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1. General method 

All air-sensitive manipulations were carried out with standard Schlenk techniques 

under nitrogen or argon. NMR spectra were recorded on Bruker spectrometer AV 600MHz, 

QNP probe (600 MHz for 1H, 150 MHz for 13C, and 243 MHz for 31P). Chemical shifts are 

reported in δ (ppm) referenced to the residual solvent peak of CHCl3 (δ 7.26) for 1H NMR 

spectroscopy and CDCl3 (δ 77.0) for 13C NMR spectroscopy. The following abbreviations 

are used to describe the multiplicities; s: singlet, d: doublet, t: triplet, q: quartet, quint: 

quintet, m: multiplet, br: broad. Coupling constants are reported in Hertz (Hz). Optical 

rotations were measured on an Anton Paar MCP-4100. High resolution mass spectra 

(HRMS) (ESI) were obtained on a Bruker microTOF II spectrometer. Matrix-Assisted 

Laser Desorption/Ionization Time of Flight (MALDI-TOF) mass spectra were measured 

on an AXIMA Performance spectrometer. For thin layer chromatography (NUO TAI 

precoated TLC plates (SHF254) were used, and compounds were visualized with a UV 

light at 254 nm TLC). Further visualization was achieved by staining with KMnO4 

followed by heating. Flash column chromatography was performed with Silica gel 

(SANPONT). Enantiomeric excesses (ee) were determined by HPLC analysis on 

Shimadzu (LC-40) HPLC and Shimazu (LC-16) HPLC with Daicel chiral columns. 
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2. Materials 

N,N-dimethylaminomethylferrocene, N,N-dimethylaminomethylruthenocene, 1-

dimethylaminomethyl-1’-trimethylsilylferrocene, tetrabutylammonium fluoride, 

tricarbonyl[(1,2,3,4,5-η)-1-[(dimethylamino)methyl]-2,4-cyclopentadien-1-yl]manganese, 

chlorotrimethylsilane, chlorodiphenylphosphine, hydrogen peroxide (30 wt.% in H2O), 

methylmagnesium bromide, phenylmagnesium bromide, sodium borohydride, 

diphenylphosphine, sodium iodide, triethoxysilane, titanium tetraisopropanolate, 4-

dimethylaminopyridine, dicyclohexylphosphine, dimethylamine, tetrabutylammonium 

fluoride, organoboronic acids 2a–2t were purchased and used as received. Tetrahydrofuran, 

ethyl ether, methylene chloride, isopropanol, tert-butanol and toluene were distilled over 

benzophenone ketyl under Ar. 

 [RhCl(coe)2]2,1 [RhCl((R,R)-Fc-tfb)]2,2 1e (CAS No. 146291-53-4),3 1f (CAS No. 

854497-34-0),4 1g (CAS No. 934276-76-3),5 and 216 were prepared according to the 

reported procedures. 

  

https://www.chemsrc.com/en/cas/124-40-3_1186894.html
https://scifinder-n.cas.org/navigate/?appId=dd9c8ec6-ab6b-412a-b2c6-05758fbb3a1c&backKey=66c6ab2b4e8afc609ce921ec&backToPage=1&contentUri=substance%2Fpt%2F146291534&key=66c6ab2b4e8afc609ce921ec&metricsOrdinal=3&metricsResultType=substance&ordinal=3&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F146291534
https://scifinder-n.cas.org/navigate/?appId=dd9c8ec6-ab6b-412a-b2c6-05758fbb3a1c&backKey=66c6ac064e8afc609ce9350c&backToPage=1&contentUri=substance%2Fpt%2F854497340&key=66c6ac064e8afc609ce9350c&metricsOrdinal=2&metricsResultType=substance&ordinal=2&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F854497340
https://scifinder-n.cas.org/navigate/?appId=dd9c8ec6-ab6b-412a-b2c6-05758fbb3a1c&backKey=66c6ab984e8afc609ce92c02&backToPage=1&contentUri=substance%2Fpt%2F934276763&key=66c6ab984e8afc609ce92c02&metricsOrdinal=1&metricsResultType=substance&ordinal=1&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F934276763
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3. Preparation of 1,2-diformylmetallocenes 

 

Under argon, to a solution of N,N-dimethylaminomethylferrocene (S1, 452.2 mg, 

1.86 mmol, 1.0 equiv) in Et2O (25 mL), tBuLi (1.3 M in heptane, 2.2 mL, 2.79 mmol, 1.5 

equiv) was added dropwise at 0 °C, and the mixture was stirred at room temperature for 2 

h. DMF (271.9 mg, 3.72 mmol, 2.0 equiv) was added to the mixture. The mixture was 

stirred at room temperature for 2 h, quenched with H2O (5.0 mL), and extracted with ethyl 

acetate. The combined organic layers were dried over MgSO4, filtered, and concentrated 

under vacuum. The residue was purified by flash column chromatography on silica gel 

(hexane/ethyl ether/triethylamine = 10:1:1) to give compound S2 (93% yield, 469.1 mg, 

1.73 mmol) as a red oil. 1H NMR (600 MHz, CDCl3): δ 10.10 (s, 1H), 4.78 (s, 1H), 4.61 

(s, 1H), 4.55 (s, 1H), 4.22 (s, 5H), 3.83 (d, J = 13.0 Hz, 1H), 3.34 (d, J = 13.0 Hz, 1H), 

2.21 (s, 6H). The experimental data are in agreement with the literature report.7  

Under argon, a solution of compound S2 (317.2 mg, 1.17 mmol, 1.0 equiv) in toluene 

(30 mL) was added to activated MnO2 (2.101 g, 23.4 mmol, 20.0 equiv). The mixture was 

stirred at reflux for 8 h and then filtered over Celite 545. The organic layers were 

concentrated under vacuum. The residue was purified by flash column chromatography on 

silica gel (hexane/ethyl ether = 5:1) to give compound 1a (68% yield, 193.6 mg, 0.80 

mmol) as a red solid. 1H NMR (600 MHz, CDCl3): δ 10.4 (s, 2H), 5.21 (s, 2H), 4.94 (s, 

1H), 4.40 (s, 5H). The experimental data are in agreement with the literature report.7 

 
Compound 1b: (66% yield, 103.7 mg, 0.33 mmol, a red solid, Rf = 0.3. (eluent: 

hexane/ethyl acetate = 5:1)). It was synthesized from compound 1-dimethylaminomethyl-

1’-trimethylsilylferrocene according to the procedure for compound 1a in 0.50 mmol scale. 

1H NMR (600 MHz, CDCl3): δ 10.4 (s, 2H), 5.16 (d, J = 2.8 Hz, 2H), 4.88 (s, 1H), 4.60 
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(s, 2H), 4.29 (s, 2H), 0.22 (s, 9H). The experimental data are in agreement with the 

literature report.7 

 
Compound 1c: (58% yield, 83.3 mg, 0.29 mmol, a yellow solid, Rf = 0.3. (eluent: 

hexane/ethyl acetate = 5:1)). It was synthesized from compound N,N-

dimethylaminomethylruthenocene according to the procedure for compound 1a in 0.50 

mmol scale. 1H NMR (600 MHz, CDCl3): δ 10.1 (s, 2H), 5.39 (d, J = 2.7 Hz, 2H), 5.10 (t, 

J = 2.7 Hz, 1H), 4.77 (s, 5H). The experimental data are in agreement with the literature 

report.7 

 
Compound 1d: (48% yield, 62.4 mg, 0.24 mmol, a dark green solid, Rf = 0.4. (eluent: 

hexane/ethyl acetate = 5:1)). It was synthesized from compound tricarbonyl[(1,2,3,4,5-η)-

1-[(dimethylamino)methyl]-2,4-cyclopentadien-1-yl]-manganese according to the 

procedure for compound 1a in 0.50 mmol scale. 1H NMR (600 MHz, CDCl3): δ 10.0 (s, 

2H), 5.66 (s, 2H), 4.95 (s, 1H). The experimental data are in agreement with the literature 

report.7 
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4. A typical procedure for Rh-catalyzed desymmetric addition of organoboronic 

acids to 1,2-diformylmetallocenes (Table 1, entry 1) 

 
An oven-dried Schlenk tube was charged with 1a (24.2 mg, 0.10 mmol, 1.0 equiv), 

[RhCl((R,R)-Fc-tfb)]2 (2.19 mg, 1.5 μmol, 3.0 mol% of Rh), PhB(OH)2 (12.2 mg, 0.10 

mmol, 1.0 equiv), KOH (8.40 mg, 0.15 mmol, 1.5 equiv), and isopropanol (1.0 mL) under 

argon. The tube was placed in a preheated oil bath at 30 °C. The mixture was stirred at 

30 °C for 10 h before extracted with ethyl acetate. The organic layers were concentrated 

under vacuum. The residue was subjected to column chromatography on silica gel to give 

compound (R,Rp)-3aa (93% yield, 29.8 mg, 0.093 mmol) as a red solid, Rf = 0.4 

(hexane/ethyl acetate (5/1)). 
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5. A typical procedure for kinetic resolution of 2-substituted 1-formylferrocenes 

(Scheme 4) 

 
An oven-dried Schlenk tube was charged with compound rac-1e (28.6 mg, 0.10 mmol, 

1.0 equiv), [RhCl((R,R)-Fc-tfb)]2 (2.19 mg, 1.5 μmol, 3.0 mol% Rh), 2-

methyphenylboronic acid (27.2 mg, 0.20 mmol, 2.0 equiv), KOH (11.2 mg, 0.20 mmol, 2.0 

equiv), and tert-butanol (1.0 mL) under argon. The tube was placed in a preheated oil bath 

at 30 °C. The mixture was stirred at 30 °C for 10 h before extracted with ethyl acetate. The 

organic layers were concentrated under vacuum. The residue was subjected to column 

chromatography on silica gel to give compound (R,Rp)-3e (47% yield, 17.8 mg, 0.047 

mmol) as a yellow solid, Rf = 0.60 (hexane/ethyl acetate (20/1)), and the recovered 

compound (Sp)-1e (43% yield, 12.3 mg, 0.043 mmol) as a red solid, Rf = 0.40 (hexane/ethyl 

acetate (20/1)). (Calculated conversion, C. = ee1/(ee1+ee3), selectivity factor, s = ln[(1–

C)(1–ee1)]/ln[(1–C)(1+ee1)]). 
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6. Optimization of the reaction conditions 

Table S1 Rh-catalyzed addition to metallocene dicarbaldehydes 1a: evaluation of ligandsa. 

