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1. General information

Techniques

All reactions involving air and water-sensitive material were carried out in pre-dried
glassware under nitrogen atmosphere by using Schlenk techniques employing double-
line nitrogen-vacuum lines or working in an argon-filled glove box. Analytical thin layer
chromatography (TLC) was performed using pre-coated Jiangyou silica gel HSGF254
(0.2mm=0.03mm). Visualization of the developed chromatogram was performed by
UV absorbance (254 nm) or TLC stains (KMnOs and Phosphomolybdic acid). Flash
chromatography was performed using Nuotai Shanxi silica gel (300-400 mesh) with
the indicated solvent system.

Chemicals

All chemicals were purchased from Leyan, Energy Chemical, Innochem, Bide
Pharmatech, SINOPHARM, Sigma-Aldrich and used as received unless otherwise
noted. Anhydrous solvents were purchased from J&K Scientific or Energy Chemical,
degassed by three freeze-pump-thaw cycles and storing in single-necked flasks
equipped with J-Young PTFE valve when necessary.

Instrumentation

GC-MS analyses were performed with Shimadzu GCMS-QP2010 SE GC-MS system.
Nuclear magnetic resonance spectra were recorded on a Bruker AvanceTM 111 400 MHz
in deuterated chloroform unless otherwise noted. Data are reported in parts per
million (ppm) as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet,
g = quartet, quint = quintet, m = multiplet, dd = doublet of doublet and br = broad),
coupling constant in Hz and integration. High resolution mass spectra were recorded
on a Bruker micro QII-ESI-TOF. Melting points were recorded using a Yidianwuguang

Micromelting point apparatus SGW X-5.
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2. General procedures for oxidative carbonylation of amines

RhCl3+3H,0 (1 mol%)

H
1 Tk Cu(OPiv), (2 equiv) N N\H/OR
Ry | + ROH RIL

DMF/toluene (1:19, v/v) . ©O
1 2 CcO (1 atm) 3
120-130 °C, 16-24 h

General procedure A

In a glovebox, RhCl3*3H,0 (0.002 mmol, 0.01 equiv), Cu(OPiv); (0.4 mmol, 2 equiv),
were successively weighed into a dry 25 mL J-Young tube equipped with a magnetic
stir bar. The J-Young tube was sealed and taken out of the glovebox. Amine 1 (0.2 mmol,
1 equiv), alcohol 2 (1 mmol, 5 equiv), dry toluene (1.9 mL) and dry DMF (0.1 mL) were
added under nitrogen. The reaction mixture was then degassed by three freeze-pump-
thaw cycles, backfilled with CO and heated at 120 °C or 130 °C. After indicated time,
the reaction mixture was cooled to room temperature. The solvent was evaporated
under reduced pressure and the resulting residue was purified by flash column
chromatography on silica gel using EtOAc—petroleum ether mixture as an eluent to

afford the desired compound 3.

) RhCl3:3H,0 (10 mol%) X
j Cu(OPiv); (3 equiv) j)
) n
\ ), ¥ n-BuOH DMF/Anisole (1:19, v/v) ”
g H CO(1atm)120°C,24h | g ," 0
4 2b °

General Procedure B

In a glovebox, RhCl3+3H,0 (0.02 mmol, 0.1 equiv), Cu(OPiv); (0.6 mmol, 3 equiv) were
successively weighed into a dry 25 mL J-Young tube equipped with a magnetic stir bar.
The J-Young tube was sealed and taken out of the glovebox. 4 (0.2 mmol, 1 equiv), n-
butanol 2b (5 equiv), dry anisole (1.9 mL) and dry DMF (0.1 mL) were added under
nitrogen. The reaction mixture was then degassed by three freeze-pump-thaw cycles,
backfilled with CO and heated at 120 °C. Then, the reaction mixture was cooled to
room temperature. The solvent was evaporated under reduced pressure and the
resulting residue was purified by flash column chromatography on silica gel using

EtOAc—petroleum ether mixture as an eluent to afford the desired compound 5.
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Isopropyl phenylcarbamate (3aa)

Obtained according to the General procedure A (120 °C /16 h), to give 3aa as a white
solid (33.5 mg, 94% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 50:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!!

” 1H NMR (400 MHz, CDCls) 6 7.40 (d, J = 8.0 Hz, 2H), 7.30 (t, J
@NYOY = 8.0 Hz, 2H), 7.05 (t, J = 7.3 Hz, 1H), 6.73 (s, 1H), 5.03 (hept,
° J=6.3Hz, 1H), 1.30 (d, J = 6.2 Hz, 6H).

Chemical Formula: C;yH3NO,

o 13¢{'H} NMR (101 MHz, CDCl3) & 153.4, 138.2, 129.1, 123.3,
118.7, 68.8, 22.2.

isopropyl (2-methoxyphenyl)carbamate (3ba)

Obtained according to the General procedure A (120 °C /16 h), to give 3ba as a yellow

oil (33.4 mg, 80% yield). Flash column chromatography (petroleum ether/ethyl

acetate, 40:1); Ry 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are

consistent with those previously reported.!?!

14 NMR (400 MHz, CDCl3) 6 8.02 (s, 1H), 7.11 (s, 1H), 6.93 —

HTOY 6.83 (M, 2H), 6.76 (d, J = 9.5 Hz, 1H), 4.94 (p, J = 6.3 Hz, 1H),

o 3.77 (s, 3H), 1.22 (d, J = 6.3 Hz, 6H).

Chem;z}'cm::slfizg;ﬂwNoa 13¢{H} NMR (101 MHz, CDCl3) 6 153.3, 147.6, 128.0, 122.6,
121.2,118.2,110.0, 68.6, 55.7, 22.2.

isopropyl o-tolylcarbamate (3ca)
Obtained according to the General procedure A (120 °C /16 h), to give 3ca as a yellow
oil (36 mg, 93% yield). Flash column chromatography (petroleum ether/ethyl acetate,
40:1); R 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are consistent
with those previously reported.*
'H NMR (400 MHz, CDCl3) 6 7.82 (s, 1H), 7.25 — 7.13 (m, 2H),
N0 7.02 (t,J=7.4 Hz, 1H), 6.39 (s, 1H), 5.03 (hept, J = 6.2 Hz, 1H),
I T/ 2.25 (s, 3H), 1.31 (d, J = 6.3 Hz, 6H).
Chemical Formula: C1HisNO, | 2C NMR (101 MHz, CDCls) 6 153.6, 136.1, 130.4, 127.6, 126.9,
Exact Mass: 195.1 124.0,121.1, 68.8, 22.1, 17.7.

CHj; H

isopropyl [1,1'-biphenyl]-2-ylcarbamate (3da)
Obtained according to the General procedure A (120 °C /24 h), to give 3da as a yellow
oil (31.9 mg, 63% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!!
( 1 H NMR (400 MHz, CDCl3) 6 8.16 (d, J = 8.3 Hz, 1H), 7.49 (d, J =
O 7.6 Hz, 2H), 7.40 (dd, J = 20.0, 6.9 Hz, 4H), 7.22 (d, J = 7.6 Hz,
HTO 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.59 (s, 1H), 4.99 (h, J = 6.2 Hz, 1H),
‘ o T 1.25 (d, J = 6.3 Hz, 6H).
Chemé‘;j;‘:\;::s'?;g::";7'“o2 13C NMR (101 MHz, CDCl3) 6 153.4, 138.4, 135.1, 131.5, 130.3,
129.4,129.2,128.6, 127.9, 123.3, 119.8, 68.8, 22.1.
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isopropyl (2-(tert-butyl)phenyl)carbamate (3ea)

Obtained according to the General procedure A (120 °C /24 h), to give 3ea as a yellow

oil (36.7 mg, 78% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1).

14 NMR (400 MHz, CDCl3) § 7.49 (s, 1H), 7.29 (d, J = 8.0 Hz, 1H),
H oo 7.15 (t, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 6.36 (s, 1H), 4.95

T T (hept, J = 6.3 Hz, 1H), 1.33 (s, 9H), 1.21 (d, J = 6.2 Hz, 6H).
Ghamio! Formul: GO 13¢{'H} NMR (101 MHz, CDCls) § 154.3, 142.0, 135.6, 126.9,
126.5, 125.5, 68.8, 34.6, 30.7, 22.3.
HRMS (ESI) m/z: Calculated for C14H21NO; [M+Na]*: 258.1465, found: 258.1466.

isopropyl (3-fluorophenyl)carbamate (3fa)

Obtained according to the General procedure A (120 °C /24 h), to give 3fa as a white
solid (31.3 mg, 80% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.™

T 1H NMR (400 MHz, CDCl3) & 7.26 (d, J = 11.4 Hz, 1H), 7.21 —
Qj T 7.10 (m, 1H), 6.94 (d, J = 8.1 Hz, 1H), 6.74 — 6.59 (m, 2H), 4.94
(hept, J = 6.3 Hz, 1H), 1.22 (d, J = 6.3 Hz, 6H).

F

Chemical Formula: C4qH1,FNO, 13C{1H} NMR (101 MHz, CDC|3) 6163.3 (d, J=244.8 HZ), 153.1,
Exact Mass: 197.09 139.9 (d, J = 11.3 Hz), 130.2 (d, / = 9.1 Hz), 113.9, 110.0 (d, J =
24.8 Hz), 106.1 (d, J = 27.2 Hz), 69.2, 22.1.

isopropyl (3-chlorophenyl)carbamate (3ga)
Obtained according to the General procedure A (120 °C /16 h), to give 3ga as a white
solid (29.7 mg, 70% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!®!
. 14 NMR (400 MHz, CDCl3) 6 7.51 (s, 1H), 7.24 — 7.16 (m, 2H),
T g 7.01 (dt, J = 5.1, 2.2 Hz, 1H), 6.72 (s, 1H), 5.02 (h, J = 6.3 Hz,
f 1H), 1.29 (d, J = 6.3 Hz, 6H).
Chemical Formula: C1oHi,CINO,|  T>C{*H} NMR (101 MHz, CDCls) 6 153.1, 139.4, 134.8, 130.1,
Exact Mass: 213.06 123.3,118.7, 116.6, 69.2, 22.2.

