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General	
  

Reagents were used as purchased from suppliers without further purification; in cases where 

anhydrous solvents were required they were dried using a solvent purification system (SPS) 

which is monitored by Karl-Fisher titrations for water levels. 1H NMR spectra were recorded 

at 300 MHz using a Bruker AVIII 300 NMR spectrometer. 19F NMR spectra were recorded at 

282 MHz using a Bruker AVIII 300 NMR spectrometer. 13C NMR experiments were carried 

out on a Bruker AVIII400 NMR spectrometer recorded at 101 MHz; in cases where it was 

required 2D NMR techniques were used to confirm compound identity. 1H NMR chemical 

shifts are reported in ppm relative to TMS (δ 0.00) and 13C NMR relative to chloroform (δ 

77.36). Reactions carried out at low temperatures were cooled using a Lab Plant Cryoprobe. 

Melting points were carried out in triplicate and an average of the values taken and reported 

as a range using Stuart SMP10 melting point apparatus. IR spectra were recorded on a 

PerkinElmer 100FT-IR spectrometer at room temperature using ATR.	
  Optical rotations were 
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recorded on a polar 2001 Automatic Polarimeter. Measurements of each sample were 

recorded three times and used as an average. HPLC analysis was carried out using a 

Shimadzu LC2010 and Phenomenex Lux cellulose 3 chiral column, traces were recorded at 

four UV wavelengths 210, 220, 254 and 280nm, calculations were carried out using the 

supplied traces recorded at 254 nm. Column chromatography was carried out using a 

Combiflash Rf 200i, column traces were recorded at two UV wavelengths (254 nm and 

280nm). 

Synthesis	
  and	
  screening	
  

Synthesis	
  of	
  3-­‐methyl-­‐3-­‐(prop-­‐2-­‐yn-­‐1-­‐yl)indolin-­‐2-­‐one	
  	
  

n-Butyl lithium in hexanes (1.5 M, 8.15 mmol, 5.09 mL, 1.2 equiv.) was 

transferred into a nitrogen flushed flask, THF (40 mL) was added and the 

solution cooled to –78 °C. A solution of 3-methyl-2-oxindole (1.00 g, 6.79 

mmol, 1 equiv.) dissolved in THF (10 mL) was added dropwise under 

stirring. The reaction mixture was stirred for 10 minutes before propargyl bromide (7.13 

mmol, 0.76 mL, 1.05 equiv.) was added. The solution was allowed to warm to room 

temperature and stirred for 3 h. Methanol (20 mL) was added to decompose any remaining 

butyl lithium. The solution was concentrated in vacuo and the residual oil extracted with 

water (50 mL) and ethyl acteate (3 x 50 mL). The organic phase was dried over MgSO4 and 

concentrated in vacuo. The oil was then purified using automated column chromatography 

combiflash Rf (0-25% EtOAc : Hexane gradient 20 mins) to yield the product as a cream 

solid 0.69 g, 55% yield.  

1H NMR (300 MHz, CDCl3) δ 7.75 (s, 1H), 7.42 (d, J = 7.4 Hz, 1H), 7.29 – 7.21 (m, 2H), 

7.07 (td, J = 7.6, 1.0 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 2.63 (ABqd, J = 16.6, 2.7 Hz, 2H), 



1.98 (t, J = 2.7 Hz, 1H), 1.48 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 182.08, 140.24, 133.47, 

128.22, 123.53, 122.54, 109.97, 79.55, 70.85, 47.21, 27.58, 21.93; IR νmax (ATR)/cm-1 3255, 

2981, 2968, 2925, 1705, 1667, 1622, 1471, 1341, 1235, 1191; MS ESI m/z 186.1 [M+H] 

HRMS (ESI-TOF) Calculated for C12H11NONa = 208.0738 Found = 208.0739; MP 112-114 

°C. 

