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1. HPLC chromatogram of compound 14 

Figure S1 
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2. HPLC chromatogram of compound 15 
Figure S2 

 
Figure S3 
 

 

(–)-15 



  5

3. Comparison of NMR data for (–)-deoxoapodine (1)  
 

 
 
Table S1 Comparison of 1H NMR data of (–)-deoxoapodine (1) with literature data4 
 
Assignment Movassaghi’s synthetic 

(–)-deoxoapodine (1) 
(400 MHz, CDCl3, 25 ºC) 

Our synthetic 
(–)-deoxoapodine (1) 

(400 MHz, CDCl3, 23 ºC) 
N1-H 8.90 (br s, 1H) 8.90 (br s, 1H) 

C2 – – 

C3 – – 
C4 2.76 (d, J = 14.7 Hz, 1H) 

2.31 (dd, J = 14.6, 1.8 Hz, 1H) 
2.75 (d, J = 14.8 Hz, 1H) 

2.30 (dd, J = 14.6, 1.8 Hz, 1H) 
C5 – – 
C6 3.70 –3.65 (m, 1H) 3.72 –3.64 (m, 1H) 

C7 2.00 – 1.92 (m, 2H) 2.00 – 1.93 (m, 2H) 

C8 2.99 – 2.91 (m, 1H) 
2.77 – 2.70 (m, 1H) 

2.98 – 2.92 (m, 1H) 
2.76 – 2.69 (m, 1H) 

C10 2.99 – 2.91 (m, 1H) 
2.67 (ddd, J = 11.1, 8.5, 4.6 Hz, 1H) 

2.98 – 2.92 (m, 1H) 
2.67 (ddd, J = 11.3, 8.5, 4.5 Hz, 1H) 

C11 2.04 (ddd, J = 11.2, 11.2, 6.2 Hz, 1H) 
1.77 (dd, J = 11.5, 4.4 Hz, 1H) 

2.03 (ddd, J = 11.3, 11.3, 6.3 Hz, 1H) 
1.77 (dd, J = 11.5, 4.0 Hz, 1H) 

C12 – – 
C13 – – 

C14 7.24 (d, J = 7.4 Hz, 1H) 7.24 (d, J = 7.4 Hz, 1H) 
C15 6.88 (td, J = 7.5, 1.0 Hz, 1H) 6.88 (td, J = 7.5, 1.0 Hz, 1H) 
C16 7.14 (td, J = 7.7, 1.2 Hz, 1H) 7.14 (td, J = 7.7, 1.2 Hz, 1H) 
C17 6.81 (d, J = 7.7 Hz, 1H) 6.81 (d, J = 7.7 Hz, 1H) 

C18 – – 
C19 2.83 (s, 1H) 2.82 (s, 1H) 
C20 1.45 (ddd, J = 12.8, 9.9, 7.4 Hz, 1H) 

1.29 (ddd, J = 13.0, 8.4, 4.7 Hz, 1H) 
1.45 (ddd, J = 12.8, 10.0, 7.5 Hz, 1H) 
1.29 (ddd, J = 12.9, 8.3, 4.6 Hz, 1H) 

C21 3.81 – 3.73 (m, 1H) 
3.72 – 3.65 (m, 1H) 

3.81 – 3.74 (m, 1H) 
3.72 – 3.64 (m, 1H) 

CO2CH3 3.78 (s, 3H) 3.78 (s, 3H) 
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Table S2 Comparison of 13C NMR data of (–)-deoxoapodine (1) with literature data4 
 
Assignment Movassaghi’s synthetic 

(–)-deoxoapodine (1) 
(100 MHz, CDCl3, 25 ºC) 

Our synthetic 
(–)-deoxoapodine (1) 
(125 MHz, CDCl3, 25 ºC) 

Chemical Shift 
Difference 

∆ = δ (our synthetic, solvent ref. δ 
77.16) – δ (Movassaghi’s synthetic) 

C2 167.5 167.4 -0.1 
C3 94.1 94.0 0.1 
C4 27.8 27.8 0.0 
C5 46.8 46.8 0.0 
C6 80.1 80.1 0.0 
C7 27.0 27.0 0.0 
C8 46.1 46.1 0.0 
C10 51.7 51.7 0.0 
C11 45.3 45.3 0.0 
C12 55.3 55.3 0.0 
C13 138.0 138.0 0.0 
C14 121.5 121.5 0.0 
C15 120.9 120.9 0.0 
C16 127.9 127.9 0.0 
C17 109.5 109.5 0.0 
C18 143.2 143.2 0.0 
C19 68.9 68.9 0.0 
C20 35.1 35.1 0.0 
C21 65.1 65.1 0.0 

