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1. General experimental details

Unless otherwise noted, materials were purchased from commercial suppliers and used 
without further purification. All the solvents were treated according to general methods. The 
progress of reactions was monitored by silica gel thin layer chromatography (TLC) plates, 
visualized under UV. Flash column chromatography was performed using Qingdao Haiyang 
200-300 mesh silica gel. Proton, carbon, and fluorine magnetic resonance spectra (1H NMR, 
13C NMR and 19F NMR) were recorded on a Bruker Ascend spectrometer (1H NMR at 400 
MHz; 13C NMR at 100 MHz; 19F NMR at 375 MHz). Chemical shifts (δ) are reported in ppm 
from the solvent resonance as the internal standard (1H NMR: CDCl3 at 7.26 ppm; 13C NMR: 
CDCl3 at 77.16 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d 
= doublet, t = triplet, dd = doublet of doublets, m = multiplet), coupling constants (Hz) and 
integration. Optically rotations were measured on a Rudolph AUTOPOL VI digital 

polarimeter with a sodium lamp and reported as follows: [α]  (c = g/100 mL, solvent). 

T°CD

High resolution mass spectra were performed using a Bruker micrOTOF II high resolution 
mass spectrometer. Melting points were uncorrected and recorded on a WRR melting point 
apparatus. Diffraction data were collected on Bruker CCD-APEX X-ray diffractometer. 
Chiral HPLC was performed with a Chiralpak IF column (1 mL/min, 254 nm) eluting with n-
hexane/iPrOH (90:10) at ambient temperature and monitored by DAD (Diode Array Detector).

2. Experimental procedures and spectral data
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(a) R1OH,TsOH, PhMe, reflux, Dean-Stark trap; (b) NMM, 0 oC-rt, 33-52% for 2 steps; (c) R3CH2NO2, KOt-Bu (0.1 equiv.), rt, 83-95%; (d) DMP (1.2 equiv.),
dry CH2Cl2, rt, 81-95%; (e) CAT-6 (10 mol%), toluene, -30 oC, 90-99%; (f) 1) HCl/HOAc, 100 oC; 2) R4NH2, Et3N, HOBt, EDCI, CH2Cl2, 0 oC, 52-76%.
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Preparation of 7a-b, 7h, 8a-b, 8h, 1a-b and 1h was carried out following the literature 
procedure.1

General Procedure for the synthesis of 7
Propiolic acid (700 mg, 10.0 mmol, 1 equiv.) and corresponding alcohol R2OH (10.0 mmol, 

1 equiv.) were added to the toluene (20 mL) with 5 mol% p-toluenesulfonic acid used as 
catalyst. A Dean-Stark trap and a condenser were attached, and the reaction was protected 
under nitrogen. The mixture was heated to reflux for 2 h. Then the mixture was allowed to 
reach 0 oC. To the mixture was added corresponding salicylaldehyde 6 (10.0 mmol, 1 equiv.) 
and 4-methylmorpholine (1.2 mmol, 0.2 equiv.). The resulting mixture was allowed to stir at 
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room temperature for 12 h. Then 1 N HCl (10 mL) was added and the biphasic mixture was 
allowed to warm to room temperature. The phases were separated and the aqueous phase was 
extracted with EtOAc (3 × 20 mL). The combined organic extracts were washed with brine 
(20 mL), then dried over Na2SO4, filtered and concentrated in vacuo to give a crude residue. 
The residue was purified by silica gel chromatography (petroleum ether:EtOAc, 20:1-5:1) to 
afford desired products 7 (33-52%). 

2-methoxyethyl (E)-3-(2-formylphenoxy)acrylate (7c)

7c
O

H

O

O

O
O

7c (1.12 g, 45%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.34 (s, 1H), 7.91 (dd, J = 
8.0, 1.6 Hz, 1H), 7.86 (d, J = 12.4 Hz, 1H), 7.66-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.15 (d, J = 
8.0 Hz, 1H), 5.65 (d, J = 12.0 Hz, 1H), 4.30 (t, J = 4.4 Hz, 2H), 3.62 (t, J = 4.8 Hz, 2H), 3.39 
(s, 3H). 13C NMR (100 MHz, CDCl3) δ 188.20, 166.67, 158.71, 157.55, 136.14, 129.12, 
126.74, 125.64, 118.66, 103.81, 70.62, 63.53, 59.12. HRMS (ESI): Calcd for C13H14NaO5 
[M+Na]+: 273.0733. Found: 273.0739.

octyl (E)-3-(2-formylphenoxy)acrylate (7d)

7d
O

H

O

O

O

6

7d (1.40 g, 47%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.37 (s, 1H), 7.93 (dd, J = 
8.0, 1.6 Hz, 1H), 7.83 (d, J = 12.4 Hz, 1H), 7.66-7.62 (m, 1H), 7.33-7.29 (m, 1H), 7.15 (d, J = 
8.0 Hz, 1H), 5.63 (d, J = 12.0 Hz, 1H), 4.14 (t, J = 6.8 Hz, 2H), 1.63 (t, J = 5.2 Hz, 2H), 1.35-
1.27 (m, 10H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 188.25, 166.78, 
158.06, 157.71, 136.14, 129.10, 126.69, 125.50, 118.40, 104.36, 64.77, 31.90, 29.34, 29.29, 
28.80, 26.07, 22.75, 14.20. HRMS (ESI): Calcd for C18H25O4 [M+H]+: 305.1747. Found: 
305.1752.

isopropyl (E)-3-(2-formylphenoxy)acrylate (7e)

7e
O

H

O

O

O

7e (0.97 g, 42%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.36 (s, 1H), 7.92 (dd, J = 8.0, 
1.6 Hz, 1H), 7.82 (d, J = 12.4 Hz, 1H), 7.66-7.62 (m, 1H), 7.33-7.29 (m, 1H), 7.15 (d, J = 8.0 
Hz, 1H), 5.60 (d, J = 12.0 Hz, 1H), 5.08 (hept, J = 6.4 Hz, 1H), 1.27 (d, J = 6.4 Hz, 6H). 13C 
NMR (100 MHz, CDCl3) δ 188.30, 166.23, 157.99, 157.73, 136.16, 129.05, 126.68, 125.49, 
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118.51, 104.76, 67.90, 22.03 (2C). HRMS (ESI): Calcd for C13H14NaO4 [M+Na]+: 257.0784. 
Found: 257.0777.

isobutyl (E)-3-(2-formylphenoxy)acrylate (7f)

7f
O

H

O

O

O

7f (1.01 g, 41%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.36 (s, 1H), 7.93 (dd, J = 
8.0, 1.6 Hz, 1H), 7.84 (d, J = 12.0 Hz, 1H), 7.67-7.63 (m, 1H), 7.34-7.30 (m, 1H), 7.15 (d, J = 
8.0 Hz, 1H), 5.65 (d, J = 12.0 Hz, 1H), 3.94 (d, J = 6.8 Hz, 2H), 1.97 (hept, J = 6.8 Hz, 1H), 
0.95 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 188.29, 166.79, 158.06, 157.72, 
136.18, 129.13, 126.67, 125.52, 118.38, 104.34, 70.68, 27.92, 19.26 (2C). HRMS (ESI): 
Calcd for C14H16NaO4 [M+Na]+: 271.0941. Found: 271.0942.

neopentyl (E)-3-(2-formylphenoxy)acrylate (7g)

7g
O

H

O

O

O

7g (1.33 g, 51%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.37 (s, 1H), 7.92 (d, J = 
8.0 Hz, 1H), 7.84 (d, J = 12.0 Hz, 1H), 7.67-7.63 (m, 1H), 7.34-7.30 (m, 1H), 7.15 (d, J = 8.0 
Hz, 1H), 5.67 (d, J = 12.0 Hz, 1H), 3.85 (s, 2H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
188.31, 166.85, 157.97, 157.71, 136.21, 129.10, 126.59, 125.49, 118.28, 104.35, 73.83, 31.55, 
26.61 (3C). HRMS (ESI): Calcd for C15H18NaO4 [M+Na]+: 285.1097. Found: 285.1086.

neopentyl (E)-3-(2-formyl-4-methylphenoxy)acrylate (7j)

7j
O

H

O

O

O
Me

7j (1.40 g, 52%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.31 (s, 1H), 7.81 (d, J = 
12.0 Hz, 1H), 7.71 (s, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 5.60 (d, J = 12.0 
Hz, 1H), 3.84 (s, 2H), 2.38 (s, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 188.49, 
166.95, 158.64, 155.68, 136.84, 135.51, 129.07, 126.28, 118.49, 103.70, 73.76, 31.53, 26.60, 
20.75 (3C). HRMS (ESI): Calcd for C16H20NaO4 [M+Na]+: 299.1254. Found: 299.1264.

neopentyl (E)-3-(4-(tert-butyl)-2-formylphenoxy)acrylate (7k)
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7k
O

H

O

O

O
tBu

7k (1.51 g, 48%), white solid, m.p. 70-71 oC. 1H NMR (400 MHz, CDCl3) δ 10.35 (s, 1H), 
7.93 (d, J = 2.0 Hz, 1H), 7.83 (d, J = 12.0 Hz, 1H), 7.67 (dd, J = 8.8, 2.0 Hz, 1H), 7.08 (d, J = 
8.8 Hz, 1H), 5.63 (d, J = 12.0 Hz, 1H), 3.85 (s, 2H), 1.34 (s, 9H), 0.96 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ 188.66, 166.96, 158.51, 155.64, 148.81, 133.47, 125.96, 125.57, 118.15, 
103.82, 73.78, 34.82, 31.56, 31.33 (3C), 26.62 (3C). HRMS (ESI): Calcd for C19H26NaO4 
[M+Na]+: 341.1723. Found: 341.1735.

neopentyl (E)-3-(2-formyl-4-methoxyphenoxy)acrylate (7l)

7l
O

H

O

O

O
MeO

7l (1.24 g, 43%), white solid, m.p. 68-70 oC. 1H NMR (400 MHz, CDCl3) δ 10.28 (s, 1H), 
7.80 (d, J = 12.0 Hz, 1H), 7.37 (d, J = 2.0 Hz, 1H), 7.18 (dd, J = 8.8, 2.0 Hz, 1H), 7.08 (d, J = 
8.8 Hz, 1H), 5.52 (d, J = 12.0 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 2H), 0.94 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ 188.09, 166.95, 159.52, 157.15, 151.69, 127.32, 123.51, 120.66, 110.75, 
103.22, 73.75, 56.01, 31.53, 26.60 (3C). HRMS (ESI): Calcd for C16H20NaO5 [M+Na]+: 
315.1203. Found: 315.1213.

neopentyl (E)-3-(4-fluoro-2-formylphenoxy)acrylate (7m)

7m
O

H

O

O

O
F

7m (1.08 g, 39%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.28 (s, 1H), 7.80 (d, J = 
12.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.37-7.33 (m, 1H), 7.15 (dd, J = 8.8, 3.2 Hz, 1H), 5.61 
(d, J = 12.0 Hz, 1H), 3.84 (s, 2H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 187.06, 
166.65, 159.77 (d, J = 246.1 Hz, 1C), 158.39, 153.67 (d, J = 2.6 Hz, 1C), 127.97 (d, J = 6.3 
Hz, 1C), 123.05 (d, J = 24.1 Hz, 1C), 120.66 (d, J = 7.7 Hz, 1C), 114.92 (d, J = 23.8 Hz, 1C), 
104.31, 73.89, 31.54, 26.59 (3C). HRMS (ESI): Calcd for C15H17FNaO4 [M+Na]+: 303.1003. 
Found: 303.0986.

neopentyl (E)-3-(4-chloro-2-formylphenoxy)acrylate (7n)
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7n
O

H

O

O

O
Cl

7n (1.22 g, 42%), white solid, m.p. 83-84 oC. 1H NMR (400 MHz, CDCl3) δ 10.32 (s, 1H), 
7.89 (d, J = 2.8 Hz, 1H), 7.80 (d, J = 12.0 Hz, 1H), 7.61 (dd, J = 8.8, 2.8 Hz, 1H), 7.13 (d, J = 
8.8 Hz, 1H), 5.69 (d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 0.96 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ 186.93, 166.56, 157.50, 156.02, 135.84, 131.41, 128.73, 127.50, 119.85, 104.94, 
73.94, 31.55, 26.60 (3C). HRMS (ESI): Calcd for C15H17ClNaO4 [M+Na]+: 319.0708. Found: 
319.0725 ([M+Na]+), 321.0672 ([M+2+Na]+).

neopentyl (E)-3-(4-bromo-2-formylphenoxy)acrylate (7o)

7o
O

H

O

O

O
Br

7o (1.50 g, 44%), white solid, m.p. 62-63 oC. 1H NMR (400 MHz, CDCl3) δ 10.30 (s, 1H), 
8.03 (s, 1H), 7.79 (d, J = 12.4 Hz, 1H), 7.74 (dd, J = 8.8, 1.6 Hz, 1H), 7.06 (d, J = 8.8 Hz, 1H), 
5.69 (d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 0.96 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 186.85, 
166.56, 157.33, 156.54, 138.76, 131.81, 127.77, 120.08, 118.72, 105.05, 73.95, 31.55, 26.60 
(3C). HRMS (ESI): Calcd for C15H17BrNaO4 [M+Na]+: 363.0202. Found: 363.0218 
([M+Na]+), 365.0198 ([M+2+Na]+).

