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CAUTION:  Diazo compounds are high energy compounds and need to be treated with respect. Even though we 
experienced no energetic decomposition in this work, care should be taken in handling large quantities of diazo 
compounds.  Large scale reactions should be conducted behind a blast shield.  For a more complete analysis of 
the risks associated with diazo compounds see the recent review by Bull et. al.1  

 
1. General Considerations 
 
All experiments were carried out in oven-dried glassware under argon atmosphere unless otherwise stated. Flash column 
chromatography was performed on silica gel. 4Å molecular sieves were activated under vacuum at 300 °C for 4 h. After time 
elapsed, the flask was cooled to 60 °C under inert nitrogen atmosphere and stored in a 140 °C oven for future use. All 
solvents were distilled using a short-path distillation system and stored over 4Å molecular sieves under argon atmosphere. 
Unless otherwise noted, all other reagents were obtained from commercial sources (Sigma Aldrich, Fisher, TCI Chemicals, 
AK Scientific, Combi Blocks, Oakwood Chemicals) and used as received without purification. 1H, 13C, and 19F NMR spectra 
were recorded at either 400 MHz (13C at 100 MHz) on Bruker 400 spectrometer or 600 MHz (13C at 151 MHz) on INOVA 600 
or Bruker 600 spectrometer. NMR spectra were run in solutions of deuterated chloroform (CDCl3) with residual chloroform 
taken as an internal standard (7.26 ppm for 1H, and 77.16 ppm for 13C), and were reported in parts per million (ppm). The 
abbreviations for multiplicity are as follows: s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet, dd = 
doublet of doublet, etc. Coupling constants (J values) are obtained from the spectra. Thin layer chromatography was 
performed on aluminum-back silica gel plates with UV light and cerium aluminum molybdate (CAM) or permanganate 
(KMnO4) stain to visualize. Mass spectra were taken on a Thermo Finnigan LTQ-FTMS spectrometer with APCI, ESI or NSI. 
Melting points (mp) were measured in open capillary tubes with a Mel-Temp Electrothermal melting points apparatus and 
are uncorrected. IR spectra were collected on a Nicolet iS10 FT-IR spectrometer from Thermo Scientific and reported in unit 
of cm-1. Enantiomeric excess (% ee) data were obtained on a Varian Prostar chiral HPLC instrument, an Agilent 1100 HPLC, 
or an Agilent 1290 Infinity UHPLC, eluting the purified products using a mixed solution of HPLC-grade 2-propanol (i-PrOH) 
and n-hexane. 
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Experimental Procedures 

2. Preparation of Substrates: 
 

2.1 Preparation of known substrates.  

 
 

Figure S1: Known substrate starting materials  
Diazo compounds s1-4 were prepared according to the established literature and matched the reported spectra.2  
Diazo compounds S5-7, were prepared according to the established literature and matched the reported spectra.3 
Diazo compounds S8-9 were prepared according to the established literature and matched the reported spectra.4  
Diazo compound S10 was prepared according to the established literature and matched the reported spectra.5  
Diazo compound S11 was prepared according to the established literature and matched the reported spectra.6 
Diazo compound S12 was prepared according to the established literature and matched the reported spectra.7 
Diazo compound S13 was prepared according to the established literature and matched the reported spectra.8 
Compound s14 matched the spectra reported in the literature. 9 
Compound s15 matched the spectra reported in the literature. 10 
Compound s16 matched the spectra reported in the literature.11 
 
 
2.2 Preparation of novel substrates: 
 
 
2.2.1 Preparation of (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)-2-
diazoacetate (S17). 
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2.2.1.1 Esterification towards (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-
bromophenyl)acetate. 

 
4-Bromophenylacetic acid (5.00 g, 23.3 mmol), N,N-dimethyl 4-aminopyridine (DMAP, 0.1 equiv, 284mg, 2.33 mmol), and 
(R)-3-hydroxy-4,4-dimethyldihydrofuran-2(3H)-one (R-pantolactone, 1.1 equiv, 3.33g, 25.6mmol) were added to a flame-
dried round bottom flask. The reagents were dissolved in 100 mL CH2Cl2 (DCM) and the solution was cooled to 0 °C. A 
solution of N,N’-dicyclohexylcarbodiimide (DCC, 1.1 equiv, 5.28g, 25.6mmol) in CH2Cl2 (30 mL) was added to the reaction 
mixture via syringe over 5 minutes (min). The reaction mixture was removed from the ice bath allowed to stir overnight at 
room temperature. The reaction mixture was filtered by vacuum filtration over a pad of celite and washed with diethyl ether 
(Et2O, 100 mL). The filtrate was concentrated and purified by flash column chromatography (0-5% EtOAc/hexanes over 
30CV on isolera) to give pure (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)acetate as off-white needlelike 
crystals (70% yield, 5.3 g, 16 mmol) after aggregation and evaporation of appropriate fractions. 
 
2.2.1.2 Diazo transfer to form (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-
bromophenyl)-2-diazoacetate. 
 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)acetate (2.00 g, 6.11 mmol) and 4-acetamidobenzenesulfonyl 
azide (p-ABSA, 1.3 equiv, 1.91 g, 7.95 mmol) were added to a flame-dried round bottom flask and dissolved in acetonitrile 
(MeCN, 50mL) at 0 ̊C in an ice-bath. 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 1.0 equiv, 0.921 mL) was added dropwise to 
the cooled stirring solution causing  it to change from a clear-colorless solution to a deep orange solution. The reaction was 
left to stir overnight before quenching with saturated ammonium chloride solution (NH4Cl in H2O, 50mL). The aqueous and 
organic layers were separated, and the aqueous layer was extracted with Et2O (2 X 25 mL). The combined organic layers 
were dried over anhydrous sodium sulfate (Na2SO4) before loading onto silica. The diazo -impregnated silica was then purified 
by flash column chromatography (100 g silica cartridge, 0% EtOAc/hexanes 3 CV, 0-20% EtOAc/Hexanes for 30 CV, 20% 
EtOAc/hexanes for 5 CV) to afford (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)-2-diazoacetate as a 
powdery bright orange solid (S17, 60% yield, 1.30 g, 3.68 mmol) after aggregation and evaporation of appropriate fractions. 
 
2.2.2 Preparation of (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-diazo-2-(2-methoxy-5-m
ethylphenyl)acetate (S18) 

 
 
2.2.2.1 Friedel-Crafts acylation towards methyl 2-(2-methoxy-5-methylphenyl)-2-
oxoacetate. 

 
 
A solution of 1-methoxy-4-methylbenzene (1.0 equiv, 10.0 g, 10.3 mL, 81.9 mmol) and methyl 2-chloro-2-oxoacetate (1.5 
equiv, 15.0 g, 11.3 mL, 122.8 mmol) in CH2Cl2 (50 mL) was added dropwise to a stirred suspension of aluminium chloride 
(AlCl3, 1.0 equiv, 10.9 g, 81.85 mmol) in CH2Cl2 (150 mL) in a flame-dried round-bottom flask under an inert nitrogen 
atmosphere. The temperature maintained below 5 °C throughout addition. When the addition was complete, the deep purple 
mixture was stirred at 25 °C for 2.5 h and then poured onto 100 g of ice. The aqueous layer was washed once with CH2Cl2 
(100 mL). The combined organic extracts were washed with 3 M HCl (200 mL), 1 M HCl (200 mL), DI water (200 mL), and 
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saturated NaCl (200 mL). Then the organic layer was filtered over a plug of basic alumina (25 g) and dried over sodium 
sulfate (Na2SO4) then organic solvent was concentrated to yield a yellow liquid. The crude product was then purified by flash 
chromatography (0-5% Et2O/hexane over 25 CV) and the major peak  containing fractions were aggregated and evaporated 
to yield the title product as a light yellow oil (93% yield, 15.9 g, 76.4 mmol).  

 
2.2.2.2 Hydrolysis to afford 2-(2-methoxy-5-methylphenyl)-2-oxoacetic acid 

 
Lithium hydroxide (1.06 g, 44.3 mmol) was added to a solution of methyl 2-(2-methoxy-5-methylphenyl)-2-oxoacetate (4.61 
g, 22.1 mmol) in tetrahydrofuran (30 mL) and water (15 mL) at room temperature.  After stirring for 2 h the reaction was 
acidified with 1M HCl and extracted with EtOAc.  The organic phase was washed with brine, dried with MgSO4, filtered, and 
concentrated under reduced pressure to give the title compound (4.03 g, 20.8 mmol, 94% yield) as a gray solid without 
further purification. 1H NMR (600 MHz, DMSO-d6) δ 7.55 – 7.48 (m, 2H), 7.15 (d, J = 8.5 Hz, 1H), 3.81 (s, 3H), 2.29 (t, J = 
0.7 Hz, 3H); MS(APCI+) m/z 195.6 (M+H)+. The material was used in the next step without further characterization. 
 
2.2.2.3 Esterification towards (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(2-methoxy-5-
methylphenyl)-2-oxoacetate. 

 
 
Oxalyl chloride (8.66 mL, 99 mmol) was added dropwise to a mixture of 2-(2-methoxy-5-methylphenyl)-2-oxoacetic acid (9.6 
g, 49.4 mmol) and DMF (0.038 mL, 0.494 mmol) in CH2Cl2 (100 mL) at 0 °C.  The reaction was slowly warmed to room 
temperature and stirred for 16 h before being concentrated under reduced pressure.  The resulting residue was then taken up 
in CH2Cl2 (100 mL) and cooled in an ice bath. Triethylamine (TEA, 17.23 mL, 124 mmol), DMAP (0.060 g, 0.494 mmol), and 
R-pantolactone (9.65 g, 74.2 mmol, CombiBlocks) were then sequentially added before warming the mixture to room 
temperature.  After stirring for 2 h the reaction was washed with 1M HCl, saturated NaHCO3, and brine.  The organic phase 
was then dried with MgSO4, filtered, and concentrated under reduced pressure.  The crude residue was purified by flash 
chromatography (ISCO Combiflash, 0-50% EtOAc/heptanes,120 g Redisep gold silica column) to give the title compound 
(13.8 g, 45.1 mmol, 91% yield) as a light yellow oil after aggregation and evaporation of appropriate fractions. 1H NMR (500 
MHz, DMSO-d6) δ 7.62 – 7.55 (m, 2H), 7.19 (d, J = 8.5 Hz, 1H), 5.82 (s, 1H), 4.22 – 4.17 (m, 1H), 4.12 (d, J = 8.6 Hz, 1H), 
3.84 (s, 3H), 2.31 (d, J = 0.8 Hz, 3H), 1.21 (s, 3H), 0.99 (s, 3H); MS(APCI+) m/z 307.3 (M+H)+. The material was used in the 
next step without further characterization. 
 
2.2.2.4 One-pot diazotization of (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(2-methoxy-5
-methylphenyl)-2-oxoacetate. 

 
A mixture of (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(2-methoxy-5-methylphenyl)-2-oxoacetate (8.53 g, 27.8 mmol) and 
4-methylbenzenesulfonohydrazide (5.19 g, 27.8 mmol, Aldrich) in toluene (56 mL) was heated to reflux with a Dean-Stark trap. 
After 16 h the reaction was concentrated under reduced pressure and CH2Cl2 (56 mL) and TEA (5.82 mL, 41.8 mmol) were 
added to the resulting residue.  After stirring at room temperature for 16 h the reaction was washed with saturated NaHCO3 
and brine, dried with MgSO4, filtered, and concentrated under reduced pressure.  The crude residue was purified by flash 
chromatography (ISCO Combiflash, 0-40% EtOAc/heptanes, 120 g Redisep gold silica column) to yield (R)-4,4-dimethyl-2-
oxotetrahydrofuran-3-yl 2-diazo-2-(2-methoxy-5-methylphenyl)acetate (S18, 7.3 g, 23 mmol, 82% yield) as a yellow solid after 
aggregation and evaporation of appropriate fractions. 
 



S5 
 

2.2.3 Preparation of methyl 2-diazo-2-(2-methoxy-5-methylphenyl)acetate (S19).  
 
 
 
 
 
 
 
2.2.3.1 Hydrazine condensation towards methyl (E/Z)-2-hydrazineylidene-2-(2-methoxy-5-
methylphenyl) acetate. 

 
 
Hydrazine hydrate (50 wt% in H2O, 10.0 equiv, 24 mL, 384 mmol) was dissolved in methanol (100 mL) in a round-bottom 
flask and placed into an ice bath. 3M HCl (9.0 equiv, 120 mL, 346 mmol) was added dropwise to the stirring cold solution. 
After the addition was complete, methyl 2-(2’-methoxy-5’-methylphenyl)-2-oxoacetate (1.0 equiv, 8.00 g, 38.4 mmol) 
dissolved in methanol (30 mL) was added dropwise to the stirring solution. The solution was left to stir for 1.5 h. Reaction 
completion was determined by the presence of only two CAM stain active spots on TLC. If the reaction is left to run too long, 
a yellow precipitate is generated, possibly the azine dimer. This byproduct has the same rf as the starting material by TLC 
and thus disappearance of the starting material cannot be used to determine reaction completion. The reaction was 
quenched with a saturated sodium bicarbonate (NaHCO3) solution (150 mL) and left to stir and quench overnight. The 
reaction mixture was concentrated via rotovap to remove methanol. The solution was then extracted with EtOAc (2 X 100 
mL) and the organic layer was washed with DI H2O (100 mL) and saturated NaCl solution (100 mL) before drying over 
Na2SO4 and concentrating in vacuo. Hydrazone was purified by flash column chromatography (0-25% EtOAc/hec over 8 CV, 
25% EtOAc/hex for 6 CV, 25-45% EtOAc/hexanes over 6 CV, 45% EtOAc/hex for 10 CV, then 65% EtOAC/hex- 85% 
EtOAc/Hex for 10 CV). Both the E and Z isomers of the hydrazone product were isolated as separate peaks CAM active 
peaks and combined. The E and Z isomers may be isolated separately as white powders in their pure form, either isomer or 
a mixture of the two is suitable for the subsequent diazotization. Product containing fractions were concentrated to afford the 
title compound as a clear colorless oil (89% yield, 7.56 g, 34 mmol). 
 
 
 
2.2.3.2 Iodamine-T (TsNIK) oxidation of methyl (E/Z)-2-hydrazineylidene-2-(2-methoxy-5-
methylphenyl)acetate. 

 
Iodamine-T (TsNIK, S14, 1.1 equiv, 5.19 g, 15.47 mmol) was suspended in a solution of methyl (E/Z)-2-hydrazineylidene-2-
(2-methoxy-5-methylphenyl)acetate (1.0 equiv, 3.13 g, 14.06 mmol) in THF (20 mL). Aqueous 1.0 M KOH (1.1 equiv, 15 mL, 
15.47 mmol) was slowly added to the suspension, causing the solution to change in coloration from yellow to deep red. After 
stirring for 1 h at room temperature, the reaction solution was poured into aqueous KOH (1.0 M, 20 mL) and extracted with 
Et2O (2 X 20 mL). The organic layer was washed with KOH (1.0 M, 20 mL), DI H2O (20 mL) and saturated NaCl solution (40 
mL) before being dried over Na2SO4. The organic layer was concentrated via rotovap and purified by flash column 
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chromatography (1% EtOAc/hexanes over 24 CV) to afford methyl 2-diazo-2-(2-methoxy-5-methylphenyl)acetate (S19) as a 
bright orange, crystalline powder (80% yield, 2.5 g, 11.3 mmol) after aggregation and evaporation of appropriate fractions..  
 
2.2.4 Synthesis of methyl 2-(2-chloropyridin-3-yl)-2-diazoacetate (S20). 
 

 
Methyl 2-(2-chloropyridin-3-yl)acetate (S15, 1.0 equiv, 5.39 g, 29.1 mmol) and p-ABSA (1.2 equiv, 8.38 g, 34.9 mmol) were 
added to a flame-dried 250 mL round-bottom flask under an inert nitrogen atmosphere. They were dissolved in dry 
acetonitrile (MeCN, 150 mL) and cooled to 0 ˚C in an ice-bath. Then DBU (1.2 equiv, 5.31 g, 5.20 mL, 10.9 mmol) was 
added dropwise to the stirring solution which slowly became deep yellow. The reaction was allowed to warm to room 
temperature over 18 h. Reaction was then quenched with saturated NH4Cl (100 mL) and the organic layer was separated. 
The aqueous layer was extracted with CH2Cl2 (2 X 50 mL) and organic extracts were combined, dried over Na2SO4, and dry-
loaded onto silica (5 g). The product was then purified by flash column chromatography (0-50% EtOAc/hexanes). Yellow 
fractions were combined and evaporated to yield methyl 2-(2-chloropyridin-3-yl)-2-diazoacetate (S20) as a bright yellow 
fluffy solid (96% yield, 5.9 g, 27.9 mmol). 
 
2.2.5 Synthesis of methyl 2-diazo-2-(2-ethoxy-5-methylphenyl)acetate (S21).  

 
2.2.5.1 Friedel-Crafts acylation towards methyl 2-(2-ethoxy-5-methylphenyl)-2-oxoacetate. 

 
1-Ethoxy-4-methylbenzene (1.35 mL, 9.6 mmol) was added dropwise to a suspension of AlCl3 (1.60 g, 12.0 mmol) in CH2Cl2 
(38.5 mL) at 0 °C.  After 5 min, methyl 2-chloro-2-oxoacetate (1.106 mL, 12.02 mmol, Aldrich) was added dropwise and the 
reaction was warmed to room temperature.  After stirring for 16 h the reaction was poured into 250 mL of 1M HCl and extracted 
with CH2Cl2.  The organic phase was washed with 1M HCl and brine, dried with MgSO4 and concentrated under reduced 
pressure.  The crude residue was then purified by flash chromatography (ISCO Combiflash, 0-30% EtOAc/heptanes, 80 g 
Redisep gold silica column) to yield the title compound (1.42 g, 6.39 mmol, 66.4 % yield) as a light yellow oil after aggregation 
and evaporation of appropriate fractions. 1H NMR (400 MHz, CDCl3) δ 7.68 (dd, J = 2.4, 1.0 Hz, 1H), 7.40 7.30 (m, 1H), 6.86 
(d, J = 8.5 Hz, 1H), 4.07 (q, J = 7.0 Hz, 2H), 3.91 (s, 3H), 2.32 (d, J = 0.7 Hz, 3H), 1.39 (t, J = 7.0 Hz, 3H); MS(APCI+) m/z 
223.4 (M+H)+. The material was used in the next step without further characterization. 
 
2.2.5.2 One-pot diazotization of (methyl 2-(2-ethoxy-5-methylphenyl)-2-oxoacetate. 

 
A mixture of methyl 2-(2-ethoxy-5-methylphenyl)-2-oxoacetate (1.29 g, 5.80 mmol) and 4-methylbenzenesulfonohydrazide 
(1.08 g, 5.80 mmol) in toluene (14.5 mL) was heated at reflux with a Dean-Stark trap for 16 h.    The reaction was then 
concentrated under reduced pressure and the resulting residue was taken up in CH2Cl2 (14.5 mL) and cooled in an ice bath. 
TEA (1.214 mL, 8.71 mmol) was added in one portion and after 5 minthe reaction was warmed to room temperature.  After 
stirring for 16 h the reaction was washed with sat. NaHCO3 dried with MgSO4, and concentrated under reduced pressure.  
The crude residue was then purified by flash chromatography (ISCO Combiflash, 0-20% EtOAc/heptanes, 40 g Redisep 
gold silica column) to yield the title compound (S21, 1.08 g, 4.61 mmol, 79 % yield) as an orange oil that crystallized upon 
standing after aggregation and evaporation of appropriate fractions.. 
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2.2.6 Synthesis of methyl 2-diazo-2-(2-fluoro-5-methylphenyl)acetate (S22). 

 
 

2.2.6.1 Synthesis of methyl 2-(2-fluoro-5-methylphenyl)-2-oxoacetate 

 
tert-Butyllithium (t-BuLi, 13.4 mL, 22.8 mmol, 1.7 M in pentane) was added dropwise to a solution of 2-bromo-1-fluoro-4-
methylbenzene (1.43 mL, 11.4 mmol, Aldrich) in THF (57 mL) at -78 °C.  After 20 mina solution of dimethyl oxalate (2.69 g, 
22.75 mmol, Aldrich) in THF (3 mL) was added in one portion and the reaction was warmed to 0 °C.  After stirring for 16 h 
the reaction was quenched with DI H2O and extracted with EtOAc.  The organic phase was washed with brine, dried with 
Na2SO4, filtered, and concentrated under reduced pressure.  The crude material was purified by flash chromatography 
(ISCO Combiflash, 0-50% EtOAc/heptanes, 40 g Redisep gold silica column) to give the title compound (1.21 g, 6.17 mmol, 
54.2 % yield) as a yellow oil after aggregation and evaporation of appropriate fractions.. 1H NMR (600 MHz, CDCl3) δ 7.70 
(ddd, J = 6.7, 2.4, 0.9 Hz, 1H), 7.43 (dddd, J = 8.5, 5.0, 2.4, 0.7 Hz, 1H), 7.05 (dd, J = 10.5, 8.5 Hz, 1H), 3.96 (s, 3H), 2.42 – 
2.33 (m, 3H); MS(APCI+) m/z 197.5 (M+H)+. The material was used in the next step without further characterization. 
 
2.2.6.2 Diazotization of methyl 2-(2-fluoro-5-methylphenyl)-2-oxoacetate. 

 
Methyl 2-(2-fluoro-5-methylphenyl)-2-oxoacetate (1.28 g, 6.52 mmol) was added to a slurry of 4-
methylbenzenesulfonhydrazide (1.28 g, 6.85 mmol) in methanol (6 mL) at room temperature to give a yellow solution.  After 
stirring for 16 h at room temperature a white precipitate formed that was collected by filtration and washed with methyl-tert-
butyl ether (MTBE) to give 819 mg of intermediate hydrazone.  The mother liquor was concentrated under reduced pressure 
and the resulting solid was triturated with MTBE to yield an additional 700 mg of hydrazone as a white solid. This material was 
used directly in the next step without further purification. CH2Cl2 (10 mL) and TEA (0.627 mL, 4.50 mmol) were added to the 
first 819 mg batch of white solid.  After stirring at room temperature for 16 h the reaction was concentrated under reduced 
pressure.  The crude material was purified by flash chromatography (ISCO Combiflash, 0-20% EtOAc / heptanes, 24 g Redisep 
gold silica column) to yield the title compound as a yellow solid (S22, 406 mg, 1.950 mmol, 87 % yield) after aggregation and 
evaporation of appropriate fractions. 
 
2.2.7 Synthesis of methyl 2-diazo-2-(2-fluoro-5-methoxyphenyl)acetate (S23). 

 
2.2.7.1 Esterification of methyl 2-(2-fluoro-5-methoxyphenyl)acetate 
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Methyl iodide (0.82 mL, 13.0 mmol) was added to a mixture of 2-(2-fluoro-5-methoxyphenyl)acetic acid (2 g, 10.86 mmol, 
Astatech) and potassium carbonate (K2CO3, 1.95 g, 14.1 mmol) in DMF (11 mL) at room temperature.  After stirring for 16 h 
the reaction was diluted with EtOAc and washed twice with DI H2O and once with saturated NaCl solution.  The organic phase 
was dried with MgSO4 filtered, and concentrated under reduced pressure to give methyl 2-(2-fluoro-5-methoxyphenyl)acetate 
(1.66 g, 8.38 mmol, 77 % yield) as a light yellow oil without further purification. 1H NMR (500 MHz, CDCl3) δ 7.01 – 6.95 (m, 
1H), 6.80 – 6.74 (m, 2H), 3.77 (s, 3H), 3.71 (s, 3H), 3.64 (d, J = 1.3 Hz, 2H). The material was used in the next step without 
further characterization. 
 