Synthesis	
  of	
  1-­‐benzyl-­‐3-­‐methyl-­‐3-­‐(prop-­‐2-­‐yn-­‐1-­‐yl)indolin-­‐2-­‐one	
  (1)	
  

Sodium hydride (2.38 mmol, 0.082 g, 2.2 equiv) was suspended in THF (10 

mL). The reaction was cooled to 0 °C using an ice bath, at this temperature a 

solution of 3-methyl-3-(prop-2-yn-1-yl)indolin-2-one (1.08 mmol, 0.20 g, 1 

equiv) dissolved in THF (10 mL) was added dropwise. When the formation 

of gas had ceased, benzyl bromide (1.08 mmol, 0.185 g, 0.129 mL, 1 equiv) 

was added to the mixture. The reaction was allowed to warm to room temperature and left to 

stir for 2 h. Water (5 mL) was added to decompose any remaining sodium hydride and the 

solution was extracted with water (50 mL) and diethyl ether (3 x 50 mL). The organic phase 

was dried over magnesium sulphate and concentrated in vacuo. To yield the product as a 

colourless crystalline solid this was then washed with hexane (50 mL) to remove any residual 

benzyl bromide. Colourless crystalline solid 0.23g, 77% yield.  

1H NMR (300 MHz, CDCl3) δ 7.43 (dd, J = 7.4, 0.8 Hz, 1H), 7.36 – 7.28 (m, 5H), 7.18 (td, J 

= 7.7, 1.3 Hz, 1H), 7.05 (td, J = 7.6, 1.0 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 4.96 (ABq, J = 

15.7 Hz, 2H), 2.72 (ABqd, J = 16.5, 2.7 Hz, 2H), 1.92 (t, J = 2.6 Hz, 1H), 1.51 (s, 3H,); 13C 

NMR (101 MHz, CDCl3) δ 179.46, 142.16, 135.84, 132.96, 128.70, 128.14, 127.59, 127.32, 

123.21, 122.60, 109.12, 79.76, 70.77, 46.77, 43.76, 27.76, 22.36; IR νmax (ATR)/cm-1 3285, 

2924, 1711, 1608, 1489, 1466, 1426, 1378, 1179; MS ESI m/z  276.1 [M+H] HRMS (ESI-

TOF) Calculated for C19H18NO = 276.1388 Found = 276.1378; MP 140-141°C; HPLC 



(Cellulose 3) acetonitrile/water 50:50, 1.0 mL/min, λ = 254 nm, tmajor = 7.5 min, tminor = 8.5 

min; [𝛼]!!"#  tminor = –41 (c = 1.0, CHCl3)° 

Enantiopure material was recovered by preparative HPLC using cellulose 1 acetonitrile/water 

50:50 15.mL/min,	
  λ = 254 nm. The enantiopure material was subjected to optical rotation 

analysis and from this it was calculated that the (–) enantiomer was eluting as the tminor peak 

in the cellulose 3 analytical HPLC. Therefore the recovered enantioenriched alkyne from the 

kinetic resolution should have a positive optical rotation.  

Synthesis	
  of	
  1-­‐benzyl-­‐3-­‐((1-­‐benzyl-­‐1H-­‐1,2,3-­‐triazol-­‐4-­‐yl)methyl)-­‐3-­‐

methylindolin-­‐2-­‐one	
  (2a)	
  

To a solution of 1 (0.24 mmol, 0.066 g, 1 equiv) in 

methanol (10 mL) was added copper (I) iodide (0.0046 g, 

0.024 mmol, 10 mol%), sodium ascorbate (0.24 mmol, 

0.048g, 1 equiv) and finally benzyl azide (0.24 mmol, 0.032 

g, 1 equiv) this was allowed to stir overnight. The reaction was quenched with aqueous 

ammonia 5% v/v (10 mL) and extracted with diethyl ether (3 x 25 mL) then washed with 

water (100 mL). The remaining starting material and the triazolic product were isolated by 

combiflash chromatography. Rf petroleum ether: diethyl ether 0-100% gradient followed by 

EtOAc 100%. To yield the product as brown oil 0.070 g, 71% yield. 