H
N

isopropyl (3-methoxyphenyl)carbamate (3ha)

Obtained according to the General procedure A (120 °C /16 h), to give 3ha as a yellow
oil (33.7 mg, 81% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.®!

'H NMR (400 MHz, CDCl3) 6 7.13 —7.02 (m, 2H), 6.78 (d, J = 8.0
TOVOY Hz, 1H), 6.69 (s, 1H), 6.52 (dd, J = 8.3, 2.5 Hz, 1H), 4.93 (p, J =

I 6.2 Hz, 1H), 3.70 (s, 3H), 1.20 (d, J = 6.3 Hz, 6H).
Chemical Formula: G HisNos | SC{*H} NMR (101 MHz, CDCl3) 6 160.3, 153.3, 139.5, 129.8,
Exact Mass: 20911 110.9, 109.2, 104.3, 68.8, 55.3, 22.2.

H
N
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isopropyl m-tolylcarbamate (3ia)
Obtained according to the General procedure A (120 °C /16 h), to give 3ia as a yellow
oil (33.6 mg, 87% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!!
0. 1H NMR (400 MHz, CDCl3) 6 7.24 (s, 1H), 7.16 (d, J = 6.6 Hz, 2H),
@ T T 6.86 (d, /= 6.3 Hz, 1H), 6.60 (s, 1H), 5.01 (p, J = 6.3 Hz, 1H), 2.32
(s, 3H), 1.29 (d, J = 6.3 Hz, 6H).
Chemical Formuta: G0, | C{*H} NMR (101 MHz, €DCls) & 153.4, 139.0, 138.1, 128.9,
Exact Mass: 193.11 124.1, 119.3, 115.8, 68.7, 22.2, 21.6.

CH,

isopropyl (3-(trifluoromethyl)phenyl)carbamate (3ja)
Obtained according to the General procedure A (130 °C /24 h), to give 3ja as a yellow
oil (37.9 mg, 77% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Rf 0.3 (petroleum ether/ethyl acetate, 10:1).
0o 1H NMR (400 MHz, CDCls) & 7.65 (s, 1H), 7.46 (d, J = 8.7 Hz,
@ T g 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.22 — 7.17 (m, 1H), 6.88 (s, 1H),
4.94 (h,J = 6.3 Hz, 1H), 1.21 (d, J = 6.3 Hz, 6H).
Chemical Formula: G HaraNo,| L C{*H} NMR (101 MHz, CDCls) & 153.3, 138.9, 131.5 (q, J =
Exact Mass: 247.08 32.3 Hz),129.6,124.0 (q,/=272.1 Hz), 121.7,119.9 (q,/=3.8
Hz), 115.4, 69.4, 22.1.
HRMS (ESI) m/z: Calculated for C11H12F3sNO2 [M+Na]*: 270.0712, found: 270.0718.

CF3

isopropyl (4-chlorophenyl)carbamate (3ka)
Obtained according to the General procedure A (120 °C /16 h), to give 3ka as a white
solid (30.2 mg, 71% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported. 1!
v 14 NMR (400 MHz, CDCls) & 7.33 (d, J = 8.6 Hz, 2H), 7.27 —
QNKOY 7.22 (m, 2H), 6.70 (s, 1H), 5.01 (p, J = 6.3 Hz, 1H), 1.28 (d, J =
cl 6.2 Hz, 6H).
Chemical Formula: C1oH12CINO | 40 o
Exact Mass: 213.06 C{*H} NMR (101 MHz, CDCls) 6 153.3, 136.8, 129.1, 128.3,
119.9, 69.1, 22.2.

isopropyl (4-(trifluoromethyl)phenyl)carbamate (3la)

Obtained according to the General procedure A (130 °C /24 h), to give 3la as a white

solid (26.2 mg, 53% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 40:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are

consistent with those previously reported.!”!

i 5 H NMR (400 MHz, CDCl3) § 7.48 (d, J = 8.6 Hz, 2H), 7.42 (d,
Q T T | J=87Hz 2H),6.72 (s, 1H), 4.96 (hept, J = 6.3 Hz, 1H), 1.23

FaC (d, J = 6.2 Hz, 6H).

Chemical Formula: C41H2F3NO,
Exact Mass: 247.08
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13¢{'H} NMR (101 MHz, CDCl3) § 153.0, 141.4, 126.3 (q, J = 3.8 Hz), 125.1 (g, J = 32.9
Hz), 124.3 (q, J = 271.5 Hz), 118.1, 69.5, 22.2.

isopropyl (4-(tert-butyl)phenyl)carbamate (3ma)

Obtained according to the General procedure A (120 °C /16 h), to give 3ma as a white
solid (39.9 mg, 85% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.®!

1H NMR (400 MHz, CDCl3) & 7.32 (m, 4H), 6.62 (s, 1H), 5.05 —

H
NEOY 4.99 (m, 1H), 1.30 (m, 15H).
13C NMR (101 MHz, CDCl3) 6 153.5, 146.3, 135.6, 125.9, 118.6,

Chemical Formula: C14H/NO, 687; 343, 315, 22.2.

Exact Mass: 235.16

isopropyl p-tolylcarbamate (3na)

Obtained according to the General procedure A (120 °C /16 h), to give 3na as a yellow
oil (34.1 mg, 88% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!!

0 1H NMR (400 MHz, CDCls) 6 7.26 (d, J = 8.4 Hz, 2H), 7.09 (d, J =
/@ T Y~ | 8.1Hz 2H),6.57 (s, 1H), 5.01 (hept, J = 6.3 Hz, 1H), 2.29 (s, 3H),
HsC 1.29 (s, 6H).

Chemical Formula: C14H4sNO;

Exact Mass: 193.11 13C{IH} NMR (101 MHz, CDCl3) 6 153.5, 135.6, 132.8, 129.6,
118.8, 68.6, 22.2, 20.8.

isopropyl (4-methoxyphenyl)carbamate (30a)
Obtained according to the General procedure A (120 °C /16 h), to give 30a as a yellow
solid (31.1 mg, 74% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 40:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!!]
i 14 NMR (400 MHz, CDCls) 6 7.33 — 7.22 (m, 2H), 6.87 — 6.81
Q T T (m, 2H), 6.51 (s, 1H), 5.00 (hept, J = 6.3 Hz, 1H), 3.78 (s, 3H),
MeO™ 1.28 (d, J = 6.2 Hz, 6H).
Chemical Formula: C1H;sNO;
Exact Mass: 209.11 13C{*H} NMR (101 MHz, CDCls) 6 155.9, 153.7, 131.3, 120.7,
114.3, 68.7,55.6, 22.2.

isopropyl (4-acetylphenyl)carbamate (3pa)
Obtained according to the General procedure A (120 °C /24 h), to give 3pa as a white
solid (30.9 mg, 70% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 8:1); Rr 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!?

S7



N o 1H NMR (400 MHz, CDCl3) § 7.93 (d, J = 8.8 Hz, 2H), 7.51 (d, J =
Y[j T T | 85Hz2H),7.14(s, 1H), 5.04 (hept, J = 6.3 Hz, 1H), 2.58 (s, 3H),
T 1.30 (d, J = 6.3 Hz, 6H).
Chemical Formula: CyoHisNOs | Y3C{*H} NMR (101 MHz, CDCls) 6 197.2, 152.9, 142.9, 132.0,
Exact Mass: 221.11 130.0, 117.6, 69.3, 26.5, 22.1.

isopropyl (4-(methoxymethyl)phenyl)carbamate (3qa)

Obtained according to the General procedure A (120 °C /24 h), to give 3qa as a white

solid (30.9 mg, 69% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 10:1); Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are

consistent with those previously reported.!*%

. 14 NMR (400 MHz, CDCls) 6 7.36 (d, J = 8.1 Hz, 2H), 7.26 (d, J

v@NYOY = 8.6 Hz, 2H), 6.76 (s, 1H), 5.02 (p, J = 6.3 Hz, 1H), 4.40 (s, 2H),

- © 3.36 (s, 3H), 1.29 (d, J = 6.2 Hz, 6H).

Chem;i;"’\;f::f‘g;fzﬂ"‘o3 13C NMR (101 MHz, CDCls) 6 153.4, 137.8,132.9, 128.8, 118.6,
74.4, 68.8, 58.0, 22.2.

methyl 4-((isopropoxycarbonyl)amino)benzoate (3ra)

Obtained according to the General procedure A (120 °C /16 h), to give 3ra as a white

solid (32.3 mg, 68% yield). Flash column chromatography (petroleum ether/ethyl

acetate, 15:1); Rr 0.2 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are

consistent with those previously reported.!*!

. 1H NMR (400 MHz, CDCls) & 8.03 — 7.92 (m, 2H), 7.46 (d, J =

NYOY 8.5 Hz, 2H), 6.85 (s, 1H), 5.03 (p, J = 6.3 Hz, 1H), 3.89 (s, 3H),

/%{Cj ° 1.30 (d, J = 6.3 Hz, 6H).

Che:ica. ol Gt 13¢{1H} NMR (101 MHz, CDCl3) 6 166.9, 152.9, 142.6, 131.1,
Exact Mass: 237.10 124.7,117.6,69.4,52.1, 22.2.

isopropyl naphthalen-2-ylcarbamate (3sa)

Obtained according to the General procedure A (120 °C /16 h), to give 3sa as a pink
solid (33.7 mg, 74% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1). Rr 0.4 (petroleum ether/ethyl acetate, 10:1).