2.2.7.2 Diazo transfer to form methyl 2-diazo-2-(2-fluoro-5-methoxyphenyl)acetate. 

 
DBU (1.27 mL, 8.40 mmol) was added to a solution of methyl 2-(2-fluoro-5-methoxyphenyl)acetate (1.19 g, 6.00 mmol) and 
p-ABSA (1.73 g, 7.20 mmol, Aldrich) in MeCN (18 mL) at room temperature.  After stirring for 16 h the reaction was diluted 
with EtOAc and washed twice with DI H2O and once with brine.  The organic phase was dried with MgSO4, filtered, and 
concentrated under reduced pressure.  The crude residue was purified by flash column chromatography (ISCO Combiflash, 
0-40% EtOAc / heptanes, 40 g Redisep gold silica column) to yield the title compound (S23, 977 mg, 4.36 mmol, 72.6 % 
yield)  after evaporation of appropriate fractions as a bright yellow solid. 
 
2.2.9 Synthesis of substituted vinyl-heterocycles 

 
Figure S2: Vinyl-heteroaryl substrates for cyclopropanation of aza-heterocycles. Compounds 35, 66, S24-S25 were synthesized using general 
procedure A. Compounds S26-S29 were synthesized using general procedure B. Compounds S30-S32 were synthesized according to alternative 
procedures. 
 
2.2.8.1 General procedure A, Wittig olefination of pyridyl-aldehydes.  

 
Reaction may be conducted on large scale, up to 140 mmol, although slightly lower yields may be observed. To 0 °C, stirred 
slurry of methyltriphenylphosphonium bromide (1.2 equiv) under an inert nitrogen atmosphere in tetrahydrofuran (150 mL) 
was added potassium tert-butoxide dissolved in 30 mL THF ((t-BuOK, 1.2 equiv) portionwise over a 5 minute period to 
produce a yellow ylide slurry. After 30 min, pyridyl aldehyde (1.0 equiv) was added slowly to produce a colored slurry (color 
ranges from brown to blue depending on pyridyl substitution). TLC was conducted every hour to monitor reaction progress 
(5% EtOAc in hexanes) warming to rt or heating to 60 ˚C if reaction was incomplete after 2 h. After the reaction had stopped 
the reaction mixture was treated with saturated aqueous ammonium chloride (160 mL) and a majority of the THF was 
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removed in vacuo (concentrated via rotovap). The resulting mixture (often a brown liquid) was washed with ethyl acetate, the 
combined organic layers washed with saturated aqueous brine and stirred over activated charcoal for 1hr to remove colored 
impurities. The mixture was then filtered over Celite, dried over Na2SO4 and concentrated in vacuo. The resulting semi-
solid/oil was stirred overnight in pentanes (150 mL) to precipitate phosphine byproduct. Then the solution was filtered 
through a silica plug (~50 g) and the solids washed with an additional portion of 2:1 Et2O/pentane (500 mL) until olefin spots 
(as confirmed by TLC (5% EtOAc/hexanes) developed with permanganate stain) no longer eluted from the plug. The 
combined filtrates were concentrated in vacuo and purified by flash column chromatography (0-5% Et2O/hexanes over 40 
CV) and product containing fractions were combined and evaporated to afford the vinyl-pyridine as a colorless or yellow oil 
( 40-65% yield). Products 35, 66, S24, and S25 were synthesized via this method. 
 
2.2.8.2 General procedure B, Suzuki-coupling towards vinyl-heterocycles.  

 
Reaction may be run on a variety of scales and is effective for heteroaryl iodides, bromides, and chlorides although higher 
catalyst and ligand loading (2 mol % Pd/ 5 mol % PAPh) was most effective for heteroaryl-chlorides. Heteroaryl-halide (1.0 
equiv), 1,3,5,7-tetramethyl-6-phenyl-2,4,8-trioxa-6-phosphaadamantane (PAPh, 1.5 mol %), and potassium carbonate 
(K3CO3, 2.5 equiv) were combined in a round-bottom flask containing a stir bar and charged with a dioxane:water (4:1 v:v) 
solution. The mixture was sparged with nitrogen for 10 minbefore adding tris(dibenzylideneacetone)dipalladium(0) 
(Pd2(dba)3, 0.5 mol %). After the solution had turned a deep red color, neat vinylboronic acid pinacol ester (1.5 equiv) was 
added dropwise. The reaction mixture was then heated overnight at 80 °C. Disappearance of starting heteroaryl-halide was 
monitored by TLC (1% EtOAc/hexanes) to determine reaction completion. The reaction mixture was decanted into a 
separatory funnel and DI water (20 mL) was added. The aqueous mixture was extracted with Et2O (2 X 20 mL). Organic 
extracts were combined and washed with DI H2O (1x 50 mL) and saturated NaCl solution (1x 50 mL). The organic layer was 
then filtered over celite and dried over Na2SO4 before concentrating in vacuo. The material was then purified via flash 
column chromatography (0-2% EtOAc / hexanes, 18 CV) and the pure product fractions (identified by permanganate stain) 
were combined to afford the desired vinyl-heterocycle (S26-S29, 47-96% yield). 
 
2.2.9 Synthesis of 3-isopropyl-5-vinyl-1,2,4-oxadiazole (S30) 

 
Acryloyl chloride (1.20 equiv, 1.06 g, 11.7 mmol) was added slowly to a solution of (E)-N'-hydroxyisobutyrimidamide (1.00 g, 
9.79 mmol) in CH2Cl2 (8 mL) at rt. After 12 hr, the reaction mixture was neutralized using sat. NaHCO3, extracted 3 X using 
CH2Cl2, dried over anhydrous Na2SO4, and concentrated to afford crude (E)-N'-(acryloyloxy)isobutyrimidamide (1.53 g, 9.78 
mmol) as a white solid. Crude (E)-N'-(acryloyloxy)isobutyrimidamide (1.53 g, 9.78 mmol) and TEA (2.76 mL, 19.81 mmol) 
were then dissolved in THF (20 mL) in a sealed microwave vial. The reaction mixture was heated to 100 °C and stirred for 
12 h and then cooled to rt. After the vial had cooled, the mixture was filtered over celite, washed with ether, and 
concentrated. The crude residue was purified by flash column chromatography (0% ether/hexanes for 3 CV, 0%-5% 
ether/hexanes over 15 CV, 5% ether/hexanes for 5 CV). The appropriate fractions (identified by permanganate stain) were 
concentrated via rotovap (with a bath temp of 23 °C) to afford 3-isopropyl-5-vinyl-1,2,4-oxadiazole (S30, 550mg, 3.98 mmol, 
40% yield) as a clear colorless liquid. 
 
2.2.10 Synthesis of 3,5-dimethyl-1-vinyl-1H-pyrazole (S31) 
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This product was synthesized via Chan-Lam coupling. Cu(OAc)2 (1.5 equiv, 8.5 g, 47 mmol), DMAP (1.5 equiv, 5.7 g, 47 
mmol), trifluoro(vinyl)-l4-borane potassium salt (1.5 equiv, 6.3 g, 47mmol), and 3,5-dimethyl-1H-pyrazole (1.0 equiv, 3.0 g, 
31 mmol) were added to a 250 mL round-bottom flask and dissolved in MeCN (100 mL). The flask was sealed and heated to 
80 °C under inert nitrogen atmosphere. After stirring for 18 h, the reaction was cooled to rt, diluted with Et2O, and filtered off 
the solids by passing through a short silica plug. The filtrate was concentrated carefully via rotovap in order to not lose the 
volatile product. The resulting crude residue was purified by flash column chromatography (0-100% Et2O/hexanes over 40 
CV) and product containing fractions (identified by permanganate stain) were carefully concentrated to afford 3,5-dimethyl-1-
vinyl-1H-pyrazole (S31, 1.8 g, 15 mmol, 47% yield) as a clear colorless liquid. 
 
2.2.11 Synthesis of 3-(benzyloxy)-1-vinyl-1H-pyrazole (S32) 

 
This product was synthesized via Chan-Lam coupling. Mixed DMAP (1.052 g, 8.61 mmol), Cu(OAc)2 (1.564 g, 8.61 mmol), 
trifluoro(vinyl)-l4-borane potassium salt (1.153 g, 8.61 mmol), and 3-(benzyloxy)-1H-pyrazole (1 g, 5.74 mmol) in MeCN 
(14.4 mL). The mixture was heated at 80 °C for 2 h under ambient atmosphere. The mixture was cooled to rt, diluted with 
MTBE, mixed with celite, filtered, washed with additional MTBE, and loaded onto additional celite by removing the solvent 
under vacuum. The material was then purified by flash column chromatography (RediSep Rf Gold® Normal-Phase Silica, 24 
g, 0-50% EtOAc/heptanes) and product containing fractions (identified by permanganate stain) were concentrated to afford 
3-(benzyloxy)-1-vinyl-1H-pyrazole (S32 475 mg, 2.372 mmol, 41.3 % yield) as a clear colorless oil. 
 
2.3 Catalyst preparation: 
 
All catalysts were synthesized according to known procedures and used directly. 

 
Figure S3: Dirhodium tetracarboxylate catalysts used for cyclopropanation involving aza-heterocycles.  
Rh2(R-DOSP)4 4 was prepared using the procedure reported in the literature.12 
Rh2(S-PTAD)4 5 was prepared using the procedure reported in the literature.13 
Rh2(R-p-Ph-TPCP)4 6 was prepared using the procedure reported in the literature.14  
Rh2(R-TPPTTL)4 and Rh2(S-TPPTTL)4 7 were prepared using the procedure reported in the literature.15  
 
 
3. Procedures for cyclopropanation involving aza-heterocycles. 
 
3.1 General procedure for cyclopropanation of vinyl-heterocycles with aryl-diazo-(R)-
pantolactonates. 

 
A 10 mL vial containing a stir bar was flame dried under vacuum along with a small round-bottom flask. Vessels were 
evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then catalytic rhodium octanoate dimer 
(Rh2(oct)4, 1.0 mol %, 1.6 mg, 2.0 µmol) was added to the vial. Solid aryl-diazo-(R)-pantolactonate (1.0 equiv, 0.20 mmol) 
was added to the flame dried round bottom flask. Then vacuum was reestablished on both the vial and the flask to further 
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remove air from the system. After 5 min, the system was flushed with nitrogen and vinyl-heterocycle (2.0 equiv, 0.40 mmol) 
was added to the vial via preweighed syringe along with 2 mL dry CH2Cl2 was added to the vial. The nitrogen line attached 
to the vial was then replaced by a balloon filled with argon. Diazo compound was dissolved in 3 mL dry CH2Cl2 under an 
inert atmosphere. The round bottom flask was swirled to ensure all diazo had dissolved before the solution was loaded into 
a syringe. The syringe was then inserted through the vial septum and the full contents were injected into the vial in one 
portion. The reaction was stirred at room temperature overnight under argon (at least 13 h). The reaction solution was 
subjected to TLC to determine reaction completion (30% EtOAc/hexanes). Crude reaction was concentrated via rotovap and 
asymmetric induction was determined by 1H NMR of the crude reaction mixture. Purified by flash column chromatography 
(0% Et2O/hexanes for 3CV, 0-100% Et2O /hexanes over 30 CV, 100% Et2O for 3CV). Fractions containing only product by 
TLC were aggregated and concentrated via rotovap. Products 8-16 were synthesized via this method. 
 
3.2. General procedure for the additive free cyclopropanation of vinyl-heterocycles with 
non-ortho-substituted aryl/heteroaryl-diazoacetates. 

 
Compounds were prepared according to the established literature procedure for lab-scale cyclopropanation.16 A 10 mL vial 
containing 4Å activated molecular sieves (0.5 g) and a stir bar was flame dried under vacuum along with a small round-
bottom flask. Vessels were evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then catalytic 
Rh2(R-p-Ph-TPCP)4 (0.5 mol %, 1.8 mg, 0.0001 mmol) was added to the vial. Solid diazo compound (1.0 equiv, 0.20 mmol) 
was added to the flame dried round bottom flask. Then vacuum was reestablished on both the vial and the flask to further 
remove air from the system. After 5 min, the system was flushed with nitrogen and vinyl-heterocycle (2.32 equiv, 1.0 mmol) 
was added to the vial via preweighed syringe along with 2 mL dry (MeO)2CO or CH2Cl2. The nitrogen line attached to the vial 
was then replaced by a balloon filled with argon. Diazo compound was dissolved in 3 mL dry (MeO)2CO or CH2Cl2 under an 
inert atmosphere. The round bottom flask was swirled to ensure all diazo had dissolved before the solution was loaded into 
a syringe. The syringe was then inserted through the vial septum and the full contents were injected into the vial in one 
portion. The reaction was stirred overnight under argon (at least 13 h). The reaction solution was subjected to TLC to 
determine reaction completion (20% EtOAc/hexanes). After completion the solution was filtered through celite to remove 
molecular sieves before concentrating via rotovap. The crude concentrate was then directly purified by flash column 
chromatography (5% EtOAc/hexanes 3 CV, 5% EtOAc/hexanes to 30% EtOAc/hexanes 15 CV, 30% EtOAc/hexanes for 3-
10 CV). Fractions containing only product by TLC were aggregated and concentrated via rotovap. Enantioselectivity was 
determined by chiral HPLC. Products 17-33 were synthesized via this method. 
 
3.2.1 Synthesis of Tert-butyl 5-bromo-3-(1-diazo-2-oxo-2-(2,2,2-trichloroethoxy)ethyl)-1H-
indole-1-carboxylate (34).  

 
The diazo compound in question proved difficult to work with, but effective cyclopropanation was achieved by using the 
compound directly after a short column. Tetrakis(triphenylphosphine)palladium(0) (273.8 mg, 0.05 equiv, 236.9 µmol), 
triphenylphosphine (124.3 mg, 0.1 equiv, 473.9 µmol), tert-butyl 5-bromo-3-iodo-1H-indole-1-carboxylate (2.000 g, 1.0 equiv, 
4.739 mmol), silver carbonate (653.3 mg, 0.5 equiv, 2.369 mmol) were added to a 100 mL flame-dried round bottom flask 
equipped with a magnetic stir-bar. The reagents were suspended in toluene (20 mL) under nitrogen, followed by addition of 
triethylamine (623.4 mg, 0.859 mL, 1.3 equiv, 6.160 mmol)  and 2,2,2-trichloroethyl 2-diazoacetate (1.133 g, 1.1 equiv, 
5.213 mmol). The resulting reaction was stirred at room temperature for 4 h and then filtered through a short path of silica 
gel, eluting with ethyl acetate. The volatile compounds were removed through reduced pressure and the residue was 
purified by column chromatography(1% -15% EtOAc in hexane) to give the desired product (2.259 g, 93% yield), tert-butyl 
5-bromo-3-(1-diazo-2-oxo-2-(2,2,2-trichloroethoxy)ethyl)-1H-indole-1-carboxylate, as a bright orange solid after 
aggregation and evaporation of appropriate fractions. 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 88 Hz, 1H), 7.87 (s, 1H), 
7.63 (d, J = 1.9 Hz, 1H), 7.46 (dd, J = 8.9, 1.9 Hz, 1H), 4.93 (s, 2H), 1.66 (s, 9H).HRMS: (+p APCI) Peak calculated for 
[C17H15BrCl3N3O4+ minus C5H9O2 minus N2 plus 3H] 381.88095, found 381.88001. IR(neat): 2954, 2091, 1737, 1713, 1451, 
1370, 1306, 1270, 1249, 1243, 1120, 1153, 1113, 1050, 1009, 897, 853, 841, 803, 778, 766, 717, 634, 615, 586, 573 cm-1. 
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The product was used immediately in the subsequent cyclopropanation without further characterization. A 10 mL vial 
containing 4Å activated molecular sieves (0.5 g) and a stir bar was flame dried under vacuum along with a small round-
bottom flask. Vessels were evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then catalytic 
Rh2(R-p-Ph-TPCP)4 (0.5 mol %, 1.8 mg, 0.0001 mmol) was added to the vial. Solid diazo compound (1.0 equiv, 100 mg, 
0.20 mmol) was added to the flame dried round bottom flask. Then vacuum was reestablished on both the vial and the flask 
to further remove air from the system. After 5 min, the system was flushed with nitrogen and 35 (2.32 equiv, 0.46 mmol, 65 
mg) was added to the vial via preweighed syringe along with 2 mL dry CH2Cl2. The nitrogen line attached to the vial was 
then replaced by a balloon filled with argon. Diazo compound was dissolved in 3 mL dry CH2Cl2 under an inert atmosphere. 
The round bottom flask was swirled to ensure all diazo had dissolved before the solution was loaded into a syringe. The 
syringe was then inserted through the vial septum and the full contents were injected into the vial in one portion. The 
reaction was stirred overnight under argon (at least 13 h). The reaction solution was subjected to TLC to determine reaction 
completion (20% EtOAc/hexanes). After completion the solution was filtered through celite to remove molecular sieves 
before concentrating via rotovap. The crude concentrate was then directly purified by flash column chromatography (5% 
EtOAc/hexanes 3 CV, 5% EtOAc/hexanes to 30% EtOAc/hexanes 15 CV, 30% EtOAc/hexanes for 3-10 CV). Fractions 
containing only product by TLC were aggregated and concentrated via rotovap. Product (34) was obtained as a brown oil in 
82% yield and 89% ee (0.16 mmol, 102 mg). Enantioselectivity was determined by chiral HPLC.  
 
 
3.3 General procedure for the additive free cyclopropanation of vinyl-heterocycles with 
ortho-substituted aryl/heteroaryl-diazoacetates 

 
A 10 mL vial containing 4Å activated molecular sieves (0.5 g) and a stir bar was flame dried under vacuum along with a 
small round-bottom flask. Vessels were evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then 
catalyst Rh2(S-TPPTTL)4 (1.0 mol %, 4.9 mg, 0.002 mmol) was added to the vial. Solid diazo compound (1.0 equiv, 0.20 
mmol) was added to the flame dried round bottom flask. Then vacuum was reestablished on both the vial and the flask to 
further remove air from the system. After 5 min, the system was flushed with nitrogen and vinyl pyridine (5.0 equiv, 1.0 
mmol) was added to the vial via preweighed syringe and 2 mL distilled CH2Cl2 was added to the vial. The nitrogen line 
attached to the vial was then replaced by a balloon filled with argon and the vial was added to an ice bath to maintain the 
temperature at 0 ˚C and let stir. Temperature of the ice bath was monitored by thermocouple external to the reaction vessel. 
While the vial cooled for approximately 10 min, the diazo compound was dissolved in 3 mL distilled CH2Cl2 added via 
syringe. The round bottom flask was swirled to ensure all diazo had dissolved before the solution was loaded into the 
syringe. The syringe was then inserted through the vial septum and the full contents were injected into the vial in one portion 
maintaining the bath at 0 ˚C throughout the addition. The reaction was stirred overnight under argon in the ice bath which 
slowly warmed to room temperature (at least 13 h). The reaction solution was subjected to TLC to determine reaction 
completion (20% EtOAc/hexanes). After completion the solution was filtered through celite to remove molecular sieves 
before concentrating via rotovap. The crude concentrate was then directly purified by flash column chromatography (5% 
EtOAc/hexanes 3 CV, 5% EtOAc/hexanes to 30% EtOAc/hexanes 15 CV, 30% EtOAc/hexanes for 3-10 CV). Fractions 
containing only product by TLC were aggregated and concentrated via rotovap. Enantioselectivity was determined by chiral 
HPLC. Products 37-46 were synthesized via this method. 
 
3.4 General procedure for the additive promoted cyclopropanation involving ortho-
substituted aryl/heteroaryl-diazoacetates. 

 
A 10 mL vial containing 4Å activated molecular sieves (0.5 g) and a stir bar was flame dried under vacuum along with a 
small round-bottom flask. Vessels were evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then 
catalytic Rh2(S-TPPTTL)4 (1.0 mol %, 4.9 mg, 0.002 mmol) was added to the vial. Solid diazo compound (1.0 equiv, 0.20 
mmol) was added to the flame dried round bottom flask. Then vacuum was reestablished on both the vial and the flask to 
further remove air from the system. After 5 min, the system was flushed with nitrogen, vinyl-heterocycle (1.5 equiv, 0.30 
mmol), and 2-Clpyridine (3.5 equiv, 79 mg, 66 µl, 0.70 mmol) was added to the vial via syringe along with 2 mL dry CH2Cl2. 
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The nitrogen line attached to the vial was then replaced by a balloon filled with argon and the vial was added to an ice bath 
to maintain the temperature at 0 ˚C and let stir. Temperature of the ice bath was monitored by thermocouple external to the 
reaction vessel. While the vial cooled for approximately 10 min, the diazo compound was dissolved in 3 mL dry CH2Cl2 
added via syringe. The round bottom flask was swirled to ensure all diazo had dissolved before the solution was loaded into 
the syringe. The syringe was then inserted through the vial septum and the full contents were injected into the vial in one 
portion maintaining the bath at 0 ˚C throughout the addition. The reaction was stirred overnight under argon in the ice bath 
which slowly warmed to room temperature (at least 13 h). The reaction solution was subjected to TLC to determine reaction 
completion (20% EtOAc/hexanes).  After completion the solution was filtered through celite to remove molecular sieves 
before concentrating via rotovap. The crude concentrate was then directly purified by flash column chromatography (5% 
EtOAc/hexanes 3 CV, 5% EtOAc/hexanes to 30% EtOAc/hexanes 15 CV, 30% EtOAc/hexanes for 3-10 CV). Fractions 
containing only product by TLC were aggregated and concentrated via rotovap. Enantioselectivity was determined by chiral 
HPLC. Products 37, 47-49, 52-53, 56-57, 62-65 were synthesized via this method. 
 
3.5 General procedure for the additive promoted cyclopropanation involving ortho-
substituted aryl/heteroaryl-diazoacetates and HFIP. 

 
A 10 mL vial containing a stir bar was flame dried under vacuum along with a small round-bottom flask. Vessels were 
evacuated and purged with nitrogen 2 times to establish an inert atmosphere. Then catalytic Rh2(S-TPPTTL)4 (1.0 mol %, 
4.9 mg, 0.002 mmol) was added to the vial. Solid diazo compound (1.0 equiv, 0.20 mmol) was added to the flame dried 
round bottom flask. Then vacuum was reestablished on both the vial and the flask to further remove air from the system. 
After 5 min, the system was flushed with nitrogen, vinyl-heterocycle (1.5 equiv, 0.30 mmol), 2-Clpyridine (3.5 equiv, 79 mg, 
66 µl, 0.70 mmol), and 1,1,1-3,3,3-hexafluoroisopropanol (HFIP, 10 equiv, 340 mg, 0.21 mL, 2.0 mmol) was added to the 
vial via syringe along with 2 mL dry CH2Cl2. The nitrogen line attached to the vial was then replaced by a balloon filled with 
argon and the vial was added to an ice bath to maintain the temperature at 0 ˚C and let stir. Temperature of the ice bath was 
monitored by thermocouple external to the reaction vessel. While the vial cooled for approximately 10 min, the diazo 
compound was dissolved in 3 mL distilled CH2Cl2 added via syringe. The round bottom flask was swirled to ensure all diazo 
had dissolved before the solution was loaded into the syringe. The syringe was then inserted through the vial septum and 
the full contents were injected into the vial in one portion maintaining the bath at 0 ˚C throughout the addition. The reaction 
was stirred overnight under argon and allowed to warm to room temperature (at least 13 h). The reaction solution was 
subjected to TLC to determine reaction completion (20% EtOAc/hexanes). After completion the solution was filtered through 
celite to remove molecular sieves before concentrating via rotovap. The crude concentrate was then directly purified by flash 
column chromatography (5% EtOAc/hexanes 3 CV, 5% EtOAc/hexanes to 30% EtOAc/hexanes 15CV, 30% EtOAc/hexanes 
for 3-10 CV). Fractions containing product by TLC were aggregated and concentrated via rotovap. Enantioselectivity was 
determined by chiral HPLC. Products 37-39, 47-51, 54-55, 58-61 were synthesized via this method. 
 
