
License and Terms: This is a supporting information file under the terms of the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0). Please note that the reuse, redistribution and reproduction in particular requires that the authors and source are credited.

The license is subject to the Beilstein Journal of Organic Chemistry terms and conditions: (https://www.beilstein-journals.org/bjoc)

Supporting Information

for

Synthesis of non-racemic 4-nitro-2-sulfonylbutan-1-ones via
Ni(II)-catalyzed asymmetric Michael reaction of β-ketosulfones

Alexander N. Reznikov, Anastasiya E. Sibiryakova, Marat R. Baimuratov,
Eugene V. Golovin, Victor B. Rybakov and Yuri N. Klimochkin

Beilstein J. Org. Chem. 2019, 15, 1289–1297. doi:10.3762/bjoc.15.127

Experimental procedures, copies of NMR, FTIR, mass spectra,
HPLC and X-ray diffraction data

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc
https://doi.org/10.3762%2Fbjoc.15.127


 

 

 

Table of Contents 

 

Experimental procedures............................................................................ S2 

Copies of NMR, FTIR and mass spectra for compounds 8 and 9............... S15 

Copies of HPLC chromatograms for compounds 8 and 9........................... S40 

X-Ray diffraction data of compound 8d........................................................ S58 

References.................................................................................................. S61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S2 

 

 

 

 

Experimental procedures 

 

General information 

1H, 13C and 19F NMR spectra were recorded with a JEOL JNM-ECX400 spectrometer 

(1H NMR, 399.78 MHz, 13C NMR, 100.53 MHz, 19F NMR, 161.83 MHz) in CDCl3 or 

DMSO-d6 solution using TMS as the internal reference. FTIR spectra were recorded 

with a Shimadzu IRAffinity-1 spectrophotometer with Specac® Quest ATR. Melting 

points were measured with an OptiMelt Automated Melting Point System. High-

resolution mass spectrometry was recorded with a mass-spectometer Agilent AccuTOF 

6230. Optical rotations were measured on Rudolph Research Analytical (Autopol V Plus 

Automatic Polarimeter) with a sodium lamp at 589 nm. The enantiomeric purity of the 

products was determined by HPLC analysis on Waters LC equipped with a chiral 

stationary phase column Chiralpak AD-3 with hexane/2-propanol as eluent. Column 

chromatography was performed on silica gel 60, Merck (230–400 mesh). X-ray 

crystallographic data were collected using a Stoe STADI-VARI Pilatus-100K 

diffractometer. 

Synthesis of initial compounds 

β-Keto sulfones 5a–d [1] and nitroalkenes 6a–f [2] were prepared by the described 

procedure. Synthesis of complexes 7a, 7b–d,h and 7e–g were described in the work [3-

5], respectively. 

General procedure for the Michael addition of β-keto sulfone (5a) to -

nitrostyrene (6a) in the presence of Ni(II) complexes 

A mixture of β-keto sulfone 5a (1.00 mmol), -nitrostyrene (6a, 1.05 mmol) and catalyst 

7a–e (0.02 mmol) in 1.5 mL of the corresponding solvent (see Tables 1,2) was stirred at 
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20 °C for 48 h. The reaction mixture was evaporated in vacuo, dissolved in chloroform-d 

and analyzed by NMR. 

General procedure for the synthesis of compounds 8a–i/9a–i 

A mixture of β-keto sulfone 5a–d (1.00 mmol), nitroalkene 6a–f (1.05 mmol) and 

catalyst 7a (0.02 mmol) in 1.5 mL of toluene was stirred at 20 °C for 48 h. The reaction 

mixture was concentrated under reduced pressure and the crude product was 

recrystallized from toluene. In the case of compounds 8g/9g, the crude product was 

purified by silica column chromatography (CHCl3) to give the product as a yellow oil 

(mixture of diastereomers). 

(2R,3S)-4-Nitro-1,3-diphenyl-2-(phenylsulfonyl)butan-1-one (8a) 

Yield: 77 %, white crystals, m.p. 139−141 oC (toluene). [α]D20 = +31.9 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.79−7.04 (m, 15H, Ph), 5.46 (d, 1H, H-2, 

3JHH 5.0 Hz), 5.32 (dd,1H, H-4, 2JHH 14.0 Hz, 3JHH 3.4 Hz), 5.09 (dd, 1H, H-4, 2JHH 14.0 

Hz, 3JHH 10.1 Hz), 4.57−4.52 (m, 1H, H-3); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 

192.22 (C-1), 137.78, 137.18, 135.95, 134.63, 134.39, 129.45, 129.42, 129.15, 128.85, 

128.80, 128.66, 127.81, 76.60 (C-4), 71.36 (C-2), 42.64 (C-3); IR (neat) ν [cm-1] 3065 w, 

3036 w, 2970 w, 2924 w, 1682 s, 1597 m, 1582 m, 1547 s, 1497 w, 1447 s, 1377 w, 

1366 w, 1346 w, 1304 s, 1275 s, 1221 m, 1142 s, 1082 s, 991 m, 935 m, 839 w, 762 m, 

746 s, 735 s, 721 s, 698 s, 683 vs, 650 m, 633 m, 611 m, 563 s, 544 m, 521 vs, 451 w, 

419 m; APPI-HRMS (m/z): [M+NH4]+ calcd for C22H19NO5S·NH4
+, 427.1322; found 

427.1326.  [α]D20 = +31.9 (c 1.0, CHCl3). 