14 NMR (400 MHz, CDCls) 6 8.01 (s, 1H), 7.77 (d, J = 8.9 Hz, 3H),

(0]
Nkok 7.49 — 7.42 (m, 1H), 7.38 (t, J = 7.6 Hz, 2H), 6.81 (s, 1H), 5.09

, H (p,J=6.3 Hz, 1H), 1.34 (d, J = 6.2 Hz, 6H).
Chemical Formula: C44H5NO,
Exact Mass: 229.11 13¢{1H} NMR (101 MHz, CDCls3) 6 153.5, 135.7, 134.1, 130.2,

128.9,127.6,127.5,126.6, 124.7, 119.3, 114.8, 69.0, 22.2.
HRMS (ESI) m/z: Calculated for C14H1sNO; [M+Na]*: 252.0995, found: 252.1001.
Mp: 70-75°C.

isopropyl naphthalen-1-ylcarbamate(3ta)
Obtained according to the General procedure A (120 °C /16 h), to give 3ta as a pink
solid (32 mg, 70% vyield). Flash column chromatography (petroleum ether/ethyl
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acetate, 30:1). Rf 0.3(petroleum ether/ethyl acetate, 10:1). Spectroscopic data are

consistent with those previously reported.!*?!

1H NMR (400 MHz, CDCls) 6 8.00 — 7.80 (m, 3H), 7.65 (d, J = 8.2

)is 1| Hz 1H),7.57-7.43 (m, 3H), 6.96 (s, 1H), 5.09 (hept, J = 6.3 Hz,

Crwe 1H), 1.35 (d, J = 6.3 Hz, 6H).

Chemicl Formu: G sNOz 13c{IH} NMR (101 MHz, CDCls) § 154.1, 134.1, 132.8, 128.8,
126.6, 126.1, 125.9,125.9, 124.7,120.5, 118.8, 69.1, 22.2.

isopropyl (3-methyl-4-nitrophenyl)carbamate (3ua)
Obtained according to the General procedure A (120 °C /16 h), to give 3ua as a
yellow solid (24.5 mg, 51% yield). Flash column chromatography (petroleum
ether/ethyl acetate, 15:1); Rf 0.4 (petroleum ether/ethyl acetate, 10:1).
0 o 1H NMR (400 MHz, CDCl3) 6 8.04 (d, J = 8.9 Hz, 1H), 7.39 (s, 1H),
J;j T T | 7.35(dd,J=8.9,2.5Hz, 1H), 6.93 (s, 1H), 5.02 (hept, J = 6.3 Hz,
O:N 1H), 2.61 (s, 3H), 1.30 (d, J = 6.3 Hz, 6H).
Chemical Formuta: o0 S C{*H} NMR (101 MHz, CDCls) & 152.7, 143.6, 142.8, 136.4,
Exact Mass: 238.10 126.9, 121.0, 115.8, 69.8, 22.1, 21.6.
HRMS (ESI) m/z: Calculated for C11H14N204 [M+Na]*: 261.0846, found: 261.0847.
Mp: 102-108°C.

CH3

methyl 3-((isopropoxycarbonyl)amino)thiophene-2-carboxylate (3va)

Obtained according to the General procedure A (120 °C /16 h), to give 3va as a white
solid (18.6 mg, 38% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 15:1); Rr 0.3 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!3!

Meox 1 IH NMR (400 MHz, CDCl3) 6 9.44 (s, 1H), 7.89 (d, J = 5.4 Hz,
s)j//'“yof 1H), 7.44 (d, J = 5.5 Hz, 1H), 5.00 (hept, J = 6.3 Hz, 1H), 3.87 (s,
Chemical Formula:OC10H13NO4S 3H), 1.30 (d, J = 6.2 Hz, 6H).

Exact Mass: 243.06 13C{*H} NMR (101 MHz, CDCl3) 6 164.7, 152.8, 145.5, 131.7,
121.4,108.5, 69.5, 52.0, 22.1.

isopropyl cyclohexylcarbamate (3wa)
Obtained according to the General procedure A (120 °C /16 h), to give 3wa as a white
solid (27.3 mg, 74% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 10:1). Rf 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!*4
. 1H NMR (400 MHz, CDCl3) 6 4.87 (h, J = 6.2 Hz, 1H), 4.49 (s, 1H),
O/NYOY 3.44 (s, 1H), 1.91 (d, J = 7.7 Hz, 2H), 1.68 (dt, J = 13.4, 3.9 Hz,
0 2H), 1.58 (dt, J = 12.8, 3.8 Hz, 1H), 1.33 (dd, J = 14.3, 5.1 Hz, 2H),
chemioal Formua: SN2 11,20 (d, J = 6.3 Hz, 6H), 1.17 — 1.04 (m, 3H).
13¢{H} NMR (101 MHz, CDCls) 6 155.6, 67.7, 49.7, 33.6, 25.6,

24.9, 22.3.

isopropyl benzylcarbamate (3xa)
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Obtained according to the General procedure A (120 °C /16 h), to give 3xa as a white
solid (18.6 mg, 48% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 10:1). Ry 0.4 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.!*”!
5 14 NMR (400 MHz, CDCl3) 6 7.37 — 7.25 (m, 5H), 4.98 — 4.90
©/\Hkoj\ (m, 2H), 4.36 (d, J = 5.9 Hz, 2H), 1.24 (d, J = 6.4 Hz, 6H).
13¢{IH} NMR (101 MHz, CDCl3) & 156.4, 138.8, 128.8, 127.7,
Chemioal Fommula: CuisNOz | 127.6, 68.4, 45.1, 22.3.

Butyl phenylcarbamate (3ab)
Obtained according to the General procedure A (120 °C /16 h), to give 3ab as a white
solid (28.1 mg, 73% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 50:1); Ry 0.7 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.!1¢!
- 1H NMR (400 MHz, CDCls) 6 7.38 (d, J = 8.0 Hz, 2H), 7.30 (t,
@NYO\/\/ J=7.9Hz, 2H), 7.06 (t, J = 7.2 Hz, 1H), 6.60 (s, 1H), 4.17 (t, J
o = 6.7 Hz, 2H), 1.66 (p, J = 6.9 Hz, 2H), 1.42 (h, J = 7.4 Hz, 2H),
Chemical Formula: C;;H;sNO, | 0.96 (t, J = 7.4 Hz, 3H).
Fract Mass: 19311 13c{!H} NMR (101 MHz, CDCl3) § 153.8, 138.1, 129.2, 123.5,
118.7,65.3, 31.1, 19.2, 13.9.

14.3.2-(trimethylsilyl)ethyl phenylcarbamate (3ac)

Obtained according to the General procedure A (120 °C /16 h), to give 3ac as a yellow
solid (39.9 mg, 84% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); R 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.!*’!

. ‘ 1H NMR (400 MHz, CDCl3) § 7.33 (d, J = 8.0 Hz, 2H), 7.24 (t,
©/NTO\/\Si/ J=6.7 Hz, 2H), 6.99 (t, J = 7.3 Hz, 1H), 6.62 (s, 1H), 4.25 —
© 4.15 (m, 2H), 1.05 — 0.94 (m, 2H), 0.00 (d, J = 2.6 Hz, 9H).

Chemical Formula: C4o,H{gNO,Si 13,51
e zalO2 C{*H}NMR (101 MHz, CDCl3) § 153.9, 138.1,129.1, 123.4,
118.8,63.6,17.8,-1.4.

Allyl phenylcarbamate (3ad)
Obtained according to the General procedure A (120 °C /16 h), to give 3ad as a yellow
solid (31.9 mg, 90% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); R 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.!18!
i 'H NMR (400 MHz, CDCls) 6 7.40 (d, J = 8.0 Hz, 2H), 7.31 (t, J
@NTO\/\ = 7.9 Hz, 2H), 7.07 (t, J = 7.3 Hz, 1H), 6.77 (s, 1H), 5.97 (ddt, J
o =16.5,11.0, 5.7 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.27 (d, J =
Chemloal Formuia: S1008uN2| - 10.4 Hz, 1H), 4.67 (d, J = 5.7 Hz, 2H).
13C{H} NMR (101 MHz, CDCl3) 6 153.4, 137.9, 132.5, 129.2,
123.6,118.8,118.4, 66.0.
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2,2,2-trifluoroethyl phenylcarbamate (3ae)
Obtained according to the General procedure A (120 °C /16 h), to give 3ae as a yellow
solid (30.6 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Ry 0.6 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.!*°!
Ny F 14 NMR (400 MHz, CDCl3) & 7.40 — 7.31 (m, 4H), 7.12 (t, J
@NTO%F = 7.1 Hz, 1H), 6.81 (s, 1H), 4.56 (g, J = 8.4 Hz, 2H).
0 13c{IH} NMR (101 MHz, CDCl3) 6 151.6, 137.0, 129.3,

Chemical Formula: CgHgFoNO,| 1244, 123.1(q, J = 278.4 Hz), 119.1, 61.1 (q, J = 36.4 Hz).
Exact Mass: 219.05

benzyl phenylcarbamate (3af)
Obtained according to the General procedure A (120 °C /16 h), to give 3af as a yellow
solid (42.7 mg, 94% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1).
14 NMR (400 MHz, CDCls) § 7.43 - 7.27 (m, 9H), 7.07 (t, J= 7.4
H OQ Hz, 1H), 6.76 (s, 1H), 5.21 (s, 2H).

©/ Tor 13C NMR (101 MHz, CDCl5) 6 153.5,137.9, 136.1, 129.2, 128.7,

Chemical Formula: C14H1sNO, | 128.5, 128.4, 123.6, 118.8, 67.1.

Exact Mass: 227.1

HRMS (ESI) m/z: Calculated for C16H17NO; [M+Na]*: 250.0838, found: 250.0847.
Mp: 76-77 °C.

Thiophen-2-ylmethyl phenylcarbamate (3ag)

Obtained according to the General procedure A (120 °C /16 h), to give 3ag as a white
solid (35.9 mg, 77% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 25:1); R 0.4 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.[?%

- = 1H NMR (400 MHz, CDCl3) 6 7.40 (d, J = 8.0 Hz, 2H), 7.35— 7.28
©/NTO\/@ (m, 3H), 7.14 (d, J = 3.5 Hz, 1H), 7.12 — 7.05 (m, 1H), 7.01 (dd,

0 J=5.1,3.6 Hz, 1H), 6.80 (s, 1H), 5.35 (s, 2H).
chemical Formula: 12028 | 13¢{1H} NMR (101 MHz, CDCl3) 6 153.2, 138.1, 137.7, 129.2,
128.4,127.1,127.0, 123.7, 118.8, 61.2.

