1309(2) 11,346(2) 7103(1) 48(1) 
C(1) 645(2) 10,611(2) 6689(1) 51(1) 
C(9) 907(1) 8752(2) 5790(1) 42(1) 

C(10) 1556(2) 7805(2) 5530(1) 46(1) 
C(11) 1248(1) 6868(2) 4996(1) 45(1) 
C(12) 1888(2) 5856(2) 4707(1) 54(1) 
C(13) 1540(2) 4994(2) 4193(1) 59(1) 
C(14) 548(2) 5125(2) 3956(1) 60(1) 
C(4) 3033(2) 12,358(2) 7746(1) 62(1) 
C(5) 3161(2) 11,354(2) 7257(1) 58(1) 
C(7) 2283(1) 10,826(2) 6922(1) 46(1) 

C(16) 260(2) 6962(2) 4749(1) 45(1) 
C(8) −140(2) 8839(2) 5540(1) 45(1) 

C(15) −104(2) 6106(2) 4231(1) 54(1) 

Table S8. Bond lengths [Å] and angles [°] for 6 a. 

O(1)-C(8) 1.366(2)
O(1)-C(16)  1.381(2) 
O(2)-C(8)  1.204(2) 
N(2)-C(1)  1.357(2) 
N(2)-N(1)  1.364(2) 
N(2)-C(9)  1.418(2) 
N(1)-C(7)  1.340(3) 
C(3)-C(2)  1.353(3) 
C(3)-C(4)  1.415(3) 
C(3)-H(3)  0.9300 
C(2)-C(6)  1.413(3) 
C(2)-H(2)  0.9300 
C(6)-C(1)  1.377(3) 
C(6)-C(7)  1.417(3) 
C(1)-H(1)  0.9300 
C(9)-C(10)  1.339(3) 
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C(9)-C(8)  1.459(3) 
C(10)-C(11)  1.427(3) 
C(10)-H(10)  0.9300 
C(11)-C(16)  1.384(3) 
C(11)-C(12)  1.397(3) 
C(12)-C(13)  1.371(3) 
C(12)-H(12)  0.9300 
C(13)-C(14)  1.385(3) 
C(13)-H(13)  0.9300 
C(14)-C(15)  1.376(3) 
C(14)-H(14)  0.9300 

C(4)-C(5)  1.357(3) 
C(4)-H(4)  0.9300 
C(5)-C(7)  1.415(3) 
C(5)-H(5)  0.9300 

C(16)-C(15)  1.379(3) 
C(15)-H(15)  0.9300 

C(8)-O(1)-C(16) 123.01(15) 
C(1)-N(2)-N(1) 113.03(16) 
C(1)-N(2)-C(9) 129.48(16) 
N(1)-N(2)-C(9) 117.49(15) 
C(7)-N(1)-N(2) 103.43(15) 
C(2)-C(3)-C(4) 121.1(2) 
C(2)-C(3)-H(3) 119.4 
C(4)-C(3)-H(3) 119.4 
C(3)-C(2)-C(6) 118.4(2) 
C(3)-C(2)-H(2) 120.8 
C(6)-C(2)-H(2) 120.8 
C(1)-C(6)-C(2) 135.1(2) 
C(1)-C(6)-C(7) 104.36(18) 
C(2)-C(6)-C(7) 120.51(18) 
N(2)-C(1)-C(6) 106.82(17) 
N(2)-C(1)-H(1) 126.6 
C(6)-C(1)-H(1) 126.6 

C(10)-C(9)-N(2) 121.59(17) 
C(10)-C(9)-C(8) 120.83(18) 
N(2)-C(9)-C(8) 117.55(17) 

C(9)-C(10)-C(11) 121.00(18) 
C(9)-C(10)-H(10) 119.5 

C(11)-C(10)-H(10) 119.5 
C(16)-C(11)-C(12) 118.05(19) 
C(16)-C(11)-C(10) 118.39(18) 
C(12)-C(11)-C(10) 123.57(18) 
C(13)-C(12)-C(11) 120.3(2) 
C(13)-C(12)-H(12) 119.8 
C(11)-C(12)-H(12) 119.8 
C(12)-C(13)-C(14) 120.0(2) 
C(12)-C(13)-H(13) 120.0 
C(14)-C(13)-H(13) 120.0 
C(15)-C(14)-C(13) 121.2(2)
C(15)-C(14)-H(14) 119.4 
C(13)-C(14)-H(14) 119.4 