 

1H NMR (300 MHz, CDCl3) δ 7.35 – 6.93 (m, 13 H), 6.73 (s, 1 H), 6.57 (d, J = 7.6 Hz, 1H), 

5.28 (s, 2 H), 4.70 (s, 2 H), 3.81 (ABq J = 14.3, 2H) 1.54 (s, 3 H); 13C NMR (101 MHz, 

CDCl3) δ 179.88, 143.35, 142.11, 135.94, 134.87, 132.91, 128.95, 128.71, 128.44, 127.85, 

127.69, 127.52, 127.28, 123.25, 122.58, 121.84, 108.82, 53.71, 48.58, 43.48, 34.39, 23.46; IR 

νmax (ATR)/cm-1 2924, 1708, 1611, 1489, 1468, 1454, 1355, 1176; MS ESI m/z 431.3 

[M+Na] HRMS (ESI-TOF) Calculated for C26H24N4ONa = 431.1848 Found = 431.1848; 



HPLC (Cellulose 3) acetonitrile/water 40:60, 1.0 mL/min, λ = 254 nm, tmajor = 11.2 min, tminor 

= 12.7 min. 

General	
  procedure	
  for	
  synthesis	
  of	
  racemic	
  oxindole	
  triazoles	
  via	
  in	
  situ	
  

azide	
  formation	
  

	
  

The alkyl bromide (0.12 mmol, 1 equiv) was stirred at rt with sodium azide (0.13 mmol, 

0.0085 g, 1.1 equiv) in acetone (5 mL). After 10 hours the reaction was diluted with methanol 

(10 mL) and 1 (0.12 mmol, 0.033 g, 1 equiv) added along with copper (I) iodide (2.3 mg, 

0.012 mmol, 0.1 equiv, 10 mol%) and sodium ascorbate (0.12 mmol, 0.024 g, 1 equiv) the 

reaction was allowed to stir at rt for 24 h.	
  The reaction was quenched with aqueous ammonia 

5% v/v (10 mL) and extracted with ether (3 x 25 mL). The triazolic product was isolated by 

combiflash Rf petroleum ether: diethyl ether 0-100% gradient followed by EtOAc 100%. 

	
  

(2b) Brown oil 0.030 g, 52% yield 1H NMR (300 MHz, 

CDCl3) δ 7.46 – 6.97 (m, 16H), 6.75 (d, J = 7.6 Hz, 1H), 

6.64 – 6.53 (m, 2H), 5.22 (s, 2H), 4.68 (q, J = 15.6 Hz, 2H), 

3.26 (ABq, J = 14.3 Hz, 2H), 1.50 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 179.90, 143.04, 142.10, 141.68, 139.74, 

135.89, 132.93, 132.27, 130.30, 128.99, 128.66, 128.54, 128.46, 128.30, 128.05, 127.85, 

127.67, 127.49, 127.22, 123.31, 122.58, 121.95, 108.83, 51.35, 48.56, 43.48, 34.27, 23.57; IR 



νmax (ATR)/cm-1 2925, 2854, 1707, 1611, 1488, 1467, 1453; MS ESI m/z 507.2 [M+Na] 

HRMS (ESI-TOF) Calculated for C32H28N4ONa = 507.2161 Found= 507.2166. 

	
  

(2c) Brown oil 0.038 g, 75% yield 1H NMR (300 MHz, 

CDCl3) δ 7.28 – 6.93 (m, 10H), 6.85 (d, J = 8.0, 2H), 

6.70 (s, 1H), 6.55 (d, J = 7.6, 1H), 5.21 (s, 2H), 4.68 (s, 

2H), 3.26 (Abq, J = 14.3, 2H), 2.34 (s, 3H), 1.51 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 179.89, 143.23, 142.11, 138.30, 135.95, 132.94, 131.84, 

129.60, 128.70, 127.82, 127.77, 127.51, 127.23, 123.26, 122.57, 121.76, 108.83, 53.53, 

48.57, 43.48, 34.39, 23.43, 21.16; IR νmax (ATR)/cm-1 2925, 1707, 1611, 1489, 1467, 1453, 

1379, 1354, 1175; MS ESI m/z 445.2 [M+Na] HRMS (ESI-TOF) Calculated for 

C27H26N4ONa = 445.2004 Found = 445.2006. 