CO2CH3 168.9 168.9 0.0 
CO2CH3 51.2 51.2 0.0 
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4. Comparison of NMR data for (–)-kopsifoline D (6) 
 
 

 
Table S3 Comparison of 1H NMR data of (–)-kopsifoline D (6) with literature data5  
 
Assignment Naturally occurring 

(–)-kopsifoline D (6) 
(400 MHz, CDCl3) 

Our synthetic 
(–)-kopsifoline D (6) 

(400 MHz, CDCl3, 23 ºC) 
N1-H – – 

C2 – – 
C3 – – 
C4 1.78 (dd, J = 13, 2 Hz, 1H) 

2.63 (br d, J = 13 Hz, 1H)
1.77 (dd, J = 12.4, 1.8 Hz, 1H) 

2.63 (d, J = 10.5 Hz, 1H) 
C5 – – 
C6 5.64 (dt, J = 10, 2 Hz, 1H) 5.63 (dt, J = 10.1, 2.0 Hz, 1H) 
C7 5.77 (ddd, J = 10, 4, 2 Hz, 1H) 5.76 (ddd, J = 10.1, 4.3, 1.7 Hz, 1H) 

C8 3.42 (dd, J = 17, 4 Hz, 1H) 
3.59 (br d, J = 17 Hz, 1H) 

3.41 (ddd, J = 18.0, 4.5, 1.7 Hz, 1H) 
3.58 (dt, J = 17.7, 2.1 Hz, 1H) 

C10 3.31 (m, 1H) 
3.36 (td, J = 8, 6 Hz, 1H)

3.32 – 3.25 (m, 1H) 
3.35 (td, J = 8.4, 6.0 Hz, 1H) 

C11 2.14 (m, 1H) 
2.61 (m, 1H) 

2.18 – 2.03 (m, 1H) 
2.66 – 2.56 (m, 1H) 

C12 – – 
C13 – – 
C14 7.48 (br d, J = 8 Hz, 1H) 7.47 (d, J = 7.3 Hz, 1H) 

C15 7.30 (td, J = 8, 2 Hz, 1H) 7.30 (td, J = 7.6, 1.3 Hz, 1H) 
C16 7.20 (td, J = 8, 2 Hz, 1H) 7.19 (td, J = 7.4, 1.1 Hz, 1H) 
C17 7.57 (dd, J = 8, 2 Hz, 1H) 7.57 (d, J = 7.7 Hz, 1H) 

C18 – – 
C19 2.78 (br s, 1H) 2.77 (d, J = 1.7 Hz, 1H) 
C20 1.20 (m, 1H) 

1.69 (m, 1H) 
1.23 – 1.14 (m, 1H) 

1.69 (ddd, J = 14.3, 11.8, 2.5 Hz, 1H) 
C21 2.13 (dddd, J = 12, 9, 3, 2 Hz, 1H) 

2.43 (td, J = 12, 8 Hz, 1H) 
2.18 – 2.03 (m, 1H) 

2.43 (td, J = 12.1, 8.5 Hz, 1H) 
CO2CH3 3.79 (s, 3H) 3.79 (s, 3H) 
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Table S4 Comparison of 13C NMR data of (–)-kopsifoline D (6) with literature data5 
 
Assignment Naturally occurring 

(–)-kopsifoline D (6) 
(100 MHz, CDCl3) 

Our synthetic 
(–)-kopsifoline D (6) 
(125 MHz, CDCl3, 25 ºC) 

Chemical Shift 
Difference 

∆ = δ (our synthetic, solvent ref. 
δ 77.16) – δ (naturally occurring) 

C2 187.7 188.3 0.6 
C3 56.5 56.6 0.1 
C4 43.4 43.4 0.0 
C5 42.3 42.4 0.1 
C6 132.5 132.5 0.0 
C7 125.2 125.4 0.2 
C8 46.9 46.9 0.0 
C10 50.9 50.9 0.0 
C11 34.7 34.8 0.1 
C12 63.0 62.7 -0.3 
C13 147.0 147.2 0.2 
C14 121.6 121.5 -0.1 
C15 125.8 125.9 0.1 
C16 127.5 127.5 0.0 
C17 120.3 120.4 0.1 
C18 154.3 154.4 0.1 
C19 69.1 69.1 0.0 
C20 35.0 35.0 0.0 
C21 39.0 39.0 0.0 

CO2CH3 52.6 52.6 0.0 
CO2CH3 172.2 172.4 0.2 
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Table S5 Comparison of 1H NMR data of (–)-kopsifoline D (6) with literature data7  
 