4-Nitro-1,3-diphenyl-2-(phenylsulfonyl)butan-1-one (a mixture of diastereomers 

(2R,3S)-8a and (2S,3S)-9a) 

1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.79−7.04 (m, 15H, 8a, 15H, 9a, Ph), 5.61 

(d, 1H, H-2, 3JHH 11.4 Hz, 9a), 5.58 (dd, 1H, H-4, 2JHH 13.3 Hz, 3JHH 3.9 Hz, 9a), 5.46 (d, 
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1H, H-2, 3JHH 5.0 Hz, 8a), 5.32 (dd,1H, H-4, 2JHH 14.0 Hz, 3JHH 3.4 Hz, 8a), 5.12 (dd, 1H, 

H-4, 2JHH 13.3 Hz, 3JHH 10.6 Hz, 9a), 5.09 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 10.1 Hz, 8a), 

4.57−4.52 (m, 1H, H-3, 8a), 4.47−4.40 (m, 1H, H-3, 9a); 13C NMR (101 MHz, CDCl3, 

298 K) δ [ppm] 192.23 (C-1, 8a), 191.03 (C-1, 9a), 137.78 (8a), 137.18 (8a), 136.62 

(9a), 136.39 (9a), 135.96 (8a), 134.91 (9a), 134.63 (8a), 134.40 (8a), 133.91 (9a), 

129.96 (9a), 129.46 (8a), 129.42 (8a), 129.15 (8a), 129.13 (9a), 128.85 (8a), 128.80 

(8a), 128.66 (8a), 128.57 (9a), 128.25 (9a), 127.81 (8a), 78.05 (C-4, 9a), 76.60 (C-4, 

8a), 71.36 (C-2, 8a), 71.14 (C-2, 9a), 43.35 (C-3, 9a), 42.65 (C-3, 8a).  

HPLC (n-hexane/i-PrOH = 85/15, 210 nm, 1.2 mL/min) Chiralcel AD-H, tR = 21.1 min 

(2S,3S), 23.2 min (2R,3S); 27.4 min (2R,3R); 44.10 min (2S,3R). 

(2R,3S)-1-(4-Chlorophenyl)-4-nitro-3-phenyl-2-(phenylsulfonyl)-butan-1-one (8b) 

Yield: 72 %, white crystals, m.p. 220−222 oC (ethanol). [α]D20 = +26.1 (c 0.15, CHCl3). 

1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.74−7.00 (m, 14H, aromatic), 5.41 (d, 1H, 

H-2, 3JHH 5.0 Hz), 5.26 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 3.2 Hz), 5.06 (dd, 1H, H-4, 2JHH 

14.0 Hz, 3JHH 9.8 Hz), 4.55−4.45 (m, 1H, H-3); 13C NMR (101 MHz, CDCl3, 298 K) δ 

[ppm] 191.03 (C-1), 136.63, 136.39, 134.91, 133.89, 129.96, 129.25, 129.13, 128.60, 

128.57, 128.37, 128.25, 77.32 (C-4), 71.14 (C-2), 43.35 (C-3); IR (neat) ν [cm-1] 3082 w, 

3030 w, 2984 w, 2954 w, 1680 s, 1589 m, 1573 m, 1549 vs, 1495 w, 1450 m, 1441 m, 

1402 m, 1387 m, 1365 m, 1323 w, 1304 vs, 1277 s, 1221 m, 1142 s, 1092 s, 1080 w, 

993 s, 837 m, 829 m, 787 s, 762 m, 750 s, 729 s, 702 s, 681 s, 646 s, 629 s, 586 m, 

561 vs, 538 m, 521 vs, 486 s, 449 w; APPI-HRMS (m/z): [M+NH4]+ calcd for 

C22H18ClNO5S·NH4
+, 461.0932; found 461.0935. HPLC (n-hexane/i-PrOH = 70/30, 210 

nm, 1.2 mL/min) Chiralcel AD-H, tR = 9.71 min (2R,3S), 15.33 min (2S,3R). 

1-(4-Chlorophenyl)-4-nitro-3-phenyl-2-(phenylsulfonyl)-butan-1-one (a mixture of 

diastereomers (2R,3S)-8b and (2S,3S)-9b) 
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1H NMR (400 MHz, DMSO-d6, 298 K) δ [ppm] 8.10−6.95 (m, 14H, 8b, 14H, 9b, 

aromatic), 6.49 (d, 1H, H-2, 3JHH 11.2 Hz, 9b), 6.16 (d, 1H, H-2, 3JHH 9.2 Hz, 8b), 5.72 

(s), 5.70−5.63 (dd, 1H, H-4, 2JHH 13.0 Hz, 3JHH 3.6 Hz, 9b), 5.15−5.08 (m, 1H, H-4, 9b), 

4.90−4.80 (m, 2H, C-4, 8b), 4.35−4.25 (m, 1H, C-3, 8b), 4.15−4.00 (m, 1H, C-3, 9b); 

13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 191.51 (C-1, 8b), 190.75 (C-1, 9b), 140.54, 

140.50, 139.75, 138.92, 137.81, 136.69, 136.11, 136.01, 135.59, 135.25, 135.00, 

134.60, 131.62, 130.78, 129.96, 129.64, 129.45, 129.24, 129.16, 129.07, 128.81, 

128.61, 128.59, 78.87 (C-4, 8b), 78.31 (C-4, 9b), 69.67 (C-2, 9b), 69.53 (C-2, 8b), 

43.96 (C-3, 8b), 43.71 (C-3, 9b). 