 

(2d) Brown oil 0.035g, 53% yield 1H NMR (300 MHz, 

CDCl3) δ 7.83 (s, 1H), 7.46 (s, 2H), 7.31 – 6.93 (m, 9H), 

6.74 (s, 1H), 6.60 (d, J = 7.5 Hz, 1H), 5.32 (s, 2H), 4.76 

(Abq, J = 15.5 Hz, 1H), 3.32 (Abq, J = 14.4 Hz, 2H), 

1.52 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 179.77, 143.92, 142.06, 137.28, 135.97, 132.81, 

132.61, 132.27, 128.68, 128.00, 127.88, 127.53, 127.43, 123.17, 122.66, 122.00, 108.77, 

52.51, 48.37, 43.51, 34.22, 23.62; 19F NMR (282 MHz, CDCl3) δ -62.83; IR νmax (ATR)/cm-1 

2928, 1706, 1612, 1489, 1468, 1454, 1382, 1354, 1277, 1173, 1132; MS ESI m/z 567.2 

[M+Na] HRMS (ESI-TOF) Calculated for C28H22N4OF6Na = 567.1596 Found = 567.1593. 

	
  

(2e) Colourless solid 0.035g 64% yield 1H NMR (300 

MHz, CDCl3) δ 8.15 – 7.96 (m, 2H), 7.26 – 6.88 (m, 



10H), 6.75 (s, 1H), 6.65 (d, J = 7.7, 1H), 5.35 (d, J = 6.3, 2H), 4.79 (Abq, J = 15.5, 2H), 3.36 

(Abq, J = 14.4, 2H), 1.55 (3 H, s); 13C NMR (101 MHz, CDCl3) δ 179.74, 143.90, 142.19, 

141.85, 135.94, 132.90, 128.69, 127.96, 127.90, 127.55, 124.06, 123.22, 122.67, 122.15, 

108.77, 52.60, 48.56, 43.70, 34.18, 23.81; IR νmax (ATR)/cm-1 2925, 1707, 1611, 1521, 1489, 

1467, 1453, 1379, 1346, 1176; MS ESI m/z 476.2 [M+Na] HRMS (ESI-TOF) Calculated for 

C26H23N5O3Na = 476.1699 Found = 476.1698. 

	
  

(2f) Brown oil 0.043 g, 82% yield 1H NMR (300 MHz, 

CDCl3) δ 7.27 – 6.94 (m, 10H), 6.78 (t, J = 9.7 Hz, 2H), 

6.65 (s, 1H), 6.56 (d, J = 7.7 Hz, 1H), 5.27 – 5.12 (m, 2H), 

4.70 (Abq, J = 15.6 Hz, 2H), 3.29 (Abq, J = 14.3 Hz, 2H) 

1.52 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 179.80, 143.54, 142.13, 135.92, 134.41, 133.32, 

132.89, 129.11, 128.97, 128.71, 127.86, 127.55, 127.37, 123.20, 122.60, 121.79, 108.81, 

52.93, 48.57, 43.56, 34.34, 23.57; IR νmax (ATR)/cm-1 2925, 1707, 1611, 1490, 1467, 1454, 

1380, 1355, 1174; MS ESI m/z 465.2 [M+Na] HRMS (ESI-TOF) Calculated for 

C27H23N4OF3Na = 465.1458 Found = 465.1453. 

 

(2g) Brown oil 0.036 g, 63% yield1H NMR (300 MHz, 

CDCl3) δ 7.49 (d, J = 8.1 Hz, 2H), 7.28 – 6.89 (m, 

10H), 6.67 (s, 1H), 6.57 (d, J = 7.6 Hz, 1H), 5.36 – 

5.21 (m, 2H), 4.72 (Abq, J = 15.5 Hz, 2H), 3.31 (Abq, 

J = 14.3 Hz, 2H), 1.53 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 179.77, 143.68, 142.16, 

138.75, 135.92, 132.88, 130.47, 128.70, 127.88, 127.73, 127.56, 127.42, 125.88, 125.85, 

123.19, 122.60, 121.96, 108.77, 52.97, 48.56, 43.61, 34.28, 23.67; 19F NMR (282 MHz, 

CDCl3) δ -62.69; IR νmax (ATR)/cm-1 2925, 1709, 1612, 1490, 1468, 1381, 1326, 1169, 1124; 



MS ESI m/z 499.2 [M+Na] HRMS [M+Na] Calculated for C27H23N4OF3Na = 499.1722 

Found = 499.1721. 