 

entry Rh catalyst yield (%)b 3aa + 4aa ratioc of 3aa/4aa eed of 3aa 

1 [RhCl(coe)2]2 +(R,R)-Fc-tfb 93 >50:1 >99.5 

2 [RhCl(coe)2]2 + (R,R)-Ph-bod 44 67:33 51 

3 [RhCl(coe)2]2 + (R)-Segphos <5 -- -- 

4 [RhCl(coe)2]2 +(R)-Binap 11 63:37 24 

5 [RhCl(coe)2]2 +(R)-Ph-Phox 10 80:20 0 

6 [RhCl(coe)2]2 + (R,R)-Fc-Ph-bod <5 -- -- 

7 [RhCl(coe)2]2 + Bn-nbd 19 79:21 21 

8 [RhCl(coe)2]2 + L1 6 85:15 40 

9 [RhCl(coe)2]2 + L2 6 88:12 9 

10 [RhCl(coe)2]2 + L3 <5 -- -- 

11 PhZnCl <5 -- -- 
aReaction conditions: 1a (0.10 mmol), 2a (0.10 mmol), [RhCl(coe)2]2 (1.5 mol% dimer, 3 mol% Rh), ligand (3.0 
mol%), KOH (0.15 mmol), and 2-Propanol (1.0 mL) at 30 °C (oil bath) for 10 h. bIsolated yield. cDetermined by 1H 
NMR spectroscopy. d % ee was determined by HPLC on a chiral stationary phase column. 

 

   



S10 

Table S2 Rh-catalyzed addition to metallocene dicarbaldehydes 1a: screening of 
temperaturesa. 

 

entry T (°C) convb of 1a (%) yield (%)c 3aa + 4aa ratiob of 3aa/4aa 

1 0 85 80 >50:1 

2 30 100 93 >50:1 

3 60 100 <5 -- 
aReaction conditions: 1a (0.10 mmol), 2a (0.10 mmol), [RhCl((R,R)-Fc-tfb)]2 (3.0 mol% Rh), KOH (0.15 mmol), and 2-
propanol (1.0 mL) at T (°C) (oil bath) for 10 h. bDetermined by 1H NMR spectroscopy. cIsolated yield. 

Table S3 Rh-catalyzed addition to metallocene dicarbaldehydes 1a: screening of basesa. 

 

entry base convb of 1a (%) yield (%)c 3aa + 4aa ratiob of 3aa/4aa 

1 KOH 100 93 >50:1 

2 K2CO3 37 33 >50:1 

3 Et3N <5 -- -- 
aReaction conditions: 1a (0.10 mmol), 2a (0.10 mmol), [RhCl((R,R)-Fc-tfb)]2 (3.0 mol% Rh), base (0.15 mmol), and 2-
Propanol (1.0 mL) at 30 °C (oil bath) for 10 h. bDetermined by 1H NMR spectroscopy. cIsolated yield. 

Table S4 Rh-catalyzed addition to metallocene dicarbaldehydes 1a: screening of 
solventsa

. 

 

entry solvent convb of 1a (%) yield (%)c 3aa + 

4aa 

ratiob of 3aa/4aa eed of 3aa 

1 iPrOH 100 93 >50:1 >99.5 

2 tBuOH 100 94 >50:1 96 

3 MeOH 22 20 >50:1 79 

4 dioxane/H2O (10/1) 92 90 >50:1 79 
aReaction conditions: 1a (0.10 mmol), 2a (0.10 mmol), [RhCl((R,R)-Fc-tfb)]2 (3.0 mol% Rh), KOH (0.15 mmol), and 
solvent (1.0 mL) at 30 °C (oil bath) for 10 h. bDetermined by 1H NMR spectroscopy. cIsolated yield. d% ee was 
determined by HPLC on a chiral stationary phase column. 
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7. Synthetic transformations  

7.1 Synthesis of Josiphos-type ligands 

 
Under argon, to a solution of compound (R,Rp)-3aa (160.1 mg, 0.50 mmol, 1.0 equiv, 

>99.5% ee) in Et2O (5.0 mL), phenymagnesium bromide (0.77 M in THF, 1.3 mL, 2.0 

equiv) was added dropwise at –78 ℃, and the mixture was stirred at –78 ℃ for 2 h. The 

mixture was allowed to warm to room temperature slowly and stirred at room temperature 

for 8 h, quenched with H2O (5.0 mL), and extracted with dichloromethane. The combined 

organic layers were dried over MgSO4, filtered, and concentrated under vacuum. The 

residue was purified by flash column chromatography on silica gel 

(hexane/dichloromethane = 20:1) to give compound (R,R)-6 (93% yield, 185.2 mg, 0.46 

mmol) as a brown solid. 

 

Under argon, to a solution of compound (R,Rp)-3aa (121.7 mg, 0.38 mmol, 1.0 equiv) 

in MeOH (10 mL), NaBH4 (21.6 mg, 0.57 mmol, 1.5 equiv) was added in several portions. 

The mixture was stirred at 0 °C for 1 h, quenched with H2O (2.0 mL), and extracted with 

dichloromethane. The combined organic layers were dried over MgSO4, filtered, and 

concentrated under vacuum. The residue was purified by flash column chromatography on 

silica gel (hexane/dichloromethane = 5:1) to give compound (R,Sp)-7 (98% yield, 120.1 

mg, 0.37 mmol) as an orange solid. 

An oven-dried Schlenk tube was charged with compound (R,Sp)-7 (96.6 mg, 0.30 

mmol, 1.0 equiv), DMAP (29.8 mg, 0.24 mmol, 0.8 equiv), Et3N (242.9 mg, 2.4 mmol, 8.0 

equiv), and DCM (5.0 mL) under argon. Ac2O (245.2 mg, 2.4 mmol, 8.0 equiv) was slowly 
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added to the Schlenk tube at room temperature. The mixture was stirred for 8 h, quenched 

with H2O (3.0 mL), and extracted with ethyl acetate. The combined organic layers were 

dried over MgSO4, filtered, and concentrated under vacuum. The residue was purified by 

flash column chromatography on silica gel (hexane/ethyl acetate = 5:1) to give compound 

(R,Sp)-8 (96% yield, 117.2 mg, 0.29 mmol) as a yellow oil.  

Under argon, to a solution of compound (R,Sp)-8 (101.6 mg, 0.25 mmol, 1.0 equiv) 

in HOAc (2.0 mL), HPPh2 (465.5 mg, 2.5 mmol, 10 equiv) was added dropwise. The 

mixture was stirred at 80 ℃ for 12 h, quenched with saturated NaHCO3 solution (3.0 mL), 

and extracted with ethyl acetate. The combined organic layers were dried over MgSO4, 

filtered, and concentrated under vacuum. The residue was purified by flash column 

chromatography on silica gel (hexane/ethyl acetate = 5:1) to give compound (R,Sp)-9 (76% 

yield, 125.1 mg, 0.19 mmol) as a yellow solid.  

7.2 Synthesis of Josiphos without central chirality 

 

Under argon, to a solution of compound (Sp)-1f (83.0 mg, 0.20 mmol, 1.0 equiv) in 

MeOH (5.0 mL), NaBH4 (15.2 mg, 0.40 mmol, 2.0 equiv) was added in several portions. 

The mixture was stirred at 0 °C for 2 h, quenched with H2O (1.0 mL), and extracted with 

dichloromethane. The combined organic layers were dried over MgSO4, filtered, and 

concentrated under vacuum. The residue was purified by flash column chromatography on 

silica gel (hexane/dichloromethane = 2:1) to give compound (Sp)-10 (98% yield, 79.1 mg, 

0.19 mmol) as a yellow solid. 

An oven-dried Schlenk tube was charged with compound (Sp)-10 (62.4 mg, 0.15 

mmol, 1.0 equiv), NaI (45.0 mg, 0.30 mmol, 2.0 equiv), and MeCN (5.0 mL) under argon. 

Chlorotrimethylsilane (40.8 mg, 0.38 mmol, 2.5 equiv) was added. After stirring for 10 

min, HPPh2 (56.0 mg, 0.30 mmol, 2.0 equiv) was added dropwise at 0 °C. The mixture was 

stirred at room temperature for 8 h, quenched with saturated NaHCO3 solution (2.0 mL), 

and extracted with ethyl acetate. The combined organic layers were dried over MgSO4, 
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filtered, and concentrated under vacuum without further purification. Under argon, to a 

solution of the residue in benzene (5.0 mL), titanium tetraisopropanolate (42.6 mg, 0.15 

mmol 1.0 equiv) and triethoxysilane (266.1 mg, 1.62 mmol, 10.8 equiv) was added 

dropwise. The mixture was stirred at 75 ℃ for 12 h, filtered, and concentrated under 

vacuum. The residue was purified by flash column chromatography on silica gel 

(hexane/ethyl acetate = 20:1) to give compound (Sp)-12a (79% yield, 67.4 mg, 0.12 mmol) 

as a red solid. The compounds (Sp)-12b and compound (Sp)-12c were synthesized using 

the same procedure. 

7.3 Synthesis of Josiphos, PPFA, and other phosphorous ligands 

 

Under argon, to a solution of compound (Sp)-1e (57.2 mg, 0.20 mmol, 1.0 equiv, 

>99.5% ee) in Et2O (5.0 mL), MeMgBr (3.0 M in THF, 0.20 mL, 3.0 equiv) was added 

dropwise at –78 ℃. The mixture was slowly warmed to room temperature and stirred at 

room temperature for 8 h. The mixture was quenched with H2O (5.0 mL) and extracted 

with ethyl acetate. The combined organic layers were dried over MgSO4, filtered, and 

concentrated under vacuum. The residue was purified by flash column chromatography on 

silica gel (hexane/ethyl acetate = 20:1) to give compound (S,Sp)-13 (89% yield, 53.8 mg, 

0.18 mmol) as a yellow solid. 