(2S,3S)-1-(3-Methoxyphenyl)-4-nitro-3-phenyl-2-(phenylsulfonyl)-butan-1-one (9с). 

Yield: 46 %, white crystals, m.p. 154−155 oC (ethanol). [α]D20 = -28.0 (c 1.0, CHCl3). 1H 

NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.80−6.83 (m, 14H, aromatic), 5.62-5.54 (m, 1H, 

H-4 + 1H, H-2), 5.12 (dd, 1H, H-4, 2JHH 13.2 Hz, 3JHH 11.0 Hz), 4.47−4.41 m (1H, H-3), 

3.68 (s, 3H, CH3O); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 190.93 (C-1), 159.56, 

134.88, 129.99, 129.52, 129.24, 129.14, 128.60, 128.40, 120.86, 120.52, 112.32, 78.04 

(C-4), 71.44 (C-2), 55.45 (CH3O), 43.38 (C-3); IR (neat) ν [cm-1] 3091 w, 3065 w, 2976 

w, 2943 w, 1682 m, 1674 m, 1599 m, 1584 m, 1549 vs, 1493 m, 1449 m, 1425 m, 1144 

vs, 1082 s, 1038 m, 984 m, 924 w, 889 m, 833 m, 804 m, 789 m, 775 s, 752 s, 719 s, 

700 s, 687 s, 629 w, 611 vs, 550 vs, 517 vs, 459 w, 420 m; APPI-HRMS (m/z): 

[M+NH4]+ calcd for C23H21NO6S·NH4
+, 457.1428; found 457.1431. 

1-(3-Methoxyphenyl)-4-nitro-3-phenyl-2-(phenylsulfonyl)-butan-1-one  (a mixture of 

diastereomers (2R,3S)-8c and (2S,3S)-9c). 

 1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.80−6.83 (m, 14H, 8c, 14H, 9c, aromatic), 

5.62-5.54 (m, 1H, H-4 + 1H, H-2, 9c), 5.43 (d, 1H, H-2, 3JHH 5.0 Hz, 8c), 5.32 (dd, 1H, 

H-4, 2JHH 14.0 Hz, 3JHH 3.4 Hz, 8c), 5.12 (dd, 1H, H-4, 2JHH 13.2 Hz, 3JHH 11.0 Hz, 9c), 
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5.08 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 10.3 Hz, 8c), 4.57−4.52 (m, 1H, H-3, 8c), 

4.47−4.41 (m, 1H, H-3, 9c), 3.76 (s, 3H, CH3O, 8c), 3.68 (s, 3H, CH3O, 9c).  

HPLC (n-hexane/i-PrOH = 75/25, 210 nm, 1.2 mL/min) Chiralcel AD-H, tR = 13.92 min 

(2S,3S), 15.76 min (2R,3S), 16.50 min (2S,3R), 30.23 min (2R,3R). 

(2R,3S)-1-Adamantyl-4-nitro-3-phenyl-2-(phenylsulfonyl)butan-1-one (8d). 

Yield: 67 %, white crystals, m.p. 163−164 oC (ethanol). [α]D20 = +112.6 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.81−6.90 (m, 10H, Ph), 5.18 (dd, 1H, H-4, 

2JHH 14.0 Hz, 3JHH 3.2 Hz), 5.02 (d, 1H, H-2, 3JHH 5.0 Hz), 4.90 (dd, 1H, H-4, 2JHH 14.0 

Hz, 3JHH 10.8 Hz), 4.22−4.14 m (1H, H-3), 1.94 (broad s, 3H, Ad), 1.70−1.48 (m, 12H, 

Ad); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 207.69 (C-1), 138.21, 135.34, 134.64, 

129.64, 129.36, 128.95, 128.81, 127.78, 75.64 (C-4), 70.58 (C-2), 42.87, 37.97, 36.09, 

27.83; IR (neat) ν [cm-1] 2924 m, 2900 s, 2851 m, 1692 s, 1585 w, 1553 vs, 1497 w, 

1472 w, 1447 s, 1383 s, 1327 s, 1306 vs, 1217 s, 1180 w, 1150 vs, 1084 s, 1011 m, 

984 m, 959 m, 934 m, 914 w, 854 m, 808 m, 771 m, 762 m, 750 m, 735 s, 698 s, 687 s, 

665 s, 600 s, 561 m, 536 vs, 455 w, 442 m, 426 w; APPI-HRMS (m/z): [M+NH4]+ calcd 

for C26H29NO5S·NH4
+, 485.2105; found 485.2106. HPLC (n-hexane/i-PrOH = 85/15, 210 

nm, 1.2 mL/min) Chiralcel AD-H, tR = 14.18 min (2S,3R), 16.01 min (2R,3S). 

(2R,3S)-3-(4-Fluorophenyl)-4-nitro-1-phenyl-2-(phenylsulfonyl)-butan-1-one (8e). 