3.6 Procedure for one-Pot hydrazone oxidation/cyclopropanation 

 
 

In the first step: A 20 mL scintillation vial was charged with Cu(OAc)2-H2O (3.9 mg, 0.020 mmol, 10 mol %), silica powder (44.4 
mg, 100 wt%, SiliaFlash® P60, 40-63 μm), and 1.0 mL solution of 0.06 mol/L DMAP in CH2Cl2 The initial mixture was stirred 
vigorously with a stir bar (600 rpm) under air for 5 min before hydrazone was added. In a 4 mL scintillation vial, methyl (Z)-2-
hydrazineylidene-2-(2-methoxy-5-methylphenyl)acetate (44.4 mg, 0.20 mmol, 1.0 equiv) was dissolved in 1.0 mL of the 0.06 
mol/L DMAP in CH2Cl2 solution. The hydrazone/DMAP CH2Cl2 solution was then transferred by syringe in one portion to the 
initial mixture of Cu(OAc)2-H2O/silica/DMAP CH2Cl2 solution. The reaction was stirred for 0.5 h before next step to afford a 
crude solution of 36.  
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In the second step: a 20 mL scintillation vial equipped with a stir bar was flame dried under vacuum. After cooling down, the 
vail was charged with Rh2(S-TPPTTL)4 (4.9 mg, 1.0 mol %, 0.0020 mmol), then flushed with nitrogen for 3 times and the 
nitrogen balloon was left on the septum. Then HFIP (672.2 mg, 0.42 mL, 20 equiv, 4.0 mmol), 2-chloropyridine (79.5 mg, 66 
µL, 3.5 equiv, 0.70 mmol), 2-chloro-5-vinylpyridine (35, 41.9 mg, 1.5 equiv, 0.30 mmol) and 2.0 mL CH2Cl2 were added 
sequentially via syringe, the mixture was stirred at 600 rpm for 10 min before crude diazo injection. The crude diazo mixture 
from step 1 (~1.5 mL) was added by syringe to the 2-chloro-5-vinylpyridine/Rh2(S-TPPTTL)4/HFIP/2-chloropyridine solution in 
one portion. The reaction was then stirred 1 h under nitrogen at r.t. After completion the solution was concentrated under 
rotovap and purified by flash column chromatography (5 % EtOAc/hexanes 3 CV, 5 % EtOAc/hexanes to 30 % EtOAc/hexanes 
15 CV, 30 % EtOAc/hexanes 10 CV). Cyclopropanation product was concentrated to give a clear colorless oil in 83% yield 
(37, 55.2 mg,0.166 mmol) and 98% ee. Repeating the same reaction without addition of the HFIP resulted in recovery of 
unreacted diazo compound 36. 

Results and Discussion 

4. Characterization of synthesized compounds. 
 
4.1 Characterization of novel starting materials 

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)acetate. This compound was prepared according to the 
procedure outlined in 2.2.1.1 on 23.3 mmol scale. After isolation the product was obtained as off-white crystalline solid (70% 
yield, 5.3 g, 16 mmol). 
MP: 62-63 ̊C 
1H NMR (400 MHz, CDCl3) δ 7.45(d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.2 Hz, 2H), 5.34 (s, 1H), 4.05 – 3.95 (m, 2H), 3.72 (s, 2H), 
1.12 (s, 3H), 0.99 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 172.1, 169.9, 132.2, 131.8, 131.1, 121.5, 76.2, 75.5, 40.2, 40.2, 22.9, 19.8. 
HRMS: (+p APCI) calculated for [C₁₄H₁₆O₄⁷⁹Br +] 327.0227, found 327.0227 
IR(neat): 2967, 2931, 1779, 1745, 1592, 1488, 1465, 1400, 1269, 1351, 1297, 1242, 1139, 1072, 1031, 1012, 997, 914, 851, 
801, 754, 735, 573, 540, 491 cm-1   

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-(4-bromophenyl)-2-diazoacetate S17. This compound was prepared 
according to the procedure outlined in 2.2.1.2 on 6.11 mmol scale. After isolation the product was obtained as a powdery 
orange solid (60% yield, 1.30 g, 3.68 mmol). 
MP: 95-99 ̊C diazo decomposes rapidly after melting 
1H NMR(400 MHz, CDCl3) δ 7.59 – 7.42 (m, 2H), 7.42 – 7.31 (m, 2H), 5.52 (s, 1H), 4.08 (m, 2H), 1.25 (s, 3H), 1.13 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 172.1, 163.4, 132.2, 125.5, 123.9, 119.9, 76.2, 75.4, 40.2, 22.9, 19.8. 
HRMS: (+p APCI) Compound decomposed in ESI-MS to give OH-insertion product. Peak calculated for [C₁₄H₁₄O₄⁷⁹Br +] 
325.007, found 325.0075 
IR(neat): 2970, 2089, 1783, 1738, 1490, 1464, 1365, 1275, 1230, 1217, 1141, 1086, 1031, 1009, 996, 970, 920, 821, 781, 
731, 647, 575, 543, 528, 515, 493 cm-1   

 
Methyl 2-(2-methoxy-5-methylphenyl)-2-oxoacetate. This compound was prepared according to the procedure outlined in 
2.2.2.1 from the reaction between 4-methyl anisole and methyl-oxalyl chloride on 81.9 mmol scale. After isolation the 
product was obtained as a light yellow liquid (93% yield, 15.9 g, 76.4 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.67 (d, J = 2.5 Hz, 1H), 7.39 (dd, J = 8.5, 2.4 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 3.91 (s, 3H), 
3.84 (s, 3H). 
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13C NMR (151 MHz, CDCl3) δ186.4, 165.7, 158.5, 137.1, 130.9, 130.6, 122.4, 112.2, 56.3, 52.3, 20.2. 
HRMS: (+p APCI) calculated for [C₁₁H₁₃O₄+] 209.0808, found 209.0806 
IR(neat): 2951, 1739, 1667, 1608, 1581, 1497, 1412, 1272, 1245, 1224, 1179, 1155, 1133, 1019, 947, 901, 864, 813, 778, 
712,669,  588, 537, 489 cm-1   

 
 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 2-diazo-2-(2-methoxy-5-methylphenyl)acetate S18. 
This compound was prepared according to the procedure outlined in 2.2.2.4 from (R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl 
2-(2-methoxy-5-methylphenyl)-2-oxoacetate. After isolation the product was obtained as a yellow solid (7.3 g, 23 mmol, 82% 
yield). 
1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 2.2 Hz, 1H), 7.09 – 7.04 (m, 1H), 6.80 (d, J = 8.4 Hz, 1H), 5.50 (s, 1H), 4.10 – 4.02 
(m, 2H), 3.84 (s, 3H), 2.33 – 2.29 (m, 3H), 1.25 (s, 3H), 1.12 (s, 3H);  
13C NMR (101 MHz, CDCL3) δ 172.4, 153.5, 130.6, 130.5, 129.4, 112.5, 110.9, 76.2, 75.2, 55.6, 40.2, 23.0, 20.5, 19.8  
HRMS:  (ESI) m/z calculated for C16H18N2O5Na [M+Na]+, 475.1533; found 475.1545. 

 
Methyl (E/Z)-2-hydrazineylidene-2-(2-methoxy-5-methylphenyl)acetate. This compound was prepared according to the 
procedure outlined in 2.2.3.1 between methyl 2-(2-methoxy-5-methylphenyl)-2-oxoacetate and hydrazine on 38.4 mmol 
scale. After isolation the product was obtained as a mixture of isomers as a clear, colorless clear colorless oil (89% yield, 
7.56 g, 34 mmol). Pure Z-isomer appears as an off-white solid, pure E-isomer is obtained as a white solid. 
MP: 63-65 ̊C – Z-isomer, 72-75 ̊C – E-isomer,  
1H NMR (400 MHz, CDCl3) Z-Isomer: δ 8.13 (s, 2H), 7.14 – 7.12 (m, 2H), 7.10 (dt, J = 2.4, 0.8 Hz, 1H), 6.79 (d, J = 8.1 Hz, 
1H), 3.76 (s, 3H), 3.73 (s, 3H), 2.30 (d, J = 0.8 Hz, 3H). E-isomer: δ 7.21 (ddq, J = 8.6, 2.3, 0.7 Hz, 1H), 6.97 (dt, J = 2.3, 0.6 
Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.11 (s, 2H), 3.83 (s, 3H), 3.77 (s, 3H). 
13C NMR (151 MHz, CDCl3) Z-Isomer: δ163.7, 155.9, 130.7, 130.3, 130.2, 126.3, 111.1, 56.0, 51.6, 20.6. E-isomer: δ 165.3, 
155.1, 136.1, 131.9, 130.8, 130.7, 118.3, 111.9, 56.1, 52.6, 20.7. 
HRMS: (+p APCI) calculated for [C₁₁H₁₅O₃N₂+] 223.1077, found 223.1077 for Z isomer, found 223.1079 for E isomer. 
IR(neat): Z-Isomer: 3454, 3293, 2948, 2836, 1695, 1575, 1498, 1463, 1435, 1295, 1266, 1245, 1186, 1150, 1130, 1037, 
1025, 993, 887, 808, 730, 670, 496. E-Isomer: 3407,3294, 3210, 2948, 2838, 1708, 1608, 1557, 1496, 1435, 1316, 1238, 
1185, 1119, 1046, 1025, 950, 872, 810, 781, 729, 468 cm-1   

 
Methyl 2-diazo-2-(2-methoxy-5-methylphenyl)acetate (S19) 
This compound was prepared according to the procedure outlined in 2.2.3.2 between methyl (E/Z)-2-hydrazineylidene-2-(2-
methoxy-5-methylphenyl)acetate and TsNIK on 14.06 mmol scale. After isolation the product was obtained as a mixture of 
isomers as a bright orange powder (80% yield, 2.5 g, 11.3 mmol).  
MP: 55-60 ̊C  
1H NMR (600 MHz, CDCl3) δ 7.36 (s, 1H), 7.06 (d, J = 8.41 Hz, 1H), 6.79 (d, J = 8.42 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 
2.31 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 166.8, 153.5, 130.7, 130.5, 129.2, 113.3, 110.9, 55.7, 51.9, 20.6. Please note that the diazo 
carbon was not visible by 13C NMR. 
HRMS: (+p APCI) calculated for [C₁₁H₁₃O₃N₂+] 221.0921, found 221.0922 
IR(neat): 2090, 1693, 1503, 1434, 1339, 1291, 1248, 1186, 1138, 1048, 804, 743 cm-1 
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Methyl 2-(2-chloropyridin-3-yl)-2-diazoacetate (S20). This compound was prepared according to the procedure outlined in 
2.2.4 between methyl 2-(2-chloropyridin-3-yl)acetate and p-ABSA on 29.1 mmol scale. After isolation the product was 
obtained as a bright yellow solid (96% yield, 5.9 g, 27.9 mmol). 
MP: 71-73 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.35 (dd, J = 4.7, 1.9 Hz, 1H), 7.95 (dd, J = 7.8, 1.9 Hz, 1H), 7.32 (dd, J = 7.8, 4.7 Hz, 1H), 
3.86 (s, 3H).  
13C NMR (151 MHz, CDCl3) δ 165.4, 149.2, 148.9, 140.5, 122.7, 121.6, 52.5. Please note that the diazo carbon was not 
visible by 13C NMR. 
HRMS: (+p APCI) calculated for [C₈H₇O₂N₃³⁵Cl +] 212.0221, found 212.0222 
IR(neat): 2097, 1694, 1555, 1455, 1435, 1402, 1344, 1272, 1211, 1193, 1162, 1128, 1099, 1060, 1023, 1006, 798, 737, 727 
cm-1  

 
Methyl 2-diazo-2-(2-ethoxy-5-methylphenyl)acetate (S21) 
This compound was prepared according to the procedure outlined in 2.2.5.2 from methyl 2-(2-ethoxy-5-methylphenyl)-2-
oxoacetate on 9.6 mmol scale. After isolation the product was obtained as an orange oil which crystallized upon standing 
(1.08 g, 4.61 mmol, 52% yield over 2 steps) 
1H NMR (400 MHz, CDCl3) d 7.36 (d, J = 2.3 Hz, 1H), 7.02 (ddd, J = 8.4, 2.3, 0.8 Hz, 1H), 6.77 (d, J = 8.4 Hz, 1H), 4.02 (q, J 
= 7.0 Hz, 2H), 3.83 (s, 3H), 2.29 (d, J = 0.7 Hz, 3H), 1.41 (t, J = 6.9 Hz, 3H);  
13C NMR (101 MHz, CDCL3) δ 166.9, 152.8, 130.6, 130.4, 129.0, 113.3, 111.7, 64.2, 52.0, 20.7, 14.8;  
HRMS (ESI) m/z calculated for C12H14N2O3Na [M+Na]+, 257.0897; found 257.0899. 

 
Methyl 2-diazo-2-(2-fluoro-5-methylphenyl)acetate (S22) 
This compound was prepared according to the procedure outlined in 2.2.6 from 2-bromo-1-fluoro-4-methylbenzene. After 
isolation the product was obtained as a yellow solid (406 mg, 1.950 mmol, 47% yield over 2 steps) 
1H NMR (500 MHz, CDCl3) δ 7.49 – 7.43 (m, 1H), 7.05 – 6.99 (m, 1H), 6.96 (dd, J = 10.8, 8.4 Hz, 1H), 3.86 (s, 3H), 2.33 (q, 
J = 0.8 Hz, 3H);  
13C NMR (101 MHz, CDCl3) δ 157.9, 155.5, 134.2, 134.2, 129.7 (d, J = 2.0 Hz), 129.2 (d, J = 8.0 Hz), 115.4, 115.2, 52.1 
20.8.  
19F NMR (376 MHz, DMSO) δ -118.92 (q, J = 7.9 Hz). 
HRMS (ESI) m/z calculated for C10H9FN2O2Na [M+Na]+, 231.054; found 231.0543. 
 

 
Methyl 2-diazo-2-(2-fluoro-5-methoxyphenyl)acetate (S23) 
This compound was prepared according to the procedure outlined in 2.2.7 from 2-(2-fluoro-5-methoxyphenyl)acetic acid. 
After isolation the product was obtained as a bright yellow solid (977 mg, 4.36 mmol, 56% yield over 2 steps) 
1H NMR (600 MHz, CDCl3) δ 7.29 – 7.22 (m, 1H), 6.98 (dd, J = 10.6, 9.0 Hz, 1H), 6.74 (ddd, J = 9.0, 3.9, 3.1 Hz, 1H), 3.86 
(s, 3H), 3.79 (s, 3H);  
13C NMR (101 MHz, CDCl3) δ 165.6, 156.0, 155.9, 153.9, 151.5, 116.2, 116.0, 113.9 (d, J = 8.1 Hz), 113.4 (d, J = 2.2 Hz), 
55.8, 52.2. 
19F NMR (376 MHz, CDCl3) δ -124.99. 
HRMS (ESI) m/z calculated for C10H9FN2O3Na [M+Na]+, 247.0489; found 247.0490 
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2-Chloro-5-vinylpyridine (35). This compound was prepared according the procedure outlined in 2.2.8.1 from the Wittig 
reaction between methyltriphenylphosphinium bromide (1.2 equiv, 85 mmol, 30.3 g), 6-chloronicotinaldehyde (71 mmol, 10 
g), and potassium tert-butoxide (1.2 equiv, 85 mmol, 9.5 g). After isolation, the product was obtained as a clear colorless oil 
(65% yield, 6.4g, 46 mmol). 
1H NMR (600 MHz, CDCl3) δ 8.31 (d, J = 2.36, 1H), 7.65 (dd, J = 2.64, 8.42 Hz, 1H), 7.23 (d, J = 8.33 Hz, 1H), 6.61 (dd, J= 
10.97, 17.58 Hz, 1H), 5.76 (d, J= 17.61 Hz, 1H), 5.36 (d, J= 10.93 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 150.3, 147.9, 135.3, 132.0, 124.0, 124.0, 116.9 
HRMS: (+p APCI) calculated for [C₇H₇N³⁵Cl +] 140.0262, found 140.0261 
IR(neat): 1633, 1592, 1558, 1458, 1422, 1360, 1142, 1099, 1019, 999, 919, 834, 804, 748, 639, 631, 622, 502, 489 cm-1   

 
2-Methoxy-5-vinylpyridine (S24). This compound was prepared according the procedure outlined in 2.2.8.1 from the Wittig 
reaction between methyltriphenylphosphinium bromide (1.2 equiv, 85 mmol, 30.3 g), 6-methoxynicotinaldehyde (71 mmol, 
10 g), and potassium tert-butoxide (1.2 equiv, 85 mmol, 9.5 g). After isolation, the product was obtained as a clear colorless 
oil (63% yield). 
1H NMR (600 MHz, CDCl3) δ 8.11 (d, J = 2.28, 1H), 7.68 (dd, J = 2.53, 8.85 Hz, 1H), 6.70 (d, J = 8.57 Hz, 1H), 6.63 (dd, J= 
10.81, 17.32 Hz, 1H), 5.62 (d, J= 17.50 Hz, 1H), 5.20 (d, J= 10.92 Hz, 1H), 3.92 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 163.8, 145.5, 135.2, 133.0, 126.7, 112.9, 110.8, 53.4 
HRMS: (+p APCI) calculated for [C₈H₁₀ON +] 136.0757, found 136.0757 
IR(neat): 1632, 1598, 1566, 1491, 1461, 1368, 1303, 1282, 1255, 1126, 1019, 987, 901, 830, 764, 729, 587, 554, 509 cm-1  

 
2-Chloro-6-vinylpyridine (66). This compound was prepared according to the procedure outlined in 2.2.8.1 from the Wittig 
reaction between methyltriphenylphosphinium bromide (1.2 equiv, 42.4 mmol, 15.1 g), 2-chloronicotinaldehyde (35.3 mmol, 
5.0 g), and potassium tert-butoxide (1.2 equiv, 42.4 mmol, 4.76 g).  6-chloropicolinaldehyde. After isolation, the product was 
obtained as a clear yellow oil (54% yield, 19 mmol, 2.65 g). 
1H NMR (400 MHz, CDCl3) δ 7.58 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.16 (d, J = 7.9 Hz, 1H), 6.72 (dd, J = 17.4, 
10.8 Hz, 1H), 6.24 (d, J = 17.4 Hz, 1H), 5.50 (d, J = 10.8 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 156.4, 151.2, 139.0, 135.4, 122.9, 119.9, 119.6. 
HRMS: (+p APCI) calculated for [C₇H₇N³⁵Cl +] 140.0262, found 140.0263 
IR(neat): 1580, 1551, 1441, 1411, 1396, 1161, 1135, 983, 931, 846, 803, 744, 676 cm-1   

 
2-Chloro-3-vinylpyridine (S25). This compound was prepared according to the procedure outlined in 2.2.8.1 from the Wittig 
reaction between methyltriphenylphosphinium bromide (1.2 equiv, 42.4 mmol, 15.1g), 2-chloronicotinaldehyde (35.3 mmol, 
5.0 g), and potassium tert-butoxide (1.2 equiv, 42.4 mmol, 4.76 g). After isolation, the product was obtained as a clear 
colorless oil (58% yield, 20.6 mmol, 2.88 g). 
1H NMR (400 MHz, CDCl3) δ 8.18 (t, J=2.35 Hz, 1H), 7.76 (dd, J=1.96, 7.75 Hz, 1H), 7.13 (dd, J=4.71, 7.75 Hz, 1H), 6.91 
(dd, J=11.01, 17.54 Hz, 1H), 5.68 (d, J= 17.49 Hz, 1H), 5.38 (d, J=10.99 Hz, 1H) 
13C NMR (151 MHz, CDCl3) δ 149.8, 148.5, 134.9, 132.2, 131.9, 122.7, 118.6 
HRMS: (+p APCI) calculated for [C₇H₇N³⁵Cl +] 140.0262, found 140.0262 
IR(neat): 1627, 1577, 1558, 1450, 1426, 1410, 1380, 1186, 1128, 1062, 1028, 985, 921, 804, 752, 683, 658 cm-1   
 

 
2-Methoxy-3-fluoro-5-vinylpyridine (S26). This compound was prepared according to the procedure outlined in 2.2.8.2 
from the Suzuki coupling between 2-methoxy-3-fluoro-5-bromopyridine (6.65 mmol, 1.37 g) and vinylboronic acid pinacol 
ester (1.5 equiv, 1.54 g, 9.98 mmol) in the presence of PAPh (1.5 mol %, 0.1mmol, 29 mg), and K2CO3 (2.5 equiv, 16.6 
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mmol, 2.3 g) and Pd2(dba)3 (0.5 mol %, 0.03 mmol, 30.4 mg). After isolation, the product was obtained as a clear colorless 
oil (71% yield, 4.73 mmol, 725 mg). 
1H NMR (600 MHz, CDCl3) δ 7.86 (s, 1H), 7.43 (d, J = 11.00 Hz, 1H), 6.62 (dd, J = 11.26, 17.59 Hz, 1H), 5.61 (d, J= 17.58 
Hz, 1H), 5.26 (d, J= 10.96 Hz, 1H), 4.02 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 152.9 d, J = 11.5 Hz), 148.6, 139.8, 132.1, 127.9, 119.1 (d, J = 15.5 Hz), 114.3, 53.8 
19F NMR (151 MHz, CDCl3) δ -140.15 (d, J = 11.2 Hz). 
HRMS: (+p APCI) calculated for [C₈H₉ONF +] 154.0663, found 154.0662 
IR(neat): 1633, 1611, 1571, 1493, 1460, 1440, 1420, 1400, 1318, 1255, 1211, 1196, 1173, 1146, 1133, 1042, 1013, 986, 
959, 896, 778, 750, 700, 627, 555, 525, 500, 440, 423 cm-1   

 
2-Chloro-3-fluoro-5-vinylpyridine (S27). This compound was prepared according to the procedure outlined in 2.2.8.2 from 
the Suzuki coupling between 2-methoxy-3-chloro-5-bromopyridine (12 mmol, 2.5 g) and vinylboronic acid pinacol ester (1.5 
equiv, 2.7 g, 18 mmol) in the presence of PAPh (1.5 mol %, 0.18 mmol, 52 mg), and K2CO3 (2.5 equiv, 30 mmol, 4.1 g) and 
Pd2(dba)3 (0.5 mol %, 0.06 mmol, 54 mg). After isolation, the product was obtained as a clear colorless oil which crystallizes 
in the freezer as needlelike crystals that melt at room temperature (75% yield, 8.57 mmol, 1.35 g). 
MP: 25 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 2.0 Hz, 1H), 7.51 (dd, J = 9.0, 2.0 Hz, 1H), 6.67 (dd, J = 17.5, 11.0 Hz, 1H), 5.83 
(d, J = 17.6 Hz, 1H), 5.48 (d, J = 11.0 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 155.7, 153.9, 142.9 (d, J = 5.0 Hz), 137.8 (d, J = 19.8 Hz), 134.5 (d, J = 2.9 Hz), 131.3, 120.6 
(d, J = 19.0 Hz), 118.4. 
19F NMR (376 MHz, CDCl3) δ -119.60 (d, J=9.0 Hz). 
HRMS: (+p APCI) calculated for [C₇H₆N³⁵ClF +]158.0167, found 158.0168 
IR(neat): 3057, 1633, 1593, 1560, 1453, 1420, 1394, 1293, 1208, 1168, 1087, 985, 919, 896, 731, 710 690, 649, 635, 545, 
471 cm-1   

