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List of abbreviations 

Calcd Calculated 

CTAB Cetyltrimethylammonium bromide 

DCM Dichloromethane 

DIPEA N,N-diisopropylethylamine 

DMF Dimethylformamide 

ESI Electrospray ionization 

EtOAc Ethyl acetate 

EtOH Ethanol 

HPLC High performance liquid chromatography 

HRMS High resolution mass spectrometry 

LAH Lithium aluminum hydride 

MHz Megahertz 

MeCN Acetonitrile 

MeOH Methanol 

M.p. Melting point 

Rf Retention factor 

Rt Retention time 

THF Tetrahydrofuran 

TLC Thin layer chromatography 

UV Ultraviolet 
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General materials and methods. All chemical reagents were of analytical grade, obtained from commercial 
suppliers, and used without further purification unless otherwise specified. Reactions were monitored by thin layer 
chromatography (TLC) on pre-coated glass TLC plates (Analtech UNIPLATE™ silica gel HLF w/ organic binder, 
250 μm thickness, with UV254 indicator) or by LC/MS (Agilent LC-MSD, direct-injection mode, 1–10 μL, ESI). TLC 
plates were visualized by UV illumination or developed with either potassium permanganate stain (KMnO4 stain: 
1.5 g KMnO4, 10 g K2CO3 and 1.25 mL of 10% NaOH dissolved in 200 mL H2O), ceric ammonium molybdate stain 
(CAM stain: 12 g (NH4)6Mo7O24 • 4H2O, 0.5 g Ce(NH4)2(NO3)6 and 15 mL of concentrated H2SO4 dissolved in 235 
mL H2O), or ninhydrin stain (1.5 g ninhydrin dissolved in 100 mL of 1-butanol and 3 mL of conc. AcOH). Flash 
chromatography was carried out using Sorbtech, 60 Å, 40–63 µm or Millipore 60 Å, 35–70 µm silica gel according 

to the procedure described by Still1. HPLC was performed using a Shimadzu HPLC (FCV-200AL) equipped with 

an Agilent reversed phase Zorbax Sb-Aq C18 column (4.6 × 250 mm or 21.2 × 250 mm) fitted with an Agilent 
stand-alone prep guard column. NMR spectra (1H, 13C, COSY, DEPT135, and 19F) were obtained using a 300, 
400, 500, or 700 MHz Bruker spectrometer and analyzed using Mestrenova 9.0. 1H and 13C chemical shifts (δ) 
were referenced to residual solvent peaks. Low-resolution electrospray ionization (ESI) and High-resolution 
electrospray ionization (ESI) mass spectra were obtained at the Stony Brook University Institute for Chemical 
Biology and Drug Discovery (ICB&DD) Mass Spectrometry Facility with an Agilent LC/MSD and LC-UV-TOF 
spectrometer respectively. Melting points were obtained on Thomas hoover Unimelt capillary melting point 
apparatus. 
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Table S1: Optimisation conditions for converting spirocyclopropyl 3-N dibromo 7b to spirocyclopropyl 3-N 
monobromo 11b.  (See page S106 for more details) 

  

Reagent T (°C) Time Yield Comments 

SnBu3H (1 eq) rt 3 h -- No reaction 

SnBu3H (3 eq) rt 16 h -- No reaction 

SnBu3H (3 eq) rt 4d 10% Unreacted SM 

SnBu3H (1–5 eq) 40–45 1–7 d 15% Decomposition & unreacted SM 

LiAlH4 (4 eq) rt 18 h 25%  

LiAlH4 (2 eq) + 1% AgClO4 rt 1 h 41%  

EtMgBr (1.3 eq) + Ti(OiPr)4 (1 eq) rt 4 h 0% Consumption of SM 

EtMgBr (1.3 eq) + Ti(OiPr)4 (0.6 eq) rt 4 h 0% Consumption of SM 

EtMgBr (1.3 eq) + Ti(OiPr)4 (0.1 eq) rt 0.5 h -- Inseparable mixture of SM & product 

EtMgBr (2–3 eq)+ Ti(OiPr)4 (0.1 eq) rt 0.5 h 0% Allene rearrangement product 

n-BuLi -80 10 min 60%  

iPrMgCl -50 10 min 55%  
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Scheme 1 

 

To an ice-cold solution of 2-azetidinecarboxylic acid (5.0 g, 49.45 mmol, 1 eq) in NaOH (50 
mL, 2M) was added dropwise a solution of TsCl (10.37 g, 54.40 mmol, 1.1 eq) in Et2O (60 
mL). The reaction was stirred at 0 °C for 4 h and then stirred at rt for 16 h. The pH of the 
reaction mixture was adjusted to 12 using 2M NaOH and the aqueous layer was collected. 
The aqueous layer was further washed with Et2O (50 mL), diluted with EtOAc and the pH 
was adjusted to 1 using 2M HCl. The organic layer was collected and the aqueous layer was 

further washed with EtOAc (3×50 mL). The combined organic layers were washed with brine (50 mL), dried over 
anhydrous Na2SO4, concentrated under reduced pressure to obtain 3 as white solid (12 g, 95.2%). Rf = 0.1–0.5 
(EtOAc, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 9.55 (br s, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 
8.0 Hz, 2H), 4.55–4.51 (m, 1H), 3.74 (dd, J = 8.6, 6.6 Hz, 2H), 2.50–2.42 (m, 1H), 2.46 (s, 3H), 2.33–2.26 (m, 1H). 
COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 173.37, 145.10, 
131.47, 130.17, 128.51, 60.64, 47.85, 21.77, 19.88. HRMS (ESI): Calcd for C11H14NO4S [MH]+: 256.0638, found: 
256.0642. 

To an ice-cold suspension of NaBH4 (3.56 g, 94.08 mmol, 2 eq) in THF (80 mL) was added 
dropwise BF3.Et2O (15.85 mL, 122.93 mmol, 2.6 eq) over a period of 1 h while keeping the 
reaction mixture ice-cold. 3 (12.0 g, 47.04 mmol, 1 eq) was added as a solution in THF (80 
mL) in one portion and the reaction mixture was allowed to warm to rt over 17 h. The reaction 
mixture was cooled down using an ice-bath and quenched using dropwise addition of MeOH 
(60 mL). Further, 10% HCl (60 mL) was added in one portion and the reaction mixture (pH 

1) was heated at 60 °C for 0.5 h to obtain a clear solution. The pH of the reaction mixture was carefully adjusted 
to 7–8 using 50% NaOH (w/v). The volatiles were removed under reduced pressure and the crude was diluted 
with DCM (100 mL). The aqueous layer was washed with DCM (3×50 mL) and the combined organic layers were 
washed with brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure to obtain 4a as white 
solid (11.0 g, 97%). Rf = 0.36 (50% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.61 (d, J 
= 8.4 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 3.90–3.86 (m, 1H), 3.63 (d, J = 4.5 Hz, 2H), 3.59 (td, J = 8.9, 8.5, 3.7 Hz, 
1H), 3.43–3.33 (m, 1H), 3.16 (s, 1H), 2.34 (s, 3H), 2.05–1.98 (m, 1H), 1.78–1.72 (m, 1H). COSY NMR was 
obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 144.17, 130.61, 129.70, 128.18, 
65.02, 64.73, 47.71, 21.33, 17.55. HRMS(ESI): Calcd for C11H16NO3S [MH]+: 242.0845, found: 242.0850. 

To an ice-cold solution of 4a (11.0 g, 45.59 mmol, 1 eq) in DCM (60 mL) was added TsCl 
(10.43 g, 54.70 mmol, 1.2 eq), DMAP (56 mg, 0.45 mmol, 0.01 eq) and Et3N (6 g, 59.25 
mmol, 1.3 eq). The reaction was allowed to warm to rt overnight. The pH of the reaction 
mixture was adjusted to 1 using 2M HCl. The organic layer was collected and the aqueous 
layer was washed with DCM (3×50 mL). The combined organic layers were washed with 

brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure to obtain crude 5a. The off-white 
crude was refluxed in EtOH (200 mL) for 1 h and allowed to cool down to rt. The precipitated product was filtered 
using cold EtOH and dried under reduced pressure to obtain 5a (16.51 g, 91.7%). Rf = 0.57 (50% EtOAc/hexanes, 
visualized w/ UV). M.p. 133–135 °C. 1H NMR (400 MHz, CDCl3): δ = 7.80 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 8.3 Hz, 
2H), 7.36 (dd, J = 8.1, 6.7 Hz, 4H), 4.18 (d, J = 1.1 Hz, 1H), 4.17 (d, J = 1.6 Hz, 1H), 4.14–4.06 (m, 1H), 3.65 (ddd, 
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4a 

 
5a 
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J = 9.0, 7.7, 4.0 Hz, 1H), 3.55 (q, J = 8.0 Hz, 1H), 2.46 (s, 3H), 2.45 (s, 3H), 2.24–2.15 (m, 1H), 2.04–1.96 (m, 
1H). COSY NMR was obtained under same conditions (attached). 13C NMR (101 MHz, CDCl3): δ = 145.24, 144.47, 
132.64, 131.64, 130.09, 129.98, 128.44, 128.14, 70.84, 60.42, 47.98, 21.81, 21.73, 19.16. HRMS (ESI): Calcd for 
C18H21NO5S2 [MH]+: 396.0934, found: 396.0939. 