General procedure for synthesis and isolation of azides 

	
  

Sodium azide (1.20 g, 18.5 mmol, 1.1 equiv) was added to a mixture of acetone : water (3:1), 

to this benzyl bromide was added (2.88 g, 16.8 mmol, 2 mL, 1 equiv) and the reaction 

mixture was stirred at rt for 20 h. Water (100 mL) was added and the reaction mixture was 

extracted with diethyl ether (3 x 25 mL). The combined organic extracts were combined and 

removed in vacuo to yield benzyl azide 3a as a colourless oil 1.79 g 80% yield 

 

Characterisation was in agreement with the reported literature values.1 1H 

NMR (300 MHz, CDCl3) δ 7.35 – 7.18 (m, 5H), 4.18 (s, 2H); 13C NMR (101 

MHz, CDCl3) δ 135.65, 128.98, 128.43, 128.38, 54.83; MS EI m/z 133.1 [M], 104 [M-N2], 

91.1 [M-N3], 77.0 [M-CH2N3]. 

	
  

Prepared from 2-phenylbenzyl bromide (0.50 g, 2.39 mmol, 1 equiv) and 

sodium azide (0.17 g, 2.63 mmol, 1.1 equiv) according to the general 

procedure. Isolated as a yellow oil 0.42 g, 85% yield. Characterisation was consistent with 

the literature.2 1H NMR (300 MHz, CDCl3) δ 7.44 – 7.25 (m, 9H), 4.24 (s, 2H); 13C NMR 

(101 MHz, CDCl3) δ 142.33, 140.37, 132.92, 130.56, 129.69, 129.31, 128.45, 127.91, 

127.57, 52.68. 

 



Prepared from 4-methylbenzyl bromide (0.5 g, 2.70 mmol, 1 equiv) and 

sodium azide (0.19 g, 3.00 mmol, 1.1 equiv) according to the general 

procedure. Isolated as an orange oil 0.40 g, 64% yield. Characterisation was consistent with 

the literature.3 1H NMR (300 MHz, CDCl3) δ 7.21 – 7.13 (m, 4H), 4.25 (s, 2H), 2.33 (s, 3H); 

13C NMR (101 MHz, CDCl3) δ 138.18, 132.39, 129.56, 128.33, 54.65, 21.20. MS EI m/z 

147.1 [M], 118.1 [M-N2], 105.1 [M-N3], 91.1 [M-CH2N3]. 

Prepared from 3,5-Bis(trifluoromethyl)benzyl bromide (0.20 g, 0.65 

mmol, 1 equiv) and sodium azide (0.05 g, 0.72 mmol, 1.1 equiv) 

according to the general procedure. Isolated as a yellow oil 0.096 g, 55% 

yield. Characterisation was consistent with the literature.3 1H NMR (300 MHz, CDCl3) δ 7.86 

(s, 1H), 7.79 (s, 2H), 4.56 (s, 2H); 13C NMR (101 MHz, CDCl3) δ 138.30, 132.63, 132.29, 

131.96, 131.63, 127.86, 127.83, 127.13, 124.42, 122.06, 122.03, 121.99, 121.71, 53.44. 

General	
  procedure	
  for	
  oxindole	
  kinetic	
  resolution	
  screening	
  

	
  

To an oven dried Radleys multi reactor tube, under an atmosphere of nitrogen, were added 

L1 (0.0067 g, 0.018 mmol, 15.0 mol%) and CuCl (0.0015 g, 0.015 mmol, 12.5 mol%) 

followed by 2,5-hexanedione (1 mL). After the solution was stirred at rt for 1 h, compound 1 

(0.033 g, 0.12 mmol, 1 equiv) dissolved in 2,5-hexanedione (1 mL) was added. The reaction 

mixture was stirred for a further 15 mins at rt then cooled to 0°C for another 15 mins, benzyl 

azide (0.0095 g, 0.07 mmol, 0.6 equiv) was then added. The resulting mixture was 

maintained at 0 °C for 96 h with stirring. The reaction was quenched with aqueous ammonia 

5% v/v (10 mL) and extracted with diethyl ether (2 x 25mL) dried over MgSO4 and 



concentrated in vacuo. A crude 1H NMR spectrum was taken to determine conversion. The 

remaining starting material and the triazolic product were then isolated by automated column 

chromatography combiflash Rf petroleum ether: diethyl ether 0-100% gradient followed by 

EtOAc 100%. Conversion was measured by 1H NMR and enantiomeric excess via chiral 

HPLC.  

