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Part 1. Experimental procedures and spectra data
General Methods

The NMR spectra were recorded on Bruker spectrometers (H at 400 MHz and 3C
at 100 MHz). Chemical shifts (8) were given in ppm with reference to solvent signals
['H NMR: CHCI; (7.26); 3C NMR: CDCl; (77.02) ]. '"H NMR data are reported as
follows: chemical shift, multiplicity (s = singlet, br s = broad singlet, d = doublet, br d
= broad doublet, t = triplet, br t = broad triplet, q = quartet, m = multiplet), coupling
constants (Hz), and integration. Column chromatography was performed on silica gel
(200-300 mesh). Reactions were monitored by using thin layer chromatography (TLC)
(Qingdao Jiyida silica gel reagent factory GF254). All reactions sensitive to air or
moisture were conducted under nitrogen atmosphere in dry and freshly distilled
solvents under anhydrous conditions, unless otherwise noted. Anhydrous THF was
distilled over sodium benzophenone ketyl under nitrogen atmosphere. All other
solvents and reagents were used as obtained from commercial sources without further
purification. X-Ray diffraction data of one these crystals were collected on a Bruker
SMART diffractometer. And the structures were solved by direct methods SHELXS-
2014.
Synthesis of O-Benzoyl Hydroxylamines

All starting materials were prepared according to the previously reported procedure.!

p _KHPO,DMF 0Bz

d 0°Ctort RTI{LRZ

General Procedure: Under nitrogen atmosphere and 0 °C, to a 50 mL flask equipped
with a stir bar and a rubber septum was charged with benzoyl peroxide (70% purity, 1
equiv), dipotassium hydrogen phosphate (2 equiv), and N,N-dimethylformamide.
Amine starting material (1.5 equiv) was added dropwise. The suspension was stirred
at ambient temperature for the indicated reaction time. The reaction was quenched
with deionized water (10 mL) and the contents were stirred vigorously for several

minutes until all solids dissolved. The reaction mixture was extracted with

dichloromethane (3 x 30 mL). The organic phase was collected and washed with two
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25 mL portions of saturated aq. NaHCO; solution, 25 mL of brine, dried over
anhydrous Na,SQOy, filtered and concentrated under vacuum. The residue was purified
by column chromatography on silica gel to give desired product O-benzoyl

hydroxylamine.

Characterization Data for O-benzoyl hydroxylamines

¢ N—-OBz

Compound 2a was prepared according to General Procedure using piperidine with
stirring for 1 h to yield 1-benzoyloxy-piperidine (70% yield) as a white solid after
flash chromatography with 15% ethyl acetate : petroleum ether. Analytical data for
the compound 2a: 'H NMR (400 MHz, CDCls) & 8.05 — 8.00 (m, 2H), 7.60 — 7.53 (m,
1H), 7.48 — 7.40 (m, 2H), 3.53 (br s, 2H), 2.89 (br s, 2H), 1.93 — 1.79 (m, 4H), 1.68
(br s, 1H), 1.32 — 1.20 (m, 1H); *C NMR (100 MHz, CDCls) & 164.7, 132.9, 129.7,
129.4, 128.3, 57.5, 24.9, 23.3.

d  N-oB:
—/
Compound 2b was prepared according to General Procedure using morpholine with
stirring for 1 h to yield 4-benzoyloxy-morpholine (75% yield) as a white solid after
flash chromatography with 15% ethyl acetate : petroleum ether. Analytical data for
the compound 2b: '"H NMR (400 MHz, CDCls) 6 8.01 (d, J = 7.72 Hz, 2H), 7.62 —
7.53 (m, 1H), 7.50 — 7.40 (m, 2H), 4.06 — 3.80 (m, 4H), 3.46 (br d, J = 7.40 Hz, 2H),
3.15-2.95 (m, 2H); 3C NMR (100 MHz, CDCls) § 164.6, 133.2, 129.4, 129.2, 128.4,
65.8, 57.0.

S N—-OBz
/

Compound 2¢ was prepared according to General Procedure using thiomorpholine
with stirring for 1 h to yield 4-benzoyloxy-thiomorpholine (65% yield) as a white
solid after flash chromatography with 15% ethyl acetate : petroleum ether. Analytical
data for the compound 2¢: 'H NMR (400 MHz, CDCl;) & 8.06 — 7.98 (m, 2H), 7.62 —


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

7.54 (m, 1H), 7.50 — 7.40 (m, 2H), 3.89 — 3.15 (m, 4H), 3.10 — 2.70 (br s, 4H); 3C
NMR (100 MHz, CDCLy) § 164.4, 133.2, 129.5, 129.2, 128.5, 57.7, 26.6.

Boc—N N—-OBz
\/

Compound 2d was prepared according to General Procedure using tert-butyl
piperazine-1-carboxylate with stirring for 1 h to yield tert-butyl 4-(benzoyloxy)
piperazine-1-carboxylate (75% yield) as a white solid after flash chromatography with
20% ethyl acetate : petroleum ether. Analytical data for the compound 2d: '"H NMR
(400 MHz,CDCl;) 6 8.06— 8.00 (m, 2H), 7.63 — 7.56 (m, 1H), 7.51 — 7.43 (m, 2H),
4.05 (br s, 2H), 3.60 — 3.22 (m, 4H), 2.94 (br s, 2H), 1.50 (s, 9H); 3C NMR (100
MHz, CDCl;) 6 164.6, 154.4, 133.2, 129.4, 129.1, 128.5, 80.2, 55.9, 28.4.