To a solution of 5a (29.5 g, 74.66 mmol, 1 eq) in glyme (400 mL) was added NaI (33.57 g, 
223.99 mmol, 3 eq). To this red solution was added DBU (22.3 mL, 22.73 g, 149.33 mmol, 2 
eq) and the greenish-yellow reaction mixture was refluxed for 3 h. The reaction produced 
foam and insoluble solids which dissolved upon quenching the reaction mixture with water 
(50 mL). The reaction mixture was reduced to half of its original volume under reduced 

pressure and diluted with water (300 mL) and Et2O (200 mL). The organic layer was further washed with sat. 
NaHCO3 (100 mL) and brine (130 mL), dried over anhydrous Na2SO4, and concentrated under reduced pressure 
to obtain beige solid 6a (15 g, 90%) which was used without further purification. We found the alkene to 
decompose upon column purification with silica gel. Rf = 0.69 (40% EtOAc/hexanes, visualized w/ UV). The 
characterization data is in accordance with the previous report of this molecule prepared via copper mediated 
coupling2. M.p. 109–111 °C. 1H NMR (500 MHz, CDCl3): δ = 7.70 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 
4.82 (q, J = 2.6 Hz, 1H), 4.17 (q, J = 2.2 Hz, 1H), 3.71 (t, J = 6.7 Hz, 2H), 2.58 (td, J = 6.6, 3.3 Hz, 2H), 2.39 (s, 
3H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 147.25, 144.29, 
132.86, 129.60, 127.68, 89.40, 47.55, 25.52, 21.51. 13C DEPT-135 NMR (126 MHz, CDCl3): δ = (up) 129.68, 
127.76, 21.58, (down) 89.48, 47.63, 25.60. HRMS (ESI): Calcd for C11H14NO2S [MH]+: 224.0740, found: 224.0742. 

To an ice-cold solution of prolinol (13.0 g, 128.58 mmol, 1.0 eq) in dry pyridine (15 mL) was 
dropwise added a solution of TsCl (53.9 g, 282.89 mmol, 2.2 eq) in dry pyridine (120 mL) 
over 1.5 h while maintaining the bath temperature at 0 °C. The red-brown reaction mixture 
was allowed to warm to rt and stirred for another 17.5 h. The reaction mixture was cooled 
down to 0 °C and pH was adjusted to 3 using 3M HCl (350 mL). It was then diluted with DCM 
(300 mL) and the organic layer was collected. The aqueous layer was extracted once more 

with DCM (50 mL). The combined organic layers were washed with 3M HCl (300 mL), brine (100 mL), dried over 
anhydrous Na2SO4, and concentrated under reduced pressure to obtain crude 5b (~57 g). The crude was refluxed 
in EtOH (400 mL) for 0.5 h and cooled to rt using an ice bath. The precipitated white solid was filtered and the 
process was repeated with the mother liquor to obtain 5b as a white powder (48.3 g, 91.7%). Rf = 0.38 (30% 
EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.81 (d, J = 8.1 Hz, 2H), 7.66 (d, J = 8.0 Hz, 
2H), 7.36 (t, J = 8.2 Hz, 4H), 4.20–4.14 (m, 2H), 4.12–4.07 (m, 1H), 3.65 (ddd, J = 8.9, 7.7, 4.1 Hz, 1H), 3.53 (q, 
J = 8.4 Hz, 1H), 2.46 (d, J = 3.9 Hz, 6H), 2.22–2.14 (m, 1H), 2.02–1.95 (m, 1H). 13C NMR (126 MHz, CDCl3): δ = 
145.25, 144.49, 132.62, 131.61, 130.10, 129.99, 128.45, 128.15, 70.84, 60.42, 47.98, 21.82, 21.74, 19.16. HRMS 
(ESI): Calcd for C19H24NO5S2 [MH]+: 410.1090, found: 410.1092. 

To a solution of 5b (18.5 g, 45.18 mmol, 1.0 eq) in glyme (250 mL) was added NaI (20.3 g, 
135.53 mmol, 3.0 eq). To this red solution was added DBU (27.0 mL, 13.76 g, 90.35 mmol, 
2.0 eq) and the greenish-yellow reaction mixture was refluxed for 3 h. The reaction produced 
foam and insoluble solids that dissolved upon quenching the reaction mixture with water (50 
mL). The reaction mixture was reduced to one-quarter of its original volume under reduced 
pressure and diluted with water (300 mL) and Et2O (200 mL). The organic layer was further 

washed with sat. NaHCO3 (100 mL), brine (130 mL), dried over anhydrous Na2SO4, and concentrated under 
reduced pressure to obtain 6b as a beige solid (9.6 g, 89.6%). During attempts at purification, we found that 
compound 6b decomposed during silica gel Flash chromatography, and it did not resolve from the impurities when 
chromatographed using basic alumina eluting with DCM or EtOAc/hexanes. Thus, 6b was used without further 
purification. Rf = 0.64 (30% EtOAc/hexanes, visualized w/ UV). M.p. 79–81 °C. 1H NMR (500 MHz, CDCl3): δ = 
7.45 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 4.75 (s, 1H), 3.99 (s, 1H), 3.33 (t, J = 6.7 Hz, 2H), 2.07 (s, 3H), 
2.00 (t, J = 7.3 Hz, 2H), 1.41 (p, J = 7.0 Hz, 2H). COSY NMR was obtained under same conditions (attached). 13C 
NMR (126 MHz, CDCl3): δ = 143.85, 143.09, 133.63, 128.67, 126.33, 89.23, 53.20, 50.65, 31.80, 21.03, 20.51. 
13C DEPT-135 NMR (126 MHz, CDCl3): δ = (up) 129.38, 127.04, 21.21 (down) 89.93, 51.35, 32.50, 21.74. HRMS 
(ESI): Calcd for C12H16NO2S [MH]+: 238.0896, found: 238.0897. 
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5b 

 
6a 
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To an ice-cold solution of piperidine-2-methanol (5.0 g, 52.08 mmol, 1.0 eq) in dry pyridine 
(50 mL) was added TsCl (21.84 g, 114.58 mmol, 2.2 eq) in small portions. The reaction was 
allowed to warm to rt over 18 h. The reaction was cooled to 0 °C in an ice-bath, diluted with 
DCM, and the pH of the reaction mixture was adjusted to 1 using conc. HCl. The organic 
layer was collected and the aqueous layer was washed with DCM (3×30 mL). The combined 
organic layer was dried over anhydrous Na2SO4, concentrated under reduced pressure, and 

purified by flash chromatography over silica gel (130 g, 10–25% EtOAc/Hexanes) to obtain 5c as a light-yellow oil 
(18.3 g, 99.6%). Rf = 0.33 (25% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.69 (d, J = 
8.3 Hz, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 4.21 (q, J = 6.2 Hz, 2H), 
4.07–3.97 (m, 2H), 3.66 (d, J = 14.1 Hz, 1H), 2.77 (ddd, J = 14.0, 12.6, 2.8 Hz, 1H), 2.41 (s, 3H), 2.36 (s, 3H), 
1.64 (d, J = 13.6 Hz, 1H), 1.47–1.42 (m, 2H), 1.40–1.15 (m, 3H). COSY NMR was obtained under same conditions 
(attached). 13C NMR (126 MHz, CDCl3): δ = 145.06, 143.27, 137.77, 132.43, 129.91, 129.70, 127.85, 126.88, 
66.82, 50.42, 41.31, 24.34, 24.04, 21.61, 21.45, 18.25. HRMS (ESI): Calcd for C20H26NO5S2 [MH]+: 424.1247, 
found: 424.1253.      