neopentyl (E)-3-(3-fluoro-2-formylphenoxy)acrylate (7p)

7p
O

H

O

O

O

F

7p (0.93 g, 33%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.37 (s, 1H), 7.76 (d, J = 
12.4 Hz, 1H), 7.62-7.58 (m, 1H), 7.05-7.00 (m, 1H), 6.95 (d, J = 8.4 Hz, 1H), 5.69 (d, J = 
12.0 Hz, 1H), 3.85 (s, 2H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 185.67, 185.63, 
166.72, 163.44 (d, J = 262.5 Hz, 1C), 157.20 (d, J = 4.9 Hz, 1C), 157.17, 136.34 (d, J = 1.4 
Hz, 1C), 116.10 (d, J = 9.6 Hz, 1C), 114.20 (d, J = 3.7 Hz, 1C), 113.46 (d, J = 21.3 Hz, 1C), 
73.89, 31.54, 26.60 (3C). HRMS (ESI): Calcd for C15H17FNaO4 [M+Na]+: 303.1003. Found: 
303.1018.

neopentyl (E)-3-(3-chloro-2-formylphenoxy)acrylate (7q)
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7q
O

H

O

O

O

Cl

7q (1.07 g, 37%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.45 (s, 1H), 7.72 (d, J = 
12.4 Hz, 1H), 7.54-7.50 (m, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), 5.59 (d, J 
= 12.4 Hz, 1H), 3.85 (s, 2H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 187.75, 166.76, 
158.06, 156.94, 137.35, 134.91, 127.91, 124.51, 118.04, 104.17, 73.83, 31.55, 26.61 (3C). 
HRMS (ESI): Calcd for C15H17ClNaO4 [M+Na]+: 319.0708. Found: 319.0694 ([M+Na]+), 
321.0674 ([M+2+Na]+).

neopentyl (E)-3-(2-formyl-3-methylphenoxy)acrylate (7r)

7r
O

H

O

O

O

Me

7r (1.33 g, 49%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.50 (s, 1H), 7.79 (d, J = 12.4 
Hz, 1H), 7.49-7.45 (m, 1H), 7.09 (d, J = 8.0 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 5.61 (d, J = 
12.4 Hz, 1H), 3.85 (s, 2H), 2.61 (s, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 190.62, 
166.91, 159.09, 158.44, 142.76, 134.72, 128.80, 125.05, 116.13, 103.93, 73.76, 31.53, 26.60, 
21.40 (3C). HRMS (ESI): Calcd for C16H20NaO4 [M+Na]+: 299.1254. Found: 299.1260.

neopentyl (E)-3-(5-fluoro-2-formylphenoxy)acrylate (7s)

7s
O

H

O

O

O

F

7s (1.06 g, 39%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.29 (s, 1H), 7.98-7.94 (m, 
1H), 7.78 (dd, J = 12.4, 1.2 Hz, 1H), 7.03-6.99 (m, 1H), 6.88 (d, J = 9.2 Hz, 1H), 5.75 (dd, J 
= 12.4, 1.2 Hz, 1H), 3.86 (d, J = 0.8 Hz, 2H), 0.95 (d, J = 1.2 Hz, 9H). 13C NMR (100 MHz, 
CDCl3) δ 186.79, 167.15 (d, J = 257.7 Hz, 1C), 166.46, 159.10 (d, J = 10.7 Hz, 1C), 156.67, 
131.42 (d, J = 10.9 Hz, 1C), 123.20 (d, J = 3.1 Hz, 1C), 112.94 (d, J = 21.8 Hz, 1C), 105.74 
(d, J = 25.3 Hz, 1C), 105.59, 73.98, 31.55, 26.60 (3C). HRMS (ESI): Calcd for C15H17FNaO4 
[M+Na]+: 303.1003. Found: 303.1012.

neopentyl (E)-3-(5-chloro-2-formylphenoxy)acrylate (7t)

7t
O

H

O

O

O

Cl
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7t (1.24 g, 43%), white solid, m.p. 52-53 oC. 1H NMR (400 MHz, CDCl3) δ 10.31 (s, 1H), 
7.87 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 12.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.17 (d, J = 1.2 
Hz, 1H), 5.75 (d, J = 12.4 Hz, 1H), 3.87 (s, 2H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
187.11, 166.51, 157.94, 156.90, 142.15, 130.17, 125.95, 124.97, 118.57, 105.50, 74.00, 31.57, 
26.61 (3C). HRMS (ESI): Calcd for C15H17ClNaO4 [M+Na]+: 319.0708. Found: 319.0724 
([M+Na]+), 321.0670 ([M+2+Na]+).

neopentyl (E)-3-(2-formyl-5-methylphenoxy)acrylate (7u)

7u
O

H

O

O

O

Me

7u (1.38 g, 51%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.31 (s, 1H), 7.83 (d, J = 
12.4 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.94 (s, 1H), 5.66 (d, J = 12.4 
Hz, 1H), 3.87 (s, 2H), 2.44 (s, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 188.02, 
167.01, 158.17, 157.77, 148.02, 129.02, 126.46, 124.31, 118.79, 104.12, 73.82, 31.57, 26.63, 
22.16 (3C). HRMS (ESI): Calcd for C16H20NaO4 [M+Na]+: 299.1254. Found: 299.1277.

neopentyl (E)-3-(6-fluoro-2-formylphenoxy)acrylate (7v)

7v
O

H

O

O

O

F

7v (1.21 g, 44%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.24 (s, 1H), 7.82 (d, J = 
12.4 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.49-7.45 (m, 1H), 7.38-7.33 (m, 1H), 5.38 (d, J = 
12.4 Hz, 1H), 3.83 (s, 2H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 187.17 (d, J = 3.3 Hz, 
1C), 166.52, 160.17 (d, J = 2.4 Hz, 1C), 154.07 (d, J = 251.9 Hz, 1C), 144.22 (d, J = 12.5 Hz, 
1C), 129.81, 127.05 (d, J = 7.0 Hz, 1C), 124.33 (d, J = 3.6 Hz, 1C), 123.22 (d, J = 18.3 Hz, 
1C), 102.50, 73.90, 31.53, 26.60 (3C). HRMS (ESI): Calcd for C15H17FNaO4 [M+Na]+: 
303.1003. Found: 303.1019.

neopentyl (E)-3-(6-chloro-2-formylphenoxy)acrylate (7w)

7w
O

H

O

O

O

Cl

7w (1.37 g, 47%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 10.18 (s, 1H), 7.85 (dd, J = 
8.0, 1.2 Hz, 1H),7.80 (d, J = 12.4 Hz, 1H), 7.73 (dd, J = 8.0, 1.2 Hz, 1H), 7.39-7.35 (m, 1H), 
5.20 (d, J = 12.4 Hz, 1H), 3.83 (s, 2H), 0.93 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 187.43, 
166.61, 160.13, 152.43, 136.78, 129.86, 127.98, 127.71, 127.52, 102.17, 73.92, 31.51, 26.60 
(3C). HRMS (ESI): Calcd for C15H17ClNaO4 [M+Na]+: 319.0708. Found: 319.0724 
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([M+Na]+), 321.0684 ([M+2+Na]+).

neopentyl (E)-3-(2-formyl-6-methylphenoxy)acrylate (7x)

7x
O

H

O

O

O

Me

7x (1.44 g, 52%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 10.18 (s, 1H), 7.84 (d, J = 
12.4 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.34-7.30 (m, 1H), 5.06 (d, J 
= 12.4 Hz, 1H), 3.80 (s, 2H), 2.28 (s, 3H), 0.93 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
188.65, 166.92, 160.92, 154.63, 137.98, 131.52, 128.18, 127.24, 126.72, 101.11, 73.77, 31.51, 
26.62 (3C), 15.69. HRMS (ESI): Calcd for C16H20NaO4 [M+Na]+: 299.1254. Found: 299.1258.

General Procedure for the synthesis of 8
To a solution of compound 7 (3 mmol, 1 equiv.) in 5 mL of R3CH2NO2 was added 56 mg 

(0.3 mmol, 0.1 equiv.) of KOt-Bu. The resulting mixture was stirred at room temperature for 
2 h. 1 N HCl (10 mL) was added and the biphasic mixture was extracted with EtOAc (3 × 20 
mL). The combined organic extracts were washed with brine (20 mL), then dried over 
Na2SO4, filtered and concentrated in vacuo to give a crude residue. The residue was purified 
by silica gel chromatography (petroleum ether:EtOAc:HOAc, 100:20:0.5) to afford desired 
products 8 (83-95%). 

2-methoxyethyl (E)-3-(2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8c)

8c
O

OH
NO2

O

O
O

8c (895.8 mg, 92%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 12.4 Hz, 1H), 
7.51-7.49 (m, 1H), 7.41-7.37 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.62 
(d, J = 12.4 Hz, 1H), 5.35 (d, J = 8.8 Hz, 1H), 4.85-4.78 (m, 1H), 4.27 (t, J = 4.8 Hz, 2H), 
3.61 (t, J = 4.8 Hz, 2H), 3.38 (s, 3H), 3.18 (br s, 1H), 1.35 (d, J = 6.8 Hz, 3H). 13C NMR (100 
MHz, CDCl3) δ 166.97, 158.89, 152.92, 130.57, 129.26, 128.60, 126.05, 118.18, 103.11, 
88.14, 70.61, 70.28, 63.47, 59.08, 16.34. HRMS (ESI): Calcd for C15H19NNaO7 [M+Na]+: 
348.1054. Found: 348.1077.

octyl (E)-3-(2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8d)

8d
O

OH
NO2

O

O

6

8d (1.04 g, 93%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 12.4 Hz, 1H), 
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7.51-7.49 (m, 1H), 7.41-7.37 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.62 
(d, J = 12.4 Hz, 1H), 5.35 (d, J = 8.8 Hz, 1H), 4.85-4.78 (m, 1H), 4.12 (t, J = 4.8 Hz, 2H), 
3.08 (br s, 1H), 1.66-1.61 (m, 2H), 1.37 (d, J = 6.8 Hz, 3H), 1.32-1.25 (m, 10H), 0.88 (t, J = 
6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 167.15, 158.24, 153.07, 130.59, 129.08, 128.60, 
125.91, 117.91, 103.71, 88.12, 70.40, 64.81, 31.91, 29.35, 29.30, 28.79, 26.07, 22.76, 16.36, 
14.20. HRMS (ESI): Calcd for C20H29NNaO6 [M+Na]+: 402.1892. Found: 402.1899.

isopropyl (E)-3-(2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8e)

8e
O

OH
NO2

O

O

8e (816.4 mg, 88%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 12.4 Hz, 1H), 
7.50 (d, J = 8.0 Hz, 1H), 7.41-7.37 (m, 1H), 7.28-7.26 (m, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.59 
(d, J = 12.4 Hz, 1H), 5.36 (d, J = 8.8 Hz, 1H), 5.07 (hept, J = 2.4 Hz, 1H), 4.87-4.79 (m, 1H), 
3.04 (br s, 1H), 1.37 (d, J = 6.8 Hz, 3H), 1.26 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, 
CDCl3) δ 166.56, 158.07, 153.07, 130.58, 129.07, 128.59, 125.88, 117.96, 104.15, 88.13, 
70.44, 67.96, 22.03 (2C), 16.37. HRMS (ESI): Calcd for C15H19NNaO6 [M+Na]+: 332.1105. 
Found: 332.1127.

isobutyl (E)-3-(2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8f)

8f
O

OH
NO2

O

O

8f (883.2 mg, 91%), yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 12.4 Hz, 1H), 
7.51-7.49 (m, 1H), 7.42-7.38 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.63 
(d, J = 12.4 Hz, 1H), 5.37 (d, J = 8.8 Hz, 1H), 4.87-4.79 (m, 1H), 3.91 (d, J = 6.8 Hz, 2H), 
3.04 (br s, 1H), 1.96 (hept, J = 6.4 Hz, 1H), 1.37 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.0 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 167.15, 158.22, 153.06, 130.61, 129.02, 128.60, 125.92, 
117.85, 103.68, 88.12, 70.70, 70.39, 27.89, 19.24 (2C), 16.36. HRMS (ESI): Calcd for 
C16H21NNaO6 [M+Na]+: 346.1261. Found: 346.1268.

