
S1 

 

 

 

 

Supporting information 

 

 

 

 

Cooperative Copper-Squaramide Catalysis for the 

Enantioselective N-H Insertion Reaction with Sulfoxonium 

Ylides 

 

 

Lucas G. Furniel, Radell Echemendía, Antonio C. B. Burtoloso* 

 

 

 

*São Carlos Institute of Chemistry, University of São Paulo, São Carlos, SP, CEP 13560-970, Brazil. E-

mail: antonio@iqsc.usp.br 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2021



S2 

 

 

TABLE OF CONTENTS 

1. General information .......................................................................................................................................... 3 

2. Optimization of the reaction conditions ........................................................................................................... 4 

a. Optimization for asymmetric N-H insertion reaction with heating and without slow addition ................... 4 

b. Reaction screening at room temperature or below ..................................................................................... 5 

3. Preparation of arylated Sulfoxonium ylides ...................................................................................................... 6 

4. General procedure for asymmetric N-H insertion with slow addtion ............................................................ 10 

5. Data for the Hammet Plot ............................................................................................................................... 28 

6. 1H and 13C NMR Spectra .................................................................................................................................. 29 

7. HPLC Cromatograms ....................................................................................................................................... 78 

8. References ..................................................................................................................................................... 120 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S3 

 

1. General information 

 

All solvents were dried and distilled prior to use by standard procedures. Reagents, metal catalysts 

and organocatalysts Q1, T1, CPA1 and CPA2 were purchased at the highest commercial quality and 

used without further purification, unless stated otherwise. Reactions were monitored by thin layer 

chromatography (TLC), carried out using silica gel 60 F254 precoated  plates, with UV light (254 nm) as 

visualizing agent, potassium permanganate in aqueous KOH and ethanolic vanilin for staining.  

Flash column chromatography was performed using silica gel 60 (200-400 Mesh) or using Biotage 

IsoleraTM Prime (Snap Ultra 10g). Unless stated otherwise, all yields refer to isolated products after 

purification by flash column chromatography. The solvent mixtures employed in TLC analysis and in 

flash column chromatography purifications are reported as volume by volume and in percentages.  

Proton nuclear magnetic resonance (1H NMR) spectra were recorded using 400 (Agilent 

Technologies -400/54 Premium Shielded), 500 (Agilent Technologies - 500/54 Premium Shielded) and 

600 MHz (Bruker Ultrashield 600) instruments. For 1H NMR spectra, chemical shifts are referenced 

from TMS (0.00 ppm). Coupling constants (J) are reported in Hz. Carbon nuclear magnetic resonance 

(13C NMR) spectra were recorded using a NMR spectrometer at 100, 125 or 150 MHz. For 13C NMR 

spectra, chemical shifts are given from CDCl3 (77.16 ppm).   

High resolution mass spectra (HRMS) were recorded using electron spray ionization (ESI) 

(QqTOF/MS-Microtof-QII models) and matrix-assisted laser desorption/ionization (MALDI) (Bruker - 

Autoflex maX - MALDI-TOF/TOF) 

Optical rotations were recorded on a Jasco Digital P-2000 Polarimeter with a 1 dm cell and a 

sodium lamp. 

Enantiomeric excess was determined by high performance liquid chromatography (HPLC) - LC-20A 

Prominence Shimadzu and columns packed with a chiral stationary phase (CSP). 

α-ester sulfoxonium ylides were prepared according to literature procedure.1 

Organocatalysts SQ12, SQ23, SQ33, SQ44, SQ55, SQ66 and T27, were prepared according to 

previously reported procedures. 

 

 

 

 

 

 

https://www.bruker.com/products/mass-spectrometry-and-separations/maldi-toftof/autoflex-max.html
https://www.bruker.com/products/mass-spectrometry-and-separations/maldi-toftof/autoflex-max.html
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2. Optimization of the reaction conditions 

a. Optimization for asymmetric N-H insertion reaction with heating and without slow 
addition 

Table S1. Optimization for reaction with heating and without slow addition. 

 
 

Entry Metal catalyst Solvent Organocatalyst time T /°C Yield ee 

01 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1S,2S) (10 mol%) 15 min 60°C 83% -53% 

02 Cu(hfacac)2 (5 mol%) Tolueno (0,025 M) SQ1-(1S,2S) (10 mol%) 15 min 60°C 90% -57% 

03
a
 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1S,2S) (10 mol%) 5,5 h 40ºC trace 0% 

04 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1S,2S) (10 mol%) 15 min 80°C 84% -59% 

05 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1S,2S) (10 mol%) 10 min 100°C 84% -59% 

06 Cu(hfacac)2 (2,5 mol%) Toluene SQ1-(1S,2S) (5 mol%) 18 h 60°C 47% -4% 

07
 

Cu(hfacac)2 (5 mol%) Toluene SQ1-(1S,2S) (15 mol%) 18 h 60°C 72% -22% 

08 Cu(hfacac)2 (5 mol%) 1,2-DCE SQ1-(1S,2S) (10 mol%) 15 min 60°C 80% -48% 

09 Cu(hfacac)2 (5 mol%) C6H5CF3  SQ1-(1S,2S) (10 mol%) 15 min 60°C 83% -48% 

10 Cu(hfacac)2 (5 mol%) TFE SQ1-(1S,2S) (10 mol%) 15 min 60°C 81% -2% 

11 Cu(hfacac)2 (5 mol%) Benzene SQ1-(1S,2S) (10 mol%) 15 min 60°C 88% -54% 

12 Cu(hfacac)2 (5 mol%) MeCN SQ1-(1S,2S) (10 mol%) 17 h 60°C 45% -5% 

13 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 15 min 60°C 99% 59% 

14 Ni(dppe)Cl2 Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C trace 0% 

15 Cu(acac)2 (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C trace 0% 

16 [Ru(p-cymene)Cl]2 (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 15 min 60°C 67% 20% 

17 CuCl (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C 76% 0% 

18 CuCl2 (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C 24% 0% 

19 CoCl2 (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C 16% 0% 

20 FeCl3.6H2O (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C 18% 0% 

21 FeCl2.4H2O (5 mol%) Toluene SQ1-(1R,2R)  (10 mol%) 16 h 60°C 19% 0% 

22 Cu(hfacac)2 (5 mol%) Toluene SQ4-(1R,2R) (10 mol%) 3 h 60°C 82% 0% 

23 Cu(hfacac)2 (5 mol%) Toluene SQ5-(1S,2S) (10 mol%) 4 h 60°C 70% 5% 

24 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1R,2R)  (2,5 mol%) 15 min 60°C 87% 40% 

25 Cu(hfacac)2 (5 mol%) Toluene SQ1-(1R,2R)  (1 mol%) 30 min 60°C 78% 11% 
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26
b
 CuBr (5 mol%)  Toluene SQ1-(1R,2R)  (10 mol%) 45 min 60°C 23% 0% 

27 Cu(hfacac)2 (5 mol%) Toluene SQ6-(1R,2R) (5 mol%) 20 min 60°C 92% 0% 

a
TBAI (10 mol%) as additive. 

b
AgSbF6 (5 mol%) as additive. 

b. Reaction screening at room temperature or below 

Table S2. Optimization for reaction at room temperature or below and without slow addition. 

 

Entry Ylide Aniline Metal catalyst Solvent Organocatalyst time T /°C Yield ee 

01 1,0 eq 1,2 eq Cu(OTf)2 (5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 44 r.t. 37% 0% 

02 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (2,5 mol%) 2,5 r.t. 78% 4% 

03 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (1 mol%) 2,5 r.t. 73% 0% 

04 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) 1,2-DCE  SQ1-(1R,2R)  (10 mol%) 44 r.t. Trace 0% 

05 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 2,5 r.t. 72% 23% 

06 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) MTBE  SQ1-(1R,2R)  (10 mol%) 44 r.t. Trace 0% 

07
a
 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 2,5 r.t. 84% 0% 

08 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 94 -20ºC Trace 0% 

09 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 22 -80ºC Trace 0% 

10 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ4-(1R,2R) (10 mol%) 22 r.t. 76% 0% 

11 1,0 eq 1,2 eq Cu(hfacac)2 (5 mol%) DCM  SQ5-(1S,2S) (10 mol%) 22 r.t. 49% 3% 

12
b
 1,0 eq 1,2 eq CuBr (5 mol%)  DCM  SQ1-(1R,2R)  (10 mol%) 24 r.t. 77% 0% 

13 1,0 eq 1,2 eq [Ru(p-cymene)Cl]2 (2,5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 24 r.t. 4% 8% 

14 1,0 eq 1,2 eq [Ir(COD)Cl]2 (1 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 24 r.t. 18% 8% 

15 1,0 eq 1,2 eq [Ir(COD)Cl]2 (2,5 mol%) DCM  SQ1-(1R,2R)  (10 mol%) 6 r.t. 80% 27% 

16 1,0 eq 1,2 eq [Ir(COD)Cl]2 (2,5 mol%) DCM  SQ1-(1R,2R)  (5 mol%) 6 r.t. 67% 40% 

17 1,0 eq 1,2 eq [Ir(COD)Cl]2 (2,5 mol%) DCM  SQ1-(1R,2R)  (2,5 mol%) 18 r.t. 47% 15% 

18 1,0 eq 1,2 eq [Ir(COD)Cl]2 (2,5 mol%) DCM  SQ1-(1R,2R)  (1 mol%) 18 r.t. 11% 6% 

19 1,5 eq 1,0 eq Cu(hfacac)2 (5 mol%) DCM  T2 (5 mol%) 20 r.t. 74% 0% 

20 1,5 eq 1,0 eq Cu(hfacac)2 (5 mol%) Toluene  T2 (5 mol%) 120 r.t. trace 0% 

a
(PhO)2POOH (10 mol%) as additive. 

b
AgSbF6 (5 mol%) as additive. 
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3. Preparation of arylated Sulfoxonium ylides  

General procedure A: A 5 mL round-bottomed flask containing a magnetic stirrer was charged with 

XPhos (78.6 mg, 0.165 mmol, 0.11 equiv), Pd2dba3 (77.6 mg, 0.075 mmol, 0.05 equiv) and Cs2CO3 

(537.6 mg, 1.65 mmol, 1.1 equiv) under argon. Next, dry MeCN (3.0 mL) was added and the solution 

was stirred at r.t. for 10 min. In a separate flask were added α-ester sulfoxonium ylide (prepared from 

dimethylsulfoxonium methylide and dimethyl carbonate)1 (225.3 mg, 1.0 mmol, 1.0 eq), aryl bromide 

(2.25 mmol, 1.5 eq) and dry MeCN (3.0 mL) under argon. The ylide solution was then added to the 

catalyst solution and the reaction was placed in preheated oil bath (75°C) and stirred at this 

temperature for 15h. The crude mixture was then filtered over a plug of silica at room temperature 

using a DCM/MeOH (85/15) mixture to transfer all the material and for rinsing. After evaporation of all 

volatiles, purification by flash chromatography using AcOEt/hexanes as eluent (50% to 100%). 