To a solution of 5c (17.8 g, 42.03 mmol, 1.0 eq) in glyme (280 mL) was added NaI (18.9 g, 
126.09 mmol, 3 eq). To this red solution was added DBU (12.57 mL, 12.8 g, 84.06 mmol, 2.0 
eq) and the greenish-yellow reaction mixture was refluxed for 24 h. The reaction produced 
foam and insoluble solids that dissolved upon quenching the reaction mixture with water. The 
reaction mixture was reduced to one-quarter of its original volume under reduced pressure 
and diluted with water (300 mL) and Et2O (200 mL). The combined organic layers were 

further washed with sat. NaHCO3 (100 mL), brine (100 mL), dried over anhydrous Na2SO4, and concentrated 
under reduced pressure to obtain 6c as an oil (9.0 g, 85.0%). Rf = 0.50 (20% EtOAc/hexanes, visualized w/ UV). 
1H NMR (500 MHz, CDCl3): δ = 7.55 (d, J = 8.2 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 4.85 (s, 1H), 4.60 (s, 1H), 3.46–
3.41 (m, 2H), 2.22 (s, 3H), 1.79 (t, J = 6.2 Hz, 2H), 1.42–1.37 (m, 2H), 1.34–1.29 (m, 2H). 13C NMR (126 MHz, 
CDCl3): δ = 142.68, 137.52, 129.19, 126.74, 107.62, 47.45, 31.44, 24.32, 23.79, 21.03. HRMS (ESI): Calcd for 
C13H18NO2S [MH]+: 252.1053, found: 252.1047. 

To an ice-cold solution of 2-azepanylmethanol (0.81 g, 6.25 mmol, 1.0 eq) in dry pyridine (14 
mL) was added TsCl (3.25 g, 17.03 mmol, 2.7 eq) in one portion. The black reaction was 
allowed to warm to rt over 24 h. The reaction mixture was concentrated to remove excess 
pyridine. It was then diluted with DCM and 2M HCl (pH ~1). The organic layer was separated 
and the aqueous layer was further washed with DCM. The combined organic layer was dried 
over anhydrous Na2SO4, concentrated under reduced pressure, and purified by flash 

chromatography over silica gel (60 g, 10–20% EtOAc/Hexanes) to obtain 5d as a colorless oil (2.1 g, 76.8 %). Rf 
= 0.26 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.68 (d, J = 8.2 Hz, 2H), 7.64 (d, 
J = 8.3 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 4.02–3.96 (m, 2H), 3.90–3.87 (m, 1H), 3.75–
3.72 (m, 1H), 2.99–2.94 (m, 1H), 2.42 (s, 3H), 2.37 (s, 3H), 2.03–1.97 (m, 1H), 1.66–1.63 (m, 2H), 1.51–1.42 (m, 
3H), 1.16–1.08 (m, 1H), 1.02–0.94 (m, 1H) COSY NMR was obtained under same conditions (attached). 13C NMR 
(126 MHz, CDCl3): δ = 145.00, 143.25, 138.07, 132.49, 127.87, 127.21, 77.16, 71.88, 55.49, 44.65, 30.89, 29.30, 
28.90, 24.18, 21.66, 21.50. HRMS (ESI): Calcd for C21H28NO5S2 [MH]+: 438.1403, found: 438.1406.      

To a solution of 5d (2.0 g, 4.58 mmol, 1.0 eq) in glyme (40 mL) was added NaI (2.06 g, 13.73 
mmol, 3 eq). To this red solution was added DBU (1.37 mL, 1.4 g, 9.15 mmol, 2.0 eq) and 
the greenish-yellow reaction mixture was refluxed for 4 h. The reaction produced insoluble 
solids that dissolved upon quenching the reaction mixture with water. The reaction mixture 
was reduced to a quarter of its original volume under reduced pressure and diluted with water 
(100 mL) and Et2O (50 mL). The organic layer was further washed with water (50 mL), sat. 

NaHCO3 (50 mL×2), brine (50 mL), dried over anhydrous Na2SO4, and concentrated under reduced pressure to 
obtain 6d as an oil (0.96 g, 79.3%). Rf = 0.33 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (300 MHz, CDCl3): 
δ = 7.60 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 7.9 Hz, 2H), 4.88 (s, 1H), 4.71 (s, 1H), 3.45– 3.42 (m, 2H), 2.31 (s, 3H), 
1.97 (t, J = 5.4 Hz, 2H), 1.67–1.40 (m, 2H), 1.46–1.33 (m, 4H). 13C NMR (75 MHz, CDCl3): δ = 145.89, 143.01, 
136.43, 129.21, 127.14, 109.69, 57.26, 48.76, 34.51, 28.35, 27.93, 27.67, 21.28. HRMS (ESI): Calcd for 
C14H20NO2S [MH]+: 266.1209, found: 266.1211.
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COSY NMR (500 MHz) 

 
3 



 
 

S11 
 

13C NMR (126 MHz) 
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To an ice-cold solution of prolinol (5.1 g, 50.44 mmol, 1.0 eq) and triethylamine (9.1 mL, 65.58 mmol, 
1.3 eq) in DCM (65 mL) was added Boc2O (12.1 g, 55.49 mmol, 1.1 eq) in one portion. The reaction 
was allowed to warm to rt overnight. The reaction mixture was diluted with 2M HCl (pH =1) and washed 
with DCM (3×30 mL). The combined organic layer was dried over anhydrous Na2SO4 and concentrated 
under reduced pressure to obtain crude N-Boc prolinol as an oil (12.72 g) which was used without 
further purification. Rf = 0.5 (50% EtOAc, visualized w/ KMnO4). 1H NMR (500 MHz, CDCl3): δ = 4.70 

(br s, 1H), 3.75–3.65 (m, 1H), 3.55–3.41 (m, 2H), 3.26–3.21 (m, 1H), 3.16–3.12 (m, 1H), 1.82–1.67 (m, 2H), 1.64–1.57 (m, 
1H), 1.48–1.46 (m, 1H), 1.29 (s, 9H). To a solution of crude Boc-Prolinol (12.72 g, 63.25 mmol,1.0 eq) from last step and 
TsCl (14.47g, 75.90 mmol, 1.2 eq) in DCM (250 mL) at rt was added DMAP (77.3 mg, 0.63 mmol, 0.01 eq) and triethylamine 
(11.46 mL, 82.22 mmol, 1.3 eq). The reaction was stirred overnight and diluted with 2M HCl (pH =1). The aqueous layer 
was washed with DCM (3×30 mL). The combined organic layer was dried over anhydrous Na2SO4, concentrated under 
reduced pressure, and purified by flash chromatography over silica gel (100 g, 20% EtOAc/ hexanes (v/v)) to obtain 5e as 
an oil (14.54 g, 81% over two steps). Rf = 0.26 (20% EtOAc, visualized w/ UV). 1H NMR (rotational isomers, 400 MHz, 
CDCl3): δ = 7.72 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 7.7 Hz, 2H), 4.04 (t, J = 5.1 Hz, 2H), 3.92–3.85 (m, 2H), 3.28– 3.22 (m, 
2H), 2.39 (s, 3H), 1.91–1.74 (m, 4H), 1.34 (d, J = 16.1 Hz, 9H). 13C NMR (101 MHz, CDCl3): δ = 154.39, 153.95, 144.92, 
144.76, 132.91, 129.89, 127.84, 79.88, 79.52, 69.98, 55.53, 55.48, 53.50, 46.90, 46.52, 28.36, 28.33, 27.59, 23.81, 22.83, 
21.61. HRMS(ESI): Calcd for C17H25NO5SNa [MNa]+: 356.1351, found: 378.1352. 

To an ice-cold solution of prolinol (7.0 g, 69.20 mmol, 1.0 eq) and triethylamine (10.2 mL, 72.66 mmol, 
1.05 eq) in dry MeOH (40 mL) under inert atmosphere was added ethyl trifluoroacetate (12.35 mL, 
103.81 mmol, 1.5 eq) in small portions. The reaction was allowed to warm to rt over 20 h. The reaction 
mixture was concentrated under reduced pressure and diluted with DCM and 2M HCl. The organic 
layer was collected and the aqueous layer was further washed with DCM. The combined organic layer 
was dried over anhydrous Na2SO4 and concentrated under reduced pressure to obtain crude 