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8g)

8g
O

OH
NO2

O

O

8g (930.3 mg, 92%), yellow solid, m.p. 75-76 oC. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J 
= 12.4 Hz, 1H), 7.51-7.49 (m, 1H), 7.42-7.38 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 
8.0 Hz, 1H), 5.66 (d, J = 12.4 Hz, 1H), 5.38 (d, J = 8.8 Hz, 1H), 4.87-4.79 (m, 1H), 3.84 (s, 
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2H), 2.99 (br s, 1H), 1.37 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
167.17, 158.12, 153.10, 130.62, 129.00, 128.61, 125.89, 117.76, 103.75, 88.11, 73.87, 70.42, 
31.54, 26.61 (3C), 16.36. HRMS (ESI): Calcd for C17H23NNaO6 [M+Na]+: 360.1418. Found: 
360.1427.

neopentyl (E)-3-(2-(1-hydroxy-2-nitrobutyl)phenoxy)acrylate (8i)

8i
O

OH
NO2
Et

O

O

8i (966.3 mg, 92%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 12.0 Hz, 1H), 
7.49 (d, J = 8.0 Hz, 1H), 7.41-7.38 (m, 1H), 7.28-7.24 (m, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.66 
(d, J = 12.0 Hz, 1H), 5.37 (d, J = 8.4 Hz, 1H), 4.71-4.66 (m, 1H), 3.84 (s, 2H), 2.95 (br s, 1H), 
1.99-1.91 (m, 1H), 1.52-1.45 (m, 1H), 0.96 (s, 9H), 0.90 (t, J = 7.2 Hz, 3H). 13C NMR (100 
MHz, CDCl3) δ 167.18, 158.11, 153.03, 130.60, 129.24, 128.54, 125.92, 117.75, 103.73, 
94.81, 73.88, 69.67, 31.54, 26.61 (3C), 23.82, 10.32. HRMS (ESI): Calcd for C18H25NNaO6 
[M+Na]+: 374.1574. Found: 374.1589.

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)-4-methylphenoxy)acrylate (8j)

8j
O

OH
NO2

O

O
Me

8j (977.5 mg, 93%), yellow solid, m.p. 70-71 oC. 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J 
= 12.0 Hz, 1H), 7.40 (s, 1H), 7.16 (d, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 5.63-5.61 (m, 
1H), 5.60 (d, J = 12.0 Hz, 1H), 4.80-4.74 (m, 1H), 3.84 (s, 2H), 2.91 (d, J = 4.0 Hz, 1H), 2.36 
(s, 3H), 1.46 (d, J = 6.8 Hz, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 167.23, 158.38, 
149.93, 135.45, 130.51, 128.44, 128.37, 117.35, 103.14, 85.21, 73.79, 69.06, 31.54, 26.62 
(3C), 21.09, 11.99. HRMS (ESI): Calcd for C18H25NNaO6 [M+Na]+: 374.1574. Found: 
374.1565.

neopentyl (E)-3-(4-(tert-butyl)-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8k)

8k
O

OH
NO2

O

O
tBu

8k (1.02 g, 87%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 12.0 Hz, 1H), 
7.61 (d, J = 1.6 Hz, 1H), 7.37 (dd, J = 8.0, 1.6 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 5.66-5.64 (m, 
1H), 5.63 (d, J = 12.0 Hz, 1H), 4.80-4.74 (m, 1H), 3.84 (s, 2H), 2.92 (d, J = 3.2 Hz, 1H), 1.45 
(d, J = 6.8 Hz, 3H), 1.33 (s, 9H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 167.21, 158.26, 
149.84, 148.71, 127.92, 126.81, 125.01, 116.86, 103.24, 85.25, 73.78, 69.24, 34.80, 31.54, 
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31.49 (3C), 26.63 (3C), 11.94. HRMS (ESI): Calcd for C21H31NNaO6 [M+Na]+: 416.2044. 
Found: 416.2059.

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)-4-methoxyphenoxy)acrylate (8l)

8l
O

OH
NO2

O

O
MeO

8l (915.4 mg, 84%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 12.0 Hz, 1H), 
7.01 (d, J = 2.8 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 6.90 (dd, J = 8.8, 2.8 Hz, 1H), 5.54 (d, J = 
12.0 Hz, 1H), 5.33-5.30 (m, 1H), 4.84-4.77 (m, 1H), 3.84 (s, 2H), 3.82 (s, 3H), 2.80 (d, J = 
4.2 Hz, 1H), 1.39 (d, J = 6.8 Hz, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 167.20, 
159.33, 157.47, 146.59, 130.23, 119.72, 115.79, 113.20, 102.76, 88.12, 73.79, 70.40, 55.92, 
31.56, 26.64 (3C), 16.40. HRMS (ESI): Calcd for C18H25NNaO7 [M+Na]+: 390.1523. Found: 
390.1538.

neopentyl (E)-3-(4-fluoro-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8m)

8m
O

OH
NO2

O

O
F

8m (903.9 mg, 85%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 12.0 Hz, 
1H), 7.25-7.24 (m, 1H), 7.11-7.03 (m, 2H), 5.60 (d, J = 12.0 Hz, 1H), 5.34 (d, J = 8.0 Hz, 1H), 
4.81-4.74 (m, 1H), 3.83 (s, 2H), 3.16 ( br s, 1H), 1.41 (d, J = 6.8 Hz, 3H), 0.95 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 167.14, 160.06 (d, J = 244.7 Hz, 1C), 158.53, 148.79 (d, J = 2.7 
Hz, 1C), 131.39 (d, J = 7.1 Hz, 1C), 119.74 (d, J = 8.2 Hz, 1C), 117.24 (d, J = 23.5 Hz, 1C), 
115.34 (d, J = 24.3 Hz, 1C), 103.58, 87.86, 73.96, 69.73, 31.53, 26.60 (3C), 16.24. HRMS 
(ESI): Calcd for C17H22FNNaO6 [M+Na]+: 378.1323. Found: 378.1332.

neopentyl (E)-3-(4-chloro-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8n)

8n
O

OH
NO2

O

O
Cl

8n (950.3 mg, 86%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 12.0 Hz, 1H), 
7.63 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H), 5.69-5.67 (m, 1H), 5.66 (d, J = 
12.0 Hz, 1H), 4.78-4.73 (m, 1H), 3.84 (s, 2H), 3.14 ( br s, 1H), 1.44 (d, J = 6.8 Hz, 3H), 0.95 
(s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.97, 157.38, 150.38, 131.16, 130.75, 129.96, 
128.30, 118.49, 104.20, 84.72, 73.98, 68.46, 31.53, 26.60 (3C), 11.64. HRMS (ESI): Calcd 
for C17H22ClNNaO6 [M+Na]+: 394.1028. Found: 394.1029 ([M+Na]+), 396.1005 
([M+2+Na]+).
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neopentyl (E)-3-(4-bromo-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8o)

8o
O

OH
NO2

O

O
Br

8o (1.08 g, 88%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 1.6 Hz, 1H), 
7.70 (d, J = 12.0 Hz, 1H), 7.50 (dd, J = 8.4, 1.6 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 5.69-5.67 
(m, 1H), 5.66 (d, J = 12.0 Hz, 1H), 4.78-4.73 (m, 1H), 3.84 (s, 2H), 3.10 ( br s, 1H), 1.45 (d, J 
= 6.8 Hz, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.94, 157.20, 150.95, 132.96, 
131.21, 130.99, 118.77, 118.64, 104.33, 84.73, 73.99, 68.41, 31.53, 26.60 (3C), 11.66. HRMS 
(ESI): Calcd for C17H22BrNNaO6 [M+Na]+: 438.0528. Found: 438.0559 ([M+Na]+), 440.0537 
([M+2+Na]+).

neopentyl (E)-3-(3-fluoro-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8p)

8p
O

OH
NO2

O

O

F

8p (883.7 mg, 83%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 12.0 Hz, 1H), 
7.43-7.37 (m, 1H), 7.02-6.98 (m, 1H), 6.93 (d, J = 8.4 Hz, 1H), 5.78 (d, J = 12.0 Hz, 1H), 
5.55-5.51 (m, 1H), 5.15-5.08 (m, 1H), 3.86 (s, 2H), 2.90 (d, J = 8.0 Hz, 1H), 1.36 (d, J = 6.8 
Hz, 3H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.73, 158.63, 157.08, 154.84 (d, J = 
7.3 Hz, 1C), 131.47 (d, J = 6.7 Hz, 1C), 116.48 (d, J = 5.9 Hz, 1C), 113.69 (d, J = 3.4 Hz, 1C), 
113.06 (d, J = 22.7 Hz, 1C), 105.05, 86.73, 74.00, 68.36 (d, J = 2.8 Hz, 1C), 31.56, 26.62 
(3C), 16.46. HRMS (ESI): Calcd for C17H22FNNaO6 [M+Na]+: 378.1323. Found: 378.1326.

neopentyl (E)-3-(3-chloro-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8q)

8q
O

OH
NO2

O

O

Cl

8q (922.1 mg, 83%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 12.0 Hz, 1H), 
7.37-7.30 (m, 1H), 7.29-7.28 (m, 1H), 7.04 (d, J = 8.4 Hz, 1H), 5.78 (d, J = 12.0 Hz, 1H), 
5.75 (d, J = 8.4 Hz, 1H), 5.25-5.18 (m, 1H), 3.86 (s, 2H), 3.15 ( br s, 1H), 1.37 (d, J = 6.8 Hz, 
3H), 0.96 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.72, 157.04, 155.43, 135.24, 131.06, 
127.19, 126.39, 117.03, 105.17, 86.64, 74.03, 71.56, 31.54, 26.61 (3C), 16.31. HRMS (ESI): 
Calcd for C17H22ClNNaO6 [M+Na]+: 394.1028. Found: 394.1029 ([M+Na]+), 396.0994 
([M+2+Na]+).

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)-3-methylphenoxy)acrylate (8r)
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8r
O

OH
NO2

O

O

Me

8r (985.2 mg, 94%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 12.0 Hz, 1H), 
7.31-7.27 (m, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 5.75 (d, J = 12.0 Hz, 
1H), 5.70-5.46 (m, 1H), 5.19-5.11 (m, 1H), 3.86 (s, 2H), 2.86 (d, J = 8.0 Hz, 1H), 2.51 (s, 3H), 
1.31 (d, J = 6.8 Hz, 3H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.95, 157.61, 154.66, 
139.30, 130.25, 128.33, 126.32, 115.94, 104.34, 87.30, 73.91, 71.26, 31.55, 26.64 (3C), 20.55, 
16.46. HRMS (ESI): Calcd for C18H25NNaO6 [M+Na]+: 374.1574. Found: 374.1588.

neopentyl (E)-3-(5-fluoro-2-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8s)

8s
O

OH
NO2

O

O

F

8s (911.3 mg, 86%), yellow solid, m.p. 83-85 oC. 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 
= 12.0 Hz, 1H), 7.62-7.58 (m, 1H), 7.00-6.95 (m, 1H), 6.80 (dd, J = 8.0, 2.4 Hz, 1H), 5.72 (d, 
J = 12.0 Hz, 1H), 5.64 (s, 1H), 4.75 (dq, J = 6.8, 2.8 Hz, 1H), 3.85 (s, 2H), 2.99 (br s, 1H), 
1.45 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.79, 163.39 (d, J = 
248.8 Hz, 1C), 156.72, 152.65 (d, J = 9.8 Hz, 1C), 129.50 (d, J = 9.6 Hz, 1C), 124.50 (d, J = 
3.6 Hz, 1C), 112.34 (d, J = 21.0 Hz, 1C), 105.05 (d, J = 25.3 Hz, 1C), 104.82, 85.06, 74.00, 
68.60, 31.55, 26.61 (3C), 11.86. HRMS (ESI): Calcd for C17H22FNNaO6 [M+Na]+: 378.1323. 
Found: 378.1331.

neopentyl (E)-3-(3-chloro-6-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8t)

8t
O

OH
NO2

O

O

Cl

8t (973.4 mg, 88%), yellow solid, m.p. 141-143 oC. 1H NMR (400 MHz, CDCl3) δ 7.72 (d, 
J = 12.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.25-7.23 (m, 1H), 7.07 (d, J = 2.8 Hz, 1H), 5.71 
(d, J = 12.0 Hz, 1H), 5.65 (d, J = 1.6 Hz, 1H), 4.75 (dq, J = 6.8, 2.8 Hz, 1H), 3.86 (s, 2H), 
2.99 (br s, 1H), 1.44 (d, J = 6.8 Hz, 3H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.83, 
156.83, 152.30, 135.50, 129.23, 127.30, 125.71, 117.54, 104.81, 84.87, 74.03, 68.56, 31.55, 
26.61 (3C), 11.79. HRMS (ESI): Calcd for C17H22ClNNaO6 [M+Na]+: 394.1028. Found: 
394.1046 ([M+Na]+), 396.1024 ([M+2+Na]+).