Assignment Boger’s synthetic 

(–)-kopsifoline D (6) 
(500 MHz, CDCl3) 

Our synthetic 
(–)-kopsifoline D (6) 

(400 MHz, CDCl3, 23 ºC) 
N1-H – – 

C2 – – 
C3 – – 

C4 1.77 (d, J = 12.3 Hz, 1H) 
2.63 (br d, J = 11.7 Hz, 1H) 

1.77 (dd, J = 12.4, 1.8 Hz, 1H) 
2.63 (d, J = 10.5 Hz, 1H) 

C5 – – 

C6 5.63 (d, J = 10.2 Hz, 1H) 5.63 (dt, J = 10.1, 2.0 Hz, 1H) 
C7 5.76 (dd, J = 10.2, 4.2 Hz, 1H) 5.76 (ddd, J = 10.1, 4.3, 1.7 Hz, 1H) 
C8 3.41 (dd, J = 17.7, 4.4 Hz, 1H) 

3.58 (d, J = 17.6 Hz, 1H) 
3.41 (ddd, J = 18.0, 4.5, 1.7 Hz, 1H) 

3.58 (dt, J = 17.7, 2.1 Hz, 1H) 
C10 3.32 – 3.25 (m, 1H) 

3.35 (q, J = 7.8 Hz, 1H) 
3.32 – 3.25 (m, 1H) 

3.35 (td, J = 8.4, 6.0 Hz, 1H) 
C11 2.18 – 2.03 (m, 1H) 

2.65 – 2.56 (m, 1H) 
2.18 – 2.03 (m, 1H) 
2.66 – 2.56 (m, 1H) 

C12 – – 

C13 – – 
C14 7.47 (d, J = 7.3 Hz, 1H) 7.47 (d, J = 7.3 Hz, 1H) 
C15 7.29 (t, J = 7.6 Hz, 1H) 7.30 (td, J = 7.6, 1.3 Hz, 1H) 

C16 7.19 (t, J = 7.4 Hz, 1H) 7.19 (td, J = 7.4, 1.1 Hz, 1H) 
C17 7.57 (d, J = 7.7 Hz, 1H) 7.57 (d, J = 7.7 Hz, 1H) 
C18 – – 

C19 2.77 (s, 1H) 2.77 (d, J = 1.7 Hz, 1H) 
C20 1.23 – 1.14 (m, 1H) 

1.69 (t, J = 13.1 Hz, 1H) 
1.23 – 1.14 (m, 1H) 

1.69 (ddd, J = 14.3, 11.8, 2.5 Hz, 1H) 
C21 2.18 – 2.03 (m, 1H) 

2.43 (td, J = 11.9, 8.2 Hz, 1H)
2.18 – 2.03 (m, 1H) 

2.43 (td, J = 12.1, 8.5 Hz, 1H) 
CO2CH3 3.79 (s, 3H) 3.79 (s, 3H) 
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Table S6 Comparison of 13C NMR data of (–)-kopsifoline D (6) with literature data7 
 
Assignment Boger’s synthetic 

(–)-kopsifoline D (6) 
(150 MHz, CDCl3) 

Our synthetic 
(–)-kopsifoline D (6) 
(125 MHz, CDCl3, 25 ºC) 

Chemical Shift 
Difference 

∆ = δ (our synthetic, solvent ref. 
δ 77.16) – δ (Boger’s synthetic) 

C2 188.3 188.3 0.0 
C3 56.5 56.6 0.1 
C4 43.4 43.4 0.0 
C5 42.3 42.4 0.1 
C6 132.5 132.5 0.0 
C7 125.3 125.4 0.1 
C8 46.9 46.9 0.0 
C10 50.9 50.9 0.0 
C11 34.8 34.8 0.0 
C12 62.7 62.7 0.0 
C13 147.2 147.2 0.0 
C14 121.5 121.5 0.0 
C15 125.9 125.9 0.0 
C16 127.5 127.5 0.0 
C17 120.3 120.4 0.1 
C18 154.4 154.4 0.0 
C19 69.1 69.1 0.0 
C20 35.0 35.0 0.0 
C21 39.0 39.0 0.0 

CO2CH3 52.6 52.6 0.0 
CO2CH3 172.4 172.4 0.0 
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5. NMR spectra 
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6. X-ray Structure Determination of 25 and Beninine (4) 
 
X-ray data of 25 (CCDC 1897697) was collected at 293 K on a Bruker SMART 1000 CCD 
diffractometer using Mo-K radiation. CCDC 1897697 contains the supplementary 
crystallographic data for this paper. These data are provided free of charge by The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

Table S7 Crystal data and structure refinement. 