General procedure B: To a 10 mL round-bottomed flask containing a magnetic stirrer and fitted with 

a Teflon cap, the respective α-ester sulfoxonium ylide (prepared from dimethylsulfoxonium methylide 

and dimethyl carbonate) 1 (0.6 mmol, 1.0 equiv), activated molecular sieves 4Å powder (115 mg), CsF 

(273 mg, 1.8 mmol, 3.0 equiv), and dry MeCN (5.0 mL) were added. The reaction mixture was heated 

to 65°C and the first portion of 2-(trimethylsilyl)phenyl trifluoromethanesulfonate (91.7 mg, 75 μL, 0.3 

mmol, 0.5 eq) was added. Two more portions of the aryne precursor were added at 1h and 2h hours of 

reaction, totalizing 1.5 eq. One hour after the last addition (3 hours of reaction), the organic solvent 

was removed into rotary evaporator and the crude product purified by flash chromatography, 

employing the silica gel and mixtures of 0.5 to 2% of MeOH in CHCl3. 

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-phenylacetate 

 

Prepared according general procedure A using 4-Bromobenzene.1 Yield: 68% (231.1 mg, from 1.5 

mmol scale); White solid; Rf = 0,31 (AcOEt); m.p. 184-185°C;  1H RMN (400 MHz, CDCl3) δ 7,38 – 7,22 

(m, 5H), 3,61 (s, 3H), 3,40 (s, 6H); 13C RMN (101 MHz, CDCl3) δ 166,8, 133,8, 132,5, 128,6, 127,3, 70,3, 

50,6, 43,3; IR (neat): ν (cm-1) = 1624, 1592, 1490, 1436, 1340, 1226, 1168, 1090, 1023, 778, 758, 706. In 

good agreement with previously reported data.1 For large scale preparations this ylide can also be 

prepared, if desired, with a lower cost from the diazo compound route.1 

 

Phenyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate  
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Prepared according to literature procedure B.8 Yield: 63% (146.6 mg, from 0.8 mmol scale); Yellow 

solid; Rf = 0,62 (AcOEt); m.p. 139-141°C; 1H RMN (400 MHz, CDCl3) δ 7.44 (m, 2H), 7.39 – 7.26 (m, 5H), 

7.15 – 7.10 (m, 1H), 7.09 – 7.04 (m, 2H), 3.43 (s, 6H); 13C RMN (126 MHz, CDCl3) δ 164.6, 151.6, 133.8, 

131.8, 129.1, 128.6, 127.4, 124.8, 122.4, 71.0, 43.2; IR (neat): ν (cm-1) = 3016, 2926, 1640, 1593, 1489, 

1335, 1173, 1159, 1006, 988, 963, 795, 757, 702. In good agreement with previously reported data.1 

 

Benzyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 

 

Prepared according general procedure B.8 Yield: 34% (62.4 mg, from 0.6 mmol scale); Brown oil; Rf = 

0,72 (AcOEt); 1H RMN (500 MHz, CDCl3) δ 7.39 – 7.18 (m, 10H), 5.13 (s, 2H), 3.39 (s, 5H); 13C RMN (101 

MHz, CDCl3) δ 165.9, 137.9, 133.8, 132.5, 128.5, 128.4, 127.4, 127.3, 127.2, 70.7, 64.5, 43.3; IR (neat): 

ν (cm-1) = 3028, 2927, 1628, 1593, 1322, 1216, 1171, 1087, 1016, 754, 700. In good agreement with 

previously reported data.1 

 

t-Butyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 

 

Prepared according to literature procedure B.8 Yield: 56% (224 mg, from 1.5 mmol scale); Yellow solid; 

Rf = 0,51 (2% MeOH/AcOEt); m.p. 106-108°C; 1H RMN (400 MHz, CDCl3) δ 7.30 (s, 4H), 7.20 (s, 1H), 

3.38 (s, 6H), 1.44 (s, 9H); 13C RMN (126 MHz, CDCl3) δ 166.22, 133.7, 133.5, 128.2, 126.6, 78.9, 71.5, 

43.7, 29.0; IR (neat): ν (cm-1) = 2973, 2928, 1619, 1337, 1238, 1151, 1014, 701. In good agreement with 

previously reported data.1 

 

Methyl 2-(4-acetylphenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 

 



S8 

 

Prepared according general procedure A using 4'-Bromoacetophenone.1 Yield: 73% (295 mg, from 1.5 

mmol scale); White Solid. Rf = 0,45 (AcOEt); m.p. 119-121°C; 1H NMR (400 MHz, CDCl3) δ 7.88 (m, 2H), 

7.42 – 7.37 (m,2H), 3.62 (s, 3H), 3.47 (s, 6H), 2.56 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 197.8, 166.1, 

138.0, 134.8, 132.5, 129.9, 128.8, 128.4, 128.2, 69.5, 50.6, 43.7, 26.6.  IR (neat): ν (cm-1) = 3013, 2930, 

1673, 1634, 1592, 1435, 1358, 1333, 1269, 1230, 1171, 1079, 1021, 757. In good agreement with 

previously reported data.1  

 

Methyl 2-(4-chlorophenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 

  

Prepared according general procedure A using 4-Bromochlorobenzene.1 Yield: 67% (262 mg, from 1.5 

mmol scale); White solid;  Rf = 0,39 (AcOEt); m.p. 163-165°C; 1H NMR (400 MHz, CDCl3) δ 7.32 – 7.19 

(m, 4H), 3.60 (s, 3H), 3.42 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 166.5, 134.9, 133.1, 130.9, 128.7, 68.7, 

50.6, 43.4; IR (neat): ν (cm-1) = 3009, 2944, 2927, 1627, 1490, 1435, 1326, 1223, 1167, 1088, 1019, 830, 

756, 721. In good agreement with previously reported data.1  

 

4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)phenyl benzoate 

 

Prepared according general procedure A using methyl 4-bromophenyl benzoate.1 Yield: 49% (253.5 mg 

from 1.5 mmol scale); White Solid; m.p. 164-165ºC (decomposes); Rf = 0.32 (AcOEt); 1H NMR (400 

MHz, CDCl3) δ 8.18 (m, 2H), 7.64 (m, 1H), 7.51 (m, 2H), 7.35 (m, 2H), 7.20 (m, 2H), 3.62 (s, 3H), 3.43 (s, 

6H); 13C NMR (151 MHz, CDCl3) δ 166.7, 165.1, 150.1, 134.8, 133.7, 130.2, 129.6, 128.7, 121.7, 69.5, 

50.5, 43.2; IR (neat): ν (cm-1) = 3014, 2931, 1730, 1631, 1504, 1333, 1262, 1227, 1197, 1165, 1081, 

1063, 1022, 757, 708; HRMS (MALDI): m/z calcd for C18H18O5S+H+: 347.09477 [M+H]+; found 

347.09254. 

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(3,5-dimethylphenyl)acetate 
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Prepared according general procedure A using 1-bromo-3,5-dimethylbenzene.1 Yield: 52% (223.6 mg, 

from 1.5 mmol scale); White solid; Rf = 0,41 (AcOEt); m.p. 109-111°C; 1H RMN (500 MHz, CDCl3) δ  6.91 

(m, 3H), 3.60 (s, 3H), 3.38 (s, 6H), 2.29 (s, 6H); 13C NMR (126 MHz, CDCl3) δ 166.9, 138.0, 132.1, 131.7, 

129.4, 70.5, 50.6, 43.1, 21.3; IR (neat): ν (cm-1) = 3016, 2927, 2864, 1627, 1595, 1436, 1342, 1270, 

1185, 1170, 1072, 1018, 703. In good agreement with previously reported data.1 

 

Methyl 4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)benzoate 

 

Prepared according general procedure A using methyl 4-bromobenzoate.1 Yield: 64% (328.4 mg from 

1.5 mmol scale); Gray Solid; Rf = 0.39 (AcOEt); m.p. 140ºC (decomposes); 1H NMR (500 MHz, CDCl3) δ 

7.96 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 3.90 (s, 3H), 3.63 (s, 3H), 3.47 (s, 6H); 13C NMR (126 

MHz, CDCl3) δ 167.1, 166.1, 137.8, 132.5, 129.5, 127.8, 69.6, 52.1, 50.6, 43.6; IR (neat): ν (cm-1) = 3014, 

2951, 1711, 1634, 1597, 1435, 1326, 1275, 1230, 1177, 1112, 1022, 710; HRMS (MALDI): m/z calcd for 

C13H16O5S+Na+: 307.06107 [M+Na]+; found 307.0612. 

 

The following sulfoxonium ylides appear to be highly basic and could only be purified employing 

silica gel previously treated with 5% Et3N/Hexanes and maintaining a concentration of 5% Et3N in 

every eluent mixture during the column. Also the reaction mixture was directly inserted into the 

column, with no previous filtration in celite or silica. Those ylides appear to have a short lifetime in 

solution of polar solvents under air and also seem to decompose over time. We could not obtain a 

molecular ion peak in the HRMS spectra of these compounds probably due to decomposition. It’s best 

to use shortly after preparation.  