An oven-dried Schlenk tube was charged with compound (S,Sp)-13 (45.3 mg, 0.15 

mmol, 1.0 equiv), DMAP (14.7 mg, 0.12 mmol, 0.8 equiv), Et3N (121 mg, 1.2 mmol, 8.0 

equiv), and DCM (5.0 mL) under argon. Ac2O (30.6 mg, 0.30 mmol, 2.0 equiv) was slowly 

added to the mixture at room temperature. The mixture was stirred at room temperature for 

8 h, quenched with H2O (2.0 mL), and extracted with ethyl acetate. The combined organic 

layers were dried over MgSO4, filtered, and concentrated under vacuum. Compound 

(S,Sp)-14 was obtained as a red oil, which was used for the next step without further 

purification. 
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Under argon, to a solution of compound (S,Sp)-14 (34.4 mg, 0.10 mmol, 1.0 equiv) in 

HOAc (2.0 mL), HPPh2 (37.2 mg, 0.20 mmol, 2.0 equiv) was added dropwise. The mixture 

was stirred at 80 ℃ for 12 h, quenched with saturated NaHCO3 solution (1.0 mL), and 

extracted with ethyl acetate. The combined organic layers were dried over MgSO4, filtered, 

and concentrated under vacuum. The residue was purified by flash column chromatography 

on silica gel (hexane/ethyl acetate = 20:1) to give compound (S,Sp)-15 (60% yield, 28.2 

mg, 0.060 mmol) as an orange solid. 

 

Under argon, to a solution of compound (S,Sp)-14 (68.9 mg, 0.20 mmol, 1.0 equiv) in 

MeOH (5.0 mL), HNMe2 (40 wt.% in H2O, 0.20 mL, 10 equiv) was added. The mixture 

was stirred at 50 °C for 6 h, quenched with phosphoric acid (1.0 M, 0.10 mL), and extracted 

with ethyl acetate. The combined organic layers were dried over MgSO4, filtered, and 

concentrated under vacuum. The residue was purified by flash column chromatography on 

silica gel (hexane/ ethyl acetate/ triethylamine = 20:1:1%) to give compound (S,Sp)-16 

(90% yield, 59.2 mg, 0.18 mmol) as an orange oil. 

Under argon, to a solution of compound (S,Sp)-16 (49.5 mg, 0.15 mmol, 1.0 equiv) in 

Et2O (5.0 mL), tBuLi (3.0 M in hexane, 76.7 μL, 0.23 mmol, 1.5 equiv) was added dropwise 

at -78 °C, and the mixture was stirred at room temperature for 2 h. ClPPh2 (66.2 mg, 0.30 

mmol, 2.0 equiv) was added to the mixture. The mixture was stirred at room temperature 

for 4 h, quenched with H2O (1.0 mL), and extracted with ethyl acetate. The combined 

organic layers were dried over MgSO4, filtered, and concentrated under vacuum. The 

residue was purified by flash column chromatography on silica gel (hexane/ethyl 

acetate/triethylamine = 10:1:1%) to give compound (S,Rp)-17 (85% yield, 65.4 mg, 0.13 

mmol) as a red solid. 
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To a solution of (S,Rp)-17 (51.3 mg, 0.10 mmol, 1.0 equiv) in THF (2.0 mL), TBFA 

(1.0 M in THF, 0.50 mL, 5.0 equiv) was added. The mixture was stirred at 80 °C for 8 h, 

quenched with H2O (2.0 mL), and extracted with ethyl acetate. The combined organic 

layers were dried over MgSO4, filtered, and concentrated under vacuum. The residue was 

purified by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1) to 

give compound (S,Rp)-PPFA (87% yield, 38.4 mg, 0.087 mmol) as a red solid. 

 

Under argon, to a solution of compound (S,Sp)-17 (25.7 mg, 0.05 mmol, 1.0 equiv) in 

HOAc (2.0 mL), HPPh2 (18.6 mg, 0.10 mmol, 2.0 equiv) was added dropwise. The mixture 

was stirred at 80 ℃ for 12 h, quenched with saturated NaHCO3 solution (2.0 mL), and 

extracted with ethyl acetate. The combined organic layers were dried over MgSO4, filtered, 

and concentrated under vacuum. To a solution of the residue in THF (4.0 mL), TBFA (1.0 

M in THF, 0.25 mL, 5.0 equiv) was added. The mixture was stirred at 75 °C for 8 h, 

quenched with H2O (1.0 mL), and extracted with ethyl acetate. The combined organic 

layers were dried over MgSO4, filtered, and concentrated under vacuum. The residue was 

purified by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1) to give 

compound (S,Rp)-18 (63% yield, 18.3 mg, 0.031 mmol) as a yellow solid. 
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Under argon, to a solution of compound (S,Sp)-17 (25.9 mg, 0.05 mmol, 1.0 equiv) in 

HOAc (2.0 mL), HPCy2 (19.9 mg, 0.10 mmol, 2.0 equiv) was added dropwise. The mixture 

was stirred at 80 ℃ for 12 h, quenched with saturated NaHCO3 solution (2.0 mL), and 

extracted with ethyl acetate. The combined organic layers were dried over MgSO4, filtered, 

and concentrated under vacuum. To a solution of the residue in THF (4.0 mL), TBFA (1.0 

M in THF, 0.25 mL, 5.0 equiv) was added. The mixture was stirred at 80 °C for 8 h, 

quenched with H2O (1.0 mL), and extracted with ethyl acetate. The combined organic 

layers were dried over MgSO4, filtered, and concentrated under vacuum. The residue was 

purified by flash column chromatography on silica gel (hexane/ethyl acetate = 20:1) to give 

compound (S,Rp)-19 (75% yield, 21.9 mg, 0.038 mmol) as a red solid. 

7.4 Palladium-catalyzed asymmetric allylic alkylation 

 

An oven-dried Schlenk tube was charged with compound ligand (S,Rp)-17 (2.1 mg, 

0.004 mmol, 4 mol%), [Pd(C3H5)Cl]2 (1.4 mg, 0.004 mmol, 4 mol%), and DCM (1.0 mL) 

under argon. The mixture was stirred at room temperature for 20 min. Compound 21 (25.2 

mg, 0.10 mmol, 1.0 equiv) was added. After an additional 20 min, dimethyl malonate 22 

(39.6 mg, 0.30 mmol, 3.0 equiv), BSA (40.7 mg, 0.20 mmol, 2.0 equiv), and KOAc (1.90 

mg, 0.02 mmol, 20 mol%) were added. The mixture was stirred at 0 ℃ for 6 h, quenched 

with saturated NH4Cl solution, and extracted with ethyl acetate. The combined organic 

layers were dried over MgSO4, filtered, and concentrated under vacuum. The residue was 
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purified by flash column chromatography on silica gel (hexane/ethyl acetate = 10:1) to give 

compound (S)-23 (87% yield, 28.2 mg, 0.087 mmol) as a colorless solid. 
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8. Characterization of the products 

 
Compound (R,Rp)-3aa. (Table 2, entry 1, 29.8 mg, 93% yield, 0.093 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IB N-5 column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 16.7 

min, tminor = 14.9 min); [α]25
D −7.4´102 (c 0.38, CHCl3) for >99.5% ee. 1H NMR (600 

MHz, CDCl3) δ 9.96 (s, 1H), 7.50 (d, J = 7.6 Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 

7.4 Hz, 1H), 5.80 (s, 1H), 4.71–4.70 (m, 1H), 4.50 (d, J = 2.3 Hz, 1H), 4.48 (t, J = 2.7 Hz, 

1H), 4.39 (s, 5H), 4.25 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 195.8, 142.3, 128.1, 127.6, 

126.7, 97.4, 74.9, 73.1, 71.5, 70.4, 69.5, 69.1; HRMS (ESI) calcd for C18H16FeO2Na 

[M+Na]+ 343.0392, found 343.0396. 

 

Compound (R,Rp)-3ba. (Table 2, entry 2, 34.5 mg, 88% yield, 0.088 mmol, a red 

solid, eluent: hexane /ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 9.2 min, 

tminor = 8.1 min); [α]25
D −6.6´102 (c 0.12, CHCl3) for 94% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.96 (s, 1H), 7.49 (d, J = 7.0 Hz, 2H), 7.37 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 

5.81 (s, 1H), 4.77 (s, 1H), 4.65 (s, 1H), 4.60 (s, 1H), 4.43 (t, J = 2.6 Hz, 1H), 4.35−4.34 

(m, 2H), 4.29 (s, 1H), 4.12 (s, 1H), 0.19 (s, 9H). 13C NMR (150 MHz, CDCl3): δ 195.6, 

142.4, 128.2, 127.6, 126.7, 97.0, 75.1, 74.8, 74.5, 74.1, 73.5, 73.4, 71.8, 69.6, −0.4; HRMS 

(ESI) calcd for C21H24FeO2SiNa [M+Na]+ 415.0787, found 415.0780. 
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Compound (R,Rp)-3ca. (Table 2, entry 3, 28.1 mg, 77% yield, 0.077 mmol, a yellow 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IJ column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 31.1 min, 

tminor = 38.5 min); [α]25
D −3.4´102 (c 0.20, CHCl3) for 86% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.82 (s, 1H), 7.45 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.3 Hz, 1H), 

5.74 (s, 1H), 4.98 (s, 1H), 4.75 (s, 5H), 4.72 (t, J = 2.6 Hz, 1H), 4.50 (s, 1H), 3.83 (d, J = 

2.3 Hz, 1H); 13C NMR (150 MHz, CDCl3): δ 192.0, 142.0, 128.1, 127.6, 126.6, 100.7, 

81.4, 76.0, 74.1, 73.1, 72.9, 68.4; HRMS (ESI) calcd for C18H16O2RuNa [M+Na]+ 

389.0086, found 389.0095. 