trifluoroacetamide-protected prolinol as a light-yellow oil (13.8 g) which was used without further purification. Rf = 0.19 (30% 
EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 4.18 (br s, 2H), 3.72–3.58 (m, 4H), 2.02–2.00 (m, 2H), 
1.93– 1.80 (m, 2H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 157.34, 
157.06, 156.73, 156.43, 119.85, 117.57, 115.28, 112.99, 63.65, 62.09, 47.76, 47.73, 27.07, 24.53. MS(ESI): Calcd for 
C7H11F3NO2 [MH]+: 352.1, found: 352.1. To an ice-cold solution of crude N-trifluoroacetamide prolinol (13.8 g, 69.20 mmol, 
1.0 eq) from last step and TsCl (15.83 g, 83.04 mmol, 1.2 eq) in DCM (80 mL) was added DMAP (0.85 g, 6.92 mmol, 0.1 
eq) and triethylamine (12.53 mL, 89.96 mmol, 1.3 eq). The reaction was stirred at this temperature for 30 mins and 2.5 h at 
rt. It was then diluted with 2M HCl (pH =1) and the aqueous layer was washed with DCM (3×30 mL). The combined organic 
layer was dried over anhydrous Na2SO4, concentrated under reduced pressure, and purified by flash chromatography over 
silica gel (150 g, 15–20% EtOAc/ hexanes (v/v)) to obtain 5f as a light-yellow oil (20.0 g, 82 % over two steps). Rf = 0.44 
(30% EtOAc/hexanes, visualized w/ UV). M.p. 67–69 °C. 1H NMR (700 MHz, CDCl3): δ = 7.69 (d, J = 8.1 Hz, 2H), 7.30 (d, 
J = 8.0 Hz, 2H), 4.26 (dd, J = 10.2, 4.8 Hz, 1H), 4.21–4.19 (m, 1H), 4.05 (dd, J = 10.2, 2.6 Hz, 1H), 3.61–3.53 (m, 2H), 2.39 
(s, 3H), 2.08–1.95 (m, 3H), 1.89–1.85 (m, 1H). COSY NMR was obtained under same conditions (attached). 13C NMR (176 
MHz, CDCl3): δ = 156.02, 155.81, 155.60, 155.39, 145.26, 132.25, 130.00, 127.74, 118.38, 116.75, 115.11, 113.48, 68.06, 
57.50, 47.46, 47.44, 47.42, 47.40, 26.30, 24.52, 21.53. HRMS (ESI): Calcd for C14H16F3NO4SNa [MNa]+: 374.0650, found: 
374.0655. 
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To an ice-cold solution of N-mesyl L-proline ester (3.0 g, 14.45 mmol, 1.0 eq) in THF (45 mL) was 
added LAH (0.59 g, 15.93 mmol, 1.1 eq) in small portions. The reaction was stirred at the same 
temperature for 25 mins. The reaction mixture was quenched with sa. NH4Cl, concentrated under 
reduced pressure, diluted with DCM and 2M HCl (pH =1). DCM layer was separated and the aqueous 
layer was further washed with DCM (2×30 mL). The combined organic layer was dried over anhydrous 
Na2SO4, concentrated in vacuo, and purified by flash chromatography over silica gel (20 g, 75% EtOAc/ 

hexanes (v/v)) to obtain 4e as a colorless oil (2.3 g, 88.7%). Rf = 0.20 (70% EtOAc/hexanes, visualized w/ CAM). 1H NMR 
(300 MHz, CDCl3): δ = 3.60–3.53 (m, 1H), 3.48–3.35 (m, 2H), 3.31–3.13 (m, 3H), 2.71 (s, 3H), 1.87–1.68 (m, 4H). 13C NMR 
(75 MHz, CDCl3): δ = 64.77, 61.12, 49.21, 34.19, 28.35, 24.20. HRMS (ESI): Calcd for C6H14NO3S [MH]+: 180.0689, found: 
180.0689. 

To a solution of 4e (2.3 g, 12.84 mmol, 1.0 eq) and TsCl (2.7 g, 14.13 mmol, 1.1 eq) in DCM (50 mL) 
at rt was added DMAP (0.16 g, 1.28 mmol, 0.1 eq) and triethylamine (2.34 mL, 16.7 mmol, 1.3 eq). 
The reaction was stirred for 20 h at rt. It was then diluted with 2M HCl (pH =1) and the aqueous layer 
was washed with DCM. The combined organic layer was dried over anhydrous Na2SO4, concentrated 
in vacuo, and purified by flash chromatography over silica gel (35 g, 40%–80% EtOAc/ hexanes (v/v)) 
to obtain 5g a white solid (3.71 g, 86.7%). Rf = 0.30 (50% EtOAc/hexanes, visualized w/ CAM). M.p. 

114–116 °C. 1H NMR (300 MHz, CDCl3): δ = 7.71 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 4.04 (dd, J = 9.7, 3.6 Hz, 
1H), 3.92–3.86 (m, 1H), 3.82–3.77 (m, 1H), 3.32–3.15 (m, 2H), 2.74 (s, 3H), 2.38 (s, 3H), 1.99–1.83 (m, 4H). 13C NMR (75 
MHz, CDCl3): δ = 145.07, 132.24, 129.90, 127.70, 71.11, 57.53, 48.97, 35.04, 28.50, 24.18, 21.50. HRMS (ESI): Calcd for 
C13H19NO5S2Na [MNa]+: 356.0602, found: 356.0603 

 
To a solution of prolinol (2.1 g, 20.76 mmol, 1.0 eq) and triethylamine (3.2 mL, 22.83 mmol, 1.1 eq) at 
-3 oC in DCM (25 mL) was added benzoyl chloride (2.48 g, 17.65 mmol, 0.85 eq) in small portions. 
The reaction was allowed to warm to rt overnight. The reaction mixture was diluted with 2M HCl (pH 
=1) and washed with DCM (3×30 mL). The combined organic layer was dried over anhydrous Na2SO4 
and concentrated under reduced pressure to obtain almost pure N-Bz prolinol as an oil (4.2 g) which 
was used without further purification. Rf = 0.32 (70% EtOAc/hexanes, visualized w/ UV). 1H NMR (700 

MHz, CDCl3): δ = 7.39 (d, J = 7.4 Hz, 2H), 7.31–7.27 (m, 3H), 4.98 (s, 1H), 4.25 (dd, J = 7.1, 3.6 Hz, 1H), 3.67–3.64 (m, 
1H), 3.62–3.60 (m, 1H), 3.35–3.33 (m, 2H), 2.02–1.98 (m, 1H), 1.77–1.74 (m, 1H), 1.73–1.57 (m, 2H). COSY NMR was 
obtained under same conditions (attached).13C NMR (176 MHz, CDCl3): δ = 171.38, 136.43, 129.77, 127.98, 126.75, 65.55, 
60.59, 50.78, 27.85, 24.67. MS (ESI): Calcd for C12H16NO2 [MH]+: 206.1, found: 206.1. To a solution of crude N-Bz prolinol 
(4.2 g, 20.48 mmol, 1.0 eq) from last step and TsCl (3.9 g, 20.48 mmol, 1.0 eq) in DCM (50 mL) at rt was added DMAP (0.3 
g, 2.48 mmol, 0.1 eq) and triethylamine (3.72 mL, 26.62 mmol, 1.3 eq). The reaction was stirred for 6 h at rt. It was then 
diluted with 2M HCl (pH =1) and the aqueous layer was washed with DCM (3×30 mL). The combined organic layer was 
dried over anhydrous Na2SO4, concentrated in vacuo, and purified by flash chromatography over silica gel (50 g, 40% 
EtOAc/ hexanes (v/v)) to obtain 5h as an oil (38% over two steps). Rf = 0.32 (40% EtOAc/hexanes, visualized w/ UV). We 
found 5h to decompose at rt (based on TLC). Hence, it was used immediately for enamine formation. 

To a solution of 5e (14.5 g, 41.0 mmol, 1.0 eq) in glyme (150 mL) was added NaI (18.39 g, 122.7 
mmol, 3.0 eq). To this red solution was added DBU (12.24 mL, 82.0 mmol, 2.0 eq) and the greenish-
yellow reaction mixture was refluxed for 3 h. The reaction produced foam and insoluble solids that 
dissolved upon quenching the reaction mixture with water (50 mL). The reaction mixture was further 
diluted with Et2O and water. The aqueous layer was discarded and the organic layer was washed 

successively with sat. NaHCO3 and brine. The organic layer was dried over anhydrous Na2SO4 and concentrated under 
reduced pressure to obtain 6e (5.33 g, 71.2%). Rf = 0.67 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, 
CDCl3): δ = 4.99 (s, 1H), 4.06 (s, 1H), 3.37 (t, J = 6.9 Hz, 2H), 2.31 (tt, J = 7.4, 1.8 Hz, 2H), 1.56 (p, J = 7.2 Hz, 2H), 1.27 
(s, 9H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 152.26, 144.38, 
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88.97, 79.69, 48.98, 32.56, 27.88, 21.25. 13C DEPT-135 NMR (126 MHz, CDCl3): δ = (up) 28.09, (down) 89.19, 49.19, 
21.46. HRMS (ESI): Calcd for C10H18NO2[MH]+: 184.1332, found: 184.1340.  

To a solution of 5f (5.0 g, 12.9 mmol, 1.0 eq) in glyme (80 mL) was added NaI (5.8 g, 38.7 mmol, 3.0 
eq). To this red solution was added DBU (3.86 mL, 25.8 mmol, 2.0 eq) and the colorless solution was 
stirred at 60 °C for 48 h (the final product is an usntable low boiling point oil, hence, when the reaction 
was performed under refluxing conditions the yields were much lower). The reaction was quenched 
with water (50 mL). The reaction mixture was further diluted with Et2O and water. The aqueous layer 

was discarded and the organic layer was washed successively with sat. NaHCO3 and brine. The organic layer was dried 
over anhydrous Na2SO4 and concentrated under reduced under cold conditions and low pressure to obtain 6f (1.25 g, 45%). 
Solvents could not be completely removed due to volatile nature of this molecules. We found this enamine to be unstable 
to silica gel purification. Rf = 0.8 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 5.29 (s, 1H), 4.78 
(s, 1H), 4.10 (q, J = 7.2 Hz, 1H), 3.87 (t, J = 6.9 Hz, 2H), 3.46 (q, J = 6.9 Hz, 1H), 2.59 (tt, J = 7.4, 1.8 Hz, 2H), 1.95 (p, J = 
7.2 Hz, 2H). 13C NMR (126 MHz, CDCl3): δ = 152.26, 144.38, 88.97, 79.69, 48.98, 32.56, 27.88, 21.25. HRMS (ESI): Calcd 
for C7H9F3NO [MH]+: 180.0631, found: 180.0636.   