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(2-methoxyphenyl)acetate 

 

Prepared according general procedure A using 2-bromoanisole (280 mg, 187 μL, 1.5 mmol, 1.5 eq).1 

Yield: 67% (171 mg, from 1.0 mmol scale); White solid; Rf = 0.49 (9:1 AcOEt/Et3N); m.p. 132°C; 1H NMR 

(600 MHz, CDCl3): δ 7.32-7.27 (m, 2H); 6.99-6.87 (m, 2H); 3.82 (s, 3H); 3.56 (2xs, 6H); 3.24 (s, 3H); 13C 
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NMR (151MHz, CDCl3): δ= 167.4, 159.2, 137.2 (2C), 129.6 (2C), 121.1, 111.3, 55.8, 50.5, 43.0, 41.4. IR 

(neat): ν (cm-1) = 2925, 1734, 1623, 1436, 1352, 1297, 1245, 1186, 1142, 1025, 759. 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 

 

Prepared according general procedure A using 1-bromo-3,4-(methylenedioxy)benzene (301 mg, 180 

μL, 1.5 mmol, 1.5 eq). Yield: 43% (113 mg, from 1.0 mmol scale); White solid; Rf = 0.48 (9:1 

AcOEt/Et3N); m.p. 136°C; 1H NMR (600 MHz, CDCl3): δ= 6.78-6.75 (m, 3H); 5.95 (s, 2H); 3.60 (s, 3H); 

3.38 (s, 6H). 13C NMR (151 MHz, CDCl3): δ= 167.0, 147.7, 147.3, 127.8 (2C), 114.5, 108.4, 101.3, 50.6, 

43.0 (2C).  

 

4. General procedure for asymmetric N-H insertion with slow addtion 

To a 4 mL vial were added sulfoxonium ylide 1 (33.9 mg, 0.15 mmol, 1.5 eq), organocatalyst SQ1 

(2.44 mg, 0.005 mmol, 0.05 eq) and Cu(hfacac)2.xH2O (2.39 mg, 0.005 mmol, 0.05 eq) at room 

temperature. The vial was then capped and argon atmosphere was inserted with aid of an argon filled 

balloon. Next, dry toluene (1.0 mL) was added and this heterogeneous solution was stirred for 15 min 

at r.t. (sulfoxonium ylides are not soluble at r.t. in toluene). After this time, a solution of  aniline  (9.1 

μL, 0.10 mmol, 1.0 eq) in toluene (1.0 mL) was added over 15 min to the reaction mixture, with aid of a 

syringe pump (after the first drop of the aniline solution, the reaction mixture was placed in a 

preheated heating block at 60°C). After the addition of the aniline solution, the reaction mixture was 

stirred for additional 45 min at 60°C. After this time the reaction was cooled down, the solvent was 

evaporated and the crude reaction mixture was direct inserted into a Biotage Isolera™ Prime cartridge 

(Snap Ultra 10 g) and purified using AcOEt and Hexanes eluents (as described for the TLC elution).  
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Figure 1. Left: reaction after total consumption of limiting starting material. Right: Recrystallized products from reactions at 
0.1 mmol scale. 

(S)-Methyl 2-phenyl-2-(phenylamino)acetate (3) 

 

Yield: 81% (19.7 mg); White solid; Rf = 0.47 (10% AcOEt/Hexanes); m.p. 80-82°C; 1H RMN (500 MHz, 

CDCl3) δ 7,52 – 7,46 (m, 2H), 7,37-7,27 (m, 3H), 7,11 (m, 2H), 6,72 – 6,67 (m, 1H), 6,55 (m, 2H), 5,08 (s, 

1H), 4,95 (s, 1H), 3,72 (s, 3H); 13C RMN (101 MHz, CDCl3) δ 172,4, 146,1, 137,7, 129,4, 129,0, 128,4, 

127,4, 118,2, 113,5, 60,9, 52,9. In good agreement with previously reported data.1 

[α]D
20= +49.3 (c = 0.33 in THF) for 91:9 e.r.; (lit. [α]D

26= +68.3 (c = 0.32 in THF) for 98% ee (S) sample).9  

HPLC: t
R 

= 8.670 min (maj); t
R 

= 9.722 min (min), e.r. = 91:9 (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Phenyl 2-phenyl-2-(phenylamino)acetate (4) 

 

Yield: 75% (22.1 mg); Pale yellow solid; Rf = 0.42 (5% AcOEt/Hexanes); m.p. 90-93°C; 1H RMN (400 

MHz, CDCl3) δ  7.64 – 7.58 (m, 2H), 7.45 – 7.28 (m, 5H), 7.26 – 7.11 (m, 3H), 6.98 – 6.91 (m, 2H), 6.74 

(m, 1H), 6.64 (m, 2H), 5.34 (d, J = 5.6 Hz, 1H), 4.95 (d, J = 5.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 
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170.8, 150.6, 146.0, 137.2, 129.6, 129.5, 129.2, 128.7, 127.5, 126.3, 121.3, 118.6, 113.6, 61.2. In good 

agreement with previously reported data.1 

[α]D
22= +18.48 (c = 1.48 in CHCl3) for e.r.: 69:31. 

HPLC: t
R 

= 16.076 min (maj); t
R 

= 21.078 min (min), e.r. = 69:31 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Benzyl 2-phenyl-2-(phenylamino)acetate (5) 

 

Yield: 73% (23.1 mg); Oily solid; Rf = 0.42 (5% AcOEt/Hexanes). 1H NMR (500 MHz, CDCl3) δ 7.52 – 7.45 

(m, 2H), 7.36 – 7.25 (m, 6H), 7.21 – 7.15 (m, 2H), 7.14 – 7.07 (m, 2H), 6.69 (tt, J = 7.4, 1.0 Hz, 1H), 6.61 

– 6.53 (m, 2H), 5.23 – 5.08 (m, 3H), 4.95 (s, 1H); 13C NMR (126 MHz, CDCl3) δ 171.8, 146.0, 137.6, 

135.4, 129.34, 129.0, 128.7, 128.5, 128.4, 128.0, 127.4, 118.3, 113.6, 67.5, 61.0. In good agreement 

with previously reported data.1 

[α]D
22= +19.34 (c = 1.73 in CHCl3) for e.r.: 68:32. 

HPLC: tR = 9.221 min (min); tR = 11.880 min (maj), e.r. = 32:68 (Phenomenex Amylose 2, 93:7 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Tert-butyl 2-phenyl-2-(phenylamino)acetate (6) 

 

Yield: 68% (19.3 mg); Oily solid; Rf = 0.66 (10% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.47 (m, 

2H), 7.35 – 7.39 (m, 2H), 7.30 – 7.24 (m, 1H), 7.14 – 7.08 (m, 2H), 6.70 – 6.65 (m, 1H), 6.54 (m, 2H), 

4.95 (s, 2H), 1.38 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 171.0, 146.3, 138.3, 129.3, 128.8, 128.1, 127.2, 

117.9, 113.5, 82.5, 61.4, 28.0. In good agreement with previously reported data.1 

[α]D
22= +15.02 (c = 0.43 in CHCl3) for e.r.: 66:34. 

HPLC: tR = 6.005 min (min); tR = 8.952 min (maj), e.r. = 34:66 (Phenomenex Amylose 2, 98:2 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

(S)-Methyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (7) 
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Yield: 64% (17.5 mg); Brown solid; Rf = 0.33 (10% AcOEt/Hexanes); 1H RMN (400 MHz, CDCl3): δ 7.52 – 

7.45 (m, 2H), 7.39 – 7.27 (m, 3H), 6.76 – 6.67 (m, 2H), 6.58 – 6.49 (m, 2H), 5.02 (s, 1H), 4.69 (s, 1H), 

3.71 (s, 3H), 3.70 (s, 3H); 13C RMN (126 MHz, CDCl3) δ 172.7, 152.6, 140.3, 137.9, 129.0, 128.4, 127.4, 

115.0, 114.9, 61.8, 55.8, 52.8. In good agreement with previously reported data.1 

[α]D
22= +50.1 (c = 1.29 in CHCl3) for e.r.: 79:21; 

Sample recrystallized from 10% AcOEt/Hex: brown oil (40% yield, enantioenriched in solution); [α]D
21 = 

+70.5 (c = 0.56 in CHCl3) for 99:1 e.r. (lit. [α]D
20= -99.2 (c = 0.125 in CHCl3) for 99% ee (R)-sample).9 

HPLC: tR = 14.278 min (min); tR = 20.273 min (maj), e.r. = 21:79 (Phenomenex Amylose 2, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm); tR = 15.375 min (min); tR = 22.913 min (maj), e.r. = 1:99 

(Phenomenex Amylose 2, 9:1 hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((4-nitrophenyl)amino)-2-phenylacetate (8) 

  

Yield: 47% (13.6 mg); Yellow solid; Rf = 0.36 (15% AcOEt/Hexanes); m.p. 134-136 °C; 1H NMR (400 MHz, 

CDCl3) δ 8.05 – 7.97 (m, 2H), 7.45 (m, 2H), 7.42 – 7.31 (m, 3H), 6.56 – 6.45 (m, 2H), 5.85 (d, J = 5.3 Hz, 

1H), 5.14 (d, J = 5.6 Hz, 1H), 3.76 (s, 3H).13C RMN (126 MHz, CDCl3) δ 171.3, 150.9, 139.0, 136.1, 129.3, 

129.0, 127.2, 126.3, 112.2, 60.0, 53.4. In good agreement with previously reported data.1 

[α]D
22 = +42.31 (c = 0.65 in CHCl3) for 70:30 e.r. 

HPLC: tR = 15.295 min (maj); tR = 16.976 min (min), e.r. = 70:30 (CHIRALPAK ® AD-H, 8:2 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-phenyl-2-(p-tolylamino)acetate (9) 

 

Yield: 90% (23.0 mg); White solid; Rf = 0.46 (5% AcOEt/Hexanes); m.p. 84-85 °C; 1H RMN (400 MHz, 

CDCl3) δ 7.55 – 7.47 (m, 2H), 7.41 – 7.28 (m, 3H), 6.98 – 6.91 (m, 2H), 6.54 – 6.47 (m, 2H), 5.08 (s, 1H), 
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4.83 (s, 1H), 3.74 (s, 3H), 2.22 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 172.6, 143.8, 137.8, 129.8, 129.0, 

128.4, 127.4, 127.4, 113.6, 61.1, 52.9, 20.5. In good agreement with previously reported data.1 

[α]D
22 = +68.57 (c = 1.40 in CHCl

3
) for 86:14 e.r. 