@N—OBZ

Compound 2e was prepared according to General Procedure using 4-methylpiperidine
with stirring for 2 h to yield 1-benzoyloxy-4-methylpiperidine (70% yield) as a white
solid after flash chromatography with 15% ethyl acetate : petroleum ether. Analytical
data for the compound 2e: 'H NMR (400 MHz, CDCl;) & 8.05 — 7.97 (m, 2H), 7.59 —
7.51 (m, 1H), 7.48 — 7.39 (m, 2H), 3.61 — 3.43 (m, 2H), 2.84 — 2.54 (m, 2H), 1.85—
1.69 (m, 2H), 1.67— 1.44 (m, 3H),1.03-0.91 (br d, J = 5.64 Hz, 3H); 3C NMR (100
MHz, CDCl;) 6 164.8, 132.9, 129.7, 129.4, 128.3, 57.3, 33.7, 30.2, 21.3.

: N—-OBz

Compound 2f was prepared according to General Procedure using 3-methylpiperidine
with stirring for 2 h to yield 1-benzoyloxy-3-methylpiperidine (70% yield) as a white
solid after flash chromatography with 15% ethyl acetate : petroleum ether. Analytical
data for the compound 2f: '"H NMR (400 MHz, CDCls) 6 8.03 — 7.98 (m, 2H), 7.58 —
7.52 (m, 1H), 7.46 — 7.40 (m, 2H), 3.55 (br s, 2H), 2.69 — 2.55 (m, 1H), 2.47 — 2.26
(m, 1H), 2.19 — 1.55 (m, 5H), 0.95 (d, J = 6.72 Hz, 3H); 13C NMR (100 MHz, CDCl;)
0164.8,132.9,129.7,129.4, 128.3, 64.8, 57.1, 32.0, 31.4, 24.7, 19.5.
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CZH5OOC—CN—OBZ

Compound 2g was prepared according to General Procedure using ethyl piperidine-4-
carboxylate with stirring for 1 h to yield ethyl 1-(benzoyloxy)piperidine- 4-
carboxylate (70% yield) as a white solid after flash chromatography with 20% ethyl
acetate : petroleum ether. Analytical data for the compound 2g: 'H NMR (400
MHz,CDCl3) & 7.96 — 7.89 (m, 2H), 7.51 — 7.45 (m, 1H), 7.38 — 7.32 (m, 2H), 4.19 —
4.00 (m, 2H), 3.61 — 2.63 (m, 4H), 2.36 — 1.88 (m, 5H), 1.26-1.06 (m, 3H); 3C NMR
(100 MHz, CDCl;) ¢ 174.0, 164.7, 133.0, 130.0, 129.4, 128.4, 60.6, 56.2, 40.4, 27.6,
14.2.

:( N—-OBz

Compound 2h was prepared according to General Procedure using 1,2,3.4-
tetrahydroisoquinoline with stirring for 5 h to yield 3,4-dihydroisoquinolin- 2(1H)-yl
benzoate (50% yield) as a white solid after flash chromatography with 20% ethyl
acetate : petroleum ether. Analytical data for the compound 2h: 'H NMR (400
MHz,CDCls) 6 8.03— 7.97 (m, 2H), 7.60 — 7.52 (m, 1H), 7.46 — 7.39 (m, 2H), 7.23 —
7.13 (m, 3H), 7.09 — 7.03 (m, 1H), 4.43 (s, 2H), 3.55 (br s, 2H), 3.12 (t, J; = 6.12 Hz,
J>=12.20 Hz, 2H); 3C NMR (100 MHz, CDCls) 6 164.9, 133.1, 132.9, 132.3, 129.5,
129.3,128.4, 128.3, 126.9, 126.8, 126.2, 58.1, 53.4, 26.7.

DN—OBZ

Compound 2i was prepared according to General Procedure using pyrrolidine with
stirring for 1 h to yield pyrrolidin-1-yl benzoate (60% yield) as a white solid after
flash chromatography with 15% ethyl acetate : petroleum ether. Analytical data for
the compound 2i: "H NMR (400 MHz, CDCl;) 6 8.02 — 7.95 (m, 2H), 7.58 — 7.53 (m,
1H), 7.47 — 7.40 (m, 2H), 3.40 — 3.20 (m, 4H), 1.97 (br s, 4H); 13C NMR (100 MHz,
CDCly) 6 165.2, 132.9, 129.6, 129.4, 128.3, 57.7, 22.2.
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GN—OBZ

Compound 2j was prepared according to General Procedure using azepane with
stirring for 1 h to yield 1-benzoyloxy-azepane (65% yield) as a white solid after flash
chromatography with 15% ethyl acetate : petroleum ether. Analytical data for the
compound 2j: '"H NMR (400 MHz, CDCl;) 8 8.05 — 7.99 (m, 2H), 7.60 — 7.52 (m, 1H),
7.49 — 7.41 (m, 2H), 3.39 — 3.30 (m, 4H), 1.89 — 1.77 (m, 4H), 1.73 — 1.66 (m, 4H);
I3C NMR (100 MHz, CDCl;) 8 164.8, 132.9, 129.8, 129.4, 128.4, 59.5, 26.4, 24.2.

N—-OBz

Compound 2k was prepared according to General Procedure using diethylamine with
stirring for 3 h to yield O-benzoyl-N,N-diethylhydroxylamine (65% yield) as a yellow
oil after flash chromatography with 10% ethyl acetate : petroleum ether. Analytical
data for the compound 2k: 'H NMR (400 MHz, CDCls) & 8.04 (d, J = 7.60 Hz, 2H),
7.61 —7.52 (m, 1H), 7.48 — 7.40 (m, 2H), 3.10 — 3.00 (q, 4H), 1.18 (t, J; = 7.04 Hz, J,
= 14.08 Hz, 6H); 3C NMR (100 MHz, CDCl3) & 165.7, 132.9, 129.4, 129.2, 128.3,
53.4,11.8.
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Detailed Optimization Studies

Table S1 Optimization of reaction conditions®

catalyst
AN
SRR T
N soIventBHT N/ N
H 80 °C,18 h,0,
1a 2a 3aa

entry  Additive (equiv) Base (equiv) Solvent Yieid of 3aa (%)?