C(5)-C(4)-C(3) 122.1(2) 
C(5)-C(4)-H(4) 118.9 
C(3)-C(4)-H(4) 118.9 
C(4)-C(5)-C(7) 118.1(2)
C(4)-C(5)-H(5) 121.0 
C(7)-C(5)-H(5) 121.0 
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N(1)-C(7)-C(5) 127.92(19) 
N(1)-C(7)-C(6) 112.36(17) 
C(5)-C(7)-C(6) 119.7(2) 

C(15)-C(16)-O(1) 117.35(18) 
C(15)-C(16)-C(11) 122.47(19) 
O(1)-C(16)-C(11) 120.17(17) 
O(2)-C(8)-O(1) 116.76(17) 
O(2)-C(8)-C(9) 126.64(19)
O(1)-C(8)-C(9) 116.59(17) 

C(14)-C(15)-C(16) 118.0(2) 
C(14)-C(15)-H(15) 121.0 
C(16)-C(15)-H(15) 121.0

a Symmetry transformations used to generate equivalent atoms. 

Table S9. Anisotropic displacement parameters (Å2 × 103) for 6. The anisotropic displacement factor 
exponent takes the form: −2π2[h2 a*2U11 + ... + 2 h k a* b* U12]. 

 U11 U22 U33 U23 U13 U12 
O(1) 35(1)  58(1) 57(1)  2(1) −6(1)  −3(1) 
O(2) 35(1)  70(1) 76(1)  −7(1) −4(1)  7(1) 
N(2) 34(1)  53(1) 45(1)  4(1) −2(1)  −1(1) 
N(1) 33(1)  64(1) 51(1)  −2(1) −4(1)  −2(1) 
C(3) 73(2)  55(1) 58(1)  −6(1) 1(1)  −2(1) 
C(2) 55(1)  60(1) 59(1)  −2(1) 4(1)  3(1) 
C(6) 47(1)  50(1) 46(1)  4(1) 0(1)  0(1) 
C(1) 38(1)  59(1) 56(1)  0(1) 4(1)  4(1) 
C(9) 33(1)  51(1) 42(1)  7(1) −2(1)  −3(1) 

C(10) 32(1)  56(1) 50(1)  3(1) −1(1)  −2(1) 
C(11) 34(1)  53(1) 47(1)  5(1) 3(1)  −4(1) 
C(12) 39(1)  64(1) 60(1)  0(1) 8(1)  −3(1) 
C(13) 54(1)  64(2) 60(1)  −8(1) 15(1)  −5(1) 
C(14) 60(2)  65(2) 55(1)  −6(1) 3(1)  −16(1) 
C(4) 59(2)  67(2) 60(1)  −4(1) −10(1)  −8(1) 
C(5) 43(1)  70(2) 62(1)  −4(1) −6(1)  −4(1) 
C(7) 43(1)  52(1) 44(1)  6(1) −2(1)  −1(1) 

C(16) 39(1)  49(1) 46(1)  6(1) 4(1)  −5(1) 
C(8) 36(1)  51(1) 49(1)  7(1) 0(1)  −4(1) 

C(15) 46(1)  63(2) 54(1)  5(1) −4(1)  −9(1) 

Table S10. Hydrogen coordinates (×104) and isotropic displacement parameters (Å2 × 103) for 6. 

x  y z U(eq) 
H(3) 2006 13,592 8251 74 
H(2) 570 12,758 7725 69 
H(1) −61 10,695 6681 61 
H(10) 2217 7757 5701 55 
H(12) 2554 5767 4865 65 
H(13) 1969 4322 4003 71 
H(14) 320 4540 3605 72 
H(4) 3603 12,706 7974 75 
H(5) 3807 11,023 7146 70 
H(15) −770 6189 4073 65 
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II. Copies of 1H and 13C NMR spectra 
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