HPLC: tR = 11.672 min (maj); tR = 13.207 min (min), e.r. = 86:14 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((4-bromophenyl)amino)-2-phenylacetate (10) 

  

Yield: 89% (28.78 mg); White solid; Rf = 0.41 (5% AcOEt/Hexanes); m.p. 110-112 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.51 – 7.42 (m, 2H), 7.41 – 7.28 (m, 3H), 7.25 – 7.15 (m, 2H), 6.48 – 6.38 (m, 2H), 5.03 (s, 2H), 

3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.1, 144.9, 137.2, 132.1, 129.1, 128.6, 127.3, 115.1, 109.9, 

60.7, 53.0. In good agreement with previously reported data.1 

[α]D
22 = +61.14 (c = 2.80 in CHCl3) for 90:10 e.r. 

1 mmol scale: Yield: 96% (306.3 mg); 84:16 e.r. Sample recrystallized from hexanes: white crystals 

(55% yield, Figure 1); [α]D
21= +67.2 (c = 0.73 in CHCl3) for 99:1 e.r. 

HPLC: tR = 15.272 min (maj); tR = 16.621 min (min), e.r. = 90:10 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm; tR = 15.127 min (maj); tR = 16.564 min (min), e.r. = 99:11 

(CHIRALPAK ® AD-H, 95:5 hexane/isopropanol, 1.0 mL/min, 254 nm. 

 

Figure 2. Enantioenriched crystals of 10. 

Methyl 2-((4-chlorophenyl)amino)-2-phenylacetate (11) 
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Yield: 86% (23.5 mg); White solid; Rf = 0.41 (5% AcOEt/Hexanes); 1H NMR (400 MHz, CDCl3) δ 7.49 – 

7.43 (m, 2H), 7.39 – 7.28 (m, 3H), 7.10 – 7.03 (m, 2H), 6.51 – 6.44 (m, 2H), 5.04 (superimposed 2H), 

3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.1, 144.5, 137.2, 129.2, 129.1, 128.6, 127.3, 122.8, 114.6, 

60.8, 53.0. In good agreement with previously reported data.1 

[α]D
22= +67.75 (c = 2.31 in CHCl3) for 87:13 e.r. 

Sample recrystallized from hexanes: yellow oil (43% yield, solution enantioenriched); [α]D
21= +88.5 (c = 

0.96 in CHCl3) for 99:1 e.r. 

HPLC: tR = 7.994 min (min); tR = 9.631 min (maj), e.r. = 13:87 (Phenomenex Cellulose 1, 95:5 

hexane/isopropanol, 1.0 mL/min, 220 nm);  tR = 8.284 min (min); tR = 9.979 min (maj), e.r. = 1:99 

(Phenomenex Cellulose 1, 95:5 hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Sample prepared from a 0.4 mmol scale of 4-chloroaniline: 85% (93.6 mg), White solid; 86:14 e.r. 

Sample recrystallized from hexanes: yellow oil (53% yield, solution enantioenriched); 92:8 e.r. 

HPLC: tR = 7.627 min (min); tR = 9.051 min (maj), e.r. = 14:86 (Phenomenex Cellulose 1, 95:5 

hexane/isopropanol, 1.0 mL/min, 220 nm); tR = 8.315 min (min); tR = 9.113 min (maj), e.r. = 8:92 

(Phenomenex Cellulose 1, 95:5 hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-((2-methoxyphenyl)amino)-2-phenylacetate (12) 

  

Yield: 78% (21.2 mg); White solid; Rf = 0.56 (5% AcOEt/Hexanes); 1H NMR (400 MHz, CDCl3) δ 7.57 – 

7.43 (m, 2H), 7.43 – 7.25 (m, 3H), 6.84 – 6.55 (m, 3H), 6.34 (dd, J = 7.7, 1.6 Hz, 1H), 5.47 (d, J = 5.1 Hz, 

1H), 5.08 (d, J = 5.6 Hz, 1H), 3.87 (s, 3H), 3.72 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.4, 147.1, 137.8, 

136.0, 129.0, 128.4, 127.4, 121.1, 117.5, 110.7, 109.7, 60.8, 55.6, 52.8. In good agreement with 

previously reported data.1 

[α]D
22= +52.95 (c = 2.10 in CHCl3) for 89:11 e.r. 

Sample recrystallized from 10% AcOEt/Hex (an cooled at -28°C): oily solid at r.t. (46% yield, 

enantioenriched crystals); [α]D
21 = +67.5 (c = 0.96 in THF) for  95:5 e.r. 

HPLC: tR = 7.333 min (min); tR = 8.029 min (maj), e.r. = 11:89 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm); tR = 7.539 min (min); tR = 8.287 min (maj), e.r. = 5:95 

(CHIRALPAK ® AD-H, 95:5 hexane/isopropanol, 1.0 mL/min, 254 nm). 
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Methyl 2-phenyl-2-(o-tolylamino)acetate (13) 

  

Yield: 77% (19.6 mg); White solid; Rf = 0.51 (5% AcOEt/Hexanes); 1H RMN (400 MHz, CDCl3) δ 7.48 – 

7.39 (m, 2H), 7.32 – 7.19 (m, 3H), 6.99 (d, J = 7.1 Hz, 1H), 6.95 – 6.88 (m, 1H), 6.57 (t, J = 7.4 Hz, 1H), 

6.26 (d, J = 7.9 Hz, 1H), 5.04 (s, 1H), 4.82 (s, 1H), 3.66 (s, 3H), 2.20 (s, 3H); 13C RMN (126 MHz, CDCl3) δ 

172.6, 144.1, 137.8, 130.4, 129.0, 128.4, 127.3, 127.1, 122.6, 117.9, 110.8, 60.9, 53.0, 17.6. In good 

agreement with previously reported data.1 

[α]D
22= +49.25 (c = 0.40 in CHCl3) for 85:15 e.r. 

HPLC: tR = 6.051 min (min); tR = 6.867 min (maj), e.r. = 15:85 (CHIRALPAK ® AD-H, 98:2 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-((3-methoxyphenyl)amino)-2-phenylacetate (14) 

 

Yield: 88% (23.8 mg); Yellow oil; Rf = 0.32 (5% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.52 – 7.47 

(m, 2H), 7.41 – 7.28 (m, 3H), 7.04 (t, J = 8.1 Hz, 1H), 6.27 (dd, J = 8.1, 2.1 Hz, 1H), 6.19 (dd, J = 8.0, 1.7 

Hz, 1H), 6.11 (t, J = 2.1 Hz, 1H), 5.09 (s, 1H), 4.92 (br s, 1H), 3.74 (s, 3H), 3.71 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 172.5, 160.7, 147.3, 137.8, 130.1, 129.0, 128.4, 127.3, 106.6, 103.5, 99.7, 60.8, 55.1, 

53.0. In good agreement with previously reported data.1 

[α]D
22= +72.35 (c = 2.30, CHCl3) for 88:12 e.r. 

HPLC: tR = 15.942 min (min); tR = 22.143 min (maj), e.r. = 12:88 (Phenomenex Cellulose 1, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-phenyl-2-(m-tolylamino)acetate (15) 

 

Yield: 79% (20.1 mg); White solid; Rf = 0.44 (5% AcOEt/Hexanes); m.p. 107-108 °C;  1H NMR (500 MHz, 

CDCl3) δ 7.52 – 7.45 (m, 2H), 7.38 – 7.26 (m, 3H), 7.00 (t, J = 7.8 Hz, 1H), 6.52 (d, J = 7.5 Hz, 1H), 6.41 
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(m, 1H), 6.34 (m, 1H), 5.07 (s, 1H), 4.87 (s, 1H), 3.71 (s, 3H), 2.22 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

172.5, 146.1, 139.1, 137.8, 129.2, 129.0, 128.4, 127.4, 119.2, 114.5, 110.5, 60.9, 52.9, 21.7. In good 

agreement with previously reported data.1 

[α]D
22= +77.45 (c = 1.40 in CHCl3) for 90:10 e.r. 

HPLC: tR = 9.895 min (min); tR = 13.613 min (maj), e.r. = 10:90 (Phenomenex Cellulose 1, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((3-bromophenyl)amino)-2-phenylacetate (16) 

 

Yield: 88% (28.3 mg); White solid; Rf = 0.41 (5% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.47 – 

7.43 (m, 2H), 7.39 – 7.28 (m, 3H), 6.94 (t, J = 8.0 Hz, 1H), 6.80 (m, 1H), 6.70 (t, J = 2.0 Hz, 1H), 6.46 – 

6.41 (m, 1H), 5.05 (m, 2H), 3.73 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 172.0, 147.2, 137.1, 130.6, 129.1, 

128.6, 127.3, 123.3, 121.0, 116.3, 112.1, 60.5, 53.1. In good agreement with previously reported data.1 

[α]D
22= +60.62 (c = 2.72 in CHCl3) for 87:13 e.r. 

Sample recrystallized from 10% AcOEt/Hex: yellow oil (24% yield, enantioenriched solution); [α]D
21= 

+229.4 (c = 0.647 in CHCl3) for 98:2 e.r. 

HPLC: tR = 11.773 min (maj); tR = 16.317 min (min), e.r. = 87:13 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm); tR = 11.921 min (maj); tR = 17.403 min (min), e.r. = 98:2 

(CHIRALPAK ® AD-H, 95:5 hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-phenyl-2-((3-(trifluoromethyl)phenyl)amino)acetate (17) 

  

Yield: 91% (28.2 mg); White solid; Rf = 0.33 (5% AcOEt/Hexanes); m.p. 93-94 °C; 1H NMR (500 MHz, 

CDCl3) δ 7.53 – 7.46 (m, 2H), 7.44 – 7.30 (m, 3H), 7.20 (t, J = 7.9 Hz, 1H), 6.97 – 6.91 (m, 1H), 6.80 (s, 

1H), 6.67 (dd, J = 8.1, 2.3 Hz, 1H), 5.22 (s, 1H), 5.10 (s, 1H), 3.75 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

172.0, 146.1, 137.0, 131.6 (q, J = 31.9 Hz), 129.81, 129.2, 128.7, 127.3, 124.3 (q, J = 272.3 Hz), 116.2, 

114.62 (q, J = 3.9 Hz), 110.0 (q, J = 4.0 Hz), 60.5, 53.1. In good agreement with previously reported 

data.1 
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[α]D
22= +50.39 (c = 2.80 in CHCl3) 86:14 for e.r. 