 

Compound (R,Rp)-3da. (Table 2, entry 4, 24.7 mg, 73% yield, 0.073 mmol, a deep 

green solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IJ column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 32.2 min, 

tminor = 38.0 min); [α]25
D −1.9´102 (c 0.17, CHCl3) for 89% ee. 1H NMR (600 MHz, CDCl3) 

δ 9.61 (s, 1H), 7.48 (d, J =7.5 Hz, 2H), 7.38 (t, J =7.5 Hz, 2H), 7.33 (t, J =7.5 Hz, 1H), 

5.93 (s, 1H), 5.38 (s, 1H), 4.89 (s, 1H), 4.70 (s, 1H), 3.51 (s, 1H); 13C NMR (150 MHz, 

CDCl3): δ 222.2, 188.4, 141.4, 128.7, 128.5, 126.7, 114.8, 90.0, 87.9, 86.0, 80.0, 68.8; 

HRMS (ESI) calcd for C16H11MnO5Na [M+Na]+ 360.9879, found 360.9882. 

 

Compound (R,Rp)-3ab. (Table 2, entry 5, 30.1 mg, 86% yield, 0.086 mmol, a deep 

green solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 
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(Chiralpak IB N-5 column, hexane/2-propanol = 90/10, 0.5 mL/min, 230 nm, tmajor = 39.8 

min, tminor = 37.2 min); [α]25
D −7.9´102 (c 0.12, CHCl3) for >99.5% ee. 1H NMR (600 

MHz, CDCl3): δ 9.95 (s, 1H), 7.41 (d, J = 8.2 Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 5.77 (s, 

1H), 4.70 (s, 1H), 4.48 (t, J = 2.9 Hz, 1H), 4.38 (s, 5H), 4.32 (s, 1H), 4.30 (s, 1H), 3.82 (s, 

3H); 13C NMR (150 MHz, CDCl3): δ 195.7, 159.1, 134.7, 127.9, 113.6, 97.6, 75.0, 74.7, 

73.1, 71.4, 70.4, 69.2, 55.3; HRMS (ESI) calcd for C19H18FeO3Na [M+Na]+ 373.0497, 

found 373.0503. 

 

Compound (R,Rp)-3ac. (Table 2, entry 6, 33.1 mg, 82% yield, 0.082 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IC column, hexane/2-propanol = 80/20, 1.0 mL/min, 230 nm, tmajor = 6.8 min, 

tminor = 5.7 min); [α]25
D −5.8´102 (c 0.070, CHCl3) for 92% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.95 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.22 (d, J = 8.2 Hz, 2H), 5.81 (s, 1H), 4.73-4.70 

(m, 1H), 4.58 (d, J = 2.2 Hz, 1H), 4.50 (t, J = 2.7 Hz, 1H), 4.39 (s, 5H), 4.23 (s, 1H); 13C 

NMR (150 MHz, CDCl3): δ 195.8, 148.6, 141.0, 128.2, 120.6, 120.5 (q, JC,19
F = 255.2 Hz), 

96.9, 75.0, 74.6, 73.5, 71.6, 70.4, 68.9; HRMS (ESI) calcd for C19H15F3FeO3Na [M+Na]+ 

427.0215, found 427.0218. 

 

Compound (R,Rp)-3ad. (Table 2, entry 7, 28.4 mg, 85% yield, 0.085 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 16.2 min, 

tminor = 14.6 min); [α]25
D −6.0´102 (c 0.13, CHCl3) for 99% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.96 (s, 1H), 7.38 (d, J = 7.6 Hz, 2H), 7.18 (d, J = 7.6 Hz, 2H), 5.77 (s, 1H), 4.70 (s, 1H), 

4.48 (s, 1H), 4.38 (s, 5+1H), 4.28 (s, 1H), 2.36 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 
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195.8, 139.4, 137.2, 128.9, 126.7, 97.5, 74.90, 74.88, 73.1, 71.5, 70.4, 69.4, 21.2. HRMS 

(ESI) calcd for C19H18FeO2Na [M+Na]+ 357.0548, found 357.0551. 

 

Compound (R,Rp)-3ae. (Table 2, entry 8, 34.1 mg, 87% yield, 0.087 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IJ column, hexane/2-propanol = 95/5, 0.8 mL/min, 230 nm, tmajor = 21.7 min, 

tminor = 25.2 min); [α]25
D −6.3´102 (c 0.29, CHCl3) for >99.5% ee. 1H NMR (600 MHz, 

CDCl3) δ 9.97 (s, 1H), 7.52 (d, J = 7.4 Hz, 2H), 7.47 (d, J = 7.6 Hz, 2H), 5.80 (s, 1H), 4.70 

(s, 1H), 4.49 (s, 1H), 4.39 (s, 5H), 4.33 (s, 1+1H), -0.27 (s, 9H); 13C NMR (150 MHz, 

CDCl3): δ 195.6, 142.9, 139.7, 133.2, 126.1, 97.2, 75.1, 74.7, 73.0, 71.5, 70.4, 69.6, −1.1. 

HRMS (ESI) calcd for C21H24FeO2SiNa [M+Na]+ 415.0787, found 415.0791. 

 

Compound (R,Rp)-3af. (Table 2, entry 9, 27.7 mg, 82% yield, 0.082 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 15.9 min, 

tminor = 15.0 min); [α]25
D −7.4´102 (c 0.18, CHCl3) for 95% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.94 (s, 1H), 7.48 (dd, J = 8.5 Hz, 5.5 Hz, 2H), 7.06 (dd, J = 8.6 Hz, 8.5 Hz, 2H), 5.78 (s, 

1H), 4.71 (s, 1H), 4.57 (s, 1H), 4.49 (t, J = 2.8 Hz, 1H), 4.38 (s, 5H), 4.22 (s, 1H); 13C 

NMR (150 MHz, CDCl3): δ 195.8, 162.2 (d, JC,19
F = 244.0 Hz), 138.2 (d, JC,19

F = 3.2 Hz), 

128.4 (d, JC,19
F = 8.0 Hz), 115.0 (d, JC,19

F = 21.2 Hz), 97.2, 74.9, 74.7, 73.4, 71.5, 70.4, 

68.9; HRMS (ESI) calcd for C18H15FFeO2Na [M+Na]+ 361.0298, found 361.0301. 
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Compound (R,Rp)-3ag. (Table 2, entry 10, 28.4 mg, 80% yield, 0.080 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 0.6 mL/min, 230 nm, tmajor = 36.5 min, 

tminor = 30.8 min); [α]25
D −6.9´102 (c 0.19, CHCl3) for 96% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.94 (s, 1H), 7.45 (d, J = 8.6 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 5.78 (s, 1H), 4.71 (s, 1H), 

4.63 (s, 1H), 4.49 (t, J = 2.6 Hz, 1H), 4.38 (s, 5H), 4.21 (s, 1H); 13C NMR (150 MHz, 

CDCl3): δ 196.0, 140.8, 133.2, 128.3, 128.2, 97.0, 74.9, 73.5, 71.6, 71.2, 70.4, 68.9; HRMS 

(ESI) calcd for C18H15ClFeO2Na [M+Na]+ 377.0002, found 377.0005. 

 

Compound (R,Rp)-3ah. (Table 2, entry 11, 31.1 mg, 78% yield, 0.078 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 19.7 min, 

tminor = 16.8 min); [α]25
D −8.9´102 (c 0.15, CHCl3) for 98% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.94 (s, 1H), 7.51 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 5.75 (s, 1H), 4.71 (s, 1H), 

4.65 (s, 1H), 4.49 (t, J = 2.7 Hz, 1H), 4.38 (s, 5H), 4.20 (s, 1H); 13C NMR (150 MHz, 

CDCl3): δ 196.0, 141.3, 131.3, 128.5, 121.4, 96.9, 74.9, 74.8, 73.6, 71.6, 70.4, 68.9; HRMS 

(ESI) calcd for C18H15BrFeO2Na [M+Na]+ 420.9497, found 420.9508. The absolute 

configuration was determined by X–ray analysis (CCDC 2403094). 

 

Compound (R,Rp)-3ai. (Table 2, entry 12, 29.5 mg, 76% yield, 0.076 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 13.5 min, 
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tminor = 12.5 min); [α]25
D −7.4´102 (c 0.14, CHCl3) for 84% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.96 (s, 1H), 7.64 (s, 2+2H), 5.86 (s, 1H), 4.73–4.71 (m, 1H), 4.69 (d, J = 2.2 Hz, 1H), 

4.50 (t, J = 2.6 Hz, 1H), 4.39 (s, 5H), 4.19 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 195.9, 

146.3, 129.8 (q, JC,19
F = 32.1 Hz), 127.1, 125.1 (q, JC,19

F = 3.8 Hz), 124.2 (q, JC,19
F = 270.3 

Hz), 96.6, 75.0, 74.6, 73.6, 71.7, 70.5, 69.0; HRMS (ESI) calcd for C19H15F3FeO2Na 

[M+Na]+ 411.0266, found 411.0270. 

 

Compound (R,Rp)-3aj. (Table 2, entry 13, 30.3 mg, 80% yield, 0.080 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IC column, hexane/2-propanol = 80/20, 1.0 mL/min, 230 nm, tmajor = 22.6 min, 

tminor = 18.9 min); [α]25
D −7.6´102 (c 0.11, CHCl3) for 89% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.95 (s, 1H), 8.06 (d, J = 8.1 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 5.83 (s, 1H), 4.82 (d, J = 

2.2 Hz, 1H), 4.71 (dd, J = 2.6 Hz, 1.6 Hz, 1H), 4.48 (t, J = 2.7 Hz, 1H), 4.38 (s, 5H), 4.15 

(s, 1H), 3.93 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 196.1, 167.0, 147.3, 129.5, 129.4, 

126.8, 96.8, 75.0, 73.6, 71.6, 70.9, 70.5, 69.1, 52.1; HRMS (ESI) calcd for C20H18FeO4Na 

[M+Na]+ 401.0447, found 401.0454. 

 

Compound (R,Rp)-3ak. (Table 2, entry 14, 27.3 mg, 78% yield, 0.078 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IB N-5 column, hexane/2-propanol = 90/10, 0.8 mL/min, 230 nm, tmajor = 34.9 

min, tminor = 41.7 min); [α]25
D −6.2´102 (c 0.19, CHCl3) for 89% ee. 1H NMR (600 MHz, 

CDCl3): δ 9.96 (s, 1H), 7.28 (t, J = 7.9 Hz, 1H), 7.09 (s, 1H), 7.06 (d, J = 7.6 Hz, 1H), 6.85 

(dd, J = 8.2 Hz, 2.6 Hz, 1H), 5.77 (s, 1H), 4.71−4.69 (m, 1H), 4.52 (s, 1H), 4.49 (t, J = 2.6 

Hz, 1H), 4.39 (s, 5H), 4.29 (s, 1H), 3.83 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 195.8, 
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159.6, 143.9, 129.1, 119.2, 113.2, 112.2, 97.3, 74.9, 73.1, 71.5, 71.2, 70.4, 69.4, 55.2. 