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)-5-methylphenoxy)acrylate (8u)
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8u
O

OH
NO2

O

O

Me

8u (996.2 mg, 95%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 12.0 Hz, 1H), 
7.47 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.86 (s, 1H), 5.65 (d, J = 12.0 Hz, 1H), 
5.62-5.61 (m, 1H), 4.77 (dq, J = 6.8, 3.2 Hz, 1H), 3.85 (s, 2H), 2.79 (br s, 1H), 2.37 (s, 3H), 
1.46 (d, J = 6.8 Hz, 3H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 167.20, 157.98, 152.04, 
140.69, 127.88, 126.29, 125.57, 117.94, 103.55, 85.31, 73.82, 69.09, 31.56, 26.64 (3C), 21.36, 
12.06. HRMS (ESI): Calcd for C18H25NNaO6 [M+Na]+: 374.1574. Found: 374.1584.

neopentyl (E)-3-(2-fluoro-6-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8v)

8v
O

OH
NO2

O

O

F

8v (921.1 mg, 87%), yellow solid, m.p. 90-92 oC. 1H NMR (400 MHz, CDCl3) δ 7.71 (dd, 
J = 12.0, 1.6 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.30-7.27 (m, 1H), 7.27-7.16 (m, 1H), 5.60 (d, 
J = 1.2 Hz, 1H), 5.37 (d, J = 12.0 Hz, 1H), 4.74 (dq, J = 6.8, 2.8 Hz, 1H), 3.81 (s, 2H), 3.15 
(br s, 1H), 1.44 (d, J = 6.8 Hz, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.88, 
159.59 (d, J = 2.6 Hz, 1C), 153.71 (d, J = 249.9 Hz, 1C), 138.67 (d, J = 12.5 Hz, 1C), 133.02, 
127.08 (d, J = 7.4 Hz, 1C), 123.17 (d, J = 3.5 Hz, 1C), 117.37 (d, J = 18.1 Hz, 1C), 101.77, 
85.02, 73.92, 68.72 (d, J = 2.9 Hz, 1C), 31.51, 26.60 (3C), 11.74. HRMS (ESI): Calcd for 
C17H22FNNaO6 [M+Na]+: 378.1323. Found: 378.1338.

neopentyl (E)-3-(2-chloro-6-(1-hydroxy-2-nitropropyl)phenoxy)acrylate (8w)

8w
O

OH
NO2

O

O

Cl

8w (988.4 mg, 89%), white solid, m.p. 163-165 oC. 1H NMR (400 MHz, CDCl3) δ 7.67 (dd, 
J = 12.0, 1.6 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.31-7.27 (m, 1H), 
5.57 (s, 1H), 5.23 (dd, J = 12.0, 1.6 Hz, 1H), 4.79-4.74 (m, 1H), 3.81 (s, 2H), 3.10 (br s, 1H), 
1.42 (d, J = 6.8 Hz, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 166.87, 159.12, 146.80, 
133.18, 131.09, 127.51, 127.01, 126.62, 101.48, 84.89, 73.91, 68.93, 31.52, 26.62 (3C), 11.57. 
HRMS (ESI): Calcd for C17H22ClNNaO6 [M+Na]+: 394.1028. Found: 394.1031 ([M+Na]+), 
396.1014 ([M+2+Na]+).

neopentyl (E)-3-(2-(1-hydroxy-2-nitropropyl)-6-methylphenoxy)acrylate (8x)
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8x
O

OH
NO2

O

O

Me

8x (983.3 mg, 93%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 12.0 Hz, 1H), 
7.50-7.48 (m, 1H), 7.27-7.26 (m, 1H), 7.25-7.24 (m, 1H), 5.53 (s, 1H), 5.11 (d, J = 12.0 Hz, 
1H), 4.78 (dq, J = 6.8, 2.4 Hz, 1H), 3.81 (s, 2H), 2.82 (br s, 1H), 2.22 (s, 3H), 1.44 (d, J = 6.8 
Hz, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 167.15, 159.78, 148.96, 132.08, 130.68, 
130.52, 126.75, 125.68, 100.32, 85.24, 73.78, 69.03, 31.52, 26.63 (3C), 16.19, 11.67. HRMS 
(ESI): Calcd for C18H25NNaO6 [M+Na]+: 374.1574. Found: 374.1582.

General Procedure for the synthesis of 1
To a solution of compound 8 (2 mmol, 1 equiv.) in 20 mL of CH2Cl2 at 0 oC was added 1 g 

(2.4 mmol, 1.2 equiv.) of Dess-Martin periodinane. The resulting mixture was stirred at room 
temperature for 2 h. The reaction mixture was purified by silica gel chromatography 
(CH2Cl2:HOAc, 100:0.5) to afford desired products 1 (81-95%). 

2-methoxyethyl (E)-3-(2-(2-nitropropanoyl)phenoxy)acrylate (1c)

1c
O

O
NO2

O

O
O

1c (553.1 mg, 86%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.88 (dd, J = 8.0, 1.6 Hz, 
1H), 7.77 (d, J = 12.0 Hz, 1H), 7.66-7.61 (m, 1H), 7.34-7.30 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 
5.97 (q, J = 6.8 Hz, 1H), 5.81 (d, J = 12.0 Hz, 1H), 4.32 (t, J = 4.4 Hz, 2H), 3.63 (t, J = 4.4 Hz, 
2H), 3.40 (s, 3H), 1.80 (d, J = 8.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 189.52, 166.29, 
156.66, 154.52, 135.72, 131.99, 125.91, 125.70, 117.82, 105.39, 88.26, 70.56, 63.70, 59.12, 
15.69. HRMS (ESI): Calcd for C15H17NNaO7 [M+Na]+: 346.0897. Found: 346.0903.

octyl (E)-3-(2-(2-nitropropanoyl)phenoxy)acrylate (1d)

1d
O

O
NO2

O

O

6

1d (628.6 mg, 84%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 8.0, 1.6 Hz, 
1H), 7.76 (d, J = 12.0 Hz, 1H), 7.66-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 
5.98 (q, J = 6.8 Hz, 1H), 5.78 (d, J = 12.0 Hz, 1H), 4.15 (t, J = 6.8 Hz, 2H), 1.80 (d, J = 6.8 
Hz, 3H), 1.68-1.63 (m, 2H), 1.34-1.27 (m, 10H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (100 
MHz, CDCl3) δ 189.53, 166.38, 156.08, 154.65, 135.73, 132.02, 125.83, 125.59, 117.63, 
105.92, 88.31, 64.96, 31.91, 29.34, 29.30, 28.77, 26.06, 22.76, 15.70, 14.21. HRMS (ESI): 
Calcd for C20H27NNaO6 [M+Na]+: 400.1736. Found: 400.1741.
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isopropyl (E)-3-(2-(2-nitropropanoyl)phenoxy)acrylate (1e)

1e
O

O
NO2

O

O

1e (525.2 mg, 86%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 8.0, 1.6 Hz, 
1H), 7.72 (d, J = 12.0 Hz, 1H), 7.66-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.15 (d, J = 8.0 Hz, 1H), 
5.98 (q, J = 6.8 Hz, 1H), 5.75 (d, J = 12.0 Hz, 1H), 5.10 (hept, J = 6.4 Hz, 1H), 1.80 (d, J = 
6.8 Hz, 3H), 1.28 (d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 189.58, 165.84, 155.91, 
154.68, 135.76, 132.04, 125.79, 125.57, 117.64, 106.39, 88.34, 68.21, 22.03 (2C), 15.71. 
HRMS (ESI): Calcd for C15H17NNaO6 [M+Na]+: 330.0948. Found: 330.0953.

isobutyl (E)-3-(2-(2-nitropropanoyl)phenoxy)acrylate (1f)

1f
O

O
NO2

O

O

1f (597.7 mg, 93%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.89 (dd, J = 8.0, 1.6 Hz, 
1H), 7.74 (d, J = 12.0 Hz, 1H), 7.67-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 
5.99 (q, J = 6.8 Hz, 1H), 5.78 (d, J = 12.0 Hz, 1H), 3.95 (d, J = 6.8 Hz, 2H), 1.97 (hept, J = 
6.8 Hz, 1H), 1.80 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) 
δ 189.53, 166.38, 156.07, 154.64, 135.76, 132.03, 125.78, 125.60, 117.59, 105.87, 88.33, 
70.84, 27.89, 19.24 (2C), 15.71. HRMS (ESI): Calcd for C16H19NNaO6 [M+Na]+: 344.1105. 
Found: 344.1106.

neopentyl (E)-3-(2-(2-nitropropanoyl)phenoxy)acrylate (1g)

1g
O

O
NO2

O

O

1g (627.9 mg, 94%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.0 Hz, 1H), 
7.74 (d, J = 12.0 Hz, 1H), 7.67-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 
5.99 (q, J = 6.8 Hz, 1H), 5.81 (d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.97 
(s, 9H). 13C NMR (100 MHz, CDCl3) δ 189.53, 166.44, 156.02, 154.65, 135.79, 132.04, 
125.72, 125.59, 117.52, 105.89, 88.35, 74.01, 31.54, 26.60 (3C), 15.71. HRMS (ESI): Calcd 
for C17H21NNaO6 [M+Na]+: 358.1261. Found: 358.1278.

neopentyl (E)-3-(2-(2-nitrobutanoyl)phenoxy)acrylate (1i)
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1i
O

O
NO2
Et

O

O

1i (664.2 mg, 95%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.87 (dd, J = 8.0, 1.2 Hz, 
1H), 7.75 (d, J = 12.0 Hz, 1H), 7.66-7.62 (m, 1H), 7.34-7.30 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 
5.88-5.85 (m, 1H), 5.81 (d, J = 12.0 Hz, 1H), 3.88 (s, 2H), 2.33-2.27 (m, 1H), 2.20-2.15 (m, 
1H), 1.08 (t, J = 7.2 Hz, 3H), 0.97 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 189.08, 166.44, 
156.15, 154.55, 135.67, 131.94, 126.09, 125.62, 117.64, 105.86, 94.99, 74.01, 31.56, 26.61 
(3C), 23.98, 11.00. HRMS (ESI): Calcd for C18H23NNaO6 [M+Na]+: 372.1418. Found: 
372.1427.

neopentyl (E)-3-(4-methyl-2-(2-nitropropanoyl)phenoxy)acrylate (1j)

1j
O

O
NO2

O

O
Me

1j (629.2 mg, 90%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 12.0 Hz, 1H), 
7.68 (s, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 5.99 (q, J = 6.8 Hz, 1H), 5.76 
(d, J = 12.0 Hz, 1H), 3.86 (s, 2H), 2.38 (s, 3H), 1.79 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 189.76, 166.58, 156.59, 152.62, 136.40, 135.67, 132.07, 125.40, 
117.66, 105.30, 88.35, 73.96, 31.55, 26.61 (3C), 20.69, 15.73. HRMS (ESI): Calcd for 
C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1429.

neopentyl (E)-3-(4-(tert-butyl)-2-(2-nitropropanoyl)phenoxy)acrylate (1k)

1k
O

O
NO2

O

O
tBu

1k (689.0 mg, 88%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.90 (s, 1H), 7.73 (d, J = 
12.0 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 5.99 (q, J = 6.8 Hz, 1H), 5.78 
(d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 1.33 (s, 9H), 0.97 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 189.75, 166.56, 156.47, 152.62, 148.94, 133.14, 128.72, 124.96, 
117.37, 105.42, 88.42, 73.98, 34.83, 31.56, 31.30 (3C), 26.63 (3C), 15.78. HRMS (ESI): 
Calcd for C21H29NNaO6 [M+Na]+: 414.1887. Found: 414.1892.

neopentyl (E)-3-(4-methoxy-2-(2-nitropropanoyl)phenoxy)acrylate (1l)
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1l
O

O
NO2

O

O
MeO

1l (663.9 mg, 91%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 12.0 Hz, 1H), 
7.36 (d, J = 2.4 Hz, 1H), 7.18-7.16 (m, 1H), 7.06 (d, J = 8.0 Hz, 1H), 5.98 (q, J = 6.8 Hz, 1H), 
5.71 (d, J = 12.0 Hz, 1H), 3.85 (s, 2H), 3.84 (s, 3H), 1.80 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 189.29, 166.59, 157.25, 156.99, 148.54, 126.35, 122.53, 
119.66, 114.67, 104.87, 88.20, 73.95, 56.07, 31.54, 26.61 (3C), 15.75. HRMS (ESI): Calcd 
for C18H23NNaO7 [M+Na]+: 388.1367. Found: 388.1352.

neopentyl (E)-3-(4-fluoro-2-(2-nitropropanoyl)phenoxy)acrylate (1m)

1m
O

O
NO2

O

O
F

1m (593.5 mg, 84%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 12.0 Hz, 
1H), 7.60 (d, J = 8.0 Hz, 1H), 7.37-7.33 (m, 1H), 7.13 (dd, J = 8.0, 3.6 Hz, 1H), 5.95 (q, J = 
6.8 Hz, 1H), 5.79 (d, J = 12.0 Hz, 1H), 3.86 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 188.11, 166.30, 159.47 (d, J = 246.1 Hz, 1C), 156.19, 150.75 (d, 
J = 2.6 Hz, 1C), 127.08 (d, J = 6.6 Hz, 1C), 122.65 (d, J = 23.8 Hz, 1C), 119.63 (d, J = 7.9 Hz, 
1C), 118.20 (d, J = 24.9 Hz, 1C), 105.99, 87.93, 74.07, 31.54, 26.59 (3C), 15.69. HRMS 
(ESI): Calcd for C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1163.

neopentyl (E)-3-(4-chloro-2-(2-nitropropanoyl)phenoxy)acrylate (1n)

1n
O

O
NO2

O

O
Cl

1n (626.7 mg, 85%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 2.4 Hz, 1H), 
7.68 (d, J = 12.0 Hz, 1H), 7.59 (dd, J = 8.0, 2.4 Hz, 1H), 7.10 (d, J = 8.0 Hz, 1H), 5.93 (q, J = 
6.8 Hz, 1H), 5.82 (d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 188.18, 166.23, 155.53, 153.06, 135.43, 131.63, 131.34, 126.87, 
118.95, 106.53, 88.02, 74.14, 31.55, 26.60 (3C), 15.70. HRMS (ESI): Calcd for 
C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0887 ([M+Na]+), 394.0931 ([M+2+Na]+).

neopentyl (E)-3-(4-bromo-2-(2-nitropropanoyl)phenoxy)acrylate (1o)
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1o
O