HPLC: tR = 8.031 min (maj); tR = 9.977 min (min), e.r. = 86:14 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-((3-chlorophenyl)amino)-2-phenylacetate (18) 

 

Yield: 88% (24.4 mg); White solid; Rf = 0.44 (5% AcOEt/Hexanes); m.p. 80-82 °C;  1H NMR (400 MHz, 

CDCl3) δ 7.50 – 7.42 (m, 2H), 7.40 – 7.28 (m, 3H), 7.00 (t, J = 8.1 Hz, 1H), 6.65 (ddd, J = 7.9, 1.9, 0.8 Hz, 

1H), 6.53 (t, J = 2.1 Hz, 1H), 6.41 (ddd, J = 8.2, 2.3, 0.7 Hz, 1H), 5.06 (m, 2H), 3.72 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 172.0, 147.1, 137.1, 135.0, 130.3, 129.1, 128.6, 127.3, 118.1, 113.4, 111.8, 60.6, 53.1. In 

good agreement with previously reported data.1 

[α]D
22= +66.31 (c = 2.44 in CHCl3) for 85:15 e.r. 

HPLC: tR = 11.409 min (maj); tR = 15.142 min (min), e.r. = 85:15 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(naphthalen-1-ylamino)-2-phenylacetate (19) 

 

Yield: 70% (20.6 mg); Brown solid; Rf = 0.42 (5% AcOEt/Hexanes); 1H NMR (400 MHz, CDCl3) δ 8.04 – 

7.98 (m, 1H), 7.82 – 7.73 (m, 1H), 7.59 – 7.53 (m, 2H), 7.52 – 7.43 (m, 2H), 7.39 – 7.27 (m, 3H), 7.19 (m, 

2H), 6.33 (dd, J = 7.1, 1.4 Hz, 1H), 5.78 (s, 1H), 5.24 (s, 1H), 3.76 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

172.5, 141.1, 137.5, 134.4, 129.0, 128.8, 128.5, 127.4, 126.4, 126.0, 125.1, 123.6, 120.2, 118.2, 105.7, 

60.9, 53.1. In good agreement with previously reported data.1 

[α]D
22= -34.26 (c = 2.05, CHCl3) for 82:18 e.r. 

Sample recrystallized from 25% AcOEt/Hex: brown needles (59% yield, enantioenriched solution); m.p. 

131-133 °C; [α]D
21= -51.9 (c = 1.15 in CHCl3) for 99:1 e.r. 
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HPLC: tR = 17.055 min (min); tR = 25.549 min (maj), e.r. = 18:82 (Phenomenex Cellulose 1, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm); tR = 16.607 min (min); tR = 25.437 min (maj), e.r. = 1:99 

(Phenomenex Cellulose 1, 95:5 hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((3-chloro-2-methylphenyl)amino)-2-phenylacetate (20) 

 

Yield: 74% (21.4 mg); Yellowish solid; Rf = 0.42 (10% AcOEt/Hexanes); m.p. 95-97°C;  1H NMR (400 

MHz, CDCl3) δ 7.51 – 7.43 (m, 2H), 7.40 – 7.27 (m, 3H), 6.85 (t, J = 8.1 Hz, 1H), 6.74 (d, J = 7.5 Hz, 1H), 

6.21 (d, J = 8.0 Hz, 1H), 5.06 (m, 2H), 3.74 (s, 3H), 2.35 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.31, 

145.2, 137.3, 134.8, 129.1, 128.6, 127.3, 127.2, 120.3, 118.8, 109.2, 60.9, 53.2, 13.8. In good 

agreement with previously reported data.1  

[α]D
22= +13.49 (c = 1.75 in CHCl3) for 84:16 e.r. 

HPLC: tR = 4.627 min (min); tR = 5.119 min (maj), e.r. = 16:84 (Phenomenex Amylose 2, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(benzo[d][1,3]dioxol-5-ylamino)-2-phenylacetate (21) 

  

Yield: 67% (19.1 mg); Brown solid; Rf = 0.27 (5% AcOEt/Hexanes); m.p. 88-90 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.50 – 7.42 (m, 2H), 7.39 – 7.27 (m, 3H), 6.58 (d, J = 8.3 Hz, 1H), 6.20 (d, J = 2.3 Hz, 1H), 5.98 

(dd, J = 8.3, 2.4 Hz, 1H), 5.81 (superimposed, 2H), 4.99 (s, 1H), 4.72 (s, 1H), 3.71 (s, 3H); 13C NMR (126 

MHz, CDCl3) δ 172.5, 148.4, 141.8, 140.2, 137.7, 129.0, 128.5, 127.4, 108.7, 105.3, 100.7, 96.7, 61.7, 

52.9. In good agreement with previously reported data.1 

[α]D
22= +61.31 (c = 1.91 in CHCl3) for 85:15 e.r. 

HPLC: tR = 9.594 min (min); tR = 11.925 min (maj), e.r. = 15:85 (Phenomenex Cellulose 1, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((3,5-dimethoxyphenyl)amino)-2-phenylacetate (22) 
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Yield: 78% (23.9 mg); Brown solid; Rf = 0.21 (5% AcOEt/Hexanes); m.p. 85-86 °C;  1H NMR (400 MHz, 

CDCl3) δ 7.47 (m, 2H), 7.40 – 7.26 (m, 3H), 5.86 (t, J = 2.1 Hz, 1H), 5.74 (d, J = 2.1 Hz, 2H), 5.05 (d, J = 4.5 

Hz, 1H), 4.97 (s, 1H), 3.72 (s, 3H), 3.68 (s, 6H); 13C NMR (126 MHz, CDCl3) δ 172.4, 161.7, 147.9, 137.7, 

129.0, 128.4, 127.3, 92.5, 90.6, 60.8, 55.2, 53.0. In good agreement with previously reported data.1 

[α]D
22= +63.62 (c = 2.35 in CHCl3) for 89:11 e.r. 

HPLC: tR = 12.363 min (min); tR = 22.858 min (maj), e.r. = 11:89 (Phenomenex Cellulose 1, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((3-chloro-4-methoxyphenyl)amino)-2-phenylacetate (23) 

  

Yield: 73% (22.2 mg); Yellowish solid; Rf = 0.35 (10% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.51 

– 7.42 (m, 2H), 7.40 – 7.27 (m, 3H), 6.73 (d, J = 8.8 Hz, 1H), 6.63 (d, J = 2.6 Hz, 1H), 6.40 (dd, J = 8.8, 2.5 

Hz, 1H), 5.01 (s, 1H), 4.65 (br s, 1H), 3.77 (s, 3H), 3.72 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 172.5, 148.0, 

140.6, 137.5, 129.1, 128.6, 127.3, 123.4, 116.0, 114.1, 112.7, 61.2, 57.0, 53.0. In good agreement with 

previously reported data.1 

[α]D
22= +48.91 (c = 2.20 in CHCl3) for 87:13 e.r. 

HPLC: tR = 12.709 min (maj); tR = 16.541 min (min), e.r. = 87:13 (CHIRALPAK ® AD-H, 8:2 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-(methyl(phenyl)amino)-2-phenylacetate (24) 

 

Yield: 80% (20.5 mg); Colorless oil; Rf = 0.45 (5% AcOEt/Hexanes); 1H NMR (400 MHz, CDCl3) δ 7.43 – 

7.20 (m, 7H), 6.87 (m, 2H), 6.80 (t, J = 7.3 Hz, 1H), 5.67 (s, 1H), 3.77 (s, 3H), 2.79 (s, 3H); 13C NMR (126 
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MHz, CDCl3) δ 172.5, 145.0, 135.9, 129.4, 128.8, 128.5, 128.2, 118.2, 113.6, 65.8, 52.1, 34.6. In good 

agreement with previously reported data.1 

[α]D
22= +74.40 (c = 2.05 in CHCl3) for 92:8 e.r. 

HPLC: tR = 5.868 min (min); tR = 6.496 min (maj), e.r. = 8:92 (CHIRALPAK ® AD-H, 95:5 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(methyl(p-tolyl)amino)-2-phenylacetate (25) 

 

Yield: 81% (21.8 mg); Yellow oil; Rf = 0.51 (5% AcOEt/Hex); 1H NMR (600 MHz, CDCl3): δ 7.38-7.30 (m, 

3H); 7.29-7.26 (m, 2H); 7.08 (d, J= 8.4 Hz, 2H); 6,80 (d, J= 8.6 Hz, 2H); 5.61 (s, 1H); 3.76 (s, 3H); 2.76 (s, 

3H); 2.26 (s, 3H); 13C NMR (151MHz, CDCl3): δ= 172.6, 148.0, 136.1, 129.9, 128.7, 128.6, 128.2, 127.7, 

114.1, 66.4, 52.1, 34.9, 20.4; HRMS (ESI+qTOF) m/z: calcd for C17H20NO2 [M+H]+ 270.14940; found 

270.1497.  

[α]D
22 = +57.8 (c = 0.02 in CHCl3) for 92:8 e.r. 

HPLC: tR = 5.14 min (minor), tR = 6.22 min (major), e.r. = 8:92; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-phenylacetate (26) 

 

Yield: 72% (24.0 mg); Pale yellow oil; Rf = 0.48 (5% AcOEt/Hex); 1H NMR (600 MHz, CDCl3): δ 7.38-7.29 

(m, 5H); 7.23-7.21 (m, 2H); 6.75-6.68 (m, 2H); 5.58 (s, 1H); 3.77(s, 3H); 2.74 (s, 3H); 13C NMR (151MHz, 

CDCl3): δ 172.1, 149.0, 135.5, 132.1, 128.9, 128.5, 128.4, 115.3, 66.0, 52.3, 34.7; HRMS (ESI+qTOF) 

m/z: calcd for C16H17BrNO2 [M+H]+ 334.04427; found 334.0445.  

[α]D
22  = +52.7 (c = 0.01 in CHCl3) for 88:12 e.r.  

HPLC: tR = 6.09 min (minor), tR = 8.09 min (major), e.r. = 12:88; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm, 22 °C). 