HRMS (ESI) calcd for C19H18FeO3Na [M+Na]+ 373.0497, found 373.0502. 

 

Compound (R,Rp)-3al. (Table 2, entry 15, 28.7 mg, 81% yield, 0.081 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 19.2 min, 

tminor = 14.0 min); [α]25
D −8.3´102 (c 0.25, CHCl3) for 89% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.94 (s, 1H), 7.54 (s, 1H), 7.36 (d, J = 6.9 Hz, 1H), 7.31−7.27 (m, 2H), 5.75 (s, 1H), 4.71 

(s, 1H), 4.68 (s, 1H), 4.50 (t, J = 2.8 Hz, 1H), 4.39 (s, 5H), 4.22 (s, 1H); 13C NMR (150 

MHz, CDCl3): δ 195.9, 144.3, 134.1, 129.4, 127.7, 127.0, 125.1, 96.8, 74.9, 73.5, 71.6, 

71.2, 70.4, 69.0. HRMS (ESI) calcd for C18H15ClFeO2Na [M+Na]+ 377.0002, found 

377.0007. 

 

Compound (R,Rp)-3am. (Table 2, entry 16, 30.7 mg, 79% yield, 0.079 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 12.4 min, 

tminor = 10.0 min); [α]25
D −7.4´102 (c 0.14, CHCl3) for 90% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.95 (s, 1H), 7.86 (s, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 

7.7 Hz, 1H), 5.82 (s, 1H), 4.91 (s, 1H), 4.72 (s, 1H), 4.50 (t, J = 2.8 Hz, 1H), 4.39 (s, 5H), 

4.10 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 196.1, 143.3, 130.6 (q, JC,19
F = 32.0 Hz), 

130.3, 128.5, 124.4 (q, JC,19
F = 3.8 Hz), 124.2 (q, JC,19

F = 270.7 Hz), 123.7 (q, JC,19
F = 3.8 

Hz), 96.9, 75.0, 74.8, 73.7, 71.7, 70.4, 69.0; HRMS (ESI) calcd for C19H15F3FeO2Na 

[M+Na]+ 411.0266, found 411.0271. 
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Compound (R,Rp)-3an. (Table 2, entry 17, 29.1 mg, 83% yield, 0.083 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IB N-5 column, hexane/2-propanol = 90/10, 0.5 mL/min, 230 nm, tmajor =26.8 

min, tminor = 31.6 min); [α]25
D −6.5´102 (c 0.18, CHCl3) for >99.5% ee. 1H NMR (600 

MHz, CDCl3): δ 9.99 (s, 1H), 7.58 (dd, J = 7.4 Hz, 1.7 Hz, 1H), 7.29-7.26 (m, 1H), 7.01 

(t, J = 7.5 Hz, 1H), 6.88 (d, J = 8.2 Hz, 1H), 6.07 (d, J = 3.1 Hz, 1H), 4.73−4.70 (m, 1H), 

4.58 (d, J = 3.1 Hz, 1H), 4.50 (t, J = 2.7 Hz, 1H), 4.36 (s, 5H), 4.32 (s, 1H), 3.80 (s, 3H); 

13C NMR (150 MHz, CDCl3): δ195.5, 156.1, 131.1, 128.5, 127.2, 120.7, 110.2, 96.4, 75.2, 

74.8, 71.9, 71.4, 70.3, 64.1, 55.3; HRMS (ESI) calcd for C19H18FeO3Na [M+Na]+ 

373.0497, found 373.0503. 

 

Compound (R,Rp)-3ao. (Table 2, entry 18, 29.6 mg, 80% yield, 0.080 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IB N-5 column, hexane/2-propanol = 80/20, 0.8 mL/min, 230 nm, tmajor = 17.0 

min, tminor = 16.0 min); [α]25
D −7.9´102 (c 0.14, CHCl3) for 91% ee. 1H NMR (600 MHz, 

CDCl3): δ 9.99 (s, 1H), 7.98 (s, 1H), 7.89−7.83 (m, 3H), 7.62 (dd, J = 8.4 Hz, 1.7 Hz, 1H), 

7.51−7.45 (m, 2H), 5.97 (s, 1H), 4.72−4.70 (m, 1H), 4.66 (d, J = 2.2 Hz, 1H), 4.47 (t, J = 

2.7 Hz, 1H), 4.40 (s, 5H), 4.25 (s, 1H); 13C NMR (150 MHz, CDCl3): δ 195.8, 139.8, 133.3, 

133.1, 128.1, 127.8, 127.7, 126.0, 125.8, 125.5, 125.1, 97.4, 75.1, 73.2, 71.5, 70.5, 69.6; 

HRMS (ESI) calcd for C22H18FeO2Na [M+Na]+ 393.0548, found 393.0553. 
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Compound (R,Rp)-3ap. (Table 2, entry 19, 28.9 mg, 78% yield, 0.078 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IF column, hexane/2-propanol = 85/15, 1.0 mL/min, 230 nm, tmajor = 44.8 min, 

tminor = 13.9 min); [α]25
D −1.0´103 (c 0.24, CHCl3) for >99.5% ee. 1H NMR (600 MHz, 

CDCl3): δ 10.0 (s, 1H), 7.98 (d, J = 7.2 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.85 (d, J = 8.2 

Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.59 (t, J = 7.7 Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.42 (t, 

J = 7.6 Hz, 1H), 6.46 (s, 1H), 5.25 (s, 1H), 4.71 (s, 1H), 4.40-4.39 (m, 1+5H), 3.91 (s, 1H); 

13C NMR (150 MHz, CDCl3): δ 196.6, 137.9, 133.4, 130.9, 128.7, 128.0, 126.0, 125.6, 

125.4, 124.1, 123.6, 97.0, 74.7, 73.2, 71.6, 71.5, 70.5, 65.4; HRMS (ESI) calcd for 

C22H18FeO2Na [M+Na]+ 393.0548, found 393.0552. 

 

Compound (R,Rp)-3aq. (Table 2, entry 20, 29.6 mg, 85% yield, 0.085 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 90/10, 0.5 mL/min, 230 nm, tmajor = 30.6 min, 

tminor = 25.8 min); [α]25
D −6.2´102 (c 0.19, CHCl3) for 92% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.97 (s, 1H), 7.10 (s, 2H), 6.93 (s, 1H), 5.73 (d, J = 2.2 Hz, 1H), 4.72–4.68 (m, 1H), 4.49 

(t, J = 2.7 Hz, 1H), 4.38 (s, 5H), 4.33 (s, 1H), 4.28 (d, J = 2.3 Hz, 1H), 2.33 (s, 6H); 13C 

NMR (150 MHz, CDCl3): δ 195.6, 142.3, 137.6, 129.2, 124.6, 97.5, 75.1, 74.8, 72.9, 71.5, 

70.4, 69.6, 21.4; HRMS (ESI) calcd for C20H20FeO2Na [M+Na]+ 371.0705, found 

371.0708. 
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Compound (R,Rp)-3ar. (Table 2, entry 21, 21.8 mg, 58% yield, 0.058 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IJ column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 75.0 min, 

tminor = 53.1 min); [α]25
D −5.0´102 (c 0.11, CHCl3) for 85% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.97 (s, 1H), 7.88 (d, J = 7.4 Hz, 1H), 7.68 (d, J = 7.5 Hz, 1H), 7.63 (s, 1H), 7.36−7.31 

(m, 2H), 6.16 (s, 1H), 4.96 (s, 1H), 4.71 (s, 1H), 4.46 (s, 1H), 4.38 (s, 5H), 4.24 (s, 1H); 

13C NMR (150 MHz, CDCl3): δ 196.1, 140.5, 137.7, 137.6, 124.3, 124.0, 123.5, 122.8, 

122.3, 96.0, 75.8, 74.9, 73.2, 71.6, 70.5, 65.0; HRMS (ESI) calcd for C20H16FeO2SNa 

[M+Na]+ 399.0112, found 399.0116. 

 

Compound (R,Rp)-3as. (Table 2, entry 22, 26.2 mg, 57% yield, 0.057 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IB N-5 column, hexane/2-propanol = 90/10, 0.8 mL/min, 230 nm, tmajor = 16.4 

min, tminor = 18.4 min); [α]25
D −5.9´102 (c 0.31, CHCl3) for 97% ee. 1H NMR (600 MHz, 

CDCl3): δ 9.98 (s, 1H), 8.17 (d, J = 7.9 Hz, 1H), 7.70 (s, 1H), 7.52 (d, J = 7.9 Hz, 1H), 7.31 

(t, J = 7.8 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 6.10 (s, 1H), 4.72 (s, 1H), 4.55−4.45 (m, 3H), 

4.40 (s, 5H), 1.67 (s, 9H); 13C NMR (150 MHz, CDCl3): δ 195.8, 149.7, 135.5, 129.0, 

124.4, 123.7, 122.8, 122.6, 119.7, 115.3, 96.0, 83.7, 75.2, 75.0, 73.1, 71.6, 70.4, 63.5, 28.2; 

HRMS (ESI) calcd for C25H25FeNO4Na [M+Na]+ 482.1025, found 482.1026. 
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Compound (R,Rp)-3at. (Table 2, entry 23, 24.2 mg, 78% yield, 0.078 mmol, a red 

solid, eluent: hexane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IC column, hexane/2-propanol = 80/20, 1.0 mL/min, 230 nm, tmajor = 10.9 min, 

tminor = 9.6 min); [α]25
D −4.6´102 (c 0.15, CHCl3) for 94% ee. 1H NMR (600 MHz, CDCl3): 

δ 9.96 (s, 1H), 5.67 (s, 1H), 5.45 (s, 1H), 4.72 (s, 1H), 4.65 (s, 1H), 4.55 (s, 1H), 4.35 (s, 

5H), 3.39 (s, 1H), 2.44−2.32 (m, 4H), 1.92−1.87 (m, 2H); 13C NMR (150 MHz, CDCl3): δ 

194.7, 145.3, 127.1, 95.4, 73.0, 71.8, 71.4, 71.0, 70.3, 66.8, 32.2, 31.9, 23.2; HRMS (ESI) 

calcd for C17H18FeO2Na [M+Na]+ 333.0548, found 333.0552.  