Identification code  zhoue181 

Empirical formula  C21 H24 N2 O3 

Formula weight  352.42 

Temperature  297(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 8.2482(4) Å = 96.3456(14)°. 

 b = 10.0471(5) Å = 99.4230(13)°. 

 c = 12.1109(5) Å  = 112.2777(12)°. 

Volume 899.67(7) Å3 

Z 2 

Density (calculated) 1.301 Mg/m3 

Absorption coefficient 0.087 mm-1 

F(000) 376 

Crystal size 0.500 x 0.400 x 0.300 mm3 

Theta range for data collection 2.231 to 25.242°. 

Index ranges -9<=h<=9, -12<=k<=12, -14<=l<=14 

Reflections collected 32898 

Independent reflections 3246 [R(int) = 0.0307] 

Completeness to theta = 25.242° 99.7 %  

Absorption correction multi-scan 

Max. and min. transmission 0.7456 and 0.6434 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3246 / 0 / 236 

Goodness-of-fit on F2 1.034 

Final R indices [I>2sigma(I)] R1 = 0.0391, wR2 = 0.0992 

R indices (all data) R1 = 0.0477, wR2 = 0.1062 

Extinction coefficient 0.104(8) 

Largest diff. peak and hole 0.246 and -0.246 e.Å-3 

25

N
H

N

CO2Me

OH
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 Table S8  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

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

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

N(1) 3299(2) 6986(1) 6931(1) 37(1) 

N(2) 431(2) 7402(1) 9837(1) 37(1) 

O(1) 2175(2) 4043(1) 6139(1) 52(1) 

O(2) -393(2) 2545(1) 6519(1) 50(1) 

O(3) -3839(2) 6968(2) 5508(1) 67(1) 

C(1) 3718(2) 8483(2) 6997(1) 32(1) 

C(2) 4774(2) 9448(2) 6413(1) 40(1) 

C(3) 4895(2) 10872(2) 6586(1) 43(1) 

C(4) 4003(2) 11315(2) 7315(1) 44(1) 

C(5) 2985(2) 10342(2) 7921(1) 39(1) 

C(6) 2851(2) 8924(2) 7762(1) 32(1) 

C(7) 1992(2) 7653(1) 8335(1) 30(1) 

C(8) 3227(2) 7894(2) 9538(1) 39(1) 

C(9) 2268(2) 8407(2) 10339(1) 42(1) 

C(10) -978(2) 7580(2) 10307(1) 47(1) 

C(11) -2737(2) 6447(2) 9633(2) 51(1) 

C(12) -2901(2) 5688(2) 8628(2) 47(1) 

C(13) -1399(2) 5942(2) 7993(1) 35(1) 

C(14) -2139(2) 5964(2) 6744(1) 42(1) 

C(15) -2601(2) 7253(2) 6558(1) 47(1) 

C(16) 146(2) 7394(2) 8612(1) 30(1) 

C(17) -702(2) 4712(2) 8032(1) 37(1) 

C(18) 847(2) 4989(2) 7442(1) 33(1) 

C(19) 2020(2) 6396(2) 7538(1) 32(1) 

C(20) 974(2) 3859(2) 6650(1) 36(1) 

C(21) -401(3) 1379(2) 5710(2) 59(1) 

________________________________________________________________________________ 
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 Table S9   Bond lengths [Å] and angles [°] for  p. 

_____________________________________________________  

N(1)-C(19)  1.3715(17) 

N(1)-C(1)  1.3999(18) 

N(2)-C(10)  1.4352(19) 

N(2)-C(9)  1.445(2) 

N(2)-C(16)  1.4625(17) 

O(1)-C(20)  1.2196(18) 

O(2)-C(20)  1.3437(19) 

O(2)-C(21)  1.439(2) 

O(3)-C(15)  1.419(2) 

C(1)-C(2)  1.382(2) 

C(1)-C(6)  1.3908(19) 

C(2)-C(3)  1.386(2) 

C(3)-C(4)  1.375(2) 

C(4)-C(5)  1.393(2) 

C(5)-C(6)  1.375(2) 

C(6)-C(7)  1.5121(19) 

C(7)-C(19)  1.5115(18) 

C(7)-C(16)  1.5445(18) 

C(7)-C(8)  1.5712(19) 

C(8)-C(9)  1.511(2) 

C(10)-C(11)  1.490(3) 

C(11)-C(12)  1.321(2) 

C(12)-C(13)  1.518(2) 