To a solution of 5g (2.5 g, 7.5 mmol, 1.0 eq) in glyme (50 mL) was added NaI (3.37 g, 22.5 mmol, 3.0 
eq). To this red solution was added DBU (2.24 mL, 15 mmol, 2.0 eq) and the colorless solution was 
refluxed for 7.5 h. Additional NaI (1.0 eq) and DBU (1.0 eq) was added and the reaction was refluxed 
for another 1 h. The reaction was quenched with water (20 mL). The reaction mixture concentrated 
and the the reaction was further diluted with Et2O and water. The aqueous layer was discarded and 

the organic layer was washed successively with water, sat. NaHCO3 (×2) and brine. The organic layer was dried over 
anhydrous Na2SO4 and concentrated under reduced under cold conditions (bath temperature of 16 °C) and low pressure to 
obtain volatile 6g (0.66 g, 55%). 1H NMR (500 MHz, CDCl3): δ = 4.68 (s, 1H), 4.19 (s, 1H), 3.50 (t, J = 6.7 Hz, 2H), 2.77 (s, 
3H), 2.47 (tt, J = 7.5, 1.8 Hz, 2H), 1.75 (p, J = 7.1 Hz, 2H). 13C NMR (126 MHz, CDCl3): δ = 144.89, 88.48, 51.24, 33.52, 
32.42, 21.70. HRMS (ESI): Calcd for C6H12NO2S [MH]+: 162.0583, found: 162.0589.   
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To a solution of N-Boc benzylether prolinol (0.7 g, 2.28 mmol, 1.0 eq) and TsCl (521.3 mg, 2.73 mmol, 
1.2 eq) in DCM (10 mL) at 40 °C was added DMAP (3.0 mg, 0.02 mmol, 0.01 eq) and triethylamine 
(400 µL, 2.96 mmol, 1.3 eq). The reaction was stirred at this temperature for 24 h. It was then diluted 
with 2M HCl (pH =1) and the aqueous layer was washed with DCM (3×30 mL). The combined organic 
layer was dried over anhydrous Na2SO4, concentrated under reduced pressure, and purified by flash 
chromatography over silica gel to obtain 5i (421 mg, 40.0%). Rf = 0.50 (30% EtOAc/hexanes, visualized 
w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.76 (d, J = 7.9 Hz, 2H), 7.36–7.25 (m, 7H), 4.55–4.48 (m, 2H), 
4.36–4.25 (m, 2H), 4.14–4.13 (m, 1H), 4.04 (s, 1H), 3.36–3.29 (m, 2H), 2.41 (s, 3H), 2.05–1.96 (m, 

2H), 1.43 (s, 9H). 13C NMR (126 MHz, CDCl3): δ = 154.40, 154.22, 144.63, 144.49, 137.83, 133.03, 129.78, 128.43, 127.93, 
127.77, 127.55, 80.34, 79.88, 72.00, 67.34, 67.02, 57.34, 57.21, 44.07, 43.51, 28.84, 28.38, 21.65. HRMS (ESI): Calcd for 
C24H32NO6S [MH]+: 462.1945, found: 462.1951. 
 
 

To a solution of 5i (421 mg, 0.91, 1.0 eq) in glyme (15 mL) was added NaI (410 mg, 2.74 mmol, 3.0 eq). 
To this red solution was added DBU (273 µL, 1.82 mmol, 2.0 eq) and the greenish-yellow reaction 
mixture was refluxed for 4 h. The reaction produced foam and insoluble solids that dissolved upon 
quenching the reaction mixture with water (20 mL). The reaction mixture was further diluted with Et2O 
and water. The aqueous layer was discarded and the organic layer was washed successively with sat. 
NaHCO3 and brine. The organic layer was dried over anhydrous Na2SO4 and concentrated under 
reduced pressure to obtain 6i (198 mg, 75%). Rf = 0.75 (15% EtOAc/hexanes, visualized w/ UV). 1H 
NMR (500 MHz, CDCl3): δ = 7.34 (d, J = 4.3 Hz, 3.5H), 7.3 –7.27 (m, 1.5 H), 4.67 (d, J = 12.0 Hz, 1H), 

4.57–4.51 (m, 2H), 4.22 (dd, J = 5.0, 3.3 Hz, 1H), 3.76–3.69 (m, 1H), 3.63–3.60 (m, 1H), 2.00–1.90 (m, 2H), 1.51 (s, 9H). 
13C NMR (126 MHz, CDCl3): δ =150.00, 138.34, 136.07, 128.55, 127.86, 127.74, 123.89, 93.99, 80.26, 70.08, 60.54, 53.57, 
47.03, 28.52. HRMS (ESI): Calcd for C17H24NO3[MH]+: 290.1751, found: 290.1756. 
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Scheme 4 
 

 
 
 
 
 
 

To a solution of N-Boc difluoro prolinol (1.9 g, 8.00 mmol, 1.0 eq) and TsCl (1.83 g, 9.61 mmol, 1.2 eq) 
in DCM (50 mL) at 40 °C was added DMAP (19.5 mg, 0.16 mmol, 0.02 eq) and triethylamine (1.45 mL, 
10.41 mmol, 1.3 eq). The reaction was stirred at this temperature for 24 h. It was then diluted with 2M 
HCl (pH =1) and the aqueous layer was washed with DCM (3×30 mL). The combined organic layer 
was dried over anhydrous Na2SO4, concentrated under reduced pressure, and purified by flash 
chromatography over silica gel (100 g, 10–15% EtOAc/ hexanes (v/v)) to obtain 5j (2.45 g, 78.3%). Rf 
= 0.42 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.75 (d, J = 8.4 Hz, 

2H), 7.33 (d, J = 7.7 Hz, 2H), 4.19–3.99 (m, 3H), 3.80–3.73 (m, 1H), 3.57–3.45 (m, 1H), 2.42 (s, 3H), 2.42–2.29 (m, 2H) 
1.39 (s, 9H). 13C NMR (126 MHz, CDCl3): δ = 153.71, 153.28, 145.30, 145.16, 132.64, 130.05, 127.95, 126.50, 126.14, 
81.38, 81.13, 68.81, 68.56, 54.25, 54.12, 53.80, 53.55, 53.42, 53.17, 36.87, 36.71, 36.52, 35.99, 35.79, 35.61, 28.26, 21.69. 
19F NMR (376 MHz, CDCl3): δ = -97.79, -97.83, -97.87, -98.39, -98.42, -98.46, -98.50, -98.53, -99.01, -99.05, -99.09, -
99.12, -99.16, -99.65, -99.68, -99.71, -99.74, -99.78, -100.10, -100.13, -100.17, -100.20, -100.24, -100.30, -100.33, -100.37, 
-100.76, -100.79, -100.83. HRMS (ESI): Calcd for C17H23F2NO5S [MNa]+: 414.1157, found: 414.1159. 
 

To a solution of 5j (2.45 g, 6.26 mmol, 1.0 eq) in glyme (40 mL) was added NaI (2.81 g, 18.78 mmol, 
3.0 eq). To this red solution was added DBU (1.87 mL, 12.52 mmol, 2.0 eq) and the greenish-yellow 
reaction mixture was refluxed for 5 h. The reaction produced foam and insoluble solids that dissolved 
upon quenching the reaction mixture with water (50 mL). The reaction mixture was further diluted with 
Et2O and water. The aqueous layer was discarded and the organic layer was washed successively 
with sat. NaHCO3 and brine. The organic layer was dried over anhydrous Na2SO4 and concentrated 
under reduced pressure to obtain 6j (1.2 g, 87.5%). Rf = 0.9 (30% EtOAc/hexanes, visualized w/ UV). 
1H NMR (400 MHz, CDCl3): δ = 5.28 (s, 1H), 4.18 (s, 1H), 3.75 (t, J = 12.9 Hz, 2H), 2.86 (tt, J = 14.2, 

1.9 Hz, 2H), 1.36 (d, J = 5.1 Hz, 9H). 13C NMR (101 MHz, CDCl3): δ = 152.79, 151.42, 150.36, 148.99, 139.00, 139.00, 
125.82, 123.38, 120.93, 102.70, 102.53, 102.41, 102.35, 92.89, 81.27, 55.92, 55.60, 55.28, 41.11, 40.86, 40.61, 27.85, 
27.59. HRMS (ESI): Calcd for C10H16F2NO2[MH]+: 220.1144, found: 220.1148.