1-phenylpropyl phenylcarbamate (3ah)

Obtained according to the General procedure A (120 °C /16 h), to give 3ah as a
colorless oil (40.5 mg, 79% vyield). Flash column chromatography (petroleum

ether/ethyl acetate, 50:1); Rf 0.6 (petroleum ether/ethyl acetate, 5:1).
Ny 'H NMR (400 MHz, CDCl3) 6 7.42 — 7.34 (m, 6H), 7.34 — 7.27
@(NTOKC (m, 3H), 7.06 (t, J = 7.3 Hz, 1H), 6.79 (s, 1H), 5.69 (t, J = 6.9 Hz,
- 0 1H), 2.00 (dgq, J = 14.7, 7.3 Hz, 1H), 1.88 (dp, J = 14.2, 7.3 Hz,

O ot Mo 26514 02 | 1H), 0.95 (t, J = 7.4 Hz, 3H).

13¢{*H} NMR (101 MHz, CDCls) 6 153.1, 140.6, 138.0, 129.1,
128.5,128.0, 126.6, 123.4, 118.6, 78.5, 29.5, 10.1.
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HRMS (ESI) m/z: Calculated for C16H17NO; [M+Na]*: 278.1151, found: 278.1146.

Cyclopentyl phenylcarbamate (3ai)

Obtained according to the General procedure A (120 °C /16 h), to give 3ai as a white

solid (37.4 mg, 91% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 25:1); R 0.5 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are

consistent with those previously reported.[?!

H 1H NMR (400 MHz, CDCl3) & 7.39 (d, J = 8.1 Hz, 2H), 7.29 (t, J =
@ T A 7.8 Hz, 2H), 7.05 (t, J = 7.3 Hz, 1H), 6.68 (s, 1H), 5.21 (tt, J = 6.1,

Chemical Formula: C4,H{5NO, 2.7 HZ, 1H), 1.88 (td, J= 123, 7.0 HZ, 2H), 1.82-1.70 (m, 4H),

Exact Mass: 205.11 1.67-1.57 (m’ 2H)
13C{*H} NMR (101 MHz, CDCl5) 6 153.6, 138.2, 129.1, 123.3, 118.6, 78.1, 32.9, 23.8.

Cyclooctyl phenylcarbamate (3aj)

Obtained according to the General procedure A (120 °C /16 h), to give 3aj as a

colorless oil (45.9 mg, 93% vyield). Flash column chromatography (petroleum

ether/ethyl acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 5:1).

14 NMR (400 MHz, CDCl3) & 7.39 (d, J = 8.1 Hz, 2H), 7.29 (t, J =

@HTOO 7.8 Hz, 2H), 7.04 (t, J = 7.3 Hz, 1H), 6.68 (s, 1H), 4.95 (tt, J = 8.4,

o 3.9 Hz, 1H), 1.94 — 1.55 (m, 14H).

Chemical Formula: CraoNo,  C{*H} NMR (101 MHz, CDCls) § 153.4, 138.3, 129.1, 123.2,
Exact Mass: 247.16 118.6,76.2,31.7,27.2, 25.5, 23.0.

HRMS (ESI) m/z: Calculated for C1sH21NO; [M+Na]*: 270.1464, found: 270.1465.

(1R,3S,5r,7r)-adamantan-2-yl phenylcarbamate (3ak)
Obtained according to the General procedure A (120 °C /16 h), to give 3ak as a white
solid (39.8 mg, 73% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 50:1); R 0.7 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are
consistent with those previously reported.??
T 1H NMR (400 MHz, CDCl3) 6 7.41 (d, J = 8.0 Hz, 2H), 7.30 (t, J =
@( T @ 7.7 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.75 (s, 1H), 4.93 (d, J = 3.6
Hz, 1H), 2.11 — 2.01 (m, 4H), 1.87 — 1.73 (m, 8H), 1.59 (d, J =
e ctmass 2716 ) 12.4 Hz, 2H).
13¢{*H} NMR (101 MHz, CDCls) § 153.4, 138.3, 129.1, 123.3,
118.6,78.1,37.5,36.4,32.1, 31.9, 27.3, 27.1.

Tetrahydro-2H-pyran-3-yl phenylcarbamate (3al)

Obtained according to the General procedure A (120 °C /16 h), to give 3al as a white

solid (38 mg, 86% yield). Flash column chromatography (petroleum ether/ethyl

acetate, 50:1); Rf 0.7 (petroleum ether/ethyl acetate, 5:1).

. H NMR (400 MHz, CDCl3) 6 7.38 (d, J = 8.0 Hz, 2H), 7.30 (t, J =
@NYOG 7.9 Hz, 2H), 7.06 (t, J = 7.3 Hz, 1H), 6.87 (s, 1H), 4.83 (td, J = 5.5,

° 2.8 Hz, 1H), 3.83-3.60 (m, 4H), 2.00—1.83 (m, 3H), 1.62 - 1.54
Chemical Formula: C1,H15NO3

Exact Mass: 221.11 (m, 1H)
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13¢{1H} NMR (101 MHz, CDCls) 6 153.0, 137.9, 129.2, 123.6, 118.7, 70.1, 68.8, 68.0,
28.2,22.7.

HRMS (ESI) m/z: Calculated for C12H1sNOs [M+Na]*: 244.0944, found: 244.0945.

Mp: 122-127°C.

1,3-dimethoxypropan-2-yl phenylcarbamate (3am)

Obtained according to the General procedure A (120 °C /16 h), to give 3am as a yellow
oil (39.2 mg, 82% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 10:1 to 2:1); Rr0.2 (petroleum ether/ethyl acetate, 5:1).

14 NMR (400 MHz, CDCl3) & 7.37 (d, J = 7.3 Hz, 2H), 7.32 - 7.25
Oj)o (m, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.93 (s, 1H), 5.13 (p, J = 4.9 Hz,

1H), 3.62 (d, J = 4.9 Hz, 4H), 3.39 (s, 6H).
\ 13C{1H} NMR (101 MHz, CDCl3) § 152.8, 137.9, 129.2, 123.6,
Chemical Formula: C4,H{7NO,4 1186' 721’ 714’ 59 4.
Exact Mass: 239.12
HRMS (ESI) m/z: Calculated for C12H17NO4 [M+Na]*: 262.1050,

found: 262.1095.

Tert-butyl phenylcarbamate (3an)

Obtained according to the General procedure A (120 °C /16 h), to give 3an as a white
solid (25.7 mg, 67% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 50:1); Ry 0.6 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.3!

R 1H NMR (400 MHz, CDCl3) & 7.36 (d, J = 8.0 Hz, 2H), 7.29 (t, J =
©/ T Jf 7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 1.52 (s, 9H).
Chomical Formula: CrgH.gNO, 13C{*H} NMR (101 MHz, CDCl5) § 152.9, 138.4, 129.1, 123.1,

Exact Mass: 193.11 118.6, 80.6, 28.5.

Tert-pentyl phenylcarbamate (3ao)
Obtained according to the General procedure A (120 °C /16 h), to give 3ao as a white
solid (18.6 mg, 49% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.[?4
14 NMR (400 MHz, CDCl3) 6 7.37 (s, 2H), 7.28 (dd, J = 8.7, 7.2
HTO Hz, 2H), 7.03 (tt, J = 7.2, 1.3 Hz, 1H), 6.52 (s, 1H), 1.85 (g, /= 7.5
@ o T~ Hz, 2H), 1.49 (s, 6H), 0.93 (t, J = 7.5 Hz, 3H).
Chemical Formula: C1,Hi7NO,|  13C{1H} NMR (101 MHz, CDCls) 6 152.8, 138.5, 129.1, 123.1,
Exact Mass: 207.13
118.6, 83.1, 33.7,25.9, 8.4.

3-methylpentan-3-yl phenylcarbamate (3ap)

Obtained according to the General procedure A (120 °C /16 h), to give 3ap as a yellow
oil (17.1 mg, 38% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf0.5 (petroleum ether/ethyl acetate, 10:1).
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0 o 14 NMR (400 MHz, CDCl3) & 7.36 (d, J = 8.0 Hz, 2H), 7.28 (t, J =

@ @j% 8.0 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 6.52 (s, 1H), 1.94 (dq, J =

Chemical Formula: Crtno,|  14:9, 7.5 Hz, 2H), 1.81 (dq, J = 14.6, 7.4 Hz, 2H), 1.44 (s, 3H),
Exact Mass: 221.14 0.91 (t, J = 7.5 Hz, 6H).

13¢{'H} NMR (101 MHz, CDCl3) § 152.7, 138.5, 129.1, 123.1, 118.6, 85.7, 30.8, 23.2,

8.2.

HRMS (ESI) m/z: Calculated for C13HiNO; [M+Na]*: 244.1308, found: 244.1298.

1-methylcyclopentyl phenylcarbamate (3aq)
Obtained according to the General procedure A (120 °C /16 h), to give 3aq as a yellow
solid (20.2 mg, 46% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Ry 0.5 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.?!

HYOp 14 NMR (400 MHz, CDCl3) & 7.36 (d, J = 8.0 Hz, 2H), 7.29 (t, J =

N
@ 1 8.0 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 2.24 — 2.13 (m,
Shoment Formus Guptno,|  2H) 1.81 = 1.64 (m, 6H), 1.63 (s, 3H).
Exact Mass: 219.13 13c{'H} NMR (101 MHz, DMSO) & 152.9, 139.5, 128.6, 122.0,

118.0, 88.4, 38.8, 24.4, 23.3.

1-methylcyclohexyl phenylcarbamate (3ar)
Obtained according to the General procedure A (120 °C /16 h), to give 3ar as a yellow
solid (19.4 mg, 41% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf0.5 (petroleum ether/ethyl acetate, 10:1).
v 1H NMR (400 MHz, CDCl3) & 7.37 (d, J = 8.0 Hz, 2H), 7.29 (t, J =

@“W"y@ 7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.54 (s, 1H), 2.18 (d, J = 13.3
cremen Forme o.tmo,| 2 2H), 1.61=1.40 (m, 11H).