 

Methyl 2-((3-bromophenyl)(methyl)amino)-2-phenylacetate (27)  
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Yield: 68% (22.7 mg); Yellow oil; Rf = 0.49 (5% AcOEt: Hex); 1H NMR (600 MHz, CDCl3): δ 7.41-7.33 (m, 

3H); 7.25-7.23 (m, 2H); 7.10 (t, J= 8.2 Hz, 1H); 7.02-6.96 (m, 1H); 6.94-6.90 (m, 1H); 6.77 (dd, J= 8.4, 2.5 

Hz, 1H); 5.71(s, 1H); 3.77(s, 3H); 2.75 (s, 3H); 13C NMR (151MHz, CDCl3): δ= 172.0, 151.2, 135.4, 130.6, 

128.9, 128.5, 128.5, 123.7, 120.9, 116.3, 111.8, 65.6, 52.3, 34.6. HRMS (ESI+qTOF) m/z: calcd for 

C16H17BrNO2 [M+H]+ 334.0443; found 334.0456.  

[α]D
22  =+43.2 (c = 0.01, CHCl3) for 89:11 e.r.  

HPLC: tR = 5.96 min (major), tR = 8.04 min (minor), e.r. = 89:11; (Phenomenex Lux® cellulose-1, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-(4-acetylphenyl)-2-(methyl(phenyl)amino)acetate (28) 

 

Yield: 60% (17.9 mg); Yellow oil; Rf = 0.45 (20% AcOEt/Hexanes); 1H NMR (600 MHz, CDCl3) δ 7.97 (d, J 

= 8.2 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.27 (m, 2H), 6.87 (d, J = 8.1 Hz, 2H), 6.83 (t, J = 7.3 Hz, 1H), 5.68 

(s, 1H), 3.80 (s, 3H), 2.81 (s, 3H), 2.61 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 197.7, 171.7, 149.7, 141.3, 

136.9, 129.5, 128.8, 128.6, 118.7, 113.8, 65.9, 52.4, 35.0, 26.8. HRMS (ESI): m/z calcd for 

C18H20NO3+H+:298.14377 [M+H]+; found 298.1451.  

[α]D
22= +29.56 (c = 1.79 in CHCl3) for 61:39 e.r. 

HPLC: tR = 7.799 min (min); tR = 12.010 min (maj), e.r. = 39:61 (CHIRALPAK ® AD-H, 8:2 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)benzoate (29) 
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Yield: 69% (21.6 mg); Pale yellow oil; Rf = 0.50 (5% AcOEt/ Hex); 1H NMR (600 MHz, CDCl3): δ= 8.04 (d, 

J= 8.0 Hz, 2H); 7,36 (d, J= 8.0 Hz, 2H); 7.31-7.21 (m, 2H); 6.87 (d, J= 7.7 Hz, 2H); 6,85-6.81 (m, 1H); 5.68 

(s, 1H); 3.92 (s, 3H); 3.79 (s, 3H); 2.80 (s, 3H); 13C NMR (151MHz, CDCl3): δ= 171.8, 166.8, 149.8, 141.1, 

130.0, 129.5, 128.4, 118.6, 113.8, 65.8, 52.3, 35.0; HRMS (ESI+qTOF) m/z: calcd for C18H20NO4 [M+H]+ 

314.1392; found 314.1392.  

[α]D
22 = +4.5 (c = 0.005 in CHCl3) for 70:30 e.r. 

HPLC: tR = 16.39 min (minor), tR = 24.25 min (major), 30:70 e.r.; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(4-chlorophenyl)-2-(methyl(phenyl)amino)acetate (30)  

 

Yield: 75% (21.6 mg); Colorless oil; Rf = 0.34 (2% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.37 – 

7.32 (m, 2H), 7.30 – 7.19 (m, 4H), 6.89 – 6.79 (m, 3H), 5.60 (s, 1H), 3.78 (s, 3H), 2.79 (s, 3H); 13C NMR 

(151 MHz, CDCl3) δ 172.0, 149.8, 134.5, 134.2, 129.8, 129.5, 129.0, 118.6, 113.8, 65.4, 52.3, 34.8; 

HRMS (MALDI): m/z calcd for C16H17ClNO2+H+: 290.09423 [M+H]+; found 290.0961. 

[α]D
22= +62.38 (c = 1.32, CHCl3) for 84:16 e.r. 

HPLC: tR = 7.723 min (min); tR = 8.803 min (maj), e.r. = 16:84 (CHIRALPAK ® AD-H, 98:2 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)phenyl benzoate (31) 

 

Yield: 44% (16.5 mg); Yellow oil; Rf = 0.47 (10% AcOEt/Hexanes); 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J 

= 7.3 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.7 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.27 (m, 4H), 6.89 

(d, J = 8.2 Hz, 2H), 6.82 (t, J = 7.3 Hz, 1H), 5.67 (s, 1H), 3.79 (s, 3H), 2.83 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 172.2, 165.2, 150.8, 149.9, 133.9, 133.5, 130.3, 129.7, 129.5, 129.5, 128.8, 122.1, 118.4, 

113.8, 65.4, 52.2, 34.8; HRMS (MALDI): m/z calcd for C23H22NO4+H+: 376.15433 [M+H]+; found 

376.1548. 

[α]D
22= +65.60 (c = 1.65 in CHCl3) for 88:12 e.r. 



S24 

 

HPLC: tR = 8.328 min (min); tR = 9.383 min (maj), e.r. = 12:88 (CHIRALPAK ® AD-H, 8:2 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(3,5-dimethylphenyl)-2-(methyl(phenyl)amino)acetate (32) 

 

Yield: 50% (14.3 mg); Colorless oil; Rf = 0.44 (2% AcOEt/Hexanes); 1H NMR (500 MHz, CDCl3) δ 7.31 – 

7.24 (m, 2H), 6.97 (s, 1H), 6.87 (m, 4H), 6.80 (t, J = 7.3 Hz, 1H), 5.60 (s, 1H), 3.77 (s, 3H), 2.79 (s, 3H), 

2.31 (s, 6H); 13C NMR (151 MHz, CDCl3) δ 172.8, 150.0, 138.4, 135.8, 130.0, 129.4, 126.4, 118.0, 113.4, 

65.7, 52.1, 34.5, 21.5. HRMS (ESI): m/z calcd for C18H22NO2+H+: 284.16451 [M+H]+; found 284.1655. 

[α]D
22= +86.85 (c = 1.43 in CHCl3) for 91:9 e.r. 

HPLC: tR = 5.531 min (maj); tR = 6.341 min (min), e.r. = 91:9 (CHIRALPAK ® AD-H, 98:2 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(2-methoxyphenyl)-2-(methyl(phenyl)amino)acetate (33)  

 

Yield: 50% (15.5 mg); Colorless oil; Rf = 0.29 (5% AcOEt/Hexanes); 1H NMR (600 MHz, CDCl3) δ 7.32 (m, 

1H), 7.24 (m, 2H), 7.18 (dd, J = 7.5, 1.3 Hz, 1H), 6.99 – 6.88 (m, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.77 (t, J = 

7.3 Hz, 1H), 5.85 (s, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 2.85 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 172.4, 

157.8, 150.1, 129.7, 129.4, 129.2, 124.6, 120.6, 117.8, 113.7, 111.1, 61.7, 55.8, 52.1, 34.0. HRMS 

(MALDI): m/z calcd for C17H19NO3+H+: 286.14377 [M+H]+; found 286.1456. 

[α]D
22= +90.58 (c = 1.55 in CHCl3) for 88:12 e.r. 

HPLC: tR = 9.927 min (min); tR = 12.128 min (maj), e.r. = 12:88 (Phenomenex Cellulose 4, 98:2 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((4-bromophenyl)(methyl)amino)acetate (34) 



S25 

 

 

Yield: 74% (28.0 mg); Yellow oil; Rf = 0.49 (95% AcOEt/Hex); 1H NMR (600 MHz, CDCl3): δ= 7.31 (d, J= 

9.0 Hz, 2H); 6.78 (d, J= 8.0 Hz, 1H); 6.72-6.67 (m, 3H); 6.46 (d, J= 8.8 Hz, 1H); 5.96 (s, 2H); 5.45 (s, 1H); 

3.75 (s, 3H); 2.76 (s, 3H); 13C NMR (151MHz, CDCl3): δ= 172.1, 148.9, 148.2, 147.7, 132.1, 129.1, 122.0, 

115.3, 114.0, 109.0, 108.5, 101.5, 65.7, 52.3, 34.6; HRMS (ESI+qTOF) m/z: calcd for C17H17BrNO4 

[M+H]+ 378.0341; found 378.0344. 

[α]D
22 = +34.8 (c = 0.001 in CHCl3) for 77:23 e.r. 

HPLC: tR = 10.72 min (minor), tR = 12.29 min (major), 23:77 e.r.; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-(2-methoxyphenyl)acetate (35) 

 

Yield: 68% (24.8 mg); Yellow oil; Rf = 0.50 (5% AcOEt/Hex); 1H NMR (600 MHz, CDCl3): δ 7,38-7.28 (m, 

3H); 7.15 (d, J= 7.5 Hz, 1H); 6.99-6.89 (m, 2H); 6.76-6.78(m, 2H); 5.79 (s, 1H); 3.78 (s, 3H); 3.74 (s, 3H); 

2.80 (s, 3H); 13C NMR (151MHz, CDCl3): δ 174.9, 160.4, 151.8, 134.6, 132.6, 132.1, 126.9, 123.4, 118.0, 

113.9, 112.5, 64.3, 58.5, 54.9, 36.7; HRMS (ESI+qTOF) m/z: calcd for C17H19BrNO3 [M+H]+ 364.0548; 

found 364.0556.  

[α]D
22  = +37.2 (c = 0.01 in CHCl3) for 86:14 e.r. 