1 BHT (0.05) KOH (1.5)/K,CO5(1.5) THF 57
2 BHT (0.1) KOH (1.5)/K,C05(1.5) THF 35
3 BHT (0.2) KOH (1.5)/K,C05(1.5) THF 24
4 BHT (0.3) KOH (1.5)/K,C05(1.5) THF 15
5 BHT (0.4) KOH (1.5)/K,C05(1.5) THF 10
6 BHT (0.5) KOH (1.5)/K,C05(1.5) THF 3.5
7 BHT (1.0) KOH (1.5)/K,C05(1.5) THF 0

“Reaction conditions: 1a (0.2 mmol), 2a (0.6 mmol), Cul (40 mol%), THF (3 mL), 80 °C, 18 h, O..
bGC yields (%). BHT = 2,6-di-tert-butyl-4-methylphenol.

RT: 276 -9.56
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Figure S1. GC-MS spectra of the 1,2,3,4-tetrahydroquinoline combined with BHT.



Typical procedure for the synthesis of 3:

Under oxygen atmosphere, a mixture of tetrahydroquinoline 1 (0.2 mmol), O-benzoyl
hydroxylamine 2 (0.6 mmol), Cul (0.08 mmol), KOH (0.3 mmol), K,COj3 (0.3 mmol),
BHT (0.45 mol %) and 3 mL distill THF was stirred at 80 °C for 18 h. The mixture
was extracted with EtOAc three times, and the combined organic extracts were
washed with aq. NaCl three times and dried over Na,SO, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel to give the desired
product.

Scheme S1. Substrates employed for tetrahydroquinoline

OCH;,4

98 @5 EINJ T a0
H H H H H
1a 1b 1c 1d 1e
N N N N N
H H H H . H
1f 19 1h 1i 1j

Characterization Data for Products

3aa
Known compound, yellow oil, 90% yield; 'H NMR (400 MHz, CDCl5) 6 7.83 (d, J =
8.80 Hz, 1H), 7.74 — 7.66 (m, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.23
—7.15 (m, 1H), 6.97 (d, J = 9.2 Hz, 1H), 3.78 — 3.67 (m, 4H), 1.72 — 1.63 (m, 6H);
13C NMR (100 MHz, CDCly) 8 157.6, 148.1, 137.2, 129.4, 127.1,126.5, 122.8, 122.0,
109.9, 46.3, 25.8, 24.9; IR (neat): v = 2930, 2849, 1610, 1505, 1431, 1349, 1228,
1121, 1019, 808, 752 cm™!'; MS (EI): m/z 212.1 [M]".

3ab @

Known compound, pale yellow solid, 92% yield, m.p.: 86.5 — 86.6 °C; 'H NMR (400
8



MHz, CDCls) & 7.91 (d, J=9.2 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.64 — 7.57 (m, 1H),
7.57 —7.52 (m, 1H), 7.27 — 7.22 (m, 1H), 6.95 (d, J=9.2 Hz, 1H), 3.85 (t, J, = 4.8 Hz,
J>=9.6 Hz, 4H), 3.71 (t, J, = 5.2 Hz, J» = 9.6 Hz, 4H); 1*C NMR (100 MHz, CDCl;)
o 157.5, 137.6, 129.7, 129.5, 127.2, 126.7, 123.3, 122.7, 66.9, 45.7; IR (neat): v =
3051, 2957, 2922, 2851, 1609, 1556, 1428, 1390, 1260, 1229, 1058, 926, 808, 753
cm'; MS (EI): m/z 214.1 [M]".

S o

3ac S

Known compound, pale yellow solid, 80% yield, m.p.: 72.5 — 72.6 °C; 'H NMR (400
MHz, CDCl;) 6 7.87 (d, J=9.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.58 (d, /= 8.0 Hz,
1H), 7.53 (t, J; = 7.6 Hz, J, = 15.2 Hz, 1H), 7.26 — 7.21 (m, 1H), 6.91 (d, J = 9.2 Hz,
1H), 4.11 (t, J; = 5.0 Hz, J, = 10.0 Hz, 4H), 2.70 (t, J; = 5.1 Hz, J, = 10.0 Hz, 4H);
I3C NMR (100 MHz, CDCly) 6 156.5, 147.9, 137.7, 129.6, 127.2, 126.6, 122.9, 122.5,
109.7, 48.0, 26.6; IR (neat): v = 2986, 2857, 1607, 1553, 1502, 1426, 1391, 950, 806,
753 cm!'; MS (EI): m/z 230.0 [M]*.

Known compound, white solid, 84% yield, m.p.: 127.2 — 127.3 °C; '"H NMR (400
MHz, CDCl) § 7.91 (d, J = 9.2 Hz, 1H), 7.72 (d, J = 7.2 Hz,1H), 7.61 (d, J = 7.6 Hz,
1H), 7.58 — 7.52 (m, 1H), 7.26 — 7.20 (m, 1H), 6.97 (d, J = 9.2 Hz, 1H), 3.78 — 3.70
(m, 4H), 3.62 — 3.55 (m, 4H), 1.50 (s, 9H); 3C NMR (100 MHz, CDCl;) 8 157.2,
154.9, 147.7, 137.7, 129.7, 127.2, 126.6, 123.2, 122.7, 109.6, 80.0, 45.1, 28.5; IR
(neat): v = 2977, 2858, 1691, 1611, 1551, 1509, 1409, 1238, 1167, 1121, 862, 807,
758 cm; MS (EI): m/z 313.1 [M]".

L

.

