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1. 1H and 13C NMR Spectra
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Figure 1. 1H NMR Spectrum of 3aa
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Figure 2. 13C NMR Spectrum of 3aa
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Figure 3. 1H NMR Spectrum of 3ab
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Figure 4. 13C NMR Spectrum of 3ab
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Figure 5. 1H NMR Spectrum of 3ac
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Figure 6. 13C NMR Spectrum of 3ac
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Figure 7. 1H NMR Spectrum of 3ad
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Figure 8. 13C NMR Spectrum of 3ad
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Figure 9. 1H NMR Spectrum of 3ae
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Figure 10. 13C NMR Spectrum of 3ae



7

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5
f1 (ppm)

-5E+07

0

5E+07

1E+08

2E+08

2E+08

2E+08

3E+08

4E+08

4E+08

4E+08

5E+08

6E+08

6E+08

3.
00

3.
09

2.
87

1.
05

0.
86

2.
30

1.
93

Figure 11. 1H NMR Spectrum of 3af
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Figure 12. 13C NMR Spectrum of 3af
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Figure 13. 1H NMR Spectrum of 3ag
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Figure 14. 13C NMR Spectrum of 3ag
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Figure 15. 1H NMR Spectrum of 3ah
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Figure 16. 13C NMR Spectrum of 3ah
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Figure 17. 1H NMR Spectrum of 3ai
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Figure 18. 13C NMR Spectrum of 3ai
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Figure 19. 1H NMR Spectrum of 3aj

Figure 20. 13C NMR Spectrum of 3aj
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Figure 21. 1H NMR Spectrum of 3ak

Figure 22. 13C NMR Spectrum of 3ak
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Figure 23. 1H NMR Spectrum of 3al

Figure 24. 13C NMR Spectrum of 3al
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Figure 25. 1H NMR Spectrum of 3am

Figure 26. 13C NMR Spectrum of 3am
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Figure 27. 1H NMR Spectrum of 3an

Figure 28. 13C NMR Spectrum of 3an
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Figure 29. 1H NMR Spectrum of 3ao

Figure 30. 13C NMR Spectrum of 3an



17

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
f1 (ppm)

0

5E+07

1E+08

2E+08

2E+08

2E+08

3E+08

4E+08

4E+08

4E+08

5E+08

2.
95

3.
06

1.
08

1.
02

2.
89

1.
90

Figure 31. 1H NMR Spectrum of 3ba
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Figure 32. 13C NMR Spectrum of 3ba
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Figure 33. 1H NMR Spectrum of 3ca
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Figure 34. 13C NMR Spectrum of 3ca
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Figure 35. 1H NMR Spectrum of 3da
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Figure 36. 13C NMR Spectrum of 3da



20

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
f1 (ppm)

-2E+07

0

2E+07

4E+07

6E+07

8E+07

1E+08

1E+08

1E+08

2E+08

2E+08

2E+08

2E+08

2E+08

3E+08

3E+08

3E+08

3E+08

1.
00

0.
98

1.
30

5.
00

1.
02

1.
01

Figure 37. 1H NMR Spectrum of 3ea
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Figure 38. 13C NMR Spectrum of 3ea
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Figure 39. 1H NMR Spectrum of 3db

Figure 40. 13C NMR Spectrum of 3db
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Figure 41. 1H NMR Spectrum of 3de

Figure 42. 13C NMR Spectrum of 3de
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2. HPLC Chromatograms

Figure 43. HPLC Chromatogram of racemic 3aa

Figure 44. HPLC Chromatogram of chiral 3aa
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Figure 45. HPLC Chromatogram of racemic 3ab

Figure 46. HPLC Chromatogram of chiral 3ab
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Figure 47. HPLC Chromatogram of racemic 3ac

Figure 48. HPLC Chromatogram of chiral 3ac
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Figure 49. HPLC Chromatogram of racemic 3ad