Exact Mass: 233.14 13C{*H} NMR (101 MHz, CDCl5) § 152.8, 138.5, 129.1, 123.1,
118.6, 76.8, 37.0, 25.9, 25.5, 22.3.

HRMS (ESI) m/z: Calculated for C14H1sNO, [M+Na]*: 256.1308, found: 256.1310.
Mp: 104-106 °C.

1-methylcycloheptyl phenylcarbamate (3as)

Obtained according to the General procedure A (120 °C /16 h), to give 3as as a yellow

solid (16.8 mg, 34% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 30:1); Rf0.5 (petroleum ether/ethyl acetate, 10:1).

" 'H NMR (400 MHz, CDCl3) 6 7.36 (d, /= 8.0 Hz, 2H), 7.28 (t, J =

©/N7(07© 7.9 Hz, 2H), 7.03 (t, J = 7.3 Hz, 1H), 6.51 (s, 1H), 2.18 (dd, J =

14.5, 8.6 Hz, 2H), 1.80 (dd, J = 14.7,9.9 Hz, 2H), 1.68 — 1.59 (m,

Chemical Formula: C45H¢NO,

Exact Mass: 247.16 4H), 1.57 (s, 3H), 1.56 — 1.50 (m, 2H), 1.45 (q, J = 7.5 Hz, 2H).

13¢{H} NMR (101 MHz, CDCl3) 6 152.9, 138.5, 129.1, 123.1,

118.6, 86.6, 40.5, 29.7, 27.3, 22.8.

HRMS (ESI) m/z: Calculated for Ci1sH21NO; [M+Na]*: 270.1465, found: 270.1453.

Mp: 62-65 °C.
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3,7-dimethyloct-6-en-1-yl phenylcarbamate (3at)
Obtained according to the General procedure A (120 °C /16 h), to give 3at as a white
oil (54.5 mg, 99% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 25:1); Rf 0.4 (petroleum ether/ethyl acetate, 5:1).
. 1H NMR (400 MHz, CDCls) 6 7.39 (d, J = 8.1 Hz, 2H), 7.34
@”TOW —7.27 (m, 2H), 7.06 (t, J = 7.3 Hz, 1H), 6.73 (s, 1H), 5.10 (t,

° J=7.1Hz, 1H), 4.27 - 4.15 (m, 2H), 2.00 (dp, J = 23.6, 7.5

Chemical Formula: C17HzsNO; | Hz, 2H), 1.74 (dd, J = 11.9, 6.6 Hz, 1H), 1.69 (s, 3H), 1.61
Exact Mass: 275.19
(s, 3H), 1.60 — 1.54 (m, 1H), 1.48 (td, J = 13.4, 7.5 Hz, 1H),

1.43 —1.33 (m, 1H), 1.27 = 1.15 (m, 1H), 0.94 (d, J = 6.6 Hz, 3H).
13¢{H} NMR (101 MHz, CDCls) 6 153.8, 138.1, 131.5, 129.2, 124.7, 123.5, 118.7,
63.9,37.1, 35.9, 29.5, 25.9, 25.5, 19.5, 17.8.
HRMS (ESI) m/z: Calculated for C17H2sNO, [M+Na]*: 289.1778, found: 298.1770.

(3S,8R,9S,10R,13S,14S)-10,13-dimethyl-17-o0x0-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl phenylcarbamate (3au)
Obtained according to the General procedure A (120 °C /16 h), to give 3au as a white
solid (65.2 mg, 80% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf0.5 (petroleum ether/ethyl acetate, 10:1).

1H NMR (400 MHz, CDCl3) 6 7.39 (d, J = 8.0 Hz, 2H), 7.33 —
7.23 (m, 2H), 7.04 (t, J = 7.3 Hz, 1H), 6.81 (s, 1H), 5.42 (d, J =
5.1 Hz, 1H), 4.60 (td, J = 11.5, 5.8 Hz, 1H), 2.52 — 2.40 (m,
2H), 2.34 (t, J = 11.0 Hz, 1H), 2.10 (dt, J = 19.0, 9.1 Hz, 2H),
1.97 (d, J = 13.3 Hz, 2H), 1.92 = 1.83 (m, 2H), 1.73 — 1.58 (m,
4H), 1.59 — 1.42 (m, 2H), 1.35 = 1.22 (m, 3H), 1.17 (td, J =
13.7, 3.7 Hz, 1H), 1.05 (s, 3H), 0.89 (s, 3H).

13C{*H} NMR (101 MHz, CDCl3) § 221.2, 153.1,139.9, 138.1,129.1, 123.4,122.1, 118.7,
74.7, 51.8, 50.2, 47.6, 38.5, 36.8, 35.9, 31.6, 31.5, 30.9, 29.8, 28.1, 21.9, 20.4, 19.5,
13.7.

HRMS (ESI) m/z: Calculated for C26H33NOs [M+Na]*: 430.2353, found: 430.2351.

Mp: 223-228 °C.

Chemical Formula: Cy5H33NO3

(4S,5'R,6aR,6bS,8aS,8bR,9S,10R,11aS,12aS,12bS)-5',6a,8a,9-tetramethyl-
1,3,3'4,4'5,5',6,6a,6b,6',7,8,8a,8b,9,11a,12,123,12b-
icosahydrospiro[naphtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl
phenylcarbamate (3av)

Obtained according to the General procedure A (120 °C /16 h), to give 3av as a white
solid (64 mg, 60% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 30:1); Rf0.5 (petroleum ether/ethyl acetate, 10:1).
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1H NMR (400 MHz, CDCls) & 7.38 (d, J = 8.1
Hz, 2H), 7.29 (dd, J = 8.6, 7.2 Hz, 2H), 7.04 (t,
J=7.3Hz,1H),6.71 (s, 1H), 5.39 (d, J = 5.4 Hz,
1H), 4.59 (td, J = 11.5, 5.7 Hz, 1H), 4.42 (g, J =
7.6 Hz, 1H), 3.48 (dd, J = 10.0, 5.3 Hz, 1H),
3.38 (t,J = 10.9 Hz, 1H), 2.44 (dd, J = 13.0, 2.9
Hz, 1H), 2.33 (t, J = 11.0 Hz, 1H), 1.98 (td, J =

Chemical Formula: C34H47NOy4

Exact Mass: 533.35 13.1, 5.8 Hz, 3H), 1.91 — 1.83 (m, 2H), 1.82 -

1.74 (m, 2H), 1.67 = 1.57 (m, 6H), 1.54 — 1.40
(m, 3H), 1.35-1.20 (m, 3H), 1.20 — 1.08 (m, 3H), 1.04 (s, 3H), 0.98 (d, / = 6.9 Hz, 3H),
0.79 (d, J = 6.6 Hz, 6H).
13C{'H} NMR (101 MHz, CDCls) 6 153.2, 139.7,138.1, 129.2, 123.4, 122.6, 118.6, 109.4,
80.9, 74.9, 67.0, 62.2, 56.5, 50.0, 41.7, 40.4, 39.8, 38.5, 37.1, 36.8, 32.2, 32.0, 31.5,
31.5, 30.4, 28.9, 28.2,20.9, 19.5, 17.3, 16.4, 14.7.
HRMS (ESI) m/z: Calculated for C3sH47NO4 [M+H]*: 534.3578, found: 534.3551.
Mp: 210-214 °C.

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl phenylcarbamate (3aw)

Obtained according to the General procedure A (120 °C /16 h), to give 3aw as a white

solid (54.5 mg, 99% yield). Flash column chromatography (petroleum ether/ethyl

acetate, 30:1); R 0.5 (petroleum ether/ethyl acetate, 5:1). Spectroscopic data are

consistent with those previously reported.[2°!

P 14 NMR (400 MHz, CDCl3) & 7.41 (d, J = 8.0 Hz, 2H), 7.30 (t, J
Ho o = 8.0 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.69 (s, 1H), 4.67 (td, J =

©/ T \Q 10.9, 4.4 Hz, 1H), 2.11 (d, J = 11.9 Hz, 1H), 1.99 (dqd, J = 9.6,

7.0, 3.6 Hz, 1H), 1.69 (d, J = 12.1 Hz, 2H), 1.49 (ddt, J = 15.3,
Chemioal Formila: CitzslO2 | 9.4, 4.6 Hz, 1H), 1.44 — 1.23 (m, 2H), 1.15 - 0.98 (m, 2H), 0.92
’(d, J = 6.8 Hz, 6H), 0.82 (d, J = 6.9 Hz, 3H).
13C{*H} NMR (101 MHz, CDCl5) 6§153.5, 138.3, 129.1, 123.3, 118.6, 75.2, 47.4, 41.5,
34.4,31.5, 26.4, 23.6, 22.1, 20.9, 16.5.

Butyl 2-(methylamino)benzoate (5ab)

Obtained according to the General procedure B (0.2 mmol scale), to give 5ab as a
yellow oil (23.8 mg, 58% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 200:1); Rr 0.6 (petroleum ether/ethyl acetate, 10:1). Spectroscopic data are
consistent with those previously reported.?’!