) @\
3ae

Known compound, dark red solid, 70% yield, m.p.: 45.6 — 45.7 °C; 'H NMR (400
9



MHz, CDCls) & 7.83 (d,J=9.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.60 — 7.45 (m, 2H),
7.23 - 7.13 (m, 1H), 6.77 (d, J = 9.2 Hz, 1H), 4.51 (d, J = 13.2 Hz, 2H), 3.00 — 2.87
(m, 2H), 1.79 — 1.71 (m, 2H), 1.69 — 1.58 (m, 1H), 1.30 — 1.20 (m, 2H), 0.97 (d, J =
6.4 Hz, 3H); '*C NMR (100 MHz, CDCls) § 157.6, 148.1, 137.3, 129.4, 127.1, 126.5,
122.8, 122.0, 109.9, 53.0, 45.7, 34.1, 31.3, 22.0; IR (neat): v = 2921, 1611, 1547,
1510, 1428, 1388, 1017, 803 cm''; MS (EI): m/z 226.1 [M]".

A
o
3af

Unknown compound, pink solid, 44% yield, m.p.: 67.5 — 67.6 °C; '"H NMR (400 MHz,
CDCly) 6 7.82 (d, J=9.2 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.52
—7.46 (m, 1H), 7.21 — 7.14 (m, 1H), 6.97 (d, J = 9.2 Hz, 1H), 4.48 — 4.36 (m, 2H),
2.96 —2.86 (m, 1H), 2.62 — 2.53 (m, 1H), 1.80 — 1.66 (m, 2H), 1.64 — 1.53 (m, 1H),
1.35—-1.11 (m, 1H), 0.97 (d, J = 6.4 Hz, 3H); 3C NMR (100 MHz, CDCl) 3 157.5,
148.1, 137.2, 129.4, 127.1, 126.5, 122.8, 121.9, 109.9, 53.0, 45.7, 31.0, 25.3, 19.4; IR
(neat): v = 2924, 2856, 1610, 1552, 1505, 1432, 1394, 1231, 806, 751 cm'; MS (EI):
m/z 226.1 [M]*, HRMS (ESI) Calcd. For : 227.1543 [M+H]"; Found: m/z 227.1547.

X
Doy
3ag COOC,H;

Known compound, white solid, 80% yield, m.p.: 43.8 — 43.9 °C; 'H NMR (400 MHz,
CDCl) 6 7.87 (d, J =9.2 Hz, 1H), 7.74 — 7.65 (m, 1H), 7.61 — 7.49 (m, 2H), 7.24 —
7.17 (m, 1H), 6.99 (d, J = 9.2 Hz, 1H), 4.50 — 4.40 (m, 2H), 4.19 — 4.12 (m, 2H), 3.15
—3.06 (m, 2H), 2.63 —2.52 (m, 1H), 2.07 — 1.96 (m, 2H), 1.87 — 1.73 (m, 2H), 1.27 (t,
J1=6.8 Hz, J, = 14.0, 3H); *C NMR (100 MHz, CDCl;) 6 174.8, 157.3, 147.9, 137.4,
129.5, 127.2, 126.6, 123.0, 122.3, 109.8, 60.5, 44.9, 41.5, 27.9, 14.3; IR (neat): v =
2928, 1740, 1727, 1611, 1548, 1510, 1429, 1386, 1316, 1244, 1168, 1045, 807, 753,
615; cm!'; MS (EI): m/z 284.1 [M]".
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Known compound, white solid, 46% yield, m.p.: 114.1 — 114.2 °C; 'H NMR (400
MHz, CDCl;) 6 7.91 (d, J=9.2 Hz, 1H), 7.80 (br s, 1H), 7.63 — 7.51 (m, 2H), 7.26 —
7.16 (m, 5H), 7.03 (d, J=9.2 Hz, 1H), 4.92 (s, 2H), 4.02 (t, J; = 5.6 Hz, J, = 11.6 Hz,
2H), 3.02 (t, J; = 6.0 Hz, J, = 11.6 Hz, 2H); 3C NMR (100 MHz, CDCl3) 8 156.7,
137.7, 135.3, 134.3, 129.7, 128.4, 127.3, 126.6, 126.5, 126.3, 122.8, 122.3, 109.6,
47.4,43.0,29.2; IR (neat): v = 3054, 2992, 2954, 2924, 2852, 1618, 1603, 1557, 1540,
1504, 1252, 1043, 811, 760 cm'; MS (EI): m/z 260.1 [M]".

Known compound, white solid, 40% yield, m.p.: 86.1 — 86.2 °C; 'H NMR (400 MHz,
CDCl3) § 7.83 (d,J=9.2 Hz, 1H), 7.72 (d, J = 9.4 Hz, 1H), 7.59 — 7.55 (m, 1H), 7.53
—7.48 (m, 1H), 7.19 - 7.13 (m, 1H), 6.71 (d, J= 8.8 Hz, 1H), 3.62 (t,J; = 6.8 Hz, J, =
13.2 Hz, 4H), 2.06 — 2.00 (m, 4H); 3C NMR (100 MHz, CDCls) & 155.7, 137.0,
129.4, 127.4, 126.0, 122.6, 121.2, 110.3, 46.9, 25.6; IR (neat): v = 3053, 2957, 2924,
2857, 1606, 1553, 1511, 1482, 1430, 1401, 1157, 1118, 869, 807, 752; MS (EI): m/z
198.1 [M]*.

@j

Z

" O
3aj

Known compound, yellow oil, 25% yield; 'H NMR (400 MHz, CDCl5) 6 7.83 (d, J =
9.2 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.53 — 7.48 (m, 1H),
4.92 (s, 2H), 7.19 — 7.13 (m, 1H), 6.86 (d, J = 9.2 Hz, 1H), 3.79 (t, J, = 6.0 Hz, J, =
12.0 Hz, 4H), 1.85 (br s, 4H), 1.60 — 1.55 (m, 4H); 3C NMR (100 MHz, CDCls)
156.7, 148.5, 137.1, 129.3, 127.2, 126.3, 122.4, 121.3, 109.0, 47.8, 28.1, 27.1; IR
(neat): v = 2927, 1748,1613, 1553, 1510, 1373, 1244, 1051, 810 cm™!'; MS (EI): m/z
226.1 [M]".