Figure 50. HPLC Chromatogram of chiral 3ad
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Figure 51. HPLC Chromatogram of racemic 3ae

Figure 52. HPLC Chromatogram of chiral 3ae
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Figure 53. HPLC Chromatogram of racemic 3af

Figure 54. HPLC Chromatogram of chiral 3af
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Figure 55. HPLC Chromatogram of racemic 3ag

Figure 56. HPLC Chromatogram of chiral 3ag
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Figure 57. HPLC Chromatogram of racemic 3ah

Figure 58. HPLC Chromatogram of chiral 3ah
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Figure 59. HPLC Chromatogram of racemic 3ai

Figure 60. HPLC Chromatogram of chiral 3ai
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Figure 61. HPLC Chromatogram of racemic 3aj

Figure 62. HPLC Chromatogram of chiral 3aj
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Figure 63. HPLC Chromatogram of racemic 3ak

 

Figure 64. HPLC Chromatogram of chiral 3ak
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Figure 65. HPLC Chromatogram of racemic 3al

Figure 66. HPLC Chromatogram of chiral 3al
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 Figure 67. HPLC Chromatogram of racemic 3am

Figure 68. HPLC Chromatogram of chiral 3am
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Figure 69. HPLC Chromatogram of racemic 3an

Figure 70. HPLC Chromatogram of chiral 3an
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Figure 71. HPLC Chromatogram of racemic 3ao

Figure 72. HPLC Chromatogram of chiral 3ao
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Figure 73. HPLC Chromatogram of racemic 3ba

Figure 74. HPLC Chromatogram of chiral 3ba
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Figure 75. HPLC Chromatogram of racemic 3ca

Figure 76. HPLC Chromatogram of chiral 3ca
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Figure 77. HPLC Chromatogram of racemic 3da

Figure 78. HPLC Chromatogram of chiral 3da
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Figure 79. HPLC Chromatogram of racemic 3ea

Figure 80. HPLC Chromatogram of chiral 3ea
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Figure 81. HPLC Chromatogram of racemic 3db

Figure 82. HPLC Chromatogram of chiral 3db
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Figure 83. HPLC Chromatogram of racemic 3de

Figure 84. HPLC Chromatogram of chiral 3de
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3. X-Ray Crystallography

Crystal structure determination

Single crystal X-ray diffraction data for (Z)-1-(2-bromo-2-nitrovinyl)-4-methylbenzene 
(C9H8BrNO2) (1) and 1-((4S,5S)-2-methyl-5-nitro-4-phenyl-4,5-dihydrofuran-3-yl)ethan-1-one 
(C13H13NO4) (2) compounds were collected at room temperature on a Rigaku R-AXIS RAPID 
diffractometer equipped with an imaging plate area detector using graphite monochromated 
Mo-Kα radiation (λ = 0.71075 Å). The crystal structures were solved by means of direct 
methods and refined with full-matrix least-squares on Olex 2-1.2 [1, 2].

Non-hydrogen atoms were refined anisotropically while hydrogen atoms were positioned 
with an idealized geometry and refined using a riding model. Crystal data, data collection, and 
refinement parameters for (1) and (2) are listed in Table 1. The Ortep-3 [3] diagrams of both 
compounds with thermal ellipsoids at the 50% probability level are shown in Figures 83 and 
84 for (1) and (2), respectively. The crystal packings of both compounds projected onto the bc 
plane for (1) and the ab plane for (2) figures were prepared with the use of Mercury 
visualization software [4] and are shown in Figures 85 and 86 for (1) and (2), respectively. The 
selected bond lengths, bond angles and torsion angles of both compounds are reported in 
Table 2 for (1) and Table 3 for (2). CCDC 1957076–1957077 contain the supplementary 
crystallographic data for (1) and (2), respectively.