. " ) 'H NMR (400 MHz, CDCl3) 6 7.91 (dd, J = 8.0, 1.7 Hz, 1H),
@;N(\ 7.67 (s, 1H), 7.40 — 7.36 (m, 1H), 6.66 (d, J = 7.5 Hz, 1H),
O 6.59 (t, J = 7.6 Hz, 1H), 4.26 (t, J = 6.6 Hz, 2H), 2.91 (d, J =

(@)
Shemical Formuta: Gttoo, | 50 HZ 3H), 1.79 = 1,69 (m, 2H), 1.52 ~ 0.99 (m, 2H), 0.98

Exact Mass: 207.13 (t, J=7.4 Hz, 3H).
) ’ 13¢{H} NMR (101 MHz, CDCl3) § 168.9, 152.2, 134.7, 131.6,
114.4,110.8,110.3, 64.2, 31.0, 29.7, 19.5, 13.9.
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Butyl 2-(ethylamino)benzoate (5bb)

Obtained according to the General procedure B (0.2 mmol scale), to give 5bb as a
yellow oil (13.7 mg, 31% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 200:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).
14 NMR (400 MHz, CDCls) & 7.91 (dd, J = 8.0, 1.7 Hz, 1H),

o J 7.62 (s, 1H), 7.37 - 7.33 (m, 1H), 6.67 (d, J = 8.5 Hz, 1H), 6.61
No —6.52 (m, 1H), 4.26 (t, / = 6.6 Hz, 2H), 3.28 — 3.18 (m, 2H),
1.79 — 1.69 (m, 2H), 1.52 — 1.36 (m, 2H), 1.32 (t, J = 7.2 Hz,
Chemical Formula: C43H1gNO, 3H)' 0.98 (t, J=7.4Hz, 3|_|)_

Exact Mass: 221.14 13
C{H} NMR (101 MHz, DMSO) é 167.8, 150.6, 134.9, 131.1,

114.3,111.4,109.1, 63.7, 36.7, 30.3, 18.9, 14.4, 13.7.
HRMS (ESI) m/z: Calculated for C13H19NO2 [M+Na]*: 244.1308, found: 244.1322.

Butyl 2-(isopropylamino)benzoate (5cb)

Obtained according to the General procedure B (0.2 mmol scale), to give 5¢cb as a
yellow oil (8.9 mg, 19% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 200:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).
14 NMR (400 MHz, CDCls) 6 7.91 (d, J = 8.1 Hz, 1H), 7.68 (d,
o HNL J=7.3Hz, 1H), 7.38 — 7.29 (m, 1H), 6.69 (d, J = 8.5 Hz, 1H),

A~ 6.59 — 6.50 (m, 1H), 4.25 (t, J = 6.6 Hz, 2H), 3.72 (h, /= 6.5
Hz, 1H), 1.79 — 1.68 (m, 2H), 1.48 (p, J = 7.4 Hz, 2H), 1.27 (d,
Chemical Formula: C14H,NO, | J = 6.4 Hz, 6H), 0.97 (t, J = 7.4 Hz, 3H).

Exact Mass: 23516 13c{H} NMR (101 MHz, DMSO) 6 167.9, 149.9, 134.8, 131.2,
114.1, 111.9, 109.0, 63.7, 42.6, 30.3, 22.5, 18.9, 13.6.
HRMS (ESI) m/z: Calculated for C14H21NO2 [M+Na]*: 258.1465, found: 258.1461.

Butyl indoline-7-carboxylate (5db)

Obtained according to the General procedure B (0.2 mmol scale), to give 5db as a
yellow oil (7 mg, 16% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).

1H NMR (400 MHz, CDCls) 6 7.56 (d, J = 8.1 Hz, 1H), 7.16 (d,
EEE} J=7.1Hz, 1H), 6.59 — 6.52 (m, 1H), 6.08 (s, 1H), 4.27 (t,J =
H

6.6 Hz, 2H), 3.71 (t, J = 8.5 Hz, 2H), 3.05 (t, J = 8.5 Hz, 2H),

/\/\O 0] _
Chemical Formula: Cy3H1,NO, 1.77-1.69 (m, 2H), 1.50 - 1.43 (m, 2H), 0.97 (t, J = 7.4 Hz,
Exact Mass: 219.13 3H).

13C{H} NMR (101 MHz, DMSO) 6§ 166.5, 154.1,131.3, 128.4,
127.3,115.3,106.8, 63.4, 46.4, 30.4, 27.8, 18.8, 13.7.
HRMS (ESI) m/z: Calculated for C13H17NO2 [M+H]*: 220.1332, found: 220.1331.

Butyl 1,2,3,4-tetrahydroquinoline-8-carboxylate (5eb)
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Obtained according to the General procedure B (0.2 mmol scale), to give 5eb as a
yellow oil (28.9 mg, 62% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 150:1); Rr 0.6 (petroleum ether/ethyl acetate, 10:1).

'H NMR (400 MHz, CDCl3) 67.80 (s, 1H), 7.72 (d, /= 8.1 Hz,

1H), 7.03 (d, J = 7.1 Hz, 1H), 6.44 (t, J = 7.6 Hz, 1H), 4.24 (t,
N J= 6.6 Hz, 2H), 3.49 —3.36 (m, 2H), 2.78 (t, J = 6.3 Hz, 2H),
"0 1.90 (p, /= 6.1 Hz, 2H), 1.80 — 1.67 (m, 2H), 1.47 (h, J=7.4
Chemical F la: C14HgNO
O N paa ¥ 2 | Hz, 2H), 0.97 (t, J = 7.4 Hz, 3H).

13¢{H} NMR (101 MHz, CDCls) 6 169.0, 148.5, 133.8, 129.5,
122.1,113.6, 108.8, 64.0, 41.30, 31.0, 27.9, 20.9, 19.5, 13.9.
HRMS (ESI) m/z: Calculated for C14H1sNO2 [M+H]*: 256.1308, found: 256.1295.

Butyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fb)

Obtained according to the General procedure B (0.2 mmol scale), to give 5fb as a
yellow oil (34.5 mg, 70% yield). Flash column chromatography (petroleum ether/ethyl
acetate, 150:1); Rr 0.6 (petroleum ether/ethyl acetate, 10:1).

14 NMR (400 MHz, CDCl3) 6 7.80 (dd, J = 8.0, 1.7 Hz, 1H),

(E() 7.76 (s, 1H), 7.20 (d, J = 7.3 Hz, 1H), 6.67 (t, J = 7.6 Hz, 1H),
N
N H 4.26 (t,J=6.6 Hz, 2H), 3.21 (t, J=5.4 Hz, 2H), 2.87 —2.76 (m,
_ 2H), 1.86 — 1.78 (m, 2H), 1.78 — 1.70 (m, 4H), 1.48 (dq, J =
Chemical Formula: C45H4NO,
Exact Mass: 247.16 146, 7.3 HZ, ZH), 0.98 (t, J=74 HZ, 3H)

13c{H} NMR (101 MHz, CDCls) & 169.1, 154.7, 135.8, 133.5,
129.4,117.7,115.1, 64.5, 46.9, 35.5, 30.9, 30.4, 26.3, 19.4, 13.9.
HRMS (ESI) m/z: Calculated for C1sH21NO2 [M+H]*: 248.1645, found: 248.1617.

Butyl 3,4-dihydro-2H-benzo[b][1,4]oxazine-5-carboxylate (5gb)

Obtained according to the General procedure B (0.2 mmol scale), to give 5gb as a
yellow oil (33 mg, 70% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 150:1); Rs 0.6 (petroleum ether/ethyl acetate, 10:1).

1H NMR (400 MHz, CDCl3) 6 7.50 (s, 1H), 7.50-7.48 (m, 1H),

(e}
(E[ j 6.89 (d, J = 6.2 Hz, 1H), 6.50 (t, J = 7.9 Hz, 1H), 4.25 (t, / = 6.5
N
H
/\/\O 0

Hz, 2H), 4.23 — 4.19 (m, 2H), 3.53 (td, J = 4.5, 2.5 Hz, 2H),
1.762 - 1.69 (m, 2H), 1.51 — 1.42 (m, 2H), 0.97 (t, J = 7.4 Hz,
Chemical Formula: C43H47NO3
Exact Mass: 235.12 3H)
13C{H} NMR (101 MHz, CDCls) 6 168.7, 143.5, 138.8, 123.8,
120.2, 114.8, 110.9, 64.3, 64.1, 40.0, 30.9, 19.4, 13.9.
HRMS (ESI) m/z: Calculated for C13H17NO3 [M+H]*: 236.1281, found: 236.1273.

Isopropyl 2-(methylamino)benzoate (5aa)

Obtained according to the General procedure B (0.2 mmol scale), to give 5aa as a
colorless oil (11.2 mg, 29% vyield). Flash column chromatography (petroleum
ether/ethyl acetate, 100:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).
Spectroscopic data are consistent with those previously reported.[?”!
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. 1H NMR (400 MHz, CDCls) §7.91 (dd, J = 8.0, 1.7 Hz, 1H),
N 7.69 (s, 1H), 7.40 — 7.35(m, 1H), 6.66 (d, J = 8.5 Hz, 1H),
©i'(o 6.62 —6.51 (m, 1H), 5.19 (p, J = 6.2 Hz, 1H), 2.97 — 2.86 (m,
R Y 3H), 1.35 (d, J = 6.2 Hz, 6H).

Chemical Formula: Cy1H1sNO, | B3C{H} NMR (101 MHz, CDCls) 6 168.4, 152.1, 134.6, 131.7,
Exact Mass: 193.11 114.3,110.7, 110.6, 67.6, 29.7, 22.1.

Cyclopentyl 2-(methylamino)benzoate (5ai)

Obtained according to the General procedure B (0.2 mmol scale), to give 5ai as a
colorless oil (13.1 mg, 30% vyield). Flash column chromatography (petroleum
ether/ethyl acetate, 150:1); Rf 0.6 (petroleum ether/ethyl acetate, 10:1).

1H NMR (400 MHz, CDCls) 6 7.87 (dd, J = 8.0, 1.7 Hz, 1H),

N 7.69 (s, 1H), 7.39 — 7.35 (m, 1H), 6.65 (d, J = 8.4 Hz, 1H),
©1WO 6.60 — 6.56 (m, 1H), 5.36 — 5.31 (m, 1H), 2.90 (d, J = 3.4
d D Hz, 3H), 1.97 — 1.88 (m, 2H), 1.86 — 1.74 (m, 4H), 1.70 —
Chemical Formula: C13Hy,NO, | 161 (m, 2H).
Exact Mass: 219.1259 13¢{*H} NMR (101 MHz, CDCl5) 6 168.7, 152.1, 134.6,

131.7,114.3,110.8, 110.6, 77.1, 32.9, 29.7, 24.0.
HRMS (ESI) m/z: Calculated for C13H17NO, [M+H]*: 220.1332, found: 220.1331.

Isopropyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fa)

Obtained according to the General procedure B (0.2 mmol scale), to give 5fa as a

yellow oil (42 mg, 90% vyield). Flash column chromatography (petroleum ether/ethyl

acetate, 150:1); Rr 0.8 (petroleum ether/ethyl acetate, 10:1).