Yield: 74 %, white crystals, m.p. 162−164 oC (toluene). [α]D20 = +24.4 (c 1.0, CHCl3). 1H 

NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.70 (d, 2H, 3JHH 7.7 Hz), 7.59 (d, 2H, 3JHH 7.7 

Hz), 7.58−7.49 (m, 2H, Ph), 7.45−7.39 (m, 2H, Ph), 7.36−7.30 (m, 2H, Ph), 7.10−7.03 

(m, 2H, Ph), 6.92−6.84 (m, 2H, Ph), 5.46 (d, 1H, H-2, 3JHH 5.5 Hz), 5.25 (dd, 1H, H-4, 

2JHH 14.0 Hz, 3JHH 3.4 Hz), 5.03 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 10.1 Hz), 4.60−4.50 m 

(1H, H-3); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 192.06 (C-1), 162.67 (d, 1JCF 

249.2 Hz), 134.68, 134.56, 129.68, 129.42, 129.11, 128.94, 128.67, 116.45 d (2JCF 21.9 
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Hz), 76.82 (C-4), 71.28 (C-2), 42.02 (C-3); IR (neat) ν [cm-1] 1684 s, 1597 m, 1562 m, 

1547 m, 1476 w, 1449 s, 1427 m, 1379 m, 1315 m, 1308 m, 1294 s, 1275 s, 1263 s, 

1206 w, 1179 w, 1140 vs, 1080 s, 999 m, 957 s, 893 m, 851 w, 797 s, 766 s, 752 vs, 

723 m, 692 s, 683 vs, 665 m, 633 m, 567 m, 554 vs, 532 vs, 511 s, 455 w, 444 m, 415 

w; APPI-HRMS (m/z): [M+NH4]+ calcd for C22H18FNO5S·NH4
+, 445.1228; found 

445.1231. HPLC (n-hexane/i-PrOH = 85/15, 210 nm, 1.2 mL/min) Chiralcel AD-H, tR = 

29.17 min (2R,3S), 35.55 min (2S,3R). 

(2R,3S)-3-(4-Chlorophenyl)-4-nitro-1-phenyl-2-(phenylsulfonyl)butan-1-one (8f) 

Yield: 71 %, white crystals, m.p. 138−139 oC (toluene). [α]D20 = +25.2 (c 1.0, CHCl3). 1H 

NMR (400 MHz, CDCl3, 298 K) δ [ppm] 7.69−7.01 (m, 14H, aromatic), 5.46 (d, 1H, H-2, 

3JHH 5.5 Hz), 5.23 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 3.4 Hz), 5.02 (dd, 1H, H-4, 2JHH 14.0 

Hz, 3JHH 9.9 Hz), 4.55−4.50 (m, 1H, H-3); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 

191.92 (C-1), 137.78, 136.99, 134.84, 134.67, 134.60, 134.38, 129.61, 129.43, 129.34, 

129.09, 128.97, 128.70, 76.68 (C-4), 71.12 (C-2), 42.15 (C-3). IR (neat) ν [cm-1] 3074 w, 

3044 w, 2980 w, 2928 w, 1682 s, 1599 m, 1584 m, 1549 vs, 1512 s, 1447 s, 1387 w, 

1359 w, 1306 vs, 1273 vs, 1221 s, 1163 w, 1144 vs, 1105 w, 1082 w, 991 m, 945 w, 

934 w, 895 w, 864 w, 847 m, 824 s, 797 s, 759 m, 739 s, 727 s, 683 vs, 665 m, 644 m, 

571 s, 542 s, 530 vs, 500 m, 484 m, 434 m, 419 m; APPI-HRMS (m/z): [M+NH4]+ calcd 

for C22H18ClNO5S·NH4
+, 461.0932; found 461.0923. 

HPLC (n-hexane/i-PrOH = 85/15, 210 nm, 1.2 mL/min) Chiralcel AD-H, tR = 26.76 min 

(2R,3S), 30.50 min (2S,3S), 32.42 min (2S,3R), 52.98 min (2R,3R). 

3-(2-Chlorophenyl)-4-nitro-1-phenyl-2-(phenylsulfonyl)-butan-1-one (a mixture of 

diastereomers (2R,3S)-8g and (2S,3S)-9g).  

Yield: 93 %, white solid, m.p. 47−49 oC. [α]D20 = +16.1 (c 1.0, CHCl3). 1H NMR (400 

MHz, CDCl3, 298 K) δ [ppm] 7.80−6.95 (m, 14H, 8g, 14H, 9g, aromatic), 6.15−6.00 (m, 
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1H, 9g), 5.60−5.43 (m, 2H, 8g, 2H, 9g), 5.37 (dd, 1H, 4-C, 2JHH 14.4 Hz, 3JHH 10.3 Hz, 

8g), 5.00−4.92 (m, 1H, 8g); 13C NMR (101 MHz, CDCl3, 298 K) δ [ppm] 191.76, 190.80, 

137.66, 137.21, 134.92, 134.81, 134.48, 134.14, 133.67, 132.69, 130.64, 129.97, 

129.62, 129.24, 128.91, 128.68, 128.51, 127.57, 74.51 (C-2), 68.67 (C-3), 38.56 (C-2);  

IR (neat) ν [cm-1] 3065 w, 1678 s, 1595 m, 1582 w, 1551 vs, 1477 m, 1447 s, 1379 m, 

1323 s, 1310 s, 1283 s, 1180 m, 1148 vs, 1082 s, 1040 m, 999 w, 953 m, 847 w, 746 

vs, 721 vs, 683 vs, 610 s, 548 s, 527 vs, 492 m, 451 m; APPI-HRMS (m/z): [M+NH4]+ 

calcd for C22H18ClNO5S·NH4
+, 461.0932; found 461.0939. HPLC (n-hexane/i-PrOH = 

75/25, 210 nm, 1.2 mL/min) Chiralcel AD-H, tR = 13.05 min (2R,3R), 14.22 min (2S,3S), 

14.80 min (2S,3R), 15.67 min (2R,3S). 

(2R,3S)-4-Nitro-3-(4-nitrophenyl)-1-phenyl-2-(phenylsulfonyl)butan-1-one (8h). 