Representative	
  procedure	
  for	
  oxindole	
  kinetic	
  resolution	
  screening	
  using	
  
in	
  situ	
  azide	
  formation	
  

	
  

4-Nitrobenzyl bromide (0.015 g, 0.07 mmol, 0.6 equiv) was stirred at rt with sodium azide 

(0.0052 g, 0.08 mmol, 1.1 equiv) in acetone (5 mL) for 10 h. In a separate reaction vessel a 

solution of L1 (0.0067 g, 0.018 mmol, 15.0 mol%) and CuCl (0.0015 g, 0.015 mmol, 12.5 

mol%) in acetone (1mL) was stirred for 1 h at rt. To this 1 (0.033 g, 0.12 mmol, 1 equiv) in 

acetone (1 mL) was added. The reaction was then cooled to 0°C and stirred for 30 minutes 

the azide formation solution was then transferred by syringe this was then maintained at 0°C 

for 96 h.	
  The reaction was quenched with aqueous ammonia 5% v/v (10 mL) and extracted 

with diethyl ether (2 x 25 mL). The remaining starting material and the triazolic product were 

isolated by combiflash Rf petroleum ether: diethyl ether 0-100% gradient followed by EtOAc 

100% and enantiomeric excess determined by chiral HPLC. 

In	
  situ	
  azide	
  screening	
  table	
  

Entry R Conv 
(%)a 

ee SM 
(%)b 

Selectivity Factor 
(S)c 

1 2b 2-PhC6H4 13 14 35.2 



Representative	
  determination	
  of	
  conversion	
  via	
  1H	
  NMR	
  Spectroscopy	
  
Conversion of alkyne 1 to triazole 2a was determined by direct comparison of the 

integrations of a series of peaks in the crude 1H NMR spectra of the resolution reaction 

mixture. Due to the high boiling point of 2,5-hexanedione it was only possible to remove this 

via column chromatography therefore HPLC was not an appropriate manner for conversion 

analysis. The signals in the benzylic region were used as this was a clear area away from any 

interference from remaining solvent. The ABq centred at 4.96 of compound 1 was directly 

compared with the two singlets at 5.28 and 4.70 of compound 2a. A representative example is 

shown in Figure	
  1. When the azide was varied the analogous signals in the triazolic product 

were used.  

2 2c 4-MeC6H4 12 8 4.2 

3 2d 3,5-CF3C6H3 12 7 3.3 

4 2e 4-NO2C6H4 22 6 1.6 

5 2f 4-ClC6H4 12  6 2.7 

6 2g 4-CF3C6H4 6 0 1 
a Conversion determined by inspection of 1H NMR spectra (see ESI); b E.e. of recovered starting material (HPLC); c S = ln[(1-c)(1-ee)]/ln[(1-c)(1+ee)]. 

 



 

	
   	
  

Figure	
  1	
  Crude	
  1H	
  NMR	
  showing	
  direct	
  comparison	
  of	
  signals	
  related	
  to	
  product	
  and	
  starting	
  material	
  for	
  calculation	
  of	
  conversion 



Screening	
  Tables	
  

Solvents	
  
Entry Solvent Conv 

(%)a 
ee SM 

(%)b 
Selectivity Factor (S)c 

1 2,5-Hexanedione 46 72 23.2d 

2 Acetone 34 35 5.3 

3 Acetonitrile 14 1 1.1 

4 DMF 0 - - 

5 DMSO 44 18 1.9 

6 1,4-Dioxane 17 6 1.9 

7 tBuOH 19 0 1.0 

8 tBuOH/H2O 13 0 1.0 

9 H2O 6 - - 

10 Toluene 5 - - 

11 2-Butanone 0 - - 

12 THF 37 46 8.7 

13 1:10 Acetone:2,5-
Hexanedione 

61 56 3.5 

14 NMP 4 - - 

15 Cyclohexanone 0 - - 

16 2,3-Butandione 34 18 1.1 

17 Furan 3 1 2.0 

18 tBuOH:2,5 
Hexanedione 100:1, 

25°C, 7 days 

63 28 1.8 

19 THF:2,5 Hexanedione 
100:1 

23 12 2.6 

20 THF:2,5 Hexanedione 
1:1 

30 15 2.4 

21 tBuOH 34 7 1.4 
a Conversion determined by inspection of 1H NMR spectra (see ESI); b E.e. of recovered starting material (HPLC); c S = ln[(1-c)(1-ee)]/ln[(1-c)(1+ee)]; d 

Average of three S = 22.1 ±0.5, best unique case S = 23.2. 