H NMR (400 MHz, CDCls) 6 7.80 (dd, J = 8.1, 1.7 Hz, 1H),

7.79 (s, 1H), 6.67 (t, J = 7.6 Hz, 1H), 5.25 — 5.15 (m, 1H),
Me N 3.30 - 3.14 (m, 2H), 2.91 - 2.77 (m, 2H), 1.87 — 1.78 (m,

Me)\O o : 2H), 1.78 = 1.71 (m, 2H), 1.35 (d, J = 6.3 Hz, 6H).

Chemical Formula: C14H4gNO, 13C{1H} NMR (101 MHZ, CDC|3) o 168.5, 154.7, 135.7,
Exact Mass: 233.1416 133.4, 129.4, 117.6, 115.4, 67.9, 46.9, 35.5, 30.5, 26.3,

22.1.
HRMS (ESI) m/z: Calculated for C13H17NO, [M+H]*: 234.1489, found: 234.1483.

Cyclopentyl 2,3,4,5-tetrahydro-1H-benzo[b]azepine-9-carboxylate (5fi)

Obtained according to the General procedure B (0.2 mmol scale), to give 5fi as a
yellow oil (46 mg, 89% vyield). Flash column chromatography (petroleum ether/ethyl
acetate, 150:1); Rr 0.8 (petroleum ether/ethyl acetate, 10:1).
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1H NMR (400 MHz, CDCls) 6 7.77(s, 1H), 7.70 — 7.75

(d, 1H), 7.19 (d, J = 7.2 Hz, 1H), 6.66 (t, J = 7.6 Hz, 1H),

5.37 - 5.33 (m, 1H), 3.22 — 3.19 (m, 2H), 2.83 — 2.80

Q N (m, 2H), 1.98—1.89 (m, 2H), 1.87 — 1.70 (m, 8H), 1.68
(0] O

~1.60 (m, 2H).
Chemical Formula: C1gHpsNO, | 13C{'H} NMR (101 MHz, CDCl3) 5168.8, 154.6, 135.7,
Exact Mass: 259.1572 133.4, 129.4, 117.6, 115.4, 77.4, 46.9, 35.5, 32.9,
30.5, 26.3, 24.0.
HRMS (ESI) m/z: Calculated for C13H17NO; [M+H]*: 260.1645, found: 260.1640.
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3.0ptimization studies

Screening of solvents?

120 °C, 16 h, CO

NH, RhCl5¢3H,0 Oi-P
+ i-PrOH T Yo
CU(OPiV)2 0

solvent

1a 2a 3aa
Entry Solvent Yield® (%)
1 toluene 84
2 mesitylene 69
3 anisole 58
4 1,4-dioxane Trace
5 THF Trace
6 DMF 51
7 n-hexane Trace
8 CF3Ph 79
9 DCE ND
10 H.0 NR
11 DMF:Anisole = 1:1 47
12 DMF:Toluene = 1:1 42
13 DMF:Anisole = 1:19 84
14 DMF:Toluene = 1:19 94
15 DMF:Toluene = 1:99 90
16 DMF:Toluene = 1:49 90

9Reaction conditions: 1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl3:3H,0 (0.002 mmol, 1
mol%), Cu(OPiv), (0.4 mmol, 2 equiv), solvent (2 mL), CO (1 atm) in a 25 mL sealed J-Young-tube,
16 h, 120 °C. ®Isolated yield.
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Screening of catalysts”?

catalyst

NH, . .
Cu(OPiv Oi-Pr
+  i-PrOH (OPW), hid
DMF:Toulene = 1:19 o)

120 °C, 16 h, CO

la 2a 3aa
Entry catalyst Yield® (%)
1 RhCl3-3H,0 94
2 RhCl3 63
3 [RhCp*Cl3]2 40
4 [Rh(OACc)2]2 91
5 [Rh(CO)Cl] 88
6 [Rh(COD)Cl]2 97
7 Pd(OAc)2 Trace
8 PdCl, 84
9 Pd»(dba)s Trace

9Reaction conditions: 1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), catalyst (0.002 mmol, 1 mol%),
Cu(OPiv); (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-Young-
tube, 16 h, 120 °C. Isolated yield.
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Screening of oxidant®

oxidant H
N

NH, :
RhCl3¢3H,0 Qi-Pr
+ j-PrOH s 2 \ﬂ/
DMF:Toluene = 1:19 0

120 °C, 16 h, CO

1a 2a 3aa
Entry Oxidant Yield® (%)

1 Cu(OAc); 87

2 Cu(EtO3)2 76

3 Cu(TFA)2:NH,0 trace
4 Cu(OPiv)3 94

5 AgOAc trace
6 AgOTFA N.D.
7 AgOPiv trace
8 Oxone N.D.
9 BQ N.D.
10 K2S,0s N.D.
11 Ag2CO3 N.D.
12 CuBr Trace
13 CuBr; N.D.
14 Ag.0 N.D.
15 Phl(OAc)2 N.D.
16 (t-BuO)2 N.D.
17 t-BuOOH N.D.
18 V(CO): V(02) =3:1 N.D.
19 V(CO): (V(0z)=1:1 N.D.
20°¢ V(CO): V(0z) =3:1 Trace
21¢ V(CO): (V(0z)=1:1 N.D.

9Reaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl3-3H,0 (0.002 mmol, 1
mol%), oxidant (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-
Young-tube, 16 h, 120 °C. “Isolated yield. ‘Cu(OPiv), (10 mol%) was added.
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Screening of the concentration of oxidant®

Cu(OPiv), H

NH; Oi-Pr
RhCl3+3H,0
+ j-ProH s hig
DMF:Toluene = 1:19 (o)

120 °C, 16 h, CO

1a 2a 3aa
Entry Cu(OPiv); (x equiv) Yield® (%)
1 1 55
2 1.2 74
3 1.5 81
4 2 94

9Reaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5 equiv), RhCl3-3H,0 (0.002 mmol, 1
mol%), Cu(OPiv) (x equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-Young-tube,
16 h, 120 °C. ?lsolated yield.

Screening of the reaction temperature?

Cu(OPiv),

©/NH2 L o RhCl3+3H,0 H\[(Oi-Pr
DMF:Toluene = 1:19 ©/ o
T°C,16 h,CO
1a 2a 3aa
Entry Temperature (°C) Yield® (%)
1 100 41
2 110 72
3 120 94
4 130 94
5 140 88

9Reaction conditions:1a (0.2 mmol, 1 equiv), 2a (1 mmol, 5equiv), RhCl3:3H,0 (0.002 mmol, 1
mol%), Cu(OPiv); (0.4 mmol, 2 equiv), DMF/toluene (1/19, 2.0 mL), CO (1 atm) in a 25 mL sealed J-
Young-tube, 16 h, T °C. %Isolated yield.
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4. Preliminary mechanistic studies

Control experiment to elucidate possible reaction intermediate

) ©/NH2 +  co standard condition g
SRAS

1a 7

In a glovebox, RhCl3:3H,0 (0.01 equiv), Cu(OPiv)2 (2 equiv), were successively weighed
into a dry 50 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was
sealed and taken out of the glovebox. 1a (0.8 mmol, 1 equiv), dry toluene/dry DMF
(19/1, v/v, 8 mL) were added under nitrogen. The reaction mixture was then degassed
by three freeze-pump-thaw cycles, backfilled with CO and heated at 120 °C for 16 h.
The reaction mixture was then cooled to room temperature. The solvent was
evaporated under reduced pressure and the resulting residue was purified by flash
column chromatography on silica gel using EtOAc—petroleum ether mixture as an
eluent to afford 7 (40.7mg, 48% vyield) as a yellow solid. *H NMR (400 MHz, DMSO) &
8.66 (s, 2H), 7.51—7.42 (m, 4H), 7.33 = 7.23 (m, 4H), 7.02 — 6.92 (m, 2H). 3C{*H} NMR
(101 MHz, DMSO) 6 152.6, 139.7, 128.8, 121.8, 118.2. Spectroscopic data are

consistent with those previously reported.[28!

YL-ZXY-56-3. 5. fid ©
PROTON DMSO {D:\20231114} root $

459
456
437
291
273
251
977
959
956
943
940
938
2.505

2.00-1

T T T T T T T T T T T T T T T T T T T T T T T T T
1o 10.5 100 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0 35 30 25 20 15 1.0 05 0.0 0.5 -1
£1 (ppm)
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YL-ZXY-56-3. 6. fid
C13CPD DMSO {D:\20231114} root 23

152.551

139.727
— 128.820
— 121.830
— 118.190

39.520

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0 -10
£1 (ppm)

ZT
ZT

H
N Oi-Pr
\H/ . standard condition \n/
(2) 5 + |-PrOH - o

7 2a 3aa

In a glovebox, RhCl3:3H,0 (0.01 equiv), Cu(OPiv); (2 equiv), were successively weighed
into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was
sealed and taken out of the glovebox. 7 (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene
(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was
then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at
120 °C for 16h. Then, the reaction mixture was cooled to room temperature. The
solvent was evaporated under reduced pressure and the resulting residue was purified
by flash column chromatography on silica gel using EtOAc—petroleum ether mixture as

an eluent to afford the desired compound 3aa (30.4 mg, 85% yield).

H H
N H N Oi-Pr
standard conditions

8 2a 3aa

526



In a glovebox, RhCl3:3H,0 (0.01 equiv), Cu(OPiv)2 (2 equiv), were successively weighed
into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was
sealed and taken out of the glovebox. 8 (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene
(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was
then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at
120 °C for 16 h. Then, the reaction mixture was cooled to room temperature. The
solvent was evaporated under reduced pressure and the resulting residue was purified
by flash column chromatography on silica gel using EtOAc—petroleum ether mixture as

an eluent to afford the desired compound 3aa (6.8mg, 19% yield).