O
NO2

O

O
Br

1o (700.2 mg, 85%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 2.4 Hz, 1H), 
7.73 (dd, J = 8.0, 2.4 Hz, 1H), 7.68 (d, J = 12.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 5.93 (q, J = 
6.8 Hz, 1H), 5.83 (d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 188.11, 166.20, 155.38, 153.59, 138.37, 134.60, 127.15, 119.18, 
118.58, 106.64, 88.02, 74.15, 31.56, 26.61 (3C), 15.71. HRMS (ESI): Calcd for 
C17H20BrNNaO6 [M+Na]+: 436.0366. Found: 436.0362 ([M+Na]+), 438.0370 ([M+2+Na]+).

neopentyl (E)-3-(3-fluoro-2-(2-nitropropanoyl)phenoxy)acrylate (1p)

1p
O

O
NO2

O

O

F

1p (577.2 mg, 82%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 12.0 Hz, 1H), 
7.56-7.50 (m, 1H), 7.05-7.01 (m, 1H), 6.96 (d, J = 8.0 Hz, 1H), 5.76 (q, J = 6.8 Hz, 1H), 5.75 
(d, J = 12.0 Hz, 1H), 3.85 (s, 2H), 1.80 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ 188.14, 166.49, 160.27 (d, J = 253.3 Hz, 1C), 156.37, 154.12 (d, J = 6.1 Hz, 1C), 
134.20 (d, J = 10.3 Hz, 1C), 116.73 (d, J = 18.3 Hz, 1C), 113.26 (d, J = 3.5 Hz, 1C), 112.92 
(d, J = 21.6 Hz, 1C), 105.66, 89.31, 73.98, 31.54, 26.60 (3C), 15.03. HRMS (ESI): Calcd for 
C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1147.

neopentyl (E)-3-(3-chloro-2-(2-nitropropanoyl)phenoxy)acrylate (1q)

1q
O

O
NO2

O

O

Cl

1q (598.9 mg, 81%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 12.0 Hz, 1H), 
7.48-7.44 (m, 1H), 7.29 (d, J = 8.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 5.76 (q, J = 6.8 Hz, 1H), 
5.75 (d, J = 12.0 Hz, 1H), 3.85 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ 190.94, 166.51, 156.10, 153.47, 132.91, 132.27, 127.45, 126.53, 115.33, 
105.76, 89.51, 74.02, 31.54, 26.60 (3C), 14.85. HRMS (ESI): Calcd for C17H20ClNNaO6 
[M+Na]+: 392.0871. Found: 392.0876 ([M+Na]+), 394.0929 ([M+2+Na]+).

neopentyl (E)-3-(3-methyl-2-(2-nitropropanoyl)phenoxy)acrylate (1r)
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1r
O

O
NO2

O

O

Me

1r (641.3 mg, 92%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 12.0 Hz, 1H), 
7.42-7.38 (m, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 5.76 (q, J = 6.8 Hz, 1H), 
5.73 (d, J = 12.0 Hz, 1H), 3.86 (s, 2H), 2.33 (s, 3H), 1.78 (d, J = 6.8 Hz, 3H), 0.96 (s, 9H). 
13C NMR (100 MHz, CDCl3) δ 194.02, 166.67, 156.74, 153.20, 139.58, 132.48, 127.79, 
127.48, 114.23, 105.00, 89.49, 73.93, 31.56, 26.62 (3C), 19.51, 15.06. HRMS (ESI): Calcd 
for C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1430.

neopentyl (E)-3-(5-fluoro-2-(2-nitropropanoyl)phenoxy)acrylate (1s)

1s
O

O
NO2

O

O

F

1s (599.1 mg, 85%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.01-7.98 (m, 1H), 7.69 
(d, J = 12.0 Hz, 1H), 7.05-7.01 (m, 1H), 6.87 (d, J = 8.0 Hz, 1H), 5.95 (q, J = 6.8 Hz, 1H), 
5.88 (d, J = 12.0 Hz, 1H), 3.88 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.97 (s, 9H). 13C NMR (100 
MHz, CDCl3) δ 187.81, 166.87 (d, J = 258.3 Hz, 1C), 166.07, 156.23 (d, J = 10.6 Hz, 1C), 
154.79, 134.59 (d, J = 10.8 Hz, 1C), 121.96 (d, J = 3.5 Hz, 1C), 113.05 (d, J = 21.5 Hz, 1C), 
107.23, 105.16 (d, J = 25.6 Hz, 1C), 88.11, 74.20, 31.56, 26.61 (3C), 15.76. HRMS (ESI): 
Calcd for C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1175.

neopentyl (E)-3-(5-chloro-2-(2-nitropropanoyl)phenoxy)acrylate (1t)

1t
O

O
NO2

O

O

Cl

1t (643.2 mg, 87%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.0 Hz, 1H), 
7.69 (d, J = 12.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.15 (s, 1H), 5.95 (q, J = 6.8 Hz, 1H), 5.87 
(d, J = 12.0 Hz, 1H), 3.89 (s, 2H), 1.81 (d, J = 6.8 Hz, 3H), 0.98 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ 188.17, 166.15, 155.04, 155.00, 141.95, 133.22, 125.99, 124.00, 117.84, 107.10, 
88.12, 74.21, 31.56, 26.61 (3C), 15.72. HRMS (ESI): Calcd for C17H20ClNNaO6 [M+Na]+: 
392.0871. Found: 392.0894 ([M+Na]+), 394.0927 ([M+2+Na]+).

neopentyl (E)-3-(5-methyl-2-(2-nitropropanoyl)phenoxy)acrylate (1u)
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1u
O

O
NO2

O

O

Me

1u (649.3 mg, 93%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.0 Hz, 1H), 
7.74 (d, J = 12.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.93 (s, 1H), 5.98 (q, J = 6.8 Hz, 1H), 5.81 
(d, J = 12.0 Hz, 1H), 3.87 (s, 2H), 2.44 (s, 3H), 1.79 (d, J = 6.8 Hz, 3H), 0.97 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 188.90, 166.61, 156.18, 154.85, 147.79, 132.07, 126.53, 122.90, 
118.10, 105.70, 88.32, 74.02, 31.56, 26.61 (3C), 21.91, 15.77. HRMS (ESI): Calcd for 
C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1428.

neopentyl (E)-3-(6-fluoro-2-(2-nitropropanoyl)phenoxy)acrylate (1v)

1v
O

O
NO2

O

O

F

1v (606.1 mg, 86%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 12.0 Hz, 1H), 
7.64 (d, J = 8.0 Hz, 1H), 7.48-7.44 (m, 1H), 7.38-7.32 (m, 1H), 5.89 (q, J = 6.8 Hz, 1H), 5.53 
(d, J = 12.0 Hz, 1H), 3.84 (s, 2H), 1.80 (d, J = 6.8 Hz, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ 188.71, 166.21, 158.88 (d, J = 3.6 Hz, 1C), 154.05 (d, J = 251.8 Hz, 1C), 141.67 (d, 
J = 12.8 Hz, 1C), 129.55, 127.15 (d, J = 7.4 Hz, 1C), 126.45 (d, J = 3.5 Hz, 1C), 122.71 (d, J 
= 18.6 Hz, 1C), 103.52, 87.78, 73.98, 31.53, 26.60 (3C), 15.66. HRMS (ESI): Calcd for 
C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1149.

neopentyl (E)-3-(6-chloro-2-(2-nitropropanoyl)phenoxy)acrylate (1w)

1w
O

O
NO2

O

O

Cl

1w (633.2 mg, 86%), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.71 (dd, J = 8.0, 1.6 Hz, 
1H), 7.70 (d, J = 1.6 Hz, 1H), 7.63 (d, J = 12.0 Hz, 1H), 7.39-7.35 (m, 1H), 5.89 (q, J = 6.8 
Hz, 1H), 5.35 (d, J = 12.0 Hz, 1H), 3.83 (s, 2H), 1.79 (d, J = 6.8 Hz, 3H), 0.94 (s, 9H). 13C 
NMR (100 MHz, CDCl3) δ 189.39, 166.32, 159.01, 149.28, 136.17, 130.39, 129.54, 128.28, 
127.65, 103.01, 87.60, 73.97, 31.53, 26.61 (3C), 15.73. HRMS (ESI): Calcd for 
C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0883 ([M+Na]+), 394.0907 ([M+2+Na]+).

General Procedure for the synthesis of 2
Catalyst CAT-6 (0.05 mmol, 0.1 equiv.) was added to a solution of compound 1 (0.5 mmol, 

1 equiv.) in dry toluene (5 mL) at -30 oC. After 12 h of stirring, the reaction mixture was 
quenched with 1 N HCl solution, extracted with EtOAc (3 × 20 mL). The combined organic 
extracts were washed with brine (20 mL), dried over Na2SO4, filtered and concentrated in 
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vacuo to give a residue. The residue was purified by silica gel chromatography (petroleum 
ether:EtOAc, 20:1-10:3) to afford desired products 2 (90-99%). 

ethyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2a)

2a
O

O
NO2

O

O

2a (143.1 mg, 98%), > 20:1 d.r., 97% ee, white solid, m.p. 63-65 oC. Optical rotation [α]

 = -33.4 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.93 (dd, J = 8.0, 1.2 Hz, 1H), 

20D

7.60-7.55 (m, 1H), 7.16-7.12 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.60 (dd, J = 10.0, 2.4 Hz, 
1H), 4.22 (q, J = 7.2 Hz, 2H), 2.85 (dd, J = 16.0, 10.0 Hz, 1H), 2.45 (dd, J = 16.0, 2.4 Hz, 1H), 
1.74 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 185.06, 168.52, 159.80, 
137.65, 128.60, 123.28, 118.36, 118.27, 92.28, 78.13, 61.66, 34.65, 14.47, 14.25. HRMS 
(ESI): Calcd for C14H15NNaO6 [M+Na]+: 316.0792. Found: 316.0800.

butyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2b)

2b
O

O
NO2

O

O

2b (158.8 mg, 99%), > 20:1 d.r., 96% ee, colorless oil. Optical rotation [α]  = -37.1 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.61-7.57 (m, 1H), 7.17-
7.13 (m, 1H), 7.03 (d, J = 8.0 Hz, 1H), 5.61 (d, J = 10.0 Hz, 1H), 4.21-4.15 (m, 2H), 2.86 (dd, 
J = 16.0, 10.0 Hz, 1H), 2.45 (d, J = 16.0 Hz, 1H), 1.76 (s, 3H), 1.68-1.61 (m, 2H), 1.42-1.36 
(m, 2H), 0.94 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 185.07, 168.60, 159.79, 
137.64, 128.61, 123.29, 118.36, 118.25, 92.29, 78.16, 65.51, 34.67, 30.64, 19.17, 14.47, 13.77. 
HRMS (ESI): Calcd for C16H19NNaO6 [M+Na]+: 344.1105. Found: 344.1128.

2-methoxyethyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2c)

2c
O

O
NO2

O

O
O

2c (158.0 mg, 98%), > 20:1 d.r., 95% ee, colorless oil. Optical rotation [α]  = -65.5 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.94 (dd, J = 8.0, 1.2 Hz, 1H), 7.61-7.56 (m, 1H), 
7.16-7.13 (m, 1H), 7.03 (d, J = 8.0 Hz, 1H), 5.61 (dd, J = 10.0, 2.0 Hz, 1H), 4.33-4.31 (m, 
2H), 3.61 (t, J = 4.4 Hz, 2H), 3.38 (s, 3H), 2.93 (dd, J = 16.0, 10.0 Hz, 1H), 2.48 (dd, J = 16.0, 
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2.0 Hz, 1H), 1.74 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 185.04, 168.60, 159.76, 137.65, 
128.58, 123.29, 118.29 (2C), 92.23, 77.94, 70.27, 64.56, 59.14, 34.45, 14.47. HRMS (ESI): 
Calcd for C15H17NNaO7 [M+Na]+: 346.0897. Found: 346.0914.

octyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2d)

2d
O

O
NO2

O

O

6

2d (182.1 mg, 97%), > 20:1 d.r., 88% ee, colorless oil. Optical rotation [α]  = -46.0 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.61-7.57 (m, 1H), 7.17-
7.13 (m, 1H), 7.03 (d, J = 8.0 Hz, 1H), 5.60 (dd, J = 10.0, 2.0 Hz, 1H), 4.20-4.13 (m, 2H), 
2.86 (dd, J = 16.0, 10.0 Hz, 1H), 2.45 (dd, J = 16.0, 2.0 Hz, 1H), 1.75 (s, 3H), 1.68-1.61(m, 
2H), 1.33-1.26 (m, 10H), 0.88 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 185.09, 
168.60, 159.80, 137.64, 128.64, 123.30, 118.37, 118.27, 92.29, 78.16, 65.86, 34.68, 31.89, 
29.30 (2C), 28.64, 25.98, 22.77, 14.48, 14.22. HRMS (ESI): Calcd for C20H27NNaO6 
[M+Na]+: 400.1736. Found: 400.1752.

isopropyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2e)

2e
O

O
NO2

O

O

2e (151.8 mg, 99%), > 20:1 d.r., 95% ee, white solid, m.p. 56-57 oC. Optical rotation [α]