 

Compound (Sp)-1e [32648-55-8]. (Scheme 2, 12.3 mg, 43% yield, 0.043 mmol, a red 

solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.6). The ee was measured by HPLC 

(Chiralpak IC column, hexane/2-propanol = 95/5, 1.0 mL/min, 230 nm, tmajor = 8.7 min, 

tminor = 8.0 min); [α]25
D −1.5´102 (c 0.25, EtOH) for >99.5% ee. Reported value8 for 99.8% 

ee (Sp)-1e is [α]20
D −2.0´102 (c 0.24, EtOH). 1H NMR (600 MHz, CDCl3): δ 10.0 (s, 1H), 

4.96 (s, 1H), 4.70 (s, 1H), 4.51 (s, 1H), 4.24 (s, 5H), 0.31 (s, 9H). The spectral data are in 

agreement with reported literature values.8 

 

Compound (R,Rp)-3e. (Scheme 2, 17.8 mg, 47% yield, 0.047 mmol, a yellow solid, 

eluent: hexane/ethyl acetate (20/1), Rf = 0.4). The ee was measured by HPLC (Chiralpak 

IC column, hexane/2-propanol = 95/5, 1.0 mL/min, 230 nm, tmajor = 6.7 min, tminor = 5.2 

min); [α]25
D −17 (c 0.43, CHCl3) for 96% ee. 1H NMR (600 MHz, CDCl3): δ 7.16−7.13 



S29 

(m, 3H), 7.09 (t, J = 7.3 Hz, 1H), 5.64 (s, 1H), 4.47 (s, 1H), 4.43 (s, 1H), 4.32 (s, 5H), 4.26 

(s, 1H), 2.39 (s, 3H), 2.26 (s, 1H), 0.08 (s, 9H); 13C NMR (150 MHz, CDCl3): δ 141.1, 

136.1, 130.2, 127.6, 127.0, 125.7, 99.0, 75.2, 71.2, 70.7, 69.9, 69.0, 68.7, 19.1, 0.1. HRMS 

(MALDl-TOF) m/z: [M]•+ Calcd for C21H26FeSiO•+ 378.1097; Found 378.1106. 

 

Compound (Sp)-1f. (Scheme 2, 18.6 mg, 45% yield, 0.045 mmol, an orange solid, 

eluent: dichloromethane/ethyl acetate (4/1), Rf = 0.2). The ee of (Sp)-1f was determined by 

its derivative (Sp)-12; [α]25
D +3.5´102 (c 0.21, CHCl3) for 97% ee. Reported value4 for 

(Rp)-1f is [α]25
D –5.1´102 (c 0.13, CHCl3). 1H NMR (600 MHz, CDCl3): δ 10.4 (s, 1H), 

7.80 (dd, J = 11.9 Hz, 7.4 Hz, 2H), 7.60−7.48 (m, 6H), 7.40 (td, J = 7.7 Hz, 2.8 Hz, 2H), 

5.23 (s, 1H), 4.76 (s, 1H), 4.40 (s, 5H), 4.24 (s, 1H); 31P NMR (243 MHz, CDCl3): δ 27.7. 

The spectral data are in agreement with reported literature values.[4] 

 

Compound (R,Rp)-3f. (Scheme 2, 23.1 mg, 47% yield, 0.047 mmol, a yellow solid, 

eluent: dichloromethane/ethyl acetate (5/1), Rf = 0.4). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 80/20, 1.0 mL/min, 230 nm, tmajor = 31.8 min, 

tminor = 14.7 min); [α]25
D -17 (c 0.43, CHCl3) for 94% ee. 1H NMR (600 MHz, CDCl3): δ 

7.82 (dd, J = 12.2 Hz, 7.6 Hz, 2H), 7.60−7.52 (m, 5H), 7.50 (t, J = 7.5 Hz, 1H), 7.42−7.41 

(m, 4H), 7.31 (t, J = 7.4 Hz, 2H), 7.25 (t, J = 7.3 Hz, 1H), 6.26 (s, 1H), 5.43 (s, 1H), 4.37 

(s, 5H), 4.20 (s, 1H), 3.91 (s, 1H), 3.84 (s, 1H); 13C NMR (150 MHz, CDCl3): δ 142.1, 

134.2, 133.5, 132.7, 132.0 (d, JC-P = 3.3 Hz ), 131.8 (d, JC-P = 2.7 Hz ), 131.7 (d, JC-P = 9.9 

Hz ), 131.5 (d, JC-P = 10.1 Hz ), 128.5 (d, JC-P = 12.1 Hz ), 128.3 (d, JC-P = 12.1 Hz ), 127.9, 

127.2, 127.0, 101.1 (d, JC-P = 10.8 Hz ), 74.7 (d, JC-P = 9.4 Hz ), 73.3 (d, JC-P = 15.0 Hz ), 

70.2, 70.0 (d, JC-P = 20.5 Hz ), 69.1 (d, JC-P = 11.1 Hz ), 68.8; 31P NMR (243 MHz, CDCl3): 
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δ 33.2. HRMS (MALDl-TOF) m/z: [M]•+ Calcd for C29H25FeO2P•+ 492.0936; Found 

492.0932. 

 

Compound (Sp)-1g [934276-76-3]. (Scheme 2, 16.8 mg, 47% yield, 0.047 mmol, a 

red solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.6). The ee was measured by HPLC 

(Chiralpak ID column, hexane/2-propanol = 98/2, 0.5 mL/min, 230 nm, tmajor = 11.0 min, 

tminor = 10.5 min); [α]25
D +1.6´102 (c 0.15, CHCl3) for >99.5% ee. 1H NMR (600 MHz, 

CDCl3): δ 10.0 (s, 1H), 4.93 (s, 1H), 4.67 (s, 1H), 4.49 (s, 2H), 4.41 (s, 1H), 4.24 (s, 1H), 

4.10 (s, 1H), 0.32 (s, 9H), 0.22 (s, 9H). The spectral data are in agreement with reported 

literature values.5 

 

Compound (R,Rp)-3g. (Scheme 2, 21.6 mg, 48% yield, 0.048 mmol, a yellow solid, 

eluent: hexane/ethyl acetate (20/1), Rf = 0.4). The ee was measured by HPLC (Chiralpak 

ID column, hexane/2-propanol = 95/5, 1.0 mL/min, 230 nm, tmajor = 5.5 min, tminor = 4.4 

min); [α]25
D -5.1 (c 0.079, CHCl3) for >99.5% ee. 1H NMR (600 MHz, CDCl3): δ 

7.17−7.13 (m, 3H), 7.10 (t, J = 7.3 Hz, 1H), 5.59 (s, 1H), 4.53−4.26 (m, 7H), 2.38 (s, 3H), 

2.22 (s, 1H), 0.19 (s, 9H), 0.06 (s, 9H); 13C NMR (150 MHz, CDCl3): δ 141.1, 136.1, 130.2, 

127.6, 127.0, 125.7, 98.6, 75.1, 73.7, 73.2, 71.8, 71.0, 70.7, 70.3, 68.7, 19.1, 0.1, -0.2. 

HRMS (MALDl-TOF) m/z: [M]•+ Calcd for C24H34FeOSi2
•+ 450.1492; Found 450.1496. 

 

 

https://scifinder-n.cas.org/navigate/?appId=bfd9c4a8-9397-4425-9469-ab35c5613cfa&clearSearch=true&isFromAllResults=false&ordinal=0&previousInitiatingActionId=d1972312-b5fa-47f8-a48f-8170529e6762&resultType=substance&resultView=DETAIL&state=searchDetail.substance&suppressNavigation=true&uiContext=366&uiSubContext=677&uriForDetails=substance%2Fpt%2F934276763&uriList=substance%2Fpt%2F934276763
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Compound (R,R)-6 [417710-62-4]. (Scheme 3, 185.2 mg, 93% yield, 0.46 mmol, a 

brown solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.5); 1H NMR (600 MHz, CDCl3): δ 

7.39 (d, J = 7.6 Hz, 2H), 7.35−7.28 (m, 6H), 7.27−7.25 (m, 2H), 5.64-5.63 (m, 1H), 5.43 

(s, 1H), 4.29 (s, 5H), 4.17 (t, J = 2.0 Hz, 1H), 4.07 (t, J = 2.6 Hz, 1H), 3.80 (t, J = 2.0 Hz, 

1H), 3.26 (s, 1H), 3.21 (s, 1H); HRMS (ESI) calcd for C24H22FeO2Na [M+Na]+ 421.0861, 

found 421.0866. The experimental data are in agreement with the literature report.9 

 

Compound (R,Sp)-7. (Scheme 3, 120.1 mg, 98% yield, 0.37 mmol, an orange solid, 

eluent: hexane/ethyl acetate (5/1), Rf = 0.5); 1H NMR (600 MHz, CDCl3): δ 7.41 (d, J = 

7.1 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.28-7.27 (m, 1H), 5.61 (s, 1H), 4.41 (d, J = 12.2 Hz, 

1H), 4.35 (d, J = 12.3 Hz, 1H), 4.30 (s, 5+1H), 4.22 (s, 1H), 4.16 (s, 1H), 2.66 (brs., 1H), 

1.63 (brs., 1H); 13C NMR (150 MHz, CDCl3): δ 143.3, 128.3, 127.6, 126.3, 93.0, 85.9, 

70.4, 69.5, 68.9, 67.2, 66.5, 59.1; HRMS (ESI) calcd for C18H18FeO2 [M+Na]+ 345.0548, 

found 345.0554. 