HPLC: tR = 7.17 min (minor), tR = 7.84 min (major), 14:86 e.r.; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(methyl(p-tolyl)amino)acetate (36) 

 

Yield: 67% (21.0 mg); Pale yellow oil; Rf = 0.48 (5% AcOEt/Hex); 1H NMR (600 MHz, CDCl3): δ 7.07 (d, J= 

9.0 Hz, 2H); 6.81-6.77 (m, 4H); 6.76-6.71 (m, 1H); 5.97 (s, 2H); 5.47 (s, 1H); 3.75 (s, 3H); 2.77 (s, 3H); 

2.27 (s, 3H); 13C NMR (151MHz, CDCl3): δ 172.6, 148.1, 147.9, 147.6, 129.9, 127.8, 122.0, 114.3, 109.1, 
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108.4, 101.4, 66.2, 52.1, 34.9, 20.5. HRMS (ESI+qTOF) m/z: calcd for C18H20NO4 [M+H]+ 314.1392; 

found 314.1393. 

[α]D
22  = +31.9 (c = 0.02 in CHCl3) for 77:23 e.r.  

HPLC: tR = 7.58 min (minor), tR = 9.02 min (major), 23:77 e.r.; (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm, 22 °C). 

 

Methyl 2-((4-bromophenyl)amino)-2-(2-methoxyphenyl)acetate (37) 

 

Yield: 74% (25.8 mg); White solid; Rf = 0.31 (10% AcOEt/Hexanes); 1H NMR (600 MHz, CDCl3) δ 7.28 (m, 

2H), 7.19 (d, J = 8.8 Hz, 2H), 6.93 (m, 2H), 6.48 (d, J = 8.7 Hz, 2H), 5.46 (s, 1H), 4.93 (s, 1H), 3.91 (s, 3H), 

3.70 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 172.7, 157.2, 145.4, 132.0, 129.8, 128.2, 126.0, 121.2, 115.2, 

111.3, 109.8, 56.0, 54.7, 52.8. HRMS (ESI): m/z calcd for C16H16BrNO3+H+: 350.03863 [M+H]+; found 

350.0391. 

Sample recrystallized from 10% AcOEt/Hex: white needles (57% yield, enantioenriched crystals); m.p. 

121-122 °C; [α]D
21= +67.2 (c = 1.26 in CHCl3) for 99:1 e.r. 

HPLC: tR = 9.709 min (min); tR = 12.396 min (maj), e.r. = 18:82 (Phenomenex Amylose 2, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm); tR = 9.925 min (min); tR = 12.452 min (maj), e.r. = 1:99 

(Phenomenex Amylose 2, 9:1 hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((4-bromophenyl)amino)-2-(3,5-dimethylphenyl)acetate (38) 

  

Yield: 72% (25.0 mg); White solid; Rf = 0.45 (5% AcOEt/Hexanes); m.p. 115-116 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.21 – 7.14 (m, 2H), 7.05 (s, 2H), 6.94 (s, 1H), 6.48 – 6.37 (m, 2H), 4.92 (s, 2H), 3.72 (s, 3H), 

2.29 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 172.4, 145.2, 138.7, 137.0, 132.0, 130.4, 125.0, 115.0, 109.8, 

60.7, 53.0, 21.4. In good agreement with previously reported data.1  

[α]D
22= +66.34 (c = 2.35 in CHCl3) for e.r.: 85:15. 
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HPLC: tR = 6.289 min (min); tR = 7.615 min (maj), e.r. = 15:85 (Phenomenex Amylose 2, 9:1 

hexane/isopropanol, 1.0 mL/min, 254 nm). 

 

Methyl 2-((4-bromophenyl)amino)-2-(4-chlorophenyl)acetate (39) 

  

Yield: 74% (25.6 mg); White solid; Rf = 0.34 (5% AcOEt/Hexanes); m.p. 119-120 °C; 1H NMR (400 MHz, 

CDCl3) δ 7.43 – 7.36 (m, 2H), 7.36 – 7.28 (m, 2H), 7.23 – 7.15 (m, 2H), 6.45 – 6.33 (m, 2H), 5.04 (br s, 

1H), 4.99 (s, 1H), 3.73 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 171.6, 144.6, 135.8, 134.5, 132.1, 129.3, 

128.6, 115.1, 110.2, 60.1, 53.2. In good agreement with previously reported data.1 

[α]D
22= +49.35 (c = 2.46 in CHCl3) for 76:24 e.r. 

HPLC: t
R 

= 11.765 min (maj); t
R 

= 16.201 min (min), e.r. = 76:24 (CHIRALPAK ® AD-H, 9:1 

hexane/isopropanol, 1.0 mL/min, 220 nm). 

 

2-((4-chlorophenyl)amino)-2-phenylacetic acid (40) 

 

Compound 11 (24.6 mg, 0.089 mmol) was dissolved in THF/H2O (2:1, 1 mL) and LiOH.H2O (9.4 mg, 0.22 

mmol) was added at 0 °C. The mixture was stirred at 0°C for 1 h, then 10 mL of ethyl acetate was 

added and acidified with HCl 2% to pH 3. The resulting phases were separated, and the aqueous phase 

was additionally extracted with EtOAc (2x3 mL). The combined organic phases were dried over 

anhydrous Na2SO4 and concentrated under reduced pressure to yield the titled compound (15.9 mg, 

68%) as a white solid. 

1H NMR (500 MHz, DMSO-d6) δ 12.94 (s, 1H), 7.53 – 7.46 (m, 2H), 7.37 (m, 2H), 7.33 – 7.27 (m, 1H), 

7.10 – 7.02 (m, 2H), 6.73 – 6.63 (m, 2H), 5.09 (s, 1H). 13C NMR (126 MHz, DMSO-d6) δ 172.7, 145.9, 

138.2, 129.4, 128.5, 128.4, 127.8, 127.5, 114.5, 59.7. This compound in known.10,11 

HPLC: enantiomeric ratio for this compound was determined from its methyl ester after derivatization 

with (Trimethylsilyl)diazomethane (solution, 2.0 M in diethyl ether): tR = 7.697 min (min); tR = 9.330 

min (maj), e.r. = 11:89 (Phenomenex Cellulose 1, 95:5 hexane/isopropanol, 1.0 mL/min, 220 nm). 
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5. Data for the Hammet Plot 

Table S3. Data for the Hammet plot (reactions using N-methylaniline) 

p-Substituted sulfoxonium ylide σp Maj Min Maj/Min log (Maj/Min) 

H 0 92 8 11,5 1,06069784 

Obz 0,13 88 12 7,333333 0,865301426 

Cl 0,23 84 16 5,25 0,720159303 

COOMe 0,45 70 30 2,333333 0,367976785 

COMe 0,5 61 39 1,564103 0,194265228 
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6. 1H and 13C NMR Spectra 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-phenylacetate 1H NMR (400 MHz, CDCl3)  

 

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-phenylacetate 13C NMR (101 MHz, CDCl3) 
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Phenyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 1H NMR (400 MHz, CDCl3)  

 

 

 

Phenyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 13C NMR (126 MHz, CDCl3) 
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Benzyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 1H NMR (500 MHz, CDCl3)  

 

 

Benzyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 13C NMR (101 MHz, CDCl3) 
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t-Butyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 1H NMR (400 MHz, CDCl3)  

 

 

 

t-Butyl 2-(dimethyl(oxo)-λ6-sulfanylidene) 2-phenylacetate 13C NMR (126 MHz, CDCl3) 
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Methyl 2-(4-acetylphenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 1H NMR (400 MHz, CDCl3)  

 

 

Methyl 2-(4-acetylphenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 13C NMR (126 MHz, CDCl3) 
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Methyl 4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)benzoate 1H NMR (500 
MHz, CDCl3) 

 

 

Methyl 4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)benzoate 13C NMR (126 
MHz, CDCl3) 
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Methyl 2-(4-chlorophenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 1H NMR (400 MHz, CDCl3)  

 

 

 

Methyl 2-(4-chlorophenyl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 13C NMR (126 MHz, CDCl3)  
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4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)phenyl benzoate 1H NMR (400 MHz, 
CDCl3) 

 

 

4-(1-(dimethyl(oxo)- λ6-sulfaneylidene)-2-methoxy-2-oxoethyl)phenyl benzoate 13C NMR (400 
MHz, CDCl3) 
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Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(3,5-dimethylphenyl)acetate 1H NMR (500 MHz, CDCl3)  

 

 

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(3,5-dimethylphenyl)acetate  13C NMR (126 MHz, CDCl3) 
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Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(2-methoxyphenyl)acetate 1H NMR (600 MHz, CDCl3) 

 

 

Methyl 2-(dimethyl(oxo)-λ6-sulfaneylidene)-2-(2-methoxyphenyl)acetate 1H NMR (151 MHz, CDCl3) 
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Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 1H NMR (600 MHz, 
CDCl3) 

 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(dimethyl(oxo)-λ6-sulfaneylidene)acetate 1H NMR (600 MHz, 
CDCl3) 
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(S)-Methyl 2-phenyl-2-(phenylamino)acetate (3) 1H NMR (500 MHz, CDCl3) 

 

 

(S)-Methyl 2-phenyl-2-(phenylamino)acetate (3) 13C NMR (101 MHz, CDCl3) 

  
 
 
 



S41 

 

 
Phenyl 2-phenyl-2-(phenylamino)acetate (4) 1H NMR (400 MHz, CDCl3)  

 
 
 
 
 

Phenyl 2-phenyl-2-(phenylamino)acetate (4) 13C NMR (126 MHz, CDCl3)  
 

 
 



S42 

 

 
Benzyl 2-phenyl-2-(phenylamino)acetate (5) 1H NMR (500 MHz, CDCl3)  

 
 
 
 

Benzyl 2-phenyl-2-(phenylamino)acetate (5) 13C NMR (126 MHz, CDCl3) 

 
 
 
 



S43 

 

Tert-butyl 2-phenyl-2-(phenylamino)acetate (6)  1H NMR (400 MHz, CDCl3) 

 

 

Tert-butyl 2-phenyl-2-(phenylamino)acetate (6)  1H NMR (400 MHz, CDCl3) 

 

 

 



S44 

 

Methyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (7) 1H NMR (400 MHz, CDCl3) 

 

 

 

Methyl 2-((4-methoxyphenyl)amino)-2-phenylacetate (7) 13C NMR (126 MHz, CDCl3) 

 

 



S45 

 

Methyl 2-((4-nitrophenyl)amino)-2-phenylacetate (8) 1H NMR (400 MHz, CDCl3) 

 

 

 

