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Epimerisation of syn-15 

 

(3S,4S)-3-Methyl-6-phenyl-4-(trifluoromethyl)-3,4-dihydro-2H-pyran-2-one 15 (51.2 mg, 0.200 

mmol, 1.0 eq.) was dissolved in CH2Cl2 (4 mL), followed by addition for Et3N (39.0 μL, 0.280 mmol, 

1.4 eq.) and the reaction was left stirring for 16 hours at RT. The mixture was diluted with CH2Cl2, 

washed with 1M HCl, dried over Na2SO4, filtered and concentrated in vacuo to leave a white 

crystalline solid (49.3 mg, 0.192 mmol, 96%). Chiral HPLC analysis; Chiralcel OD-H (99:1 hexane : 

IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C) tR(3R,4S): 12.7 min, tR(3S,4R): 16.4 min, tR(3S,4S): 24.0 

min, tR(3R,4R): 41.3 min, >99% ee (syn), >99% ee (anti). 

 

See overleaf for relevant HPLC traces. 
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Kinetic Profiles 

Reaction Monitoring via 
1
H NMR 

The concentrations of reactants, intermediates and products were determined from the integral of the 

species itself, relative to the integral of the internal standard tetramethylsilane (TMS). The 

concentration of the internal standard was set relative to the integral corresponding to the major 

substrate at t=0, which corresponded to a known starting concentration. 

Reaction Profiles with Achiral NHC 7 

 

In an NMR tube, aldehyde 2 (12.6 mg, 0.0563 mmol), -trifluoromethyl enone (8.6 mg 0.0375 mmol) 

and NHC precatalyst 7 (1.2 mg, 0.00375 mmol) were dissolved in CD2Cl2 (0.75 mL, 3 mM TMS). 

The reaction was initiated by the addition of NEt3 (7.8 μL, 0.0563 mmol) and monitored by 
1
H NMR 

spectroscopy (400 MHz) at ambient temperature. Representative 
1
H NMR spectra taken at intervals 

over the course of the reaction are shown in Figure S1. Spectra of isolated starting materials, 

intermediates and product are shown in Figure S3. 
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Figure S1: Representative 
1
H NMR spectra for the reaction with achiral NHC precatalyst 7. 

 

Figure S2: Reaction profile for the reaction with achiral NHC precatalyst 7. 
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Figure S3: 
1
H NMR spectra of starting materials, intermediates and product in CD2Cl2.   

 

 

The concentration of aldehyde 2 was determined using the singlet at 9.64 ppm (A), corresponding to 

the aldehyde C=O(H). The singlet at 9.57 ppm (B) was used to determine the concentration of NHC 

precursor 7, which was assigned to the triazole CH. The concentration of enone was determined using 

the multiplet at 6.78 ppm. Initially a new set of peaks was observed which was assigned to the 

intermediate 29, the concentration of both diastereoisomers was calculated sum of the singlets at 2.00 

and 1.92 ppm (D), corresponding to the Ar-CH3 groups. Over time the formation of product 19 was 

seen and the concentration was determined using the doublet at 4.28 ppm (E). Additionally, the 

formation of 30 was observed, the concentration of which was determined from the quartet at 6.47 

ppm (F). Propanoic acid was also seen and the triplet at 1.07 ppm was used to determine the 

concentration. The presence of propanioc acid was also confirmed by doping of the experiment with a 

pure sample. 

 

Enone 

Adduct 29 

Aldehyde 2 

NHC 7 

O-Acylated enolate 30 
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Reaction Profiles with Chiral NHC 1 

 

In an NMR tube, aldehyde 2 (12.6 mg, 0.0563 mmol), -trifluoromethyl enone (8.6 mg 0.0375 mmol) 

and NHC precatalyst 1 (1.4 mg, 0.00375 mmol) were dissolved in CD2Cl2 (0.75 mL, 3 mM TMS). 

The reaction was initiated by the addition of NEt3 (7.8 μL, 0.0563 mmol) and monitored by 
1
H NMR 

spectroscopy (400 MHz) at ambient temperature. Representative 
1
H NMR spectra taken at intervals 

over the course of the reaction are shown in Figure S4. A spectrum of NHC precatalyst 1 is also 

shown. 
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Figure S4: Representative 
1
H NMR spectra for the reaction with chiral NHC precatalyst 1. 

 

Figure S5: Reaction profile for the reaction with chiral NHC precatalyst 1. 
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Concentrations of aldehyde 2 (A), enone (C) and product 19 (E) were determined as previously 

described. In this system, the concentration of NHC precursor was determined using the singlet at 

12.32 ppm which was assigned to the triazole CH of 1. The signals for the intially formed NHC-

aldehyde addition product were assigned by analogy to 31. The concentration was determined using 

the singlet at 2.41 ppm, corresponding to the Ar-CH3 group. 

 

1H NMR of NHC 1 



S10 

Studies on isolated adduct 29 

 

A 0.01 M solution of 29 was monitored via 
1
H NMR spectroscopy at r.t. over 2d. Over the course of 

the experiment no change in the integrals of any of the signals was observed relative to the internal 

standard. Representative NMR spectra are shown in Figure S6. 