 

Compound (R,Sp)-8. (Scheme 3, 117.2 mg, 96% yield, 0.29 mmol, an orange solid, 

eluent: hexane/ethyl acetate (5/1), Rf = 0.5); 1H NMR (600 MHz, CDCl3): δ 7.33−7.27 (m, 

5H), 6.88 (s, 1H), 4.99 (d, J = 12.4 Hz, 1H), 4.82 (d, J = 12.1 Hz, 1H), 4.41 (s, 1H), 4.30 

(s, 1H), 4.24 (s, 1H), 4.21 (s, 5H), 2.22 (s, 3H), 1.76 (s, 3H); 13C NMR (150 MHz, CDCl3): 
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δ 170.5, 169.7, 140.5, 128.2, 128.0, 127.4, 88.7, 79.1, 72.2, 70.5, 69.4, 67.5, 67.4, 61.2, 

21.2, 20.5; HRMS (ESI) calcd for C22H22FeO4 [M+Na]+ 429.0760, found 429.0762. 

 

Compound (R,Sp)-9. (Scheme 3, 125.1 mg, 76% yield, 0.19 mmol, a yellow solid, 

eluent: hexane/ethyl acetate (5/1), Rf = 0.6); 1H NMR (600 MHz, CDCl3): δ 7.70 (s, 2H), 

7.95–6.46 (m, 21H), 6.71 (s, 2H), 4.88 (s, 1H), 4.42 (s, 1H), 4.03 (s, 1H), 3.98 (s, 5H), 3.88 

(s, 1H), 3.03 (d, J = 15.2 Hz, 1H), 2.79 (d, J = 15.4 Hz, 1H); 13C NMR (150 MHz, CDCl3): 

δ 141.6, 139.5 (d, JC-P = 15.1 Hz), 139.2 (d, JC-P = 15.7 Hz,), 135.5 (d, JC-P = 22.2 Hz,), 

133.3 (d, JC-P = 20.0 Hz,), 133.2 (d, JC-P = 19.0 Hz,), 132.1 (d, JC-P = 18.0 Hz,), 131.2 , 

130.3, 128.9 (d, JC-P = 3.7 Hz), 128.8 (d, JC-P = 21.9 Hz), 128.5 (d, JC-P = 5.1 Hz), 128.4 (d, 

JC-P = 8.9 Hz), 128.3 (d, JC-P = 11.7 Hz), 128.1 (d, JC-P = 24.0 Hz), 127.6 (d, JC-P = 8.0 Hz), 

127.5, 125.7, 124.4, 113.0, 89.9 (dd, JC-P = 20.6, 3.8 Hz), 83.4 (dd, JC-P = 14.8, 6.9 Hz), 

69.9, 69.2 (d, JC-P = 9.8 Hz), 65.5, 57.3, 45.6 (d, JC-P = 21.9 Hz), 28.0 (d, JC-P = 14.8 Hz); 

31P NMR (243 MHz, CDCl3): δ 1.9, –19.1; HRMS (ESI) calcd for C42H37FeP2 [M+H]+ 

659.1715, found 659.1711. 

 

Compound (Sp)-10 [494205-49-1]. (Scheme 3, 79.1 mg, 98% yield, 0.19 mmol, a 

yellow solid, eluent: dichloromethane/ethyl acetate (4/1), Rf = 0.6). 1H NMR (600 MHz, 

CDCl3): δ 7.83−7.80 (m, 2H), 7.60 (td, J = 7.4 Hz, 1.5 Hz, 1H), 7.56−7.52 (m, 4H), 

7.49−7.46 (m, 1H), 7.41−7.37 (m, 2H), 5.47 (dd, J = 10.5 Hz, 2.8 Hz, 1H), 4.54 (s, 1H), 

4.34−4.32 (m, 2H), 4.26 (s, 5H), 4.17 (dd, J = 13.1 Hz, 10.5 Hz, 1H), 3.93 (s, 1H). 31P 

NMR (243 MHz, CDCl3): δ 33.4. The spectral data are in agreement with reported 

literature values.10 
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Compound (Sp)-12a [395080-13-4]. (Scheme 3, 67.4 mg, 79% yield, 0.12 mmol, a 

red solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.6). The ee was measured by HPLC 

(Chiralpak IA column, hexane/2-propanol = 95/5, 1.0 mL/min, 230 nm, tmajor = 4.8 min 

(major), tminor = 4.4 min); [α]25
D -1.5´102 (c 0.12, CHCl3) for 97% ee. Reported value11 for 

(Rp)-12a is [α]25
D +1.8´102 (c 0.44, CHCl3). 1H NMR (600 MHz, CDCl3): δ 7.61−7.58 (m, 

2H), 7.45−7.42 (m, 2H), 7.40−7.39 (m, 3H), 7.35−7.34 (m, 3H), 7.32 (td, J = 6.2 Hz, 2.2 

Hz, 2H), 7.27−7.25 (m, 6H), 7.20 (td, J = 7.0 Hz, 2.8 Hz, 2H), 4.15 (s, 1H), 4.08 (s, 1H), 

3.97 (s, 5H), 3.76 (s, 1H), 3.36 (s, 2H); 31P NMR (243 MHz, CDCl3): δ -15.0, -23.5. The 

spectral data are in agreement with reported literature values.11 

 

Compound (Sp)-12b [950982-86-2]. (Scheme 3, 50.2 mg, 63% yield, 0.095 mmol, a 

yellow solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D -1.6´102 (c 0.12, CHCl3). 

Reported value11 for (Sp)-12b is [α]20
D -1.6´102 (c 1.0, CHCl3). 1H NMR (600 MHz, 

CDCl3): δ 7.61−7.58 (m, 2H), 7.38−7.37 (m, 3H), 7.25−7.23 (m, 5H), 4.76 (s, 1H), 4.21(s, 

1H), 3.99 (s, 5H), 3.77 (s, 1H), 2.81 (d, J = 16.4 Hz, 1H), 2.62 (dd, J = 16.4 Hz, 5.0 Hz, 

1H), 1.19 (d, J = 11.0 Hz, 9H), 0.89 (d, J = 10.9 Hz, 9H); 31P NMR (243 MHz, CDCl3): δ 

26.9, -23.6. The spectral data are in agreement with reported literature values.11 

 

Compound (Sp)-12c [395080-11-2]. (Scheme 3, 58.3 mg, 67% yield, 0.10 mmol, a 

yellow solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D -1.5´102 (c 0.12, CHCl3). 

Reported value11 for (Sp)-12c is [α]20
D -1.6´102 (c 1.0, CHCl3). 1H NMR (600 MHz, 

https://scifinder-n.cas.org/navigate/?appId=7bae8bef-1043-4a1a-b8b7-1d68d724b5b2&backKey=66cae3efd940f87a65b7fb70&backToPage=1&contentUri=substance%2Fpt%2F395080112&key=66cae3efd940f87a65b7fb70&metricsOrdinal=1&metricsResultType=substance&ordinal=1&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F395080112
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CDCl3): δ 7.59−7.56 (m, 2H), 7.38−7.37 (m, 3H), 7.23−7.18 (m, 5H), 4.55 (s, 1H), 4.22 (s, 

1H), 3.97 (s, 5H), 3.74 (s, 1H), 2.71 (d, J = 15.4 Hz, 1H), 2.63 (d, J = 15.6 Hz, 1H), 

1.81−1.79 (m, 4H), 1.71 (s, 1H), 1.63−1.56 (m, 3H), 1.51−1.47 (m, 2H), 1.35−1.22 (m, 

7H), 1.07−1.02 (m, 5H); 31P NMR (243 MHz, CDCl3): δ -2.1, -23.6. The spectral data are 

in agreement with reported literature values.11 

 

Compound (S,Sp)-13. (Scheme 3, 53.8 mg, 89% yield, 0.18 mmol, a yellow solid, 

eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D +38 (c 0.080, CHCl3). Reported value12 

for (R,Rp)-13 is [α]20
D -45 (c 0.83, CHCl3). 1H NMR (600 MHz, CDCl3): δ 4.54−4.51 (m, 

2H), 4.38 (s, 1H), 4.27 (s, 5H), 4.21 (s, 1H), 1.96 (s, 1H), 1.34 (d, J = 6.1 Hz, 3H), 0.23 (s, 

9H). The spectral data are in agreement with reported literature values.12 

 

Compound (S,Sp)-15. (Scheme 3, 28.2 mg, 60% yield, 0.060 mmol, an orange solid, 

eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D +1.3´ 102 (c 0.093 CHCl3). 1H NMR 

(600 MHz, CDCl3): δ 7.65−7.62 (m, 2H), 7.51 (t, J = 7.2 Hz, 2H), 7.40−7.38 (m, 5H), 7.33 

(dd, J = 7.5 Hz, 7.2 Hz, 1H), 4.24 (s, 1H), 4.21 (s, 1H), 4.12 (s, 5H), 4.07 (s, 1H), 3.42 (qd, 

J = 7.8 Hz, 3.1 Hz, 1H), 1.19 (dd, J = 7.7 Hz, 7.6 Hz, 3H), 0.38 (s, 9H); 31P NMR (243 

MHz, CDCl3): δ 0.2. The spectral data are in agreement with reported literature values.13 
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Compound (S,Sp)-16 [62960-90-1]. (Scheme 3, 59.2 mg, 90% yield, 0.18 mmol, an 

orange oil, eluent: hexane/ethyl acetate/triethylamine (20/1/1%), Rf = 0.4); [α]25
D -67 (c 

0.042, CHCl3). Reported value12 for (R,Rp)-16 is [α]20
D +46 (c 1.32, CHCl3). 1H NMR 

(600 MHz, CDCl3): δ 4.33 (s, 1H), 4.26 (t, J = 2.5 Hz, 1H), 4.12 (s, 5H), 4.02 (s, 1H), 3.33 

(q, J = 6.9 Hz, 1H), 2.36 (s, 6H), 1.18 (d, J = 6.9 Hz, 3H), 0.30 (s, 9H). The spectral data 

are in agreement with reported literature values.12 

 

Compound (S,Rp)-17. (Scheme 3, 65.4 mg, 85% yield, 0.13 mmol, a red solid, eluent: 

hexane/ethyl acetate/triethylamine (10/1/1%), Rf = 0.4); [α]25
D +1.6´102 (c 0.12, CHCl3). 