Yield: 65 %, pale yellow crystals, m.p. 175−176 oC (ethanol), [α]D20 +24.8o (c 1.0, 

CHCl3). 1H NMR (400 MHz, CDCl3, 298 K) δ [ppm] 8.09 (d, 2H, 3JHH 8.0 Hz), 7.69 (d, 

2H, 3JHH 8.0 Hz), 7.62−7.50 (m, 4H, aromatic), 7.42−7.32 (m, 6H, aromatic), 5,51 (d, 

1H, H-2, 3JHH 5.8 Hz), 5.26 (dd, 1H, H-4, 2JHH 12.8 Hz, 3JHH 3.2 Hz), 5.11 (dd, 1H, H-4, 

2JHH 12.8 Hz, 3JHH 9.6 Hz), 4.75−4.65 (m, 1H, H-3); 13C NMR (101 MHz, CDCl3, 298 K) 

δ [ppm] 191.53 (C-1), 148.03, 143.13, 137.41, 136.64, 134.94, 134.85, 129.49, 129.20, 

129.06, 128.69, 124.51, 76.29 (C-4), 70.67 (C-2), 42.34 (C-3); IR (neat) ν [cm-1] 3061 w, 

2982 w, 2945 w, 2839 w, 1672 s, 1595 m, 1584 m, 1551 vs, 1489 m, 1466 w, 1446 s, 

1385 m, 1321 s, 1308 s, 1296 s, 1271 s, 1248 s, 1161 m, 1138 s, 1082 s, 1061 m, 1034 

m, 970 m, 889 w, 866 m, 847 m, 800 m, 787 w, 752 vs, 727 m, 702 s, 683 vs, 656 w, 

627 m, 610 m, 588 m, 565 m, 515 vs, 422 m; APPI-HRMS (m/z): [M-H]- calcd for 

C22H18N2O7S·NH4
+ 453.0762; found 453.0767. HPLC (n-hexane/i-PrOH = 50/50, 210 

nm, 1.2 mL/min) Chiralcel AD-H, tR = 13.39 min (2R,3S), 15.60 min (2S,3R). 
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3-(3-Methoxyphenyl)-4-nitro-1-phenyl-2-phenylsulfonyl)butan-1-one (a mixture of 

diastereomers (2R,3S)-8i and (2R,3S)-9i). 

Yield: 52 %, white solid, m.p. 137−139 oC. [α]D20 -16.5o (c 1.0, CHCl3). 1H NMR (400 

MHz, CDCl3, 298 K) δ [ppm] 7.80−7.72 (m, 4H, 8i,9i), 7.60−7.55 (m, 5H, 8i), 7.50−7.40 

(m, 8H, 8i,9i), 7.35−7.30 (m, 1H, 8i), 7.25−7.20 (m, 1H), 7.15−7.05 (m, 1H, 8i), 

7.02−6.99 (m, 1H, 8i), 6.75−6.70 (m, 1H, 8i), 6.70−6.65 m (m, 1H, 9i), 6.65−6.55 (m, 

4H, 8i,9i), 5.62 (d, 1H, H-2, 3JHH 11.0 Hz, 9i), 5.55 (dd, 1H, H-4, 2JHH 13.5 Hz, 3JHH 4.1 

Hz, 9i), 5.44 (d, 1H, H-2, 3JHH 4.8 Hz, 8i), 5.32 (dd, 1H, H-4, 2JHH 14.0 Hz, 3JHH 3.4 Hz, 

8i), 5.10 (dd, 1H, H-4, 2JHH 13.5 Hz, 3JHH 10.3 Hz, 9i), 5.07 (dd, 1H, H-4, 2JHH 14.0 Hz, 

3JHH 10.3 Hz, 8i), 4.53−4.49 (m, 1H, H-3, 8i), 4.40 dt (1H, H-3, 3JHH 3.9 Hz, 3JHH 11.0 

Hz, 9i), 3.63 (s, 3H, CH3O, 8i), 3.59 (s, 3H, CH3O, 9i); 13C NMR (101 MHz, CDCl3, 298 

K) δ [ppm] 190.91 (C-1, 8i,9i), 160.14 (8i), 159.85 (9i), 137.53 (8i), 137.21 (8i), 136.70 

(9i), 136.47 (9i), 136.43 (9i), 134.89 (9i), 134.39 (8i), 133.85 (9i), 130.53 (8i), 130.15 

(8i,9i), 129.96 (9i), 129.41 (8i), 129.17 (8i), 129.24 (9i), 128.85 (8i), 128.68 (8i), 128.58 

(9i), 128.29 (9i), 78.08 (9i), 76.49 (8i), 71.00 (C-4, 9i), 71.29 (C-4, 8i), 55.21 (C-2, 9i), 

55.25 (C-2, 8i), 43.34 (C-3, 9i), 42.66 (C-3, 8i); APPI-HRMS (m/z): [M+NH4]+ calcd for 

C23H21NO6S·NH4
+, 457.1428; found 457.1436. HPLC (n-hexane/i-PrOH = 80/20, 210 

nm, 1.2 mL/min) Chiralcel AD-H, tR = 17.63 min (2S,3S), 19.93 min (2R,3S), 21.03 min 

(2R,3R), 25.28 min (2S,3R). 