 
2-Vinylquinoline (S28). This compound was prepared according the procedure outlined in 2.2.8.2 from the Suzuki coupling 
between 2-chloroquinoline (5.0 mmol, 818 mg) and vinylboronic acid pinacol ester (1.2 equiv, 924 mg, 6.0 mmol) in the 
presence of PAPh (5.0 mol %, 0.25 mmol, 73.1 mg), and K2CO3 (2.5 equiv, 12.5 mmol, 1.73 g) and Pd2(dba)3 (2.0 mol %, 
0.10 mmol, 91.6 mg). After isolation, the product was obtained as a light yellow oil (96% yield, 4.81 mmol, 746 mg). Over 
time product polymerizes to a dark green liquid even if stored at -20 ̊C in the dark. The polymer may be separated from the 
title compound by short silica-plug through a pipette, eluting with CH2Cl2 as a yellow solution while the dark colored polymer 
remains adhered to silica gel. Batches of the title compound either freshly columned or those that contained a high degree of 
polymer were equally suitable for highly enantioselective cyclopropanation. 
1H NMR (600 MHz, CDCl3) δ 8.04 (d, J = 8.5 Hz, 1H), 7.97 (d, J = 8.6 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.68-7.62 (m, 1H) 
7.52 (d, J = 8.6 Hz, 1H), 7.44 (m, 1H), 7.02 (dd, J = 17.6, 10.9 Hz, 1H), 6.25 (d, J = 17.6 Hz, 1H), 5.63 (d, J = 10.9 Hz, 1H).  
13C NMR (126 MHz, CDCl3) δ 156.0, 148.0, 137.9, 136.3, 129.6, 129.4, 127.5, 127.5, 126.3, 119.8, 118.4. 
HRMS: (+p APCI) calculated for [C₁₁H₁₀N +] 156.0808, found 156.0808 
IR(neat): 3016, 1738, 1616, 1597, 1504, 1427, 1373, 1339, 1231, 1217, 1097, 991, 926, 834, 764, 715, 699, 616, 472 cm-1   

 
1-Vinylisoquinoline (S29). This compound was prepared according to the procedure outlined in 2.2.8.2 from the Suzuki 
coupling between 1-chloroisoquinoline (5.0 mmol, 818 mg) and vinylboronic acid pinacol ester (1.2 equiv, 924 mg, 6.0 mmol) 
in the presence of PAPh (5.0 mol %, 0.25 mmol, 73.1 mg), and K3CO3 (2.5 equiv, 12.5 mmol, 1.73 g) and Pd2(dba)3 (2.0 
mol %, 0.10 mmol, 91.6 mg). After isolation, the product was obtained as a light yellow oil which rapidly polymerizes, 
changing appearance to a dark brown liquid (47% yield, 2.29 mmol, 356 mg). The polymer may be separated from the title 
compound by short silica-plug through a pipette, eluting with CH2Cl2 as a yellow solution while the dark colored polymer 
remains adhered to silica gel. Batches of the title compound either freshly columned or those that contained a high degree of 
polymer were equally suitable for highly enantioselective cyclopropanation. 
1H NMR (400 MHz, CDCl3) δ 8.52 (d, J = 5.6 Hz, 1H), 8.22 (dt, J = 8.5, 1.1 Hz, 1H), 7.83 – 7.73 (m, 1H), 7.69 – 7.60 (m, 
2H), 7.57 (ddd, J = 13.0, 6.1, 4.2 Hz, 3H), 6.53 (dd, J = 16.9, 2.0 Hz, 1H), 5.71 (dd, J = 10.8, 2.0 Hz, 1H). 
13C NMR (151 MHz, CDCl3 δ 154.8, 142.4, 136.6, 132.2, 129.9, 127.2, 127.2, 126.4, 124.6, 121.7, 120.3. 
HRMS: (+p APCI) calculated for [C₁₁H₁₀N +] 156.0808, found 156.0809 
IR(neat): 3048, 1738, 1617, 1579, 1553, 1500, 1414, 1320, 1244, 1217, 1140, 1013, 979, 936, 869, 822, 745, 710, 536 cm-1   
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3-Isopropyl-5-vinyl-1,2,4-oxadiazole (S30). This compound was prepared according to the procedure outlined in 2.2.9 on 
9.8 mmol scale. After isolation, the product was obtained as a clear colorless oil (550 mg, 3.98 mmol, 40% yield over 2 
steps) 
1H NMR (400 MHz, CDCl3) δ 6.66 (dd, J = 17.7, 11.1 Hz, 1H), 6.46 (d, J = 17.7 Hz, 1H), 5.91 (d, J = 11.1 Hz, 1H), 3.08 
(hept, J = 6.9 Hz, 1H), 1.33 (d, J = 7.0 Hz, 6H). 
13C NMR (151 MHz, CDCl3) δ 175.5, 174.2, 128.2, 120.7, 26.7, 20.5. 
HRMS: (+p APCI) calculated for [C₇H₁₁ON₂ +] 139.0866, found 139.0867 
IR(neat): 2973, 2934, 1651, 1571, 1547, 1505, 1465, 1415, 1387, 1353, 1310, 1261, 1215, 1164, 1096, 1066, 1024, 1015, 
981, 953, 900, 878, 793, 728, 729, 710, 693 cm-1   

 
3,5-Dimethyl-1-vinyl-1H-pyrazole (S31). This compound was prepared according to the procedure outlined in 2.2.10 on 31 
mmol scale. After isolation, the product was obtained as a clear colorless oil (1.8 g, 15 mmol, 47% yield) 
1H NMR (400 MHz, CDCl3) δ 6.83 (dd, J = 15.4, 8.9 Hz, 1H), 5.82 (s, 1H), 5.55 (d, J = 15.4 Hz, 1H), 4.72 (d, J = 8.9 Hz, 1H), 
2.22 (d, J = 1.0 Hz, 6H). 
13C NMR (151 MHz, CDCl3) δ 149.8, 139.1, 129.2, 106.8, 99.5, 13.6, 10.9. 
HRMS: (+p APCI) calculated for [C₇H₁₁N₂+] 123.0917, found 123.0918 
IR(neat): 2924, 1720, 1645, 1561, 1446, 1427, 1372, 1344, 1283, 1240, 1119, 1044, 1014, 957, 912, 874, 793, 732, 699, 
626 543 cm-1   

 
3-(benzyloxy)-1-vinyl-1H-pyrazole (S32)  
This compound was prepared according to the procedure outlined in 2.2.11 on 5.74 mmol scale. After isolation, the product 
was obtained as a clear colorless oil (475 mg, 2.372 mmol, 41.3 % yield).  
1H NMR (400 MHz, CDCl3) δ 7.49 – 7.42 (m, 2H), 7.42 – 7.27 (m, 4H), 6.81 (dd, J = 15.5, 8.8 Hz, 1H), 5.81 (d, J = 2.6 Hz, 
1H), 5.39 (d, J = 15.5 Hz, 1H), 5.25 (s, 2H), 4.67 (d, J = 8.8 Hz, 1H);  
13C NMR (101 MHz, CDCl3) δ 164.3, 136.9, 132.7, 129.5, 128.5, 128.1, 128.0, 98.1, 93.2, 71.3;  
HRMS (ESI) m/z calculated for [C12H13N2O+H+], 201.1022; found 201.1019. 
 
4.1 Characterization of known cyclopropanation products 
*All products shown with absolute stereo-configuration generated with Rh2(S-TPPTTL)4 (7)  

 
Methyl (1R,2S)-1-(4-bromophenyl)-2-phenylcyclopropane-1-carboxylate (44) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S2 (0.20 mmol, 50 mg) and freshly columned styrene (5.0 equiv, 1.00 mmol, 100 mg). Compound prepared according to 
General procedure 3.3 was isolated in 58% yield and 48% ee (0.11 mmol, 38 mg). Compound prepared according to General 
procedure 3.4 was isolated in 61% yield and 0% ee (0.12 mmol, 40 mg). After isolation, product was obtained as a white 
solid. 
1H NMR (400 MHz, CDCl3) δ 7.28 – 7.24 (m, 3H), 7.16 – 7.05 (m, 2H), 6.98 – 6.86 (m, 2H), 6.86 – 6.75 (m, 2H), 4.83 (d, J = 
11.9 Hz, 1H), 4.64 (d, J = 11.9 Hz, 1H), 3.22 (dd, J = 9.4, 7.5 Hz, 1H), 2.28 (dd, J = 9.4, 5.2 Hz, 1H), 1.97 (dd, J = 7.5, 5.2 Hz, 
1H). 
13C NMR (151 MHz, CDCl3) δ 171.7, 135.4, 133.8, 133.1, 131.1, 128.2, 128.2, 127.0, 121.7, 95.1, 74.6, 36.7, 34.1, 20.3. 
Chiral HPLC: (OJ-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.03 min, 14.97 min. 
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Methyl (1S,2R)-1-(2-chlorophenyl)-2-phenylcyclopropane-1-carboxylate (41) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S5 (0.20 mmol, 42 mg) and freshly columned styrene (5.0 equiv, 1.00 mmol, 100 mg). Compound prepared according to 
General procedure 3.3 was isolated in 71% yield and 55% ee (0.14 mmol, 40 mg). Compound prepared according to General 
procedure 3.4 was isolated in 79% yield and 84% ee (0.16 mmol, 45 mg). After isolation, enantio-enriched product was 
obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.15 (broad m, 4H), 7.08 (m, 3H), 6.87 – 6.76 (dd, J = 6.9, 2.0 Hz 2H), 3.70 (s, 3H), 3.34 (t, J = 
8.4 Hz, 1H), 2.13 (s, 1H), 1.94 (dd, J = 7.5, 5.2 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.4, 137.3, 133.3, 129.3, 128.6, 127.9, 129.4, 126.4, 126.1, 64.4, 52.7, 33.3, 25.4, 21.5 
Chiral HPLC: (OJ-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 12.80 min, 20.73 min 
 
4.3 Characterization of novel cyclopropanation products 
*All products shown with absolute stereo-configuration generated with Rh2(S-TPPTTL)4 (7) or Rh2(R-p-Ph-TPCP)4 (6) 

 
(R)-4,4-Dimethyl-2-oxotetrahydrofuran-3-yl-(1S,2R)-1-(4-bromophenyl)-2-(6-chloropyridin-3-yl) cyclopropane-1-
carboxylate (8) 
This compound was prepared according to General procedure 3.1 from the reaction between S17 (0.20 mmol, 71 mg) and 
35 (2.0 equiv, 0.40 mmol, 56 mg). After isolation, product was obtained as a light yellow oil in 87% yield and 98% d.e as 
determined from the crude NMR (0.17 mmol, 81 mg). 
1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 2.6 Hz, 1H), 7.40 – 7.31 (m, 2H), 7.05 (d, J = 8.3 Hz, 1H), 7.00 – 6.94 (m, 2H), 
6.87 (dd, J = 8.3, 2.5 Hz, 1H), 5.33 (d, J = 6.9 Hz, 1H), 4.01 (s, 2H), 3.28 (dd, J = 9.4, 7.3 Hz, 1H), 2.31 (dd, J = 9.4, 5.4 Hz, 
1H), 1.94 (dd, J = 7.3, 5.5 Hz, 1H), 1.19 (s, 3H), 0.89 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 171.8, 171.4, 149.9, 149.7, 137.3, 133.3, 132.1, 131.6, 130.7, 123.5, 122.2, 40.1, 36.9, 29.7, 
22.9, 20.8, 19.6. 
HRMS: (+p APCI) calculated for [C₂₁H₂₀O₄N⁷⁹Br³⁵Cl+] 464.0259, found 464.0258 
IR(neat): 2970, 1786, 1728, 1587, 1560, 1490, 1464, 1397, 1370, 1352, 1296, 1237, 1216, 1152, 1091, 1071, 1012, 997, 
976, 943, 910, 837, 730, 648, 580, 548, 525 cm-1  

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1S,2S)-1-(4-bromophenyl)-2-(6-chloropyridin-2-yl)cyclopropane -1-
carboxylate (9) 
This compound was prepared according to General procedure 3.1 from the reaction between S17 (0.20 mmol, 71 mg) and 
66 (2.0 equiv, 0.40 mmol, 56 mg). After isolation, product was obtained as a clear colorless oil in 90% yield and 98% d.e as 
determined from the crude NMR (0.18 mmol, 84 mg) 
1H NMR (400 MHz, CDCl3) δ 7.40 (t, J = 7.8 Hz, 1H), 7.32 – 7.22 (m, 2H), 7.01 (dd, J = 7.9, 0.8 Hz, 1H), 6.99 – 6.93 (m, 
2H), 6.88 (dd, J = 7.7, 0.8 Hz, 1H), 5.32 (d, J = 5.3 Hz, 1H), 3.99 (d, J = 1.4 Hz, 2H), 3.44 (dd, J = 9.0, 7.1 Hz, 1H), 2.37 (dd, 
J = 7.1, 4.9 Hz, 1H), 2.26 – 2.16 (m, 1H), 1.17 (s, 3H), 0.88 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 171.9, 171.5, 156.3, 150.4, 138.4, 133.2, 132.8, 130.9, 122.1, 121.7, 121.5, 76.1, 75.9, 40.1, 
37.4, 33.9, 22.9, 20.3, 19.6. 
HRMS: (+p APCI) calculated for [C₂₁H₂₀O₄N⁷⁹Br³⁵Cl +] 464.0259, found 464.0262 
IR(neat): 2967, 1788, 1729, 1584, 1559, 1490, 1464, 1435, 1399, 1377, 1298, 1244, 1152, 1095, 1072, 1031, 1011, 996, 
910, 827, 827, 798, 762, 732, 649, 532 cm-1   
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(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1R,2S)-1-(4-bromophenyl)-2-(1H-pyrazol-1-yl)cyclopropane-1-
carboxylate (10) 
This compound was prepared according to General procedure 3.1 from the reaction between S17 (0.20 mmol, 71 mg) and 
N-vinyl-pyrazole (2.0 equiv, 0.40 mmol, 56 mg, Enamine). After isolation, product was obtained as a white waxy solid in 
66% yield and 97% d.e as determined from the crude NMR (0.13 mmol, 55 mg). 
MP: 142-144 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.34 (t, J = 1.1 Hz, 1H), 7.29 – 7.19 (m, 3H), 7.17 (d, J = 2.4 Hz, 1H), 7.11 – 6.94 (m, 2H), 6.06 
(t, J = 2.1 Hz, 1H), 5.31 (s, 1H), 4.79 – 4.65 (m, 1H), 3.98 (d, J = 1.1 Hz, 2H), 2.48 (d, J = 6.1 Hz, 1H), 2.41 – 2.31 (m, 1H), 
1.17 (s, 3H), 0.85 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 171.6, 170.4, 140.1, 132.5, 131.4, 131.0, 128.9, 122.1, 106.2, 76.0, 45.9, 40.0, 35.4, 22.9, 
19.6, 19.4. 
HRMS: (+p APCI) calculated for [C₁₉H₂₀O₄N₂⁷⁹Br +] 419.0601, found 419.0600 
IR(neat): 2967, 2930, 1789, 1731, 1518, 1491, 1465, 1398, 1378, 1347, 1251, 1199, 1153, 1098, 1071, 1032, 1012, 996, 
859, 762, 733, 721, 647, 614, 543 cm-1    

 
(R)-4,4-Dimethyl-2-oxotetrahydrofuran-3-yl (1R,2S)-1-(4-bromophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)cyclopropane-1-carboxylate (11) 
This compound was prepared according to General procedure 3.1 from the reaction between S17 (0.20 mmol, 71 mg) and 
S31 (2.0 equiv, 0.40 mmol, 49 mg). After isolation, product was obtained as a crystalline white solid in 97% yield and 98% 
d.e as determined from the crude NMR (0.19 mmol, 87 mg). 
MP: 132-138 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.19 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 5.68 (s, 1H), 5.37 (s, 1H), 4.43 (dd, J = 
8.9, 5.6 Hz, 1H), 4.02 (s, 2H), 2.97 (t, J = 5.7 Hz, 1H), 2.41 – 2.31 (m, 3H), 2.29 (dd, J = 8.9, 5.9 Hz, 1H), 1.92 (s, 3H), 1.20 
(s, 3H), 0.99 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 171.9, 170.5, 147.1, 132.3, 131.3, 130.9, 121.8, 106.6, 76.1, 75.7, 44.0, 40.0, 35.2, 22.9, 
19.8, 18.4, 13.1, 11.1. 
HRMS: (+p APCI) calculated for [C₂₁H₂₄O₄N₂⁷⁹Br +] 447.0914, found 447.0916 
IR(neat): 2970, 1788, 1736, 1560, 1491, 1464, 1370, 1299, 1229, 1217, 1204, 1148, 1127, 1092, 1072, 1011, 997, 913, 851, 
790, 763, 731, 719, 647, 578, 541, 528 cm-1  

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(2-methoxy-5-methylphenyl) 
cyclopropane-1-carboxylate (12) 
This compound was prepared according to General procedure 3.1 from the reaction between S18 (0.20 mmol, 64 mg) and 
35 (2.0 equiv, 0.40 mmol, 56 mg). After isolation the product was obtained as a white solid in 64% yield and 89% d.e as 
determined from the crude NMR (0.13 mmol, 86 mg) 
1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 2.5 Hz, 1H), 7.06 (d, J = 2.3 Hz, 1H), 6.98 – 6.89 (m, 2H), 6.86 (dd, J = 8.3, 2.5 Hz, 
1H), 6.41 (d, J = 8.3 Hz, 1H), 5.34 (s, 1H), 3.99 – 3.89 (m, 2H), 3.38 (s, 3H), 3.27 (dd, J = 9.3, 7.3 Hz, 1H), 2.25 (s, 3H), 2.09 
(dd, J = 9.2, 5.4 Hz, 1H), 1.93 (dd, J = 7.3, 5.4 Hz, 1H), 1.13 (s, 3H), 0.74 (s, 3H);  
13C NMR (101 MHz, DMSO-d6) δ 172.9, 172.4, 156.1, 149.8, 148.3, 138.6, 132.4, 132.0, 129.9, 128.8, 122.8, 122.0, 110.0, 
75.7, 75.6, 55.2, 40.2, 34.0, 29.0, 21.8, 20.5, 19.6, 19.1;  
HRMS: (ESI) m/z calculated for C23H25ClNO5 [M+H]+, 430.1427; found 430.1426. 
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(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-methoxy-5-methylphenyl) 
cyclopropane-1-carboxylate (13) 
This compound was prepared according to General procedure 3.1 from the reaction between S18 (0.20 mmol, 64 mg) and 
66 (2.0 equiv, 0.40 mmol, 56 mg). After isolation the product was obtained as a white solid in 68% yield and 87% d.e as 
determined from the crude NMR (0.13 mmol, 92 mg) 
1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 7.8 Hz, 1H), 7.10 (d, J = 2.3 Hz, 1H), 6.94 – 6.84 (m, 2H), 6.76 (dd, J = 7.8, 0.9 Hz, 
1H), 6.35 (d, J = 8.3 Hz, 1H), 5.33 (s, 1H), 3.97 – 3.89 (m, 2H), 3.45 (dd, J = 9.0, 7.0 Hz, 1H), 3.37 (s, 3H), 2.34 (dd, J = 7.1, 
4.9 Hz, 1H), 2.25 (s, 3H), 2.04 (dd, J = 9.0, 4.8 Hz, 1H), 1.13 (s, 3H), 0.76 (s, 3H);  
13C NMR (101 MHz, DMSO-d6) δ 172.8, 172.2, 157.1, 156.2, 148.8, 138.8, 132.7, 129.4, 128.4, 122.5, 122.2, 121.8, 109.8, 
75.7, 75.6, 55.2, 40.3, 34.6, 33.0, 21.9, 20.5, 19.9, 19.2;  
HRMS (ESI) m/z calculated for C23H25ClNO5 [M+H]+, 430.1427; found 430.1430. 

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1R,2S)-1-(2-methoxy-5-methylphenyl)-2-(1H-pyrazol-1-yl) cyclopropane-
1-carboxylate (14) 
This compound was prepared according to General procedure 3.1 from the reaction between S18 (0.20 mmol, 64 mg) and 
N-vinyl pyrazole (2.0 equiv, 0.40 mmol, 38 mg, Enamine). After isolation the product was obtained as a white foam in 69% 
yield and 89% d.e as determined from the crude NMR (0.14 mmol, 83 mg) 
1H NMR (400 MHz, CDCl3) δ 7.24 (dd, J = 2.4, 0.7 Hz, 1H), 7.20 (dd, J = 1.8, 0.7 Hz, 1H), 6.94 – 6.90 (m, 2H), 6.54 – 6.49 
(m, 1H), 6.00 (dd, J = 2.4, 1.8 Hz, 1H), 5.34 (s, 1H), 4.74 (dd, J = 8.7, 5.7 Hz, 1H), 4.01 – 3.88 (m, 2H), 3.67 (s, 3H), 2.64 (t, 
J = 6.0 Hz, 1H), 2.19 – 2.12 (m, 4H), 1.15 (s, 3H), 0.79 (s, 3H);  
13C NMR (101 MHz, CDCl3) δ 172.0, 171.4, 156.3, 138.4, 132.1, 129.8, 129.6, 129.4, 120.7, 109.3, 105.5, 76.0, 75.4, 54.9, 
45.2, 40.1, 32.6, 22.7, 20.4, 19.24, 19.21;  
HRMS (ESI) m/z calculated for C21H25N2O5 [M+H]+, 385.1758; found 385.1767.  