More control experiments to get insights into the effect of copper or rhodium salts

H
NH» Cu(OPiv), (2 equiv) N\H/Oi-Pr
(1) ©/ * HPrOH  "DMF:toluene = 1:19 ©/ 5
CO (1 atm)

1a 2a 120 °C, 16 h 3aa, trace
RhC|3‘3H20 H )
NH; ' (1 or 10 mol%) N\H/OI-Pr
(@) ©/ * i-PrOH DMF:toluene = 1:19 o)
CO (1 atm)
1a 2a 120 °C, 16 h 3aa, N.D.
. H
" RNClz3H;0 (1 mol%) N oipr
2 _ Cu(OPiv), (10 mol%) ©/ e
(3) * -PrOH DMF:toluene = 1:19 o)
CO (1 atm)
1a 2a 120 °C, 16 h 3aa, trace
NH Rh(OACc); (1 mol%) N_ _OiP
2 c)3 (1 mol% i-Pr
(4) + i-PrOH _ Y \ﬂ/
DMF:toluene = 1:19 0
CO (1 atm)
1a 2a 120°C, 16 h 3aa, trace

In a glovebox, [Rh] (X equiv) or/and Cu(OPiv), (Y equiv), were successively weighed
into a dry 25 mL J-Young tube equipped with a magnetic stir bar. The J-Young tube was
sealed and taken out of the glovebox. 1a (0.2 mmol, 1 equiv), 2a (5 equiv), dry toluene

(1.9 mL) and dry DMF (0.1 mL) were added under nitrogen. The reaction mixture was
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then degassed by three freeze-pump-thaw cycles, backfilled with CO and heated at
120 °C for 16 h. Then, the reaction mixture was cooled to room temperature and

analyzed by GC-MS and TLC.

More control experiments to get insights into the formation of 3aa from 7 and 2a
H H RhCl3+3H,0 (1 mol%)

H )
N\H/N or CU(OPiv), (2 equiv) N\n/o"Pr
+ j-PrOH
O DMF/toluene (1/19, v/v) o

N, or CO, 120°C, 16 h

7 2a 3aa
Entry® N, CO RhCl3:3H,0 Cu(OPiv), Yield® of 3aa
1 / v v v 90%
2 / v v / 14%
3 / v / v 68%
4 / \' / / 13%
5 v / v v 56%
6 v / v / 16%
7 v / / v 71%
8 v / / / 15%

9Reaction conditions: 7 (0.2 mmol), 2a (5 equiv), Cu(OPiv)z (0 or 2 equiv), RhCl3:3H,0
(0 or 1 mol%), DMF/toluene (1/19, 2.0 mL), CO (1 atm) or N2 in 25 mL sealed J-Young
tube at 120 °C for 16 h. bYield determined by *H NMR using 1,3,5-trimethoxybenzene
as internal standard

Plausible reaction mechanism for C—H alkoxycarbonylation

5ab
RhXj 4a

X = OPiv or Cl
cu

H+
] C-H
| reductive activation
elimination

& reoxidation

Rh 8
1
n-Buo X x X
]
ligand migratory
exchange insertion
INHMe
2b o” IRhI\
nx X
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6. NMR spectra

'H NMR (400 MHz, CDC

l3) spectrum of compound 3aa.
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13c{*H} NMR (101 MHz, CDCls) spectrum of compound 3aa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ba.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ba.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ca.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ca.

YL-CXQ-748-P—C. 1. fid Q mAZLNg 0o+ =~
CI3CPD CDCL3 {D:\20221123} root 6 % S S =G e = I =0
'} R ES RS K K] NN

— - - ~©~ =~ 0

CH3 NS~/ ~ \

H

NTOY

o

Chemical Formula: C41H45NO,
Exact Mass: 193.11

22.15
17.72

-—Y———r————r———— 77— 71— —— . . . .
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
£1 (ppm)

S36



'H NMR (400 MHz, CDCls) spectrum of compound 3da.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3da.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ea.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ea.

YL-WL-239-C. 1. 1. 1r ~ o0 -] =]
~N o un < un 0 O n < o wn

C13CPD CDC13 {D:\20231227} root 28 & N 1B 68 THD N @ 7 &
0 < (] N N N NN O 0 < g o~
- - - - o - NINN o M o ~N

H
(0]
Chemical Formula: Cq4H»1NO,
Exact Mass: 235.16
|
S
I L el " " - "
L THor A b O o Wiy W ok ¥ i bl @ Y It ompitarit

T . S o A . . . .
100 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
£1 (ppm)

S40

o



'H NMR (400 MHz, CDCls) spectrum of compound 3fa.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3fa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ga.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ga.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ha.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ha.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ia.
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o — - — N o

A o= o — & 0O T o

15 N 0 <+ XN A

Pt R A A= — NN

b == - — = IRR 8
Y4 NN ~ |

CH3

H
N__ O
T

Chemical Formula: C41H15NO,
Exact Mass: 193.11

22.19
N 21.59

T T
00 190

T v T T T T v T T T v T T T A v T
180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

S48



1H NMR (400 M
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13c{1

u

} NMR (101 MHz, CDCIls) spectrum of compound 3ja.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ka.
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13c{*H} NMR (101 MHz, CDCls) spectrum of compound 3Kka.
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'H NMR (400 MHz, CDCls) spectrum of compound 3la.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3la.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ma.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ma.
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'H NMR (400 MHz, CDCls) spectrum of compound 3na.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3na.
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'H NMR (400 MHz, CDCls) spectrum of compound 3oa.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3oa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3pa.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3pa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3qa.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3qa.
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(400 MHz, CDCl3) spectrum of compound 3ra.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ra.
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'H NM
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(400 MHz, CDCl3) spectrum of compound 3sa.
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1BC{*H} NMR (101 MHz, CDCl3) spectrum of compound 3sa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ta.
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BC{*H} NMR (101 MHz,

YL-CXQ-785. 1. fid

CDCls) spectrum of compound 3ta.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ua.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ua.
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'H NMR (400 MHz, CDCls) spectrum of compound 3va.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3va.
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'H NMR (400 MHz, CDCls) spectrum of compound 3wa.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3wa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3xa.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3xa.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ab.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ab.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ac.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ac.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ad.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ad.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ae.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ae.
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'H NMR (400 MHz, CDCls) spectrum of compound 3af.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3af.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ag.
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13c{*H} NMR (101 MHz, CDCls) spectrum of compound 3ag.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ah.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ah.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ai.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ai.
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'H NMR (400 MHz, CDCls) spectrum of compound 3a;j.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3aj.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ak.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ak.
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'H NMR (400 MHz, CDCls) spectrum of compound 3al.
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13c{*H} NMR (101 MHz, CDCl3) spectrum of compound 3al.
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'H NMR (400 MHz, CDCls) spectrum of compound 3am.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3am.
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'H NMR (400 MHz, CDCls) spectrum of compound 3an.
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YL-CXQ-801-P-C. 1. fid

13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3an.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ao.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ao.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ap.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3ap.
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'H NMR (400 MHz, CDCls) spectrum of compound 3agq.
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13C{*H} NMR (101 MHz, DMSO) spectrum of compound 3agq.
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'H NMR (400 MHz, CDCls) spectrum of compound 3ar.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3ar.
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'H NMR (400 MHz, CDCls) spectrum of compound 3as.
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1B3C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3as.
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'H NMR (400 MHz, CDCls3) spectrum of compound 3at.

€60
676°0 |
6511 1
w:.:
€61°1
80T'1 1
91T
1€T°1
0ST'1
1€€°T
8PE1 1
SSET
19€°1 4
69€°1
S8E1
P6el
001
8I+'1
8t
LSP'1
WY1
1641 1
90571
vTsT |
NTRE
9961 ]

T

m (=T

ess1 ]
SI19°1 1
691 1
SILT
PELT T
LyLT
19L°1 1
SE6'T 1
¥S6°'T 1
TL6T T
¥66°1 1
110°Z 1
¥20°T 1
TWo'T
SST'Y 1
[ARS
T8IV
00T'Y 1
LITY T
9ETY 1
SYTH
980°S 1
€04°S 1
121°S 1
€629 1
8€DL
ESO'L
SyL
FST L]

™

™

l

Chemical Formula: C47H,5NO,
Exact Mass: 275.19

10°¢

£1 (ppm)

S115



13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3at.
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'H NMR (400 MHz, CDCls) spectrum of compound 3au.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 3au.
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'H NMR (400 MHz, CDCl3) spectrum of compound 3av.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3av.
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'H NMR (400 MHz, CDCls) spectrum of compound 3aw.
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 3aw.
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'H NMR (400 MHz, CDCls) spectrum of compound 5ab.
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 5ab.
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'H NMR (400 MHz, CDCls) spectrum of compound 5bb.
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13C{*H} NMR (101 MHz, DMSO) spectrum of compound 5bb.
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'H NMR (400 MHz, CDCls) spectrum of compound 5cb.
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1B3C{*H} NMR (101 MHz, DMSO) spectrum of compound 5cb.
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'H NMR (400 MHz, CDCls) spectrum of compound 5db.
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13C{*H} NMR (101 MHz, DMSO) spectrum of compound 5d
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'H NMR (400 MHz, CDCls) spectrum of compound 5eb
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 5eb
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'H NMR (400 MHz, CDCls) spectrum of compound 5ha
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13C{*H} NMR (101 MHz, CDCls3) spectrum of compound 5ha
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'H NMR (400 MHz, CDCls) spectrum of compound 5gb
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 5gb
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'H NMR (400 MHz, CDCls) spectrum of compound 5aa
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13C{*H} NMR (101 MHz, CDCls) spectrum of compound 5aa
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'H NMR (400 MHz, CDCls) spectrum of compound 5ai
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1B3C{*H} NMR (101 MHz, CDCl3) spectrum of compound 5ai
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'H NMR (400 MHz, CDCls) spectrum of compound 5fa
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13C{*H} NMR (101 MHz, CDCl3) spectrum of compound 5fa
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'H NMR (400 MHz, CDCls) spectrum of compound 5fi
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Exact Mass: 259.1572

Chemical Formula: C4gH,1NO,




13C{*H} NMR (101 MHz, CDCls) spectrum of compound 5fi
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