11



©\/Nj\N/\
N

Known compound, yellow oil, 35% yield; 'H NMR (400 MHz, CDCl5) 6 7.81 (d, J =
9.2 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.52 — 7.45 (m, 1H),
7.19 —7.10 (m, 1H), 6.82 (d, J = 8.8 Hz, 1H), 3.72 — 3.59 (m, 4H), 1.24 (t,J, = 7.2 Hz,
J, = 14.0 Hz, 6H); 3C NMR (100 MHz, CDCl;) 3 155.9, 148.5, 137.0, 129.2, 127.1,
126.3, 122.3, 121.2, 109.1, 42.4, 13.3; IR (neat): v = 3053, 2968, 2924, 1606, 1553,
1510, 1430, 1078, 1019, 809, 752 cm!; MS (EI): m/z 200.1 [M]".

A

L
e

3ba
Known compound, yellow oil, 40% yield; 'H NMR (400 MHz, CDCl;) & 7.77 — 7.66
(m, 2H), 7.50 (t, J; = 7.2 Hz, J, = 15.2 Hz, 1H), 7.21 (t,J; = 7.6 Hz, J, = 15.2 Hz, 1H),
6.84 (s, 1H), 3.71 (s, 4H), 2.57 (s, 3H), 1.67 (s, 6H); 3C NMR (100 MHz, CDCl;) &
157.5, 147.9, 144.9, 129.2, 126.9, 123.4, 123.2, 121.8, 110.2, 46.3, 25.9, 24.9, 19.3;
IR (neat): v = 3060, 2929, 2852, 1609, 1551, 1483, 1414, 1271, 1216, 1122, 1025,
843,753 cm™!; MS (EI): m/z 226.2 [M]".

OCH,
A

L
e

3ca
Unknown compound, yellow solid, 90% yield, m.p.: 89.1 — 89.2 °C; '"H NMR (400
MHz, CDCl;) & 8.25 (d, /= 9.2 Hz, 1H), 7.41 (t, J, = 8.0 Hz, J, = 16.0 Hz, 1H), 7.32
—7.25 (m, 1H), 6.92 (d, /J=9.6 Hz, 1H), 6.56 (d, /= 7.6 Hz, 1H), 3.93 (s, 3H), 3.71 (s,
4H), 1.67 (s, 6H); 3C NMR (100 MHz, CDCl;) & 157.9, 155.4, 149.1, 131.9, 129.3,
119.2, 114.4, 108.5, 100.9, 55.5, 46.2, 25.8, 24.9; IR (neat): v = 2927, 2850, 1602,
1559, 1511, 1420, 1319, 1247, 1175, 1097, 1026, 978, 797, 784 cm™!'; MS (EI): m/z
242.1 (M]*, HRMS (ESI) Calcd. For : 243.1497 [M+H]*; Found: m/z 243.1496.
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OCH,

| S
N7 N
3cb Lo

Unknown compound, yellow solid, 93% yield, m.p.: 167.3 — 167.4 °C; 'H NMR (400
MHz, CDCls;) & 8.33 (d, /= 9.6 Hz, 1H), 7.45 (t, J, = 8.0 Hz, J, = 16.4 Hz, 1H), 7.32
(d, J = 8.4 Hz,1H), 6.90 (d, J = 9.6 Hz, 1H), 6.61 (d, J = 7.6 Hz, 1H), 3.95 (s, 3H),
3.85(t,J; =4.4 Hz, J, = 9.6 Hz, 4H), 3.71 (t, J; = 5.2 Hz, J, = 9.6 Hz, 4H); 13C NMR
(100 MHz, CDCls) & 157.8, 155.4, 148.7, 132.3, 129.6, 119.3, 115.1, 107.9, 101.4,
66.9, 55.5, 45.5; IR (neat): v = 2923, 1607, 1555, 1421, 1255, 1110, 797, 753 cm’};
MS (EI): m/z 244.1 [M]*, HRMS (ESI) Calcd. For : 245.1285 [M+H]*; Found: m/z
245.1289.

OCH,

Unknown compound, yellow solid, 60% yield, m.p.: 74.6 — 74.7 °C; '"H NMR (400
MHz, CDCl;) & 8.25 (d, J=9.2 Hz, 1H), 7.41 (t, J, = 8.0 Hz, J, = 16.0 Hz, 1H), 7.30
(brs, 1H), 6.94 (d, J=9.6 Hz, 1H), 6.57 (d, /= 8.0 Hz, 1H), 4.52 (d, /= 12.8 Hz, 2H),
3.94 (s, 3H), 2.93 (t, J, = 12.0 Hz, J, = 24.8 Hz, 2H), 1.75 (d, /= 13.2 Hz, 2H), 1.70 —
1.57 (m, 1H), 1.33 — 1.18 (m, 2H), 0.97 (d, J = 6.4 Hz, 3H); '*C NMR (100 MHz,
CDCly) o 157.8, 155.4, 149.1, 131.9, 129.3, 119.2, 114.4, 108.5, 100.9, 55.5, 45.6,
34.1,31.3,21.9; IR (neat): v=3062, 2921, 2844, 1603, 1561, 1511, 1419, 1375, 1321,
1232, 1175, 1140, 1094, 1051, 968, 867, 796, 748 cm’'; MS (EI): m/z 256.1 [M]",
HRMS (ESI) Calcd. For : 257.1648 [M+H]*; Found: m/z 257.1653.