 
(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1R,2S)-2-(3-(benzyloxy)-1H-pyrazol-1-yl)-1-(2-methoxy-5-
methylphenyl)cyclopropane-1-carboxylate (15) 
This compound was prepared according to General procedure 3.1 from the reaction between S18 (0.20 mmol, 64 mg) and 
S32 (2.0 equiv, 0.40 mmol, 80 mg). After isolation the product was obtained as a clear oil in 58% yield and 87% d.e as 
determined from the crude NMR (0.12 mmol, 89 mg) 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.26 (m, 5H), 7.02 (d, J = 2.5 Hz, 1H), 6.99 – 6.91 (m, 2H), 6.54 (d, J = 8.1 Hz, 1H), 
5.43 (d, J = 2.5 Hz, 1H), 5.33 (s, 1H), 5.00 (d, J = 11.9 Hz, 1H), 4.89 (d, J = 12.0 Hz, 1H), 4.58 (dd, J = 8.7, 5.7 Hz, 1H), 3.94 
(d, J = 2.2 Hz, 2H), 3.66 (s, 3H), 2.54 (t, J = 5.9 Hz, 1H), 2.18 (s, 3H), 2.10 (dd, J = 8.7, 6.1 Hz, 1H), 1.15 (s, 3H), 0.79 (s, 
3H); 
13C NMR (101 MHz, CDCl3) δ 172.0, 171.4, 162.0, 156.5, 137.2, 132.2, 131.2, 129.5, 129.2, 128.3, 127.8, 127.7, 121.0, 
109.4, 91.4, 76.0, 75.3, 70.7, 54.9, 45.5, 40.1, 32.5, 22.7, 20.4, 19.2, 19.1;  
HRMS (ESI) m/z calculated for C28H31N2O6 [M+H]+, 491.2177; found 491.2184. 
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(R)-4,4-dimethyl-2-oxotetrahydrofuran-3-yl (1S,2S)-2-(5-chloropyrazin-2-yl)-1-(2-methoxy-5-methylphenyl) 
cyclopropane-1-carboxylate (16) 
This compound was prepared according to General procedure 3.1 from the reaction between S18 (0.20 mmol, 64 mg) and 
2-chloro-5-ethenyl-pyrimidine (2.0 equiv, 0.40 mmol, 56 mg, Enamine). After isolation the product was obtained as a white 
foam in 41% yield and 92% d.e as determined from the crude NMR (0.08 mmol, 56 mg) 
1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 1.4 Hz, 1H), 8.04 (d, J = 1.3 Hz, 1H), 7.10 (d, J = 2.2 Hz, 1H), 6.91 (ddd, J = 8.2, 
2.3, 0.9 Hz, 1H), 6.35 (d, J = 8.3 Hz, 1H), 5.33 (s, 1H), 4.01 – 3.89 (m, 2H), 3.47 (dd, J = 8.9, 7.0 Hz, 1H), 3.41 (s, 3H), 2.43 
(dd, J = 7.0, 4.7 Hz, 1H), 2.25 (s, 3H), 2.07 (dd, J = 8.9, 4.7 Hz, 1H), 1.13 (s, 3H), 0.74 (s, 3H);  
13C NMR (101 MHz, CDCl3) δ 172.1, 172.0, 155.4, 150.7, 146.4, 144.7, 142.0, 133.0, 129.6, 129.5, 121.5, 108.9, 76.1, 75.5, 
53.6, 40.2, 34.9, 30.4, 22.7, 20.5, 20.0, 19.2;  
HRMS (ESI) m/z calculated for C22H24ClN2O5 [M+H]+, 431.1368; found 431.1377. 

 
2,2,2-trichloroethyl (1S,2R)-1-(4-bromophenyl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (17) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with (MeO)2CO as solvent in 77% yield and >99% ee (0.15 mmol, 75 mg). After isolation, 
enantio-enriched product was obtained as an off-white greasy crystalline solid. 
MP: 136-137 ̊C  
1H NMR (600 MHz, CDCl3) δ 8.05 (d, J = 2.5 Hz, 1H), 7.36 – 7.30 (m, 2H), 7.03 (d, J = 8.3 Hz, 1H), 6.96 – 6.90 (m, 2H), 
6.83 (dd, J = 8.4, 2.5 Hz, 1H), 4.84 (d, J = 11.9 Hz, 1H), 4.64 (d, J = 11.9 Hz, 1H), 3.18 (dd, J = 9.4, 7.3 Hz, 1H), 2.34 (dd, J 
= 9.4, 5.5 Hz, 1H), 1.93 (dd, J = 7.3, 5.5 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.1, 150.2, 149.9, 137.4, 133.7, 131.9, 131.7, 130.7, 123.7, 122.5, 94.9, 74.8, 37.0, 30.3, 
20.5. 
HRMS: (+p APCI) calculated for [C₁₇H₁₃O₂N⁷⁹Br³⁵Cl₄+] 481.8878, found 481.8878 
IR(neat): 2954, 1737, 1587, 1561, 1490, 1464, 1396, 1367, 1349, 1237, 1210, 1156, 1111, 1071, 1057, 1024, 1011, 973, 
909, 836, 801, 767, 740, 717, 646, 575, 521 cm-1   
Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 30.65 min, 38.71 min.  

 
2,2,2-trichloroethyl (1R,2R)-1-(4-bromophenyl)-2-(2-chloropyridin-3-yl)cyclopropane-1-carboxylate (18) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
S25 (2.32 equiv, 0.46 mmol, 65 mg) with (MeO)2CO as solvent in 70% yield and >99% ee (0.14 mmol, 68 mg). After 
isolation, enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.15 (s, 1H), 7.32 – 7.19 (m, 3H), 7.15 – 7.01 (m, 2H), 6.92 (s, 1H), 6.86 (dd, J = 7.7, 1.7 Hz, 
1H), 4.90 (d, J = 11.9 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 3.47 (dd, J = 9.1, 7.6 Hz, 1H), 2.31 (dd, J = 9.2, 5.5 Hz, 1H), 2.07 
(dd, J = 7.6, 5.5 Hz, 1H).  
13C NMR (151 MHz, CDCl3) δ 170.9, 153.2, 147.9, 135.9, 132.8, 132.2, 131.2, 130.5, 122.0, 121.9, 94.7, 74.4, 36.0, 31.2, 
18.2. 
HRMS: (+p APCI) calculated for [C₁₇H₁₃O₂N⁷⁹Br³⁵Cl₄+] 481.8878, found 481.8884 
IR(neat): 3016, 2770, 1737, 1564, 1490, 1440, 1409, 1367, 1234, 1193, 1156, 1131, 1091, 1071, 1011, 909, 818, 809, 767, 
751, 716, 677, 575, 521 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 33.41 min, 39.16 min.  
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2,2,2-trichloroethyl (1S,2S)-1-(4-bromophenyl)-2-(6-chloropyridin-2-yl)cyclopropane-1-carboxylate (19) 
This compound was prepared according General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 66 
(2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 53% yield and 93% ee (0.11 mmol, 51 mg). After isolation, 
enantio-enriched product was obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3) δ 7.40 (t, J = 7.8 Hz, 1H), 7.33 – 7.23 (m, 2H), 7.03 (d, J = 7.9 Hz, 1H), 6.98 (d, J = 6.5 Hz, 1H), 
6.83 (d, J = 7.6 Hz, 1H), 4.85 (d, J = 11.9 Hz, 1H), 4.64 (d, J = 11.9 Hz, 1H), 3.40 (dd, J = 9.0, 7.1 Hz, 1H), 2.38 (dd, J = 7.1, 
4.9 Hz, 1H), 2.28 (dd, J = 9.0, 4.9 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 170.9, 156.1, 150.5, 138.3, 133.3, 132.4, 132.0, 130.8, 129.2, 122.1, 121.6, 121.4, 94.7, 74.5, 
37.3, 34.2, 19.7. 
HRMS: (+p APCI) calculated for [C₁₇H₁₃O₂N⁷⁹Br³⁵Cl₄+] 481.8878, found 481.8881 
IR(neat): 2953, 1736, 1584, 1559, 1490, 1434, 1408, 1396, 1378, 1238, 1155, 1096, 1071, 1012, 990, 909, 831, 798, 766, 
738, 717, 672, 574, 539 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.71 min, 14.49 min.  

 
2,2,2-trichloroethyl (1S,2R)-1-(4-bromophenyl)-2-(5-fluoro-6-methoxypyridin-3-yl)cyclopropane-1-carboxylate (20) 
This compound was prepared according General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and S26 
(2.32 equiv, 0.46 mmol, 71 mg) with CH2Cl2 as solvent in 72% yield and 98% ee (0.14 mmol, 72 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 2.0 Hz, 1H), 7.39 – 7.28 (m, 2H), 7.04 – 6.88 (m, 2H), 6.58 (dd, J = 11.0, 2.1 Hz, 
1H), 4.96 – 4.75 (m, 1H), 4.63 (dd, J = 11.9, 0.7 Hz, 1H), 3.94 (d, J = 0.9 Hz, 3H), 3.14 (dd, J = 9.5, 7.3 Hz, 1H), 2.35 – 2.22 
(m, 1H), 1.87 (dd, J = 7.3, 5.4 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.1, 152.3 (d, J = 11.4 Hz), 147.6, 145.9, 140.9 (d, J = 5.7 Hz), 133.4, 132.1, 131.3, 125.2, 
122.1, 122.0, 122.0, 94.8, 74.4, 53.7, 36.3, 30.2, 20.0.  
19F NMR (376 MHz, CDCl3) δ -139.93 (d, J = 10.9 Hz). 
HRMS: (+p APCI) calculated for [C₁₈H₁₅O₃N⁷⁹Br³⁵Cl₃F +] 495.9279, found 495.9284 
IR(neat): 1732, 1617, 1577, 1495, 1443, 1412, 1382, 1315, 1198, 1140, 1197, 1162, 1140, 1091, 1071, 1057, 1011, 970, 
907, 850, 827, 806, 779, 766, 718, 649, 622, 573, 546, 526, 500 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 14.14 min, 23.37 min.  

 
2,2,2-trichloroethyl (1S,2R)-1-(4-bromophenyl)-2-(6-chloro-5-fluoropyridin-3-yl)cyclopropane-1-carboxylate (21) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
S27 (2.32 equiv, 0.46 mmol, 73 mg) with CH2Cl2 as solvent in 65% yield and 98% ee (0.13 mmol, 65 mg). After isolation, 
enantio-enriched product was obtained as a white solid. 
MP: 109-116 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 2.1 Hz, 1H), 7.44 – 7.30 (m, 2H), 7.04 – 6.91 (m, 2H), 6.69 (dd, J = 9.0, 2.1 Hz, 
1H), 4.84 (d, J = 11.9 Hz, 1H), 4.64 (d, J = 11.8 Hz, 1H), 3.20 (dd, J = 9.4, 7.2 Hz, 1H), 2.36 (dd, J = 9.4, 5.5 Hz, 1H), 1.92 
(dd, J = 7.3, 5.5 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 170.6, 155.0, 153.2, 144.5 (d, J = 5.1 Hz), 137.5, 137.4, 133.3, 131.6, 131.3, 123.1, 123.0, 
122.5, 94.6, 74.6, 37.0, 29.6, 20.5. 
19F NMR (376 MHz, CDCl3) δ -119.18 (d, J = 8.9 Hz). 
HRMS: (+p APCI) calculated for [C₁₇H₁₂O₂N⁷⁹Br³⁵Cl₄F +] 499.8784, found 499.8786 
IR(neat): 2955, 1736, 1594, 1568, 1490, 1414, 1381, 1241, 1187, 1152, 1071, 1059, 1012, 970, 904, 828, 807, 767, 728, 
717, 573, 542 cm-1   
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Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 25.63 min, 39.39 min.  

 
2,2,2-trichloroethyl (1S,2S)-1-(4-bromophenyl)-2-(isoquinolin-1-yl)cyclopropane-1-carboxylate (22) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
S29 (2.32 equiv, 0.46 mmol, 72 mg) with CH2Cl2 as solvent in 54% yield and 83% ee (0.11 mmol, 54 mg). After isolation, 
enantio-enriched product was obtained as a yellow solid. 
MP: 124-127 ̊C 
1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 8.0 Hz, 1H), 8.11 (d, J = 5.7 Hz, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.70 (dd, J = 8.7, 6.8 
Hz, 2H), 7.47 – 7.30 (m, 1H), 7.15 – 6.96 (m, 2H), 6.88 – 6.68 (m, 2H), 4.96 (d, J = 11.9 Hz, 1H), 4.74 (d, J = 11.9 Hz, 1H), 
4.03 (dd, J = 8.9, 7.0 Hz, 1H), 2.98 (s, 1H), 2.31 (dd, J = 8.9, 4.4 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.4, 153.8, 141.3, 135.9, 132.6(2 C), 132.6, 130.5(2 C), 130.1, 128.8, 127.7, 127.5, 124.4, 
121.3, 119.9, 95.0, 74.3, 37.3, 31.9, 18.4. 
HRMS: (+p APCI) calculated for [C₂₁H₁₆O₂N⁷⁹Br³⁵Cl₃+] 497.9424, found 497.9415 
IR(neat): 1733, 1623, 1585, 1563, 1491, 1407, 1396, 1367, 1311, 1272, 1237, 1197, 1170, 1150, 1095, 1059, 1011, 972, 
906, 825, 799, 767, 730, 649, 573, 532 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 15.62 min, 19.25 min.  

 
2,2,2-trichloroethyl (1S,2S)-1-(4-bromophenyl)-2-(quinolin-2-yl)cyclopropane-1-carboxylate (23) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
S28 (2.32 equiv, 0.46 mmol, 72 mg) with CH2Cl2 as solvent in 56% yield and 87% ee (0.11 mmol, 56 mg). After isolation, 
enantio-enriched product was obtained as a light yellow oil. 
1H NMR (400 MHz, CDCl3) δ 7.88 (dd, J = 8.5, 0.8 Hz, 1H), 7.83 – 7.77 (m, 1H), 7.68 (dd, J = 8.2, 1.4 Hz, 1H), 7.61 (ddd, J 
= 8.5, 6.9, 1.5 Hz, 1H), 7.44 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.20 – 7.08 (m, 2H), 7.02 – 6.97 (m, 2H), 6.95 (d, J = 8.5 Hz, 
1H), 4.85 (d, J = 11.9 Hz, 1H), 4.66 (d, J = 11.9 Hz, 1H), 3.59 (dd, J = 9.1, 7.2 Hz, 1H), 2.56 (dd, J = 7.2, 4.8 Hz, 1H), 2.35 
(dd, J = 9.1, 4.8 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.2, 155.3, 147.5, 135.7, 133.3, 132.8, 130.8, 129.5, 128.9, 127.4, 126.6, 126.1, 121.4, 
120.8, 94.8, 74.5, 37.5, 35.4, 20.1. 
HRMS: (+p APCI) calculated for [C₂₁H₁₆O₂N⁷⁹Br³⁵Cl₃+] 497.9425, found 497.9428 
IR(neat): 2952, 1736, 1618, 1598, 1505, 1489, 1426, 1366, 1237, 1192, 1155, 1094, 1071, 1012, 988, 909, 834, 758, 732, 
719, 575, 527 cm-1   
Chiral HPLC: (AD-H, 90 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 17.42 min, 54.21 min.  

 
2,2,2-trichloroethyl (1S,2R)-1-(4-bromophenyl)-2-(3-Isopropyl-5-vinyl-1,2,4-oxadiazole)cyclopropane-1-carboxylate 
(24) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
S30 (2.32 equiv, 0.46 mmol, 64 mg) with CH2Cl2 as solvent in 96% yield and 89% ee (0.19 mmol, 93 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 4.83 (d, J = 11.9 Hz, 1H), 4.64 (d, J = 11.9 
Hz, 1H), 3.40 (dd, J = 9.0, 6.8 Hz, 1H), 2.87 (hept, J = 6.9 Hz, 1H), 2.42 – 2.30 (two overlapped signals, m, 2H), 1.10 (dd, J 
= 6.9, 2.0 Hz, 6H). 
13C NMR (151 MHz, CDCl3) δ 174.9, 174.5, 169.8, 132.4, 131.7, 131.3, 122.4, 94.4, 74.7, 36.9, 26.4, 23.6, 20.4, 20.1, 19.9. 
HRMS: (+p APCI) calculated for [C₁₇H₁₇O₃N₂⁷⁹Br³⁵Cl₃ +] 480.9482, found 480.9484 
IR(neat): 2970, 1739, 1588, 1489, 1435, 1366, 1230, 1217, 1158, 1094, 1070, 1012, 969, 909, 830, 809, 785, 767, 717, 574, 
543, 528 cm-1   
Chiral HPLC: (OJ-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 12.63 min, 15.08 min.  
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2,2,2-trichloroethyl (1R,2S)-1-(4-bromophenyl)-2-(1H-pyrazol-1-yl)cyclopropane-1-carboxylate (25) 
This compound was prepared according to General procedure 3.2 from the reaction between s1 (0.20 mmol, 74 mg) and 
N-vinyl pyrazole (2.32 equiv, 0.46 mmol, 44 mg) purchased from Enamine with CH2Cl2 as solvent. The reaction had to be 
conducted with elevated catalyst loading (1.0 mol % Rh2(R-p-Ph-TPCP)4, 2.0 µmol, 2.6 mg) and longer reaction time (48 h) 
to achieve high yield and selectivity, 80% yield and 95% ee (0.16 mmol, 70 mg). After isolation, product was obtained as a 
white solid. 
MP: 90-93 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 1.8 Hz, 1H), 7.33 – 7.26 (m, 2H), 7.17 (s, 1H), 7.11 – 6.99 (m, 2H), 6.09 (t, J = 2.1 
Hz, 1H), 4.89 – 4.78 (m, 1H), 4.72 (dd, J = 8.8, 5.8 Hz, 1H), 4.66 (d, J = 11.9 Hz, 1H), 2.53 (t, J = 6.0 Hz, 1H), 2.42 (dd, J = 
8.8, 6.3 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 169.8, 140.1, 132.6, 131.7, 131.0, 128.8, 128.3, 122.2, 106.3, 94.6, 74.7, 74.5, 46.0, 35.5, 
18.8. 
HRMS: (+p APCI) calculated for [C₁₅H₁₃O₂N₂⁷⁹Br³⁵Cl₃+] 436.9220, found 436.9220 
IR(neat): 1735, 1593, 1517, 1489, 1448, 1395, 1330, 1242, 1156, 1097, 1071, 1011, 986, 911, 858, 827, 808, 767, 718, 667, 
641, 612, 574, 491 cm-1   
Chiral HPLC: (OJ-H, 45 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 22.60 min, 18.87 min.  

 
Methyl (1S,2R)-1-(4-bromophenyl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (26) 
This compound was prepared according to General procedure 3.2 from the reaction between s2 (0.20 mmol, 51 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 70% yield and 94% ee (0.14 mmol, 51 mg). After isolation, 
enantio-enriched product was obtained as a white waxy solid. 
MP: 152-156 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 2.6 Hz, 1H), 7.37 – 7.31 (m, 2H), 7.03 (d, J = 8.4 Hz, 1H), 6.96 – 6.84 (m, 2H), 
6.80 (dd, J = 8.3, 2.6 Hz, 1H), 3.70 (s, 3H), 3.11 (dd, J = 9.3, 7.2 Hz, 1H), 2.23 (dd, J = 9.4, 5.2 Hz, 1H), 1.82 (dd, J = 7.2, 
5.2 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.0, 149.7, 149.6, 137.1, 133.4, 132.7, 131.4, 131.1, 123.3, 121.9, 52.9, 37.0, 29.4, 20.3. 
HRMS: (+p APCI) calculated for [C₁₆H₁₄O₂N⁷⁹Br³⁵Cl+] 365.9891, found 365.9894 
IR(neat): 2951, 1716, 1587, 1560, 1489, 1464, 1434, 1395, 1349, 1258, 1211, 1193, 1163, 1142, 1111, 1080, 1025, 1011, 
967, 910, 863, 834, 801, 766, 739, 647, 629, 573, 522 cm-1   
Chiral HPLC: (AD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 37.89 min, 46.52 min.  

 
Methyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(4-methoxyphenyl)cyclopropane-1-carboxylate (27) 
This compound was prepared according to General procedure 3.2 from the reaction between S7 (0.20 mmol, 41 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 70% yield and 89% ee (0.14 mmol, 45 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 2.5 Hz, 1H), 6.97 (d, J = 8.3 Hz, 1H), 6.95 – 6.90 (m, 2H), 6.75 (dd, J = 8.4, 2.6 Hz, 
1H), 6.73 – 6.66 (m, 2H), 3.75 (s, 3H), 3.67 (s, 3H), 3.04 (dd, J = 9.3, 7.1 Hz, 1H), 2.18 (dd, J = 9.3, 5.1 Hz, 1H), 1.78 (dd, J 
= 7.1, 5.1 Hz, 1H), 1.57 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 174.1, 159.0, 149.9, 149.5, 137.4, 133.0, 132.0, 125.7, 123.3, 113.9, 55.3, 53.0, 37.1, 29.7, 
21.0. 
HRMS: (+p APCI) calculated for [C₁₇H₁₇O₃N³⁵Cl +] 318.0891, found 318.0885 
IR(neat): 2952, 1717, 1612, 1584, 1560, 1516, 1463, 1435, 1349, 1264, 1247, 1211, 1176, 1163, 1109, 1031, 967, 835, 803, 
756, 745, 653, 632, 604, 537, cm-1   
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Chiral HPLC: (AD-H, 30 min, 1 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 19.34 min, 21.92 min. 

 
2,2,2-trichloroethyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(3-methoxyphenyl)cyclopropane-1-carboxylate (28) 
This compound was prepared according to General procedure 3.2 from the reaction between S8 (0.20 mmol, 65 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 65% yield and 95% ee (0.13 mmol, 55 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 2.6 Hz, 1H), 7.10 (t, J = 7.9 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.83 (dd, J = 8.3, 2.6 
Hz, 1H), 6.73 (ddt, J = 8.3, 2.6, 0.8 Hz, 1H), 6.65 (ddt, J = 7.7, 1.6, 0.7 Hz, 1H), 6.63 – 6.56 (m, 1H), 4.86 (dd, J = 12.0, 0.6 
Hz, 1H), 4.63 (dd, J = 11.9, 0.6 Hz, 1H), 3.67 (d, J = 0.5 Hz, 3H), 3.16 (dd, J = 9.4, 7.2 Hz, 1H), 2.47 – 2.16 (m, 1H), 1.95 
(dd, J = 7.2, 5.3 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.5, 159.5, 149.9, 149.8, 137.4, 134.1, 131.2, 129.4, 124.5, 123.4, 117.8, 113.7, 95.0, 74.6, 
55.3, 37.6, 30.2, 20.7. 
HRMS: (+p APCI) calculated for [C₁₈H₁₆O₃N³⁵Cl₄+] 433.9878, found 433.9881 
IR(neat): 2954, 1733, 1601, 1585, 1561, 1494, 1463, 1435, 1367, 1347, 1288, 1238, 1208, 1153, 1110, 1046, 978, 910, 803, 
753, 736, 713, 700, 573 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 5% i-PrOH in n-hexane, UV 230 nm) RT: 12.15 min, 14.45 min. 

 
2,2,2-trichloroethyl (1R,2R)-2-(6-chloropyridin-3-yl)-1-((E)-styryl)cyclopropane-1-carboxylate (29) 
This compound was prepared according to General procedure 3.2 from the reaction between S9 (0.20 mmol, 64 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 67% yield and 98% ee (0.13 mmol, 57 mg). After isolation, 
enantio-enriched product was obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3) δ 8.28 (s, 1H), 7.38 (dd, J = 8.3, 2.2 Hz, 1H), 7.33 – 7.25 (m, 3H), 7.25 – 7.11 (m, 3H), 6.45 (d, J 
= 16.0 Hz, 1H), 6.19 (d, J = 16.0 Hz, 1H), 4.95 – 4.77 (m, 2H), 3.09 (dd, J = 9.3, 7.3 Hz, 1H), 2.25 (ddd, J = 9.3, 5.5, 0.8 Hz, 
1H), 1.94 (dd, J = 7.3, 5.5 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.2, 150.4, 150.1, 138.9, 136.1, 134.9, 130.1, 128.6 (2 C), 128.0, 126.3 (2 C), 123.6, 121.5, 
94.9, 74.5, 33.2, 31.7, 18.4. 
HRMS: (+p APCI) calculated for [C₁₉H₁₆O₂N³⁵Cl₄+] 429.9929, found 429.9934 
IR(neat): 3026, 2970, 1736, 2586, 1560, 1493, 1463, 1448, 1365, 1230, 1217, 1131, 1109, 1059, 966, 910, 835, 806, 783, 
746, 718, 694, 646, 633, 572, 528 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 16.04 min, 20.66 min. 