 
5j 

 

6j 



 
 

S71 
 

 

 
5j 

1H NMR (500 MHz) 



 
 

S72 
 

  

 
5j 

13C NMR (500 MHz) 



 
 

S73 
 

  

 
5j 

19F NMR (376 MHz) 



 
 

S74 
 

 

 

6j 

1H NMR (400 MHz) 



 
 

S75 
 

 

 

6j 

13C NMR (101 MHz) 



 
 

S76 
 

Scheme 5 

 

 
 

 To a solution of 6a (15.0 g, 67.17 mmol, 1.0 eq) in CHBr3 (12.08 mL, 33.95 g,134.35 mmol, 2.0 eq) and 
DCM (30 mL) was added CTAB (2.45 g, 6.7 mmol, 0.1 eq) and the mixture was stirred vigorously. To 
this was added NaOH (11.72 mL, 50% w/v) dropwise over 1.5 h. The brown-black reaction mixture was 
stirred for 24 h at rt. To this reaction was added additional CHBr3 (0.5 eq) and CTAB (0.025 eq) based 
on TLC and the process was repeated until complete consumption of reactant. Complete consumption 
of reactant was a necessity as the product have same Rf  as the reactant. Upon completion, the reaction 
mixture was diluted with DCM and water. The organic layer was collected, washed with brine and 

concentrated under reduced pressure. The crude was left under high vac overnight to remove excess CHBr3. It was then 
passed through silica gel (120 g) using DCM and concentrated under reduced pressure. The semi-purified crude was 
dissolved in DCM (20 mL) and hexanes (150 mL), heated at 45 °C and allowed to cool down to rt. The precipitated product 
was filtered and the process was repeated with the mother liquor to obtain 7a as white/beige solid (13 g, 49%). Rf = 0.48 
(20% EtOAc/hexanes, visualized w/ UV). HPLC (Rt = 11.0 min, 55-80% MeCN/H20 + 0.1% TFA over 15 min, flow rate = 20 
mL/min). M.p. 134–136 °C. 1H NMR (500 MHz, CDCl3): δ = 7.75 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 4.02–3.98 (m, 
1H), 3.86–3.81 (m, 1H), 2.90 (d, J = 9.6 Hz, 1H), 2.62–2.59 (m, 1H), 2.44 (s, 3H), 2.38–2.33 (m, 1H), 1.75 (d, J = 9.6 Hz, 
1H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 144.47, 134.38, 129.86, 
128.33, 57.26, 47.13, 31.27, 30.87, 25.56, 21.72. HRMS (ESI): Calcd for C12H13Br2NO2S [MH]+: 395.9086, found: 395.9086.   

To a solution of 6b (18.7 g, 78.8 mmol, 1.0 eq) in CHBr3 (14.18 mL, 39.83 g,157.60 mmol, 2.0 eq) and 
DCM (20 mL) was added CTAB (2.87 g, 7.88 mmol, 0.1 eq) and the mixture was stirred vigorously. To 
this was added NaOH (14.7 mL, 50% w/v) dropwise over 0.5 h. The brown-black reaction mixture was 
stirred for 24 h at rt. To this reaction was added additional CHBr3 and CTAB based on TLC and the 
process was repeated until complete consumption of 6b occurred. Complete consumption of reactant 
was necessary because the product and compound 6b have the same Rf . Upon completion, the reaction 
mixture was diluted with DCM and water. The organic layer was collected, washed with brine and 

concentrated under reduced pressure. The crude was left under vacuum overnight to remove excess CHBr3. It was then 
passed through a silica gel plug (120 g) using DCM and concentrated under reduced pressure. This semi-purified crude 
was dissolved in DCM (50 mL), and the product was precipitated out of solution by addition of hexanes (150 mL). The 
process was repeated with the mother liquor to obtain 7b as a white/beige solid (21 g, 65.2%). Rf = 0.64 (30% 
EtOAc/hexanes, visualized w/ UV). HPLC (Rt = 14.0 min, 55–100% MeCN/H20 +0.1% TFA over 15 min, flow rate = 20 
mL/min). M.p. 143–145 °C. 1H NMR (500 MHz, CDCl3): δ = 7.69 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 3.77–3.72 (m, 
2H), 3.52–3.46 (m, 2H), 3.21 (d, J = 9.2 Hz, 1H), 2.43 (s, 3H), 2.05–2.01 (m, 1H), 1.90 (d, J = 9.2 Hz, 1H), 1.87–1.78 (m, 
1H), 1.75–1.67 (m, 1H), 1.32–1.25 (m, 1H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 
MHz, CDCl3): δ = 144.10, 135.84, 129.96, 127.69, 53.16, 49.53, 35.34, 31.34, 29.87, 22.28, 21.72. HRMS (ESI): Calcd for 
C13H15Br2NO2S [MH]+: 409.9243, found: 409.9244.  

To a solution of 6c (1.0 g, 3.98 mmol, 1.0 eq) in CHBr3 (0.7 mL, 2.01 g, 7.96 mmol, 2.0 eq) was added 
CTAB (218 mg, 0.6 mmol, 0.15 eq) and the mixture was stirred vigorously at rt. To this was added 
NaOH (0.7 mL, 50% w/v) dropwise. The brown-black reaction mixture was stirred for 18 h at rt. To this 
reaction was added additional CHBr3 and CTAB based on TLC and the process was repeated until 
complete consumption of 6c occurred. Complete consumption of reactant was necessary because the 
product and compound 6c have the same Rf . Upon completion, the reaction mixture was diluted with 
DCM and water. The organic layer was collected, washed with brine, concentrated under reduced 
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pressure, and purified by flash chromatography over silica gel (35.0 g, 5–8% EtOAc/ hexanes (v/v)) to obtain 7c (0.67 g, 
40%). Rf = 0.50 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.69 (d, J = 6.6 Hz, 2H), 7.29 (d, 
J = 6.5 Hz, 2H), 4.03–4.00 (m, 1H), 3.31–3.25 (m, 1H), 2.43 (s, 3H), 2.13–2.07 (m, 1H), 1.92–1.81 (m, 4H), 1.68–1.64 (m, 
3H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 143.63, 138.41, 129.66, 
127.45, 48.10, 47.39, 35.66, 33.60, 31.96, 23.91, 22.65, 21.67. 13C-DEPT135 NMR (126 MHz, CDCl3): δ = 143.63, 138.41, 
129.66, 127.45, 48.10, 47.39, 35.66, 33.60, 31.96, 23.91, 22.65, 21.67. HRMS (ESI): Calcd for C14H18Br2NO2S [MH]+: 
423.9399, found: 423.9407. 

 

To a solution of 6e (2.0 g, 10.9 mmol, 1.0 eq) in CHBr3 (5.51 g, 21.8 mmol, 2.0 eq) was added CTAB 
(596 mg, 1.63 mmol, 0.15 eq) and the mixture was stirred vigorously at rt. To this was added NaOH 
(0.95 mL, 50% w/v) dropwise. The brown-black reaction mixture was stirred for 24 h at rt. To this reaction 
was added additional CHBr3 and CTAB based on TLC and the process was repeated until complete 
consumption of 6e occurred. Upon completion, the reaction mixture was diluted with DCM and water. 
The organic layer was collected, washed with brine, concentrated under reduced pressure, and purified 

by flash chromatography over silica gel (45 g, 5% EtOAc/ hexanes (v/v)) to obtain 7d (1.46 g, 37.7%). Rf = 0.19 (3% 
EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 3.53 (q, J = 9.1 Hz, 1H), 3.36–3.32 (m, 2H), 2.08–2.01 
(m, 2H), 1.85–1.76 (m, 3H), 1.32 (s, 9H). 13C NMR (126 MHz, CDCl3): δ = 153.49, 79.87, 52.14, 47.09, 36.23, 33.71, 30.22, 
28.32, 21.08. COSY NMR was obtained under same conditions (attached). 13C-DEPT135 NMR (126 MHz, CDCl3): δ = (up) 
28.38, (down) 47.16, 36.23, 33.79, 30.56, 21.14. HRMS (ESI): Calcd for C11H18Br2NO2 [MH]+: 355.9678, found: 355.9669.  