OCH,
X

/
ae!
3cg COOC,H;

Unknown compound, white solid, 85% yield, m.p.: 80.4 — 80.5 °C; 'H NMR (400
MHz, CDCls) 6 8.27 (d, /= 8.4 Hz, 1H), 7.42 (t, J, = 8.0 Hz, J, = 16.0 Hz, 1H), 7.29

(d, J = 8.4 Hz, 1H), 6.93 (d, J = 9.2 Hz, 1H), 6.58 (d, J = 7.6 Hz, 1H), 4.45 (d, J =
13



12.8 Hz, 2H), 4.23 — 4.05 (m, 2H), 3.93 (s, 3H), 3.08 (t, J; = 12.0 Hz, J, = 24.0 Hz,
2H), 2.57 (br s, 1H), 2.02 (d, J = 12.0 Hz, 2H), 1.87 — 1.71 (m, 2H), 1.26 (t, J; = 6.8
Hz, J, = 13.2 Hz, 3H); *C NMR (100 MHz, CDCls) 6 174.8, 157.6, 155.4, 148.9,
132.1, 129.5, 119.2, 114.6, 108.5, 101.2, 60.5, 55.5, 44.8, 41.5, 27.9, 14.2; IR (neat): v
= 2923, 2852, 1600, 1563, 1511, 1448, 1420, 1373, 1316, 1257, 1224, 1169, 1096,
1037, 973, 796, 751 cm’!; MS (EI): m/z 314.1 [M]¥, HRMS (ESI) Calcd. For :
315.1703 [M+H]"; Found: m/z 315.1707.

e
3da
Known compound, yellow oil, 53% yield; '"H NMR (400 MHz, CDCl3) 6 7.76 (d, J =
9.2 Hz, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.39 — 7.30 (m, 2H), 6.94 (d, J = 9.2 Hz, 1H),
3.68 (s, 4H), 2.43 (s, 3H), 1.67 (s, 6H); 3C NMR (100 MHz, CDCl;) 8 157.5, 146.4,
136.7, 131.4, 131.3, 126.3, 126.2, 122.8, 109.9, 46.4, 25.8, 24.9, 21.2; IR (neat): v =
2928, 2854, 1606, 1553, 1496, 1400, 1321, 1229, 1121, 1021, 958, 882, 818 cm!; MS
(ED): m/z 226.2 [M]".

A

P
e
3ea
Unknown compound, yellow oil, 76% yield; '"H NMR (400 MHz, CDCl;) 6 7.79 (d, J
=9.2 Hz, 1H), 7.49 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.02 (d, J= 8.4 Hz, 1H),, 6.90 (d,
J=9.2 Hz, 1H), 3.70 (s, 4H), 2.46 (s, 3H), 1.67 (s, 6H); *C NMR (100 MHz, CDCl;)
0 157.8, 148.2, 139.5, 136.9, 126.8, 125.9, 124.0, 120.8, 108.9, 46.35, 25.8, 24.9, 21.8;
IR (neat): v = 2929, 2852, 1612, 1550, 1514, 1450, 1389, 1370, 1231, 1124, 1022,
963, 887, 822, 777 cm!; MS (EI): m/z 226.2 [M]*, HRMS (ESI) Calcd. For :
227.1543 [M+H]"; Found: m/z 227.1546.

3eb @

Unknown compound, yellow solid, 70% yield, m.p.: 86.4 — 86.5 °C; 'H NMR (400
14



MHz, CDCl3) § 7.86 (d, J= 9.2 Hz, 1H), 7.56 — 7.46 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H),
6.87 (d, J=9.2 Hz, 1H), 3.84 (t, J; = 4.4 Hz, J, = 9.6 Hz, 4H), 3.68 (t, J; = 5.2 Hz, J
= 9.6 Hz, 4H), 2.48 (s, 3H); 13C NMR (100 MHz, CDCl5) § 157.7, 147.8, 139.8, 137.3,
126.9, 126.1, 124.8, 121.3, 108.4, 66.9, 45.7, 21.9; IR (neat): v = 2927, 1612, 1511,
1446, 1384, 1229, 1118, 818 cm™'; MS (EI): m/z 228.1 [M]*, HRMS (ESI) Calcd. For :
229.1335 [M+H]*; Found: m/z 229.1339.

| X

3fa
Unknown compound, yellow oil, 67% yield; '"H NMR (400 MHz, CDCl3) & 7.80 (d, J
= 8.8 Hz, 1H), 7.45 — 7.35 (m, 2H), 7.08 (t, J; = 7.6 Hz, J, = 14.8 Hz, 1H), 6.95 (d, J
=9.2 Hz, 1H), 3.71 (s, 4H), 2.65 (s, 3H), 1.67 (s, 6H); 3*C NMR (100 MHz, CDCl3) &
156.8, 146.8, 137.5, 134.3, 129.5, 125.0, 122.4, 121.6, 109.4, 46.4, 25.7, 25.0, 17.9;
IR (neat): v = 3047, 2930, 2853, 1612, 1564, 1505, 1437, 1383, 1324, 1238, 1127,

1024, 956, 815, 755, 708 cm'; MS (EI): m/z 226.1 [M]*, HRMS (ESI) Calcd. For :
227.1543 [M+H]*; Found: m/z 227.1546.

AN
| ~
N N
3fb Lo

Known compound, yellow oil, 60% yield; '"H NMR (400 MHz, CDCl3) 6 7.90 (d, J =
9.2 Hz, 1H), 7.50 — 7.41 (m, 2H), 7.15 (t, J, = 7.6 Hz, J, = 14.8 Hz, 1H), 6.94 (d, J =
9.2 Hz, 1H), 3.87 (t, J; = 4.4 Hz, J, = 9.2 Hz, 4H), 3.71 (t, J, = 4.8 Hz, J, = 9.2 Hz,
4H), 2.65 (s, 3H); 13C NMR (100 MHz, CDCl3) 8 156.6, 146.4, 137.9, 134.6, 129.8,
125.1, 123.0, 122.4, 108.8, 66.9, 45.7, 17.8; IR (neat): v = 3047, 2961, 2916, 2849,
1611, 1567, 1505, 1434, 1375, 1324, 1233, 1152, 1117, 1067, 968, 863, 819, 758, 707,
603 cm™!'; MS (EI): m/z 228.0 [M]".