 
Methyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(3,4-dimethoxyphenyl)cyclopropane-1-carboxylate (30) 
This compound was prepared according to General procedure 3.2 from the reaction between S6 (0.20 mmol, 47 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 60% yield and 71% ee (0.12 mmol, 41 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 6.97 (d, J = 8.3 Hz, 1H), 6.73 (dd, J = 8.1, 2.6 Hz, 1H), 6.70 (d, J = 8.2 Hz, 1H), 
6.63 (dd, J = 8.3, 2.0 Hz, 1H), 6.43 (s, 1H), 3.83 (s, 3H), 3.69 (s, 3H), 3.66 (s, 3H), 3.05 (dd, J = 9.2, 7.1 Hz, 1H), 2.19 (dd, J 
= 9.4, 5.0 Hz, 1H), 1.79 (dd, J = 7.1, 5.1 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.8, 149.7, 149.4, 148.4, 148.4, 136.9, 131.8, 125.9, 124.1, 123.1, 115.0, 110.6, 55.8, 55.7, 
52.8, 37.3, 29.4, 20.9. 
HRMS: (+p APCI) calculated for [C₁₈H₁₉O₄N³⁵Cl +] 348.0997, found 348.0996 
IR(neat): 3003, 2969, 2950, 1737, 1721, 1587, 1551, 1517, 1462, 1435, 1414, 1365, 1352, 1252, 1227, 1217, 1157, 1140, 
1108, 1026, 908, 742, 658, 528 cm-1   
Chiral HPLC: (AD-H, 60 min, 1 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 32.96 min, 45.12 min. 



S28 
 

 
Methyl (1R,2R)-1-(4-bromothiophen-2-yl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (31) 
This compound was prepared according General procedure 3.2 from the reaction between S16 (0.20 mmol, 52 mg) and 35 
(2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 98% yield and 95% ee (0.20 mmol, 73 mg). After isolation, 
enantio-enriched product was obtained as a light brown solid. 
MP: 126-127 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.11 (dt, J = 2.5, 0.7 Hz, 1H), 7.10 (dd, J = 8.3, 0.8 Hz, 1H), 7.06 (dd, J = 2.5, 0.5 Hz, 1H), 7.03 
(d, J = 1.5 Hz, 1H), 6.69 (d, J = 1.5 Hz, 1H), 3.74 (s, 3H), 3.13 (dd, J = 9.3, 7.4 Hz, 1H), 2.28 (dd, J = 9.3, 5.3 Hz, 1H), 1.95 
(dd, J = 7.4, 5.3 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 172.2, 150.4, 149.9, 138.8, 137.6, 132.3, 130.5, 124.2, 123.7, 108.9, 53.4, 32.1, 31.3, 22.0. 
HRMS: (+p APCI) calculated for [C₁₄H₁₂O₂N⁷⁹Br³⁵Cl³²S+] 371.9455, found 371.9458 
IR(neat): 3105, 2951, 1720, 1586, 1561, 1528, 1464, 1434, 1348, 1265, 1208, 1155, 1108, 1023, 963, 915, 881, 836, 799, 
733, 678, 633, 604, 563 cm-1   
Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 43.1 min, 50.5 min.  

 
2,2,2-trichloroethyl (1S,2R)-1,2-bis(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (32) 
This compound was prepared according to General procedure 3.2 from the reaction between S3 (0.20 mmol, 66 mg) and 
35 (2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 73% yield and 97% ee (0.15 mmol, 64 mg). After isolation, 
enantio-enriched product was obtained as a crystalline yellow solid. 
MP: 88-89 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 2.5 Hz, 1H), 8.09 (d, J = 2.6 Hz, 1H), 7.34 (dd, J = 8.3, 2.5 Hz, 1H), 7.23 – 7.15 (m, 
1H), 7.11 (d, J = 8.3 Hz, 1H), 6.94 (dd, J = 8.3, 2.6 Hz, 1H), 4.87 (d, J = 11.9 Hz, 1H), 4.67 (d, J = 11.9 Hz, 1H), 3.26 (dd, J = 
9.5, 7.4 Hz, 1H), 2.44 (dd, J = 9.4, 5.7 Hz, 1H), 2.03 (dd, J = 7.4, 5.7 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 170.1, 152.2, 151.0, 150.4, 149.6, 142.3, 137.5, 129.6, 128.0, 123.9, 94.5, 74.6, 34.1, 30.0, 
19.4. 
HRMS: (+p APCI) calculated for [C₁₆H₁₂O₂N₂³⁵Cl₅+] 438.9335, found 438.9337 
IR(neat): 3016, 2970, 1738, 1587, 1560, 1463, 1366, 1230, 1217, 1162, 1113, 1060, 1022, 912, 839, 812, 779, 749, 528 cm-

1   
Chiral HPLC: (AD-H, 60 min, 1 mL/min, 7% i-PrOH in n-hexane, UV 230 nm) RT: 36.61 min, 44.71 min.  

 
Methyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(3-methylisoxazol-5-yl)cyclopropane-1-carboxylate (33) 
This compound was prepared according General procedure 3.2 from the reaction between S13 (0.20 mmol, 36 mg) and 35 
(2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 60% yield and 83% ee (0.12 mmol, 35 mg). After isolation, 
enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (600 MHz, CDCl3) δ 8.13 (dt, J = 2.6, 0.7 Hz, 1H), 7.24 (ddd, J = 8.3, 2.5, 0.6 Hz, 1H), 7.12 (dd, J = 8.4, 0.8 Hz, 
1H), 5.91 (s, 1H), 3.76 (s, 3H), 3.18 (dd, J = 9.2, 7.8 Hz, 1H), 2.24 – 2.20 (m, 1H), 2.20 – 2.16 (m, 1H), 2.15 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 170.6, 165.3, 160.1, 150.6, 150.0, 138.2, 129.9, 123.9, 106.8, 53.3, 31.2, 29.3, 19.9, 11.6 
HRMS: (+p APCI) calculated for [C₁₄H₁₄O₃N₂³⁵Cl +] 293.0687, found 293.0687 
IR(neat): 2954, 1725, 1612, 1588, 1561, 1463, 1435, 1414, 1351, 1319, 1265, 1219, 1200, 1157, 1108, 1077, 1024, 1008, 
986, 964, 914, 835, 799, 761, 736, 696, 645, 633, 561, 458 cm-1   
Chiral HPLC: (OD-H, 60 min, 1 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 39.76 min, 51.41 min.  
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Tert-butyl 5-bromo-3-((1S,2R)-)-2-(6-chloropyridin-3-yl)-1-((2,2,2-trichloroethoxy)carbonyl)cyclopropyl)-1H-indole-1-
carboxylate (34) 
This compound was prepared according to the procedure outlined in 3.2.1. After isolation, enantio-enriched product was 
obtained as a brown oil  in 82% yield and 89% ee (0.16 mmol, 102 mg). 
1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.44 (s, 1H), 7.30 (dd, J = 8.8, 2.0 Hz, 1H), 7.25 – 7.14 
(m, 1H), 7.02 (d, J = 8.3 Hz, 1H), 4.87 (d, J = 11.9 Hz, 1H), 4.65 (d, J = 11.9 Hz, 1H), 3.28 (dd, J = 9.4, 7.3 Hz, 1H), 2.36 
(dd, J = 9.4, 5.2 Hz, 1H), 2.00 (dd, J = 7.4, 5.2 Hz, 1H), 1.63 (s, 9H). 
13C NMR (151 MHz, CDCl3) δ 170.8, 150.0, 148.9, 138.2, 133.8, 131.5, 130.3, 128.1, 127.5, 123.2, 122.5, 116.6, 116.0, 
113.0, 94.6, 84.6, 74.5, 29.7, 28.1 (3 C), 20.0. 
HRMS: (+p APCI) calculated for [C₂₄H₂₂O₄N₂⁷⁹Br³⁵Cl₄+] 620.9511, found 620.9509 
IR(neat): 2980, 1732, 1587, 1561, 1451, 1371, 1304, 1274, 1240, 1215, 1197, 1152, 1121, 1055, 1026, 961, 908, 839, 801, 
789, 765, 731, 648, 636, 572 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 15.17 min, 21.87 min. 

 
Methyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (37) 
This compound was prepared according to General procedure 3.2, General procedure 3.3, General procedure 3.4, 
General procedure 3.5, and General procedure 3.6 from the reaction between 35 and 36 with varying levels of 
enantioselectivity depending on the method and conditions used. General procedure 3.2: 36 (0.20 mmol, 44 mg) and 35 
(2.32 equiv, 0.46 mmol, 65 mg) with CH2Cl2 as solvent in 22% yield and 22% ee (0.04 mmol, 15 mg). General procedure 
3.3: 36 (0.20 mmol, 44 mg) and 35 (5.0 equiv, 1.00 mmol, 160 mg) in 95% yield and 98% ee (0.19 mmol, 63 mg). General 
procedure 3.4: 36 (0.20 mmol, 44 mg) and 35 (1.5 equiv, 0.30 mmol, 42 mg) with CH2Cl2 as solvent in 87% yield and 98% 
ee (0.17 mmol, 58 mg). General procedure 3.5: 36 (0.20 mmol, 44 mg) and 35 (1.5 equiv, 0.30 mmol, 42 mg) with CH2Cl2 
as solvent in 89% yield and 98% ee (0.18 mmol, 59 mg). Only optimized results for each procedure are reported here, 
enantioselectivity data corresponding to other variants in Table 1 and Table 2 may be found in section 5.3. General 
procedure 3.6: Reaction was performed according to the described procedure and 37 was obtained in 83% yield over two 
steps and 98% ee. After isolation, enantio-enriched product was obtained as a clear colorless oil, racemate is obtained as 
colorless orthorhombic crystals. 
MP: 126-127 ̊C  
1H NMR (600 MHz, CDCl3) δ 8.00 (d, J= 2.53 Hz, 1H), 6.98 (s, 1H), 6.94 (d, J= 8.19 Hz, 1H), 6.89 (d, J = 8.23 Hz, 1H), 6.81 
(dd, J= 2.51, 8.33 Hz, 1H), 6.44 (d, J= 8.24 Hz, 1H), 3.63 (s, 3H), 3.37 (s, 3H), 3.17 (m, 1H), 2.23 (s, 3H), 1.98 (m, 1H), 1.78 
(m, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.8, 156.2, 149.6, 148.8, 136.6, 131.9, 129.7, 129.3, 122.3, 110.2, 55.0, 52.6, 34.1, 28.7, 
25.3, 20.4, 20.0 
HRMS: (+p APCI) calculated for [C₁₈H₁₉O₃N³⁵Cl +] 332.1048, found 332.1046 
IR(neat): 1716, 1562, 1501, 1461, 1434, 1348, 1262, 1241, 1158, 1140, 1107, 1029, 972, 905, 808, 732, 671, 548 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 19.46 min, 22.97 min.  
 

 
2,2,2-Trichloroethyl (1S,2R)-2-(6-chloropyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate 
(Table 2, entry 7) 
This compound was prepared according to General procedure 3.3 from the reaction between 2,2,2-Trichloroethy-1-(2-
methoxy-5-methylphenyl)-1-carboxylate (0.20 mmol, 70 mg) and 35 (5.0 equiv, 1.00 mmol, 140 mg) in in 47% yield and 
39% ee (0.09 mmol, 44 mg). After isolation, enantio-enriched product was obtained as a clear colorless oil. 
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1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 2.5 Hz, 1H), 7.08 – 6.82 (m, 4H), 6.44 (d, J = 8.3 Hz, 1H), 4.88 (d, J = 11.9 Hz, 
1H), 4.57 (d, J = 11.9 Hz, 1H), 3.40 (s, 3H), 3.26 (dd, J = 9.3, 7.3 Hz, 1H), 2.25 (s, 3H), 2.13 (dd, J = 9.3, 5.4 Hz, 1H), 1.92 
(dd, J = 7.3, 5.4 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.5, 156.1, 149.6, 149.0, 136.8, 131.9, 131.4, 130.0, 129.2, 122.4, 121.2, 109.9, 94.9, 74.4, 
54.8, 34.0, 29.2, 20.5, 20.1. 
HRMS: (+p APCI) calculated for [C₁₉H₁₈O₃N³⁵Cl₄+] 448.0035, found 448.0033 
IR(neat): 2925, 1736, 1613, 1587, 1562, 1503, 1462, 1367, 1239, 1138, 1108, 1058, 1034, 978, 911, 805, 767, 726, 572 cm-

1   
Chiral HPLC: (AD-H, 60 min, 1 mL/min, 0.5 % i-PrOH in n-hexane, UV 230 nm) RT: 37.07 min, 40.77 min.  

 
Methyl (1S,2S)-2-(2-chloropyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (38) 
This compound was prepared according to General procedure 3.3, General procedure 3.4, and General procedure 3.5 
from the reaction between S25 and 36. General procedure 3.3: 36 (0.20 mmol, 44 mg) and S25 (5.0 equiv, 1.00 mmol, 160 
mg) in 85% yield and 95% ee (0.17 mmol, 56 mg) General procedure 3.5: 36 (0.20 mmol, 44 mg) and S25 (1.5 equiv, 0.30 
mmol, 42 mg) in 62% yield and 90% ee (0.12 mmol, 41 mg). After isolation, enantio-enriched product was obtained as a 
white solid. 
MP: 143-152 ̊C  
1H NMR (600 MHz, CDCl3) δ 8.03 (dd, J=1.94, 4.73, 1H), 7.01 (t, J=3.70, 1H), 6.93 (d, J=8.460, 1H), 6.72 (dd, J=4.67, 7.66), 
6.47 (d, J=1.94, 1H), 6.40 (d, J=8.15, 1H), 3.67 (s, 3H), 3.63 (m, 1H), 3.38 (s, 3H), 2.25 (s, 3H), 2.05 (m, 1H), 1.84 (m, 1H) 
13C NMR (151 MHz, CDCl3) δ 173.5, 156.4, 153.2, 146.3, 133.8, 132.5, 131.7, 129.5, 128.9, 122.4, 120.8, 109.8, 54.8, 52.6, 
34.4, 28.5, 20.4, 19.9. 
HRMS: (+p APCI) calculated for [C₁₈H₁₉O₃N³⁵Cl +] 332.1048, found 332.1048 
IR(neat): 2919, 1720, 1585, 1557, 1433, 1264, 1244, 1158, 1140, 1034, 910, 800, 733 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 12.44 min, 22.31 min.  

 
Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (39) 
This compound was prepared according to General procedure 3.3, General procedure 3.4, and General procedure 3.5 
from the reaction between 66 and 36. General procedure 3.3: 36 (0.20 mmol, 44 mg) and 66 (5.0 equiv, 1.00 mmol, 160 
mg) in 86% yield and 90% ee (0.17 mmol, 57 mg), General procedure 3.5: 36 (0.20 mmol, 44 mg) and 66 (1.5 equiv, 0.30 
mmol, 42 mg) in 81% yield and >99% ee (0.16 mmol, 54 mg). After isolation, enantio-enriched product was obtained as a 
white solid. 
MP: 114-116 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.16 (m, 2H), 7.02 (d, J = 2.3 Hz, 1H), 6.91 (ddd, J = 7.7, 5.6, 1.3 Hz, 2H), 6.74 (dd, J = 
7.6, 0.8 Hz, 1H), 6.41 (d, J = 8.3 Hz, 1H), 3.64 (s, 3H), 3.44 – 3.31 (buried m under main s, 4H), 2.28 – 2.17 (buried m under 
main s, 4H), 1.96 (dd, J = 8.9, 4.7 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.8, 157.9, 156.3, 149.5, 137.2, 132.6, 129.0, 128.9, 122.7, 121.0, 121.0, 109.6, 55.0, 52.5, 
34.8, 32.9 29.7, 20.4 
HRMS: (+p APCI) calculated for [C₁₈H₁₉O₃N³⁵Cl +] 332.1048, found 332.1044 
IR(neat): 2916, 2849, 1721, 1585, 1557, 1502, 1433, 1376, 1263, 1242, 1158, 1141, 1033, 910, 800, 720 cm-1   
Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 22.93 min, 36.26 min.  
 

 
Methyl (1S,2R)-1-(2-methoxy-5-methylphenyl)-2-phenylcyclopropane-1-carboxylate (40) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
36 and freshly columned styrene. General procedure 3.3: 36 (0.20 mmol, 44 mg) and styrene (5.0 equiv, 1.00 mmol, 100 
mg) in 81% yield and 4% ee (0.16 mmol, 48 mg) General procedure 3.4: 36 (0.20 mmol, 44 mg) and styrene (5.0 equiv, 
0.30 mmol, 100 mg) in the presence of 2-chloropyridine (1.0 equiv, 0.20 mmol, 23 mg) in 95% yield and 95% ee (0.19 mmol, 
56 mg). After isolation, enantio-enriched product was obtained as a clear colorless oil. Other coordinating additives gave 
different levels of enantioselectivity as reported in section 5.3. 
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1H NMR (400 MHz, CDCl3) δ 7.02 (dd, J = 5.1, 1.9 Hz, 3H), 6.96 (d, J = 2.3 Hz, 1H), 6.94 – 6.86 (m, 1H), 6.83 – 6.71 (m, 
2H), 6.43 (d, J = 8.2 Hz, 1H), 3.65 (s, 3H), 3.31 (s, 3H), 3.21 (dd, J = 9.3, 7.4 Hz, 1H), 2.23 (s, 3H), 1.97 (dd, J = 9.3, 4.9 Hz, 
1H), 1.82 (dd, J = 7.3, 5.0 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 174.5, 156.9, 136.9, 132.3, 129.0, 128.8, 127.7, 127.7, 127.0, 125.8, 123.5, 110.1, 55.0, 55.0, 
52.4, 34.0, 32.4, 20.6, 20.5. 
HRMS: (+p APCI) calculated for [C₁₉H₂₀O₃+] 296.1407, found 296.1409 
IR(neat): 1716, 1502, 1460, 1436, 1410, 1354, 1263, 1244, 1186, 1159, 1144, 1067, 1031, 907, 806, 729, 683, 646, 503 cm-

1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.89 min, 12.80 min. or (AD-H, 30 min, 1 
mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 9.61 min, 11.17 min.  

 
Methyl (1S,2R)-1-(5-bromo-2-chlorophenyl)-2-phenylcyclopropane-1-carboxylate (42) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S12 and freshly columned styrene. General procedure 3.3: S12 (0.20 mmol, 58 mg) and styrene (5.0 equiv, 1.00 mmol, 
100 mg) in 76% yield and 64% ee (0.15 mmol, 56 mg) General procedure 3.4: S12 (0.20 mmol, 58 mg) and styrene (5.0 
equiv, 0.30 mmol, 100 mg) in the presence of 2-chloropyridine (1.0 equiv, 0.20 mmol, 23 mg) in 71% yield and 92% ee (0.14 
mmol, 52 mg). After isolation, enantio-enriched product was obtained as a clear colorless oil. Other coordinating additives 
gave different levels of enantioselectivity as reported in the following section. 
1H NMR (600 MHz, CDCl3) δ 7.23 (dd, J=2.23, 8.46 Hz, 1H), 7.10 (s, 4H), 7.02 (broad s, 1H), 6.86 (m, 2H), 3.68 (s, 3H) 3.32 
(m, 1H), 2.10 (broad s, 1H), 1.90 (m, 1H) 
13C NMR (151 MHz, CDCl3) δ 172.6, 136.8, 135.5, 134.0, 131.5, 130.6, 127.9, 127.6, 127.6, 119.5, 52.7, 33.3, 33.3, 21.4 
HRMS: (+p APCI) calculated for [C₁₇H₁₅O₂⁷⁹Br³⁵Cl+] 364.9938, found 364.9932 
IR(neat): 3027, 2970, 2949, 1720, 1458, 1433, 1266, 1246, 1208, 1192, 116, 1115, 1085, 1045, 969, 814, 770, 731, 695, 
526 cm-1   
Chiral HPLC: (OJ-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 9.07 min, 11.82 min 

 
Methyl (1S,2R)-1-(2-chloropyridin-3-yl)-2-phenylcyclopropane-1-carboxylate (43) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S20 and freshly columned styrene. General procedure 3.3: S20 (0.20 mmol, 42 mg) and styrene (5.0 equiv, 1.00 mmol, 
100 mg) in 82% yield and 77% ee (0.16 mmol, 47 mg) General procedure 3.4: S20 (0.20 mmol, 42 mg) and styrene (5.0 
equiv, 0.30 mmol, 100 mg) in the presence of 2-chloropyridine (1.0 equiv, 0.20 mmol, 23 mg) in 94% yield and 90% ee (0.19 
mmol, 54 mg). After isolation, enantio-enriched product was obtained as a clear crystalline solid. 
MP: 115-119 ̊C  
1H NMR (600 MHz, CDCl3) δ 8.19 (m, 1H), 7.09 (broad s, 5H), 6.85 (m, 2H), 3.68 (s, 3H), 3.34 (m, 1H), 2.18 (broad s, 1H), 
1.92 (dd, J= 5.46, 7.59 Hz, 1H) 
13C NMR (151 MHz, CDCl3) δ 172,5, 154.3, 148.1, 141.3, 134.9, 130.4, 129.3 128.0, 127.8, 126.9, 121.6, 52.7, 34.1, 33.5, 
25.3, 20.0 
HRMS: (+p APCI) calculated for [C₁₆H₁₅O₂N³⁵Cl +] 288.0785, found 288.0786 
IR(neat): 1720, 1452, 1433, 1397, 1262, 1221, 1163, 1132, 1059, 966, 908, 776, 750, 728, 697, 646, 562 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 20.19 min, 23.41 min. 
 

 
Methyl (1R,2S)-1-(3-iodophenyl)-2-phenylcyclopropane-1-carboxylate (45) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S10 and freshly columned styrene. General procedure 3.3: S10 (0.20 mmol, 60 mg) and styrene (5.0 equiv, 1.00 mmol, 
100 mg) in 66% yield and 29% ee (0.13 mmol, 50 mg) General procedure 3.4: S10 (0.20 mmol, 60 mg) and styrene (5.0 
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equiv, 0.30 mmol, 100 mg) in the presence of 2-chloropyridine (1.0 equiv, 0.20 mmol, 23 mg) in 80% yield and 41% ee (0.16 
mmol, 61 mg). After isolation, product was obtained as a colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.52 – 7.38 (m, 2H), 7.10 (dd, J = 5.2, 2.0 Hz, 3H), 6.98 – 6.85 (m, 1H), 6.84 (d, J = 7.7 Hz, 
1H), 6.82 – 6.72 (m, 2H), 3.67 (s, 3H), 3.11 (dd, J = 9.3, 7.3 Hz, 1H), 2.13 (dd, J = 9.3, 5.0 Hz, 1H), 1.85 (dd, J = 7.4, 5.0 Hz, 
1H). 
13C NMR (151 MHz, CDCl3) δ 173.6, 140.7, 137.2, 136.1, 135.7, 131.4, 129.2, 128.0, 127.8, 126.6, 93.3, 52.7, 36.7, 33.1, 
20.2. 
HRMS: (+p APCI) calculated for [C₁₇H₁₆O₂¹²⁷I +] 379.0189, found 379.0184 
IR(neat): 1713, 1590, 1559, 1474, 1455, 1431, 1250, 1209, 1190, 1095, 1054, 995, 965, 936, 908, 884, 789, 763, 729, 696, 
678, 645, 592, 565 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 8.23 min, 9.27 min. 