The study of the evolution of dr during the reaction of sulfone 5a with ω-

nitrostyrene (6a) in the presence of catalyst 7a 

To study the evolution of the reaction, 0.25 mmol of 5a, 0.25 mmol of 6a and 0.08 mmol 

of mesitylene as internal standard were dissolved in 0.75 mL of chloroform-d in an NMR 

tube. The 0.1 M solution of the complex 7a in chloroform-d (50 μL, 0.005 mmol, 2 mol % 

of 7a) was added and monitored by 1H NMR at 25 °C. Conversion was determined by 
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reducing the integral intensity of signal of the methylene group of sulfone 5a at 4.75 

ppm. The diastereomers 8a/9a ratio was determined by the ratio of the integral 

intensities of signals of methine groups of 8a and 9a at 4.62–4.57 and 4.53–4.47 ppm, 

respectively (see Figure S1, Table S1). 
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Figure S1. Fragments of the 1H NMR spectra of the reaction mixture after 10 min (A),  

6 h (B) and 81 h (C). 
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Table S1. Evolution of the conversion 5a and diastereomeric composition of the 

products of reaction of 5a with 6a in the presence of catalyst 7a (2 mol %) in chloroform-

d. 

Entry Time, h Conversion 

of 5a, % 

Content of 

9a in 

reaction 

products, 

% 

Entry Time, h Conversion 

of 5a, % 

Content of 

9a in 

reaction 

products, 

% 

1 0.167 0 0 22 16 76.3 9.2 

2 0.5 4.5 0 23 17 77.3 9.5 

3 0.833 7.7 0 24 18 77.7 10.2 

4 1.167 13.7 1.7 25 19 78.2 10.4 

5 1.5 16.3 2.1 26 20 78.8 11.5 

6 2 20.6 3.6 27 21 79 11.4 

7 2.333 23.3 3.6 28 22 79.3 12.4 

8 2.666 27 4 29 22.5 80.5 12.4 

9 3 31.3 4.04 30 24 81.5 13.7 

10 4 37.7 4.5 31 26 81.5 13.4 

11 5 45.2 5.04 32 28 81.9 15.6 

12 6 50.8 5.7 33 32 82.9 18.3 

13 7 56 6.3 34 36 83.3 20 

14 8 60.2 6.3 35 41 83.2 21.2 

15 9 63.8 6.9 36 45 83.6 22.4 

16 10 66.3 7.2 37 51 83.8 23.7 

17 11 68.9 7 38 57 83.4 24.6 

18 12 71.1 7.4 39 63 83.8 25.3 

19 13 73 7.9 40 69 83.9 26 

20 14 74.1 8.8 41 75 84 27.5 

21 15 74.1 9 42 81 84.1 27.9 
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The study of the epimerization and retro-Michael reaction of compound (2R,3S)-

8a 

In the NMR vial was placed (2R,3S)-8a and chloroform-d (0.75 mL). The progress of 

epimerization was determined by the ratio of the integral intensities of signals of 

methine groups of 8a and 9a at 4.58–4.54 and 4.49–4.42 ppm (see Figure S2, Table 

S2). The progress of retro-Michael reaction was determined by increase in the 

integrated signal intensity of the methylene group of sulfone 5a at 4.74 ppm. 

 

Table S2. Progress of the epimerization and retro-Michael reaction of compound 

(2R,3S)-8a. 

Entry Time, h Content of 

5a, % 

Content of 

9a, % 

Entry Time, h Content of 

5a, % 

Content of 

9a, % 

1 4 3.8 0 10 48 15 13.7 

2 8 6.5 0 11 54 15.2 14.3 

3 12 8.1 4.6 12 60 15.3 16.3 

4 16 9.8 6.6 13 66 15.5 16.3 

5 20 11.1 6.7 14 73 15.5 17.1 

6 24 12 8.2 15 78 15.6 18 

7 30 13.3 10.4 16 84 15.2 19.4 

8 36 14.1 11.4 17 90 15.3 19.6 

9 42 14.5 13.4 18 96 15.3 20.1 
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Figure S2. Fragments of the 1H NMR spectra (4.1–5.8 ppm) of the solution of (2R,3S)-

8a in chloroform-d after 10 min (A), 24 h (B) and 96 h (C). 
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Copies of NMR, FTIR and mass spectra for compounds 8 and 9 

 

Figure S3.1H NMR spectra of compound 8a in CDCl3. 

 

Figure S4.13C NMR spectra of compound 8a in CDCl3. 
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Figure S5. DEPT spectra of compound 8a. 

 

Figure S6. FTIR spectra of compound 8a. 
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Figure S7. 1H NMR spectra of the mixture of diastereomers 8a and 9a in CDCl3. 

 

Figure S8. 13C NMR spectra of the mixture of diastereomers 8a and 9a in CDCl3. 
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Figure S9. HRMS of compound 8a. 

 

Figure S10. 1H NMR spectra of compound 8b in CDCl3. 
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Figure S11. 1H NMR spectra of the mixture of diastereomers 8b and 9b in  

DMSO-d6. 

 

Figure S12. 13C NMR spectra of the mixture of diastereomers 8b and 9b in  

DMSO-d6. 
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Figure S13. DEPT spectra of the mixture of diastereomers 8b and 9b in DMSO-d6. 

 

Figure S14. FTIR spectra of compound 8b. 
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Figure S15. HRMS of compound 8b. 

 

Figure S16. 1H NMR spectra of compound 9c in CDCl3. 
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Figure S17. 13C NMR spectra of compound 9c in CDCl3. 

 

Figure S18. DEPT spectra of compound 9c. 
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Figure S19. 1H NMR spectra of the mixture of diastereomers 8c and 9c in CDCl3. 