A
©®
L
3fg

Known compound, brown oil, 65% yield; '"H NMR (400 MHz, CDCl;) & 7.86 (d, J =
15

COOC,H;



9.2 Hz, 1H), 7.48 — 7.37 (m, 2H), 7.12 (t, J, = 7.6 Hz, J, = 15.2 Hz, 1H), 6.99 (d, J =
9.2 Hz, 1H), 4.48 (d, J = 13.6 Hz, 2H), 4.21 — 4.10 (m, 2H), 3.10 (t, J; = 4.4 Hz, J, =
9.2 Hz, 2H), 2.65 (s, 3H), 2.07 — 2.00 (m, 2H), 1.86 — 1.77 (m, 2H), 1.30 — 1.22 (m,
4H); 3C NMR (100 MHz, CDCL3) § 174.9, 156.4, 146.6, 137.9, 134.4, 129.6, 125.1,
122.6, 122.0, 109.4, 60.5, 44.9, 41.7, 27.8, 17.9, 14.3; IR (neat): v = 2935, 1609, 1568,
1504, 1438, 1383, 1322, 1256, 1175, 1103, 1041, 958, 859, 817, 759 cm'; MS (EI):
m/z 298.1 [M]".

H,CO0C

X
p
N

N/ﬁ
o
3jb

Unknown compound, white solid, 40% yield, m.p.: 147.8 — 147.9 °C; '"H NMR (400
MHz, CDCl;) 6 8.35 (s, 1H), 8.14 (d, J = 8.8 Hz, 1H), 7.95 (d, /= 9.2 Hz, 1H), 7.68
(d, J=8.4 Hz, 1H), 6.97 (d, J = 9.2 Hz, 1H), 3.94(s, 3H), 3.84 (s, 4H), 3.77 (br d, J =
2.0 Hz, 4H); 3C NMR (100 MHz, CDCl;) 8 167.1, 158.2, 138.7, 130.4, 129.7, 126.5,
123.9, 122.1, 109.7, 100, 66.8, 52.1, 45.3; IR (neat): v = 2924, 1613, 1548, 1498,
1397, 1276, 1228, 1192, 1105, 971, 800, 754 cm'; MS (EI): m/z 272.1 [M]*, HRMS
(ESI) Calcd. For : 273.1234 [M+H]*; Found: m/z 273.1237.

A

L
e
3ia
Unknown compound, yellow solid, 47% yield, m.p. : 59.4 — 59.5 °C; 'H NMR (400
MHz, CDCl3) 6 7.79 (d, J = 9.2 Hz, 1H), 7.67 (s, 1H), 7.31 — 7.24 (m, 1H), 7.23 —
7.17 (m, 1H), 7.01 (d, J=9.2 Hz, 1H), 3.70 (s, 4H), 1.68 (s, 6H); 13*C NMR (100 MHz,
CDCly) 6 159.2, 156.8, 136.5, 128.3, 122.8, 122.7, 118.9, 118.6, 110.8, 110.5, 110.3,
46.4,25.8, 24.8; IR (neat): v=2929, 2854, 1611, 1552, 1502, 1403, 1318, 1231, 1117,
1021, 958, 857, 816, 749 cm!; MS (EI): m/z 230.1 [M]*, HRMS (ESI) Calcd. For :

231.1292 [M+H]*; Found: m/z 231.1296.

16



Cl N

P
e
3ga
Unknown compound, yellow solid, 43% yield, m.p. : 74.0 — 74.1 °C; 'H NMR (400
MHz, CDCl3) ¢ 7.71 (d, J=9.2 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.51 (d, /=2.4 Hz,
1H), 7.45 —7.38 (m, 1H), 6.96 (d, J=9.2 Hz, 1H), 3.70 (br d, /= 5.6 Hz, 4H), 1.67 (s,
6H); 3C NMR (100 MHz, CDCl;) & 157.6, 146.6, 136.3, 129.9, 128.0, 126.9, 125.9,
123.3, 110.6. 46.2, 25.8, 24.8; IR (neat): v = 2926, 2856, 1610, 1552, 1504, 1459,
1399, 1318, 1228, 1025, 805, 709 cm!; MS (EI): m/z 246.0 [M]*, HRMS (ESI) Calcd.

For : 247.09997 [M+H]"; Found: m/z 247.0999.

Br.

Known compound, yellow solid, 43% yield, m.p. : 73.9— 74.0 °C; "H NMR (400 MHz,
CDCl3) § 7.73 (d, J= 9.2 Hz, 1H), 7.68 (s, 1H), 7.55 (s, 2H), 6.97 (d, J = 9.2 Hz, 1H),
3.71 (s, 4H), 1.68 (s, 6H); *C NMR (100 MHz, CDCls) 8 157.5, 146.9, 136.2, 132.5,
129.1, 128.2, 123.9, 114.6, 110.6. 46.2, 25.8, 24.8; IR (neat): v = 2929, 2851, 1610,
1547, 1503, 1458, 1395, 1312, 1230, 1122, 1021, 961, 929, 819 cm-'; MS (EI): m/z

290.1 [M]".
Br. N
|
N7 N
o)
3hb

Known compound, yellow solid, 46% yield, m.p. : 152.8— 152.9 °C; 'H NMR (400
MHz, CDCl;) 6 7.80 (d, J = 8.8 Hz, 1H), 7.74 (s, 1H), 7.63 — 7.53 (m, 2H), 6.95 (d, J
=9.2 Hz, 1H), 3.84 (t, J; = 4.4 Hz, J, = 8.8 Hz, 4H), 3.70 (t, J; = 4.4 Hz, J, = 8.8 Hz,
4H); 13C NMR (100 MHz, CDCl;) & 157.5, 146.5, 136.6, 132.8, 129.3, 128.4, 124.4,
115.5, 110.0. 66.8, 45.4; IR (neat): v = 2967, 2848, 1646, 1609, 1546, 1533, 1496,
1460, 1388, 1311, 1263, 1222, 1187, 1115, 1058, 972, 927, 870, 816, 740, 613 cm;