	
   	
  



Copper	
  Sources	
  
Entry Copper Source Conv 

(%)a 
ee SM 

(%)b 
Selectivity Factor (S)c 

1 CuCl 34 35 5.3 

2 CuBr 14 8 3.2 

3 CuI 51 26 2.1 

4 CuSO4, NaAsc 13 1 1.2 

5 Cu(OTf)2 0 0 - 

6 Cu(OTf).0.5Toluene 10 3 1.8 

7 Cu(OAc) 0 0 - 

8 Cu Metal 0 0 - 

9 Cu(OAc)2 8 4 2.8 
a Conversion determined by inspection of 1H NMR spectra (see ESI); b E.e. of recovered starting material (HPLC); c S = ln[(1-c)(1-ee)]/ln[(1-c)(1+ee)]. 

	
   	
  



Temperature	
  and	
  additives	
  

Entry Solvent Additive 
Copper 
Source 

Temp 
(°C) 

Reaction 
Time (h) Conv (%)a 

ee SM 
(%)b Sc 

1 THF 

 

CuCl 50 24 45 8 1.3 

2 Acetone 

 

CuCl 50 24 46 24 2.3 

3 tBuOH 

 

CuCl 50 24 7 0 1.0 

4 
Acetone 

 

Cu(OTf).0.
5Toluene 50 24 51 11 1.4 

5 Acetone 

 

Cu(OAc)2 50 24 61 20 1.5 

6 
Acetone NaAsc 

Cu(OTf).0.
5Toluene 50 24 50 1 1.0 

7 Acetone NaAsc Cu(OAc)2 50 24 53 16 1.5 

8 DMSO 

 

CuCl 50 24 38 4 1.2 

9 DMF 

 

CuCl 50 24 40 8 1.4 

10 2,5-
Hexanedione NaAsc CuCl 0 96 52 21 1.8 

11 THF NaAsc CuCl 0 96 16 1 1.1 

12 THF DIPEA CuCl 0 96 28 27 7.2 

13 Acetone DIPEA CuCl 0 96 20 16 5.3 

 a Conversion determined by inspection of 1H NMR spectra (see ESI); b E.e. of recovered starting material (HPLC); c S = ln[(1-c)(1-
ee)]/ln[(1-c)(1+ee)]. 

	
  

	
   	
  



Ligands	
  

	
  

	
  

Entry Ligand Conv 
(%)a 

ee SM 

(%)b 
Selectivity Factor (S)c 

1 L1 46 72 23.2 

2 L2 6 1 1.4 

3 L3 0 - - 

4 L4 0 - - 

5 L5 0 - - 

6 L6 0 - - 

7 L7 0 - - 

8 L8 5 1 1.5 

9 L9 0 - - 

10 L10 0 - - 

11 L11 4 0 1.0 

12 L12 0 - - 
a Conversion determined by inspection of 1H NMR spectra (see ESI); b E.e. of recovered starting material (HPLC); c S = ln[(1-c)(1-ee)]/ln[(1-c)(1+ee)]. 
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Additive = DIPEA 

Reaction Time = 96 h 

Reaction Temperature = 0°C 

  



	
  

	
   	
  

Catalyst = L1 

Solvent = Acetone 

Additive = DIPEA 

Reaction Time = 96 h 

Reaction Temperature = 0°C 

  



	
   	
  

Catalyst = L1 

Solvent = 2,5-Hexanedione 

Reaction Time = 96 h 

Reaction Temperature = 0°C 

Azide = 3b 



	
  

	
   	
  

Catalyst = L1 

Solvent = 2,5-Hexanedione 

Reaction Time = 96 h 

Reaction Temperature = 0°C 

Azide =  3d 



	
  

	
   	
  

Racemic	
  product	
  
Column	
  =	
  Phenomenex	
  Lux	
  Cellulose	
  3	
  
	
  	
  



	
  

	
   	
  

Catalyst = L1 

Solvent = 2,5-Hexanedione 

Reaction Time = 96 h 
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