1H NMR (600 MHz, CDCl3): δ 7.59−7.56 (m, 2H), 7.39−7.37 (m, 3H), 7.24−7.22 (m, 5H), 

4.20 (d, J = 2.4 Hz, 1H), 3.96 (s, 5H), 3.93 (d, J = 2.4 Hz, 1H), 3.17 (qd, J = 7.1 Hz, 3.1 

Hz, 1H), 1.82 (s, 6H), 1.63 (d, J = 7.0 Hz, 3H), 0.29 (s, 9H); 13C NMR (150 MHz, CDCl3): 

δ 139.8 (d, JC-P = 9.1 Hz), 138.5 (d, JC-P = 10.2 Hz), 135.3 (d, JC-P = 21.7 Hz), 132.7 (d, JC-

P = 18.6 Hz), 128.9, 128.0 (d, JC-P = 7.7 Hz), 127.7 (d, JC-P = 6.4 Hz), 127.7, 107.4 (d, JC-P 

= 20.2 Hz), 78.1, 75.4, 73.5 (d, JC-P =2.7 Hz), 72.4 (d, JC-P = 4.4 Hz), 69.8, 59.5 (d, JC-P = 

10.1 Hz), 43.6, 22.6, 1.6; 31P NMR (243 MHz, CDCl3): δ -23.8; HRMS (MALDl-TOF) 

m/z: [M]•+ Calcd for C29H36FeNPSi•+ 513.1699; Found 513.1704. 

 

 

https://scifinder-n.cas.org/navigate/?appId=5b1450ba-101a-4685-89a1-5e2f40eaa788&backKey=66b046b3990d45148cbad63b&backToPage=1&contentUri=substance%2Fpt%2F62960901&key=66b046b3990d45148cbad63b&metricsOrdinal=2&metricsResultType=substance&ordinal=2&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F62960901
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Compound (S,Rp)-PPFA [55650-58-3]. (Scheme 3, 38.4 mg, 87% yield, 0.087 mmol, 

a red solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D +3.5´102 (c 0.12, CHCl3). 

Reported value14 for (R,Sp)-PPFA is [α]25
D -3.5´102 (c 0.25, CHCl3). 1H NMR (600 MHz, 

CDCl3): δ 7.61−7.58 (m, 2H), 7.36−7.35 (m, 3H), 7.22−7.15 (m, 5H), 4.37 (s, 1H), 4.25 (s, 

1H), 4.16 (qd, J = 6.6 Hz, 2.7 Hz, 1H), 3.94 (s, 5H), 3.86 (s, 1H), 1.78 (s, 6H), 1.26 (d, J = 

6.7 Hz, 3H); 31P NMR (243 MHz, CDCl3): δ -22.8. The spectral data are in agreement 

with reported literature values.14 

 

Compound (S,Rp)-18 [155941-31-4]. (Scheme 3, 18.3 mg, 0.031 mmol, 63% yield, 

a yellow solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.4; [α]25
D +3.2´102 (c 0.12, CHCl3). 

Reported value15 for (S,Rp)-18 is [α]22
D +3.6´102 (c 1.0, CHCl3). 1H NMR (600 MHz, 

CDCl3): δ 7.68−7.65 (m, 2H), 7.40−7.38 (m, 3H), 7.34−7.30 (m, 3H), 7.29−7.26 (m, 4H), 

7.25−7.22 (m, 2H), 7.22−7.17 (m, 6H), 4.24 (t, J = 2.6 Hz, 1H), 4.05 (s, 1H), 4.01 (s, 1H), 

3.86 (s, 5H), 3.77 (qd, J =7.0 Hz, 3.7 Hz, 1H), 1.46 (dd, J = 7.3 Hz, 7.3 Hz, 3H); 31P NMR 

(243 MHz, CDCl3): δ 6.34 (d, J = 20.5 Hz), -25.5 (d, J = 20.5 Hz). The spectral data are 

in agreement with reported literature values.15 

 

Compound (S,Rp)-19 [162291-02-3]. (Scheme 3, 22.6 mg, 75% yield, 0.038 mmol, 

a red solid, eluent: hexane/ethyl acetate (20/1), Rf = 0.4); [α]25
D +2.9´102 (c 0.12, CHCl3). 

https://scifinder-n.cas.org/navigate/?appId=5b1450ba-101a-4685-89a1-5e2f40eaa788&backKey=66b04a6d990d45148cbb0fdc&backToPage=1&contentUri=substance%2Fpt%2F55650583&key=66b04a6d990d45148cbb0fdc&metricsOrdinal=3&metricsResultType=substance&ordinal=3&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F55650583
https://scifinder-n.cas.org/navigate/?appId=594b2ad5-df26-4304-baa6-7d6a2fc90f1a&backKey=66b17f28990d45148ccd5b66&backToPage=1&contentUri=substance%2Fpt%2F162291023&key=66b17f28990d45148ccd5b66&metricsOrdinal=1&metricsResultType=substance&ordinal=1&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F162291023
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Reported value15 for (R,Sp)-19 is [α]25
D -3.5´102 (c 0.60, CHCl3). 1H NMR (600 MHz, 

CDCl3): δ 7.70−7.67 (m, 2H), 7.38 (t, J = 7.0 Hz, 2H), 7.08−7.05 (m, 5H), 6.99−6.98 (m, 

1H), 4.21 (s, 1H), 4.12 (s, 1H), 4.08 (s, 1H), 3.78 (s, 5H), 3.51 (qd, J = 7.0 Hz, 3.1 Hz, 1H), 

1.83 (d, J = 12.9 Hz, 1H), 1.76 (d, J = 10.9 Hz, 2H), 1.70−1.67 (m, 3H), 1.65−1.63 (m, 

3H), 1.61−1.58 (m, 5H), 1.41−1.35 (m, 1H), 1.26−1.11 (m, 10H); 31P NMR (243 MHz, 

CDCl3): δ 14.8 (d, J = 36.7 Hz), -25.8 (d, J = 36.5 Hz). The spectral data are in agreement 

with reported literature values.15 

 

Compound (S)-23[96482-64-3]. (Scheme 3, 28.2 mg, 87% yield, 0.087 mmol, a 

colorless solid, eluent: hexane/ethyl acetate (10/1), Rf = 0.4). The ee was measured by 

HPLC (Chiralpak IA column, hexane/2-propanol = 90/10, 1.0 mL/min, 230 nm, tmajor = 

10.3 min (major), tminor = 8.4 min); [α]25
D -14 (c 0.27, CHCl3) for 90% ee. Reported value6 

for 93% ee (R)-23 is [α]22
D +4.7 (c 1.8, CH2Cl2). 1H NMR (600 MHz, CDCl3): δ 7.35−7.32 

(m, 6H), 7.29 (t, J = 7.3 Hz, 2H), 7.26−7.25 (m, 1H), 7.22 (t, J = 7.4 Hz, 1H), 6.52 (d, J = 

15.7 Hz, 1H), 6.38 (dd, J = 15.8 Hz, 8.6 Hz, 1H), 4.31 (dd, J = 9.9 Hz, 9.7 Hz, 1H), 4.00 

(d, J = 10.9 Hz, 1H), 3.72 (s, 3H), 3.54 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 168.2, 

167.8, 140.3, 136.9, 131.9, 129.2, 128.8, 128.5, 127.9, 127.6, 127.2, 126.4, 57.7, 52.6, 52.4, 

49.2. The spectral data are in agreement with reported literature values.6 

  

https://scifinder-n.cas.org/navigate/?appId=86f201a3-6970-479f-b58f-fdd40d797373&backKey=66dec0286dc332611f55bf98&backToPage=1&contentUri=substance%2Fpt%2F96482643&key=66dec0286dc332611f55bf98&metricsOrdinal=1&metricsResultType=substance&ordinal=1&resultType=substance&resultView=DETAIL&sortBy=relevance&sortOrder=descending&state=searchDetail.substance&uiContext=365&uiSubContext=551&uriForDetails=substance%2Fpt%2F96482643
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9. Single crystal x-ray diffraction date for compound 3ah(CCDC 2403094) 

Suitable crystals of compound 3ah were obtained by slowly evaporating a mixture of 

dichloromethane and hexane solution at ambient temperature. red crystal of 3ah was 

mounted on a glass fiber at a random orientation. The data were collected by Rigaku Oxford 

Diffraction Supernova Dual Source, Cu at Zero equipped with an AtlasS2 CCD using CuKα 

radiation (1.54178 Å) by using a w scan mode. The structures were solved by direct 

methods using Olex2 software, and the nonhydrogen atoms were located from the trial 

structure and then refined anisotropically with XL using a full-matrix least squares 

procedure based on F2. The weighted R factor, wR and goodness-of-fit S values were 

obtained based on F2. The hydrogen atom positions were fixed geometrically at the 

calculated distances and allowed to ride on the parent atoms. 

  

Figure S1. ORTEP illustration of compound 3ha with thermal ellipsoids drawn at 50% 
probability level. 
Table S5 Crystal data and structure refinement for 3ah. 

Identification code Febr 

Empirical formula C18H15BrFeO2 

Formula weight 399.06 

Temperature/K 219.99(10) 

Crystal system triclinic 

Space group P1 

a/Å 7.6130(5) 

b/Å 8.5829(4) 

c/Å 12.8193(7) 

α/° 80.360(4) 

β/° 73.628(5) 

γ/° 82.082(5) 
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Volume/Å3 788.68(8) 

Z 2 

ρcalcg/cm3 1.680 

μ/mm-1 10.660 

F(000) 400.0 

Crystal size/mm3 0.16 × 0.12 × 0.11 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 7.254 to 148.02 

Index ranges -9 ≤ h ≤ 9, -10 ≤ k ≤ 10, -15 ≤ l ≤ 15 

Reflections collected 12506 

Independent reflections 5856 [Rint = 0.0551, Rsigma = 0.0644] 

Data/restraints/parameters 5856/3/399 

Goodness-of-fit on F2 1.080 

Final R indexes [I>=2σ (I)] R1 = 0.0445, wR2 = 0.1133 

Final R indexes [all data] R1 = 0.0507, wR2 = 0.1195 

Largest diff. peak/hole / e Å-3 0.40/-0.52 

Flack/Hooft parameter -0.006(5)/-0.004(4) 
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11. Chiral HPLC charts and NMR spectra 
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