 = -65.6 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 

20D

7.60-7.56 (m, 1H), 7.16-7.13 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.59 (dd, J = 10.0, 2.0 Hz, 
1H), 5.10 (hept, J = 6.8 Hz, 1H), 2.82 (dd, J = 16.0, 10.0 Hz, 1H), 2.43 (dd, J = 16.0, 2.0 Hz, 
1H), 1.75 (s, 3H), 1.28 (d, J = 6.8 Hz, 3H), 1.25 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, 
CDCl3) δ 185.10, 168.01, 159.82, 137.65, 128.61, 123.27, 118.39, 118.22, 92.28, 78.26, 69.34, 
34.92, 21.89, 21.83, 14.49. HRMS (ESI): Calcd for C15H17NNaO6 [M+Na]+: 330.0948. Found: 
330.0964.

isobutyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2f)

2f
O

O
NO2

O

O

2f (158.7 mg, 99%), > 20:1 d.r., 97% ee, colorless oil. Optical rotation [α]  = -62.2 (c 

20D
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1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.96 (dd, J = 8.0, 1.6 Hz, 1H), 7.61-7.56 (m, 1H), 
7.17-7.13 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.61 (dd, J = 10.0, 2.0 Hz, 1H), 4.00-3.96 (m, 
1H), 3.95 (dd, J = 6.4, 4.4 Hz, 1H), 2.87 (dd, J = 16.0, 10.0 Hz, 1H), 2.47 (dd, J = 16.0, 2.0 
Hz, 1H), 1.96 (hept, J = 6.8 Hz, 1H), 1.76 (s, 3H), 0.94 (d, J = 6.8 Hz, 6H). 13C NMR (100 
MHz, CDCl3) δ 185.10, 168.58, 159.79, 137.66, 128.64, 123.31, 118.35, 118.25, 92.30, 78.16, 
71.68, 34.67, 27.81, 19.14 (2C), 14.46. HRMS (ESI): Calcd for C16H19NNaO6 [M+Na]+: 
344.1105. Found: 344.1123.

neopentyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2g)

2g
O

O
NO2

O

O

2g (165.2 mg, 99%), > 20:1 d.r., 98% ee, colorless oil. Optical rotation [α]  = -42.7 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.0 Hz, 1H), 7.61-7.57 (m, 1H), 7.17-
7.13 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.61 (d, J = 10.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 
3.85 (d, J = 10.4 Hz, 1H), 2.90 (dd, J = 16.0, 10.0 Hz, 1H), 2.47 (d, J = 16.0 Hz, 1H), 1.76 (s, 
3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 185.13, 168.61, 159.76, 137.68, 128.65, 
123.32, 118.31, 118.24, 92.30, 78.15, 74.86, 34.69, 31.54, 26.51 (3C), 14.44. HRMS (ESI): 
Calcd for C17H21NNaO6 [M+Na]+: 358.1261. Found: 358.1283.

cyclohexyl 2-((2S,3S)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2h)

2h
O

O
NO2

O

O

2h (168.0 mg, 97%), 17:1 d.r., 93% ee, colorless oil. Optical rotation [α]  = -23.4 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.60-7.56 (m, 1H), 7.17-7.13 
(m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 5.59 (d, J = 10.0 Hz, 1H), 4.89-4.84 (m, 1H), 2.84 (dd, J = 
16.0, 10.0 Hz, 1H), 2.44 (d, J = 16.0 Hz, 1H), 1.87-1.83 (m, 2H), 1.75 (s, 3H), 1.73-1.70 (m, 
2H), 1.57-1.28 (m, 6H). HRMS (ESI): Calcd for C18H21NNaO6 [M+Na]+: 370.1261. Found: 
370.1282.

neopentyl 2-((2S,3S)-3-ethyl-3-nitro-4-oxochroman-2-yl)acetate (2i)

2i
O

O
NO2
Et

O

O

2i (172.2 mg, 99%), > 20:1 d.r., 95% ee, colorless oil. Optical rotation [α]  = -53.7 (c 

20D
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1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 8.0 Hz, 1H), 7.58-7.54 (m, 1H), 7.16-
7.12 (m, 1H), 6.99 (d, J = 8.0 Hz, 1H), 5.61 (dd, J = 10.0, 2.4 Hz, 1H), 3.89 (d, J = 10.4 Hz, 
1H), 3.84 (d, J = 10.4 Hz, 1H), 2.89 (dd, J = 16.0, 10.0 Hz, 1H), 2.47 (d, J = 16.0, 2.4 Hz, 1H), 
2.31-2.15 (m, 2H), 1.02 (t, J = 8.0 Hz, 3H), 0.93 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 
184.06, 168.66, 159.25, 137.49, 128.29, 123.16, 119.09, 118.23, 95.23, 78.75, 74.84, 34.36, 
31.53, 26.50 (3C), 21.44, 8.35. HRMS (ESI): Calcd for C18H23NNaO6 [M+Na]+: 372.1418. 
Found: 372.1417.

neopentyl 2-((2S,3S)-3,6-dimethyl-3-nitro-4-oxochroman-2-yl)acetate (2j)

2j
O

O
NO2

O

O
Me

2j (172.2 mg, 99%), > 20:1 d.r., > 99% ee, colorless oil. Optical rotation [α]  = -54.6 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.73 (s, 1H), 7.39 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 
8.0 Hz, 1H), 5.57 (d, J = 10.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.85 (d, J = 10.4 Hz, 1H), 
2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.45 (d, J = 16.0 Hz, 1H), 2.33 (s, 3H), 1.75 (s, 3H), 0.94 (s, 
9H). 13C NMR (100 MHz, CDCl3) δ 185.30, 168.64, 157.89, 138.81, 133.03, 128.07, 118.01, 
117.94, 92.41, 78.14, 74.81, 34.73, 31.54, 26.52 (3C), 20.59, 14.45. HRMS (ESI): Calcd for 
C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1418.

neopentyl 2-((2S,3S)-6-(tert-butyl)-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2k)

2k
O

O
NO2

O

O
tBu

2k (187.1 mg, 97%), > 20:1 d.r., 95% ee, white solid, m.p. 118-119 oC. Optical rotation [α]

 = -56.6 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 2.0 Hz, 1H), 7.63 (dd, 

20D

J = 8.0, 2.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 5.58 (dd, J = 10.0, 1.6 Hz, 1H), 3.91 (d, J = 
10.4 Hz, 1H), 3.85 (d, J = 10.4 Hz, 1H), 2.89 (dd, J = 16.0, 10.0 Hz, 1H), 2.46 (dd, J = 16.0, 
1.6 Hz, 1H), 1.76 (s, 3H), 1.31 (s, 9H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 185.47, 
168.66, 157.85, 146.43, 135.56, 124.51, 117.86, 117.56, 92.51, 78.12, 74.81, 34.76, 34.64, 
31.54, 31.27 (3C), 26.53 (3C), 14.45. HRMS (ESI): Calcd for C21H29NNaO6 [M+Na]+: 
414.1887. Found: 414.1901.

neopentyl 2-((2S,3S)-6-methoxy-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2l)



S27

2l
O

O
NO2

O

O
MeO

2l (168.9 mg, 93%), > 20:1 d.r., 90% ee, white solid, m.p. 77-78 oC. Optical rotation [α]

 = -50.1 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 2.8 Hz, 1H), 7.17 (dd, 

20D

J = 8.0, 2.8 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 5.56 (dd, J = 10.0, 1.2 Hz, 1H), 3.91 (d, J = 
10.4 Hz, 1H), 3.84 (d, J = 10.4 Hz, 1H), 3.81 (s, 3H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.44 
(dd, J = 16.0, 1.2 Hz, 1H), 1.75 (s, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 185.26, 
168.63, 155.36, 154.54, 127.11, 119.57, 118.26, 108.34, 92.47, 78.39, 74.81, 56.02, 34.69, 
31.54, 26.51 (3C), 14.46. HRMS (ESI): Calcd for C18H23NNaO7 [M+Na]+: 388.1367. Found: 
388.1379.

neopentyl 2-((2S,3S)-6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2m)

2m
O

O
NO2

O

O
F

2m (159.7 mg, 91%), 9:1 d.r., 91% ee, white solid, m.p. 51-53 oC. Optical rotation [α]  

20D

= -52.7 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.0, 2.4 Hz, 1H), 7.34-
7.29 (m, 1H), 7.01 (dd, J = 8.0, 4.0 Hz, 1H), 5.59 (dd, J = 10.0, 1.2 Hz, 1H), 3.90 (d, J = 10.4 
Hz, 1H), 3.87 (d, J = 10.4 Hz, 1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.47 (d, J = 16.0 Hz, 1H), 
1.76 (s, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 184.45, 168.46, 158.17 (d, J = 
243.6 Hz, 1C), 156.01 (d, J = 1.6 Hz, 1C), 125.42 (d, J = 24.6 Hz, 1C), 120.14 (d, J = 7.5 Hz, 
1C), 119.01 (d, J = 7.0 Hz, 1C), 113.55 (d, J = 23.8 Hz, 1C), 92.06, 78.56, 74.92, 34.54, 
31.54, 26.51 (3C), 14.49. 19F NMR (375 MHz, CDCl3) δ -118.30. HRMS (ESI): Calcd for 
C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1172.

neopentyl 2-((2R,3R)-6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate ((2R,3R)-2m)

(2R,3R)-2m
O

O
NO2

O

O
F

(2R,3R)-2m was prepared according to general procedure using (1R,2R)-CAT-6 as catalyst. 

161.8 mg, 92%, 9:1 d.r., 91% ee, white solid, m.p. 63-64 oC. Optical rotation [α]  = +54.6 

20D

(c 1.0, CHCl3). HRMS (ESI): Calcd for C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1160.

neopentyl 2-(6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (rac-2m)



S28

rac-2m
O

O
NO2

O

O
F

(±)

Preparation of rac-2m was carried out following the literature procedure.1 172.5 mg, 98%, 
10:1 d.r., white solid, m.p. 59-62 oC.

neopentyl 2-((2S,3S)-6-chloro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2n)

2n
O

O
NO2

O

O
Cl

2n (169.4 mg, 92%), 9:1 d.r., 91% ee, colorless oil. Optical rotation [α]  = -51.8 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 2.0 Hz, 1H), 7.52 (dd, J = 8.8, 2.0 Hz, 
1H), 6.99 (d, J = 8.8 Hz, 1H), 5.60 (dd, J = 10.0, 1.6 Hz, 1H), 3.91 (d, J = 10.4 Hz, 1H), 3.85 
(d, J = 10.4 Hz, 1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.48 (dd, J = 16.0, 1.6 Hz, 1H), 1.75 (s, 
3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 184.07, 168.38, 158.12, 137.57, 129.04, 
127.78, 119.99, 119.28, 91.91, 78.48, 74.95, 34.51, 31.54, 26.51 (3C), 14.53. HRMS (ESI): 
Calcd for C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0898 ([M+Na]+), 394.0869 
([M+2+Na]+).

neopentyl 2-((2S,3S)-6-bromo-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2o)

2o
O

O
NO2

O

O
Br

2o (189.9 mg, 92%), 10:1 d.r., 90% ee, colorless oil. Optical rotation [α]  = -43.6 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 2.0 Hz, 1H), 7.66 (dd, J = 8.8, 2.0 Hz, 
1H), 6.93 (d, J = 8.8 Hz, 1H), 5.60 (dd, J = 10.0, 2.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.85 
(d, J = 10.4 Hz, 1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.48 (dd, J = 16.0, 2.0 Hz, 1H), 1.75 (s, 
3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 183.92, 168.37, 158.58, 140.35, 130.89, 
120.28, 119.73, 116.11, 91.85, 78.44, 74.96, 34.51, 31.54, 26.52 (3C), 14.54. HRMS (ESI): 
Calcd for C17H20BrNNaO6 [M+Na]+: 436.0366. Found: 436.0391 ([M+Na]+), 438.0390 
([M+2+Na]+).

neopentyl 2-((2S,3S)-5-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2p)
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2p
O

O
NO2

O

O

F

2p (158.8 mg, 90%), 6:1 d.r., 87% ee, colorless oil. Optical rotation [α]  = -42.0 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.56-7.50 (m, 1H), 6.86-6.82 (m, 2H), 5.62 (dd, J = 
10.0, 2.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.85 (d, J = 10.4 Hz, 1H), 2.87 (dd, J = 16.0, 
10.0 Hz, 1H), 2.49 (dd, J = 16.0, 2.0 Hz, 1H), 1.77 (s, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ 182.16, 168.41, 162.47 (d, J = 267.9 Hz, 1C), 160.13 (d, J = 2.5 Hz, 1C), 137.83 (d, 
J = 11.6 Hz, 1C), 114.01 (d, J = 4.0 Hz, 1C), 110.78 (d, J = 20.3 Hz, 1C), 108.82 (d, J = 9.5 
Hz, 1C), 92.25, 78.08, 74.93, 34.50, 31.52, 26.50 (3C), 14.65. 19F NMR (375 MHz, CDCl3) δ 
-107.74. HRMS (ESI): Calcd for C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1187.

neopentyl 2-((2S,3S)-5-chloro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2q)