 

 

Figure S20. FTIR spectra of compound 9c. 
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Figure S21. HRMS of compound 9c. 

 

Figure S22. 1H NMR spectra of compound 8d in CDCl3. 
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Figure S23. 13C NMR spectra of compound 8d in CDCl3. 

 

Figure S24. DEPT spectra of compound 8d in CDCl3. 
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Figure S25. FTIR spectra of compound 8d. 

 

 

Figure S26. HRMS of compound 8d. 



S27 

 

 

Figure S27. 1H NMR spectra of compound 8e in CDCl3. 

 

Figure S28. 13C NMR spectra of compound 8e in CDCl3. 
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Figure S29. DEPT spectra of compound 8e in CDCl3. 

 

Figure S30. 19F NMR spectra of compound 8e in CDCl3. 
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Figure S31. FTIR spectra of compound 8e. 

 

 

Figure S32. HRMS of compound 8e. 
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Figure S33. 1H NMR spectra of compound 8f in CDCl3. 

 

Figure S34. 13C NMR spectra of compound 8f in CDCl3. 
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Figure S35. DEPT spectra of compound 8f in CDCl3. 

 

Figure S36. 1H NMR spectra of the mixture of diastereomers 8f and 9fin CDCl3. 
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Figure S37. DEPT spectra of the mixture of diastereomers 8f and 9f in CDCl3. 

 

 

Figure S38. FTIR spectra of compound 8f. 
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Figure S39. HRMS of compound 8f. 

 

Figure S40. 1H NMR spectra of the mixture of diastereomers 8g and 9g in CDCl3. 
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Figure S41. 13C NMR spectra of the mixture of diastereomers 8g and 9g in CDCl3. 

 

Figure S42. DEPT of the mixture of diastereomers 8g and 9g in CDCl3. 
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Figure S43. FTIR spectra of compound 8g. 

 

 

Figure S44. HRMS of compound 8g. 
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Figure S45. 1H NMR spectra of compound 8h in CDCl3. 

 

 

Figure S46. 13C NMR spectra of compound 8h in CDCl3. 
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Figure S47. FTIR spectra of compound 8h. 

 

 

Figure S48. HRMS of compound 8h. 
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Figure S49. 1H NMR spectra of the mixture of diastereomers 8i and 9i. 

 

Figure S50. 13C NMR spectra of the mixture of diastereomers 8i and 9i. 
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Figure S51. FTIR spectra of the mixture of diastereomers 8i and 9i.  

 

 

Figure S52. HRMS of compound 8i. 
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Copies of HPLC chromatograms for compounds 8 and 9 

 

Figure S53. HPLC for racemic 8a/9a (a mixture of diastereomers). 
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Figure S54. HPLC for (2R,3S)-8a and (2S,3S)-9a. 
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Figure S55. HPLC for racemic 8b. 
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Figure S56. HPLC for (2R,3S)-8b. 
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Figure S57. HPLC for racemic 8c/9c (a mixture of diastereomers). 
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Figure S58. HPLC for (2S,3S)-9c. 
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Figure S59. HPLC for racemic 8d. 

 



S47 

 

 

 

Figure S60. HPLC for (2R,3S)-8d. 
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Figure S61. HPLC for racemic 8e. 
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Figure S62. HPLC for (2R,3S)-8e. 
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Figure S63. HPLC for racemic 8f/9f (a mixture of diastereomers). 
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Figure S64. HPLC for (2R,3S)-8f and (2S,3S)-9f. 
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Figure S65. HPLC for racemic 8g/9g (a mixture of diastereomers). 
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Figure S66. HPLC for (2R,3S)-8g and (2S,3S)-9g. 
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Figure S67. HPLC for racemic 8h. 
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Figure S68. HPLC for (2R,3S)-8h. 
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Figure S69. HPLC for racemic 8i/9i (a mixture of diastereomers). 
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Figure S70. HPLC for (2R,3S)-8i and (2S,3S)-9i. 
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X-ray diffraction data of compound 8d 

X-ray data for (2R,3S)-1-(1-adamantyl)-4-nitro-3-phenyl-2-(phenylsulfonyl)-butane-

1-on (8d). Crystals of (C26H29NO5S, M = 467.56) are orthorhombic, space group 

P212121, at 295 K: a = 10.0147(2), b = 14.0144(3), c = 17.4625(5) Å, α = 90.000°, β = 

90.000°, γ = 90.000°, V = 2450.86(10) Å3, Z = 4, dexp. = 1.267 g.cm–3, μ(CuKα) = 1.472 

mm–1, F(000) = 992. Intensities of 4874 reflections were measured with a Pilatus Stoe 

STADI VARI diffractometer [λ(CuKα) = 1.54180 Å, ω-scans, θ < 73.127°], and 3537 

independent reflections with Rint = 0.0497 (before absorption correction) were used in 

further refinement. Flack parameter 0.024(15). CCDC deposit 1590390 contains the 

supplementary crystallographic data for this paper. These data can be obtained free of 

charge from The Cambridge Crystallographic Data Centre via 

http://www.ccdc.cam.ac.uk. 

 

 

Figure S1. ORTEP diagram of (2R,3S)-8d. 
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Table S1. Selected bond lengths of (2R,3S)-4d. 