 
Methyl (1R,2S)-1-(6-chloropyridin-3-yl)-2-phenylcyclopropane-1-carboxylate (46) 
This compound was prepared according to General procedure 3.3 and General procedure 3.4 from the reaction between 
S4 and freshly columned styrene. General procedure 3.3: S4 (0.20 mmol, 42 mg) and styrene (5.0 equiv, 1.00 mmol, 100 
mg) in 90% yield and 35% ee (0.18 mmol, 52 mg) General procedure 3.4: S4 (0.20 mmol, 42 mg) and styrene (5.0 equiv, 
0.30 mmol, 100 mg) in the presence of 2-chloropyridine (1.0 equiv, 0.20 mmol, 23 mg) in 90% yield and 7% ee (0.18 mmol, 
52 mg). After isolation, enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (600 MHz, CDCl3) δ 8.08 (dd, J = 2.6, 0.8 Hz, 1H), 7.21 (dd, J = 8.2, 2.5 Hz, 1H), 7.11 (dq, J = 4.5, 2.3 Hz, 3H), 
7.05 (dd, J = 8.2, 0.7 Hz, 1H), 6.87 – 6.71 (m, 2H), 3.67 (d, J = 3.5 Hz, 3H), 3.16 (dd, J = 9.3, 7.3 Hz, 1H), 2.21 (dd, J = 9.4, 
5.2 Hz, 1H), 1.96 – 1.86 (m, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.2, 152.7, 150.2, 142.4, 135.1, 130.3, 128.5, 128.2, 127.3, 123.5, 53.0, 34.3, 33.1, 19.7. 
HRMS: (+p APCI) calculated for [C₁₆H₁₅O₂N³⁵Cl+] 288.0785, found 288.0786 
IR(neat): 2952, 1720, 1588, 1560, 1499, 1463, 1433, 1366, 1261, 1164, 1112, 1022, 965, 779, 742, 719, 696, 559, 485 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 22.14 min, 25.67 min.  

 
Methyl-(1S,2R)-2-(5-fluoro-6-methoxypyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (47) 
This compound was prepared according to General procedure 3.4, and General procedure 3.5 from the reaction between 
36 and S26. General procedure 3.4: 36 (0.20 mmol, 44 mg) and S26 (1.5 equiv, 0.30 mmol, 46 mg) in 53% yield and 88% 
ee (0.16 mmol, 37 mg)., General procedure 3.5: 36 (0.20 mmol, 44 mg) and S26 (1.5 equiv, 0.30 mmol, 46 mg) in 69% 
yield and 86% ee (0.16 mmol, 48 mg). After isolation, enantio-enriched product was obtained as a white solid. 
MP: 114-116 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.57 (s, 1H), 6.98 – 6.91 (m, 2H), 6.65 (dd, J = 11.6, 1.9 Hz, 1H), 6.53 – 6.46 (m, 1H), 3.91 (s, 
3H), 3.65 (s, 3H), 3.48 (s, 3H), 3.15 (dd, J = 9.3, 7.2 Hz, 1H), 2.24 (s, 3H), 1.93 (dd, J = 9.3, 5.1 Hz, 1H), 1.74 (dd, J = 7.2, 
5.2 Hz, 2H). 
13C NMR (151 MHz, CDCl3) δ 174.1, 151.5 (d, J = 11.3 Hz), 140.6, 140.6, 131.7, 129.5, 129.3, 126.9, 122.2, 122.1, 110.2, 
55.0, 53.6, 52.5, 33.5, 29.7, 28.5, 20.5, 19.8. 
19F NMR (151 MHz, CDCl3) δ -142.02 (d, J = 11.6 Hz) 
HRMS: (+p APCI) calculated for [C₁₉H₂₁O₄NF +] 346.1449, found 346.1448 
IR(neat): 2948, 2850, 1720, 1616, 1577, 1495, 1440, 1411, 1378, 1296, 1240, 1194, 1161, 1136, 1085, 1016, 965, 906, 808, 
778, 726, 647, 631, 560, 513 cm-1 
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.90 min, 16.19 min.  
.  

 
Methyl-(1S,2R)-1-(2-methoxy-5-methylphenyl)-2-(6-methoxypyridin-3-yl)cyclopropane-1-carboxylate (48) 
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This compound was prepared according to General procedure 3.4 and General procedure 3.5 from the reaction between 
S24 and 36. General procedure 3.4: 36 (0.20 mmol, 44 mg) and S24 (1.5 equiv, 30 mmol, 46 mg) in 98% yield and 92% ee 
(0.20 mmol, 64 mg) General procedure 3.5: 36 (0.20 mmol, 44 mg) and S24 (1.5 equiv, 0.30 mmol, 46 mg) in 66% yield 
and 90% ee (0.13 mmol, 43 mg). After isolation, enantio-enriched product was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 2.5 Hz, 1H), 6.97 – 6.89 (m, 2H), 6.83 (dd, J = 8.6, 2.5 Hz, 1H), 6.46 (d, J = 8.1 Hz, 
1H), 6.35 (d, J = 8.6 Hz, 1H), 3.81 (s, 3H), 3.64 (s, 3H), 3.42 (s, 3H), 3.14 (dd, J = 9.3, 7.3 Hz, 1H), 2.23 (s, 3H), 1.92 (dd, J 
= 9.3, 5.1 Hz, 1H), 1.76 (dd, J = 7.3, 5.1 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 174.3, 162.6, 156.5, 146.4, 137.3, 131.9, 129.3, 129.1, 125.3, 123.1, 110.1, 108.9, 55.0, 53.2, 
52.5, 33.5, 29.1, 20.5, 19.8. 
HRMS: (+p APCI) calculated for [C₁₉H₂₂O₄N +] 328.1543, found 328.1537 
IR(neat): 2948, 1716, 1607, 1571, 1496, 1463, 1435, 1399, 1352, 1259, 1242, 1191, 1157, 1143, 1130, 1084, 1029, 971, 
907, 827, 808, 769, 726, 608, 588, 550 cm-1   
Chiral HPLC: (OD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.74 min, 18.24 min. 

 
Methyl-(1S,2R)-2-(6-chloro-5-fluoropyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (49) 
This compound was prepared according to General procedure 3.4 and General procedure 3.5 from the reaction between 
S27 and 36. General procedure 3.4: 36 (0.20 mmol, 44 mg) and S27 (1.5 equiv, 30 mmol, 47 mg) in 55% yield and 90% ee 
(0.11 mmol, 38mg) General procedure 3.5: 36 (0.20 mmol, 44 mg) and S27 (1.5 equiv, 0.30 mmol, 47 mg) in 45% yield 
and 97% ee (0.09 mmol, 31 mg). After isolation, enantio-enriched product was obtained as a white solid. 
MP: 124-127 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 2.0 Hz, 1H), 7.06 – 6.94 (m, 2H), 6.68 (dd, J = 9.4, 2.1 Hz, 1H), 6.48 (d, J = 8.9 Hz, 
1H), 3.65 (s, 3H), 3.43 (s, 3H), 3.21 (dd, J = 9.2, 7.1 Hz, 1H), 2.25 (s, 3H), 2.00 (dd, J = 9.2, 5.3 Hz, 1H), 1.78 (dd, J = 7.1, 
5.3 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 173.6, 156.1, 154.4, 152.7, 144.6 (d, J = 5.0 Hz), 135.0 (d, J = 3.1 Hz), 131.7, 130.0, 129.5, 
122.6 (d, J = 19.4 Hz), 122.0, 110.3, 55.0, 52.7, 34.3, 28.2, 20.5, 20.3. 
19F NMR (376 MHz, CDCl3) δ -121.30 (d, J = 9.4 Hz). 
HRMS: (+p APCI) calculated for [C₁₈H₁₈O₃N³⁵ClF +] 350.0953, found 350.0951 
IR(neat): 2950 1716, 1501, 1433, 1411, 1379, 1263, 1241, 1210, 1181, 1155, 1142, 1074, 1031, 964, 907, 808, 728, 703, 
678, 647, 619, 559, 488 cm-1 

Chiral HPLC: (R,R-Whelk, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 43.60 min, 52.05 min.  

 
Methyl (1S,2S)-2-(5-chloropyrazin-2-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (50) 
This compound was prepared according to General procedure 3.5 from the reaction between 36 (0.20 mmol, 44 mg) and 2-
chloro-5-ethenyl-pyrimidine (1.5 equiv, 0.30 mmol, 84 mg, Enamine) in 89% yield and 96% ee (0.16 mmol, 59 mg). After 
isolation, enantio-enriched product was obtained as a viscous colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 1.4 Hz, 1H), 8.03 (d, J = 1.4 Hz, 1H), 7.03 (d, J = 2.3 Hz, 1H), 6.96 – 6.91 (m, 1H), 
6.39 (d, J = 8.3 Hz, 1H), 3.65 (s, 3H), 3.41 (s, 3H), 3.40 – 3.36 (m, 1H), 2.30 (dd, J = 6.9, 4.5 Hz, 1H), 2.25 (s, 3H), 1.98 (dd, 
J = 8.8, 4.5 Hz, 1H);  
13C NMR (101 MHz, CDCl3) δ 173.6, 155.9, 151.1, 146.2, 144.6, 142.0, 132.7, 129.5, 129.2, 122.3, 109.5, 54.9, 52.7, 35.1, 
30.1, 20.5, 19.5;  
HRMS (ESI) m/z calculated for [C17H18ClN2O3+H]+, 333.1000; found 333.1006. 
Chiral SFC: (ChiralCel-OD 3 µm column, 3 mL / minute, 5-50% MeOH / CO2 over 5 min, RT: 0.99 min, 1.13 min. 

 
Methyl (1R,2S)-2-(3-(benzyloxy)-1H-pyrazol-1-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (51) 
This compound was prepared according to General procedure 3.5 from the reaction between 36 (0.20 mmol, 44 mg) and 
S32 (1.5 equiv, 0.30 mmol, 60 mg) in 79% yield and 96% ee (0.16 mmol, 62mg). After isolation, enantio-enriched product 
was obtained as a viscous colorless oil. 
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1H NMR (400 MHz, CDCl3) δ 7.39 – 7.25 (m, 5H), 7.03 – 6.93 (m, 2H), 6.88 (d, J = 2.3 Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 
5.42 (d, J = 2.4 Hz, 1H), 5.06 – 4.88 (m, 2H), 4.49 (dd, J = 8.7, 5.6 Hz, 1H), 3.69 (s, 3H), 3.64 (s, 3H), 2.37 (t, J = 5.8 Hz, 
1H), 2.17 (s, 3H), 2.04 (dd, J = 8.7, 6.0 Hz, 1H);  
13C NMR (101 MHz, CDCl3) δ 173.0, 162.2, 156.9, 137.3, 131.9, 131.1, 129.4, 129.1, 128.4, 127.8, 127.7, 121.8, 110.0, 
91.3, 70.7, 55.3, 52.5, 45.4, 32.5, 20.5, 18.7;  
HRMS (ESI) m/z calculated for [C23H25N2O4+H]+, 393.1809; found 393.1818. 
Chiral SFC: (ChiralPak-AD 3 µm column, 3 mL / minute, 5-50% MeOH / CO2 over 5 min, RT: 1.18 min,1.39 min. 

 
Methyl (1S,2S)-1-(2-methoxy-5-methylphenyl)-2-(quinolin-2-yl)cyclopropane-1-carboxylate (52) 
This compound was prepared according to General procedure 3.4 from the reaction between 36 (0.20 mmol, 44 mg) and 
S28 (1.5 equiv, 0.30 mmol, 47 mg) in 78% yield and 96% ee (0.16 mmol, 54mg). After isolation, enantio-enriched product 
was obtained as a brown solid. 
MP: 158-159 ̊C  
1H NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 8.8, 6.4 Hz, 2H), 7.63 (dd, J = 8.1, 1.5 Hz, 1H), 7.54 (ddd, J = 8.5, 6.8, 1.5 Hz, 
1H), 7.37 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H), 7.07 (d, J = 2.3 Hz, 1H), 6.94 (d, J = 8.5 Hz, 1H), 6.86 – 6.76 (m, 1H), 6.28 (d, J = 
8.2 Hz, 1H), 3.67 (s, 3H), 3.58 (dd, J = 8.9, 7.1 Hz, 1H), 3.25 (s, 3H), 2.42 (dd, J = 7.0, 4.5 Hz, 1H), 2.20 (s, 3H), 2.06 (dd, J 
= 8.9, 4.5 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 174.0, 157.1, 156.5, 134.3, 132.6, 128.9, 128.8, 128.8, 127.1, 126.5, 125.4, 123.2, 121.1, 
109.6, 54.9, 52.5, 34.8, 34.2, 20.4, 20.4. 
HRMS: (+p APCI) calculated for [C₂₂H₂₂O₃N +] 348.1594, found 348.1594 
IR(neat): 2949. 1716, 1600, 1561, 1502, 1463, 1433, 1372, 1297, 1263, 1243, 1213, 1190, 1159, 1142, 1090, 1033, 961, 
911, 827, 808, 770, 732, 700, 647, 586, 503 cm-1 

Chiral HPLC: (AD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 20.15 min, 33.06 min.  

 
Methyl (1S,2S)-2-(isoquinolin-1-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (53) 
This compound was prepared according to General procedure 3.4 from the reaction between 36 (0.20 mmol, 44 mg) and 
S29 (1.5 equiv, 30 mmol, 47 mg) in 84% yield and >99% ee (0.17 mmol, 59 mg). After isolation, enantio-enriched product 
was obtained as a white solid. In order to resolve enantiomers by chiral UHPLC, the product had to be reduced to the 
corresponding alcohol. The product (0.16 mmol 57mg) was dissolved in dry THF (1 mL) and LAH (1.5 equiv, 0.25 mmol, 
0.25 mL 1.0 M solution in THF) was added dropwise to the stirring solution. The reaction was allowed to stir for 2 h before 
quenching with excess Na2SO4 • 10 H2O. Quench ran for 30 min. Then the solids were filtered off and the crude residue was 
evaporated to dryness. The crude residue was dissolved in isopropanol, diluted with hexanes and used directly for UHPLC 
characterization. 
MP: 118-120 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.63 – 8.47 (m, 1H), 8.01 (d, J = 5.7 Hz, 1H), 7.77 – 7.69 (m, 1H), 7.65 (dq, J = 6.8, 4.3 Hz, 
2H), 7.27 (s, 2H), 7.07 (d, J = 2.2 Hz, 1H), 6.78 (ddd, J = 8.2, 2.3, 0.8 Hz, 1H), 6.13 (d, J = 8.2 Hz, 1H), 4.18 (dd, J = 8.7, 6.9 
Hz, 1H), 3.73 (s, 3H), 2.88 (broad s, 1H), 2.81 (s, 3H), 2.21 (s, 3H), 1.97 (dd, J = 8.7, 4.2 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 174.5, 156.0, 155.5, 140.6, 135.5, 132.5, 129.4, 128.8, 128.5 (2 C), 126.7, 126.4, 126.3, 
122.8, 118.8, 108.7, 53.9, 52.6, 35.4, 29.9, 20.4, 18.6. 
HRMS: (+p APCI) calculated for [C₂₂H₂₂O₃N +] 348.1594, found 348.1593 
IR(neat): 3005, 2949, 2833, 1717, 1621, 1585, 1561, 1501, 1461,1435, 1404, 1365, 1271, 1240, 1216, 1171, 1141, 1092, 
1032, 992, 971, 908, 871, 822, 807, 727, 683, 647, 618, 582, 529, 505 cm-1 

Chiral HPLC: (AD-H, 30 min, 3 mL/min, 3% i-PrOH in n-hexane, UV 230 nm) RT: 7.98 min, 11.62 min.  

 
Methyl (1S,2S)-2-(3-isopropyl-1,2,4-oxadiazol-5-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-carboxylate (54) 
This compound was prepared according to General procedure 3.5 from the reaction between 36 (0.20 mmol, 44 mg) and 
S30 (1.5 equiv, 0.30 mmol, 42 mg) in 52% yield and >99% ee (0.10 mmol, 34 mg). After isolation, enantio-enriched product 
was obtained as a viscous colorless oil. 
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1H NMR (400 MHz, CDCl3) δ 7.01 – 6.97 (m, 2H), 6.54 (d, J = 8.8 Hz, 1H), 3.66 (s, 3H), 3.54 (s, 3H), 3.40 (dd, J = 9.0, 6.9 
Hz, 1H), 2.84 (hept, J = 6.9 Hz, 1H), 2.24 (d, J = 0.7 Hz, 3H), 2.17 (dd, J = 6.8, 4.8 Hz, 1H), 2.11 (dd, J = 9.0, 4.8 Hz, 1H), 
1.07 (dd, J = 11.2, 6.9 Hz, 6H);  
13C NMR (101 MHz, CDCl3) δ 176.4, 174.4, 172.6, 156.5, 132.2, 129.7, 129.2, 122.1, 109.8, 55.2, 52.9, 34.5, 26.4, 23.0, 
21.1, 20.6, 20.4, 20.0;  
HRMS (ESI) m/z calculated for [C18H23N2O4+H]+, 331.1652; found 331.1659.  
Chiral SFC: (ChiralPak-IB N-3 3µm column, 3 mL / minute, 5-30% iPrOH / CO2 with DEA additive over 5 min, RT: 1.39 min, 
1.75 min. 

 
Methyl (1R,2S)-1-(2-methoxy-5-methylphenyl)-2-(1H-pyrazol-1-yl)cyclopropane-1-carboxylate (55) 
This compound was prepared according to General procedure 3.5 from the reaction between 36 (0.20 mmol, 44 mg) and 
N-vinylpyrazole (1.5 equiv, 0.30 mmol, 28 mg, Enamine) in 82% yield and 96% ee (0.16 mmol, 47 mg). After isolation, 
enantio-enriched product was obtained as a viscous colorless oil.  
1H NMR (400 MHz, CDCl3) δ 7.22 (ddd, J = 3.9, 2.1, 0.7 Hz, 2H), 6.94 (dtd, J = 8.3, 1.4, 0.7 Hz, 1H), 6.85 – 6.80 (m, 1H), 
6.57 (d, J = 8.3 Hz, 1H), 5.99 (dd, J = 2.4, 1.8 Hz, 1H), 4.65 (dd, J = 8.7, 5.6 Hz, 1H), 3.69 (s, 3H), 3.65 (d, J = 0.5 Hz, 3H), 
2.50 (t, J = 5.8 Hz, 1H), 2.16 (t, J = 0.7 Hz, 3H), 2.08 (dd, J = 8.7, 6.0 Hz, 1H);  
13C NMR (101 MHz, CDCl3) δ 172.9, 156.7, 138.4, 131.7, 129.9, 129.5, 129.3, 121.5, 109.9, 105.5, 55.2, 52.5, 45.1, 32.6, 
20.4, 18.7; 
HRMS (ESI) m/z calculated for [C16H19N2O3 +H]+, 287.1390; found 287.1395. 
Chiral SFC: (Lux i-Cellulose-5 (IC) column, 3 mL / minute, 5-50% MeOH / CO2 over 5 min, RT: 1.40 min, 1.56 min. 

 
Methyl (1S,2R)-1-(5-bromo-2-chlorophenyl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (56) 
This compound was prepared according to General procedure 3.4 from the reaction between S12 (0.20 mmol, 58 mg) and 
35 (1.5 equiv, 0.30 mmol, 42 mg) in 98% yield and 93% ee (0.20 mmol, 78 mg). After isolation, enantio-enriched product 
was obtained as a white solid. 
MP: 96-99 ̊C  
1H NMR (400 MHz, CDCl3) δ 8.07 – 7.91 (s, 1H), 7.52 (s, 1H), 7.32 (dd, J = 8.5, 2.4 Hz, 1H), 7.11 – 7.00 (m, 2H), 6.96 (dd, J 
= 8.3, 2.2 Hz, 1H), 3.71 (s, 3H), 3.33 (t, J = 7.9 Hz, 1H), 2.14 (s, 1H), 1.90 (dd, J = 7.3, 5.5 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.9, 149.7, 149.3, 137.0, 135.8, 135.0, 134.6, 132.4, 131.0, 130.2, 122.9, 120.2, 53.0, 36.7, 
29.6, 20.8. 
HRMS: (+p APCI) calculated for [C₁₆H₁₃O₂N⁷⁹Br³⁵Cl₂ +] 399.9501 found 399.9501 
IR(neat): 3016, 2951, 1722, 1586, 1560, 1465, 1434, 1365, 1350, 1270, 1248, 1208, 1166, 1141, 1114, 1045, 1024, 970, 
909, 892, 815, 741, 730, 647, 634, 533 cm-1 

Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 26.38 min, 29.94 min.  

 
Methyl (1S,2R)-1-(2-chlorophenyl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (57) 
This compound was prepared according to General procedure 3.4 from the reaction between S5 (0.20 mmol, 42 mg) and 
35 (1.5 equiv, 0.30 mmol, 42 mg) in 75% yield and 92% ee (0.15 mmol, 49 mg). After isolation, enantio-enriched product 
was obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 2.5 Hz, 1H), 7.49 – 7.27 (m, 1H), 7.25 – 7.12 (m, 3H), 6.94 (d, J = 8.3 Hz, 1H), 
6.87 (dd, J = 8.3, 2.6 Hz, 1H), 3.68 (s, 3H), 3.30 (t, J = 8.4 Hz, 1H), 2.11 (t, J = 8.2 Hz, 1H), 1.89 (dd, J = 7.3, 5.4 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 172.8, 149.6, 149.7, 137.2, 137.1, 132.5, 130.9, 129.9, 129.6, 126.9, 123.0, 53.1, 37.0, 29.7 
HRMS: (+p APCI) calculated for [C₁₆H₁₄O₂N³⁵Cl₂+] 322.0396, found 322.0399 
IR(neat): 2923, 2852, 1720, 1586, 1561, 1464, 1434, 1397, 1348, 1269, 1250, 1208, 1165, 1143, 1110, 1034, 1023, 992, 
968, 909, 885, 833, 802, 780, 741, 699, 660, 647, 586, 518, 470, 434 cm-1 

Chiral HPLC: (OD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 28.71 min, 32.79 min  
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Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2,5-dimethylphenyl)cyclopropane-1-carboxylate (58) 
This compound was prepared according to General procedure 3.5: S11 (0.20 mmol, 41 mg) and 66 (1.5 equiv, 0.30 mmol, 
42 mg) in 74% yield and >99% ee (0.15 mmol, 47 mg). After isolation, enantio-enriched product was obtained as a clear 
colorless oil. 
1H NMR (500 MHz, CDCl3) δ 7.29 – 7.05 (m, 2H), 6.97 (d, J = 7.8 Hz, 1H), 6.93 – 6.86 (m, 1H), 6.80 (s, 1H), 6.50 (d, J = 7.1 
Hz, 1H), 3.66 (s, 3H), 3.46 – 3.32 (m, 1H), 2.48 – 1.82 (m, 8H);  
13C NMR (101 MHz, CDCl3) δ 173.5, 157.6, 149.8, 137.7, 136.0, 134.6, 132.2, 129.6, 128.3, 121.4, 120.2, 52.6, 33.8, 21.7, 
20.9, 18.8;  
HRMS (ESI) m/z calculated for C18H19ClNO2 [M+H]+, 316.1104; found 316.1097. 
Chiral SFC: (ChiralPakIC column, 3 mL / minute, 5-30% MeOH / CO2 over 10 min, RT: 2.15 min, 2.57 min.  