To a solution of 6j (1.2 g, 5.48 mmol, 1.0 eq) in CHBr3 (1.0 mL, 10.95 mmol, 2.0 eq) was added CTAB 
(300 mg, 0.82 mmol, 0.15 eq) and the mixture was stirred vigorously at rt. To this was added NaOH (956 
µL, 50% w/v) dropwise. The brown-black reaction mixture was stirred for 12 h at rt. The reaction mixture 
was diluted with DCM and water. The organic layer was collected, washed with brine, concentrated 
under reduced pressure, and purified by flash chromatography over silica gel (60 g, 2% EtOAc/ hexanes 
(v/v)) to obtain unstable rearranged pyrrole product S1 (22.5%) as the major product. Rf = 0.27 (hexanes, 

visualized w/ UV). 1H NMR (700 MHz, CDCl3): δ(approx.) = 6.8 (t, 1H), 5.8 (s, 1H), 2.4 (s, 3H), 1.56 (s, 9H). COSY NMR 
was obtained under same conditions (attached). 13C NMR (176 MHz, CDCl3): δ (approx.) = 153, 151, 149, 130, 102, 83, 28, 
15. 13C-DEPT135 NMR (176 MHz, CDCl3): δ = (up) three CH peaks. MS (ESI): Calcd for C10H15FNO2 [MH]+: 200.1, found: 
200.1. 
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Scheme 6 

 
 

To a solution of 6b (200 mg, 0.84 mmol, 1.0 eq) and benzyltrimethylammonium chloride (29 mg, 0.13 
mmol, 0.15 eq) in DCM (10 mL) was added CHBr2F (80µl, 1.01 mmol, 1.2 eq) and NaOH (742 µL, 50% 
w/v) consecutively at rt. The reaction mixture was stirred vigorously at rt for 25.5 h at rt and diluted with 
DCM and water. The aqueous layer was washed with DCM and the combined organic layer was dried 
over anhydrous Na2SO4, concentrated under reduced pressure, and purified by flash chromatography 
over silica gel (23 g, 15% EtOAc/ hexanes (v/v)) to obtain 8b (1.0 g, 78%) as a yellow oil. Rf = 0.64 (30% 
EtOAc/hexanes, visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ = 7.66 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 

8.0 Hz, 2H), 3.76–3.71 (m, 0.5H), 3.67–3.61 (m, 0.5H), 3.48–3.39 (m, 1H), 3.13 (dd, J = 19.6, 9.5 Hz, 0.5H), 2.81 (t, J = 9.2 
Hz, 0.5H), 2.38 (s, 3H), 1.82 (dd, J = 18.4, 9.4 Hz, 0.5H), 1.77–1.60 (m, 3H), 1.55 (dd, J = 12.8, 9.5 Hz, 0.5H), 1.21–1.12 
(m, 1H).13C NMR (126 MHz, CDCl3): δ = 143.98, 143.90, 135.42, 135.07, 129.80, 129.78, 127.28, 127.23, 86.74, 85.85, 
84.30, 83.45, 50.92, 50.86, 50.83, 49.85, 49.82, 31.73, 31.71, 26.12, 26.08, 23.72, 23.64, 23.31, 23.22, 22.49, 22.10, 21.37, 
21.35. COSY NMR was obtained under same conditions (attached). 13C-DEPT135 NMR (126 MHz, CDCl3): δ = (up) 28.38, 
(down) 47.16, 36.23, 33.79, 30.56, 21.14. HRMS (ESI): Calcd for C13H16BrFNO2S [MH]+: 350.0043, found: 350.0050. 

To a solution of 6e (1.0 g, 5.46 mmol, 1.0 eq) and benzyltrimethylammonium chloride (190 mg, 0.83 
mmol, 0.15 eq) in DCM (25 mL) was added CHBr2F (520 µl, 6.55 mmol, 1.2 eq) and NaOH (1.1 mL, 
50% w/v) consecutively at rt. The reaction mixture was stirred vigorously for 24 h at rt. The reaction 
mixture was diluted with DCM and water and the organic layer was collected. The aqueous layer was 
further washed with DCM and the combined organic layer was dried over anhydrous Na2SO4 and 
concentrated under reduced pressure. The crude turned purple when concentrated. Flash 

chromatography over silica gel (52 g, 10–15% EtOAc/ hexanes (v/v)) suggested the rearrangement product 10 as the major 
product, which began decomposing on concentration (1.00g, 30.0%). Rf = 0.67 (20% EtOAc/hexanes, visualized w/ UV). 
1H NMR (400 MHz, CDCl3): δ = 5.41 (q, J = 2.9 Hz, 1H), 4.73 (t, J = 3.2 Hz, 1H), 4.69 (d, J = 2.8 Hz, 0.5H), 4.61 (d, J = 2.8 
Hz, 0.5H), 3.90–3.84 (m, 2H), 2.59–2.48 (m, 2H), 1.45 (s, 9H), 1.42 (d, J = 5.0 Hz, 3H). COSY NMR was obtained under 
same conditions (attached). MS (ESI): Calcd for C7H8NO2 [M-C(CH3)3+2H]+: 138.1, found: 138.0.  
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Scheme 7 

 

 

To an ice-cold solution of 7d (1.51 g, 4.25 mmol, 1.0 eq) in DCM (50 mL) was added TFA (10 mL) and 
the reaction mixture was stirred for 1 h. The reaction mixture was concentrated under reduced pressure 
to obtain 9 (1.55 g, 99%) as a TFA salt. 1H NMR (500 MHz, CDCl3): δ = 8.54 (br s, 1H), 3.68–3.58 (m, 
2H), 2.61–2.55 (m, 1H), 2.44 (d, J = 9.8 Hz, 1H), 2.27 (p, J = 7.2 Hz, 2H), 2.09–2.04 (m, 1H), 1.93 (d, 
J = 9.8 Hz, 1H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, 
CDCl3): δ = 161.53, 161.22, 160.91, 160.60, 118.98, 116.69, 114.39, 112.10, 77.16, 52.22, 48.61, 

33.26, 32.60, 24.67, 24.08. 13C-DEPT135 NMR (126 MHz, CDCl3): δ = (down) 48.51, 33.15, 32.49, 23.97. HRMS (ESI): 
Calcd for C6H10Br2N [M]+: 255.9154, found: 255.9158. 
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Scheme 8 

 

 

 

To a solution of 7a (200 mg, 0.51 mmol, 1 eq) in dry THF (6.0 mL) under N2 was added LAH (77 mg, 2.02 
mmol, 4 eq) at 0 °C and the mixture was allowed to warm to rt over 16 h. The reaction mixture was cooled 
down to 0 °C, quenched with saturated NH4Cl, and diluted with DCM and HCl (2M). The organic layer was 
collected and the aqueous layer was further washed with DCM. The combined organic layers were dried 
over anhydrous Na2SO4, concentrated in vacuo, and purified by flash chromatography (30 g silica, 16% 
ethyl acetate/hexanes (v/v)) to obtain 11a as a mixture of diastereomers (111 mg, 49%). Rf = 0.22 and 

0.13 (20% EtOAc/hexanes, visualized w/ KMnO4 stain). 1H NMR (500 MHz, CDCl3): δ= 7.73 (d, J = 8.3 Hz, 2H), 7.36 (d, J 
= 8.0 Hz, 2H), 3.83 (t, J = 7.6 Hz, 2H), 3.59 (dd, J = 9.4, 5.5 Hz, 1H), 2.56–2.50 (m, 1H), 2.46 (s, 3H), 2.25–2.20 (m, 1H), 
2.12 (t, J = 8.8 Hz, 1H), 0.94 (dd, J = 8.2, 5.5 Hz, 1H). COSY NMR was obtained under same conditions (attached). 13C 
NMR (126 MHz, CDCl3): δ = 144.26, 134.04, 130.01, 128.14, 52.54, 47.41, 24.18, 22.54, 21.74, 20.36. 13C-DEPT 135 NMR 
(126 MHz, CDCl3): δ = (up) 129.89, 128.02, 22.41, 21.62, (down) 47.29, 24.06, 20.23. HRMS (ESI): Calcd for C12H15BrNO2S 
[MH]+: 316.0001, found: 316.0007. 