C(13)-C(16)  1.533(2) 

C(13)-C(14)  1.541(2) 

C(13)-C(17)  1.550(2) 

C(14)-C(15)  1.512(2) 

C(17)-C(18)  1.5149(19) 

C(18)-C(19)  1.356(2) 

C(18)-C(20)  1.449(2) 

 

C(19)-N(1)-C(1) 110.19(11) 

C(10)-N(2)-C(9) 118.64(13) 

C(10)-N(2)-C(16) 112.14(12) 

C(9)-N(2)-C(16) 106.89(11) 

C(20)-O(2)-C(21) 116.44(13) 
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C(2)-C(1)-C(6) 121.77(13) 

C(2)-C(1)-N(1) 128.97(13) 

C(6)-C(1)-N(1) 109.25(12) 

C(1)-C(2)-C(3) 117.60(14) 

C(4)-C(3)-C(2) 121.36(14) 

C(3)-C(4)-C(5) 120.38(15) 

C(6)-C(5)-C(4) 119.10(14) 

C(5)-C(6)-C(1) 119.75(13) 

C(5)-C(6)-C(7) 132.35(13) 

C(1)-C(6)-C(7) 107.77(12) 

C(19)-C(7)-C(6) 101.22(11) 

C(19)-C(7)-C(16) 114.83(11) 

C(6)-C(7)-C(16) 118.51(11) 

C(19)-C(7)-C(8) 110.15(11) 

C(6)-C(7)-C(8) 109.12(11) 

C(16)-C(7)-C(8) 103.00(11) 

C(9)-C(8)-C(7) 102.71(11) 

N(2)-C(9)-C(8) 100.22(12) 

N(2)-C(10)-C(11) 108.57(13) 

C(12)-C(11)-C(10) 122.30(14) 

C(11)-C(12)-C(13) 124.78(15) 

C(12)-C(13)-C(16) 106.93(12) 

C(12)-C(13)-C(14) 108.34(13) 

C(16)-C(13)-C(14) 112.89(12) 

C(12)-C(13)-C(17) 110.94(12) 

C(16)-C(13)-C(17) 108.21(12) 

C(14)-C(13)-C(17) 109.52(12) 

C(15)-C(14)-C(13) 115.55(13) 

O(3)-C(15)-C(14) 112.55(14) 

N(2)-C(16)-C(13) 108.47(11) 

N(2)-C(16)-C(7) 104.47(11) 

C(13)-C(16)-C(7) 115.40(11) 

C(18)-C(17)-C(13) 111.31(11) 

C(19)-C(18)-C(20) 118.62(13) 

C(19)-C(18)-C(17) 117.75(12) 

C(20)-C(18)-C(17) 122.94(13) 

C(18)-C(19)-N(1) 129.91(13) 

C(18)-C(19)-C(7) 122.63(12) 
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N(1)-C(19)-C(7) 107.29(12) 

O(1)-C(20)-O(2) 121.81(13) 

O(1)-C(20)-C(18) 125.04(14) 

O(2)-C(20)-C(18) 113.15(13) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table S10   Anisotropic displacement parameters  (Å2x 103) for p.  The anisotropic 

displacement factor exponent takes the form:  -2�2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

N(1) 37(1)  34(1) 44(1)  5(1) 20(1)  16(1) 

N(2) 45(1)  41(1) 31(1)  7(1) 16(1)  20(1) 

O(1) 58(1)  42(1) 61(1)  0(1) 30(1)  21(1) 

O(2) 54(1)  30(1) 62(1)  -4(1) 21(1)  13(1) 

O(3) 75(1)  105(1) 40(1)  0(1) 1(1)  66(1) 

C(1) 30(1)  34(1) 32(1)  4(1) 7(1)  12(1) 

C(2) 37(1)  44(1) 36(1)  7(1) 14(1)  13(1) 

C(3) 43(1)  40(1) 40(1)  14(1) 11(1)  7(1) 

C(4) 48(1)  30(1) 51(1)  9(1) 10(1)  12(1) 

C(5) 42(1)  34(1) 42(1)  4(1) 14(1)  15(1) 

C(6) 30(1)  31(1) 32(1)  4(1) 8(1)  11(1) 

C(7) 31(1)  28(1) 31(1)  4(1) 10(1)  12(1) 

C(8) 37(1)  40(1) 37(1)  6(1) 5(1)  16(1) 

C(9) 51(1)  43(1) 30(1)  3(1) 6(1)  18(1) 

C(10) 63(1)  49(1) 43(1)  13(1) 30(1)  30(1) 