 
Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-ethoxy-5-methylphenyl)cyclopropane-1-carboxylate (59) 
This compound was prepared according to General procedure 3.5: S21 (0.20 mmol, 47 mg) and 66 (1.5 equiv, 0.30 mmol, 
42 mg) in 82% yield and 99% ee (0.16 mmol, 56 mg). After isolation, enantio-enriched product was obtained as a clear 
colorless oil. 
1H NMR (500 MHz, CDCl3) δ 7.25 (t, J = 7.8 Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.92 – 6.87 (m, 2H), 6.70 (dd, J = 7.8, 0.8 Hz, 
1H), 6.40 (d, J = 8.2 Hz, 1H), 3.79 (dq, J = 8.7, 7.0 Hz, 1H), 3.64 (s, 3H), 3.41 (ddd, J = 15.9, 9.1, 7.0 Hz, 2H), 2.27 – 2.20 
(m, 4H), 1.94 (dd, J = 8.9, 4.8 Hz, 1H), 1.24 (t, J = 7.0 Hz, 3H);  
13C NMR (101 MHz, CDCl3) δ 173.9, 158.0, 155.7, 149.4, 137.3, 132.5, 129.0, 128.7, 122.6, 121.0, 120.9, 110.1, 62.9, 52.4, 
34.9, 32.8, 20.4, 20.1, 14.7;  
HRMS (ESI) m/z calculated for C19H21ClNO3 [M+H]+, 346.1215; found 346.1208. 
Chiral SFC: (ChiralPakIC column, 3 mL / minute, 5-30% MeOH / CO2 over 10 min, RT: 2.63 min, 2.96 min. 

 
Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-fluoro-5-methylphenyl)cyclopropane-1-carboxylate (60) 
This compound was prepared according to General procedure 3.5: S22 (0.20 mmol, 42 mg) and 66 (1.5 equiv, 0.30 mmol, 
42 mg) in 81% yield and >99% ee (0.16 mmol, 52 mg). After isolation, enantio-enriched product was obtained as a clear 
colorless oil. 
1H NMR (500 MHz, CDCl3) δ 7.37 (t, J = 7.8 Hz, 1H), 7.02 – 6.93 (m, 3H), 6.93 – 6.88 (m, 1H), 6.62 (dd, J = 9.9, 8.3 Hz, 
1H), 3.68 (s, 3H), 3.34 (dd, J = 8.9, 7.0 Hz, 1H), 2.35 (dd, J = 7.0, 4.7 Hz, 1H), 2.24 (d, J = 1.0 Hz, 3H), 2.06 (dd, J = 8.9, 4.7 
Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 173.0, 161.5, 159.1, 156.8, 149.9, 138.0, 133.1 (d, J = 3.7 Hz), 129.6 (d, J = 8.1 
Hz),121.9, 121.6, 114.3, 114.1, 52.8, 33.6, 33.1, 20.5, 19.5.  
19F NMR (376 MHz, CDCl3) δ -119.37 (dt, J = 10.9, 6.0 Hz). 
HRMS (ESI) m/z calculated for C17H16ClFNO2 [M+H]+, 320.0859; found 320.0857. 
Chiral SFC: ChiralPak-IB column, 3 mL / minute, 5-50% MeOH / CO2 over 10 min, RT: 0.96 min, 1.07 min. 

  
Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-fluoro-5-methoxyphenyl)cyclopropane-1-carboxylate (61) 
This compound was prepared according to General procedure 3.5: S23 (0.20 mmol, 45 mg) and 66(1.5 equiv, 0.30 mmol, 
42 mg) in 71% yield and >99% ee (0.14 mmol, 48 mg). After isolation, enantio-enriched product was obtained as a white 
solid. 
1H NMR (400 MHz, CDCl3) δ 7.38 (t, J = 7.7 Hz, 1H), 7.02 6.93 (m, 2H), 6.72 – 6.59 (m, 3H), 3.70 (s, 3H), 3.69 (s, 3H), 3.34 
(dd, J = 9.0, 7.0 Hz, 1H), 2.34 (dd, J = 7.0, 4.7 Hz, 1H), 2.07 (dd, J = 8.9, 4.7 Hz, 1H);  
13C NMR (101 MHz, CDCl3) δ 172.7, 157.8, 156.7, 155.5, 155.0 (d, J = 2.0 Hz), 150.0, 138.0, 121.9, 121.6, 117.6 (d, J = 3.7 
Hz), 115.2, 114.9, 114.5 (d, J = 8.2 Hz), 55.8, 52.7, 33.3, 19.7. 
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19F NMR (376 MHz, CDCl3) δ -124.68 (dt, J = 8.6, 5.5 Hz). 
HRMS (ESI) m/z calculated for [C17H16ClFNO3 +H]+, 336.0808; found 336.0808.  
Chiral SFC: Lux i-Cellulose column, 3 mL / minute, 5-25% IPA / CO2 over 10 min, RT: 2.08 min, 2.40 min. 
 

  
Methyl (1S,2S)-2-(6-chloropyridin-2-yl)-1-(2-chloropyridin-3-yl)cyclopropane-1-carboxylate (62) 
This compound was prepared according to General procedure 3.4 from the reaction between S20 (0.20 mmol, 42 mg) and 
66 (1.5 equiv, 30 mmol, 42 mg) in 87% yield and 85% ee (0.17 mmol, 56 mg). After isolation, enantio-enriched product was 
obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.21 (ddd, J = 10.3, 4.9, 1.9 Hz, 2H), 7.32 (broad s, 1H), 7.03 (broad s, 1H), 6.88 (broad s, 1H), 
6.65 (broad s, 1H), 3.72 (s, 3H), 3.65 (broad s, 1H), 2.33 (broad s, 1H), 1.90 (dd, J = 7.8, 5.7 Hz, 1H). 
13C NMR (151 MHz, CDCl3) δ 171.7, 154.1, 153.4, 148.6 (2 C), 147.8, 141.6, 129.6, 121.9 (2 C), 121.7, 53.1, 29.6, 25.3, 
20.9. 
HRMS: (+p APCI) calculated for [C₁₅H₁₃O₂N₂³⁵Cl₂+] 323.0348, found 323.0340 
IR(neat): 1724, 1563, 1436, 1411, 1398, 1357, 1268, 1220, 1196, 1166, 1132, 1063, 756, 732, 682cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 10.65 min, 11.71 min.  

 
Methyl (1S,2R)-1-(2-chloropyridin-3-yl)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylate (63) 
This compound was prepared according to General procedure 3.4 from the reaction between S20 (0.20 mmol, 42 mg) and 
35 (1.5 equiv, 30 mmol, 42 mg) in 79% yield and 84% ee (0.16 mmol, 51 mg). After isolation, enantio-enriched product was 
obtained as a clear colorless oil. 
1H NMR (600 MHz, CDCl3) δ 8.27 (s, 1H), 7.98 (s, 1H), 7.19 (s, 1H), 7.03 (s, 3 H), 3.70 (s, 3H), 3.36 (m, 1 H), 2.18 (broad S, 
1H), 1.69 (broad s, 1H)  
13C NMR (151 MHz, CDCl3) δ 171.7, 153.9, 149.9, 149.1, 148.8, 137.5, 129.4, 123.1, 122.1, 53.0, 36.0, 29.6, 29.6, 25.3 
HRMS: (+p APCI) calculated for [C₁₅H₁₃O₂N₂³⁵Cl₂+] 323.0348, found 323.0349 
IR(neat): 3016, 2970, 2950, 1721, 1562, 1464, 1434, 1397, 1348, 1265, 1221, 1165, 1132, 1108, 1058, 1023, 967, 911, 835, 
801, 779, 754, 728, 659, 647, 633, 437 cm-1   
Chiral HPLC: (AD-H, 60 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 29.56 min, 34.74 min. 

 
Methyl (1S,2R)-1-(2-chloropyridin-3-yl)-2-(5-fluoro-6-methoxypyridin-3-yl)cyclopropane-1-carboxylate (64) 
This compound was prepared according to General procedure 3.4 from the reaction between S20 (0.20 mmol, 42 mg) and 
S26 (1.5 equiv, 30 mmol, 46 mg) in 74% yield and 72% ee (0.15 mmol, 50 mg). After isolation, enantio-enriched product was 
obtained as clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.25 (dd, J = 4.8, 1.9 Hz, 1H), 7.58 (d, J = 2.1 Hz, 1H), 7.48 (d, J = 48.6 Hz, 1H), 7.17 (s, 1H), 
6.67 (dd, J = 11.2, 2.1 Hz, 1H), 3.92 (s, 3H), 3.69 (s, 3H), 3.31 (t, J = 8.4 Hz, 1H), 2.14 (s, 1H), 1.81 (dd, J = 7.4, 5.6 Hz, 
1H). 
13C NMR (151 MHz, CDCl3) δ 172.0, 154.0, 152.3 (d, J = 11.5 Hz), 148.6, 147.4, 145.7, 140.8 (d, J = 5.7 Hz), 129.8, 124.5, 
122.1, 122.0, 121.9, 53.7, 52.9, 35.6, 29.7. 
19F NMR (376 MHz, CDCl3) δ -140.38 (d, J = 11.2 Hz). 
HRMS: (+p APCI) calculated for [C₁₆H₁₅O₃N₂³⁵ClF +] 337.0749, found 337.0747 
IR(neat): 2952, 1720, 1617, 1579, 1564, 1496, 1437, 1413, 1398, 1264, 1219, 1196, 1169, 1140, 1059, 959, 909, 776, 751, 
731, 654, 564, 503 cm-1   
Chiral HPLC: (AD-H, 80 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 40.39 min, 66.59 min 
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Methyl (1S,2S)-1,2-bis(2-chloropyridin-3-yl)cyclopropane-1-carboxylate (65) 
This compound was prepared according to General procedure 3.4 from the reaction between S20 (0.20 mmol, 42 mg) and 
S25 (1.5 equiv, 30 mmol, 42 mg) in 65% yield and 95% ee (0.13 mmol, 42 mg). After isolation, enantio-enriched product was 
obtained as a clear colorless oil. 
1H NMR (400 MHz, CDCl3) δ 8.20 (dd, J = 4.8, 1.9 Hz, 1H), 7.77 (s, 1H), 7.43 (t, J = 7.7 Hz, 1H), 7.20 (broad s, 1H), 6.94 (d, 
J = 7.9 Hz, 1H), 3.69 (s, 3H), 3.49 – 3.40 (m, 1H), 2.44 (broad s, 1H), 2.05 (broad s, 1H). 
13C NMR (151 MHz, CDCl3) δ 172.1, 155.7, 153.3, 149.9, 148.1, 141.8, 138.1, 130.1, 123.6, 121.8, 52.9, 37.0, 33.0, 29.7, 
22.7, 20.9. 
HRMS: (+p APCI) calculated for [C₁₅H₁₃O₂N₂³⁵Cl₂+] 323.0348, found 323.0346 
IR(neat): 1722, 1583, 1558, 1434, 1398, 1377, 1265, 1220, 1162, 1132, 1096, 1058, 991, 941, 910, 810, 796, 770, 752, 730, 
714, 654 cm-1   
Chiral HPLC: (AD-H, 30 min, 1 mL/min, 1% i-PrOH in n-hexane, UV 230 nm) RT: 22.81 min, 24.16 min.  
 
5. Determination of enantioselectivity 
 
5.1: Diastereoselectivity of R-pantolactonate cyclopropanes. 
 
Diastereoselectivity of these products was determined through analysis of the crude cyclopropanation products via 1H NMR. 
The reaction has the potential to form 4 stereoisomers. 2 arise from the enantiocontrol of the pantolactonate, and 2 arise 
from the cis/trans diastereoselectivity inherent to donor-acceptor rhodium carbenes. In-order to resolve the identity of these 
stereoisomers, a control experiment may be performed in the presence of a chiral catalyst. One of the isomers of the chiral 
catalyst will oppose the enantioselectivity imparted by the pantolactonate, leading to increased production of the minor-
stereoisomer that would arise from imperfect enantiocontrol by the pantolactonate. However, due to the inherent cis/trans 
diastereoselectivity of donor/acceptor carbenes, the ratio of cis/trans stereoisomers is not affected. By comparing distinctive 
peaks in the stereo-scrambled product to the crude reaction mixture of the chiral reaction the asymmetric induction of the 
chiral-auxiliary reaction may be determined unambiguously (Figure s4). 
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Figure S4a. Determination of diastereomeric excess of compound 9 based on identification of peaks in the reaction crude 
(Red) corresponding to the minor stereo-isomer due to imperfect enantiocontrol. The benzylic cyclopropyl proton gives the 
clearest determination of %de due to its separation from the major stereoisomer in the crude spectrum. Regardless several 
characteristic peaks of the minor stereoisomer are observed in the stereo-scrambled product (Blue) as circled in red. The 
scrambled product was obtained from the reaction between S17 and 66 in the presence of a 1:1 mixture of Rh2(S-DOSP)4 
and Rh2(R-DOSP)4 (1.0 mol % total catalyst loading), in CH2Cl2 at rt for 24hr. Diastereomeric excess is determined by 
subtracting the integration of the minor stereoisomer from the normalized integration of the major stereoisomer. S4b. For 
compounds bearing an ortho-substituent, comparison of protons in the aryl region corresponding to the azaheterocycle may 
be used for determination of diastereomeric excess due to the lack of surrounding clutter. Diastereo-scrambled product 
products were prepared using blue-light to generate the carbene in absence of a chiral environment, the example shown is 
the reaction between S18 and 2-chloro-5-ethenyl-pyrimidine (Enamine) in CH2Cl2 under blue light irradiation at rt for 24hr.  
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5.1.1: Crude 1H NMRs of R-pantolactonate cyclopropanes for %d.e determination: 
Compound 8 

 
Compound 9 
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Compound 10 

 
Compound 11 
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Compound 12:  
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Compound 13:  
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Compound 14: 
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Compound 15: 
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Compound 16: 
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5.2: Enantioselectivity of cyclopropanes synthesized with chiral catalysts was 
determined by chiral HPLC, UHPLC, of SFC. 

 
Racemic trace: 
 

 

 
 
25 ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 with (MeO)2CO as solvent 
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25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 with CH2Cl2 as solvent 

 

 
Racemic trace: 
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25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 

 

 
Racemic trace: 

 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace:        

 
 
 
 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 
25  ̊C, 1 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 

 



S57 
 

 
Racemic trace: 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 

 
 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace:       
 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 
 

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 
 

 

 
 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 
 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 

 
 
 
 

25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace:      

   

 
25  ̊C, 0.5 mol % Rh2(R-p-Ph-TPCP)4, reaction performed according to procedure 3.2 
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Racemic trace: 
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25 ̊C, 1 mol % Rh2(S-Tris(p-tBuPh)-TPCP)4, 2.5 equiv of vinyl pyridine, reaction performed according to procedure 
3.3 

 

 

 
25 ̊C, 1 mol % Rh2(R-p-Ph-TPCP)4, 2.5 equiv of vinyl pyridine, reaction performed according to procedure 3.3 

 

 
25 ̊C, 1 mol % Rh2(S-PTAD)4, 2.5 equiv of vinyl pyridine, reaction performed according to procedure 3.3 
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25 ̊C, 1 mol % Rh2(R-DOSP)4, 2.5 equiv of vinyl pyridine, reaction performed according to procedure 3.3 

 

 
 
25 ̊C, 1 mol % Rh2(S-TPPTTL)4, 2.5 equiv of vinyl pyridine, reaction performed according to procedure 5.3 

 

 
 

25 ̊C, 1 mol % Rh2(S-TPPTTL)4, 2.5 equiv of vinyl pyridine, trifluorotoluene as solvent, reaction performed according 
to procedure 3.3 
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25  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 2.5 equiv vinyl heterocycle, (MeO)2CO as solvent, reaction performed according to 
procedure 3.3 

 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 2.5 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 
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–50  ̊C, 1.0 mol % Rh2(R-TPPTTL)4, 2.5 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 

 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 10.0 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 

 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 2.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 
 
 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 1.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, no drying 
additive present, reaction performed according to procedure 3.4 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 5 equiv 
HFIP, reaction performed according to procedure 3.5 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 1.0 equiv 
HFIP, reaction performed according to procedure 3.5 
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25 ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent 20 equiv 
HFIP, reaction performed according to procedure 3.6 

 

 
 

 
Racemic Trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 

 

 
Racemic Trace: 
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25  ̊C, 1.0 mol % Rh2(R-TPPTTL)4, 2.5 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 

 
 
 
 
 
 
Racemic Trace:  
 

 



S78 
 

 

 
 
 
0 ̊C, 1.0 mol % Rh2(R-TPPTTL)4 5.0 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 
 

 

 
 
 
Racemic Trace: 
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0  ̊C, 1.0 mol % Rh2(R-TPPTTL)4 5.0 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 

 

 
 
 

Racemic trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 

 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 
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Racemic trace: 

 
 

0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 
 
 

 
 
 
 
Racemic trace: 
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0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 
 

 
 
 
 

0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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Racemic trace: 

 
 
 

 
 

0  ̊C, 1.0 mol % Rh2(R-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
 
 

 

 
Racemic trace: 
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0 ̊C , 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 
 

 
 
 
 

0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 
 

 
 
 



S89 
 

 
 
 
 
Racemic trace: 

 
0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 
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0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
 

 
Racemic trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, CH2Cl2 as solvent, reaction performed according to procedure 3.3 

 
 
 
 
 
 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 
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Racemic trace: 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 5.0 equiv vinyl heterocycle, CH2Cl2 as solvent, reaction performed according to 
procedure 3.3 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 
 
 
 

0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 
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Racemic Trace: 

 
 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 

 

 
 
Racemic trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 
 
 
 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, 10 equiv 
HFIP, reaction performed according to procedure 3.5 
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Racemic Standard Enriched Sample 
RT = 1.007 min  

Area = 42.29 
RTmajor = 0.988 min 

Area = 96.59 
RT = 1.126 min  

Area = 44.33 
RTminor = 1.128 min 

Area = 1.84 
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Racemic Standard Enriched Sample 
RT = 1.182 min  

Area = 47.07 
RTminor = 1.181 min 

Area = 11.75 
RT = 1.395 min  

Area = 47.60 
RTmajor = 1.394 min 

Area = 86.90 
 

 
Racemic trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 
 

 
LAH reduction of 53 was required to achieve separation of the enantiomers by chiral UHPLC. See section 4.3 for 
experimental details.  
Racemic trace of reduced product: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 prior to LAH reduction. 

 

 

 

 
Racemic Standard Enriched Sample 
RT = 1.393 min 

Area = 43.35 
RTminor = n.d. 
Area = n.d. 

RT = 1.698 min 
Area = 44.07 

RTmajor = 1.753 min 
Area = 65.46 
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Racemic Standard Enriched Sample 
RT = 1.401 min  

Area = 49.53 
RTminor = 1.401 min 

Area = 2.48 
RT = 1.560 min  

Area = 50.24 
RTmajor = 1.559 min 

Area = 96.87 
 

 
Racemic trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 

 
 

 
Racemic Trace: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 

 

 

 

 
 

  
 

Racemic Standard 
RT = 2.13 min  
Area = 647.6 

RT = 2.55 min  
Area = 646.9 

Enriched Sample 
RTminor = 2.15 min 

Area = 5.4 
 

RTmajor = 2.57 min 
Area = 2451.9 
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Racemic Standard 
RT = 2.60 min  
Area = 1318.7 
RT = 2.95 min  
Area = 1334.2 

Enriched Sample 
RTminor = 2.63 min 

Area = 19.7 
RTmajor = 2.96 min 

Area = 2782.0 
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Racemic Standard 

RT = 0.96 min  
Area = 47.27 

RT = 1.07 min 
Area = 47.49 

 
Enriched Sample 

RTminor = 0.97 min 
Area = 0.22 

RTmajor = 1.07 min 
Area = 99.38 
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Racemic Standard 

RT = 2.09 min 
Area = 48.43 

RT = 2.40 min 
Area = 51.57 

 
Enriched Sample 

RTmajor = 2.08 min 
Area = 99.42 

RTminor = 2.40 min 
Area = 0.50 
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Racemic trace: 
 

 
 
 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4  
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Racemic trace:  

 
 
 

 
 

0  ̊C, 1.0 mol % Rh2(S-TPPTTL)41.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4  
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Racemic trace: 

 
0 ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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Racemic trace: 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4 1.5 equiv vinyl heterocycle, 3.5 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4  
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5.3: Screening of different coordinating additives for optimal %ee enhancement in 
cyclopropanation with ortho-substituted aryl/heteroaryl diazoacetates. 
 

 
Figure S5. Examination of various coordinating additives to determine the optimal compound to enhance the enantioselectivity of cyclopropanation 
involving ortho-substituted aryl diazo acetates. Two aryldiazoacetates were examined to ensure generalizability.  Reactions were conducted on 0.20 
mmol scale with 5.0 equiv styrene, 1.0 equiv coordinating additive, 1.0 mol % catalyst loading, and CH2Cl2 as solvent. The reaction was conducted at 
room temperature and run for at least 13 hr. Of the additives tested, 2-chloropyridine and 2-fluoropyridine (red) gave the best levels of enantio-
enhancement. Other additives seemed to hamper the enantioselectivity of the reaction, in particular substituted quinolines and tetra-methyl urea. 3-
Chloropyridine and pyridine served to poison the reaction, no rhodium-carbene was generated and the diazo-starting material was recovered. 
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Racemic trace, AD-H column: 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-chloropyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-MeOpyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-Brpyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv quinoline, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 



S115 
 

 
 
 
 
Racemic trace: 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-Clpyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-Clquinoline, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2,8-dichloroquinoline, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
 

 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 8-chloroquinoline, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2-Fpyridine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv 2,6-lutidine, CH2Cl2 as solvent, reaction performed 
according to procedure 3.4 

 
 
0  ̊C, 1.0 mol % Rh2(S-TPPTTL)4, 5.0 equiv styrene, 1.0 equiv N,N,N’N’- tetramethyl urea, CH2Cl2 as solvent, reaction 
performed according to procedure 3.4 
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6. NMR Spectra: 
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7. Crystallographic Data: 
7.1: Rh2(R-TPPTTL)4 cocrystalized with 2-Clpyridine from CH2Cl2 
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7.2: 2,2,2-Trichloroethyl (1S,2R)-1-(4-bromophenyl)-2-(6-chloropyridin-3-yl)cyclopropane-
1-carboxylate crystalized from CH2Cl2 for determination of absolute stereo-configuration. 
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Compound		 JCS-24-8-2020_Mo		
		 		
Formula		 C17H12BrCl4NO2		
Dcalc./	g	cm-3		 1.756		
µ/mm-1		 2.840		
Formula	Weight		 484.004		
Color		 colorless		
Shape		 prism		
Size/mm3		 0.33×0.28×0.22		
T/K		 100.00(10)		
Crystal	System		 monoclinic		
Flack	Parameter		 0.015(3)		
Hooft	Parameter		 -0.001(2)		
Space	Group		 P21		
a/Å		 5.95245(14)		
b/Å		 9.2860(2)		
c/Å		 16.6609(4)		
a/°		 90		
b/°		 96.220(2)		
g/°		 90		
V/Å3		 915.50(4)		
Z		 2		
Z'		 1		
Wavelength/Å		 0.71073		
Radiation	type		 Mo	Ka		
Qmin/°		 2.46		
Qmax/°		 38.07		
Measured	Refl's.		 29643		
Indep't	Refl's		 9440		
Refl's	I≥2	s(I)		 8716		
Rint		 0.0349		
Parameters		 347		
Restraints		 40		
Largest	Peak		 0.5379		
Deepest	Hole		 -0.4013		
GooF		 0.9915		
wR2	(all	data)		 0.0510		
wR2		 0.0500		
R1	(all	data)		 0.0288		
R1		 0.0244		
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7.3: Methyl (1S,2S)-2-(2-chloropyridin-3-yl)-1-(2-methoxy-5-methylphenyl)cyclopropane-1-
carboxylate crystalized from IPA for determination of absolute stereo-configuration. 
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