Methyl 2-((4-nitrophenyl)amino)-2-phenylacetate (8) 13C NMR (126 MHz, CDCl3) 

 

 



S46 

 

Methyl 2-phenyl-2-(p-tolylamino)acetate (9) 1H NMR (400 MHz, CDCl3)  

 

 

Methyl 2-phenyl-2-(p-tolylamino)acetate (9) 13C NMR (101 MHz, CDCl3) 

 

 

 



S47 

 

Methyl 2-((4-bromophenyl)amino)-2-phenylacetate (10) 1H NMR (400 MHz, CDCl3)  

, 
 
 
 

Methyl 2-((4-bromophenyl)amino)-2-phenylacetate (10) 13C NMR (101 MHz, CDCl3) 

 
 
 
 
 



S48 

 

Methyl 2-((4-chlorophenyl)amino)-2-phenylacetate (11) 1H NMR (400 MHz, CDCl3)  

 
 
 
 
 

Methyl 2-((4-chlorophenyl)amino)-2-phenylacetate (11) 13C NMR (101 MHz, CDCl3) 

 
 

 



S49 

 

Methyl 2-((2-methoxyphenyl)amino)-2-phenylacetate (12) 1H NMR (400 MHz, CDCl3)  

 

 

Methyl 2-((2-methoxyphenyl)amino)-2-phenylacetate (12) 13C NMR (101 MHz, CDCl3) 

 

 

 



S50 

 

Methyl 2-phenyl-2-(o-tolylamino)acetate (13) 1H NMR (400 MHz, CDCl3)  

 

 

 

Methyl 2-phenyl-2-(o-tolylamino)acetate (13) 13C NMR (126 MHz, CDCl3) 

 

 



S51 

 

Methyl 2-((3-methoxyphenyl)amino)-2-phenylacetate (14) 1H NMR (500 MHz, CDCl3)  

 

 

 

Methyl 2-((3-methoxyphenyl)amino)-2-phenylacetate (14) 13C NMR (101 MHz, CDCl3) 

 

 



S52 

 

Methyl 2-phenyl-2-(m-tolylamino)acetate (15) 1H NMR (500 MHz, CDCl3)  

 

 

Methyl 2-phenyl-2-(m-tolylamino)acetate (15) 13C NMR (126 MHz, CDCl3) 

 

 

 



S53 

 

Methyl 2-((3-bromophenyl)amino)-2-phenylacetate (16) 1H NMR (500 MHz, CDCl3)  

 

 

Methyl 2-((3-bromophenyl)amino)-2-phenylacetate (16) 13C NMR (126 MHz, CDCl3) 

 

 

 



S54 

 

Methyl 2-phenyl-2-((3-(trifluoromethyl)phenyl)amino)acetate (17) 1H NMR (500 MHz, CDCl3)  

 

 

 

Methyl 2-phenyl-2-((3-(trifluoromethyl)phenyl)amino)acetate (17) 13C NMR (101 MHz, CDCl3) 

 

 



S55 

 

Methyl 2-((3-chlorophenyl)amino)-2-phenylacetate (18) 1H NMR (400 MHz, CDCl3)  

 
 
 
 
 

Methyl 2-((3-chlorophenyl)amino)-2-phenylacetate (18) 13C NMR (101 MHz, CDCl3) 

 
 
 
 



S56 

 

 
Methyl 2-(naphthalen-1-ylamino)-2-phenylacetate (19) 1H NMR (400 MHz, CDCl3)  

 
 
 
 
 

Methyl 2-(naphthalen-1-ylamino)-2-phenylacetate (19) 13C NMR (101 MHz, CDCl3) 

 
 
 



S57 

 

 
Methyl 2-((3-chloro-2-methylphenyl)amino)-2-phenylacetate (20) 1H NMR (400 MHz, CDCl3)  

 
 
 

Methyl 2-((3-chloro-2-methylphenyl)amino)-2-phenylacetate (20) 13C NMR (101 MHz, CDCl3) 

 
 
 
 
 



S58 

 

Methyl 2-(benzo[d][1,3]dioxol-5-ylamino)-2-phenylacetate (21) 1H NMR (400 MHz, CDCl3)  

 

 

 

Methyl 2-(benzo[d][1,3]dioxol-5-ylamino)-2-phenylacetate (21) 13C NMR (126 MHz, CDCl3) 

 

 



S59 

 

Methyl 2-((3,5-dimethoxyphenyl)amino)-2-phenylacetate (22) 1H NMR (400 MHz, CDCl3)  

 

 

 

Methyl 2-((3,5-dimethoxyphenyl)amino)-2-phenylacetate (22) 13C NMR (126 MHz, CDCl3) 

 

 



S60 

 

 
Methyl 2-((3-chloro-4-methoxyphenyl)amino)-2-phenylacetate (23) 1H NMR (500 MHz, CDCl3)  

 
 
 
 

Methyl 2-((3-chloro-4-methoxyphenyl)amino)-2-phenylacetate (23) 13C NMR (126 MHz, CDCl3) 

 
 
 
 



S61 

 

 
Methyl 2-(methyl(phenyl)amino)-2-phenylacetate (24) 1H NMR (400 MHz, CDCl3)  

 
 
 
 
 

Methyl 2-(methyl(phenyl)amino)-2-phenylacetate (24) 13C NMR (126 MHz, CDCl3) 

 
 
 



S62 

 

 
Methyl 2-(methyl(p-tolyl)amino)-2-phenylacetate (25) 1H NMR (600 MHz, CDCl3) 

 

 

 

Methyl 2-(methyl(p-tolyl)amino)-2-phenylacetate (25) 13C NMR (151 MHz, CDCl3) 

 

 



S63 

 

 
 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-phenylacetate (26) 1H NMR (600 MHz, CDCl3) 

 

 

 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-phenylacetate (26) 13C NMR (151 MHz, CDCl3) 

 



S64 

 

 

Methyl 2-((3-bromophenyl)(methyl)amino)-2-phenylacetate (27) 1H NMR (600 MHz, CDCl3) 

 

 

Methyl 2-((3-bromophenyl)(methyl)amino)-2-phenylacetate (27) 13C NMR (151 MHz, CDCl3) 

 

 



S65 

 

Methyl 2-(4-acetylphenyl)-2-(methyl(phenyl)amino)acetate (28) 1H NMR (600 MHz, CDCl3) 

 
 
 
 

Methyl 2-(4-acetylphenyl)-2-(methyl(phenyl)amino)acetate (28) 13C NMR (151 MHz, CDCl3) 

 

 
 

 



S66 

 

Methyl 4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)benzoate (29) 1H NMR (600 MHz, CDCl3) 

 

 

 

Methyl 4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)benzoate (29) 13C NMR (151 MHz, CDCl3) 

 

 
 



S67 

 

Methyl 2-(4-chlorophenyl)-2-(methyl(phenyl)amino)acetate (30) 1H NMR (600 MHz, CDCl3) 

 
 
 
 

Methyl 2-(4-chlorophenyl)-2-(methyl(phenyl)amino)acetate (30) 13C NMR (151 MHz, CDCl3) 

 
 
 
 



S68 

 

4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)phenyl benzoate (31) 1H NMR (400 MHz, CDCl3) 

 

 
 
 
 

4-(2-methoxy-1-(methyl(phenyl)amino)-2-oxoethyl)phenyl benzoate (31) 13C NMR (151 MHz, CDCl3) 

 
 
 



S69 

 

Methyl 2-(3,5-dimethylphenyl)-2-(methyl(phenyl)amino)acetate (32) 1H NMR (600 MHz, CDCl3) 

 

  
 
 

Methyl 2-(3,5-dimethylphenyl)-2-(methyl(phenyl)amino)acetate (32) 13C NMR (151 MHz, CDCl3) 

, 

 
 

 



S70 

 

Methyl 2-(2-methoxyphenyl)-2-(methyl(phenyl)amino)acetate (33) 1H NMR (600 MHz, CDCl3) 

  
 
 

Methyl 2-(2-methoxyphenyl)-2-(methyl(phenyl)amino)acetate (33) 13C NMR (151 MHz, CDCl3) 

 

 
 
 

 



S71 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((4-bromophenyl)(methyl)amino)acetate (34) 1H NMR (600 MHz, 
CDCl3) 

 

 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((4-bromophenyl)(methyl)amino)acetate (34) 13C NMR (151 
MHz, CDCl3) 

 



S72 

 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-(2-methoxyphenyl)acetate (35) 1H NMR (600 MHz, CDCl3) 

 

 

 

Methyl 2-((4-bromophenyl)(methyl)amino)-2-(2-methoxyphenyl)acetate (35) 13CNMR (151 MHz, CDCl3) 

 

 



S73 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(methyl(p-tolyl)amino)acetate (36) 1H NMR (600 MHz, CDCl3) 

 

 

 

Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(methyl(p-tolyl)amino)acetate (36) 13C NMR (151 MHz, CDCl3) 

 



S74 

 

 
Methyl 2-((4-bromophenyl)amino)-2-(2-methoxyphenyl)acetate (37) 1H NMR (600 MHz, CDCl3) 

  
 
 

Methyl 2-((4-bromophenyl)amino)-2-(2-methoxyphenyl)acetate (37) 13C NMR (151 MHz, CDCl3) 
 

 
 
 
 



S75 

 

Methyl 2-((4-bromophenyl)amino)-2-(3,5-dimethylphenyl)acetate (38) 1H NMR (400 MHz, CDCl3) 

 
 
 
 

Methyl 2-((4-bromophenyl)amino)-2-(3,5-dimethylphenyl)acetate (38) 13C NMR (101 MHz, CDCl3) 
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Methyl 2-((4-bromophenyl)amino)-2-(4-chlorophenyl)acetate (39) 1H NMR (400 MHz, CDCl3) 

 
 
 

Methyl 2-((4-bromophenyl)amino)-2-(4-chlorophenyl)acetate (39) 13C NMR (101 MHz, CDCl3) 

 
 
 
 
 
 



S77 

 

2-((4-chlorophenyl)amino)-2-phenylacetic acid (40) 1H NMR (500 MHz, DMSO-d6) 

 
 
 

2-((4-chlorophenyl)amino)-2-phenylacetic acid (40) 1H NMR (126 MHz, DMSO-d6) 
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7. HPLC Chromatograms 
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