2q
O

O
NO2

O

O

Cl

2q (167.6 mg, 91%), 8:1 d.r., 92% ee, colorless oil. Optical rotation [α]  = -34.1 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.46-7.42 (m, 1H), 7.18 (d, J = 8.0 Hz, 1H), 6.95 (d, J 
= 8.0 Hz, 1H), 5.63 (dd, J = 10.0, 2.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.85 (d, J = 10.4 Hz, 
1H), 2.85 (dd, J = 16.0, 10.0 Hz, 1H), 2.48 (dd, J = 16.0, 2.0 Hz, 1H), 1.77 (s, 3H), 0.94 (s, 
9H). 13C NMR (100 MHz, CDCl3) δ 182.74, 168.42, 160.97, 136.37, 136.21, 126.53, 117.25, 
115.92, 92.30, 77.67, 74.93, 34.53, 31.52, 26.51 (3C), 14.82. HRMS (ESI): Calcd for 
C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0882 ([M+Na]+), 394.0845 ([M+2+Na]+).

neopentyl 2-((2S,3S)-3,5-dimethyl-3-nitro-4-oxochroman-2-yl)acetate (2r)

2r
O

O
NO2

O

O

Me

2r (159.1 mg, 91%), > 20:1 d.r., 97% ee, colorless oil. Optical rotation [α]  = -50.4 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.43-7.39 (m, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.87 
(d, J = 8.0 Hz, 1H), 5.59 (dd, J = 10.0, 1.6 Hz, 1H), 3.91 (d, J = 10.4 Hz, 1H), 3.85 (d, J = 
10.4 Hz, 1H), 2.87 (dd, J = 16.0, 10.0 Hz, 1H), 2.84 (s, 3H), 2.47 (dd, J = 16.0, 1.6 Hz, 1H), 
1.75 (s, 3H), 0.94 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 186.09, 168.70, 160.81, 144.11, 
136.35, 126.35, 116.80, 116.14, 92.99, 77.25, 74.80, 34.77, 31.54, 26.53 (3C), 22.84, 14.62. 
HRMS (ESI): Calcd for C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1424.
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neopentyl 2-((2S,3S)-7-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2s)

2s
O

O
NO2

O

O

F

2s (162.5 mg, 92%), 10:1 d.r., 94% ee, colorless oil. Optical rotation [α]  = -60.5 (c 1.0, 

20D

CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.99 (dd, J = 8.0, 6.4 Hz, 1H), 6.91-6.86 (m, 1H), 
6.72 (dd, J = 10.0, 2.0 Hz, 1H), 5.63 (dd, J = 10.0, 1.6 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 
3.86 (d, J = 10.4 Hz, 1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.48 (dd, J = 16.0, 1.6 Hz, 1H), 
1.76 (s, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 183.74, 168.39 (d, J = 258.5 Hz, 
1C), 168.40, 161.43 (d, J = 13.8 Hz, 1C), 131.33 (d, J = 11.5 Hz, 1C), 115.24 (d, J = 2.4 Hz, 
1C), 112.08 (d, J = 22.9 Hz, 1C), 105.33 (d, J = 24.9 Hz, 1C), 91.91, 78.69, 74.94, 34.55, 
31.52, 26.50 (3C), 14.55. 19F NMR (375 MHz, CDCl3) δ -96.57. HRMS (ESI): Calcd for 
C17H20FNNaO6 [M+Na]+: 376.1167. Found: 376.1182.

neopentyl 2-((2S,3S)-7-chloro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2t)

2t
O

O
NO2

O

O

Cl

2t (170.2 mg, 92%), 10:1 d.r., 95% ee, white solid, m.p. 73-75 oC. Optical rotation [α]  

20D

= -64.0 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.0 Hz, 1H), 7.13 (d, J = 
8.0 Hz, 1H), 7.06 (s, 1H), 5.62 (d, J = 10.0 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.87 (d, J = 
10.4 Hz, 1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.47 (d, J = 16.0 Hz, 1H), 1.75 (s, 3H), 0.95 (s, 
9H). 13C NMR (100 MHz, CDCl3) δ 184.09, 168.39, 159.95, 143.92, 129.78, 124.28, 118.52, 
116.94, 91.93, 78.58, 74.97, 34.50, 31.52, 26.51 (3C), 14.56. HRMS (ESI): Calcd for 
C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0874 ([M+Na]+), 394.0847 ([M+2+Na]+).

neopentyl 2-((2S,3S)-3,7-dimethyl-3-nitro-4-oxochroman-2-yl)acetate (2u)

2u
O

O
NO2

O

O

Me

2u (169.4 mg, 98%), > 20:1 d.r., 94% ee, colorless oil. Optical rotation [α]  = -63.1 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 
6.82 (s, 1H), 5.58 (dd, J = 10.0, 1.6 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.86 (d, J = 10.4 Hz, 
1H), 2.88 (dd, J = 16.0, 10.0 Hz, 1H), 2.46 (dd, J = 16.0, 1.6 Hz, 1H), 2.38 (s, 3H), 1.74 (s, 
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3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 184.78, 168.68, 159.81, 149.75, 128.47, 
124.72, 118.22, 115.98, 92.31, 78.11, 74.82, 34.69, 31.52, 26.52 (3C), 22.24, 14.49. HRMS 
(ESI): Calcd for C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1431.

neopentyl 2-((2S,3S)-8-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2v)

2v
O

O
NO2

O

O

F

2v (164.5 mg, 93%), 15:1 d.r., 92% ee, white solid, m.p. 97-99 oC. Optical rotation [α]  

20D

= -47.6 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 1H), 7.41-7.37 (m, 
1H), 7.13-7.08 (m, 1H), 5.68 (dd, J = 10.0, 1.6 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 3.87 (d, J 
= 10.4 Hz, 1H), 2.94 (dd, J = 16.0, 10.0 Hz, 1H), 2.51 (dd, J = 16.0, 1.6 Hz, 1H), 1.79 (s, 3H), 
0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 184.22 (d, J = 3.3 Hz, 1C), 168.27, 151.35 (d, J 
= 250.2 Hz, 1C), 148.09 (d, J = 12.2 Hz, 1C), 123.67 (d, J = 7.1 Hz, 1C), 123.57 (d, J = 6.1 
Hz, 1C), 123.05 (d, J = 6.3 Hz, 1C), 120.43, 92.10, 79.00, 75.04, 34.57, 31.48, 26.46 (3C), 
14.56. 19F NMR (375 MHz, CDCl3) δ -132.96. HRMS (ESI): Calcd for C17H20FNNaO6 
[M+Na]+: 376.1167. Found: 376.1183.

neopentyl 2-((2S,3S)-8-chloro-3-methyl-3-nitro-4-oxochroman-2-yl)acetate (2w)

2w
O

O
NO2

O

O

Cl

2w (173.9 mg, 94%), 17:1 d.r., 93% ee, white solid, m.p. 90-92 oC. Optical rotation [α]  

20D

= -66.1 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.88 (dd, J = 8.0, 1.2 Hz, 1H), 7.66 (dd, 
J = 8.0, 1.2 Hz, 1H), 7.13-7.09 (m, 1H), 5.68 (dd, J = 10.0, 1.6 Hz, 1H), 3.92 (d, J = 10.4 Hz, 
1H), 3.87 (d, J = 10.4 Hz, 1H), 2.96 (dd, J = 16.0, 10.0 Hz, 1H), 2.52 (dd, J = 16.0, 1.6 Hz, 
1H), 1.78 (s, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 184.44, 168.29, 155.32, 
137.69, 127.09, 123.46, 123.44, 119.76, 91.86, 79.02, 75.08, 34.56, 31.46, 26.52 (3C), 14.56. 
HRMS (ESI): Calcd for C17H20ClNNaO6 [M+Na]+: 392.0871. Found: 392.0885 ([M+Na]+), 
394.0846 ([M+2+Na]+).

neopentyl 2-((2S,3S)-3,8-dimethyl-3-nitro-4-oxochroman-2-yl)acetate (2x)

2x
O

O
NO2

O

O

Me

2x (171.4 mg, 98%), > 20:1 d.r., 95% ee, white solid, m.p. 86-88 oC. Optical rotation [α]



S32

 = -54.1 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 1H), 7.43 (d, 

20D

J = 8.0 Hz, 1H), 7.06-7.03 (m, 1H), 5.59 (d, J = 10.0, 1.6 Hz, 1H), 3.90 (d, J = 10.4 Hz, 1H), 
3.84 (d, J = 10.4 Hz, 1H), 2.91 (dd, J = 16.0, 10.0 Hz, 1H), 2.49 (dd, J = 16.0, 1.6 Hz, 1H), 
2.21 (s, 3H), 1.76 (s, 3H), 0.95 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 185.47, 168.72, 
158.01, 138.54, 127.75, 126.21, 122.82, 118.09, 92.26, 78.18, 74.89, 34.63, 31.46, 26.51 (3C), 
15.38, 14.43. HRMS (ESI): Calcd for C18H23NNaO6 [M+Na]+: 372.1418. Found: 372.1414.

General Procedure for the synthesis of 3
To a solution of 2 (0.5 mmol, 1 equiv.) in 20 mL of 1,4-dioxane was added 20 mL of 6 N 

HCl. The resulting mixture was heated to 100 oC and stirred for 2 h. After cooling to rt, the 
mixture was extracted with EtOAc (3 × 20 mL). The combined organic extracts were washed 
with brine (20 mL), then dried over Na2SO4, filtered and concentrated in vacuo to give a 
crude carboxylic acid product. To the solution of crude carboxylic acid in 20 mL of dry 
CH2Cl2 was added R4NH2 (0.55 mmol, 1.1 equiv.), Et3N (1.1 mmol, 2 equiv.), HOBt (1.1 
mmol, 2 equiv.) and EDCI (1.1 mmol, 2 equiv.) at 0 oC. The resulting mixture was stirred at 0 
oC for 12 h. 1 N HCl (10 mL) was added and the biphasic mixture was extracted with CH2Cl2 
(3 × 20 mL). The combined organic extracts were washed with brine (20 mL), then dried over 
Na2SO4, filtered, concentrated in vacuo to give a residue. The residue was purified by silica 
gel chromatography (petroleum ether:EtOAc, 5:1) and recrystallized with petroleum 
ether/EtOAc to afford desired products 3 (52-76%).

N-(adamantan-1-yl)-2-((2S,3S)-3,6-dimethyl-3-nitro-4-oxochroman-2-yl)acetamide (3j)

3j

O

O
NO2Me

N
H

O
Ad

3j (115.3 mg, 56%), > 20:1 d.r., > 99% ee, colorless oil. Optical rotation [α]  = -40.6 (c 

20D

1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.73 (s, 1H), 7.38 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 
8.0 Hz, 1H), 5.54 (dd, J = 10.0, 2.4 Hz, 1H), 5.31 (br s, 1H), 2.53 (dd, J = 14.8, 10.0 Hz, 1H), 
2.33 (s, 3H), 2.25 (dd, J = 14.8, 2.4 Hz, 1H), 2.10-2.06 (m, 3H), 2.04-2.00 (m, 6H), 1.72 (s, 
3H), 1.70-1.66 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 185.20, 166.14, 157.69, 138.69, 
132.95, 128.03, 118.23, 118.03, 92.41, 78.99, 52.68, 41.69 (3C), 37.14, 36.39 (3C), 29.51 
(3C), 20.60, 14.87. HRMS (ESI): Calcd for C23H28N2NaO5 [M+Na]+: 435.1890. Found: 
435.1907.

N-(adamantan-1-yl)-2-((2S,3S)-6-(tert-butyl)-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide 
(3k)
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3k

O

O
NO2tBu

N
H

O
Ad

3k (118.2 mg, 52%), > 20:1 d.r., 95% ee, yellow solid, m.p. 189-191 oC. Optical rotation 

[α]  = -39.1 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 2.0 Hz, 1H), 7.63 

20D

(dd, J = 8.0, 2.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 5.53 (dd, J = 10.0, 2.0 Hz, 1H), 5.34 (br s, 
1H), 2.55 (dd, J = 14.8, 10.0 Hz, 1H), 2.25 (dd, J = 14.8, 2.0 Hz, 1H), 2.10-2.05 (m, 3H), 
2.04-2.00 (m, 6H), 1.73 (s, 3H), 1.70-1.66 (m, 6H), 1.31 (s, 9H). 13C NMR (100 MHz, CDCl3) 
δ 185.38, 166.20, 157.67, 146.39, 135.45, 124.48, 117.85 (2C), 92.52, 79.03, 52.66, 41.68 
(3C), 37.23, 36.39 (3C), 34.63, 31.28 (3C), 29.51 (3C), 14.83. HRMS (ESI): Calcd for 
C26H34N2NaO5 [M+Na]+: 477.2360. Found: 477.2379.

N-(adamantan-1-yl)-2-((2S,3S)-6-methoxy-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide 
(3l)

3l

O

O
NO2MeO

N
H

O
Ad

3l (142.5 mg, 67%), > 20:1 d.r., 90% ee, white solid, m.p. 215-218 oC. Optical rotation [α]

 = -39.3 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 1.6 Hz, 1H), 7.17 (dd, 

20D

J = 8.8, 1.6 Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 5.52 (dd, J = 10.0, 2.4 Hz, 1H), 5.32 (br s, 1H), 
3.81 (s, 3H), 2.53 (dd, J = 14.8, 10.0 Hz, 1H), 2.24 (dd, J = 14.8, 2.4 Hz, 1H), 2.10-2.06 (m, 
3H), 2.04-1.98 (m, 6H), 1.73 (s, 3H), 1.70-1.67 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 
185.19, 166.15, 155.31, 154.35, 126.98, 119.58, 118.52, 108.35, 92.46, 79.19, 56.02, 52.69, 
41.69 (3C), 37.10, 36.37 (3C), 29.50 (3C), 14.84. HRMS (ESI): Calcd for C23H28N2NaO6 
[M+Na]+: 451.1840. Found: 451.1862.