References:

1. O.V. Dolomanov, L.J. Bourhis, R.J. Gildea, J.A.K. Howard, H. Puschmann. J. Appl. Cryst., 42, 339 
(2009).

2.  G.M. Sheldrick. Acta Cryst., 64, 112 (2008).

3. Farrugia, L. J. (2012).  ‘‘WinGX and ORTEP for Windows: an update,’’ J. Appl. Cryst. 45, 849-854.

4. Macrae, C. F., Edgington, P. R., McCabe, P., Pidcock, E., Shields, G. P., Taylor, R., Towler, M., van de 
Streek, J. (2006). ‘‘Mercury: visualization and analysis of crystal structures’’, J. Appl. Cryst., 39, 453-
457.
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Table 1 Experimental details

Crystal data                                               (1)                                                            (2)

Chemical formula C9H8BrNO2 C13H13NO4

Mr 242.07 247.24

Dcalc (g cm-3) 1.679 1.314

Crystal system, space group Monoclinic, P21/a Triclinic, P-1

Temperature (K) 293(2) 293(2)

a, b, c (Å) 6.8836(13), 14.397(3), 9.6929(19) 7.4498(3), 8.4498(4), 11.1317(8)

α, β, γ (°) 90, 94.332(7), 90 107.098(8), 91.985(7), 109.401(8)

V (Å3) 957.8(3) 624.89(8)

Z 4 2

Radiation type Mo Kα Mo Kα

µ (mm−1) 4.26 0.10

No. of measured reflections 24386 16255

Refinement

R[F2 > 2σ(F2)], wR(F2), S 0.065, 0.183, 1.00 0.049, 0.137, 1.03

No. of reflections 2379 3088

No. of parameters 119 165

H-atom treatment H-atom parameters constrained H-atom parameters constrained

Δρmax, Δρmin (e Å−3) 0.29, −0.77 0.25, −0.28

Computer programs: SHELXS (Sheldrick, 2008), SHELXL2018/3 (Sheldrick, 2018), Olex2 (Dolomanov et al., 2009).

Table 2 Selected geometric parameters (Å, º) for (1)
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Br1—C9 1.845(4) O2—N1 1.207(5)

O1—N1 1.206(5) N1—C9 1.497(5)

O1—N1—O2 124.6(4) C8—C9—N1 118.5(4)

O1—N1—C9 117.5(4) C8—C9—Br1 129.0(3)

O2—N1—C9 117.9(4) N1—C9—Br1 112.5(3)

O2—N1—C9—Br1 −172.7(4) C9—C8—C5—C6 173.3(5)

C4—C3—C2—C1 179.9(5)
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Table 3 Selected geometric parameters (Å, º) for (2)

O1—C9 1.3838(16) O3—N1 1.215(2)

O1—C10 1.3976(17) O4—N1 1.199(2)

O2—C12 1.2206(18) N1—C10 1.539(2)

C10—O1—C9 107.88(10) C11—C9—C8 133.53(13)

O4—N1—O3 124.41(17) N1—C10—O1 108.82(12)

C10—N1—O3 115.46(14) C7—C10—O1 107.59(11)

C10—N1—O4 120.09(16) C7—C10—N1 108.01(11)

C8—C9—O1 112.41(12) C8—C12—O2 121.50(13)

C11—C9—O1 113.99(12) C13—C12—O2 120.79(13)

C7—C4—C5—C6 −178.3(1) C7—C8—C12—O2 −174.1(1)

O3—N1—C10—O1 169.3(2) C9—C8—C12—C13 −173.0(1)

O4—N1—C10—C7 103.5(2) C7—C8—C9—C11 −172.0(2)

C4—C7—C10—O1 −101.8(1)
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Figure 85. Ortep diagram of (1) Thermal ellipsoids are shown at the 50% probability level.
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Figure 86. Ortep diagram of (2) Thermal ellipsoids are shown at the 50% probability level.
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Figure 87. Crystal packing of (1) projected onto the bc plane
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Figure 88. Crystal packing of (2) projected onto the ab plane