C(11) 52(1)  51(1) 66(1)  19(1) 38(1)  24(1) 

C(12) 38(1)  39(1) 65(1)  11(1) 24(1)  11(1) 

C(13) 34(1)  32(1) 40(1)  6(1) 14(1)  12(1) 

C(14) 35(1)  43(1) 43(1)  0(1) 4(1)  15(1) 

C(15) 47(1)  57(1) 41(1)  6(1) 6(1)  30(1) 

C(16) 35(1)  29(1) 31(1)  7(1) 13(1)  16(1) 

C(17) 44(1)  28(1) 41(1)  6(1) 17(1)  13(1) 

C(18) 38(1)  30(1) 35(1)  6(1) 11(1)  16(1) 

C(19) 33(1)  33(1) 33(1)  6(1) 10(1)  17(1) 

C(20) 42(1)  32(1) 38(1)  6(1) 10(1)  18(1) 

C(21) 62(1)  38(1) 70(1)  -14(1) 13(1)  18(1) 

______________________________________________________________________________ 
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 Table S11 Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for p. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1A) 3775 6505 6563 44 

H(3A) -3465 6672 4988 100 

H(2A) 5381 9151 5922 48 

H(3B) 5593 11542 6202 52 

H(4A) 4081 12270 7403 53 

H(5A) 2404 10647 8427 47 

H(8A) 3307 6989 9687 47 

H(8B) 4427 8630 9600 47 

H(9A) 2649 8302 11113 51 

H(9B) 2442 9416 10330 51 

H(10A) -944 8551 10274 57 

H(10B) -821 7470 11098 57 

H(11A) -3754 6267 9931 62 

H(12A) -4017 4943 8284 56 

H(14A) -1254 5953 6309 50 

H(14B) -3211 5071 6440 50 

H(15A) -3110 7497 7178 56 

H(15B) -1508 8094 6572 56 

H(16A) -176 8209 8452 36 

H(17A) -311 4658 8819 45 

H(17B) -1673 3778 7663 45 

H(21A) -1428 496 5685 89 

H(21B) -457 1636 4969 89 

H(21C) 677 1227 5937 89 
________________________________________________________________________________  
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X-ray data of Beninine (4) (CCDC 1897696) was collected at 293 K on a Bruker SMART 
1000 CCD diffractometer using Mo-K radiation. CCDC 1897696 contains the supplementary 
crystallographic data for this paper. These data are provided free of charge by The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

Table S12 Crystal data and structure refinement  

Identification code  zhouF007 

Empirical formula  C20 H26 N2 O2 

Formula weight  326.43 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/c 

Unit cell dimensions a = 8.5202(4) Å = 90°. 

 b = 11.2279(6) Å = 102.0455(13)°. 

 c = 17.8067(8) Å  = 90°. 

Volume 1665.95(14) Å3 

Z 4 

Density (calculated) 1.301 Mg/m3 

Absorption coefficient 0.084 mm-1 

F(000) 704 

Crystal size 0.500 x 0.400 x 0.300 mm3 

Theta range for data collection 2.158 to 25.248°. 

Index ranges -10<=h<=10, -13<=k<=13, -21<=l<=21 

Reflections collected 27450 

Independent reflections 3003 [R(int) = 0.0431] 

Completeness to theta = 25.242° 99.6 %  

Absorption correction multi-scan 

Max. and min. transmission 0.7456 and 0.6197 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3003 / 0 / 217 

Goodness-of-fit on F2 1.083 

Final R indices [I>2sigma(I)] R1 = 0.0479, wR2 = 0.1315 

R indices (all data) R1 = 0.0577, wR2 = 0.1404 

Extinction coefficient n/a 

Largest diff. peak and hole 0.502 and -0.453 e.Å-3 
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Table S13  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

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

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

O(1) 6298(2) 8072(1) 7710(1) 49(1) 

O(2) 1171(2) 9333(1) 11028(1) 48(1) 

N(1) 4672(2) 6700(1) 8644(1) 42(1) 

N(2) 673(2) 6647(1) 9923(1) 38(1) 

C(1) 7258(2) 8857(2) 7365(1) 57(1) 

C(2) 4916(2) 8535(2) 7878(1) 37(1) 

C(3) 4239(2) 9624(2) 7640(1) 43(1) 

C(4) 2851(2) 9994(2) 7865(1) 44(1) 

C(5) 2123(2) 9300(2) 8338(1) 37(1) 

C(6) 2819(2) 8215(2) 8587(1) 32(1) 

C(7) 4187(2) 7829(2) 8348(1) 34(1) 

C(8) 2341(2) 7252(1) 9094(1) 32(1) 