N-(adamantan-1-yl)-2-((2S,3S)-6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide (3m)

3m

O

O
NO2F

N
H

O
Ad

3m (158.6 mg, 76%), 9:1 d.r., 91% ee, white solid, m.p. 122-125 oC. Optical rotation [α]

 = -39.9 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.0, 2.8 Hz, 1H), 

20D

7.33-7.28 (m, 1H), 7.01 (dd, J = 8.0, 4.4 Hz, 1H), 5.59 (dd, J = 10.0, 2.4 Hz, 1H), 5.22 (br s, 
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1H), 2.53 (dd, J = 14.8, 10.0 Hz, 1H), 2.27 (dd, J = 14.8, 2.4 Hz, 1H), 2.10-2.06 (m, 3H), 
2.04-2.00 (m, 6H), 1.74 (s, 3H), 1.70-1.67 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 184.41, 
165.84, 158.09 (d, J = 243.5 Hz, 1C), 155.92 (d, J = 1.7 Hz, 1C), 125.26 (d, J = 24.5 Hz, 1C), 
120.17 (d, J = 7.6 Hz, 1C), 119.25 (d, J = 7.0 Hz, 1C), 113.46 (d, J = 23.8 Hz, 1C), 92.07, 
79.33, 52.78, 41.69 (3C), 36.89, 36.36 (3C), 29.50 (3C), 14.88. HRMS (ESI): Calcd for 
C22H25FN2NaO5 [M+Na]+: 439.1640. Found: 439.1649.

N-(adamantan-1-yl)-2-((2R,3R)-6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide 
((2R,3R)-3m)

(2R,3R)-3m

O

O
NO2F

N
H

O
Ad

(2R,3R)-3m (150.6 mg, 72%), 9:1 d.r., 91% ee, white solid, m.p. 63-64 oC. Optical rotation 

[α]  = +54.6 (c 1.0, CHCl3). HRMS (ESI): Calcd for C17H20FNNaO6 [M+Na]+: 376.1167. 

20D

Found: 376.1160.

N-(adamantan-1-yl)-2-(6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide (rac-3m)

rac-3m

O

O
NO2F

N
H

O
Ad(±)

Preparation of rac-3m was carried out following the literature procedure.2 160.8 mg, 77%, 
10:1 d.r., white solid, m.p. 59-62 oC.

N-benzyl-2-((2S,3S)-6-fluoro-3-methyl-3-nitro-4-oxochroman-2-yl)acetamide (3y)

3y

O

O
NO2F

N
H

O
Bn

3y (131.8 mg, 71%), 9:1 d.r., 91% ee, white solid, m.p. 101-103 oC. Optical rotation [α]

 = -25.8 (c 1.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.52-7.50 (m, 1H), 7.28-7.26 (m, 

20D

1H), 7.22-7.18 (m, 5H), 6.86-6.84 (m, 1H), 5.80 (s, 1H), 5.58 (d, J = 10.0 Hz, 1H), 4.48 (dd, J 
= 15.0, 4.0 Hz, 1H), 4.34 (dd, J = 15.0, 4.0 Hz, 1H), 2.55 (dd, J = 15.0, 10.0 Hz, 1H), 2.31 (d, 
J = 15.0 Hz, 1H), 1.66 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 184.37 (d, J = 2.0 Hz, 1C), 
167.04, 158.09 (d, J = 243.5 Hz, 1C), 155.83 (d, J = 1.6 Hz, 1C), 137.79, 128.89 (2C), 127.87 
(3C), 125.33 (d, J = 24.5 Hz, 1C), 120.13 (d, J = 7.6 Hz, 1C), 119.10 (d, J = 7.0 Hz, 1C), 
113.42 (d, J = 23.9 Hz, 1C), 92.08, 79.07, 44.03, 35.98, 14.66. 19F NMR (375 MHz, CDCl3) δ 
-118.29. HRMS (ESI): Calcd for C19H17FN2NaO5 [M+Na]+: 395.1019. Found: 395.1010.
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4. Biology materials and methods

4.1 Cell lines and culture conditions
Human prostate cancer cell lines DU145 and PC3 were obtained from the American 

Type Culture Collection (ATCC). DU145 and PC3 cell lines were cultured in RPMI 1640 
medium (Gibco). Both media were supplemented with 10% FBS (Wisent, St. Bruno, QC, 
Canada). All cells were incubated at 37 oC and 5% CO2 incubator.

4.2 Cell viability assay
The cell viability of cell lines in the presence of this series of compounds was 

determined by Sulforhodamine B (SRB) assay (Sigma Aldrich). Cells were seeded in 96-well 
plates (3000 cells/well) and incubated with indicated concentrations of compounds. After 
incubation for indicated time, the cells were then fixed with trichloroacetic acid, stained with 
SRB (Sigma Aldrich, Argentina, Cat# S1402), and analyzed for percent of survival on 96-
well plate reader. The IC50 (half maximal inhibitory concentration) value was calculated using 
GraphPad software.



S36

5. X-Ray crystallography of 3y (CCDC 2094077)

A single crystal of 3y was obtained from EtOAc solvent at room temperature. 
Diffraction data were collected on Bruker CCD-APEX X-ray diffractometer. Refinement was 
carried out on F2.

Table S1 Crystal data and structure refinement for 3y
Identification code cu_d8v19901_0m
Empirical formula C19 H17 F N2 O5
Formula weight 372.34
Temperature 293(2) K
Wavelength 1.54178 Å
Crystal system Tetragonal
Space group P 41
Unit cell dimensions a = 9.5302(3) Å α= 90°.

b = 9.5302(3) Å β= 90°.
c = 19.3236(5) Å γ= 90°.

Volume 1755.06(12) Å3

Z 4

Density (calculated) 1.409 Mg/m3

Absorption coefficient 0.931 mm-1

F(000) 776

Crystal size 0.200 x 0.170 x 0.140 mm3

Theta range for data collection 4.640 to 67.489°.
Index ranges -10<=h<=9, -11<=k<=11, -23<=l<=22
Reflections collected 16115
Independent reflections 3121 [R(int) = 0.0372]
Completeness to theta = 67.679° 98.4 % 
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7533 and 0.5199

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3121 / 1 / 246

Goodness-of-fit on F2 1.048

Final R indices [I>2sigma(I)] R1 = 0.0290, wR2 = 0.0713
R indices (all data) R1 = 0.0307, wR2 = 0.0726
Absolute structure parameter 0.03(7)
Extinction coefficient 0.021(2)
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Largest diff. peak and hole 0.090 and -0.098 e.Å-3

Table S2 bond lengths [Å] and angles [°] for 3y
_____________________________________________________________________
F(1)-C(4) 1.356(3)
O(1)-C(7) 1.207(3)
O(2)-C(1) 1.370(3)
O(2)-C(9) 1.434(3)
O(3)-C(11) 1.236(3)
O(4)-N(2) 1.208(3)
O(5)-N(2) 1.200(3)
N(1)-C(11) 1.333(3)
N(1)-C(13) 1.449(3)
N(1)-H(1) 0.8600
N(2)-C(8) 1.519(3)
C(1)-C(2) 1.382(3)
C(1)-C(6) 1.392(3)
C(2)-C(3) 1.365(3)
C(2)-H(2) 0.9300
C(3)-C(4) 1.378(3)
C(3)-H(3) 0.9300
C(4)-C(5) 1.359(4)
C(5)-C(6) 1.400(3)
C(5)-H(5) 0.9300
C(6)-C(7) 1.470(3)
C(7)-C(8) 1.536(4)
C(8)-C(12) 1.520(3)
C(8)-C(9) 1.541(3)
C(9)-C(10) 1.512(3)
C(9)-H(9) 0.9800
C(10)-C(11) 1.510(4)
C(10)-H(10A) 0.9700
C(10)-H(10B) 0.9700
C(12)-H(12A) 0.9600
C(12)-H(12B) 0.9600
C(12)-H(12C) 0.9600
C(13)-C(14) 1.506(4)
C(13)-H(13A) 0.9700
C(13)-H(13B) 0.9700
C(14)-C(15) 1.380(4)
C(14)-C(19) 1.388(4)
C(15)-C(16) 1.383(4)
C(15)-H(15) 0.9300

F(1)-C(4)-C(3) 118.3(2)
C(5)-C(4)-C(3) 122.3(2)
C(4)-C(5)-C(6) 118.7(2)
C(4)-C(5)-H(5) 120.6
C(6)-C(5)-H(5) 120.6
C(1)-C(6)-C(5) 119.1(2)
C(1)-C(6)-C(7) 120.5(2)
C(5)-C(6)-C(7) 120.2(2)
O(1)-C(7)-C(6) 124.2(2)
O(1)-C(7)-C(8) 121.3(2)
C(6)-C(7)-C(8) 114.24(18)
N(2)-C(8)-C(12) 110.5(2)
N(2)-C(8)-C(7) 106.47(19)
C(12)-C(8)-C(7) 108.9(2)
N(2)-C(8)-C(9) 106.6(2)
C(12)-C(8)-C(9) 114.1(2)
C(7)-C(8)-C(9) 110.00(18)
O(2)-C(9)-C(10) 105.80(18)
O(2)-C(9)-C(8) 108.61(18)
C(10)-C(9)-C(8) 114.74(19)
O(2)-C(9)-H(9) 109.2
C(10)-C(9)-H(9) 109.2
C(8)-C(9)-H(9) 109.2
C(11)-C(10)-C(9) 110.14(18)
C(11)-C(10)-H(10A) 109.6
C(9)-C(10)-H(10A) 109.6
C(11)-C(10)-H(10B) 109.6
C(9)-C(10)-H(10B) 109.6
H(10A)-C(10)-H(10B) 108.1
O(3)-C(11)-N(1) 123.2(2)
O(3)-C(11)-C(10) 120.9(2)
N(1)-C(11)-C(10) 115.8(2)
C(8)-C(12)-H(12A) 109.5
C(8)-C(12)-H(12B) 109.5
H(12A)-C(12)-H(12B) 109.5
C(8)-C(12)-H(12C) 109.5
H(12A)-C(12)-H(12C) 109.5
H(12B)-C(12)-H(12C) 109.5
N(1)-C(13)-C(14) 115.4(2)
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C(16)-C(17) 1.367(5)
C(16)-H(16) 0.9300
C(17)-C(18) 1.374(5)
C(17)-H(17) 0.9300
C(18)-C(19) 1.374(5)
C(18)-H(18) 0.9300
C(19)-H(19) 0.9300
C(1)-O(2)-C(9) 115.87(16)
C(11)-N(1)-C(13) 123.1(2)
C(11)-N(1)-H(1) 118.5
C(13)-N(1)-H(1) 118.5
O(5)-N(2)-O(4) 123.4(3)
O(5)-N(2)-C(8) 119.3(3)
O(4)-N(2)-C(8) 117.4(2)
O(2)-C(1)-C(2) 116.90(18)
O(2)-C(1)-C(6) 122.48(19)
C(2)-C(1)-C(6) 120.5(2)
C(3)-C(2)-C(1) 119.8(2)
C(3)-C(2)-H(2) 120.1
C(1)-C(2)-H(2) 120.1
C(2)-C(3)-C(4) 119.5(2)
C(2)-C(3)-H(3) 120.2
C(4)-C(3)-H(3) 120.2
F(1)-C(4)-C(5) 119.4(2)

N(1)-C(13)-H(13A) 108.4
C(14)-C(13)-H(13A) 108.4
N(1)-C(13)-H(13B) 108.4
C(14)-C(13)-H(13B) 108.4
H(13A)-C(13)-H(13B) 107.5
C(15)-C(14)-C(19) 117.8(3)
C(15)-C(14)-C(13) 123.4(2)
C(19)-C(14)-C(13) 118.8(2)
C(14)-C(15)-C(16) 121.1(3)
C(14)-C(15)-H(15) 119.5
C(16)-C(15)-H(15) 119.5
C(17)-C(16)-C(15) 120.5(3)
C(17)-C(16)-H(16) 119.8
C(15)-C(16)-H(16) 119.8
C(16)-C(17)-C(18) 119.1(3)
C(16)-C(17)-H(17) 120.5
C(18)-C(17)-H(17) 120.5
C(19)-C(18)-C(17) 120.7(3)
C(19)-C(18)-H(18) 119.6
C(17)-C(18)-H(18) 119.6
C(18)-C(19)-C(14) 120.9(3)
C(18)-C(19)-H(19) 119.6
C(14)-C(19)-H(19) 119.6

_____________________________________________________________ 
Symmetry transformations used to generate equivalent atoms.

Figure S1 Molecular structure of 3y.
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Figure S2 Unit cell molecular packing arrangement of 3y.
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6. Chiral HPLC charts
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7. NMR charts
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