MS (EI): m/z 292.0 [M]*.
(1) Berman, A. M.; Johnson, J. S. J. Org. Chem. 2006, 71, 219-224.
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Scheme S2. The control experiments
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Figure S2. Detection of 3aa-1 by means of GC-MS analysis
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Part 2. Single crystal X-ray diffraction data of 3hb

Yellow and transparent block-like single crystals of 3hb were grown by layering a
dichlormethane solution with n-hexane at ambient temperature. X-Ray diffraction
data of one these crystals were collected on a Bruker SMART diffractometer. The
measurements were performed with Mo-Ka radiation (A = 0.71073 A). Data were
collected at 296 K, using the ®- and @- scans to a maximum 6 value of 25.027°. The
data were refined by full-matrix least-squares techniques on F? with SHELXTL-2014.
And the structures were solved by direct methods SHELXS-2014. All the non-
hydrogen atoms were refined anisotropically. The hydrogen atoms were included at
geometrically idealized positions. An ORTEP representation of the structure is shown

below.

\___/ \
. )~< \. N7
(.
\_/“@ /\ﬁm
/oy “\

Figure S6. ORTEP drawing of 3hb with the numbering scheme.
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Table S1 Crystal data and structure refinement for 3hb.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

3hb

C13HI13BrN2O

293.16

296(2) K

0.71073 A

Monoclinic

P2,/c

a=9.6730(7) A o= 90°.
b=11.9750(8) A B=96.144(2)°.
c=10.6305(8) A v =90°.
1224.30(15) A’

4

1.590 Mg/m?

3.342 mm’!

592

0.21x 0.2 x 0.19 mm3

2.570 to 25.027°.

-11<=h<=8, -14<=k<=14, -11<=I<=12
7785

2162 [R(int) = 0.0498]

97.4 %

None

Full-matrix least-squares on F?
2162/0/ 154

1.001

R1=0.0383, wR2 =0.0891
R1=0.0725, wR2 =0.1042

n/a

0.402 and -0.372 e. A3
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Table S2 Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 3hb. U(eq) is defined as one third of the trace of the orthogonalized U¥ tensor.

X y z U(eq)
Br(1) 6913(1) 5369(1) 300(1) 73(1)
O(1) 15453(3) 7070(3) 7556(3) 84(1)
N(1) 11746(3) 5771(2) 4385(3) 41(1)
N(2) 12891(3) 6648(3) 6122(3) 55(1)
C(1) 11698(3) 6503(3) 5313(3) 41(1)
C(2) 10479(4) 7139(3) 5461(4) 48(1)
C(3) 9367(4) 7045(3) 4594(4) 48(1)
C4) 9395(3) 6321(3) 3560(3) 40(1)
C(®5) 8280(4) 6219(3) 2590(4) 47(1)
C(6) 8386(4) 5480(3) 1632(4) 49(1)
C(7) 9567(4) 4813(3) 1589(4) 54(1)
C(8) 10648(4) 4912(3) 2513(4) 50(1)
C) 10612(3) 5675(3) 3514(3) 39(1)
C(10) 14056(4) 5888(3) 6107(4) 63(1)
C(11) 15383(5) 6457(5) 6417(5) 94(2)
C(12) 14363(5) 7842(4) 7496(5) 88(2)
C(13) 12982(4) 7369(3) 7224(4) 72(1)
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Table S3 Anisotropic displacement parameters (A2x 10%) for 3hb. The anisotropic

displacement factor exponent takes the form: -2n?[ h? a*2Ull + ... +2hka* b* U!2]

Ull U22 U33 U23 U13 U12
Br(1) 55(1) 99(1) 62(1) -5(1) -13(1) -13(1)
o(1) 62(2) 102(2) 82(3) -16(2) -19(2) 9(2)
N(1) 40(2) 41(2) 43(2) -1(1) 3(1) 3(1)
NQ) 44(2) 59(2) 59(2) -17(2) 7(2) 8(2)
c1) 41(2) 40(2) 41(2) 2(2) 5(2) 0(2)
CQ) 48(2) 43(2) 53(3) -9(2) 9(2) 3(2)
Cc@3) 36(2) 46(2) 62(3) 2(2) 8(2) 8(2)
C(4) 37(2) 39(2) 44(2) 2(2) 6(2) 3(2)
C(5) 35(2) 50(2) 56(3) 6(2) 4(2) -1(2)
C(6) 41(2) 52(2) 52(3) 7(2) 0(2) -10(2)
C(7) 55(2) 57(2) 48(2) -10(2) 2(2) 9(2)
C(@®) 49(2) 51(2) 51(3) -8(2) 6(2) 3(2)
C) 37(2) 40(2) 40(2) 4(2) 702) -1Q2)
Cc(10) 472 69(3) 68(3) -14(2) -8(2) 6(2)
c(11) 54(3) 112(4) 110(5) -29(4) -8(3) 73)
c(12)  76(3) 91(4) 94(4) -38(3) -5(3) -16(3)
c(13)  65(3) 78(3) 70(3) -33(2) 9(2) 5(2)
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Table S4 Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3) for 3hb.

X y z U(eq)
H(2A) 10454 7613 6151 57
H(3A) 8573 7463 4680 58
H(5A) 7484 6651 2607 57
H(7A) 9613 4305 932 65
H(8A) 11429 4463 2482 60
H(10A) 14036 5553 5274 75
H(10B) 13968 5293 6713 75
H(11A) 16123 5907 6484 112
H(11B) 15538 6961 5732 112
H(12A) 14502 8389 6848 106
H(12B) 14407 8234 8298 106
H(13A) 12309 7968 7079 87
H(13B) 12753 6943 7950 87
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