C(9) 3941(2) 6544(2) 9320(1) 39(1) 

C(10) 5055(2) 7009(2) 10044(1) 42(1) 

C(11) 4208(2) 7134(2) 10710(1) 43(1) 

C(12) 2849(2) 8032(2) 10516(1) 32(1) 

C(13) 3433(2) 9310(2) 10442(1) 37(1) 

C(14) 2078(2) 10069(2) 10615(1) 44(1) 

C(15) 1963(2) 8201(2) 11174(1) 42(1) 

C(16) 750(2) 7249(2) 11245(1) 52(1) 

C(17) -309(2) 6933(2) 10477(1) 46(1) 

C(18) 1652(2) 7667(1) 9783(1) 30(1) 

C(19) -256(2) 6358(2) 9158(1) 46(1) 

C(20) 955(2) 6450(2) 8646(1) 48(1) 

________________________________________________________________________________ 
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Table S14  Bond lengths [Å] and angles [°] for p. 

_____________________________________________________  

O(1)-C(2)  1.376(2) 

O(1)-C(1)  1.426(2) 

O(2)-C(14)  1.435(2) 

O(2)-C(15)  1.436(2) 

N(1)-C(7)  1.402(2) 

N(1)-C(9)  1.476(2) 

N(2)-C(17)  1.456(2) 

N(2)-C(19)  1.462(2) 

N(2)-C(18)  1.469(2) 

C(2)-C(3)  1.380(3) 

C(2)-C(7)  1.389(2) 

C(3)-C(4)  1.389(3) 

C(4)-C(5)  1.385(2) 

C(5)-C(6)  1.387(2) 

C(6)-C(7)  1.391(2) 

C(6)-C(8)  1.518(2) 

C(8)-C(18)  1.539(2) 

C(8)-C(9)  1.557(2) 

C(8)-C(20)  1.565(2) 

C(9)-C(10)  1.525(3) 

C(10)-C(11)  1.518(2) 

C(11)-C(12)  1.519(2) 

C(12)-C(15)  1.532(2) 

C(12)-C(13)  1.534(2) 

C(12)-C(18)  1.535(2) 

C(13)-C(14)  1.517(3) 

C(15)-C(16)  1.511(3) 

C(16)-C(17)  1.515(3) 

C(19)-C(20)  1.517(3) 

C(2)-O(1)-C(1) 117.01(16) 

C(14)-O(2)-C(15) 108.65(13) 

C(7)-N(1)-C(9) 105.83(13) 

C(17)-N(2)-C(19) 113.84(14) 

C(17)-N(2)-C(18) 111.70(14) 

C(19)-N(2)-C(18) 103.33(13) 

O(1)-C(2)-C(3) 126.15(16) 
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O(1)-C(2)-C(7) 115.19(16) 

C(3)-C(2)-C(7) 118.63(16) 

C(2)-C(3)-C(4) 120.23(16) 

C(5)-C(4)-C(3) 121.51(17) 

C(4)-C(5)-C(6) 118.23(16) 

C(5)-C(6)-C(7) 120.36(15) 

C(5)-C(6)-C(8) 131.79(15) 

C(7)-C(6)-C(8) 107.82(14) 

C(2)-C(7)-C(6) 121.00(16) 

C(2)-C(7)-N(1) 127.49(16) 

C(6)-C(7)-N(1) 111.51(15) 

C(6)-C(8)-C(18) 116.91(13) 

C(6)-C(8)-C(9) 100.86(13) 

C(18)-C(8)-C(9) 114.09(13) 

C(6)-C(8)-C(20) 111.99(14) 

C(18)-C(8)-C(20) 102.01(13) 

C(9)-C(8)-C(20) 111.38(14) 

N(1)-C(9)-C(10) 110.76(14) 

N(1)-C(9)-C(8) 102.96(13) 

C(10)-C(9)-C(8) 113.59(14) 

C(11)-C(10)-C(9) 112.23(14) 

C(10)-C(11)-C(12) 110.40(14) 

C(11)-C(12)-C(15) 112.51(13) 

C(11)-C(12)-C(13) 113.21(14) 

C(15)-C(12)-C(13) 99.79(14) 

C(11)-C(12)-C(18) 110.84(14) 

C(15)-C(12)-C(18) 109.76(13) 

C(13)-C(12)-C(18) 110.25(13) 

C(14)-C(13)-C(12) 103.50(13) 

O(2)-C(14)-C(13) 107.11(15) 

O(2)-C(15)-C(16) 109.73(15) 

O(2)-C(15)-C(12) 105.01(13) 