 

Figure S6: 
1
H NMR spectra showing the stability of intermediate 29 in CD2Cl2. 
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To a 0.01 M solution of 29 was added NEt3 (1.1 μL 0.01 M) and the solution was monitored via 
1
H 

NMR spectroscopy at r.t. over eight hours. Representative 
1
H NMR spectra are shown in Figure S7.  

 

Figure S7: 
1
H NMR spectra showing the reaction of intermediate 29 with Et3N in CD2Cl2. 

 

t = 0 

47 min 

363 min 



S12 

Studies on O-Acylated Enolate 30 

 

To a 0.02 M solution of 30, containing 4 mM triazolium salt 7 and 0.02 M enone was added NEt3 (0.4 

μL 4 mM) and the solution was monitored via 
1
H NMR spectroscopy at r.t. over 2d. Over the course 

of the experiment no change in the integrals of any of the signals was observed relative to the internal 

standard. Representative 
1
H NMR spectra are shown in Figure S8.  

 

Figure S8: 
1
H NMR spectra showing the stability of O-acylated enolate 30 in CD2Cl2. 
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Kinetic Isotope Effect 

Kinetics with -aroyloxyaldehyde 5 

 

Aldehyde 5 (300 L of a 0.0938 M solution in CD2Cl2), -trifluoromethyl enone (300 L of a 0.0625 

M solution in CD2Cl2) and NHC precatalyst 1 (150 L of a 0.0125 M solution in CD2Cl2) were added 

to an NMR tube. The reaction was initiated by the addition of Et3N (3.9 L, 0.028 mmol) and 

monitored by 
1
H NMR spectroscopy (500 MHz). Representative 

1
H NMR spectra are shown in Figure 

S9. Concentrations of aldehyde 5, enone and product 32 were monitored over time relative to an 

internal standard of TMS. A plot of enone concentration versus time is shown in Figure S11. 

 

Kinetics with -aroyloxyaldehyde 5-D 

 

Aldehyde 5-D (300 L of a 0.0938 M solution in CD2Cl2), -trifluoromethyl enone (300 L of a 

0.0625 M solution in CD2Cl2) and NHC precatalyst 1 (150 L of a 0.0125 M solution in CD2Cl2) were 

added to an NMR tube. The reaction was initiated by the addition of Et3N (3.9 L, 0.028 mmol) and 

monitored by 
1
H NMR spectroscopy (500 MHz). Representative 

1
H NMR spectra are shown in Figure 

S10. Concentrations of aldehyde 5-D, enone and product 32 were monitored over time relative to an 

internal standard of TMS. A plot of enone concentration versus time is shown in Figure S11. 
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Figure S9: Representative 
1
H NMR spectra for kinetics with aldehyde 5. 

 

Figure S10: Representative 
1
H NMR spectra for kinetics with aldehyde 5-D. 
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Figure S11: Plot of -trifluoromethyl enone concentration over time 
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HPLC data compound 8: Chiralcel OJ-H, 99.8:0.2 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 

 

 

 

 



S63 

HPLC data compound 9: Chiralpak AD-H, 95:5 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 10: Chiralpak IA, 98:2 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 99% 

ee. 
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HPLC data compound 11: Chiralpak IA, 95:5 hexane : IPA, flow rate 1 mLmin
-1

, 220 nm, 30 °C, 

>99% ee. 
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HPLC data compound 12: Chiralpak IB, 99.1 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 40 °C, 

>99% ee. 
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HPLC data compound 13: Chiralpak IA, 90:10 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 14: Chiralpak AD-H, 98:2 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 15: Chiralcel OD-H, 99:1 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 16: Chiralcel OJ-H, 99.8:0.2 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 

°C, >99% ee. 
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HPLC data compound 17: Chiralpak AD-H, 99:1 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 18: Chiralpak AD-H, 98:2 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

>99% ee. 
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HPLC data compound 19: Chiralcel OD-H, 95:5 hexane : IPA, flow rate 1 mLmin
-1

, 254 nm, 30 °C, 

99% ee. 
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HPLC data compound 20: Chiralcel OD-H 99:1 hexane : IPA, 1 mLmin
-1

, 254 nm, 30 °C, 99% ee. 
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HPLC data compound 21: Chiralpak IA, 99:1 hexane : IPA, flow rate 1 mLmin
-1

, 30 °C, 254 nm, 96% 

ee. 
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HPLC data compound 22: Chiralpak IA, 99.8:0.2 hexane : IPA, flow rate 1 mLmin
-1

, 30 °C, 220 nm, 

995:5 ee. 
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HPLC data compound 23: Chiralcel OD-H, 99:1 hexane : IPA, flow rate 1 mLmin
-1

, 30 °C, 254 nm, 

99% ee. 
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HPLC data compound 24: Chiralcel OD-H, 98:2 hexane : IPA, flow rate 1 mLmin
-1

, 30 °C, 254 nm, 

96% ee. 
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HPLC data compound 25: Chiralcel OJ-H 95:5 hexane : IPA, 0.5 mLmin
-1

, 211 nm, 30 °C, 97% ee 
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HPLC data compound 27: Chiralpak AD-H 98:2 hexane : IPA, 1 mLmin
-1

, 254 nm, 30 °C, >995:5 ee 
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X-Ray Crystal Structure of syn-12 

See CIF file for full crystallographic details. 

 

 

Thermal ellipsoid contours shown at 50% probability level 

 