 

№ Bond Bond length 

(Å) 

 № Bond Bond length 

(Å) 

1 C(2)-O(21) 1.216(4) 20 C(41)-C(46) 1.379(5) 

2 C(2)-C(1)' 1.513(5) 21 C(41)-C(42) 1.390(5) 

3 C(2)-C(3) 1.537(4) 22 C(42)-C(43) 1.387(7) 

4 C(3)-C(4) 1.536(4) 23 C(43)-C(44) 1.376(8) 

5 C(3)-S(3) 1.821(3) 24 C(44)-C(45) 1.373(7) 

6 C(4)-C(41) 1.524(4) 25 C(45)-C(46) 1.378(6) 

7 C(4)-C(5) 1.533(4) 26 C(1)'-C(8)' 1.464(7) 

8 C(5)-N(5) 1.495(5) 27 C(1)'-C(2)' 1.468(9) 

9 N(5)-O(51) 1.179(5) 28 C(1)'-C(9)' 1.472(7) 

10 N(5)-O(52) 1.182(5) 29 C(2)'-C(3)' 1.562(11) 

11 S(3)-O(31) 1.432(3) 30 C(3)'-C(10)' 1.457(15) 

12 S(3)-O(32) 1.444(3) 31 C(3)'-C(4)' 1.47(2) 

13 S(3)-C(31) 1.733(3) 32 C(4)'-C(5)' 1.43(2) 

14 C(31)-C(36) 1.384(5) 33 C(5)'-C(6)' 1.426(17) 

15 C(31)-C(32) 1.389(5) 34 C(5)'-C(9)' 1.560(11) 

16 C(32)-C(33) 1.387(5) 35 C(6)'-C(7)' 1.480(19) 

17 C(33)-C(34) 1.377(7) 36 C(7)'-C(10)' 1.449(16) 

18 C(34)-C(35) 1.390(7) 37 C(7)'-C(8)' 1.533(10) 

19 C(35)-C(36) 1.387(6)    
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Table S2. Selected bond angles of (2R,3S)-4d. 

№ Angle  (°)  № Angle  (°) 

1 O(21)-C(2)-C(1)' 121.7(3)  29 C(46)-C(41)-C(4) 123.3(3) 

2 O(21)-C(2)-C(3) 116.8(3)  30 C(42)-C(41)-C(4) 117.7(3) 

3 C(1)'-C(2)-C(3) 121.5(3)  31 C(43)-C(42)-C(41) 120.2(4) 

4 C(4)-C(3)-C(2) 114.6(3)  32 C(44)-C(43)-C(42) 120.0(4) 

5 C(4)-C(3)-S(3) 111.5(2)  33 C(45)-C(44)-C(43) 119.9(5) 

6 C(2)-C(3)-S(3) 109.4(2)  34 C(44)-C(45)-C(46) 120.4(5) 

7 C(41)-C(4)-C(5) 112.2(3)  35 C(45)-C(46)-C(41) 120.6(4) 

8 C(41)-C(4)-C(3) 111.5(2)  36 C(8)'-C(1)'-C(2)' 103.3(7) 

9 C(5)-C(4)-C(3) 113.7(3)  37 C(8)'-C(1)'-C(9)' 111.9(7) 

10 N(5)-C(5)-C(4) 109.6(3)  38 C(2)'-C(1)'-C(9)' 105.2(8) 

11 O(51)-N(5)-O(52) 123.0(4)  39 C(8)'-C(1)'-C(2) 113.8(3) 

12 O(51)-N(5)-C(5) 119.3(3)  40 C(2)'-C(1)'-C(2) 112.0(4) 

13 O(52)-N(5)-C(5) 117.5(4)  41 C(9)'-C(1)'-C(2) 110.1(4) 

14 O(31)-S(3)-O(32) 118.17(16)  42 C(1)'-C(2)'-C(3)' 115.0(7) 

15 O(31)-S(3)-C(31) 109.54(16)  43 C(10)'-C(3)'-C(4)' 109.8(10) 

16 O(32)-S(3)-C(31) 107.58(16)  44 C(10)'-C(3)'-C(2)' 106.0(8) 

17 O(31)-S(3)-C(3) 107.76(15)  45 C(4)'-C(3)'-C(2)' 99.3(11) 

18 O(32)-S(3)-C(3) 109.80(15)  46 C(5)'-C(4)'-C(3)' 117.3(8) 

19 C(31)-S(3)-C(3) 102.93(14)  47 C(6)'-C(5)'-C(4)' 111.8(11) 

20 C(36)-C(31)-C(32) 121.3(3)  48 C(6)'-C(5)'-C(9)' 101.6(14) 

21 C(36)-C(31)-S(3) 119.2(3)  49 C(4)'-C(5)'-C(9)' 107.0(11) 

22 C(32)-C(31)-S(3) 119.5(3)  50 C(5)'-C(6)'-C(7)' 113.8(9) 

23 C(33)-C(32)-C(31) 118.8(4)  51 C(10)'-C(7)'-C(6)' 112.7(8) 

24 C(34)-C(33)-C(32) 120.5(4)  52 C(10)'-C(7)'-C(8)' 97.3(12) 

25 C(33)-C(34)-C(35) 120.2(4)  53 C(6)'-C(7)'-C(8)' 111.7(9) 

26 C(36)-C(35)-C(34) 120.0(4)  54 C(1)'-C(8)'-C(7)' 112.5(5) 

27 C(31)-C(36)-C(35) 119.1(4)  55 C(1)'-C(9)'-C(5)' 113.4(6) 

28 C(46)-C(41)-C(42) 119.0(4)  56 C(7)'-C(10)'-C(3)' 115.3(9) 
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