C(16)-C(15)-C(12) 115.49(16) 

C(15)-C(16)-C(17) 112.30(15) 

N(2)-C(17)-C(16) 110.17(14) 

N(2)-C(18)-C(12) 111.29(13) 

N(2)-C(18)-C(8) 102.93(13) 

C(12)-C(18)-C(8) 117.57(12) 
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N(2)-C(19)-C(20) 103.97(14) 

C(19)-C(20)-C(8) 105.54(14) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

  

Table S15   Anisotropic displacement parameters  (Å2x 103) for p.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 51(1)  57(1) 47(1)  -4(1) 26(1)  -4(1) 

O(2) 48(1)  49(1) 50(1)  -1(1) 20(1)  5(1) 

N(1) 51(1)  32(1) 51(1)  -3(1) 25(1)  8(1) 

N(2) 31(1)  34(1) 50(1)  9(1) 12(1)  -5(1) 

C(1) 52(1)  76(2) 50(1)  -11(1) 26(1)  -21(1) 

C(2) 41(1)  45(1) 28(1)  -7(1) 11(1)  -6(1) 

C(3) 52(1)  47(1) 30(1)  5(1) 10(1)  -10(1) 

C(4) 53(1)  40(1) 36(1)  8(1) 4(1)  2(1) 

C(5) 37(1)  42(1) 32(1)  3(1) 5(1)  4(1) 

C(6) 34(1)  34(1) 27(1)  -2(1) 6(1)  -2(1) 

C(7) 39(1)  33(1) 30(1)  -5(1) 10(1)  -2(1) 

C(8) 33(1)  28(1) 35(1)  1(1) 7(1)  -2(1) 

C(9) 41(1)  29(1) 50(1)  6(1) 19(1)  4(1) 

C(10) 31(1)  47(1) 49(1)  12(1) 10(1)  11(1) 

C(11) 34(1)  53(1) 41(1)  15(1) 5(1)  9(1) 

C(12) 30(1)  39(1) 30(1)  7(1) 7(1)  0(1) 

C(13) 34(1)  44(1) 32(1)  0(1) 2(1)  -8(1) 

C(14) 48(1)  40(1) 42(1)  -4(1) 6(1)  -5(1) 

C(15) 40(1)  53(1) 34(1)  7(1) 10(1)  4(1) 

C(16) 53(1)  61(1) 50(1)  19(1) 27(1)  4(1) 

C(17) 38(1)  44(1) 63(1)  17(1) 23(1)  -2(1) 

C(18) 26(1)  28(1) 35(1)  6(1) 8(1)  -1(1) 

C(19) 37(1)  36(1) 62(1)  -1(1) 6(1)  -10(1) 

C(20) 47(1)  44(1) 50(1)  -9(1) 7(1)  -12(1) 

______________________________________________________________________________ 
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Table S16 Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for p. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1A) 5271 6201 8468 51 

H(1B) 8184 8438 7276 85 

H(1C) 6641 9143 6886 85 

H(1D) 7596 9518 7702 85 

H(3A) 4715 10112 7329 51 

H(4A) 2400 10725 7694 52 

H(5A) 1192 9555 8483 45 

H(9A) 3711 5699 9384 46 

H(10A) 5955 6468 10189 51 

H(10B) 5476 7779 9936 51 

H(11A) 4969 7394 11164 52 

H(11B) 3782 6368 10820 52 

H(13A) 4427 9462 10809 45 

H(13B) 3600 9462 9928 45 

H(14A) 2506 10754 10922 52 

H(14B) 1400 10350 10141 52 

H(15A) 2755 8249 11659 50 

H(16A) 82 7525 11589 63 

H(16B) 1311 6540 11468 63 

H(17A) -977 6255 10538 56 

H(17B) -1007 7599 10290 56 

H(18A) 933 8342 9617 36 

H(19A) -1127 6921 9001 55 

H(19B) -697 5561 9146 55 

H(20A) 471 6810 8157 57 

H(20B) 1358 5668 8552 57 

________________________________________________________________________________  
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7. Thermo ellipsoid plots for 25 and Beninine (4) 
 
Single crystals of 25 and 4 were grown from ethyl acetate by the slow evaporation method. 
X-ray data of 25 and 4 (CCDC 1897697) were collected at 293 K on a Bruker SMART 1000 
CCD diffractometer using Mo-K radiation.  
 

Figure S4 ORTEP drawing of 25 showing thermal ellipsoids at the 50% probability level 
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Figure S5 ORTEP drawing of 4 showing thermal ellipsoids at the 50% probability level  
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