To a solution of 7b (200 mg, 0.49 mmol, 1.0 eq) in dry THF (10 mL) at -78 – -85 °C was dropwise added 
nBuLi (0.59 mmol, 1.2 eq). After stirring the reaction mixture for 10 mins it was stirred at rt for two mins 
and quenched using sat. NH4Cl at -78 °C. THF was concentrated in vacuo, the reaction was diluted with 
DCM (10 mL), and the organic layer was collected. The aqueous layer was washed with DCM (2×10 mL) 
and the combined organic layers were dried over anhydrous Na2SO4, concentrated in vacuo, and purified 
through flash chromatography (30 g silica, 10% ethyl acetate/hexanes (v/v)) to obtain 11b as a colorless 

oil and a mixture of diastereomers (60% yield). A similar reaction using iPrMgCl instead of nBuLi in dry DCM at -50 °C 
afforded similar results (55% yield). Alternative methods (Table S1): To a solution of 7b (200 mg, 0.49 mmol, 1 eq) in dry 
THF (6.0 mL) under N2 was added LAH (75 mg, 1.96 mmol, 4 eq) at 0 °C and the mixture was allowed to warm to rt over 
16 h. The reaction mixture was cooled down to 0 °C, quenched with saturated NH4Cl, and diluted with DCM and HCl (2M). 
The organic layer was collected and the aqueous layer was further washed with DCM. The combined organic layers were 
dried over anhydrous Na2SO4, concentrated in vacuo, and purified by flash chromatography (30 g silica, 15% ethyl 
acetate/hexanes (v/v)) to obtain 11b as a mixture of diastereomers (41 mg, 25%). Rf = 0.32 (20% EtOAc/hexanes, visualized 
w/ KMnO4 stain). A similar reaction starting from 7b (100 mg, 0.25 mmol, 1 eq) with AgClO4 (1.01 mg, 0.05 mmol, 0.02 eq) 
as an additional additive completed in 50 mins at -5 °C with a yield of 41%. Our attempts at employing other strategies for 
this dibromo to monobromo cyclopropane conversion resulted in conversion to allene in high purity when using excess 
EtMgBr and catalytic Ti(OiPr)4. Upon reducing the equivalents of EtMgBr the reaction produced an inseparable mixture of 
starting material and product. Negligible product formation was observed with nBu3SnH. 1H NMR (500 MHz, CDCl3): δ = 
7.76 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 3.88–3.81 (m, 1H), 3.46–3.39 (m, 1H), 2.66 (dd, J = 8.2, 5.0 Hz, 1H), 
2.45–2.39 (m, 1H), 2.43 (s, 3H), 1.84–1.72 (m, 1H), 1.71–1.63 (m, 1H), 1.60–1.56 (m, 2H), 1.47–1.39 (m, 1H), 1.20–1.14 
(m, 1H). COSY NMR was obtained under same conditions (attached). 13C NMR (126 MHz, CDCl3): δ = 143.77, 136.72, 
129.81, 127.83, 49.78, 47.26, 32.83, 26.52, 22.78, 21.72, 17.57. 13C DEPT-135 NMR (126 MHz, CDCl3): δ = (up) 129.68, 
127.70, 26.39, 21.58, 49.65, 32.70, 22.64,17.44. HRMS (ESI): Calcd for C13H16BrNO2S [MH]+: 330.0158, found: 330.0132.  

NMR for allene rearrangement product upon using excess EtMgBr. 1H NMR (500 MHz, CDCl3): δ = 7.72 (d, J = 8.3 Hz, 2H), 
7.29 (d, J = 8.0 Hz, 2H), 5.33 (t, J = 3.8 Hz, 2H), 3.54 (t, J = 6.7 Hz, 2H), 2.43–2.38 (m, 2H), 2.40 (s, 3H), 1.80 (p, J = 7.0 
Hz, 2H). 13C NMR (126 MHz, CDCl3): δ = 198.00, 143.81, 133.98, 129.42, 127.59, 110.22, 86.75, 50.54, 30.46, 23.26, 
21.50. 13C-DEPT135 NMR (126 MHz, CDCl3): δ: = (up) 129.48, 127.66, 21.57, (down) 86.82, 50.61, 30.53, 23.33. 
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To a solution of 7b (200 mg, 0.49 mmol, 1 eq) at -90 °C was dropwise added nBuLi (306 µL, 0.49 
mmol, 1 eq, 1.6 M in hexanes). The solution was allowed to warm up to -70 °C and stirred at this 
temperature for 20 mins. Dry acetone (1.5 mL) was added to the reaction and it was allowed to 
gradually warm up to -25 °C. The cooling bath was removed and the reaction was allowed to warm 
to rt. The reaction was quenched with sat. NH4Cl, diluted with DCM (10 mL), and the organic layer 
was collected. The aqueous layer was washed with DCM (2×10 mL) and the combined organic layers 
were dried over anhydrous Na2SO4, concentrated in vacuo, and purified through flash 

chromatography (25 g silica, 15% ethyl acetate/hexanes (v/v)) to obtain 12 as a colorless oil as a mixture of diastereomers 
(78 mg, 41.2 %). Rf = 0.35 (20% EtOAc/hexanes, visualized w/ UV). 1H NMR (400 MHz, CDCl3): δ= 7.70 (d, J = 8.3 Hz, 
2H), 7.32 (d, J = 8 Hz, 1.6 H), 7.27 (d, J = 8 Hz, 0.42 H), 3.87–3.75 (m, 1H), 3.48–3.35 (m, 1H), 3.24 (s, 1H), 3.18 (d, J = 
8.3 Hz, 0.83 H), 2.64 (dd, J = 8.1, 5.0 Hz, 0.20 H), 2.41(s, 2.5 H), 2.38 (s, 0.63 H), 1.99 (ddd, J = 13.0, 6.5, 2.1 Hz, 0.82 H), 
1.76–1.58 (m, 2H), 1.49 (s, 3H), 1.43 (s, 3H), 1.30–1.28 (d, 8.3 Hz, 1H), 1.16–1.13 (m, 0.25 H), 0.83–0.74 (m, 0.84 H). 
HRMS (ESI): Calcd for C16H23BrNO3S [MH]+: 388.0577, found: 388.0580.  
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To a solution of 7b (50 mg, 0.12 mmol, 1 eq) in dry THF (2 mL) at rt was added KOtBu (21 mg, 
0.18 mmol,1.5 eq). The solution was stirred for 80 mins at the same temperature and then 
quenched with dropwise addition of sat. NH4Cl. It was diluted with DCM (10 mL) and the organic 
layer was collected. The aqueous layer was washed with DCM (2×10 mL) and the combined 
organic layers were dried over anhydrous Na2SO4, and quickly concentrated in vacuo (T ~ 25 °C) 
to obtain an oil which was purified through flash chromatography (11 g silica, 15% ethyl 
acetate/hexanes (v/v)) to obtain unstable S2 as a colorless oil (18 mg, 60 %) which started turning 

black upon concentration immediately, likely due to polymerization. Rf = 0.47 (20% EtOAc/hexanes, visualized w/ UV). 1H 
NMR (500 MHz, CDCl3): δ= 7.83 (d, J = 6.4 Hz, 2H), 7.32 (d, J = 6.4 Hz, 2H), 5.64 (t, J = 3.0 Hz, 1H), 3.75 (t, J = 7.2 Hz, 
2H), 3.31 (s, 1H), 2.43 (s, 3H), 2.37 (dt, J = 7.2, 2.3 Hz, 2H). 13C NMR (126 MHz, CDCl3): δ= 144.08, 133.70, 129.77, 
128.29, 124.75, 124.32, 82.94, 74.64, 49.55, 28.42, 21.75. MS (ESI): Calcd for C13H14NO2S [MH]+: 248.1, found: 248.1 
[MH]+, 265.1 (calcd: 265.1) [M+NH4]+, 512.1 (calcd: 512.1) [2M+NH4]+. 

To a solution of 11b (20 mg, 0.05 mmol, 1 eq) in dry THF (2 mL) at 0 °C was added KOtBu (23.2 
mg, 0.21 mmol, 4 eq) and the light-yellow solution was stirred at the same temperature for 15 
mins. The reaction was quenched with water, diluted with DCM (10 mL), and the organic layer 
was collected. The aqueous layer was washed with DCM (2×5 mL) and the combined organic 
layers were dried over anhydrous Na2SO4, concentrated in vacuo, and purified through flash 
chromatography (5 g silica, 20% ethyl acetate/hexanes (v/v)) to obtain unstable crude S3, a 
colorless oil, as a mixture of diastereomers (7.1 mg, 45 %). Rf = 0.20 (20% EtOAc/hexanes, 

visualized w/ UV). 1H NMR (500 MHz, CDCl3): δ= 7.73 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 7.8 Hz, 2H), 5.46 (s, 1H), 5.26 (m, 
1H), 2.94 (m, 2H), 2.41 (s, 3H), 2.33 (t, J = 7.2 Hz, 2H), 1.76 (m, 2H), 1.10 (4×s, 6H). 13C NMR (126 MHz, CDCl3): δ= 
197.61, 194.68, 145.11, 143.43, 136.94, 134.19, 129.90, 129.76, 127.37, 127.08, 97.35, 42.60, 42.21, 36.68, 36.36, 35.58, 
25.64, 25.28, 21.54, 21.28, 19.34, 18.77. 13C DEPT-135 NMR (126 MHz, CDCl3): δ = (up) 129.85, 129.71, 127.32, 127.01, 
97.30, 36.31, 21.49, 19.29, 18.71 (down) 42.55, 42.16, 36.63, 35.53, 25.59, 25.22. MS (ESI): Calcd for C16H22NO3S [MH]+: 
308.1, found: 308.1 [MH]+, 325.1 (calcd: 325.1) [M+NH4]+, 330.1 (calcd: 330.1) [M+Na]+, 632.1 (calcd: 632.1) [2M+NH4]+. 
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